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(Metabolic engineering approach for mass production of

herboxidiene and analogous as Eco—friendly herbicide)
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SUMMARY
(P8 FE)

Herboxidiene is a secondary metabolite produced mainly by Streptomyces strain A7847. Structural features of

herboxidiene include tetrahydrapyran acetic acid moiety, the conjugated diene system, and an ester group.

O Analysis of herboxidiene gene cluster
I tried to sequence of S. chromofuscus genome and get the information of 9,142,143 bp. The biosynthetic gene
cluster (60 kh) was identified from these results. The hiosynthetic pathway of herhoxidiene was proposed from

the analyzed gene cluster. Also the gene cluster of herboxidiene was cloned from the DNA library.

O The overproduction of herboxidiene by media optimization
The production media was optimized with carbon and nitrogen sources In order to produce herboxidiene
efficiently. The results shaw the enhnacement of 200.2-744.6 mg/L (3.7-13.7 times) when it compared with the

existing madia.

O The development of S. chromofucus by genetic engineering

S. chromofucus was engineered to make the high producer of herboxidiene. pACCI52, pASAIS2, pSAMISZ,
pAfsR152 and pSAL52 were constructed and they are tranfered to S. chromofucus. And finally S. chromofurus ACCI152,
S. chromofurus ASA152, S. chromofurus ASM152, S. chromofucus AFSRI152 and S. chromofurus SAI152 were
made from the transfermants.

® S. chromofuscus SIBR was enhanced to the production of 0.976 g/L (1.32 times).

® S. chromofuscus AFSE was enhanced to the production of 1.258 g/L (1.32 times)

® S. chromofuscus GIBR was enhanced to the production of 2.849 ¢/L (3.85 times)

O Synthesis of new herboxidiene derivatives.

Herboxidiene glucoside and galactoside were synthesized by YjiC with UDP-glucose and UDP-galactose.

® The producer strain of herboxidiene glucoside (S. chromofuscus GYIBR) was constructed by the
transfermation of the expression vector including yjiC and galU. This strain was identified to produce
herboxidiene glucoside by Mass analysis.

® The epoF was expressed in homologous and heterlogous system to synthesized the new herboxidiene
analogue. The new herboxidiene analogue including epoxide group was identified by Mass but was not
identified by NMR yet.

® The function of herA gene was identified to express in S. chromofurus. This gene is the negative regulatory

gene

O Herboxide type for industrialization
The natural compound showed effective herbicidal activity at relatively low effective concentration (==1,000u

g/ml) against most important domestic biannual weeds in Korea including Sorghum bicolor, Echinochioa



crusgalli, Digitaria sanguinalis, Solanum nigrum, Aeschynomene indica, Abutilon avicennae, Arabiosopsis
thaliana and Xanthium strumarium.

Herboxidiene inhibited both seed germination and stem elongation for these weeds. Addition of agricultural
detergents containing sulfonate compounds to herboxidiene lowered in vitro effective concentration more than
5-fold.

Herboxidiene had photocytotoxicity to rice, chinese cabbage, radish, and pepper. However, herboxidiene caused
no damage to garlic and various chives, suggesting herboxidiene as an important agricultural herbicide
applicable to several major field crops in Korea like garlic and chives.

To investigate the enzymes that can enhance herbicidal activity, we constructed and screened esterases / lipases
from “Dokdo” deep sea sediment microbial metagenomic libraries by using substrate (1% Tributyrin) hydrolysis
assay. Screening of more than 42,000 individual clones identified 4 novel esterases among 32 esterase candidates.
Further ORF cloning and protein expression in . coli demonstrated 2 novel cold-active esterases may be useful

for the ester group modification of herboxidiene at low reaction temperature.



CONTENTS

G-

Chapter 1. INTEOQUCTION eveieeeeeeeeee e e et e e eeeeeeeeseeeeeeeseeeeseseeseeeeseeesreessseesreaesseeeereenenes
1-1. The goals of the proposed R&D ...t
1-2. The necessity of the proposed R&D .t
1-3. Introduction of herbOXidIENE .......ccovvivirieiririeeee e
1-4. The contents of the PropoSed R&D ..o e eeeeee e eeereeeeeens

Chapter 2. The current status In the proposed R&D ..o
2-1. The international current state of the proposed R&D ...oooooooeooeieeeeeeeeeeeeeeeee
2-2. The domestic current state of the proposed R&D ..o,

Chapter 3. The results of the carried R&D ..o ee e ereee e ae e e
3-1. Research contents and method of the proposed R&D ...oooeoooeeoeeeeeeee e,

3-2. The results of the PropoSEd RB&D ..ot eeee e e e e e eeeeeeen

Chapter 4. The degree of achievement of R&D goal and the contribution

of R&D results 1N the Telated ATCAS et e e eeeeeeeeeeeeeen
Chapter 5. The application plan of the R&D TESUIES coeeeoeeeeee e

Chapter 6. The collected information about the related international technologies
during the period of R&D ..ottt st nns

Chapter 7. INSTIUITIEIE  cooeeeeeeeee e e e e et eeeeee e e eeeeeeeeeeeee st e saaeeseessseeseeesseeesreessraeseesnees

CRADEET 8. RETETEIICES e et e et e et e e e e e eeesereeseteeeeeaeesentenaneesnseeaneaeaneeseneenaneen



2, 2

= 2}

T ATINETIAILY TR e 1
1A AFTNEY FF T ettt 1
2 . ATTNEEY TR A ettt 1
1. FHS] AT B BA B AT e 1
2. 35 FAIA 2 AAETY NLY FRA e 2
3. FAER I3 FlAAEAZALY QA e 2
A ZFEBFATEO TR AT ettt et 3
3 4. 137 A EAZA herbDOXIAIENE ..ot 3
1. HerboXIidIENED] TEE ..ottt sttt sttt nanans 3
2. Herboxidiene Q] A B A A Z AT oottt 4
3. HerboxXidieNeZHE S-31H AT ottt st 4
4 78 ATINEEL] HH Rl ettt 4
T ZIETNEE BBl e e 6
L T ] ettt et ee e 6
1o AIAD T AITETE AT ettt 6
2. Herboxidiene®] H A (total SyNthesSiS) QT oo e e 6
3. HIA B A A BT QT ettt e e s nen 6
2 . T Ul ettt et ettt et et annaeranen 7
1o T T AITETE AT et 7
2. T HIAAEQ A B T e e i 7
F ATNE G 8 B BT e e e 9
14 ?i:rL W8 Bl R ettt ettt ettt 9
1. 1387 mAEA ZA herboxidiened] A TA FARZTE e, 9

7} Herboxidiene AT A R T B e 9

1} Herboxidiene AT AR TFTH et sss st e ssaes 10

O H AL E(AA) I ZAE e 10

gf e xoe] wWEREHY JJX—‘]ﬁr ........................................................................................... 10

m}. Herboxidiene @ S22 B8 34 HA A3 B Scale=—UD oo 10

uh AR Bl 9% erbox1dleneA AFE Az SEZ2-AA A 10

2. FAF8o] 93t herboxidiene AAAFAIZTTE e 11
b AR AFA Y olFET W FEFIIE B8 A 11

1}, Malonyl-CoA % metylmalonyl-CoA AlZW F% S7FAZF e 11



T} CoA H acetyl-CoAQ] MIZEW TE Z7F B BE oo 12

Zh. SAME] MEW FE F7F FZF e 13
nf 238 2 YWARHERE T3 A A HZE e, 13
3. 1&74 v AEAZA herboxidiened] F=A &3 Al PIAEAZA . 14
7} @Eukg-d 913 Herboxidiene glycoside S-EA T oo, 14
L Z2RATAAEE B ST B et 14
4. ZFEE FAEAIY AZ B TG et 15
7h @A HFo AFEE FU TR BHE s 15
v AAA A FHEA YA ZHE 1 Gn VItro) HEOE o, 16
o AAAZA FABFAIY A EY FZA e 17
Zh SEAIT A ZEE 22 AT et 17
5. S1EAIT A F=A AFE AT EFR wlE AT A FE s 17
Zh BAE HIEHAIT AR ettt s s 17
v vl A E dEHE B2 2 R AZ s 18
ot dEHAlE FARF2BAA ol 2H oAl 232 B FEW s 18
gk At ol zH koAl o] A B THTE SR s 19
A 2 Z AT I ettt e 21
1. Strpetomyces chromofurus A7847 TEF AT B A e 21
TF Draft SEQUENCING. ...ttt e st esasras s 21
LE. ASSEINDLIE oottt e st ettt st e sa et n et eraereen 21
TF NeWGAS System T2 SEE e nsa s 21
2. Herboxidiene®] ATA GFARE T B E e ee e e s e 22
7}. Herboxidiene®] AAFHEFE genomic Ibray AZF e 22
1}. Herboxidiene &4 §-AR Ak S 2517] 3 & S e 22
Th. Colony NYDridIZAtION ..ot 22
2l AR BT FAET AT T o s 23
3. Herboxidiene FZ3} EAIHFHOL T et 25
7b HPLC &8 MS £4& 98 A8 Az B SR s 25
1 HPLC 2 LC-MS 2RO R s 26
4. 287 m|AEAZA herboxidiene?] v]R] ZAdo g3 WAL Z7F o, 28
7}. S. chromofurus A7847 #F2] vl herboxidiene®] EZ] .o, 28
vk vl R B A 3}bol] 213k herboxidiene AAMT F7F e, 30
5. FAFE 3 A FTF TF TN 36
Th AT F7F T THEL et 36
L. Herboxidiene@] ABAFEE BFLAD e e 39
6. Herboxidiene glycoside@] A E AAE e 41
7} in vitro ol A herboxidiene glycosideQ] TrAd .o 41
1}. S. chromofuscus TF 9 Al herboxidiene glycosides®] AAAF oo, 43



7. ZF AT AN 23k Herboxidiene 21 F=A412 708 e, 46

7F Q) P450 RS HE-S 93 plasmid B T AR e 46

o Qe PAS0 AR mde] mE AFFEAIY TN s 47

T}, Streptomyces venezuelae O|FSF2FE A7 =4 NE o, 48

g}, o]F&F oA herboxidiene I 7 B FZ WP e, 49

8. Herboxidiene ZEFREY 7155 TFH oottt 53

Zh herA FARFL] TFEEE st 53

. herA FAX7E AR TT AP B4 s 54

10. AAAZA sAEBAIY AL AZ FE B S e 56

7E 71 E o]83F FHEAYA HAa A FEMIO) Z e, 56

v 12 F4 B A o "AARA AEAYAY B HF 57

ok AZA AREl g A A SAEAITAY B HE HF s 58

g FEAE Hl tig AAAZA FAEATAY B HF e 59

ah AAAZA ABAI TN FAEOFAA B T o, 60

b 3l frell FEe thEk AAAEA SEATAY AAAY B HF 61

AL =l F8 ZEd i3 dAAzA HEAITAY BIAY ol HF s 62

11, AAAzA SEAYA FE2A4 AZE 915 EXF 4 ol 2HeolA] X2 ... 66

7 dEHAlE AL 2T E FEY e 66

o ol zEH oAl FR1AF B4 H AT OIF LT e 66

ok Al ol ZH gtobAl ESZ2-19 A EAEA] e 68

A4 F EZFIGHE L BBEEORN TIOIE e 71
A5 F AFNE AT TR AT e 75
A6 F AFNEHAHANA FHI FATTTIETHE e 76
A T 2 ATEAIATEH] BBE ettt ettt 77
A 8 T FEILE T et 78

_10_



H1d Aizadel e

A1 7%. A-Aate] HEFER
WA ERE AR wAEAzAY HA%E Sste. w@Iz )

o,
o2
r>~
o,
0%k
o3
re
-
il
ol
ol
o
2
o3
ofo
ok,
N
()

ot 0] =2 herboxidiene2 thAto 2 3}o]
D AT SAAAST K5,

@ AN T N,

Q@ thAd ks 9k a3 283

@ =FAGA A3 fFEx

©® herboxidience] A FALL B3 4832 BAow )

A2 A AF7Ee] I8 A

o

L 39 sk F Ay 24 42 A
O AlA soF A3 A3
o AA FERFL TAAFL 2004@% 7|Fo 7 3189 USDEA AA AUy (7,2009 USD)
9 4.4%0lH 2003dRT; HE A& 125% Z/HPT A HFEE 4.8% Z7HEJPL. 2o)H
H

2 ZE Au) B2 Zrld e HaE L Fxe o] By fE4.

o IT AA FF AL FE AT fAe ©r Aoz 2003dFREE IAEA WA Ftm
A Aol Z715HA Ho, 2004d% A AL 2003W iy AR A Eo] 4.8% F£Fow ZUHY
2. old AE 1HT o 2013d=els FulEd FE7F 3809 USDe] @& oz oidr).

o AAAHoz nFA HAZ O et &aF7F FUlsta olo] FAgh woke] ALgo] RES| FUHE Fo|H
Zt=o] FAAGA, F T sAYEUgelY EUAYY FF FAFY 5oz Qe T ARgo] FU}
g Aoz o . T3 Feolrlolel dnA g HAVL BB wEt FEREE wF A STl
718 Roz oAE

o =3, IATA F4lo] nxgo wel FAFEHA mAEFeke] sdte] sk&3tEo] md 10% o]
o] AFES BH 20139 335k A FASAY e HE] Aoz FuF|o] 259
USD o]’de] ANAE 4T sloz oAiHn

O 3 5o A3+ A

o = FoF A A

ol B oo, 20039% QA ATFEE =W E38le)
9,280 FE=Z A 10,249@%2i FAa= o 3l

o] F7td FoR l’“ﬂ“i feutet sefAES o33k Al mAE




)

i)

2 Fddsoe] 2013d %9

& Ao

!

F

EK

it
o)
or

Ho

%0

TR

—_
o

ol

6];]—/\

AAH ez

il

#7509 5 AIHA BAZ

K
TO
Hr
N

—_—

)
o

& 87t S7Hd we

HAe o] o

o f71F

e

i~

S Zovprla 9len, OECD 3=

e

% )
_L Q
o {H
3 o

;OE
l” __O._
Ty pr)
2
1 iy
—_ cd
w ‘_._o
wom T
T
~ o]
o o
! £y
_z_._u 0
N £3
= g
o
of M
o
~ oy
= 3
S
-y
N o
& Ho
ﬂu umO
5w
N o
el BH
o o]
%W
=0 o
£3 7K
o 7
of BN
o w
o T o]

[ J

#231

o)

= rAlEE

20E AMEE oA

=
=

ke

494

3. MAERY A8A v A EA A

ol, AA7}A]

~
_—00

ol

oF =

7148 shehA AlzA
1

o jaiA

Siey

8

Al 7H e

=

734 Al

A X

/5] 0]

AAHoz A2

é-_]__

123

dE Hola,
Ly

3

Al
2

ol

o FAR7kA A

oN
j

—_
o

nAdEe] tAMIES ol %

AU wE
st

AE ol&

iMe mlds A

EAzA e 98

A=

ﬁo
B

]

ml

A3t 571

bialophoseo] &

ol

(Fig.1) <|¥

kel

A
el
*K

el

EHS

H

K
|
|
CHy

I

o
ﬂH—C—H—m—HE.'!-*I!d-EH—CIIﬂH

NH,

oH

]
|

m_?‘— IF — CHr CH'r

A¢l bialophos®] %

==

1] A = A

e} A] bialophos<

~




A%HQ ATEAL S o

A 7IREE] e 5 TlEol o

e w4

&k,

S

ok B HYH 4T oA

Fig. 2 Herboxidiene® +x%

P W o o o] | o ] R
CR e R R W W
L_L ﬂﬂ_ 1m__| U_.e‘ml, i:ﬂDHo_E,N Nr1_ Ww_
) = 4 =0
TR g ARy <
o w- or o of 70 N WO o] iy M
mﬂmﬂaﬂﬂm_ﬁ L_O%MHM ﬂ._lwoﬂ
B S s NI g I
° BN R g I R
T gy gy T 2%
PR o o O -
e DRy B
%:_.L,]ot d.i{ﬁam @m
T T8 mwhay = 2
Moﬂum*_Au%ﬂn.ﬁaEﬁ] -
o W%ﬂlﬁtﬂwﬁﬂ%% o
=5 PN B | = o o F
N R R T =W
T TN WG .
FETEL NN o § 7
[ xlv_ﬂmw_._._ ,,I.OIL.M.._ [ S~
T .ow hE A Sy ® O £
N2 s B VAT B, ~ -
EouﬂLfomﬂﬁﬁWﬂH_E g T <R
Wy T AT IR Q >
tiEeEENEw e £ 8% :
B BaE TRy 8 S M 3
o U T RO gy KO i i
_U_.E _ ,LI]ﬂ.EH.IOE [— Mﬂwhz o
ot 0_1_49_01m|7.%ﬂ1_0n_mo i3 S o £
I e A I I S B ) S | )
Adl‘_ﬁ.u_og_ommﬁ-__o“_}xon_} .ZI AT 3 =
I M NN ] o
mjy Mo H = o) = =
ﬂﬁ%i@ﬁﬁﬁo%mﬂe Ay me
@ﬂu_ﬂ%i_ Ao o= R T DR
o ol W iy T
BB o ol ,guh_g_o__o Ly = =R
R .y
I . I O e N R
o LR gy N L
Ewg_l.ﬂ%%@im%wo QMMOQEJ.M
ﬂ‘lr_-_ == 0l ]L HEU
N TG ] (i B - B
" T <9 B) 4 . T T <
N % T g o - o G g W
s s oo Jlﬂ_EHﬂ_,.m ) XX =
I A A9 = NP s s ® =
o o . o A - n 55 W
WA oR e o E W oM = Ak o H T
o K ~ @

A, oA, v

[e]

T

o

2. Herboxidiene9] A& A A 8 A

® Herboxidien



| & H, T, 2 Fole A8 dFL FA @ #Hold AdEAHE Bole ¢
Antibiot. 1992. 45(6) 914—-921].
® 35 ghectared] FE2 A 3e B dFT Fx2EA AR

o2 XH1 9t} (Table 1).
® o9} Zro| herboxidiene® A|ZZ A7 Ae o] nj

2 90% Assldem, 7 g/haA I3
ETAE 75%] WAEZHE BY. T3 5.6 kg/had] =2 FEAAE U S99 ZEo = Z& st

o
j
A

__?_
b7t dlg o, AA= wad o3 AAAo] Yol & Ax IEHQI ‘3837 =olAa g
=

shel AT ol MEAZA EE ook GetAzel A

= AA9. w3 B} thordl gEA e fue
g JlsAE 0 =t}

Table 1. Herboxidiene® whole plantel] ™3t post—emergence activity

% Inhibition

Rate
(kg/hectare) Soybean Rape Wild Morning Wheat Rice Maize HcmP
buckwheat glory sesbania

5.592 100 100 100 100 0 95 100 100
1.118 75 100 100 100 0 75 100 100
0.279 60 100 98 99 0 25 100 96
0.069 20 98 98 99 0 10 90 90
0.017 10 75 75 20 0 10 50 75

3. Herboxidiene #& E£3 B A

® Ierboxidiene2 199233 Monsanto Abdl &3 <& H1 For}t AzxAZRAY EFE S25A &9
om, 1997d Hx X1F herboxidiene® AAFFRl S, chromofuscus AT7847 9 AZRE
Streptomyces #F25H I H FL3 JFEH fFEAISo] dE Kyowa Hakko Kogyo Afell ¢
3 dAARA EF7F SE5o] ¢lty. [ Herboxidiene derivatives and their preparation from

Streptomyces GEX1 culture. Eur. Pat. Appl. (1997), 13 pp. EP 781772].
el B A A8 Esle] S chromofuscus A78479] herboxidiene Wl ZFAAL #F

2 FPAE A

ol

A 5359 AF glol Bl 3 Fgstrt H5E Ao Buwy,

A 4 A A7/l W9
O Herboxidiene A4 SAAH-
® Herboxidiene A FHAAES]
o A7|Hde AT AT/ §AA

AR A2 T
2 9 QoG 24
o 9% 2 AT A= B4

W Hr ye

O Herboxidiene LA F3F9] 7l
® Random mutation®)] €]3} herboxidiene TAAAA T3 A9
® tjAL-F ol o3t Ak Y

o AFE EAMo|HY] HES F3

B
ofN
=

A 77 oY

ru
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Herboxidiene®] thaF A4k 2 B2 A FA4o 7Ndt
Ay dEFE o]&3 herboxidiene ¥ FEAES HEaxH 3
=8 HFXE 0|83 herboxidiene ¥ FEAHE59 HazxAd

=
Herboxidiene @ FE=A59 B33 HA3s 2

Herboxidiene-f=4 7lg 2 &AAF
Zg A8 F A (combinatorial biosynthesis)ell 3k

F=A A

AT 5= AFA (precursor—directed biosynthesis)ol 2] :l-

&4 27 ¥ herboxidiene $ =4 2 HE HAFH IJFEES

AAEAZA AY AT P Ads A7
BEA AY AT 2 PARH 24}
2224 4 2 4ds A7



H 2% =l 7= o
AlA = 9

1. AA 5 A1Z7 A%

o HA FEHRTL FIAFL 20043% 7|Zo 2 3189 USDEA] AA] AW shay (7,2009] USD)
o] 4.4%0]9 2003@RT} HE HFLZ 12.5% Z/EY90 A2 HZET 4.8% Z7FE3 ol o]
FE2E AE Au WHY FUt] w2 WHalF 2 Fxo] dAo] B8] wiEoltt. old AHE 1H T
g 2013 d == FuEA FE7} 3809 USDoﬂ g3 Aoz JAE .

o HAHoz nFH HAZ g a7}

Zk=o] FFAA, F v=Y FIdHAIY EUA G| F
g Ao g dAHE.

0

o FuolAcle} guR ool AAZL ARFel wheh ABRESE o AF F7hel VY Aew duH
. =3, @AEAY FeAdel Bolyel wel §74 VAU nABEee Lol sl&siEe] Hd
10% ol4He] 4482 Ba 2013dxolE 348bsof Ade FAAY EE dre] Aoz s

o 259 USD o]+

lo
>
ol
o

)

%

,°L
Sl
lo
it
2
o3
i
0

2. Herboxidiene¢] A A (total synthesis) T

® Herboxidiene2 3% A x4y FAZQ dd@dez dFAste] =Y AR mAES] TF
N _
o

of o3t thEFAAtel tish A7 B HA &3 o, fr1EAA Wi o AFdAdE f=A &
ol tigk A7t =3 Al ekr1gQd Novartis ARSF A7 st A Za) Folt},

3. fAES A Y A
A AT §AA A =z A E9 microarray, proteomics$} Z-& ‘omics'7|&9] wrH oz wPHMT

filo

o FAAEY - 7|2He FA A (genome), AALA (transcriptome), TEl 2 A (proteome) FFl|A T
o zm wrAFg AF7F v|How wAsty k. wRAT S coelicolor [Nature, 2002, 417:
14119} S. avermitilis [ Nat. Biotechnol. 2003, 21: 526] Al =Z=2AE d52 ATA A= 9 247
zZL o] ThssiRe™ olE uiE o= 3 {E&EH] AL FAE AT AAAL HAFEEIIE A
|-9] 7]dto] ml&A i},

—_—

o oz AFH o5 /NFWHH} genome shufflings FAld &83F Bty T&A0 #5 7 Ho| A
AH7I= St [Nature 202, 415: 64]. =3 K34 £47]e9] Lol g} opl ArkdFe] &
Az 223 wjgol oyl Aoz JHEEY] oH R SFEY fFHAd] SHH wE ndH W
Hew JigE 2N FFel FEEZ AdH FAAE olF Tdst dFlee e A= B

2 F <t} [J. Ind. Microbio.l Biotechnol. 30: 480—488]

o e MK W BF nH 2E@gel dEshE AR FEoIAe Fue nAte AT
Fol olelgmE ALY Wl T} %Efﬁ DE f8Ede Ut BHFos A8TlsH
BEA o F&Fel bl Agalr] ode BAHel YUtk
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2. ZU 9 mAEe] iy FE AT
A4 7 A ol A herboxidiene2] A 2 drFo] o3k MAF ml ATA AR L AFGA AR
gk A= ds Rad ap glo.

o rAE FH A=A AR HF G224 FEoAAe] dF= 1990 dt] FrRbolF 7 i
T AFREAdATLAA BAESET] AR, e YA FAAbe] dRe AR AR

al
8 PAF 2A7%e] WL %E 7)2H Aotk

® FAALE FET & AR E AdH Akl B AF= S e ATFHAA AT
Hi e Y. 53 =TT ES o83 A= E ] fF=A AT titees 3 AT
fri fEEE A e B3 FA=ELR T OMA AFEHdE B AAY dFAAA 4
FAoMnt g it

o AAHL HAETS = ASF 5 AHUZAEZ YSE AT TIdedA Y A= AF o] F o

al
o o E HAY HAATUES E A FAUIHd IAFH/ 3 WA TG AxEdH FFAT
Z2 Este ZgAlgtol= AlE 3rdA|Ql doxorubicin A HFFA Streptomyces peucetius ATCC
27952 #F AA Aw AR B4E #FSFAS. S peucetius ATCC27952% o|n] EAH
Streptomyces coelicolor B Streptomyces avematilis ¢ A& FAIAHES R o, A A
=2 8.1 Mb, GC content= 70.59% H&EAQ AT Alxs A7AEE HAF1 QL. E 232 E
2 doxorubicin A+ Z7}¢} #BHEF A 7)1Z §AHAF (global regulatory, specific regulatory),
doxorubicin A HAZ}AH GAA (60 kb), precursor YA AFTA 8-AA  (glycolysis,
acetyl—CoA &4 A=}, ACP #&H 34, YA #FH F2x1A, SAM synthase, quorum sensor -
d 24 71z 2 FAd A 5o fAAE] 4 dF {FAHAAE o8&t Ak 5-10 W) A

= A% Z7h8 BelFn gk






o3& a4 +=d HEg 3 Zu
Ald Ay g 2Py

1. %7 v AEAZA| herboxidiene®] A FAART &2 A=244+ /ML

7}. Herboxidiene AF{A FAAHAE &R

o nAES 2z HAMEY ARAY FAAES BF GAAIdel A
Aqom=z, A e Al #oAste shtel {FHAE FE2Y3HH chromosomal walkingel]l o]
AA AFE a7 Jds G2 5 vk DNA @749 249
o FAA JAEE FERYSHE, GUVIAEEAd 283 A7 =82 gol E‘ﬂ 3;101/} ok 9 Mbpoﬂ

~~

<}
O

=

cluster)& o|F1 = 54

et AT genomee2RH B fAA Awe A¥sin FAAste AP AT W oA
7EA] 2z AR O] AT A §H A H o] B Ao EA|EtE 2, theFst &3 (probe)S A AME-S)
t 5849 Aol wast} (Fig 3).

S,
/ Herboxidiene cluster %
P ek
genomic e

e T, DNA
sequencing
Herboxidiene \
producer Herboxidiene clusters

® DPolyketide synthase (PKS) §3AXZ &d3o=w
Herboxidiene2 Z#|A|Ete]l= Ad sF=olH, dA 4 Fo ZYAECIE FF= AFE FHAH9
7ol Bage] gloer ol AT FHAE F polyketide synthase (PKS) FE-& vlws] ®EHA,
A71A 3 domain FAJo] wl-¢ HAFS AL & 4 L. 53 PKS domain F ketosynthase (KS)
domain®] @ |HMBL =E ZRe PKSOA o 70-80%9] =& HAMES Ho|EZ 7]Z PKS 4aztol
KS domaing ®3oz AME-3lH EH35}= herboxidiene EAEol= AT FAA FHE HlwA 4
A R 5+ e AY. 2oy, BF AT = o8 7R 23 ke A %@XP Heto] &

% 3?“ FAA AES v 22 ARbEe AR A

>

ofo

_O|L

o\ rr
2

g

Aol EASEE Y gHRoRYEH 23
agdon 2yste AWs7] a4 T PKS fAAe wHL AAs| 2ystel Fess AL
AHE-ghet,



1}. Herboxidiene A {4 A= 74

® AutA<Ql polyketide s}FE9 ATAH FHAAATGY T4 AP HE2E EHZ herboxidiene A
d ARE AT & U

o stuyE AP FHAE 7H2ZF disruptiono|u} deletions &3t 2 FUAIE EAFoZHN olF 3
Eo BoAst= AT ARE 79T, A wild—typeoll 4] transformation S z
& A, o5 AFAH FAA clusterE o|FHFoA B} FHAANZHE B AFAH F=2E 7H

& Al Folnt.

o HAALGaQL) 24 AE

WX 2 2 ity 2 Ao wrE S, chromofuscus A78472] A%, herboxidiene?] A 2HA4-8 FAFSHC}

® 7 flask v Y& Fsted HA viA] Y HEE 95t herboxidieneo] A4tz o] -3 BAgo] 43
L Z1Eu) A ZZE¢] 849 (D—(—)Fructose, Glucose, Lactose, D—(+)—Maltose, Mannitol, Soluble
starch, D—Sorbitol, Sucrose, Glycerol )& 1%(w/v) & H7}sla 3 F BAHS S5l A5, 2
A29E AF Fr1d4a9d7 FrdA9doE B gudds S35k A3

o I3l MR WA 24 T =2 A4S U= XY dAdES 93 v SR 2HSH 2HE 53
st 7HE 3 S S, 59 TS dotry] A A4F 55 F(CaCOs, NaCl, KCl,
CuSOy, K2HPOy, CaCly, FeCly, CoCly 5)& 0.1%(w/v)o] H == Hrlsle] it vlAe G&FS A
=3

g axde waxzo HAsg)

® 250ml baffled flask @ 1L baffled flaskoll Aol ZHE HAXLq ZASvIEOE AFFQ F 2] Hj kS
23l 238 fermentor (1L, SL)AIA H)ABAZAE ZASE, Ml 2o A% FAAEZE ] A vx=
e ZASIY AP AFTaAY HAdtazAae 2430

n}, Herboxidiene 2 A2l #2534 A A3 2 scale—up

® S. chromofuscus A7847-8 thzF vjdle] Wta L ethyl acetate® &, TFARH = acetone 5-& ©]-&3}
o F=3 & fujEHFZ column chromatography, crystallizationg F3st] FAEZAELS 2=
AL At A4S #18t scale—up =S ZAFSHH

v, gARA] BA o] 93t herboxidiened] A A AR £EZ2AGA Ad 2 F=F

o Untxoz AP A F SEEADGAE 25t St LCESI-MS/MSE o83t AFAY F
TAEES Z2odygstd, AdA A S ZAGAE A + vt SEZAGAC D=
A s #dd st AF AAEY AMEE ZA FE AE F Ao o|H3 A=
AFENTE ol &ste] AFAAY £EZATAE Idstn S FIANE F e o 58
P

ot
vk o 7 polyketides A4 I = polyketide synthase (PKS)oll €3t aglyconee] A whHA

{
e
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2.

Hohs O o] dofub= post—PKS My wA| =, Fig.bollA 9} Zo| oxidation, methylation 52 &7
7 AA AR AR SEZEAGAY Thsde] 2o A £4& ot AEE SEZ2AE
o et = it AFAH A AL Foto] AT AN FE 71U ¢ A

B AFE e AAZ Streptomyces venezuelaed)| 28] A== A2l methymycin®} pikromycin
of AL FUAES ZE2HLFE 23, I3 o]Fo FAIE (YC-173 narbomycin)e] 3
B2 Aoy, § F3olF9| hydoxylation @A77 SEZAFEAYS &AL
A EEZABZGA N sFst= pikC hydoxylaseE oo ]/\1 By sl HAEF AAHEQ
methymycin/neomethymycin 2|3 pikromycin®] A4S A &4 Al 4 AH (Fig. 4).

S.venezuelae YJ029
(additional pikC in high copy plasmid)

YC-17

Wild-type S.venezuelae

Yc-17 100 methymycin

methymycin = neomethyn]};oin

1007
e

60 .

o] neomethymych/
209

il |

0]
7w -

3 plkromycm

narbomycin 3 naromycin

pikromycin RE
PE
v
f ]
809
e

Relative Abundance

novamethymycin

st ZHHEl T 8 F AP £ EA Y AGT tALF g
o] &g o3t MALAY TEALS] 2L o E HFT} [Enzyme and Microbial Technology 2006, 39,
4778—4782].

G2 Z3}o 23t herboxidiene AR =7}

AR ATAL olF5F U FEF/HE TH ANY T

Herboxidiene2 A& Al polyketide o|AhALEZA AT AFAZA= Fig.b8} o] AdAhAMAHE
] malonyl—CoA¢} methylmalonyl—CoA7} AF&H. X3 methyl group donor2A] S—adenosyl
methionine (SAM)E A}&3. wafas]  HAE S-S E5Fe] malonyl—CoA, metylmalonyl—CoA =
SAM®] 55 =7}5FH herboxidiened] AAFAS =LA SIAAIZA 5 98 Aoz 7|},

7129 S. ceolicolor 52 HAFA dHA AFANEL AFAH FHARAE o|&35te] FEAs ] A
d F7ME 7 de AZHE AT Aot

1}. Malonyl—CoA 2 metylmalonyl—CoA A XV % Z7} A=k

dutx o g whAFE-2 E.colel H3] AZW malonyl—CoA2] F=7F ¢F 100-200u) o] Eormzg
o

2 ]
H& AR A7AE #58 F U2 AL® JdE. 28y o8 AR s=EF =Y F il

N of

32

_11_



7FA Q1 AAbAd el Aol o g ElRr g thAbEErE HEko] Qi)

Al B AFo A= acetyl-CoA carboxylase (ACC)e] #HitdE F3l ©]F<F WY malonyl—CoA
o] T=F5 Eola A FEE FEstR; s

T dAZ JYHY.

1eHA] 8F2-& ATPo] ¢35} bicarbonate’} phosphorylation % ¢} carboxyphosphate &=7HAlS & A%
3 carboxyl groupe] &4 ATEo]9)E= biotin (enzyme—biotin)ell A& o] carboxybiotine] A
=,

2%A] ¥F8-& carboxyltransferaseel] €3l carboxyl group©] biotin® ZX-E| acetyl—CoAd] HE =] o]
malonyl—CoAZ} A H.

>
O
(@)
o,
l:otl
P
=
oo
flo
)
o

Ol
i)
m}L
o,

1. HCO; + Mg-ATP + enzyme-biotin < enzyme-biotin-CO; + Mg-ADP + P,

2. Enzyme-biotin-CO; + acetyl-CoA <> enzyme-biotin + malonyl-CoA

Fig. 5 Acetyl-CoA carboxylase (ACC)9 &A4Wk%

Fig. 69 194 ¥kSof] #Hst= ACCS a—subunit®l AccA29] f-ZH Aot 2vbA| 9] vh-$-o] AASt= 3
—subunit®l AccB9] §Ax}, a8z 715S 948 A QA gerl ACCY & Ao BEAQl e—subunit$l
AccE9] A7}, wbAdgo2A HEZZ genome sequence’t HEE S FNE S coelicolordl| A 2
JElo] 7150 v FH Y} [J. Biol. Chem. 2002, 277, 31228—31236 ]. B dFoA&= 0|5 AccA2, AccB,
AccE¢] §HAEY olF4F U BdS E3] AT malonyl-CoAe] FE5E Zo|xm 2L FFAHA
711248k} (Fig. 6).

,I 3 accA2> accB accE =

pPSET152 (Integration vector)
. int =oriT= Km = OripuUC —~
Fig. 6 ACC pathway?] Wa®E <] o

6218 deke 2 methylmalonyl-CoAd] MIZY FEZF71ES 95t propionyl-CoARZEE Y A= &
A1 propionyl—CoA carboxylase A5 @At YAHAd-S A 71 1R}; Shot.

. CoA 2 acetyl—CoA9] AZ Y s% =7} A=k
[e]

E. coli®] pantothenate kinase?] G AR panKES & A1 A9, AlZW coenzyme A9l F& 9o}
acetyl—CoA9] =7} F7Igo2H o5& AP AFAR ARt HF trAEES Asbdo] &
AEl= B 9tk [Metab. Engineer. 2004, 6, 294—299].

Z, acetyl=CoA9 AlZW &% =7} A, malonyl—-CoA9] T% =7} T3 7|51 o= target 33
E<Ql herboxidiene®] A4HA ol FHA JFE F 5 ULE=E panK FAARE o|FEF WA
st LS A7 A 7 (Fig. 7).

_12_



A2 2 A" polyketide Al stES Aitstes ATl panK FAAE Edstd A4
o] @A3 Frtsk= Z2AE Flstnt
Pyruvate
PanK
CoA =----------- Pantothenic acid
CO, Pyruvate dehydrogenase

Polyketide

Acetyl-CoA \

Malonyl-CoA /

Fig. 7 PanK zpralel o3k Aabd 3 e

2. SAMe] A XU 5% 271 A
® S-—adenosylmethionine (SAM)& M EJolA Lubd o=z  methyl group donor2 Z-8-3}H,

herboxidiene &4 #A =& methyl groupS AFAZA FF3eE 9L I (Fig. 8)
OH (@] OH

i SAM

.Fig. 8 Herboxidiene A AFA| = SAMe] st

T3S SAM2 methyl donorZ24]e] 9 Lo %, AA7FA] GH A A &2 71dS T3 HHATe ol
AR S AAES AT E AEAGEEEAY IS she FeE BHiu Ha gE. AAE S
coelicolor®] wlet A] SAML H)Xx]d| FH7}sbA, SAM synthetase®]l metK FAAE zddAstE S

coelicolor?] & tAMFECl actinorhodin®] AAbe] Z71sl= Az By H 1 o} [J. Bacteriol.
2003, 185, 601—-609].

waba] B AFA e wbHF @] SAM synthetase?l metK €AAE AT AL ETH A
ZHd T o 2 M herboxidieneo] AL TAA D A F ot

Zz4d 2 YAFARAE 53 AH FT A

g EA5tE global 2BRFAA & BARE FeolF (pathway—specific) ZER{FHAAE o] &5te] A4t
A FFe fEstmat & (Fig. 9). o]F WAFAAE 2Fsle global 2ERAAES MEsta, PCR
& olg3le] AwE HA wao Ax" YR global FARAANES FrYFoZMN, LN 9
AAgA S Astaa vt

_13_



= FA71 LA Fek
® herboxidiene AT FAAAG el F2 5oy 2H/AA e WAARAAE AEsS o2 ]
&oto] AT st Aade FATILA Fn

.
.
.
.
/ Global regulatery |
.
.

two component

Secondary metaholite
Pbiosynthetic pathway
signal 2 signal B '9'“‘ A

N e

\ KopA
- e

/ e
ras -
& Binding to other promoters.

i
E
" E
I

.
Secondary metabolism

8. Bvidans TK21 8. lividans ESK206
{ wild type strain ) { afsR2 integartion strain )

Fig. 9 WA =dfdate] 28712 9 ol & o] &3 A Aabd o] o

3. 237 v|AWEAZA| herboxidiene?] -FEAAWARS T Al9F v]AEA|ZAQ] 7)jqt

7}. @3lur-8-o) 9] 3t Herboxidiene glycoside %A A

Herboxidiene& A|zA =2 AA field test Fo QJom, A|ZxA <)o) anticancer @ anticardiovascular 4§
B3ty AL 7HA 2 sle oy d"e] BAL 7K1 itk AR herboxidiene®] in vitro B in vivo
B o) ¢9]&) glycosylationg &} 217 herboxidieneg A3k}

in vitro WHoRE AR HFdH3 FIEasAAd YiC &4 9 oy FHFE ZFIas
UDP—glucose ¥ &) 7}A] NDP—sugars} w85} glycosylation o2& 3}F<lstr}.

in vivo O 2= in vitro oA F3Htgo] AQE F4E AT EHUH} AEH FFAH S4AE A

233t in vitro oA AR  JUEF T

il
o
ofo
ofr
L
£

o

4 234 TARE 5 A=A B4

(1) #BE Az A

ZHATARE A8 7 A AL BHEAY ATHAE 3 4 BA) BolShe AT HAAE

AA, A%, 27, o|F%FLE F)stel PRGN T 2AT2E YA 2 ATHE
149 ZRATAYE A GATHEL) AT 4 L AT A 4D o 2R g

A B e Dol 25 SO RNl olE e WAR e BYTHE A hFYAL

A e

N30
ol & rlr xst
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o
o
o
oX,
Lo
=
iy
ki

(2) ZFATA 9B AF FEA AHL skl PPHow wao FYL AT ZFJATAE
vector system-& 7] gt.

of

Integration vector2A] Streptomyces chromosome®] phage—attachment site®l attB sitedl] A& o=
integrationdl= pSET152 HHE ZF AL 2 7}& 3}t promoter?! PermE+xE F2Y3st pSET152 (ermE*)E
A 2459 2. ®, high copy plasmid vector?l pSE34 WEHE Ao 2 7183l promoter?] PermEx*E =235}
o] pSE34 (ermEx)E A=sl9S.

pSET152
(ermE¥)

4. AEE slEAYA Ax 24 AF

7b &4 AFO AR 3Ul 8 FE

o= EALE (Monsanto)ol| A= Streptomyces chromofuscus A7847To| A B3t sE A ]l A ZA
EANS =8 AHAA sty Bustgtt (Wideman et al., 1992). 7] =X AF A EAT]dL 2
dE AF JFe mxA FowAE B 79 Fxd )3 post—emergence inhibition &S B YT}
a L FfollA o] AuiE A e W(wheat)S HFE sFgon, ZoA IS o
2k FEEH T8 DHES dE AR BiEA Utk B AAdA] o|F A st HEAT
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HAAg AT olHel AE AEHFLE AxA BAHL BIFgstr T I
A= ALARZAAA BT S

chromofuscus T2 FEAIHAE FFEZAR o]&3l o] EZ &AF=(MIC, minimum inhibition

off
e
Am
ox
e
1%
filo
O
ol
o,
£
Al
=
=2
>
> g
2L
fru

2ol AuEHE FE TAE ol&st] #4S A
R, Fxe T EYlA 59 ALF FAE dedle 8 FRES AEsIH sEAHAY Al
A4 54L5 #dst=d ol &8tk AHEE AELS W (Rice, ¥3H), @ (Wheat, d¥d), vj5(Chinese
cabbage, A-&HjF, ofrletFR), iF(Pepper, FaF, T5FH), F(Radish, EFF, $UF, 3F),
1}(Shallot / Scallion, S}, THFAFTHE: 53, HWATE: FEF(LEAD), ANFE; 257, 4
ZH; A}, w4k 4T, RSk A5, FEAgs AFUaL, 55, #h=(Garlic. 9
Arts F9) T4 TR &3lth. 4 FEEY AT £x9 HH 870 AR dolstrz 24 A
BZFAI71E gEste] 1 BAE A3 fFEE AL S50RY sEAYAdez i F7)d F3] A3
=3

FUde F 7504F] F27F 4HA Ut = EY 6%, ¥ EG 112F, A5 233F, 5Fx2A 329F
5ol a8sig. o] Ztidl FEEH F& AstE 433F9 Fz2r U FE AR AAIHA JEe
nxle zlezg EAEGD. & dFAAdAE o T "AESEr B8 sAXE e JERE 485 H
I (e ) &3t

bicolor)E awlx 7}A#¢] 74wl (Solanum nigrum), Z3to) &3l AAEZE (Aeschynomene indica),
Ao &3l o)A A (Abutilon avicennae), E=xw}e] (Xanthium strumarium), A3} ate]l &8s of 7]
F (Arabidopsis thaliana)s % 8% W3t AEAITA AxEHE AFSATH AE EAAES &
d AEZ o]&HE HVFHE ALF 7FS T FFE ANFE AT FEH FRE LA I
(T&31383, 2005).

=
7

=3 (Echinochloa crusgalli), B}e3o| (Digitaria sanguinalis), <= (Sorghum

. AAAzA SEAGA FE 7)1 (n vitro) ¥ %
HPFoll A B sEAT A (EAF 438) MEU)stmo] A Preparative HPLCE £33 Ez|slgod
#7187 S lyophilizeZ AAF FH, o] &z Bos (~pHI.0)el oA AgST. HAF 4 v
= 500~4,000ug'mL "' MW7 ATt (Fig. 10).

Preeo )y

Fig 10. |2 At dle] 81844 729} ol=H2 2% 9

)lll|||

>t i )|

o} 71t (Arabidopsis thaliana col—0), W (rice, T2 W)} " (wheat)o] FX= THELHTY T
AL FoN A FREAT, A AAF HAE dodle F4 EF Fx FE THFIATY w94
ERA FEAT 7 FAEL AFE A 16TCA BEstH 80% ogtEg AMgste 5 Mg s}
FHolst FTEL AASAE WG Aste] mhdet Wl FHlF 4.43gL 7' Mg WU ¥
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$tal 2] & A48 Murashige & Skoog Basal Medium (MS with vitamins) ®j#|o]] B
Atk FTA Hot A BHE G| flst] AR e T=Y FHEAYAd] 23HE 1
MS WA & o]g3ste] Lol A P& AT

A

o} A FHEATA AEuk-S UV]98] AlF FdolA AFA 4

e |3l =9 H2A 129 & AHEL Table 2 9 2t}
z

Table 2. 352 ]dlo] &QIgF A2tA| 9 F& AW
AzA E9 FaAE
Alkylaryl polyethoxylate, Alkylsulfonated alkylate sodium salt (60%),

Solvent (40%)
Polyoxy ethylene alkyl arylether(10%), Sodiumligno sulfonate(20%), ¥

3ok o)

° oA (70%)
A Fol A Siloxane (30%), R.ZA|, &4, %A (70%)
Al FEA Paraffin (24%), AW A, A (76%)
FAe] drol= A& wdk vl x| HEAIYAS EF H9 FAEAYA AHY HE3 A2 UF
Z 2 olg-& A5ttt AA 55mm A (Whatman No. 2)& 7+ 88 Petri dishel] A]|E2 oM E

oz g3AA 2000, 1000, 500, 250 2 125ugml' BE7} HEE 345t Im¥ Haste] Fume
hoodoll A olMES A3 ARAIZ £, S/HFFE ImAE 23 713l F2 20848& #7445t Fek
H2g o]gste] WE3I B 25C(14h/10h, Light/Dark) &S AoA 79 o] wolgs JI&

Aot

*

SEAYAd FE 24 A

HEATA A2 A3 Fx 2 FEL ged Wt Este] FrEYT. 350cm’ A Sk

of HAEGLE(FESAFANE 23 5, vidfolg X33 3T FJEF Fxo AAAE ZFS 4—6—Q
FAFZE 5 7F FAXE yFste] 24x7(30/20£5C, Light /Dark=14/10h)ojlA] 9Y Z=<F A&

o oMHE(ImDE o83t FHEAIYAS E3AIZl T, ohA] kAl A H(Acetone 60%, 0. 1‘7
Tween—20) 13ml& FH7}sted HZE A s=7F 4000, 2000, 1000, 500, 250 2 125ug mL—-1 H=7}
HEE 3A zA|sto] laboratory spray gung o|&3le] Yy =)o) FE3 AX FHEE BER A5
Atk M3 EE= hume hoodollA] RS &Hs] AxAIZ] & FUT LAZAAA FHEA A
49 2 79 Fo PAHQ T4 L FFE I VER (EHRS 0, &AL 100)ed o8] g A
skt

A
|

o
N

E

g
o
o

[e)

5. S BAHA f=A ARS AT EF veAE FAA g1
7h mAE HEHAE AR
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| SEAITdle 3138 Tz esterification X7} ZAStEE o] Hd thdl ester
groupe] WEE F=A FHLS 9% Sol&H dzdHaold GRE =% A 0AE dEAEdA A
st Ex A HAHEE sfedTFdel 20099 59F¢ £5Te ER Alolo]  Agnid
2,008m(St12—2; GPS 36°39.2°, 130°36.9)¢} 2,038m(St21; GPS 36°37.2°, 130°42.5")0)A] N3t 3|
A FHA A oF 4~Tm Zolo HAHE AR 2XS Y o} o] &ttt A5 St12-2% v Eslo| = o
E7l 23E AEGLH, St2le Agstol=olEVE £FEHA g2 s HAEND. HY EGL 7
0Cd frozen Ael2 Ba#ste] a3 A9 AAH(~152)S =o dels 8 o] &5t th(Fig. 11).

1285 130 1305 13 135

Fig. 11. T3 5% AEAE] Alas AFHF 92 vgd= HalAx

U v AE dEAE 29 2 /AR AR

HEetAlE 2o 588 =o 7] osted, =o EHE BHWE phsophate bufferst bead 7F T Abefo]
A lysozymee 10mg 2 37CoA 3087 A7 3 &, vortex mixerdA] 2087F Aexjgsln o]%
PowerMax Soil DNA isolation kit (MOBIO, CA)dAl AZst= vw4le wat AA DNAZE B35ttt
HE}Al= DNAE CHEF(Clamped Heterogeneous Electric Field)& AR&3}e] 15kb o]4te] :1ExF DNA
2 ANz (2sec—>20sec ramp, 6V/em, 120°, 0.5XTBE buffer, 14C), HAFEJ wo] ZF=H
polyphenol 7l & E4S AASHY] st 7G5 AH&H gel 2% polyvinylpyrrolidones Z g3l
gel—patch 4L o8&} t}h. Ethidium bromideZ gel& g3 ¥, oF 15~45kb F-7Fe] DNA bandZ
A F 3t dialysis tube (10kDa cutoff, Spectraphore)ol €& & 60Vste] &Y 0.5XTBE bufferof A} 24]
7t A7 F55te] gelol £ HEAE DNAE electroelution 3} T}

A" vElAls DNAE End—repair ¥H3-(End—It Kit, Epicentre, USA)o. 2 EHLE HEA|7| &
fosmid vector pCC1—Epi #Elof] AF-2olA] 243t F<F ligation (FastLink Ligation system, Epicentre)
A7}, Ligation AFHEE Phage M\ package extract® ARR3}o] package AL F3hstgx, mrE5oxA
phageS<S AT E. coli Epi300 &3¢ ZAAA AT Yol A cloning A7} AAH o2 o]=o]A=

—

FEEWS hloramphemcol (20ug/m1 =) WA A Adsle §AR o3 A e Gt AT
o 249 ®H A FElE2 =3 S AE HEAE fAX2342 LB—Chloramphenicol—glycerol ®j
AE ZIEMA = stef 384—well plate°ﬂ ME Froz HFs F 42,0009 Z2(HF insert =7

~35kb) o] AMEY HEAlE FAALH S st 70T F7] BEs90.

o W e Al FAARAL YA o ~H| elo} Al (Esterase) 238 & F=2Y
S 335t7] 93 dWEAlEs S8 AT Esterase= tributyrin (1%)& Z 33+ LB plate

HEA SEAS YA

_18_



of Ztzte] wWEHdlE FE2E5L 5YU7 (28C)ujFslH A clear zoneo] FAHHE= AL ulgez 75
38y ¥ Th. Esterase 7]5< 7}2 fosmido] ZTFE insertE thAatez 7)1%5<S 712 ORFe-&
3l7] 915t Insert DNAES xg3t AA| fosmidE g 3L 718t (HydroShear) Ho =7]7} 3.
olste] “How wWASIT, ZAHZA WHEL T4 DNA polymerase, Polynucleotide kinase® A}2-5}¢]
end—filling 3}, Azl T o] wWHE pZero vector(Invitrogen)e] blunt—end ligation 3&}iL
electroporation® 3t AT DHbad] =Yste] 23 A=38]d-] shot—gun #olH gl & FAsS T
o]% LB/Kan/Tributyrin v} x| A] <AL H<Ql shotgun FEE9A] pUC—universal primer®} BigDye
system2 AF&3Ste] contig @7IAEL EAS3, DNAStar(LaserGene), VectorNTI(Invitrogen)<};
Megab =Z2 WL £33} Gr7AgL B A5t Multiple sequence alignmentE <385} .

AE AqtAdol &2 esterase 7|5& HAFSH] 5t HEHAIEAA 283 §HA ORFE thitoez o
W S A% Zhzke] ORF PCR primer® A|Zbstya, HighPrime Taq polymerase (Takara,
Japan) 2 FEFH 2FEL reading—framed] wel 7 2d ¥WE pET21a/b/c o directional in—fusion
g (In—Fusion cloning kit, Clone Tech, USA). Junction ¥9]9] d7 A gL A7 Aol H3H3 AL
3l & plasmidE thg# BL21(DE3)olA w@uidg yo}p &d A7l (20C, 0.5mM IPTG, 12hr). &
Ae g dS BgA 7] flske 50mL wigFR S gAREE T3 AEFRE FEIHEL, ©|F 10ml
lysis buffer (50mM NaH,PO, (pH8.0), 300mM NaCl, 10mM Imidazole)o] AEE3 & =3} 347
£ o|&3ste] AMEE T T Tt MEE 15000rpme Al 15627 AR H FFAE F5519, =
gAadoz o]l83 2airMoAr 6xHis—Tag 7} 23 bl a8 Ni—NTA resin (Qiagen U.S.A)2 &
28t (washing buffer; 50mM NaH.PO, (pH8.0), 300mM NaCl, 20mM Imidazole, Elution buffer;
50mM NaH,PO, (pH8.0), 300mM NaCl, 250mM Imidazole)). YM10 membrane (Amicon Ultra,
Millipore Co.)& ©]&-3t 33 A E Bl 3 AL F=3YT).

|
=
o

ok

U—EHU

2. At dl2H golAl9 A3t 2 FHEA EHEA

Native PAGE gel (12% Resolving gel, 4% Stacking gel)o|4] E&]3+ T AL boiling A &1 12ug
S Z+ 270¢ L& batch PAGE geld] electrophoresisale], s}l gel& coomassie brilliant blue®
staining st W w A o] bandE st Vb A dte] gele 20% isopropanol o] 20min, Distilled
watere]] 108% 2d9FE-3lo] washdlyth. o] gel€ 1.3% agar media (1.3% agar media, 1% tributyrin,
25mM Tris—HCI(pH8.0) 10mM CaCly, 0.1% tween80)¢] &dHE1 vlE2x] YT E sealingdts AL
B3 oF 4X7F o] clear zoneS oIt t). o ~H glolA] 7]15L p—Nitrophenyl butyrate(pNPC4) @&
= p—Nitrophenyl decanoate(pNPC10)S 7|2z Al&3ste] §2 5= p—Nitrophenyle] ¢S =339 ).
pNPC4 712 (0.1mM)¥} & AAE o 2dH &olA (0.12ug)E Tris &= (50mM, Trsi - Cl pH8.5, ¥H&
ol 400ul)d}ell A 30°C, 3min. %J w8 A7l & 2M acetone 200ulez 65CoA BEES Z=TA|F7]|2
ODsosmm®l A FF =5 FA5YT. 2xigle] w2 Mg = BEF9 Z¢ pNPC4 (0.1mM)E 712A=
ALE-5t9a, pH W3 wE ZA §]’ =2 Al pNPC4¢] alkaline autohydrolysis uw]&¢] pNPC10
(0.1mM)E thal ¥k-g 7]A =7 o]&3tgt}t. &4 F938H4 (kinetics) 3&tu|E (parameter) F4-& 10&E7F
30Co Al pre—incubation A]Z] 96—well plate®] Z} welld]l &4(0.12ug)¢} thekdl wxeo 712& HE
200ul7F HA (HAEF @349 r= 50mM TrisCl (pH8.5)) 4 t}& 35C, 1min. @92 405nm &
ZF 52 XA (Victor3, Perkin Elmer, USA). AF&-3F 714 T+ 0~5mM WHLE . pNP ¥FE2 &
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ALgste] 91 274 Molar Extinction Coefficient® 243 (e=17,456 M 'em ). 59324 we}ng
ke, Knd pNP AAF £% (V)& plottingdt Michaelis—Menten equation® Hanes—Woolf data fitting
(Hanes, 1932)2 %3l T3}
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A 2AAF A3
1. Strpetomyces chromofurus A7847 #F9 A& A

7}. Draft Sequencing
Roche 454 GS FLX& o|&3te] A Zo] 426.3bpe] 282,9127] 454 data® AL 4= ¢ggeom
EE 9719 F£E 120,602,726bp oltt. ol dAAHE AFFAA Z7(~8MbE 7]

13.3x(genome coverage) F=o°]|t}.

A1
A
o

b

A o

Roche 454 GS FLX& EA % draft data

Data Type Total Read Total Base Avg. Cov.
454 Data 282,912 120,602,726bp 426.3bp 13.2x

1}. Assemble
=45 BE 454 data & GS Assembler2 oJA&S Y3 23 353709 contigE FAL = UNSH
contig Aol & & 9,142,143 bp o] T}.

GS assembler(Newbler)2] oA E Az}

Sum of Contig Length 9,142,143 bp Max. of Contig Size 175,929 bp
Number of Contig 353 contigs Min. of Contig Size 105 bp
Avg. of Contig Length 25,8984 bp bp of Quality > 40 8,898,806bp

N50 60,730 bp % of Quality > 40 97.34 %

ne

Draft Sequencing A ZA3} AHojzx 3537 contig AG thal]l A|x==1¢] automatic annotation system
(NewGAS) & o] &35t FHAE o5 2 E4sty 272 &4 & e 348 +=3H9

General Feature

Project Name Sch
TOTAL SIZE 9,129,061 bp
G+C 711 %
Protein Coding Region 86%
Transfer RNAs 70
Ribosomal RNAs 4

_21_



Protein Coding Genes

..Conserved with protein function assigned 5,243
..Conserved with unknown protein function 1,899
..Nonconserved 1,359
..Total 8,501

2. Herboxidiene®] A A §AX A gr

7}. Herboxidiene®] A2 genomic libray A}
. HerboxidieneQ M A0l Streptomyces chromofuscus ATCC 49982 AR} librarys =Hs7] €8
AR Ae Fusisic

e 3lH T genomic FAAES Sau3Al A BEEZFo7 40-50 Kb =717 74 w& AEl2 H A3 st
o] cosmid vector®l SuperCosoll Arlste] 3HH E Q).

1}. Herboxidiene AFA FAA Ak FE23517] A3 g4 R,
AL 5AAE herboxidiene WA =

ol

o] ;A FAQ B-—ketoacylsynthase = acyltransferase
o]

primer2 FE B3 o2 AlgE PCR ZES 5. 44 &1L A Ad2 23 ojn & 482
B—ketoacylsynthase ® acyltransferase A A L3} 60—-80%<] YRS HoF1 QJr}.

1 2

1. Forward primer: KS-BF: TGC TCG TCC TCG CTG GTC GC
Reverse primer: K§-BR : GCG CCT CGATCG GGTCGC CG

2 Forward primer: AT-BF: CGCAGG GCGAGATCGCCG
Reverse primer AT-BR: GAGAAGAACGGCACG

Fig. 12 PCR product obtained from KS—BF and KS—BR

t}. Colony hybridization
e FHFE Frlo BA B-ketoacylsynthase ¥ acyltransferase A A}E o]835t] 50447§¢] colonyE
FdRsYa, HZE 12719 cosmidES AWE3IY T}
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Fig. 13 Colony hybridization 23 3% =¥ cosmid

e 13¢] pHER61 cosmid® X8 £ Z3} herboxidiene®} {AIE AHozw FAHE = polyketide
synthase (mmpV, mmpE), 3—oxoacyl—[acyl—carrier—protein] synthase (mupB and mupG),
Valyl—tRNA synthetase So] &<lstct.

R AR EA A= AFA A3
— Herboxidiene 9] AT FHA SH

Herboxidiene A FAAE SR3E7] 98] AL #F<2 Streptomyces chromofuscus®] AH& &
B A35}e] Herboxidiene 34 8-A A= herA, herB, herC, herD, herE, herF 2 herGE T35l =
180 kb9 A=/} 3R =SS, Herboxidiene A& Z+z} 7152 herA (regulatory gene), herBCD
(polyketide synthase typel), herE (epoxidase), herF(methyltransferase) % herG(P450)2. 2
EARo A1 glon, A "ol Qe BE) orfl0 acetyltransferase, orfl4 PKS typelll 2 orfl5
P450 Feo] dt}.

L = S S ————— e _P P

herd herB herC herD herE herF herG

PKS Post modification gene

Fig. 14 Herbodiene A &4 -f4AA A=

Table 3. Herboxidiene A &A 2=} 7|5 24

Gene Funtions

orf4 Possible nitrogen fixation protein

orf5 Nife Hydrogenase i large subunit

orf6 Nife Hydrogenase i small subunit

orf7 Hydrogenase nickel incorporation protein
orf8 Oxidoreductase domain protein

orf9 Xylose isomerase domain-containing protein
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herA Transcriptional regulator, Lacl family protein

herB Polyketide synthase typel

herC Polyketide synthase typel

herD Polyketide synthase typel

herE Epoxidase

herF Methyltransferase

herG Cytochrome P450 hydroxylase

orfl10 Putative acetyltransferase

orfll hypothetical protein

orfl2 abhydrolase

orfl3 hypothetical protein

orfl4 Type-1II PKS

orfl5 Cytochrome P450

orfl6 Glycine betaine ABC transport system permease protein
orfl7 Putative ABC transporter permease

orfl8 Putative esterase

orfl9 Glycine betaine/L-proline ABC transporter, ATPase subunit
orf20 Proline aminopeptidase

— o4 == herboxidiened] AFA A

Herbodiene-2 & 97H¢] moduleol] &Jsf A =™, thHE4 macrolide Fe| 2 FJ = A7k herboxidiened
hexagonalZ %2 =™, opoxidation®} hydroxylation 2 methylationol] €]38] #Z A2 heboxidiene©]
FdEo

Loading Module 1 todule 2 Module 3 rodule 4 rodule & Module B Module 7 rodule 8

DH KR DH KR DH KR DH KR DH KR DH KR DH KR
Col ACP KS AT ACP K5 AT AP KS AT AP K5 AT AP K5 AT AP K5 AT AP KS AT AP KS AT ACP

e
e

"
LR

LN/
[L JTRN

L]

-]

Q

-]

e

=]

-]

-]

=]

&
=

6 Methimalonate oH oH
3 Malonate Yy

Herboxidiene

- | e
Oxidation/ /ﬁ/l\&“'\/'\/\ﬁJ\r'\/\r'\Fxm
Methylation

Cyclization HO

oH

Fig. 15 Herboxidiened] o4 ATA A G 2 A 4=
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3. Herboxidiene &% BA1wd

o)

A4
7} HPLC 2 MS BA42 93 A5 AT 3y 3

(1) Herboxidiene®] %A 7 & o]& B A5t7] 98l A= herboxidiened A& F&u¥H o HZA37 2
Q35 old B AFddA @A e A= SE st FEEA e FEUEH AR
A7 WHE herboxidiened] =sta FHHglste] A 59 FE2UHS FHIHS.

(2) & 2] herboxidiene®] F=HIH-L herboxidiened oFAAAFFQ1 S. chromofuscus A78475 Z Eruj
Fsh ujFHel F7]8m <l ethylacetate === butanol& EF3 o] ¢, {718 viwe FE5I= WS ALE3)
I A}E. 2, o8 E FEYH o= HPLC 2444 A8 BEEEE U8 20| Bol ZE &
Aol &%k peakieAl B MS A4 ol go] o AF-HFEAY 4 ofHEo] UNS (Fig. 16).

Y 4325 210207 28 805 140071 2.7 E_5_1 recd, £323 20110007 23 7 3 F2011 27 S 3 recd

4135 10007 20 006 1420192 7_EWU_8_1.med
—— 23 20110207 23 7 31 3220112 TS _2H_F med

e Herboxidiene 87|20 £ A&

S

[ | ] M 1 o HL N |
i | 1 i i1 X o
| | | \ il S G (R v |
.m0 f ! It { o \ [V -t
ALY | n ! N 3 AT W |

s ] f'l . \-._ | | e / / !'. __-"’. .
o Y, S MR - il W i e Hefboxidiene standard =

— e e
i 0.00 e 400 00 am 10.00 1260 Hm 16.00 B0

Fig. 19 #7]-8v]& F%3F herboxidiene A/ 59 HPLC A Zvnl&E 13

(3) wetd, B dFAHE ofn] thE EFajHeels 3

solid phase

extraction (SPE) A7 7]% (Fig. 18)& o|&3le] A& FAe] BA8 23y
stA} 5192 SPE 7l F7]&WlE o83l oln] &3 FE2EE FIEAE FHAA THEZ 9
Q]9 BT ES AASIY B4 &o|3s F7]193% 7]l==2 Fig. 189 2 TAIE AXA 4.
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Ethylacetate

_
ol

MeOHF=E

H,O0: MeOHE= 9:12 3| A

%

C18SPE7IEE|X|2 S

L)

|
—rd
odho

. 1. MeOHelH,0 2 oH 3t
-_ 2. AIE IOI
3.H,0 HH

4. 0.5% (viv) MeOH aceticacid =&

HPLC & LC/ESI-MS Analysis

Fig. 20 SPE= ©]-8 3% herboxidiene A1 52 Ax1e 349 FHUH

(4) herboxidiene®] SPE AT = b2 2L A2 AP35t 7LEZAE A EA7]17] 25t 3mle]
100% wlgte7 3ml ¢ 100% B8 E3AZ]l &, herboxidiene &7] &1 & A8E FUs}x, 3ml 9
100% B2 E¢Eo] A Uz + Jdrs EFAAZ & HEF o2 5% Methanolic acetic acid (MeOH +
0.5% acetic acid)E o] 83l A 5E =9 L. oy C18 7}EZ A (Agilent Technologies)E Al-&35}$T}.

1}. HPLC 2 LC—MS &BAud o] AYH

(1) A 89

A4 T
a9 19 N ERE ©, 47180 222 A9 2EE 1

1‘411'?—7-‘:_'— Xﬂﬂ—?ﬁl AL BAFe 2. oo uwelA
HPLC #4]-8 %3}9 herboxidiene f=A1¢] EA42 71534 & Alg59] AT #HHLS FHsI 0.
(2) HPLC Ao 2= herboxidiene?] Al3F §% A Ao o]& Lo 9}% 7}%/‘3 o] 9Qe.m 7 LC—ESI/MS

nl‘-{lI

;‘v.:
mlo
of
ol
£
r

BMS E o}oq erboxidiene®} A& EA4 ¢ B2 2 fragmentation ¥ F =A< A A
g F2E qF35tA ste LC-ESI/MS 24 wH-& ggstelnt.

(3) S. chromofuscus A78472 3 ¥l 38 3 herboxidiened LC—ESI/MSZE o] &3l EAsYY}t (Fig.
19). herboxidiene®] E-X=F M/Z 455.852 o] &35l B A5l 2, retention time 30 9] herboxidiene

o] A&H+= AL FAAT (Fig. 20).
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e 78 20003 20K & 08 3011 439 Jwebenc_spe 3 ancd, @76 00108 20 T 0 7 40 823011 4 29_SM_xhi 1 mod

200,000 —— 4T 0110425 23 4105 201 425 herbon_tpm 2 ek
— T A2 2R TR S0 4 29,500 01 e

i
1 —
1 \
sa0.0004 fooa
| [ V|
w000 n | -
1 bl \ Fov
1 -5 “\ ! on
I'JW _._/ﬂ\ it N 4 ~— b A
ooo R — — T P PR B
] Herboxidiene standar
200000 4
min a0 2100 400 B0 L] os 12m 1406 600 18.80
< =] B 2~ (e} S
Fig. 21 SPEE ©|&3t A 59 E¢ES AlAS HPLC Z=vtE 1]
Y¥¥J_Strepchro_spe 1_apr302011 1: Scan ES+
100- 0.3 4585
7.84e7)
E
ot " A et
0 T t t T T T T y y
500 10.00 15.00 20.00
Y¥YJ_Strepchro_spe 1_spr302011
1009
nF
2818 47.57 52 53
e P
0 T T T T T T T T T T T T T T T T T T T T T T T T Time
500 10.00 15.00 20.00 25.00 2000 35.00 40.00 4500 50.00 5500 80.00

Fig. 22 Herboxidiene®] LC-ESI/MS &2 zZg2Zn}&E 18

(4) A7 FEAZ2 AdAEE 2 AAS T2 B4 95te] herboxidiene?] Tontrap—MS/MS £4]-8 5
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y5YS. Ammonium adductd] | Es= (m/z 2k 417.42, 399.42, 331.08, 299.25) fragmentation
patterng SHASFATH (Fig. 21). AT f=Ae] HAL m/z el W3hE Fato] Helo] 715d Aoz AR
Hot.

- L] o S g =3 E&=
»i M5? =3 MS3 v MS*
o [ B <
s o o
o L = 0
" e 3 me
* % W ® -
= x5 Bl
( lu“: 9 18 T
Wi Lbom Lol form g e i

{‘\A j\\[j‘coaH i %]xf\fﬁﬂj

Herboxidiens Herboxidiene M52 fragmentation ion
[M+Hal* m/z 461 [M+Na-COOH]* mf= 417
,f”‘\::_f:\ va,f’lme\(D H M )\A\/]\ NGO
xG u:fo = — \;:1)" B
- - o
Herboxidiene M5! fragmentation ion Herboxidiene M3? frag mentation ion
[M+Ma—COO0OH]* mfz 331 [M+Ha=COOH=-H;01* m/z 3949

! !
,;fﬂ.r)\gc\)\/l\;mf)\rﬂ i '\ﬁ\/!\ujfmjjjij/

Herboxidiens M3® fragmentation ion Herboxidiense M3+* frag mentation ion
[M+Ha=COOH]* mf= 299 |M+Ha=COOH]* mf= 331

Fig. 23 s 521949 Iontrap-MS/MS &4

4. 237 v PEAIZA herboxidiene?] x| Aol 23 AAA F7}

7}. Strpetomyces chromofurus A7847 #3=9] W]k} herboxidiene®] 3]

o ATCCo A Erke Strpetomyces chromofurus A7847 3= polyketide Al 2]l Al zA
herboxidiene& A= #TFo|t}.

o ol e 3 & TR mHFu R A Strpetomyces sp A7847 #F2] morphology©|™

Strpetomyces sp A7847 TFoA 2% herboxidiene& Fig. 22 E&|Z A <o HPLC <sf
24 4+ Q.
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3days

Fig. 22 Morphology of Streptomyces chromofucus A7847 on ISP2 plate after 3 and 7 days.

i
|z/ HPLC condition

Method : Bmary

L Solvent A - 0.053% TFA
Solvent B: 100% CH:CN
Flow rate - Iml'imin

[

ok

(I [ N— \IJ‘/\

[ -] 1] 15 m il i ¥ a0 L] o] L ] Lt -]

Fig. 23 Typical HPLC traces of herboxidiene produced by S. chAromofuscus. The peak corresponding to
herboxidiene is indicated by an arrow.
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. wx] A A3}o] 93 herboxidiene AL Z7}

(1) Seed &5 W%

Strpetomyces chromofurus A7847 @&+ AwrF o2 seed Y%L 98] 500 mL baffled flaskel] ISP2
(yeast extract 0.4%, malt extract 1%, glucose 0.4%) 50 mL-g shaking ®j2F~7|d pH 7.2, 235 rpm<
2 28TCe] 36A17H-& vl gt

(2) Herbodiene A4S €3t nl o

Seed #FL 4%% 4701¢] t}& carbon source (Corn starch, maltose, glycerol @ sucrose)odl ujj s}
At d& vlasknh

Hj ok 500 mL baffled flaskell 50 mLe] Z}7} i x|l shaking wj 7)ol pH 7.2, 235 rpme 2 28Tof 5
< w3

Herboxidiene®] A2+ Table 4 wjx]ZA3} carbon sourceel] wa} 27.6—582.5 mg/Le] A% H
glycerole] 7} AAkA o] =t} (Fig. 24).

Q]
=

Table 4. Carbon source®] # A3}l 2]3F herboxidiene AJ4k

Media Carbon Nitrogen Production of
Number sources source MINERALS (%) herboxidiene
3.5% 0.8% (mg/L)
Corn MgS047H,0 0.1, KH,PO4 0.2, KNO;
1 starch ProFlo 0.2, NaCl 0.05, CaCOs 0.015, 54.89

ZnS047H,0 0.001 and Fe-EDTA 0.018
MgS047H,O 0.1, KH,PO,; 0.2, KNO;

2 Maltose ProFlo 0.2, NaCl 0.05, CaCO; 0.015, 37.22

ZnS047H,0 0.001 and Fe-EDTA 0.018
MgS047H,O 0.1, KH,PO,; 0.2, KNO;

3 Glycerol ProFlo 0.2, NaCl 0.05, CaCOs 0.015, 582.6

ZnS047H,0 0.001 and Fe-EDTA 0.018
MgS047H,O 0.1, KH,PO,; 0.2, KNO;

4 Sucrose ProFlo 0.2, NaCl 0.05, CaCOs 0.015, 27.6
ZnSO47H,O 0.001 and Fe-EDTA 0.018

Seed TFL 4%A oA o]r] carbon source 3 ZF3}3+ v x|o] 47§¢] thE nitrogen source (peptome,
ProFlo, triptone soybean flour)ol] ujokdle] AAHAS v WY T}

wjek& 500 mL baffled flaske] 50 mL¢] Z+zt ul R|of] shaking wjek7)o pH 7.2, 235 rpme.2 28Tof 5
A& wjsint.

Herboxidiene®] A& Table 5 wjxZz carbon sourceo] wa} 200.2—582.5 mg/Lo] A= H
ProFlo nitrogen sourceg A& w) 74 AMAabAo] =t} (Fig. 25).
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Table 5. Nitrogen source®] #Z|slo]l 2]k herboxidiene A4t

Media Carbon Nitrogen Production of
Number | sources source MINERALS (%) herboxidiene
3.5% 0.8% (mg/L)
MgS0O47H,0 0.1, KH,PO4 0.2, KNO;
5 Glycerol Peptone 0.2, NaCl 0.05, CaCO; 0.015, 300.0

ZnS0O47H,0 0.001 and Fe-EDTA 0.018
MgSO47H20 0.1, KH2P04 0.2, I(NO3

6 Glycerol ProFlo 0.2, NaCl 0.05, CaCO; 0.015, 582.6

ZnS0,47H,O 0.001 and Fe-EDTA 0.018
MgSO4A7H20 0.1, KH2P04 0.2, I(NO3

7 Glycerol Triptone 0.2, NaCl 0.05, CaCO; 0.015, 200.2

ZnS0,7H,0 0.001 and Fe-EDTA 0.018
MgSO4A7H20 0.1, KH2P04 0.2, I(NO3

8 Glycerol Soybean 0.2, NaCl 0.05, CaCO; 0.015, 388.7
flour ZnSO,7H,O 0.001 and Fe-EDTA 0.018

T00

600 —.

200

400 } [ [
S0 B HERBOXIDIENE
200 — - N N —— - a B B mg/Liter
1‘:”:’ - - - - 1 I 1 W T il I
o LH_m -
5 B

1 2 3 4 7 8
Media NO. BA

Herbomdiene mgfl

Fig. 24 Carbon/nitrogen source & Z]3}o] W& herboxidienee] AAFEF B 1.

Seed TFL 4%% o A] o|n| carbon/nitrogen source FHZ 33t wjx]o)] 270¢] -2 mineral sourcedl
v oFste] Ak S Wl s T
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Herboxidiene¢] AA+A-& Table 6 vl Rz Az} AJArEAo] H]

)
ol,
ne

Table 6. Mineral source?] #Zslo]]l 2]l herboxidiene A4t

Media Carbon Nitrogen Production of
Number | sources source MINERALS (%) herboxidiene
3.5% 0.8% (mg/L)
MgS047H,O 0.1, KH>PO4 0.2, KNO;3
6 Glycerol ProFlo 0.2, NaCl 0.05, CaCO; 0.015, 5826
ZnS0O47H,0 0.001 and Fe-EDTA 0.018
Except KNOs other all the minerals of
6A Glycerol ProFlo media NO. 6 were added 585.0

Seed TFES 4%% oAl o]u] carbon/nitrogen source HZA3}3F wjA|o] glycerol &Xo] uwWE
herboxodiene2] A28 W] w3t T},

Herboxidiene¢] AA+A-& v}z A3} glycerol 5% A A o]l 7v =t} (Table 7/Fig. 25).

Table 7. Glycerol Xl W& herboxidiene A2k

Media Carbon Nitrogen Production of
Number sources source MINERALS (%) herboxidiene
0.8% (mg/L)
Glycerol MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A 3.5% ProFlo 0.05, CaCOs; 0.015, ZnSO47H,0O 0.001 Tested on TLC
and Fe-EDTA 0.018
Glycerol MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A1 5.0% ProFlo 0.05, CaCOs 0.015, ZnSO47H,O 0.001 Tested on TLC
and Fe-EDTA 0.018
Glycerol MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A2 6.0% ProFlo 0.05, CaCOs 0.015, ZnSO47H,O 0.001 Tested on TLC
and Fe-EDTA 0.018
Glycerol MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A3 7.0% ProFlo 0.05, CaCOs 0.015, ZnSO47H,O 0.001 Tested on TLC
and Fe-EDTA 0.018
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<—— Herboxidiene

Fig. 25 Glycerol 5% 9] u}E herboxidienee] AAFF v TLC. Lane 1: glycerol 3.5%, Lane 2: glycerol 5%,
Lane 3: glycerol 6%, Lane 4: glycerol 7%

Seed #F€ 4%% A carbon/nitrogen source HZA3F} s+ v Ao ProFlo F%9] W& herboxodiene?]
AArAde vlwslgth. Herboxidieneo] AL )R
(Table 8/Fig. 26).

Table 8. ProFlo s x| wZ herboxidiene A4k

A7} ProFlo 0.25%Y o

Ak o]

Media Carbon Nitrogen Production of
Numbe sources source MINERALS (%) herboxidiene
r w/v) 5.0% (w/v) (mg/L)

MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A1 Glycerol ProFlo 0.05, CaCOs; 0.015, ZnSO47H,0O 0.001 Tested on TLC
0.8% and Fe-EDTA 0.018
MgS0O,7H,0 0.1, KH,PO, 0.2, NaCl
6A4 Glycerol ProFlo 0.05, CaCOs; 0.015, ZnSO47H,0O 0.001 Tested on TLC
0.6% and Fe-EDTA 0.018
MgS047H,0 0.1, KH,PO4 0.2, NaCl
6A5 Glycerol ProFlo 0.05, CaCOs; 0.015, ZnSO47H,0O 0.001 Tested on TLC
0.4% and Fe-EDTA 0.018
MgS0O47H,0 0.1, KH,PO4 0.2, NaCl
6A6 Glycerol ProFlo 0.05, CaCOs; 0.015, ZnSO47H,0O 0.001 Tested on TLC
0.25% and Fe-EDTA 0.018
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— Herboxidiene

1
E
[
-
o
-
4
a

Fig. 26 Proflo ‘g% o] W& herboxidiene9] AjAFF v]n TLC. Lane 1: Proflo 0.25%, Lane 2: Proflo 0.4%, Lane

3: Proflo 0.6%.
712 48 A 9= ¥R medium No 1 H]Z= 54.89 mg/L herboxidieneo] AAr=lm & Z3tE ) A

media No 6A6¢] 79 ¢k 13.57} =715 744.6 mg/Le] LA =712 BHoFr).

4 5
]

1

S
e

6 7

L v

- -
—

ﬁ 2 ' ' '<— Herboxidiene
& g o o O

Fig. 27 HA3sle wjA 2} 7]E A4t v Ao wpE herboxidiene®] AJ4taf vl
(medium No 1), Lane 4,5,6 2 7 HZA3}5 8% (medium No 6A6)

i
-
s =

+'-

Of-= B |

TLC. Lane 1, 2 % 3: control media
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Biomass (mg)

A 7re) w2 FA (dry mass)T pHE ZA3}gEL. FA= 20 hr FE2g7 0 — 120

A3} 4.5mg, 47mg, 57mg, 57.2mg, 33.4mg % 32.1mge. 2 60—80A] 7kl A

7.2, 6.93, 6.54, 6.36, 6.30, and 6.422 °F7} stHo 7 WHE

40

60

80

Time (h)

r 7.4

- 7.3

- 6.8
6.6

6.4

=+—Mass(img)
—— pH

pH

Fig. 28 Streptomyces chromofucus®] batch B3 Al A|7le]l wWE pHe] wWale) A ok

- TFeedingol o3 A4 Z7}.

A

=& HoET

[o

%ol 7}

(Fig.

Seed #FL 4%% 2 A] carbon/nitrogen source & Z3}3F wjx] No 6A69] 24 h, 36 h & 48 h ztz}

ey

W

herboxodiene2] AAHA-& ¥ w3t} T}.
Herboxidieneo] A2+A-e wjx] A#} Glycerol®} ProFlo 2.5%—0.125%& 36A]7F Hj
749 herboxidiene Aol 71 =om, 1087 mg/L AAko] ® (Table 9/Fig. 29). 4 A MAAFF9}
Hlwste] & 19.8u 9] AAHE F7HE BT Q.

Table 9. Fed—batch ¥ & o)A nitrogen, carbon &

nitogen/carbon feeding &3}

Py

Flask Production of
containing Fed at 24 h Fed at 36 h Fed at 48 h Herboxidiene

media No.6A6 wiv) (%) w/v) (%) W) (%) (mg/L)

1 - - - 744.6

2 Glycerol-2.5 - - 660.5

3 - Glycerol-2.5 - 709.5

4 - - Glycerol-2.5 587.0

5 ProFlo-0.125 - - 629.4

6 - ProFlo-0.125 - 511.5

35 -

Glycerol 2.5%, ProFlo 0.125% % Glycerol#} ProFlo 2.5%—0.125%< feeding 3+

o &
5 F

&
T

=

feeding 3}9S



7 - - ProFlo-0.125 759.2
Glycerol:ProFlo - -
8 (2.5:0.125) 919.9
- Glycerol:ProFlo -
9 (2.5:0.125) 1086.9
- - Glycerol:ProFlo
10 (2.5:0.125) 875.9

1200
1000
800 —
600 —
400 —
200 E —
0 __—
Feeding time Glycerol:ProFlo
Glyceral -2.5 ProFlo-0.125
th) (2.5:0.125)
ey 24 660.5 6294 919.9
e 36 7095 511.15 1086.92
HEs 43 587 759.32 8759

Fig. 29 Fed—batch W& A A7} nitrogen, carbon 2 nitogen/carbon feeding &3

o

FAF 9% A 37 27 AN

O

2@ sl o|xtthAtrbEe] ALHE F7HA1717] $l8] wrelg ol &35 &8t i #sts Ao]
bsateh Ag7tA] d7" 23 Foll positivedt FAAQ] S—otvl=drE ed FHdEA (MetK) H
ZAFAAR afsRo] o|FHEHof &3 o]x} hAMHE AAHS A & k. S—olbl=4AddE ed
FaaL(MetK) o] b2 2EHEnto| M2 F R 22k ARFES] At thet a3t ojn] 4 A
9lt}(Lee PC et al.,, Mol Microbiol, 43, 1413—1430, 2002; Maharjan S. et al., Biotechnol Lett,
30:1621-26, 2008). ttHAd Aol 2HAMA afsRS AEFERFo] Al ] ThFE 231 thAALE AALS
ZA3kt}. Streptomyces lividans, S. clavuligerus, S. griseus @ S. venezuelae Y astf-spsﬂ kg o]
actinorhodin,clavulanic acid, streptomycin @ pikromycin® LS FE3ltt= AL ojn] A ¢t}
(Parajuli N et al., Res Microbiol, 156:707—12, 2005; Maharjan S et al., Biotechnol Leth
30:1621—-26, 2008).

N
3ol o

7P AAAR 7 A5 g
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» Herboxidiene2 polyketide Algde] AHAEZA] acetyl—CoA<} propionyl—CoA2] =3to|| 2]&f AALE 7] uj &
ol50] ZH35H7] sliA= malony—CoA$} methylmalonyl—CoA A7-EZo] H sty ol AT FHAF FF9
s A 712 & 4= gt} (Fig. 30).

6 Methylmalonyl-CoA
3 Malonyl-CoA

ll Polvketide synthase

‘ CCHA
. HO
1 H
CH
Cwelization
I Oxidation
AMethylation
OH 1 CoOH
I | 0
| o
QCH
Herboxidiene

Fig. 30 malony—CoA¢} methylmalonyl—CoA A2z =5 ¥] herboxidiene®] 4.

Malony—CoA A -2Ax= 3719 FRAXF Bt 48 3719 f-1xpF @ 4= 9= pACCI5H2E

pSET152 dWEH = HE Az ¥ AL ARSI (28 24).

Methylmalony—CoA A%/ Fdxk= 37e] R} dofste] FAdH he] AL 2dd & e

pPCC152% pSET152 LANE2RE Axy ¥ A& AHsinh

¢ AT=d A A malony—CoA /3¢t methylmalony—CoA A3 fxbell 22712 A1

afsR @ metK1l #2422 AZFE pASALS2 B pPSA1ILG2E ArHA ZF7lell ARR-SITE

Az pACC152, pASA152, pSAMI152, pAfsR152 ¥ pSA152 #E]E herboxidiene AdAHFF<I

Strpetomyces chromofurus A7847 #Fof Aolste] 2z S. chromofurus ACC152, S. chromofurus

ASA152, S. chromofurus ASM152, S. chromofucus AFSR152 2 S. chromofurus SAI152 #FE
A ZstH . 259 S. chromofurus ASM152, S. chromofucus AFSR152 & S. chromofurus

SAIL52 FF& #2A Ho|7} PCRe o3& &8ttt

& table2 @& 7HEstr] fs) AHSH B 2 JigE gFo) ek E=o|t}.
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accBE
Spel

pSam152

PACCI52 accA? PASA152

9500 bp 13600bp
Pacl

ermE

lacZ

Bglll

pSET152
6.0 kb

PAfsR152

pSA152
9.0 kb

10.3 kb

BamHI

Fig. 31 Herboxidiene®] AJ2F=71= 8k precursor AJ oA &3 xF 2 2472 F127F £3HE Az ddwg
(a) pACC152, (b) pASA152, (c) pSAMI152, (d) pAfsR152, (e) pSA152, = (f) pSET152.

Table 10. B Ao A dF o) A& g el 3.
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Strain or plasmid

Description

Sources or reference

Bacterial strain

S. chromofuscus 49982
S. chromofuscus SIBR

S. chromofuscus GIBR
S. chromofuscus IBR25
chromofuscus ACC
chromofuscus ASA

. chromofuscus AS

. chromofuscus SAM

S. chromofuscus AFS

S. chromofuscus pGYIBR

E. coli

XL1 Blue
JM110

Plasmid

pIBR25
pSIBR
pGIBR
pSET152
pSAMI152
pAFS152
pSA152
pACC152
pASAI152
pGYIBR

(1}) Herboxidiene<]

Wild type herboxidiene producer

pIBR25 with metK I-sp expressed
into S. chromofuscus

pIBR25 with af sR-sp expressed
into S. chromofuscus

Expression of pIBR25 vector into
S. chromofuscus

pSET152 with ACCase integrated
into S. chromofuscus

pSET152 with ACCase, metK I-sp and af sR-sp
were integrated into S. chromofuscus

pSET152 with metK I-sp and af sR-sp were
integrated into S. chromofuscus

pSET152 with metK I-sp integrated into
S. chromofuscus

pSET152 with af skR-sp integrated into
S. chromofuscus

pIBR25 with YjiC and galU expressed
into S. chromofuscus

General cloning host

General cloning host

Streptomyces expression vector, with ermE*

promoter and Tsr"
pIBR 25 based recombinant plasmid
harboring metK 1-sp

pIBR 25 based recombinant plasmid
harboring af sR-sp
Streptomyces integration vector, with

ermE* promotor and Apr*
pSET152 based recombinant plasmid
harboring metK 1-sp

pSET152 based recombinant plasmid
harboring af sR-sp

pSET152 based recombinant plasmid
harboring metK I-sp and af sR-sp

pSET152 based recombinant plasmid
harboring ACCase

pSET152 based recombinant plasmid
harboring ACCase, metK 1-sp and af sR-sp

PIBR 25 based recombinant plasmid
harboring YiC and galU

ANF B
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ATCC

This study

This study

This study

This study

This study

This study

This study

This study

This study

Stratagene PBL
company
Stratagene Lajolla
CA, USA

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

1BR, SunMoon University

This study



Herboxidiene2] AAFkS 3kelst7] &), o3 S. chromofurus 2 FAA3AS ISP A ) R
22 HE 453 & 364 7F wjekdt FAle} o] 28CoA] 235 rpme. 2 847 AR No.6AGLS

Fhste el Eek2a oA wigsiadt. sl25A T de] HE ALe wd AT BEA
AES dAED S Whatman H#x2 73 3, Satdg F53 F39] old opAlEc|ER
223519t o9 oAg0o]E £2EL 94 C18 Z& (4.6x250 mm, 50 um; KANTO Reagents,
UE)E A}g-3ted, o]l A 1 ml/2E <4 (Rt 2882)2 2 0.05%9] EFEFLEZOHEL g

100%2] oA ErvtolEd R FAHE fu] A|2HS WA nEdgzzrtEdd s (HPLC)E EA51 T
AAEL ESI-QTOF mass, IH-NMR, 2 13C—-NMR £ o 7 3lstgct. S. chromofurus %
FHAHEA W HerboxidieneAHE-& EF SIZEATAY ug M7 vlwste] el
okA8 S, chromofurus¢} SYA == o v wdP&wl, S. chromofuscus SIBRUY ol A
1.328§ 7421 (0.976 g/L) Z7}8F9a, S. chromofuscus AFSE 1.76](1.258 g/L)& © =9k, S.
chromofuscus GIBR-& 3.85u](2.849 g/L)2 7}% =9tt}.

a3y, S, chromofuscus SAM, S. chromofuscus IBR25, S. chromofuscus ACC, S. chromofuscus

ASA 2 S. chromofuscus ASI|A= &3 HIE A&

Table 11. S. chromofurus &

& AR 8A o A Herboxidiene®] AjA=

Strain Production
ams (Fold / Amount g/L)
S. chromofuscus ATCC 49982 0.74

S. chromofuscus SIBR
S. chromofuscus GIBR
S. chromofuscus IBR25
S. chromofuscus ACC
S. chromofuscus ASA
S. chromofuscus AS

S. chromofuscus SAM
S. chromofuscus AFS

1.32-fold/0.976

3.85-fold/2.849
0.95-fold/0.70

0.057-fold/0.042
0.87-fold/0.64

0.89-fold/0.66
1.01-fold/0.74

1.7-fold/1.258
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6. Herboxidiene glycoside9] 34 2 AA

Herboxidiene2 A|ZA 2 #A] field testFo] Jom, A|xA <o anticancer ¥ anticardiovascular A&
g7 &AdE 7HAA 7] "Edd o8 AFEe] BAE 7EA A vk, @A herboxidieneo] in vitroof A
glycosylationo] 313 Zof AMAF F3<¢ Streptomyces chromofucusoll A AA A2 & ¢l= F3F 7
ele s o83t Ant.

7}. in vitro ©llA] herboxidiene glycoside9] 34

(1) Glucosyl—herboxidiene®] ¥4

Herboxidiene®|| glycosylationg- 3}7] €8 Bacillus licheniformis ATCC 1458004 X% glycosyltransferase
YjiCe} YdhE &4l 98l Glucosyl—herboxidiene2- ¥4 k4T

Glycosyltransferase yjiCs} ydhE 842 pET302/NT—His WE]e] Z235}] E. coli BL21|A] 2&5}e]
SDS—PAGE||A] W odi g1t

WHE F709 glycosyltransferase  YjiCe} YdhEL- herboxidiene®} UDP—glucoseE in vitrool| 4] w33t Az}
YiiCe 935 Glucosyl—herboxidienee] §Hdo] H A5t YdhEe A& wke-AS BT QA ka1 glth

(",'.

0 G].vcosvlated analog of herboxidiene

Herboxidiene

Fig. 32 In vitro enzyme assay of both glucosyltransferases was carried out separately at 37°C to transfer

glucose moiety from UDP—glucose to herboxidiene in the presence phosphate buffer and MgCls.

fr
tlo

Hol herbox1d1ene°] glycosylated® £-5A4] gAdo] = & 4 A5k YdhE

25 2
getass Ae ghgo] 7HA eteS Flsith
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Sunhvloonl)_herboddene T2 leme_od20H0

2 Diode Array

2074 Rarge: 5533 1

2287

[l

=0

Sunbdoonl!_h

(B) 4
8.0&1:
?JZI&1:
BD&1:
5.0&1:
413&1:

20eH

20+

10e-1H

juil
borddene T leme_odfr2M0

T T T T 1
i)

2 Dioda Array
Rarge: 35822 1

T T T T T T T T
120 1400 B 1200 2000 e =1un]

ulny

000

1200 1400 B 1200 a0 ezdunn) 2400 2600 pe=junl =000 200 m je.=1un) je =1un] <00

Detection of herboxidiene and glycosyvlated analog at 254 nm

Fig. 33 Glycosylated herboxidiene®] HPLC #4. (A) Glucosylated analog of herboxidiene was obtained

only from the enzyme assay of YjiC.

Sunhio onl _herbowidien e T2_lems_oct72010 4564 (22.002)

(B) Expected product was not detected when YdhE was used

1: Scan ES+

A 5174 30565
HO 0,
HO
OH g
OCH; o
=
8.3
420 3 938 4 6224
2503 ENLE
14z 11460 2254 1 29i3 3803 04 s
o b e K ottt .'l.‘.
Sunhoonl_herboxidien eGT1_lems_oct72010 5328 (29.914) 1: Sean ES+
e 8.3 23067
455 4
OH o ]
OH |
1422 HCED O ‘
2923 |
-z 4064 4005
4334
1943
a3 4603
1zz.o 162 250 4
170.2 2264
1822 206.3 2483 Foia sy THES A
3 j' 2543L i ,Jl\ [ 4763
c"'"'“*‘. bbbl NN LR SO LN T et ree T T
120 140 180 180 200 220 2940 250 280 300 320 340 0 350 400 420 490 980 480 SO0 S20 5S40 560 890 600 620 690 650 680 70O

Fig. 34 Glycosylated herboxidiene®] mass #£43.
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(2) Galacosyl—herboxidiene®] A

Herboxidiene®| galactosylation2- &}7] 98l Streptomyces peucetiusollA] EXR=E  glycosyltransferase MshA
g2 98l Galactosyl—herboxidiene2- $+4] sF3th

Glycosyltransferase mshA S22 pET302/NT—His #Elo]] E23}] E. coli BL21o|A] @835} SDS—PAGE)A]
oy 3kl W E §4 MshAE UDP—glucose®} UDP—galactose® 3¢13+ ZAx} UDP—galactoseakso]
herboxidieneol] B8} galactosyl—herboxidieneo| gAdo| = ith.

SunMoonl_herboxidiene_B_Gal_control_apri62011 3 Daughters of 455E5+
1001 2521 TIC
‘\\ 1.58e8
=4
I o e o e o LA B o o o o o o o o o LA e o e —
5.00 10.00 15.00 20.00 25.00 30,00 35.00 4000 35.00
SunMoonlU_herboxidiene_GT_1_lcmsms_mar112011 3 Daughters of|455ES+
1004 28.02 TIC
4 4Ged
L B
D > Gal-HER
T 1 1 T T T T T T T T T T T T T
500 10.00 15.00 20.00 25.00 30.00 35.00 4000 35.00
SunMoonl_herboxidiene_GT_1_lcmsms_mar112011 2: Daughters of|G17ES+
1004 2175 TIC
6.73e7
B.a_
L e e L L e T‘T"'h"'l"" Time
5.00 10.00 15.00 20.00 25.00 30.00 35.00 4000 35.00 /
Sunlloon 1430 21.752
1007 e “o
28118 | o
2811 Akl ool
(II:') ."“‘-\._.-" 0
i i ESI-MS/MS fragmentation
1228514208 s e of Gal-HER in Sample 1
07.12
" ‘3‘1‘9 :.-.i;=

ESI-MS/MS fragmentation
of HER in Sample 1

E

mf
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 S60 S80 600 620 640 &0 680 700

Fig. 35 Galactosyl—herboxidiene¢] HPLLC & MS &4
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1. S. chromofuscus T3l A herboxidiene glycosides®] A4k

S. chromofuscuso| 4] ZZ herboxidiene glycosidesS A4Fsl7] &l AT SEHAE QA pSET1IH2 9
UDP—glucose ¢ %S 58 F7] 98l UDP—glucose synthase -§AA}e} (galU) E3las AR (yjiC)
2 A=T3 pGYIBRE A28ty S. chromofuscusdl] Aolstd FF= A zslAct (Fig. 36).

(A)

EcoRI

/— HindIll

(B)

perm*

IEDED  FrompIBR25 and pSET152

Glycosylation =

£ 8. chromofuscus

A

g }
Qv ) ;
\d-’ Resistance genes /

Fig. 36 (A) #¥ pGYIBRY ®, (B) Herboxidiene glycoside®] WA oAl A2k A=k

Herboxidiene

AZE FFE opATFo e wH o7 wdslgon, ujkdS Cis—reversed phase HPLC o] A

B X A7} herboxidiene 10022 HFLS u] 30% AHX7} herboxidiene glycoside® FAHE &= A =&
Hz2E Ao (Fig. 37), A} ¥=2E mass 43+ Z3} herboxidiene glycoside® #elsttt (Fig. 38
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2 Fig. 39).

(A)

e
s P e

Std. herboxidiene

P L L O L T PRI

= Y 400 e =do

8
"
g
&
&
in
8
i
8
i
8

Fig. 37 (A) ofAlwFo|A AL herboxidiene, (B) A& wFdA] 28 herboxidienes} herboxidiene glycoside.
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Fig. 38. (A) ¥ &A1= 9] herboxidiene Mass 341,

(B) 1H NMR % (C)

_46_

OT"

13C NMR.



B

OE+00- L 1 ST | | | | “ 1 L

Fig. 39 Al =2¢ =2 Mass 4,
7. ZgAFZ Ao 93 Herboxidiene Al3F =A< 7at

7t 9l P450 fAAe] dS 2] plasmid 2 o5 Al

PKSell 25 A" ZgAelol=o] FAQ aglyconed 4F3}(oxidation), T3} (glycosylation), = €
(methylation) 5¢] post—PKS tailoring A4S E3) HZTHoz ADAL 71 A =HH, o] A9 #H3}
AR AN F2E £ dE BATR R4 2 27 Z4719 dake tAeA 1.
AT"HNME= olu], Streptomyces venezuelae?] post—PKS W3 @A S shtoln, Ao & 93k
Z& oxidationol] #ojste FAAY pikC (hydroxylase) o] ZFAYFAES Eabo] thofdt 4182 YA 7
; . &, S EFLE F5to pikromycin AFAF FAA}F F o] AAE S, venezuelae mutant
o] olendomycing feedings}e] oxidation® olendomycin Al7F EZ 9] AALL Zelstgon, & Al
3t= des AR Aero] AA|E S, venezuelae mutant T3l erythromycin A &TA A2 HAghe]
hydroxylase?l eryF¢} oleandomycin A &4 x}9] oxidase?l olePE ZFATA wd HEE o] 851y
24z} o|F 2ILE sil, 2 2R g Edo] ANHEES At (Fig. 40) [Adv. Synth. Catal.
2005, 347;1369—1378].

Wy o e oor

o

e %
olr
l
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PikC

e
10-deoxymethynolide narbonolide .,

Fig. 40 ©]% PKS9Y =3AdA4

FrE=A A

>
O

wat A, 99 &S vleto 2 9 P450 FAAE S, chromofuscusoll A @& &l herboxidiene Al4F 8-
Ag Aabstazat ahs.

Qg ARl = erythromycin B EA A2 o] hydoxylaseQl eryF, pikromycin A4 4= Aot
9] hydroxylase?l pikC, oleandomycin A A=} oxidase?l oleP, Z18]3 monensin A A=}
A9 epoxidase?l monCIlZ}t epothilone A TA AR At epoxidaseQ! epoFE pSET152 (ermEx) s}
pSE34 (ermE+)# Bl 24z FR A (Fig. 41).

H

¢

attP Int

dC31 DC31 y
e |
o pSET152 A pSET152
ac(HIvV

oleP) : i eryl
Y 4 R aac(3)Iv

attP Int attP Int
dC31 PC3l DC31 DC3l
oril’ oriT
pSET152 pSET152
ac(3)Iv pikC ac(3)Iv epoF

Fig. 41. 571 A )= P450 -2 =}2] plasmid A2
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A 243k plasmidE S. chromofuscus A7T8472 E915te] FAAZRH TFE A sttt

. 917 PA50 ARk wA wtE AFAHEAY A
1) Streptomyces chromofuscus @ AAZJdFoA A Al F=4 N

7}) herboxidiene v} =74 @ FZ HbyY

B Ao A= olnl WrAlH 2] hydroxylationo] ¥ ?}
A f A o A v S-S Bl FEAL] Aol o 4EFgS T
e

chromofuscus A7847& w

S. chromofuscus A7847)| 4] herboxidiene2] A4F 3218 23l F71A] A S o] &3] wjdksty L.
AR Z, herboxidiene AAFAAWIR] (3.5% corn starch, 0.8% Pro Flo, 0.1% MgS0O,7H,0, 0.2%
KH2PO4 0.2% KNOs; , 0.05% NaCl, 0.015% CaCO4, 0.001% ZnSO47H20, 0.018% Fe—EDTA)
[Journal of antibiotics. 1992, 45; 914—921]Z& o] &3} 28CollA 5L7F wj kst wjekalio] 2ufe] oF
9l ethylacetate® FH7}sle] &5t o]& HZE methanol®2 =i A EE IHFHT}.

EA2, R2YE mAw) %] (103g sucrose, 0.25g K»SO4, 0.1g casamino acid, 10.12g MgCl.-6H.0O, 10g
glucose, 5.73g TES sodium salt, 5g yeast extract, 10ml KH,PO,(0.5%), 4ml CaCly-2H,O(5M), 15ml
L—proline(20%), 7ml NaOH(1N), 2ml trace element solution, 22g agar) [Practical Streptomyces
Genetics. 2000]¢] F22 w2sle] 5A7F 28T oA wjokste] TAMAZ ¢k 0.7cms A2 3 =] <]

kol 2ujol S FalE methanole FA7tste] 28°Coll A 34175 A A HolF T AF Axste &
3t 223 HEe T=HLe 2:39 H-89 H,0F} ethylacetateE @olx] AEs}A 4o]F 1 ethylacetate
5 285t A3 HEZAIHS. ol& HF methanold] ).

F_&

T= z;sgg}g}gcq’ o2 E&A dAAuwAET}
ol of wa}A], herboxidieneg AJAk
oAl HQ Aoz AlEE o], AAk 2|2} R2YE Aufx]o| A S

S. chromofuscusd| A= Z Al
ok _4,8}9}—% (Fig. 42).

o
st +&E-S HPLC9 LC-ESI/MS

b -
e
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'YYJ_Strepcho_ WT_R2YEplate_april 132012 Scan ES+

471

1007 3.11e8
I

2]

o . AJL Ape An A

T T T T T T f T U T T T T T T T T T T T T T 1
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
'YYJ_Strepchro_production_april122012 Scan ES+
21.14 471
100
26.33 6.05e7|

19.16

" m Adhers . AMJNW\L“. i }h\ o " iatiokes Aaatath
0 T Y i i i T T T i !

T T f f i T T f i U ! i T 1
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

YYJ_Strepcho_ WT_R2YEplate_april132012 Scan ES+
100+ 29.58 TIC|

11.23

T T T T T T T T T T T T T T T T T T T T T T 1
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00
YYJ_Strepchro_production_april122012 Scan ES+

1.84e10

T T T T T T T T T T 1 Time
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00

Fig. 42 A2 A A 2+ R2YEZ A W) A | A €] herboxidiene® & =3 2] HPLC-ESI-MS
A AzvE Y

I A, S. chromofuscus AT847 AT AAA o2 {FEAZS AA (retention time 41%) st= Ao =w
g Ron, ArAAu] A B} R2YE 24| u] X o] A herboxidiene?] FE=A2 (M/Z 471) Hol&= E3
9 AZol ¥ F HAUST (Fig. 42).

S. chromofuscus A7847 A RHRAZ#E EZE R2YE T AW XA uljek Al AAFA A u) A B} G %A
549 HAZo| ¢ ZE A2 At H R2YE AAAE JFAAE EYS S. chromofuscus A%

9] ujeFol A

P450 917 4AAE Fae JAAP T HPLC 2443 HPLCS HPLC—ESI-MSE Eshel 49
3t RAZAFAE 48 F UAS. ol A FEAR Hole EZo] wl§ AFoz ML o] peakZ A

(s
olF T U AL FEIAHE tA F F e BEH HS F 2 BEAsts A3 E "3?”
FAA ATe Fra o8 41 227 wgko] SolF olFEToIN W Axwq. by, B
Foll A S. chromofuscusBR v} AA4 %71 w21, transformation®} 28 AR FZo| 80|35 E} J
O|ZF Y ALAHES] AT A BQed AFAE AA "3"}5}"4 oF SFTUH To] AEHE
venezuelaeE o] £-5t9 <. o0& £33} herboxidieneo] & Hfjo] #FHT} ¢ Zo] A 4 9)
RNo g AR HYL. B AFoA o|FsF2 ALES S Venezuelae YJ028<& pikromycin A &
@7} desosamine A o] AA] ® g o, B AFddA FAAGALHE oln] FHstA T
Tl AR o]gst AN AL 2 103 2o, YJ028gFol I FAAE =

N

Streptomyces venezuelae ©|ZF=F2EE AlF FEA4

(R
>
w2 o ot W r,J r
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AWo] FF2 A 23}, o] herboxidiene2 H7}3ted, @713+ herboxidieneo] 9la]-¢AR}ol] 23} 2
Hygo] dojd = & Aoz 7|styg (Fig. 43). o|& 15} P450 Q8] A 57MA & WA &3
W Ql pSET152 (ermEx) (Fig. 41)¢} pSE34 (ermEx) #E o] F24 35l plasmidE A sty on, o=
43| transformation®H o2 FA Al FF= Al Zstgn).
W) olF&T
o Eo TF ujYol o] &3k R2YE TAMAE o] &3 wlYF 1S IE FASAS. olFEsFLES
25t duAFE S AA 247 A g AZE 2 ajgez &4 29 7t wjst & herboxidiene g
7hethe Aoz widHH S e, ol 7HF herboxidiened] 3|4go] 2 ATAS FASA
o Z, R2YE AAuix|o A 2€7F HAujkst A|EE R2YEX AR 2 &2 wjoksle] 2d7F 30TColl A wjotsta
herboxidiene2 7}t B wokz} 2o ZHNA 3¢ o wjdsde. vy 39 F& W

st wjokutH o g oleP, pikC, monCl, eryFE YJ028 o|Z 430 @A A3 #=2 HPLCE EA39 T

(Fig. 44 2 45),
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i 2012.4.4_152eryF_5_hatl mod, 2012.4.4_152monc1_2_hatl med, 2012.4.2_152pikC_3_bat2 med, 2012.4.2_1520leP_6_bat2 mcd, 2012.4.2_pSET152_feedO_batd mcd

180.000

‘160,000~

140.000

120.000

100.000

YJ028+pSET152 ::eryF

80.000+

YJ028+pSET152 ::monC1

£0.000

_ YJ028+pSET152 :pikC

40,000

YJ028+pSET152 ::0leP

20,0004

YJ028+pSET152 vector

T T T T T T T T T T T T T
twin 0.00 4.00 &.00 12.00 16.00 20,00 24.00 25.00 32.00 36.00 40.00 44.00 43.00 52.00 56.00

Fig. 44 P450 f+AAE pSETI152 (ermEx)¥WMEZ o]F <o st A s F9
HPLC ZZvlE 19

il 2012.4.3_3dpikic_1_bat! mecd, 2012 4.3_3doleP _1_bat! mcd, 20124 3_pSE34 feed O _hatl med, 20122 14_3deryF_2_batl mcd, 2012.2 13 _3dmonc_d_bat? mecd

480.000+

440.000~

400.000

360.000

320.0004

280.0004

240.000

200.0004

160.000

o YJ028+pSE34:: pikC

80,000 ~

40,000 _ / 302841 4--ery

R iR T ¥ J028+pSE34::monCl
YJ028+pSE34 vector

-40.000 4 : : . : ; 2 . ; : : : : ;

min .00 4.00 5.00 12.00 16.00 20.00 24.00 26.00 32.00 56.00 40.00 44.00 43.00 52.00

Fig. 45 P450 325 pSE34 (ermE+)HE 2 o|Foo E])sh A d352 HPLC
ARulE 19

pSET152 (ermEx)# ¥ 9} pSE34 (ermEx)¥MHE o] 83 FAAFF T HPLC EAZAF, dx<
YJ028 olF w59 wFATed foAd AAE AA X A5 (Fig. 44 8 45). o= AFHE=A7} v+
4 Ao HPLC2= AE4d 245 st7] o22 222 AE o] HPLC-ESI-MSE °]&3to 2l
F=A 224 A ARE ZAsH.

HPLC-ESI-MS A A3}, m/z3k 4712 A8 A] 23.958 A A2 peak/} AEHU LM, o]= epoF
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o7 A5 ¥ (Fig. 46).

Y7t AA EAF 160] F71g A EFo] Akd A
84 Al st epolfs FAMEAZ FF

o] 7%l os oEAx

herboxidiene& m/z3k 4558 A&l A] retention time 29

ARt AF-FEAZ Hole peak’t AEEHUTH
o D
¥ e
=155 s Dl
& ciromofescas AT847 P '
sy ooy I L—m—._.u__J"l_Lh.\_..
» - pa+mE ]+
; -| ' [LE- LE+1Ta]*
=471 e
5. venezuelae Y028 - ol
+ epoF 7188 ‘;I-I- 18+H]* { o
8. chromofuscus ATEAT - La+E]= » [t penue, ]
+ epof =471 = f _ 7
. _."/, I-:_‘_l_l i ”‘,Ill-u-ru-].
4 FEE9 HPLC-ESI-MS #4

Fig. 46 YJ435% YJ426
Z 4T epoFE

2HE 2URYL. NFET

At FEA Y] Fx A5FE 915t HPLC-ESI-MS/MS
A AT Fo) A herboxidiene?] fragmentation pattern (m/z ZF 461, 417, 399, 18 5) o A
| =713} fragmentation pattern m/zgt 477, 432, 4155 32159}t (Fig. 47).
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(a)
Herbozidiene

[+ 1T

[Ei+1Ta1*

[H+1Ta]* -

‘._\_\_M
o

" [M-16+1Ta]*

[B-16+1Ta]*

[B-18+1Ta]*

N

Fig. 47 herboxidiene®} epoF7} @A A o|F <5 w52 wjd
FZ 9 HPLC-ESI-MS/MS #4 ~#9E+

(1) 23 59 MS/MS fragmentation patterne EdlZ s EAtjde] 8¥ grAo} 10W wio] o|FAF
T 3 o o|FAFol AFZAF FAARI epoFl o8 ANFA nglE HEH & At
F=AZF AsE e Aoz AAsdn (Fig. 48).

(2) e, At FEAIR didsts 220 vl 4o ALtE o] FEst x4 93 NM

.
A Bagle. olF AW B4L Eohed NMREAe] 7158 Aoz AR

=0
ML
1%
flo
P
Og{:,t
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OH CH; CH; CH CH
6 3 3 o 3

OH CH; CH; CH CH
6 3 b 3

H,C

OCH; H
H;C

Fig. 48 Herboxidiene® A7f FrEARZ oS5 =
Tz

8. Herboxidiene =& -FA A9 7|5 19

7}. herA A AFe] A

Herboxidiene®] A3 FAXATe A7 -E £4E ot 159 2E/FAR (herd)7F A8 FRAHS
S (Fig. 49) [Journal of antibiotics. 1992, 45; 914—921; Applied and Environmental Microbiology.
2012,78(6),2034-2038]. & AFolA vlx ZHAEZARAEH (NCBDAIA H7IAEEA A7, Lacl
family transcriptional regulatoroll 43l ZAGAAZ d =51 Lacl familydl &8s o8 #3539 &
Azote] Gl Ad A Fo {FAHIS v w3k A3 negative regulator® ZHEH AR AL HAT

herB herC herD  herF
= —
herA PKS herE  herG

AN / \

O-methylation

- - ) b = e

regulator epoxidase Cyt me p450

Fig. 49 Herboxidiene A &4 #AAH

Herboxidiene®] ATA ZA-GHAQ herAQ 715< 7H3s7] 8t S. chromofuscus A78479) herAE
H LA 5. pSET152 (ermEx) ¥ EH & o] &stom, AME-SF iAok vz 3 FEHH-S o fdxt
o = Ale} e WS o] &3}

herboxidiene AJArA A u) x| ¢} R2YE wj Ao Al S. chromofuscus A7847H v} herA IW+a HFo A
herboxidiene®] AAt#Fo] @A 3 A sle] HPLCAAME A9 AZEHA &gt (Fig. 50).
herboxidiene®] AAkto] herAe] A3 o 7 Ashe] uekA| ke whaja] Ao WH3lE doz 4 98 AHe
2 AR F o] vj kA 7o whE herboxidieneo] A4HE-S EA5FH T (Fig. 51). S. chromofuscus A78479] A

—_—
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2

0%

o = o
2 o
gl 1o

-

F5t1& W herboxidieneo] gabgdo] 7Hg £ AL #AAstgl o, herd7t FLEE T
]3] heroxidieneo] AAFEI X9y S. chromofuscus A78479) v ¢k 30 %o|A} 7+

(Fig. 51).
erA §-A A7} herboxidiene®] Ay Abol|l negative A F-AA2] gL

o
ot et (r e
olr

v

_,4
£

oo 2

=y

O

(a) ] herbaxidiene
1404

120+

101
E 800

LS

- S. chromofucus AT847 + herAA

Ly
5. chromofuscus AT8LY

Sy Pt I SRS ST |

RN B Sl B e i R B e B S eSS AL (i B b B iy B S S
15 18 21 24 =7 30 33 3§ 33 42 45 48

Time (min)

) ¥ herboxidiene

800

500, | /

1|

- ( S. chromofucus AT847 + herAA

. S chromgluscis ATSET

TR TN N R R "N N T A A

Time (min)

iy
1

Fig. 50 3| &A1) al AR A )<} R2YE LA vl Aol A €] S,
chromofuscus A78473 herA I&d w2 HPLC A=vIE LY
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(a) 3600 (b) 1800

3200 1600
2600 1400-]
2400—: 1200-]
2000+ l 1000
-] 7 I -] ]
g ] g b
1600 800
1200 600 D:
] ] /| ‘?days
800 400 | =
1 1 Rerts o e LA—Gd__ayS
] ] A Sdays
100 200 idays
] ] 3days
0 0
Tt T T T T T T T Tt N S B B S S B BB B e e
30 a3 36 39 42 EN a3 36 39 42
Time (min) Time (min)

Fig. 51 R2YE A wfx 2] (a) S. chromofuscus A78473 (b) herA &€
F9) w)kA 7 wWE herboxidiened] A34HA ¥l HPLC Z2wnl & 1

v herA FRAAE AEEH TFo HAA 24

herAd] Tatde] w2 HE AT AFA ARG DNA AALGFE BAS 5198, S. chromofuscus
A78473 herA TErd o-FE 35, 46, 54, 60A]7F ZoF R2YE DA ul) XA A] nljetdle] A& M Z oA RNA
2 ZZstY herbox1dleneA AR FAAR-G (herA:Z-AFAR}, PKS &R herB, herC, herD,
post—PKS tailoring §A A} herE, herF, herG)e] DNA AAGEE BA5HTH (Fig. 52).
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(a)

(b)

m=!

Fig. 52 WA 7ol w2 (a) S. chromofuscus
A78473 (b)) herA #IE¥ T59 DNA A} 5

=
EU

1

[

S. chromofuscus AT847o A AP FHAAR T HAAY herAd Bdd #FET ¢ & FFO=
FAHEIL UeS A T

S. chromofuscus A7847N A= 35A17+9] herA, herEE A|Jsties = AF7F 354 ZHELE] 604 7F 7HA]
A&A ez AAZE dojuba Q5. ol wall herA FLE FFo A= ol EE FHAe HAME
oju}x] orgrom, 4847to| = herDgbo] W T T, 54A|7tol= herC, herD, herF, herG7}, 604 7o) =
herD, herE, herF, herG7} WZZRtt dA43) WYe 3oz dtdyga gles delstgt (Fig. 52).
ol T3l herA7} HEATIAY AFA FHAH D negativeZ ZE5t A& AT F AT ol
Bt W3t herAd] 715 RS HSIAT herAR-A A AHAE F351] herboxidiened] A4Hd &<l 2 A
A EAE Aol & e g ALE

w
(@)]

>
(D)
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10. AAAzA s|EAYAL] Ax

7t 71BN E ol 83 EAHA HL FY F=MIC) 53

Iy

I

3

Fz2 N7 (Arabidopsis thaliana col—0)%} H(wheat)& 1’4]1

3t MS medium (with vitamin)ol]
3~470 A= =, Z
A Z-& MS mediume]]

5
T

428

w7t E45A

27 5Lzt

27dste] wj g (25C)ellA 5

a7 wAelA EElste] FA

A7 wel AT 2

AzA &3s B9 (Fig. 53).

CERERE)

To7 A}L35}] 7—} seedE H

27] wolel A

oF 5%7F

o

At o] survival test® &

[

=
2 2.26mM 1.13mM 500uM 50uM 5uM
Al Z= A
Control ‘ 4 ND
(Basta #8]) '
L3
E
S8 A el '
il _ 1 ND ND ’ !
= 2] -y
W

s

Fig. 53 Al E A=A 3|EA| ]9 Arabidopsisol41¢] MIC =3 . ND; Not determined

(Fig. 54).

oo w2 FEAYAdY HAEAESE (Minimum Inhibition Concentration; MIC)Z

T317] f5ke] ol 7]

Plgoem, 71 A3 TF E4 FEATAY MICE 500uM HAER o=
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Survival at Basta (1mM) Survival at Herboxidiene (1TmM)

1K - - :
—ae A e, : [P —
E T84 —a st % T4 i N )
]
i
by s - 4
_____ 1
I ) kvt =
i i
i I
L = i
& 1 2 3 & L [ ] T b 1 H 3 & ] L 3 T
Dy Dy

=Tl

r.u.u..u_l.-
L]
:
:
:
;

Fig. 54 " AE AAA A s F At ti&t of 7] tH(Arabidopsis thaliana)?t 3 (wheat)®]
survival test. 2} 20702 A& A5 Ao 2 Basta(HE Al x4} 35 At elof o3
73] AES survive testE 35S T 0117\]1‘4011-4 of 717 thell g+ median survivale
32500 pM)E UEbE o o] B4 AEFAAS w72 AR5 = Basta AlZxAo] vlal 2]
o] Fe] AxEAHS BT Control® *}o?'?} Dol A= delzxl upeh o] AT <le]
Azggol YeREA 2ottt (Wideman et al.,, 1992).

2 &4 dF AP o3 FAAzA FEAYA] G4 A >
B AT dle Streptomyces chromofuscus A7847 E-=2 Eu|m= AGAHAEAo|tt. A2y THA A=

T W FE AAE o8 FA AxA d&5E dote] ATe EF AT A AAAE sEAY
do] etdAol §AER AESAY. &4 B 24 (121T, 15 A A ZD7EA] Ft A &
FHolx FEAIT A o] ol glernz o] EFe 47 g w9 HgEHo A WigE AAE
A A st A&3 7H5sk AL Elsiglnt (Fig. 55).

1 DAT 7 DAT

Control - -
Fig. 55 F]AE HAAZA EAIY 4
SHA AHF. 3 EAIH S 500uM=E &
18eni A H, AR 24 15304
min
' A7 A2 e Am =9t autoclave 3491

Aol 88 A7 F olr)guel Aaieln.

o] % FEH A4l Zﬂiﬁ‘f*é% 7d st A

A7} autoclave 3HA & A9-9F U 24&
2.3t} DAT; Day after treatment

30min

60min

_60_



© o
rE
L
uki)
olN

EWH IF FEE =olv Aol AxEIE

Alete] o mgo] 7hsdA] HF AT AlFdA SAHL

ZHA o} E8351AE o SEAIYAY FHES AFSAT. &

A FFAE A5t AF SEAUA & TEE HFo

22 st o 29, Paraffing fEAROR sl o]

- BT sEATde] Az &Ado] ¢ Hu] HE FRAAME
SEATAL T4AA AZRAE ALt T &Ado] st

2 S A AXSAE FYS TAE YEE F AL

| 52 Sulfonate A2 FES st AUH, AFAHA 2385
st A v AE AzA AP ARl 7Hg A due

Fig. 56 PIAE HAAZA S EAIHAY

7‘4“"21101] g% A=Y F7H HF. A=A
F7HukE /‘]'*q‘tﬂ’ 359 AxLA.

1’1"]‘4‘1’1‘:& A elgk 79 500 pMeo] dol A

2A7F YERGAIR A& e A A e g B

100pMe M & Al & #7F ebgteh (3t
H2]). H, Herboxidien

2 FEFAE W g AdAZRA siHEAHA &4 HF

2" xollx B A "(wheat)ol] i3k sjEAITA a7t glemz g Aujste & B4, o
AzA7E 83 Aoz AFHAG. oF I sHFAANA dE3tetr] fste] F4A Bl i &
AH ey Axgdde HAFsA. 2 23, G 3wl tiste] FEAHA2 f7IF el thgste
AzZ8S 7HAZ JoA el FdHA Ase AAST. mebd SEAYHAL A dele] B4 F
=AEd Wl 4xd + u d83E st fEAlY WA A% A4S FUIE HED Favt o

t} (Fig. 57).
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Water Herboxidiene Herboxidiene
Control 250 pM 500 uM

Fig. 57 PIAE AAAxA
S EA YA He g
WAlY Ax8A. 09 E
71w Fste] o 710l
S EAY NS FPAe ¢ H
5UZT el DAT, Day

after treatment

3 DAT

5 DAT

al 2000, 1000 )
250 2 125ug'ml”" FEANE 27 18.3% ';1 53. S%E »}EM °H717<Pr44 F2} dropo] A &I}
goldl & ggnd. E3H 250 2 125pgml T BEAE o 7| ExF = A
T Ago] JAHE AE FAsAt (Fig. 58, Table 12). webr FHEAT
o AN T FAHL AL B HAESS FxE AT £ Yo ¥

U

o[-r >1'ﬁ

Table 12. ol 7174l (Arabidopsisi thaliana) 9] s]=-A|t]dl EAslol|l A 9] o83 G oAl &

Conc.(ug mL™Y) | Germination rate(%)"” | Growth inhibition after germination(%)”’
0 93.3£2.89 -
125 53.3£5.77 56.7x5.77
250 18.3+2.89 93.3%+2.89
500 0£0 100£0
1000 0£0 100£0
2000 0£0 100£0

YGermination rate of A. thaliana seeds at 7 days after application.

2 Growth inhibition represents by visual efficacy ranges from 0O (no control) to 100 (complete
inhibition).
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0 7)1 )| (Arabidopsis thaliana)

Fig. 58 AAE&
AAAZA HZATIA
FApgel A A9, 79
A3t Folw #2ATdol

A WA A

FA7} wolu A skgrel.

MS media

M5 media +
Herboxidieine

(500 uM)

vt Sl F8 8l el digh AdAx
TUo] o] At EAE dode F
obd HAl 24de] XE ujY AH

ot (£ x). F&29 Fxd A F
EAL Holm, =38 AZ&A (contact herbicidal efficacy)g JERRA L
2 Uegth SET FERE T @54 Aol BEEA gFYrh 4,000ugml T A FEA A oF
AAE 717ko] A#Fhel mel AxEE FUiE o] e, SAXE 4dAd F5, 53, 8fsg o], 7int
=, AAE, olAA 2 zanig]e] Ax=e zZbzb 95 95, 95, 100, 95, 70 2 90%o|JEH], 7Y F
Ol AS A AFRY BE 2Fq A SAAA(100%)E. ¥E 2,000 2 1,000ugml” " FE
dzgol tha FastRen, 500ugml olsk FEAME A4zl AASA Fastdrh. EF, FAH
2l 79 o]F ol 4,000ugml T FEES A A A FEEANA A (recovery)Ho] %E A&

o e Aoz oAt (Fig. 59). oo ZAzRE AA Ao FEATAL 483 & A &3
el A2y Azxgd EAT F2 I A5FA Jolvt gl A"y AL 2FY Aoz gidd.
1 in vitro FAZNA 233 HEATUA SEFE MICE 24 @A AAFHA @gkrh. ol= 7|
e 39 BHo R FEAR FHHA e W, 2AGNE AR HE2sE A4 GEEEI} 3
A7) 2oz AetEnh Axz Ao BAo] e oF 4,000ugml e FEE I wgdA
43 gholl Hlsle] oF 8u) EL FrolER, FE X9t LM FHEATD AxBHL =Y £ IE
AAGA F=4 Aol A Aot}
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Table 13. &2 - AA Axe s|B AT AEAoo] §&

Conc. Herbicidal efficacy(%)?

1
(Hg mL_l) DAT SORBI | ECHCG DIGSA SOLNI AESIN | ABUTH | XANSI
1000 4 95 95 95 100 95 70 90
7 100 | 100 | 100 | 100 | 100 70 100
2000 A 70 90 90 100 95 50 90
7 80 95 95 100 95 70 90
1000 A 50 60 80 50 80 30 80
7 50 70 90 50 80 40 80
00 A 30 30 50 0 50 10 20
7 30 30 40 0 40 0 0
b0 4 20 20 20 0 40 0 0
7 10 10 20 0 40 0 0
A 0 0 0 0 0 0 0
125 7 0 0 0 0 0 0 0

UDAT : Days after treatment.

“Herbicidal efficacy was determined 4 and 7 days after treatment by visual injury.

Abbreviation; SORBI(F4, w3 me 3823}), Sorghum bicolor; ECHCG(EY, wW#}), Echinochloa
crusgalli; DIGSA(w}=do), wW3}), Digitaria sanguinalis;  SOLNIL(7}w}Z, 7YX =), Solanum nigrum;
AESIN(RFAZE, F3}), Aeschynomene indica; ABUTH(S] A A, A3}), Abutilon avicennae; XANSI(E 71

vta)), Xanthium strumarium.

RN FH2] x| =>

Fig. 59 2 #FZd dg sEAA

24 Ax 4 AZF. sEAYA A%

7d T oA E AL BE Fxo
AxeS YehSlth

1,000pg-mL* 500pg-mlL
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5135 AT <l 4,000ppm

]

&

TR

k3

EEREEE

2,000ppm 4,000ppm

1,000ppm

Control

%o T OB

A <]

TJJ—E
=

ol 4,000ppmol| A

5

&t

of o

FA45
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AA R e =

of Zfell A
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&3 wtol] o
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)
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]
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tol &719ls
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A AEsAH. 2 2

ted Aol 2A AAHA Fktt (Fig. 63).
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35

304
. control

= 1000ppm
#m 2000ppm
%A% 4000ppm

259

204

2 0Ol(cm)

154

104

SONNANAAAAAAAANAN AN AN
SONMAAAMAAMMAAN AN

SN ]

o 85
Fig 63. S}5A T o3 5] JFF) AF. 659 g2l diste] 247 AR 02 Fre
sEAYlE Agste] 164 5 o] & dol= Afirh. s=AHd 2,000ppmel A= K= 3]
el Adeien, 4Ry, S5y Shubs oF 20~50% 4o 4% oAlE Bl

A ks (e gnks)e BEsel ARAAEA 24 BAEE SEAYA o 4FL 59
shob pRAZEA R Aol AFAE RelA Rkt (Fig. 64). ole] As FPa, AL

£ 13
SAHATDL shoh shs] TAE Azl FEIA BT S dvke e & A

____________________________________________________

== Contpél lOOOppm;ﬂ_

" /2000ppm 4  4000ppm

Fig. 64 12AITIdle] S ¢ ohs sl 4 39e] A%, vhoo) Alm the uel ol LArlele A\ s
BgelAsh okl E AFaT. Control ANEE 31BATA elate] Axa o}, vpse

FFS WA Ehh
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11 AdAZA H2AYA FEA AL A EF A2 dlzeetolA gn

A oMEAE faded 23y 2 22y
3t 7z

A mE AzA slEATAY 38 Fxo diHE OFC] EASER o Fold I HegE f=
AE B A=stna sttt olE fste] 7S W dzHgtetAlrt obd = LFo HEHAE &
ARG A AT A 9 ozEHEolAlE AHESste Aol AR 93 Jle el F&3 HAZHA

200600000

H$60.0566080
9 %0096 © '

r - Lp.
TR .

Fig 65. §X4% &3] esterase WEtAl® F& A&, Tributyrin 1%7F 234
iR o A T3S A= F 8-S 4-fold multiplex(Z) ¢} master
plate($-)ell A A 8Helatgd e},

& okuk8-S B2l fosmid SEES A & shot—gun random libraryS A Z}s}ed LB/Kan/Tributyrin
A S H<l shotgun FE2E9A pUC—universal primere} BigDye system& A}&3}<] contig
3t1, VectorNTI ZT2aH8 Esle] 714828 a4 9388 438s= 33709 ORF2 A=

1}, o) g @olA] AR BA @ g AF o]Fud
33% 9] esterase—candidate 7}-2H] &3] A4 3] 7]59]
3}o] phylogenetic 242 E3}o] AlFA
o 2~
= T

§ family9] esteraseQ! #AH
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Fig. 66 5= AHE HeAFdA FH3 A7 4F esteraseE9] phylogenetic tree. 7]£2] esterase
familyE ¥ 9¥lalste] MF36-E5(A), ES2-1(B), MF42-D9(C), MF129-G19(D) #dAA+= M 2§ familyol

Sah

Ao 7 w3 AT Bootstrap trial = 1000.

At ozEltelAe] 5ol e A4S BT SRSl PR wd AA B A3}, 3%

@ -2 inclusion bodyE FAdsta 159 @l Arto] soluble sttt (Fig. 67).
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M U T M U T M U T MUTP

MF36-E5 MF42-D9(2) MF129-G19 ES2-1
Fig. 67 WEtAlFA &g d2u2tolAe] Tl o|F oy, 7H7te]

o ~Hg}o}A] ORF @l do] W&l o insoluble proteino] Wkt ES2-12&
solublization FAE AXAAN ¢4 &30 daw xS VMF36-E3,
59.4kDa; MF42-D9(2), 29.9kDa; MF129-G19, 28.1kDa; ES2-1, 29.9kDa=
/gt A71¢} dX]ek3lth Lanes Ul, Uninduced total protein; T, Induced
total protein; P, His—tag purified protein

th. A5t ol 2ElgolA] ES2-1¢] A3}sta 5484
A 2" #tolA] 4% 71dl soluble fractiong £#]3F ES2—1 w@ul Ao tfdl Agstzy EAHS EA5)
of AA o] glde] {83 dzdetelAl AAE FUSUTE Zymograme F3F+ esterase 7|F
stk (Fig. 68).

250

R

36

30

Fig. 68 Al o xHEolA ES2-19 zymogram £4. M, protein size marker.

ES2-1& substrate:= pNPC4olA 7} & &A4S Uehfes oxdHglola o, u%%
pH8.50 A4 HABAE Ho FAoh. Foldh M2 o] dlzgztotAls A2(00)NAME 43

ol 49 &g RfAsI Q= cold—active EAHTE o= A (bioconversion)$] —,‘?,—_‘,:_iﬂ 34 wreo
B doMx FES & 4 Jue FHES AT & 4 ok (Fig. 68—70).
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Fig. 69 24 ES2-19] 7[Zd] gt Adid &4
z}o]. AH2% 7] 2 (substrate); p—-Nitrophenyl
acetate (pNPC2), p-Nitrophenyl butyrate
(pNPC4), p-Nitrophenyl hexanoate (pNPC6),

Substrate

p-Nitrophenyl octanoate (pNPC8),
p-Nitrophenyl decanoate (pNPC10),

p-Nitrophenyl myristate (pNPC14),

L o F

5 L L A L
0 10 20 30 40 50 60 70 80 90 100

Rolative activity (%) p-Nitrophenyl palmitate (pNPC16),

p-Nitrophenyl stearate (pNPC18)

=& S acetats

110 118 g

- 1oo . 1004 == Sodum phaosphsh
£ %0 & 90 = TisHCI
£ n 2 o] - Gyt NoOH
= 2 Tns chosohabe
£ &0 ) == s phosphate
: 50 & 5o
> 40 S0
s 30 K
= 20 T s
% 10 T 1

0 T T T T L T 1 0+

0 10 20 30 40 50 &0 5

Temperature {T)
Fig. 70 &4 ES2-19 2%¢} pHol| W3t activity B3} &<l. HZA pHE 271938t 50mM
Na-acetate buffer (pH4.0~6.0), 50mM Na-phosphate buffer (pH6.0~7.5), 50mM TrisCl
buffer (pH7.5~10.5), 50mM TrisPhosphate buffer (pH10), Glycine NaOH buffer
(pH11.0)& o] &3t &8 SH43rt.

et ah AL HEZ A, ES2-1¢ pNPC4el thdt Kne 1.128mMolW Vi& 33.6n
mol/min/mg& }ElsEct (Table 14, Fig. 71).

Table 14. o ~H|&}o} A ES2—19] 7]AW specific activity
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Specific activity®
Substrate .

(Umg ™)
p-Nitrophenyl acetate (C2) 5.30+0.38
p-Nitrophenyl butyrate(C4) 28.54+0.84
p-Nitrophenyl hexanoate (C6) 18.34+0.46
p-Nitrophenyl octanoate (C8) 6.224+0.19
p-Nitrophenyl decanoate (C10) 4.6+0.29
p-Nitrophenyl laurate (C12) 5.07+0.75
p-Nitrophenyl myristate (C14) NDP
p-Nitrophenyl palmitate (C16) 1.32+0.18
p-Nitrophenyl stearate (C18) 2.12+0.28

*One unit of enzyme activity: 30Co|A] £ 1umole] p—nitrophenol A A=
PND, Not Detected

Viumal/min/mg)

substrate (m)

Fig. 71 &4 ES2-19 7144 dig 983 &£4]. 50mM TrisCl buffer (pH8.5)l 4]
62.5~500p0M pNPC4olA &4 0.12pgs AFE3He] 30ToA 587F vk8 3 2M acetone 100pl&

WS FRAZ oF 405nmol A FHES St
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ATA L FYH S

28
n| A A Z2A]
herboxidiene ]
DN 7

2 34 sl

H

herboxidiene A¥AF

BIEEEREEE

ox [+

27}

100

71Z WA= 54.89 mg/L herboxidien®]
A Akcarbon source (Corn starch, maltose,
glycerol ¥ sucrose)carbon source3 &3}
v} x] nitrogen source (peptome, ProFlo,
triptone soybean flour)e] ®jekste] A Ak
CEEES

carbon/nitrogen F A g}l 2}
200.2—744.6 mg/Lo] A Z7}.
HAZA3E vA] media No 6AG] 7-¢ <k

=

EEEEREE
A7k w2 FA

(dry mass)® pHE

27

100

13.57F =715l 744.6 mg/le] A =7}
A= 20 hr +de=2 0 — 12077+

=23k ﬁlﬂr 4.5mg, 47mg, 57mg, 57.2mg,

33.4mg ¥ 32.1mge.2 60—8%] 7t Al

ool 714 Eom, pHE 7.2, 6.93, 6.54,
6.36, 6.30, and 6.422 <7k AbHo 2 W
o

Feedingol] 2|3t AJ4HA

%7t A43)

100

Glycerol®} ProFlo 2.5%—0.125%2 367t

g F feeding dlRe AT

herboxidiene AAFAgo] 7b4 Hom, 1087

mg/L A2k

718 A v F 19.841 9] A4k FUT.
5

Jo
r>~1
o]N ol
S -L?l‘

4331 o3 AL

T T

100

Malony—CoA AgA F4A} dde 4+ =
pACC152 =g

Methylmalony—CoA AT -2 &ds
1= pPCC152 A =3

pACC152¢) 248 7]2 442121 afsR 2 metKl1
FAAE AFTE pASA152 2 pPSA152
Az5HE pACC152, pASA152, pSAM152,
pAfsR152 & pSA152 S. chromofurus T3l
A olsted z+zt S. chromofurus ACC152, S.
chromofurus ASA152, S. chromofurus
ASM152, S. chromofucus AFSR152 ® S.
chromofurus SAI152 #FZE A Z}.
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AR ATE

ke

~ g
NSt o,
H1

AFL FAU &

28
n| A A Z2A]
herboxidiene ]
Y BF

2 34 sl

frds sl 2 A4
7 a7 N

S. chromofurus ¥] ., S. chromofuscus
SIBRW A 1.328§712]1(0.976 g/L) &7}

S. chromofuscus AFS+ 1.74) (1.258 g/L)=7}
S. chromofuscus GIBR-& 3.85u}j(2.849 g/L)
27}

S. chromofuscus SAM, S. chromofuscus
IBR25, S. chromofuscus ACC, S.
chromofuscus ASA 2 S. chromofuscus
ASol A= gt STt

297

o] 8 A 27
herboxidiene |
434 427
REE S (]

L)y

Herboxidiene AJ 34
TR

100

1=
24

Herboxidiene A #dAF 3x 2 24

Herboxidiene AA&A#AAH A

S. chromofuscus genome

Herboxidiene
glycoside &4 7i2

2 AN FF

100

in vitrooll €3+ Glucosyl—herboxidiene2] &4
Galacosyl—herboxidiene2] g4

pSET152 galU ¥ yjiCE AZxH3+ pGYIBR-
Az

Aoldle S. chromofuscus GYIBR #F A2t
mass #2438 A3} herboxidiene glycosidez
g2k el

Herboxidiene FZ3}
2AYel 3y

100%

At FEA HES A% AEY HAA" F
A3 HPLC & LC-MS E4iutHo] A

Herboxidiene
PR TR

AT HEA A

100%

® I ik A

At FEA Ak 23 98 /fAR 71A
(monClepoxidase, eryFhydroxylase)E =<3}
o #F5 A3

FAA 2%L A% E. coli #FE DHba,
IM110, ET12567% o83l aAg #22
A2

herboxidiene A AF <A v 2] £}
R2YE ARl 4] 2+z} wfoFate] FZ3513d

A, AfEAe] AadRE ESI-LC/ME
o]-&3te] EA5I S

AR AAREY e s A
NMR £4& 3 583 72 B4 44

14 259l
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SyER=] ]
A -2} A) AFEATEE E((;O) AT S8
Streptomyces venezuelaeE o|ZF&=F 8 o]&
3l P4509] o) FA A (monClepoxidase,
eryFhydroxylase, pikC: hydroxylase,
oleP:oxidase, epoF epoxidase)E E=Yste] Al
FEAE AL HLA S
S olFEZFU A FHAe] HAHU wHI
t t
repromyees Z7bHel WAL skl pSET152 e s
venezuelae _
100% pSE34 WEE BT o]&3513 S
NEHFERE AT
o AT =4 AL 938k herboxidiene
21878 A g ,
WA A 2A] feeding 43 WHS GHF.
herboxidiened) AFHEA A 22 HPLCS ESI-LC/MS
I, g olgaid 29,
au 5 s AFFEAZ ARG 0 £F B
e NMR £4¢ E% Bgd 7z 24 44
=
SHA B35S
@718 EAHE s}oq herA z2AEAA7}
negative ZAGAAY Ao 7 o=t
herA Ity #35 A —}6}@] herboxidiene]
Herboxidiene %73 L00% A FRAZI ofJALT TR P A3
FAA A5 FE | Aol Helde #Ag
herA I}EH FF9 HAMKA £4E F51d
herA7}  herboxidiene®] AT Aol A
negative =4 FAzte] AL & FHIL
SHEA T 3 o 71&A ] in vitro A xEA AZF 2 MIC
— RS G ) ;—v_zq
z= =z 100 - - _
flaglﬂzﬁ 4 8% 0@ AzBY
El} u]/ng% ° R H ok ol 3 Asid el
gl IS ¢ 2%, shs)el G HRATA 984
. _ 5 /‘475} = _ .
S E st HEATe] AxA 4BE FE B FE
herboxidiene éj_g A EUE B9 HEA e =D
] Z} S 0ol o S o A b=
o = RN | T = o — R - le]
FEA AT e ggas 27 %o
RANE L ojga w0 |e J1E9) Sulfonate A EF WA
AzA AE HAE&3) (&5 7talet A A )7 2854
AT sEAYd AFse 7 AT e
gl
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M o5& GRNY Ma 9 Magg As

O =] AFAM 2 AR d3s B A4 FERTE FAFL 20049% 7]Fo 2 3189 USD=
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