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SUMMARY

I. Title

Commercialization of alternative animal feed antibiotics (Development of animal

feed additives using fermentation products of Korean soil bacteria)

II. Purpose

Current use of antibiotic feed additive are banned because animal feed
containing antibiotics possess various side effects. There is a urgent need to

develop substitutes for feed antibiotics using microbial resources in our country.

. Methods & Research Content

- Purification and Identification of antimicrobial compounds from korean soil
bacteria

- large scale fermentation, purification of antimicrobial compounds, development
of CS682 derivatives

- biological activity test of CS682 broth, CS682 derivatives, CS682 purified
compound

- strain mutation and development of biosynthesis genes

- feeding experiment of CS682

- examination of quality control manner

IV. Result

establishment of large scale fermentation and purification, synthesis of CS682
derivatives, development of multi-vector system and biosynthesis genes, stability

confirmed with feed additives, technology transfer on company



V. Utilization and application of research results

The large scale fermentation and purification technology of CS682 will be

transferred to livestock raisers and feed additives company.
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A3 & dtdd =g s 2 24

Al 1AL ALAE A
(Tg std=ef = A4 2 & vdEs 4 A

AT AYA : f 2 A

E
o whske] Williams 5(1983, J. Gen. Microbiol. 129: 1743 ~1813)
Ao REH A A, dad olg, f7I4F o)F §& &
P stAMAE HEL o= ol gl ynA dde
glycerol @E4-& HEUoz o] & FAEA YA /Y, Falle 2 FHEAD A
A, debd A, o4 2 ddeTd Y o2 A E ARgsisl e, oA
HE7] (multipoint inoculator) & o|&3ste] HE. AAiHSY, F3b401LS) A4,
ozRye Ab At #5714t
o] &2 A& microwell plateE Ab-g3ko] 7t #F37be] A4S WA EAT. HED

7}
Wi A= 28T ol LA 7L wi<kste] AatE w3

Q
&
N
—~ I
N
ol
(e
N
(on]
=
£
o
2
N

DTS
ISP wiAoll A 1493F (2 219 3D 30TColA widst § HAnA Heto =
spore chain morphology, spore mass color, substrate mycelium colorE #Z.
Diffusible pigmentation (ISP5 #i%]), @&l A4 AL PIA(Peptone Iron Agar :
ISP medium 6)8] %] &} Tyrosine Agar(ISP medium 7)o 4] A& "WhA S 3531 H)

U3 3 melanine A oF-E Sctow w3k

2) 34 AA 9 FEle
(1) Lipolysis
Egg-yolk mediumel 6¥€7F vjekdt 3 colony 99 @ &5 3 creamy-yellow

4 o
Aol 2 (F7F AR &Es)ol A=A g1l
(2) Nitrate reduction

GYE Hix|ol 0.196 KNOs, 0.17% agar(Skerman, 1967)& A 7}8lo] +& HEda
37 WY 3 test A reagent(100 m¢ 5 N acetic acidell 0.8 g sulphanilic acidE



=2 A) 3WEI test B reagent(100 ml 5 N acetic acidel| dimethyl-a
-naphtylamine s =<1 Z) 3%-&& "ojmyglg ul Fugl/dg Mol A7|H nitrate

reductase ¥4 0.2 7| =,

(3) Hippurate hydrolysis
Hippurate broth(Gordon et al., 1974)9] *] &
1 mg A4 FeClsg9 15 mld 4lo] HA2A] 443F AA3 & 4F &3

crystal 274 o] A 7|9 hippurate hydrolysis® FF+3%

=L
-\
(ld
iy
ofN
ol
£
=
o%
w
> =N
o
o
ol
12,

(4) HoS A
SIM medium= test tubeo] EF3lo] H& <z
acetate filter paper strip(BDH)-S tube & F-&of 5t} vk 25 Zo stripe] A

2ol el ZAow o vajglow HASAAe) FHO 75,

(5) Starch degradation
GYEA ¥R e] soluble starch(1%, w/v)<s 713t v & HEF & ol
T 90rE {48 FHPS W T FH FHPFe] IAHE 9

Xé‘

N

i

(6) Elastine, xanthine, guanine, xylan degradation
Elastine, xanthine, guanine, xylans 2zt 0.196 7}t GYEAR| Ao A @ FE
A& 5 370 v & Bt T2 7A4 FA% wA ok Y WAt T3
A ¥ A $(clear zone)E ¥4 o g

(7) Arbutine degradation

219 w3k & control A9} W] 3}e] brown-black pigment A4 (controlel A

A2 melanine] AAE & AH)S

O

i
b

(8 Urea degradation
Urea #3852 phenol red(0.04%6, w/v)o] H7}e Gordon's A w=#|o| o3} Hf
3 urea(15%, w/v)E 7}3}31 s JET 5 28U miFe & v~
v oA Padoluy A 5o AF o R HIhH o

2F 28T ol A ek % alkaline reaction oA redE ¥Ao=w g9l



3 BF A

MBA°| &3 F 10T 45Tl 1443 widd & A o525 @z MBAC]
Z+7} NaCl (3% w/v), NaCl (7% w/v), NaNs3 (0.019%6 w/v), phenol (0.1% w/v),
potassium tellurite (0.0019% w/v), thallous acetate (0.001% w/v)2 H7}sle] #+&
&8k 30TCaA 1443 wjtate] AdAF-E #s)

4) A=A st A
Neomycin, rifampicin, oleandomycin, penicillin G7} 79 MBA #j#| o] H &8}

1, 2, 3, 743t wFa $ol Agte] BAdoA5-E B2

5) 2 < 9]

a2l O]

&
714 HjA] e
L-cysteine, L-valine, L-phenylalanine-s Z+7F 0196 A #H7}38fe] 8viA & W&, 1

S HEse] 14, 2193 wjkst 5 positive control, negative control® W] 3le] AY

33 z+d @33 DL-a-amino—n-butyric acid, L-threonine,

FAEE W

6) &Y o] &

#2814 (peptone, 2 g ; NaCl, 5 g ;, KislHPOy, 03 g ; agar 3 g, DW. 12)°l 16
272 D (D-galactose, sucrose, meso-inositol, mannitol, L-rhamnose, raffinose,
D-melezitose, adonitol, D-melibiose, dextran, xylitol, L-arabinose, D-xylose,
D-fructose, D-lactose, salicin) 15%-8< 778 HEFE7F 1% A #H7bste] A}
. o] Z+zteo] wiA|9 indicator® bromocresol purple(0.04% w/v) 15 mE #H7}
A FFE G 5 gAY oR AEd e o] &g dFEe o8 wiA W pH

g FoRA WA W Aol FAMAA FAoE WAL W FYO= BA.

4279 F717HHE 52 42 0.1%9 sodium acetate, sodium citrate, sodium
propionate, sodium pyruvate)s 22 2 g/ A HIFsE H AR (Koser, 1924)9
indicator# phenol 1ed(0.04%6 sol. of phenol red, 20 m)E H7} Alg d+FE5 HE,

M AN olnE B

o



DNA F=%W (Chun, J., and M. Goodfellow, 1995. Int. J. Syst. Bact. 45 :
240-245)-& o]&3slo] H3 O ZFH chromosomal DNAE #&|3s). #47x A
o lysozyme solution 100 w0 (50 mg/ml)E #H7}3lar 37ColA overnight 3+ %
RNase 10 ¢ (10 mg/ml)E #7}skar 37Ceol| A 143}, proteinase K 11 x8 (20 mg/
ml)E 7}kl A5C oA 30%, guanine- sarcosyl solution 500 xf & 7}3kar 37°Ce]
A 108 A 2sk & 58 FoF Wz A7Fe- ammonium acetate 250 pf (7.5 M)S 42
3L 108 E<¢F WZhslk & phenol : chloroform : isoamylalcohol = 25 @ 24 @ 19] &4
450 wE #H7Fskar 13000 rpmeol A 583F U4 l"frl’/]. A% oo chloroform

isoamylalcohol = 24 : 19] & 450 w= A 7}3sk 3 13000 rpmel A 18 Fo 94
e gl g5 el vhA] Z7FE- isopropanol 250 wlE F7FEa, 6,000 rpm o= 20
2 e A4FE. Aol AAEE 70% ethanol® A3 skl 6,000 rpmoﬂ/ﬂ 20%
Eob AAEY sk f19 F AAE WAL, pellets SRS X3 5, DNA

T B SHT 30 ol thA] Ho ARE

o

11

2) 165 tDNAS] T3 9 47| I

16S tDNAY= capillary rapid cycler (Idaho Techonlogy)® 3% 2™ primer®
= 27 F B'-AGAGTTTGATCMTGGCT-3") 1492 R (b'-
AAGGAGGTGWTCCARCC - 3"). 35X WAL 94T A 1+, annealing<-
B5TCollAl 18, 212 72Tl A 183+ F 303 wk.

53E% DNAT Tag DyeDeoxy Terminator Cycle Sequencing Kit (Applied

Biosystems)®} oilgonucleotide primersE o|&3] A% Ad& ol

3) AE¥#4 (Phylogenic analysis)

Aozl 16S rDNA 7|4 9e& ALI6S programe ©]-83] Ribosomal Database
Project ¢ EMBL/GenBank database®Z%5-B o2 actinomycetes® 16S rDNA
sequence®} Wl ¥4 (Chun, J., 1995. Computer—assisted classification and

identification of actinomycetes. PhD thesis, University of Newcastle upon Tyne).
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O ALAR AP Fuaka g ) Bl A BT T000lFe] AFEL PO
AHAY A, 53
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A resistant
Staphylococcus aureus) T30 A9
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Ao ZAL3E JAPEAS
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O (CS632 #5= OSYM/ (oatmeal, soytone, veast extract, malt extract) Bl #]AFoll A]

guge] 42 FASGT Behd A4S
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gom 165 rDNA 7| de BAE98.
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Table 1. Characteristics that differentiate strain CS682

Characteristics

CS682

Mycelium and spore formation
Mycelial pigment color
Diffusible pigment
Diffusible pigment color
Melanin formation
Growth at:

NaNs (0.01% w/v)
Phenol (0.19% w/v)

Potassium tellurite (0.001% w/v)

Thallous acetate (0001% w/v)
Crytal violet (0.0001%6 w/v)
Temperature (T) (Optimum)
NaCl (%) (Optimum)
pH (Optimum)
Hydrolysis of Hippurate
Lipolysis
Nitrate reduction
H->S production
Decomposition of:
Elastine
Xanthine
Guanine
Xylan
Arbutine
Allantoin
Urea
Carbon sources utilized:
D-galactose
Sucrose
meso-Inositol
Mannitol
L-Ramnose
Raffinose
D-melezitose

grey

brown

+

+

15-40 (35)
0-4 (0)
6-9 (7)




Characteristic CS5682
Carbon sources utilized:

Adonitol +
D-melibiose +
Dextran +
Xylitol +
L-arabinose +
D-xylose +
D-fructose +
D-lactose +
Salicin +
Sodium acetate +
Sodium citrate +
Sodium propionate +
Sodium pyruvate +

Nitrogen sources utilized:

DL-a-amino—n-butyric acid +
L-thronine +
L-cysteine +

L-valine +
L-phenylalnine +

+

L-histidine
L-hydroxyproline

+

+

Potassium nitrate
Antibiotic test (ug/disc)
Polymyxin B (300)
Kanamycin (30)
Amikacin (30)
Chloramphenicol (30)
Penicillin (10U)
Streptomycin (10)
Nalidixic acid (30)
Erythromycin (15)

+

*

*

*

*

*

*

*

*

*

Vancomycin (30)

*

Gentamicin (10)
Ampicillin (10)
Tetracycline (30)

*

*

=o N s T=v/i=v i € I ~v R €/ I O I =v il =v B O) I 00




Characteristic CS682
Antimicrobial activity:

Bacillus sutilius -

Micrococcus [uteus +
Candida albicans -
Saccharomyces cerevisiae +

Streptomyces murinus -

Aspergillus niger -

FEscherichia coil -
G+C% 63.6%

*S: Sensitivity R: Resistance



Table 2. 4% Strain CS682 ¢ total 16S rDNA A <d &4

1,414 bp

GAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGGTAAGGCCCTTC
GGGGTACACGAGCGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCTCG
CACTTCGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATATGACCATG
GGATGCATGTTTCGTGGTGGAAAGATTTATCGGTGCGAGATGGGCCCGCG
GCCTATCAGCTTGTTGGCGGGGTAACGGCCCACCAAGGCGACGACGGGTA
GCCGACCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTT
TCGACAGGGACGAAGCGCAAGTGACGGTACCTGTAGAAGAAGCACCGGCC
AACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGG
AATTACTGGGCGTAAAGAGCTTGTAGGCGGTCTGTCGCGTCTTCTGTGAA
AACTTGGGGCTCAACCTTAAGCTTGCAGGCGATACGGGCAGACTAGAGTA
CTTCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATC
AGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGGAAGTAACTGACGCTG
AGAAGCGAAAGCGTGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCAC
GCCGTAAACGGTGGGTACTAGGTGTGGGTTTCCTTCCACGGGATCCGTGC
CGTAGCTAACGCATTAAGTACCCCGCCTGGGGAGTACGGCCGCAAGGCTA
AAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGTGGAT
TAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATACACCGGAA
ACCTGCAGAGATGTAGGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGG
CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG
CAACCCTTGTCCTGTGTTGCCAGCGCGTAATGGCGGGGACTCGCAGGAGA
CTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGC
CCCTTATGTCCAGGGCTTCACACATGCTACAATGGCCGGTACAGAGGGCT
GCGATACCGTGAGGTGGAGCGAATCCCTTAAAGCCGGTCTCAGTTCGGAT
CGGGGTCTGCAACTCGACCCCGTGAAGTTGGAGTCGCTAGTAATCGCAGA
TCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGT
CACGTCATGAAAGTCGGTAACACCCGAAGCCGGTGGCCTAACCCCTTGTG
GGAGGGAGCCGT



Nocardia  brevicarena  DSM
Nocardia  paucivorans  D5M
Nocardia carnea DEM
Nocardia flavorosea ICM
Nocardia cyrizcigeorzica DSM
Nocardia pseudobraziliensis DaM
Nocardia vinacea  JCM
Nocardia  asteroides DEM
Nocardia  abscessuz DSM

o Sren

Nocardia  tenerifensis DSM

Nocardia  brasiliensiz DSM
Noeardia  higoensis  TFM
Nocardia  shimofusensis  1FAL

Nocardia  farcinica  DSM

Noeardia puris DSM
Nocardia asiatica DEM

Nocardia  befiingensis IFO

Nocardia  transvalensis DSM

Nocardia africana  DSM

Rhodococeus  corvaebacterioides  DSM

Fig.1. Neighbour-joining tree based on nearly complete 165 rRNA gene
sequences showing relationships between strains CS682 and related members of
the family Nocardiaceae. The percentage numbers at the nodes are the levels of
bootstrap support based on neighbor-joining analyses of 1000 resampled data
sets. The sequence of Fhodococcus corynebacterioides DSM 201517 (AF430066)

was used as an outgroup. Bar, 0.01 nucleotide substitution per position.

4. Nocardia sp. CS682¢ HAwa x4

1L E&A70 wx| 2o uE ua

- ek, AR =3 9 Nocardia sp. CS6827F ABAFeE  ¢s6822] 3 MRSA &4
22 ] WYl E# 3k Methicillin-Resistant Staphylococcus aureus 693E
FE AT 2 ALE3Fe] YA 2 (inhibition zone)®] A 7]E ZASIA

- WA flask Wige fste] A wAAEY] HAEE 98kl CS682¢] Aileo] 5



S BhAadel HAAL 7w A e ZbEe] BAY(D-(-)Fructose,Glucose, Lactose,
D-(+)-Maltose, Mannitol, Soluble starch, D-Sorbitol, Sucrose, Glycerol)<
1%(w/v)® F7betal & MRSA £74& F43te] AAs e, 449 759 /7]

Aol Frjdados 7Y Jwdde S48 AA330+.

- R AR wix 24 T w2 24e dEhlE sl e AadEs 4T
&2 xdste] A SAT M ¢ Aee AAEH, 5ol e ¢

olw 7] f&A & T H(CaCOs, NaCl, KCl, CuSO., K:HPO4 CaCly, FeCls,

CoClo)ell 0.19%(w/v)el HE== H7leto] Asjzde] Aitel vA= &= A
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- New media : glucose 2.5%, yeast extract 0.296, CaCOs; 0.496 +soybean
- (CS682 media : maltose: 1%, oat meal: 0.3%, soy bean: 0.3%, yeast
extract: 0.3%, CaCOs: 0.1%
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Fig. 5. Profiles of the cell growth and the CS682 production at optimal medium
by Nocardia sp. CS682 in 7 L-fermentor.
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oJf-g 3438k H filtration 3 a. WlFAd Y 20 LE 509 Dichloromethane &
2 23 = 7 kil oF 20 mle] MeOHZ 9] o
AlHZE MeOH A7l sephadex LH-2

g
of #3}ste] chromatographyE A &(&=45% 50 mlh, 8 &% 10

elZ2 &23% column(2.5%110 cm)

ml, &%&v: MeOH). Sephadex LH-20 column chromatographyl] 2]&] 3
MRSA &40] 1 peak® el o A8 HolEs BIYES Tol HHAXA

2. T=AZXANEE A9 ethylacetateo] =<l & 7]&9] prep-TLC thAle]

Silica gel column chromatographyS A8t (€% &7, hexane:

ethylacetate=2.5:1) CS6829] 3| F&& 7|EHWHHTE 1.6¥] FAH S

6. scale-up process

Strain: Nocardia sp. CS682

Media: Maltose 0.5%
Oatmeal 0.25%
Soybean meal 0.25%
Yeast ex 0.25%

Calcium carbonate 0.05%

Seedculture: 30L(50L fermenter)
Mainculture: 350L(500L fermenter)
Condition: 28°C, 0.5vvm, 150rpm

1) 50L &r&Ez vk
Hlj Fofl AL& X 9wk e ofe} 2k

Strain: Nocardia sp. CS682
Media: Maltose 0.5%



Oatmeal 0.25%

Soybean meal 0.25%

Yeast ex 0.25%

Calcium carbonate 0.05% / 30L
Condition: 28°C, 0.5vvm, 150rpm

wjekol] HE3 seed™ 4.0% innoculuml Z FE3G o HE T ox, X
v 2 WHlES RV A EES RUYHE 3dom wg 7|Eet 24413
of 13] wjoked-g A3 3o} AAE Nargenicin® & MRSAEA S =A 39S

50L ®iE7) el A] Al 7kell W& Nargenicin® 248 o}ef o} 2L (F 3)

Table 3. A7l whE FMRSASA H 3}

A7k Assay(20ul) Assay(40ul)
0 0 0
24 0 0
48 0 0
72 0 1.3
96 1.3 1.7

2) BOOL & x =ik

v kol AR w5, wfA 8ok ofEfel 2
Strain: Nocardia sp. CS682
Media: Maltose 0.5%6

Oatmeal 0.25%

Soybean meal 0.25%

Yeast ex 0.25%

Calcium carbonate 0.05% / 350L
Condition: 28°C, 0.5vvm, 150rpm

)
2 FJFsdon HE F 25, £, ATy ¥ wREET dANES B
UEE  selem  miek 7)zbEel 24X 2kl 13 WS AFHSe ALk
Nargenicin® & MRSAZA-S A3 A5

500L wl 7)ol Al Algbe] mE wjgz7de] 2UH® 9 Nargenicin®] 242 o} ¢}

Ee (R 4)



Table 4. 500L 2 &z A9 Norcadia sp. CS682¥ & RUHE A3}

Time p H DO relative Temperature(C) AIRFLOW Pressure Agitation
(Hour) activity (%) (L/min) (bar) (rpm)
1 7.04 99.1 0 28.2 55 0.18 72
6 7.37 100.0 0 28.2 175 0.20 150
12 7.49 100.0 0 28.2 175 0.20 150
18 7.74 100.0 0 28.2 175 0.20 150
24 8.34 98.9 0 28.2 175 0.20 150
36 8.74 100.0 48 28.2 175 0.20 150
48 8.76 99.9 72 28.2 175 0.20 151
60 8.86 100.0 80 28.2 175 0.20 150
72 8.98 100.0 84 28.2 175 0.20 150
96 9.05 100.00 100 35.6 28.2 0 0.00
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Fig. 6. 500L @& x4 2 Norcadia sp. CS682% & TYHH Ay

Nargenicin®] AAFEE 20412kl F713t7] Al 2FskSl on] 50A17EF-E k4] o]
A, pHILZiZ o o] pHeE oF 7oA Alzrste] 9.057h] wi < oF
7 5. wiF 71E s< pHE W] 299 AuE &8d 7 9o
HA g A5 plyf wigdel wet Sk wEx o9 A pHe #H

5
S WS 22l .(data not shown)

43



mz

e W zxe] FHul vk of 5LoA o] Fojx = 50L, 500LZE °F 104
1= 1008 = F=27F S7kskAl S - D wix 8] A doiEA, 2) weF A
FHoll A forme] F7d, 3) formP Al wWE antifoam®] A& A7F 4.
W45 < oatmeal®} soy bean meal® 7-% bacillus sp.8] WA ¥EAE o] g
skod #lA] E=H] F bacillus LAEAE TF ol 53 LiEx RV FUHE
= bacillus2-Fi-Al= O AAded e & & dddo 2 A4 bacillus sp.
e WA A8 ¥ i, 2 FREEAES F

iy

oat meal?} soy bean meal QAP oZH (CS6822] Hl ol

N

U

jud)
_

jur)
_—=
N

4

to

o

Y
s

of e wF Al forme do7]l= FAAol A+, forme o34

=
AL WjFel wow ool FAE w9 tﬁ,?ﬂOﬂ A&Aow s At
C)

antifoam= F7FeA v 2) Haxo ¢JH} I‘Dm% A3t &= zﬂ,gg Al A g

AR 23y 5000L0] e B E oA scale ups AT AF antifoam3
Eeld AAR FAE M AR dAHER dedr A4 738 A RS
kg wi A e B3 HAFS FUF FRaEoF & A

.

7. Mgee) 55 % FAAR

6} - - o O 1 -

A9 HE8le] 100LFFo 2 H23 & 2% dFdls SeEFARS HAE 3 o5
AAZE TYP3A e, F470F F T3kg? #ES ddow, 41 & A, &
]

wjokalo] = Al dobA A S u sty s HAAAAF S A A G
v okl S- A #(50ml)# 3] conical tubeol] @i, 90°C water bathol 4] A 7k4d

o
ol
ol
2
lo

&
AL, FEA JMES A 04,6124 7] A= S 3] MRSAHFE &F
Aol paper diskE =¥ 3 40ul® 559 bicassayE HA|E. kA Al E

= obefet Ee.(GE 4

&

o
o
v



Table 4. CS682vl ¥ o] =%

N |
— |~
(@)
6-
[a\
< | N
[a\
o | N
[a\
)\m/
-
=
S| &
Myﬂ
z M
v | oV
< | %

oln
ok

+

=

_Zrl

—_

o

2}t

]

;io

o) o
o=

Nargenicin®] 24 o] A& %]

o

Hj

=
=

Nocardia sp csb82

= 30L &)
o|w, FD-3

FD-13 2

660LE &

ol
ol

%

500L L2717l i 5 d2

-
1.

o n
de. FHut

kel
T

—

0
i
o)

o}

olp
B
—_
1o

FD-1, FD-2 , FD-3

=

¥l

4

o

way

o
T .

obzf e} 7

Ak

=1
=

4

ojn

48 o

=
=

T0CAA A=
A 20CT7HA 72X 7] AR s

o _
T

FD-1

247172 20CE

ok
)

e

K

o

i

o

—
o

o
_SH

;Ot

s

corn starchE A&

M=

o?
53

0

e

)



g o}

=
=

70T Oﬂ /\1 }\] =1

[
- -

FD-2

— 55 —

X B ©
oF mOr % m% < mt o E
MY oy s W L
m%ﬂ%m%o MW E e
P gﬂmz&v 1W§@m_mﬁ1rao§ao ,
» oy B o 8 © e = SN o) o _7 ol S i =5
o = ~X %! = < N ZT %) i
oG T Gy s T M5 =z | B X
G g Mo S B = T o] % B .
S A g EQEZSaxﬁg ol
<% "% WA T o & T B 5 & 2
ST _BrT g - _%_Dﬁrﬁm Y e
i < o] =) ﬂ R EI ) ﬁﬂ @) F o= o=
ol o) T - TH SR 2 =g . o 0 =
— X C._O o o ‘.IVW._ ;OD J_ntj ‘.:L - \aﬂ
for = me HH 53 for M e X o o} I s ol Mo —
M K ok o oy X oF BX =y o] B up < o)
- N ™ — B 5 X 7 ek ow = X
ﬂ%%@%é% Mﬂ%%ﬂﬂz i) e
o &) ToH
o0 TG E S MQW%JQM@EM MR
g o o ol B — ;udAI%ﬂ . & oaﬂx o ; i
N HE AT A N op w B Hp ojp ojn ——3
—_— i o ~ OC 0 D e ,UI wﬁrmo s I AAA -
= T B = N w o TR w7 bEE
X Nfo o Ho K o KRR N o o & .,,.
= e — g o W s s < = %0 - 2 Al
~ 7%@%@ fréZmﬁ_lﬁ.ﬂﬁrma% % T &
Zo%%ﬂ_g%ﬁ _@%%%%%ma%% © 4
w o BT o = o S T2 S I
Woor W om o W = SR w« BT op B 2 o S 5
ol ;M.wm +~ ¥ = 0 m v ™ = T so o ToH 5 ) ~ N ,mm
T o o e S e a2y T a 8RO o o \
) Em, OE _ 3o ~ EE m 70 o X HT A | N IE o
R = 0T H ~ 9 SRR o mY O = e
W R warlc mqya%aﬂﬂﬁimm%% SR 3 L
R - T M g o Mo o o < M S W
N 9| oyl ol | oF |
N ﬁﬁ J ﬂw_ A OC O# R~ e EE o o ﬂﬂ < z + A
X =T = W R0 Mo M ~ o~ ® 4 = o o B g
@ N o = Mo N =3 = ol Ho O X =S il —_ o T——
R " C Ty %@ﬂm% ;5w
COLN oln T : .
v D%%ME. %ﬂw%%%%ﬂﬂm? = X
N ok e NI - o T E EE o s
o X m_M % 15 e E oﬁ &l T %0 HT w _1 ) B% mE M K
2 W T N Rou S 3% ax ; 5 g T
oo H) ¥ - o = me w A B Jm o o zL o N
F%ﬂﬁmw.aﬁwkg A Al
oo Ao = sl L dp -
RO E o Y
Bo v [\
o

Fig. 6. FD-1, 2 30]



X

iz
W

R

R

A7t A

F5 24 71A] el

E9A

JJomw 7}

al

5 19 89,10)

o (&

Z

s

il
B

—
o

Praticle size distribution (%)

o
VO%A’O
[
T2 o | g
D2.7.45
F2411
—
| |o [aN]
Al e = |
|~ ™
~ S| AN
m.ﬂro_blﬂ*_ol
— AN A —
llmo | | | ©
00255
ma NG
Ay | —
S|
~
0| O | AN o
S ==
SIS
Soloox
6671




_n
N
e
H
ey
H

25004+ 212-250 125-212 1250| 3}
Fig. 8. CS682 FD-1¢] Jm8¥
FD2YcE =
50
40
, 30
2

20
10
0

2500| 4 212-250 125-212 1250| 5}

Fig. 9. CS682 FD-2¢] QJm8¥
FD-3Q 2%

100
80
60
40
20
0

2500| A 212-250 125-212 1250|5}

Fig. 10. CS682 FD-39] Y=+




TAAZEE FD-1, FD-2, FD-3+= 3/1€ &2 A8 oA A Algs &
Bae. wpEAe AL, A, wALNA FRARe Y, BY, FF
(bioassay)E =4 %H(E 6)
Table 6. CS6829] AL Al (H2, A7)
Hzx=" | AEe
_ o & M= | 38 6a M | 1270 | 18J0€ | 2408 | 3004 &
S =
e 2008- | 2008- | 2008- | 2009- | 2009- | 2009- | 2010- | 2010-
06-24 | 09-24 12-24 | 03-24 | 06-24 12-24 | 06-24 12-24
AB 2008- | 2008- | 2009- | 2009- | 2009- | 2010- | 2010-
DCS682- == 09-22 12-26 | 03-25 | 07-01 12-18 07-1 12-26
FD1 HEHEM = S S S S S S S S
M AF
S o s2Mo| = = &t st = =l &t gt gt
Bioass | MXIE2=ZM
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
ay 1.8cm 0] &t
2008- | 2008- | 2009- | 2009- | 2009- | 2010— | 2010- | 2011-
AN
08-06 | 11-06 | 02-06 | 05-06 | 08-06 | 02-06 | 08-06 | 02-06
AEl 2008- | 2009- | 2009- | 2009- | 2010— | 2010- | 2011-
DCS682- == 11-03 | 01-29 | 05-04 | 08-03 | 02-10 08-9 02-11
FD2 HEHEM = S S S S S S S S
M AF
T | gzao J1m &t &t &t &t &t g g g
Bioass | MXIE2ZM
2.0 2.0 2.0 2.0 2.0 2.0 1.85 1.8
ay 1.8cm 0] &t
2008- | 2008- | 2009- | 2009- | 2009- | 2010— | 2010- | 2010-
AN
09-27 | 12-27 | 03-27 | 06-27 | 09-27 | 03-27 | 09-27 | 03-27
_ 2008- | 2009- | 2009- | 2009- | 2010- | 2010-
ANEY (GRS
DCS682- 12-26 | 03-25 | 07-01 10-03 | 03-25 | 10-03
FD3 SHEM = Sy Sy Sy Sy Sy Sy Sy
M AF
T | mzao otz | o8 & =) =) ) ) 2
Bioass | MXIE2ZM
2.0 2.0 2.0 2.0 2.0 1.9 1.8
ay 1.8cm 0] &t
e 2008- | 2009- | 2009- | 2009- | 2009- | 2010— | 2010- | 2011-
10-27 | 01-27 | 04-27 | 07-27 | 10-27 | 04-27 | 10-27 | 04-27
_ 2009- | 2009- | 2009- | 2009- | 2010- | 2010-
ANEY ol s
DCS682- 01-29 | 05-04 | 08-03 | 11-10 | 05-01 10-29
FD4 EHEM = S S S S S
N A X B X B
T | mzao o2 | 8 8t 8t Bl Bl " "
Bioass | MXIE2=ZM
2.0 2.0 2.0 2.0 2.0 1.9 1,9
ay 1.8cm 0] &t
2008- | 2009- | 2009- | 2009- | 2009- | 2010- | 2010-
AN
12-29 | 03-29 | 06-29 | 09-29 | 12-29 | 06-29 | 12-29
AEl 2009- | 2009- | 2009- | 2009- | 2010— | 2011—= | 2011-
DCS682- == 03-31 07-01 10-03 | 12-18 | 07-02 | 01-03 | 07-03
FD5 HEHEM = Sy Sy Sy Sy Sy
o 4t o8 | ® F (GRS
Mol Jt2 &t & & = &t
Bioass | MXIE2ZM
2.0 2.0 2.0 2.0 2.0 1.8 1.8
ay 1.8cm 0] &t




o Agglo] AAEe DCS6E824E Lot FDI, FD2, FD3, FD4, FD5+= A&+ 2713k
8|

A7) Asl A AFS FAF. ABEAS H/ABEANA Y. AED
49e 98 29 AEGAE BUHYSHT 9. 181AFd B AFe] s
goj A ergrov] UAUAAE AT AoE Az ¥ HolHE wgom

9. CS6821 el ol A Nargenicin 2] A A& A

1) lab scale®] 4] nargenicin®] A A|
CS682 wl ks 7L Wa XA . vk 2712 ofefet A&

Strain: Nocardia sp. CS682
Media: Maltose 0.5%
Oatmeal 0.25%
Soybean meal 0.25%
Yeast ex 0.25%
Calcium carbonate 0.05%/ 5L

antifoam 0.3% (sigma co)
Condition: 28, 0.5vvm, 180rpm

C)O

23 ¢} 3ml(321.3mg) % F =39 sephadex LH20 column
chromatography(1.6cm X 110cm, methaonol, flowrate: 9ml/hr) S 3. SAF 2
3ol HAagtow FH3(1775mg)dlal A silicagel column chromatography(1
X 12cm)E 3. silicagels haxane 5 bed, hexane: ethylacetate=2.5:1 16hed &
Al nargenicin®] &% 7] A|ZE silica gel 2 & 4 @RI S Hol F=3}
3l hexane, ethylacetateE ©]83lo] AAA3AN o AN -9 (88mg)E Lo
nargenicini-2] A A #FA o] QoFe ofgfet 7S (1™l 12)
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Fig. 12. Silicagel column chromatography %l 4] 2] nargenicin#] % Al

2) 3 dgxoAe g 2 wgd-g o] 83 nargenicin®] A Al

CS682 Ml ¥-& 500L LEZFCNA 3f. "id =12 ot 24

Strain: Nocardia sp. CS682
Media: Maltose 0.5%

Oatmeal 0.25%

Soybean meal 0.25%

Yeast ex 0.25%

Calcium carbonate 0.05%/ 500L
Seedculture: 30L(50L fermenter)



Mainculture: 350L(500L fermenter)
Condition: 28°C, 0.5vvm, 150rpm

0.3% antifoam(dow chemical, 2] &)

S0LEE X9 kol 500L WEXZE main culture® 3 39S W vk form

ol ¥R forme FAAE TEx HHow o= AV BT AL
Ao 24dE =) fs AEHom dax i Azt wikEEE 300mmoE &
ATk WH o =

[elh |
thA] F3 ethylacetateE 718kl 23] FZ3Aa FF 5 &= Hogow
TEY

5% Almdd e antifoame A7 91t dIAJAELVIE o] &5t
6,000rpm  30%% QPAEYE F3 wHEEe] antifoamTS Y5 A AGH S
antifoamo] TYH FEAEE W Histe FeBATARA AR
ethylacetate F=%2 sephadex LH20 column chromatography (7] -8 wj:
methaono) & F a3t RIS EE& SAHAFEILS YA Hago=m w5 £
silicagel column chromatography (71 : hexane, hexane : ethyacetate = 2.5 :
1, hexane : ethylacetate=2:1)Z 43 &} 2.

3) pilot scale(3%) HEF AL wjtdS o] &3 nargenicin® A A -2

H3E: g Ao wjoko = antifoame] E°] o] nargenicing £ A A

Al antifoamo] AA}A-E Wash AAAA WY antifoamo] A HH o2 {FE o

—antifoam %73

th el Al ARG3k antifoam AlE 2 UhFaidAbel A AR AlEoll o AlsE

28 obesh 2t

Si02 309
Tween 65

EH| S A Aol 2 EH =



Carboxymethyl cellulose-Na
DW A=

$o] A & 4 gl5o] antifoamiel] AHEA A o|HA FEAHEAH] Vg3
A2 tween 65 E EH|E A HAM AH 27} 35 9ol CS6829] nargenicing 7}

S AAG oY s E Ao A,

i

Sephdex LH20, silicagel column =3 *] antifoam< elution?] A &4 o2 &%
ol 719 & #FoA o= As Flsslen ofF AAs] H& FFHHUR
o] &3t g ARviEIHy FP A B FIAAE AEFT. #HA

Non-ionic polymer$! XAD-16% A}&3}9] antifoam®] A7 o] F-& Lol H gL

ofN o

ERES:!

-XAD-169] capacity 800m°g-1 |8 o]RA& ZHFE AAIA A
AHg

il
=

—column volume : 6 ml

-Sample load : 600ul(200 mg) dissolve in MecOH (5&E W& F & dlFolo
ethylacetate &% WA sephadex LH20S F33lo] AR IS 52310
5}

Aol AHge)

il (

—=, 30%, 40%, 50%, 100%H &
AEGE WA Hegess AAT

T=okol 24

To2 548 8FA4%7. Bioassay$ 213}
[e]
1

g2 E=2 cthylacetateE o] &3lo] 23]

=R

X

il

Ol

==
=

i
ol
=
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Fig. 13. TLC spotting for loaded sample

Table 7. Elution profile

ADEE204 weight(mg)
Eluent gntima 25 AL
volume(ml) (2=8%)
8.8 BE2d/Be=
water 78 (4.4 z
30%MeOH 230 0l & HHE22
30.9 Pale yellow
40%MeOH 116 (15.45) Oil &4=2&
45
50%MeOH 1010 025 =Mt
48 Pale green
100%MeOH 285 o) }gE

2ol xA>-E(es)

e

Fig. 14. TLC spot for final products
Water, 3096, 4096, 5026, 100% MeOH




Z71N " 200mgE loadingdtel XADEAA S ZAYslste] A3 A3t water +32
oA Aol ¥ IEZA R8mg, 40% HEEE 5 A A8 3
30.9mg, 50% HWHErETdo A M 7F45mg, 10096 =T oA oG gk 24 7}

F Bmge . (E T

Fig.14e 4] x50l TLCHA] A& 55 nargenicin spot F-¢ ET&E
ANL. 50, 100%™ e B A= AAEA (antifoam)o] 79 glo] &
W ARE besEe. auu B 9 400 Mue 2Ee 3y B

HEE HolH dAstel oy sl U=

fl

lj

AA o7 XAD-16 resing o83 99 7oA = antifoams E&4 o2 AlA
sk 7t gllom Bak wal A g ¢ e (29 13, 14)

o]

4) pilot scale(3¥) Wa$ AL wgd S o] &3 nargenicin®] g A|-3

—XAD load volume: 2ml

il

-Sample load volume: 500ul(50mg) (5E P& F AL w3 olo] ethylacetate F=

& WA sephadex LH20S F3ste] SHE DS w535t Aol A&



Table 8. Elution profile

fluent | S=ESM | weidhima) |, gy
volume(ml) (=2%)
water 200ml
20%MeoH 500ml
20mg Pale yellow
50%MeOH 360ml (40) =
17.9mg .
100%MeOH 170ml Qil phase
(35.8)
= e = S0 E ol _—| _ ey «Ap

Fig. 15. TLC spotting after XAD

Z71N & 50mgE loadingdte] XADZE k3l nargenicing && A7 23 50%

Hete oA 20mge A =HIIFE 100WES F3 oA 179mgel oil phase

i
i
e

5.9 4 Hol&= A o] TLCAA A AEESF nargenicin spot §-7-9

ol Aoz we g Uy 100%H S 22 45 g oil

e XAD-16S A slsle] A83 - nargenicin main spot Hol E-Eo] M
o] ZA¥} < nargenicin spotoliiE£ow HEEo] FEyE AS T EE Y



ST S

AEHSZ XAD-16 resing uwpky2l o=z 3l E4E& AASIE A9l AAE
9 antifoam A A E&S SH s MAEHA e

10. 5& @3 u)) <k

v kol AR wE S, wfA] B k2 ofEiel 2
Strain: Nocardia sp. CS682
Media: Maltose 0.5%

Oatmeal 0.25%

Soybean meal 0.25%

Yeast ex 0.25%

Calcium carbonate 0.05% / 5000L

Condition: 28, 0.5vvm, 7orpm

v kol HE S seed™ SOL EE 7|0l A 0L WEHS 96A1F viF 5 500LTE 7

=
P s e
= QAEgon PF ¥ R, TN, HATF L Wy

= i
39 Wk T WEAS 5E WEZE o] %73 5B WwExAstA
]_

sk e, oF
% 7)1ZbE Rt 24A)7ke] 1-23] wjkR g A H 3t AAEE Nargenicin® & MRSAZ
e SAs Aex7d 9 pHYSIE ZYH H39 &

Table 9. 5% Wa Z A9 Norcadia sp. cs6828 & TUHE At

Activity— | Activity— PRESSUR
A2t p H-1 p H-2 1 5 TEMP £ RPM
0 7.11 8.02 0.80 0.80 27.8 0.50 50
12 7.92 8.94 0.80 0.80 27.9 0.50 50
24 8.18 9.36 1.10 1.20 28.4 0.50 50
36 8.48 9.48 1.20 1.40 28.4 0.50 50
48 7.8 9.60 1.10 1.60 28.4 0.50 50
60 7.4 9.70 1.10 1.60 28.4 0.50 50
72 7 9.74 1.00 1.60 28.4 0.50 50




11. 28 g 20 A foamB A 74 #sk o3
= vy F=3 foam(AE)H A Q.

=
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Strain: Nocardia sp. CS682

Media 1: Maltose 0.5%
Oatmeal 0.15%
Soybean meal 0.15%
Yeast ex 0.15%
Calcium carbonate 0.05%/ 5L

Media 2: Mannitol 0.5%
Oatmeal 0.15%
Soybean meal 0.3%
Yeast ex 0.15%
Calcium carbonate 0.05%/ 5L

Media 3: Maltose 0.1%
Mannitol 0.5%
Oatmeal 0.29
Soybean meal 0.1%
Yeast ex 0.2%

Media 4:
Mannitol 1.096



Qatmeal 0.2%
Soybean meal 0.1%
Yeast ex 0.2%

Condition: 28C, 0.5vvm, 180rpm
0.0196 antifoam(Sigma co.)

9] 47HA] R o E TL wa XA FhstA e pH, foamBF A5, &4 ¥}

& a3 (& 10)

Tabel 10. ¥} F el w2 pH, foamd A5, &4 W3}

Media 1 Media 2 Media 3 Media 4
Time Activity Activity Activity Activity
(hour) pH (cm/40l pH (cm/40l pH (cm/40l pH (cm/40l
) ) ) )
0 7.5 0.8 7.5 0.8 7.5 0.8 7.5 0.8
24 7.93 0.8 7.93 0.8 7.74 0.8 7.57 0.8
48 8.08 1.2 8.03 1.0 8.13 0.8 8.0 0.8
72 8.38 1.5 8.37 1.2 8.33 1.4 8.05 10.
96 8.63 1.5 8.66 1.6 8.42 1.5 8.31 10.
120 8.64 1.7 8.7 1.7 8.52 1.6 8.28 1.1
144 8.64 1.9 8.66 1.8 8.49 1.8 8.31 1.2
168 8.55 1.8 8.66 2.2 8.54 1.9 8.29 1.4

o
i

of
ki
oy
u Jé‘lu o B~

91 o] Aol Al soy bean meald CSBE2WE Lo AAbd] P3Fs F= Fo
= ¢ F dey soye FAFCl of 28 F7F Al CS6829 AL
S7HekE & e 28y soyel FH el SUFetE EAdl foame] ¢
of Ao HAAE HFE "Hollle S HolEd o

5% o)) uld WaxoAe soy bean meals HFAaYoz v AFEIE=RAL w)

=
w4 A w4 Ao A7, (1Y 16)

o
o,

bt
=)

rir



Fig. 16. CS68248 ¥ (Media 1 & 2)

3 10904 AL o EHA maltosed FeFS AHHYS. @AYo Z 0.1%9 maltose
] 7% mannitol 0.5%¢ FUHT} CS6829] AirHES ¢ Z=7AAS &4 F AU
[e]

O

o ol medial¥t &40l ZE5E ¢ F AYS. FF AFE foamF A YA

SOy
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500 & A FAHEL foame A O]‘}i%tﬂ foamo] E}-’%}QE Aol HH foamAf

-

A d g 5. FdEE oAE
S5000Lf = 9] YH XA foames T Aoz A T A HAMA S &AHE &
[e)

S500Lra7|ol A A mlfe FTHELS antifoamS T©hE ¥eEal g%lod
antifoam< s 99 HAEE o FYAAY ZTE&EES "Homd. antifoame
ethylacetate % A] ethylacetateZ= o2 M@ o] &35t 2 sephadex LH20
column chromatographyol A= A% o2 elution® o] 25 * %9%2. sephadex
LH20% & FA4EZL ] 3% F 6000rpmel A ¥4 ¥23] antifoam-2
oA wE=Re A silicagel column chromatographyE 9738k silicagel
% nargenicin ¥ UE EdEo] £&F% 54 lab scaled| A 42 wjgFRow FEA
AxAdoz LA 438 A &&5HE 49 T77F v 23 dojzn &4

o

antifoam .2 ¢lsf A7 Fol AAl9 ojgzo] &, 33

Lo
b fo
rlo

iy



CSeR2 &= TE Al A7|E foame AAE 4 A= 2418 AAES] antifoam®] AF
£35S Fo I = g HHS Zolop F= T Aol nargenicin ¥ AA A

antifoam-e Z4d oz AALTL F J& AATAS L

12, W AAArs H A= A5

o
i)
N

N

1) v 1: 7L W& XA Nocardia sp. CS682 TF9] vjek 2 g
Nocardia sp. CS682 TF(KCTC 11297BP, 2008.03.064}= s
NEEHE ZHSF 1L B AR 0g, DX X 10g, U552 10g, FFUE 20g, o}7t

1.50g 7} ghre 3A] 8= Efﬂo}o# 28 Ceol Al 347k wigg mF & oA Hehs
#H3te]l 50mLe] HA wiF iAol FF3he] 287, 180rpmo1w 34z g vk
oA Wik WA= A-E 20g, DX X 10g, ¥ 10g, Y'Y E 20g& ILEsFF
of Zo A, wig WA 250mL-S 1L 4H7) %E}iﬂd} =Hl ko] Har F 5% F
FOR Fus HEsHY] 33U WG wjgFe 7L HEECA WS s 1L B A

|

2 & 15g, 7& EX 15g, U+ 1bg, YE 2 5g CaCOs 05g°] HEE ZA
o 5LE M8l &, Sl 250mL-s oHlE WHa o HEskar 28T, 180rpmel
A 1vvme B7]Hoz 79 & pHE 434X & g

o Ak pHWSHE XAMetal L A3E F 119 YehlA S vl Al AF A

AL 8l E Ao 001%FFEo2 AXAE FA3A 5.

Table 11. 7L W& Z| A Nocardia sp. CS682 ¢ vjk 2 g

vl A 7F A %) gk LR s
(hr) pH (em/40ul) (mg/L)
0 6.7 0.8 0
24 7.93 0.8 0
48 8.08 1.2 2.24
72 8.38 1.5 5.08
96 8.63 1.5 5.08
120 8.64 1.7 8.06
144 8.65 1.9 12.13
168 8.55 1.9 12.13

s 2
et 24 e S ZUHE A3} Nocardia sp. CS6827F pH7F ¢F 8¢]
o] J

b AERE et 24 stdEe] AdtEs & ¢ AME. pHiE 86 A oA



Oﬂ}\i ﬂ'?}%g A@{%E %Eiﬁ\:l— §7]_7]_ %io%

3
pmg
g4 FerE o] AMAES Nocardia sp. CS6827FF 2] v okl

2) vlalef 2: 50L W E XA Nocardia sp. CS682 9] vjek 2 g

Nocardia sp. CS682 #t+E S 1L 9 AZE 20g, 4x &% 10g, d+F 10g,
T E 20g, ob7F 1.50g7)F A A o] mEdle] 28Tl A 3YIE vl H)
F 5 wA Hehe FAske] S0mLe] vl wiA el HFshe] 28°C, 180rpmoll Al 3L 3H
e st o= AR 20g, Ax EE 10g, WFE 10g, ¥YE 20g,
CaCOs3 05g& 1LF5ol = XA wiga Al 250mL-& 1L 4H7 oA &
Hlgtel it F 5%FFEoR T JFTote 33U IE i FE S0L R X0l A

RS '?4311 1L 9 ?’ﬂﬁl:‘% 15g, A% &% 1.5g, hF2 15g, WEQ A 5g, CaCOs

0
O
-

KR
q&3F3L 28T, 180rpm°ﬂ/\1 1vvmée] %7]%} Z pHYE xAstA &3 #jgsta 1
9l

AIE A 40l dERE. B AE AAE

Table 12. 50L W& Z| A Nocardia sp. CS682 9] wjeF 2 g
N ] 2] gk Ayt
P @A 2k (hr) pH (cm/4040) (mg/L)
1 7.53 0.8 0
12 7.93 0.8 0
24 8.32 0.8 0
36 8.69 1.0 1.14
48 8.73 1.3 3
60 8.85 1.5 5.08
72 8.9 1.7 8.06

919} o] 50L WaFol A 35L FEE HA wix] z7AdA ¢ 3z v pH
gt &4 ssb=e AAEE EUYES A3 Nocardia sp. CS6827F pHZ) oF

2

857F doj7be AR I &4 FFEC] ANES & F AAS pHE 890
S A e & s3tee] Aabwke] A& o wn FUkske AS®E Mol F
T &4 BshEo] MArEE Nocardia sp. CS6827F2] v ekele] pHet A3 ¥a
ol A&



3) AAld 3 500L TaE XA Nocardia sp. CS6321 9] wjoF @ kg

Nocardia sp. CS621TE S IL & A& 20g, 7% 22X 10g, U7+ 10g,
WU E 20g, ob7F 1.50g7F e aAEfA| o] mRbslo] 28Tl A 3L mj kg
F > oA HEE FH3e] 50mLel wiE wiA|e HEdte] 28T, 180rpmoll Al 3¥ 3t
28 mFsh v A s AR 20g, DX &5 10g, W52 10g, Y= 2088 F
1Ll = ZA3H

FHiA] 250mL-e 1L AHAEuizlel] FH|ste] Wit & 0%FToR T JF
o] 39z F& vt 50L HE A wjFS HE 1 a
bg, U5 15g, HES A 5o CaCO; 05g°] HEE ZA, Hirdle] BLE &=
v 3k 2. Fuike] 1708 Fujd wrExo HEFea 28T, 180rpmeolA 0.5vvme]

e}

2 pHE 2284 23 WEsta s AEA AF AAE 98] TR

o]

= A~
T

b

15g, 5% 15g, BEQ A 5g CaCOs O.5gO] HEE Z2A, ditsle] E=nE A S
S0L wra o)A wjekst A= Fgxzoz 15LE 4. wldxAS 28T, 150rpm
oA 05vvmé E7|Fo® pHE Zdsbx @il wjdsta -1 2

W.owEA wAsE AFE BeAl 108 FHF L2xAGS=

Aol AERAL AARAS

Table 13. 500L W& XA Nocardia sp. CS6821FF¢] vjek @ W&

Hlj SFA) TF A1) gk Ak
(hr) pH (cm/4040) (mg/L)
1 7.04 0.8 0
12 7.49 0.8 0
24 8.34 0.8 0
36 8.74 1.5 5.08
48 8.76 1.8 9.94
60 8.86 1.9 12.13
72 8.98 2.1 17.53
84 9.02 2.3 24.49
96 9.05 2.5 33.28

9o} o] 500L WEFolA 350L FEE HA A xACNA o 4Y7F w ksl
=9 AAES TYUHS A3 Nocardia sp. CS6827F pH7}

5
P2y H
°fF 8571 Hoj7k= A RRY v &4 sstEo] AES & F AMS. pHE 9.05



474 skt el AAtefo] AHHom FUletE AS0® Mot

SHE- o] AAL RS Nocardia sp. CS6827FF 9] Hjokel o] pHel W3t i
ojujgk, AA] of 1 @ 2 3914 Hi= vle} o] Nocardia sp. CS682
e B gyl Abgd HA 2E A E o] &35t 5, 50, 500L FREe TE X
Al R A Bt 2 sheHEe Al e pHYE oF 8.0 WA 857F H= Al FldllA
S AAS. o] AxtZ B uw Nocardia sp. CS682 w5 &

op

1: 5L, 50L, 500L & Zo A oW HiA]E o] &3t Nocardia sp. CS682

=

- 5L WEFANA Nocardia sp. CS6821FF2] vjeF = g
Nocardia sp. CS621TE S IL & A& 20g, 7% 25 10g, U+ 10g,
WU E 20g, ob7F 1.50g7F g LAl mj Ao msjo] 28°CollA 3LZE vl kgl
& 5 A FJHFS FHAske] 50mLe oM wjA o FHEske] 28T, 180rpmoll A 3¥
b A ekv]oksk o W &u]X|3=  Beef extract 4g, &5 NA 1g, WA E 4g, FFALA
10g, NaCl 25g /5 1Ll =9 A&

Oﬂ‘ﬂf—} WAl 250mL-S 1L 4A7F Zetiaao FH|ste] Hid & S%TFToE T s

o].o:] 30171 A e 3o
oA wlFS A oM< HlA] 5LE E0E S, Sl 250mL-S
of HE3lar 28T, 180rpmol A 1lvvme F7| %o 2 pHyE Z43HA &ar
Hi kst &t A e A pHet o 474]2 &S WFEA AE
o

ax
ax

O

AAE sl Fadd 001%FTo=z AXAE T3+
50L E oA ags fsl] v wjAE BLE FH5A S TlYd 17LEs &
g W E Fo] HEdta 28T, 180rpmol A 05vvme] E7|Ho® pHYE FA3kA &

I e FE S WA AFY AAES Y Fade 001%FEoRE AXAE F
8}

w24 sgEe AL pHE #Este] 1 AHE 1 149 YERY

i
iRy

Table 14. 50L W& x4 o= viA]E o] 83 Nocardia sp. CS682 F=F2] W&



Hl AT 7H A 2] gk A AbeF
(hr) pll (cm/4040) (mg/L)
1 6.9 0.8 0
24 8.2 1.1 1.62
48 8.2 1.5 5.08
72 8.75 1.8 9.94
96 8.9 2.2 20.8

it M i H| oA o 47t wiksty pH H
Yy s A3 Nocardia sp. CS6827F pH7}F °F 8.27}
ghEo] Adtd e & g A% ple 890 mdd

[e] 2‘5— ]

Jtete Ao ® Kol g A

BN
oY,
rlo

o2 15LE 500L WEXx= &4, S00L a oA =i 28°C, 150rpmell 4]
05vvme| F7|&Fo= pHE 2dsHA il vidsiy &t &4 sehee A
pHHSE EYHstal 2 Asbs # 159 vebd. v 2= 752 da

1081 3] 48k A A (A ZLRAL, vl E A" HJATMee] AEAdE A5

Table 15. 500L W& Zol A o HE& HjA|E o] &3+ Nocardia sp. CS682 2]

Elaes
Hlj FA] TF A1 4] gk A AkeE
(hr) pH (cm/4040) (mg/L)
1 6.6 0.8 0
24 7.98 0.8 0
48 8.12 1.2 2.24
72 8.3 1.5 5.08
96 7.88 1.7 8.06
120 8.37 1.8 9.94
144 8.52 1.8 9.94
168 8.62 2 14.65

919} 7o) 500L WEZONA] 0L FEE olu wlA oA oF 7Y7F wlksty pH
92 gt g4 32 MRS ZUYHS A3 Nocardia sp. CS6827F pH7F <F
8127} o7t AR RE et &4 sgEo] AAEES & F ANS. LY o
SHIA 9] A5 pH 86& A8 at 24 Ssh=e] B4R S 2e

¢ A oM< WA E 500L R F(scale up)Al SOLFE ] E sfE o]

KeN
=
A
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Table 16. =] A

RPM

50

50

50

50

50

50

50

PRESSURE

0.50
0.50
0.50
0.50
0.50
0.50
0.50

TEMP
27.8

27.9

28.4

28.4

28.4

28.4

28.4

Activity—-2

0.80
0.80
1.20
1.40
1.60
1.60
1.60

0.80
0.80

1.10
1.20
1.10
1.10
1.00

p H-2 | Activity—1

8.02
8.94
9.36
9.48
9.60
9.70
9.74

p H-1

7.1

7.92

8.18

8.48
7.8
7.4

|2t

A

12
24
36
48

60
72
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A2 AAE Asl S00LFEolMMIATE F7F Fdsor & Aoz A4
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23 scale upAl LEAEE HAw R 7} o e
=AY A7 FEodA HA mckelsl & Hd TLeTAd =Tt
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N
T

AYsivin 2 5 YA AIRE AT FRE AL 1000 FRFIHE o
o)

fass

B ATE T Edde] A HAMA L AF AL o] AgheAE st
7] Sla vl Fe A 2A ol A E ARG S, oW wiAE AEH TR
(Lol el Al =27t} & 59 AAAE HUZ BoFE dauA=ZHA o] HX]
o} DCS682 HA WA E S00L =2 56 7MA @AA o= usln] ALAd 2 pHE
S EYUHE s 2 Al ARgR HAW A= S00L 2 5 FEA gA
HE-& Ho]Fm YEAYAY LS HojE vhd ow & wixe] -9 S0Lv]
A= G2AYA Aabso] F sy 500LFE AgAake]l AdtE S HolFS. o=
HA A 7} scale upel A8k wiAlgE AS W
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13. CS682 Al&2] 7I& % Al

LA AER] Co6828 A Aatsty] el 7124 ] AlE HUF e ARAAE

=
¢] Nargenicin®] #2438 A A g}

2 oAl A wAd 79 Nocardia sp. CS6827F A4bslE &-MRSAZE 9
HASHAELA S E3ste dF s s40x3 A 438 7les 23
317 9138t Nocardia sp. CS6822] w5 vj o] &=A}3l= nargenicing X FA &
o7 MABAL Nocardia sp. CS682 TFZHE By AAS S, 1 F+XE g
W3l Nocardia sp. CS682 o)Al nargenicin® 3&raF A WS paper disc,
HPLCR o2 gy3iqlom, ofE Tale] mulolA] e 4 A= dF Mgl &



4 axEe) §F /1Ee 4t

DO HPLCHEA

Nargenicin< HPLCZ #4139 om #4271 th&i 24,

Column : Lichrospher 100 RP-18( 4 X 100mm, 5 um, Merck, USA),
Mobile phase: Phosphate buffer(pH 2.4): MeOH= 7:3
Detector:UV 254 nm,

Flow rate :1.0ml/min.

2

Zar el ZA —AA 3 nargenicin 1.0mg-S A% 2o} Phosphate buffer(pH
2.4): MeOH=7:3% 7}3}°] 1.0 mg/ml= 3} stock solution® = 3} 3. ol &
dAFA FHele] 1.0, 0.5, 0.250.1, 0.05, 0.01, 0.005 mg/ml +%2 ¥T &94&
13l S. 72t 5 9S8 20 ¥ #H3le] HPLCY chromatograms <l
Wt Has 7 IAAARAA S 8] 918 HPLCE 33] ¥ o
C’tq, UVi= 254 nmell 4 F43ko] peak W23} 3hekwe] kel
o] &ato] AEFHAle A AF. ol HPLC =312 v+3 2+

=
B

24
ol

DA

Ol

>
Jx

i

=1

>
2

]_

o
i
rJ

Column : Lichrospher 100 RP-18( 4 X 100mm, 5 um, Merck,USA),
Mobile phase: Phosphate buffer(pH 2.4): MeOH= 7:3

Detector:UV 254 nm,

Flow rate :1.0ml/min.

Column temperature: 30°C

Aol A — Nocardia sp. CS682 w5 HlSA S &4 7AZx3l9 2g A 3 lotZE
A dol bzt Sk YW 100 ml AFEFFE 713 $ ethyl acetate=
100ml & 23] 7}sle] F&319 =, FE5EHE 5000 rpmo= 203F 94 &8 3l
IHEES AAS L 70% EtOH-S o] &3Fe] 23] 250 mlz 9. 250 ml 5=
|A O RRE 25 mle FHstel dxF F HPLCE MeOHel o] &3] 20 mlE
2ol HE T 05 g AE/20 ml MeOH=Z A3} A EAE 4
AHESF &
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Az=2 ICHolA FAZ 7tol=gfele] wkdo] A4
Aekardel A9 125-200ug/mld % WA 6719 FTEE A

23 e e, A AYHAS 722 she] correlation coefficients(R?), & %

o 2
o 3R
0 dlo

ot
h-)

BEAA 2L AFBA) ARE ohze] Ao Jste] A&,

Limit of detection= 3.3 * s / b

Limit of quatitation=10 * s / b

(s) means standard deviation of a response and (b) means slope of the
analytical curve.

9] EAMS F3s8te] AL correlation coefficients(R*)< 0.99980] 1 0.1

A AE 0.25ug/ml, AE3A = 0.083ug/ml.

gk vhel=akclel wet A, A3t 4o A 9 AEAE gelsae
B2 27 0] nargenicin® A& A33HS gk
gk vhel=akclel wet A, A3t 4o A 9 AEAE gelsae
B2 27 0] nargenicin® A& A33HS gk
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500000 | -
& 400000 - P
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£ o
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200000 | P
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Fig. 18. Linearity of the standard calibration curve of Nargenicin



Table 17. Intra—, Inter day variability of the HPLC method for determination of

Nargenicin.
Compound Intraday (n=3)
Concentration Detected R.5.D. Recovery
(ug/ml) (ug/ml., mean+31)) (%56) (%56)
Nargenicin
12.5 12.34 4+ 0.033 3.0 98.7
50 50.26 0.7 1.42 100.52
100 101.17*+1.9 1.90 101.17%
Compound Interday (n=3)
Concentration Detected R.S.D. Recovery
(ug/ml) (ug/ml., mean+3S1) (%%6) (25)
Hargenicin
12.5 12.73 X 0.23 Z.07 101.86
50 51.044+1.17 2.36 102.07
100 102.35+x1.98 1.96 102.35
Table 18. Validation parameters for Nargenicin assay
Validation parameters
Repeatability Accuracy
PRODUCT Lifiatity Moan LOQ LOD
Regression plot i RSD recovery RSD | (ug/mL) (ug/mL)
(%) - (%)
v=1115.29%-
HARGENICIN 1246.17 0.9999 0.269 99.72 1.21 0.251 0.083
|
45 v

Y Nargenicin

Abks

Nargenicin( 1day growth)

Standard nargenicin + 1 day growth

oo 25 s0 75 100 125 150 175 200 225 250 275 a0.0 azs aso ars 400 425 45.0

Fig. 19. Typical chromatogram of Nargenicin(top chromatogram),Nargenicinin
fermentation broth from Nocardia sp. CS682 (middle chromatogram), Nargenic in
standard added to fermentation broth from Nocardia sp. CS682(bottom

chromatogram)



Table 19. CS682 Al&9 dxi At
N . Production
35+ Cultivation time S
Y {(Nargenicin,
- (Day) ug/mL)
777 1 3.6
£ 2 4.21
E 154
L 3 7.18
SA//“*/ 4 31.24
T e 5 33.19
@ CS682 A& 7=
CsS6829] st AlxE 93l CS6829] 44 #d#AE s 24 He 44

A #: Paper disk®

(1) &g+ MRSA 693EZ-8 Staphylococcus aureus KCTC19288 Al &{ o

=
(ld
o
)
ol
ol
N
i

(03
)
A,
)
filo
2,
1
s
K
B

=
)

off

ki
N
-

AL 5 ~ 15 °Coll A et
A3 A Hske] 0.1 mol/L <14t

10 ng (97h & g Hale=

%)
o)

>

s
=
9
>,
ofo
o
ot
et
— & f
=
N
rjg
12,
Y d
ofl
12 o &N

ng e
e
o
2,
<)
T
0
=
o
df
=
N
=
NE

totr

2
S
(4 A Az oF 150 mgs AHEsA "ol 01 mol/L AAFA ¢ (pH

h “ -1
8.0yl =olal A&etA 10mL= ¥k o] & 7HA I FA=He] vAETE o
o.

HPLCE24: A#ek o 1gol diste] Y2AYANe=zZH 495~605 ng (907110%)S



14. DCS682 A A% B4k

1) DCS 682418 A4k

Cs6s2e] WA ¥ BAAZ Agiste] e dm Bwe AAF “DCS68] A

r
=
>~
Raf
oo
ol
ol
%2
dlo

Fig. 20. &5 CS682

Cse82e] Tas A=Awee Aol DCSE82A A% ke didhwa(5) A
AbEelel A gregstalon)  CSE824t s A1, DCS682 s 913 AF-ds 23

2O e obefoh A



Table 20. 2§l & A A (CS682)

2 -5 A (501, 500Lw) )
e 19 T A 715 A
Z wfjokol s FarAtEol A S0L wa ol }
1 ;_ I H A I Innoculum size: 4%
O .
ol = H 3}
2 | 180rpm, 28°C, 0.5vvme] Ao 2 wjk, DO = pHE Az 9
3 pH7l 859 =& %}L SOLEEZ9 SR E | AZYPA A2XAE A
500L wrEx= Yoz HE 7}t
DO ¥ pHE A7HE=z= &
4 | 150rpm, 28°C, 0.5vvime] 27 o= H|%k °l,
pH 857939 WHd =gs u7pA] vk | AFHAAA AXAE A
= 7hsk
5 HH"?@I*% st w57 %7130 29 | 60-65T ol A %_:77‘?3‘:}.
5. 100Lo) = 5 =3}
FANZXA FHAe| =&
= TS A HUF 7hs.
LS. uko o]SL)
= 12 AT
29 FAA
DCS682 H ek-&-vi %] A1 (50L, 500LE &%)
g 759 71" (g) | HolALE
24 9 = (D-maltose) 5
A & (Oatmeal) 25
] 55 (Soy bean o=
meal) o
R~ (Yeast EX) 25
g A2 2 (Calcium 05
carbonate) '
A A A
3t A 1000mL
Fo 9 HAHAEE
vk s A RS general grade & A4HE bulk type product® ARE.
i eke-w: 28T
50L wrazx wix|5-3: 30L
S00L &% w453 330L )
oy ol A 180rpm, 0.5vvm(50L ¥& %), 150rpm, 0.5vvm(500L % &)
E 7|1} &




1) Total volume 50L
(working volume : 35L)

2) The ratio of height to diameter
(L/D) =25 -26:1
3) Design pressure :
& Jacket)

4) Plate jacket for the good efficiency
of heat transfer
5) material
316L

Jacket — STS304

Insulation cover — STS5304

6) Three baffle plates

7) Stainless steel exhaust condenser
8) TImpellers size 47% of Vessel
inner diameter.

9) Nozzles, ports & Specifications of
Upper plate

* Sanitary diaphragm pressure gauge
* Inoculation port with flame ring

* Anti—foam sensor port

* Viewing glass for observation of
inner vessel

10) Nozzles, ports & Specifications of
Vessel side

* Electrode ports ; pH & DO electrode
(ingold standard : 25mm)

*  Temperature(R/B
port

* Sampling line

* Cooling water in & out (with sight
glass)

* Air inlet

* Exhaust gas line

* Jllumination glass port

11) AGITATION UNIT & SPEED
CONTROL

* output speed : 0 ~ 650 rpm

12) AERATION UNIT
*  Sterilizable final
(PTFE): 0.02um

approx.

3kgf/cm?® (Shell

Vessel(Shell) - STS

sSensor)

SENsor

filter element

1) Total volume 500L  approx.
(working volume : 350L)

2)The ratio of height to
diameter(L/D)=2.5-2.6:1

3)Design pressure:

3kgf/cm?(Shell&Jacket)

4)Plate jacket for the good efficiency
of heatt ransfer

5)material : Vessel(Shell)-STS316L
Jacket-STS5304
Insulationcover-5TS304

6)Three baffle plates

7)Stainless steel exhaust condenser
)Impellers size:d 7% of Vessel inner
diameter.
9)Nozzles,
Upper plate
*Sanitary diaphragm pressure gauge
*inoculation port with flamering
*Anti-foam sensorport

*Viewing glass for observation of
inner vessel

10)Nozzles ,ports & Specifications of
Vesselside

*Electrode

ports; pH &
electrode(ingoldstandard:25mm)
*Temperature(R/Bsensor)sensorport
*Samplingline

*Cooling water n &
out(withsightglass)

*Alrinlet

*KExhaust gasline

*[llumination glass port

11)Full drainage tank bottom valve
(Diaphragmtype)
12)AGITATION
CONTROL
*xoutputspeed:350rpm(MAX)
13)AERATION UNIT
*Sterilizable final
element(PTFE):0.02um

ports & Specifications of

DO

UNIT&SPEED

filter




2-1. AUTOMATIC pH CONTROL SYSTEM

2-2. AUTOMATIC dOZ MEASURING SYSTEM

2-3. AUTOMATIC TEMPERATURE CONTROL SYSTEM
2-4. AUTOMATIC ANTI-FOAM CONTROL SYSTEM

2-5. AUTOMATIC AIR FLOWRATE CONTROL SYSTEM
2-6. AUTOMATIC VESSEL PRESSURE CONTROL SYSTEM
2-7. AUTOMATIC STERILIZATION SYSTEM

1) Total Volume : 1,000 L

2)Working Volume:700L

3)L/D:1.6:1

4)Design Pressure:—173.0kg/cm2(Shell2] $})
5)Working Pressure:-172.0kg/cm2(Shell ¢ $})
6)material:Vessel(Shell)-STS316L
Jacket-STS304

Insulation cover—-5T1T5304

Base Frame-ST15304

Impellers size:47% of Vessel inner diameter.
8)Surface treatment: 400#(shellinside)
320#(outside)

9Top & Bottom Head:10% Dishedbottom head
:1096 Dishedtophead

10)Jacket: Platejacket with stiffener ring
1D)Insulation Cover :STS cover with Urethan eFoam
12)Nozzle & Port: Diaphragm pressure gauge port
‘Rupture Disk

:Exhaust valve port

‘Pressure transmitter port(1.5S)

‘Vacuum gauge port

:Light Glass

:Exhaust valve port

‘Temp. sensor port

:Steamin/ Waterout & Safety relief valve
13)Agitation Unit:

xoutput speed:90rpm(fixed)

14)Condenser

15)Receiver Tank

16)Vacuum Pump

17)Centrifugal pump
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3)ChartRecordingSystem
)54 Ax Az g2l 7
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A 29 T ORRe 2 =
Ak B "DCS682"(lot 8001)2 A& & FAE Slal o9 M H Fe=7(2,500
T oarE), B e (150005F), obih A e, L 9 vl sl A AbE, 54
=ol DCS 682 lkg/At=1IMT Fof F Ax 4 ofF & 3¢l Fo glow F9
obrt, A7) B, H A w8l gl Fol veds WakE 32 T s &
3 FA=e dH, &3 AW FH Tol Foduy Fokd wHFEY T2 ke
& il e 20099 EA F AlEEe] A slow wiE AR B F5 o
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DCS6828}+= A WO R JMEHAIEHIA €22 ddwR(F)e A A 3
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1. DPPH radical &4
DPPH (1,1-diephenyl-2-picryl hydrazyl) radical 47

33+E9 DPPHE 7|22

free radical
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L. NBT/XO (Superoxide 2~A2&) =4

0.8mM hypoxanthine, 1mM EDTA, 02mM NBTE 3$#3l= 50mM potassium
phosphate buffer(pH 7.4) 40000 A 85 FTEdEZ 10 71 ¥FE-2 xanthine
oxidase (100mU/ml) & 100ut 7}3lAA] A2, 6k =3tels 37TCo| A 208-7F ¥k-g-

A7l & 500nmo A THEE =A,

Superoxide &~AF=(ANE9 FFE/HE+9 FF5%E)x100

ol

e

37}

Alm Iml o 200mM sodium phosphate buffer (pH 6.6) 3 109 potassium
ferricyanide® Z+2} 1m¢® a2 713 o8 50Col A 2087 wkg-A) 7. wke-A] 7]
% 10% trichloroacetic acidZE 1m¢ &7} 0}04 4000rpmell Al 1057+ A4 Ee. =9
Imeell 0.19% ferric chloride 1m{-& 7} £ 700nmelx SHFEE SA. T35 <
7he e e s 9| gH

2. F e s 54

)

A& 1Imlell Foline-Ciocalteau reagent ¢} 109 Na-.COs bufferE 2zt 1ml# 7}gt
S Ao A 1A 7HEo BHSAIZ U 700nmoll A FHEE FHA. gallic acidE A
208 F22 XAEle AlRe T WHor FASG o B AFgAoR

=
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=

Y AR F e sstE

B
o,
USL'

SI] S R BV Aoy

ImM NaNO: 1mldl ¥4 %9 A& Iml$ 78ta 01N HCL (pH 1.2)& &
o5 37ColA 1Az ¥hE wkg & 7 whEo Imell 2% acetic acid Sm¢
Griess  Al9F 04ml (30% acetic acid®Z A%k 1% sulfanilic acid®} 1%
naphthylamine% 111 vj&= &3k A, ARgA ol Alx) 7hsie] A=ollA 1523

Wz $ 520nmell Al SFHEE SA4.

2 % (9%)=(A-C)/B*100
A ImM NaNO: 3} WHSA17l AJ52 &3% B! ImM NaNO:9 &%=, C: A 79



2) Az HleF
AE wks 98] 72 AEFE RPMIG40 medium, DMEM mediumel Z+2F 10%
fetal bovine serum (FBS) % 100unit/ml2] penicillin, 100 pg/ml®] streptomycin-&

HA7ysle] A3 AL, 959%6e] 57 FA H= 37T, 5% CO- incubator o 4] v <k
3.

3) MTT assay & °©]§3% AX BE& 54

HxE AeEg H3E =AH87] 9989 MTT reduction assays A g AEF
x 10° cells/ml2 953 96 well plated] zFzF 100 ul® H7habe] 24413k &9k 37°C
CO; incubatorel A # st & DMSO| =591 AZHE dAEFA A, 2447 &<t
e &, 2 wellel PBS ¢Zofel] =< MTT (5mg/ml) &<1-& 10 ul® 3 7}3te]
Al 1AIZE S9F vl AlZ. Formazan dA4-S e &, A& 443 AAF L,
well #vtol] FAHH  formazans =ol7] #8100 nl® DMSOE H7kgh #,
microplate reader Z ©] €3} 540 nmolA FHEE =H 3l X749 FHFES A
gl3hA] &an wjFA 7] 2T AXE 100%2 3 deo] Fuial AxgE

£ UEY.

(ld
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4) LDH assay/ALT assay 93F A E£=4 <l
MEEAS 2437 93 Wi oz LDHSF ALT release assays 2 A, AXFE
1 x 10° cells/mlZ ¥ & 100 ul® 96 well plated] ¥3F9] CO- incubatorol A]
24Xt Fot wiekdt | nargenicing AXFol X g Al 24A3F Fob w)
SoukelS AZE 96 well plated] 50 pul #5313, o] vjFfe] LDH reagentZ=
50 ¥ H@rulskel AFolA AAAIZI & 208 7 WS wkSo] SHEHW stop
solution®] 1 N HCIE 100 nl® #H7Fste] ¥k-g-& TAX 4171 3 ELISA readerE ©]
&3te] 540 nmel A FREE A, dotd2 Alxe] LDH 4e 98 wEdE
AAZ = 05% Triton X-10084-S 50ul #H7Fsted 400 rpme= 102 &<
shaking#|7 =& o=z AXHS MEH vs 2 WH o2 LDIH reagent 50 ul
& #7tste] ®kg A7) an, whE-ol
EE 4. ALT= LDHSF 43 Wi oz Hed &, kit
gto] &4

}

d N'
Oll

U

5) Hoechst 33324 staining®l|l 2]3%+ A 2!
apoptosis & el 93k o] 3 e %i} #HzHe 93] A EE 12 well plate

Hil
j&
oflt



o] 2x10° cells/mlZ

4% formaldehyde &3} AFoA] 10% FoF A3 PBS= 3W Aoj&.
Hoechst 33324 &%

TH 7= DAPI §94&

slide glass 9¥9l mounting solutione &t & AF Hu|AHS o] &3k 100W] 2]
W& 2 7 5o 2 Mxe & JeystE A

6) rhodamine 1232 ©]& 3} mitochondria membrane potential ¥ 3} =7

mitochondria membrane potential W3} 221S 93] AXE 96 well platee] 1 x
10° cells/ml® BF38e] 52 A7l & nargenicing 12417 59 2. rhodamine
123 845 o] &3t ¢ 7 F2ed A 2083 Az $, PBSE AAS H

480 nm(Ex.) ¥ 530 nm(Em.)ol A =A.

7) Western blot

e HAEE A3t lysis buffer (RIPA buffer 1 m¢, 1 mM PMSF, 1 pg/mé
leupeptin, 2 mM DTT)Z 4ColA 3083 &34 3 12,000 rpmeoll A 1583+ €
A wEEte Aeds g @A BCA AYgS o83 BSAZ AT
standard curvee] ODZS WA AA protein®S A#k 20 pg @A} Sxsample
buffer (1 m¢ glycerol, 0.5 m¢ B-mercaptoethanol, 3 m¢ 10% SDS, 1.25 m{ 1M
TrissHCl, 172  pg  bromophenol blue)E FHo=z 33 5 9%
SDS-polyacrylamide gel o4 7|93k PVDF membraneo] HoJAl7|aL 5%
non-fat skim milk in TBST® blocking A%l ¥, primary antibody & 3]4]3}%
ATl A overninght %ot ¥k&-Al7l. TBSTZ 33 A|&3 % HRP-conjugated
secondary antibody& 1:10008.= 3|2 35lo] A oA 242F &< wk&A1Z]l. TBST
2 A& % Westzol 4oz WMAZ 5 X-ray 2o 73A7 &d oJF= &

A%

8) nitric oxide (NO) A4 = &4

NO-Adz 545 93l EH&./H]F_% AL, B A¥E 24 well pateel 4.5x10°
cells/well?] sz 92 U, 37T, 5% CO2 wlg7|o| A 3FF ok st & A
59k LPSE A gsto] 2443k &¢F AlXE vt A5 50 ngs FHoko] &4 F-9
) Griess Al 9F(19%  sulfanilamide/0.1%6  N—-{1-naphthyl)—ethylenediamine



dihydrochloride/2.5% H3PO4)-2 #H7}&fe] A 2o]A] 1087+ ¥vk3-Al7] & microplate
readerE o] &3¢ 540 nme THEE =4, Nitrited ¥FE4HE sodium nitriteE

Ahgske] e gEFA v)aste] A4

9) Cytokine =g =4 (ELISA)

RAW 264.79+ PBMCE 48 well platecl] 2x10°cell/well2 £ thgo] A 8EE
Aszel Aelgk 5, 37T, 5% CO29 vjF7]ol A 24A13F &3k ik s 5 WA &
o] &3t wiA|Y = #uH  interleukin (IL)-18, IL-6, tumor necrosis factor

(TNF)-a9] %S ELISAE o]&3lo] =A. 2 kite] v wel 23-s 7283

Moo

ﬂJ

10) &34 40F 54
96 well plateel 1x10°%cell/well2 53 ABE 7} AXo] HFsle], 37T, 5%
COz9]  wiF7]ol Al 24712 &< "% mgE & wHE AAS F, AExd
2 7-Dichloro— fluorescein diacetate & H7}slo] 30 ¥3F w317, PBSZ A A 38k

g 470 nm(Ex.) ¥ 540 nm(Em.)ol 4 =A.

2. A4 A

1) CS6829 MEE-3 f=fy AA

(1) CS6827F HL-60A EF2] H3lo] njx= A5k

HL-60 AlEFo] 5 nM9 1,25-(OH)2D34 50 nMe] ATRAE &gt FA)d,
CS6R2% T (0~200 uM)ZE X8 3te] 34 7F w3l 3 NBT reduction assay=

T CS682% whol wil wEo 2 of 30%9 #&E FRdta ®d, ATRAY
125-(OH)2D3%t W aAstel Aeatale W 5% o|eden £38 f5T.
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1 Ccsesz2
80 - CZ2) C$682+ 1,25(0H)zDs
m— Cs632+ ATRA

L aaadl
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% Differentiated cells

[CSe8Z|(uM)

KV-1 (100 pg/ml) [ 1,25-(OH),D; or ATRA

w
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s
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=
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Fig. 1. Differential effect of KV-1 in relation to the timing of treatment on
1,25-(0OH) 2D3/ATRA-induced HL-60 cell differentiation.



RG-1 {100 pg/mi}) B 1,25{OH)LD; or ATRA

w100 -

) —— No freatment
; 20 — 1,25-{0H),D,
o1 = ATRA
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=
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Fig. 2. Differential effect of RG-1 in relation to the timing of treatment on
1,25-(OH)2D3/ATRA-induced HL-60 cell differentiation.

(2) CS682 T M= 125-(OH)2D3Y+ ATRAS W& 3t9& wf HL-604 %
o def 4

HL-60 AIXFE 7] x2](A), 5 nM 1,25-(OH)2D3@=(B), 50 nM ATRA & =(C),
200 UM CS682 ©=(D), 5 nM 1,25-(OH)2D3+200uM CS682 (E), =+ ATRA +
200 UM CS682% A gl ate] 343t 4k § Giemsa staining WH o= A xeo]
Hsts B 1 A3 Co6829F 3 =AE e s /A xAe] HlEo

oo gee) Wse E3de % @ & YL



No treatment 1,25-(OH),D; ATRA

No treatment

o & .
5

KV-1
(100pg/ml)

No freatment

Fig. 4. Morphologic analysis of RG-1-treated HL-60 leukemia cells.



(3) CS6827F =3 HL-60 M X5 #3}2] cytofluorometric analysis

HL-60 A2F& ®A4, 5 nM 1,25-(0OH)2D3%5, 50 nM ATRA ¥, 200 uM
CS682, 5 nM 1,25-(OH)2D3 + 200 pM CS682, H=+= ATRA + 200 uM CS682°.=
g ste] 3¥47F Wi §& CDllb ¥ CDI4E 2d3= AXEs AT o1 44,
Cs682¢9 F3hieAlE Hestd 371 SUHE S ¢ ¢ U, 1,25-(0H)2D3%
A A 83 monocyte/macrophage® ATRA®} A4 X2 3H granulocyte® 2

ar AETE 23ds & A

No treatment 1,25-(OH)2D3 ATRA

o o o
a] al 0:]
1.10 % 17.68 % 18.56 %
No treatment ——" B =4
100 10* °© 100 104 100 104
o o
S S
21.28 % 57.83 % 5714 %
CS682 (200pM) T = P
T,
(=
100 104 100 104 104

PE-anti CD11b

200

Notreatment  1,25-(OH)2Ds3 ATRA
0, 0 0
No treatment QIo%, 4 i 21.56 %, 0.68 %
(=} o o
10° 10¢ 10° 10¢ 100 104
§ g )
[ o -
CS682(200uM) 108% 1, 4293%, 0.66 %
e OL&'*\ o
100 104 100 104 10 0%

FITC-anti CD14



PE-anti CD11b

No treatment

Kv-1
(100pg/ml)

FITC-anti CD14

No treatment

Kv-1
(100pg/ml)

No treatment

10° 104

No treatment

[} 200

10° 104

200
200

o
10° 104

1,25-(OH),D,

10° 104

1,25-(OH),D;

o
1<}
N
o

10° 10*

o
10° 10*

ATRA

10° 104

10° 104

Fig. 5. Cytofluorometric analysis of KV-1-treated HL-60 leukemia cells.



PE-antiCD11b Nofreament  1,25{OH)D, ATRA

200
200
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i i 10* i 10 b

200
200
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RG1
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FITC-antiCD14 Notreatment  1,25{OH),D, ATRA
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- 1 10 1™ 10" b

RG1 |
{100pgimi) i

10" 1t 10" 1t " Bl ad

Fig. 6. Cytofluorometric analysis of RG-1-treated HL-60 leukemia cells.
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1,25-(OH),D; or ATRA
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Fig. 7. Effects of KV-1 on HL-60 cell differentiation.
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Fig. 8. Effects of RG-1 on HL-60 cell differentiation.
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(5) CS682¢+e] WA &3 Balfw =2 g

w22 1,25-(OH)2D34+ ATRA®9F 34 CS682E5 AHed i, o' HA=ZE S
T3 fREHEAE AdE. A9 B4R JAAE AHska, CS6829
1,25-(OH)2D3%= ATRAE 3¥zF 23 & NBT assay 3. 2 A3, PKC,
ERK, JNK inhibitorel 2|8 CS682¢F ATRAY 1,25D3 3} fA4d 98 f24
HL-60 Al¥2] #387 v E4doz2 dA3 74 3193, PI3-K inhibitorel] £
e Cs6829 £3 FmAlel Qs ¥ HL-60 AEe] F3lo] A3 o] ¢l

o

o -

H:l

. . = H = H =
o, p38 MAPK inhibitore 23|18 #3+& <7FA7. ol olE £37} PKC,
=) 13 s).© P
ERK, JNK pathway s &8l dojupir, PI-3Kehs F#d S Mo,
—— No treatment
—ao— 1,254{0H),D,
—>=— ATRA
—ap— CS622
—a& CS682+ 1,25({0H),D,
—w— CS682+ ATRA
GF 109203X HT Chelerythrine LY 294002 Wortman nin
100 100
B0 \+\ 20
a0 .
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= o b 40
3 =
e 20
= ° e _— o =
§ 3 (sen) o 10 20 [pam) o S0 100 nta}
- SB 202190 5B 203580
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-
=2
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o o o
20 gy o " 20 (an) o 10 20 (pan)
[Enhibibors]
PE-anti CD11b No treatment 1,25-(OH)>D3 ATRA
No treatment . % . 1 '
g Ei Ei
Kwv-1
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FITC-anti CD14 No treatment 1,25 (OH)>D; ATRA
=5 s s
No treatment g ‘ % . % .
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Fig. 9. Cytofluorometric analysis of KV-1-treated HL-60 leukemia cells.
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PE-anticD11b Notreament  1,25{OHLD,
Noireatment } i
RG1 N
(100pgimi)
= 0= 1 = 10* 1
FITC-antiCD14 Nofreatment  1,25{OH),D;

RG1
{100p.g/mi)

-

10 1 10" ]

Fig. 10. Cytofluorometric analysis of RG-1-treated HL-60 leukemia cells.
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Fig. 11. Effect of LPS on the cell viability of microglia. The cell viability of
BV?2 cells were determined by MTT assay.

NOE= ANAAZAA AFzHdGEdzA 8% 3FARE Al ZU NOSol| o]3lo] ofn
w4kl L-arginine . 258 A, o= Abs)
nitrite(NO2-) 9} nitrate(NO3-)2 H. X3 Hk-34d 2479 Zo] whg-3te 7
MEEARS et 7| = g LPSel| 93 NORBA F71= griess reagent assays %
ato] ot gk, LPS Aol olate] AwAxrE A3t HuA NOo| A &Fol
HA8 Pk CS6828 A Ae e W LPSel 9ste 43 7HdE NO
Adol =etutElstA A HE AS & 7 AAS. LPSHE dE X E3kas A

NOAA #Fol thzxel wlal] 4v) 7h7ko] F7Feh v o] CS6828 A& %=(10 ng/ml)
2 A st = LPSel 9& F7F e NOAA o] 2w o]3lz F43% JAES &
T AdAS. T CSE82E 100 ng/ml FEE AY AL A¢olE 9o Au=
100% NOAZE F7Hg oA dom, ie =20 ng/mh=E Asie 3¢ LPSE &
of A7l stk 23|y it ¢ w2 NOBA TS HoFA&(Fig. 12). oA
02 CS6320 93 NOAA A &3}7} dose—dependentdt™ -~ Hojwk NO 24
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Fig. 12. Inhibition of LPS-induced NO production by CS682 in BVZ2 cells. The

response of BV2 cells to LPS and CS682 for 24 hr stimulation was quantified
by nitrite release level. CS682 (10 ng/ml~20 pg/ml), LPS (500 ng/ml). The

amount of NO was analyzed by Griess reaction.

= 5

FAAA Aol edAd &4, ol A Z(multlple sclerosis, MS), Lﬁ%}ol
g A 2 H21EH oA IL-1B, IL-6 i TNF-a wde] F7hEw, 3-5
transforming growth factor(TGEF)-B6Y TGF-B superfamilyol] <3} bone
morphogenic proteins, 3732 H F31A T AAA ] A A 9 4
Hgol Fadk Jes 3 IL-1BE 27]ASRks] st To% A/E ¢y
A s, LPSE &% Aystals w IL-1B9 dd o] 43 F7hshes As
PCRE &F3te] & 4 33U © 1 Hlsf CS682 A oA rtt oS 2wy

5

2
3@
dlo

=

of wFot=d HlE CS682&

S717F F5lo] o AlH (Fig. 13).
Hhg-o Al INOS= NOAA# #Aste] AEAbe @ 4TS wA=d o
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Z I CS682 Aol A= INOSS o]l A9 gldAw LPSYS A3l
A izl wste] oL o] $A43] FUkshE s &9l eFAIRE LPS A
CS6328 54 AP3tA e 45 INOSO wa o] vz v=gh FFo= B
A= 577 A H (Fig. 14).

e 2

4 hr
LPS - —  —+ -+
CS 682 s L -+
e — ——
-te [ ———
L6 ———
. —

Fig. 13. Effects of co-treatment with CS682 (20 pg/ml) on LPS (500
ng/ml)-induced regulation of cytokines expression level in BV2 cells. Cells were

treated with 20 pg/ml CS682 and 500 ng/ml LPS for 4 hr.
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Fig. 14. Inhibition of iINOS mRNA expression by CS682 in LPS-treated BV?2
cells. Cells were treated with 20 ug/ml CS682 and 500 ng/ml LPS for a

incubation 4 hr or 8 hr.
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= 3998 potassium ferricyanide -2 /\}%3}04 A AR gdE 2A Sl ¢
3k grabsl gl o] Astel wbRUEA| 26829 F HE dhES A3 Ay FdHEE
ZEA AL AR s =9

Al Ao A3 A HS free radical¥t wF3le] AbslE Ed o] AA
= <ol #. ole g Absukrg& A7) 9138 free radical scavengings ©]
fate] Afgubgo AstdAo A peroxyradical 53 EF 4SS B FAUAE
ooz A radicale]l Wz HFF HEE fAH. o]#d free radical
] FAQ EAo] e HFEY. A= 37

o Fd 9d2 ArauEs A Aolke dAavh Bag. wEpA oy g
&= = %S DPPH radical 4

sz Yehle g4kt @A e Fed QAR A& JdukFgor At

=
A4 AE F Ftdeld, HE dF Fdel S8 s st Aoew 4 A4
A E(NO)S AX =A4d0] 73ty thaFe] NOZF A S nitrozation, nitration ¥}
et adE YERA H. 53] o2

we gE mah 2 ASNSE ofrstel f
AX7E BHE SwA AAEE NOR FelEAe AXEAe s Ao o
94 e, T NOS| WlE Mg 7] Wi @HoR mi AYHoR

)
I
O+

o [ =
NOS %3 5 NO9 otAHste FAHE<Ql  nitrite, nitrateE SA 3= 1HH A
A 2 AFoll A= nitric oxide A A2l DA S Griess A oF& AHE
sho] EAITHE NO2-, o} ele] F& HAsH= PO AE. 10, 50, 100, 50048
/ml ol A A F ] oA AATS 7 18, 36, 58, 95%E LHERY.

6) Superoxide dismutase FAF2HA

3asl @45 <l superoxide dismutase (SOD)YE AlXd] 22 &9 24
= st E AT S Sdiske 24 ¢, SOD= 30KDa o] e #4t
Fe 7R duiE BAw A A FesA il AE wiEHw d3 pH
of EorA% webA SODoF AR @4E 7FAW SODe dils Bed F A=
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Fig. 16. Xanthine oxidase inhibition activity of 682
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Fig.17. Nitrite scavenging activity of 682.

3) F¥¢ES

ol

A%

(1) Nargenicin®] Alx A7 A Asf &4 SA.
Nargenicin® $4AM3E A A A8 &4 F4ES 7] Y38l A & 1 A2

T2 HepG2, 17 &l #H AlEZF2 Calu-6, 217F 723 LA EF SNU-601, v
F2 e ek ]E CT-26% o] &3t vhdst s =2 (CS682S AHEd & MTT
assay & ©o|&3t 4. 1, 5, 10, 50, 100, 200, 300 uM<e] sx=Z 7z} MXE A& s}k
o] 2477k &<t i%ﬂf;} MTT assayE E3ato] -2 efg EHZ:—ETJr v awsle] e
g%t (Fig.18). 1 A3 HepG2, Calu-6, SNU-6014= 100 uMol| Al Z+2} 909,
92%, 91% = e o™ 300uM Aol AEEo] 50%0let = HAsHA s U
Ehju] A g om w2 hAx S oA #A4S Bds g9 gy CT-269
740l = 50uMell A 81%, 100uMeol A 61% = AE&o] #FAasHs veluy & &
A 2 A 24s ST = Add+E (Fig. 18). o9k #2 A¥}E ngo=
CT-26°] W3k Nargenicin®] ¢ 7]2tol] s A& A&, L3 ZdstolA Al
Yo &4 HArE Fe
dehydrogenase)?] W& & F4% A= Fig. 199 25, AAwod vls) dixa
2 oF 50% Axe LDH WE<S &< o 4 Q=4 ¥ Nargenicing 2424 50
100 M & A PS W 47 62, 219%2 AXEAS BYs & & dds. o
@}A] nargenicing CT-26 Al ¥ ths] 7ZH3 FadadAS vehes AL

‘/1E /\/\Mu (Flg 19A)
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Fig. 18. Effect of nargenicin on cell viability of cancer cells. Cells were treated
with various concentrations of nargenicin for 24 hrs, when the cell viability was

determined by the MTT assay. A. HepG2Z; B. Calu-6; C. SNU-601; D. CT-26

(2) mitochondria membrane potential ¥ ¥ o] e sle] gk Nargenicin®] &
Nargenicin® 2]ol] 23+ CT-26M 22 Z2 A7} apoptosis F23 AF}Ao] =
xe] o F-E A7) 98] nargenicin’l A E]E CT-26A Y5 thifo =z 3iitol
oldow A= PFE 2 Hoechst 333245 o] &3}o] AMS A5 g
e olgstel Heo I WEE #F. Fig. 19B.olA YERT wiol Fol
Axe] Fe gdyge A 3 wokd JeERIAY Nargenicin® $%=7F $71E
F 5 4SS Y Axe e condensation¥ fragmentation® 2 13t apoptotic
body7} 3 FWo| vEhtE A A2 apoptosis EAS vERHE. wEkA Nargenicin
o] Ao wE CT-26M¥2 F29A 7| apoptosis F-&3 HH3 A#AA] 3l
S Aoz AZtEv) Nargenicin X 2ol 4?'5& CT-26A132¢] apoptosis 2ol ¢]3]
ZA3%7] Y8 rhodamine 1232 ©]-&3}o]
A M 3}3L membrane potential®] WILE #AZE FAH T2 membrane potentialS
100% % 3F%-8 ] Nargenicing X @ld H$ =7} S71842 423 AL &

& g ASdE (Fig.20).
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Fig. 19. Effect of Nargenicin on Cytotoxicity and nuclear morphology in CT-26
cells. Cells were treated with nargenicin for 24 hrs. (A) Cytotoxicity was
determined by LDH assay. (B) Nuclei were detected using Hoechst staining for

the measurement of nuclear condensation.
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Fig. 20. Effect of nargenicin on mitochondria membrane potential in CT-26
cells. Cells were treated with nargenicin for 24 hrs. Mitochondria was stained

using rhodamine 123 staining for the membrane potential.

(3) Bel-2 family o] W&o ©] %= nargenicin® < 3aF

nargenicin * 2] 2]3F apoptosis 2ol #H3 V| M-S B3] Y8 apoptosis &
Aol 7b diEA¢ FAAR 4E 2 Bel-2 familye] @@ o] v A 3= nargenicin®]
A3 A3t Fig. 21A.9F 2S5 Ao A Veld vie} o] Bel-2 family
t= Q1AHE &, pro—apoptotic 1Al &3l Bax Wd W3k nargenicin A
7} Z7hEgE B3o] Erlele Aoz ey, 18y anti-apoptotic

b= Bel-29] A9 @do] ¥E7F F854% W] gadts A0E 1
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Ebg. o] 9] A= nargenicin A 2ol ]38l apoptosis®] Aol pro-apoptotic Bax
9] Z7lo| wE AFth A<l anti-apoptotic ¢1x}FE9] W A vt =23 IS ol

o
o

) A,

¥2

(4) Caspases®] @& ol 7| A]+= nargenicin® <3k
apoptosis 2ol A 7} A ATS F= caspases FolA M EAQ
caspase-3, -9¢] W&o v A= nargenicin® AEFS FAFSH Fig. 21BolA] UERG

npe}l Z-o| initiator caspase$! caspase-9¢] 4% + nargenicin X wWE & W

0

]

317 BEE R kA Ak effector caspase® ¥ 7 caspase-32] 4%+ nargenicin
o Ay uwelt &Y dwde] w3 Frirb @2, nargenicin Ao wE
CT-26 Al¥2] apoptosis 2l o] A] caspase-3°] vi-¢ T3 IS & &

Ps o
T dAd 5.

A. B.

Nar (uM) Con 50 100 Nar (uM) Con 50 100
Bax | e - Cas-9 P- ——
Bel-2 P - Cas-3 L - —
AN | - — - actin | WS -
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i o o
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o

Fig. 21. Effect of Nargenicin on expressions of pro— and anti—apoptotic proteins
in CT-26 cells. Cells were treated with nargenicin for 24 hrs. Anti—apoptoic
proteins (Bcl-2) and pro-apoptotic proteins (Bax, Cas-9 and Cas-3) were

monitored by Western blot.

(5) nargenicin®l| 2] 3 p533¥ MAPKS 4.

p38¢t JNK MAPK+= MAP kinase familyE ©o|F+ ZA4RA AXFE=FEHY
A=l el HbgehE Al AgdAoelA FRsk A g p38e} JNKi= stress,
heat shock, radiation 3 22 AL A=Fo| 2 EAstyo] AN

fsiz
=
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jud

o rEITI ¢HA s wEbA MAPKS family ol
231 p38et JNKo| &4-& western blot 48 E3to] XA A= Fig. 22.9F
75 nargenicin®l 28] M¥S A F& A TRV SUMEFE p3ke] Aol &
7he = Aol #EHA oW INK A 1 &0 2h
%38l nargenicin®] 23t apoptosisi= MAPK®S AZE Af3le] f2ES &4 F 3

o] oo
AN .

apoptosis, & UhEs Al

po32 T A G AEA AR MEY HAAE 9
HEE T 2AEAJARA Y JE il 5. DNAZF &44
o} apoptosisE £718H= Bel-2 family 9 Bax ¢ @&-S F71A]7] 3L Bel-29] &

| 2]}
S Aoz AES APES FX%. nargenicin®] 9% ph3e] W UAS X

[e]
Absl]l 2 Axk ph3el gado] =718 oW nargenicin® TE7F F7FESFE 24 o]
S7tEs &0Ed F A (Fig. 22B.). O] AIE %34 nargenicin®] pb3S A
A 713 olE E& Bel-29 #AZE £93l9] apoptosise] HHAS FHEE AS
ok = .
A. B.

Nar (uM) Con 50 100 Nar (uM) Con 50 100

p-p38 | T

E q
INK ﬂ

Fig. 22. Effect of Nargenicin on activation of JNK/p38 and up-regulation of pb3

in CT-26 cells. Cells were treated with nargenicin for 1 hr. Cells were then
lysed and subjected to Western blot analysis using the indicated primary

antibodies.

(1) hPBMColl gt Al 254
Cs6829] Aol what 54& a7 sl 4 Aol Xt 2443t FQt i Fd
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S MTT assayel &3] Axeol A ALE e (Fig. 23). Raw 264.72] A ¥
A= 057200M7HA = Al AEE 0] WS Holx| &AW 30uMel A= 90%, 50
uMel A= 81%9 A4S ¥ hPBMCO A= RAW264.7 Bt} Aol AX
BEEY A5 B 0170uM A& AlE &g #EE Holx ekkAy 10u
Mol A= 82%, 20uMoll A= 74%, 30uMelAl = 60%2] AX AE&S K. wEhA
Ao E Axe AEd Ao 4FE MAA & TE, RAW 26472 20uM
o3}, hPBMC+= 5uM ©]3te] w28 A ste] H3& 7138,

(ld

100 = S

- el
801 &80

60 60

Cell viahility (%)
Cell viahility (%)

40 4 40

20 20

: y ; ; ; : y . 0 ' v v v v . : :
con 0.5 1 5 1w 20 30 50 (WM) con 01 05 1 5 0 20 30 (M)

Fig. 23. Cell viability on (A) Raw 2647 cells and (B) hPBMC following
treatment of CS682. Cells were treated with various concentrations of CS682 for

24 h and Cell viability was measured using the MTT assay.

(2) NO A mx= a1

NOE: dud, A4AY, AangAolA, dFWee Wil B W e )%

% ;l_»ﬂ b = M RS
S zbal 9 AcEE 4¥A L. NOdJ 9&f IL-2, IL-3 59 cytokine #H] &=
AA =™, TNF-a, IL-1 59 4L FX 5 =d], olgfgk 28 o] T ds+ &

NK A% 59 750 =3
iz Zlo] wejgoey 3 1 F84d0 F-749. NOv= F= dAAx7t 84

&
d
Hol A= vk 2 AydlAs Cse82el el A AlEE Edstste] NOE A4
2
ol

L
°

B 5 NOZE Al WellA] Mexdadans &

A Bh=Al 2ALEE Tig. 240 WERE npel o] FE oEHor YAAEE
A NO9 el T7HdS & & U%s. FdN=T] LPSE A7 dH
= M 24A13Fel 263 uMe] nitriteE sl oW, CS6822  buM F =l A 6u
M, 10uM F=olA 13uM, 20uM F=olA] 21uMe] nitriteE 4. CS682¢] ¥ &
ofEAoZ PYAAELE BAHAIE AE &2

o .

51 )
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Fig. 24. Effects of CS682 on NO production in macrophages. RAW 264.7 cells
were cultured for 24 h with the indicated concentrations of CS682 or with LPS
(1 lg/ml). The level of NO production was determinedby measuring the

accumulation of nitrite in the culture medium.

(3) cytokine ¥4

O 9<4 cytokines®] Aol WA= A

A A ZE @8t A5 cytokine?] IL-1B, IL-6, TNF-a 5& &Y% ol &
S B g ekt VeSS 2ol oy, 538 IL-1BE T U979 F4E
Loke 39 AEe F2AL dAsteE @4E 2ta 9o, IL-6¢ B 999 &
AP AES plasma cell 35 FEdtE &40l o TNF-a= dAxe 4
B Aol ARGl Stk Aol BE A wEkA o5 =49 Ade =3
e 22 Wb s A A8 S Y Ve E HE e Al

ol & cytokines A HA T &3E FHAHI Y, Fig. 269 22 235 d&. Fig.

25A°] e niel o]l 5 pMe] F Lol A= 153pg/mle) IL-182] Ao F&H
o) 10uMe & ]/\1% 35.2pg/m1 20 ng/mle] s XA+ 91.8 pg/mle] IL-18
7 AAEHA TS "}E}‘ﬂ . & UE cytokine?! TNF-a (Fig. 25B)¢] 7oA %

(LBl Al st A AR S B del A2 cytokines 44 o
F7kshe AOE b,

@ Th-1 cytokine (IL-2, IL-12, IFN-y, TNF-a)¢] &n]d] u|x]&= <3
oo A= CS6829 AlEr A Wy #HE A cytokine?] Akl mF

i
2
o
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(ld

o

2ol v 7] 93Fe] pro-inflammatory cytokine?! Th-1 type cytokine?] &%
oA F2 hPBMCe] CS682F =M= Aglsto] 2447 &<t v st
vl IL-2, IL-12, IFN-y9] & ELISAC] 93t} Z4 3 Fig. 260 Webd nho}
o] hPBMCol| CS682% A gt & IL-2¢ #u¥stE F4% 43¢, 01 M9
o = IL-29 AAo]l FE3A &gkor) 05uMel T EolA= 58pg/ml, 1 1
g/mle] FEAE 74 pg/ml, 5 ng/mle] TEoIAE 104 pg/mle] IL-27F AAE
Ass YERE, T8 1L-129 ¥ % 27t S7tass dvdo=s Frighs ¢

e o e

off  md

i

T AR

hPBMCel CS682%5 A& st § IFN-yo] #u|ol§-5 A3 73?%, =R

ol A IFN-yo #H|7} dukdow F7bstels. 53] IL-2 2 IL-129] #9895 =7
S7AI71E CS682 XS]l oA IFN-y9] U&= AA F7lshs S & F A+
o]$} & A= IL-2% NK A% A , IL-12% T Al¥4 NK
Aol o)ste] INF-y& Ad3tA sk 4 INF-y&= t2AxE &

Aslate] TL-129] %e Z71A)7]E AFAS ket 9lS

@ Th-2 cytokine(IL-6, IL-10)¢] #H]o] v x= A 3F

CS682¢] 23k Th-1 type cytokine®] #4H]2} Th-2 type cytokine?] #w]<}e] &
4 Leotrr] 913kl hPBMCel CS6328 =W = A ste] 2443t g2t vk
< #HlE type 2 cytokine (IL-6, IL-8)2] & ELISA°l 2J3led A3 om =

A A= L3 28 (Fig. 27). 2 23, Th-1 cytokine(IL-2, TL-12, IFN—YM
THE SV FEAAME IL-89 V= C86829] §=7F S7hste] o3t &7t
a7lu wsvl gl Aoz vehd. AR IL-69] 4%z, 0.1, 0.5 uMe] F=ol
M= IL-69] AA ol fF=sA &koyt luMe] sl = 392pg/ml, 5111\/[4

o A=  bHd6pg/mle]  IL-67F AAAEAEE  Th-2 cytokine (IL-6, IL-10)<

o)
¢

o

anti-inflammatory cytokine ©]®, A 4A W& (humoral immunity)S =73k

Th-2 Al¥+ Th-2 type (IL-4, IL-6, IL-8, IL-10 %) cytokines ¥H|3lo] T-A %

o] A4S oA FHA Th-1 type cytokine® AAHS A A7), wrebA] Th-2 type

cytokine® #as= A Yr]se Ao T2 IS vH F U5 B AT

o A CS6829 2]3 Th-1 type cytokine W] 5 7F= IL-69] EH| AL #edo] 9l
=5

% 40; T“I

(4) INOS g 4
CS6829] 2]& macrophage W9 iINOS #&ol| wxi= A3 &3l on, A3}
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= Fig. 289} 725 NO9 AA o= NO synthase(NOS)#= &47F #oldty o] &
=

o, Abelstel, AH ol ¢ o FEEv NOE A4stel A AE 5L
Soli= HFwo] A gol wolF ol@@ INOSS WH WHE AWE Ak, NO 4

A AR O ARyt dAStY] wR oEA 0 R FUlehe Ao E e (Fig. 28).
olZ7 THHA INOSE= NO A& miAstH, 'Y 7T o Zws € Ao AR
=.
A B
200 -
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ol < 4004
5 H
g 2 300
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= =
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100+
T T T T L]
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Fig. 25. Effects of CS682 on macrophage-related cytokine production in
macrophages. RAW 264.7 cells were cultured for 24 h in the presence of media
alone or with CS682. The amounts of TNF-a and IL-1b released into the

culture medium were measured by immunoassays.
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Fig. 26. Effect of CS682 on Th-1 cytokine secretion in hPBMC. Human PBMC
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were cultured for 24 h in the presence of media alone or with CS682. The
amounts of IL-2, IL-12 and IFN-Y released into the culture medium were

measured by immunoassays.
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Fig. 27. Effect of CS682 on Th-2 cytokine secretion in hPBMC. Human PBMC
were cultured for 24 h in the presence of media alone or with CS682. The

amounts of IL-2, IL-12 and IFN-Y released into the culture medium were

measured by immunoassays.

- 118 —



CS 682(uM)

con LPS 5 10 20
(1ug/mi)
- iNOS
-
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Fig. 28. Effect of CS682 on INOS expression in Raw 264.7 cells. Raw 264.7
cells were treated with CS682 for 24h. Cells were harvested and total protein
was subjected to western blotting analyses using anti—-iNOS antibody. Actin was

used as an internal loading control.

1) A AL W

CS6829F t-BHPe 9Jgt Ax A& ¥gE A} 93 tpdd s=2
A2 T AX YL Was # 3 =

7b GERGA] kAR oo wEAAAE FARA #AaTs AT 5 UAS
t-BHPS] 4%, 10uMF-H A&EL0]
ol & 4 S (Fig. 29). t-BHPd <3 /‘ﬂi =40 CS682 WAl os
aE=A gRlsky] f8ke] CS682 WAl $- t+-BHPE X gste] MTT assay Wi
o7 AlZ AEE WIE Bl CSE82E 2417k HA ¥ A A3
ME 24 A7k &<t A, t-BHPE @5 H3AE w, oF 50%9 AMEYEEES
Fot Cs682 AAYE & AF v& oEdow AXYLE] IHHE AS

AL = A+ (Fig. 30).
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Fig. 29. Effect of (A) CS682 or (B) t-BHP on Cell viahility in mouse
hepatocyte. Cells were treated with various concentration CS682 or t-BHP for

24h. After 24 h, cell viability was measured by MTT assay.
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Fig. 30. Effect of CS682 on t-BHP-induced cell death in Mouse hepatocyte.
Cells were pre—treated with CS682 for 2h and then treated 70uM. After 24 h,

cell viability was measured by MTT assay.

2) Mx54 #Fax &9

CS6829] A A el o8 t-BHPol 23t AxXEAo] faH=AE 2137 93}
o] AIXE A9 A%< LDHEY HBFS 7AAHs)
ZAMEE (Fig. 31). =L A3, CS682 A A elgh M xEo|x & t-BHPRE @502 A3
Ao s t-BHPZ <13 LDH9F ALTS A #e] Aags el
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Fig. 31. Effect of CS682 on t-BHP-induced change of ALT and LDH levelin
Mouse hepatocyte. Cells were pre-treated with CS682 for Zh and then treated
70uM. After 24 h, ALT and LDH levels were measured in cultured media.
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CS6825 A A sk & -BHPE 12417 &<t X3 & DCFH-DAE o]&3}9
2

Fuffol] gAqbao] AARES SAG ZAd, t+-BHPOl da] fode @44 As
1.

CS682 A Aol o #HAHE AS ¢ + I &(Fig. 32).
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Fig. 32. Effect of CS682 on t-BHP-induced ROS generation in Mouse
hepatocyte. Cells were pre-treated with CS682 for 2h and then treated 70uM.
After 12 h, cells were incubated with DCF and analyzed by fluorescence plate

reader to detect intracellular ROS levels
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(4) heme-oxygenase-1 74 A2l W3 w3}

Heme oxygenase-1 (HO-1)2 hemes WA} A7]= &42A A5 A=ol digh
oz wEE I kgl e Aoz A gL o)y HO-1& o8 7}
A skEtd 2Egzd s FvhE. ¥ dFelA= t-BHPel HO-19] Zd o]
control3 H|5=3d FEo & HolA W ol WEe CS6829 A Aol o oS
718 -& #&E(Fig. 33).

iy

actin

Fig. 32. Effect of CS682 on t-BHP-induced HO-1 expression in Mouse
hepatocyte. Cells were pre-treated with CS682 for 2h and then treated 70uM.
After 24 h, Cells were harvested and total protein was subjected to western
blotting analyses using anti-HO-1 antibody. Actin was used as an internal

loading control.

o A3} 2o}

OSB82 BEE fuelal we, BE 4%
of Agstle W oo T4l B4,
—1,25-(O)2D3¢} &7 2] 3 monocyte/macrophage®Z ATRA9} 7 = 2] 3}

W granulocyte= WAW A x7t #3515

b

~CS682%= A 2] BAS Z71A7)= LPSH 93 &4 (NOS NOMA D #A
A iNOS &, TL-1B, IL-6, TNF-a2] A4 74)& o447

=

—CS682= s 84S A e

-Cs6R2t TpRRe ATFONNE FABHE ehiA FRAT AL LT A
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-CS682+= proinflammatory cytokine$! Th-1 type cytokine (IL-2, IL-12, IFN-¥)
o] #HE FIHAA A XA E GRS 3 anti-inflammatory cytokine?! Th-2

cytokine (IL-6, IL8)2] #H]E AAA|AH A HASES A A 7.

-CS682+= Atshd 2E# 2 o5 IhAlE &4 wiel] BE & 3H(ALT, LDH 4]

o A SN Ad A4 2 HO-19 HE % S7hE e
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A3E - ABAF-A (FEsteEe] A $A)

SEHE EEEE IS 3

1. Model study-1 (Me1a HWEHkg Meld dxsnks HAejzd Frpgkg e
A ¢k
+F3k oFFE VIR CS6R29] 7| =FAS AA WA TR €3l hydroxy7] e F
aHE 254 v F7195 =

<%
24
rz
4
ne
ol
ol
o
[
Jt
D
=2
~
o,
)
o
i
S
&
o
[}
=
4

& i) 59 %] heterocyclic ringS =3, iii

) t

S7HE CS682¢] FE=AE /MY g Aol & AT HFEAEY. LTolA T
7] v olE - CSE82e SR AF AlFFAE dHrld=s AAAow BERE o}
yek Azt o m e ddyy 2d49 1AdR ATRRE T8 F45H]
#1384 model studyE E3 MeNd BT AA, esterd), 7RSS g F
Ao vk AyE FdE] f&A obde 2 AYgAew syl As
D-mannitol& ZLEZDZ 3fo] dHo w&& FR3A . 53] CS6829 FEAE
FA k= W Folle HS AN
Fhst7] A= FAS S

WA Model A5 Fdst7] 9ske] on] ¢H FALH S o] &3t FHdo
2 7937 A% D-MannitolZ2 55 o B-unsaturated methy ester 1-1-5 34313
. 23 ester 1-1& F4 CHCLel 8314121 ¥ 0CelA4 DIBALHE A 2] 5}¢]
allylic alcohol 1-2& 4%, 4 3= 1-25 imidazole, TBDMSClZ = €] 3}
of ghgtE 1-35 =2 &2 dAIAUL, oA 70% acetic acid= A #3fo] A
Baloz 7t fald diol 1-48 2 FEE AT (Scheme 1-1). F33 b5t
& 1-4& -10Te| 4 TBDMSCLZ Selective mono-silylation*| A4 3= 1-5& 3
1S A eF DCCe DMAPZ *#]3}¢] benzyloxymethy-protected allylic
glycolate ester 1-6-2 A8k Allylic glycolate 1-69] LiHMDS, TMSCl-S ] 2] 3}
o] TIreland’s ester enolate claisen rearrangement®h-2-2- A 83}o] y 6-unsaturated
controlled chair-like transition state® %319 crude acidE 34383 A A §lo]
oAl AF Triton-B, CHsIA ¢F& Aelste] %2 F&= s e 1-78 &

A8 (Scheme 1-2).

- 124 -



OH OR
O CO,Me | 0 " 0
o_L J — O ~ — o\/K/J

141 1-2 R=TBDMS 1-3

OR
/I/i OR iv OH ii OH OR
(0] (0] - RO -
BnO P = HO =
1-5 1-4

Scheme 1-1. Reagents: i) DIBALH, CH-Cl,, OT; i) TBDMSC], imidazole,
CH:Cls; iii) 7096 acetic acid; iv) Benzyloxyacetic acid, DCC, DMAP, CH:Cls.

OBn
/IA/ R OMe OB
. . n
LS S S &
= R _A__OR RO~ OR
1-6
17 1-8
HiRCM
OBn OH
X~T:ijr,r—0R v OBn
\'a
RO~ OR
(Bla = 1/3.6) 1-10

11(B): X = OH, Y = H
11(a): X = H, Y = OH

(0]
= iv \/(CC/BH
RO N OR
1-9

Scheme 1-2. Reagents: 1) Benzyloxymethyl acetic acid; LiHHMDS, Triton-B; ii)
DIBALH, CH:Cly; iii) PCC, CHCly; iv) AllylicMgBr, THEF; Grubbs (1),
CHCl..

- 125 —



e ester 1-75 5 CHLLO &3iA21 & -20Tel4 DIBAL-H& 23}
alcohol®] %A 1-8& A3 o]ojA o]AS PCCE oxidationdle] aldehyde
1-95 38k GrignargF-719H-8-2 a-chelation controlled carbonyl additionZE 74 =
2 298t FEAA oA divinyl 1-108 =& F&7 IAFIEY o &
Al A= Columnoz  #3t7] ofgi  tv& GANA EE sl
Diastereomeric mixture 12- ring—closing metathesis ¥+8 (RCM)-& 43838}7] ¢
3Fo] Grubb’s catalyst IE AF&3le] 3= 24 1-11(0)9} Q31 &&= &2
1-11(B) & 747 419%, 14%9 &5 AL o|AE A Column Chromatography =
Aol Eeg olsel wig dATxe AAL LEH—.C’E 11-1(B)e] A4 3h=
hydrogen A}¢]2¢] NOE7} 11-1(a)2] hydrogenAte] Bt} 713

.
00

.

(£)-(Z)-4,5-(O-Isopropylidene)—pent-2-en-1-ol (1-2): 3}3+&E 3 (65 g, 34.9
mmol)& 5 CH:Cly (100 ml)oﬂ 327|532 DIBAL-H (73.3 ml, 1.0 M solution
in hexane)& 33 7}g & -20Col4 143 wwkdh TLCE wheFZ2-& &%
3 0ColA MeOH (35 mD-S droppingAl 713l 202 HHAS] W3t nAZE 4
%3 EtOAc (200 mD& 7FebaL 2o Al 2417 awkelk & of o of sfol-g 7t 5
Z38lo] 21 ZFALE column chromatography (EeOAc/hexane, 1:3)% A A dlo] F-24
Frgdk il FFE 1-2 (48 g, 87%)2 €S 'H NMR (CDCls, 300 MHz) &
5.79-5.73 (m, 1H), 553-5.46 (m, 1H), 4.80 (dd, J = 14.4, 7.8 Hz, 1H), 4.24 (dd, ]
= 135, 7.2 Hz, 1H), 4.10 (dd, J = 12.6, 5.7 Hz, 1H), 4.03 (dd, J = 7.8, 6.0 Hz,
1H), 351 (t, J = 81 Hz, 1), 1.37 (s, 31, 1.34 (s, 3ID; “C NMR (CDCls, 75
MHz) 6 133.23, 129.41, 109.47, 71.87, 69.50, 58.50, 26.70, 25.86.

(£)-(Z)-tert-Butyl-[3-(2,2-dimethyl-[1,3]dioxolan-4-yl)
allyloxyldimethylsilane (1-3): &&= 1-2 (45 g, 2845 mmol) = F CH.Cl
(150 mbol 3fAr) 713t Aol A imidazole (2.9 g, 4267 mmol)S 3L 0T A
TBDMSCI (4.72 g, 31.29 mmol)-& 7}3tal oA 6A1F iyt TLCE E¢EZR
of AtEFXl AL F<lgk F ¥3} NaHCOz&<] (10 mDe & ¥h&S 2% EFd&
CHLCLSE =2 2-33] F=38hal F54 MgSO.2 dxd & of3t, At 53k 1
ZFFAYE column  chromatograpy (EtOAC/hexane, 1:30) 0.2 AHA sl HFAFET3E
syrupdel EFE 1-3 (674 g, 871%)E <. 'H NMR (CDCls, 300 MHz) §

(m, 1H), 571 (dd, J = 9.6, 84 Hz, 1H), 4.99-4.89 (m, 2H), 4.14 (dd, J = 81,
Hz, 1H), 4.05 (dd, J =82, 64 Hz, 1H), 360 (t, J = 75 Hz, 1H), 1.44 (s, 3H),
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1.41(s, 3H), 0.86 (s, 9H), 0.21 (s, 6H); “C NMR (CDCls, 75MHz) & 133.56, 129.77,
110.03, 72.31, 68.51, 59.43, 27.21, 26.34, 25.21, 18.67, —5.35.

(£)-(Z)-5-(tert-Butyldimethylsilanyloxy)-pent—-3-ene—1,2—-diol (1-4): 3}
= 1-3 (44 g, 16.15 mmol)-& 70% Acetic acid (150 mDol| £3]A| 7|31 F=ollA 5
Az wmk TLCE &¢=4do] Aepzl A& Flg & ¥3} NalCOs; (10 mhe =
HheS £743% 535tlS EtOAce & 2-33) F&F3ta ¥4 MgSO.E 7AX%X3 &
o3t 79y w=38to] 1 FAFE Column chromatography (EtOAc/hexane, 3:1)= A
Aste] FAEWE oilde] FFE 1-4 (251 g, 67%)S L. 'H NMR (CDCls,
300 MHz) & 5.81-5.67 (m, 2H), 5.07(dd, J = 12.3, 6.6 Hz, 1H), 483 (dd, J = 12.6,
5.7 Hz, 1H), 469 (m, 1H), 3.69-3.54 (m, 2ID), 0.87 (s, 9ID), 0.16 (s, 6ID); “C NMR
(CDCls, 75 MHz) 6 13297, 128.58, 69.32, 67.45, 58.49, 25.21, 1867, —5.35.

()-(Z)-1,5-Bis—(tert—butyldimethylsilanyloxy)-pent-3-en-2-ol (1-5): 3}
dE 1-4 (1115 g, 4801 mmoDs FF CHyCly (100 mboll &3] 7] 3L Al A
imidazole (4.9 g, 72.0 mol)& 3. -10Cel A TBDMSCI (723 g, 52.8 m
T CHoCloll &3l Al AA 338 7k —10T el A 303F wWekA| 7l & 22 2o
Al 1AIRE B wRk TLCE & de] o Azl &4% ?1gh F %3} NaHCO;&
4 (40 mhe= wHhg& FZA3
MgSO.& #AZx3 3 osp 748 F=3te] I ZAME column chromatography
(EtOAc/hexane, 1:7)%2 AAsFo] FAFEHSE oilite] 3k5= 1-5 (1331 g, R0%) <
AL 'H NMR (CDCls, 300 MHz) § 5.65-5.57 (m,1H), 5.39-5.31 (m, 1H), 4.37 (m,
1H), 4.22-4.15 (m, 2H), 3.50 (dd, J = 9.9, 39 Hz, 1H), 3.36 (dd, J = 9.9, 81 Hz,
1H), 0.87 (s, 18H), 0.15 (s, 12H); 13C NMR (CDCI3, 75 MHz) 6 133.11, 128.99,

68.58, 66.77, 59.72, 2591, 18.30, —5.23.

mol)-S

el

(+£)-(Z)-Benzyloxy-acetic acid 4-(tert—butyldimethylsilanyloxy)-1-(tert—
butyldimeth-ylsilanyl oxymethyl)-but-2-enyl ester (1-6): 3}&E 1-5 (569
g, 1643 mmoD<S F4 CHXCl (150 mbel f3AZ. o7l 0TCelA
benzyloxyacetic acid (3.0 g, 1805 mmol)E F CIHChel &3A1AA HdHds] 7}
3laL DCC (3.39 g, 1885 mmol), DMAP (200 mg, 1.64 mmol)S 7} o] wkg of
2o Al overnightA Atk TLCZ WH-3-FZ4S &<213 Fof ofslar 1 of 3}
et H=38e] 1 ZALE column chromatography (EtOAc/hexane, 1:10) &2

tlo o
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AA skl FAETI oilde] 3PE 1-6 (658 g, 81%)S ¥4 'H NMR (CDCls,
300 MHz) § 7.41-7.30 (m, 5H), 594 (m, 1H), 5.75(m, 1H), 558 (dd, J = 10.8, 94
Hz, 1H), 4.68 (s, 2H), 458 (s, 2H), 3.31 (dd, J = 86, 62 Hz, 2H), 3.78-3.70 (m,
2H), 0.88 (s, 18H), 0.18 (s, 12H); "C NMR (CDCl;, 75 MHz) § 170.14, 138.24,
13343, 130.21, 128.87, 12842, 128.01, 7812, 72.43, 69.06, 66.42, 5853, 25.72, 1854,
—567.

(£)-(2R,3S)-2-Benzyloxy—3-tert—butyldimethylsilyloxy—6-(tert—-butyldimeth
ylsilyloxy)-hex-4-enoic acid methyl ester (1-7): -78Co|A F<% THF (46.4
ml, 46.4 mmol)7} E°}9l+= flaskel 1 M litium bis(trimethylaily) amide$ % 3 3]
7hskar 108 k. 28 EmolA oo FFE 8 (289 g, 584 mmol)E& THE]
3] A 3lo] 7hskal TMSCl/triethylamide (1/1, V/V, 152 mD-& THFel 3 43ste] 7}
gk & 30a%F wwk AR 0] Aoz WAt 243 o] wwkgh TLCE 8= ol

g2l3k & 0TolA 1 N NaOHEH(100mD S 718t wks-& 4

o AR RS g9l
Sk o] Etl-g AF2oA 10F-7F Wk & 2 N HCIZ PH 475 94 x4 &3

& EtOAc®t E22-3%8 F=3Hil 74 MgSO.= Axd § of3t, st 553t
crude acidE® €. ©°] crude acidE 4 THFo £33z F o7
phenolphthalein #| A 98 5%-% A% 22 triton-B (40% in methano)E wHg <f
of mepAel =& wrA sispar el 1AZE wRk 1AZE F 0TCelA CHal
(1.44ml, 23.1mmol)E HH3] 7}l o] ¥kg <8 overnightA#]. TLCZ &9 E42
o] At A& gld ¥ hexane (100 mD o= 343 )& osle] ofxfofs 3F
et ¥ 1 FAE column chromatography (EtOAc/hexane, 1:20)0.2 A A &}o]
FAERS oilde] FFE 1-7 (229 g, 77%)S A2 'H NMR (CDCls, 300 MHz)
& 7.35-7.27 (m, 5H), 5.69 (m, 2H), 484 (d, J = 11.4 Hz, 1H), 4.53-4.33 (m, 5H),
3.72 (s, 3H), 3.66 (t, J = 9.6 Hz, 1H), 346 (dd, J = 9.6 Hz, 86 Hz, 1H), 0.90 (s,
18H), 0.21 (s, 12H); “C NMR (CDCl;, 75 MHz) 6 173.21, 13872, 132.54, 128.40,
12812, 127.15, 7954, 70.12, 64.65, 52.33, 46.50, 25.34, 18.67, —5.37; Anal calc for
CorHasOs5120 C, 63.73; H, 9.51. Found: C, 63.64; H, 9.40.

(+)-(2R,3S)-2-Benzyloxy-3-tert-butyldimethylsilyloxy—6-(tert—butyldimeth
ylsilyl-oxy)-hex-4-enol (1-8): 3% 1-7 (26 g, 5.11 mmol)S 4 CH:CLel
&3] A1 713 -20C A4 DIBALH (10.22 ml, 1.0 M solution in hexane)E 3] 7}

Z
3 & e emolA 247 @ik TLCZ ZWEd o Agd AL #Ad F
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ColA MeOH (10mD)-& 7}38FaL Af2ol A 3AIZF mukek & of3} o 3olg 749} &
Z38lo] 1 ZFAFE column chromatography (EtOAc/hexane, 1:20)0.% A A 3fo] F
BEFE oilite] FFE 1-8 (218 g, 89%)2 ¥4, 'H NMR (CDCls, 300 MHz) §
7.29-7.19 (m, 5H), 564 (m, 2H), 4.38 (s, 2H), 3.69-350 (m, 7H), 2.61 (m, 1H),
0.84 (s, 18H), 0.19 (s, 12H); 13C NMR (CDCI3, 75 MHz) & 138.33, 132.14, 128.30,
127.78, 127.59, 127.54, 79.60, 72.36, 70.43, 63.61, 62.17, 44.55, 25.89, 18.34, —5.18.

(£)-(2R,3S)-2-Benzyloxy—3-tert-butyldimethylsilyloxy —6-(tert—butyl-dimet
hylsilyloxy)-hex-4-enal (1-9): 3% 1-7 (692 g, 144 mmol)S FF CH:CL
(150 mbDeoll &3ir 7] Ao A] 4A MS (84 )& Awy] 28 & overnightA] 7.
TLC® &2EZo] Algbd AL &eldk Fo| diethyl ether (500 mD)-S ¥ i 2437t
Wyl 3RS silica gels AMgEte]  ofHE A FF3F3L column
chromatography (EtOAc/hexane, 1:30)2.= AA3lo] FAEHI ol &
1-9 (.79 g, 84%)S ¥4, 'H NMR (CDClL;, 300 MHz) & 962 (s, 1H), 7.32-7.18
(m, bH), 562 (m, 2H), 4.68 (d, J =11.7 Hz, 1H), 450 (d, J = 11.7 Hz, 1H), 4.06
(d, J = 3.0 Hz, 2H), 3.79-3.77 (m, 2H), 3.63 (t, J = 9.0 Hz, 1H), 3.42 (dd, J= 9.0,
4.8 Hz, 11D, 2.96-2.87 (m, 1H), 0.85 (s, 18H), 0.09 (s, 12H); “C NMR (CDCls, 75
MHz) 6 203.29, 138.02, 132.83, 128.63, 128.04, 127.64, 126.97, 84.24, 73.24, 68.89,
63.28, 45.60, 25.90, 18.37, 5.19.

(£)-(4S,5R,6S)-5-Benzyloxy—9—(tert-butyl-dimethylsilanyloxy )—-6—(tert—-b
utyl-dimethyl-silanyloxymethyl)-nona-1,7-dien—-4-o0l and
(£)-(4R,5R,6S)-5-Benzyloxy—-9—(tert—-buy-1-dimethyl-silan-yloxy)—-6—(tert—
butyl-dimethylsilanyloxymethyl)-nona-1,7-dien-4-ol (1-10): 33=&= 1-9
(2.83 g, 593 mmol)-& 4 THF| &alstar -78Coll A allyl magnesium bromide
(7.0 ml, 1 M solution in THF)-& 33| 7}star 22 2o A 2417+ wyk TLC
2 F¢EHo] Agzl AL FAdk Fof ¥3F NHLl (60 mhe= ¥hg& &
NS EtOAcSt B2 2-33 F&3laL 4 MgSO.2 A%3 F o3 4 53
sk b5 2 FFAFE Column chromatography (EtOAc/hexane, 1:20)°.% A A &} of
FAEGE oilde FIFE 1-10 (216 g, 70%)E L& 'H NMR (CDCL, 300
MHz) 6 7.30-7.20 (m, 5H), 5.68-5.61 (m, 2H), 5.09-5.02 (m, 2H), 456 (dd, J =
19.2, 11.4 Hz, 2H), 408 (d, J = 4.2 Hz, 2H), 3.74-3.66 (m, 2H), 3.55-3.48 (m, 2H),
2.76-2.69 (m, 2ID), 2.38 (m, 1ID), 221 (m, 11D, 0.84 (s, 18D, 010 (s, 12H); “

U

Il
1=K

ﬂlﬁ

off
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NMR (CDCls, 75 MHz) & 13858, 131.53, 12896, 12838, 128.30, 127.68, 127.57,
117.41, 83.07, 73.29, 70.36, 63.65, 46.75, 37.27, 25.94, 18.37, 5.17.

(£)-(1S,5R,65)-6-Benzyloxy-5-(tert—butyldimethylsilanyloxymethy)—cycl
ohex—3-enol (1-11B); and () - (IR,bR,6S) - 6 - Benzyloxy - 5 — (tert
- butyldimethylsilanyloxy methyl)- cyclohex-3-enol (1-1la): 3= 1-10
(3.60 g, 6.62 mmol)S ¥ CH:Cl: (25 mDol &33tar A>o1A Grubb’s catalyst
I (42 mg, 0.049 mmoD)-& Awe] 713 &%& 60T7HA| =23l overnightA] 7.
TLCE ¥keZEAS 338 Bo 749t wZ3l9] 1 ZIAE column chromatograph
(EtOAc/hexane, 1:25)0.2 AA L] cyclopentenol® +%A 1-118 (337 mg, 14%)
o} 1-11a (989 mg, 41%)S 717 4. Spectra for 1-11B: '"H NMR (CDCls, 300
MHz) § 7.36-7.25 (m, 5H), 5.86-5.57 (m, 2H), 4.61(d, J = 11.4 Hz, 1H), 448 (d, J
= 11.4 Hz, 1H), 4.17 (m, 1H), 3.68 (dd, J = 7.5, 2.1Hz, 1H), 3.59-3.48 (m, 2H),
267-2.63 (m, 1H), 234 (m, 2H), 2.21 (d, J = 3.6 Hz, 1H), 0.87 (s, 9H), 0.11 (s,
6H); "C NMR (CDCls, 75 MHz) 6§ 138.35, 12843, 127.91, 127.68, 127.12, 126.72,
77.36, 73.08, 70.38, 66.12, 38.82, 31.40, 25.87, 18.40, —-5.26;

Spectra for 1-1la: 'H NMR (CDCl;, 300 MHz) 8 7.34-724 (m, 5H),
5.66-5.53 (m, 3H), 468 (d, J = 11.4 Hz, 1H), 457 (d, J = 11.4 Hz, 1H), 3.87 (m,
1H), 3.59-349 (m, 3H), 2.48 (m, 2H), 2.19-2.15 (m, 1H), 0.85 (s, 9H), 0.08 (s,
61D); “C NMR (CDCls, 75 Mlz) & 138.10, 12867, 128.55, 127.80, 127.86, 124.87,
81.48, 73.25, 70.67, 70.29, 43.75, 29.70, 25.65, 18.48, 5.41.

2. 4-lipophilic pocket-2,3-dideoxycarbasugar®] 4 = CS-6322}2] coupling

Schem 1ofl4 ¥ Z3} Zo] hydroxy-acetic acid® HWEZAZ 3o ethanol®
ester®l Al AA ester 12 4. TBDMSCI¥# imidazoleg AF§3}o] ester 1Z25-H
2 25 FAEH T YA sRtE 285 VMRS AlAA acid 3 @A, DCC,
N,O-dimethylhydro-xylamine hydrochloride, DMAPE A}-£3lo] Weinreb amide 4

o
ek

=

£ 34, Weinreb amide 49 ethyl magnesium bromideE A|¢fo. % Grignard %%

P& el BEE 55 FA.

- 130 —



HO i HO i PO
3:0 ¥ o i 3: o
HO E0 E0
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Schem 1. Reagents: i) c¢-H,SO,, EtOH, 80C over night; i) TBDMSCI,
imidazole, 0C, 1h;

i) KOH, EtOH, rt, lh; iv) DCC, N,O-dimethylhydroxylamine hydrochloride,
DMAP, tt,

overnight; v) ethyl magnesium bromide, THF, 0T, 4h; vi) Nal,
triethylphosphonoacetate,

1h; vii) DIBAL-H, CH,CI,, 0C, 1h; viii) triethylorthoacetate, propionic acid,
140°C, overnight.

Nall, triethylorthoacetates AF-&3Fe] o B-unsaturated ester 62 A1 3H31aL 0Col
/] DIBAL-HZ 2|34 ester 62255 alcohol derivative 75 344, Z1E|aL
Claisen rearrangement= ©]-&3}o] Y ,6-unsaturated ester 8% A, Ester 8% %
CH:Clooll €327l & 0CelA DIBAL-H=Z A #]3}9] alcohol derivative 95 374.
At 313tE 95 PCCE oxidationd}e] aldehyde 102 3. Aldehyde 10¢] vinyl
magnesium bromideg A 9FS. 2 Grignard Y¢S Fade] 3IE 118 A
Ring-closing metathesis (RCM) %H&2 F33}7] 93814  Grubbs’ catalyst II
[(Im)CL.PCysRuCHPh]-S AF&3}9] cyclopentenol 125 34, cyclopentenol 129
CS-682% =337 fsiA HA cyclopentenol 125 ethyl chloroformate$} Z v &F
2] DMAP2. 2 WkSAl# ethoxycarbonyl derivative 135 $A4.
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Scheme 2. Reagents: i) DIBAL-H, MC, 0T, 1h; i) PCC, 4AMS, CH,CI,,

0C, 4h; ii) vinyl magnesium bromide, THF, -78C, 2h; iv) Grubbs’

catalyst II, CH,CI,, 60C, overnight; v) ethylchloroformate, pyridine.
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Holntel o] AW 4-liphopilic groups

Scheme 39 3
S3hE 148 Fuy. HE BAse

CS-6829F Pd(0) Sz zxolA =37
HA3lA silyl2 Ho¥ OHY|E  tetrabutylammonium fluoride

il

RIS A
(TBAF)E x8)3}9] desilyation® 33&E 152 AL,

Scheme 3

A3
Aef 9 717 - B Ao ARgE Al S Aldrich jil, Sigma 7it, Tokyo Kasei
i, 2 Fluka 7t oA 79438k &3 A S AFE319 2™ silica gel  (230-400



mesh)< MerckAF A& AFE319aL, vl Fool we} AASte] AFE3E Thin
layer chromatography (TLC)¥ Kieselgel F254(0.25 mm)E ®IE #8938 #} o]
L3l o™ TLC spot2 AL A &3 UVGL-583 Anisaldehyde, KMnO4 224 A] oF
S AFg3h §31 =4 L Gallen-Kamp melting  point apparatuss ARE3F9 0¥, 9]
of 3t WAL A &S. NMR spectrar= tetramethylsilane (TMS)E W5 ZF
42 3o FT-300 MHzE AFE3

Hydroxyl-acetic acid ethyl ester (1). Hydroxy-acetic acid (20 g, 0.2630

mol)E EtOH (120 mbDel &&istar c-H,S0, G2 mhe 7F3 3, 80°C°ﬂ/‘1
overnightA| 7. TLCZ ¥H&F4-S &gt & 149 553k EtOAcs = F%3})
3R MgSO,E dzxd F oo, #@s wHskal 2 FAME column

1 D2 AAY oil’d2] compound 1 (153 g,

chromatography (EtOAc/hexane
56%)& A+

(tert-Butyldimethylsilanyloxy)—acetic acid ethyl ester (2). Compound 1
(154 g, 0.15 moD)-& ¥ CH:Cly (120 mDell &33}3 imidazole (30.3 g, 0.45 mol)
S A ¥ g 0ClA TBDMSCL (245 g, 0.16 mol)-& A3 7hak 5 Ao
3AIZE sk, TLCE Whg-F4E S1sk & 79t s53ta E£3F9& ethyl acetatet
=R 2-33] F=al 55 MgSOo.m= A = #
column chromatography (EtOAc/hexane = 1 : 10) 2.2 AAs}e] FAEFEH S ol
9] compound 2 (30.7 g, 95%)= 4<. 'H NMR (CDCl,, 300MHz) & 4.12 (s, 2H),
410 (d, J=6.9, 2H), 1.19 (d, J=7.5 Hz, 3H), 0.81 (s, 9H), 0.01 (s, 6H); ""C NMR
(CDCl,, 75MHz) § 171.69, 61.80, 60.6, 25.69, 18.35, 14.12, -5.50.

3 = b 7Rel E=2Fa 1 AALE

}—1__—'—

(tert-Butyldimethylsilanyloxy)—acetic acid (3). Compound 2 (7.9 g, 36.0
mmol)-S 4 EtOH (65 mDel £33tz KOH 8% (3.1 g, 4.7 mmol)-2 EtOH (5
mbell FHAAl A FIEgE oA 1A1ZE wwk TLCE ®b&E4-S glsh

39S ethyl acetate®t &= 2-3% F=3l31 =55 IN HCIZ AHAASHPH =
34X 7). Ethyl acetate?} &= 2-33] FE33 F7]FS FF MgSO = Ax3 &
o3t 79t w5332 2 FHALE column chromatography (EtOAc/hexane = 1 @ 1)
o7 AAE] FAEDI oil4e compound 3 (48 g, 70%)S AL 'H NMR
(CDCl,, 300MHz) s 5.01 (s, 1H), 391 (s, 2H), 0.67 (s, 9H), 0.18 (s, 6H); "
NMR (CDCl;, 75MHz) § 171.91, 64.60, 25.72, 18.357, -5.52.
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2—(tert—Butyldimethylsilanyloxy )-N-methoxy-N-methyl-acetamide 4).
Compound 3 (4.0 g, 181 mmol)= F CH:Cly (40 mbel &332 N,0-dimethyl
hydroxylamide hydrochloride (2.1 g, 21.5 mmol), DMAP (04 g, 3.6 mmol), TEA
(3.0 ml, 21.7 mmol)E -7}3 0ColA DCC (45 g, 21.7 mmol)-S e 7}3
2o Al overnight A%, TLCZ WHgEF4A-S A3 & o3 I} T 53|
H-& ethyl acetate®t &= 2-33] FF3}aL T MgSO.2 7Ax3 § o3 749
}31 21 FAME column chromatography (EtOAc/hexane = 1 @ 5) o2 A A3}
TAEDS oil4e] compound 4 (2.2 g, 52%)E 42, 'H NMR (CDCl;, 300MHz)
5 4.30 (s, 1HD), 3.55 (s, 3H), 3.05 (s, 3H), 0.80 (s, 9H), 0.19 (s, 6H); "“C NMR
(CDCl,, 756MHz) § 171.63, 60.56, 52.63, 31.67, 25.02, 17.72, -5.75.

o

R
of =

0

£

A
o

1-(tert—-Butyldimethylsilanyloxy)-butan-2-one (5). Compound 4 (5.1 g,
21.7 mmol)= ¥4 THFo| £313lar 0Tl A vinyl magnesium bromide (32.6 mL,
1.0 M solution in THF)& 33 7}stal 0Coll A 4AzF wwk TLCE ¥H&E4-&
geldt & ¥ 3 NHLCl (83mL)oz W8-S F4%. &3hdS ethyl acetate?} &=
2-33] FF3lal 5 MgSO4= 7Ax3st & oz 49t 55313 1 XS column
chromatography (EtOAc/hexane = 1 : 5) 22 AAd] FAFEHI ol
compound 5 (3.8 g, 87%)% <2t} 'H NMR (CDCl,;, 300MHz) & 4.04 (d, J=6.9
Hz, 2H), 245 (dd, J=14.7 7.2 Hz, 2H), 0.97 (t, J=7.5 Hz, 3H), 0.83 (s, 9H), 0.01
(s, 6H); "“C NMR (CDCly, 75MHz) § 21.79, 68.10, 60.34, 25.71, 18.71, 14.25,
-5.59.

3-(tert-Butyldimethylsilanyloxymethyl)-pent-2-enoic acid ethyl ester (6).
NalH (09 g, 217 mmoDE HF4 THF (G0 mD ol &A1z, 0TCelA
triethylphosphonoacetate (4.3 ml, 21.7 mmol)E A% @il 30¥8-7F wyk 2e 2
Zo Al compound 5 (3.7 g, 181 mmoDE HAH3] 2 oA 1A7F wwk TLC
2 HEEAS s o A9k w53 EFHE ethyl acetate$t E= 2-33] F
33l ¢ MgSO.2 Ax3d % o3, A9 F53ta 1 IAFE column
chromatography (EtOAc/hexane = 1 : 30) o2 AAdF] FAHEFI oilAe]
compound 6 (47 g, 96%)% AL Cis/trans ZIE=ZA4: 'H NMR (CDCl,,
300MHz) & 5.85 (s, 1H), 4.08 (d, J=5.7 Hz, 2H), 4.04 (s, 1H), 2.45 (q, J=7.5 Hz,
2H), 1.22 (t, J=6.6 Hz, 3H), 1.02 (t, J=6.3 Hz, 3H), 0.83 (s, 9H), 0.04 (s, 6H); “C
NMR (CDCly, 76MHz) § 211.85, 130.86, 112.72, 65.43, 59.54, 2575, 22.61, 18.37,

o)
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13.36, 7.18, -5.54.

(E) and (Z)-3-(tert-Butyldimethylsilanyloxymethyl)-pent-2-en—1-ol (7).
Compound 6 (4.9 g, 180 mmoD& F CH:Cl;  (60mL)ol| &3llA17]aL 0TClA
DIBAL-H (37.8 mL, 1.0 M solution in hexane)S A3 713k & 728 2T oA 2
AlZE Rk TLCE ¥he 28 93 £ 0TolA methanol (40 mL)S H 73]
dropping Al 7131 Ao = s8] WAsle] aAE AEFAF. Magnetic bare] =+
718 3213l al ethyl acetate (300 mL)S Wil Ao A 2A17F wwkdl & o3}, of
oS 7t F=38 3l 1 FAME column chromatography (EtOAc/hexane = 1 :

oz AHAS ] FAEEI oilde] compound 7 (38 g, 91%)S A&
Cis/trans = =24: '"H NMR (CDCl;, 300MHz) & 548 (d, J=6.9 Hz, 1H), 4.10
(d, J=10.2 Hz, 4H), 0.96 (t, J=3 Hz), 2.01 (dd, J=14.7 2H), 0.97 (t, J=7.5 Hz, 3H),

0.83 (s, 9H), 0.01 (s, 6H).

(2)-3-(tert-Butyldimethylsilanyloxymethyl)-3—-ethyl-pent-4—-enoic acid
ethyl ester (8). Compound 7 (3.1 g, 13.6 mmol)-= triethyl orthoacetate (30 mL)
of &33}al propionic acid (1.0 mL)& 7}38F &, Claisen apparatus®| $123}3L 14
0CA overnightr#. TLCZ ®¥rgEZES A3 o 3t FF3F3L column
chromatography (EtOAc/hexane = 1 : 20) o2 AA sl FAEFI oil49
compound 8 (35 g, 86%)% ¥<. 'H NMR (CDCl,, 300MHz) s 7.20 (dd, J=14.1,
75 Hz, 1H), 459 (q, J=6.9 Hz, 2H), 2.29(dd, J=15.0, 7.5 Hz, 2H), 2.04(q, J=7.5
2H), 1.09 (t, J=7.5 3H), 0.96 (t, J=7.5 3H), 0.84 (s, 9H), 0.01 (s, 6H). "C NMR
(CDCl3, 75MHz) & 174.44, 146.29, 11861, 65.52, 60.60, 27.57, 25.84, 21.18, 18.35,
13.62, 9.10, -5.42.

(£)-3—-(tert-Butyldimethylsilanyloxymethyl)-3—ethyl-pent-4-en—-1-o0l (9).
Compound 8 (3.3 g, 11.0 mmoD-& F CH:Cl;  (30mL)el| &3llA17]aL 0ClA
DIBAL-H (23.1 mL, 1.0 M solution in hexane)S A3 7}3F & 728 25 oA 2
AZE Rk TLCZ /Hg 4S8 #9139 % 0TelA methanol (25 mL)S 39
dfODDngJ‘] 7)o Aoz H W2 sle] A E 4 EFA]7]. Magnetic bar®] =i=
718 3213l al ethyl acetate (300 mL)S Wil Ao A 2A17F wwkdl & o3}, of

&

=3lal 1 FAFE column chromatography (EtOAc/hexane = 1 :

2
o
o

Ol
L

10) o2 AAsle] FAEFI iAo compound 9 (25 g, 89%)E ¥e. 'H

- 135 —



NMR (CDCl;, 300MHz) § 557 (q, J=4.6 Hz, 2H), 548 (dd, J=13.2, 6.6 Hz, 2H),
411 (d, J=9.6 Hz, 1H) 4.01 (s, 1H), 1.98 (q, J=7.5 Hz, 2H), 098 (t, J=7.2 Hz, 3H),
0.84 (s, 9H), 0.04 (s, 6H); "C NMR (CDCl,, 75MHz) § 143.86, 122.377, 65.69,
61.29, 27.77, 25.82, 21.04, 18.34, 13.72, 12.36, -5.42.

(£)-3—(tert-Butyldimethylsilanyloxymethyl)-3—cthyl-pent—-4—enal 10).
Compound 9 (1.8 g, 7.1 mmoDE < CH:Cl, (30mL)°l &7 Aol A 4
A MS (24 g)& Al ¥e 5 0TollA PCC (3.8 g, 17.8 mmol)-& 7}0}ﬁ &

oA AAZE Rk TLCE ¥hg T2 Q13 Fol ether (500 mL)& ¥al 2A3F
Rk EZ3tRE silica gels AFgste oA & A FH 3} column
chromatography (EtOAc/hexane = 1 : 50) o= AA el FAFEEI il 2]

compound 10 (1.6 g, 86%)& ¥&. 'H NMR (CDCl,, 300MHz) & 9.99 (t, J=8.4
Hz, 1H), 0.67 (d, J=2.1 Hz, 2H), 4.15 (s, 2H), 2.45 (t, J=7.5 Hz, 2H), 2.08 (q,
J=5.4 Hz, 21, 0.83 (s, 9H), 0.04 (s, 6H); “"C NMR (CDCl,, 756MHz) s 196.73,
170.54, 12354, 68.21, 46.88, 20.82, 21.04, 18.32, 13.38, 12.33, —5.50.

(£)-5—(tert—Butyldimethylsilanyloxymethyl)-5-ethyl-hepta—1,6—dien-3-ol
(11). Compound 10 (1.4 g, 53 mmol)& ¥ THF (20 mL)el &3l3lar -78 Tl
A vinyl magnesium bromide (5.8 mL, 1.0 M solution in THF)S A3 713k 2
Edo] AR AL Feldh 601] ¥3F NH,Cl (6mL)o.2

%383 2L FAFE column chromatography (EtOAc/hexane = 1

200 o= AATe] FAEHI oo compound 11 (1.3 g, 85%)S AL
Diastereomeric mixture &4 'H NMR (CDCl;, 300MHz) § 5.84-5.73 (m, 1H),
560-5.50 (m, 1H), 5.18-4.85 (m, 4H), 4.15 (s, 1H), 3.92 (d, J=2.1 Hz, 1H), 3.46 (s,
2H), 1.67-1.28 (m, 4H), 0.81 (s, 9H), 0.69 (d, J=7.2 Hz, 3H), 0.04 (s, 6H).

(£)-(1S5,4S)—(tert—Butyldimethylsilanyloxymethyl)-4-ethylc—-yclopent—-2—eno
1 (12). Compound 11 (1.5 g, 52 mmol)< ¥ CHxCl(10 mL)ol| &3l|3lar =<l
/] Grubbs’ catalyst II (30 mg, 0.03 mmol)-S Az 7}3t &%= 100C7HA =¥
i 12412 refluxAlZ]. TLCE ¥HE E4& F2lgh Fo] IsF3tal column

chromatography (EtOAc/hexane = 1 : 20) o2 AA sl FAEFI oil49
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cyclopentenol %A 12 (547 mg, 41%)9¥ 5. Cyclopentenol 12 (¢ -isomer): 'H
NMR (CDCl,, 300MHz) & 5.83 (dd, J=5.4, 2.4 Hz, 1H), 545 (d, J=2.4 Hz, 1H),
454-4.47 (m, 1H), 340 (dd, J=12.9, 3.3 Hz, 3H), 1.93 (dd, J=14.1, 7.2 Hz, 1H),
1.54 (d, J=14.1 Hz, 1H), 1.33 (q, J=7.5 Hz, 2H), 082 (s, 9H), 0.77 (t, J=7.5 Hz,
3H), 0.01 (s, 6H); "C NMR (CDCls, 75MHz) § 141.50, 133.02, 77.61, 70.64, 50.94,
44.83, 25.83, 24.67, 21.04, 12.33, -5.50.

(£)-(1R,4S)-Carbonic acid 4- (tert - butyldimethylsilanyloxymethyl) -
4 - ethyl - cyclopent- 2-enyl ester ethyl ester (13). Compound 12 (763
mg, 3.0 mmol)E 5 pyridine (20 mL)ol &3]3} 0Cell A ethyl chloroformate
(09 mL, 90 mmoD)E 7}3t Zo] DMAP (73 mg, 0.6 mmol)& @i 50Tl A
overnightA| 71, TLCZ ¥kg F4& g2lgk $o E38F NaHCOs;& 9 (05 mL)S=
WS-8 F38l Wk-S-ofo toluene-s ¥al 2-3%] A T3 Fof EtOAc E= 2-3
3 F=ska ¥ MgSO.= Hx, oy, At w53 2 HAME column

1110 o= AAste] FA4FHE syrup i
compound 13 (867 mg, 88%)% <. 'H NMR (CDCl,;, 300MHz) & 5.72 (d,
J=72 Hz, 1H), 554 (dd, J=7.8, 42 Hz, 1H), 522 (m, 1H) 4.14 (q, J=6.9 Hz, 2H),
3.35 (d, J=9.6 Hz, 1H), 3.31 (d, J=9.6 Hz, 1H), 2.15 (dd, J=14.4, 7.5 Hz, 1H), 1.57
(dd, J=14.4, 3.3 Hz, 1H), 143 (q, J=3.9 Hz, 2H), 1.25 (t, J=7.3 Hz, 3H), 0.80 (s,
9H), 0.74 (t, J=4.5, Hz, 3H), 0.04 (s, 6H); "*C NMR (CDCl,;, 756MHz) § 154.93,
14276, 129.12, 83.50, 68.72, 63.563, 54.90, 37.84, 29.62, 25.75, 18.13, 14.22, 8.82,
-5.54.

chromatography (EtOAc/hexane =

Coupling of CS-682 with compound 13 (14): Nall (1.0 ml, 1.0 M in
DMSO)E 4 DMSO (2 mbell &3l3a compound 13 (262 mg, 0.8 mmol)2 ¥
3L 50-55C ol Al 4587 k. gkA Wl flaskel F4 THF (1 mL)& F3tal 2ol
A Pds(dba)s - CHCl3 (18.8 mg, 175 pmoD)E Yo &aAzl 3 P(O-i-Pr); (0.4
mL, 1.8 mmol)-& 7}8al 3083+ wwk o CS-682 (390 mg, 0.7 mmoDE FF°
THF (1 mL)oll &siAAA HAHF] 718, =5 100C7HA] 233l overnightA] .
TLCE =% E4do] Algpzl A& gt & &3HS Ay 5ol 21 WA E
column chromatography (EtOAc/hexane = 1 @ 13)2. =2 AA3o] wlA 314742
compound 15 (235 mg, 37%)E <9< 'H NMR (CDCl;, 300 MHz) § 9.10 (br s,
1H), 6.97 (m, 1H), 6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 572 (d, J = 7.2

- 137 —



Hz, 1H), 561-5.68 (m, 2H), 555 (m, 2H), 5.50 (dd, J = 6.2, 1.4 Hz, 1H), 5.10-5.09
(m, 2H), 421 (d, J = 45 Hz, 1H), 4.14-4.09 (m, 4H), 3.72-3.67 (m, 3H), 3.36 (d,
J =96 Hz, 1H), 3.31 (s, 3H), 3.05 (dd, J = 34, 14 Hz, 1H), 259-250 (m, 2H),
2.35-3.30 (m, 2H), 2.20 (s, 3H), 2.15 (dd, J = 144, 7.5 Hz, 1H), 2.02 (s, 2H), 1.88
(s, 3H), 1.57 (dd, J = 144, 3.3 Hz, 1H), 143 (q, J = 39 Hz, 2H), 1.24-1.19 (m,
13H), 0.86 (s, 9H), 0.15 (s, 6H).

CS-682-deoxycarbasugar (15). Compound 14 (100 mg, 0.13 mmol)E
THF (3 mL)el &3l3tar 0CellA TBAF (0.2 mL, 1.0 M solution in THF)< 7}
3l 5 Ao A 1A17F wukek TLCE whs 2748 93 3o 749t H8a 1
FIAFE column chromatography (MeOH/CH.Cl = 1 : 10) & AA|&lo] wja 314
9] compound 15 (77 mg, 74%)E A& 'H NMR (CDCls, 300 MHz) § 9.09 (br
s, 1H), 6.95 (m, 1H), 6.86 (m, 1H), 6.27 (m, 1H), 589 (m, 1H), 574 (d, J =
Hz, 1H), 5.65-5.60 (m, 2H), 556-5.49 (m, 3H), 532 (d, J = 6.2 Hz, 1H), 5.09 (m,
2H), 4.21 (d, J = 45 Hz, 1H), 4.15-4.08 (m, 4H), 3.70-3.64 (m, 4H), 3.37 (dd, J =
9.6, 5.4 Hz, 1H), 3.33 (s, 3H), 3.01 (dd, J = 3.4, 1.2 Hz, 1H), 2.60-2.52 (m, 2H),
2.35-3.30 (m, 2H), 2.21 (s, 3H), 2.14 (dd, J = 14.2, 7.6 Hz, 1H), 2.03 (s, 2H), 1.89
(s, 3H), 158 (dd, J = 14.2, 3.3 Hz, 1H), 143 (q, J = 3.9 Hz, 2H), 1.25-1.18 (m,
14H).

3. Glucose 9} CS-6829}2] wigA A

HA 5= CS-682%) glucose® F3sh7] AsliA P4z AA 74T F U=
methyl-a-D-glucopyranoside 165 &4 sk dantgo=

2]
TEd JdEe wkhgs 59

glucose?] F4H71E HE&o] AYE 4 %= benzyl bromideE ©| &3] 5 HIT
st E3e] #Ra3sk o]l€V]|E anomeric $1A 9 WEV] #1384 glacial hydrogen
bromideE * 23} glycosyl donor?l 19¥ 3&FES 44 I & = d0e. ©f
5 silver triflate (AgOTHE v & o] &3}e] CS-6829] less hindered F42H7| ¢} =
et shgtE 208 A
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H Bn Bn Bn
i Q i Q i Q
OH — OBn LN OBny~0Ac " 5 OBnYw gy
HO OCH, BnO OCH, BnO BnO
OH 1 OBn OBn OBn

Methyl-a-D-glucopyranoside 17 18 19

cs-682

Scheme 4: Reagents: i) Nall, BnBr, DMF, THF, 0 C, overnight; i) AcOH, Ac-:0,
c-H2S0,, 0 C, overnightiiil) 45% HBr/AcOH, MC, 15h; iv) AgOTf, MC, 0 C, 1h.

A3
3,4,5-"Tris—benzyloxy—-2-benzyloxymethyl-6—methoxy—-tetrahydro—pyran
(17): Nal (60% in mineral oil, 1.03 g, 25.75 mmol)E& F THF (6mle°l| & =g
0CoA &WE2 Methyl-a-D-glucopyranoside 16 (1.0 g, 5.15mmol)S DMF
(TmDoll &3IAAA A8 Fr1s § 308 o wnk 2& %4 BnBr (294
ml, 24.720 mmol)-& HH 3] F-7}star Aol A overnight® Wk TLCZ &WE2
ol A ¥ NILCIE (2mD& F-71she] wh&
& A% WhgHE EtOAcet B2 2-33] FE3tal {7 8vEE 5 MgSO.=
AZx3 5 oy 7k ¥ 1 HAME column chromatography (EtOAc/Hexane,
EE AASY FFE 17 (234 g, 82%)S A4S, 'H NMR (CDCls, 300 MHz) &
7.37-7.10 (m, 15H), 499 (d, J = 10.8 Hz, 1H), 4.84-4.77 (m, 1H), 4.68-4.61 (m,
1H), 4.58-4.44 (m, 1H), 3.73-3.53 (m, 2H), 3.37 (s, 3H).
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Acetic acid
3,4,5-tris—benzyloxy—-6-benzyloxymethyl-tetrahydro—pyran—-2-yl ester (18):
W flaske] 3= 17 (974 mg, 1.756 mmol)-S %3 0 TeolA AcOH, Ac:0,

c-ILSOE #d = dH3] B7rsk & 22 2594 overnight® wy TLCZE =
=] =]

P2 o] kA Abetd AL FQldta vk HS I EtOAcet B2 2-33] F&3

= =
718 m%S Al £33 NaHCO; &4 A5EZ Ae. 77]8WMES 75 MgSO,
2 Axdz o 7+ F=Fsled 1 FAFE column chromatography

(EtOAc/Hexane, 10 1)& AA st BFE 18 (920 mg, 90%)E AL 'H NMR
(CDCls, 300 MHz) 6 7.39-7.15 (m, 15H), 4.83 (dd, J = 10.2, 4.6 Hz, 1H), 4.73-4.60
(m, 2H), 4.41-4.28 (m, 2H), 3.69-3.50 (m, 2H), 2.09 (s, 3H).

3,4,5-Tris—benzyloxy-2-benzyloxymethyl-6-bromo-tetrahydro—pyran
(19): &= 18 (0.342 g, 0.587 mmolDE < CHCly (3mDel &313FaL 0 CollA]
45% HBr/AcOH (0.6mD-& A3 3] F-7pg & Af2oA 15413 agk TLCE o=
ol o} Aebdl AL Flstal v A4S Toluened E3er &, 79t w534 35
£ 19 (244 mg, 69%)S 2. 'H NMR (CDCls, 300 MHz) & 7.41-7.19 (m, 15H),
412 (m, 1H), 4.68-451 (m, 2H), 4.38-4.21 (m, 2H), 3.70 (dd, J = 12.8, 46 Hz,
1H), 3.42 (dd, J = 12.8, 6.8 Hz, 1H).

CS-682-benzylated glucose (20): %l flaskel] 3}3t&E 19 (42.37 mg, 0.070
mmol)& il ¥ CHLCl CmDE &A1zl & 0CE WAAZ. o7 Alef
AgOTE (17.84 mg, 0.069 mmol)E @il 202 %<k wwgk 7o exdi 33t
cs—682 (20 mg, 0.0388 mmol)E 4 CH:Cl: Cmbell &3 3le] A3 F-7}35}
A ZF gk TLCE2 &9 E Aol o Atk AS #<lslal Triethylamine (0.2 ml)
Hol Wke-S F43% AAE IAE celite padE o] &3] A AL I RS %
§F 5. 21 ZHAFE column chromatography (EtOAc/Hexane, 1:2)= A A &} ﬁ%
2 20 (14 mg, 369%)E 9. ' I NMR (CDCl, 300 MHz) & 9.12 (br s, 1),
7.39-7.21 (m, 15H), 6.98 (m, 1H), 6.83 (m, 1H), 6.23 (dd, J = 6.0, 24 Hz, 1H),
5.82-5.80 (m, 1H), 557 (d, J = 3.0 Hz, 1H), 552 (d, J = 4.2 Hz, 1H), 550 (d, J =
6.8 Hz, 1H), 5.10-5.04 (m, 3H), 4.20-4.12 (m, 3H), 4.19-4.09 (m, 4H), 3.72-3.64
(m, 3H), 3.21 (s, 3H), 3.02 (dd, J = 6.2, 4.4 Hz 1H), 2.51-2.42 (m, 2H), 2.30-3.21
(m, 2H), 2.01 (d, J = 4.2 Hz, 2H), 1.81 (s, 3H), 1.25-1.15 (m, 10).
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4. Fluorosugar ¢ CS-682¢}9] wigAl A

E2A3E BAY (fluorosugar)S cs—6329 wFdAES 37 YA WA
arabinoseo] B4E w9dle] # 3l glycosyl donorE #0|3dl=A0o] s vla 9
° A TdE

2 HE3a 2 A7) JAIFEE 47 inversion & A S. 2H Ao &
A8 ©93}7]) imidazolate® ol&7]Z E9slal A WA ZA = HF/Et:NE o] &3
ZF cs-682%} glycosylationdl”] {84  AgOTIE o] £33 &4 2 anomeric
A= bromine &2 B3} A oW ol E EAlskE 349 SjtES 4.

1+ arabinose?] anomeric $1#E benylalcohol

SCHEME 5

BnOH

P
0] BnO_ O BnO O BnO
OH HCI OH p TsOH CH 2CI
HO OH 4%)
OH

L-arabinose (21) 24
NaBH ,,
MeOH
OH o} BnO
choNpo/i 1%HCI/MeOH o 4%CF3CO,H
OH
HO OH HO OH HO O
27 26
BzCl (53% from 21)
prridine
oBz AcOH, Ac,0, AcO OBZ HCI
H3COAQO/7 c-H,S04 io-\r / /
BzO 0Bz BzO 0Bz CH CN
49
28 29 (64%)

(40% from 26)

1-O-Benzyl- B-L-arabinoside (22): Benzyl alcohol (1000 mL)& ¥3}9 3}
Ao &3lstal 0CelA 40min WHHAIZ] v L-arabinoside 21 (200 g, 1.33 mol)
F-718ka 2ol A 10h ¥k EtOAc (1.5 L)E HAH3F Frhste] HAde 4E4
7. EtOAcE o33t ar AZXAAA] WA 314¢ compound 1 (300 g, 949%)S <&

o

1-0O-Benzyl-3,4- O-isopropylidene— S-L-riboside (25): 1-O-benzyl-B
-1 —arabinoside (22) (200 g, 0.83 mol), 2,2-dimethoxypropane (240 mL, 1.95 mol)
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7 p-TsOH-H:0 (4 g, 0.02 moD)E oFAE (2000 mL)ol|l &3IAAH oA 2h
Hk triethylamines 2o ¥&& FZ2313 #4sF A1A 2 34 compound 23
= olgfo] wke-& A AA. compound 23¢9} pyridinium dichromate (240 g, 0.63
mol)E CH.Cl: (2000 mL)ell €3 A]17]322 0Col A4 AcsO (240 mL, 254 moDE -7}
stal o] ¢ds] =& wrbA] EF Wk (ca, 4h). SWlE 9#H Y 1732 AY F
=3 1 ko] Eo EtOAc (1500 mL)E 9ol AlA wWkAlZl & Celite pad= < 33}
i EtOAcZ F&3] Ao WdH., S48 W 33ES silica gel (2-20 micron) =
column (20 cm height, 10 cm in diameter) 3} silica gels EtOAc® F#-3] Aojd
# compound 3¢ £Ao]HE TLCE #HZ. toluenelZ &vE F W 79 =43}
o] 42 compound 245 2000 mL &S] &3 & -20TelA NaBH. (40 g,
1.06 moDE 3holl AXA ofF HH3] F-7F3 acetic acid® ¥H&&
b sl A2 3ok A E EtOAc (1000 mL)9F = (200 mLIZ F&. & 5%
EtOAc (100 mL)Z thA] & W %,

G I 7+

SCHEME 6
1)SO,Cl,, DMF,
CH,Cl, oBz EtsN-3HF OBz OBz
50 Mimidazole io_\r/ EtOAc <F/o_\r/ 45%HBr/AcOH Fo
BzO BzO Br
ImO,SO OBz OBz OBz
31 32 33

F7) 2 AFE (200 mL)E Aojulal Az (MgS0y, TEAA 4L WA 14
& =AE hexane (700 mL)Z #AZAA3sIe] W2 A A compound 25 (123 g, 50%
from 2D)E 94 mp 79-80T; [al7p+1265 (¢ 0.87, EtOH); 'H NMR 6 (ppm)
7.26-7.36 (m, 5H, Ar), 4.85 (d, 1H, J = 7.99 Hz, H-1), 482 (d, 1H, J = 12.1 Hz,
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PhCH>-), 456 (d, 1H, J = 12.1 Hz, PhCHz-), 450 (dd, 1H, J = 810 Hz, H-2), 4.27
(m, 1H, H-3), 3.86 (dd, 1H, J = 344, 129 Hz, H-5), 3.74 (dd, 1H, J = 3.31, 129
Hz, H-5), 3.37 (m, 1H, H-4), 1.55 (s, 3H, -CHas), 1.37(s, 3H, -CHz3); Anal. Calcd
for CisH200s: C, 64.27, H, 7.12. Caled for CisHxOs: C, 64.16, H, 7.12.

1-0-Acetyl-2,3,6-tri-O-benzoyl- g ~L-ribofuranose(29): Compound 25 (201

g, 0717 moDE CFsCOH (1000 mL)el £3iAA ZL=dx F3=4<Ql
(1-O-benzyl derivative)o] ¢A3| Alebd w712 257 wWHca4-8h). WH&E3HE&
Aoz WZhAIZl v CHxC-lo (4x500 mL)Z 2 ejulo] benzyl alcoholE Al A.
S 223 toluene (2x200 mL) 2.2 #hw3= AA 4 Compound 265 45
Compound 26Z 1% HCI methanol (2000 mL)el]l &A1 A ALoA 2h uyk &3}

25 pyridine (183 mL)Z 5333 30-35ColA w5 34 34 compound 279]
A E . compound 278 pyridine (800 mL)el|l &3 A#H 0Tl A benzoyl chloride
(212 mL)& HH3] F71gk - Ag2oA 8 h wwh v EFES 45CE 58 &
2 1.5 h wnkeh v Aoz YR 3] pyridines 30-40TellA b
g & 2 &S EtOAc (1500 mL)ell &afA]7]1 3 2t HoO (500 mL), =7}
3 N H:SO. (576 mL), NaHCO;3; (2x500 mL), 25 % (500 mL)Z A% Aol
7] & 73 (MgSO. and activated carbon), silica gel (2-20 4 ) pad=® o3}, 73t
S alo] 32 compound 282 A5, compound 288 acetic acid (144 ml, 2.52
mol)oll &3 A 7|32 QT Al acetic anhydride (334 mL, 354 mol), ¢SO, (48
mL, 0.9 moDa HH3| Bl AAAE 4EA 7. E¥E-E overnihgt YR T
st AE AEAF. EFEA dE (700 mLi¥e] 2AE odFsta AUty B2
T H AE 2AE EtOAc (2000mL)ol &3fstal 247 &, NaHCO; (500mL), 4
5 600 mL)Z AS. 77 & A% (MgSO, and activated carbon), silica gel
(2-20p) padZ ¥, &dE ¥ 1 IALE dEges=2 AZA3Ee] compound 29
(1447 g, 40% from compound 25)& & mp 124-125C (lit."mpl24-12
5C)il o Pp-22.1 le 1.0, pyridine) [lit."” [ lp-456 (¢ 1.0, CHCL); D-enantiomer
[alp +24.3 (¢ 1.0, pyridine)]l; 'H NMR (CDCl) 6 (ppm) 8.09-7.32 (m, 15H, Ar-H),
6.43 (s, 1H, H-1), 591 (dd, 1H, J = 4 Hz, H-3), 579 (d, 1H, J = 8 Hz, H-2),
4.81-4.76 (m, 2H, H-4 and H-5), 4.54-4.49 (m, 1H, H-5), 2.00 (s, 3H, CH:COO).

1,3,5-Tri—- O-benzoyl- @ ~L-ribofuranose (30): compound 29 (50 g, 99.16
mmol)-& T CH:Cl: (460 mL)¥} AcCl (7.5 mL)el| €33FaL 0ColA HCI (gas)E&
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15 h ¥3447. EFESL 12 h
(3x150 mL)2.2 45T o A 5
& (13mL)F-7}8te] 30min A 1] AlE A=A 3 A
H AAE oJHstar TALE  diethyl ether® =83 Aol g, 53 4=
EtOAcel §8A17 NaHCOs 2.2 wolgle HCIE Aolha Az (MgSO.). o3t 7
ot %&stel WA compound 30 (292 g, 63.7%)E AL mp 137-139C;
[ Pp-82.01" (¢ 1.5, CHClz); 'H NMR (CDCly) & (ppm) 7.31, 8.19 (m, 15H, Ar-H),
669 (d, 1H J = 4.6 Hz, H-1). 559 (dd, 1H, J = 6.7, 1.8 Hz, H-3), 4.64, 4.80 (m,
4H, H-2, H-4 and H-5), 2.30 (br s, D-O exchangable, OH).

of WAHAS & &ulE AA. FTAE toluene
1

SmL)el &3 A 713 0°Coll A

O

e
o
i
i)
DO
5
offt
o,
ot

5

F

1,3,5-Tri—- O-benzoyl-2- O-imidazolylsulfonyl- o ~L-ribofuranose (31):
compound 30 (107.0 g, 0.232 mol)-= CH:Cls (1070 mL), DMF (214 mL)°ll &3} 4]
7. low temperature (=10 to -78C)Z713lo| A & Hol SOLl, (0463 mol, 62.5 g,
372 ml)E HAs] Frbstar Aol 3 h &9t wEkAIZlL vhs 5T A imidazole
(2.32 mol, 157.8 g)& HF-7Fetar AolA 20 h wykst % (400 mL)& F-7}
3t & F5 CH:Cl (3x100 mL)Z F&3F3 789 =2 2535 (200 mL)=
Aofdl th& o MgSO.= Az, A D Z

o

=
[e)
2-propanol (100 mL)E& F-7}slar #29b &w535te] W44 318 A&

1-(3,5-Di—- O-benzoyl-2—fluoro— S-L—arabinofuranosyl)bromide (33).
imidazolate f+=4 32 3 EtsN « 3HF (224.1 g, 1.39 mol)-& EtOAc (824 ml)o] &
A1A 80 TolA 3 h 7FE. EtsN (0.696 mol, 70.3 g, 925 ml-& 3] F7}3)
Ze oA 1h wwhgk vhg Aeog2 WAAF d5EE Wk t
NaHCOsS. = pHA & 72 X4, & F& EtOAc (3x100 mL)= FZ3al
AL g5 AX (NasSO0E. # 553F3LCHCl: (300 mL)ol &31A17] v5 silica
gel pad= o3, &WE AsFH AAA AL 2-fluoro-sugar 32 (101.0 g)&
CH:Clz (150 mL)ol &3]3t vba 0CelA HBr/AcOH (45 % w/v, 1.09 mol, 832 g,
1959 mL)E F-71star A4 15 h uyk §vE E2]3L toluene (3x100 mL )o.
Al sugar bromide 33 & o] tv] o] AA HAglo]

HE A
2 k-] %%L S 3. (bromidefr A7} A2olA Ee-A 3

11

O

o
ofN
Ol
M

2
L
=

B

il
bt

N

E

CS-682—fluorosugar (34): ®l flaskel ﬁ% 33 (30 mg, 0.084 mmol)-S il
4 CH:Cl, Cmh= £3A71 & 0C= . od7)e AleF AgOTf (21.3 mg,
0.0828 mmoDE =i 20% & ¥ =T A Bl3tE 5682 (26 mg,

2
=
rE
M
flo
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0.0466 mmoDE < CH:Cl: CmbDel &3lste] HHs) F-rhskar 14]3F wwk TLC

2 & do] v} Al AS 39213l Triethylamine (0.3 mDg Yo ¥k3g F
At AAE A E celite padE o &3Fo] A AT I 1 RS A9 F L AL

= column chromatography (EtOAc/Hexane, 1:2)2 AA|&o] 33 34 (22 mg,
29%)E 4L, '"H NMR (CDCls, 300 MHz) § 9.14 (s, 1H), 7.41-7.24 (m, 15H), 6.9
(m, 1H), 6.85 (m, 1H), 6.70 (d. J = 4.6 Hz, 1H), 6.21 (dd, J = 6.0, 24 Hz, 1H),
5.82-5.80 (m, 1H), 559 (dd, J = 6.7, 1.8 Hz, 2H), 552 (d, J = 4.2 Hz, 1H), 550
(d, J = 6.8 Hz, 1H), 5.10-5.04 (m, 3H), 4.80 (m, 4H), 4.20-4.12 (m, 3H), 4.15-4.02
(m, 3H), 3.70-3.61 (m, 3H), 3.23 (s, 3H), 297 (dd, J = 6.4, 4.6 Hz 1H), 2.57-2.46
(m, 2H), 2.35-3.26 (m, 2H), 2.07 (dd, ]

= 6.8, 4.2 Hz, 2H), 1.73 (s, 3H), 1.24-1.15 (m, 10).

Ao mE 7
- ¢s-6829] cellular uptakeE S 7FA17]7] f8A] dA A E 3T 5 o] &
of wietA s}t 7]odE & 9.

- B Al Augon MYAE =9

o

et

T Qo] vk 7rxE 7H 3 E

- 53], glucose M3A 33E 202 cs-682¢F A9 Hl=3 x| ALdAHE B
o FiL 9+

- Eae FAIe A4 2 4AA ot vlseste] e g &4 540 B4
& FHrska Sl
2 AFoA MEE B4s el T4 A FAUHEEY] dEel o] &

ofo] B 4vhf oofEswe] HA &8 T F IS

5. Coupling of CS-682 with 5—-membered heterocycles

t}eF3t 5-membered heterocycles CS-682¢] %317 98l TBDMS=Z X3 %
7-1°] Alfred Hassner® 3WH-S o] &3t 7-2, 7-4, 7-6, 8-8, 7-10= 733
B3 7|5 AAS7] 9814 tetrabutylammonium fluoride (TBAF)E AF&3lo] E-A
B4 (7-3,7-5, 1-7, 7-9, TIDE 95 & AL

Compound 7-2: 'H NMR (CDCls, 300 MHz) & 9.10 (br s, 1H), 6.97 (m, 1H),
6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 5.72 (d, J = 7.2 Hz, 1H), 561-5.68
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(m, 2H), 555 (m, 2H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 5.10-5.09 (m, 2H), 4.21 (d,
J = 45 Hz, 1H), 4.14-4.09 (m, 4H), 3.72-3.67 (m, 3H), 3.36 (d, J = 9.6 Hz, 1H),
3.31 (s, 3H), 3.05 (dd, J = 34, 1.4 Hz, 1H), 2.59-2.50 (m, 2H), 2.35-3.30 (m, 2H),
2.20 (s, 3H), 2.15 (dd, J = 14.4, 75 Hz, 1H), 2.02 (s, 2H), 1.88 (s, 3H), 1.57 (dd,
J =144, 33 Hz, 1H), 143 (q, J = 3.9 Hz, 2H), 1.24-1.19 (m, 13H), 0.86 (s, 9H),
0.15 (s, 6H).

Compound 7-3: '"H NMR (CDCls, 300 MHz) § 9.09 (br s, 1H), 6.95 (m, 1H), 6.86
(m, 1H), 6.27 (m, 1H), 589 (m, 1H), 5.74 (d, J = 7.0 Hz, 1H), 5.65-5.60 (m, 2H),
5.56-5.49 (m, 3H), 532 (d, J = 6.2 Hz, 1H), 509 (m, 2H), 421 (d, J = 4.5 Hz,
1H), 4.15-4.08 (m, 4H), 3.70-3.64 (m, 4H), 3.37 (dd, J = 9.6, 5.4 Hz, 1H), 3.33 (s,
3H), 3.01 (dd, J = 3.4, 1.2 Hz, 1H), 2.60-2.52 (m, 2H), 2.35-3.30 (m, 2H), 2.21 (s,
3H), 2.14 (dd, J = 14.2, 7.6 Hz, 1H), 2.03 (s, 2H), 1.89 (s, 3H), 1.58 (dd, J = 14.2,
3.3 Hz, 1H), 143 (q, J = 3.9 Hz, 2H), 1.25-1.18 (m, 14H).

Compund 7-4: '"H NMR s (ppm) 7.26-7.36 (m, 5H, Ar), 4.85 (d, 1H, J = 7.99
Hz, H-1), 482 (d, 1H, J = 12.1 Hz, PhCHy ), 4.56 (d, 1H, J = 12.1 Hz, PhCH: ),
450 (dd, 1H, J = 810 Hz, H-2), 427 (m, 1H, H-3), 3.86 (dd, 1H, J = 3.44, 12.9
Hz, H-5), 3.74 (dd, 1H, J = 3.31, 129 Hz, H-5), 3.37 (m, 1H, H-4), 1.55 (s, 3H,
-CH3), 1.37(s, 3H, -CHs).

Compound 7-5: '"H NMR (CDCls, 300 MHz) § 9.14 (s, 1H), 7.41-7.24 (m, 15H),
6.99 (m, 1H), 6.85 (m, 1H), 6.70 (d. J = 4.6 Hz, 1H), 6.21 (dd, J = 6.0, 2.4 Hz,
1H), 5.82-5.80 (m, 1H), 559 (dd, J = 6.7, 1.8 Hz, 2H), 552 (d, J = 4.2 Hz, 1H),
550 (d, J = 6.8 Hz, 1H), 510-5.04 (m, 3H), 4.80 (m, 4H), 4.20-4.12 (m, 3H),
4.15-4.02 (m, 3H), 3.70-3.61 (m, 3H), 3.23 (s, 3H), 297 (dd, J = 6.4, 46 Hz 1H),
2.57-2.46 (m, 2H), 2.35-3.26 (m, 2H), 2.07 (dd, J = 6.8, 4.2 Hz, 2H), 1.73 (s, 3H),
1.24-1.15 (m, 10).

Compound 7-6: 'H NMR (CDCls, 300 MHz) & 9.12 (br s, 1H), 7.39-721 (m,
15H), 6.98 (m, 1H), 6.83 (m, 1H), 6.23 (dd, J = 6.0, 24 Hz, 1H), 582-5.80 (m,
1H), 557 (d, J = 3.0 Hz, 1H), 552 (d, J = 4.2 Hz, 1H), 550 (d, J = 6.8 Hz, 1H),
5.10-5.04 (m, 3H), 4.20-4.12 (m, 3H), 4.19-4.09 (m, 4H), 3.72-3.64 (m, 3H), 3.21
(s, 3H), 3.02 (dd, J = 6.2, 44 Hz 1H), 251-2.42 (m, 2H), 2.30-3.21 (m, 2H), 2.01
(d, J = 4.2 Hz, 2H), 1.81 (s, 3H), 1.25-1.15 (m, 10).

Compound 7-7: 'H NMR (CDCls, 300 MHz) § 9.09 (br s, 1H), 6.95 (m, 1H),
6.86 (m, 1H), 6.27 (m, 1H), 589 (m, 1H), 574 (d, J = 7.0 Hz, 1H), 5.65-5.60 (m,
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2H), 5.56-5.49 (m, 3H), 532 (d, J = 6.2 Hz, 1H), 509 (m, 2H), 421 (d, J = 45
Hz, 1H), 4.15-4.08 (m, 4H), 3.70-3.64 (m, 4H), 3.37 (dd, J = 9.6, 5.4 Hz, 1H), 3.33
(s, 3H), 3.01 (dd, J = 34, 1.2 Hz, 1H), 2.60-2.52 (m, 2H), 2.35-3.30 (m, 2H), 2.21
(s, 3H), 2.14 (dd, J = 14.2, 7.6 Hz, 1H), 2.03 (s, 2H), 1.89 (s, 3H), 1.58 (dd, J =
14.2, 3.3 Hz, 1H), 143 (q, J = 3.9 Hz, 2H), 1.25-1.18 (m, 14H).

Compoun 7-8: 'H NMR (CDCls, 300 MHz) § 9.10 (br s, 1H), 697 (m, 1H),
6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 5.72 (d, J = 7.2 Hz, 1H), 561-5.68
(m, 2H), 555 (m, 2H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 5.10-5.09 (m, 2H), 4.21 (d,
J = 45 Hz, 1H), 4.14-4.09 (m, 4H), 3.72-3.67 (m, 3H), 3.36 (d, J = 9.6 Hz, 1H),
3.31 (s, 3H), 3.05 (dd, J = 34, 1.4 Hz, 1H), 2.59-2.50 (m, 2H), 2.35-3.30 (m, 2H),
2.20 (s, 3H), 2.15 (dd, J = 14.4, 75 Hz, 1H), 2.02 (s, 2H), 1.88 (s, 3H), 1.57 (dd,
J =144, 33 Hz, 1H), 143 (q, J = 3.9 Hz, 2H), 1.24-1.19 (m, 13H), 0.86 (s, 9H),
0.15 (s, 6H).

Compound 7-9: 'H NMR (CDCl,;, 300MHz) & 5.72 (d, J=7.2 Hz, 1H), 554 (dd,
J=78, 4.2 Hz, 1H), 522 (m, 1H) 4.14 (q, J=6.9 Hz, 2H), 3.35 (d, J=9.6 Hz, 1H),
331 (d, J=9.6 Hz, 1H), 2.15 (dd, J=14.4, 75 Hz, 1H), 1.57 (dd, J=14.4, 3.3 Hz,
1H), 143 (q, J=39 Hz, 2H), 1.25 (t, J=7.3 Hz, 3H), 0.80 (s, 9H), 0.74 (t, J=4.5,
Hz, 3H), 0.04 (s, 6H); “C NMR (CDCl;, 75MHz) § 154.93, 142.76, 129.12, 83.50,
68.72, 63.53, 54.90, 37.84, 29.62, 25.75, 18.13, 14.22, 8.82, -5.54.

Compound 7-10: '"H NMR (CDCls, 300 MHz) § 9.12 (br s, 1H), 6.99 (m, 1H),
6.88 (m, 1H), 6.28 (dd, J = 6.0, 24 Hz, 1H), 588-5.82 (m, 1H), 560 (d, J = 3.0
Hz, 1H), 5.56 (d, J = 3.3 Hz, 1H), 553 (d, J = 6.3 Hz, 1H), 5.13 (m, 2H), 4.22 (d,
J = 45 Hz, 1H), 4.15-4.08 (m, 2H), 3.74-3.68 (m, 3H), 3.30 (s, 3H), 3.06 (m, 1H),
2.57-2.48 (m, 2H), 2.37-3.34 (m, 2H), 2.04 (s, 2H), 1.83 (s, 3H), 1.26-1.20 (m, 10),
0.87 (s, 9H), 0.12 (s, 6H).

Compound 7-11: '"H NMR (CDCls, 300 MHz) § 9.10 (br s, 1H), 6.97 (m, 1H),
6.87 (m, 1H), 6.26 (m, 1H), 588-5.82 (m, 1H), 561-568 (m, 2H), 555 (dd ] =
3.6, 1.2. Hz, 1H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 510-5.09 (m, 2H), 421 (d, J =
45 Hz, 1H), 4.14-4.09 (m, 2H), 3.72-3.67 (m, 3H), 3.31 (s, 3H), 3.05 (dd, J = 34,
1.4 Hz, 1H), 2.59-2.50 (m, 2H), 2.35-3.30 (m, 2H), 2.20 (s, 3H), 2.02 (s, 2H), 1.80
(s, 3H), 1.24-1.19 (m, 10), 0.88 (s, 9H), 0.15 (s, 6H).
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COrpanimm(24A[ZHE[ 0°0F U imi] Vencon Marganicin T
#7-11 27-0 -7 75 #7-3 $5-12 #5-10 #4022 3-8 215

AlcaliganasfaacaiisATCC =80 =80 40 =80 >80 =80 40 =80 =80 =80 >80 >80
&

=80 125 80 >80 =B0 >80 40 >B0 a0 >80 =80 >80
BacilusaubtilisATC =80 0.15 £ >80 >80 >B0 10 >B0 a0 >80 >80 >80
StaphylococcusgureuskC | 031 ] 2.5 0.15 0.15 4] g >B0 10 40 =80 >80
101928
MicrococcusluteusATCC2 | 0,625 0.625 2.8 015 0.15 b 1.25 >80 80 >80 =80 >80
341
Mycobacteriumsmegmati =80 2.5 5 >80 =80 g0 10 >80 &0 >80 >80 >80
sATCCI41
Salmonellatyphimuriumi =80 =80 28 80 a0 >80 20 >B0 a0 >80 >80 >80
CTC1825
E.ColiRCTC1823 =80 =80 20 80 =B0 =80 40 >B0 20 >80 >80 >80
Pssudomonssasginosak =20 =80 40 >80 =B0 >80 40 >B0 =80 10 =80 >80
CTC1837
Straptococcuspyrogenes - >80 80 >80 40 80 20 =80 a0 >80 >80 >80
ATCC21069
MRSA 833E 015 0.3 1.25 0.15 0.15 ] 5 >B0 20 >80 >80 >80
MR3A 5-3 0.3 >80 B0 20 40 >80 20 >80 &0 >80 >80 =30
MRSA 4-21 - >80 B0 80 40 >80 20 >B0 &0 >80 >80 >80
VRE 83 >80 =80 80 40 =80 80 20 >80 &0 a0 >80 >80
VRE 98 >80 >80 80 >80 >B0 40 20 >80 &0 >80 >80 >80
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6. Coupling of CS-682 with single, double and triple 5-membered heterocycles.

(i) Single coupling of C-11 of CS-682 with single 5-membered
heterocycle:

t}eFst 5-membered heterocycles CS-6822] C-11¢ Aol =38t~ {384 C-9
3} C-18°] TBDMSZ xR 3® 7-1¢] (DCC+DMAP)S] F3x7-& o] &3ty 7-2,
7-4, 7-6, 8-8, 7-102 FAga. HZ7|E AAT7] YA tetrabutylammonium
fluoride (TBAF)E AF&3le] AR} (7-3, 7-5, 7-7, 7-9, 7-11)E €& + I

[e]

.

Compound 7-2: vield 36%; "H NMR (CDCls, 300 MHz) & 9.10 (br s, 1H), 6.97
(m, 1H), 6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 572 (d, J = 7.2 Hz, 1H),
5.61-5.68 (m, 2H), 5.55 (m, 2H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 5.10-5.09 (m, 2H),
421 (d, J = 45 Hz, 1H), 4.14-4.09 (m, 4H), 3.72-3.67 (m, 3H), 3.36 (d, J = 96
Hz, 1H), 3.31 (s, 3H), 3.05 (dd, J = 3.4, 1.4 Hz, 1H), 259-2.50 (m, 2H), 2.35-3.30
(m, 2H), 2.20 (s, 3H), 2.15 (dd, J = 144, 7.5 Hz, 1H), 2.02 (s, 2H), 1.88 (s, 3H),
1.57 (dd, J = 144, 3.3 Hz, 1H), 1.43 (q, J = 39 Hz, 2H), 1.24-1.19 (m, 13H), 0.86
(s, 9H), 0.15 (s, 6H).

Compound 7-3: yield 52%; '"H NMR (CDCls, 300 MHz) & 9.09 (br s, 1H), 6.95
(m, 1H), 6.86 (m, 1H), 6.27 (m, 1H), 589 (m, 1H), 574 (d, J = 7.0 Hz, 1H),
5.60-5.60 (m, 2H), 5.56-5.49 (m, 3H), 532 (d, J = 6.2 Hz, 1H), 5.09 (m, 2H), 4.21
(d, J = 45 Hz, 1H), 4.15-4.08 (m, 4H), 3.70-3.64 (m, 4H), 3.37 (dd, J = 9.6, 5.4
Hz, 1H), 3.33 (s, 3H), 3.01 (dd, J = 34, 1.2 Hz, 1H), 2.60-2.52 (m, 2H), 2.35-3.30
(m, 2H), 2.21 (s, 3H), 2.14 (dd, J = 14.2, 7.6 Hz, 1H), 2.03 (s, 2H), 1.89 (s, 3H),
158 (dd, J = 14.2, 33 Hz, 1H), 1.43 (g, J = 3.9 Hz, 2H), 1.25-1.18 (m, 6H); MS
m/z 568(M+H)+.

Compund 7-4: yield 29%; 'H NMR s (ppm) 7.26-7.36 (m, 5H, Ar), 4.85 (d, 1,
J =799 Hz, H-1), 482 (d, 1H, J = 12.1 Hz, PhCHsy ), 456 (d, 1H, J = 12.1 Hz,
PhCH: ), 450 (dd, 1H, J = 810 Hz, H-2), 427 (m, 1H, H-3), 3.86 (dd, 1H, J =
3.44, 129 Hz, H-b), 374 (dd, 1H, J = 3.31, 129 Hz, H-5), 3.37 (m, 1H, H-4),
1.55 (s, 3H, -CHa), 1.37(s, 3H, -CHz).
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Compound 7-5: yield 65%; 'H NMR (CDCls, 300 MHz) & 9.14 (s, 1H),
741-7.24 (m, 15H), 6.99 (m, 1H), 6.85 (m, 1H), 6.70 (d. J = 4.6 Hz, 1H), 6.21
(dd, J = 6.0, 24 Hz, 1H), 5.82-5.80 (m, 1H), 559 (dd, J = 6.7, 1.8 Hz, 2H), 5.52
(d, J = 42 Hz, 1H), 550 (d, J = 6.8 Hz, 1H), 510-5.04 (m, 3H), 4.80 (m, 4H),
4.20-4.12 (m, 3H), 4.15-4.02 (m, 3H), 3.70-3.61 (m, 3H), 3.23 (s, 3H), 2.97 (dd, J
= 6.4, 4.6 Hz 1H), 2.57-2.46 (m, 2H), 2.35-3.26 (m, 2H), 2.07 (dd, J = 6.8, 4.2 Hz,
2H), 1.73 (s, 3H), 1.24-1.15 (m, 5); MS m/z 534(M+H)".

Compound 7-6: vield 26%; 'H NMR (CDCls, 300 MHz) & 9.12 (br s, 1H),
7.39-7.21 (m, 15H), 6.98 (m, 1H), 6.83 (m, 1H), 6.23 (dd, J = 6.0, 24 Hz, 1H),
5.82-5.80 (m, 1H), 557 (d, J = 3.0 Hz, 1H), 552 (d, J = 4.2 Hz, 1H), 550 (d, J =
6.8 Hz, 1H), 5.10-5.04 (m, 3H), 4.20-4.12 (m, 3H), 4.19-4.09 (m, 4H), 3.72-3.64
(m, 3H), 3.21 (s, 3H), 3.02 (dd, J = 6.2, 44 Hz 1H), 2.51-2.42 (m, 2H), 2.30-3.21
(m, 2H), 2.01 (d, J = 4.2 Hz, 2H), 1.81 (s, 3H), 1.25-1.15 (m, 10).

Compound 7-7: yield 51%; '"H NMR (CDCls, 300 MHz) & 9.09 (br s, 1H), 6.95
(m, 1H), 6.86 (m, 1H), 6.27 (m, 1H), 589 (m, 1H), 574 (d, J = 7.0 Hz, 1H),
5.60-5.60 (m, 2H), 5.56-5.49 (m, 3H), 532 (d, J = 6.2 Hz, 1H), 5.09 (m, 2H), 4.21
(d, J = 45 Hz, 1H), 4.15-4.08 (m, 4H), 3.70-3.64 (m, 4H), 3.37 (dd, J = 9.6, 5.4
Hz, 1H), 3.33 (s, 3H), 3.01 (dd, J = 3.4, 1.2 Hz, 1H), 2.60-2.52 (m, 2H), 2.35-3.30
(m, 2H), 2.21 (s, 3H), 2.14 (dd, J = 14.2, 7.6 Hz, 1H), 2.03 (s, 2H), 1.89 (s, 3H),
158 (dd, J = 14.2, 3.3 Hz, 1H), 143 (q, J] = 39 Hz, 2H), 1.25-1.18 (m, 6H). MS
m/z 57T9(M+H)".

Compoun 7-8: yield 21%; 'H NMR (CDCls, 300 MHz) & 9.10 (br s, 1H), 6.97
(m, 1H), 6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 572 (d, J = 7.2 Hz, 1H),
5.61-5.68 (m, 2H), 5.55 (m, 2H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 5.10-5.09 (m, 2H),
421 (d, J = 45 Hz, 1H), 4.14-4.09 (m, 4H), 3.72-3.67 (m, 3H), 3.36 (d, J = 96
Hz, 1H), 3.31 (s, 3H), 3.05 (dd, J = 3.4, 1.4 Hz, 1H), 259-2.50 (m, 2H), 2.35-3.30
(m, 2H), 2.20 (s, 3H), 2.15 (dd, J = 144, 7.5 Hz, 1H), 2.02 (s, 2H), 1.88 (s, 3H),
1.57 (dd, J = 144, 3.3 Hz, 1H), 1.43 (q, J = 39 Hz, 2H), 1.24-1.19 (m, 13H), 0.86
(s, 9H), 0.15 (s, 6H).
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Compound 7-9: yield 49%; 'H NMR (CDCl,;, 300MHz) & 572 (d, J=7.2 Hz,
1), 554 (dd, J=7.8, 4.2 Hz, 1H), 522 (m, 1H) 4.14 (q, J=6.9 Hz, 2H), 3.35 (4,
J=96 Hz, 1H), 3.31 (d, J=9.6 Hz, 1H), 2.15 (dd, J=144, 75 Hz, 1H), 1.57 (dd,
J=14.4, 3.3 Hz, 1H), 143 (q, J=39 Hz, 2H), 1.25 (t, J=7.3 Hz, 3H), 0.80 (s, 9H),
0.74 (t, J=4.5, Hz, 3H), 0.04 (s, 6H); C NMR (CDCl;, 75MHz) & 154.93, 142.76,
129.12, 8350, 68.72, 63.53, 54.90, 37.84, 29.62, 25.75, 18.13, 14.22, 882, -554; MS
m/z 535(M+H)".

Compound 7-10: yield 29%; '"H NMR (CDCls, 300 MHz) & 9.12 (br s, 1H),
6.99 (m, 1H), 6.88 (m, 1H), 6.28 (dd, J = 6.0, 24 Hz, 1H), 588-5.82 (m, 1H), 5.60
(d, J = 30 Hz, 1H), 556 (d, J = 3.3 Hz, 1H), 553 (d, J = 6.3 Hz, 1H), 5.13 (m,
2H), 4.22 (d, J = 45 Hz, 1H), 4.15-4.08 (m, 2H), 3.74-3.68 (m, 3H), 3.30 (s, 3H),
3.06 (m, 1H), 257-248 (m, 2H), 2.37-3.34 (m, 2H), 2.04 (s, 2H), 1.83 (s, 3H),
1.26-1.20 (m, 10), 0.87 (s, 9H), 0.12 (s, 6H).

Compound 7-11: yield 70%; 'H NMR (CDCls, 300 MHz) & 9.10 (br s, 1H),
6.97 (m, 1H), 6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 5.61-568 (m, 2H),
555 (dd J = 3.6, 1.2. Hz, 1H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 510-5.09 (m, 2H),
421 (d, J = 45 Hz, 1H), 4.14-4.09 (m, 2H), 3.72-3.67 (m, 3H), 3.31 (s, 3H), 3.05
(dd, J = 3.4, 1.4 Hz, 1H), 2.59-2.50 (m, 2H), 2.35-3.30 (m, 2H), 2.20 (s, 3H), 2.02
(s, 2H), 1.80 (s, 3H), 1.24-1.19 (m, 10), 0.88 (s, 9H), 0.15 (s, 6H);MS m/z
535(M+H)".

Compound 7-12: yield 30%; 'H NMR (CDCls, 300 MHz) & 9.10 (s, 1H),
5.60-5.57 (m, 2H), 545 (d, J = 58 Hz, 1H), 417 (m, 1H), 399 (d, J = 4.8 Hz,
1H), 3.86 (m, 1H), 3.47 (m, 1H), 3.16 (s, 3H), 2.61-2.51 (m, 2H), 2.35-2.30 (m,
2H), 2.21 (s, 3H), 2.02-1.99 (m, 2H), 1.78 (s, 3H), 1.31 (s, 3H), 1.03 (s, 3H),
0.88-0.82 (m, 18H), 0.03 (s, 12H).

Compound 7-13: yield 66%; 'H NMR (CDCls, 300 MHz) & 9.11 (s, 1H),
5.59-5.54 (m, 2H), 546 (d, J = 5.7 Hz, 1H), 419 (m, 1H), 399 (d, J = 5.0 Hz,
1H), 3.86 (m, 1H), 3.47 (m, 1H), 3.15-3.13 (s, 3H), 2.63-2.55 (m, 2H), 2.34-2.29
(m, 2H), 2.19 (s, 3H), 2.04-1.98 (m, 2H), 1.81 (s, 3H), 1.23 (s, 3H), 1.01 (s, 3H);
MS m/z 601(M+H)".
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Compound 7-14: yield 18%; 'H NMR (CDCls, 300 MHz) § 9.10 (s, 1H), 697
(m, 1H), 6.87 (m, 1H), 6.26 (m, 1H), 5.88-5.82 (m, 1H), 561-5.68 (m, 2H), 555
(dd J = 36, 1.2. Hz, 1H), 550 (dd, J = 6.2, 1.4 Hz, 1H), 510-5.09 (m, 2H), 4.21
(d, J = 45 Hz, 1H), 4.14-4.09 (m, 2H), 3.72-3.67 (m, 3H), 3.31 (s, 3H), 3.05 (dd,
J =34, 14 Hz, 1H), 259-250 (m, 2H), 2.35-3.29 (m, 2H), 2.20 (s, 3H), 2.02 (s,
2H), 1.80 (s, 3H), 1.24-1.19 (m, 6), 0.88 (s, 18H), 0.02 (m, 12H).

Compound 7-15: yield 52%; 'H NMR (CDCls, 300 MHz) & 9.12 (br s, 1H),
5.61-5.55 (m, 2H), 5.43-5.39 (m, 1H), 4.19 (m, 1H), 3.99 (d, J = 5.0 Hz, 1H), 3.86
(m, 1H), 347 (m, 1H), 3.15-3.13 (s, 3H), 2.63-2.55 (m, 2H), 2.37-2.31 (m, 2H),
2.19 (s, 3H), 2.11 (m, 6H), 2.04-1.98 (m, 2H), 1.81 (s, 3H), 1.23 (s, 3H), 1.01 (s,
3); MS m/z 545(M~+H)".

Compound 7-16: yield 22%; ' NMR (CDCls, 300 MHz) & 899 (s, 1),
560-5.57 (m, 2H), 545 (d, J = 5.8 Hz, 1H), 4.17 (m, 1H), 399 (d, J = 4.8 Hz,
1H), 386 (m, 1H), 3.49-344 (m, 1H), 3.18-3.15 (s, 3H), 261-251 (m, 2H),
2.35-2.30 (m, 2H), 2.21 (s, 3H), 2.02-1.99 (m, 2H), 1.78 (s, 3H), 1.31 (s, 3H), 1.03
(s, 3H), 0.88-0.82 (m, 18H), 0.01 (m, 12H).

Compound 7-17: vyield 69%; 'H NMR (CDCls, 300 MHz) & 9.01 (s, 1H),
5.59-5.56 (m, 2H), 546 (d, J = 5.8 Hz, 1H), 4.21-4.18 (m, 2H), 4.01 (m, 1H),
3.84-3.79 (m, 2H), 3.48-3.43 (m, 1H), 3.18 (s, 3H), 2.63-2.55 (s, 1H), 2.35-3.30
(m, 2H), 2.21 (s, 3H), 2.04-1.98 (m, 2H), 1.79 (s, 3H), 1.32 (s, 3H), 1.01 (s, 3H);
MS m/z 532(M+H)".
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(i) Double coupling of C-11 and C-9 of CS-682 with two 5—membered
heterocycles:

5% 2] 5-membered heterocycles CS-6822] C-11, C-9 F3ro| Ao =33}
&4 C-12 ¢] TBDMS® H35H 7-2-0°] (DCC+DMAP)] FHFF1E o] &3}
(7-2-1, 7-2-3, 7-2-5, 7-2-7, 7T-2-9)& FA3}Ae. HE7E AAs 7] H381A4
tetrabutylammonium fluoride (TBAF)E A}&3to] EAIZA (7-2-2, 7-2-4,
7-2-6, 7-2-8, 7-2-10)& 43

Compound 7-2-1: yield 20%; 'H NMR (CDCls, 300 MHz) § 894 (s, 1H), 892
(s, 1H), 561-556 (m, 2H), 548-545 (m, 1H), 4.10-4.01 (m, 2H), 3.82-3.75 (m,
2H), 3.49-3.44 (m, 1H), 3.20 (s, 3H), 2.94-2.89 (m, 2H), 2.35-3.30 (m, 2H), 2.20
(s, 3H), 2.07-2.01 (m, 2H), 1.77 (s, 3H), 1.33 (s, 3H), 1.04 (s, 3H), 0.90-0.85 (m,
9H), 0.03-0.01 (m, 6H).
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Compound 7-2-2: vield 56%; 'H NMR (CDCls, 300 MHz) 8§ 9.00 (br s, 2H),
564-5.58 (m, 2H), 544 (d, J = 6.0 Hz, 1H), 4.92-4.87 (br d, 2H), 4.18-4.11 (m,
2H), 4.04 (m, 1H), 3.87-3.80 (m, 2H), 3.46-3.39 (m, 1H), 3.16 (s, 3H), 2.63-2.55
(m, 1H), 2.35-3.30 (m, 2H), 2.32 (s, 3H), 2.09-1.98 (m, 2H), 1.81 (s, 3H), 1.29 (s,
3H), 1.07 (s, 3H); MS m/z 713(M+H)".

Compound 7-2-3: vield 20%; 'H NMR (CDCls, 300 MHz) § 892 (s, 2H), 8.85
(s, 2H), 5.63-552 (m, 3H), 545-540 (m, 1H), 4.12-4.11 (m, 2H), 3.81-3.73 (m,
2H), 351-3.46 (m, 1H), 3.21 (s, 3H), 2.91-2.86 (m, 2H), 2.42-3.36 (m, 2H), 2.19
(s, 3H), 2.09-2.03 (m, 3H), 1.79 (s, 3H), 1.38 (s, 3H), 1.06 (s, 3H), 0.89 (m, 9H),
0.02 (m, 6H).

Compound 7-2-4: yield 56%; 'H NMR (CDCls, 300 MHz) & 9.00 (br d, 2H),
5.64-5.58 (m, 2H), 544 (d, J = 6.0 Hz, 1H), 4.92-4.87 (br d, 2H), 4.18-4.11 (m,
2H), 4.04 (m, 1H), 3.87-3.80 (m, 2H), 3.46-3.39 (m, 1H), 3.16 (s, 3H), 2.63-2.55
(m, 1H), 2.35-3.30 (m, 2H), 2.32 (s, 3H), 2.09-1.98 (m, 2H), 1.81 (s, 3H), 1.29 (s,
3H), 1.07 (s, 3H); MS m/z 765(M+H)".

Compound 7-2-5: yield 18%; ' NMR (CDCls, 300 MHz) § 9.10 (s, 1H), 9.04
(s, 1H), 561-556 (m, 2H), 548-545 (m, 1H), 4.10-4.01 (m, 2H), 3.82-3.75 (m,
2H), 3.49-3.44 (m, 1H), 3.20 (s, 3H), 294-2.89 (m, 2H), 2.35-3.30 (m, 2H), 2.20
(s, 3H), 2.07-2.01 (m, 2H), 1.77 (s, 3H), 1.33 (s, 3H), 1.04 (s, 3H), 0.90 (m, 9H),
0.04-0.02 (m, 6H).

Compound 7-2-6: yield 59%; 'H NMR (CDCls, 300 MHz) & 9.04 (s, 2H), 897
(s, 1H), 554-548 (m, 2H), 5.34 (m, 1H), 4.90-4.85 (br s, 2H), 4.31-4.24 (m, 2H),
4.06-4.01 (m, 2H), 3.90-3.83 (m, 1H), 3.51-3.44 (m, 1H), 3.22 (s, 3H), 2.67-2.59
(m, 1H), 2.35-3.30 (m, 2H), 2.32 (s, 3H), 2.05-1.97 (m, 2H), 1.80 (s, 3H), 1.32 (s,
3H), 1.06 (s, 3H); MS m/z 735(M+H)".

Compound 7-2-7: yield 17%; 'H NMR (CDCl;, 300 MHz) & 887 (s, 1H),
563-5.57 (m, 2H), 547 (d, J = 58 Hz, 1H), 4.26-4.19 (m, 2H), 3.97 (m, 1H),
3.80-3.71 (m, 2H), 345 (m, 1H), 3.17(s, 3H), 2.72-2.65 (m, 2H), 2.39-2.34 (m,
2H), 2.21 (s, 3H), 2.02-1.99 (m, 2H), 1.78 (s, 3H), 1.31 (s, 3H), 1.03 (s, 3H),
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0.88-0.82 (m, 18H), 0.03 (m, 12H).

Compound 7-2-8: vyield 57%; 'H NMR (CDCl;, 300 MHz) & 890 (s, 1H),
5.59-5.52 (m, 2H), 546 (m, 1H), 4.89 (br s, 1H), 4.25-4.18 (m, 2H), 4.03 (m, 1H),
3.81-3.74 (m, 2H), 351-3.44 (m, 1H), 3.21 (s, 3H), 261-256 (s, 1H), 2.38-2.33
(m, 2H), 2.25 (s, 3H), 2.07-2.02 (m, 2H), 1.85 (s, 3H), 1.34 (s, 3H), 1.06 (s, 3H);
MS m/z 647(M+H)".

Compound 7-2-9: yield 16%; 'H NMR (CDCl;, 300 MHz) & 9.02 (s, 1H),
561-56,53 (m, 2H), 5.34-5.27 (m, 1H), 4.18-4.12 (m, 2H), 3.80-3.73 (m, 2H),
3.52-3.46 (m, 1H), 3.20 (s, 3H), 2.94-2.89 (m, 2H), 2.35-2.30 (m, 2H), 2.20 (s,
3H), 2.09-2.02 (m, 2H), 1.78 (s, 3H), 1.35 (s, 3H), 1.09 (s, 3H), 0.91-0.89 (m, 9H),
0.02 (m, 6H).

Compound 7-2-10: yield 59%; 'H NMR (CDCI3, 300 MHz) & 9.03 (s, 1H),
5.64-5.58 (m, 2H), 544 (m, 1H), 491 (d, J = 4.8 Hz, 1H), 4.18-4.11 (m, 2H), 4.04
(m, 1H), 3.88-3.81 (m, 2H), 3.46-3.39 (m, 1), 3.16 (s, 3H), 2.63-2.55 (m, 1),
2.45-2.39 (m, 2H), 2.28 (s, 3H), 2.11-2.05 (m, 2H), 1.78 (s, 3H), 1.35 (s, 3H), 1.07
(s, 3H); MS m/z 647(M+H)".
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(iii) Triple coupling of C-11, C-9, C-12 of CS-682 with three 5—membered
heterocycles:

5% 2] 5-membered heterocycles CS-6822] C-11, C-9, C-12 A 3Lel| ¢ Aol =
F3l7] falA EFEEA 7-3-00] (DCC+DMAP)9] H§HEAS o83k 7-3-1,
7-3-2, 7-3-3, 7-3-4, 7-3-5& T3 9 =.

Compound 7-3-1: vield 12%; 'H NMR (CDCls, 300 MHz) § 890 (s, 2H), 8.86
(s, 1H), 5.656-5.57 (m, 2H), 547-541 (m, 2H), 4.23-4.17 (m, 2H), 3.85-3.77 (m,
2H), 3.48-3.44 (m, 2H), 3.26 (s, 3H), 2.86-2.80 (m, 2H), 2.48-3.39 (m, 2H), 2.15
(s, 3H), 2.07-1.99 (m, 2H), 1.80 (s, 3H), 1.39 (s, 3H), 1.02 (s, 3H); MS m/z
860(M~+H)".

Compound 7-3-2: yield 10%; 'H NMR (CDCls, 300 MHz) & 893-898 (br s,
3H), 5.63-5.57 (m, 2H), 542 (m, 1H), 4.48-4.41 (m, 2H), 4.14-4.09 (m, 2H),
3.87-3.80 (m, 2H), 3.46-3.40 (m, 1H), 3.16 (s, 3H), 2.63-2.55 (m, 1H), 2.35-3.30
(m, 2H), 2.32 (s, 3H), 2.09-1.98 (m, 2H), 1.79 (s, 3H), 1.319 (s, 3H), 1.04 (s, 3H);
MS m/z 756(M+H)".

Compound 7-3-3: yield 15%; 'H NMR (CDCls, 300 MHz) & 894-898 (br s,
3H), 5.63-5.57 (m, 2H), 547 (d, J = 5.8 Hz, 1H), 4.26-4.19 (m, 2H), 3.97 (m, 1H),
3.80-3.71 (m, 2H), 345 (m, 1H), 3.17(s, 3H), 2.72-2.60 (m, 2H), 2.39-2.34 (m,
2H), 2.21 (s, 3H), 2.02-1.99 (m, 2H), 1.78 (s, 3H), 1.31 (s, 3H), 1.03 (s, 3H); MS
m/z 891(M+H)".

Compound 7-3-4: vield 9%; 'H NMR (CDCls, 300 MHz) 8§ 9.03-9.09 (br s,
3H), 5.66-558 (m, 2H), 542 (m, 1H), 4.26-4.19 (m, 2H), 4.08-4.03 (m, 1H),
3.81-3.74 (m, 2H), 3.55-3.48 (m, 1H), 3.20 (s, 3H), 2.61-2.56 (s, 1H), 2.38-2.33
(m, 2H), 2.25 (s, 3H), 2.07-2.02 (m, 2H), 1.85 (s, 3H), 1.34 (s, 3H), 1.06 (s, 3H);
MS m/z 7T59(M+H) ",

Compound 7-3-5: vield 13%; 'H NMR (CDCls, 300 MHz) 8§ 9.00-9.04 (s, 3H),

563-5.56 (m, 2H), 542-5.37 (m, 2H), 4.23-4.16 (m, 1H), 4.08-4.03 (m, 1H),
391-3.84 (m, 2H), 349-3.42 (m, 1H), 3.19 (s, 3H), 2.68-2.60 (m, 1H), 2.43-2.35
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(m, 2H), 2.25 (s, 3H), 2.12-2.06 (m, 2H), 1.81 (s, 3H), 1.32 (s, 3H), 1.10 (s, 3H);
MS m/z 759(M+H)".

DCC + DMAP
—_—

o)
&S%OH
N
|

C

DCC + DMAP

(0]
(\_S’\,?)J\OH
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DCC + DMAP
—_—

0
S
« ))LOH
N-N

DCC + DMAP
— =

o)
S
N\\_ g)J\OH
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B

=1

(%]

Croarismi24 A 7HE(]

#7-8 F1-7 #5-19 2400
AlcaligenesfascalisATCC =80 =80 >80 40 =8 >80 >80
8760

=80 =80 >80 0 40 80 >80 >80
BaciflussubtiisATC =80 =80 >80 =80 10 80 >80 >80
StaphylococcusaureusiC 0.31 015 015 5 10 40 >80
TCraz8
MicrococcusiuteusATOCE | 0625 0.15 0.15 .25 80 >80 =80
.ur.... i
Mycobacteriumsmegm =80 =80 >80 10 80 >80 >80
SATCCE341
Salmaonellatyohi =80 80 80 20 80 >80 >80
CTC1825
E.CalikCTC! =80 a0 =80 40 20 =80 >80
Pasudomonasaeginosak =30 =80 =80 40 >80 10 >80
CTCIB37
Sireplococcuspyrogenas = >80 40 20 80 >80 >80
ATCC21068
MRSA 893E 0.15 0.15 0.15 5 20 >80 >80
MRSA 5-3 0.3 20 40 =80 20 80 =80 >80
MRSA 4-21 = a0 40 =80 20 80 >80 >80
VRE 889 >80 40 >80 20 80 80 >80
VFE 98 >80 =80 =80 20 80 >80 >80
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HJH-7-2 | HIH-7-3 | HJH-7-3 | HJH-7-3
-10 -1 -2 -3
Organism(24 h
FW-647 FW-860 FW-756 | FW-891
(10"6CFU/ml))
1 | Alacligenesfaecalis 20 20 20 40
2 | EnterococcusFaecalis 40 5 >80 40
3 | Bacillus subtilis 5 2.5 1.25 2.5
4 | Staphylococcus aureus 5 10 2.5 5
5 | Micrococcusluteus 5 5 10 5
6 | Mycrobacterium smegmatis | 10 9) 10 10
7 | Salmonellatyphimrium 20 20 20 40
8 | Escherrichia coli 20 20 20 40
9 | Pseudomonasaeruginosa 20 20 20 40
10 | MRSA 693E 5 5 1.25 5
11| MRSA 4-5 10 5 2.5 5
12 | MRSA 5-3 5 2.5 2.5 2.5
13| VRE 82 20 2.5 80 40
14 | VRE 89 20 10 >80 40
15| VRE 98 20 5 >80 40
16 | VRSA 20 5 2.5 40
HJH-7-3 | HJH-7-3
CS-682
-4 -5
Organism 24 h (10"6CFU/ml) FW-759 FW-759

1 Alacligenestfaecalls >80 40 >80
2 EnterococcusFaecalis >80 40 >80
3 Bacillus subtilis 40 20 >80
4 Staphylococcus aureus 0.6 10 1.25
5 Micrococcusluteus 0.3 40 0.3
6 Mycrobacterium smegmatis >80 20 >80
7 Salmonellatyphimrium >80 40 >80
8 Escherrichia coli >80 20 >80
9 Pseudomonasaeruginosa >80 40 >80
10 MRSA 693E 20 10 1.25
11 MRSA 4-5 80 10 10
12 MRSA 5-3 40 20 >80
13 VRE 82 >80 40 >80
14 VRE 89 >80 80 >80
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15 VRE 98 >80 80 >80
16 VRSA >80 80 >80
HJH-7-2- | HIH-7-2- | HJH-7— | HJH-7-
2 4 2—6 2-8
Organism (24 h (10"6CFU/ml)) | FW=713 | FW-765 | FW-735 | FW-647

1 AlacligenesfaecalisATCC1004 >80 >80 >80 >80
2 EnterococcusFaecalisATCC29212 40 >80 >80 >80
3 BacillussubtilisATCC6633 10 10 >80 >80
4 StaphylococcusaureusKCTC1928 5 40 >80 2.5
5 MicrococcusluteusATCC9341 20 40 >80 1.25
6 | MycrobacteriumsmegmatisATCC9341 >80 >80 >80 >80
7 SalmonellatyphimriumKCTC1925 40 >80 >80 >80
8 EscherrichiacoliKCTC1923 40 >80 >80 >80
9 PseudomonasaeruginosakCTC 80 >80 >80 >80
10 MRSA 693E 20 20 >80 0.625
11 MRSA 4-5 20 40 >80 2.5
12 MRSA 5-3 20 20 >80 0.625
13 VRE 82 40 20 >80 >80
14 VRE 89 80 80 >80 >80
15 VRE 98 80 80 >80 >80
16 VRSA 10 20 >80 >80
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7. Nargenicin %4 5%F¢ MTT assay(Al X554 &9l)

Nargenicin A4 &8 AX AEE WHIE A7 9319 MTT reduction
assay S AAIgH Raw 2647 MXFE 1 x 105 cells/ml®= 2531 96 well platedl
ZFZF 100 pl® A7Fske] 244)7F F¢t 37°C, CO2 incubatordl Al ¥ %3 & DMSO|
IEZFol A2t 5. 2442 &k wjekst &= 7}
wellel PBS ¢k o] =<9 MTT (5mg/ml) &4-& 10 w¥ FH7pste] thA] 14171
EQF "%k AlF. Formazan ¥/4d-& SH1sk & uX & A3 AAS AL, well vl
¥ formazang =°]7] 3 100 ple] DMSOE #7138k 3 microplate reader
£ o|&3to] 540 nmolA FHEE FAs] 274 %%%% el sk eFal Bk
A7 iz AXE 100%= 39S & stE UER A+

g 78 Al 100 uME #HI FEZ XAk 1, 5, 10, 25, 50, 100 uM &
oz = A F AXSAS sl en, o] & HJH-09-148& Alld v

A 452 Azl AEFA o] e Aoz UEY e AR sEE ATA.

JF

¢l nargenicin FEAZ Z}7}+

oflt

—_

O HJH-09-142 (0.1, 0.2, 0.5, 1, uM)
@ HJH-09-146 (0.05, 0.1, 0.2, 0.5, 1 uM)
@ HJH-09-148 (1, 5, 10, 25, 50, 100, 200, 300, 400 puM)
@ HJH-09-150 (0.5, 1, 5, 10, 25 uM)
® HJH-10-156 (0.1, 0.5, 1, 5, 10 uM)
9} o] T Al 74 $ Raw 264.7 cellel A ]
— 24417k incubation % medium A
— serum free medium+MTT(O.2/zg/ml) 1004 change
— 30% H = A7 3 DMSO 1004 2 3L pipetting

THE 540nm =4
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Cell viabiliy (% of contral)
" :

Cell viabiliy ( % of control)
s

MA  O0EpM OlpM 02M 05pM TM
HIH-09-146

a

NA 0lpM 02pM OSpM lpM SpM

HIH-09-142

Cell viability (% of control)
; ¥ )
Cell viability (% of control)

NA  05M  1uM SuM  10uM  2SuMl A OfuM O5aM 1uM Sk 10U

HJH-09-150 HJH-10-156

Fig. 1. Nargenicin %42 Raw 264.7 A Xl 3 A¥X A

HO™ Me
HJH-09-146

Cl

S

ry
0]

HO™ Me HO™ Me

HJH-09-148 HJH-09-150 HJH-09-156
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HJH-09-142 : 5 uMoll A 40% AE9 cell viability7} &S5 H, 1 55 & 7|50
2 s A3 23

HJH-09-146 : 1 uMolA AE =24 o] 4319 2™, Nargenicin F%4 5& 5 AX
Aol oA 7H Al

HJH-09-148 : 400 uMoll A= AXx =/do] Al3tx] &
o .
HJH-09-150 : 10 uM o] & 5-H AxX JAo] 27 F&3= Aoz &2l of 10
° 3|
HJH-10-156 : 10 uMEF-H AX EAo] ZA g3t Aoz &9l
= Nargenicin =4 5& < 71 AlX SAo] & E4L2 HJH-09-146 A3, AlX

S0 elM 7H k] Aer BgHE 2E2 HJH 09-14894. vH= 3F
=

o] EAER HRT s AlE

i

=

8. Nargenicin %A 5%

lo
ot
ne
bol
_ﬂ
Zi
Z,
T
=
¢}
@)
A,
[N
@)
.
=3
2
o
(@}
=
O
2

AZ B4 H9os 99e FA % s} 2

J&‘l

¢1¥l Nargenicin =4 5% 7}
7ol Xl LIPS lug/mle Raw 264.7 celloﬂ A A8 ¥ griess reagent(1%
sulfanilamide/0.1% N-(1-naphthyl)—ethylenediamine dihydrochloride/2.5% HsPO,)
assay =3 NO A= &<l Raw 264.7 celle 96 well platel] cell culture

— Nargenicin F5A4 5& 7}7be] FX¢F LPS lug/mle A A

— 1841 %} incubation

— medium 100x8 + Griess reagent 1000

okl o Al 158  incubation & &% 540nm =A
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0.y

06 - s
—_— T
Z 05
[Tx] T
a T o
© 04 -
=
5 |
& i T
"
=
= 0.2
0.1 4
DD ’l“ T T T T T T T T T T T T T T T T
IPSIpgml - + + + + + + + + + + + + + + + +
MM = = B I 53 o = o om o o3 o B o e s
H\]H_Ug_l45(I.IM} - - T - - 331 31 3.5 - - - . - s s g -
HIH09-148(uM) - - - - - - - - 2550 100 - - - - - -
HIH-09-150(uM) - - - - - - - - - - - 011 5 - - -
HIH-10156(uM) - - - - - - = - - - - = - - g1 1 5
Fig. 2. Nargenicin =42 NO A4 W3}

NO= da#8%, 244, dategod, dswkee] vzl 5 vi5 bdd 7
o il lom, wE AR HAds mAE B GAEe] g A A AT
TS z2ta 9y ACERT 4yA gL NOo 9 IL-2, IL-3 59 cytokine 4]
= AAHH, TNF-q, IL-1 59 A4S FxH =0, ojgst #-&o o3 T =+

2 NK AE 59 70l 2AATE 5 NOTF A4 deln Bedzdsdna 48
drhe o] wEPoEA % 1 Fagel $AHAE. NOE FE AL

A3 E o] YA = v, B Ao A= Nargenicin =40 o3& M ES A

gtato] NOE A sk 2AF8Sl &, Fig. 201 Yebd nke} ZZo]LPSe] <&
78 NO A #o] Nargenicin 154 58S A HE39S A ZF odAH
= ¢l 779 Nargenicin +=AE9 s ® A Ade Ayt Axg oA Y=
A& B 9oy, o7 o R Wl Nargenicin 54 5% 25 d9a747 & A
L. o) 2= o)o
2 = | AT
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9. Nargenicin %] 5%9 9% @2 western blot

HJH-09-146, HJH-09-148, HJH-09-150 3Fe°l] sk A= FH  western
blotting % 3

D western blotting®] AF&E sampling %33

Raw 264.7 cellell HJH-09-146, HJH-09-148, HJH-09-150 7}7}9] ¥ &% A ¢

—

—

b

24712 5 medium A A 3L cell 3]

lysis bufferE 23l cell lysis 7 & (vortex)

12000 rpm, 20 min, 4 C centrifuge 213 & Ar=o 34
Bradford assayZE &3l protein A &F

western blot sample loading buffer + 20ug2] protein mix

western blot sampling 9%

@ western blotting
10% Running gel — 30% acrylamide mixture, 1.5M Tris—HCl(pH 8.8), 10% SDS,

1096 Ammonium Persulfate, TEMED

Stacking gel - 30% acrylamide mixture, 1.0M Tris-HCl(pH 6.8), 10% SDS,

d

L 2 2 A

=S

1096 Ammonium Persulfate, TEMED
western gelS YHE 3l western running bufferE 2l &
v 2] F4]3k western blot sample loading
100V, 400mAE western blot?l 3}
loading &% ¥ gel?] protein bandE membrane®. = transfer 7 3}
membrane-s 5% Skim milk® 1A%} blocking
washing buffer 2 membrane washing (1024 33 k&)
1st antibody(iNOS) overning, 2nd antibody(anti-rabbit) 24| 7} incubation
ECL solutiong AF&3to] 2% sized band =<l

actin &<l 93 a9 antibody % incubation ¥38 & AP solution® Z band
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INOS =

actin

LPS 1pg/ml - + + + +
HJH-09-142(uM) - g 01 1

iNOS -

actin

LPS 1pg/mi 2 * * * *
HJH-9-146(pM) -~ 7 0.1 0.2 0.5

iNOS p— ==

actin -_ e - >

LPS 1ug/ml 7 * * o e
HJH-0-148(uM) - 5 10

iNOS

actin & o §

LPS 1pg/ml - + * + +
HIH-9-150(uM) - e 0.5 1

iNOS | - -

actin | " ¥

LPS 1pg/ml - + + +
HJH-10-156(pM) - -

Fig. 3. Raw 264.7 M ¥ 9| Nargenicin %4 %8 A] INOSe| W& w3}

= il
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- HJH-09-142 :

- HJH-09-146 :

- HJH-09-148 :

- HJH-09-150 :

- HJH-10-156 :

off

=9 27 & iNOS protein expression®] "] x| A3FS 3913k
I A FEoA I TR 4F4E TR EAHOE INOS
expression®] A .
AsEAE cello] Z4e HW FRANSY, SA4] gle F
Aoy s A A A &

(o}
© & INOS expression©]

ﬂlﬁ

==

&4 A= Ae gl

LA celloll Aol YEtUA FUE FRARN, 58 X5
= Al sEEHel sty e fFRAlEC nlE 2
FTEE ﬂﬂ%?% iINOS expressiond| &S e,

HJH-09-142¢} #2L s22 AHgst9 o, Ay gReEd o
Z INOS expression< A
HJH-09-142¢} £33 52 A9 oH, o] &4 94 ¥%

oj&A o7 iNOS expressiong A g,

o

= F&o QojA = tA Ao|7F wWol YA|YE 589 Nargenicin A4 &5
iNOS protein expression®] 93FS v x]o] Negative controld} H|523} level7}#]

& dANTI= Ao U4
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el
[RUB Y
jui)

U, SFFT!A] AT o] APEA Fooli= Hee] §liE o=
Nt 2RSS ANAQ Sprague-Dawley HEoA = &35 #zEE A4
, WRART] 9 2EH Y AR 5 ooy el o wAd o dvkar &
S(Kim %, 2002; Burn %, 2006). A& ]7} T 718 Awksa o9 =

Aol AFe] WMt ARHA ghgrow, §
4

o
M

)
2L
32
E]O o

m

dukg o2 slstE Ao H HAAEE WA AR (median lethal dose, LDsy)
o o8 7}E. Hodge®} Sterner (1949)2] FAEHA E-fol 93H, A w2 A
ol AT ke 1 mg/kg olsteld WEA =HoH, 1-50 mg/kg °o|H TT5&
AEZ, 500-5000 mgelH ¢Fst A EZ, 5000~15000 mg ol HAPA F=
4, 183 15000 mg/kg ol el iAo r Fajsivia o v SA4NE
US EPA, 1998)oll A= A 7-Fo Qg2 Al=Fo] AF kg® 500-5,000 mg (class IID)
W ooFgk =AdEHola, 5000 mg o] (class TV)olH Fadt Ed= F53kal 3l
718 Z)Ee oAzt B uf, CS6829] A HbEAALE S 10 ml/kg (W]F©] 1
A% 10,000 mg/kg)s B3]st7] wiiEo] dAAd FEH AR A EE
AgHom o CS6829 @A TFol= 10 mlkg olshe] koA ojuw gk
Aex Z#etA gon, HAAAEFS G5 BF 10 mlkes BEdE Aow
UebdE. 2 A8 Ay CS6e827F it b E =H-oleke As HoFH, AR AV

A=A N7 de AT

~ MU
oxt 0_>L d m

°

ruE o

=

3. o]frAbES o] &3k CS6829 Ve Ad He

75 AFREA CSE82 WE=ES Zes S f8 20089 ol fAES
Aot (ABEA, A UEA mobd 3 454 J1E WY AR(E R B,
Eo)pef 25, oMo 358 Fol wet wAW Fol, EuIEtle] )] 2897
01%9 FEz AR A7kste] Fol & F Ao, AN, ARLEIE
2 ok %7}% AN T A, CS6828] Hol &

—M

thzol vsf Aol vha ST
akolal, AR Add Aoz FAHAE 2 APoAM= el AR ol
A= 27 iﬂ%o] o] ¥ d@dte] ¥ = A= oy dPdE B
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(Figure 1

A. Day O

B. Day 14

Figure 1. Photographs of chickens on day 0, 14 and 28.

- 177 —



Table 1. Mortality of chickens fed with diet containing CS682

Group

Control 0.1% 1%
No. of chickens examined 40 40 40
No. of survivied chickens at

39 38 38
term
Artificial selection 1 2 2
No. of death 0 0 0
Death rate (%) 0 0 0
Survival rate (%) 100 100 100

AN T KA AFwstE dEE] fete] FAg fgAIde] AA AT
0.1% FoT3 1% Folv L% txary ¢9eks. a8y A4 Ad7)131 5

2 2179268 g AlFo] F7h3hd wlslke] 0.1% Folite 2343278 g Z7}3te]
g AAF7E 15 Agdx F AAe FAFo] vixaru o 7.5%
=%S(Table 2). 1% Foi+& A@7|Heet AA AFe] 2167226 g 5713k
xarwty FA ol of 120 g Ao HTable 2), /MAE FA&S dzx9
60256 g/chickenoll ®l8lel 1% Folito]l 61410 g/chicken ©& ¢ 1.9%

(o

o
@)

/éﬁu 7] & QF O“% ZFA &L UExao] 1996 g/chicken/day, 0.1% F
g/chicken/day, 1% Folito] 20.37 g/chicken/day® A& 7|7+ <
xTEY 0.1% Foje oF 10.3% |, 1% For2 oF 2.0% =A YEeEFI(Table
3).
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Table 2. Body weights of chickens fed with diet containing CS682

Group
Control 0.1% 1%
No. of chickens examined 39 38 38
Body weight
() Day 0 1707.52 1686.92 1663.64
g

Day 14 8884.50 9673.44 8799.92
Day 28 23500.20 25119.70 23335.90
Weight gain 21792.68 23432.78 21672.26

Table 3. Feed efficiency of chickens fed with diet containing CS682 (Day 0 to

28)
Group

Control 0.1% 1%
Initial body weight (g/chicken) 43.78 44.39 43.78
Fianl body weight (g/chicken) 602.56 661.04 614.10
Weight gain (g/chicken/day) 19.96 22.02 20.37
Feed intake (g/chicken/day) 42.35 44.60 44.03
Feed efficiency (feed intake/weight 519 509 516

gain)

Hrtslr] 98 SreEtAr & FAas A 53 3L A
o5 Eold e #AAHA ekks(Figure 2, 3, 4).
SRS o
I

=3
Aol Ao 7+ A ke Fo)Hd

A8 2Y6A St A AR o



Figure 2. Necropsy findings of the control group (A : muscles, B : heart and

Figure 3. Necropsy findings of the 0.196 group (A : muscles, B : heart and

liver, C : intestine, D : gizzard, E : brain).

liver, C : intestine, D : gizzard, E : brain).

Figure 4. Necropsy findings of the 19 group (A : muscles, B : heart and liver,

C : intestine, D : gizzard, E : brain).
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Table 4. CBC (complete blood count) of chickens (Day 28, n=10)

Cholesterol
(mg/dl)
Creatine (mg/dl)

Glucose (mg/dl)
GPT (U/L)
LDH (U/L)
NEFA (mg/dl)

Total protein
(g/dl)

134.98+13.11

2.52+0.49
250.40£13.38
1.27£0.52
329.86+33.11
436.34£140.65

3.24+0.24

164.88+10.28

2.49%£0.40
251.49%£10.58
1.53£0.53
342.08+£25.48
440.84%£159.70

3.47+0.23

Group
Control 0.1% 1%
RBC (M/ul) 2.60%0.09 2.50%+0.23 2.61+0.28
Hemoglobin (g/dl) 9.40£0.48 9.07£0.73 9.29+£1.02
Hematocrit (%) 24.70+0.67 23.31%+1.71 25.51%5.60
Leukocyte (K/ul) 9.83+4.24 6.844+5.28 9.48+6.31
Neutrophil (K/ul) 1.444+0.79 0.93+1.13 1.54+1.73
Monocyte (K/ul) 0.95+0.48 0.65%0.59 0.09£0.76
Eosinophil (K/ul) 0.08+0.06 0.05£0.08 0.11+0.18
Basophil (K/ul) 0.01+0.02 0.01£0.01 0.02+0.04
Platelet (K/ul) 47.40%+5.41 45.50+12.97 47.86+7.84
Table 5. Blood chemistry of chickens (Day 28, n=10)
Group
Control 0.1% 1%
ALB (g/dl) 1.324+0.11 1.414+0.11 1.4140.15
ALP (U/L) 2427.22+£1169.53 2836.22+1513.10 3497.50+1406.84
BUN (mg/dl) 4.09+2.54 5.08%+1.92 4.26+1.24
Calcium (mg/dl) 7.67+1.07 7.91+1.13 7.53+1.17

152.72+18.03

2.56%0.22
271.62%£25.11
1.46+0.71
340.23£38.13
369.60+£155.44

3.51%£0.30
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10, 925 o] £3 CS682 B ATFF FASAA Y

CS682 wEHde 93 ATFol F454S Hrtskyl Al g vk A
CS6R2 T=4d&
o] A EYIZE FeF Al EES @Eel AiE Table 19 2958, 3 5000 mg/kg
Fofarell A= 217} AbgEhel e, 2000
mg/kg Eroﬂiloﬂ/ﬂ% Fol & 1dAef AvpE]7F Abdsk oA 2000 2 5000 mg/kg
FolwolAs F oube] EFUF ARESE wEbA 2 ARzl o3k CS682
o] @3 HT5F A AL 800 mg/kg¥ 2000 mg/kg Akeldl A= Aoz
Ebe

Table 2014 H=npel o] A|PEHL] Fojof By Fo URAAEL &+
A ZFA(decreased locomotion) @} +-2}9] (prone position), <5 (coma), ¥ <9](lying
on side), #2}¢](dorsal position) ¥ AFEol&. A 800 mg/kg F
of el A7 dAAoE 18 HEEHA S A 2000 meg/kg Fo ol A
= Tl 58 AaE)et BeEHrt dEHS A, Fo F
(4d)o] #ZAFAL. FAH 5000 mg/kg FolwolAE FoFd
ghet Heke(4el), S0, Fo@EHD, s @H) B AP @CH)o] #E AL
ol & 1Al AFE@EHEDe] HEHA S A 800 mg/kg FolwodAe FoAdd

S A7 Ao m 28 RN I 2000 meg/kg FolwolAE F

oAFddel &4 FaEED H49@HE) 2 APFEE)e] #EEHJoH, dA
5000 mg/kg FATAAE FoAFddel FA FHA(HEDe S0, FAR2
g), ekl 2eE) 2 AP ED o] %%Q‘R}%

rir
<
£
ot
e
o
Do
o
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=
<
ol
4
2
o
w
o
=

_,_4

£ 24 A F2 PUle) Kby ol #
5 BES A3 (Table 4), AN @=49 Foo 7|la ojwdh o] Fadx: #EHA
O} ol O,
o AT

AEA o E vh2o CS682 =49 &3] AT 2000 mg/kg ©]de] &
Foll AbdE s o, 800 mg/kg FAETAM FAFA dAHem 7
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kg $BA AAE FUSHAoU B SHGYS dHuA ¥e. ¥ AY

zastel A w2l ek CS682 wE A whEAAEE 800 mg/kgd 2000
s}

Table 1. Mortality in male and female mice after a single oral administration of

CS682 (n=hH)

Days after treatment

Dose —
talit
(mg/kg) 0 1 23 4 5 6 7 8 9 10 11 12 13 14 W
(%)
Male
0 " 0 00 0 0 0 0 0 0 0 0 0 0 0 0/5(0
800 0 0 00 0 0 00 0 00 0 0 0 0 0/5(0
2000 0 4 00 0 0 0 0 0 0 0 0 0 0 0 4/5(80)
5/5
5000 2 3 00 0 0 0 0 0 00 0 0 0
(100)
Female
0 0 0 00 0 0 0 0 0 00 0 0 0 0 0/5(0
800 0 0 00 0 0 0 0 0 00 0 0 0 0 0/5(0
5/5
2000 5 0 00 0 0 00 000 0 0 0
(100)
5/5
5000 5 0 00 0 0 00 0 00 0 0
(100)

* Number of dead animals
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Table 2. Clinical findings in male and female mice after single oral
administration of CS682 (n=5)
Dose Days after treatment
(mg/kg
) Findings 01 2 3 45 6 7 8 9 1011121314
Male
0 Appears normal 5* 55 5 5 5 5 5 5 5 5 5 5 55
800 Appears normal 4 5 5 5 5 5 5 5 5 5 5 5 5 55
Decreased locomotion 10000 O0O0OO0OO0OO0OOO0OO0O0O0
92000 Appears normal o011 11111111111
Decreased locomotion 50 0 0 0 O0O0O0O0O0OO0O0O0O0O0
Prone position 20 00 0O0O0OO0OO0OO0OO0OO0OO0OO0O0
Death 0 4000O0O0O0O0O0O0ODO0OGO0OTO0ODO0
5000 Decreased locomotion 50 --—=-=--=--=-=-=- === - -
Prone position 4 0 - - - = = = = = = = = = =
Coma 10--—=---=-=-=-=--=- - - - -
Lying on side 30 —=--=-=-=-=-=--=- == = - =
Dorsal position 20 - =-=-=-=-=-=- === - = = =
Death 23 - =-=--=-- - - - - - - -
Female
0 Appears normal 5 5 5 5 5 5 5 5 5 5 5 5 5 5 b
800 Appears normal 3 55 5 5 5 5 5 5 5 5 5 5 55
Decreased locomotion 2 00 0 0O0O0OO0OO0O0OO0O0O0O0O0
2000 Decreased locomotion 5 - - == - === - - - - - =
Prone position 2 - - - - = = = = = = = = = —=
Death 5 - - - - - - - - - - - - - -
5000 Decreased locomotion 5 - - == - === - - - - - -
Prone position 5 — = = = = = = = = = = = = =
Coma 2 - - - - - - - - - - - = - =
Lying on side 2 - - - - = = = = = = = = = —=
Death 5 - - - - - - - - - - - - - -

* Number of animals with the clinical signs
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Table 3. Changes of body weights in male and female mice after single oral

administration of CS682 (n=5)

Days after Dose (mg/kg)

SeX reatment O 800 2000 5000
0 26.941.91°  25.640.80  27.342.54  26.8+1.72
1 29.942.45  29.8+1.11  30.3 -

Male 3 30.941.10  31.641.37  29.3 -
7 31.841.02  32.841.59  31.6 -
14 33.342.00 347+1.63  35.6 -
0 9414133 2494159  21.041.14  23.2+1.44
1 26.5+1.46  26.1+1.55  — -

Female 3 2594078  25.3+1.26  — -
7 26.340.76  257+1.82 - -
14 27.640.69  28.4+1.07 - -

* Values are presented as means=S.D (g).

Table 4. Necropsy findings of necropsy in male and female mice after single oral

administration of CS682 (n=5)

Dose (mg/kg) Male Female
0 0/5° 0/5
800 0/5 0/5
2000 0/5 0/5
5000 0/5 0/5

* Number of animals with abnormal findings/total number of animals examined.
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Table 5. Organ weights of male and female mice after single oral administration

of CS682 (n=bH)

Sex Dose (mg/kg) 0 800 2000 5000
No. of male rats 5 5 1 -
Body weight at term 33.3£2.00° 34.7£1.63 35.6 -
Lung (g) 0.22£0.024  0.20£0.010 0.21 -
e body weight @ 0.66£0.044  0.58£0.035  0.59 -
Adrenal glands (g) 0.0060.0008 0.005%0.0007 0.006 -
per body weight (%) 0.017£0.0021 0.015+0.0016 0.016 -
Liver (g) 1.81£0.107  1.75x0.117 2.26 -
per body weight (%) 5.43+0.205  5.04%x0.308 6.35 -
Spleen (g) 0.10£0.016  0.10£0.008 0.11 -
per body weight (%) 0.30£0.042  0.29x0.021 0.31 -
Kidney (g) 0.56£0.039  0.54£0.059 0.58 -
per body weight (%) 1.67x£0.061 1.57+0.157 1.63 -
Thymus (g) 0.05£0.017  0.05x0.023 0.06 -
per body weight (%) 0.16x0.043  0.15x0.077 0.17 -
Heart (g) 0.18£0.016  0.17£0.023 0.17 -
per body weight (%) 0.54£0.045  0.49£0.048 0.48 -
No. of female rats 5 5 - -
Body weight at term 27.6+0.69 28.411.07 - -
Lung (g) 0.18£0.030  0.18+0.012 - -
remale o body weight 9 06440096  0.63£0.027 - .

Adrenal glands (g)

per body weight (%)
Liver (g)

per body weight (%)
Spleen (g)

per body weight (%)
Kidney (g)

per body weight (%)
Thymus (g)

per body weight (%)
Heart (g)

per body weight (%)

0.008£0.0010 0.009=£0.0006
0.028+£0.0041 0.031£0.0015

1.47£0.169
5.31£0.565
0.10+0.016
0.374£0.060
0.36+0.029
1.32+0.118
0.08+0.019
0.300.066
0.184+0.038
0.65%0.138

1.54+0.024
0.390.169
0.10£0.010
0.3520.029
0.3710.015
1.30+0.071
0.0910.025
0.30£0.081
0.13+0.009
0.44+0.030

* Values are presented as means+SD.
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A54d @ A2 T A (CS682 1L BATF 7 9 ALY 3

AT A 1 ¢ A A

=

1. Nargenicin®] 34 FAxe] 28 2 A

p
]

¢4 pBR99 A7IMEEY
oA 7e] Feld 285 pBR9 ¥ pBRES @7IAE BAAT A7l % 3940 kbE F
26711 orfE £4.

225 pBRIS ©]-€3F nargenicin gene clusterd] %

F709 PCR primer set® 244 ©3H& FHE colony hybridization . Z5-E 2712
cosmid (pBR62, pBRI8 ¥ pBRIIQ)E AUt} 7} dojd cosmidE BamHI# Smald} ¥HS-
ste] 710l A% pBR9SE H WSS .

Pyrrole group®] 44} 4

ol orfl3, orfl4 ¥ orfl57} nargenicin <°l| pyrrole ring® A HA e #Hofs= F4
A2 orfl3 % acyl-CoA dehydrogenase (ngnN3), orfl42 proline adenylation protein
(ngnND)ell #1E&}FaL, orfl5< proline carrier protein (ngnN2) 71502 EAFHAL. ol #
AA= oln] 4 A 1= clorobiocin % coumermycin®l] 3 UE pyrrole AEA F-AX}

Yt Be FAS BolE

Nargenicin® Z&9 pyrrole B34 FA2F2] &9l

NegnN1< proline adenylation protein® 7] o= #4o] Hglow oln dHA A= GrsA
E o|&3lo] NgnNl1 ©de] g g 25 wHEo] nudt9 3 ATP binding domain®=
gel. 3709 &2 (NgnNI, NgnN2 and NgnN3) ¥h-&ol ofs F4¢ 23S KOHZ uhe
ko] U AdEo] oaslal 3= reference sample?! pyrrolyl-2-carboxylic acidet ¥ x]3}¢
= A¥EE HPLCAA Flekgl o, o] ZA3EE Mass®E Ikt mebA 3709 B4

7F A B oA A A W o R A AL Qs BolETh
2. Nargenicin® atA4Hd 70 2

S-adenosylmethionine synthase (MetK1-sp)

SAM synthase FAA= o)A AE F7FA1 7] =9 2472 9 methyl group? &
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Ho2 23 A3 . Streptomyces peucetiusol A metKl-sp F+dAE PCR
Wo] o8 ZFE = K do] Nocadia LHWE Sl pNVI&o| A x33}e]
PNVmerK18-& A 23} 2.

AZFE pNVI8 WE 2 pNVmerKI18¥M EE Nocardia sp. CS68291 A o] )]
Nocardia sp NV18 ¥ Nocardia sp. metK18 752 A 23S AZd
7oA Nargenecin A4Hd-E B3} & Blas 43 metK7F Aol w7}

A= [¢)

opAtFrol mlel 220)e] Bkl TvlE AS = da

ACC waulElo] o3 Ay F7}

A 2FE malonyl-CoA $HAdel 223k 3718l AR (accA2, accB 2 accE) 7} A&

¥ pNVaccE Nocardia sp. CS682¢ Aoldte] Nocardia sp ACCI8 =5 A2

A ZE pNVI8 WE 2 pNVaccE Nocardia sp. CS682¢1 Ho|sted Nocardia  sp
NV18 ¥ Nocardia sp. ACCI8 w5 A& 5. AZFE ol A
Nargenecin® L 2FtAFS] acetyl-CoA 2] %3} malonyl-CoA2] %9 S7lojF-&
813819 5. Nocardia  sp. ACCI8 %) A-F 3¥x2+29] % malonyl-CoA 2]
69 2+2] -9 malonyl-CoA #wt ol e}

A 2FE pNVI8 WH 2 pNVace WHE Nocardia sp. CS6820 Zo]ste] Nocardia

sp NV18 ¥ Nocardia sp. ACCI8 #FE A A 3H S, Azl 1+l A

Nargenecin AAHE & W3S Hask A3 metK7F Aold w771 of A w7
B

[}

o]
P =N

N

H ] 32812 Aol ZylE AL

thrbgstel & Aol 3ol precursor feedingoll 93 AR Z7)

o]

of A1+ F¢l Nocardia sp. CS682¢] 30 mM methyl oleateE feeding 3+ 7% 4.624H,

15 mM sodium propionate 4.258], 15 mM sodium acetate®l] &= 2.818] AAHAE =7}
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3L, Nocardia sp. metK18 i3 oleateE feeding 3+ 4-¢ 5579, 15 mM
sodium propionate 5.0181, 15 mM sodium acetateol] 3= 3.648] AAHA =7}
Nocardia sp. ACC18 #F3 30 mM methyl oleateZ feeding 3+ 74-% 6.994], 15
mM sodium propionate 6.468], 15 mM sodium acetateol+= 5.5848] At FI71H=E
HojE

3. Proline feeding®l| 2]3%} isonargenicin® A4k

[sonargenicine YHFAQl opAFFo A Nargenicin Alol] W]adle] oF 5% A% kg vk
Nocardia sp ACCI8 5 5ol MEE peak’} TLCO &elo] e NMEE peakE: &
3l F%E 3213 A3} isonargenicin®-S NMRI Massell & +%271 #2154

Nocardia sp ACCI8 7| prolines feedingg 39S 7% isonargenicin® <Fo] &

o] o]
%7]—‘C"]t 7)_13 % '}l: 9}]\'15'

-
o

I dm
o

4. Nargenicin® R34 Fdx9 F&

(1) Nocardia sp. €S.6829] library 2] #2353} pyrrole-2-carboxyl moiety % %.

Nocardia sp. CS.682 1=+ total FAAZEFE cosmid BE<S pOJa46= A=}k

library & A 2F3FA . < 12000 colonyE SH. &% &

A T T e AE = gg=e A AR dVIAde] KalEoe] lo
o ol APE FHdAE F PKS F& vwd] B, A7IA D3 domain 74 €|
AbeE Ae & 4 e, £33 PKS domain % ketosynthase (KS) domain®)
& B T PKSolA oF 70-80%9] =& FAMY S HolnE 7]E PKS
S domaing ®HOE ARG HAShE CS682 HE|AEel= ARA
o

Fust] 8 AN e GRS AL

=
Ho
Jo
o
5

S
1

A
A
A

do do R
29
RS
~
@]

=

5s

N

- (£S6829] 71| e 91 pyrrole-2-carboxyl moiety A3 04 w3 o] 34
Nocardia sp. CS682 =% UuH4 2l Streptomyces FA 3 o 709 polyketide A
T4 Hdo] & T O] At mpebA CS6829 =53 159 APAE FAAE
ARgshe] CS6829 A FHAE ZE35H7] A& BHHE d4 skl (Fig. 1.
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Fig. 1. Pyrrole-2-carboxyl moiety9] 434 34,

CS682+% pyrrole-2-carboxyl molety & 7F<aL 1o, o] G329 AL olH| clorobiocin
ol & A Ut Pyrrole-2-carboxyl moietys L-proline® Z5-H 37l (CloN4,
CloN5, CloN3)& A Aol 5™, o5 F4dArek nlalste] DNA B3& #l4sh7] <14
A B AR dE A 9 Pyrrole-2-carboxyl moiety S 71Aal 9= A Eo] 47}
A7k olem (Fig. 2), A 4 <ol A WA dgshs AMP ligases HH 22 8]

el polyketide A E-& Hlarste] 6749 FAol =& B2 2A80E (Fig. 3).
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Margenicin

HO

Lo

Pvoluteorin

Chlomb}ocm
Streptomyces roseochromogenes DS Pseudo PRAHGS: 5,
12.976. M18

”@@&@

Coumermycin A
Streclomyces rishiriensiz DSk 40489

Fig. 2. Natural product including pyrrole-2-carboxyl moiety
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Clak4 mtll clH AASAA TPNAPA PAG.MI AHI Gla cERE PE &4
Coula GEH an A TPEAFPANMGFAG AIA GORN PR 54
PIF M- - - HEC PoNEA AQQCB AIG (=1 L=} T A 81

Consensus MSXRRGLHDLLX&SAARTF‘XAPAVVGPAGSMSYGELDERAXALAGRLSGKGI KKGDRVL WS PK

Ll

|
Claka [} rEBP san cAP Ptlr AcH 127
Couba GA PMDP SGA - Pﬂl’ ACH 127
PIF Al Gl PMBP l SGAS b'rnl -1 125

Consensus SANA | AAMOAVLRLGAIYI PVOPLTPPERFHX IARESGA - LALGAFXDLSARVFSFI.RORLAGV
o

Clok4d ALP I'NA l"rAl' I TSGSTGTPRGHMcHMsSH A A A 187
Coula a0 P PRTP i'rl: TSGSTGTPEGHMCHSH 187
PItF PACP PAIASAP TSGSTGTPRGMARSH AN] 189

Consensus DLDAAFVFKAL PJ(XPVSTKVEPD- == -DLA\" 1 LYTSGSTGTFKGVCXSHRSALAF IDWA\.‘AEI.A
220 240

1
ClaNa PGPG nulsc THcAA PEM 251
CouNd PGPQ ANHSG THGAA FSA 251

PiF EEAR SMHAP SEcGAA I IPA. M 253

Consensus PGPQDRFANHBGLQFDLSVLDLYAAFTVGAAVCI'. I XKEFAYXFEXLUEFLHHER i BVWYEVPBV

o ==
CloM4a M GG PAPET Y acErEriicE A NERGPT 314
Couba M GG PAPGTHRA acEPEPlG A GPT 314

PItF M GHN -ascpPEs AcEPEP GPT i:'l'c 316

Consensus I.ILMLRDUBLLDR?&PXTLRALLFMQEPFPIGXI.R}\LA AWSDARI.I.NLYGPTETNVCTYHEVR

ClokNa PCSaG SGFT AG lﬂfmﬁ
Coukid PCSG T araBc
PItF G TAASG b i G

Consensus P.ﬂDLhRDLP\"P 0 GXPCSBDRV’WIQKRKDOSEAEPGEEGELUUSGPTVF‘GYWHQPQEGPY#TGD

i e
Clohd PHGS GRHBEM GH ENSHEG AlG) NEAA 442
Coul4g PRGS G G GH SHaG ANGRG A A 442
PIF Q) GH L] =1 (= AHP l NAaccomBAABNA P 444

Consansis RVKVRPDGSFDYLGRRDDMVEK I RGHRIE LGDVV&ALXSHPGVAEAAV TAVGXGLDRXLAAFVVR

Clakg shass SHNEA APHM P I IN G IP!EGAH ac 501
Coukd G5 A L‘-H A L‘- AA GPal GG 5&1
PIF GEA PR HAQ’G e g,

Consansus SXGSHFGNVELRRHLHXRLEPHM IPGDI RFVDXLPKNDRGKLDLAALQXPLHGKQKVQG

Fig. 3. Multiple alignment with CloN4 from S. roseochromogenes for DNA probe
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A ZE PCR primer %o NocF:ACS GGS ACS CCS AAG GGS GT, NocR:GCA
SAC GTT SGT CTC SGT SGG SCC7F &4 oz PCRel 93 #dx @#H-S
A AL PCR ©HL T-vectorel] A Z3A3te] A714d &4 Ay CloNy v
3t A3} 86%9 FAME S HoFe (Fig. 4).

Fig. 4. PCR product from Nocardia sp. CS682 total DNA by the degenerate primers

(2). Nocardia sp. CS.682¢] library®] screening

Aol BHHE FAA @He] o3 13712 cosmidE Southern blotel] ]3] thA] &
A3 61, 62, 54, 48 2 58 cosmid’} FE How o]E F cosmid 103 52&
subcloning® @744 #4& 33 5 (Fig. 5).

Digestion of hvbridized cosmids by BamHI

from second colony hybridization Southern hybridization of selected cosmids

o b1} 42 45 42 49 b | 5 54 55 & 6l

Fig. 5. Nocardia sp. CS.6829] library®| screening
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2 p
ZE%o pBR8 % pBRYE d7|A4E M. A7)+ & 53 kb= &

(3) &#4 pBRS BRIS 7|4 <E A
o7l Ezld
orfE 4.

Table 1. pPBRY/PBRY ¢471A4<d HA

s 26719

. . Similarity/
Gene Proposed Function Size Homology Ide ntit;y
(Y0

orf 1 Monooxygenase 492 bp Monoxygenase [Mycobacterium marinum M] 53/33

Acyl CoA dehydrogenase/ .
orf 2 Ox}}llgenase/hy dlyoxyl%i se 1167 bp Oxygenase LndZ5 [Streptomyces globisporus] 47/63
orf 3 Acetyl CoA carboxylase 1527 bp ﬁfggﬁ;gz’; ?A?ng?e’ carboxyl transferase,beta subunit 63/73

. Acetyl/propionyl-CoA carboxylase, alpha subunit

orf 4 Acetyl/propionyl-CoA carboxylase 1365 bp [Sactg]hzﬁ'orgono};pora viridis I%/SM 43817] 63/75
orf 5 Lipase/esterase 825 bp Lipase/esterase [Amycolatopsis mediterranei U32] 56/70
orf 6 SARP family transcriptional 756 bp Transcriptional regulator, SARP family [Frankia sp. 50/67

regulator EUNIf]

. L HxIR family transcriptional regulator [Streptomyces
orf 7 HxIR family transcriptional regulator387 bp pristinaespiralis ATCC 25486] 55/67
orf 8 Cyclase protein family 750 bp Putative cyclase [Nocardia farcinica IFM 10152] 41/56
orf 9 Acetyl CoA carboxylase 558 bp ?ﬁ?géﬁg&sgzﬁoiglai%]blonn carboxyl carrier protein 47/57
orf 10 Diguanylate cyclase 1077 bp Digganylate cyclase [Mycobacterium gilvum EYR-GCK] 39/54
orf 11 Carboxypeptidase 1260 bp ri?itil?e iizng/i[lé;zé]irboxypeptldase [Amycolatopsis 51/65
orf 12 Condense enzyme (NgnN4) 777 bp %i?;ﬂ?;;}cclg;dg:ggggigf polyketide synthase 36/49
orf 13 Acyl CoA dehydrogenase (NgnN3) 1128 bp o] ol protein dehydrogenase [Streptomyces 64/76
orf 14 Proline adenylation protein (NgnN1) 1506 bp Proline adenyltransferase [Streptomyces antibioticus] 67/75
orf 15 Proline carrier protein (NgnN2) 276 bp  Proline carrier protein [Streptomyces antibioticus] 41/65
¢ 12LuxR family transcriptional 378 bp Putative transcriptional regulator, LuxR family 61/76

or regulator [Streptomyces hygroscopicus ATCC 53653]
orf 13 LysR family transcriptional regulator1866 bp i‘gsllfc Oflezrillgggﬁlscrlptlonal regulator [Streptomyces 55/68
orf 14 Short chain dehydrogenase 849 bp [ifll;);toc?fclﬁs digi?ﬁﬂfe%aﬁe/f%%gﬁmse family oxidoreductase 33/48
orf 15 Phytanoyl CoA dehydrogenase 627 bp g}_lry(t:%wg;b%g? dioxygenase [Micromonospora aurantiaca 45/59
orf 16 Cytochrom P450 1491 bp PauC [Pseudonocardia autotrophical 48/62
orf 17 O-methyltransferase 897 bp gﬁ;;ﬁgesgg]' methyl transferase [Streptomyces 41/56
orf 18 Short chain dehydrogenase 843 bp %’;ﬁtl}/gl zg(jrt chain dehydrogenase [Nocardia farcinica 43/57
orf 19 Monooxygenase 1266 bp Shyl8 [Streptomyces hygroscopicus subsp. yingchengensis] 55/67
orf 20 Cytochrome P450 superfamily 1269 bp Cytochrome P450 superfamily protein [Mycobacterium 39/57

protein avium subsp. avium ATCC 252911
orf 21 Aldo/keto reductase 1047 bp 4A3l(11261§et0 reductase [Geodermatophilus obscurus DSM 54/68
orf 22 Polyketide synthase gg,ooo
Off Of2 Of3 Off Ofi Ofs  Of7 Of8 OP  Ofl0 am Ofi2 Ofi3  Ooft4 OIS OfI6  Ofi7_ Ofis Of19 00 Ofl o2

b i i

(" ngnd  ngn3
|
\

B ESES GG

ngnl Ilgl\L?j
I

Fig. 6. Partial Nargenicin gene cluster obtained from Noc8 (pBRS) % Noc9 (pBR9)

sequencing
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(4) 289 pBRIZ ©]&3F nargenicin gene cluster®] =7

nargenicin gene cluster’t & 2671 orf7F ¥ JAT nargenicin aglyconeoll &l@ sk
polyketide synthase ol’d== 42 27171 ¢F 40 kb Foll 53] 45 8kb7l L5 & ¢
27 EAEAE w2 BF 5 vl &8tel Anargenicin aglyconeel @l'ddh=
polyketide synthase #7#F &En7F He3gh o2& FHi ddEH= FAA orfA4
(monooxygenase)9t orf26 (PKS ) F44E §44 23S 47] 98 PCR primerE A2kt
A+ (Fig. 7).

Mgnmoxy (1280bp)

NMgnmoxyF: GCAGGGTCAGGTTCTCTCGGCGCG
MgnmoxyR: AATCAGCAGCAGCGAACGCTGCGE

Mgnpks2 (1000bp)
MgnpkslF: ATGCCGCTGCCTATCGACGGTGALC
MgnpkslR: GTAGATGTCGTCGCOGTCGGCCAG

Fig. 7. 54 &8 47] 98] PCR primer

F709 PCR primer set® 244 ©3H& FHE colony hybridization . Z5-E 2712
cosmid (pBR62, pBRI8 ¥ pBRIIR)E A+, 7 DX cosmidE BamHl¥} Smal3} ¥HS-3}

of 7]&e] #24¥ pBRISH W wael S (Fig. ).
(A)

Fig. 8 (A) BamHIo] WFS-¥ cosmid, (B) Smal®] ¥F$-3F cosmid

(5) Pyrrole group® 44 #4

270 orfl3, orfld 2 orfl57} nargenicin ¢ pyrrole ring] A% Ao HAoet= -4
A2 orfl3 % acyl-CoA  dehydrogenase (ngnN3), orfl42 proline adenylation protein
(ngnNDell 3138131, orfl52 proline carrier protein (ngnN2) 71522 B4¥, ol {44}
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olu] &4 = clorobiocin

gk e FAME Bolw (Fig.

carboxy-
peptidase
Nargenicin A
cloN{  cloN2
Clorobiocin |::>
couN{ couN2
Coumermycin A |:>

................... O
G
Cs

2 coumermycin® E3H E pyrrole AT FAAF
9).

luxR
ngnN2 regulatory gene

cloN% cloNf cloN’ i

ouNG couN7

550

%

Fig. 9. Comparision of gene cluster responsible for biosynthesis of

pyrrole-2-carboxylate of nargenicin A; (ngn), clorobiocin (clo) and coumermycinA;

(cou) in Nocardia sp. CS682,

S. roseochromogenes DS 12.976 and S. rishiriensis

DSMA40489, respectively (blackarrows).

Table 2. Comparison of amino acid sequence of NgnNI1, NgnN2, NgnN3 and
NgnN4 with the respective homologs

Genes Organisms Genebank accession Number of Identity to Similarity to
numbers amino acids NgnN1 NgnN1

ngnN1 Nocardia sp.CS682 ? 501 100 100

idmJ S. antibioticus ACN69986 496 67 75

cloN4 S. roseochromogenes AF329398_23 501 57 69

couN4 S. rishiriensis AF235050_12 501 58 69

pltF P. fluorescens Pf-5 AF081920 498 50 65
Identity to  Similarity to
NgnN2 NgnN2

ngnN2 Nocardia sp.CS682 ? 91 100 100

idmK S. antibioticus ACN69987 91 42 66

cloN5 S. roseochromogenes AF329398_24 89 40 62

couN5 S. rishiriensis AF235050_13 89 39 65

pltL P. fluorescens Pf-5 AAD24885 88 35 55
Identity to  Similarity to
NgnN3 NgnN3

ngnN3 Nocardia sp.CS682 ? 375 100 100

idml S. antibioticus ACN69985 377 65 77

cloN3 S. roseochromogenes AF329398_22 376 55 75

couN3 S. rishiriensis AF235050_11 373 56 73

plIE P. fluorescens Pf-5 YP_259897 380 51 67
Identity to  Similarity to
NgnN3 NgnN3

ngnN4 Nocardia sp.CS682 ? 258 100 100

chiB3 S. antibioticus AAZT7676 347 35 49

cloN2 S. roseochromogenes AF329398_21 355 30 43

couN2 S. rishiriensis AF235050_10 355 30 43
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B9 FAARZEE nargenicin®] %3HE pyrrole 719 oAAEE A (AL

93 2= (Fig. 10).

FAD
‘_&\
N3 % s%
H
OH NganJ OAMP NganJ }\{ NgnNS’ 1
T\‘I — T\‘I — B: NgnNZj _— NgnN2
H 0 H [¢) /\
’ or air
gH AMP NgnN3 loxida[ion
fizoval u

NgnNZ’

CH;

Nargenicin A

Fig.10. Schematic representation of conversion of L-proline to

pyrrolyl-2-carboxyl-S-PCP, catalyzed by NgnNI1, NgnNZ and NgnN3.

(6) Nargenicin®| 23rd pyrrole A3 FAAFe] &9l

NgnN1-2 proline adenylation protein®] 7]% 2.2 #Ao] Hdom oln Ad#HA U= GrsA
Z o] &3}o] NgnN1 ©lze] mglAg %5 whso] nw3dly i ATP binding domain®
g5 (Fig. 11).

Fig. 11. A, Superimposition of NgnN1 model (yellow) over GRS A (orange). B. Docking
of ATP (yellow) and proline (brown) into NgnN1 model. GSTLK (blue) represents the
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amino acid of conserved nine-residue region involved in ATP binding and DLLYLALVCK
(pink) are the specificity codes for NgnN1 that surrounds the proline moiety.

ngnNl, ngnN2 % ngnN3 #7449 7]5& 2Rlsy] Al A& 2dsh] {8 vaat 2

o] primerE A2tsto] zkzke] PCR A3 9+ (Fig. 12).

NgnN1F: AATGAATTCACGGGAGATGGGCTTGTG
NgnN1R:CCTAAGCTTGTGTCATGTTGTTGTACT

NgnN2F: GGGAGATCTATGACACAGGCCGAACTG
NgnN2R: ATTCTCGAGTCACGCCGACTGCTCGCG

NgnN3F: GCCGAATTCATGGATTITGCGCTGACT
NgnN3R: CGTAAGCTTGGTTCACAAGCCCATCTC

Sfp F: CCCGAATTCATGAAGATTTACGGAATT
S51p R: ATACTGCAGTTATAAAAGCGCTTCGTA

Fig.12. A2k 247+9] primer®t PCR 2 3=

Z¥zke]l PCR A¥E% ngnN13} ngnN3+:= pET320 A %2§3}9 3, ngnN2E pACYC-Duet®l

/
AzFse] A7ke] WA MHE AL ALY TANEE FTAN BBS] sohbled T
4 (
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(A) B) ©)

| |
- e
o .

(D) (E) (F)
: 4] " = s - T o o
= -3

- .

Fig. 13. (A)+= pET329 AZFTH ngnN1, (B) pACYC-Duetol] A %% ngnN2, (C)
pET32e Al 23 ngnN3, (D) ngnN1 F-34 ddd @l (E) ngnN2 F44 dd#
A (F) ngnN3 4140 e @ o,

Table 3. AF-&% plasmid®} 5

Plasmids  or strains Description Source

Plasmids

pGEM-T  Easy E. coli cloning vector, amp’ Promega

pOJ446 E. coli-Streptomyces shuttle cosmid for  construction Invitrogen
of the genomic library, ap/

pBRI pOJ446 based cosmid harboring ngnN1- ngnN4 This study

pET32a(+) Vector for protein expression in E.coli,amp’ Novagen

PACYCDuet™-1 Vector for protein expression in E.coli,cm’ Novagen

pNgnN1-32a pET32a(+) based recombinant plasmid harboring This study
ngnN1

pNgnN2-DT1 PACYCDuet™-1 based recombinant plasmid This study
harboring ngnN2

pNgnN3-32a pET32a(+) based recombinant plasmid harboring This study
ngnhN3

pSfp—32a pET32a(+) based recombinant plasmid harboring sfp This study

Strains

Nocardia sp. CS682 Wild type strain, nargenicin Ajproducer Sohng et al

2008
E. coli XL1 Blue Host for general cloning Stratagene
E. coli BL21 (DE3) Host for protein expression Novagen
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E. coliloNgnN1-32a E. coli BL21  carrying pNgnN1-32a This study
E. coli/pSfp—32a E. coli BL21  carrying pSfp—32a

E. colilpNgnN2Sfp-DT1 E.colBL21 carrying pNgnN2-DT1  and pSfp—32a This study
E. coliloNgnN3-32a E.colBL21 carrying  pNgnN3-32a This study

3719l &4 (NgnNI, NgnN2 and NgnN3) wkgol 28 4% A4ES KOHZ 7H3-319]
U2 Aifzo| o Aelal 3l reference sample$! pyrrolyl-2-carboxylic acid$} Y*|3= 24
=& HPLCAA BRIsH o, o] A}E-g Mass= 918 meba] 3719 2471 AEA

[e]
= =1
Sl AlAE oz SR les BolE.

0.10
0.08
0.06
= Authentic pyrrolyl-2-carboxylic acid
S
2 ] ; ;
0.04
. “NgnN1/NgnN2/NgnN3
R reaction products
0.02
_~"NgnN1/NgnN2/NgnN3
" control reaction products
0T T T T o T 0 T R
Minutes

Fig. 14. HPLC analysis of NgnNI1, NgnN2 and NgnN3 reaction products released by KOH
treatment. The peak corresponding to the pyrrole-2-carboxylic acid is indicated by arrow.
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5. thAFE-8Fell 2] 3k nargenicin A 7

Nocardia sp. CS682 % UE B vA=3 G Axdoel ¢ 43 upg%
o] mycolic acide} &7 #- beta-hydroxy % 71 alpha hydroxy Al&-& 717 &4
ZAol7} 60-908 =& 7HA AL v w3 4 AbEo] dv #F Y. webA chemical
reagent®} lysosomal componentE AF-83}& protoplastol] o3k Ao WIHE ofE &

(Fig. 15).

porins
surface proteins

)

——— acyl lipids

mycolic acid

"\. \.4" -}» o';‘\ r,( T ':i:;
hil ittt
VIV | AVIRTRIVH
| PN AN

Fig.15. Nocardia®] A3

1B

(1) Nocardia sp. CS6829] transformation &3

U2 Wb 02 clectroporation W o2 Falsldtt AFEE §HAE SAM< S
A7 A pNVIS A3 A= +3 HHe a3 25
€ We tried transformation of Nocardia sp. CS682 at different conditions (such

as, different field strengths, pulse lengths) using Sauton Broth and Brain
heart broth media and finally optimized the following electroporation
conditions for our strain.

€ Nocardia sp. CS682 were incubated in 50 ml of Brain heart broth for 4 days
at 37°C as a seed culture.

€ 100ul of seed culture was transferred into 5ml of fresh Brain heart broth and
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incubated at 37°C for 2 days.

€ Cells were harvested, washed twice with 5 ml of ice—cold water, and then
resuspended in 100 1 of ice—cold 109 glycerol.

€ The suspension was transferred to a chilled electroporation cuvette (0.4cm )
and mixed with 10ulof DNA.

€ After pulsing at 12.25 kV/cm with an Electro Cell Porator (Bio Rad

Micropulser), the suspension was added to 1ml of BHI broth and incubated
for 2 h at 37°C.

T Ay AeHor pNVIS Azxst wdx7F de] 31+ (Fig. 16).

Nocardia sp. CS682 on Brain heart agar plate Nocardia sp. CS5682 transformants on Brain
containing 300 ug/ml of neomycin heart agar plate containing 500 ug/ml of neomycin

Fig. 16. Nocardia sp. CS682 transformants showed well growth in  Brain heart media

containing 500 ug/ml neomycin.

(2) S-adenosylmethionine synthase (MetK1-sp)

SAM synthase
wOoR Fad
o] e ZFE 2 FH de] Nocadia Z3HE S pNVILd] A x3Hske]
pNVmerK18& Al #at 5. (Fig. 17).

FAARE o WALE S 7FA) 7= A 7]2F 2 methyl groupd] &
ogets 3k Streptomyces peucetiusol A metKl-sp A AZ PCR
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netKlsp

Snal B
era Hinell
Xbal

pNVmetK18
5717bp

ISacl
CdlEloa

p?i V18§ ColElen
4423bp

nes
nec™-

Nhel

Fig. 17. Nocardia-E. coli shuttle vector, pNVI1E and recombinant plasmid pNVmetKI18
harboring metKIl-sp

pPNVmerK18 ®HE Nocardia sp. CS682¢ =
Nocardia sp. metK18 #5% A=atd 2. AE w7
o 4 Nargenecin A4Hd-S Wwd S i Ay} metK7l dold #F7F ofA

=1

AZ"E pNVIS =y 2
sp NVI8 ¥ Nocardia

Foll gl 22019 gargol FhA A& 2 & S

Volts

0o 175 200 2237 250 275 300
Retention time (min)

Fig. 18. 2 HPLC chromatogram of compounds isolated from Nocardia sp. CS682 and its
transformants. 1. Nargenicin A; standard, 2. Nargenicin A; produced by Nocardia sp.
NV18, 3. Nargenicin A; produced by Nocardia sp. metKI18, 4. Nargenicin A; produced
by Nocardia wild type. The experiment was averaged from 4 different extractions. The

peak corresponding to nargenicin A; is indicated by star.
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Nargenicin (ug/ml)

>
=Y
1

2.0

0.0

2.
Strains

Fig. 19. Comparison of nargenicin Ajproduction from Nocardia sp. CS682 and its

transformants. 1. Nargenicin A; produced by Nocardia wild type, 2. Nargenicin A;

produced by Nocardia sp. NV18, 3. Nargenicin A; produced by Nocardia sp. metKI18.

The experiment was averaged from 4 different extractions.

Table 4. Vectors and recombinant plasmids used in this study

Plasmids or strains Description Source

Plasmids

pGEM—-T  Easy E. coli cloning vector, amp" Promega

pACC152 pSET152 based recombinant plasmid harboring This  study
acetyl—CoA carboxylase (accAZ2 accBandaccE)

pMetK25 pIBR25 based recombinant plasmid harboring metKI1—sp This  study

pNV18 Nocardia—E.coli shuttle vector, neo” Chiba et al. 2007

pNVmetK18 pNV18 harboring metKI—sp This  study

pNVACC pNV18 harboring acetyl—CoA carboxylase This  study

pMBE101 C 0 1 E 1 Unpublished data
SCP2#,actll—ORF4,pactlll—1,amp —tsr’,expressionvector

Strains

Nocardia sp. CS682 Wild type strain, nargenicin Ajiproducer Sohng et al. 2008

Nocardia sp NV18 Nocardia sp. CS682 harboring pNV18 This study

Nocardia  sp. metK18  Nocardia sp. CS682 harboring pNVmetK18 This study

Nocardia sp ACC18 Nocardia sp. CS682 harboring pNVacc This study

(3) afsR % ACC ¥

Malonyl-CoA <] A3t d -2k

gelaly] Ad FARE Az
o

=

3192 (Fig. 20).

LA E ol o)g A ST

A e

A ZFE malonyl-CoA $Alell H 23 3719 F3dAF (accA2, accB
¥ pNVaccE Nocardia sp. CS682¢ Aoldte] Nocardia sp ACCI8 =5 A2
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Fig. 20. GarA} 5242 (ACC) &= A2,

A 2FE pNVI8 WH 2 pNVaccE Nocardia sp. CS68201 Aolsle] Nocardia  sp
NVI18 % Nocardia sp. ACCI8 w5 & A&3t 5. AlZtE ol A
Nargenecin®] YA AF] acetyl-CoA 2] %3} malonyl-CoA2] 42 F7lo5-&
Qﬂ%}‘}i%, Nocardia  sp. ACCI8 %l - 3¢9 -9 malonyl-CoA <]
7 o, 6¥92¢ 4-F malonyl-CoA ¥EWE ofrz}

Table 5. Acetyl-CoA and malonyl-CoA extracted from Nocardia sp. CS682 and

its transformants in BHI media

Culture time Strains Acetyl-CoA Malonyl-CoA

3 days Nocardia sp. CS682 3.01 £ 0.2 0.002 + 0.002
Nocardia sp NV18 3.25 + 0.2 0.003 £ 0.002
Nocardia sp  ACC18 3.61 £ 0.2 4.62 £ 0.2

6 days Nocardia sp. CS682 7.12 £ 0.03 2.04 £ 0.3
Nocardia sp NV18 7.05 £ 0.3 2.31 = 0.03
Nocardia sp  ACC18 13.12 £ 0.02 9.15 £ 0.02

Values are represented as pymoles/g dry cell weight

A 2FE pNVI8 WH 2 pNVace WHE Nocardia sp. CS6820 Zo]ste] Nocardia
sp NVI18 ¥ Nocardia sp. ACCI8 & A|Z3l% 5. AZd o0 A
Nargenecin 44 -& B39 & vlast A3}t metK7F dold 571 of At 729

vl E 32002 AsbAdoel Sl AS B 4 Qe (Fig2l 2 Fig. 22).

Ay
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do 17

Fig. 21. HPLC chromatogram of compounds isolated from Nocardia sp. CS682 and its
transformants. 1. Nargenicin Al produced by Nocardia sp ACCI&. 2. Nargenicin Al
standard 3. Nargenicin Al produced by Nocardia sp NVI&, 4. Nargenicin Al produced by
Nocardia wild type. The peak corresponding to nargenicin is indicated by star.

Nargenicin (ug/ml)
oo
<

4.0
2.0
0.0
1 2
Strains

Fig. 22. Comparison of nargenicin Al production by Nocardia sp. CS682 and its
transformants. 1. Nargenicin Al produced by Nocardia wild type, 2. Nargenicin Al
produced by Nocardia sp NVI18, 3. Nargenicin Al produced by Nocardia sp ACCI& The

experiment was averaged from 4 different extractions.
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(4) thAz-gtel]l o8] Aoy o] precursor feedingol] ¢ 3k A F7}

Nargenicin< polyketide Al <€e] A A=A loading domain®| propionyl-CoA, 571
2] malonyl-CoA, 37¢] methyl-malonyl-CoA®°l| ¢]&] nargenicin backbone$!

macrolide”} &4 &

polyketide synthase Malonyl-CoA
-—

HiC
Methyl malonyl-CoA

Enz— s@
N

O

H
L <—— =<—— Proline

Nargenicin

Fig.23. Nargenicin aglycone®| 34 4.

Nargenicin®] A2HH-S S7FA)717] Y& A4+= malonyl-CoA, methyl-malonyl-CoA
2 propionyl-CoA ¥2 =78 FoloF & malonyl-CoAE acetatet} S methyl
oleate”} & = H A precursor= THE T Ao, propionatet=

methyl-malonyl-CoA % propionyl-CoA %8 58 FEd A4S = = IS
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Acetate Propionate

L Acetyl-CoA synthase i Propionyl-CoA synthase
Methyl oleate —> _ Acetyl-CoA ) Propionyl-CoA
Proptonyll»CoA Methylmalonyl-CoA
i Acetyl-CoA carboxylase carboxylase ‘ decarboxylase

Malonyl-CoA (2S)-Methylmalonyl-CoA <=————2> (2R)-Methylmalonyl-CoA

Methylmalonyl-CoA
‘ ‘ epimerase

CH;

Nargenicin A

Fig. 24. acetyl-CoA % propionyl-CoA2] precursor.

& oA 8 Wo] #F o precuesor feeding®ll ©]%F nargenicin AAAHI F 7}

of AT F¢l Nocardia sp. CS6829] methyl oleateE feeding® 74-% 30 mMeo] 7%
A o] E=otom o] A% 462v), sodium propionateE feedingdt 7% 15 mMoel
A Z Aol o AL 4258, sodium acetateE feeding3t A% A 15 mMol

A ¢kar 2818 A FE7FE BolFal 9ol methyl oleate®] feeding©]
M £ a3E HoFa Q. Nocardia sp. metK1® i+ oleateE feeding 3
S578), 15 mM sodium propionate 5.01%, 15 mM sodium acetate®l] == 3.644}
A F7}, Nocardia sp. ACC18 5+ 30 mM methyl oleates feeding 3+ 7
998), 15 mM sodium propionate 6.4681, 15 mM sodium acetate®] &= 5.584)

A FE7E HolE,

o
2 o
a1

o
[@))

oz
2
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Fig. 25. (A). Nargenicin Ajproduction in Nocardia sp. CS682 when feeding various
concentrations of methyl oleate. (B). Comparison of nargenicin Aiproduction in Nocardia
sp. CS682 and its recombinant strains: Nocardia sp. NVI8, Nocardia sp. metK18, and

Nocardia sp. ACCI8 when feeding 30 mM methyl oleate.
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Fig. 26. (A). Nargenicin Aiproduction in Nocardia sp.CS682 when feeding various
concentrations of sodium propionate. (B). Comparison of nargenicin A; production in
Nocardia sp. CS682 and its recombinant strains: Nocardia sp. NV18, Nocardia sp.
metK18, and Nocardiasp. ACCI8 when feeding 15 mM propionate.
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Fig. 27. (A). Nargenicin A; production in Nocardia sp. CS682 when feeding various
concentrations of sodium acetate. (B). Comparison of nargenicin Aiproduction in
Nocardia sp. CS682 and its recombinant strains: Nocardia sp. NV18, Nocardia sp.
metK18, and Nocardia sp. ACCI18 when feeding 15 mM acetate.
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6. Proline feeding®ll 2] 3} isonargenicin® A4t

[sonargenicin< AHHAQl ofAlyFFo| Al Nargenicin Alell W]a3le] oF 5% A% A4be,
Nocardia sp ACCI8 +F 7 Ooﬂ WEEETS peakﬂ TLCel &Rlo] Hl& (Fig. 28). A=
peakE T8t &

S (Fig.29-233). —'—573] Nocardia sp ACCI18 iLToﬂ prolineg feedings 39S A%
isonargenicin®] %ol H43 IU7HE A& & 5 = (Fig. 30).
Nargenicin

Fig. 28. TLC assay of compounds isolated from Nocardia sp. ACCI8.1, Standard
nargenicin 2, isolates from Nocardia sp. ACCI8

6.0

5.0

4.0

3.0

Nargenicin (ug/ml)

1.0

0.0

Strains

Fig. 29. Comparison of nargenicin production by Nocardia sp. CS682 and its
transformants after feeding proline. 1. Nargenicin produced by Nocardia wild type, 2.
Nargenicin produced by Nocardia sp. NV18, 3. Nargenicin produced by Nocardia sp.

ACCI8.
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Nargenicin std.

L Nocardia sp ACCI8+ proline (1)
Nocardia wild type + proline —
FYI va o n D T o v e v wme at we
minutes

Fig. 30. HPLC chromatogram of compounds isolated from Nocardia sp. CS682 and its
transformants after feeding proline. The peak corresponding to nargenicin is indicated

by an arrow head.

e T
oron

4 —

s

i,
T T ARim T < =¥ T
g ¥ 8 ®E 88 5 ues g3 8 =mee
T Sd = R e S8 sens
85 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (opm)

Fig. 31. 'H-NMR of Isonargenicin.
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Fig. 32. COSY-NMR of isonargenicin

Fig. 33. 4% isonargenicin
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Table 6. The in vitro antimicrobial activities (Minimum Inhibitory Concentration,

MIC, ug/mL) of Isonargenicin was compared to that of nargenicin

Organism(24 h (10" 6CFU/ml)) Nargenicin N-ISO
1 Alacligenes faecalis ATCC 1004 >92 >92
2 Enterococcus Faecalis ATCC 29212 >92 >92
3 Bacillus subtilis ATCC6633 >92 >92
4 Staphylococcus aureus KCTC 1928 0.18 5.78
5 Micrococcus Iuteus ATCC 9341 0.18 0.36
6 Mycrobacterium smegmatis ATCC 9341 >92 >92
7 Salmonella typhimrium KCTC 1925 >92 >92
8 Escherrichia coli KCTC 1923 >92 >92
9 Pseudomonas aeruginosa KCTC >92 >92
10 MRSA 693E 0.18 5.78
11 MRSA 4-5 0.18 5.78
12 MRSA 5-3 0.18 5.78
13 VRE 82 >92 >92
14 VRE 89 >92 >92
15 VRE 98 >92 >92
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A6 3T AA (CS682 LaE9] AFEA )
AF AYA W o ]

L AbgA 12 AFEA

1) ARAR

AlEALE = CP 16.2%, ME 2,760 kcal/kg —L1&|3aL ]E}O ] A= NRC(1994)
B 87 wWE. Aol we AR U ¥ CS6829 HAxXES
/6022 3slAs A& 01%, 1%=2E jdﬂﬂ?igti iz F positiveol =
antibiotics(avilamix premix avilamycin 0.02%)% 0.03% 3 7}3 (Table 1). A&
HigkS AR HRAAE aEEte 7Y AR wgEdlow, mEdRe
premixer® oujugt 3 AIAALE 9 200kg & FAY wigr)E 10E-7F

o et -

A& FES Hy-Line Brown 86F% AbehA] 480-(UX #x 120F)E 3 A 8+%
o T FEHEFA 2w 28 AY AolA o] 483} randomized block
designo. = Hj x| 3}A T =3 Al AR A EY A A2 1643HS 743

] 5-5 200849 10€ 029714 57 (35€)AH5-319

o)
rT‘
0]
o,
)
[o%s)
o

A Al 71REE 200

Ab&E-(hen-day egg production)= wY 25 4A]d H& & FHAH3}9 L,
@]

A G ol FUAADE AT FAE 2As el 24 T4 HEo
=24 (F

2 A . AFE A F HF(Feed intake)e F(week)d 13 Z4(
2k A2 8 78 (Feed conversion ratio)< [A}E AFH %, g / 100g 7

@ WEA(egg quality) @ WA 5, W2HE7 Haugh unit, Y32, w212



F 630, 1, 2, 3, 4,5 weeko)ol AAH FF 184, (Y T 200703
10, A8l 50)8] AFs dg= Agsle 1&7_}70}5

A Haugh units9 F2AAE  AAE W44 %= Texture

Analyzer(Stable Micro System., UK)E o]&3lo] SAHs 3, W74 E
Dial Pipe Gauge(Model 7360, Mitutoyo Co, Kwasaki 213, Japan)&

o 23395,

it
s
ofo

ol
S

Haugh unit:=HU formula(Eisen et al., 1962)o] 7|x38 W¢5(W g)3 &
S vy (I mm) (FHK JPAEEIEZ, FHK Co., Japan)E 43¢
100log (H-(1.7xW*)+757)¢] F2lo] 2| a]x #AAak3t,

Wz A3 w3k -S Color Fan (Egg shell ; Samyang Co, Korea, Egg yolk;

Roche Co, Switzerland)- ©]-&3}o] =432
@ IIFERU(IgY)

i e e T RS I LA
al., 1988, 1990)°] &} paper tissueE ©|&3fo] w4
228 W3S mixing 3 & 19 W BB2~8CE)s}
g& EF4 5 mLI:DE FAEa 30% E<¢F homogenizerE ©]-&3}9]
TAFENS. 2} 01% A-carraginnan 20 mL(1:2, 48] 3]A4)& Yo

|, 10,000 rpm2.Z 15 minzt 1/1‘31-‘:#13]3}04 TFEH FE(WSE) S

g5 3 v 3412000003k TAEAS. W 84 EE(WSEF) W

%% sandwich ELISAWH S o] &3} %‘Xé AL sels. IgY

standard reference #t< Chicken IgY(Chicken IgY ELISA Kit ;

Alphadiagnostic. cat#6030)& 25, 50, 100, 250, 500, 1,000 ng/mL-& A}-&3
2t de. vl SAA vty 89 WA A e ARk ghe S

AbkER A5 Ay 10548 2 40 72 AAoA dd 5mi¥ EDTA7F
28] ¥ vacutainerol QA3 B 247 oke] HAR A (HEMAVET®
HV950FS, Drew Scientifie, Inc.)® #2331, 1500rpmo = 208-7F
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dAEYE = dHE gz FEdte] IgG #Ad 7HA dE(-50T)EH
5. IgGE4e  Chicken IgG ELISA Quantitation Kit(BETHUL
Laboratorise, Inc. USA)E o]-&3le] =33}

>
>
o
0,
>
)
i
Al
2,

R A% Ay 9 10574 AFdE
junction A5 10ecm® LASA AHASS 2 <t U= EE UEES
it g7lol "ol £44d7tA 50Tl wasls. AAT F °}
lge E3d 15ml test tubeol w3 W#d FHF Imle H7bste] 34
(10HAZ F 107710714 @Al ez 489S b 79 Hde sy
A8 AZE Im® HEAZ)L ¥7) A (Gaspack  System, BBL
Microbiology system, Becton Dickinson&Co.,Cockeysville, MD 2130, USA)
T I or wdsiele. A e] w2 TABLEZ ¢F #2v wj ¢k

S R = 72 H39 colony-forming unit(CFU)2. 2 AAF 3 logio
@]

o,
off
ki
)
roi
i
5
o
o
o
o
2

o

Aol A foll Am e FAAMYE Aste] 7} v I W NS
SAS(1996) GLM(General Linear Model) Procedure®
Ag #4 2 dag%, FUvAAE, IgG, I[gYE #4390, F-test 23
T P>0.05)°] d& A AT Hitke] *e]E Duncan's multiple

range test= AA 35
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Table 1. Formula and composition of basal diet

Ingredients Laying Hens
%
Corn grain 61.71
Soybean meal 18.40
Rapseed meal 1.50
Perilla meal 2.50
Corn gluten meal 2.78
Animal fat 2.18
Salt dehydrated 0.20
DCP(18.5% 1.00
Limestone(2mm) 9.08
LIQ-Methionine 0.11
%(%%gihohne chloride 0.08
Vitamin premix1 0.15
Mineral plremix2 0.15
PHYTASE-5000 0.01
SINTOX” 0.15
Total 100.0
Calculated composition
ME (kcal/kg) 2,760
Crude protein (96) 16.00
Fat 4.63
Fiber 277
Ash 13.05
Ca (%) 3.80
available P (%) 0.30

' Vitamin premix provided per kilogram of diet: vitamin A, 13,500 TU; vitamin
D3,3,1501U; vitaminE,22.5IU;menadione,3.0mg; vitamin Bi2,0.0225mg;
riboflavin,6.0mg; pantothenic acid,12.76mg; niacin,30mg; thiamine,2.2omg;
pyridoxine,4.5mg; folic acid,0.9mg; and biotin,0.1155mg.

* Mineral premix provided per kilogram of diet: copper, 5.25 mg; iodine, 0.9
mg; iron, 60 mg; manganese, 82.5 mg; selenium, 0.195 mg; and zinc, 75 mg.

5 Sint;ax per kilogram of diet : toxin binder(silica powder ; SiO2 48.0%, Al:Os
18.0%%).
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Table 2. Medium and culturing condition of microorganism

Microorganism Selective media Iggggﬁgg;lg {?Iflgl()l?(%)rr;
Lactobacilli MRS agar Aerobic 48h
E.coli Desoxycholate agar Aerobic 24h
Clperfrigens TSC & SFKFP Anaerobic 24h
Salmonella .
typhimurium XLD agar Aerobic 24h

1. Lactobacilli selective agar : DIFCO™" Lactobacilli MRS Broth + Bacto' Agar
2. E. coli selective agar : DIFCO™ Desoxycholate agar

3. ClL perfrigens selective agar : CM0587 Oxoid perfrigens agar base + supplement
4. S.typhimurium selsctive agar : DIFCO™ XLD agar

* 43
O A4Hd (production) ¥ W& (egg quality)
ol wE AL 9 WdEAe] AyE table 39 8.9F
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Table 3. Laying Performance of birds fed experimental diets 075

phases
Treatments
T1 T2 T3 T4
parameter contro? control 01 % SEM
—negati - 1% level
o level
ve antibiotics

performance
gggﬁ%oflg% 66.90 68.57 65.26 66.30 143
Efﬁfe%%ffne%/f 66.90 68.57 64.41 65.71 1.42
Egg weight, g 68.32 67.83 68.55 68.30 0.52
Bro};ggl 8%30“ 0,23 0.30° 012" 0.34° 0.05
Feeg/éggake’ 11334 11252 116.80 118.23 161
g@ﬁ%%gﬁg;ﬁggs 246 241 261 259 0.06

Egg quality

Egg shell b a a

strength. (sg/mm) 77 296° 300 209 008
thiiﬁfsshfim) 3479 34.08% 35.09° 35.63" 0.36
Egg yolk color 9.23 9.30% 9.35% 9.48" 0.10
Egg shell color 10.28 10.25 10.58 10.52 0.18
Haugh unit 81.43 81.71 82.50 81.53 0.75

T1 : control diet,

T2 : control diet +avilamycine 6ppm,
T3 : control diet +fermented CS 682 0.196 level
T4 : control diet +fermented CS 682 1.0% level

Henhoused egg

dEAo M=

a7y

froldom FhEe 1.

production,

CS682  1.0%
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@ dEEF2RddgY) ¥ IgG

gl o] WG 2 IgYS A= table 40 89F

Table 4. Immunoglobulin

Treatments
T1 T2 T3 T4
parameter control- control 01 % SEM
-negati - 1% level
o level
ve antibiotics
Immunoglobulin
G 6.05 596 589 5.68 0.24
(IgG)mg/ml
Immunoglobulin
Y 8.59 9.24 943 873 0.22
(IgY)mg/ml

A JR A [gG ARAAE A Aol POt BT
e 4TS JEom, dF5el gy ARANAR F249 Fol= glgo

& HER

ol

TEE CS682 0.1% H7b-7F vlad &

Helo] e A4 A table 5ol K°F

e ol 4 = HESF Sl(stress index), EO, BA7} #¢4<l #Fo]7} ) sl&=Hl,
g E CS682 1.0%* 2771 HE, SI, EO, BA7} freld o= F71all il

| 7S (negative, positive) 29} W2 FoF oz ZHAsHS WY,

Ao Bad CS682 A 754 RBCF 94 o= F7hstdl o,

MCVeF MCH7F ooz Zadhs 5.
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Table 5. Leukocytes and erythrocytes in blood from Laying Hens fed

experimental diets.

Treatments
T1 T2 T3 T4
parameter control control 01 % SEM
] .. 1% level
—negative — antibiotics level
Leukocytes
WBC 12.04 10.72 12.27 15.36 190
(K/d) . . . . )
HE b b a a
(K ) 1.82 1.30 191 3.20 0.65
LY 8.94 8.35 9.00 10.14 101
(K/ut) ) ) ) . )
SI ab b ab a
0.20 0.14 0.16 0.25 0.04
(NE/LY)
MO 1.14 0.95 112 1.38 0.22
(K/ut) ) ) ) ) )
EO 0.12" 0.10" 0.18% 0.40° 0.11
(K/ut) ) ) ) ) )
BA b b ab a
(K/ ) 0.02 0.02 0.06 0.15 0.05
Erythrocyte
s
RBC b ab a a
M /i) 2.76 2.81 2.82 2.99 0.08
Hb
(/) 9.99 10.76 10.33 10.73 0.31
g
HCT
%) 25.32 25.62 24.99 26.55 0.75
(6]
MCV a ab b b
(L) 91.57 91.06 88.97 88.88 0.94
MCH b a b b
(ng) 36.30 38.32 36.72 35.96 0.60
pg
MCHC b a ab ab
(a/d) 39.64 42.05 40.19 40.45 0.85
g

T1 : control diet, T2 : control diet +avilamycine 6ppm, T3 : control diet
+fermented CS 682 0.196 level, T4 : control diet +fermented CS 682 1.0% level

WBC : White blood cell, NE : Neutrophi, LY : Lymphocyte, MO : Monocyte,
EO : Fosinophi, SI : Stress indicator, RBC : Red blood cell, Hb : hemoglobin,
HCT : Hematocrit, MCV : Mean corpuscular volume, MCH : Mean corpuscular
hemoglobin, MCHC : Mean corpuscular hemoglobin concentration.

“PNMeans with the different supercripts differ significantly (P < 0.05)
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@ v A=
Aol wE Fulv] s 2= table 69 2°F3F AT

7 Aol fe149 Aol Ygivt

Table 6. Microflora in small intestine
Treatments(cfu logio/g)

T1 T2 T3 T4
parameter contr(?l control 01 % SEM
—negativ - 1% level
o level
e antibiotics
Lactobacilli 6.38 7.22 7.22 6.70 0.290
E.coli 3.94 39 4.56 3.54 0.585
Clperfrigens 1.22 1.66 1.32 0.76 0.549
Salmonella 168 118 114 192 0.290

typhimurium

2. 57 A% Al & (cage)

1) ABAE

A@AEE CP 2102%, ME 3,100 keal/kg ~12] 3 7]EF) %2 NRC(1994) 9 %4
Q-7Fel| wE .(Tablel)

2) A1E AL A1E7

=
e
>
>
3
C,
ok
)

i

ANPEsEs 298 FiATo] 405£0.1g2 FAROSS ®)2,4057 (<, =+ 24 12099)&
3 AR A AAE Al wet Als o 2Ee
CS6829] Adx=& 16002 34d AL 0.25%, 0.5%, 0.75%, 0.1%5 FH7lsta e

=
=,
BN
-
of

positive®l &= antibiotics(avilamix premix avilamycin 0.029)E 0.03%
A7bsheh 5 64 E Sl AP @ 4AvkE WkE o 10578 dd douiA| sk &
(Table 1). A& ®13t AR 9] bAAS Este] 79 HA o= wgsiglod, v
A E = premixer® vl & A AALEQ 200kg £ FAE wgrE 108

b e srel ol
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O B (SAE, AMEAFHE, AREE, JANE, BAEAF)

SA S ABIA Al 25 A, 7\]%&%—3 Aol k2t ZA- A& AR A F]
A Al AtEHEA RN AEFe Alste] AEsidloH, ARLTES AR
Aoz viro] A=stals. AT S-S v A
Production index ={(average wt.x survivability)/ (shipping age x feed conversion
ratio)} x 100

FH(vaccutainer)ol] 3ml% 23
(HEMACYTE;OSI, Oxford Science, Inc)E o]&3te] 3-F%24(Leukocytes,
Erythrocytes)& #4183, o]EF-HE)# 2 HZH(LY)3ES ©l&3to] stress

indicatorE =43} L.

o
i

(03
S
i)
2,
o
oo
ki
(ld
ok
Y
i
[N}
g
>,
=
r o
2,
i)
-
M
i
N

@ AIFEZEAEH [pGHETFA 4 3 25000xg = 20min 942 ¢ (sigma-4,
Aldrich Corporation,ST. Lousis, Missouri, USA)3}o] A& w=z 3 & 24
A7A d% Had 24 U IgGY %= Manchini(1965)9] 28] 71¢E single

radial immune-diffusion test(RID test)® ol =3lo] =4,

®

2% Wl vAE

N 2 & ALY 3HA (ileo-cecal junction)d] AH-10cm® LA 3HA 275}
of 1 Qo] e EE WEES dErd &7 wol A4 7A] 50014 Kk
UltraCleasnTMFecalDNAKlt(MOBIO Carlsbad,CA)% W&ES 0.25g4 bead tubeo]
92 5 DNAE F%. o] DNA productsE ©]83}9] real-time PCRZ #4319
), SYBR Green PCR technology H'H -8 o83l o™ specific-species 16S rRNA
primers+  dpefingas grop F 5-ATCCAAGICGAGGAGDGS, R 5-TATGOGGTATTA
AT ¢ T ( C / T ) C C T T T - 3 ° ) ,
E.colisubgroup(F:5'-GTTAATACCTTTGCTCATTGA-3",
R:5’'-ACCAGGGTATCTAATCCTGTT-3)Lactobacillusspp.(F:5-AGCAGTAGG
GAATCTTCCA-3, R: 5-CACCGCTACACATGGAG-3), Salmonella spp.(F: 5' -
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TTA TTA GGA TCG CGC CAG GC -3, R: 5' - GGA CCA CGA TCA CCG
ATC A - 3)& AFEEH

® A4

AlRolA dojxl Amel FAAEE fste] 4 wET FE oHd AN
SAS(1996) GLM(General Linear Model) ProcedureE ©] &3} (R A
F-test 23 #94({P>0.05°] e A-F A5 HFzre] Ao]E Duncan's

=
o

S|
&

ML
Ol

multiple range test® 743
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Table 1. Formula and composition of

basal diet

Ingredients Broiler
%
Corn 301 USA 56.60
SEM 45%-IMP 28.20
Corngluten-Loc 5.60
Yellow grease 4.20
Limestone-IF 1.20
DCP 2.20
Carrier(whebran) 1.242
Salt 0.21
Lysine HCL 0.107
Methionine 99% 0.171
Daeyang 44 0.27
Total 100.0
Calculated composition
ME(Kcal/kg) 3100.06
DM(%) 88.00
CP(%) 21.02
FAT(%) 6.44
Fiber(%) 3.11
ASH(%) 6.24
CA(%) 1.02
P(%) 0.77
Met+ Cys 0.85
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Table 2. Performance of broiler chicks fed experimental diets(4wks)

Treatments’
Paramet WK SEM
er s control  a@ntibiotic CS682-0 CS682-0. CS682-0 CS682-1.
s 25% 50% 75% 00%

0-2 4255 426.2h 44563 43553 4386™ 422.38" 2992
Weight 3-4 6755 766.58 7485 735.8 7378 772.13 15.833
gain,
g/ bird

0-4 1060.4 1151.2 1153.6 1129.6 1124.0 1154.0 15.179

0-2 6263 664.0 631.8 673.0 672.5 647.4 8.999
Feed 34 13258 1357.9 1347.5 1342.6 1305.6 13055 19.075
intake,
g/ bird

0-4 1669.6 2021.9 1979.3 2115.6 1978.1 1952.9 22.900

0-2 163® 173 156° 1.63® 1.74% 1.70° 0.018
F e e d a ab ab ab ab b
conversi 3-4 193 178 1.80 1.83 177 1.69 0.028
on

0-4 182 172 172 1.74 17 1.69 0.019

0-2 0 25 0 25 25 0 1.021
Mortalit 34 95 0 0 0 0 0 0.884
v, %

0-4 25 25 0 25 25 0 1.021
Producti
o ,n 04 20513 234.40 240.30 226.60 229.28 24363 5.865
Index

"Treatments: Control(C); control diet, Antibiotics; C + Avilamycine 6ppm, C5682-0.25%,; C +

Actinomycetes  fermentCS6820.25%,  CS682-0.5%;C+Actinomycetes  ferment  C5682 0.5%,

C5682-0.75%,; CrActinomycetes ferment CS682 0.75%, CS5682-1.0%;C+Actinomycetes ferment
S682 1.0%

giDroduction index: Production index ={(average wt.x survivability)/ (shipping age x feed

conversion ratio)} x 100

#"Means with the different superscripts  differ significantly (p<0.05)
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Table3. Table 5. Leukocytes #¥derigenhabeliets-in blood from Laying Hens fed

Treatments'
ParaISneter SEM
Control Antibio CS682- CS682- CS682  CS682-
tics 0.25% 050% -0.75%  1.00%
Leukocytes2
(vg}sﬂ% 28.55 29.95 26.94 2696 2874 27.35 1111
NE (K/pt) 861 974 836 836 9.14 86 0619
LY (K/p) 1566 15.35 14.23 14.31 14.86 14.19 0.489
SI (NE/LY) 055 065 059 059 063 061 0.046
MO (K/pt) 301 3.08 268 2.80 3.04 2.89 0.108
EO (K/pt) 1.00 1.36 1.24 141 1.30 1.30 0.139
BA (K/pt) 0.30 0.450 0.450 053 0.44 0.44 0.067
Erythrsocyte
S
Rf}ie)(M 258 243 251 2.49 243 243 0.049
Hb (g/de) 763 713 7.40 7.30 7.30 723 0.188
HCT (%) 26.81 25.14 25.95 2559 2593 24.60 0537
MCV (fL) 10520 10413" 10381" 10329" 10695*  101.94 0.751
MCH (pg)  29.88 29.55 59.59 2948  30.14 29.99 0521
1}’5{3&? 2838 2838 2849 2854 2818 294l 0.418
PLT 25.25 27.0 29.13 2963 3063 22.31 2.368

Treatments: Control(C); control diet,

Antibiotics; C + Avilamycine 6ppm, CS682-0.25%; C +
ActinomycetesfermentCS6820.25%,CS682-0.5%;C+ ActinomycetesfermentCS6820.5%,CS682-0.75%;C+ Actin

omycetesfermentCS6820.75%,CS682-1.0%;C+ ActinomycetesfermentCS6821.0% 2Leucocytesi WBC; White

blood cell, HE; Heterophi,

LY; Lymphocyte, MO; Monocyte, EO; Eosinophi, SI; Stress indicator,

*Erythrocytes:RBC;Redbloodeell, Hb;hemoglobin, HC T;Hematocrit, MCV;Meancorpuscularvolume MCH; Mean

corpuscularhemoglobin, MCHC;Meancorpuscularhemoglobinconcentration.

PN eans with the different superscripts

differ significantly (p<0.05)

— 228 —



3. A 23 A% A
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-
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@ WHEH(egg quality) : HAA =, G257, Haugh unit, W34, w244

Z 630, 1, 2, 3, 4, 5 weeks)ol AA FF 184, 3 & 2007 (WS 10, * €

5009 AE Yz deste AR E, GEA, G2 GEA Haugh unit
S0 ZAAAE AT W77 == Texture Analyzer(Stable Micro System., UK)
g ol&

3l =A3d 3, WZF73= Dial Pipe Gauge(Model 7360, Mitutoyo Co,
Kwasaki 213, Japan)ZE ©]&3le] =43 Haugh unite HU formula(Eisen et al.,
1962)e 71 x3] 45W g3 5% dwly (H mm) (FHK JPR#lE=, FHK Co.,
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mL(1:1)Z 3843lar 30% F<F homogenizerE o] &3lo] A3 AS. oL US
0.196 A—carraginnan 20 mL(1:2, 48] 3]14)& Fof 301 A =], 10,000 rpm o=
minZt AAFE st F&44 FEWSES 5 & s 324(1:20,00008t & A8t
G d3 84 BE(WSE) U IgY9 %% sandwich ELISAHMH-S o] 838} ¢f
=2 AAbel IgY standard reference %< Chicken IgY(Chicken IgY ELISA Kit ;
Alphadiagnostic. cat#6030)E 25, 50, 100, 250, 500, 1,000 ng/mL-& A}-&3lo] 24

ol SR v 89 PR AEste] ge Wk

vacutainere] A3 T 24A7F oto] FAEA ) (HEMAVET® HVIS0FS, Drew
Scientifie, Inc.)® 213931 500rpme. 2 2087 9AEYS & dAHS waz &
g3l IgG #47 7HA] Ye(-50TC)H st IgGE4-2 Chicken IgG ELISA
Quantitation Kit(BETHUL Laboratorise, Inc. USA)E o]&3}o] A3}

|

© &% Wl MAE 7%

ol A3 & fAE FEA (ileo—cecal junction)®] AH10cm® LA3HA =78t
of 1L Qe e RE WEES ddd &)l wol 4 d7AA -500 4 HEgh
UltraCleasn MFecal DNAKit(MOBIO,Carlsbad,CA)% W€ E< 0.25g% bead tubed]
=@ 3 DNAE F%. o] DNA productsE ©]83}¢] real-time PCRZ 43} +=
), SYBR Green PCR technology W& o83 9™, specific-species 165 rRNA
primers & Cl.perfringensgroup(F:5’ -ATGCAAGTCGAGCGA(G/T)G-3",R:
5'"-TATGCGGTATTAATCT(C/T)YCcCcTTT-3"),
E.colisubgroup(F:5'-GTTAATACCTTTGCTCATTGA-3",
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R:5'-ACCAGGGTATCTAATCCTGTT-3") Lactobacillusspp.(F:5'-AGCAGTAGG
GAATCTTCCA-3, R: 5-CACCGCTACACATGGAG-3),Salmonella spp.(F: 5" -
TTA TTA GGA TCG CGC CAG GC -3', R 5' - GGA CCA CGA TCA CCG
ATC A - 3)& Arg3h

® A=A

AlRolA dojxl Amel FAAEE fste] 4 wET FE oHd AN
SAS(1996) GLM(General Linear Model) ProcedureE ©]&3le] #23}90H,
F-test 23 #94({P>0.05°] e A-F A5 HFzre] Ao]E Duncan's

multiple range test® 71 A&},

=
o

ML
Ol

- 231 —



Table 1. Composition and nutrient content of the basal (control) diet.{1000birds)

Composition Amount
Ingredients — ————————— % —————————-
Corn, ground 41.45
Wheat, ground 15.00
SBM - 44 25.00
DDGS' 5.00
Canola meal 2.00
Animal fat 0.50
Molasses 0.50
Granular Ark Shell 1.00
Dicalcium phosphate 0.70
Limestone 8.70
Premix” 0.15
Total 100.00
Nutrient

ME’ kcal/kg 2,750
CP, % 16.5
Fat, % 2.90
Ash, % 13.40
Ca, % 3.90
Available P, % 0.33
Lys, % 0.90
Met, % 0.45
1 DDGS: Distiller's  dried grains with soluble.

2 Provided per kg of diett vitamin A, 7,000,000 IU; vitamin

D3,1,500,0001U; vitamink, 10,000IU; vitaminK3,1,000mg, vitaminB1,1,200mg; vitaminB2,3,0
00mg;vitaminB6,6,000mg;vitaminB12,18mg;folicacid,400mg;biotin,40mg;Mg,150mg;Zn,
60,000mg;Mn,90,000mg;Fe,40,000mg;Cu,8,000mg;Co,100mg;1,1,000mg; Se,250mg.

3 Calculated  value.
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Table2. Laying Performance of birds fed experimental diets 075
phases(1000birds)

Treatments
item T1 T2 T3 T4 T5 sem
Antibiotic CS682-0. CS682-0. CS682-0.2
control s 05 % 1% %
performance
Henday egg
production % 94.43 94.50 94.52 95.36 94.40 0416
Henhouse egg -
prodection, 56 94.43 94.50 94.30 95.36 94.21 0427
Egg weight, g 67.88 68.26 67.50 67.91 67.81 0.235
Broken & sott
egg. % 0.11 012 0.15 012 0.05 0.032
Feed intake,
g/day 113.41 111.76 110.70 112.87 111.60 2.079
Feed conversion
g/100g egg mass 177 174 1.74 175 1.75 0.036
Egg quality
Egg shell
strength, 422 429 4.29 432 434 1.528
(kg/mm”)
Egg shell
thickness, 35.88 35.82 36.00 36.29 36.38 0.221
(mm)
Egg (Hunter . . . .
shell ) 52.25°% 51.32 51.44 51.25 51.87 0.637
color L
a 18.57 14.81 14.80 14.76 14.60 7.134
b 19.69 19.41 19.53 19.44 19.83 0.856
Egg yolk color 867" 8.84% 8.91% 8.96° 9.05° 0071
Haugh unit 95.02" 96.32° 96.23" 96.49° 9578 0.378

PN eans with the different superscripts  differ significantly (p<0.05)

— 233 —



Table3. Leukocytes and erythrocytes in blood from Broiler fed
experimental diets.
Treatments
Parameters SEM
control anticzioti cs(%%%—o. 051608%—0. CS6(§%%—O.2
Leukocytes
(WAL) 17.29 18.08 19.46 16.06 1755 1.734
NE (K/u) 1.80 1.39 2.32 2.17 2.13 0.389
LY (K/pe) 1393 15.30 14.13 12.13 11.67 1.809
(NBSLY) 0.14 0.11 0.24 0.19 0.19 0.048
MO (K/m)  1.95° 1.20° 1.43* 0.20" 019" 0.249
EO (K/ut) 0.18 0.19 0.37 0.31 0.42 0.091
BA (K/m)  0.04° 0.07" 0.13% 0.12" 0.18° 0.041
Erythsocyte
RB@ XM 2.28" 258" 2.37% 2.21" 2.45% 0.083
Hb (g/de) 6.82 7.10 6.68 6.36 728 0.274
HCT (%) 1882" 2498 22727 21.16"™ 24.08° 1.591
MCV (fL)  82.28 97.06 95.98 95.32 80.08 9.576
MCH (pg)  30.02" 2750 28.18" 31.08" 29.82% 0.933
NEZEEG 40.68 28.46 29.54 33.18 30.38 4,222
WBC : White blood cell, HE @ Heterophil, LY @ Lymphocyte, MO : Monocyte, EO @ Eosinophi, SI

Stress indicator, RBC ! Red blood cell, Hb @ hemoglobin, HCT :

volume, MCH @ Mean corpuscular hemoglobin,

*® Means with the different superscripts

differ significantly (P<0.05)
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Higke Abmel MRS adste 7Y AR didgsisled, wEdEE
premixer= ol RlHjgr & HEFALR 9} 200kg & Fel A W= 1083 ek

=

3) AT B B Y

A

O B (SAE, AMEAFHE, AREE, JANE, BAEAF)

SAFES ARAA Al 2FA, ADdERE Ao 4 SAAT AARAF
A Al AtEHEA RN AEFe Alste] AEsidloH, ARLTES AR
Aoz viro] A3 AT 8L e Ae ol &5t A&
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dogzad (@ Igl)
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T3
224 3 25000xg = 20min YAET (sigma-4, Aldrich Corporation,ST. Lousis,
Missouri, USA)ste] @da& w= &3 & &4 dA7x Jds Biash @4
IgGel &%+ Manchini(1965)o] <Js] 7€ single radial immune-diffusion
test(RID test)R el &3to] SA.

L

o) AF 5 AANEL W (leo-cecal junction)® FF-10cm® LA 3 A A7fst

of 2 otel Q= RE U§BS AR §700] Hol BAAZA 50914 1B

g

UltraCleasn ™MFecalDNAKit(MOBIO,Carlsbad,CA) & W& &S 0.25g% bead tubed]
=@ 3 DNAE F%. o] DNA productsE ©]83}¢] real-time PCRZ 43} +=
), SYBR Green PCR technology W& o83 9™, specific-species 165 rRNA
primers+  dpefingas grop F 5-ATCCAAGICGAGGAGDGS, R 5-TATGOGGTATTA
AT ¢ T ( C / T ) C C T T T - 3 ° ) ,
E.colisubgroup(F:5'-GTTAATACCTTTGCTCATTGA-3",
R:5-ACCAGGGTATCTAATCCTGTT-3"), Lactobacillusspp.(F:5' -~ AGCAGTAGG
GAATCTTCCA-3, R: 5-CACCGCTACACATGGAG-3), Salmonella spp.(F: 5' -
TTA TTA GGA TCG CGC CAG GC -3', R: 5' - GGA CCA CGA TCA CCG
ATC A - 3)& AH&3

® A4

Aol Aol Azel TAAYE st 24 wEd FI Hd ANAEE
SAS(1996) GLM(General Linear Model) ProcedureZ o] &3Fo] #4319 29
F-test 23 #94({P>0.05°] e A-F A5 HFzre] Ao]E Duncan's

multiple range test® 71 A&},

« 73}

- AN (EAY, ARAHE, AEES, JAE, AR SF)
Aol v Aol A= Table 20 L9k

- A

Aol up2 doda A= Tabledel 8.9
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Table?2. Formula and composition of experimental basal diet

Ingredients %
Corn 23.40
Wheat 38.87
Soybean meal 27.10
Rape seed meal 3.00
Animal fat 450
Lysine 78% 0.26
Threonine 102 0.25
NSP enzyme 0.05
Phytase 0.05
Anticoccidial drug 0.05
Sodium hydrogen carbonate 0.20
Dicalcium phosphate 1.30
Sodium chloride 0.26
Broiler prernix1 0.10
Calcium carbonate 0.61
Total 100
Calculated composition %
ME, kcal/kg 3,100
Calcium 0.09
Phosphorus 0.58
Available. Phosphorus 0.40
Lysine 1.13
Methionine 0.50
Methionine + Cystine 0.85
Threonine 0.74
Tryptophan 0.25
Arginine 1.28

'Contains per kg vitamin A, 9,000IU; vitamin

D3,2,500IU; vitaminE, 201U, vitaminK, 1.2mg;thiamin,1.2mg;riboflavin,4mg;niacin,20mg;ptrido
xin,8mg;choline,1,200mg;biotin,0.5mg;folicacid,0.5mg;Mg,0.15mg;Cu,10mg;Mn,105mg;Se,0.
26mg;Zn,75omg;l,1mg;Fe,50mg;Co,0.1mg.
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Table2. Performance of broiler chicks fed experimental diets(5wks)

Treatments
Parameter “;k SEM
control  antibiotics %56350/20— %5%30/20_ C568%_O'2O

0-3  851.2 864.6 818.6 837.5 846.5 24.814
Weight
gain, 35 8171 878.9 888.7 874.08 866.1 37.906
g/ bird

0-5 17069 1836.7 17561 17547 1756.3 4019

0-3 12456 1240.0 12477 12318 1262.6 24,622
Feed
intake, 35 11717 1235.9 11559 11716 1146.2 68717
g/ bird

0-5  2417.3 2474.9 24036 24034 2408.7 60.931

0-3 147 1.43 1.47 1.47 1.49 0.029
Feed 35 1.40 1.26 1.29 1.27 1.25 0,092
conversion ‘ ‘ ‘ ‘ ‘

0-5 147 1.39 141 141 141 0.046

0-3  19ab 0.95ab 1.43ab 2.37a 0.48h 0562
Mortality, 35 095 0.95 0.48 0 0 0407

0-5 285 1.90ab 1.90ab  2.37ab 0.48h 0715
Production o5 309.83 330.93 33886  320.18 326.80 18.478

*° Means with the different superscripts differ significantly (P<0.05)
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Table3.Leukocytes and erythrocytes in blood from Broiler fed experimental
diets.

Treatments

Parameters control eslntibiotic 8580/6282—0. ?OS£82—O. 8%682—0.2 SEM
Leukocytes

WB@ XK/ 32.25 31.38 33.54 33.07 33.35 0.819
NE (K/pt) 10.85 10.08 11.03 11.06 11.03 0.416
LY (K/ut) 15.90 16.03 16.89 16.23 16.62 0.326
(NEYLY) 0.69 0.63 0.66 0.68 0.66 0.024
MO (K/¢t) 3.21 3.28 3.45 3.36 3.46 0.184
EO (K/gt) 1.69 1.57 1.63 1.75 1.76 0.103
BA (K/it) 061 0.56 0.60 0.68 0.67 0.053
txythrocyt

RBGUM / 2.81 278 291 294 292 0.066
Hb (g/de) 390 3.84 9.01 3.80 3.93 0.181
HCT (%) 27.74 27.51 29.04 28.59 29.34 0.645
MCV (fL) 98.93 99.08 100.01 97.31 100.45 0.354
MCH (pg) 31.74 31.81 31.21 30.19 30.58 0.407
MCHO (g/ 32.08 32.09 31.20 31.06 30.46 0.377

WBC : White blood cell, HE : Heterophi, LY : Lymphocyte, MO : Monocyte, EO :
Eosinophi, SI : Stress indicator, RBC : Red blood cell, Hb : hemoglobin, HCT :
Hematocrit, MCV : Mean corpuscular volume, MCH : Mean corpuscular  hemoglobin,
VICHC : Mean corpuscular hemoglobin concentration.

“"Means with the different supercripts differ significantly (P < 0.05)
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53 Pharmaceutical Societies
phosphonates. center
2010 International
o . . . Seoul
Identification and production of Jin Cheol Yoo, Symposium & Annual
2010.06. o ) ) ) ) ) KyoYuk
antimicrobial compound from Seung Sik CHO, | Meeting New Frontiers in
24.-25 ) ) MunHaw
Streptomyces sp. CS392. Poonam MANDER Microbiology and
) HoeKwan
Biotechnology.
2010 International
. . . Seoul
A novel low molecular weight Jin Cheol Yoo, Symposium & Annual
2010.06. o ) ) ) ) KyoYuk
fibrinolytic enzyme from Jaya Ram Meeting New Frontiers in
24.-25 ) ) ) MunHaw
Streptomyces sp. CS623. Simkhada Microbiology and
) HoeKwan
Biotechnology.
Identification, partial purification and Jin Cheol Yoo, 2010 International Seoul
eou
characterization of lipase from Seung Sik Symposium & Annual
2010.06. ) ) ) ) ) KyoYuk
Ralstonia sp. CS274 and its CHO, Meeting New Frontiers in
24.-25 S ) ) MunHaw
application in biodiesel Hah-Young Microbiology and
) ) HoeKwan
production. Yoo. Biotechnology.
e . 2010 International
Identification, production and ) Seoul
o ) Symposium & Annual
2010.06. characterization of an Jin Cheol Yoo, . o KyoYuk
. Meeting New Frontiers in
24.-25 extracelluar lipase from Da Jeong PARK. ) ) MunHaw
Microbiology and
Streptomyces sp. CS133. ) HoeKwan
Biotechnology.
Characterization of antibacterial 2010 International Seoul
2010.06. substance-producing Bacillus sp. Jin Cheol Yoo, Symposium & Annual KyoYuk
24.-25 6-3 isolated from Korean Yun Hee CHOL Meeting New Frontiers in MunHaw
pickle-Kimchi. Microbiology and HoeKwan
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Biotechnology.

) ) JY Hwang,
The biosynthetic gene cluster for a )
o ) ) NPK Hanh, 14th International
2010.09. polyether antibiotic, laidlomycin, ) ) o
JC Yoo, biotechnology Symposium | Rimini, Italy
14-18 from Streptomyces sp. o
CN Seong, and exhibition.
KCTC 10631 BP.
DH Nam.
) . . Seoul
o Jin Cheol Yoo, International Meeting of
2010.10. A new glycosylated fibrinotic ) KyoYuk
Jaya Ram the Federation of Korean
14-15 protease from Streptomyces. ) ) ) o MunHaw
Simkhada Microbiology Societies
HoeKwan
In vitro and In vivo fibrinolytic Jin Cheol Yoo, ) ) Seoul
o International Meeting of
2010.10. activity of a low molecular Jaya Ram ) KyoYuk
) o ) ) the Federation of Korean
14-15 weight fibrinolytic protease Simkhada, ) ) o MunHaw
) ) Microbiology Societies
from a Streptomyces strain. Seung Sik Cho HoeKwan
Anti-inflammatory action of an ) ) Seoul
o ) i International Meeting of
2010.10. antimicrobial substance, CRY, Jin Cheol Yoo, ) KyoYuk
) the Federation of Korean
14-15 Isolated from a Streptomyces Seung Sik Cho ) ) o MunHaw
Microbiology Societies
strain. HoeKwan
Inhibition of ) ) Seoul
) o ) ) International Meeting of
2010.10. lipopoly saccharide—inducible Jin Cheol Yoo, ) KyoYuk
o . . the Federation of Korean
14-15 | nitric oxide synthase, IL-6, TNF-a, Yun Hee Choi. ) ) o MunHaw
) Microbiology Societies
IL1-beta production by CS384. HoeKwan
o . . Seoul
Production and purification of a ) International Meeting of
2010.10. o ) Jin Cheol Yoo, ) KyoYuk
potent antimicrobial compound the Federation of Korean
14-15 ) - PoonamMander ) ) o MunHaw
from Bacillus subtilis CS5. Microbiology Societies
HoeKwan
. N . . . Seoul
Production and purification of a Jin cheol Yoo, International Meeting of
2010.10. ) ) ) KyoYuk
fibrinolytic enzyme from PoonamMander, | the Federation of Korean
14-15 ) ) ) o MunHaw
Streptomyces sp. CS624 Yun Hee Choi Microbiology Societies
HoeKwan
Identification and characterization of )
) Jin Cheol Yoo, ) ) Seoul
Streptomyces sp. CS392 producing International Meeting of
2010.10. o . o Da Jeong Park, . KyoYuk
antibiotics against methicillin and the Federation of Korean
14-15 ) ) Poonam ) ) o MunHaw
vancomycin resistant Microbiology Societies
Mander HoeKwan
Staphylococcus aureus.
Jin Cheol Yoo, 2010 PROCEEDINGS of
) ) Ramada
) ) o Jaya Ram the fall international
2010.10. A cold adaptive acidophilic lipase ) ) plaza
Simkhada, convention of the .
21-22 from Streptomyces. ) ) Cheongju
Da Jeong Park, pharmaceutical society of
Hotel
Poonam Mander korea.
2010 PROCEEDINGS of the
) Ramada
Anti-oxidative and anti-microbial ) fall international
2010.10. ) Jin Cheol Yoo, ) plaza
compounds produced by soil ) convention of the .
21-22 ) Seung Sik Cho ) ) Cheongju
bacteria. pharmaceutical society
Hotel
of korea
o o . 2010 PROCEEDINGS of Ramada
2010.10. Anti-inflammatory antibiotics Jin Cheol Yoo, ) )
. ) the fall international plaza
21-22 produced by Streptomyces strain. Yun Hee Choi ) .
convention of the Cheongju
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pharmaceutical society of

Hotel
korea
) ) Kimdaejung
An alkaline thermostable intracellular Jin Cheol Yoo, Bioenergy korea )
2011.03. . . Convention
phospholipase D derived from Jaya Ram Conference 2011
17-18 ) ) ) Center,
Streptomyces sp. CS57. Simkhada International Symposium. .
Gwangju
Jin Cheol Yoo,
) Jaya Ram ) Kimdaejung
A novel cold-adapted lipase, LP28, ) Bioenergy korea )
2011.03. . Simkhada, Convention
from a mesophilic Streptomyces Conference 2011
17-18 ) Hah Young Yoo, ) ) Center,
strain. International Symposium. .
Don Hee Park, Gwangju
Seung Wook Kim
An organic solvent-tolerant ) ) Kimdaejung
) ) Jin Cheol Yoo, Bioenergy korea )
2011.03. |alkaline lipase from Streptomyces sp. ) Convention
) S Seung Sik Cho, Conference 2011
17-18 |CS268 and its application in biodiesel ) ) Center,
) Poonam Mander International Symposium. .
production. Gwangju
Catalytic proficeiency of a ) .
) ) ) ) Kimdaejung
lipasefrom a newly isolated Jin Cheol Yoo, Bioenergy korea )
2011.03. ) Convention
Streptomyces sp. CS133 with Poonam Mander, Conference 2011
17-18 ) ) ) Center,
solvent—tolerance and Yun Hee Choi International Symposium. .
o . . Gwangju
biodiesel production capacity.
) Kimdaejung
o o . . Bioenergy korea .
2011.03. Characterization of antimicrobial Jin Cheol Yoo, Convention
) ) ) Conference 2011
17-18 | compounds from Soil Actinomycetes. Seung Sik Cho ) ) Center,
International Symposium. )
Gwangju
o o ) Kimdaejung
Anti-inflammatory activity of ) Bioenergy korea )
2011.03. Jin Cheol Yoo, Convention
antibiotics isolated from Korean soil Conference 2011
17-18 ) Yun Hee Choi ) ) Center,
Acinomycetes. International Symposium. .
Gwangju
Synthesis and some properties of B )
. » i Fdie, olg 2011 International Congress |Busan Bexco
2011.04 lipophilic 4’ -groups in ) ) )
. _ N L], of Korean Federation of | convention
21-22 5'-norcarbocyclic nucleosides on L ) o
o o °3d, 55 Pharmaceutical Societies center
antiviral activities.
Inducible Nitiric oxide synthase and ) ) )
- Jin Cheol Yoo, 2011 International Meeting
2011.05. | Cyclooxygenase—2 Inhibitor Isolated ) ) ) ) Oryong Hall
Yun Hee Choi, of Microbiology of Society | .
12-13 from Newly Screened Sterptomyces in Gwangju
) Da Jeong Park of Korea
Strain
Purification and immunomodulatory ) 2011 International Meeting
2011.05. o . Jin Cheol Yoo, . . . Oryong Hall
activity of a polysaccharide from ) of Microbiology of Society | .
12-13 Yun Hee Choi in Gwangju
Streptomyces sp. CS468 of Korea
Isolated of a Novel Lactobacillus Jin Cheol Yoo, 2011 International Meeting
2011.05. ) ) ) ) ) ) Oryong Hall
strain Secreting Broad-spectrum of Yun Hee Choi of Microbiology of Society | .
12-13 . . in Gwangju
Antibacterial compound Jung Wan Ha of Korea
Purification and characterization of a ) 2011 International Meeting
2011.05. . o Jin Cheol Yoo, . . . Oryong Hall
novel peptide antibiotic from Newly ) of Microbiology of Society | .
12-13 . . Yun Hee Choi in Gwangju
isolated Bacillus sp. CS61 of Korea
2011.05. Isolation and characterization of a Jin Cheol Yoo, 2011 International Meeting | Oryong Hall
12-13 compound effective against Yun Hee Choi, of Microbiology of Society | in Gwangju

— 263 —




Vancomycin-resistant
Enterococcus(VRE) and
Staphylococcus aureus(VRSA) from
Bacillus subtilis CS19

Jin Hee Park

of Korea

Beneficial effect of an Antimicrobial

2011 International Meeting

2011.05. and Anti-inflammatory agent on Jin Cheol Yoo, ) ) ) Oryong Hall
) of Microbiology of Society | .
12-13 12-O-tetradecanoylphorbol acetate Seung Sik Cho in Gwangju
) ) of Korea
induced Ear Edema in Mice
Protective effect of compound C3, ) )
i 2011 International Meeting
2011.05. produced by Streptomyces sp. Jin Cheol Yoo, ) ) ) Oryong Hall
] ) ) of Microbiology of Society | .
12-13 CS392, in Dextran Sodium sulfate Seung Sik Cho in Gwangju
o of Korea
induced Mice Colitis
In vivo efficacy of a new low Jin Cheol Yoo, 2011 International Meeting
2011.05. ) o ) ) ) ) Oryong Hall
molecular weight fibrinolytic enzyme Jaya Ram of Microbiology of Society | .
12-13 ) in Gwangju
from bacteria Simkhada of Korea
Purification, Biochemical properies Jin Cheol Yoo, ) )
) o o 2011 International Meeting
2011.05. |and In vivo fibrinolitic activity of an Jaya Ram ) ) ) Oryong Hall
) of Microbiology of Society | .
12-13 extracellular protease secreted by a Simkhada, in Gwangju
) of Korea
Streptomyces strain Poonam Mander
An alkaline lipase from
Streptomyces sp. CS273 with ) ) Songdo
2011.10. ) Jin Cheol Yoo, 2011 KSBB Fall meeting& )
organic solvent tolerance property ) ) Concensia,
05708 ) S Poonam Mander International Symposium
and its application in Biodiesel Incheon
production
Synergistic antimicrobial effect of
o . . . Songdo
2011.10. nargenicin isolated from Nocardia Jin Cheol Yoo, 2011 KSBB Fall meeting& c )
oncensia,
05708 sp. CS682 with other commercial Yun Hee Choi, International Symposium Inch
ncheon
antibiotics
Jin Cheol Yoo,
Identification and characterization of Seung Sik Cho,
Lactobacillus sp. CSO0A  producing Jaya Ram ) Songdo
2011.10. . . . . 2011 KSBB Fall meeting& .
antibacterial compound against Simkhada . . Concensia,
05708 o ) ) International Symposium
Gram-positive and Gram-negative Yun Hee Choi, Incheon
pathogenic microorganisms Da Jeong Park,
Jin Hee Park
Seoul
o ) ) ) 2011 International Meeting Kyoyuk
2011.10. | A potent antimicrobial peptide from Jin Cheol Yoo, ]
. of the Federation of korean munHwa
13714 Bacillus sp. C532 Da Jeong Park ) ) ) o
microbiological Societies HoeKwan,
Seoul, Korea
A lipase from Streptomyces sp. Seoul
CS133 with organic solvent tolerance . 2011 International Meeting Kyoyuk
2011.10. ) o Jin Cheol Yoo, )
property and its application in of the Federation of korean munHwa
13714 o Poonam Mander ) ) ) o
production of biodiesel from microbiological Societies HoeKwan,
vegetable oils Seoul, Korea
201110 Anti-inflammatory Effects of CS384 Jin Cheol Yoo, 2011 International Meeting Seoul
13;14. in Murine Macrophage Raw 264.7 Yun Hee Choi, of the Federation of korean Kyoyuk
cells Seung Sik Cho microbiological Societies munHwa
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HoeKwan,

Seoul, Korea

An extremely alkaliphilic xylanase

2011 PRoCEEDINGS of the

o . Jin Cheol Yoo, Fall International Songdo
2011.11. | from Streptomyces: strain isolation, ) )
) ) ) Jaya Ram Concention of The Concensia,
07-09 | enzyme production and biochemical . i i
o Simkhada Pharmaceutical Society of Incheon
characterization
Korea
) ) 2011 PRoCEEDINGS of the
A Polysaccharide Produced by a Jin Cheol Yoo )
) . Fall International Songdo
2011.11. | New Streptomyces Strain Modulates Yun Hee Choi, ) )
) o ) Concention of The Concensia,
07-09 | Immunological Activity in Raw264.7 Seung Sik Cho, ) )
Pharmaceutical Society of Incheon
Cells Da Jeong Park
Korea
2011 PRoCEEDINGS of the
Isolation, production and purification ) Fall International Songdo
2011.11. Jin Cheol Yoo, ) .
of antimicrobial substance produced Concention of The Concensia,
07-09 ) . ) Poonam Mander ) .
by Bacillus subtilis strain PA5 Pharmaceutical Society of Incheon
Korea
2011 PRoCEEDINGS of the
Design and synthesis of various B Fall International Songdo
2011.11. ) g, A3, . .
6‘-modified novel nucleoside L Concention of The Concensia,
07-09 AL, 555
analogues as potent antiviral agents. Pharmaceutical Society of Incheon
Korea
Jin Cheol Yoo,
) 2012 KSBB SPRING Changwon
) Seung Sik Cho, o
2012.4. | A novel hyperalkaline xylanase from I R METTING & Exhibition
aya Ram
11.-13 |a newly isolated Sterptomyces strain ) INTERNATIONAL Convention
Simkhada,
SYMPOSIUM Center
Yun Hee Choi
) 2012 KSBB SPRING Changwon
An extracelluar alkaline xyalnase ) o
2012.4. o Jin Cheol Yoo, METTING & Exhibition
active in broad range of temperature )
11.-13 o . . Pradeep G.C. INTERNATIONAL Convention
originated from a microbial source
SYMPOSIUM Center
) 2012 KSBB SPRING Changwon
An alkaline and moderately ) o
2012.4. ) Jin Cheol Yoo, METTING & Exhibition
thermostable xylanase from a soil ) ]
11.-13 olated Md.Arifur Rahman INTERNATIONAL Convention
1solate
SYMPOSIUM Center
i 2012 KSBB SPRING Changwon
Purification and biochemical Jin Cheol Yoo, L
2012.4. o METTING & Exhibition
characterization of a thermostable Jaya Ram )
11.-13 . . . INTERNATIONAL Convention
xylanase from Korean soil bacteria Simkhada,
SYMPOSIUM Center
Jin Cheol Yoo,
) i 2012 KSBB SPRING Changwon
Screening Streptomyces strains Jaya Ram o
2012.4. i . . METTING & Exhibition
capable of producing cellulase using Simkhada, )
11.-13 INTERNATIONAL Convention
CMC-agar plate Yo Na Park,
SYMPOSIUM Center
Yoon Seok Choi
Inhibition of LPS-induced iNOS, ) ) .
. . Jin Cheol Yoo, |2012 International Congress | International
2012.4 | COX-2 and cytokines expression by ) ) )
Seung Sik Cho, of Korean Federation of Convention
19-21 |Streptomyces sp. extract through the

NF-kB inactivation in Raw 264.7

Yun Hee Choi

Pharmaceutical Societies

Center, Jeju
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macrophage cells

Antibacterial and Anti-inflammatory

o Jin Cheol Yoo, |2012 International Congress | International
2012.4 |activities of PA5 compound produced ) )
. . Poonam Mander, of Korean Federation of | Convention
19-21 by Bacillus subtilis from korean ) ) o .
o ) ) Seung Sik Cho, Pharmaceutical Societies | Center, Jeju
traditional kimchi
0194 Synthesis of novel 5'-oxy- and FEF, Al%3, | 2012 International Congress | International
19 2.1 5 -deoxyphosphonic acid nucleoside e, Ao, of Korean Federation of Convention
analogues as potent antiviral agents. F33. Pharmaceutical Societies | Center, Jeju
Jin Cheol Yoo, ) .
) o Kimdaejung
Ammonium sulfate sensitive Jaya Ram ) .
) Biocenergy Korea Convention
2012.4 thermostable xylnase from Simkhada,
) Conference 2012 Center,
24-25 Streptomyces for the conversion of | Hah-Young Yoo, ) ) )
) ) ) International Symposium Gwang ju,
agro-industrial waste materials Don Hee Park,
_ Korea
Seung Wook Kim
Purification and biochemical Jin Cheol Yoo, ) ) .
o ) Bioenergy Korea Kimdaejung
2012.4 | characterization of a novel alkaline Pradeep G.C. )
) Conference 2012 Convention
24-25 xylanase from Streptomyces sp. Yoon Seok Choi ) )
) International Symposium Center
CS428 Seung Sik Cho,
0124 A novel salt dependant alkaline Jin Cheol Yoo, Bioenergy Korea Kimdaejung
o 2.5 xylnase from Streptomyces sp. Md.Arifur Rahman Conference 2012 Convention
CSWu-1 Yun Hee Choi International Symposium Center
Seoul
0125 Copper sulfate Potentiate Inhibition Jin Cheol Yoo, |International Meeting of the Kyoyuk
- 0'4 Effect of Nitrite Oxide Production by Ok kim, Microbiological Society of MunHwa
Manumycin Seung Sik Cho, Korea Hoekwan,
Seoul, Korea
Seoul
Purification and Chracterization of ) International Meeting of the Kyoyuk
2012.5 o ) ) ) Jin Cheol Yoo, ) ) . .
Antimicrobial peptide from Bacillus ) Microbiological Society of MunHwa
03-04 ) Yun Hee Choi
sp. Isolated from Korean Soil Korea Hoekwan,
Seoul, Korea
. o Seoul
Enzymatic Transesterification of Soy ) .
) ) ) ) International Meeting of the Kyoyuk
2012.5 bean Oil and Waste Cooking Oil Jin Cheol Yoo, ) ) ) )
. . . . ) Microbiological Society of | MunHwa
03-04 Using a Microbial Lipase(LP273) Poonam Mander
Korea Hoekwan,
from Streptomyces sp. CS273
Seoul, Korea
Optimization of medium composition ) Seoul
) o ) Jin Cheol Yoo, ) )
and fermentation conditions using International Meeting of the Kyoyuk
2012.5 Poonam Mander ) ) . .
response surface methodology for ) Microbiological Society of MunHwa
03-04 ) ) Yoon Seok Choi
production of manumycin by Korea Hoekwan,

Streptomyces sp. CS392

Seoul, Korea
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cytokine (IL-6, IL8)2] #H|E AAAA AN HAWS-S 4]
Edf 2o 23 PAXE 4o e BE E3(ALT, LDH 24| % 74 245050 A
A A4 9 HO-19 2d# S7hE YEdE

3. A9t CS682 =4 A

O 2-deoxy TS A F oz A 3 T (CS6829F =3

@ CS682¢] glucose, fluorosugar ¥ @A g4

@ 5-membered heterocycles 24310 CS6829F =3
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D
3} 5%
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4
4 Mol AT fAA 28 BF 77 NP

D BT FAAAD A BAL AAA WA AT AFHT Q= o
@ 747 MEE Agshe], Nocardiadl A9 oA @@L 9As) WE Awsn FE
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@ metK ¥ asfR(ZZ7]2 744, metK ¥ asfR malonyl-CoA(ACC), metK %
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ABSTRACT

The enzymatic route for biodiesel production has been noted to be cost ineffective due to the high cost
of biocatalysts. Reusing the biocatalyst for successive transesterification cycles is a potential solution to
address such cost inefficiency. However, when organic solvent like methanol is used as acyl-acceptor in
the reaction, the biocatalyst (lipase) gets severely inactivated due to the inhibitory effect of undissolved
methanol in the reaction medium. Thus, organic solvent-tolerant lipase is highly desirable for enzymatic
transesterification. In response to such desirability, a lipase (LS133) possessing aforesaid characteristic
was extracted from Streptomyces sp. C5133. Relative molecular mass of the purified L5133 was estimated
to be 39.8 kDa by SDS-PAGE. Lipase LS133 was stable in pH range 5.0-9.0 and at temperature lower
than 50 “C while its optimum lipolytic activity was achieved at pH 7.5 and 40 -C. It showed the highest
hydrolytic activity towards long chain p-nitrophenyl palmitate with K, and V., values of 0.152 mM
and 270.2 mmol min~! mg~', respectively. It showed non-position specificity for triolein hydrolysis. The
first 15 amino acid residues of its N-terminal sequence, AIPLRQTLNFQAXYQ, were noted to have partial
similarity with some of the previously reported microbial lipases. Its catalytic involvement in biodiesel
production process was confirmed by performing enzymatic transesterification of vegetable oils with

methanol.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Biodiesel is receiving growing attention worldwide as a fore-
most substitute for conventional petroleum-derived diesel because
it is simple to use, biodegradable, non-toxic, and essentially free of
sulfur and aromatics [1]. Biodiesel comprises of mono-alkyl esters
of long chain fatty acids which are derived from renewable feed-
stock, such as vegetable oils and animal fats, using a method known
as transesterification (alcoholysis) [2]. Such method exchanges the
alcohol functional groups of the feedstock triglycerides with that of
a short chain alcohol (for example methanol, ethanol, etc.), prefer-
ably in the presence of suitably selected catalyst. By far alkali
catalysts such as metal alkoxides and hydroxides have become
default catalysts [3] for large scale biodiesel production processes
since they are cheap, and produce high yields at short reaction time
in mild temperature and pressure settings [4]. Despite the excellent
conversion capability of such alkali catalyzed transesterification
process, it is often criticized for some of its inherent drawbacks.
Firstly, it mandates feedstock triglycerides to be in the highest puri-
fied form. Thus non-virgin sources, such as waste cooking oils and

* Corresponding author. Tel.: +82 62 230 6380; fax: +82 62 227 3963.
E-mail address: jeyu@chosun.ac.kr(].C. Yoo).
! Both authors contributed equally to this work.

1359-5113(% - see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.procbio.2012.01.003

rendered animal fats which are obviously the cheap feedstock [5,6],
may not be useful in such process. Even a small fraction of free fatty
acids in such feedstock interfere with the transesterification pro-
cess by reacting with the alkali catalysts to create soaps. Additional
downstream processing is required to separate such soaps. Sec-
ondly, the produced biodiesel using an alkali catalyst has a high
pH value and need subsequent washing. The generated alkali efflu-
ent may pose some environmental risks. Finally, the recovery of
the process by-product, glycerol, in its pure form is difficult which
shrinks the value-added application of this process.

To overcome aforesaid demerits of alkali catalyzed transes-
terification, different route for biodiesel production has been
continuously sought. Enzymatic transesterification is one of them
which can address all of the aforesaid drawbacks in alkali catalyzed
transesterification. Different lipases from various sources (for
example Photobacterium lipolyticum [7], Pseudomonas aeruginosa
[8], Ralstonia sp. CS274 [9], etc.) have previously been reported
that can well catalyze transesterification reactions. However, due
to the nature of lipases being relatively costly than the alkaline cat-
alysts there exists a bottleneck (high production cost) which has
limited this technique from being commercialized. It has been sug-
gested that such bottleneck can be reduced by reusing enzymes
for successive cycles of production [10] by exploiting the non-
altering property of lipasesin the reaction medium. However, when
organic solvent like methanol is used as acyl-acceptor, the used
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Introduction: The prevalence of cardiovascular diseases, one of the major causes of worldwide mortality, is being
increasingly reported. Safer, more effective, and less expensive thrombolytic drugs can possibly overcome the
underlying problems associate with current thrombeolytic drugs.

Methods: A thrombolytic enzyme was purified and characterized from a Strepromyces strain. Carrageenan
induced tail-thrombosis mice model was used to evaluate in vive antithrombotic effect of the enzyme.
Results: First 15 N-terminal amino acids of the purified enzyme were INGGQAIYAGGGRRS, which are significant-
ly different from the reported fibrinolytic enzymes. The enzyme exhibited 14.3 + 2.3-fold stronger thrombolytic
activity than that of plasmin. In carrageenan induced tail-thrombosis model, the enzyme caused reduction in
frequency of thrombus, Tail-thrombus of the enzyme treated group was significantly shorter than the physiolog-

Keywords:
Carrageenan induced tail-thrombosis
thrombosis treatment

in vivo
ical saline treated group and the thrombus decrement was correlated with the enzyme dose.
Conclusions: The enzyme purified from the Streptomyces strain can be a potential candidate for the treatment of
thrombosis.
@© 2011 Elsevier Ltd. All rights reserved.
Introduction activator streptokinase are commonly used. However, an ideal drug is

Apart from growing modern technologies, human beings are still
seemed to be feeble and prone to varieties of existing and emerging
diseases. As a result, mortality rate caused by these diseases is rapidly
mounting. The prevalence of cardiovascular diseases is progressively
rising and remains at the top of 15 leading diseases as shown by the global
mortality projection for 2002 to 2030 [ 1]. The key reason of cardiovascular
diseases is the formation of blood clots. Inside human body, the clot
formation and lysis are kept in balance by homeostasis. However, the
clots are not hydrolyzed in unbalanced condition that leads to thrombosis.
Administration of thrombolytic drugs to dissolve the clot is the only alter-
native of surgery to remove or by bypass the blockage [2]. The main target
for anti-thrombotic drug development is either platelets aggregation or
activation of coagulation factors [3,4]. Until now, several types of throm-
bolytic drugs, categorized into three generations, have been developed
for the therapeutic purposes. Among them, urokinase-type plasminogen
activator, tissue plasminogen activator (t-PA) and bacterial plasminogen

Abbreviations: CVD, cardiovascular disease; t-PA, tissue plasminogen activator;
EDTA, ethylenediamine tetra-acetic acid; EGTA, ethylene glycol-bis (f--aminoethyl
ether)-N,NN'N'-tetraacetic acid; PMSF, phenylmethyl-sulfonylfluoride; SDS-PAGE, so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis; NAI, N-acetylimidazole; NBS,
N-bromosuccinimide; DEPC, diethylpyrocarbonate; EDAC, 1-ethyl-3-(3-dimethylami-
nopropyl)carbodiimide; IA, iodoacetate; CA, citraconic anhydride; PG, phenylglyoxal.

* Corresponding author. Tel.: 482 62 230 6380; fax: 4 82 62 227 3963,

E-mail address: jeyu@chosun.ackr {J.C. Yoo),
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0049-3848/S - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.thromres.2011.09.014

yet to be developed. An ideal thrombolytic drug should have the following
characteristics: reasonable cost, no antigenicity, no effect on blood pres-
sure, no procoagulant effect, low reocclusion rate and low incidence of in-
tracranial and system bleeding. It should be fibrin selective, effective in
dissolving older thrombi and resistant to plasminogen-activator inhibitor.
Moreover, an ideal drug should be suitable to administer as an intrave-
nous bolous and should execute reperfusion in 100% of patients and
rapid and complete coronary flow [5]. Drugs such as t-PA and urokinase
are expensive, exhibit low fibrin specificity, have short half-lives, and
encompass undesired side effects such as gastrointestinal bleeding,
resistance to repercussion and allergic reactions, etc. [2]. Therefore, search
for ideal thrombolytic drug is an urgent and important task for the scien-
tific world. In the course of searching thrombolytic agents, bacteria, fungi
and algae have been extensively studied besides some other sources. Ac-
tinomycetes, the prevailing source of antibiotics, were also studied and a
few enzymes have been reported from Streptomyces|6-9]. Several physi-
cal or chemical experimental models have been established for the evalu-
ation of latent thrombolytic drugs in vivo. Almost all of those approaches
require complicated surgery to expose blood vessels. As an alternative,
carrageenan-induced thrombosis in the tail model was established a
few decades ago [10,11]. This method can be performed without surgery
and without killing the experimental animal. It is relatively cheaper as
small scale animals are used and allows observing and measuring the
developing thrombosis continuously and accurately. Carrageenan, the
extract of red seaweeds, is straight-chained sulfur-containing polysaccha-
rides compaosed of repeated units of D-galactose and 3,6-anhydro-D-
galactose. Carrageenan is most likely to cause thrombosis by activation
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Abstract A number of secondary metabolites having therapeutic importance have been
reported from the genus Nocardia. One of the polyketide antibiotic compounds isolated from
Nocardia is nargenicin A,. Recently, nargenicin A, has been isolated from Nocardia sp.
CS682, a new Nocardia strain isolated from soil in Jeonnam, South Korea. It possesses
strong antibacterial activity against methicillin-resistant Staphylococcus aureus. In this
study, we applied a metabolic engineering approach based on recombinant DNA technology
in order to boost the production of nargenicin A; from Nocardia sp. CS682. Initially, we
optimized the transformation of this new strain by electroporation method. Heterologous
expression of S-adenosylmethionine synthetase (MetK1-sp) in Nocardia sp. CS682
enhanced the production of nargenicin A; by about 2.8 times due to transcriptional
activation of biosynthetic genes as revealed by reverse transcription polymerase chain reaction
analysis. Similarly, expression of acetyl-CoA carboxylase genes improved nargenicin A,
production by about 3.8 times in Nocardia sp. ACCI18 compared to that in Nocardia sp.
CS682 and Nocardia sp. NV18 by increasing precursor pool. Thus, enhanced production of
nargenicin A; from Nocardia sp. CS682 can be achieved by expression of transcriptional
activator genes and precursor genes from Streptomyces strains.

Keywords Acetyl-CoA carboxylase - Nargenicin A - Nocardia sp. CS682 -
S-adenosylmethionine synthetase - Methicillin-resistant Staphyviococcus aureus
Introduction

Nocardia is an aerobic Gram-positive, filamentous and partially acid-fast bacterium, belonging
to the Actinomycetaceae family. They are ubiquitously found in soil, water, decaying
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Abstract Fossil fuel is limited but its usage has been
growing rapidly, thus the fuel is predicted to be completely
running out and causing an unbearable global energy crisis
in the near future. To solve this potential crisis, incorpo-
rating with increasing environmental concerns, significant
attentions have been given to biofuel production in the
recent years. With the aim of isolating a microbial bio-
catalyst with potential application in the field of biofuel, a
lipase from Streptomyces sp. CS628, LP28, was purified
using hydroxyapatite column chromatography followed by
a gel filtration. Molecular weight of LP28 was estimated to
be 32,400 Da by SDS-PAGE. The activity was the highest
at 30 °C and pH 8.0 and was stable at pH 6.0-8.0 and
below 25°C. The enzyme preferentially hydrolyzed
p-nitrophenyl decanoate (C10), a medium chain substrate.
Furthermore, LP28 non-specifically hydrolyzed triolein
releasing both 1,2- and 1,3-diolein. More importantly,
LP28 manifestly catalyzed biodiesel production using palm
oil and methanol; therefore, it can be a potential candidate
in the field of biofuel.
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Abbreviations

CA Citraconic anhydride

DEPC  Diethylpyrocarbonate

EDAC  1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDTA  Ethylenediamine tetra-acetic acid

FAME Fatty acid methyl ester

IA lodoacetate

NAI N-acetylimidazole
NBS N-bromosuccinimid
PAGE Polyacrylamide gel electrophoresis

PG Phenylglyoxal

PMSF  Phenylmethyl-sulfonylfluoride
pNP p-nitrophenol

pNPA  p-nitrophenyl acetate

pNPB  p-nitrophenyl butyrate

pNPD  p-nitrophenyl decanoate
pNPM  p-nitrophenyl myristate
pNPP  p-nitrophenyl palmitate

SDS Sodium dodecy! sulfate

TLC Thin layer chromatography
Introduction

Lipases (EC 3.1.1.3) are one of the most important indus-
trial enzymes capable of hydrolyzing fatty acid ester bonds
in aqueous medium and synthesize them in non-aqueous
medium. They are used in fat and oil hydrolysis, food and
detergent industries, peptide synthesis, pharmaceutical
industries, and so on [I, 2]. Biodiesel, fatty acid methyl
ester (FAME), is one of the optimistic alternatives of fossil
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Abstract In an attempt to isolate a biocatalyst able to
catalyze biodiesel production from
Streptomyces sp. C8326 was screened from hundreds of
soil isolates collected from various parts of Korea. In 168
rRNA sequence analysis, the strain showed high degree of
similarity with  Streptomyces xanthocidieus (99.79%);
therefore, it is classified as Streptomyces sp. C8326. An
extracellular lipase produced by the strain (LP326) was
purified using a single step gel permeation chromatography
on Sepharose CL-6B. Molecular weight of LP326 was
estimated to be 17,000 Da by SDS-PAGE. The activity was
optimum at 40 °C and pH 7.0 and was stable at pH 5.0-8.0
and below 50 °C. It preferred p-nitropheny! palmitate (C16),
a long chain substrate; and K, and V,,,, for the substrate
were determined to be 0.24 mM and 4.6 mM/min mg,
respectively. First 10 N-terminal amino acid sequences were
APDLVALQSE, which are different from so far reported
lipases. LP326 catalyzed biodiesel production using metha-
nol and various oils; therefore, the enzyme can be applicable
in the field of biofuel.

microbial source,
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Introduction

Lipases are one of the most important groups of hydrolytic
enzymes, which hydrolyze triglyceride into free fatty acids
and glycerol. Ubiquitously found in animals, plants, fungi
and bacteria, these enzymes catalyze
transesterification, aminolysis, acidolysis, and alcolysis
reactions besides catalyzing hydrolysis of triglyceride [1].
Among several lipases reported from wide varieties of
sources, microbial lipases occupy the centre attraction
regarding their broad biotechnological applications [2].
Lipases are used in various facets of biotechnology, such as
from fats and oil hydrolysis to food and detergent indus-
tries, peptide synthesis, pharmaceutical industries and so
on [3]. One of the stunning applications of lipase is in the
production of biodiesel, a fatty acid ester, which is carried
out in non-aqueous media through transesterification of
alcohols and variety of oils, animal fats or waste oil. A
potential lipase to be used in biodiesel production should
utilize all mono, di, and triglycerides with high yield of
free fatty acids in short reaction time. Also, it should be
high resistant to product inhibition, temperature and alco-
hol, etc. [4]. Lipases are very useful because they can
display excellent chemoselectivity, stereoselectivity and
regioselectivity; they can be produced in large scale using
various microbes; and crystal structures of many lipases,
which is highly desirable to execute engineering strategies,
have already been solved [5]. We have screened Sirepto-
myces sp. C8326, along with some other strains, as a potent
lipase-producing microbe from 700 soil isolates preserved
in our laboratory [6]. A lipase secreted by the strain

esterification,
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Abstract With the aim of isolating new microbes capable
of producing strong antimicrobial substances, strain CS392
was screened from 700 soil isolates preserved in our lab-
oratory. The strain was related to genus Strepromyces based
on various characteristics. Three highly active antimicro-
bial compounds, C1, C2 and C3, produced by the strain
were purified by solvent extraction followed by silica gel
column chromatography. These compounds were highly
active against various Gram-positive resistant bacteria such
as methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Staphylococcus aureus (VRSA), and
vancomycin-resistant Enterococcus (VRE). Among three,
C3 was the most active against MRSA and VRSA with
minimal inhibitory concentration (MIC) of 2 pg/ml while
C2 and C3 had MIC values of 4 pg/ml for the strains. In
case of Bacillus subtilis ATCC6633, C1 and C3 were more
effective with MIC values of 0.5 pg/ml than C2 with MIC
of 2 pg/ml. Those antibiotics were variably active (MIC of
4-32 pg/ml) against Micrococcus luteus ATCC 9341,
Enterococcus faecalis ATCC 29212, Mycobacterium
smegmatis ATCC 9341 and VRE.

Keywords Antimicrobial compounds - Purification -
Streptomycees sp. CS392
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Introduction

Actinomycetes are well-known sources of antibiotics and
other useful secondary metabolites such as antitumor
agents, anti-inflammatory agents, etc. [1, 2]. Streptomyces,
typically known as prime source of antibiotics, are Gram-
positive filamentous bacteria ubiquitously present in most
soils. They produce approximately 75% of commercially
and medically useful antibiotics and 60% of antibiotics
used in agriculture [3, 4]. Major types of antibiotics pro-
duced by Strepromyces are aminoglycosides, anthracyclins,
glycopeptides, f-lactams, macrolides, nucleosides, pep-
tides, polyenes, polyethers, and tetracyclines [4]. The
widespread use of antibiotics in medicine plays a signifi-
cant role in the emergence of resistant bacteria and spe-
cifically, misuse and/or overuse of antibiotics are the major
causes [5-7]. In addition, unhealthy practices in the phar-
maceutical and manufacturing industries also contribute to
the likelihood of emerging antibiotic-resistant strains [8].
Staphylococcus aureus is one of the major resistant
pathogens. Found on the mucous membranes and the
human skin of around a third of the population, it is
extremely adaptable to antibiotic pressure. Methicillin and
oxacillin are their antibiotics of choice. MRSA (methicil-
lin-resistant Staphylococcus aureus) was for the first time
detected in Britain in 1961 and is now quite common in
hospitals. About 50% of S. aureus isolates show resistance
to methicillin in USA and some European countries [9, 10].
S. aureus left vancomycin as the only effective agent
available at the time. However, strains with intermediate
levels of resistance (4-8 pg/ml), termed GISA (glycopep-
tide intermediate Staphylococcus aureus) or VISA (van-
comycin intermediate Staphylococcus aureus), have begun
appearing from late 1990s. The first identified case was in
Japan in 1996, and the strains ever since have been
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Abstract In an effort to identify a microbial lipase that
can catalyze transesterification reactions used in biodiesel
production, an organic solvent-tolerant lipase was purified
from Streptomyces sp. C8268. The molecular weight of the
purified lipase was estimated to be 37.5 kDa by SDS-
PAGE. The lipase showed highest activity at a temperature
of 30°C and pH 8.0 while it was stable in the pH range 4.0
~ 9.0 and at temperatures < 350°C. It showed the highest
hydrolytic activity towards medium-length acyl chain p-
nitropheny] decanoate with K, and 77, values of 0.59 mM
and 319.5 mmol/mg/min, respectively. Also, the lipase
showed non-position specificity for triolein hydrolysis. The
purified lipase catalyzed transesterification reaction of
soybean oil with methanol, suggesting that it can be a
potential enzymatic catalyst for biodiesel production.

Keywords: microbial lipase, organic solvent-tolerant,
Streptomyces, biodiesel production

1. Introduction

Biodiesel is a promising alternative fuel to conventional
fossil fuels because it is clean, renewable, and environ-
mentally safe. One of the most popular processes that have
been used in biodiesel production is transesterification, also
called alcoholysis [1]. It refers to a catalyzed reaction
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involving the displacement of an alcohol from triglycerides
(an ester) by another alcohol to yield fatty acid alkyl esters
(i.e., biodiesel) and glycerol as a by-product. Chemical
transesterification, especially using the alkali-catalysis pro-
cess, are popular because of their high efficiency in con-
verting triglycerides to their corresponding alkyl esters in
short reaction time. Such reactions, however, have several
inherent shortcomings: they are energy intensive, recovery
of glycerol is difficult; the acidic or alkaline catalyst has to
be removed from the product, alkaline waste water requires
treatment, and free fatty acids and water interfere with the
reaction [2,3]. Hence, to overcome such problems alter-
native enzymatic transesterification methods have continu-
ously been sought.

Lipases or triacylglycerol hydrolases (EC 3.1.1.3) are
one of the most important enzymes that have popularly
been used in enzymatic transesterifications. In the majority
of such transesterifications, organic liquid solvents are used
as a reaction medium because the reactions catalyzed by
enzymes in the presence of organic solvents offer many
advantages including (i) the relative high solubility of
substrates, (ii) the relative ease of recovery of products in
organic phase, and (iii) the ability to sift the reaction
equilibrium in the synthetic direction [4]. However, most
enzymes, including lipases, are not stable in organic
solvents, especially hydrophilic organic solvents, because
organic solvents strip water molecules from the enzyme
surface which may turn the enzyme inactive [5]. In order
to combat such instability of the enzymes in organic
solvents, several approaches, such as immobilization and
chemical/physical modification of enzymes, have been
suggested [6]. Alternatively, it would be desirable to screen
for naturally evolved enzymes that have intrinsic organic
solvent tolerance.
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SYNTHESIS OF NOVEL DIFLUORO-CYCLOPROPYL GUANINE
NUCLEOSIDES AND THEIR PHOSPHONATE ANALOGUES
AS POTENT ANTIVIRAL AGENTS

Hua Li, Jin Cheol Yoo, Eunae Kim, and Joon Hee Hong
BK-21 Project Team, College of Pharmacy, Chosun University, Kwangju,
Republic of Korea

1 The synthesis of new nigid guanine analogiees with anti-IHIV-1 and anti-herpes viral activities
15 deseribed. The phosphonate of diftuorocyelopropane nucleoside analogue 26 exhibits in vitro anti-
HIV-1 activaty simalar to that of PMEA in MTA cells. Further, analogue 20 shows modevate ant-
HCMV activity in MRC cells,

Keywords  Antiviral agents; nucleoside analogues: difluorination

INTRODUCTION

The discovery of acyclovir 1'' as an anti-herpes agent ignited the search
for new antiviral nucleosides with a disconnected chain resulting from the
omission of bonds from the pentose or cyclopentane rings. In the last few
years, several (phosphonomethoxy)alkyl derivatives of purine and pyrimi-
dine have emerged as potent antiviral agents.'”) As mimics of nucleoside
monophosphates, these acyclonucleotide analogues exert their antiviral ef-
fect following sequential activation by cellular kinases to their diphosphate
derivatives'”! (nucleoside triphosphate analogues), which act as potent in-
hibitors of viral DNA polymerases. The first step in the activation of antiviral
nucleosides is frequently a difficult step in the phosphorylation sequence,
which ultimately leads to triphosphates. Phosphonate derivatives of antiviral
nucleosides have been attractive targets as potential antiviral agents, because
they do not require I!l(ll]l)Pll()Sl)h(JW‘illit)Il. which is a crucial step for the
activation of nucleosides.!
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A fibrinolytic enzyme (PTEFP) was purified from the entomopathogenic fungus Paecilomyces tenuipes.
Analysis of the purified PTEFP by SDS-PAGE and fibrin zymography demonstrated a single protein band
of approximately 14 kDa. Fibrinolysis pattern showed that PTEFP rapidly hydrolyzed «—chain followed
by [3-chain. PTEFP rapidly degraded Aa-chain of human fibrinogen but did not hydrolyze BB- or y-chain
indicating thatitis a-fibrinogenase. The N-terminal sequence was AQNIGAVVNLSPPKQ, which is different

g;g:’ﬂ‘z:s"ms i from that of other known fibrinolytic enzymes. The PTEFP displayed maximum activity at 35°C and pH
FibrinoLyJ;is P 5.0, and was sltab}e.hervyeen pH 5._0—8.0 _and bna_low 40°C. Calciu_m i‘DI'.I enhanced [h'e enzyn?e af:tiviry
Fungal enzymes whereas Zn?* inhibited 1t.rThe ﬁhjmo]ytlc an;t]wty was strongly inhibited by PMSF identifying it as a
Thrombosis serine protease. PTEFP exhibited high specificity for the substrate H-D-Val-Leu-Lys-pNA and K, and V.,

values for this substrate were 0.17 mM and 59 U/ml respectively. These results suggest that PTEFP is a

novel fibrinalytic enzyme and may have potential applications in treating thrombosis.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Cardiovascular disease is a main contributing cause of death
around the world. Due to its prevalence cardiovascular disease
is expected to impose an ever-increasing impact on our society
emotionally, socially and financially. Intravascular thrombosis, a
consequence of fibrin aggregation in the arteries, is one of the main
causes of cardiovascular disease. Fibrin is the primary protein com-
ponent of blood clots, which are formed from fibrinogen by the
enzyme thrombin. Fibrinogen, a glycoprotein contains two sets of
three polypeptide chains (Ao, B3 and v). During fibrinolysis the
insoluble fibrin fiber is hydrolyzed into fibrin degradation products
by plasmin. Plasmin is generated from plasminogen by plasmino-
gen activators such as tissue plasminogen activator (t-PA), vascular
plasminogen activator, blood plasminogen activator, urokinase,
Hageman factor, and streptokinase-plasminogen complex [1]. Fib-
rin clot formation and fibrinolysis are normally well balanced in
biological systems. However, when fibrin is not hydrolyzed due to
some disorder, thromboses can occur. Myocardial infarction is the

* Corresponding author. Tel.: +82 62 230 6664; fax: +82 62 230 6664.
E-mail address: sjbkim@chosun.ac.kr (5.-]. Kim).
! These authors contributed equally to this study.

1359-5113(§ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.procbio.2011.04.005

most common of these thromboses. Although t-PA and urokinase
are still commonly used in thrombolytic therapy currently, they
have some major disadvantages such as high cost, allergic reac-
tions, and risk for internal bleeding within the intestinal tract when
orally administrated [2,3]. Therefore, cheaper and safer fibrinolytic
enzymes from diverse sources are currently being sought.

In recent years, mushrooms have become an attractive source
of thrombolytic agents because of their efficiency and safety. Many
fibrinolytic enzymes have been identified and characterized from
several edible or medicinal mushrooms including Grifola frondosa
[4], Flammulina velutipes [5], Tricholoma sapoceum [6], Fomitella
fraxinea [7], Cordyceps sinensis [8] and Pleurotus eryngii [9]. Due to
the encouraging biological advantages of using food sources of fib-
rinolytic enzymes, we have also extensively explored new sources
of fibrinolytic enzymes from various edible mushrooms such as P.
fraxinea, F. velutipes, P. ostreatus, C. militaris, and A. mellea [10-14].

Paecilomyces tenuipes (also referred to as Isaria japonica) is one
of the famous Chinese medicinal entomopathogenic fungi as are
the fungi such as Cordyceps sinensis and Cordyceps militaris. It is
a parasitic fungus on the larvae of Lepidoptera. P. tenuipes is tra-
ditionally used in time-honored tonics and for improvement of
blood loss, fatigue and anorexia in Japan, Korea, and China [15].
The fruiting bodies of P. tenuipes are highly valued as medicinal
herbs due to their various biological and pharmacological activities
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Abstract To enhance clavulanic acid production,
four structural clavulanic acid biosynthesis genes,
carboxyethylarginine synthase (ceas2), fi-lactam syn-
thetase (bls2), clavaminate synthase (cas2) and
proclavaminate amidinohydrolase (pah2), were ampli-
fied from Streptomyces clavuligerus genomic DNA.
They were cloned in the pSET152 integration and
pIBR25 expression vectors containing the strong
ermE* promoter to generate pHNI18 and pHNI9,
respectively, and both plasmids were introduced into
S. clavuligerus by protoplast transformation. Clavu-
lanic acid production was increased by 8.7-fold (to
~310 mg/l) in integrative pHN18 transformants and
by 5.1-fold in pHNI19 transformants compared to
controls. Transcriptional analyses showed that the
expression levels of ceas2, bls2, cas2 and pah2 were
markedly increased in both transformants as com-
pared with wild-type. The elevation of the ceas2,

Electronic supplementary material The online version of
this article (doi:10.1007/s10529-011-0561-4) contains
supplementary material, which is available to authorized users.
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bls2, cas2 and pah2 transcripts was consistent with
the enhanced production of clavulanic acid.

Keywords Clavulanic acid - Integration -
Replication - Streptontyces clavuligerus

Introduction

Streptomyces clavuligerus is used for the industrial
production of the f-lactam, clavulanic acid (CA).
Due to its ability to inhibit many f-lactamases,
clavulanic acid is used clinically in combination with
other fi-lactam antibiotics to combat antibiotic resis-
tant infections caused by fi-lactamase-producing
bacteria. Biosynthetic pathway of CA has only been
partially elucidated (Fig. 1) (Baggaley et al. 1997,
Jensen and Paradkar 1999). It begins with the
condensation of arginine and glyceraldehyde 3-phos-
phate, catalyzed by carboxyethylarginine synthase
(CEAS), to produce 2-carboxyethyl-arginine (Khale-
eli et al. 1999). 2-Carboxyethyl-arginine is cyclized
by pf-lactam synthetase (BLS) to give the first
p-lactam, deoxyguanidinoproclavaminic acid (Bach-
mann et al. 1998). Hydroxylation by clavaminic acid
synthase (CAS), followed by hydrolysis of the
guanidino side-chain catalyzed by proclavaminate
amidino hydrolase (PAH), vields proclavaminic acid
(Elson et al. 1993), which undergoes two further
oxidation steps, again catalyzed by CAS, to produce
bicyclic clavaminic acid (Lloyd et al. 1999). This is
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The discovery of 2'-spirocyclopropyl-ribocytidine (J. Med. Chem. 2010, 53, 8150-8160) as a potent inhibitor
of RNA synthesis by NS5B (ICs0=7.3 uM), the RNA polymerase encoded by hepatitis C Virus (HCV), has
led to the synthesis and biological evaluation of several carbocyclic versions of 2'-spiropropyl-nucleosides. The
cyclopentenol intermediate 7 was successfully constructed via ring-closing metathesis (RCM) from divinyl 6.
Spirocyclopropanation of enone 8 was effected by using (2-chloroethyl)-dimethylsulfonium iodide and
potassium fert-butoxide to form the desired intermediate 9. The synthesized nucleoside analogues 21-24 were
assayed for their ability to inhibit HCV RNA replication in a subgenomic replicon Huh7 cell line. Among them,
the cytosine nucleoside analogue 22 exhibited significant anti-HCV activity (ECso = 18.2 uM).

Key Words : Anti-HCV agent, Ring-closing metathesis, 2'-Spirocarbocyelic nucleoside

Introduction

Hepatitis C virus (HCV) infection is a leading cause of
chronic hepatitis, liver cirthosis and hepatoma carcinoma.’
However, there is no effective chemotherapy for the treat-
ment of HCV infection except immunotherapy using ribavirin
in combination with interferon-o, which leads to a sustained
virological response in only about half of the patients treated 2

To date, despite extensive exploration of many novel
scaffolds,” including carbocyclic derivatives, only two
different classes of potent HCV nucleosides have progressed.
The first such class of HCV nucleoside inhibitors (Nls)
encompasses 2'-modified ribonucleoside derivatives, with
2'-B-C-methyl analogues being particularly important. Among
these derivatives, 2-methylcytiding® 1 and 2'-methyl-2'-fluoro-
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Figure 1. Structures of potent anti-HCV agents.

cytidine® 2 led to the most promising HCV NIs (Figure 1).
Through further modification of these derivatives, 2'-deoxy-2'-
spirocyclopropyleytidine” 3 was discovered as a new
member of the class of 2'-modified nucleoside derivatives
that have HCV inhibiting properties. Compound 3 is a novel
potent (ECsy = 7.3 mM) and selective (CCsy > 98.4 uM)
inhibitor of the HCV NS5B RNA-dependent RNA polymer-
ase, a clinically validated target for HCV treatment.

The 4'-modified ribonucleoside derivatives are the second
distinet structural class of HCV Nls. Various substituents at
the 4'-position of the sugar are accommodated by NS5B
polymerase.

Modeling studies demonstrated the presence of a narrow,
relatively hydrophobic 4'-pocket that can accommodate
these substitutions, contributing to the observed enhancement
in potency.® For example, 4-azidocytidine” 4 showed ex-
cellent anti-HCV activity in the genotype 1b subgenomic
replicon system.

Natural as well as synthetic carbocyclic nucleosides'” are
well known for their interesting biological activities, includ-
ing antitumor and antiviral activities against a wide variety
of RNA and DNA viruses. Carbocyclic nucleosides are
chemically more stable and are subject to the action of the
enzymes that cleave the glycosyl linkage in conventional
nucleosides.

Result and Discussion

On the basis of these findings that 2'- or 4-modified
ribonucleoside derivatives exhibited excellent anti-HCV
activities, we have synthesized novel classes of nucleosides
comprising 4'-methyl-2'"-spirocyclopropyl carbocyclic nucleo-
side analogues. The target compounds were prepared as
shown in Scheme 1 from the key starting material 5, which
was readily synthesized according to our previous published
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Steric and electronic parameters of 4'-substituents play significant roles in steering the conformation of
nucleoside analogues. In order to investigate the relationship of 4'-substituent with antiviral enhancement,
novel 4'-phenyl-5'-norcarbocyclic adenosine phosphonic acid analogues were racemically synthesized via de
novo acyclic stereoselective route from propionaldehyde 5. The phenyl substituted cyclopentenols 15a and 15b
as key intermediates were successfully constructed via reiterative carbonyl addition of Grignard reagents and
ring-closing metathesis of corresponding divinyl 14. The synthesized nucleoside phosphonic acids analogues
19, 20, 21, and 23 were subjected to antiviral screening against HIV-1.

Key Words : Anti-HIV agent, 4'-Branched nucleoside, 5'-Norcarbocyclic nucleoside phosphonic acid

Introduction

The development of new effective antiviral agent is essen-
tial for overcoming viral diseases, such as acquired immuno-
deficiency syndrome (AIDS) caused by human immuno-
deficiency virus (HIV). Recently, several branched nucleo-
sides' have been synthesized and evaluated as potent anti-
viral agents. Among them, 4'-cthynylthymidine (1)* and 4'-
vinylthymidine (2)° which have an additional triple or
double bond at the 4'-position, were reported to have potent
anti-HIV activities (Fig. 1). Molecular modeling studies
demonstrated the presence of a relatively hydrophobic 4'-
pocket that can accommodate these substitutions, contri-
butes to the observed enhancement in potency.*

5'-Norcarbocyclic nucleoside phosphonic acid analogues
such as 4'-ethynyl-cpAP (3) and 4'-vinyl-cpAP (4)' have
encouraged the search for novel nucleosides in this class of
compounds (Fig. 1)." The phosphonate has certain advant-
ages over its phosphate counterpart as it is metabolically
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Figure 1. Structures of 4'-branched nucleoside analogues as potent
anti-HIV agents.

stable because its phosphorus-carbon bond is not susceptible
to hydrolytic cleavage.® Moreover, a phosphonate nucleo-
side analogue can skip the requisite first phosphorylation,
which is a crucial step for the activation of nucleosides.
This is frequently a limiting event in the phosphorylation
sequence, which ultimately leads to triphosphates.” The
spacial location of the oxygen atom, namely the B-position
from the phosphorus atom in the nucleoside analogue, has
been demonstrated to play a critical role for antiviral activity.
This oxygen atom for antiviral activity may be attributed to
the increased binding capacity of the phosphonate analogues
to target r:nzymcs.E

Actually, the exact role of substituent in 4'-position in
nucleoside analogues in inhibiting reverse transcriptase (RT)
has not been explored clearly. In continuation of our effort to
find more detailed structure activity relationship of branched
nucleoside as RT inhibitor, we have designed and prepared a
novel class of nucleosides comprising branched-5"-norcarbo-
cyclic phosphonic acid analogues bearing phenyl group
which has bigger van der Waals radius than ethynyl or
ethenyl functional group.

As shown in Scheme 1, the target compounds were pre-
pared from protected propionaldehyde, 5, which was readily
synthesized from 1,3-propanediol using known procedure.’
The aldehyde functional group of 5 was subjected to
carbonyl addition reaction by phenylmagnesium bromide to
give the secondary alcohol 6, which was subjected to
oxidation condition using Corey-Kim’s oxidation proce-
dure'® to provide corresponding ketone derivative 7. The
ketone functional group of 7 was again subjected to addition
reaction by vinylmagnesium bromide to give tertiary hydr-
oxyl analogue 8.

In order to differentiate the two hydroxyl groups, the
silicon protection group of the primary hydroxyl was re-
placed with a benzoyl group by sequential desilylation and
benzoylation to provide 10. Silylation of the tertiary hydr-
oxyl group of 10 was successfully accomplished using #-
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Endocrine therapies, which inhibit estrogen receptor signal-
ing, are the most common and effective treatments for estrogen
receptora-positive breast cancer. However, the utility of these
agents is limited by the frequent development of resistance, and
the precise mechanisms underlying endocrine therapy resis-
tance remain incompletely understood. Here, we demonstrate
that peptidyl-prolyl isomerase Pinl is an important determi-
nant of resistance to tamoxifen and show that Pinl increases
E2F-4- and Egr-1-driven expression of LC-3 as a result of an
increased interaction with and phosphorylation of MEK1/2. In
human tamoxifen-resistant breast cancer, our results show a
significant correlation between Pinl overexpression and high
levels of LC-3. Promoter activity as well as expression levels of
Pinl were drastically higher in tamoxifen-resistant MCF?7 cells
than control MCF?7 cells, as were levels of LC-3 mRNA and pro-
tein, an autophagy marker. Pinl~'~ mouse embryonic fibro-
blasts showed lower 12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced MEK1/2 phosphorylation than Pinl™'* mouse
embryonic fibroblasts. Silencing of Pinl expression inhibited
TPA-induced MEK1/2 phosphorylation in MCF7 cells. More-
over, PD98059, a specific inhibitor of MEK1/2, and juglone, a
potent Pinl inhibitor, significantly suppressed the TPA-in-
duced expression of E2F-4 as well as Egr-1 transcription factors,
which control LC-3 gene expression. Importantly, 4-hydroxy
tamoxifen, when used in combination with silencing of Pinl or
LC-3, increased cleaved poly(ADP-ribose) polymerase and DNA
fragmentation to inhibit cologenic growth of MCF7 cells. We
therefore link the Pinl-MEK pathway and LC-3-mediated
tamoxifen resistance and show the therapeutic potential of Pin1
in the treatment of tamoxifen-resistant breast cancer.

Breast cancer is one of the most common malignancies in
women and the second most common cause of female cancer-
related deaths (1). However, deaths due to breast cancer have
decreased because of the development of targeted therapies,
including hormone therapy, in addition to conventional chemo-
therapy and surgical interventions (1). The majority of breast
cancers in postmenopausal women express the estrogen recep-

* This work was supported by the Basic Science Research Program through
the National Research Foundation of Korea funded by the Ministry of Edu-
cation, Science, and Technology (Grant 2009-0066056).
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tors (ERs),” and after surgery, they can be treated with hormo-
nal therapy alone, in the absence of more toxic chemotherapy,
resulting in a relatively favorable prognosis (2). However, a sig-
nificant fraction of these hormone-sensitive breast cancer
patients will experience disease progression because of resis-
tance to endocrine agents, such as tamoxifen, resulting in mor-
tality (3). Tamoxifen is currently the most widely prescribed,
orally active, selective ER modulator for the treatment of breast
cancer (4). Although tamoxifen is an ER antagonist in breast
tissue, it can also be a partial agonist. Antagonist activity
enables the drug to block ER-mediated transcription and can-
cer cell growth in ER-positive breast cancer cells (5). However,
tamoxifen resistance might occur when its agonistic activity
overcomes its antagonistic effect (4). This variability could be
related, in part, to the cellular milieu of ER co-activators and
co-repressors (6). For example, increased levels of co-activa-
tors, such as SRC-3, enhance the estrogen agonist properties of
tamoxifen, whereas decreased levels of co-repressors, such as
SMRT (silencing mediator for retinoid and thyroid receptors)
and nuclear receptor corepressor, correlate with acquired
tamoxifen resistance (6).

Pinl has two domains: a peptidyl-prolyl cis/trans-isomerase
domain at its COOH terminus responsible for isomerization
and a WW domain at the NH, terminus, which functions as a
binding element specific for Ser(P)/Thr-Pro motifs (7).
Through these two domains, Pinl binds to and isomerizes spe-
cific Ser(P)/Thr-Pro motifs and catalytically induces conforma-
tional changes after phosphorylation (7). Recently, Stanya et al.
(8) showed that CDK2 (cyclin-dependent kinase 2)-mediated
phosphorylation of SMRT, an ER co-repressor, creates a bind-
ing site for Pinl peptidyl-prolyl cis/trans-isomerase, which in
turn induces conformational changes to promote SMRT deg-
radation. Moreover, this event mediates human epidermal
growth factor receptor-2 (HER-2)-dependent SMRT protein
degradation and resultant endocrine resistance (8). These find-
ings help elucidate the molecular mechanism of ER regulation

*The abbreviations used are: ER, estrogen receptor; SMRT, silencing mediator
for retinoid and thyroid receptors; MEF, mouse embryonic fibroblast; TPA,
12-O-tetradecanoylphorbol-13-acetate; PARP, poly(ADP-ribose) polymer-
ase; DMEM, Dulbecco’s medified Eagle’s medium; FBS, fetal bovine serum;
ERK, extracellular signal-regulated kinase; MAPK, mitogen-activated pro-
tein kinase; MEK, MAPK/ERK kinase; MTT, 3-[4,5-dimethylthiazol-2-thia-
zoyl]-2,5-diphenylte-trazolium bromide; siRNA, small interfering RNA;
MSCV, murine stem cell virus; GFP, green fluorescent protein; RT-PCR,
reverse transcription-PCR; GST, glutathione S-transferase; HA, hemag-
glutinin, 4-CH, 4-hydroxy.
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Introduction

Summary

KanP, a putative methyltransferase, is located in the kanamycin biosynthetic gene
cluster of Streptomyces kanamyceticus ATCC12853. Amino acid sequence analysis of
KanP revealed the presence of S-adenosyl-L-methionine binding motifs, which are
present in other O-methyltransferases. The kanP gene was expressed in Escherichia
coli BL21 (DE3) to generate the E. coli KANP recombinant strain. The conversion of
external quercetin to methylated quercetin in the culture extract of E. coli KANP
proved the function of kanP as S-adenosyl-L-methionine-dependent methyltransfer-
ase. This is the first report concerning the identification of an O-methyltransferase
gene from the kanamycin gene cluster. The resistant activity assay and RT-PCR
analysis demonstrated the leeway for obtaining methylated kanamycin derivatives
from the wild-type strain of kanamycin producer.

© 2009 Elsevier GmbH. All rights reserved.

to two or more deoxy-amino sugars by glycosidic
linkage. These antibiotics were among the first

Aminoglycosides are natural or semisynthetic
broad-spectrum bactericidal compounds consisting
of a central six-membered amino cyclitol ring linked

*Corresponding author. Tel.: +82 41 530 2246:
fax: +82 41 544 2919.
E-mail address: sohng@sunmoon.ac.kr (J. Kyung Sohng).

antibiotics discovered and are clinically used in the
treatment of severe Gram-positive and Gram-nega-
tive bacterial infections (Hegde et al., 2001).
Kanamycin produced by Streptomyces
kanamyceticus was described by Okami and Ume-
zana as early as 1957 (Puius et al., 2006). The
biosynthetic gene cluster for kanamycin was recently

0944-5013/5 - see front matter @ 2009 Elsevier GmbH. All rights reserved.
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Abstract A phospholipase D (PLDgs), constitutively
secreted by Strepfomyces sp. CS628, was purified by ion
exchange with CM Trisacry! and gel filtration with Sepha-
rose CL-6B. The enzyme production was highest with
peptone and starch as nitrogen and carbon sources, and at
30°C with an initial medium pH of 7.5. Molecular weight,
optimum pH, optimum temperature, pH stability, and
thermostability of the enzyme were 50 kDa, pH 9.6, 30°C,
pH 5.7 ~ 10.6 and <30°C, respectively. Detergents and
metal ions had varied effects on the enzyme activity.
Importantly, PLDgs could not catalyze transphosphatidyl-
ation of glycerol, L-serine, myo-inositol or ethanolamine,
which are extensively used to assess the activity, sugg-
esting that PLDgg lacks the transphosphatidylation activity.
PLDgo¢ could be a novel PLD based on its biochemical
characteristics, which are significantly different from previ-
ously reported PLDs, such as thermolability, highest activity
at alkaline pH, and lack of transphosphatidylation activity.

Keywords: thermolabile alkaline phospholipase D, Strepto-
myces sp. CS628
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1. Introduction

Phospholipase D (PLD, EC 3.1.4.4) is a member of the
PLD superfamily, which includes mammalian, plant, and
bacterial PLDs, bacterial phosphatidylserine and cardio-
lipin synthases, endonucleases, Yetsinia murine toxin, pox-
virus envelope proteins, and a human tyrosyl-DNA phos-
phodiesterase [1,2]. The enzyme activities have been de-
tected from simple organisms, such as viruses and bacteria,
to complex organism yeasts, plants, and mammals. In
mammalian cells, it has been reported from most cell types,
with the exception of leukocytes and a few lymphocyte
lines [3]. So far, more than 1,000 entries on PLD genes
have been reported in Gene Bank (NCBI) [4]. Although a
large number of PLD enzymes ranging from 16 to 195 kDa
have been reported thus far, only a few of them were
obtained in pure state. Moreover, primary structures of only
approximately 38 plant, 12 microbial, and 8 mammalian
PLDs have been elucidated and the tertiary structures of
only Streptomyces sp. PMF and Streptomyces antibiotics
PLDs have been revealed to date [5-7].

Most PLDs generally catalyze two types of reactions:
hydrolysis of phospholipids that release phosphatidic acid
(PA) and a free alcohol, and transphosphatidylation (T) of
phosphatidyl groups to various phosphatidyl alcohols in
the presence of an appropriate alcohol. The enzyme is
industrially important because of its transesterification
ability. However, some PLD enzymes lacking the T-activity
have also been reported [8.9]. PLDs are believed to play a
crucial role in the regulation of various cell functions, such
as transmembrane signaling, intracellular protein traffick-
ing, secretion, alteration in cell morphology, and motility
[10]. Although the enzymatic properties and underlying
physiological functions are not clear, these enzymes in
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Aminoglycoside antibiotics can be classified into two major groups; streptamine containing and 2-deoxystreptamine
containing antibiotics. Here, we report a biosynthetic approach for the fusion of spectinomycin and kanamycin biosynthetic

gene clusters to yield the new aminoglycoside derivative, oxyl

host.

inC, in a inoglycoside producing heterologous

© 2010, The Society for Biotechnology, Japan. All rights reserved.

[Key words: Aminoglycoside; Heterologous host; Kanamycin; Oxykanamycin; Streptomyces kanamyceticus|

Aminoglycosides can be classified into two major groups. The first
group contains those aminoglycosides that are biosynthesized from
myo-inositol such as streptomycin, fortimicin, spectinomycin etc.
The other group has a common aglycone of 2-deoxystreptamine
(DOS), and includes gentamicin, kanamycin, tobramycin, butirosin,
sisomycin etc. Genetic and enzymological studies have been
performed successfully for the biosynthesis of the former class of
antibiotics but not for the latter class of antibiotics except neomycin
and butirosin (1, 2). Thus, the information on aminoglycoside
biosynthesis is still inadequate for application in combinatorial
biosynthesis.

Kanamycin A, kanamycin B and kanamycin C are three variants of
kanamycin in which 2-DOS is substituted at the C-4 position by an
aminoglucose functionality, 6-amino-6-deoxy-p-glucose, neosamine,
and p-glucosamine, respectively, and at the C-6 position by 3-amino-
3-deoxy-p-glucose (kanosamine) (Fig. 1A). In recent years, the
biosynthetic gene cluster for kanamycin, gentamicin and tobramycin
have been cloned from the respective producing organisms,
S. kanamyceticus, M. echinospora and S. tenebrarius, however bio-
chemical studies are limited (3-9).

Structurally, spectinomycin is a spectinamine containing pseudo-
disaccharide composed of an aminocyclitol monomer (actinamine)
and a glucose-6-phosphate derived sugar moiety (actinospectose)
that is produced by S. spectabilis and S. flavosporius. It is active against
a wide variety of Gram positive and Gram negative organisms. Genetic
and biochemical studies of spectinomycin have just begun with the
isolation of biosynthetic gene clusters and characterization of some of
the genes (10, 11).

The biosynthesis of kanamycin and spectinomycin antibiotics
occurred from two genetically diverse lines. Our previous study

* Corresponding author, Tel.: +82 41 530 2246; fax: +82 41 544 2919,
E-mail address: sohng@sunmoon.ackr (J.K. Sohng).

showed that three genes, spcA, spcB and speS2 were responsible for
the formation of streptamine (11). The biosynthetic pathway up to
paromamine in kanamycin biosynthesis has been demonstrated
where KanF transfers 2-N-acetylglucosamine to 2-DOS to give 2-N-
acetylparomamine whereas KacA acts as a deacetylase that removes
the acetyl group to give the final paromamine (6). NDP-p-
kanosamine is the common amino sugar moiety in all forms of
kanamycin and its biosynthesis is believed to proceed from UDP-p-
glucose with the involvement of KanC and KanD acting as a
dehydrogenase and aminotransferase respectively (9). In silico
analysis of KanC with other homology genes revealed the presence
of GGXXAXXXA motifs; thus, this enzyme is believed to be a
dehydrogenase. The primary structures of sugar aminotransferases
display a high degree of similarity in length and have four highly
conserved regions: motif 1, motif II, motif 1l and motif IV (13).
Almost all of these motifs were also conserved in KanD (data not
shown). The involvement of KanF in paromamine biosynthesis (6)
showed KanE is the single candidate that transfers this amino sugar
to paromamine or neamine to produce kanamycin derivatives.
Based on our previous results on kanamycin and spectinomycin and
sequence analysis of KanC and KanD, the biosynthetic pathway of
oxykanamycin C has been proposed (Fig. 1B).

Because different aminoglycosides have been produced using the
aminoglycoside deficit host as a heterologous host, combining of two
different aminoglycosides gene clusters to obtain novel aminoglyco-
side derivatives has not yet been performed. As a part of our ongoing
work on aminoglycosides, we report a new biosynthetic approach to
produce novel bioactive aminoglycosides i.e. oxykanamycin C,
through the combination of spectinomycin and kanamycin biosyn-
thetic gene clusters.

Two recombinant plasmids, pSK-25 and pSK-28, were con-
structed using pIBR25 (6) and pSE34 (14) vectors, respectively.
Three genes spcA, speB and spcS2 from the spectinomycin gene

1389-1723/$ - see front matter © 2010, The Society for Biotechnology, Japan. All rights reserved.
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Abstract Organic solvent- and detergent-resistant proteases are important from an
industrial viewpoint. However, they have been less frequently reported and only few of
them are from actinomycetes. A metalloprotease from Streptomyces olivochromogenes
(SOMP) was purified by ion exchange with Poros HQ and gel filtration with Sepharose
CL-6B. Apparent molecular mass of the enzyme was estimated to be 51 kDa by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis and gelatin zymography. The activity
was optimum at pH 7.5 and 50 °C and stable between pH 7.0 and 10.0. SOMP was stable
below 45 °C and Ca®” increased its thermostability. Ca®~ enhanced while Co”', Cu?", Zn®",
Mn>", and Fe?" inhibited the activity. Ethylenediaminetetraacetic acid and ethylene glycol-bis
([p-aminoethyl ether)-N.N,N',N'-tetraacetic acid, but not phenylmethylsulfonyl fluoride,
aprotinin, and pefabloc SC, significantly suppressed the activity, suggesting that it might be
a metalloprotease. Importantly, it is highly resistant against various detergents, organic
solvents, and oxidizing agents, and the activity is enhanced by H»0-. The enzyme could be a
novel protease based on its origin and peculiar biochemical properties. It may be useful in
biotechnological applications especially for organic solvent-based enzymatic synthesis.

Keywords Oxidantand solventresistant - Metalloprotease - Streptomyces olivochromogenes

Introduction

Demand for biocatalysts able to cope with industrial process conditions is insatiably
increasing, and continuous efforts have been focused for the search of such enzymes.
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A very simple synthetic route of a novel SATE prodrug type of 6'-fluoro-6'-methyl-5'-noradeonosine carbocyclic
nucleoside phosphonic acid is described. The key fluorinated alcohol intermediate 7 was prepared from the epoxide
intermediate 6a via selective ring-opening of epoxide. Coupling of 7 with A"-bis-Boc-adenine under a Mitsunobu
reaction followed by phosphonation and deprotection afforded the carbocyclic phosphonic acid. The chemical stability
of the bis(SATE) derivative 13 was measured at neutral (pH 7.2) and slightly acidic (Milli-Q water, pH 5.5) pH. The
antiviral activity test of the SATE prodrug 13 and its parent nucleoside phosphonic acid 11 were evaluated against

HIV-1.

Key Words: Anti-HIV agent, SATE prodrug, Nucleoside phosphonic acid, Mitsunobu reaction

Introduction

Carbocyclic nucleosides' are a group of compounds struc-
turally analogous to natural and synthetic nucleosides in which
the furanose oxygen has been replaced by a methylene group.
This replacement changes the furanose ring into a cyclopentane.
The expected similarity in bond lengths and bond angles of the
tetrahydrofuran and cyclopentane rings allows these analogues
to behave as substrates or inhibitors of the enzymes in living
cells. Therefore, the carbocyclic nucleosides possess a wide
range of biological activities such as antiviral and antitumor
effects.

Although the pharmacophore of nucleoside antiviral activity
is not completely defined, structurally modified 5'-nornucleo-
side phosphonic acids such as d4AP (1, EC5o=2.1 pM, CCsp =
> 100 uM)’ and 2-Fd4AP (2, GS-9148, ECs,=10.6 pM, CCso =
=100 pM)] possess potent activity against viruses with a low
level of toxicity (Figure 1). Unlike nucleoside agents, a phos-
phonic acid nucleoside can skip the requisite initial phospho-
rylation, which is the crucial step for the activation of nucleo-
sides.* However, poor oral bioavailability of these nucleoside
analogues results from the phosphonate negative charges pre-
sent in nucleoside phosphonic acid at physiological pH. One
strategy has been to temporarily mask these charges with neutral
groups to form more lipophilic derivatives capable of crossing
the gastrointestinal wall and reverting back to the parent nucleo-
side phosphonic acid.” Because the ionic character of a phos-

NHz
N~y
4
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N
¢ 9
ol of Ho N2
HO i~ o} CH
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d4AP (1) G5-9148 (2)

Figure 1. Structures of 5'-nornucleoside analogues as potent anti-HIV
agents.

phonic acid presents an obstacle for cellular permeability, an
S-acyl-2-thioethyl (SATE) prodrug was prepared. Esterification
of a phosphonic acid with two SATE groups is a feasible strategy
to deliver a phosphate or phosphonate drug into cells.” Usually,
phosphonic acid nucleosides require an endocytosis-like pro-
cess’ orthe ATP membrane receptor to cross the cell membrane.”

We therefore applied the bis(SATE) approach to a novel
carbocyclic nucleoside phosphonic acid. Herein, we synthesized
anovel SATE prodrug of 6'-fluoro-6'-methyl-5'-norcarbocyclic
adenosine nucleoside to find new lead compounds with im-
proved antiviral activity.

Results and Discussion

As depicted in Scheme |, we used the cyclopentenone inter-
mediate 3 as commercially available starting material. When 3
was subjected to Luche’s reduction conditions (NaBH4/CeCly-
?HzO),g the allylic alcohol derivative 4 was obtained. The hy-
droxy functional group was protected with a benzyl group under
the usual benzylation conditions (BnBr, NaH, DMF) to provide
an intermediate 5, which was epoxidized with m-chloroperoxy-
benzoic acid to give 6a (55%) as the major isomer compared
to minor isomer 6b (22%). As shown in Figure 2, the relative
stereochemistry of 6aand 6b were unambiguously determined
on the basis of the NOE correlations. On irradiation of Co-H,
NOE was observed at Cs-H (0.72%) and C;-CH, (0.82%) of
6a, but also at Cs-H (1.14%) and C,-CHi (1.34%) of 6b. This

4

m1-32% Bnod” ~y°
P 1.41%
072% Bno@cm AN
/ i Tew
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Figure 2. NOE percentage differences of isomers 6a and 6b.
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Introduction

5-Adenosyl-t-methionine (SAM) Is most commonly used
in living systems as a methyl donor involved in methyla-

Abstract

Aims: To characterize the function of both meiKi-sp (spl190) and metK2-sp
(spI566) in vitro and in vive, and to study the regulation of doxorubicin
production by overexpressing the metkK.

Methods and Results: We cloned two orfs into pET32a(+) respectively, and the
formation of S-Adenosyl-L-methionine was clearly observed In the in vitro
enzyme assays as functional MetKs. Reverse transcriptase polymerase chain
reaction (PCR) analysis indicated that the transcripts for the metKi-sp were
repressed as Strepromyces cells entered the decline phase, whereas that of the
metK2-sp was induced, suggesting that these MetK proteins may be important
for the growth and the regulation of secondary metabolites during the station-
ary growth phase, whether considered together or separately. Furthermore, we
found that the infroduction of high-copy-number plasmids containing the
metK1-sp and metK2-sp resulted in 2-1- and 1-4-fold greater levels of doxorubi-
cin production than the control fransformants containing only the vecfor,
respectively. We also attempted to disrupt the metK-sp and found that dexoru-
bicin production from the meiKi-sp-deleted mutant (Strepiomyces peuce-
tius/pNNT) was reduced when compared to the parent strain (3. pewcetius var.
caesius ATCC 27952).

Condusions: The results of this study indicated that two metK are differentially
expressed during cell growth, and that the expressions of the two meiK genes
are differentially regulated under the same conditions.

Significance and Impact of the Study: Streptomyces peucetius var. caesius con-
tains two genes, metKi-sp and metK2-sp, which encode functional S-adenosyl-
c-methionine synthetase (MetK). The degree of homology (90% identity)
found between the two genes shows that metKI-sp and metK2-sp are duplicated
genes. Although there is currently no evidence for the relationship of the dupli-
cated metK genes involved in the regulation of dexorubicin production,
metK1-sp and metK2-sp may play a role in controlling the stimulation of anti-
biotic production during secondary mefabolism.

tion reactions. Previous studies have shown that SAM
plays a central role in cellular metabolism viz its involve-
ment in various methylating reactions of proteins, nucleic
acids, lipids and polysaccharides. SAM also plays the role
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Antibiotics in veterinary medicine have been used to treat disease, promote growth rate and improve
feed efficiency. However, alternative sources are needed because of of bacterial resistance to antibiotics
and residues of antibiotics. The present study was carried out to evaluate the effect of CS682, a fermenta-
tion product of Korean soil bacteria, on safety, growth rate and feed efficiency, and to evaluate its
value as an alternative for antibiotics used as a feed additive. Two dosages of CS682 (0.1% and 1%)
were fed to chickens for 28 days. The results showed that, when compared to chickens in the control
group, growth and feed efficiency was improved. Also, mortality, hematology, general clinical signs
and necropsy were examined. Chickens in the treatment groups showed no adverse effects. A total
of 72 weaning pigs were used to confirm the effects of (5682 at one dose level (0.1%) regarding feed
efficiency. Supplementation with 0.1% CS682 also resulted in improved weight gain and feed efficiency
ratio. Based on these results, CS5682 may be effective in improving feed efficiency safely as a feed additive.
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Effect of Supplementary Actinomycetes (Nocardia sp. CS682) Ferment on the Laying
Performance, Blood Parameters, Immunoglobulin and Small Intestinal
Microflora Contents in Laying Hens
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ABSTRACT This study was conducted to investigate the effects of dietary supplementation of CS682, a fermentation
product of Actinomycetae(Nocardia sp. CS682), and its commercial product DSC682% on the performance, blood parameters,
intestinal microflora, and immune response in laying hens. Hy-Line Brown™ laying hens were housed in two bird cages.
Feeding trial lasted 5 wk under 16.5 h:7.5 h(L:D) lighting regimen. In Exp.1, a total of 480 birds of 86 wk old were assigned
to four dietary treatments: Control, Antibiotics (6 ppm avilamycin), CS682-0.1 (CS682 0.1%) and CS682-1.0 (CS682 1.0%
supplementation). Each treatment was replicated five times with 24 birds (or 12 cages) per replication. In Exp. 2, a total of
1,000 birds of 26 wk old were assigned to five dietary treatments: Control, Antibiotics (6 ppm avilamycin), DCS682-0.05
(DCS682 0.05%), DCS682-0.1 (DCS682 0.1%), DCS682-0.2 (DCS682 0.2% supplementation). Each treatment was replicated
five times with 40 birds (or 20 cages) per replication. In Exp. 1, there were no significant differences among treatments in
egg production, egg weight, broken & soft egg production, feed intake, and feed conversion ratio. Also, there were no signi-
ficant differences among treatments in eggshell thickness, eggshell color and Haugh unit. However, eggshell strength was
significantly (p<<0.05) greater in CS682 and Antibiotics treatments than Control, and egg yolk color was significantly (p<0.05)
higher in CS682-1.0 than Control. In Exp. 2, feed intake was significantly (p<0.05) lower in DSC682-0.05 than Control.
Lightness(L) of Hunter Lab color of eggshell of DCS and Antibiotics treatments was significantly (p<0.05) lower than Control.
Egg yolk color of DCS 0.1 and 0.2 treatments was significantly (p<0.05) higher than Control. Haugh unit increased signifi-
cantly (p<0.05) in Antibiotics and DCS682-0.1 treatments. The immunoglobulin levels of plasma (IgG and IgA) and eggyolk
(IgY) were not significantly affected by treatments. Antibiotics and CS682 or DCS682 treatments significantly (p<0.05 or
0.01) influenced some of the erythrocytes and leukocytes parameters in blood. In Exp.l, mean corpuscular volume (MCV)
decreased by CS682 treatments and mean corpuscular hemoglobin (MCH) was highest in Antibiotics treatments. In Exp.2.
the level of monocyte (MO) decreased in DCS682-0.10 and (.20 treatments. The cfu of C. perfiingens and S. typhimurium
in small intestinal content were highest in Control and lowest in Antibiotics in both experiments. In Exp. 2, DSC682-0.05
and —0.]1 treatments were highest and Antibiotic treatment was lowest in Lactobacilli spp. The results of the present layer
experiments indicated that supplementation of 0.1~0.2% CS682 or DCS682 may increase eggshell strength, color of eggshell
and eggyolk, Haugh unit, and control harmful intestinal microbes.

(Key words : Nocardia sp. CS682, laying hens, eggshell strength, eggshell color, small intestinal microflora)
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A major goal in the treatment of acute myeloid leukemia (AML) is to achieve terminal differentiation and
prevent drug resistance and side effects. Combined treatment with low doses of ATRA or 1,25-(0OH);D3
that do not induce toxicity with another drug is one useful strategy for the treatment of AML.
Actinomycetes are the well known sources of antibiotics and bioactive molecules. Previously, we
isolated nargenicin from the culture broth of an actinomycete isolate, Nocardia sp. CS682. In this study,
we evaluated the effects of nargenicin on cellular differentiation in a human myeloid leukemia HL-60 cell
system. Nargenicin inhibited cell proliferation and induced HL-60 cell differentiation when administered
in combination with 1,25-(0OH);D3 or ATRA. In addition, western blot analyses and kinase inhibitor
studies demonstrated that nargenicin primarily enhanced leukemia cell differentiation via PKC[31/MAPK
pathways. The results of this study indicate that nargenicin has the ability to induce differentiation and
suggest that it may be useful for the treatment of neoplastic diseases.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

The majority of leukemia cells exhibit deficiencies with regard to
their capacity to mature into non-replicating adult cells and remain
in a highly proliferative state, thereby resulting in their character-
istic tendency to outgrow their normal cellular counterparts. The
induction of terminal differentiation represents an alternative
approach to the treatment of leukemia using conventional anti-
neoplastic agents because cells exposed to chemical or biological
inducers of cellular differentiation do not undergo the cytodestruc-
tion in response to cytotoxic agents [1-3]. 1,25-Dihydroxyvitamin
D5 [1,25-(0H),Ds] and all-trans retinoic acid (ATRA) are known to
induce terminal differentiation in leukemic cell lines including HL-
60 and U937 cells [4]. Moreover, ATRA has been found to induce
complete remission in almost all patients with acute promyelocytic
leukemia (APL) via in vivo induction of the differentiation of APL
blasts. Although ATRA can bring about complete remission in cases
of APL, treatment with ATRA alone is associated with certain
severe side effects, including ATRA syndrome and the induction

** Corresponding author. Tel.: +82 2 3290 3416; fax: +82 2 3290 3921.
* Corresponding author,

E-mail addresses: jcyu@chosun.ac.kr ().C. Yoo), tskim@korea.ac.kr (T.S. Kim).
Abbreviations: AML, acute myeloid leukemia; ERK, extracellular signal-regulated
kinase; MAPK, mitogen-activated protein kinase; NBT, nitroblue tetrazolium; 1,25-
(OH)D4, 1,25-dihydroxyvitamin Ds; PI3-K, phosphatidylinositol 3-kinase: PKC,
protein kinase C.

0006-2952/% - see front matter @ 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.bcp.2009.03.004

of secondary ATRA resistance [5,6]. Therefore, it is necessary to
isolate or synthesize new anticancer drugs to overcome these
limitations and improve the effectiveness of drugs used to treat
leukemia [7].

Human myeloid leukemia HL-60 cells are differentiated into the
menocytic lineage or granulocytic lineage when treated with 1,25-
(OH),D5 or ATRA, respectively [8,9]. Accordingly, treatment with
these compounds has been employed as a model system for
studying cellular differentiation in vitro. In addition, vitamin D5
has been shown te be one of the most potent initiators of the
differentiation of HL-60 cells as well as other hematopoietic cell
lines. Furthermore, vitamin D5 is known to activate a variety of
protein kinases including protein kinase C (PKC) [10,11], mitogen-
activated protein kinase (MAPK) [12] and phosphatidylinesitol 3-
kinase (PI3-K) [13,14], which are significantly inhibited by their
specific inhibitors [11-13]. Moreover, retinoids are also known to
induce cell differentiation in cells with increased levels of PKC [ 10],
MAPK [15] and PI3-K [9,13].

Natural products represent an important source of drugs such as
anti-infectives and compounds used in cancer therapy. In addition,
natural products are considered to be biologically validated lead
structures, and it is anticipated that many compounds with novel or
enhanced therapeutic effects will be developed from compounds
present in natural product libraries [16]. Actinomycetes, which are
widely distributed in the natural environment, are the source of
various natural drugs, including rapamycin, lipstatin and thiena-
mycin [17]. Furthermore, numerous anti-tumor metabolites with
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Cloning and characterization of CalS7
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as a glucose-1-phosphate nucleotidyltransferase
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Abstract The deoxysugar biosynthetic gene cluster
of calicheamicin contains the calS7, which encodes
glucose-1-phosphate nucleotidyltransferase and con-
verts glucose- I-phosphate and nucleotides (NTP) to
NDP-glucose and pyrophosphate. calS7 was expressed
in Escherichia coli BL2I(DE3), and the purified
protein had significant thymidylyltransferase and
uridylyltransferase activities as well, with some gua-
nidylyltransferase activity but negligible cytidyl and
adenyltransferase activity. The functions of thy-
midylyltransferase and uridylyltransferase were also
verified using one-pot enzymatic synthesis of TMK
and ACK. The products were analyzed by HPLC and
ESI/MS, which showed peaks at m/z = 563 and 565
for TDP-p-glucose and UDP-p-glucose, respectively,
in negative mode.

Keywords Calicheamicin - Deoxysugar -
Micromoneospora echinospora sp. calichensis -
Thymidylyltransferase - Uridylyltransterase
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Introduction

Calicheamicin produced by Micromonospora echinos-
pora ssp. calichensis is an endiyne antibiotic containing
three distinct structural elements: a DNA-recognition
unit, which delivers the metabolite to its target DNA; an
activation component, which sets the stage for cyclo-
aromatization; and the enediyne “warhead”, which
cycloaromatizes to a highly reactive diradical species in
the presence of DNA (Myers et al. 1994; Biggins et al.
2003) (Fig. 1). The basic property of calicheamicin
resides is its ability to cleave DNA. This cleavage
property can be triggered by the action of a thiol-
reducing agent or UV exposure. The enediyne moiety
plays an important role in DNA cleavage, while the
sugar parts are supposed to help the antibiotic become
more specific or direct it to bind the double-stranded
DNA. In this sense, the all-structural constituents are
equally important (Biggins et al. 2003; Galm et al.
2005).

The nucleotide-sugar NDP-p-glucose is a key
metabolite in prokaryotes where it serves as a
precursor to a large number of modified sugars, such
as L-rhamnose (6-deoxyhexose), 6-deoxy-L-talose,
2,6-dideoxyhexose and other deoxyhexoses and
deoxypentose (Simone et al. 2001). Numerous stud-
ies have demonstrated that the early enzymatic step
common to the biosynthesis of all deoxysugars found
in antibiotics is the formation of NDP-glucose from
NTP and o-p-glucose-1-phosphate from glucose-
l-phosphate nucleotidylyltransferase (NDP-glucose
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Abstract A 60 kDa phospholipase D (PLD) was
obtained from Streptomyces olivochromogenes by
one-step chromatography on Sepharose CL-6B. Max-
imal activity was at pH 8 and 75°C and the enzyme was
stable from pH 7 to 13 and from 55 to 75°C. Thermal
and pH stability with temperature optimum of the
enzyme were highest among Streptomyces PLDs
reported so far. The activity was Ca’*-dependent and
enhanced by detergents. The Km and Vmax values for
phosphatidylcholine were 0.6 mM and 650 pmol
min~' mg ™', respectively. In addition, the enzyme
also revealed transphosphatidylation activity, which
was optimum at pH 8 and 50°C. The first 15 amino acid
residues of the N terminal sequence were ADY-
TPGAPGIGDPYY, which are significantly different
from the other known PLDs. The enzyme may
therefore be a novel PLD with potential application
in the lipid industry.
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Introduction

Phospholipase D (phosphatidylcholine choline hydro-
lase, EC 3.1.4.4) is found in a wide variety of
organisms, including plants, mammals, yeast, and
bacteria (Morris et al. 1997). It catalyzes the hydro-
lysis of phospholipids that release phosphatidic acid
(PA) and alcohols. In the presence of an appropriate
acceptor alcohol, it also catalyzes a transphosphati-
dylation reaction in which the exchange of alcohol
head groups takes place (Liscovitch et al. 2000).
More than 500 PLDs with various molecular sizes
have been reported so far. Among them, the primary
structure of only about 38 plant, 12 microbial and §
mammalian PLDs have been elucidated. Only a few
of them are obtained in pure state and the tertiary
structure of only one PLD, that is from Streptomyces
sp. PMF, has been revealed so far (Leiros et al. 2000;
Lerchner et al. 2005; Ulbrich-Hofmann et al. 2005).
PLD plays a vital role in the regulation of various cell
functions, such as transmembrane signaling, intracel-
lular protein trafficking, secretion, alteration in cell
morphology and motility (Morris et al. 1997).
In some bacteria, PLDs are important for their
physiology as virulence determinants; however, the

@ Springer

— 305 —



Biosci. Biotechnol. Biochem., T3 (5), 1048-1053, 2009

A

Enhancement of 1,25-Dihydroxyvitamin D3- and All-frans Retinoic
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Ginseng (Panax ginseng C.A. Meyer) has a wide
range of therapeutic uses including cancer treatment.
Human promyelocytic leukemia cells differentiate into
monocytes or granulocytes when treated with 1,25-
dihydroxyvitamin D3 [1,25-(OH);Dz] or all-frans reti-
noic acid (ATRA). Treatment of HL-60 cells with zero to
100 pg/ml of a methanol extract of ginseng for 72h
induced a small increase in cell differentiation. Surpris-
ingly, a synergistic induction of differentiation was
observed when HL-60 cells were treated with ATRA or
1,25-(0H);D; and the extract. The inhibitors of protein
kinase C (PKC) and extracellular signal-regulated
kinase (ERK), but not of phosphoinositide 3-kinase
(P13-K), inhibited the HL-60 differentiation induced by
the extract in combination with ATRA or 1,25-(OH),D3,
signifying that PKC and ERK were involved in the cell
differentiation enhancement by the extract. These
results suggest that the ability of a methanol extract of
ginseng to enhance the differentiation potential of
ATRA or 1,25-(OH);D; may improve the ultimate
outcome of acute promyelocytic leukemia therapy.

Key words: all-zrans retinoic acid; HL-60 cells; leuke-
mia: 1.25-dihydroxyvitamin Ds: Panax gin-
seng

Panax ginseng C.A. Meyer (Araliaceae) is a well-
known medicinal herb native to Korea and China. The
root of this herb is commonly known as ginseng, which
has been widely used in Asia, especially in China and
Korea for more than 2000 years, with the belief that it is
a tonic and panacea that can promote longevity.'> The
use of ginseng continues to grow and it has become one
of the most preferred medicines throughout the world. In
Korea, Panax ginseng is classified into fresh, white and
red genseng.” Ginseng is air-dried into white ginseng
or steamed at 100°C for 2-3 h to red ginseng, and the
latter has been reported to be pharmacologically more
active than the former.” The phytochemicals present in

ginseng exert such pharmacological effects as antiox-
idantive, anti-carcinogenic, anti-mutagenic, and anti-
tumor. However, the underlying mechanisms of action
as anti-cancer agents and the other activities of ginseng
are largely unclear.”’ The ingredients found in ginseng
are ginsenosides, polysaccharides, peptides, polyacety-
lenic alcohols, vitamins, minor elements and enzymes.
The pharmacological effects of ginseng are attributed to
ginsenosides or ginseng saponin which have been well
documented in a large body of literature.'™ More than
40 ginsenosides have been identified; based on their
structural differences, they can be classified into three
categories: The panaxadiol group (e.g., Rbl), panaxa-
triol group (e.g., Rgl) and oleanolic acid group (e.g..
Ro).>® Besides the various therapeutic uses of ginseng,
ginsenosides Rk1, Rh2, Rg3 and Rg5 have been reported
as potent anticancer compounds.z""’ A Korean red
ginseng extract has recently been reported to induce
apoptosis and to decrease telomerase activity in U937
human leukemia cells.)

Most cancer cells are defective in their capacity to
mature into non-replicating adult cells, thereby existing
in a highly proliferating state and thus outgrowing their
normal cellular counterparts. Leukaemia cells can be
induced to undergo terminal differentiation by a variety
of biological and chemical agents, signifying that the
malignant state is not irreversible. Leukemia may
eventually prove treatable with agents that induce
terminal ditferentiation, most likely with less morbidity
than that associated with treatment by cytodestructive
agents.” All-rrans retinoic acid (ATRA) and 1,25-
dihydroxyvitamin D3 [1,25-(OH),Ds] are known to
induce terminal differentiation in such leukemic cell
lines as HL-60 and U-937, as well as in short-term
cultured acute promyelocytic leukemia (APL) cells in
humans.'"" Human HL-60 leukemia cells differentiate
into monocytes when treated with 1,25-(OH),D3, and
into granulocytes when treated with ATRA.'"'? How-
ever, an APL treatment with 1,25-(OH);D; and ATRA

" To whom correspondence should be addressed. Tel: +82-62-230-6380; Fax: +82-62-227-3963; E-mail: j

cyu@chosun.ac.kr
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A simple and sensitive HPLC method was developed for the quantitative analysis of nargeni-
cin in the culture broth of Nocardia sp. CS682, isolated from Korean soil. Nargenicin, an
unusual macrolide antibiotic with potent anti-MRSA (methicilin-resistant Staphylococcus
aureus) activity, was extracted from the culture broth with ethylacetate and then analyzed by
HPLC using solvent A (0.5 M dipotassium phosphate pH 2.5-water: acetonitrile = 80:20, v/v)
and solvent B (100% acetonitrile), at 215 nm. The calibration curve of nargenicin was linear
with correlation coefficient greater than 0.99. This method provides precise analysis of the
nargenicin amount present in the cell free culture medium, and may be applicable to analyze
other bacterial cultures containing similar compounds.
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INTRODUCTION

The emergence of drug-resistant microorganism
has been growing rapidly and remains a serious
threat to human lives. Inereasing use of antimicro-
bial agents as animal growth promoter as well as in
human medicine has been presumed to be a major
factor responsible for the emergence of methicillin
resistant Staphylococcus aureus (MRSA) and vanco-
mycin resistant Enterococci (VRE) (Murray, 1995).
Recently, nargenicin as an unusual macrolide anti-
biotic was isolated and purified as a potent anti-
MRSA antibiotic from Nocardia sp. C8682 (KCTC
11297BP), isolated from Korea and its molecular
structure was determined as depicted in Fig. 1
(Sohng et al., 2008). Nargenicin was first reported
in 1977 from Nocardia argentinensis (Celmer et al.,
1980). Nocardia species belong to the actinomyceta-
ceae family, which are gram positive, strictly aerobic,
and are ubiquitously found in soil, water, decaying
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Fig. 1. Structure of nargenicin isolated from Nocardia sp
CS682

vegetation, animal faecal deposits, and dust (Brown-
Elliot et al, 2006; Beaman and Beaman, 1994).
Macrolide antibiotics represent a very important
class of antibacterial compounds widely used in
veterinary medicine to treat respiratory diseases, or
as feed additives as growth promoters. The antibio-
tics are characterized by a common chemical struc-
ture containing a macrocyclic lactone ring bearing
12 or 16 atoms with one or more deoxy neutral and/
or aminosugars linked through glycosidic bonds
(Dubois et al., 2001). Maerolide antibiotics such as
erythromycin, clarithromycin and azithromycin act
against bacteria by selectively binding to the bacterial
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Polyether antibiotics such as monensin and salinomycin have been primarily used as coccid-
iostat and growth promoter. Since residues of these antibiotic in food may pose a health risk
for sensitive individuals, their use should be carefully monitored. An immunochemical method
was developed for the determination of polyether antibiotic using monoclonal antibody (Mab)
produced by immunized mice. Conjugates of monensin, salinomycin and laidlomycin were pre-
pared with bovine serum albumin (BSA), keyhole limpet haemocyanine (KLH) and ovalbumin
(OVA) by mixed anhydride method and then used as immunogene to produce Mab. Eight
hybridoma cell lines were isolated that produced Mabs that competed with polyether antibi-
otic-protein conjugates in BALB/c-SP2/0 fusion system. Two hybridoma with higher sensitiv-
ity, designated as 4G11F and 1C8F1F, were cultured for mass production and then purified
from ascites fluid. Antibiotic-protein conjugates were quantitavely analyzed by using the puri-

fied Mabs through a competitive enzyme-linked immunosorbent assay (ELLSA).

Key words: Immunochemical detection, Monoclonal antibody, Polyether antibiotic

INTRODUCTION

Polyether ionophores such as monensin, salino-
mycin and laidlomycin (Fig. 1) are used in many
segments of the cattle and poultry industries. The
main therapeutic application of these antibiotics in
veterinary is for the prevention and treatment of
coccidiosis in poultry and livestock and as growth
promoters for ruminants (Coleman et al., 1997
Matabudul et al., 2001). They are added to feeds as
the sodium salts at fortification levels of 60-120 mg/
kg (Blanchflower et al., 1996). The pharmacological
feature of these antibiotics is known for their action
of transporting cations across the cell membrane.
These antibiotics, related to carboxylie acid group,
are reported to be produced by various strains of
Streptomyces and possess potent microbiological
activities against Gram-positive bacteria, fungi and
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protozoa. These antibiotics should be carefully han-
dled to ensure that they are used at the appropri-
ate concentrations and that they are not present in
feed intended for other species, to which some of
them may prove fatal (Blanchflower et al., 1996).
Although they have been using with intense care,
ionophore residues have been reported frequently in
eggs or tissues (Kennedy et al, 1998; Rosen, 2001).
Since ionophores can cause acute pharmacological
effects on the cardiovascular system (Pressmann et
al., 1983), their residues in food may pose a health
risk for sensitive individuals. European commission
has established official maximum residual level
(MRL) for coccidiostats lasalocid in poultry tissue
(muscle 20 ug/kg, liver 100 ug/'kg); however, for the
other ionophoric compounds MRLs have not been
set (Jostoi et al., 2007).

In order to monitor polyether antibiotics residue
levels in livestock products, simple and reliable
analytical methods are required. A thorough review
of some methods used in their analysis has been
previously reported (Elliott et al., 2006). Various
methods, such as microbicautographic (VanderKop

437

— 308 —



Arch Pharm Res Vol 32, No 10, 1461-1467, 2009
DOI 10.1007/s12272-009-2017-0

Archives of

Pharmacal
Research

www.springer com/12272

A Novel Ca**-Dependent Phospholipase D from Streptomyces
tendae, Possessing Only Hydrolytic Activity
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An extracellular phospholipase D (PLDg,) was purified from Streptomyces tendae by two suc-
cessive chromatographic steps on Sepharose CL-6B and DEAE-Sepharose CL-6B. Molecular
weight of the PLDg was estimated to be approximately 43 kDa by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. Maximal activity was at pH 8 and 60°C, and the enzyme
was stable at or below 60°C and between pH 8 and 10, when assayed after 1.5 and 24 h,
respectively. The enzyme activity had an absolute requirement of Ca®', and the maximum
activity was at 2 mM CaCls. The Km and Vmax values for phosphatidyl choline were 0.95 mM
and 810 umol min™ mg, respectively. More importantly, PLDg, could not catalyze transphos-
phatidylation of glycerol, L-serine, mye-inositol and ethanolamine, which have been exten-
sively used to evaluate the activity. The result strongly suggests that PLDyg, does not have the
transphosphatidylation activity, thereby making it the first Streptomyees PLD possessing only

hydrolytic activity. PL.Dg, may therefore be a novel type of PLD enzyme.

Key words: Hydrolytic activity, Novel phospholipase D, Streptomyces tendae
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INTRODUCTION

Phospholipase D (phosphatidylcholine choline hydro-
lase, EC 3.1.4.4) is ubiquitously found in a wide
variety of organisms such as plants, mammals, yeast,
and bacteria. The enzyme catalyzes the hydrolysis of
phospholipids that release phosphatidic acid (PA) and
alcohols. When an appropriate acceptor alcohol is
present, it also catalyzes aleohol head group exchang-
ing reaction known as transphosphatidylation reac-
tion. Among more than 500 PLDs reported so far,
primary structure of about 38 plant, 12 microbial and
8 mammalian PLDs and tertiary structure of only one
PLD, that is from Sireptomyces sp. PMF, has been
elucidated (Leiros et al., 2000; Lerchner et al., 2005;
Ulbrich-Hofmann et al., 2005). PLLD plays a pivotal
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role in the regulation of various cell functions, such as
transmembrane signaling, intracellular protein traffick-
ing, secretion, alteration in cell morphology and
motility (Morris et al., 1997). In microorganism, PLDs
are supposed to be essential for their physiology as
virulence determinants; however, the enzymatic pro-
perties and underlying physiological functions are yet
to be elucidated. In general, most PLDs exhibit both
hydrolytic and transphosphatidylation activity. Previ-
ously, only one PLD enzyme, that is a membrane
bound PLD from Streptoverticillium einnamoneum,
was reported to possess only hydrolytic activity (Ogino
et al.,, 2001). Furthermore, PLDs from plant sources
have been reported to depend upon micromolar to
milimolar range of Ca®" ion, whereas only a few micro-
bial PLDs have been reported to enhance their activity
by Ca®' ion. Recently, we have investigated that PLD
from Streptomyces olivechromogenes have exclusive
requirement of Ca®" ion for the activity (Simkhada et
al., 2009h).

Most of the PLD enzymes reported so far are highly
active in between 45-60°C and pH 7-8. Also, the
enzyme activity is highly enhanced by Triton X-100, a
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1'(at), 2'(f)-C-Dimethyl Carbocyclic Adenosine Analogue
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Selective Synthesis of 1'(a),2'(p)-C-Dimethyl Carbocyclic
Adenosine Analogue as Potential anti-HCV Agent
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As a part of an ongoing effort to discover inhibitors of the Hepatitis C Virus RNA replication, we describe here the
first synthetic route of 1'(a),2'(p)-C-dimethyl carbocyclic adenine analogue. The key intermediate cyclopentenyl
alcohol 8(w) was prepared from aldehyde 4 using ring-closing metathesis (RCM) as a key reaction. Coupling of 8(a)
with nucleosidic base via the regioselective Mitsunobu reaction followed by stereoselective dihydoxylation and
deprotection afforded the target carbocyclic adenine analogue 12.

Key Words: Mitsunobu reaction, Dihydroxylation, Carbodine, anti-HCV agents

Introduction

Hepatitis C virus (HCV) is the pathogen associated with the
majority of sporadic and transfusion related non-A and non-B
hepatitis infections. Although HCV is often asymptomatic, it
is a major health problem that leads to chronic liver disease,
suchas cirrhosis and hepatocellular carcinoma, in a substantial
number of infected individuals.' The current standard of care
for chronic hepatitis C is combination therapy with an inter-
feron-a/ribavirin than that with unpegylated interferon-a.”

The nonstructural protein NS5B has been characterized as
an RNA-dependent RNA polymerase (RdRp) that is required
for viral replication. This polymerase is considered to be an
essential component in the HCV replication complex and
therefore is an ideal target for drug disco\'cry.} Since nucleo-
side analogues have been used as a drug of choice in curing
viral infection including, a number of nucleoside analogues
have been synthesized and evaluated for anti-HCV agent.d'
Generally, nucleosides are prodrugs, and their biological activity
is exerted by their 5'-triphosphate derivatives. Intracellular
phosphorylation is required to convert a nucleoside drug to its
active 5'-triphosphate in order to be incorporated into a viral
DNA. The sequential phosphorylation is normally executed
by three viral or cellular kinases, including nucleoside kinase,
nucleoside monophosphate kinase, and nucleoside diphosphate
kinase.” Once incorporated into an elongating viral DNA chain,
the nucleotide inhibitor functions as a terminator to abort viral
DNA synthesis.

Nucleoside chain terminators comprise a major class of
drugs that target a viral polymerase.® For example replacement
of the 2'-hydrogen of natural ribonucleosides with a methyl
group yields compounds with excellent chain-terminating
properties. Among them, 2'-C—mcthyladcnosin67 1, (ECsp =
0.3 uM) and 2'-C—mcthy]-T-dcazaadcnosincg 2 (Figure 1)
were found as the most potent inhibitors of HCV RNA repli-
cation without significant toxicity.

Carbocyclic nucleosides are derivatives in which the endo-
cyclic oxygen of the nucleoside sugar ring has been replaced
by a methylene group.u These analogues display remarkable
metabolic stability since they are unaffected by phosphorylase

and hydrolase that cleave the glycosidic bond of natural nucleo-
sides.' They are also recognized by the same enzymes that
recognize normal nucleosides displaying, correspondingly, a
wide range of biological properties."

On the basis of these findings that the methyl group of
2"-position could impose northern (2'-exo/3'-endo) confor-
mation which shows favorable steric as well as electronic effect
on the interaction with HC'V polymerase, we have determined
to synthesize novel class of carbocyclic nucleoside comprising
1'(a),2'(B)-C-dimethylated carbodine analogue, which has an
additional methyl group in the 1'-position in order to take the
iamc?:1 n;lltzhcm (2'-exo/3'-endo) conformation as lead compounds

and 2.
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Figure 1. Synthesis rationale and structures of potent anti-HCV

agents.
OH
PO i PO
1d-dhydroxy- =R 43 Y Yy —
2-butene — A
CH
3 P = TBDMS 4 g

HO
PO CHy CHy
[ 8 PO e
on (30%) <~ _ i
; CHa

i
0
= CH
8(a) CHs 6 3
(35%)

Reagents: i) isopropenylMgBr, THF; i) MnO,, CCl,, 80 °C, overnight;
iii) methylMgBr, THF; iv) 2nd Grubbs catalyst, benzene, reflux.

Scheme 1. Synthesis of cyclopentene intermediate
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SYNTHESIS AND ANTI-HCV EVALUATION OF 4'(«x)-ETHYL AND
2'(3)-METHYL-CARBODINE ANALOGUES

Hua Li, Jin Cheol Yoo, and Joon Hee Hong

BR21-Progect Team, College of Pharmacy, Chosun University, Kwangin, Reprublic of Korea

o Novel (e bethyl-2'(f Fmethyl cavboeyclic nucleoside analogues heave been prepared and evatu-
ated for inhibition of hepatitis C virns (HCV) RNA replication in cell culture, The construction
of cycloperitene intermediate 123 was successfully made via sequential fohmson-Claisen orthoester
rearrangement and ving-closing metathesis (RCM) starting from Weinreh amide 5. Selective
dehydroxylation and desilylation gave the target carbodine analogues. The synthesized nucleoside
analogues mentioned above 18 and 19 were assayed for their ability to inhibit FICV RNA replication
in a subgenomic veplicon Huh7 cell line { LucNeo#2). However, the synihesized nucleasides neither
showed any significant antivival activity nor foxicity up to 30 M.

Keywords Ant-HCV agent; carbodine; branched carbocyelic nucleoside

INTRODUCTION

Hepatitis C virus (HCV) infection is a leading cause of chronic hep-
atitis, liver cirrhosis and hepatoma carcinoma.''l However, there is no
effective chemotherapy for the wreatment of HCV-infected people except
immunotherapy using ribavirin in combination with interferon-w, which
leads to a sustained virological response in only about half of the patients
treated, 2!

Since nucleoside analogues have been used as a drug of choice in curing
viral infection, many have been synthesized and evaluated for anti-HCV
agent.'?! These nucleosides are incorporated into proviral RNA like a sub-
strate after being converted to their corresponding triphosphates and act as
chain terminators. Modification in the vicinity of the 2-hydroxy of the ribose
in natural ribonucleosides can produce effective RNA chain terminator.'*!
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Characterization of RbmD (Glycosyltransferase in
Ribostamycin Gene Cluster) through Neomycin
Production Reconstituted from the Engineered

Streptomyces fradiae BS1

Keshav Kumar Nepal', Tae-Jin Oh', Bimala Subba', Jin Cheol Yoo®*, and Jae Kyung Sohng'*

Amino acid homology analysis predicted that rbmD, a puta-
tive glycosyltransferase from Streptomyces ribosidificus
ATCC 21294, has the highest homology with neoD in neo-
mycin biosynthesis. S. fradiae BS1, in which the production
of neomycin was abolished, was generated by disruption of
the neoD gene in the neomycin producer S. fradiae. The
restoration of neomycin by self complementation suggested
that there was no polar effect in the mutant. In addition, S.
fradiae BS6 was created with complementation by rbmD in
S. fradiae BS1, and secondary metabolite analysis by
ESIMS, LC/MS and MS/MS showed the restoration of neo-
mycin production in S. fradiae BS6. These gene inactivation
and complementation studies suggested that, like neoD,
rbmD functions as a 2-N-acetlyglucosaminyliransferase and
demonsirated the potential for the generation of novel ami-
noglycoside antibiotics using glycosyltransferases in vivo.

INTRODUCTION

The 2-Deoxystreptamine (DOS)-containing antibiotics consti-
tute the largest subgroup of the aminoglycoside class of antim-
icrobial agents (Pearce and Rinehart, 1981). This class in-
cludes many clinically important antibiotics, among which neo-
mycin (Nem) and gentamicin, are the best known. Nem and
gentamicin are particularly useful for virulent Gram-negative
organisms (Dax, 1997), for which few therapeutic options are
available (Cho and Rando, 1999; Tok et al., 2001). However,
the application of aminoglycosides is limited due to their inirin-
sic toxicities (nephrotoxicity and ototoxicity) and due to recent
emergency of several aminoglycoside-resistant pathogens
(Mingeot-Leclercq and Tulkins, 1999; Mingeot-Leclercq et al.,
1999). Thus, there is great demand for the development of
safer and more potent aminoglycoside-based antibiotics. A
fundamental challenge in the field of aminoglycoside antibiotics
is the identification of the exact functions of the glycosylirans-
ferases involved in the biosynthesis of the glycan siructures

because the sugar components of aminoglycosides play key
roles in determining the antibacierial activity and toxicity of the
antibiotic (Rodriguez and McDaniel, 2001).

The biosynthetic gene clusters of many aminoglycoside anti-
biotics have been sequenced, and their biosynthetic pathways
have been proposed (Huang et al., 2005; Kharel et al., 2003;
2004; Subba et al., 2005; Unwin et al., 2004). As shown in Fig.
1, Nem and ribostamycin (Rbm) are architecturally simple and
share three common subunits containing DOS, neosamine and
ribose sugar. Thus, the biosynthetic genes involved in the bio-
synthesis of these intermediates have been proposed and
characterized (Huang et al., 2005; Kudo et al., 2005; Llewellyn
and Spencer, 2006). Although many putative glycosyltrans-
ferase genes have been identified in biosynthetic gene clusters,
only the function of the glycosyltransierase genes involved in
Nem biosynthesis has been investigated in detail (in vitro), and
it was shown that one glycosyltransfease is required for the
attachment of each individual sugar (Yokoyama et al., 2008).

The Rbm gene cluster required for ribostamycin biosynthesis
has been identified from the Rbm-producing strain, Streptomy-
ces ribosidificus ATCC 21294; however, the glycosyltrans-
ferase (rbmD) required for ribostamycin biosynthesis has yet to
be identified (Subba et al., 2005). Taking advantage of the
structural similarity between Nem and Rbm, we report the re-
constitution of Nem from the neoD-deleted mutant, S. fradiae
BS6, by the successful expression of glycosyltransferase
(rbmD) from the Rbm gene cluster. To the best of our knowl-
edge, this is the first report to describe the functional charac-
terization of a glycosyltransierase from aminoglycoside biosyn-
thesis in vivo.

MATERIALS AND METHODS

Bacterial strains, plasmids, and culture conditions

The Rbm-producing strain, S. nbosidificus ATCC 21294, and
Nem-producing strain, S. fradiae ATCC 10745, were obtained
from the Korean Culture Center of Microorganisms (KCCM).
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A novel fibrinolytic protease from Streptomyces sp. CS684
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A fibrinolytic protease (FP84) was purified from Streptomyces sp. CS684, with the aim of isolating
economically viable enzyme from a microbial source. SDS-PAGE and fibrin zymography of the purified
enzyme showed a single protein band of approximately 35 kDa. Maximal activity was at 45 “Cand pH 7-
8, and the enzyme was stable between pH 6 and 9 and below 40 “C. It exhibited fibrinolytic activity,
which is stronger than that of plasmin. FP84 hydrolyzed BB-chains of fibrinogen, but did not cleave Aa-
and y-chains. K., Vi and K., values for azocasein were 42 mgml !, 305.8 pgmin 'mg ! and
188.7 s !, respectively. The activity was suppressed by Co?*, Zn**, Cu®* and Fe?*, but slightly enhanced by
Ca** and Mg Additionally, the activity was slightly inhibited by aprotinin and PMSF, but significantly
inhibited by pefabloc, EDTA and EGTA. The first 15 amino acids of N-terminal sequence were
GTQENPPSSGLDDID. They are highly similar to those of serine proteases from various Streptomyces
strains, but different with known fibrinolytic enzymes. These results suggest that FP84 is a novel serine

Keywords:

Fibrinolytic
Purification

Serine metalloprotease
Strepromyces
Thrombolytic therapy

metalloprotease with potential application in thrombolytic therapy.

@ 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Cardiovascular diseases such as high blood pressure, acute
myocardial infarction, ischemic heart disease, valvular heart
disease, peripheral vascular disease, arrhythmias, stroke, etc. are
the primary causes of death throughout the world. According to
data of World Health Organization (WHO) in 2000, 29% of the total
mortality rate in the world is caused by cardiovascular diseases
[1]. Similarly, another report of WHO in 2006 shows about 18
million people die every year from cardiovascular diseases [2].
The fundamental pathophysiological process related to this
devastating problem is the formation of fibrin (blood clots),
which adheres to the unbroken wall of blood vessels. Fibrin is
normally formed from fibrinogen by the action of thrombin (EC
3.4.21.5); it is lysed by plasmin (EC 3.4.21.7), which is activated
from plasminogen by tissue plasminogen activator. In balanced
condition, fibrin clots are hydrolyzed by plasmin to avoid
thrombosis in blood vessels; however, in unbalanced condition
as a result of pathophysiological disorders, the clots are not
hydrolyzed, and thus thrombosis occurs. Urokinase-type plasmi-
nogen activator (EC 3.4.21.31), tissue plasminogen activator (t-
PA), bacterial plasminogen activator streptokinase (EC 3.2.1.35)
are typical thrombolytic agents used for therapeutic purposes [2].
Based on working mechanisms, thrombolytic agents are of two

* Corresponding author. Tel.: +82 62 230 G380: fax: +82 62 227 3963.
E-mail address: jeyu@chosun.ackr (J.C. Yoo).

1359-5113($ - see front matter & 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.prochio.2009.08.010

types: one is plasminogen activators and urokinase which
activates plasminogen into active plasmin to degrade fibrin and
the other is plasmin-like proteins which directly degrade fibrin
[3]. Moreover, on the basis of catalytic mechanisms, microbial
fibrinolytic enzymes are classified into three types: serine
protease (e.g. nattokinase), metalloprotease (e.g. Armillaria meilea
metalloprotease) and mixture of both serine and metalloprotease
(e.g. protease from Streptomyces sp. Y405) [3]. Despite widespread
uses, thrombolytic agents such as t-PA and urckinase are
expensive, exhibit low fibrin specificity, and have undesired side
effects such as gastrointestinal bleeding, resistance to repercus-
sion and allergic reactions [4]. Therefore, continuous efforts have
been focused in the search of safer and less expensive
thrombolytic agents from diverse sources. Until recently, fibri-
nolytic enzyme with potential thrombolytic application have
been purified from various sources such as fermented food,
earthworms, mushrooms, snake venom and microbial sources [5].
From microbial sources, bacteria, actinomyces, fungi and algae are
reported to produce fibrinolytic enzyme. Of them, only few
reports are from Streptomyces origin [6-8].

Streptomyces sp. CS684 was isolated from Korean soil as an
antibiotic producer [9] and the strain also produced a novel low
molecular weight phospholipase D [10]. A profound proteolytic
enzyme with fibrinolytic activity was found in the culture
medium; therefore, we were interested in its potential biocatalytic
application. Here, we describe purification and biochemical
properties of a novel fibrinolytic enzyme, FP84, produced by
Streptomyces sp. CS684.
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SHORT SYNTHESIS AND ANTIVIRAL ACTIVITY OF ACYCLIC
PHOSPHONIC ACID NUCLEOSIDE ANALOGUES

Lian Jin Liu, Jin Cheol Yoo, and Joon Hee Hong

College of Pharmacy, Chosun University, Kwanggu, Republic of Korea

o An efficient voute for synihesizing novel aflylic and eyclopropanoid phosphenic acid nucleoside
analogues is described, The condensation of the bromine derrvatives 6 and 18 with nucleoside bases
(A, U, T, C, G under standard nucleophilic substttution and deprotection conditions, afforded the
lavget frhosphonic acid wucleoside analogues, These compounds were evaluated for their antiviral
frroperties against various virnses, Cyelopropanoid phosphonic adenine nucleoside analogue 23
showed significant anti-fIV activity,

Reywords PMPA; PMOG; HIPMPC; PMEA; antiviral agents

INTRODUCTION

The discovery of acyelovir'!! as an anti-herpes agent ignited the search
for new antiviral nucleosides with a disconnected chain resulting from
the omission of various bonds from the pentose or cyclopentane rings.
During the past 20 years, many new synthetic schemes for acyclic nucleo-
sice analogues'®! have been reporied, and many of these molecules have
exhibited promising antiviral :]clivily;"” particularly, g:nl-:‘iclm‘in['” a drug
of choice for the treatment of HCMV infections, especially HCMV retinitis,
which causes blindness in AIDS patients, and ;nulrif]euvil','"_*] which has a
broad antiviral spectrum that includes anti-HSV-1 and 2, anti-HBV, and anti-
VZV activity. These acyclic nucleosides are efficiently phosphorylated by viral
TK (thymidine kinases) to the corresponding monophosphates and further
phosphorylated by cellular kinases to the corresponding triphosphates. The
efhicacy of these drugs is limited by their toxicity and side effects, as well as
the emergence of many drug-resistant viral strains.'®! Therefore, there is a
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Subacute Toxicity Study of CS682, a Fermentation Product of
Korean Soil Bacteria, in Rats

In-Sik Shin', Jong-Chan Lee', Na-Hyeong Park', Sung-Su Kang', Changjong Moon',
Sung-Ho Kim', Dong-Ho Shin', Jin-Cheol Yoo® and Jong-Choon Kim'*
'Animal Medical Center, College of Veterinary Medicine, Chonnam National University, Gwangju, Korea
*Department of Pharmacy, College of Pharmacy, Chosun University, Gwangju, Korea

The present study was carried out to investigate the potential subacute toxicity of CS682, a fermentation
product of Korean soil bacteria, by 3-week repeated oral administration in Sprague-Dawley rats, The test
substance was administered once daily by gavage to male and female rats at dose levels of 0,100, 300,
and 1,000 mg/kg/day for 3 weeks. During the test period, clinical signs, mortality, body weights, food
consumption, ophthalmoscopy, urinalysis, hematology, serum biochemistry, gross findings, organ weights,
and histopathology were examined. Throughout the study period, no treatment-related deaths were
observed. There were no treatment-related effects on clinical signs, food consumption, ophtha]mascopy,
urinalysis, hematology, serum biochemistry, necropsy fi organ , and histopathology in any
treatment group. Based on these results, it was concluded lhat the 3-week repeated oral administration of
CS682 to rats did not cause any adverse effects in rats at dose levels of <1,000 mg/kg/day. Under these
experimental conditions, the NOAEL of CS682 was considered to be over 1,000 mg/kg/day for both sexes.

s ot

Key words: Feed additive, CS682, repeated dose toxicity, NOAEL, rat
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The use of veterinary pharmaceuticals has become integral
to the growing animal food industry. In Korea there are
approximately 2.9 million cattle, 103 million chickens, and
9.3 million swine (MIFAFF, 2008). In the United States there
are approximately 104-110 million cattle, 7.5-8.6 billion
chickens, 60-92 million swine, and 275-292 million turkeys
(AHI, 2002; NASS, 2002). To maintain economic viability,
large agribusinesses began contracting with individual farmers.
This arrangement offered a guaranteed price to the farmer
and a controlled and stable animal food-producing
environment for the agribusiness. The close proximity of the
large numbers of animals at these facilities and the potential
for the rapid spread of disease has made routine use of
pharmaceuticals necessary to maintain the viability of their
operations.

Of the drugs approved for veterinary medicine, antibiotics

*Corresponding author: Jong-Choon Kim, College of Veterinary
Medicine, Chonnam National University, Gwangju 500-757,
Korea

Tel: +82-62-530-2827

Fax: +82-62-530-2809

E-mail: toxkim@chonnan.ac.kr

are among the most widely administered for animal health
and management. The term “antibiotic” is normally reserved
for a diverse range of compounds, both natural and semi-
synthetic, that possess antibacterial activity (Prescott and
Baggot, 1993; Kanfer et al., 1998). Hundreds of veterinary
antibiotics have appeared on the market and are available
for use in animals to treat diseases, as growth promoters,
and to improve feed efficiency (Addison, 1984). In pork
production, antibiotics are commonly included in feed at
subtherapeutic levels for 2 main economic reasons: disease
prevention and growth promotion. According to Dewey et
al. (1997, 1999), antibiotics are currently used in 90% of
starter rations, 75% of grower rations, and 50% of finisher
rations for pigs. In the past, it was recognized that
subtherapeutic levels of antibiotics had a positive effect on
growth performance and herd health (Cromwell, 2002; Florea
and Nightingale, 2004). Feeding antibiotics to swine have
been shown to increase weight gain by 3.3 to 8.8% and
to improve feed utilization efficiency by as much as 7%.
However, because antibiotic supplementation in animal feeds
may result in bacterial resistance to antibiotics and residues
of antibiotics may be hazardous to human health,
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Nocardia sp. CS682
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Culture broth of an actinomycete isolate, Nocardia sp. CS682 showed specifically higher antibacterial
activity against methicilin resistant Staphylococcus aureus (MRSA). Purified substance from the organ-
ism, CS-682, which is active against MRSA and Micrococcus leuteus, is a CoyHyNO, (M+H', observed:
516.83) and identified as an unusual macrolide antibiotic, nargenicin. The chemical structure of CS-682
was identified by FT-IR, '"H-NMR, “"C-NMR, and ('"H-'H and 'H-""H) COSY. The anti-MRSA activity
of C8-682 was stronger than that of oxacillin, vancomyein, monensin, erythromyein, and spiramyein.
Phylogenetic analysis showed that strain CS682 is closely related to Nocardia tenerifensis DSM 447047
(98.7% sequence similarity), followed by N. brasiliensis ATCC 192967 (98.4% sequence similarity).
The ability of Nocardia sp. CS682 to produce nargenicin was unique.

Key words: MRSA, Nargenicin, Nocardia sp. CS682, Antibiotic, Structure study, Biological activity

INTRODUCTION

Actinomycetes are well known as a rich source of anti-
biotics and bioactive molecules, and are of considerable
importance in industry. They are widely distributed and
abundant in natural and man-made environments, and
play an important role in the degradation of organic
matter (Yoo et al., 2002). Over the last few years, intrinsic
or acquired resistance of Staphviococcus aureus to many
antibiotics, in particular, to B-lactams and glycopeptides
has become a major cause of concern. MRSA (methicilin
resistant Staphylococcus aureus) causes a health risk,
especially in patients with severe underlying disease or
immunosuppression (Chadwick et al., 1996; Coque et al.,
1996).

MRSA immerged from the time methicillin was used
first in Europe, and. its presence has increasingly been
detected throughout the world (Franciolli et al., 1991).
Up to 80% of the nosocomial infections in hospital were

Correspondence to: Jin Cheol Yoo, Department of Pharmacy, Chosun
University, Gwangju 501-759, Korea

Tel: 82-62-230-6380, Fax: 82-62-227-3963

E-mail: jeyu(@chosun.ac.kr

due to MRSA (Kim, 2004). In addition to MRSA, from
the first report on vancomycin resistant enterococcus
(VRE) in 1986 in Europe, their presence has also been
increasingly detected worldwide (Van Horn et al., 1996).
In Korea, a VRE strain, Enterococcus durans was first
isolated in 1992. Since then, the prevalence of VRE in
hospitalized patients has been rising significantly (Kim et
al., 1995; Seong et al., 2004).

The conjugative transfer of high level vancomycin re-
sistance from E. faecalis to S. aureus (Nobel et al., 1992)
also supports the spreading of MRSA and VRE. Ultimately,
increasing use of antimicrobial agents in human medicine
and as animal growth promoters has been related to the
emergence of MRSA and VRE (Murray, 1995). To control
the antibiotic resistant pathogens, various antibiotics such
as vancomycin, synercid and linezolid were developed for
human use. Also, monensin, laidlomycin, and salinomycin
were developed and used as animal feed (Wampler et al.,
1998).

This study was aimed to screen the strain producing
potent antibiotic substance active against MRSA. Hundreds
of actinomycete isolates were obtained from soil samples
from various locations in the province of Jeonnam, Korea.
Among them, an actinomycete isolate, designated as strain
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NOVEL SYNTHESIS AND ANTI-HIV ACTIVITY OF 4-BRANCHED
EXOMETHYLENE CARBOCYCLIC NUCLEOSIDES USING A
RING-CLOSING METATHESIS OF TRIENE

Hua Li, Jin Cheol Yoo, and Joon Hee Hong

BK-21 Project Team, College of Pharmacy, Chosun University, Kwangju, Reprublic of Korea

0 The exomethylens of 6 was successfully consivucted from the aldeliyde 5 using Eschenmoser’s
reagents, A tviene compound 7 was oyelized successfully using Corubbs® 1 catalyst to give an
exomethylene cavbocyele nucleus for the tavget compound. A Mitsunobu reaction was successfully
used fo condense the natural bases (adenine, thymine, wracil, and cytosine). The synthesized cylosine
analogite 20 showed modevate anti-HIV activity (ECsy = 10,67 M),

Keywords  Quaternary carbon; triene; ring-closing metathesis; Mitsunobu reaction

INTRODUCTION

The carbocyclic nucleosides!!! can potently inhibit viral infection. Due
to the absence of a true glycosidic bond, carbocyclic nucleoside analogues
are chemically more stable and not subject to the enzyvmatic degradation
that occurs in conventional nucleosides,'®! The recent discovery of olefinic
carbocyclic nucleosides, such as carbovir 1'% and entecavir 2,171, as potential
antiviral agents has attracted considerable attention in the search for novel
nucleosides of this class. Recently, a number of 4‘a-substituted nucleoside!”!
analogues showed significant antitumor or antiviral activities. Among
them, 4-methyl-2'-deoxyeytidine,!®! 4-fluoromethyl-2'-deoxyeytidine, 7! 4'-
hydroxymethyvlthymidine,'®! and 4-azidomethylthymidine! demonstrated
very potent biological activitics, but their high toxicity rendered them
ineffectual as drugs.

Based on these results and as part of our drug discovery program, we
have designed novel 4 -branched exomethylene carboeyelic nucleosides that

Recewved 6 May 2008; accepted 4 September 2008,
Address correspondence to Joon Hee Hong, College of Pharmacy, Chosun University, Kwangju
H01-759, Republic of Rorea. E-mail: hongjh®chosun.ac kr
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EFFICIENT SYNTHESIS OF 4'-CYCLOPROPYLATED CARBOVIR
ANALOGUES WITH USE OF RING-CLOSING METATHESIS FROM
GLYCOLATE

Lian Jin Liu, Jin Cheol Yoo, and Joon Hee Hong

College of Pharmacy, Chosun University, Republic of Korea

o The first synthetic voute of novel {-cyclopropylated carboviv analgues is deseribed, The
construction of eyelopnugrlated quaternary cavbon al F -position of carbocyclic nucleosiddes was
sueccessfully made via sequential folinson’s ovikoester vearrangement and ving-closing wetathesis
{RCM) starting from ethyl ghycolate. Synthesized compounds 15 and 16 showed moderate antivival
activity without any oytotoxicity wh to 100 pemal,

Keywords Carbocyclic nucleoside; antiviral agents; ring=closing metathesis; Claisen
rearrangement

INTRODUCTION

The finding that thymidine analogue with 4-azido!!'! and 4-cyano
group!®! show significant inhibitory activity against HIV proliferation has
stimulated the synthesis of 4-substituted nucleoside analogues. Recently,
4-homologated stavudine!®! thiostavudine!!! analogue, especially ethenyl
and ethynyl, are molecules of considerable interest. One of reasons for
this prominence arises from the notable biological activities as antiviral and
antitumor agents.

Carbocyclic nucleosidest! are a group of compounds structurally sim-
ilar to natural nucleosides in which the furanose oxygen is replaced by a
methylene group. Replacement of the furanose ring oxygen by carbon is of
particular interest since the resulting carboceyclic nucleosides possess greater
metabolic stability to the phosphorylase,'® which cleave the glycosidic bond

Beceived 31 January 2008; accepred 50 July 2008,
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ENHANCEMENT OF 1,25-DIHYDROXY VITAMIN D;- AND
ALL-TRANS RETINOIC ACID-INDUCED DIFFERENTIATION OF
HUMAN LEUKEMIA HL-60 CELLS BY BLOOD SHELL,
SCAPHARCA BROUGHTONII
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ABSTRACT

Human myeloid leukemia HL-60 cells are differentiated into monocytic
or granulocytic lineage when treated with 1,25-dihvdroxyvitamin D; (1,25-
[OH]>D;) or all-trans retinoic acid (RA), respectively. In this study, the effect
of ethanol fraction prepared from the blood shell, Scapharca broughtonii, on
cell differentiation was investigated in an HL-60 cell culture system. Treatment
of HL-60 cells with 2.5- to 20-ug/mL ethanol fraction of the blood shell for
72 h inhibited cell proliferation and induced a 20% increase in cell differen-
tiation, as demonstrated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium and nitroblue tetrazolium reduction assay. Interestingly,
synergistic induction of HL-60 cell differentiation was observed when the
ethanol fraction of the blood shell was combined with either 5-nM 1,25-
(OH),D; or 50-nM all-trans RA. Flow cytometric analysis and morphologic
studies confirmed that combinations of either 1,25-(OH):D; or all-trans RA
and the ethanol fraction of the blood ark shell stimulated leukemia cell

4 Corresponding author. TEL: +82-62-230-6380; FAX: +82-62-227-3963: EMAIL: jcyu@
chosun.ac.kr

Journal of Food Biochemistry 32 (2008) 96-106. All Righty Reserved.
96 © 2008, The Author(s)
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Stereoselective Synthesis of a Novel Cyclohexene Version of Carbovir

Hua Li and Joon Hee Hong"
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This paper describes a racemic and stereoselective synthetic route for a novel cyclohexenyl carbocyclic adenine
analogue. The required stereochemistry of the target compound was controlled using a stereoselective glycolate
Claisen rearrangement followed by a-chelated carbonyl addition. The introduction of 6-chloropurine was
achieved using Mitsunobu conditions, and further modifications of the corresponding heterocycle gave the

target cyclohexenyl nucleoside.

Key Words : Carbovir, Glycolate Claisen rearrangement, e-Chelation

Introduction

Carbocyclic nucleosides are pharmaceutically important
compounds that have significant antiviral activity. The dis-
covery of olefinic carbocyclic nucleosides such as carbovir
1! and 6-hydroxymethyl carbovir 22 are of particular interest
because they represent a new class of compounds that
exhibit significant anti-HIV activity. However, the toxicity®
and emerging drug-resistant virus strands* are factors limit-
ing their therapeutic applications. Recently, the fundamental
modification of the pentofuranose moiety such as cyclo-
hexenyl carbocyclic nucleosides™ were reported to be
compatible with their antiviral activity.” The presence of a
double bond induces flexibility in the six-membered ring
that is similar to the flexibility of a furanose ring.® Further-
more, the conformational adaptability of a cyclohexenyl
nucleoside to external agents was demonstrated by observ-
ing that its conformation is different when incorporated in
different double-stranded DNA sequences.” Cyclohexenyl
nucleic acid hybridizes with both DNA and RNA, even
though this effect is sequence-dependent.'” Therefore, a
deoxy cyclohexenyl nucleoside can be considered a con-
stitutional mimic of a natural deoxynucleoside.

Stimulated by the interesting antiviral activity of cyclo-
hexenyl nucleosides as well as the particular curiosity of the
regulation of gene expression by small interfering RNAs,
this study designed and synthesized novel cyclohexene
nucleoside in which the heterocycle and hydroxymethyl
moiety were placed in the 1,3-position. This paper reports its
stereocontrolled synthesis procedure using an a-chelation
controlled glycolate Claisen rearrangement and an o-
chelation controlled Grignard addition reaction as the key
reactions.

Results and Discussion

The o funsaturated methyl ester 3, which is readily

obtained using a well-known procedure,'’ was reduced by

DIBALH in CH>Cl to give the allylic alcohol 4. This was
protected with #-butyldimethylsilyl chloride (TBDMSCI) to
give compound 5. The isopropylidene protecting group of
compound § was hydrolyzed by 70% acetic acid to provide
the diol 6. The selective mono-silylation of the diol 6 with
TBDMSCI at -10 °C gave compound 7, which was then
converted to the benzyloxymethyl-protected allylic glycolate
ester 8 under DCC and DMAP conditions."?

In this study, the chelation-controlled modification of the
Ireland’s ester enolate Claisen rearrangement (LHMDS,
TMSCUTEA)" was used to convert the allylic glycolate
ester 8 to a yo-unsaturated glycolate 9, possibly through a
chelation-controlled chair-like transition state, to give the
crude acid (Figure 2). The crude acid was treated directly
with CHsl, in the presence of Triton-B, which produced the
desired product 9 in a highly stereoselective manner. A
notable increase in the diastercoselectivity resulted from the
introduction of an a-substituent in the allylic system. A
single diastereomer could be obtained with the majority of
a-benzyloxy substrates.

RO— 'Li<n H
jyé o [3:3]
BnOL 'J\ g OB T
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Figure 2. a-chelation controlled [3,3]-sigmatropic rearrangment.
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Single Oral Dose Toxicity Evaluation of CS682, a Fermentation
Product of Korean Soil Bacteria, in Rats

Jong-Chan Lee', Tai-Hwan Ahn', Sung-Su Kang', Changjong Moon', Chun-Sik Bae',
Sung-Ho Kim', Jin-Cheol Yoo? and Jong-Choon Kim'*

"College of Veterinary Medicine, Chonnam National University, Gwangju, Korea
2College of Pharmacy, Chosun University, Gwangju, Korea

Antibacterial feed additives are widely used in many countries worldwide to improve growth rate and
prevent the diseases of animals. The present study was carried out to investigate the potential acute
toxicity of CS682, a fermentation product of Korean soil bacteria, by a single oral dose in Sprague-Dawley
rats. The test article was orally administered once by gavage to male and female rats at dose levels of 0,
2.5, 5.0 and 10 mlkg body weight (n=5 for male and female rats for each dose). Mortalities, clinical
findings, and body weight changes were monitored for the 14-day period following the administration. At
the end of 14-day observation period, all animals were sacrificed and complete gross postmortem
examinations were performed. Throughout the study period, no treatment-related deaths were observed.
There were no adverse effects on clinical signs, body weight, and gross finding at any dose tested. The
results showed that the single oral administration of CS682 did not induce any toxic effect at a dose level
of below 10 ml/kg in rats and that the minimal lethal dose were considered to be over 10 ml’lkg body

weight for both sexes.

Key words: Feed additive, CS682, acute toxicity, median lethal dose (LDy,), rat

The use of veterinary pharmaceuticals has become integral
to the growing animal food industry. In Korea there are
approximately 2.7 million cattle, 121 million chickens, and 10
million swine (MAF, 2007). In the United States there are
approximately 104-110 million cattle, 7.5-8.6 billion chickens,
60-92 million swine, and 275-292 million turkeys (AHI,
2002; NASS, 2002). To maintain economic viability, large
agribusinesses began contracting with individual farmers. This
arrangement offered a guaranteed price to the farmer and a
controlled and stable animal food-producing environment for
the agribusiness. The close proximity of the large numbers of
animals at these facilities and the potential for the rapid
spread of disease has made routine use of pharmaceuticals
necessary to maintain the viability of their operations.

Veterinary antibiotics are among the most widely administered
for animal health and management. The term ‘antibiotic’ is
normally reserved for a diverse range of compounds, both

*Corresponding author: Jong-Choon Kim, College of Veterinary
Medicine, Chonnam National University, 300 Yongbongro, Buk-gu,
Gwangju 500-757, Korea

Tel: +82-62-530-2827
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natural and semi-synthetic, that possess antibacterial activity
(Prescott and Baggot, 1993; Kanfer et al, 1998). Hundreds of
veterinary antibiotics have appeared on the market and are
available for use in animals to treat diseases, as growth
promoters, and to improve feed efficiency (Addison, 1984). In
pork production, antibiotics are commonly included in feed at
subtherapeutic levels for 2 main economic reasons: disease
prevention and growth promotion. According to Dewey et al.
(1997, 1999), antibiotics are currently used in 90% of starter
rations, 75% of grower rations, and 50% of finisher rations
for pigs. In the past, it was recognized that subtherapeutic
levels of antibiotics had a positive effect on growth performance
and herd health (Cromwell, 2002; Florea and Nightingale,
2004). Feeding antibiotics to swine has been shown to
increase weight gain by 3.3% to 8.8% and to improve feed
utilization efficiency by as much as 7%. However, because
antibiotic supplementation in animal feeds may result in
bacterial resistance to antibiotics, and residues of antibiotics
may be hazardous to human health, supplementation of
antibiotics should be limited, and alternative sources of equal
efficacy need to be evaluated (Hahn ef al., 2006).

CS682 is a liquid fermentation product of Korean soil
bacteria Streptomyces spp, developed by Chosun University
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Abstract

Typical autosomal recessive juvenile Parkinsonism (AR-JP) is resulted from the loss of function mutation in the parkin gene. In an effort to learn
more about the cell type-specific functional role of parkin, we used in vitre model such as locus coeruleus (LC) noradrenergic (NA) neuronal
progenitor cell line, LC3541. Employing this in virre model, we revealed that parkin plays a crucial role in phenotypic differentiation of NA
neurons. Our results showed that parkin mRNA was expressed during the differentiation of NA neuronal progenitor cell line and that the level of the
parkin mRNA was down-regulated by oxidative stress in the NA neuronal cells. Parkin protein overexpression in LC3541 cells induced expression
of NA markers (TH, phox2a and DBH). Small interfering RNA (SiRNA) for parkin supressed NA differentiation and DBH expression. Preventing
protein kinase A (PKA) activation with PKI attenuated expression of DBH in parkin overexpressed LC3541 cells. These findings suggest that the

2007 ISDN. Published by Elsevier Ltd. All rights reserved.

Keywards: Parkin: DBH; Differentiation; Noradrenergic neuron

relative abundance of parkin enhances differentiation of NA phenotypes via a PKA-dependent pathway.

1. Introduction

In Parkinson's disease (PD) the selective loss of brain
dopaminergic (DA) neurons in substantia nigra (SN) and
noradrenergic (NA) neurons in locus coeruleus (LC) leads to
motor dysfunction. The specific etiological mechanism under-
lying the selective DA and NA neuronal loss in both familial
and sporadic PD is unknown. Approximately 10-15% of PD
patients appear to have a family history. During the past years,
mutations in various different genes, parkin, a-synuclein, DJ-1
and ubiquitin carboxyl-terminal hydrolase (UCH-LI1), were
identified as responsible for some cases of familial PD (Kitada
et al., 1998; Leroy et al., 1998: Moore et al., 2005; Morris,
2005). In human brain, the expression of parkin, -synuclein,

Abbreviations: AR-JP. autosomal recessive juvenile Parkisonism; DA,
dopaminergic; LC, locus coeruleus; NA, noradrenergic; PD, Parkinson’s dis-
ease; SN, substantia nigra; TCA, trichloroacetic acid; UCH-L1, ubiquitin
carboxyl-terminal hydrolase.
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DJ-1 and UCH-L1 was not limited to the affected neuronal sites
in PD, but rather widely expressed in many brain regions
(Solano et al., 2000). However, the neuronal losses in PD are
specifically restricted to DA neurons in SN as well as NA
neurons in LC. The molecular mechanism(s) underlying the
selective neuronal vulnerability produced by these mutations
remains unidentified.

The clinical symptoms of AR-JP are typical of PD. The
classic triad symptoms (tremor, rigidity and bradykinesia),
gait freezing, foot dystonia, hyperreflexia and retropulsion are
prominent and are responsive to levodopa treatment (Hamani
and Lozano, 2003). Several distinct pathologic features of
AR-JP suggest a significant difference in the neurodegen-
erative process from that found in typical idiopathic PD. First,
peak age of onset is in the 20s with earliest onset at age 8
(Ishikawa and Tsuji, 1996; Matsumine et al., 1998; Hayashi
et al., 2000). The clinical progression of the symptoms is
slower than in typical idiopathic PD, with the mean duration
at 22 + 10 years. In contrast, in typical early onset idiopathic
PD, the peak onset age is in the 40s and aging is a major risk
factor (Moghal et al., 1994). Second, there was significant
neuronal loss with gliosis in the ventrolateral and medial
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dTDP-6-deoxy-p-allose, an unusual deoxysugar, has been
identified as an intermediate in the mycinose biosynthetic
pathway of several macrolide antibiotics. In order to
characterize the biosynthesis of this deoxysugar, we have
cloned and heterologously overexpressed gerKl in
Escherichia coli BL2] (DE3) cells. This gene encodes for a
protein with the putative function of a dTDP-4-keto-6-
deoxyglucose reductase, which appears to be involved
in the dihydrochalcomycin (GERI-155) biosynthesis evi-
denced by Strepromyces sp KCTC 0041BP. Our results
revealed that GerKl exhibited a specific reductive effect on
the 4-keto carbon of dTDP-4-keto-6-deoxy-p-allose, with
the hydroxyl group in an axial configuration at the C3 pos-
ition only. The enzyme catalyzed the conversion of dTDP-
4-keto-6-deoxyglucose to dTDP-6-deoxy--p-allose, accord-
ing to the results of an in vitro coupled enzyme assay, in
the presence of GerF (dTDP-4-keto-6-deoxyglucose 3-epi-
merase). The product was isolated, and its stereochemistry
was determined via nuclear magnetic resonance analysis.

Keywords: deoxysugar biosynthesis/dTDP-6-deoxy-p-allose/
dTDP-4-keto-6-deoxyglucose reductase/Strepronyces

Introduction

Deoxysugars, all of which harbor certain hydroxyl groups that
have been replaced by a hydrogen atom, an amino group, and
an alkyl side chain, are vital constituents of the aglycon core of
several bacterial antibiotics and anticancer drugs. Functionally,
these deoxysugars participate in the recognition and interaction
of bioactive compounds with drug targets (Weymouth-wilson

'To whom correspondence should be addressed: Tel: -+ 82 41-530-2246;
Fax: +82 41-544-2919; e-mail: sohngi@sunmoon.ac.kr
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1997; Hecht 1999; Hansen et al. 2002). Therefore, they play a
crucial role in the optimal biological antibiotic activity of bio-
active compounds, and the removal of these moieties has been
shown to strongly influence or completely abolish the antibac-
terial activity of certain compounds (Rohr 1997). Among the
unusual sugars, dTDP-6-deoxy-p-allose has been identified as
a crucial intermediate in the mycinose biosynthetic pathway of
several macrolide antibiotics, including dihydrochacomycin
(GERI-155 used in this study; Jaishy et al. 2006), tylosin
(Fouces et al. 1999), chalcomycin (Ward et al. 2004), and
mycinamycin I (Anzai et al. 2003). Structurally, this sugar
attaches to the macrolactone by the glycosydic linkage with the
activity of the glycosyltransfrase (Wilson and Cundliffe 1998)
and requires a primary hydroxyl group at C20 of the macrolac-
tone with the activity of a P450 enzyme (Fouces et al. 1999;
Ward et al. 2004). The biosynthetic pathway of dTDP-6-deoxy-
p-allose is presumably comprised of several enzyme reaction
steps. It begins with the nucleotidyl activation of glucose-1-
phosphate to form dTDP-b-glucose by the activity of dTDP-p-
glucose synthase, GerD (Lee, Sohng, Kim, Nam, Han et al.
2004), and TylAl (Merson-Davies and Cundliffe 1994).
Catalysis by dTDP-p-glucose-4,6-dehydratase, GerE (Lee,
Sohng, Kim, Nam, Seong et al. 2004), and TylA2 (Merson-
Davies and Cundliffe 1994) results in the formation of dTDP-
4-keto-6-deoxy-p-glucose, a common intermediate in the bio-
synthetic pathways of the majority of the deoxysugars derived
from dTDP-p-glucose (Rodriguez et al. 2002; Lombo et al.
2004; Maki and Renkonen 2004). Finally, the reduction of the
4-carbonyl carbon by 4-ketoreductase TylD (Bate and
Cundliffe 1999; Fouces et al. 1999) (GerKl in this study)
should occur after the 3-epimerization of dTDP-4-keto-6-
deoxy-p-glucose by dTDP-4-keto-6-deoxy-p-glucose 3-epi-
merase GerF (Sohng et al. 2004) (Figure 1B). We have recently
isolated the mycinose gene cluster involved in the dihydrochal-
comycin biosynthesis from Streptomyces sp. KCTC 0041BP
(GenBank accession no. AY118081). Six open reading frames
(ORFs) (gerE, gerD, gerF, gerKl, gerM2, and gerM3) were
predicted to be mycinose biosynthetic genes. Out of these six
ORFs, gerKl was suggested to encode for dTDP-4-keto-6-
deoxyhexose reductase and was thought to be involved in the
biosynthesis of dTDP-6-deoxy-p-allose.

The dTDP-4-keto-6-deoxyhexose reductases are very
important enzymes and are found in the abundant deoxysugar
gene clusters of secondary metabolites. These enzymes have
been demonstrated to catalyze a reduction at the C4 keto of
activated sugars with different stereochemistry, thereby
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Purification and Biochemical Properties of Phospholipase D
(PLDs;) Produced by Streptomyces sp. CS-57
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Streptomyces sp. C5-57, which was isolated from Korean soil, was found to produce phospho-
lipase D {PLDs) as an extracellular enzyme when culiured in medium containing 2% glucose,
1.5% yeast extract, 0.5% trypton, and 0.1% calcium carbonate at 28°C. and 160-rpm. PLDs,
was purified using Sepharose CL-6B column chromatography, and DEAE-Sepharose CL-6B
ion exchange column chromatography. The specific activity of the purified enzyme increased
6.7 fold with 3% recovery. The purified enzyme was then analyzed using 12% SDS-PAGE,
which revealed that the molecular mass of the purified enzyme was 55 kDa. PLDs; showed
both hydrolytic (H) and transphosphatidylation (T) activity, and the optimum temperatures of
these activities were found to be 45°C and 35°C, respectively. Similarly, both of these activities
were found to be optimal at a pH of 7.5. In additicn, even after being heat treated at 45°C for
up to 2 h, the enzyme activity remained at 100%, and the H-activity was found to be stable at a
pH of 6 to &. Further, enzyme activity occurred in the gresence of EDTA, indicating that metal
ions are not required for their activity, although some metal ions did marginally increase the
activity. Enzyme activity also increased by 75% in the presence of Triton-X 100 at a concentra-
tion of 0.375 %; however, none of the cther detergents evaluated in this study were found to
enhance enzyme activity.

Key werds: Phospholipase D, Purification, Streptomyces, Hydrclytic activity, Transphosphati-

dylation activity

INTRODUCTION

Phospholipase D (PLD EC 3.1.4.4) is an extracellular
enzyme that is a member of the PLD super family of pro-
teins (Hammond et a/., 1995; Ponting et al., 1996), which
is produced by bacteria, plants and mammals (Soucek et
al., 1967; Saito et al., 1974). This enzyme exhibits two
types of reactions, hydrolysis and transphasphatidylation.
When this enzyme hydrolyzes phospholipids, such as
phosphatidylchotine, it forms phosphatidic acid (PA) and
choline. Conversely, when this enzyme catalyzes trans-
phosphatidylation reactions, it forms different phospholipids
in the presence of correspending alcohols (Waite, 1999;
Liscovitch et al., 2000). The two reactions catalyzed by
PLD compete with each other, and it appears that the
product formed during the transphosphatidylation reaction
is often hydrolyzed by PLD (Juneja et af., 1987). Several

Comespendence to: Jin Cheol Yoo, Department of Phamnacy,
Chasun University, Gwangju 501-759, Korea

Tel: 82-62-230-6380, Fax: 82-62-227-3863

E-mail: jeyu@chosun.ac.kr

studies have been conducted to evaluate the relationship
that exists betweaen the hydralytic and transphosphatidyla-
tion activity of PLD, and it has been found that PLDs pro-
duced by Actinromycetes show higher transphosphatidyla-
tion activities than those produced by plants and mammals
(Juneja et al,1989; Virto ef al.,2000; Hirsche and Ulbrib-
Hofmann, 2000). In addition, many investigations have been
conducted to evaluate the synthesis of various phospho-
lipids using PLDs produced by Actinormycetes (Takami et
al., 1994; Nakajima et al., 1994; Wang et al,, 1993). PLDs
have also been implicated in various cellutar processes,
such as transmembrane signaling, intracellular protein
trafficking, secretion, aiteration of cell morphelogy and
motility (Morris et al., 1997; Pappan et al., 1997). However,
under abnermal conditions, PLDs may alsc play a critical
role In ischemic, traumatic and neurodegenerative disorders
of the central nervous system (Phillis and O'Regan, 2004)
The transphosphaticlyiation reaction is important in the
synthesis of scarce phospholipids, such as phosphatidy-
lethanolamine, phosphatidylserine, phosphatidylglycerol and
novel artificial phospholipids (Junsja et al., 1988). Arificial
phespholipids are often the target of interest in pharma-
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Culture broth of a streptomycete isolate, Streptomyces sp. CS684 showed antibacterial activity on methicilin
resistant Staphylococcus aureus (MRSA) and vancomycin resistant enterococci (VRE). Among purified
substances from the organism, CSU-1, which is active against MRSA and VRE, is a CyHONa (M,
721.3875), and identified as laidlomycin. The anti-MRSA and anti-VRE activity of CSU-1 was stronger
than oxacillin and vanmmymn Phylogenetic analysis showed that strain CS684 is very similar to Streptomyces
ardus NRRL 2817", whereas the ability of Streptomyces sp. CS684 to produce laidlomycin was shown to be unique,

Keywords: Anti-MRSA, Anti-VRE, polyether antibiotic, laidlomycin, Streptoniyces sp. CS684

Actinomycetes are widely distributed in natural and man-
made environments, and play an important role in the
degradation of organic matter. They are also well known as
a rich source of antibiotics and bioactive molecules and are
of considerable importance in industry (Yoo et al., 2002).

Owver the last few years, intrinsic or acquired resistance of
enterococci and Staphvlococcus aureus to many antibiotics, in
particular, to p-lactams and glycopeptides, has become a major
cause of concern. MRSA (methicilin resistant Staphylococcus
aureus) and VRE (vancomycin resistant enterococci) cause
a health risk, especially in patients with severe underlying
disease or immunosuppression (Chadwick ef al., 1996; Coque
et al., 1996).

MRSA immerged from the time methicillin was used first
in Europe, and its presence has increasingly been detected
throughout the world (Franciolli et al., 1991). Up to 80%
of the nosocomial infections in hospital were due to MRSA
(Kim, 2004). In addition to MRSA, from the first report on
VRE in 1986 in Europe, their presence has also been
increasingly detected worldwide (Van Horn et al.. 1996). In
Korea, a VRE strain, Enferococcuis durans was first isolated in
1992. Since then, the prevalence of VRE in hospitalized
patients has been rising significantly (Kim et al., 1995; Seong et
al., 2004).

Furthermore, there are cases on record of the isolation of
MRSA and VRE from animals and environmental sources.
Wide use of antimicrobial agents as feed additives for growth
promotion in animal husbandry (Van den Boogaard and
Stobberingh, 1996) was one of the reasons. The conjugative
transfer of high level vancomycin resistance from E. faecalis to

# To whom correspondence should be addressed.
(Tel) 82-8-61-750-3613; (Fax) 82-2-61-750-5459
(E-mail) scnu@scnu.ac.kr
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8. awreus (Nobel et al., 1992) also supports the spreading
of MRSA and VRE. Ultimately, increasing use of antimicrobial
agents in human medicine and as animal growth promoters
has been related to the emergence of MRSA and VRE
(Murray, 1995).

To control antibiotic resistant pathogens, polyether ion-
ophore antibiotics such as monensin, laidlomycin, and sali-
nomycin were developed and used as animal feed (Wampler
et al., 1998).

This study was aimed to screen an actinomycete strain
producing potent antibiotic substance active against VRE
and MRSA. Hundreds of streptomycete isolates were ob-
tained from soil samples from various locations in the prov-
ince of Jeonnam, Korea. Among them, one streptomycete
isolate indexed as CS684 in our culture collection was found
to produce a potent antibacterial substance against VRE
and MRSA.

Materials and Methods

Isolation and identification of microorganism
Actinomycete isolates were inoculated into OSYM medium
consisting of 2% oatmeal, 1% dried yeast, 1% mannitol,
1% soybean meal, and 0.2% CaCO; (pH 7.0), and incubated
at 30°C on a rotary shaker at 180 rpm. The anti-MRSA/
VRE activity of cultured broths was assayed by the paper
disc diffusion method. Strain CS684 showed highest anti-
MRSA/VRE activity among the isolates screened and then
selected for the study of antibiotic production.

Morphological and physiological properties of strain CS684
were determined as described by Williams et al. (1983). Aerial
spore mass color and spore chain morphology of the strain
was observed on inorganic salts-starch agar (ISP medium 4:
Difco, USA) (Shirling and Gottlieb, 1966).
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Inhibition of Mouse Macrophages Interleukin-12 Production :
Suppression of Nuclear Factor-xB Binding Activity by a Specific
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INTRODUCTION

{Received August 30, 2008)

Pharmacological inhibition of interleukin-12 (IL-12) preduction may allew a therapeutic strat-
egy for preventing development and progression of disease in experimental models of autoim-
munity. In this study we investigated the effects of an ethanol fraction of the Scapharca
broughtonii, on the production of IL-12 by mouse macrophages stimulated with lipapolysaccha-
rides {LPS). The ethanol fraction (83) prepared from Scapharca broughtonii potently inhibited
LPS-induced IL-12 production in the RAW2684.7 manocyte celkling in a dose-dependant man-
ner. The activation effect of the ethanol fraction (83) on the IL-12 gene promoter was analyzed
by transfecting RAW264.7 cells with IL-12 gene promoterfluciferase constructs. The repres-
sive effect mapped 1o a region in the IL-12 gene promoter that contained a binding site for NF-
kB. Furthermore, activation of macrophages by LPS resulted in markedly enhanced binding
activity to the NF-«B site, which significantly decreased upon addition of the ethanol fraction,
indicating thal the ethanol fraction of the blood shell inhibited IL-12 production in LPS-acti-
vated macrophages via inhibition of NF-<B binding activity.

Key words: Blood shell, Scapharca broughtonii, Interleukin-12, Macrophage, NF-xB, RAW264.7
cell

through T and natural killer cells by inducing their produc-
tion of interfercn-g, which augments their cytotoxicity, and

Interleukin-12 (IL-12) is a heterodimeric cytokine com-
posed of two disulfide-linked subunits of 35 {(p35) and 40
{p40) kDa encoded by two separate genes. Inducible
expression of IL-12 has been demonstrated in phagocylic
cells and other antigen-presenting cells in respense to
stimulation by a variety of microorganisms as well as by
their products (Ma and Trinchieri, 2001). The exprassion
of the p40 subunit is highly inducible and is regulated
primarily at the transcriptional level {Kang et al., 1996).
Two major regulatory sites have been identified which
bind inducible proteins belonging to the Ets and NF-xB
families of transcription facters (Gri ef al., 1998).

1L-1Z is known to exert multiple biological activities mainly

Correspondence to: Jin Cheol Yoo, Depariment of Pharmacy,
Chosun University, Gwangju 501-759, Korea

Tel, 82-62-230-8380, Fax: 82-62-227-3963
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by enhancing their proliferation potential {Aderin, 1999).
IL-12 production is critical for the development of T helper
type 1 cells and the mitiation of cell-mediated immune
responses. Recent evidence points to a critical role for IL-
12 in the pathogenesis of rodent models cf such Tht-
mediated autcimmune diseases as type-1 diabeles,
multiple sclerosis, rheumatoid arthritis, inflammatory bowel
disease, and acute graft-versus-hest reactions (Adorini,
1999}. Thus, the pharmacelogical control of IL-12 produc-
tion may offer a key strategy in understanding the modu-
lation of specific immune-mediated diseases that are
dominated by type-1 cytokine responses.

The blood sheil (blood ark shell), Scapharca brovghitonii,
is an econcmically important edible bivalve and widely
cultivated off the Southem coast of Korea. Blood ark
shells have received attention in pharmacolagical research
due to their contents of various D-amino acid and D-
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Production Optimization of Non-Qui Geld vein

Derivatives, WKS8-1, WK88-2, and WKSS-3 from AHBA

Synthase Knockout Strain S hygroscopicus AC2

12 HONG', Joon-Tae PARK', An-Na MOON', Wanches! KINF,

So0 HONG, Dongho LEE, Bang Yeon HWANGY,

Ja=-Hoon KANG' end Hong Sub LEE®'

"esvarch Lohorataries, Heowg Pharmaceatical Co, Itd “Kereo Fosearch
e af Blengiende and Biotechnology. Korca Unrveesip: Chemghal Nptonal

A TAH

'r'.am'.;_;mu!.-.:u: wrathar. baleel@sddorg com

Hap®} (Heat Shock Protein 90) inhibites  geldanamyem & a2
benequinone ansuvivein antibiotic that binds 10 N-terminus of HapS)
@ camor  therapeutical tarpet Because  berzoquinone  moieny of
eeld e has hey by, non-quinone Hsp®) inhibitors theough
post medification are  studied.  Novel nOJ'h,uHE\ﬁC geldananncin
dematives were biosynthesized from AHBA(3-amino-S-hvdrexy berzoic
acid) knockowt siram 8 fngroscopicus AC2. We optinizd the lergescale
fermeniation: condition by addition 0.5mg/L 3-aminobenzoic acid and
production yield of non-quinone geldananmcin analogues, WKES-1,
WHEED and WKSE- was 0082 g, 00% g1, end 0036 gl
respectively. Also, sructure of these compounds was idemified. The new
geidenamein analoguss could serve as the sterting for the chermical
nm‘mauon of muu\.\x! annmnocr drugs.

Keywords : i geldanzemein
dmuﬁms AHBA synthase Lmnd\om stram

33

Mechanism of Macrophage Activation Induced by B-g{llmu
from Panebacillus polymoxa JB11S

Seung-Chum PARK?, Zhi-(hang CHANG, Myung-Jin CHOL

Seung-Hee JANG and Elias GEBRL

Callege af Vetermary Medicme, Kyungponl Netors! Urdversin.
Corresparding author. | ackr

In the present stody, it was mvestigated the effect of this £-1, 31,
6-glucan on mitmc oxide (NO} production i RAW264.7 macraphages,
the possible mecharismes mvolved in such reaction. and the safety profile
af the B-1, 31, églucan o the P pohemae JB11S pellet Afler oxposure
o f-ghcan, RAWIAT murine macrophages produced NO in a
concentration-and timedependent manner. Bxposure o0 S-glucan resulted
m mRNA expression of 1-NOS, the erinme tespansible for catalvzing
the reacton 1o produce NO in macrophages, in & concentration-dependent
manncr in RAW2 T cells, A similar result was also observed on the
mRNA expression of COX-2 and L4 1t was also observed that S-glucan
significantly activated the expressions of transcriponal factors, both NF ¢
B and AP] whereas not STATY, in 2 concentration-dependent manner
using luciferase reporter assay. Further investipation using specific
pathway infubitors and westem blot confirmed that activation of p3g
MAPK, NF £ B and APl ae responsible for NO production induced by
B-glucan in RAW264.7 cells.

Kepwords : f-glucan, COX-2, RAW2E47, p38 MAPK
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Fluorescent Probe for the Detection of Homocysteine
Kwang-Hwan JHEE* and Luan FAN

e of Apolied Chemisiry, Kumal Navional Jrstiute of Techrlogy, Gumr
230741, Korca.

'('arrss‘r,aru".:q: authar. kiyhee@feanalac ke

Bamecysieine (Hey) and cysteine (Cys) play erusizl moies i melaining
biological redox hommeostasis and are highty related 1o some diseases. oy
i5 2 risk factor for Alzheimer's and cardiovascular discases and Cys is
relaed o slowed growth, liver darmage and wealness. Therefore, accurate
and fest determination of Hew and Cyvs in serum and plasma is essential
and impotant. Here, we develop a npovel pre-column fluerescent
dervetizing reagent, dmaleimide-Tonimo-2, 1, 3-benzonadiazole (BN,
for the detection of the Hey and Cys. Benzofurazan backbone and
nelcimide group are chosen as the fluorophore and reactive maiety,
respectively. Maleimide and d-chloro-Tonio-2, 1, 3-benvonadiersle
(NBD-CT) were dissolved in the acetonitrile soiu-.mn am was added

!nﬂuence of Nutritional Factors on the Production of an
Antibacterial Substance from Strepiorgces sp. CS392.
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Srepomyces sp. 05392 was screemed from various actinonmycetes
strains isolated from Korean soil for the production of an antibacterial
subsiance aguinst various pathogenic orgenisns, especially against
methicillin resistant Sigpindococcus awens (MRSA). Since the active
substanice production was highly influenced with different nutritional
factors, in this work we examined the efisct of carbon, nitropen and
mineral sources. The niedia inoculated with % sesd were grown at 28°
Cand 180 rpm for 3 days and the standard plate assay technique was

drop-wise 1o the solution of muleimide in g sodium
bicerbonate. The mixture was stured and reacted & room lemmmerature
fmlhcm‘,mmcnmem)dmmmmeibysmmgd
chromutogrepty and defermined by moass specroscopy. NED-M can react
with Hey 2nd Ovs in 20 minutes, respectively, and the complencs (the
denvatives of Hey and Cys with NBIMM) gave high suhilities.
Keywords : homocysicine, fiuorcscence, 4-maleimide-T-niwo-2, 1,
3-benzoxadiazole
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pioved to d ine the anti-MRSA effect. The msult indicated that
glucose, peptone and MgCl; were the best carbon, nitrogen and mineral
source for the production of the compound into the culure broth of
Strepromyces sp. C5392.
Keywordy . Srepiongces sp. CS352, methicillin resistant Stgefplococeus
aurgus, active substante
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A Potent Antimicrobial Cnmpound from Streptongces sp.
5392
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A patent antimicrobial compound was purifisd from culture broth of
Streptonces sp. (5392, & new actinomyostes strain isolated from Korean
soil, The compound from the culture broth was extracted using elhyl
acetate and then applied to a silica gel columm (15 cm *1.2 cm) followed
by preparatory TLC. Murity of the compound was assessed with TLC
and UV detection. The compound showed potent antibecterial effect
apainst various pathogenic micro-organisms including methicilin resistant
Sugphylococcus murews (MRSA), In MIC test, it displaved swomger
anti-MRSA. cffect than that of nargenicin, but similar effect as of
vancomycin, suggesting that it can serve 25 an effective source of
antibacterial agent,

Keywords ; Sreptomyees sp. C5392, isolation, MRSA
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Microorganisms are a plentiful source of structurally diverse bioactive
whsrs:mhupm:mlw mm&mmmmmnims,sm&ny
have many possit of 1 i i bioactive
Ome of the most prominent examples is epothilones, novel nontaxane
animicrotubule agents obtained fmm the fermentation of the cellulose
degrad St celfud We have also reported
l.hL' chemical structures and bioactivities of acyloin compounds isolated
from a strain of 5cellulosion. In a continuing search for novel bioactive
compounds from these organisms, strain KMO141 was found to produce
two highly cytotoxic compounds, named spiradienals A1) and B(2). Their
structures were elucidated by spectroscopic analysis. Both compounds
de d potent cylotoxicity against humen tumor cells. Against
human tumor cells such as HCT-15, the activity of 2 was mare than
4000 times stronger than that of doxorubicin in terms of 1Cs.

Preparations and Characteristics of High Molecular Weight
Poly- y -Glutamic Acid Hydrogel
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Poly- 7 -glutamic acid { 7-PGA) meets the demands of the times with
respect to the new biomaterial industry that came up from well-being
issues for & healthy life. Nawrally cccurring polymers heve afmacted
considerable interest from polymer scientists in recent years. This inferest
arese as a result of an increased awareness of the environment and a
desire to produce environmentally safe matenals. 7 -PGA comes from
natural sources and they are also biodegradable. And water absorbable
hydrogels have been used as uscful metenials, so we investigated the
application of hydroge] that are made by high molecular mass ¥ -PGA.
That gels showed individual specific water content and property. Also,
we compared that gels with chemical cross-linked gel, We considered
y-PGA hydrogel may be used as functional cosmetics material,
biomedical material, and so on. This mdicates that y-PGA hydrogel could
be used in the various fields of indusirial application, [This work was
supported by the ‘Seoul R&BD Program{10580)']

Keywords : hydrogel, Poly- 7 -glutamic acid
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Identification of Comp Exhibiting y Activity

Toward the Pseud. folaasii Toxin Tolaasin I

Yoongho LIM* and Yoonkyung WOO

Fordak v,
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Using in silico docking caloulations, NMR, analysis of target - ligand
binding, and hemolytic activity assays, we searched a 30,000-compound
library for an effective inhibitor of tolaasin 1, a Prewdomonas tolaasii
toxcin that causes virulent infection in mushrooms. Of more than 30,000
compounds screened in silic, two compounds were selected. One of these
compounds, sorbitololeic acid, bound 10 tolaasin | and inhibited its
hemalytic activity i viro. Therefore, sorbitololeic acid can be a patential
inhibitor of tolaasin 1,

Keywords | tolaasin, NMR, peptide
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Metzbolic Engineering of Escherichiz coli for the
Production of Putrescine: A Four Carbon Diamine

Jeong Wook Lee, Zhi-Gang Qian, Xiao-Xia Xia, and Sang Yup Lee’

Dopariment of Chemical and  Biomolecular Engincering. Korea Advanced
Instimue of Seience and Technology

A four carbon linear chain diamine, putrescine (1.4-diaminobutane),
= an important platform chemical having a wide range of applications
in chemical industry. Here we report a metabolically engineered strain
of Escherichia coli that produces puirescine at high titer in glucose
mineral salts medium, First, a base strain was constructed by
inactivating the putrescine degradation and wilization pathways. and
deleting the omithine carbamoy lransferase chain | gene argl 10 make
mere precursors available for putreseine svnthesis. Furthenmore,
omithine decarboxylase and the amithine biosynthetic genes (argC-E)
were overexpressed from the e promater, which replaced the native
promoter in the genome, to increase the omnithine pool. Finally, strain
performance was further improved by the deletion of the stress
fespansive RNA polymerase sigma factor Rpos. 2 well-known global
transéription regulator that controls the expression of ca. 10% of the £,
coli genes. The strategy reported here should be usefu! for the bio-
based production of putrescine from renewable resources. [This work
was supported by the Korean Systems Biology Research Project of the
Ministrv of Edueation, Science and Technology through Korea
Scwnce and Engineering Foundation (M 10309020000-03B35002-
00000). Further supports by LG Chem Chair Professorship, Microsoft,
Waorld Class University Program of the Ministry of Fducation,
Science and Technology, and KAIST Institute for the BioCentury are
appreciated].

Keywords : putrescine, omithine. diamine, Escherichia coli. sigma
factor

A Detergent, Organic Solvent and Oxidant Stable
Alkaline Metalloprotease from Serepromyces  sp.
CS528

Jaya Ram Simkhada, Seuna Sik Cho, and Jin Cheal Yoo'
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A 51 kDa metalloprotease from Strepronyces sp. C5528 was
purified by jon exchange with HQ-poros and gel filtration with
Sepharose CL-6B. The activity was optimum at pH 7.5 and 50T
and remamed virtually unaltered afier 8 and 1 h of exposure 10 pH
7-10 and 45C, respectively. Ca™ enhanced the activity while Co™",
Cu™, Zn™, Mn™ and Fe** suppressed it, EDTA and EGTA. but not
PMSF. aprotinin, and pefabloc SC. significamtly inhibited the
activity, suggesting that it miekt be 2 metalloprotease. Km and
Fmax for azocasein were 0.75 mg/mland 1.95 mM: min mg protein.
respectively. It displayed high stability towards various detergents,
organic solvents and oxidizing agents. These features endow the
enzyme an ideal choice for biotechnological applications especially
for detergent formulation and cnzymatic peptide svnthesis.
Keywords : organic solvent resisiant, alkaline metalloprolease
Newardia sp. C5528
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Transformation of Major Ginsenoside to Minor
Ginsenoside from FPanax ginseng by Stenotrophomonas
sp. DCY33

Jin Woo Min, Lin Hu Quan, Ho 8in Kim, Na Ri Son, Hyo Yeon Kim,
Mi Jang, Yeon Ju Kim, and Deok Chun Yang'

Korean Ginseng Center for Mast Valuahie Produer ond Gintseng Genetic
Resouree Bunk. Kvung Heoe Untversin

Ginsenoside (ginseng saponin) is one of most imporanm material
in ginseng. The mnor ginsenosides has high pharmacological
activities than major ginsenoside. ginsenoside into the more active
minor forms of ginsenosides, such as Red. RR2, and compound
Kianti-tumor, antidisbetic, antistress. andantioxidative). However,
in ginseng. these minor saponins are a vailable in smaller quanties,
Therefore, many studies have aimed to conven major ginsenosides
to. the more active minor ginsenoside with various treatment
methods such as heating, acid weatment, and enzymatic conversion.
Heating and acid treatment, however, produced side reaction, such
as epimerization, hyvdration. Therefore, enzymatic hydrolysis of
appropriate sugar al a specific position is desirable for the
production of active minor ginsenosides. In this swdy. major
ginsenosides such as ginscnoside Rb1. Rb2. Re was transformed
using glyeoside hydrolase enzyme from stain DCY33 and then
analyzed by thin layer chromatography and high performance liquid
chromatography. Biotansformations of ginsenoside Rbl were
analyzed using TLC and HPLC, Our results confirmed that the
microbial enzyme of strain DCY33 significantly transformed minor
ginsenoside such as F2 and Compound K our results indicate that
this is the best possible way 10 obtain specitic ginsenosides using
microbial enzymes from stain DCY33 culture.

Keywaords : ginsenoside, convedion, compound K
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Cryproporus velvarus

- -
Hyungjun Noh”, Hyunbong Park', Sunyoung Um', Hoyoung Lim',
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Macrolactine  from

Mushroom Research Divisian, National Jnstitute uf Harticulral & Herbal
Science All Rights Reserved, Rural Development Adminisiration, ~National
Agrobiodiversin: Center, Burai Development Administration

This study was carried out 10 investigate chemical ingredient
from fruiting body of Criproporus velvaus and metabolites of
Criproporus volvatus in liquid culture media, Methanol extract
from fruiting body and ethyl acetate extract from liquid eulure
media of Cripruporus volvems was analyzed by column
chromatography, thin layer chromatography, HPLC, mass
spectrophotometer, CVM33100Me21 was isolated by sep-pak
cartridge column and CI8 preparative HPLC from methylene
chlonide fraction. From the physico-chemical data, including NMR,
MS, the chemical structure of the compound was determined 1o be
an ergosiciol peroxide, CYS01 was extracted by ethyl acetate with
liquid cultwe media and isolated by silica open  column
chromatography and €18 preparative HPLC, From the physico-
chemical d including NMR, MS, the chemical structure of the
compound wis deterinined 1o e a macrolacting,

Keywords © Erposierol peroxide.  Macrolactine,  Criptoporns
virlvatuy
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Isolation of Fungal Strains Producing Gibberellins
from Coastal Sand-Duae Plants and Their Effect on
the Growth of Waito-c Rice

Young-Hyun You™, Jong-Wan Kim', Jesna-Sook Hwang’, Yeon-Sik
Choo’, and Jong-Guk Kim"

'Departmem of Life Science  and Bionechnology, Kvingpooh  Nationsd
Universiry. *Deparmment of Btulogy, College of Narional Seiences, Ky
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Endophytic fungi exist in the live plant tissue. and some of them
are know for plant growth promotion. Gibberellin is well known
plant growth hormone acting on the dey elopment and growth of
plants. In this study. we focused on endophyiic fungi isolated from
coastal sand-dune plant and their efiect on plant growth, 47 straing
of endophytic fungi were isolated from the roots of Cwidium
Japonicum, Sedum  kamrschatioon and Lysimachia  mauritiona
Larmark. We compared plamt length with shoot length by bioassay
test on waito-t. As.a result. we found that endophytic fungi isolated
from the roots of Cridium japonicun: have an effect on plant growth
promotion. The result of hioassav test showed that plant growth-
promation activity of the strain YHYS379 is similar to that of
Gibberellin fujikuroi, and those of other strains were less than the
strain YHY5379,

Keywords : Coastal sand-dune plant, gibberellin, secondary
metabolite, endophytic fungi
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Production and Purification of a Potent Antimicrobial
Compound from Strepromyces sp. CS 392

Poonam Mander, Seong Ju Park, and Jin Cheol Yoo®
Depariment of Phurmacy, College of Pharmacy, Chosun Universise

Streptomyees sp. C8392, capable of producing an antibacterial
substance, was isolated from Korean soil. The compound was
purified using a silica gel column (15 cm1.2 em) followed by
preparatory TLC. Purity of the compound was assessed with TLC
and UV detection. Since the active substance production was highly
influenced with differemt nutritional Factors, the effect of carbon,
nirogen and mineral sources were examined. The compound
showed potent antibacterial effect against various pathogenic micro-
organisms including methicilin resistam Staphvlococcus  aurens
(MRSA}. In MIC test, it displaved stronger anti-MRSA effect than
that of nargenicin, but similar effect as of vancomycin, suggesting
that it can serve as an effective source of amibacterial agent.
Keywords : antimicrobial compound. Strepromves sp, C5 392,
Characterization
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V/ Ao Antioxidative Compound from Strepromyees sp,

C5428

Yun Hee Chof and Jin Cheol Yoo©

Dhprartntent of Pharmeacy. Callege af Pharmacy. Chasun Liniversity

This study was aimed ta purifyv an antioxidative compound from
culture brath of Strepronvces sp. CS428, isolated from Korean soil,
Culture broth was extracted with ethy] acetate and then applied 10 5
sifica gel columm (10 em ~1.2 em) tollowed hy preparatory TLC,
Purity of the antioxidative compound was assessed with TLC and
U\ detection. The compound was examined for its antioxidative
activities with 2 2-diphenyvl-1-piknl hudrazvl (DPPH)  racica)
seavenging assay. Nitrile scavenging activity, wotal phenolic content
and reducing power of the compound were also assessed. DPPH
radical scavenging activity and the reducing power of the compound
were 62.5% at 10 mg/m! and 0.513 at | mgimi, respectively.
Similarly, its nitrite scavenging activity were 95, 85, and 80% at 10,
. L5 mgiml, respectively and toml phenolic contents increased
with increasing electron donating activities. These results indicate
that the compound isolated from ethvl acetate extracts of
Streprannices sp, CS428 is a strong natural antioxidative compound.
Keywords @ antioxidative compound. Streptomyees sp. C8 428,
Characterization
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Fermentation Process Characteristics of Nocardia sp.
€5682 for Nargenicin Estimarion

Seung Sik Cho and Jin Cheol Yoo
Ihpariment of Pharmaey, Coliege of Pharmacy, Chosun Universiny
MNargenicin  (Nodusmicin, 9+ IH-pyrrole-2-carboxylate),  an
immunostimulative compound proposed for animal feeding, was
purified from Nocardia sp. CS682, isolated from Korea. To assure
that the lard compound reliable information about the
crude substrate production, we investigated 2 relationship that exists
between medium pH and the amount of nargenicin production
during its scale up process (using 5 L 10 500 L fermentor), Resulis
ol this study provides a reliable guideline which is helpful to predict
the amount of nargenicin present in the 5 10 5000 L culture broth of
Nowardia sp. CS682 without proceeding the lengthy calibration
procedure,
Keywards : Nocardia sp. C5682, Nargenicin, Fermentation
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Wevwards | Septouaces s MOALH, anilmlenbial conjpuing,
MO radation, Dogsolyaaosirids, infammatiry
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GO0l

Charncterizathon of p-hydroyheazoaie
Hydroxylase sud sn-hyvd rexsylenzoate Hydroxylase
from Okrwicdalebacter sp, HS-2

Wonduck K’ Yol Ba sy Seung O, and

Si Wk Him

gy Bencerady cunder far i of Hormis! Azl By,
i Loy ﬁ'w.ll‘m T S e Ergtimniring,
B T fror Becrbndresgm Prodaonion, Charan Undversin

The penome o Crromcdinufacny sp. HEL a soderme
hakapkile, contains the supranpzronic gene srucre in which
varions penes for bensens manhodem keasd. In i siodv,
man penes pobydnoe beraate Fdriylase pene (pab 4 md
ai-Bydroeybenrome Rdnoas s pme {mobd L in the gene
el eps cranierianed The ydroxylase genes ware chomsd
anel overespressd in E ool B2 {DES). The netaiibinasy
hedmnylas proseing wene puridied with a MI-NTA calumm
and folkmaing assavs showed the opternl pH, mpeniure.
Far and K. valees for éach enzyme [nterestingly. twa
rroomioinant ereymes retalned significan) activity under high
MaT conceraration (up o 7 Y, HPLC amlysis was perfomed
e cvafuate bioconversion capacity of the ercymes in the
reslimg Cells of £ oot BL2 (DES) and it revealsd el the
eevomtrand. MobA comened 0% al sy - bosoale
mip proiscsechume and the recombinam pobd, coniered
TG of pebydroocy- bensccte mile protealechmie o 3050,
pespectively. Currently, site directed muiagemesis experimen
5 parfommaed v sty roles of specific aming acid residues in
Bk Tior substraie specificity and sszyme activiry.

[ Thiis pessarch wi sopporied by MEST,]

G002

Functional Amalysis of Simataneously Synthesleed
Peptide and Gobd Nanoporticles Hyvbhrid Sphores
and Their Applicational Approsches

Jurgak ¥Km' and He-Gi Hue' o

St af Emvironmenn Solenoe and Engaovering. i
dinrviveiee o Scieane vl Tevmedngr, “Tsermartonl Envimommuotad
Fexvarch Conrer, mﬂlﬂl Dareieas oo Fintnce g Terhmalogy

Hiylama spheres comauung pesticis gl pold nancpamcles has
boen simularecsly Sundiind inowefer using  AGA
(MPESLFRYLPSIH pigttides which ared a2 redocing agent
o e thee acleatinn el e of gobkd nanoganicles and a
reecurser [ lizem spheme-iie snucnee by selfpsenbie. The
selfsemblal peptide spheres remcin subk oo ofle
seleciive memenal of the gold mnogamicle: by indide aiching.
Thie aming acids conmining she smmaii; Tuncriens RIED in
The pepide saquence slunificanly afliect the onseructon ol
sz snucrazes, The sarfais of yld nAnpaTiciss CnmaTs
fbeid spheres o boen fancoomalized using el grosp
limbezdl 1 Iridevwdecuies. The abiliy bo sy nihesine nangpariick
anil sell-issembled peptide sonuctiees with contnliod size and
cumpiilion m an esieonmena] henign nae will ullow
fbricaling mew class ol milli-fnctonal argenic-inargani
vbeid superanicimes for vanous honsedical and clecranic
applicitione

[Suppanted by the Maionsl Ressarch Fomdiion of hane
AMEF: 200020774 prant and the 200 Fromtier Microbid
dmemomins and Apphications Cenier Program {201 ko0i i)
limiked by e Korea goremmen {MEST|

laa |

| Ao Saggaing

5003
The #1LTH 3nabvsis of Human-Specific LINE-1

Bapaang b -5 Las, e Kyudeng Har'
Loy of  Gdemabing oy Collegr of Advirer Sifemca.
“EAparimycr syl Sewce & WOU Riveorch

Lot Dewiliod | hin

Ling ®lerperwed eloments (L= peomrt for —17% ol thas
Irmn genome, The = gemime comaing - 2000 copics of
human-specific L Bonever, amwng e, appresinuney 8
L1 coptes ore aide rocrarapae AClvel it te human
genatiz, el T e calied T pesitim-Competent L1 s,
The Fimiramalated regions e the hpman-specific 113 congin
W pruminers and g2y srl oenccmplion-hinding wee. Thus, we
cramifed the segueres anictynes of the mman-specific Lig
i e MULEea rale o their 3° LTR o wsdesiod the
evelullensey histery of L1s in e bamian genome. n afitien,
we cloabited apes of S humanspecitic 11§, bassd on the
nedral swdation e by using muhiple sgueee alimment,
nitwyrk amlysis, and megafinn program, smd charscterize L
dnciural componens  Including UTE, ORF1, ORFL
FUTR, paly (4] 1wl and TED. Cur resaits showed tat the
mutoion mee of 5 UTR = six fimes faster than tose of oder
coevgeneals of Lis, 3° UTR end panlal QRF2, Ths, we
sgpest fhal relatmeely high ovssiion rae of 57 UTR in L1s
windd pliy 2 key mke in regulsing L) retrotrinspestion
activity ard the romber of retratesposition-compesem L1s i
the Fuman genente.

G004

tidigilble Nitvic Oxide Sypthase and
Cyehouxygenase-2 lnhibitor Lolated from Newl

Screened Sreepronrices Strain

Yin Higd Ched, D Jeong Park, and-Jin Gragl Yo
Lepartmenr of Fhormacy, Collepe. of Prommany. Ol
[niverry

Asn pari of an on

: i prigram dievelocing bioemedicalis
applicable subsmnce: i . :

| Mozl somrces: we have focused
on Sirepeved, whish ane rich source of novel compounds.
We have selediod o simain mdeved a5 smain-33 in ouwr
collection, thal produced welMRESA jand VRSA, VRE)
sulilance. An aciive compamnd Wit Smag - indlasesainn

Activily was punified irom fomestasion beath of e drain s
veirnied as CNEEL 1w Swd e miebe the priductios of
lmer necrosss fa0 1 TPz, irderkakins] B L-10) mmd

imerleukin i i e, 05355 v foured 0 ragubate the
expression of me! C ML germhoe (INOS and cpeloi-
wenase-JIC D2 prosin m LESsnmolated BAWSLT cells
The compuund dosesdependenthy inhibitnd MO pnid petion ond
alwy blocked LPSsinduca! W05 and CON-D expression. |0
pemenily inhibhied the rnshicstion of rckar Geke-cl (K
kB) ima the meckus by 68 depradmion folloring TR
mhesphievbation, indeating b C8384  inhihils  KF-B
mivaiees I oconclusion, the neades siggest ihat CHAH
nhihits  LPS-indeced  NO5 and COM-2 eapression n
BAW2GE T el by hlocking NF-cB acrnation pathway.
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G003

Purification and Immuse-stimulatoem Activity of a
Potvsaocharide Trom Sirepumenyces sp, CS468

vir Hee Chot and S Ches! Yoo

feprsment af  Plarmecy Gl of  Pharmag, - (e
Lontvormiy
A pavsacchande . Tioen  Singwemoer s O8308 wis

precipitaed with ethanol and funber purified by semise
chigEraingrptd’ an Soprarces CLH8 and Sepradex G50
colmn, The palvseochonde aac Ssecied o 490 pm afisr
colerimetric assan With phesal-sulluns aod method, Te sy
the nmmunesimulaeey acies meckanisn, we bave esamind
spredinion of mirk oxide 1RO = inducible sivic axid:
i ithase RCST induced |“| CRInn Tl awrlubaliog ol S0
|_ll.|1:|'_\-,|.;|i|,||| by CRIGH wies evalisael pncowesdem .ﬂhﬂl'p‘_l_
Takag all W seahs wwither, we conclude st pundicd
compound, CSAEE, stimulating immune funciions of mace-
TS CAN SrVE 28 3 Srong immuret mulaery eomposnd

G006

Tsodation of & Movel Lacrobecilis Strain Secreting
Broad-specirum of Antibacterinl Compomnid
Y Hee Cnnl, Jung Wan Ha, and Jin Greal Yoo

Depovrmens o Ploveecy, College o Pormacr, Ohosin
Ehiversine

Loormbiller sten CS-AT was found 10 exbibit hmad
specorum O ssfmicrobial acinoty againd variees pathopenic
micrdgasisng. The 165 rDNA sequence revealed that the
drain @ closely relaed w0 lockbacies meuons wab
99 862% sequence homology. The producten of setibionc
From the sirain wies G 10 be mect Fvarable whes ciillinsd
for 3 dys ab 37 and TR0 mpm in a mediom eontaining
ghucose and pepsane s ciron smecy and el exiract, vee
XIRCT 25 Titregen sseie, The mifactic wis exiraced using
ethylaceme (1:1 vivh and panially paified using both column
and i layer clmommoprmpbe: lechniques, Antimicrakal
activaty o the eomponnd agains differens padkogenic srains
wity agsesad wsing the amimiombisl secinea. 1 owas fouaed 10
b active agame all weskd Giram-negative and Giram-paositive
hacterm. The result ssgpeds that fovhavcillio gmin U541
produces high gualine amibinic -dn mI!H [°] \u:r use il i
coniral vareties of pathes
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G007

Furification and Characterization of 8 Navel
Fegide Antihiotic from Newly Isslnted Bociiley sp.

CRal

Yun Hes Choe and Jn Cheol Yoo

Wepuimannl o Fhreer Callege o Phamacr, O
Linfige=in

A sarmn desaraiad 4 U861 o our colleciion showed high
depmes of sngurner =imilanine n 165 KA analysie wilh
Bocifins aoneigeciocions 195 ML derefone, i s cBisigied
as Mactifer ape US6l The susim produced an sxmsoelhoda
pepude anmibikonk after slmwsr thiee devs ol <ultivation in ihe
aptimized Yeps! mochipm, The peptide-amikindic produced e
the strin {U561F was parified wedrg 2 gel pemscation
chenmatography an Sephadex G50, C5al ams

in Tricime sodivn dodecnd sullaie-pobvacy lamide gel -:Inmu
pharesis | Triciee SOS-FAGE) with apgae waksilar weght
of L0833 Tk Fird en aming sd sequencse af the aming
el were ATNKDAAY LA, which an: different from 50
N miporied peplide asabionics. CS61 was evamined for ks
anlioxidative activities with 22-diphenyll-pary] hedram
(DPPH) mdical scavenging eeeay and reducing  power
estimanian. DPPH radleal seavenging activiny and the redacing
power of e compound @ 10 megml wee 255 snd 0o
respetively, Thuse nisults sugpest thal the peptde anliwob:
innlated from Saciier sp. C545 is a natar? peplide sniisson:
with anticxidaive acrivin .

G008

Isalation amd Characterization of & Compoand
Effective Againsi Vancomyein-reskstant Emeracocor
(VRE} aind Steplyrlococcas erreas (VRSA) frim
Bacillus suhiilis ©519

Yun Hes Chol, Jin Hes Batk, ang Jin Ghect Yoo

Doportmamd' o Phormaeye Collegy of PRomes e
Llmbrersin
A potant srsprotndl sompognd] was puntied Ingm cullurg

broth o Aaclifu: ap. C519. & pew Baciifa drain islesed fom
Kofesd gnil. The production of zntibicnic from the drin was
Toiind 0 b mosi favorable when colared for © das a0 37°C
amd 1810 rpm n 2 shoking Ecobaior wing manniiol and heel
culracl an respective @ion and pisogen surces The
eompnund fom the culiure broth wss esraced ising ethyd
avelme ared e applied oo @ e erce-plage column {5 can v 1.2
ol followed 5o proparsioe: TLE. Pemine of the anmpoimd
v apasied Wille TLC and LW dejeciem The eompinoel
shimwed poaent amtibacierial effect sminst various pihogni
redisnl  Maimepanians  meloding  Vencomycwemsisiani
enierociicl (WHE) and vantomyein resistont saphylocnccus
mEes (VRESA) To investigae the ot inflamnsnary eifeet,
we exanvned the producion of nhre oxide. Besulis shawed
thal CEID, withown aifecig <8 vabilig, inhibined che
prodicten of MO productien m RAW 364.7. These findings
el thad CS519 b5 0 poiert memicolisd and  an
'l'lntlmlllalﬂr: ppem.

e mink A b1
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GO0%

Benefcial Efect of an Antimicrobial sad Ant-
inflominatery Agent oi 12-0-tetradecs noy ipbarbal
Acetate Indaced Ear Edema in Mice

Seming Sik Chio and Sn Creal Yoo
Lreparienss of P, 1 hennm Larrar il

Sirepfiaiives g C5392 prodipced throg anfi-VRERA VRS
mli-infammmary  sohatances (O, T Theser
compounids inhibited the producton of pro-inflesmsan
tyaliimess, MO prodection. and IROS exprossion m BAW
2547 macnephages. T invegigee f oviro and oo
rellunship thes comspoonds were dsayed for jopeca ao
mllammatory aclivity by TFA-inducnd s sdeama model The
anll indlamssreinry aciivilies % mhihiton in The TRA-mhasd
o <l e st shown b 1, C2 and ©F wene I20%0 1575
and 20.3%%, respectively. These compounds dhs showed shight
inhibitien ol edema formation withou any side effec, Using
ach o punch hiopeaes, profein samples were aken from ear
whole cell hezte and luter wevetaganed the affect of fhese
coonpounds oo BNOS expression by wesiem bl eealyss
Three compounds weee found Lo inhitdl TRA-=duied
exprezsbon of (MOS. o concusion, These comgounds e
jorpical mh inflammateny activiny mediated v infitition of
MOIS pxgiessing, Thess lindings seem o give a clear resen
for the e of (ke compounds in the treatmest of
inflammation.

e -

sl O3

G010

Protective Effect of Compound O3, Produoced by

Streptompees sp. U592, in Dextran Sodium Sulfate
Tnduced Mice Calitis

Seung 30k Cho and Jin Ghacl Yoo
Deprraveer of Pharesecs, Chesar Unnwenia

In. this seady, we investigated protecive offect of untimicoita
aul anik-inflammasary compoand C3, produced Ty Srepro-
ngved dp, C5392, on 2 mice model of colnis, Colins was
induced in PCR mice by admmsstration of devirnn sshfae
sodium (DE5) (3%, wiv) in drinkeg wieer. D55 ooles model
wie wall chamclerized momphologically and blochensicalsy
055 produwced decrezse in cobon lengsh acsompasacd By
rncoiel edewa and blm-d:'sl:nui. To assazs i i 1138 om
n@s-r'-'d.ﬂd ooliis, 1. X, n:\r 10 mgkgday of O3 was
wlmi 0 by bnire | mgectwon. Besides measaring
moton kngth, we Bave eptinimed dissise ausiviny mbe (DAL
for a week, (kg ino mocount of bodv weight swal
cogznency and gross bhoding. Pro-mllammales, maduain
wich i WEr necrosis [actor- o (TF-c) amd ik
BIL-5], were determined using immeroassays. O prevenied
sprtening, of eolon lesgnh asd reduced DSS-induced DAl
scores incheleg & decrese in weight los, duarhea, gros
bkodmg. and the inhileiors of inesee celh. O3 albsa
suppeessed (KOS expression and almamal s veis of e
infammaiory cyokines, wech as THF=0, and 11.-6

Proorer Ganson

GOl

| ——

Purtficanes. S se mer sl Progeres mmf iz Vo
Fibripshtc Lo of s Exsrscriindes Procee
Secreaed i 1 S wrme

S =T = e SEEr FE U TE
= T g
= i sl (R U THYITL
o o R - r e S - e g =
0 R e - —res S
el £ TR F
sitwirty, pog T 3 b i wie 17 R LR
o e LT = = v The
MIITE W EareEc ¥ i g -
hielel 5 T
shymoryine Wdiosey s 8 chrrmmeor poineIHoe eTime
probss. Fuihdrmen:, Svime 208 sads Jfhomn mod fication

sludy sugpests the =t ol e of Ser. Asvlny and Hes i the
caahiic ity of ’.-q- ervme B, and V. vales
devermined with 52535 3 suiornd specidic W BymOTPETL
wese 37 o and 313 mMimin me. nepectiody, The B 15
M-terrninad amine acids were TAGGOAIYAGOGRRES, wiach
are significanty different from other fibrirohoe enzymw. Iv
viro fibrinohtic paian of the enzyme was 145a2 3-fold
sromper  activiny than (he of plasmin  suggesing i
promeunced potantiziin: im the theombolyie ey

G012

i Fiva Efficacy of a Mew Low Molecular Welghe
Fikrimodytic Enzyme from Bacteria

Jaya Ramn Sekhacta and Jin Chaol Yoo
Deparvment of Fharmecy, Chomm Dniverniy

A Bennolytic ercyne with soong fibrinohyte activity, FP2E,
win parified feom 4 Srepesaiyees soen, recenily isalated Fom
Forga sl The punfled enzyme disploved very strong
filbeinalytic activity in the i vl experiments, therebore its i
vho efficacy was also evabmied considering s potemial
clinizal application. Te evaluate the thromiolyte: fnetlon 4
vive, effect of the enzyme on carmpeeran ikl il
twambiis was investigoeed @ ICR mice. Tal-fheombas of
e enyme esed grosp wis. significnthy shorer than §e
rosiokgies salie iremal group el the decremen in the
tubthrombne wes ererelated with The enoee dose, The
resuhs mirongly seges el the eneyme n be o potcraial
candidate for thrombohiic terapy.
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Enhancing bigcatalylic production of 25-
hydrozyvitamin 0 by the site-directed
mutagenesis on the molecular surface of
Vilamin D3 hydraxylase (P450 Vi)

Taiki NISHIOK, Noriko IMOTC, Yoshiaki
YASUTAKE' o Tomwhiro TAMURA'

Lab ool Moeeular Eenvivmment Miceubiolagy. Cirakar:
Schoal of Agriculiure. Hokhando Unbrersity. Sappon
I-4380. JAPAN,

Bivpecadutio Resesrch nstiniz, Ml Institute of
Advanced Indeesrial Science and Technalagy | AISTL
Sapporn (G2:A517, JAFAN,

Development of an expression plaform oy
using the aclinomycele Rhodococcus
endhropois &8 & host cell-protsin: expression
and protein degradation

HearYean YUN, Noeiko TAMURA' and
Tomohma TAMURA'

Lab, of Mokecular Frviremmen! Michiokgy, Grackale
Sihewal of Agrictilnne, Hiskkaibo Uriversily, Sappomy
TSR TARAN,

Bioproduction Beseanch nsttune. Maiwaal Insiue of
Addvancedd Indussial Sctence and Technakgy 1A1STL
g (61-B51T, JAPAN,

lgolation and Characlerlzation of a Mew
Kiebsials preumonide StraitHaving Improved
Growlh Cheractersfics

Vilanrasu MARIADHAS, Ashik SOMASUNDAR
and Sunghoon PARK

Department of Chemical and Bienokecular Engineering,

Pusem Naiboual Univensity, Busen G735,

An alkaling Epase from Streplomyces sp.
GS273 with organic sobvent tolerance property
and iz appication in biodlesal production
Pronam MANDER and Jin Cheal YOO
[department of Pharmery, Cellepe of Pharmacy, Choaun
University, Guangji 501735, Ko,
Igentification and characterization of
Laciohatilus sp. CS0A procucing anthacierial
comgound against Gramepositive and Gram:

| Loniad e Byl

Scung Sk CHO, Jaya Ram SIMKHADA, Y
I-.lee CHOL D Jeong PARK, Jin Hee PARK, and
T Cheol Y00

Ueguramenn of Psny, Cillege of Fhimizy, Cherns
niversity, G 301750, Kore,

PMEDE ;nghﬁn anfimicrobial eflact of nagenkin
is0labed fram Nocardla sp. CS532 wilh ther
commenial antibigtics
Yun Heg CHOT and Jin Cheal Y00

Clertmest of Pharnic, Collepe of Famcy, Chiam
Univerdiy, Ciwargs 5017599, Kipeg

PMEDT igentiication and &leenm of Efficient
Abdshyee Deebegensse rnrm}?ommn of
I:Hydronyprapioniz Asid from Glyceral by
Kishsiaka preymoniss
Yeounjoo KO, Ashok SOMASUNDAR ind
Sunghoan PARK
Dyarement of Chemical anid Bismikcilis Engitersing,
Puran Nanbomal Uiniversdy, Busam o704 :

PHEDE Cloning and Expression of Invasion Prasin
Anbgen H (ipak) Gene of Shigetls sonvei
Man-Sub SONG, Hy-Ju UM, Honic KM,
Jiho MING il Yanp-Hoon KIM
Diept, oof Micrubbakoy, Chungbod, Nativerd Universiry,
Chenngju, %1.763, -
R Divisiimn, Vithio, bisc.. 48 Expeefin, Yuseong-
Clne, Do) 302, St Ko
Admuhuere Sl of Semihichr and Ol
Enginwermy, Chastick Moo | miversty, e 56174,

FIEDS PCR-based Tandem Epitape Tagging of
Chromosomal Genes for Strefplomyees
Genome Enginoering
Jt KIM, Jong S Y1, Bo-Ra LEE
Byung-Kuwan CHOY saxl Byung G KIM
Sehond of Chiemical anil Binlogical Frigineering. S0l
Mgl Lniverary, Sooul Souls Kosen,

Diepvamiatin of by, KAIST, Dlagfeun, Somh Korea.

PMEID Eﬁmmﬂhmlnﬁmmsafsmmﬂahum
carbenate coystal formation by Sperosaming
i

Cliso Micd GOROSPE, Sane-Hy HAN,
Seang-Geun KIM and Jue-Seong: §00

(e of Rinkygical Fnginessing, Tiba Universa,
Inchien, #1275 -

S s & i
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Amvi-inflammerory  Effecss of €5584 ln Muriee
Macrophage Raw 264.7 Cells

Fun v e, Smarsg L Thee, 30w 1 Crad Wioug©
pradim i of Fidman | e of Sy d mon ey

Thi Bm of Sie pesedl wady Wi W ivevtens the anki-
oflamraery offem of T5384, haced by Siecy -,
CEMAE, Voo have Tooised o Seaairoe betnies 1M peTAi
e sewEol o Bl SRR, Wi Beac sebosstd @ sen.
mund s mrae-SEE oo oelleonon, which peoduced mne-
SEHAA iz Y RSN and apni- VL) subsagioe. The compound o
rerdinl b revese-phoee CT8 golemn weh $0% oaum ik
e radumi. By ok the compearnds agaien TR prheperic
riens 4 deermniecd nung e sear dhdon mehod, e BT-
PR end werers Blothey snabhoos, 5363 was frerd |r|1i;|n
P Sprehn O Lt neenen £ 1TuF-al. 1
Fialm G e leakin.h 0 &5 F el wem frend in
rigpalae the gene Enpresstinn of mit ke O sy b (THOS) i
exclmvgenise- U002 fn LPE-sisiuaiedl RAWD64.T eelk.
Frarther. the compeund dose-dependenaly inhihied 0 prodoclon
wnad pduo locked LIFS-mauced (W08 and 00X espresshin
Brywards = R 102 T, ilareranion, Segpeives

—, HO65

Application of Paeoihecius pafpmpre ESE1 for
Drevelopmens of Anri-fangal Cement Morar

H“-: i Paric’, Jng-Myong Park’, Wheriung Rim'. 340 Sa-Yed
k-hh o Ly Fowve Kimeessd Yodwed Leeeiwy, b’ af
dsid & Ak s A Kiaaiad Laad Mekean

The iz of ihiv gisdy J o wiliee o Poashsolie sodwse
Eadl w aumpro fargal growsh which cases pollstion oa ke
urfu!: afl oo siruoure ad l:I'HH-IDI The sement menar

e Etéil enhibed mesandng smfnpd
ﬂﬁtlﬁl%ﬂnmﬁ-“ihﬂrdﬂ“ﬂmhlﬁnm
i estenions of coneicle buddngs. Ales, the corment crack ireaied
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A novel hyperalkaline xylanase from a newly isolated Streptomyces

strain

Seung Sik Cha', Jaya Ram Simkhada, Yun Hee Chol, and Jin Cheol Yoo*

Department of Pharmacy, College of Pharmacy, Mokpo University Jeonnam, Korea,'

Department of Pharmacy, College of Pharmacy, Chosun University, Gwangiu 501-759, Korea.

Abstract

Streptomyces sp. CSB02, recently isolated from Korean soil, produced xylanase in comcob
medium. An extracellular xvlanase (Xvn802) was purified by a single step gel filtration and
biochemically characterized. It showed high activity in extremely alkaline condition with
optimum pH at 12.0 and exhibited stability between pH 7.5 and 13.0. It produced xylobiose and
xylotriose a¢ the major products from xylan, suggesting its endoxylanase nature, N-terminal
aming acid sequences of Xyn302 were ADRNANRD which are significantly different from the
feponisd wylanase. The activity was enhanced by various detergents and a reducing agent and
sisble in range of organic solvents. Xyn802 produced by utilizing cormeob, an agro-waste

masenial. might be a novel xylanase based on its peculiar biochemical characteristics. Due 1o lack

¢

of cellulase activiry and ability of producing xylooligosaccharides from xylan. Xyn802 can be a

suitable candidate for pre-bleaching of paper pulps and generating xylooligosaccharides,
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An extracellular alkaline xylanase active in broad range of

temperature originated from a microbial source.

Pradeep G.C. and Jin Cheol Yoo®

Department of Pharmacy, College of Pharmacy, Chosun University, Gwangiu 501-739, Korea,

Abstract

Industrial waste materials has become one of the global challenges and remained as a centre of
attraction for the production of value added materials such as bioethanol and oligosaccharides. In
an atlempt to address the current situation, CS428, a new soil isolate capable of producing
industrially applicable lignocellulose degrading enzyme, was isolated from Korean soil. An
extracellular xylanase produced by the strain in culture medium containing 1.25% beech wood
was purified and biochemically characterized. Enzyme production was highest at 2 to 3 days and
the medium pH was found increasing with the increase in enzyme activity, The enzyme was
thermostable and displayed broad range of pH stability (from pH 4.0 10 pH 12.0). Further, the
enzyme showed maximum activity at pH 12.0 and at 60°Cwith activity in broad temperature
range (30 to 75°C). Because of high range of pH and thermostability, this enzyme can be a good

candidate in the field of binindustries.
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An alkaline and moderately thermostable xylanase from a new soil isolate

Md. Arifur Rahman, and Jin Cheol Yoo*

Department of Pharmacy, College of Pharmacy, Chosun University, Gwangju 501-759, Korea.

Abstract

In-an attempt 10 isolate xylanase from microbial sources, Sireptomyces sp. CSWu-1 was recently
isolated from Korean soil and identified according to various characterisies including 165 rRNA
sequencing, The strain produced high xylanase activity (XynWas-1) in xylan medium. Production
profile showed that the highest activity was produced at 80 h when cultivated at 28°C and
|2lrprm. The enzyme was optimally active at S0°C and at pH 110, suggesting that the enzyme is
alkaline and moderately thermostable. One peculiar characteistc of XynWu] is that it was

highly dependent on buffer concentration and it maximum activity was found below 25mM.
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Purification and biochemical characterization of a thermostable xylanase

from Korean soil bacteria

Jaya Ram Simkhada and Jin Cheol Yoo*

Department of Pharmacy, College of Pharmacy, Chosun University, Gwangju 501-759, Korea

Abstract

Streptomyces sp. CSWu2 was recently isolated from Korean soil g5 a xylanase producer. An
extracellular xylanase with 38 kDa molecular size was purified by a single step gel filtration
using HQ-poros and various biochemical characteristics of the enzyme were determined. It
showed high activity in neutral to alkaline condition and showed thermostabiity upto 60°C. It
produced xylose and xylobiose as the major products from xylan, The aclivity was suppressed by
most of the metal ions except potassium, The enzyme hydrolyzed comeob more efficiently than
rice stem o rice husk. The thermostable and alkaline enzyme could be useful in various ficets of

biotecfinology such as in xylooligosaccharides production, biocthanol production etc.
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Screening of Sireptomyces strains capable of producing cellulase using CMC-

agar plate

Jaya Ram Simkhada, Yo Na Park, Yoon Seok Choi . and Jin Cheol Yoo

Department of Pharmacy, College of Pharmacy, Chosun University, Gwangju 501-759, Korea.

Abstract

Cellulose is a linear polymer of glucose units linked together by -14-glycosidic bonds and is
found as a major component of plant biomass that is naturally degraded by cellulolytic fungi and
bacteria. Cellulose hydrolysis to ghucose is performed via the synergic action of three cellulolytic
enzymes: endo-f-D-glucanase (EC 3.2.1.4), exo-p-D-glucanase (EC 3.2.1.91) and P-glucosidase
(EC 3.2.1.21). Production of glucose from agro industrial waste which can be utilized to produce
value added products such as bioethanol is center of atiraction of this era. Although there are
several reports of potent cellulose producer from wide variety of microorganisms, it is rare from
Streptamyces, which is known as the major producer of commercial antibiotics, In an attempt to
screen Streptontyces strains capable of producing several cellulolytic enzymes from many
Streptomyces sirains preserved in our laboratory, caroboxymethyl cellulose (CMC)-agar plate
method was used. Out of 62 strains, we found cellulolyic activity produced by 61 strains, Thus,
although qualitative, we can conclude that almost all (~98%) Strepiomyces strains are producer
of cellulolytic enzymes in CMC -agar media, which can give a significant insight in the related

field.
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albumin) By mixing with oil {Incomplate Freund's Adjuvant) with GA (BSA/GA/TFA) or without GA (BSAJIFA) on
days | and 22 For o positive control, a mixture of BSA plus Complete Freund's Adjuvant {BSA/CFA) was used,
Ume week affer the booster, entisera were collected from each of these mice groups in order to defermine the [0
specific for BSA, 1z isotyping. and the induction of IFN  and IL-4, respectively, Results showed that GA up 1o
S0 M activated T cells without killing them. Tn that range of the GA concentration, GA enhanced the proliferation
of T cells in a dose-dependent fashion. Analyses of the antisera revealed that the BSA/GA/IFA induced the Igh
production app. T0% more tHAN did the BSATFA in mice (P < 0.05). In addition, the GA addition in the formula
mereased the ratio of [gGla to TgG1, which indicates & Thl immune response, The evtokine profiling revealed that
the BSA/GATFA enhanced the production of IFN (Thi twpe cytokine), wheress BSAJIFA produced IT-4 (Th2
type cytokine) more. Combined together, these duta indicate that GA s the immunaregulatory aetivity which is
polarized towards a Thi immunity.

F5-16  Inhibition of LPS-induced iNOS, COX-2 and cytokines expression by Strepiomyces sp. extract
through the NF-kappaB inactivation in RAW 264.7 macrophage cells,

CHO Seung Sik, CHOI Yun Hee !, YOO Jin Cheol™

Department of Pharmacy, Mokpo Mational University, Muan, Jeonnam, 534-729, Korea, 'Department of Phurmacy,
Chosun University, Guangju 501-759, Korea., *Department of Pharmacy, Chosun University, Gwangju 501-739,
Korea

*Corresponding author | jeyu@chosim ackr
Presenting author | jeyui@ chosun.ac kr

The anti-inflammatory effects of Smepramyess sp. extract| 3E) isolated from the Korean soil Shepfomyces strain in
Raw 264.7 cell was invesiigated. SE reduced lipopolysaccharide (LPS)-induced protein levels of inducible nitric
oxide synthuse (INOS) and eyelooxyrenase-2 (COX-2) and the mENA expressions of INOS, COX-2, tumer necrosis
factor-alpha (TNF-alpha) and interlaukin-6 (IL-6), interlekin-1f (IL-1[), in & conceniration-dependent manner, as
determined by Western blotting and RT-PCR, respectively. Furthermore, SE inhibited the LFS-induced TINA
binding neeivity of nuclear factor-kappali (NF-kappaB). These results sugpest that the down regulation of  iNOS,
COX-2, TNF-tt, IL-6, IL-1} expression by SE are schicved by the down regulation of NF-kB activity, and that is
allsw responsibile for its anti-inflammatory effects,

PEIT  Antibacterial and Anti-inflammatory activities of PAS compound produced by Bucillus subvilis from
Korean traditional kimehi

MANDER Poonam, CHO Seung Sik ', YOO Jin Cheol *
Department of Pharmacy, Chosun University, Gwangju 501-759, Korea, 'Department of Pharmacy, Makpo
Maticnal University, Muan, Jesnnam, 534-729, Kores

*Carrespomding authar ; jovai@chosunac ke
Presenting author ; jovu@chosun se kr

The antimicrobial and anti-inflammatory activities of PAS compound isolated from Bovilies subtifis were
investigated. Antimicrobial activity was measured wsing paper disc diffusion method. PAS inhibdted the growth of
various gram positive bacteria such as Staphwlococcs anrens, MRSA and VRSA. PAS wag applied for the
suppression of lipopolysaccharide (LPS) induced inflammatory response in macrophages. Tt was found to reduce
nitric exide (NO) production from LPS stimulated Row 264.7 cells. MIT assay showed that PAS inhibited growth of
Raw 264.7 cells in a dose dependent manner, Pretreatment of Raw 264.7 cells with PAS roduced the INOS and
;ﬁmssm of mEMA.  These resulls suggest the use of PAS compound as an anti-inflammatory and anfimicrobial
rug,

285
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molminL {TUL), MO decolosization by MnPH4 showed bigher removal rate than the reaction io which
100 uM H202 was dircctly added. Within 90 minutes of ircubaion, the coupling reaction could rapnid];l--
decolorize MG up 1o 1246 pM. These resulls suggest that rGLOX &5 seful as a H2O0Z-genersling enzyme
in MO decolorization by tMnPH4.

Heterobogous expression and chamierzation of manganese peroxidase isozyme
isolated Trom Phanerociucie chrysasporimn

Seravanakumar Thivagersjan’, Hyun-Young Kim', hung-Mi Kim', Dae-Hyuk Kim', and Seung-Moon Fark'
"Divigion of Biotechnology, College of Environmental and Biorespurce Sciences, Chonbuk Mational
University, lksan ST0-T32. Kones, 'LED-Agribio Fusion Technology Research Cenier, Chonbuk Nathons|
University, Iksan 570-752, Korea, “Institute for Maolecular Biology and Genetics, Center for Furgal
Paihogenesis, Chonbuk National University, Jeonju 361-736, Korea
TEL: +82-63-850-0837, FAX: +82-63-850-0834

The cONA encoding mangancse pemsidase isozyme H4  (MnPH4)  iselated  from Phanerochacte
chrysosporium, was expressed in Pichia pastoris, The recombinant MnPHE was efficiently secreted ino the
medium upon hemin supplementation, 8t a maximum conceniration of 300 UL, and the purified rMnPH4
was used 1o decolorize various types of industrial dyes. rMAPH#(0.3U) was able to decalorize 100ppm . of
anthracene, azo, andiriphenylmethane dyes by 99%, 40%. and @3% within 60 minutes. Use of HOBT {1
mM) a5 & redox mediator increased the decolorization rate of the azo dye, methyl orange but did not
increase the decolorization raie of the triphenylmethane dve. malachite preen. This tMnPH4 and a redox
mediator will improve decolorization of effiuens from the rewile industry in an enesgy cfficient and
aco-friendly manner.

)

An ammanium sulfate sensitve thermosiable xylanase from Strepromyces
for the comversion of agre-indusirial waste mateiials

Jaya Ram Simkhad®, Hah-Young Yoo', Don Hee Park”, Seung Wook Kirm®, and Jin Cheol Yoo
Department of Pharmacy, College of Pharmacy. Chesun Usiversity, Gwangju 501-739, Korea.
"Department of Chemical and Biclogical Engineering, Korea University, Seoul, Korea
*lnterdisciplinary Frogram of Graduae School for Bioenergy & Biommterials, Chonnam Mational University,
Gwangiu 500-757, Hepublic of Korca
TEL: +82-062-230-6380, FAX: +E2-062-227-3563

Srreptomyces sp. Wil was newly isolsted and identified from Korean soil. The strain produced a highly
active xylanase (Xynwul) in culure medium. It was purified 1o homogeneity by & single step protocal
using anion exchange chromatography. The xylanase was —38 kDa size s estimated by SDS-PAGE and
xylan-zymography. B was thermosiable and its activity was slightly enhanced by nenforic deterpents. s
activity was inhibited by EDTA, EGTA and divalent metal jons. Xymwil wes highly sensitive to
ammonium sulfate and the activity can be recovered afier desalting out. It produced sylose and aylobiose
from xylan, Importantly, it efficiently depraded comeob, an agro-industrial waste material as evidenced by
scanming  electron  micrography, Therefore, Xymwul con be a potential candidate  for  converting
lignocellulosic waste material into glucose which can be eventually used to produce bicethanol. The enzyme
thus could be a potential candidate in various facets of biotechnology including bicenergy.

LA?E
Purification and biochemical characterization of u novel alkaline xylnase fom Strepongees sp. C5428

Pradeep G.C., Yoon Seok Choi, Seung Sik Cho', and Jin Cheal Yoo*
Department of Phanmacy, Chesun University, kwangju S01-739, Republic of Korea
"Department of Pharmacy, Mokpo Mational University, Muan, Jeannam, 534-729, Koeea
TEL: +E2-062-230-0380, FAX: +§2-002-227-3963

[ndustrial waste materials has become cne of the plobal challenges and remained & a cenre of anrection
&
-

- 505 -
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foe the production of value sdded rmaterials such as bioethanol and ofigosaecharides, In an attempt 1o
address the cument situsfion, Streplomyees sp, CS423, cepable of producing industrially  applicable
ligrocellulose deprading enzyme, was isolated from Korean soil. An extracellular Xylanase of approximately
AT kD, prodused by the simin in coltere mediom conmining 1.25% beech wood was purified and
biothemically characterized. Enzyme production was highest @1 2 10 3 days and the medium pH was found
increasing with the incrense in enzyme activity. The engyme was thermosiable and displayed bread range of
pH stability (from pH &0 w pH 120} Furher, the enzvme showed maximum activity at pH 12.0 and at
80°C with activity in brosd femperature range (30 to 90°C) Because of high range of pH and
thermostability, this enzyme can be 8 good condidate in the field of binindustrics.

5]

A movel salt dependent alkaline vylamsse from Sreprompees sp CSWarl

Md. Arifur Rahman, Yun Hee Choi and Jin Cheol Yao*
Department of Pharmacy, College of Pharmacy, Chosun University, Cwangu 301-739, Korea,
TEL: +B2-D62-230:6380, FAX: +82-062-227-3963

Streprowpees sp. CSWuel, recently isolated from Korean soil, produced  sylanase in various medium,
Especially, the srain produced high xylanase aetivity (XynWu-ly in xylan medium. An extracellular
wylnase activity  (XynWiel) wes porified by DEAE sephorse chromatography  and  [IQ-naus
chromatography. The xyvlnise was -39 kDa size a5 estimated by SDS-PAGE and xylan-zvmography, The
putified enzyine was optimally active at 60°C and =t p 110, suggesting that the enzyine fs alkaline and
moderately theemestable. Also, XsmWuel was highly dependent on buffer coneentration and its masimum
activity wis found below 23mb. XnWuel acivity was enhenced with detergent, onidizing & reducing
azent, mewal jon & orgmic solvent,

A3l
Ethanol pmduction wsing whole plant biomass of Jerusalem arfichoke by Klupveramyces marsianns

Seonphun Kim, Jang Min Park, Jeong Woo Sea, and Chul Ho Kim
Ieonbuk. Branch Institute, Korea Research Institure of Rinscience and Biotechnology
181 Ipsin-gil, Jeongeup 380-1%3, Korey
TEL: +82-63-370-3113, FAX; +82-63-370-3109

erusalem artichohe, one of the lows-rquinment suzar crops, i an inexpensive end wildly available non-grain
eaw biomaterial conzining cellulose and hemicelluloses in the stalk and & high content of inulin in the tuber,
However, the lignocellulosic component in Jerusalem amichoke stlk reduces the fermentability of the whole
plant for efficient bivethanol production. In this study, Jerusalem artichoke sialk was pretrested consequently by
diluted aeid, alkali-treatment and then ermvmatically hvdrolyzed. In the sequential acidiatkali-pretreatment For
lenusalem artichoke stalk, approximately 9% of the hemicellulose and 60% of the ligrin can be removed from
the biomass, Under cpimum condition, she suio of cellulose 1 lignin in the pretreated stalk was 3.9 under
the opeimum chemical pretoetment process. This value was 25-fold higher than thar of the untreated Binmass.
In enzymatic hydrolvsis, asproximately 889 of the ghocan nd wylan were comveried 1o gluense and xylose,
respectively. Hach und fed-bateh simianeows seecharification sndl fermentation of pretreated stalk and uber by
Kluvwerortiyees mandisns CBSI335 were effectively performed. vielding 290 gl awd 702 ol ethanol,
In fed-botch fermentstion, ethang) productivity was 0233 g ethenol per pram of dry Jerusalem
361 £ ethianol per gram of ghicos, with 3 00M4giLh athanol productivity, These
v he tber and the stk hydrobsate s o2 useful stmemy for whole biomass
s @ cffatng diocthanod fermentation from Jensalem artichoke

A Stritegy for enbancement of bipetanel pmduction ising the hyvdmlysate
of alkali-pretreted empey palm it bunch fiber

seonghun Kim, Jang Min Park, Anaa Yu, Jeong Woo Seo. iné Chul Ho Kim

Jeanbuk Branch Institute, Korea Research Institute of Bioscience and Biotechnology
181 Ipsin-gil, Jeongeup 380-183, Koren
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Effect of Contact Lens-Clearing Solutions fo Free-
Living Amoeba Causing Human Keratitis

Suk-Yul Jung

Departwent of Biemedicol Laborgrory Science,  Nawseou!
Ulnfvarzity

Avanthamoeta of free-lving amosbae are Opporiumsc
protozoan parasites, which can cause chronic encephalitis and
sute blinding keraritis. Recently, a ot of human cases have
been repotted with harardous or difty-ue contzcl lens
cantiner. In general, lens clearing solutions have used te clean
coritact lens containers and contsel lenses by soring lens it
the solutions and rubhing lens using hands. In this sy,
commercially wsed soven different kinds of comtact Jens
clearing seluton were analyred how effective 1o Phenotypes
and genotypes of A caoliandi which wene well known 1o
induce keratitis. The lens clearing solutions ep, RGP e
=ol'n, Bio true. Complete ilfi-puepese gol'n, Clivell, Total
care 1, Opti-free replenish, Boston simplus Multi-action soi™n,
were treated into the wells of A, cosrellandi waphaziies with
concentration of 10%, S0% and 90% respectively. Bio true
showed less effect of cytmtoicity to Acarthamocha thas otlser
six selutions by spplying lactstle dehydropenase assay
Merphologically the amocts was mostly destroved and
slaowed very imegular types, even if the amoeha were still
alive.

C002

Purification and Characterization of Antibacterial
Peptide from Bacillus sp. Isolated from Korean Soil
Yun Hee Chol ard Jin Cheal Yoo

Deparimert of Phorweey, Collape of Phavmacy, Ol
Uiiversity

A hacterial strain peodueing anfibacterial peptide was fzolied
from Korean sail and identified a5 Bacilles sp. CSFI2. The
peplde was purified t0 homogeneity through ammoniom
sulfsle: precipitathon and Sephadex G-50 colunm chromaieraphy.
Malegular weight of the purified peptide was esfimaied to be
abaut 50006000 Da by wicine-SDS-PAGE. Antihecterial
activity was evaluated by disc diffusion method againa
Microcoecus fulews 98 8 test organism. The production of
antibacterial peptide from the sirain was found 1o he most
favatable when cultured for 3 days &t 37°C and 180mm in
shaking incubuator, wsing glucose and peptone. besf evmact o
sespective carbon and nitrogen sources. Cell-fres supematani
fram overnight grown culture was active agains Microcoedus
leteus, Methicillin resistang segpindococens. awens (MRSA
HS3E} and vencomyeb-resisiant enteracacei (VEE |

€003 iy

Copper Sulfate Potentiate Inhibition Effect of Nitric
(rxide Prodaction by Manumycin
Ok Kim', Seung Eik Che?, 2nd Jin Cheal Yoo~

‘Dgsrtmend of Plarmary, Cherm Universiny, *Deperimeny of
Fharmacy, Mokpo National Universin

e T 4 e

Munumycin, cme of the manumyein group metabalites isolated
Trom new Streptomyces srain mamed C5302 We reporied the
antimicrobial and anti inflammatory activity of manumyein o
viiro and ity vive. Manumycin showed srong ani-VESA {and
VRE) activity and dose dependently inlsibited inflammiatory
prowein expression in RAW 264.7 macrophages activated with
lipopalysaccharide (LFS). fn vive studies, manumvein showed
anti inflammitory ectivites in 17-O-etradecaney] pharbol-13-
acetale (TPA) induced mouse ear edema medel and dexiran
saif e sofium (D85) mdvoed colitia model, Inhibition of KK
and ther inflammatory protein expression was observed in the
presence of manumycin in de woge of 01-Sugiml, And
copper alsn inhibit WF-kB signaling by hlocking TKK
gclivalion in high conceniration (~1mM). Manumyein amd
capper in combiration W A ratio of 1510 inhibited the
expression of smflammatory mediatars in the presence of
lipopolysaccharide(LFS) in RAWI647. Mammyein in
combination with copper revealed 3 sipnificant synergistic
imeraction for suppressing the expression of inflammatary
mediatoes and may provide a usefid approach 1o the irestment
of inflammatory diseases.

CUU4

Enzymatic Transesterification of Soybean il and
Waste Cooking Oil Using a Microbial Lipase (LP273)
from Strapramyces sp, CS273

Poonam Mander and Jin Cheol Yoo

Depariment of Pharmacy, Callege of Fharmary, Chosim

Llnrversity:

The main obizctive of this work was to isolete 8 bineatahest
able 10 catalyze & tardesterification reaction for biodiessl
production. This an extracelfufar fipese from Srepromyees sp.
5275 was produced and purified, SDS-PAGE was performed
to determine the apparent molecular mase Similarly for
&Ctiviry staining, zymography was performed which allowed
the detection of active proteins. Various biochemical properties
of the lipase wers determined. The optimum temperamure for
the lipase activity was found 1o be 40°C and had & goad
stability when it was below S0°C. The optimum pH for the
activity of lipase was & 10 8.5 and mairained over 80 %
activity in the pH range 7.0-%5, The lipase showed hydrolysis
fficiency wowards variows i nitrapheny! esters, bat showed the
highest hydrobytic activity towards NP myristate 4. The
enzyme displayed significant sshility in the presence of
organic sobvents, The enzyme efficiently catalyzed the
svnthesis of hiodiesel production using commercial soybean
oil znd waste cooking oil.
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Optimizition of medium compasition and fermentation
conditions using response surface methodalogy for
production of manamiyein by Straptowyces sp. C8
392

Paamam Mandes, Yoon Ssok Choi, Jin Hea Park, and

Jin Chead Yoo

Dpurrtaind of Phavsacy, College af Pharmucy,  Chosin
Universiny

Optimization of fermentation medium and  fermentation
comdition o manenyen poducion by Sreplomyces sp
5350 was camed oot The antimberobaal activity from the
strain was maximizsd by using o dusl stage, multivarizte
statistieal opfimization framework hassd on the response
aurface  methodology  (RSM) comsidering . labescale
ferentation precess. In the first stage, multiple nuirent
constineents of the farmentaion broth were jointly optimized.
In the subsequent siege, fermentation culhae conditions were
optimized, Based on the empirical mode] derived from the
disal-stape statistical opimizaton famewods, 398 % of
cumulative enhancement fn the aatibiodic activity was obtained
t the concurment aptimal settings (optimal mrient compositicn -
20.82 o ghwose, 7.6 g1 peptone, 4675 g/l MpCl2 and 0.5 gl
casaming acid; and aptimal fermensation condition ; mcubation
period 47.5 b incubation temperatume 7%, 15°C and pH 8.36.

C00é

Probiotic Properties of Lactie Acid Bacteria from
Kimehi

Wiran Kang, Ji Hya Kim, Sung-Hes Park. Tas-Woon Kim,
Hyun Ju Kim; Ja Young Jang, and Eung-3co Han

World esritine of Kimch

The consumption of kimehi, 2 horean tradiional food, has
been increased widely in demmand for mproved well-being life,
But, studies shout probiotics from Eimchi hove not been
claritiad. We focus on the Ine microorganisms, even though it
remaing nclear whether the only live bacteria are necegzary
for a clinical affect companns with dead bactena, Probiotics
ane |ive microorgmams when administered in o adequate
smeunts confer & heath benefit on the host They have many
eiiects oo Be otromiasingl toact soch o5 pm'ern.ing
g imemans finmction, preventing infections
2 al groath. The objective of the
) iy = w0 sudy e probiorie propenies anwng
straing poleeed They were culured in a MRS beoth at M°C.
Then polates wers testad o restst 1o gastric acid and bile acid.
Aot e avtais strams that sheoved superior ability
I sl e acadiny and bile eytotoxicity were sefecied, The
APV & was med 1 study enzyme seiivity. The adbesive
sy w0 e Caco-I spithelium cells was alse studicd,

Bepeoriad by grants from Wikim]

C007

Cultural Characteristies of the Entomopathogenic
Nematodes Stelnermema carpoeupsas-PC and
Symbiotic Bacteria

Dong Hez Kang', Kyung Boo Koo®, Hyung Shal Lee”,

Bin 5y Karg | Sung Ryang Kim', Seung Jin Hong', and
Hyun Soo Kim

ID-r,r!w'm-:lrJ of .'-:ﬁ\r.'.:ﬂﬁdaﬂ'. College aof Newvew! Scietice,
Kewryurg Dafersite,  Ecowin Compeny

In onder te use the entomopathogenic wemaode and the
symbiofic hacteria, 05 8 bielogical control agent for agriculiure,
the colturel chemcteristic of cohancing the growth wis
investigared.  Emomopathiogenic  nematode  Sieinermenmg
carpocapsae-PC was selected from the & strains thae are
isolated from the soils of Koven, by the insect-baiting
technique, which uses the larvae of Galerte meflamedle and
Spualopiera g The growth rate by the nitrogen source was
high, afier adding the yenst axtract (T14%) than the peplone
[643%), The addition of soybean, canola and com o,
respectively. increased the growth of 8. carpocgpsme-PC, and
cspecially com oil (100 /Ly incressed with 52.3%. The
opdimuen pH, emperature and agitation speed for the excellent
gronwth wers B, 250 and 100 cpm, respectively. Phoiorliobius
temperan-Gl, that is the symbiotic bacterium, was selectad
from 3 siraias by easuring of the growth rale, P, temperate:
GO sheewed o grow excellently, in a pew  medium
{composiion not shown), that was developed by Eoowin
Coepary. Optimal agslaton speed and seration rate for the
best growh in & 7 L jar bermenter were found to be 200 rpm
and 0.3 v

C008

Identification and Characterization of whid-dependent
fmeeT Regulation during Tautomycetin Biosynthesis
in Streptomyces sp. CK4412

Ji-Hyte Mah, Si-5un Ghoi, Dongju Kim, and Eung-5o0 Hm
Dreperrtment af Bivlepical Engincering. fnhe Universine

Tawomycene (TMC) 15 an unusual linear  pobykeride
compound esterified with a cyclic anhydride. Tt exhibits novel
activated T cellspecific immunosuppressant as well a3 anti-
cancer petivities, Hare, we confim et TraeT ais as another
TME pathway-specific positive regulator, except TmeN which
previously reported, within the TMC hiosymthetic chister, We
aley Mennified 3 039 kb wht! sabolog (named whidy,) fon
Strepramyces sp. CEA412 vin genomic DNA, library screening
et showed 6% amino ecid identity compared m a
previoeshy-known S coglicods whid, Targeted gene disruption
of whid, in WT exhibited approvimately ¥-fold higher TMC
productivies tan that in the wildype strmin, Morsover,
trascriprion aalyses of the TMC biogynthetic and regulatrny
genes revedlad that the expression of tweT was strongly dewn-
nregulsted by whld, Thess reulls imply that the TMC
higgynthetic regulition retwork is contrelied by o pathway-
specific positive reaulators, WhiA, -dependent TmeT s well
s Whia, -independent TmeN in Steprompves sp, CR4412,

[This work was supportad by grant No. MEST 2011 (00073
froem the KOSEF.|
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BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF THE DEPOSIT
OF MICROORGANISMS FOR THE PURPOSE OF PATENT PROCEDURE

INTERNATIONAL FORM

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

issued pursuant to Rule 7.1

TO @ YOO, Jin Cheol

College of Pharmacy, Chosun University

375 Seosuk-dong, Dong-gu, Gwangju 501-759
Republic of Korea

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY
AUTHORITY:

Nocardia sp. CS682
KCTC 11297BP

0. SCIENTIFIC DESCRIPTION AND/OR FROFOSED TAXONOMIC DESIGNATION .

The microorganism identified under 1 above was accompenied by: |
[ % 1 a scientific description

[ 1 a proposed taxonomic designation
(Mark with a cross where applicable)

M. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above,
which was received by it on March 6, 2008.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary
Authority on and a request to convert the original deposit to a deposit
under the Budapest Treaty was received by it on

V. INTERNATIONAL DEPOSITARY AUTHORITY

Signature(s) of person(s) having the power
Name: Korean Collection for Type Cultures to represent the International Depositary
Authority of authorized official(s):

Address: Korea Research Institute of V' ﬁ / ﬂ’
Bioscience and Biotechnology (KRIBB) | o g £ &

111 Gwahangno, Yuseong-gu,

r 4

Daejeon 305-806 OH, Hee-Mock, Director
Republic of Korea Date: March 14, 2008
Form BP/4 (KCTC Form 17) sole page
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