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SUMMARY

I TITLE

Development of useful substances from insect resources

II. PURPOSE OF THE RESEARCH

Insects constitutes the largest group of extant organism, and perhaps their individual
number account for as much as 80% of all known fauna and are important components
of the natural ecosystems. Therefore, they are suggested to be a useful source of
bioactive substances. At this research we tried to screen some bioactive substances
from wvarious insect resources. For this purpose, we used the insect self defense
mechanism to isolate a new antibiotic material, isolated and identified some insect
symbiotic microorganisms which produce useful enzymes, and screened a lot of insect

resourecs which were known as a fork medicine to find a useful substance.

II. RESULTS AND SCOPE OF THE RESEARCH

1) An antibacterial substance was purified from larvae of the saw fly, Acantholyda
parki S., and identified its molecular structure as p-hydroxycinnamaldehyde. We then
synthesized it by reduction of p-hydroxycinnamic acid. The antibacterial activity of the
synthetic p~hydroxycinnamaldehyde was equal to that of the authentic substance. This
molecule was found to have a broad antibacterial spectrum against not only
Gram-negative, but also Gram-positive bacteria. Furthermore, it showed antifungal
activity against Candida albicans. We suggest that this substance may play a role in the
defense system of this insect. This is the first report of p-hydroxycinnamaldehyde of

animal origin.

_13..



2) We inevestigated the mechanism of action of cryptonin and compared it with
the membrane-active antimicrobial peptide 'magainin II. The amphipathic « -helix
was important for the antimicrobial activity. To monitor the active site of cryptonin
in E. coli, biotin-labeled cryptonin and magainin II were incubated E. coli, and their
localization. bacterial cell surface was visualized using streptavidin-FITC. Cell
membrane-permeabilizing phenomenon was intestigated using flow cytometric
analysis. This result suggest that the action mode of cryptonin might be, a
membrane-permeabilizing peptide. These results may provide new insight into
designing peptides with even higher antimicrobial activity and understanding of

molecular mechanism of cell- killing action of antimicrobial peptide.

3) A protease producing insect symbiotic bacteria was isolated from the intestine of
Nephila clavata. It was identified as a novel strain which classified into
enterovacteriaceae (gamma subdivision) and named Aranicola proteolyticus (patent strain
0268BP). A novel type of 51.5 kDa protease was isolated and characterized from the
strain. The amino acid sequence of the protease was highly homologous to srralysin
(EC. 3. 4. 24. 40) which isolated from Serratia marcescens. The 51.5 kDa protease was
identified as a metalloprotease and showed endo-type cleavage characteristic. The
enzyme has relatively high activity at low temperature and showed broad range activity
of pH. To optimize the industrial fermentation condition, several medium and growth

condition were tested.

4) The extract of honey bee venom showed high inhibition activities of
acyl-CoA:cholesterol acyltransferase(ACAT) and cholesteryl ester transfer protein(CETP).
Isolation of ACAT and CETP inhibitor was achived by reverse phase HPLC. From the

MALDI-TOS/MS spectroscopy and the protein sequencing system, the molecular weight

_14__



of this compound was determined as 161482200 and it was a peptide containing 25
amino acids. It seemed to have a similar structure to that of phospholipase Az The
compound inhibit rat liver microsomal ACAT and human CETP activity in vitro assay

system with ICs values of 39 gg/ml and 1.3 xg/ml, respectively.

5) Identification and utilization of a new-functional protease from Nephila clavata
A protease wes isolated and purified from the Nephila clavata using aceton fractionation,
DEAE-sepharose and SBTI-Sepharose chromatography. Molecular weight of the purified
protein was 24-25 kDa in SDS-PAGE and Supreose 12 HR gel chromatography.
Optimum pH of the protein was pH 8.0 and the pl value was pH 4.0. The enzyme
activity was stable at 30 - 50 °C and inhibited by serine type protease inhibitor PMSF,
benzamidine, LBTI, SBTI and TLCK. Substrate specificity of the protease was

determined using 16 synthetic peptide analogue.

6) The plasma cholesteryl ester transfer protein (CETP) is a lipid transfer protein,
which mediates the transfer of cholesteryl ester and triglyceride between high-density
lipoprotein (HDL) and other low-density lipoproteins (VLDL, LDL). Dioctyl phthalate
was isolated from acetone extract of Periostracum Cicadae, the cast off skin of
Cryptotympana atrata by Si0O2 column chromatography and reverse phase HPLC. Dioctyl
phthalate inhibits the cholesteryl ester transfer activity of CETP from human palsma

with an ICs of 57 mM. The phthalate analogs have also inhibitory activities against

CETP. This is the first report that the phthalates inhibit the CETP activity.

_15_
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A1A AITRALE FFO2RE FAFHE

p-hydroxycinnamaldehyde®] ¥-&]
1A A

TEE R olEA A giFgatr] At oAy A FFHFY Ho
Aoz deA glow o8 71A] FH FALAHAetol =g AEA |
Ao #FHedlE Fe TH dwiAdEo] oyd Wolrj e o] &=oiArt (Boman, 1991;
Boman et al, 1987; Dunn, 1986; Natori, 1987). o]8|3t @ild &8 717} E95 {-AAE|
213 encode Hol Aom ot Fo]EH AHe oo MelF wWyo] dojdr,
olglgt &2 NF-kB 22 #4e #gol & Rel familydl &ste 345 2 Torr

i

v Cactus®t 2 AaAdd AAE ofste Aoz HiuHol 9t} (Sun and Faye, 1992;
Kobayashi et al, 1993). &% & X3¢ e AEEF 71 & I £ F2 71x1

gow olelg 3o TS ol &% MEE AHFHELES FNEE sourceEA A4
Hojxm glon @A 2004F oo FABAHHE =5 TAHAHAL o] F dF & 4
A2 Nz gz Aol o]Fox i gk e B AFod UM ZFY A
g eto] == 3000Da o4 EAHE AL o 12 gk FAZA Y s A g
S w3 = AAoT) HE Leem 5 fresh fly, Sarcophaga pergrina2 %8 E 3 573
Dadl WA EA 5-S-GADE E#sta 1 &A4E HASNSHW o EAVE tyrosine
kinase® AAMete APAE B3t vl Ao}k (Leem et al, 1996, Hijikata et al., 1997

Leem et al, 1998). #USW A UE (Acantholyda parki)e ZUFE 7Hsisles dEo o
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© 2] (Shinchara and Byun, 1996) Ul M+ AE A Aoz Abgxojgdy, B 9
FoldE ol@ Mol Atste] AUFRHAPL o3kl H4F AL P £ A
2R FABHE 7HAE BAS wdste] o)& AAsn 1 54 i7E 2 ggAds 9

& FAAAE TEsA

2. s H N

7}. Insect
AVFEAAdE e U5 Ak 4o AT DR G 119-2970) oA
Hato] Ao o] &3k

1}, Immunization 2 crude extract®] V]

o 1,00009 9t &) fF5o hAdd Wdd (B coli K12 594)& £d wtsaA 445 A
F ol & 27°Col A 24417 WA d T 0.1% trifluoreacetic acid (10 ug/ml aprotinin %)
ol A1 homogenizedt Rt ©] $AE& 35000 x gollA 30 7 2948 % o8 71 A5HAE

0.45 um flilterd ]85} filtrationdls] & & 3 SWEQAE o] &3t}

ZQARYE E3te doyA crude extract® 0.05% TFARA H¥aE ODS-AM
fresh column®)] loading3dt W8 10% acetonitril (0.06% TFA)EAM £239u). ooz 2z}
3 & speed-vacl.2A] AR g FHFE L95 FAGAHE AP o A

FAgAdol YEhd BES F389 01% TFAZ H¥s® YMC Pack ODS-A

0.

reversed=phase column®l loading 3}4] acetonitril (0.1% TFA) 0-20%2] linear gradient®
Al BEIST doR B9 AN E SAHIY g4 E2¥L £HF & TSK gel
Carbon-500 column (150 x 4.6 mm; Tosoh, Toyko, Japan)& ©]-&3}4 normal-phase

HPLCE A A5t 0-30%< acetonitril®] linear gradientZ24 £%351-S o ¢ peak®
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A REHE FAEYE dEsdey eF

i E RP-HPLCZA &3t 84

=11

FAGHEAY AFE Lowry 52 ¥ (1951)8 o) &3t 4-hydroxycinamic acid&
7IEEAR o] &5HY, E HPLC A& HP 1050 system (Hewlett-Packard, California,

USA)E o] &51.em 220 nmol A9 §3 =& FH39

gt FAgAde AHA

FAEY HAL E coli K 12 594 (Str)& 71T T2 3t AAu| GG =3
ahleh. gt wigel e antibiotic medium (Difco, Michigan, USA)E o] &3t3on o
=719 AEE 3% & 10 mM phosphate buffer (130 mM Nacl, 0.2% BSA, pH 6.0)&
A 25 x 10° celle] H%% dee Gg ol& FdwiIzA 300 SMsch 10 mM
phosphate buffer (130 mM Nacl, 0.2% BSA, pH 6.0)& X3t AEE 100 uld A&
Heral 3 48 vhg 96-well plated] A 37°Col A 5A17F wjj k3t £ 650 nmolM e EFFw
& Emax Microplate reader Precision (Molecular Devices Co., Califonia, USA)Z A &3}

A}, Positive control®A] cecroping ©]-£38t% 2™ negative controle Y] bufferyte

P4

b gdes Ao FAZAIY specificity 2HE& s A" FFE EE

antibiotic medium& ©] &3l 2y fungi® ¢ Sabouraud medium (Difco)& o] & 3151 Tk,

ul. p-hydroxycinnamaldehyde® %3

A8 9] UV spectrume Spectronic 3000 ARRAY spectrophotometer (Milton Roi, New
York, USA)E o]&3&329 IR spectrume DIP-140 spectrophotometer (Jasco, Tokyo,
Japan) & o]-&&tl. IS mass spectrad JMS-SX 102A mass spectrophotometer
(JEOL, Tokyo, Japan) electron inpact (+) mode®l)A] perfluorokerosene® internal
standard® o] &35}e] &Asdtl ZE NMR spectrax® DMX 600 spectrometer (Bruker,

Germany)& o] &38L4 ¢},
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8}, p-hydroxycinnamaldehyde®] ¥4

p-hydroxycinnamaldehyde?] ¥4 & Duran 5 (1951)9] ¥ -& o] & Hrh 2.79 mg9
p-hydroxycinnaic acid®] 15 ml2] anhydrous tetrahydrofuran &<} A 4.27 mg¢] dimethyl
chloromethylene ammonium chloride® 7Hst b A2olA 30 B3k wgksey. 2%
3333 mlel 1 M LiANOtBuhHE H7ksti -78°ColA wt&d& Culsh &3l
Reduction®] quenchings $18+e] 6 N HCl 4 ml& wr$oo] #Hrtg & TLCEAM FA=
p-hydroxycinnamaldehyde® ZH&3t¥c)l.  olie AL Fdte Lo HIIEE

reversed-phase HPLCEA A A|dte] Aol o] &3t

3.4
7h AUERASEzYE AL A

AUER A AE2RE 5-S-GADSE FAE ARze] FABHAEL S Bostr] #5ho
SarcophagaZH-E ©l& ®elgd W& =Ydtd EEAHe Aedstidy (Leem et al,
1996). 1 A7 Cl8 ODS-AM column ZEZvEZ1] 9] 10% acetonitril®] &&H8 o 2R
B FAIHEYS AE58S gdon ALE ALY ool AEAe] AL LHE
g5s9t Fig. 1. 24 BAAA N F+E& Table 164 B vpe} o

U AR ge B4z 24
QA FAGHAEY UV HWEFFEE 233-325 nmoll A Uebst e, IR absorption

¢

£ 3120, 1645, 1600-1500, 970 em A HEFQSW o]E phenolic OH, conjugated
carbonyl, olefiic double bond, aromatic nucleus, trans form®] olefinid double bond & °lt}.
o] B9 mass #t°] 14805212 vtebyten) 'H NMR# “C NMRZAF (Table 258 &
shea] CoHgO28] ¥2}21& 7FA|E 3-(4-hydroxyphenyl)-2-propenalZ ZA A3 ATH (Fig. 2).
o] EA& plant Alpinia galanga (Barik et al, 1987)¢} Sarcophyta sanguinea (Naidoo ef
al, 1992)¢] WA ojn] B uE EAZAM p-hydroxycinnamaldehydegtii® 3w 5 &
A o] A7 AIH HZxo Hilolt
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t}. p-hydroxycinnamaldehyde2 %4

AEvl A Qo) EA 8= p-hydroxycinnamaldehyde® #33 AAsletlEsE o) v
o AA #A L FEY FAR AT o Fo] Ark. ol WY
sstd oz At en (Fig. 3) TLC #4 Al 8 2715430 p-hydroxycinnamic acid
9] band’} €& oo &3] RfA 0329 A2 band’} YEIUYE A& FQlsge
™ o] band7} © o] AAA e AME WFFTAHoR AAsA WS FEAANAG. @
S A dojd AEE FEI AHAFE Bt AN Bds oA

AEE st HPLCEA o8 AAstgcth AA¥ p-hydroxycinnamaldehydet HPLC$

200

0 - S ke
Antibacterial 50 ' P
S activity (%) P ;\3‘
- e’
E e o
- c
& 100 - —H20 2
N - 8
rd
8 - <
< - |
r |
4 i
/
o o
|
0 40 80

Retention Time (min)

Fig 1. Reverse-phase HPLC profile of antibacterial substance. The UV absorption at 220
nm was monitored (solid line). Fractions were concentrated and assayed for antibacterial
activity (inset). Chromatographic conditions were: column, YMC-Pack ODS-A, S-5,
120A, C18 250 X46 mm; solution A, 0.1% trifluoroacetic acid; solution B, 0.1%
trifluoroacetic acid in 40% acetonitrile; linear gradient of 0-50% solution B in solution A

(dotted line) ; flow rate, 1 ml/min.
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Table 1. Summary of purification of the antibacterial substance

Purification Total Total Specific Yield
step activity® amount” activity
(units) (mg) (units/mg) (%)
Whole body extract ND¢ ND ND
C18 chromatography 3592 945.3 3.8 100
1st-C18 HPLC 2430 40.5 60.0 68
Carbon 500 HPLC 725 58 125.0 20

a One unit of antibacterial activity was defined as the amount causing 5096 inhibition of
bacterial growth relative control.

b Total amount of antibacterial substance was determined by the method of Lowry et
al. with 4-hydroxycinnamic acid as the standard.

¢ Not determined

Table 2. Summary of ¥C AND 'H NMR spectral data for the antibacterial substance in DO

The proton signal multiplicity and coupling constant (J=Hz) is given in parentheses.

Position 6C dH

olefinic CH-2 126.1 6.69 (1H,dd, J = 157 Hz
Aromatic CH-3,5 117.6 6.96(2H, d, J = 86 Hz)
Aromatic CH-2,6 132.8 766(2H, d, J = 8.7 Hz)
Olefinic CH-1 158.2 7.74(1H, d, J = 156 Hz)
Aromatic C-4 161.1 -

~-CHO 1995 951(1H, d, J = 8.2 Hz)
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Fig. 2. Structure of p—hydroxycinnamaldehyde
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DMF + SOCI,
4
H

HO \ OH  + \/c=ﬁ(Me) I
cl

O

p-coumaric acid l

ol N\

{ ,MOCHzﬁ(Me)zcr

o
| LiAl(OtBu) ;H

HO ———\_—<H

o

Scheme of synthesis of p-coumaraldehyde

Fig. 3. Scheme of synthesis of p-hydroxycinnamaldehyde

F -7 BN o] A4S AAF Ay AUFHUHAHAA FAY BAG ¥
3 Ede g9y Art. §4¥ p-hydroxycinnamaldehyde] tf#irol thet AP & 2A

gte] B Z¥ HAAM Eeld ELF U FALEE A E eE fEEHAY.

¥
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&}, p~hydroxycinnamaldehyde®] &A% A

p-hydroxycinnamaldehydew™ #4473 2HSATANAN YL FHEAL A= A
o2 go] HQom o]£9 ICx valuer Table 39 UEl} Qtl o] BdL I 9o %
fungiof disiA i &3AQl AN S A= AeZ Yeg o C albicansdl thE ICx

7+ 006 mMEA o] p-hydroxycinnamaldehyde?] A F AL B s R W Abao)th,

4. 11

o

p-hydroxycinnamaldehydev ©] Hil o]d I8 X g3 oJudl FEMNT 1 &4
7F BaEA gkl # v ethyl trans—cinnamatet WB]E %2 hairpencilol A sl &
o9 A%g il dHol Birsol ot (Baker et al, 1981). o] FFEL o5 TFE
hairpencilol Al W& 5w #HZ2e HPAZA B Ffo HEAHY AAEN vz

FARE Ao A vk ZEd AYTEHAEe Horh ¥ AR Yo} wi

A dAEAEE F3 FAFEAR Aozt BF Ik EE A EA
p-hydroxycinnamaldehyde”} L-phenylalanine2 ¥ A ¥ o] lignin® AT A7 Hol AE
o] pathogend| thgt oj7)zte] o]&& ol A& A} Fo] 19 {FAME HERE B3 FAH
98 7sA ek Yolddth (Freudenberg, 1959; Mackay et al, 1997; Vance et al., 1980).
5-S-GADE: &% WolEdARA ol&HoAm HaO0 o A3t Hojd ®uk ofye}
Ao FHglel gaME= a2 el FIhEAle Aoem gEA gdrh

o] Aejrch 4u)

lo,
oX
o
=)
o=
il
lo,
faa
1A
o
122
rlo
=,
L

b

o
o
o
oxl
oy

p-hydroxycinnamaldehyde2
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Table . Antimicrobial activity of p-hycroxycinnamaldehyde

Microbes

IC50 (mM)

Aeromonas hydrophilia KCTC 2358
Bacilus subtilis KCTC 3069
Enterococcus faecalis KCTC 1913
Micrococcus luteus KCTC 1056
Mycobacterium smegmatis KCTC 2002
Staphylococeus aureus KCTC 1928
Enterobacter aerogenes KCTC 2190
Citrobacter freundii KCTC 2006
Escherichia coli K12 594
Escherichia coli 0157 H7 993
Klebsiella pneumoniae KCTC 2208
Proteus vulgaris KCTC 2512
Salmonella enteritidis ACTC 13076
Shigella flexneri KCTC 2008
Candida albicans KCTC 1940

0.15
0.08
> 043
0.04
0.20
0.17
> 043
0.19
0.05
0.04
> 043
0.11
0.04
0.21

olge FHFE JHAE Aog zAHEAeH oF HERZ B 9 o B3

Yol BAR A& TH5A ol

T

pa

H

i

s

o ol

ol

- wout ojeld Hid gig Bl FAE Azst P
o 718 gl o8 doiR HgES HANA
A3t 2 iAol i FUA FAGH S A2
2 45 ¢ 0 e FYEd o] BHE o] 4ste ARE

AT R FEAY Fdoy thE BHEAYe] A AFS

Ao B AL 7AE 248 56y 9o

=74

Ates How Hol o] FFES

AT7F 7 Aot
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A 24, Eujujoj A FE2ldk sAFAEA cryptonin® ZHEUA]

LA A
APEDE dvjuo] 4% (Cryptotympana dubia) 238 B9 Nt FPTAE
HEA g, agSAT B9 olyd 4N fungidl WM E B2 FAEHE /1A
T B AFE (AETTATAE E3ALA)NA 28 AAE adEUE 24719 ofn
eAbo ® o]Folx dlem I 2xxel tid AT AR Axvide AE Helolmz A
5% B #HZ9 magainin AGe FALAFelo)=olty FHelo]lsfd &4

stz FAEA A599e 49 o] IAGAFeol= nA B g FAEA 2E A

B oAFedAe Eud 2HEYS Bo £33 FAARY s

=
[
o
>
k1
o
N
.
r
&)

GAZAM AHEYE Fdtdor A3t PG, 2F9SAT 2 F%o] Y3 g4 &
Aol &4 g o &4 287 FE HsE7] A8t fF A (truncated analogue) © A4
2 o] A B3 Fxo BAE ZAEE Lo @A FHEI A o] L3l

el e APEY] oAdsE LR E (target site) FAS AL &5

=

2. A8 % O

7b A el =

TA oA Elol e Wein] (Cryptotympana dubia)25€ R A A A7 gAEA
AHEJ(Cryptonin) @] o}v| =it 71X EE vtR o2 () FEE A 5o 3stA
o2 F FAAT AdEde 2AFA ALAUT (€% 5%l (Fig. 1.
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1. Gly Leu Leu Asn Gly Leu Ala Leu Arg Leu
2. Gly Lys Arg Ala Leu Lys Lys Ile Ile Lys

3. Arg Leu Cys Arg

Fig. 1. Amino acid sequence of cryptonin.

Table. 1. List of microorganism strain

Strain KCTC No
Bacillus subtilis 3068 Rec'
Sm", Pen', Km',
Staphylococcus aureus 1928 t r :n
Cm'. Tc' Su
Gram-positive Micrococcus luteus 3063
Mycobacterium smegamtis 2002
Enterococcus lactis 2012
Escherichia coli K12-594 Ser"
Gram-negative Klebsiella pneumonae 2208 Phe' Tyr'
Salmonella typhimuri 1925
Candida albicans 7965 Phe' Tyr'
Fungi
Candida tropicals 7221
U FA 7T
FA FFE 2% G4 -2 24 AR, 2dn F%o F 11Fe2 49 FHATL

84228 (Korean Collection for Type Culture ; KCTC)oll A &k wkol A wigk &

AL&3 Rt (Table 1),
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o WA 9 A o}
1) A4 =

1.
2.

o = o o

Bacto-trypton : DIFCO Laboratories. (USA)

Yeast extract : DIFCO Laboratories. (USA)

. Bacto-pepton : DIFCO Laboratories. (USA)

Malt extract : DIFCO Laboratories. (USA)

. Bacto~agar : DIFCO Laboratories. (USA)
. Potato dextrose broth premix : DIFCO Laboratories. (USA)

. Tryptic Soy Broth premix : DIFCO Laboratories. (USA)

Glucose : Sigma Chemical Co. (USA)

2) AH& Alef

1.

o U oa W W

Magainin : Sigma Chemical Co. (USA)
Ala ®B® Magainin 11 - Amide : Sigma Chemical Co. (USA)

Melittin : Sigma Chemical Co. (USA)

. Propidium iodide (PI) : Sigma Chemical Co. (USA)

Strpetavidin~-FITC : Sigma Chemical Co. (USA)

Heparin : Sigma Chemical Co. (USA)

7. Sodium dihydrogen phosphate dihydrate : Junsei Chmical Inc. (Japan)

10.
11.
12.
13.
14.

Disodium hydrogen phosphate 12-water : Junsei Chemical Inc. (Japan)
Sodium Chloride : Sigma Chemical Co. (USA)

Potassium dihydrogen phosphate dihydrate : Junsei Chmical Inc. (Japan)
Hydrochlroric acid : Junsei Chmical Inc. (Japan)

Potassium chloride : Junsei Chmical Inc. (Japan)

Dimethylsulferoxide : Sigma Chemical Co. (USA)

Ethyl alcohol : Hyman Limited Co, GP= (England)
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15. Methyl alcohol : Hyman Limited Co, GP¥ (England)

16. Nusieve 31 agarose : FMC bioproducts. (USA)

17. Triton X-100 : Sigma Chemical Co. (USA)

18. 2,2 2-Trifluoroethanol (TFE) : Sigma Chemical Co. (USA)

. ARg 7171

1. Confocal laser scanning microscope -

Carl Zeiss LSM 410, Carl Zeiss Oberkochen, (Germany)
2. Circular dichroism(CD) spectroscopy :

Jasco 720 spectrometer, Jasco. (Japan)
3. Fluorscence-active cell sorter (FACS) :

Bexkton Dickinson, Franklin Lakes (USA)
4. Microplater Reader : S/N E10277, Molecular Devices. (USA)
5. Ultraviolt/visible spectrophotometer

SmartSpec™ 3000, Bio-RAD. (USA)
6. Centrifuge : Microspin MS0149007, Han-il Co. (Korea)
7. Incubator : 37°C ID 450-94, Jeio Tech. (Korea)

30C BI 600M, Jeio Tech. (Korea)
8. Shakeing Incubator : 37 C KMC-84805F, Vision Co. (USA)
30T KMC-8480SR2 Korea Manhatan Co. (Korea)

9. Clean bench : HDSCB-V, Dea-jin Co. (Korea)
10. Autoclave @ SS~320, Tomy. (Japan)

11. Deep freezer : DF-9017, Il-shin Lab. (Korea)
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ol AYHECS FAe] ojv:it @Y HA

AHEYE AAddM 2 @ fepol=9] opnit Adg vgor 53y FAstge
M, FEAE obiedt MY N-terminal 2@ 3 C-terminal T®S W Hoz ZAA &
o2 thrdt o] AASAT (Park et al, 1998).
C-terminal A4 &+ CRY(4-24), CRY(4-22), CRY(4-20), CRY(4-18) N-terminal A4 2=
CRY(1-22), CRY(4-22), CRY(6-22), CRY(8-22), CRY(10-22), CRY(12-22)°]%it} (Table 2).

ub, fehol = jHA

APEDH 19 {F5A, Biotin 4 ZYELH vprlolde] AL (F)RE o}
Aok Z @A Fmoc amino acid®l 4L NMP(N-methylprrolidone)o] £33 DCC/
HOBTE o]&3%om ¥H & (deprotection)= 20% piperidine/NMPl 2087+ 28] 8l 4 ).
Kaiser ninhydrin ¥r&-0.2 #4FZ4E& st on, vgd A E L negative kaiser Bt
AN & 7tA AFAE st DMF (N, N-demethylformamide)sll 483 benzoic
anhydridec] @AAIZ A 2]dto] o} s} 35ivh Fetol= o A A4H F 7] BE
& 98kl TFE/EDT/TIS(95/2.5/25 v/v/v) E3-& 90 2/ F H=stdd d49 4
Elo]= &= RP-HPLC (Waters delta pre 4000 Vydac ODS-2, 32.0X250mm)& A #3514 2.

MAILD-TOPZ %38 #9151t}



Table 2. Peptide sequence of cryptonin and analogue

Peptide Amino acid sequence Residue M.W.!
Cryptonin GLLNGLALRLGKRALKKIIKRLCR 24 2703.7
CRY (4-24) NGLALRLGKRALKKIIKRLCR 21 2420.1
) CRY (4-22) NGLALRLGKRALKKIIKRL 19 2146.8
C-terminal
. CRY (4-20) NGLALRLGKRALKKIIK 17 1891.7
deletion
CRY(4-18) NGLALRLGKRALKKI 15 1650.9
CRY(1-22) GLLNGLALRLGKRALKKIIKRL 22 2445.2
CRY (4-22) NGLALRLGKRALKKIIKRL 19 2146.8
] CRY(6-22) LALRLGKRALKKIIKRL 17 1990.7
N-terminal
. CRY(8-22) LRLGKRALKKIIKRL 15 1806.4
deletion ,
CRY(10-22) LGKRALKKIIKRL 13 1537.4
CRY(12-22) KRALKKIIKRL 11 1368.0

a9 FET, aF SAT 3 EF%olE XY 1159 HAA TFE LB agar WA
(1% bactopepton, 0.5% yeast extract, 1% sodium Chloride, 1.2%6 agar) &% °]% potato
dextrose agar ¥lA](30% dice potatos, 2% Glucose, 1.29% agar)oll Alt] vl%¥3 F single
colony& # 3t 24712 37C(FFo] 30C)Y xAoz dAAMYS aurt wigd R E
Al 3~6A17F HA uwlUdste] mid-logarithmic 48] (ODeso. 0.3) FA3ked AL&3tct, 3
AEAEEE 3L broth microdilution® (Shin et al, 200009 F3le &35F53c
Microtiter plates] 1004491 #3F 349 (10°CFU/Imémedia)o] 1% bacto-peptone 2.2 34
B (A FFE 100ps/m~0.37pe/me) ZLHET 100p0 H7bsked 1043 FQtF 37C(HF], A&

BWAA 5 300)9 FAqA wjdsdo. MICE Wk & 650mel A FFEE =32 3o

it
AN
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e A vlaskde W OD e Mt gle 7 42 Ags s Add.
o}, Welol=ol 22 & &4
1) a-helix &4

50mM sodium phosphate buffer (NAPB, pH7.4)¢} 40%(V/V) TFE (triflucroethanol)/
50mM NAPBol Z17} #F $%5& 50xM=E AHEWUS 1 fFEAE H7edd. CD-Ord
celll 9 A8 400 ¥ g circular dichroism (CD) spectroscopeE °©]83to] 190nm~

240m 3ol A 9] helicityE &4 390t} (Roberto et al, 1992, Park et al., 2000, David et al

1990).

2) % helicity®] A&
Chen, Yang &< W (Chen et al, 1974, 1971)& o] &34 % helicity #& &3I4}
[0 ¢ 2220m A9 2 27 2 ellipticity o] 8 gk

[6] % : random coil & el 3 (-1000 deg - crtdmol ")

[ 6] 39 : 100% helicityd w2 Z (-36500 deg - cnidmol )

%helix = 100001 - [0] % / [61 1%

ZF. Confocal laser scanning @77 =&

ok

Mid-logarithmic 282 E coli K12 594 #F& 1200xgollA 3% AR &
ARNEL FHatol 10mM sodium phosphate buffer NAPB (pH74)& A & & AlL-3tg o).
100402 E. coli K12 594 58] <} (10'CFU/1m10mM NAPB)¢l biotin®. & ZAe =Y
EY-g DMSO (Dimethylsulferoxide)el &a13ste] 20pg/ms =7t 9 =& H7M3E thg 37Tl
A 304 7F wbgA7I5L, ol NAPBE AlHse APECLE AASHAG. ¢ BH&ES

poly-L-Lysineo. & EX % <glol= ko] 3087 1AL Al F 0.1% TritonX-1002

2 gdAAg 39k of7ledl 20pg/ms 59 streptavidin-FITC 200uLE A8l 8t &%) A
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3] Guk&-

aQ 1L

mlo

sw A7l oS confocal laser scanning AW A& o] &3 AX GFUE FA

(optical section)¥# &} % th.(Park et al, 1998)

%}. Fluorescence-activated cell sorter #&

Mid-logarithmic 3819l E. coli K12 594 ¥F& 1200 golA 3837 |4d¥d & v+
2 W Ee 3 phosphate buffered saline (PBS, pH7.4)& M &3} A&3sH%Th 100409]
E. coli K12 594 #5849 (10°CFU/PBS)] ZHE 100pg/mé, propidium iodide (PD+
Img/ms 7t HEg @7isle] A2 XA 3083 s AFT 99 wS=& FACS A
do] &7l PBSE HFH I 2mol HEE A ¥ o fluorescence-activated cell
sorter (FACS)Z PI7} 448 E coli K12 594 & #4384} (Cox et al, 2000, Maso et
al 1997).

(Propidium iodide : excitation : 536mm, emission 617mm) (Brul et al. 1997).

3.4 %

7t & REPol=Y AA

B A3 2§ UzTE AMEE HeosE AYEIT FAS opnmAte] A4, A2
2 GAFAHL st AP EoM e Fgr)gto]l AHA YeH T& Tk AU
= #A3} %z w4 (amphipathic) ¢ -helix 7%& 7FAH A28 (cystein) &717F ¢l
= My #HEelo] =l magainin I (Matsuzaki et al, 1998, Zasloff et al., 1987, Michael
et al,1987) % 1 A4S F7/H17 FEA Ala *'¥ magainin II-amide(Hans et al., 1995)

A3
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w AHEY fFRA 34 4 AAAS AellFe 2 MIC £3)

AHEIS opnnt DS random EHAAMY we] 23 FxE  DNAsis modeling
22 (Park et al, 1994902 A} 3 A3} N-terminal2HE  sheet, random coil,
extended helix, sheet, turn®.2 FHAEE & 4 ANY. o -helical well diagram 24 A3}
AHET S C-terminal HeHF-E9 154, 254 olnxit @A7)E0] o-helixd] & Z4
o2 sl Aoz itHo] JE 4Rl (amphipathic)?] @ -helix +%& 3t ¢k
olgld A& wBor AHEUSY EAd AAHA 49 E Qe Hste ¥ wdow
HE dAH A4 F3Y9 truncated analogued A ZstA T} (Table 2). AUEY S5 4
HABF AN s Ee N-ZOEH C-99g Addste @7 71 Zdadd v gyn

s

o

o

o]
AN RS v A7 F2ES 1Atk E3 CRYU-1R), CRY(12-22)o| = grAl gk o

HaRAT 22 opr At A7FE AAAZ fFEA FA 4L N-Zarg C-gd

ﬂl
-

—_—

w43 woldg @A = U (Table 3).
Phosphate buffer?] <=4 2733 TFE (trifluorcethanol)®] 244 #A3ldA ZdE
W 29 o -helixE F4% 4y 2549 A ¥]Eo) Holztd wil ¢-helixE FAs=
HEZ S7HS 4 F AU 254 B APELl 23 729 o-helixZ #HFgE
&

3t Bl& < % helicitys= 344 #79 phosphate bufferd wis vz @A Jeby sk

2T F74 40% TFAMA = F7HEE & 5 At 4~22 =258 2AEHE 217
7t 594 E 40% TFESA C-terminal ZA Xt N-terminal 249 #A9$7 o & 7+
A 8 Bo F} (Table 4).
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Table 4. Percent « -helicity of cryptonin and its analogues

Buffer 40%TFE
Peptide
[6 o2 @ ~helix (%) [0 laz2 @ -helix(%)
Cryptonin -83305 6.70 -399946 42.9
CRY(4-24) -48555 3.53 -295627 35.0
CRY (4-22) -18570 0.60 -260232 34.7
CRY(4-20) -3435 0.30 -147002 24.1
CRY (4-18) -14500 0.40 -143383 20.3
CRY(1-22) -33597 151 -275461 31.0
CRY (4-22) -18570 0.60 -260232 34.7
CRY (6-22) -22167 0.83 -165765 23.9
CRY(8-22) -9029 1.09 -106933 16.7
CRY(10-22) -19342 1.30 -96831 176
CRY(12-22) -12563 0.30 -42700 79

The a ~helicity of the peptide were calculated with the equation

%helix = 10000812 - [ 61 % )/ [01 %
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t}. Conforcal laser-scanning microscope %2+

Figure 5. Confocal flourescence microscopic image of E. coli K12 594.
Biotinylated cryptonin treatment(A), and biotinylated magainin II treatment(B).

| AE el A ZE A (Target site)E Lol z] Y3 biotinC. 8 T g AHEY
S E colidl ¥$A7 vg FFEXE FITC(fluorescein isothiocyanate) & bioting 23
ZA et AE @FHAE FTAHoptical section) #&ASATE 1 A E. coli Al F 2] 9] & A
e A% ¥go] FEHE vy AEAMNE A #FHA FA) (Fig. 1)

2}, Propidium iodide(PD) #¢& #%

Propidium iodide(PD& A4/ ele] AXTe] it SRz & ol$ e wbhd A xeo
Edolyt Fx9 43t BASUE W FHEst FUEe] AEAR Ryl 39s) doju}
W = XM i AFo] JMed DNAGHEA Y, AYEI S gd o3 ple]
E. colidl g fF4&E FACSE o] &3t 2AMS Ao AT A9 17959 wta =
FEY AT 49 337112 184 o 7 Fe Vehggch
£ MEde] poreE FA4se FAGAAE veEbdon 4@zl mlrteld ) wlwEle uf
2 AgeEdA Pl 49Tl ZHEYY HygF LIMAE 9 ¥4 Jestd (Fig. 2).
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] . mean
E. coli cell only | 504
) ot
ESHIER FEI R
. mean
E. coli cell + PI 17.95
o 15%
Bz gam .
Cryptonin 100ug/m¢ + PI lﬁ i\ ; meat
ypton ! i
] 336.11
+ E. coli cell j} \ i
" "i!x'm%u‘jl; S E
By
= ?{?.{lmlt_"'f}ﬁﬁ
Ala " Magainin II - d]
Amide 100ug/né + PI / ‘1 -
. ] 01.10
+ E. coli cell Y
i ;"\U' ”“f11 ) :?,2 '('33 if
Fradt

Figure 6. Influx of Propidium iodide (PD) of E. coli cell treated with

(8,13,18)

cryptonin and Ala magainin II - Amide.

A Bape 2703 Daolw 24719 oiml x4t A7) A H vk AYPEDY] I FH s
e 1A PR - 2ged AT, 28D ¥ fungiol Wt zAERE W Y A

o] Ryl whrteldel HlE & T4 BHE HERAAT.
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@ ~helical wheel diagramol] 93] ZYEUY olnxwd MEL =AY HYS o
helixel Aty o2 BEHE JA44 (9.Arg, 10Ley, 12Lys, 13.Arg, 16.Lys. 17Lys)® A&
T4 oWl 7](7.Ala, 8Lue, 14.Ala, 15.Leu, 181Ile, 19.0le, 22Lew)ell &3] AU FwjA ¢«
“helix FZ2E 7HXe Aoz BFHYoH oY EAL 7|&d R 9 shx] FRo
linear antimicrobial peptide (bombinin, magaininCecropinE)e] E43 §A}8e o 2= 99
th AHECS opvmat AdY) FEHE FAsE Rke o AT HEog g4 @
4 HEelEY rlrteldFd REAQ AFAL JINE 508 Mol agEde ANag
Cation antimicrobial peptide A€l &8l RAog FEo] A (Fig. 3).

AYECY TXEE random¥ FANAE N-B3O2RE  sheet, random coil,
extended helix, sheet, turn®.2 T4 =90 ™ ¢ -helical wheel diagram ¥4 4] C-wth nm

ol A X 4/d (hydrophilic)t A4 (hydrophobic) § o}m]wit A7|Eo] o2 ARy

o] ¥ %¥3lvl(amphipathic)$ «-helix TZ& o|&3 Ut o8 st A& 3 ¢ ~helix T
&7 Bag A8 Heol=Q mlrtold, Mazy SoN @M 08 dgo et}

AE Al 7198k AYEDA 4o B W78 B Yite SEHS o
Atk opr At N-Ted C-2dg F¥Hoz A YL o 4 FHES} 2a
HAow. oldg AUE T olvmAt Wy WMEE olwwte] 23k T2 ¢ -helix2
o WEE BTG Bl My ojn|xile] g-helix® FEE WaalE nlgol
%-helicity = wHebA ZrA7E €oh 9 N-ddo] ZAEUS weo} C-2o] FAAmge
el o-helix® %-helicity® wlastd C-2d Ado) o BA YEgAw AT Ao
A 94 728 24 ol N-BadNE 3543 2549 obnnil A7= gy
obFllmAl AVIRE AlFeo] HAw C-BeholE 2URE NS e F2E Fo]|WE 7R
Toeh AR ESHAL e o)F oluwate] Aol EA 93 FAHWY ¢ -helixs}
FA A4 Fo¥ LS ddE RS AAE Fuo

FA A FHE FEdE o -helixsE A5FH983 Bubs 254 $AH0A 2 AN
&0 T/FSATE 4714 A BFE WAR Mgy e zh08 A @ Roz 9
o Ad¥= AYEC] AXNFol FRE 254 WARNIDGN g-helix® T2 W
e Ae 328 F dow I FYRE AL Axgelgs AL APFHoz o 5 g

AA
o.® wmg olzlgt AdE M@ Y cation FA BA HElolzo] BAo] wx @ -helixe] 3

=
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gule vk A F8% 4Bg IREE Ao 2HN FAA o -helix EAFT
2 PP FE7 B Fo@ JTE WATE AL BAFAT
g AE ATAFTA AYEUY G4 4871342 AUAL o4 YA B

A

A okG o] &3t AHE 33U} Biotino.® X3 AYEUL E colid] ¥R

T

e

o, streptavidin-FITCZ 2% Ex8l4 confocal laser scanning @7 o}&, A% o
& FALRESH, FITCY streptavdin® ZHE U9 biotine] 2L 39 E coliol A <]
HEW #8928 afxos Yobd & giok #F Ax FJFAEQ FITCY #E
ME7E Axds vasigls wW A2 FH4M FFHez 24T A 5
°of Atz AYEYE MAEY AU W Lo FFHeoz EHdtE AL U &
AT EF QYA MEGG 7H m AR XA E Eol7by] oJ¥AT A X2 pore
U2 e Wst 9 &40 AVE 1 B2 598 EoUt AxAUY 9

&t propidium iodide(P)& ZYEW I &7 w3 AAY. 2 23 agedoz As A
FE AYAES MRS o PIY fFYFe] 18] F71EE AU oA APEY
of FAFGE Yt v NE T EA Z& AFSAA o &AL Il AL AFYA

ol
rg

W

olRoz T B o AHEJY I ALV 1547 2549 oluwit 27
FA¥ ¢ (amphipathic)d e -helix7} 2549 v AE 2o AF pore HA
AU H& Axere] dAPY HAR TEAYS FFAFeR G FLS Yehye A
o8 F&Ev (Katsumi et al, 1998).
AYEGY ofm:it FaMgd g A FAg HIE AF F A FA FHo 27
< A o) FHHoR WMEHY Y olrwAl Y WmE g -helixd] U&EH
ALew o] ¢-helix TEE AEHAe] FA Agr|gd] JFe FE Aol FAH Y}
AR etolnef ofulieAbs AFAH AFAe dFAL A= %W v (amphipathic) «
~helix TERE 7]E At %-helicity S F7HANIIHE G THE FANZ £ Yo
ol 3 Ask ARz LEE EHE e &8 FHY Wtow AN & Qe

AoE AMB AT
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Magainin 1 GKFLHSA -GKFGKAFVGEIMKS
Magainin 2 GKFLHSA-KKFG~-KAFVGEIMNS
Bombinin 2 G-AL-SA- -KGAIKGLAKGLAQHFAN*
Bombinin-realted peptide 1 GGALLSA—("LPMATK SLAKGLE-HFAN*
Bombinin-like peptide 1 GASILSA-GKBALKGLAKGLE-HFAN*
Cryptonin LNGLALRLGKRALKKIIKRLCR

Fig. 3. Sequence alignment with several cationic antimicrobial peptide.
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Fo
N
it
M
ofp
e
o
N
ACk
2l
ofrt

o £EA #H S8 247 AYE YT AA B9 v
7hole #2444, 28 ALY F ohgue Age o)gEe] gom ¢y A w9

opp
ko
k>
>
S
lo,
1

70% °1¢& 2A 85 90k (Aunstup, K., et al 1974),

B ReEsE @l £5 WEo)S (pepide)dl A Webol= AT shaia)s
E2E, RE ARA SAse e YastHel Js5e a9 s o
NE ZfasE dFEe] AR BulEn, O BolAg x2 o oA FRu
ztzte] Bao] whel gy $EE gebdu o850, el AR URE Tae o

Z JleEdste endo-proteasest HEPol= A WHERE £ o B

s
Jpp

exo-protease® WE 4= vk ko] wet AN, T4, L&A vuwlE Reggiw 7R

s, B9 HA pHel whe A4, R4, F4 283 9r)4 vud Bayasrz 2ue

thiol (-SH) #71& Zt& cystein @ d ¥8) &2, aspartic acid 718 712 & aspartic o
A BEEA, O, ot g Fol2o EAe) oste] mA9 B JuL won
HEEe] Zng ¥HdE G Z2BHL 98 Zn”'¢ FRE dHE metalloproteaes

¥t (Hasecc et al. 1993)

Mz

@ BAEABS el NBY F/Y B 9 5 s pis) THe ng
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o} T 4§l Hofel o] &S & 4 A HAT vdd nAERRY o8 1A §A
A wuld FEgad A & 4 e, 2R HAEY £ ¥4, Add &4
A FRA] EA G LY systemE $ FAAEY, g4 YA Adste] o wF
F8 9 ke A - FEAY e scale-upel &03HA HATH EF ojd ALz
A Ao o AA7EAC] 4HT A F 7EY FHES ]R3 T2 AMUHAE A

stel o] 74A Aol Qlv) witel BAAA A&t sHesk e

Adsks gl B gie

Pty

qres e AAA 53, A5 L 5FlN 2o )

Ago) AN T RHEAE o) GHom o2l ReE Bud BAELE oot

r>
i
R0
N
S
32
o
o,

Fo g dnlare] NOVOAFY ulare] GenencorAle] 270¢l A &4A
27 ALE RES YRR AR g4 E Aisle A AdFELY dud RHEgas
MEdle= Aol AdeRaL gk ESF Gram ¥AH 2 24 #FFE, HAFE, aga ZF3o)

5w bkl oo vAES Yo R sl ok (Rao. M. A, et al 1998, Wilkes, M.,

a%)
=

et al 1978). vy} EFoA e dld Rlgde J3 =E0 FFo2HE Ry
WAE] os) A vz

marcescens ATCC 210744 AALE &= serrapeptase”’} Utk o] B4 E fibrin 28% 2

1,
4

AMEaAr REAHA oAZ2E, Fo oA E®E Serratia

inflammatory peptide 2 bradykinin, histaminel @3t 1R els wjio 29 aiA2 A}
£33 91t} (Henriette, C., et al 1993). .

Anle] #Hol 524 mechanisme ARZEd g Hojrl HE TE F A& FEE A
Well Wi Azt Anl Ao astAE FYstA "k Ane Holy FAzke] mpFHIL =
Aol A XA =L #HL Aol vlEE An AA ] sstde oA EIH Helun

olgl Aefoll A Awle BalE QS HHEA doh ol AnY Ho] %2 mechanisme

i
k1
L
¥
v
V)
=

Azysiophd An Aol Av] AAe] dwa Bl ais ot £ Ao E
A R aAE AMSE FAVAAES A& AR dFde FEA AES F Holdow
= EhstAl FdAwl (Nephila clavata)E A&l AEAEE ALEsEg on dhala B

A% AAHE AR MARS FHST, 2 AR AusHE 1he 54 2ASY
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7h Pl REREE 2 54 24}
D rAEY #4892 %3

= F3A (Nephila clavata)g ®A o RS AAF g BE BEug 70%
ethanole] 10¥3F WA 3te] RAE HFeGh 4FE Avle BE 2B we dAse
o AZE FEE AIT Fe Azt FAHS ot & FANL 1% skim-milkS H7He 14
WA el Edste] 37CHA 29 Wl ¥ S-S yASE 22Us Adsld wua »
3 &49¢ YElE #5E g5390).

Y53 9HAERHELE QAdsts FFe R Ay w Bergey's Manual of
Systematic Bacteriologyol w} Feietd 54, Az - Qs}sty =4 FAsiey 24

23 168 rDNAS d71-de B4 8¢},

B 54L& gram staining, spore staining, 222 AV ASH FYE 2AlE
dem, g2 - Ay 54 9 F L UgF o84S 2AEYY. #4 setn =
= TAE st FANY AL 24, (G+C) FF 2 isoprenoid quinone®] e

Mk PRFE 99 FHAH16S rDNA)E T Z3E DNAS 5% Laneo| FAs=

oX

M

primer(8F, 1492R)& AM83} Tag DNA %% &2 PCR(Y M =3uk-g)H o o3 A8l
o ¥dd 165 tDNAE &+ £t pGEM-T ¥ ¥ (Promega Co)ol 2243 % E,
coli JM109 AMXe] FAAGA7II, P& FE 4 TFE H¥89 tag Dye Deoxy
Terminator Cycle Sequencing Kit (Applied Biosystem Co.)& A}438le 7 griyae
ekt
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ZE2He vag 3000go A 3087t gAEE 5 02440 2 F (microfiltration,
Fall Microza Hollow fiber, USA)E %39 & 535tk

Protease®] ¥4 azo-casein (sigma, USA)E ©o]€% Braun® Schmiz® W
(Braun, V. and G. Schmitz. 1980.)& 3ste] EA3rt. 24mge Azo-caseing 1mLe]
50mM phosphate &N (pH7.6)ol Hoja 37ToA 587 AxzE sdul. Axzgg 3
azo-casein-& 9 300utol Z&EAY 10045 A7FstE 37CoNA 3087 w8 ¢ & 300
2] 10% trichloroacetic acid & H& wol whg-& FAALE 1AIZHES AR AT A XA
71 e dAEF (13000g, 5%) F 15x 10% NaOHE #H7Fsli 405 nmol A9 F3HT
g SATAG. EA 97Fs 406 nmol A 3= el 1.0 F7Hke &g lunit® A9 &

AR 5 248 FRT ko] 052 YA 52 AL dd 600nmolAe EF% gt
o7 2AR3ggoen dulld AFE BSA(bovine serum albumin; Sigma Co)E EF JFAH o
B

2 Bradford & #3827 Bio-Rad protein assay kit (USA)E A}-&3}s ¢

2) BA% 54 9 8454

Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)= Laemmli=t
Holl Fsted st 483 polyacrylamide gel®l F5+E 10%H9 2™ mini-Protein kit
(Bio-rad)& Ah&-8te] H3& FaAqrt A8 EAFEA marker2E Phosohorylase(97.4
kDA), Serum albumin(66.2 kDa), Ovalbumin (45 kDa), Carbonic anhydrase (31.0 kDa),
Trypsin inhibitor (215 kDa), Z18]3 Lysoayme (144 kDa)g AF&3lAth. A% 5% A8

-meccaptoethanol®] ¥ &% 0] 1+ sample bufferdl 3%3F #2 ¥ Coomassie brillant blue

.

R-250 (Bio-Rad Co)oll A& dgvt dwidRsi gl E498L gelatino] 3+3
10% zymogram read gel(Bio-Rad, catalog No:161-113)& Ag3te] &), AV EF
Ao A 304 F<¢F renaturation bufferel]l WX A1 71F development bufferdl 37C, 1A+

oF W& Mg}, wkgol ol W A9 E AL 05% coomassie blue R-25001 A&
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o}, 7R wjgux] 2 ouFEA
D AR wix L e e
Z1BFH o2 ApR3 WX 2E TY wjx](Bacto-tryptone 5g, yeast-extract 5g, NaCl lg,

KCl 0.5g, CaCl2 0.2g, and MgS04-7H20 0.2g per liter) & Ab-&3tgl o vk 74 287,

Kl

w200 rpmold AR FEtxawjde 500mL A7 FEh 2 (Erlenmeyer flask
= Baffled flask, working volume 100mL)Z 28, 180-200 rpmol A 24-48 A%t w)%&}
AT

Rk 3 vtazx wgd 5L Y EX(NBS Bioflo Il (New Brunswick Scientific
9l 8t
22-30CE stk E3 A& EE 200-400rpm, €71 $EE 014-089 vvmez 85}

Co))ol Al working volumee 35L, %7] pHE 68% 93 i &2+ #7344

e

vk wWYF pH 2ES 3N HCIE Abgstden 7Fol TAAdE AF ¥AA

(Antifoam A solution(Sigma Chemicals)& 7}l t}.

2) WA A5

Wz HHsE 98lA Plackett-Birman'-& o]&3te] 127FAo] HddWHE Asct
(Table 1). BE Ay& Agd wix|E 1L 4zt Zg2A(baffled flask, working volume
100mL)ol Al 26tE o2 83l 37FA 9] R (three dummies)ol e A A2 ex& ¥
sttt Wa &3 (variance of effect; Veff) Z8]i 71¥ Q2 (standard error; SE)¥

Veff= 3 (EQ)2/n=(SE)22} & &) AAte] FArt. EdE dummy effect® 2832 ne dummies
o] $=2 AAS d49tt Monaghan, R, L., et al 1981, Son KH,, et al 1996).

3) B2y 2 Aao] A% A Eajaie A

gl B gl Aake] o] e ©AY il AAYS HEEr] A8, 712 )
2] (TY media)el 377Fx19] & &429 Et J2YE FAVstd mde k. & 49
9 gx29 a8n ALYe 3%E F7Fsgen 28T, 200 rpmoliAl 24413t Wl gE AT
(Lakshmi, B.S., et al 1999, Obradors. N., et al 1993).
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g, g Rajaace] Ry @ A

ZE AN wdds 3000go1A4 3087t f4RE EE 0240 3} (microfiltration,
Fall Microza Hollow fiber, USA)E %3¢} 853t 58 2aa el disiae v
50mM photassium phosphate buffer &% &% (pH 7.6)9 BF¥ 3 A 71 DEAE-Celluose

column (7 X 15 cm)dll &4 AL 715t NaClE 0 MollA 05Me FL=FuE s |

Table. . Patial factorial design set with 12 experiments to produced protease HY-3

from A. proteolyticus (Son KH., et al 1996).

Experimental trials
1 2 3 4 5 6 7 8 9 10 11 12

Variables and concentration (%)

Glucose 0.5/ glycerol 0.5 e = = = 4 4+ o+ -y -
Sucrose 0.5/ soluble starch 0.5 + + - 4+ - = - 4 4+ 4+ = -
Dummy -+ + - + - - - 4+ 4+ o+ -
Cornsteep solid 0.5/ NZ~amipe 0.5 + - o+ o+ = 4+ = = = 4 4 =
Yeast extract 0.95/ tryptone 0.95 + o+ - + o+ - 4+ = = = 4 =
Oummy + + + - o+ o+ - o+ = = = -
NaNO3 1.0/ (NH4)2504 1.0 - 4+ 4+ 4+ - o+ o+ = 4+ - = =
ZnS04 0.02/ FeSO4 0.02 T N
Dummy - - - 4+ + o+ - o+ o+ - o+ -
MgS04 0.05/ MgS04 0.01 - - = 4+ o+ + -~ 4+ o+ - -
NaCl 0.1/ KCI 0.1 - 4+ - - = 4+ 4+ 4+ -+ o+ -
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AZFE 400mLe F&o2 |EIAY. E428HE UEhe 8& KEobA 10KD Cassette
membrane (Fall Microza Hollow fiber, USA)2. 2 ¥ %3} 2mM photassium phosphate
buffer &% & (pH 7.6)°l B&E 3 A2 Sephadex G-75 columnol 7}ate] FdtEgfo
2 A7 20mLY #4902 chromatographyE 33}t @9 d RS vehd=
23852 10KD Cassette membrane® &% & Freeze dry3& -20TCeo] A3t AAA
¥ sodium dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)E 4383
gl skt

s

n},

W PeEae obuley Y R4

A

29 515 kDa 9¥d B3] §4F SDS-PAGEse Immobilon-P**(Millipore) %
o blotting 3 % CBB dAdE @Y bandE 2 Aol 28 elution 3F3lch °]& 6N
HCI&E 783818t millipore o}7| =4t AFE4712 B4 3 E£8 1 N-terminal®] o}
o2k AdS 7] 913 Immobilon-P**2e) blotting® ¥ CBB @45+ 51.5kDa §9
@Y bandE Zet IdE ABI opv 4t AE BA7IR BAstA

g AR gtk WFE orixdt AEE 437l A EFHEA= HWyHel o)
endoprotease Glu-C(EC. 3, 4, 21, 19) V8 protease(Sigma Co.)9} &7 SDS-PAGE-’gcll A
@93t & F Immobilon-P*%tel blottingste] B3 ® bandES 7124 ABIS ofw) et

N B4z BASAAT

up, HY-3 @ df a4 38 fFaxte] 22

PCRY ol 93] 515kDa ©iid #a] &40 FHAE £437] A8 BA template®
A4 genomic DNAE ®eaAtt &, @4t F370e Aozie £ Aranicola
proteolyticus® LB WA o] 28TolA 24412 wlekdt & 6,000 rpmolA YA #elste] Ao
A AEZHE Murray(1980)9] Wl o8 o353 o] genomic DNAE E#3tAt}. Al
XE TE 2899 95mLdl ¢ ¥ 10% SDS$ protease K(200mg/mL)E 22t 0.5mL,
50pt HM7bate] & A& F 37CAA IAZEL HEAHT WS F 5M NaClg 1.8mL #
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7}8ki1 CTAB/NaCl §94-& 15ml #7tste] 65ColA 208 7F v A1 % chloroform :
isoamyl alcohol& T 718l & 42 5 7000 rpmolA 1087 Q4R8I A5 Ae
FAstAct. 28 g A5 Ao isopropanol& 0.64 7kl PARZF & AP DNAE 70%
A& AHste] TE ¢3&ho %Ak CsCY/TE $% 8§93} 43, ethidium bromide
(10mg/mL)& 200t #7}ebe], 40,000rpmol A 40475 29 A R YA R

,‘?:
& £Ysta ethidium bromideE v Zol AA sttt CsClz 34

ol

DNA
I-butanol& 4w #7}ste] Z 42 T 1500rpmoll A 1583 AR sle] £gd28 22
o o] AL ethidium bromide’} €83 AAE wrtx] WrEstvl Ethidium
bromideE A $ DNAC] o&-&& H7lsle] 4C 1587 WA 4T, 12,000rpmoll Al 158
FAAEYEATE. HAE DNAE 70% A&&2 M3t TE &F &9 =ATh (Wei,
H.L. et al 1998).

515 kDa AAY dRLLHaL2RE oz FE olnxiiAd AEQQQQA%
IGHALGE ©] 83} sense primer 5'-GCGGAACAGCAGCAGCAGGCS antisense primer
5'-GCCCAACGCATGGCCAATE A&, 91olA 28§ genomic DNAE template®
ol thgd o] PCR Wr8-& #3339t PCRY W82y X7l M4THA 5837 714
stod WMAAIZL 3, 308] 5 4T A 187F denaturationA] 71 3L 55Tl A 187k annealing
AlZL & 72Co A 40323 extentiong FAAATH PCRY W8 A3, 9ste= =719 DNA
dHE F9 = AJyTH
2Qsta. =¥ AAR"  FHA ARG o] &34  Inverse-PCRE $1% PCR

L

AHS PT7Blue T-Vector (Novagen)dll £t 714 ES

probe(5' ~ATAATGGCCGGGACGATCCTGGCTGTAGTTAC®}

5-CTTACGCCTTCCTGCCGAACACCATTTATCAG)E 438 3t4 ),

AL HY-3 @i 888 54

HY3 @22 Fsiaie o] 7px 7]de] g #alsS dolrr] 93 albumin,
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casein, collagen, elastin, gelatin, 28] X hemoglobin (sigma Co.)& 7|3 & Al&&te] A3
S 389t (Long, S, et al 1981). 42+ 714 &5 (20mg/mL)o) F&E4A Y (2 Unit)&
H7bebal 37TANA 2443t ¢ WSS AR F 10% TCAES Iml H7HE & w&& 4
ANZh 1A zHEE AAAIZ] F A5 do2RE 2 TCA-soluble proteing BSA (bovine
serum albumin)& 7]1& AFHo 2 F& Bradford W& ol §3le] dwiad gL &5t
2) &4 AEA

HY-3 @iy FEaiasd g AsiAle &S 287 98] AsAQ  antipain,
phosphoramidon, pepstatin, chymostatin, E~64, leupeptin, pefabloc SC, EDTA, aprotinin
(Bio-Rad, protease inhibitor set), PMSF (Sigma), 2# 3 phenathroline (Merck)& A}-&3}
Ak, Zk4 ¢ protease inhibitor 0.01-10mMe| F%o) HY3 @A RN EAE 37CA 57

7 ANYE @ F puARgEad 478 243

3) L& 9%

HY-3 @93 Ealate 3 25 dotrr] 93 10, 20, 30, 37, 50, 60, 70, L& 1
80°C9] ztzbeo] &%o) thajA A 83 24mg/mL Azo-casein (50mM phosphate, pH7.6) &
Aol 37T A 3083 §h&S Fste Gl ARHELY g7HE SAH3AY. S A&

=

M

A& 1000/TE 2 % Arrhenius plote. g AFAd38te azo-caseing ®8]37] €3 Ea
(Arrhenius 45)E T3kl

T 2o i@ AFAHE FH8r] fskel 10, 20, 30, 37, 50, 60, 70, 283 80T <]
Zrzbe] &9 ZAAA HA 18087HA 4 2&d g49& =AY L F& A4 T4

zAlshe] A\7hd ABEE Dolugieh

rle
ftjo
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4) pH2| 93

HY3 @l AR aie 3 258 dolrar] 938} citrate-phosphate (pH 3.0 ~ 7.0),
Sodium phosphate (pH 7.0 ~ 9.0), Tris~hydrochloric acid (pH 7.0 ~ 10.0), Glycin-caustic
soda (pH 9.0 ~ 12.0) 59 &FHel 714E 3o A& Axsts HY3 vl g EHa A
A7rstel 37ColA 30 £3F A & &A9 oUtE FA3AT

T3 pHel HEAAE FA7] A v fFHE o] &3t pH 3-129 A oA
HA 30%olA HAF 12087 37CA 308 AAHE & ool G Bh S 2AL
3to} pHY AL E Lolrgir)

3. 4% Q nz

R AR B % 54

AL EQ AN (Nephila clavate)?l H e ZFH 223 did R g AL vAE
(HY-3)o] #3F3 B4, dd4, A3 2@ gAsed EHL =A% 43, 245 A48t
X @E g SAFelH, 0.3~05me AlE Zriet 0.7~12me AlXE HolE zty= oy
ol NERA, &¥Ao #sted AU A¥F (Enterobacteriaceae)st 418 ez 54 S

b= Ro g Ve ow(Fig. 1.), B -galactosidae, urease ¥ o -dicarboxidase® A4+3FA

2

t}. Guaric acid, mannitol, inositol, sorbitols® @EFEAH @I ERE A& AAstaL, A
gL ordAdom @A oxidase S4S UEdE A - AR ELS HA A
Ao dubzl A7 Aolrk Ak AW At =

HAH32%) R eAaS 1709 mEld 28 AAR12%), 283 gAa5 1671 2 157] 5 F
A (20%)7) =AW 0 2 E A 3 A

gujery, AE - AsEA B FAREH SHoRE MARY AT TR B

rto
e

g}t AW AT (family Enterobacteriaceae)®l &3} Serratia sp. =% Rhanella sp. &2

BEgoor) Hrh A3 AL H3te] 16s tDNAY F7|AE & RASIAT o] & B3]
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sl v ZYPRAY (NIH)NA 938l GenBank ¥ 16S rDNARFE ZotA A%+ 9
%7 ribosome Database (RDP, "5 dglio] digtu)e] ztzet vlagAe 23, 2 49
o] e F3F2 AYE (Acyrthosiphon pium)® 98%, Rahnella aquatilis$h 96%°] 374
& kAT YE Aoz FAHYG(Fig. 2 3, 4 (White, D., 1995, Yang, F.C,, et al 1998).
olAre] EBERAAEEA EFE AAg A3} Eubactria, Proteobacter, gama-subdivision,
Enterobacteriaceaedl] £3ls, 71&6) A3 Rud o gle MEL vAEA ALE YE
Wk wmakd, B ouge) s F3E gy W AAed gel AveA fdd @
HNEALE QA= ATolglE EOE Aranicola proteolyticus HY-38F ¥ dhaz, 19961
9 1942 APTHATAEN FAA L89) JEHe S KCTC 0268BPE 4 W
%t} (Park HY., et al 1997).

ﬁ‘m

co

=



Fig. 1. Morphology of spider, Nephila clavatalupper) and electron micrograph of the

microbe HY-3.
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Fig. 2. Cellular fafty acid profile from the microbe HY-3
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1 RGAGTTIONT COTOBCTORS ATTGGACGCT GECOBCAGGC CTAACACATS
51 CAAGTCBAGC m%m:m AGAGCTTOCT CCTOGRTGAC GAGCEGCGGA
101 COGETGASTA ATCTCTOUCA ARCTGCUCTOA TGGAGSGGBA TAACTACTGS
151 AAACGGTAGC TAATACCGCA TAACGTCTAC GGACCAAAGT GRGGGACCTT
201 CECRUCTCAT GCCATCAGAT GTGCCCAGAT GGGATTAGCT AGTAGGTGG0
251, GTAMTGECTC ACCTAGBCGA CGATCCCTAG CTGBICTGAS AGGATGACCA

30L GCCACACTOG AACTGASACA CGGTCCAGAC TOCTACGGSA GBCAGCATG
TTE CACARTOBGD GCARGCCUTEA TECAGCTATS

| TTCOSETIGT AMGCACTIT CAGCSAGGAS G
} CACATTECAT TOACHITACT CHUAGAAGAA SCACCOGCTA
501 ACTCOGTOOC AGCAGCCHCS GTAATACGGA GGETBCAAGC GTTAATCGGA
&51 ATTACTOEOC GTAAMGCOCA COCABGCGET TTSTTAAGTC AGATOTGARA
- 601 TCCCCGCECT TRACUTEGGA ACTGCATTTG AAACTGGCAA GUTABAGTCT
651 TCETACAGEGG GETAGAATTC CAGETGTAGC GOTGARATEC GTAGAGAICT
701 GEAGGAATAC COGTGECEAA BOCEECCCCC TBGACAAAGA CTGACGCTCA
751 GETGCOAMG CUTCOGGAGE ARACAGGATT AGATACCCTG GTAGTUUACS
801 CTGTAAACGA TGTCSACTIG GAGGTIGTGC CCTTGAGGCS TOGCTTCCGE
851 AGCTAACCCT TTAAGTCBAC COCCTCOGOA GTACGECCSC AAGGTTAAAA
901 CTCARATGAL TTGACGGGGE COCGCACAAG CGETGBAGCA TETGGTTTAA
951 TTCHATGCAA CGCGAABAAC CTIACCTACT CTTGACATCC AGAGAATICS
1001 CTAGAGATAG CTTAGTECCT TCGGEAACTC TGAGACAGST GUTBCATEEC
1051 TATCETCAGC TCOTGTIGTC AAATGTTONG TTAAGTCCCE CAACGAGCGC
1101 AACCOTTATC CTTTGTTGCC AGCGOGTAAS GOSGEAACTC AAASGAGACT
1151 GUCGOTGATA AACCGGAGGA AGGTOGGGAT GACGTCAAGT CATCATGGCC
1201 CTIACGAGTA GBGCTACACA COTGCTACAA TGGCGTATAC AAAGAGAAGC
1251 GAACTCGCBA GASCAAGCSS ACCTCATAAA GTACGTCGTA GTCCOGATCS
1301 GAGTCTGCAA CTCGACTCCG TGAAGTCGGA ATCGCTAGTA ATCOTASETC
1351 AGAATGCTAC GOTGAATACG TTCCCOGBGCC TTBTACACAC CBCCCGTCAC
1401 ACCATGBGAG TGGBTTGCAA AAGAAGTAGG TAGCTTAACC TTCGGGAGGG
1455 CECTTACCAC TTTGTGATTC ATGACTGO8S TRABTCRTA AUARGETARC

rrfmer 44 0 BRVE-E 19-mer M,m* m* m!’ i%&r

Fig. 3. 16S ribosomal RNA sequence of HY-3
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1

A %

U el e gl obv Ak &

22RyE 515 kDa @l B Eao opnnatzA £A45% Talble 291 Yl vt

-

o} gomn o] A¥E neo R Serratia marcescens® F-H @ KAl H Bz 66 kDagl
extracellular scrine protease® ¥ £ 2 7je] proteaseE#  frAH ol FEHIAH.
N-terminal ohv]w2bdd  2AZA3  ojw  ofp|:=ale signal®e #HFHA FPoE
N-terminal®l blockinge A% 4 At -goz a1 Yi9 o=yt AEE4E A=
3 Wk}

g AR EAS Glu-CE Eol¥ o g Hdsle V8 protease?t &7 SDS-PAGES}S

S

@789 bando] Wal 2 oAt MEE BMEAT. 71 B Ao fragmentEE v
o2 SWISS PROT databaseol A A& A3} Serratia marcescensZHE # REig of
u A 486712 serralysin(E.C. 3. 4. 24. 40)%} & AE5A4ES JEhlddth 53| serralysin
precursor®] 99 A (A)FE 110U A 7421Q) 3 194 A(DHE 2030 AZA(P)e] F&
7 909% ool AEAHE vehdE FHskth(Fig. 5).

3

g AR EAe] A5 BHEH ov| AN dE o454 Primerg 23t Aranicola
proteolyticus HY-32 ¥2 ¥ genomic DNAE template® 3} PCRE +38, DNA dHSE
golsgch o] AWML PT7Blue T-Vector (Novagen)ol =iste d71MEe 24 A,
k% primerE ¥F A7IADe $7b 3032 ek oh(Fig. 6). Primerg A 91§ 265719
9171 9L Serratia sp. E-159] metalloprotease +8%+¢] @714 29 83%<] AEAE U
Bl W0, Serratia marcescens SM62| metalloprotease %29 88%9 AFAHE JEIR
0. GAR] ofnwAde washd Zzb 93%2 e gdgsase] dRLde

2=

o)
=

9tk o] GAHA HARE o]gs inverse-PCRE FHa ATt 21 A 1,46178 ¢
91717} open reading framee T3t 3101, o] open reading frame 487712} o}u} w4k
oz FAF vMd BasE AAESF dE 47149 E ZedE A4S ¢ F AT (R

= 9] #A]). Open reading frame®] upstreamd] 1670} d71& Abolo] Fi -35 region
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(TGTGCA)Z -10 region(TATAAT)S] YrlAde] REXY glow FHLG: AgHERE &
##2 Shine-Dalgarno(SD) @71 de] MA] =E %o &A%t} =3 downstreamo] #A}

terminator® X o]+ palindromic 9714 g 0) et

Table 2. Amino acids composition of 51.5 kDa protease.

Qmino acid Composition ratio (%)

Asp 14.6

Glu 4.5—*HV“
Ser 8.2 ‘ |
Gly 16.2 |
His 4.5

Arg 6.2

Thr | 77.8 A
Ala 11.3 -
Pro 3.5

Val 5.7

Met 0.8 B
lle 57

Leu 5.9

Phe 5.1

Total 100
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Serralysin

1A as

"
i

serralysin

chal el & A

%9 A E Q Q Q@ Q@Q Q K L S

¥ v v v v ¥ v v
194 I G H A L G L S H P
1 I G H A L G A S Y P

203

10

Fig. b . Similarities of 51.5 kDa protease fragment
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GCGGAACAGC  AGCAGCAGGC  TAAGCTGTCG  CTGCAGTCCT  GGTCTGACGT 50
GGCCAATATC  ACCTTTACCG  AAGTTTGGTGC CGGCCAGAAG  GCCAATATCA 100
CCTTCGGTAA  CTACAGCCAG  GATCGTCCCG  GCCATTATGA  CTACGATACC 150
CAGGCTTACG  CCTTCCTGCC  GAACACCATT  TATCAGGGCC  AAACCTGGG 200
CGGGCAGACT TGGTACAACG  TCAACCAGTC  CAACGTGAAA  CATCCGGCCA 250
GCGAAGACTA  CGGCCGCCAG  ACCTTTACCC  ACGAGATTGG  CCATGCGCTG 300
GGT 350
Fig. 6. Nucleotide sequence of PCR fragement from Aranicola proteolyticus genomic
DNA.

gt wj =] 2 5

gl Za R4 S FAAAT] 938 Plackett-Buman®l W& o] &3 15714
Mx] 24 7HAR HAEE sk 849, 249 a8 FUES E¥ste vl H4¥9E 3§
At (Table 3). G EHE2E AAS71 A% AL Hol M E corn-steep solid, tryptone,
I8 3 sodium nitrate E. NZ-amine, yeast extract 28 I ammonium sulfate’} Bt} F
o

2 a¥%E 2Adv a8y glucose, glycerol, sucrose, ZZ#] 3L souble starch® ¥33% BE

g9 E EFE Bolx &ttt (Oreilly T, et al 1983, Frankena, T., et al 1985).

of, gAY 2 AAe o3 did Ealaie A

Gl Belghe Aio S F @2 € A429E F7) YA ZurdA A
e MFe FAHA AP S s (Table 4) (Giecke UE, et al 1991, Kole, MM, et al
1988). TY HiAo] &4, AAY, AWRFEAA, 283 EF WA st 48L& 9
th 277k Y] #HIFA Fo A lactose, galactose, olive oil, 2183 linseed oil®} 2 &4
o s A

d Eaie &4 168%e] 718 Rk 53] 30%9 ©@sEs Eestuda B

& gy EalEgad A FUHE Eid £8, AHEGAY Tween-80°0
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Ardoz g#)Ad 9l soybean meal (Fermentation media ingredient analysis table,
Traders Protein, Southern Cotton Oil Co., USA)l A & 3068Yt =2 718 H )
49 % galactosed X383 9+ lactose, raffinose I3 3L galactose 72 7%
% Aol ZAsly G4 BAau. 2y, glicoseE TSI v ©AUQ maltose,
trehalose, soluble starch, carboxymethyl cellulose, ZL2l 3 sucrose#2 A$ols ©e 84
S Yo A" el AdAF glucose® 1%, Ll 3% H7bEl Fol wEbA A7t
20.2%9t 76.9%¢] 7HAdS BTt (Table not shown). @¥id Ea& 42 A3+ glucose
o) Fxol Azt s & 4 AUY (Sunitha. K., et al 1999, Bierbaum G., et al

1994).

vh #H A o 219 g3

Aranicola proteolyticus HY-3 proteased] W& &7 92 dizF wigS AA3 7] SsiA
gz wgs Paatt (Moon, S.H., et al 1991, Moon S.H, et al 1993). ¥ &%+ NBS
Bioflo I (New Brunswick Scientific Co.)& Ar&3td o™ F 5L wigzo] 350 #SE 5
o] wEg FAY oiF e s e 20 APE gt B AMES wiXE TY
Wi x| Z 0.5% Bacto-tryptone, 0.5% Yeast extract, 0.19% NaCl, 0.05% KCI, 0.02% CaCl,, =
3L 0.02% MgSOs - TH:08 AMg-stsion nmds7d 2148 98 wix 49 pH 24L& 2N
HCIE Abg8tel 2=d& ol

18 Wik =A (28C, 05vvm Z# I 400rpm)E E3] 70A17F B¢k wikS 3 Bt
A. proteolyticus HY-32] A48 12 A1zt H o) o]&2 g oW proteased] AL ml A E-9
A kA AALE = growth-associate HEIE B Th £ proteased] AAtS 154131
11.8 unit/mLE o] AN 1o 18 A7t o] EHE & protease?] A7t #3 (autolysis)
zo= o3 F73 @44 e BdE BT Fig. 7).
A. proteolyticus HY-3¢] A &3} proteased] AR L ANE 313l B 7FA &4
o1 upito]l FRA A4 FFE FANE Rdrh WA 2ol % WEE dotnr]
Aste] oA A

F}OFO

ot

to

58 922 95 28 1¢al 30CE wpolA AL 3 Bt 2%
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proteolyticus HY-39] A& £ Ao]l& Ho|AE &k o ) proteased] AAlo:s weo wWs

L

5 2t 30, 28T 9 2 2EME protease®] AASHE A7) 22, 25°C Ml 44

o

5
H

e

g5 e F&ES Bk 2ok AE proteased] HAA R Aol AL HlnA g

]‘
£ 22CTeAA A Vet mlgst= $9 AMNE proteased] A7 B 2 oA 1

A

I UAEY AFAE a2 2CE I8 gLz P39

W 4 pHE A7l AsiA pH 28-S oA & 8743 pH 70, 852 =4S 3}
of WgS 3 wokth. pH 852 A& &w pH 2L 3 €L AP pH 7008 =
dg g 22 zb7} 1.234), 158419 protease A F7HE Ko pH 7002 2YS NS w
protease A4te] Y-S & 4 U

AyollX A 2= (227, pH7.0 contro)& wlgo & wjekr) 9] 0.14, 050, 0.89 vvm
o] B7] =& viyo] vlm Ags Bokth vlas B A3 014 yvme e nAE %
S} protease AA4rel HlAE A 05vvme F7] $EE EE protease? A4t 089 vvme =
2 HAE TEE B

A. proteolyticus HY-3% A% &%, protease?] o} A2k A 2 Hog WA A
718 aEs)A Wjd 2& 22C, pH 7022 23, Mg B7) €5 050 vvmS H 32 sjok 3t
ez AAsGY. 2AdE g #2L B MY 2133 vzZslA A proteolyticus
HY-3¢] $%% ODeswoll Al 518904 12492 2.4u} 18] 3 protease?] &AL 11.76 unit/mL
ol A 2343 unit/mLE 20|F %] F7tel wlgF Fo= ALAHQ protease B AL
B3k (Table 5).

AP ol AY dF M A HPL YN 1B RN 5u BEE wiRE
o]-&3te] wWigE A3 & Hth F ALE3 ¥iAE Bacto-tryptone 25g/L, Yeast extract
25g/L, NaCl 10g/L, KCI 5g/L, CaCI2 2g/L, 218132 MgSO4 - TH20 2g/L% $2< 3% &
ste W Bk 22019 HAE = a@lm 2399 protease ¥A49 ZIlE ML o 4
ARt

A S HE scaleup RS Z 35L w9 (BL fermenter A Z)o|A 37}

scale-upAlZ] 130L WiH(300L LEX)E FalA HES A 2E 2He ¢d Az
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=%, 5 sEsk V1R A, Wk 2% 22C, pH 7022 3 a8 WY B7] &%

-

050 vvm$ o] &38tirh WE g AZFE 20 AT T SR AE FEE 12 A3
HUlZ ODgooll A 2098 ®ow uif F27] &< specific growth rate (xmax)e
0901 h''8 ®Yrt =& proteaser 6AIZLRE ST A Zale] 20417 AR AEA ¢
A FAS Kol Fon 20417l 43 unit/mLE BT

300L WaExE o]&gk 130L i gl ME 5L HEXE o] 8§ 35L wiY} vlus)

ofi
1o
rO
o,
ox
BN
r2
2
2

E u} A proteolyticus HY-32] 473 proteased] A4+ 2 8¢k 7|17+

Z Holg Holx ol thEk mMeke s wixle] commercial ¥R 2o M T of g

.

u
offl
tio
ki
i)
rek
i)
1
=
ot
=
o
o
do
L
2
2
&
5
o
L
X
off
e
Py
o
i

M Fo AAHA He

AzrE,

Table 3. Nutritiation variables and their effect on HY~3 protease production.

Variable t-value Significant level
glucose / glycerol 0.713

sucrose / soluble starch 0.720

cornsteep solid / NZ—-amine -1.260 > 75%
Yeast extract / tryptone 2.230 > 90%
NaNO3 / (NH4)2504 -1.490 > 75%
ZnS0O4 / FESO4 -1.940 > 90%
MGSO4 / MGSO4 -0.140

NACI / KCI 0.258




Table. 4. Nutritional variables and their effects on the production of portease HY-3.

Media ingredients Protease, U/mL Relative activity (%)
Control 5.51 100
glucose 3.02 55
maltose 1.19 22
trehalose 10.88 65
soluble starch 2.01 36
carboxymethyl cellulose 4.21 76
mannose 10.39 62
arabinose 4.38 26
fructose 17.52 106
galactose 8.25 150
lactose 16.29 296
raffinose 23.39 425
chitin 5.63 34
galactosamine 7.80 47
sucrose 3.89 71
glycerol 1.57 28
mannitol 1.54 28
sorbitol 1.27 23
xylose 0.25 5
tween—80 9.23 168
olive oll 11.97 217
sunflower oil 6.18 112
corn oil 4.03 73
linseed oil 15.59 283
soybean flour 16.87 306
soybean oil 16.30 g8
soytone 15.66 94
cotton seed flour 5.49 100
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Fig. 7. Time profiles of cell growth (ODew), protease production by batch fermentation
of Aranicola proteolyticus HY-3 on TY medium. Culture condition are 28°C, 400 rpm,
0.5 vvm and pH uncontrolled.

Symbols are : (@), Cell growth (ODsso) ; (I, Protease activity (unit/mL); (A), Protein

concentration (ug/mL)



Table 5. Comparison of maximum protease production time, cell growth and protease

activity on different fermentation condition.

Fermentation condition e Cell Protease Relative

Temperatur (h) growth activity activity
pH e vwm (ODsoo)  (Unit/mL) (%)

()

without 28 0.50 14 5.18 11.76 100
7.0 28 0.50 22 9.14 15.05 128
8.5 28 0.50 16 4.66 9.55 81
7.0 22 0.50 21 12.49 23.43 199
7.0 25 0.50 28 5.90 19.38 164
7.0 30 0.50 18 5.90 23.37 198
7.0 22 0.89 18 11.24 20.53 180
7.0 22 0.14 42 3.23 8.65 74

2) B AsA

gy Bagiol AsNAe AEgFE A Y8t EAHE amino peptidase A 3 A
¢l antopain, mectalloendopeptidase®] A&} A<l phosphoramidon, aspartate protease 3 =]
¢l pepstatin, trypsin A3 A antipain dihydrochloride, cysteine A& A<l E-64
(L-trans—exoxysuccinylleucylleucylamido(4-fuanidino)butane),  chymotrypsin = A & = <1
chymostatin, serine protease A & #|$! leupeptin, pefabloc SC, aprotinin, PMSF

(Phenylmethylsulfonyl Fluoride), metalloprtease A 8)#1¢] EDTA(Ethylene diamine
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tetraacetic acid), phenanthroline®€ 272 1 mM9 %Y ¥E2 5 ¥37F 37CoAAM dAxa =

& o Ad 84& 34 23 244 993 2E8E2e AMAd EDTAY

phenanthrolineoll A Z+-2}+ 39, 30 %9 izl #A49 HaE KA (Table 6).

By vAE 29 JF& 2AF AT Fig. 9.9 Zo] 37CHA Huy BHe 1
RO 45T oA FA3] maBAol FASAT 5TAM 70T7HA 24~16%) A
A FHS fFAGAOY 0TAME A HgaArt aed S =, 4T 15T Abo)
A= AUHoR 40~50%9) AR w& Jugde UeHon, 20T oA 37C A
ol M 80% o9 Al AABAHL RAsn AU}

doll g FAHE AFAXE 30T 7R 18027 80% ol 4o Fe] ShgHLS Ha

=
)

37CAM = 60EFl 60% FAA &AL, 281 180RNNE 40%] Al w4
HAh 80CT7F 377 ol whet doll kgL F43] Ago] Ho] 605 FTol= FHS
o BT QoA do| AN te Arrhenius plotg &) HtS AL =EA YA

S o}

=2

o

)

it

T UE FELE 4~37C A azo-caseing 7| A2 ALY 499 Eak 2432
kcal/mol & B gt}

4) pHe| 9%

gl RelEae] pHAl WE 93-S Fig. 10 AA s 2ol HA pH7} 80~852 oF
dHEINGE o] 9714 proteased] RO E Ueldth B pHsl 5~12747 80%A =9 A
A F4& Bolx glo] pHl Hid W97l We Ao Ugrh w8 pHol osh o
gl ddolM = pHBOAAM S kAol Az Ugton pH 6~11742 = 60% o] Abol
qE& BYh

o
o

2
o

_80_



Table. 6. Product of TCA-soluble protein at 24h incubated by protease HY-3

Relative activity (%)

albumin casein collagen elastin gelatin  hemoglobin

0.5 h 11 6 17 12 2 7
2.0 h 28 22 23 23 22 10
24 h 100 63 56 41 40 42
120(‘
100 [ | [
Q [ ] M
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B 80 _
= ]
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5 40
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Fig .8. Proteolytic activity of protease from A. proteolyticus HY-3 in the presence of

protease inhibitor.
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Fig. 9. Effect of optimum temperature on the activity of protease HY-3.
Relative activity was determined at pH 7.6 and at different temperature by a
standard activity assay. The values obtained at 37C were taken as 1009%.

Relative activities are the range for two independent experiments.
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Acyl-CoA:cholesterol acyltransferase(ACAT, EC 2.3.1.26)& cholesterol] of ~€] 3=
% (Mahley et al. 1984) S99 cholesterol ester %3 (Bell 1986)% #o g X
cholesterol &<+ R Zloll A o] Xe A P4 (Heider 1986)0] F23 IS 3= ghojr)
ACAT &l o3 form cello] cholesterol2 %8 # %% th#< cholesteryl ester® ¥ &
&7 wiol, A3H, AFAA &M marcrophages®t smooth muscle cell2%E €%

d form celle] FAHL v$ Fosich DU form cells?] F4& ACAT 4 Z7)s)
AhHer ARHo] glv] wio(Kathawala and Heider 1991), # &3 3597 sz =4

ACAT AAS A e gt s

o] ofg] 7tA] 94 AlEE @A cholesteroldl W FR7 fAALAE] g
stobs AL e vt AlEdEAe]  cholesteryl ester transfer protein(CETP): 317
EAGMHMHDL) AEEAEHAQDL) Atololl A cholesteryl ester9} triglyceride?] 3
& ¥ H(Tall 1986). =8 CETPE @% cholesterols 7HS 23 Ho2 AAs= &9

134
o)

& 71240 FelEE A% A Z(reverse cholesterol transport pathway)o] A 2+ =) il
o] AATAHE =Hke FHFARAN, FAAEF B glo] w$ 223 dxe g
2 AvHAssmann 1990). 8% CETP 4ol A9 ¢l AL® B1H pigtt ratdA= &
BB Fko]l Al gt Bade] JYrk(Ha 1982). & © AHH ZA2E AR
M ogzdE d% CETP 2% 7149 3%, €% ILDLAE #A3] welx 1, HDLA = & A 3|
EoW ¥F F cholesterol A& A/dQlol nis) 2-3u) 7heF wovl, EwAstE wwlalx ¢
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7b AloF & AR

[1-"Cloleoyl-CoA(CFA 634, 54 mCi/mmol)¥ CETP-[HISPA(scintillation proximity
assay) kitt Amersham Life Science(Buckinghamshire, England)ell A F#+¢3F1e.¥, HPLC
column{YMC-pack ODS-C18)2 YMC Co.(Tokyo, Japan)olA T+, EE reagent
grade chemicalE-< Sigma, Aldrich, Merck Co.5olA T84t}

Alag EEES #x3red 7Y AEEgATE SELAYANA FAEEHL Y

= ol etA ¥l (Apis melifera) 258 #3134

U ACATY #E A

ACAT E4922% 3 FH(male Sprague-Dawley 150~200 g)¢ +xA& R 3ty
(Erickson et al 1980) Az dssE AFsn 4] £32 9% A (025 M sucrose, 1
mM EDTA, 0.01 M Tris, pH 7.4)Z 7}% th& ice bath A Teflon homogenizer & T3
gttt FAAE 14000 x goll A 1587 AR FFHe & F 100000 x g
ol 1AIZEEG 2AAHREAT. o] HFEES EFA B (025 M sucrose, 0.01 M Tris,
pH 742 Atz EHA2 F 1A17HES 100,000 x g oA oAl 2QAE8E P9

-

2R 42 FHMEES 4 mL ¢ 429 Bl FHAIZ F bovine serum albumin & EFT
WAz ALE3lY  Lowry® Rosebrough E(1951)¢) o} dhwld S Ay gy w12
7} 8~10 mg/ml 7} H =& sA3te 200 ¢! FFHe & 80T WHE T BASHA ALE
&t
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th. ACATS® &4 &4

ACAT B4l &3¢ [1-'%C] oleoyl-CoAE 7|42 &1} Brecher & Chan (1980)¢] ¥
HE dR F=A3le] Ap&stdct 10 zl 2E AS N, 40 ] microsomal enzyme, 20.0 gl
assay buffer (0.5 M KH2PO4, 10 mM DTT, pH 7.4), 40 mg/ml BSA (X%4to] &A=
7, Sigma A6003) 150 £, 20 mg/ml cholesterol 2.0 w1, 41.0 ¢l H:O & 7Fsted 37C ol
A 1557 upirgA Ak o] ¥hgeld [1-C] oleoyl-CoA (0.02 #Ci, AFEE 10 ¢ M)
8 L& Hriste] thr] 37C oA 1683 HH-3-AlZ1 & isopropanol-heptane (4:1 ; v/v) 1
mle 7}8te] ¥b2-& XA 73, heptane 0.6 mie} Hul = & A3 assay buffer 0.4 mlE
7he F AAEEE Pt A8 SAL dAdEYstd 42 AF 100 xlel
cocktail(Lipoluma, Lumac Co.) 4 mlE #H7}st ¥ liquid scintillation counterg ©]-& 3l

radioactivity 3 &4 8¢}

. CETPY H#¥AA

CETP2 H4x gofdozHe ]38 AA% human plasmaZFE o|n] B g us
(Pattnaik et al. 1978, Kato et al 1989; Rehberg et al 1994)E& FT&3td FEAHA A
Human plasma 920 ml(5 pack)oll MnCls(final conc. 0.2 M)$ Na-dextran sulfate 10% &
M (final conc. 1.2%)& #7135 %, 10,000 x g(Sorvall RC5C, GS-3 rotor, 8,000 rpm)ol Al

¢
4

g]3te] 7A€ lipoproteing AT AT AL AUk o] AT M HFH =Tt

qm

3083 9AE =

70 mMe] HEF BaChi H7beh F 10000 x golAl 3083t 23 YRS do
Na-dextran sulfate®] Zre]Eo] A7 % lipoprotein deficient plasma(LPDP)E <

lipoprotein deficient plasma®] i NaCl& #7138t §d¥=7F 4 Mo] HEFE TETHE,
200 ml2] phenyl-sepharose CL-4Bell 7}slo] 4TolAl 1A17F <t whtgo =4 duag
resin®ll E&A17] & fritted-glass funnel¥ o] &3t 4 M NaCl €9 200 mlZ A& &1,
dolo} 500 mlel €Fg AGBO mM Tris « HCl, 150 mM NaCl, pH 7.4)2 M 3F oL
glass column(2.5x50 cm)ol]l X8 th, &5 8% AR 280 nmolAl e FRE7F 03 ©]3l7t
HeE AAsa, 0.02% NaNsE ®33ts HOE ol &3ld CETPE £33t CETP &
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82380 05 M Na-acetate &5 44& 198 Foud Hristel §&49 pHE 452
ZE ohg 10000 x golAl 3087 dARHRG, AYE FAEE AAT FE5AO2NH
CM-cellulose ion exchange column& o4&t CETPE FEAASGIAT. &5 8 B0
mM Na-acetate, pH 4.5, 1 mM NaEDTA, 10 mM B -mercaptoethano)® 3%
CM-cellulose column (1.6x20 cm)ell 2 45 4& H43tn &F&4 C(O0 mM NaCle =
Fote ¢4F84d BIZ AT F, 90 mMoA 400 mME NaCl FE& F7HI7IEA &3,
28359, CETP #4d 98 d& F4E8E& 1 mM NaEDTA, 10 mM 8
—mercaptoethanol, 0.02% NaN;Z %83l 9549 AZ FA 31, bovine serum albumin
& gzudAZ AR89 Lowry 59 Wiol ue duldg FFsta I st 01
3~0.15 mg/mi7t HEE FAsle] 2% FHE F 80T WE BHASHEA AR
23

vl CETPS &4 4

2YAHT a2 ABWI(CETP)Y 84 A& PHI-CETP A%23 2444
(scintillation proximity assay: Hart & Greenwald 1979; Bosworth & Towers 1989)8 ©]&
dof thest o] AA&%rh  [PHl-cholesteryl ester’7t HDLZ ¥ Biotin# A% € LDL
2 2uE 3 o] Biotin-LDLLY Avidin® 2% # scintillation molecule (fluomicrosphere)}
Aste oM FLANdA *Hel B -emitter”} scintillant molecule® o}F 7t7bE AT el
AHETO 2N energy(R)e WAHAH, o] Ho| ZxE ZAHTo.2N CETPS] E4& HA3)
A "k

CETP &4 =4 o RE A%S dLE2 J43gd. 1 ml B A48 Frol
10 x19 BAgkZd (50 mM Hepes, 015 M NaCl, 0.1%(w/v) NaNs, pH 7.4), 10 z1¢]
[°H] cholesteryl ester HDL, 10 #1¢] biotin LDL& &%3 & 10 x1 o CETP (At#e] &
Foziy EyE A, 1.3~15 pgrg H7bste] wE A, oH FAEE 10 gl
o] CETP tialdl 10 p1¢ & H7bslglen, dzTae 10 419 Alg daded o
Bee Hrlste & A WA 37CAAM 4 A F< WA F, 200 19
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AT, CETP &4 542 Az dAEYIFEE AANABASF7] (Liquid scintillation

gt

counter)& ©]838}9 HDLZY¥ LDLZ Hol¥® cholesteryl ester? %<& CPM (count
per minute)®| W92 AA

ACAT % CETP ZAHAHEL g dozny Tty

o e __Sample (cpm ) — Background (cpm )
% Inhibition = 100 x [ I Control (cpm ) — Background (cpm ) ]

3. A% g nF

2 - A

M

7h EUE25EH ACAT 3 CETP @4 AHE 4

[e]

o

2| QA 'l (Apis melifera) 258 238 3

=

)
i
of

R, AZHIL 0% S| B LA
o

HRe GEA F AR Axsith 100 mge AXAE

=2 10 mg/mle H%7}
HEE FHgol &A1 & 94 silica~gel column chromatography(30 idx30 mm, C-18,
40-63 pm, Merck)& H3foH, §EN02E HO, 91, 7:3, 55, 317 H:0/MeOH, MeOH
< 27 60 mi¥ o]-gstit. AAEAY A#Edo FHE BHYFr. 1 & 2L HojA AF
%% %,  preparative HPLC column(YMC-PACK ODS-18, 20x250 nm, YMC Co.)&
o]-g3te] & 3tHrt. HPLC column$ 0.1% TFA/acetonitrile (80:20, v/v)& H & Azl $,
acetonitrile®l F%E linear gradient (20-70%)Z F7FA171WA 94 HPLC (4 ml/min,
detection 225 nm)& A& Hh. HPLCE o] &3t Ed FAS Fig. 10 Ydehggloen,
Zyzhe] Bl Wsto] As R el AA e el o BHE FAE A¥ ACATS
CETPol tiz] 3 As@A & Hole RYHMR=295 min)g AAU:, o] EF& 7gsta A
e Ela]  acetonitrile¥} TFAE 49 d F EFZAZX (Freeze Dry-System, I Sin

&
Engineering Co.)3te] ¢F 10 mgd] A=
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. ACAT % CETP M@ Ede 724

MEH2RE oA &3 AFRA7) (MALDI-TOF/MS)E ol &ste] 71 A2 A
g o] 284¥ (Kontos Kompact MALDI 2)e.2 ZA43 A7, #A#0] 16148 (LA -
+200) Y€ & 4 U3 (Fig. 2), Protein sequencing system (Miligen 6600B)& ©] &3}
o] ¥ peptided) NI ofv:it MEEAS Aie Fig 364 R vwiep #Zom,
phospholipase Az (E.C. 3.1.1.4)9 & 454& Rt

o 85§28 ACAT 2 CETP &4 Asjad
HME o2 HE ®g 3 phospholipase Az FAIEES TAH 2R 3438t in vitro rat

microsomal &2 A91A ¢ ACAT &4 2 human plasmaZ e 3 CETPS &4<&
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Fig. 1. HPLC chromatogram of crude honeyhee venom. Column : YMC-Pack OD5S-18

(20 x 250 mm); Mobile phase : TFA/acrtonitril gradient (20%-70, v/v); Flaw rate

: 4 ml/min;, Detection; 225 nm.
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ZAFEEAT. ACAT % CETP €49 ta ICoX e 42 39 pg/mlst 13 xg/mlol, Fig.
4% Fig. 5ol MBS & 478 $3o] TUE 02N ACAT % CETP 84& A3
e Bde ASoE By @5 AUon, od AAE 2Fo] AiiE $4E-9 g
A R A UGN BEES o] &F MRS o Q AFAAE LS Q= s
e W w4 Axsta 9ok wEb N-gw ool Mg®uk ol@ phospholipase
A28F FAMRE BAE Hole & BAY HATE B 59 £4£A77 2 JdEn 9

=

Honeybee venom HYPG TLWXG HGNKS SGPNE LGRFK

Phospholipase As IIYPG TLWIG HGNKS SGPNE LGRFK

Fig. 3. N-terminal amino acid sequence of the purified fraction of honeybee venom

having ACAT and CETP inhibitory activity
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Fig. 4. ACAT inhibitory activity by the HPLC fraction of honeybee venom having
ACAT and CETP inhibitory activity. ACAT assay conditions are described in Materials

and Methods. Experimentals wereperformed in triplicate.
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Fig. 5. CETP inhibitory activity by the HPLC fraction of honeybee venom having ACAT
and CETP inhibitory activity. CETP assay conditions are described in Materials and

Methods. Experimentals wereperformed in triplicate.
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A2d d7AE 7 WA

L A¥As
Ay A48 FZAW(Nephila clavata)e 2715 FEFAd e dvpibel 5% A}
st AE Aol A 99 2 1089 ZA Ao, AHE AFHE st YeRd

(70C)5HEA Aol Aga FRE AT FR 110 olsk2A YR ol A 7
o A Fol UF HY WEe) & APle FATE AHgSAT WER FIA
g AEAA PR BERIE AV Fol THS AR Sleggo e BHYOH

PEE WygRE EERE 9 doiy Zd HHL FE3AU ). Insect physiological saline

(130mM NaCl, 5 mM KCl, 1 mM CaCl)& A& FA9 4adE Hriste] Hee 55

Be ZA BAT A GEATL EF eggd AT AT EFAE 4 Toll 2 AR
BAste] Ado] L3H JOEE 3 e AAEY15000 rpm, 20 min)dte d-& AT
He HYPYE ANgE AHEEA

2. 34284 54

ZEs @HEe 71F Eolde] uwEAA @& AHle proteased BAEE
chromogenic ¥ A<l azocaseing 71AE o &3 ZAHFAUT 50mM Tris-Cl, pH8.0°l
o] YHE 29 azocasein 250U} EAEN1500E 25Tl A wHgA7]5L AlZke] we} 1.2ml
9] 10% trichloroacetic acid® AAIAIZ & 1587 42l A3l ¥hg3aA &L 714
& Z83 AAANHT hL8000xgelA 5% Feh dARE o AFHE Hsn oF
L4ml of 1.0M NaOH$} &E§3 F 440nmelA o] FFx& FAssth 1 Unitd] Aele
lem cuvette® AHE3t O.D. 1.09] W& JehliA st &k do2 At
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3. Aae AA

N
i)
1)
o

-An 2§ An &l Nephila clavata & 20 v S 1789 batchZ23le] o g
5 AA, B FEE 2ox 50 ml 9 50 mM sodium phosphate (pH 7.5) buffer® 7}
ste] 4 AlZE B9 stirring 3ted APl Q) body protein & FZ&3F £ 20,000 rpm (455000 X

3¢ AEde 05 v F¥ 9
cold acetone & stirring 3FHA A A8] 7}sle] & F 20,000 rpm (455000 X g) oA 1 A
FES AN EEse] BEE8AY EAE AASNL 1 AFAE Ak o FEdd gA 2
v 39| cold acetone & stirring WA A A3 7hsle] & F 20,000 rpm (455000 X g)
A 1 AIRE FeE LA EHdte]l FFAE Wy AAES s 34 AAE)
EA et acetones M F 25 ml ¢ 50 mM sodium phosphate (pH 7.5) buffer ol

o] crude sample (33~60% acetone A E)Z AL &89},

1}, DEAE-Sepharose chromatorgraphy
50 mM sodium phosphate (pH 7.5) buffer® vl€] ¥ & A]7] DEAE-Sepharose column

(25X10 cm) o A9 FANA A& 33~60% acetone FHAEL loading &3 & o3

op

Hog 280 nmolA FFE7F 001 o3/t E wi7lx] FE3S M) & F 02 M NaCl & £
g3l 50 mM sodium phosphate (pH 7.5) buffer 2 DEAE resin o A3tz Q& o

A& 4& 3Ah o] W flow rate © AFE 50 ml oo 2+ RHL 10 ml ¥ 2L v
& 72 BEo2 R¥E protease #AE& FA 3L active fractiong pooling 3+ T}

t}. SBTI-Sepharose affinity chromatography
05 M NaCl & ¥%sl+ 100 mM sodium phosphate (pH 7.5) buffer® v H&E A7
o]

SBTI-Sepharose column (1.0X10 cm) o 19 AAHoN A L& protease active fraction -&

loading 331 #Z2 AFEHo 2 280 nmollA FF=7F 001 o187t & wiztx] 83 Ao
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T § 0.5% acetic acid 2 binding¥ proteaseZ &% 3tgitl. o] ), flow rate = A 7%
20 ml olRew, &&d0] A4 pH o LgEe =E2HE AL WAEY] Yt 1 M
Tris-HCl, pH 9.0 buffer & 7}sle] &8 pH &

1

5
Amicon YM10 & o]&3to ¥53 F -20TA BHsgr).

L}

4 @89 4% 9 W%

o =

@9 d A& Bradford method (1977) o wa} BSAZ ¥FZHE Asta o] ol&

-

gt Anl AlFe Wl S AUt Proteased] AA A Eo Bxper

o
it
ol
[«0
ok
N,

A8t Lammli method (1970) & ©]-83 15% polycarylamide geld A}439

k1
=]
AN
a8
1=

& phosphorylase b (97 kDa), BSA (66 kDa), ovalbumin (45 6kDa), carbonic
anhydrase (31 kDa), trypsin inhibitor (21 kDa), lysozyme (144 kDa) & A}£3l¥ 3 27
5ol B geld CBB & gMsto A8 FEauh

7}, &%, pH, salt effect

&9 Wae] e FAHEE thermostated spectrophotometer® LolR 1 I MYE
A AL A 7Eo2 Adrh E49 pHEFHE 2+2h 20mMe] acetic acid, Tris, borate
2 74% pH6.0NA 107tA12] complex buffer& o]&3la] oA UolR 7 %A
ZAskAvh. FApHt 2 A & pHAAM preincubationd ¥ thA] 3 pHE 2HL
upto]l 54 HAEE ZATOEA pHY HI/EH JAEYIE Qolrm 7HF H 9ol

A EAY BAEE HAS A7E pHE olgste Il ARAAAA Y protease autolysisE

7bsst g JAXNFYG. 2 9 t1%F monovalent EE divalent cationE A A2l FAGAE
& SAslY B EAS BEAMINT O HRE dWE AAd o)&3igct 3 AAx

- 108 -



Ao A ALEE salt gradientdlE BAES AAE LA E saltd o] B3R

1}, Chromogenic substrate® Ab&§ &9 718 Hold £4

p-nitroaniline©. 2 label® 71AEE ol&ste] 718 Foldg gotrgrh WHeEd2
DMSOd] ¢ 10ule] 71 A& 150u2] &A R} 37°TCelA HH-8-Al# p-nirtoaniline &% label
d 718 400~410nmol A ELISA readerg ol &, Aztdz BAEE FAsAH. 324
o] B NASH AMCE labeldl 718& Z+#b 335nm¢t 380nmoll Al excitationA] 7] 31 410nm<t

2460nmoll Al A ¥ = fluorescence® luminescence spectrophotmeter2 7 FATE Yo}

1ok,

. JAAE o] &F dud st 3 2ad EF

stedA . n)7ke A AAAE o], BAHEY FAE FHII o|§ F3 ALE serine
A, cysteinel, aspartate”|®} metalloprotease® EF3to] FAEL AdH ol &3td}. &
3 HztdE odalAl:  &Aet  preincubationg  del  EFAsm 9 H dAAE

preincubation %ol wek ZQsgen 2 gl AA A i HoldEs ZASAT
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A 33 AT 2y

1 79d gdEsas

RgAE 20 ANE RS EE 2EAE AY54E A A 323
I

Table 1. Proteolytic activity of N. clavata. The samples were extracted form body or
head using distilled water or insect physiological saline solution as an extraction
solution. The activity was determined by skim milk plate (Casein) and fibrin plate

(Fibrin). Numbers (1-20) were the spider sample number.

DW extraction Insect saline extraction
Head|1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Case | — +++ ++ + +++ ++ + 44+  + ++++ E I S o R L - ++ o+ o+
Fib I X S S o L S S S S -t 4+ - + - - ++ = -

Body |1 2 3 4 5 6 7 8 9 10 |11 12 13 14 15 16 17 18 19 20

Case | = +4+ +++ +++ ++ +++ +++ +++ - ++ R o o S A S = A SN S

Fib [++ #++ +++ = 4 ettt = b+ bt [FE b R b A kbR EE b b bt

Hr

ArfFE 2F 5 AL T2 A Fdoy 2858545 FUs EalE AdE
Ao g8 A7l dEd, HeEF9de FTRAE Euste] 4z e AR
g4 2 F75E R, BT 40 A FFAR A9 & wHste] Zzho
e AYg FE28 U, AAERZ SHAJEREL S SH A ¥ 2 3 Zourk A
Wol7t A% Holoy MAF R MYFHuts BEFRAdAY dlAdRHELEA o)
Eon, WA g0 Hi 121724 HT A7} 4535%] & FH-Hll Hlete] o 27%2
g4& B3t (Table 2).
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Table 2. Individual wvariation of N. clavata protease activity. The activity was
determined by the caseinolytic assay described in Materials and Methods using
azocasein as a substrate. Numeral value(4A440 x 10000) represented the caseinolytic

activity of each prepared sample.

Sample Individual activity (4 A440>10000) Average
1089 1411 766 2810 995 480 1596 580 1924 1492
Head 394 1400 1009 764 1150 1286 379 1076 886 1403 1217
ea

1397 1698 1750 1318 1819 1305 824 1154 601 1071| (26.8% by Body)
1174 914 2163 2160 433 1419 866 1028 1055 1643
6011 4491 9367 10298 2363 6894 9476 3669 8449 920
2904 5285 5863 3091 6386 1960 593 2077 3659 7530
Body 4171 1176 1088 2243 1919 4821 1566 8317 2903 5924 4535

9107 6011 3886 997 3508 4076 7791 5899 2635 1562

Table 3. Proteolytic activity and protein concentration of N. clavata tissue. Each tissue
was isolated from N. clavata and the tissue fluid was extracted from each tissue.
Normal value, which was 4Abs determined by specific reaction, represents the relative
proteolytic activity for each substrate or protein concentration.

BAPNA : N ¢ -benzoyl-arginine-p-nitroanilide
TAME : N a -tosyl-arginine methyl ester

Tissue )

Mouth Silk gland Egg Body
Substrate
BAPNA 0.315 0.0769 0.625 0.938
TAME 0 0 0 0
§-2222 (factor Xa) 0.0115 0 0.077 0
S-2238 (thrombin) 0 0 0 0
S-2266 (factor Xla) 0 0.016 0.146 0.154
S-2444 (urokinase) 0 0 0.078 0
Protein conc (mg/ml) | 44.86 1.29 53.6 56.75
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ool Ao HKo] Anle zt RAWE protease FAE AT AT body F-HolA
7H8 B2 protease Aol FAHNoH wpA B AFNAME proteaser A1 ¢l body

BE AAE A
2. A1 protease ¢ A A

7}. Acetone fractionation

Avje]l 5% FELERE  body protein & FEF¥ F acetone fractionationS A3}
Attt WA B4 AEdd AF FEIF 33%7F HAF cold acetone & 718le] saturation
Azl F 20,000 rpm oM QA EEstd AR AAES et FF AL Fdsdn
o] AFdo A HF FE7F 60%7F EHAEF cold acetone & 7}sle] saturation A F
20,000 rpm oA 94 EEdte] YA JAES Ik A7 g FD B Hx
H3]2](25 ml) 50 mM sodium phosphate (pH 75) buffer2 %¢1 ¥ protease 4L =

o d3E ¥ 4 o Jedgith

e

oX

Table 4. Acetone fractionation of crude extract from N. clavata.

sample protease
33% ppt -

33~60% ppt 2046.8 Ags

60~80% ppt 305.1 Aus
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o

ri
i)

A HAA HEo] AW Y protease ¥ 33~60% acetone HAFNA R

flo
n}
4z

protease & o] #4-F St} EF acetone fractionation A 33% acetone HAE
Rol buffer o] SEA e EEA EFZA protease FA4L A2 detect HA &grr)

we}A 33~60% acetone # A E S protease A A} ARE3A T

1}, DEAE-Sepharose chromatography
Awl  protease AAE 9% A GAE DEAE-Sepharose anion exchange
chromatography® AF&3}9th. DEAE-Sepharose column (25X10 cm)€ 50 mM sodium

phosphate (pH 7.5) buffer® vlg] HYAZ T Yo FANA P& 33~60% acetone A

2]

BS A 22 458902 280 nmollA FEE7E 001 o8 2 wi7x] FEI A
o] & th& 02 M NaCl & ¥£&3%+ 50 mM sodium phosphate (pH 7.5) buffer® DEAE
resin o] A3t QE proteased §F3F oM 1 A a9 1 o e
oA HEo] DEAE-Sepharose column oA A7 protease ¥ DEAE resin ¢l
binding 3}* &3l flow-through fraction oA ¥ 29 protease &4 o] detect oM

o] fraction. & H-E protease® U A A g},

2.0

1.5

1.0

Aazso
Asos

0.5

0.0

1 6 11 16 21 26 31 36 41 46 51 56

Fraction No.

Fig. 1. Elution profile from DEAE-Sepharose.

The arrow indicated the elution point.
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o}, SBTI-Sepharose affinity chromatography

Soybean trypsin inhibitor (SBTI) + trypsing X%38}l+ serine protease 2 733
inhibitorZ &21x glvh. wekA] SBTIY] o]2{§ serine protease o dist &g & o] &3}
o  Amnld] E&AsE  serine proteaseE WMEL &3t A AAS 1z SBTIE
CNBr-activated Sepahrose 4B | coupling 3}9) affinity resin® AZ3A 32 ¥ 2 o
SBTI-Sepharose affinity chromatography ¢ profile® YeEft. A @A 9
DEAE-Sepharose 2] flow-through fractiong 05 M NaClg ¥ 3= 01 M sodium
phosphate buffer2 w2 BH& A7l SBTI-Sepharose ol A/MF & 2L g% gdow FH
3 columng& Aol vk ©] Wl flow-through fraction oA+ protease &4¢] HAEHX
@9ttt 0.5% acetic acid & resin o binding ¢ Sl proteaseE elution 3l}.oem o]
u] elution ¥ protease 7} 4H4 pH ol &3¢ F< =F o] inactivation & HE& WA 5]
913k 1/10 volume ¢ 1 M Tris-HCl buffer, pH 9.08 7}38le] Fo] FA pHE FAo] 5
A 89}, Elution ¥ protease™ Amicon Centriprep PM 10 2.2 ¥ &3on A& &
w 742 -30C o R#sct.

0.6 0.6

104

NA 405

0.0

1 6 11 16 21 26 1 6 11 16

Fraction N

Fig. 2. Elution profile from SBTI-Sepharose.

The arrow indicated the elution point.
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3. 849 B4 14

4

7}, AA 8 protease 9 &% &4
Aule] BE BB oFHE aeetone fractionation, DEAE-Sepharose anion exchange
chromatoraphy 2 SBTI-Sepharose affinity chromatoraphy H< ©|83}< serine protease

g AAsgew ® 5o 2 A4 AL Q3

Table 5. Purification table of purified protease from N, clavata.

Total unit  Total protein  Specific activity purification  yield

(Aqos) {mg) (Aws/mg) fold (%)

Acetone ppt | g 10 150.0 136 1.0 100.0

11805 55.2 214 16 577

DEAE, effluent | 00 ¢ 0.03 14487.0 1061.7 195
SBTI, eluent

X 5 dA BEo) HF I8 o 20% oo™ I specific activity ¥ 14,487 Uni/
mg protein ©]¥ purification fold & 1061 W2 FF3A AA HYSE ovdd. E&
purification fold ¥ ojul% Awje] ZaA43tE inhibitor E0] AA #A Fo AAIUL A
o2 Azt ol A dA o A7 Foltk. AAE protease o £EE Zolu7]
&t 15% SDS-PAGEE a3t A3 oF 24 kDa ¥ AlolA &te] band ¥He JElgo=z
AN st AAHNEE & F ANT (2" 3).

. AAR protease o A A

AR E4hE 156% SDS-PAGE ¢} Superose 12HR-E ©]-83% TFast Protein Liquid
Chromatography (FPLC)E o] &3} £x3F& ARSI} 15% SDS-PAGE EAHE &
A ARE Y 4 of JeERNUY.  A}E38 protein marker £ posphorylase b (94,000),
BSA (67,000), ovalbumin (43,000), carbonic anhydrase (30,000), trypsin inhibitor (20,100)
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=1

2 ¢ -lactalbumin(14,400)5 ©]dth 29 4 oA HE5o] A A protease ¢ subunit 9] #
AL 24 kDa 2 AAE QT T3 Superose 12HRS o|-&3l4a] gel filtration 238 149
5 o JeEPAT.  AFEE protein marker & apoferritin (443,000), @ -amylase (200,000,
BSA (66,000), chicken egg albumin (45,000), carhonic anhydrase (29,000) ¥ cytochrome ¢
(12,400) ©]At}. Superose 12HRE o] &g #AF ZAHA| 257 kDa & AAHNY o, o
A#RzRE F3 AuEXRE AAF protease & 9 25 kDa 9 EAEE ZE single

polypeptide Y& & = AU

Fig. 3. SDS-PAGE of purified protease from N. clavata.
lane M, molecular weight marker

lane 1, purified protease
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t}, A A& Protease & S4 749
1) Optimum pH

A A S protease 2 ¥k HA pHE Lolr7] 935 pH 4~12 ¢ WY A protease
g4%5¢ 4%k A8 buffer & 0.1 M sodium acetate (pH 4.0~55); 0.1 M sodium
phosphate (pH 6.0~7.5); 0.1 M Tris-HCI (pH 8.0~9.0); 0.1 M glycine-NaOH (pH 9.5~
11); 0.1 M sodium carbonate (pH 11.5~12.0) oIe™ = AFE 19 60 Ve

Abs/min
Y
\0\

pH

Fig. 6. Optimum pH of the purified protease.

el agellA BXEol AAF protease o ¥ A pHe pH 8 otk AHAF
protease + acidic pH, pH 6 °©l&tdlX & A &9 ¢ 20% o2 FaFE AFL Y
ehsith. WA e) alkaine pH, pH 10 M= oF 40% A= 4L fAsn JAae &
T AR

2) Heat stability

A A ¥ protease ¢ ¥ FHZF pHE olr7] 93l 30~70C ¢ WA protease &4
& EAEYY. a8 7 d 2 dFE JeERSY
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Fig. 7. Heat stability of the purified protease.

g 7oA BEo]l AAE protease £ 50THA 1 A7t incubation 3% 1 #A o)
A dFE B2 FUrh 2y 56T o] ME heating of 9ste] At FEHoZ 1
o] FASA #FATE & F ANem 60T ol doAE 20 £3F incubation ol <3 A
oF 70% Ak o &4 HAE JEURH. o] ARZEY AAF Eixe dlE Pdi

AT AAYES & ¢ AN

]

3) Synthetic substrate® ©]&3% 54 4

2] 7}A] synthetic substrate® ©]-83 A AE protease 9 7|4 HolA& 7Y
o2 7}x GA 7139 stock solution & AF&38}7] A A 4 mM o] HAFE AFEEY ice
Aol A REdrk. 10 ng o protease ¢ assay buffer® & mixing 3 & o] mixture °l
zZtzte] 4 mM ] 71d §4E 10 ul A& HIME F 37CoA 40 B7F #%H3E F 405 nm
A8tk Glandular kallikrein ¥ factor Xla & @4 712<Q S-2266

11

A 2 FFEE

(Val-Leu-Arg-pNA)E standard & 3t 100% activity 2 st 2 2842 F 6 of W+

ERf A T
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Table 6. Substrate specificity of purified protease from N. clavata.

Substrate Protease
S§-2266 (Val-Leu-Arg-pNA) 100.0
S-2222 (Ile-Glu( 7y ~-OR)-Gly-Arg-pNA) 93.8
$-2238 (Phe-Pip-Arg-pNA) 91.0
§-2251 (Val-Leu-Lys-pNA) 119
§-2302 (Pro-Phe-Arg-pNA) 23.3
§-2366 (pyroGlu-Pro-Arg-pNA) 103.3
S§-2390 (Val-Phe-Lys-pNA) 13.1
S-2403 (pyroGlu-Phe-Lys-pNA) 20.8
S-2444 (pyroGlu-Gly-Arg-pNA) 34.5
S-2765 (Arg-Gly-Arg-pNA) 140.2
BAPNA (Benz-ArgArg-Gly-Arg-pNA) 2.3
Leu-pNA 0.2
Benz-Pro-Phe-Arg-pNA) 24.8
Boc-Leu-Ser-Thr-Arg-pNA) 65.7
CBZ-Gly-Gly-Lys-pNA) 36.0
Suc-Ala-Ala-Ala-pNA) 0.2
Suc-Ala-Ala-Pro-Phe-pNA) 1.2
Suc-Ala-Ala-Val-pNA) 24
Tos~Gly-Pro-Lys—-pNA) 314

E 6 oA BRXo]

i

2o An (Nephila clavate) 258 A A3 protease © cleavage site
o Arg o]\t Lys & 22 basic amino acid 7} &8k substrate® W2 Z 7} &3
899 9, cleavage site ol non-polar amino acid 7} &8 substrate © 7t #ANE #F
A KA Zo) A factor Xa ¢ 718<Q S-2765
(Arg-Gly-Arg-pNA) ¢ dlgle] 713 28 @48 ez ok waA o)# g S4&

hS4 (o1

A28k synthetic substrate &

o ATty 98k factor Xa 9| natural substrate ¢ factor II (Prothrombin, Calbiochem
A} & 714 238}o] factor Xa o A& SA3NA.
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4) A A8 protease ¥ inhibitore] ¢}%F < gk

T

o & 7}A] synthetic ¥+ natural inhibitor E°] A9 protease 9] ¥ A= FFS A
T3tk 10 ng 9 protease, assay buffer @ Z+7} 9] inhibitor & & mixing 3 & 37T
oA 10 #3t preincubation 819 protease ¢} inhibitor ZFoll W&& Azl £ o] mixture
4 mM ¢ S-2765 &H& 10 ul ¥E& 247F§_ > 37CollA 40 2 o ¥hg-8k F 405 nmol
A EFREE FASAT ©] W inhibitorE 7lste] FX & reaction® 100% activity
2 e o AnE 7 o Yo
7 9lA HEol FAH protease £ APMSF (4-amidinophenylmethanesulfony! fluoride),
benzamidine, LBTI (linabean trypsin inhibitor), SBTI (soybean trypsin inhibitor), PMSF
(Phenylmethrylsulfonyl fluoride) ® TLCK (N a -tosyl-L-lysine chloromethyl ketone) <}
72 A A serine protease inhibitors © e 2 Aol JAHUX Y cystein
protease inhibitor €1 cystatin ¥ aminopeptidae 9] inhibitor ¢! bestatin o &3t A 5
A gkt E3 AAS protease ¥ chymotrysin inhibitor ¢! chymostatin 3}
chymotrysin ¢} A& QI inactivator 21 TPCK (N « -tosyl-L-phenylalanine chloromethyl
ketone) ©ll &jate] AAFHA Gsivh  uwiekAd o] AFRZHE HAFT ALE sreine

protease % trypin f+A}$t protease, & trypsin-like serine protease ¥< ¢ & At
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Table 7. Effect of various inhibitor on the purified protease activity

Inhibitor Inhibition
(Concentration) (%)
None 100.0
APMSF (1 mM) 3.6
Benzamidine (1 mM) 12.4
Bestatin (1 mM) 89.2
Cystatin (50 zg/ml) 945
Leupeptin (1 mM) 23.0
PMSF (1 mM) 14.1
TLCK (1 mM) 18.3
TPCK (1 mM) 83.2
Anti-thrombin III (0.1 IU/ml) 585
Anti-trypsin (100 xg/ml) 64.2
Aprotinin (25 miU/ml) 49.9
Chymostatin (50 xg/ml) 91.3
LBTI (50 #g/ml) 23.3
SBTI (50 #g/ml) 12.7

5) Protease &4 2] Calcium 2| &4
2L protease & 2 FAS JEUY] Y3t calciume BRE & ALE B3 Ho
Ak B dAFoA FAF protease ¢ calcium &AL 2 89 YEMUIUT
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Fig. 8. Requirement of Ca2+ for the protease activity.

a9y 84 RFEo] AAF protease AN E calciumS FLE A ¢&LE& & F 9

2T}k, = Ca’-independent prothrombin activator 9& ¢ & Yo}

6) Prothrombin activation test

1.

Factor Xa + prothrombin o} 283} thrombin & A4 o 24 fibrinogend 714
2 34 fibrin clot & A 8E blood clotting o #oddty= £83% &4 o0lth,  Prothrombin
2 Factor Xa ¢ ¥=%& U239 2o,

Factor Xa : 2 unit/ml(4 ug/ml), Sigma

Prothrombin : 1mg/ml, Calbiochem

Assay buffer : 0.1 M Tris-HCI, pH 8.0
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Assay buffer 20 ul, 5 ul prothrombin (5 ug), 5 ul ¢ A A% protease (10 ng) & & 4
o] & & 37C oA 5 A7k FoF wg3dyt. o] u] positive control 2= 10 mU 9
factor Xa (Sigma A}) £ AR&3tth. W0l ¥4 § 15% SDS-PAGE & thrombin 9
HAAL FA8UE W, positive control ¢l factor XaE HHEQE @A 43 kDa <
thrombin band ¢ 30 kDa ¢ prothrombin fragment 1& AX 2 Z M prothrombin

activator A& 7FA 3 UE & & UAJG (2¥ 9).

The

reaction mixture was incubated at 37C for 4 hr.

lane M; molecular weight marker

lane 1; prothrombin

lane 2; 20 mU(40 ng) factor Xa-treated prothrombin

lane 3; 10 ng protease-treated prothrombin with 5 mM CaCly
lane 4; 10 ng protease-treated prothrombin without 5 - mM CaCls
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7) Fibrin clotting assay

Prothrombin activation o 2]3}9] thrombin ©] F&3A BA A biological activity
& 2zt thrombin ©] AP =AE &yl 93ld fibrinogen & 712 & &4 fibrin clot
o] PAHE=AE gAYy WA 15% agaroseE: TEO] 50C 7t HAF o =i
A& FRom o] agrasoe & 50T 74A A A3 warming & ﬁbrinogen\%“?l‘,% Z A
o] Fo] bubble ©] A71A ¥EEF 34 82 mm plate o] Fo] A2oA o 1 AN AL W
A&} fibrinogen-agarose plate (0.7% agarose, 2% fibirinogen) £ WFESITH 10 ng 9
protease & #2]8 prothrombin sample ¥} positive control 23 factor Xa& &3l

well o] &3 F 37C oA 24 A7k Z<F incubation 3F4

s

prothrombin &<} Z} 20 ul
fibrin A 2.2 1% turbid zone & s ew (28 10), &4 turbid zone ¢ FAFAEL =

skt (& 9).

Fig. 10. Formation of fibrin from fibrinogen by the purified protease. The reaction
mixture was incubated at 37C for 16 hr.

Well 1, Prothrombin only

Well 2; 20 mU(40 ng) factor Xa-treated prothrombin

Well 3; 10 ng of purified protease only

Well 4; 10 ng protease-treated prothrombin
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L

e agoA BEo] AAG protease £ factor Xa-treated prothrombindlA 3 &
(Well 2) prothrombing thrombin 2.2 &A3}A]7]¢] fibrinogen C.ZH¥ fibringd YA TS
& 5 YAk (Well 4). WA Nephila clavata )X A A protease & prothrombin

activator & 4% 7148 ¢ 5 A 28y AA G protease AHA & fibrin clotting
gAdo] gl (Well 3).

Table 8. Diameter of fibrin turbid zone formed by the proteases

sample diameter(mm)
control (prothrombin only) 4
20 mU factor Xa-treated 16
10 ng protease-treated 24
10 ng protease (no prothrombin) 2

¥ 84 BEo] AHA% proteaseE 8] 3 prothrombin o] 213l B P turbid zone
o] AAL 20 mU ¢ factor Xad st BAE turbid zone ¢ AA Bt} AR F& o
= gt waEtM A AE protease © HAF 20 mU/10 ng protein, & 20,000 U/mg

protein ©]4+¢] specific activity 9] factor Xa 84& 713E ¢ &+ Ao
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A 44 a B

A B ARl Nephila clavata ¢ body 2  HE acetone fractionation,
DEAE-Sepharose ion exchange chromatography X  SBTI-Sepharose  affinity
chromatography & ©]-£3l¢] trypsin-like serine protease® &4 AA st AA %
protease ¢ ¥ A& SDS-PAGE olA 24 kDa, Superose 12HRE ©]&3 FPLC Aol A
= 257 kDa 2 AANEREH o AFJZEE Nephila clavata 9| protease + single
polypeptide 944 & 4 Uk AAZ protease 2 optimum pH ¥ pH 80 ¢)goeH
protease &A1& 30~50CoNA AsA FAHUTE. HAT protease © E4& UEY]
A Ca® iond e &x 9&E Ca’-independent protease ©19ow APMSF,
benzamidine, LBTI, SBTI, PMSF % TLCK ¢ %<& M3l serine protease inhibitors
o olste] 1 FAo] AAHE HWH A serine protease & I} FFHFYS ¢ F AUt A
A protease ¥ cleavage site ol Lys ¥ Arg 3 Z-& basic amino acid 7} £A3 =
synthetic substrate® Hlwd 953 7F4E3 $8& BA 0B olE synthetic substrate
E % factor Xa ¢ ¥4 7129 S-2765 (Arg-Gly-Arg-pNA)E 714 & EFsdct. =
3 prothrombin& 712 & &}o} thrombin ©] AAQse A& &3 H3 SDS-PAGE el

A prothrombin®. 2% E] thrombing HA L #3329, fibrinogen-agarose plateZ 5

Of

E] AR protease® A a8 prothrombin & ZHE thrombin ©] A S| thubid ¥
fibrin o] #WA¥S FA3ATt. wteba  ol2let AFA2RE Nephila clavata A
Ca®-independent prothrombin activator &4< ZrE serine type ¢ protease® &4317)

AAB RS & F AN
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A1 4d A8 2% E CETP inhibitore] ¢

WA 3} cholesterol® & lipoid materiale] A&3 o2 oo 2HPoz ] ot

flo
>
3

st AW oltl (Robison, 1994; Myant, 1990). F M) A 9] cholesterol estere] =3

o
)
2
1-0

Aol Fo g Ao ZA AALoR of AW 97 =L ALEES i

"] cholesteryl ester transfer protein (CETP)2 ®48 74 kDa®] 254 2ahal A 2 4
AE =AW A HDL) Y AY =X WA (LDL) Alolol A cholesteryl ester®} triglyceride®]
wFHg FzlgrH(Larrost, 1994; Tall 1986). =% CETPE &% cholesterole 7+ %3 =)
A= AAstE FLE 1A FH2HE d54% HE(reverse cholesterol transport
pathway)oll Al 2z} Aot de] N AFP S 2HdGe EH5FLEHN, 5948 F By 9o
g Fod AAR A JrH(Assmann 1990; Brown, 1989). 8% CETP &4jo] A2
e Ao® Bad pigd ratldE FHAEF ftol A9 ivtm BauEo] Yri(Ha
1982). ¥ tf HPAQ] T2 EAM 2HE IF CETP 28 M9 3%, €% LDL
A @R8] oAz, HDLAE A3 o 35 % cholesterolx} &= AAFQo] v)&)] 2-3
v 7t wo, Aste wwelx &
groupol Al =713 CETP deficiency familydldx Ze A#4E Bo FY}.

ol2| g o]frol X CETP AdiAle SRR Adc@ALSe] a3 XNaA Mute £

Ao 2 Bd] o (Koizumi et al. 1985), t}&

rir

ok

.!:

2

& mpyge) B itk B ATAME ol 74 AGETFORHE CETP AsiA oA

o

TE #3384 F it A=A ALSEH L vivl (Cryptotympana atrata)s] &

lo,

7} (Periostracum Cicadae)?l A ¥ F&E 2% ¥ dioctyl phthalateE ®#dlggon o 23

CETP AsiA=e #47 2 454 239 ANBASS 24590
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2. A5 & 9y

7 Al 2 AR

[1-"“Cloleoyl-CoA(CFA 634, 54 mCi/mmol)¥} CETP-[’HISPA(scintillation proximity
assay) kit® Amersham Life Science(Buckinghamshire, England)ell ] % 3t31 21, HPLC
column(YMC-pack ODS-C18)& YMC Co.Tokyo, Japan)olA TFYsA3L, BT reagent
grade chemical5-& Sigma, Aldrich, Merck Co.5olA Fd&Act. AEA HHE gdA
oo FepolA diFoR FUSA ARG

. CETPY FEAA

CETPL #4A gy ogie 793 MM human plasmaZ F-E o] Bix ¥y
(Pattnaik et al 1978; Kato et al 1989; Rehberg et al 1994)52 F¢ate] FEA A A
Human plasma 920 ml(5 pack)ol MnCly(final conc. 0.2 M)®} Na-dextran sulfate 10% &
ol (final conc. 1.2%)& #7be & 10000 x g(Sorvall RC5C, GS-3 rotor, 8,000 rpm)el) 4l
3027 9 Rste] JHE lipoproteing AAT 45 AL AUt o] FT N HFTEET}
70 mMo] HEE BaChE H7Fs £ 10,000 x gollA 3087 23 AARHE &t
Na-dextran sulfate®] ZroJ&o] AA % lipoprotein deficient plasma(LPDP)E& @At} o
lipoprotein deficient plasmacl 314 NaCl& #7138t &A% 27l 4 Mol HES et S
200 mle) phenyl-sepharose CL-4Bell #7lste} 4TolA 143 e mxtgro =y oz
resindl F& A7l %, fritted-glass funnel& ©-§3t4 4 M NaCl & 200 mlZ A3 s}aL,
¢dole] 500 mle &L AGBO mM Tris - HCI, 150 mM NaCl, pH 74& A#3 vh&
glass column(2.5x50 cm)oll $A& ik ¢F 849 AZ 280 nmolA el FFE7F 0.3 ©]s7}
Hx& A48, 002% NaNsg ¥E3se H08 ©]838h CETPE £%33th. CETP £
2334 05 M Na-acetate &Zg§94< 195838 Fyvtg HJsd §£59¢9 pHE 452
5% T 10000 x gld R ARG, A4 AR AAT FFAoz Y

CM-cellulose ion exchange columng ©¢]&3d CETPE HEAAs Y. &589d BB
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mM Na-acetate, pH 45 1 mM NaEDTA, 10 mM B -mercaptoethano)® Ha =
CM-cellulose column (1.6x20 cm)oll 2 A5 AL 23w 428N CO0 mM NaCle %
st 9EF 49 BE AT F 90 mMolA 400 mME NaCl $E& ZF7A7|HA &2
9ttt CETP £4d 93 2 E4EHE& 1 mM NaEDTA, 10 mM 8
-mercaptoethanol, 0.02% NaN3& T g3l= g4F8&d AR 2438}, bovine serum albumin
& BEeEdUdE AMESte] Lowry 59 wWiol whel dilid g AFsn gwd %7} 01

FaLol BE@EshEA ALEs

ok

3~0.15 mg/ml7} HEE A ste] 2¥Y B £ -80C

£

th. CETPY| &4 &7

Fejadd ozgz AeldWA(CETP)S &4 2342 PHI-CETP 4324 F4iy
(scintillation proximity assay: Hart & Greenwald 1979; Bosworth & Towers 1989)& o]&
ste] thg 7ol AAFAY. [PHl-cholesteryl ester’} HDLZ%E Biotin® Z 3% LDL
2 WE 4L o] Biotin-LDLE Avidin®g ZA3$¥ scintillation molecule (fluomicrosphere) ¢}
A osn F&AFo)A *Hel f-emitter’b scintillant molecule® o} 7l7b-$ A o)
AHTo =M energy(H)& WA, of de] ZFEE T2 N CETPY AL HMs
A Aok

CETP &4 74 Ao BE

rin

Aok

dEER WAt 1 ml R AEIYFRE
10 p19] #A14% 4 (50 mM Hepes, 0.15 M NaCl, 0.1%(w/v) NaNs, pH 7.4), 10 g19]

e

[*H] cholestery! ester HDL, 10 #12] biotin LDLE &%3% & 10 ul ¢ CETP (At2e] &
ForRE Edd A, 13~16 pe)s H7sod ©&& AFSAT. olwf FAFEE 10 pl
o] CETP wj4ale] 10 x19 £& A7t on, 232 E 10 ¢l A8 did Eolu o
B Hrbste] 2 zANA S AIF T 37Tl 4 A2 Fo wbgAIZl & 200 119

SPA beads& #7}sto] Wh&-& AAATFIL, BHo| RE}EE A2oA 1 AITFST FAA

77

Ak, CETP &4 &A4& wiAzl dAREYBEEE A BAF7 (Liquid scintillation

counter)E ©]83}9] HDLZXE LDLEZ #Aol® cholestery!l ester® %€ CPM (count
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per minute)9] GHE AA3 9.

ACAT ¥ CETP ZHdA#HE&L & Aogry 13l4u)

0 TP _ _Sample (cpm ) — Background (cpm )
76 Inhibition = 100 X [1 Control (cpm ) — Background (cpm ) ]

gt dE 2 F¥ CETP A9 #3

vha gt ME 14 kgg aceton &9 3UZ F&Ed & o
g
chromatography $} reversed-phase HPLCE & WHE g o2 X HE AA 39 (Fig. 1). &g

A &3 silica gel

it
n\l

chromatography & AAISEc. 2 & @Al veghy=

to

5

M
e

)& silica gel

g B 2P E 939 'H-NMR, “C-NMR, DEPTS ¢ 48a%9om B1d datas
3} v Q).

3. 23 ¢ 3@

7} AE|2RE CETP 84 AHEde Ry

& . = 1
*, FEE

AE (14 Kg)g B39 5 L9 acetonelZ A&olX 587 2%

o
o

o
% %A% & AA Silica gel columnol #7383 CHCl/MeOH Gradient® o] &3}

j,':l.

HEES Fsen 2% don FAHE YL hA Hexane/EtOAc Gradientz 23}
Silica gel columng #A3FF . 23 Silica gel comnollA 94L& AR EL HPLCE 3 &)
o &Y peak?] 53 FAEA 11 mge Yot (Fig. 2).

L}, CETP A4l 7214

NMR £4& CDCl &vo] oA 300 MHz('H)S} 75 MHz(®Cs} DEPT)o| A =43}
Ak R 71EEHE CDCE AHg3te], 'Hel g chemical shift® & = 7.26, ®Col u
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i
o

8l chemical shifts= & =77.001%lt} 1H-NMR COSY Aoz XEg wra® 37
C6, C5,C4¢ C8, C(o] ddHo &g & 4 dAh.gdAsadEe ®C NMRE2E

5hEeln, DEPTZFH 12709 fae s &3 A7, 2 719l quaternary B4,

o,

2 A

o

w o g

methine ¥4, 2 719] methyl groupg Z+& 5 719 methylene 847} 482 & 2= 99
U(Table 1). Fig. 3914 RoAe A A#H, 7|&d 2ug AAE nigow 24 7171824
AN H] i 8} o Amade et al,, 1994), o] 3FEL dioctyl

phthalate(di(2-ethylhexyl)phthalate) & 9 3ttt (Fig. 3).

t}. Dioctyl phthalate®} =X =9 CETP &4 ox i3

Dioctyl phthalate$t F+5=A4E¢ CETP @4 oA &gt ‘As 2 9y dFsdg=z
A g8ttt CETP &4 A% Alg €4 CETPY &A1t A [PHlcholesteryl esterZ
HDLEZ ¥ biotinylated LDLE Holdte AEE AT Al oz Ry BAR Ay
CETP9 &4 ¢alz CETP AsAl¢) N N-dimethylsphingosine2 positive control® A}
g3t FQa At (Jeong et al, 1997). Dioctyl phatalater CETP &4S o A|3hm, ICsX|
7b 57 pMeIrt (Table 2). | phthalate =A%), dimethyl phthalate, dimethyl
isophthalate, dipropyl phthalate, dibutyl phthalate, diethyl phthalate, dially] phthalate,
diphenyl phthalate, dicyclohexyl phthalate,®} benzyl butyl phthalate® Aldrici Chemeical
Co.(Milwaukee, WI, USA)2HH F9iste], +x-84d BAAE 7987 9489 CETP &4
A A's& A8l Dibutyl phthalate, dicyclohexyl phthalate®} benzy!l butyl phthalate<]
[CsoA] = 247} 308, 360, 1265 pM=2 Hlad g oA 4L yebd 9o, dialy
phthalate, dimethyl phthalate, dimethyl phthalate, dipropyl phthalate, diethyl phthalate,
diphenyl phthalate= 500 ¢M FZIdAE CETP A& A=A &gt (Table 2).
Diocty! phthalates™ yellow sugar (Chernykh and Semenov, 1980)0l A #H&- 02 &Y
2™, Streptomyces sp. (Uyeda et al., 1990), Penicillium olsonii (Amade et al, 1994), &
7] &2 (Karara et al, 1984) FolA #8% t) Dioctyl phathalatet plasticizer, A X

$3 82 (Uyeda et al, 1990), peroxisome ¥ 3}A] (Kawashima et al, 1983)2 = 4# A
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Edo)7|& sy, CETP &4 YJAlse B dF"He HAzx=2 Ruste Aolth wlA
dioctyl phthalater 8% CETP 419 Z24d& %8 AAAY dsHA s e A7 f&
3 Asst € Aoy, 54 I 98 My FEEA g AEHHYA AFE T8 T4

g A BAZAY & el @

Crushed Periostracum Cicadae (1.4 Kg)

y

Acetone Extract (0.86 g)

}

Silica gel column chromatography

( CHCl,/MeOH Gradient )

Fr.3-5(132.1 mg)  Fr.9-10(87.4mg)  Fr. 12-14(29.8 mg)

2nd Silica gel column chromatography

(Hexane/EtOAc Gradient)

Y

HPLC
(' Sphere ODS H-80, 85% CH,CN—>100% CH,CN)

Active Fraction (11 mg)

Fig. 1. Purification scheme of CETP inhibitory substance from Periostracum Cicadae

- 136 -



15r
Wy
)
&
k!
g lor
&
B3
el
2
A
o
1.5 1k
| 1l
! h' iﬂ‘![,l’l.
) Y

Retention thne (min}
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CH3CN-H20 (85:15) to 1009 CH3CN; flow rate 4 ml/min; detection 225 nm.
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Table 1. *C and 'H NMR chemical shifts and DEPT data of Diocty! phthalate,

Carbon BC NMR? Carbon 'H NMR¢
Number 5, ppm type® § » ppm (mult, J, Hz)
1 10.94 CH, 0.94 (t, 5.0)
2 22.97 CH, 1.29-1.39 (m)
3 23.73 CH, 1.29-1.39 (m)
4 28.91 CH, 1.29-1.39 (m)
5 38.71 CH 1.70 (m)
6 68.12 CH, 4.24 (m)
7 167.72 0C=0 -
8 30.34 CH, 1.42 (dg, 4.9, 9.4)
9 14.03 CH, 0.91 (1, 4.9)
10 132.43 =Cq -
11 130.85 =CH 7.72 (dd, 2.2,3.7)
12 128.77 =CH 7.54 (dd, 2.2, 3.7)

a: 75 MHz 1n CDCL; b : Based on “C DEPT; ¢ : 300 Mhz in CDCILL.

0 CHy
C /\&\/\
~0 CHs
_0 CH
0 CH

Fig. 3. Structure of Dioctyl phathalate
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Table 2. CETP inhibitory activities of dioctyl phthalate

and analogs.

Compounds sy Compounds Wy
ﬁ;_? CHy (I:‘v‘
L Ny - CH 3.7 o. 513
Ay # e o,
o] Chiy I
Prioctyl phthalse Dimethvl phthatate
(? O=C~{OCH;,
i 3
! Sy G\OMCM o E/l\j ™
) CH BILH ‘x' ,O A0
2 ({r O G = \['%. ~CHy
o o]
Dituatyd phthalate Dimethy] isophthalate
il ¥
/”Q\\ G, o C\O P \J{:Hi* )
b . 36.0 o =500
- (ﬁi C, \//"\E:Hﬂ
§ 5
IHeyelohexyl phthaksle Exipropy} phifalaly
Q
R | Ny - ~ C'AGH;;
» - 126.5 | L o e .
Sl o - 3 e
y UW Gy ﬁ S
¢] 0
Basnayl buty) phtholate Ditethyl phithalate
e
g CH ; \;l
e 500 5060

NS
(i‘l:/ MGHQ

[rallyt phehialate

Dipheny| phthalate
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A 2 A 57 a-glycosidase AEAHEZS 2, AA 2 EAEY

L As 2 Uy

7h 2FAYL 2 ABEA
o8 74 AZEZRE  e-glucosidased] AMEAH S AP ow I T AEA

BEHJY A2E xosla AME fRE FAT

Y. a-glucosidase A3i&A3 AA

a -glucosidase &A1& p-nitrophenyl- ¢ -D-glucopyranosides 71223ty AAFHE=
p-nitrophenol F%& Abs 406mmZ 38tk 25mM phosphate buffer (pH 6.8) 4508
o 20mM PNP- ¢ -D-glucopyranoside 20uf, @ -glucosidase &% 3040(160munit)$} MeOH
o ZAF AELA(HETZE MeOHR H7b) 50wE EFsted, 37ToA 308 w2
T, 900409] NHOHE R ¥ol W-&& AAANZ F, Abs 40bmmE &4

o gl G4 EE &9
7o) MeOH FE&& 448 A2 F £%2 H0 o 59, 5% BuOHE F

Z3le silica gel 28 AZvEIHHE HAsR . BuOH : MeOH (100 : 0 — 10 : 90)

215

© 2 gradient elution AlZl F silica gel TLC (Foss, Merck)E 83t &4 228 By

A

HE

g, AAR2RE A &4 g
AAE B2z $4 1 F MeOHZ F£3 F, £ ES BuOHZE extraction, silica gel
Zey mEviEada R =278 EtoAC @ MeOH (80 @ 20 — 10 : 90)23%d gradient

elution X171 & silica gel TLCE 33 t}-& mpx9to & HPLCE A A8t}

- 143 -



2. 2 %

7b BAREREHY GA4EE £

Silica gel 2% AZrtEgy EAAR X G4 13 0§ dAer A5
A BAEE T geid &wxAS EtOH : H0 (10 : D&% TLCE st 2 A3
A band AO(f =041), Al(rf = 0.32), A2(rf = 0.28) ¢ 37 band® EE + UM,
A& A band A0E HPLC(reverse phase Cis column, MeOH : HO = 10 @ 90
isocratic solvent system)S &% A3, @ peakd oM F2EA 9 SHEHS A6
A&H QA i BAZ APFd A

GHRYNE §rl2Ad& BuOH : MeOH : H:0 (4 @ 1 : 2)&89 TLCE 3T A3,
g4 band BL(Rf 0.23), B2(Rf 0.31), B3(Rf 0.46), B4(Rf 0.57), B5(Rf 0.74)& #&3l%2m,

7} band@l color reactiongd ZAMg A3 Table 1.3 2t

A g2 £

Silica gel Z¥ ZzvlELYIE AA F FAHRYL 2 719 solvent systemS AH§
# TLCE #sted £¥ste] ¥4 band 448 € £ ANTh 24 T4 bandS9 v
solvent systemol A1l Rf ¢} AMukg A3 Table 2.9 YEFHATE.
Table 1. Color reaction of a-glucosidase inhibitory active bands from the

extracts of Termite

active band | Rf * positive color reaction
Bl 0.23 orcinol-ferric chloride, ninhydrin
B2 0.31 Dragendorff’s reagent, orcinol-ferric chloride, bromcresol green
B3 0.46 ninhydrin
B4 0.57 -
B5 0.74 bromcresol green

Developement solvent system ; BuOH : MeOH : H:O (4 : 2 : 1)
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Table 2. Color reaction of @« -glucosidase inhibitory active bands from the

extracts of Scorpion

color reaction®

active band Ri. (solvent system?)

0.89 (A)
0.92 (B)
097 (C)
0.16 (D)

0.80 (A)
0.45 (B)
0.82 (C)
0.13 (D)

S 1-1 2,36 1,45 17,8, 9

S 1-2 2,69 1, 3,457 8

0.69 (A)
S 2 0.30 (B) - 1, 2,3 45 7,8 9
053 (C)

S3 0.51(A) 2,36 7 1, 4,5 8 9

“solvent System A : BuOH : MeOH : H:O 4 : 1 : 2)
B : CHsCN

C : BuOH : MeOH (4 : 1)

D @ Hexane @ Et2O : CHsCOOH (80 : 20 : 1)
®color reagent . aniline-Diphenylamine
. anisaldehyde
. antimony trichloride

. dimethylaminobenzaldehyde
. orcinol—-ferric chloride

. ninhydrin

1

2

3

4

5. Dragendorff’'s reagent
6

7

8. rhodamine B

9

. bromcresol green
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U, pancreatic lipase AsN&43 AA

triolein®] 2-monolein®.2 ¢  hydrolysis® pancreatic lipase? #AHe ZF T},
25mg9] trioleing 20040 hexaned] %9 F 1.8mle] 1M tris assay buffer (pH 8.0), 5ul2]
40% aqueous CaCly, pancreatic lipase 3 Unit A& A& 1004L 33+ vortex mixing &
¥ 37C shaking water bathell X ¥H-EAI7]WAN AAAZ A0 2 W) AaS H3 1%
acetic acid® ¥ = MeOHE ¥ & Hojxa 8§98 A & % TLC analyseso] ¢
& triclein®] A&ARE HAAFAG BT A FEE Roh YFHoz ARy YA
olive oil®] triglycerideZ fatty acids, diglyceride, monoglyceride ¥ 3 glycerol2
hydrolyzeA 2l %, ¥4 49 fatty acid®] %€ NaOHZ %A a9v}. lipase substrate (sigma)
600l 0.2M tris buffer(pH 8.0) 1004, pancreatic lipase enzyme 0.3 Unit ada, Za}A
B 100 W& £ 37CANA 1412 Wl%s £ thymolphthalein indicator solution 100ui-&
Y3l 0.05N NaOHZ A 3ste] 2e blue color’t UEME A14E  end point2 3},

2.2

7}, pancreatic lipase A3 &4 49 Ra 2@ A
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Al B Ho ¢ lipaseA s E A 4= A (Fig. 1)
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Fig. 1. The inhibitory effects of BV-1 against pancreatic lipase.
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