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ABSTRACT

Production, Purification and Characterization of New

Phospholipase D from Streptomyces CS57

Seung-5Sik Cho
Adviser: Jin-Cheol Yoo, Ph.D.
Dept. of Pharmacy, Graduate School,

Chosun University

Soil samples were screened for actinomyces strains capable of producing
phospholipase D, and a strain, Streptomyces CS57, showing phosphlipase D
activity was isolated. Streptomyces SC57 produced the highest phospholipase
D when grown in GYT medium(glucose 2%, Yeast extract 1.5%, tryptone
0.5%, calcium carbonate 0.1%6) at 28°C. Analysis of the 165 rDNA showed
that the strain CS57 was highly homologous to Streptomyces indonesiensis
DSM41759 and Streptomyces griseocarneus DSM40004. One form of
extracellular phospholipase D was purified through ammonium sulfate
fractionation, heat treatment, ultramembrane(YM10) filtration, Sepharose
Cl-6B  column chromatography, DEAE-Sepharose  Cl-6B column
chromatography, Sephadex G-75, and CM-sephadex C50 column
chromatography, which produced a major band of 34kDa on a 12%
SDS-PAGE. The optimal temperature for hydrolytic activity was 55TC.
About 80% of the enzyme activity remained after being treated at 50C for 1
hour. The enzyme showed an optimal pH of 65 in hydrolytic reaction and
was stable between pH 5-8. Triton X-100 increased enzyme activity, but

actvity of enzyme was inhibited by Tween 20 and Tween 80.
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A ookE, BEA, X84 FAE dd §E2 AHEdEn

AR AL BastE §4E lysophospholipase, lysophospholipase-transacylase,
phospholipase® ®H#& & 1om o|E 3 phospholipasex 7]d° Z&at=
A wet A, B, C, DY 4FFE UEF Utk
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7tBo] A ¥ 714 Fo]4dE& 7FA AL $lojA phospholipidE 7HEdl she
g 9ojA g AlesEm 9oh.® 28]y phospholipased] 7-$ lipaseR.t} site
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AZF o] lAES Y2 E 9] phospholipaseE HFo = A4t
v A7t A&Hm Yo
Phospholipase A2 (PLA2): Alxdtel = AR AXHY sn-29X9

acyl-ester 28-S 75Ragtt? PLA2E AR Al 298 (14kDA)Y} 1 ¥
A

rir

o] AEAF(B4KDA)EAVE EEA Aok AR AEH(14kDa) &
Az} ofvinat wigol] 93 [ IPe2 EFHW 55 OIF2 229, =T,
AUAE, AZAETH 22 4548 AEEN BT

Re2e BAgo] 14kDagl PLA2E T2 Al¥ntzgoez #ily
w713 Soldo] gl wa W Bapgo] & AMEFY PLA2(B4KDa)E AER
of Attt X} AFE He A AxTgo R ojFste AAAQ Sn-29]
Aol AgF arachidonic acid® AT AEZEF PLA2E Sn-291 A9
arachidonic acid7} 2&3% 71QolE =& 7AEod L BAL™ Fatty acid
9} 9%<l arachidonic acid® arachidonic cascadedll T3 o] Fio] o)
Cic = eicosnoidg} A 3lE prostaglandin, thromboxane, leukotrienes 2 Al

A FHALEA9  AFAolty.  arachidonic acidE 7I1ZE 9

rr
HE
rlo

i

cyclooxygenase’} A4 A7 eicosanoid (prostaglandin, thromboxane)
oA Faw 23, g2, J4 S FHEAS &L st dF, 24T,
gl 37| AZRTY Z4F Ao Yoo Fad 9% FIeta Utk

PLA2%E7d 5} ‘9] 3 arachidonic acid’} fElsl& dAE éicosanoidiﬂ B34

9 9] rate-limiting stepe]”] W&ol Fosich Hze Aol ostd PLA29
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A2 prostaglandinttg st ofA¥E 59 NSAIDs7)
At 22y} o5 ¢FEE L arachidonic acid®) ® ©}E 73 Z<l lipoxygenaseZd
29 tJAHE <l HPETE (hydroperoxyeicosatetraenoic acid), HETE(hydroxyeic-
osatetaenic acid), leukotrien ¢ AR S AT + gt =& A% F2
st7] Wl Ar|H ez Fort EVbsd @ile] v @A LHRO|EA %E
T M £L2 g3 E BHole %EL dexamethasoneol §&H o] &2 PLA2
2 A3jg o2 cyclooxygenase, lipoxygenase A&2& EF Xdd ¢ Qv 2
AU sEZol= obge] Ragow s dgFoid Aol wpert
PLA2A A &AL 2L F9F, FEAASE 7)do] 7=z J=ul, PLA2
A A= PLA28A S X3l eicosanoidFel A4 B 29 cyclooxygenase
e
cyclooxygenase® F2-8¢ AAGLAS £l T ¥&AE BREHAE &
= F AT

Phospholipase B(E.C.3.1.1.5) & phospholipidE® 33l &4 24 PLAlolY

il
o5~

4%, ¥E8F aAE 7HAEA FA

’

ol

, lipoxygenase A28 EF ¢

PLA29}E 28 phosphatidyl cholined] 27}1A] X#Alg 2% Basie 53]

AR ARAZ TR Ade wdz JFFEFTL AS IV

2

o
o AF7Ge) HED AFNE C abians’t Qe A IR 939

x2

Aurso) EAFT. C albicans £ WYol Ay A A oo
fastel FAFA ARAE BFHTL e ARES Rolm grhY?
C. albicans® BEA AAdE BAQUR gem tubeB AU, 7IFEHEL

el glew 2AAEA doin ASEd BAY M FLF Q42 FeiA

w



A AHe  fEs= seEs &40 protease, phospholipase,
hyaluronidase, chondroitin sulphatase, liase=°] ¢&4 F"® C albicansol
Ro|A F2Z53} phospholipases A2 #A7F 929 phospholipase@A o] =
< TF7F vhe2ed A 24 AT AXsel ° =4 UEdtdan Bus
3 ek wialA] phospholipases ZHTitiZe] HWEQIAF stz AzhE

A}t C albicans®] phospholipase Boll td B.317} Ao} phospholipase]

R

oy 43R0 BY A7 OS ey Aol

328 peptide 474 A}, neurotransmitter, B globulinso] Al¥ W &
A3te EAF receptorol] AEsA HW inositol phospholipide] EojA4& zt

+ phospholipase C(E.C.31.43)7} #/d3tdtt. &Adstel phospholipase CE&
MEuto] Ao w EA3E phosphatidylinositol biphosphate(PIP2)E 4843
9] inositol-(1,4,5)-triphosphate(IP3)9}  #]-84 9] Diacylglycerol(DAG)Z 3l
%}%Eﬂ o] IP39} DAG+ phospholipase C7F wi7isle AZAZ AANAH =&

3 olANTAGEARZ dAYL. IP3E AFUYRAZEL LEAI)E FE

%

)
< 3" DAGTE protein kinaseE /443t A7l 98¢ st AdHAoE AE
o] YA}, B8], $£= neural activity, A XSS AT AAY s §&
sho} 2w

ZE7kA]  phospholipase C9] isozymeEe°ol EfFF ZHASZHE cDNA
cloning®} @@z Ao} s ¥rd ] 9t} Phospholipase C & cDNAYA
Z3 ojuxt AEE Hwete] IA PLC-q PLC-B, PLC-y 2 2§ 5 ¢
T o] AZFA A Aol 16F 79 isoforme] 2 AP

PLC-q, PLC-B, PLC-y& AAAQ olvj=idMd e FAAS vlusAL 9 2
iltﬂ(X.domain, Y domain)& A& FA18H o] F709] domaine PLCY &4

7 zdo) ARG Ay gor® A 0)% X domain®l point muta-
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tiong AlA B4 848 47 43 2&8A4] SAEAY slodAe %
o] #Z(HK.XKim unpublished result) HAed o] ZAF#E X domain©]
catalytic sitegt& G&S & Aolge 7I1H L AR sfF2 9ot

M ZFA isozymes PLC-YE receptordl €& phosphotyrosine? 7] <o ZAEH-$
2 9dA  src-homology(SH) domaing 7HAm %32 o] &2 mouse

fibrinoblast$! NIH3T3 AlXo] Fdste A$ SAx3 3ddE B3ues PLC-y

Y

b AE FHe Fad 98 @ Aoz A P FE AIAA

g PLC AFEY Asd2dd glojx b =d94¥E Bop PLCAINA
=3

ol o) gk Aol &3] o]Fojxi gt

AR geld PLCAS EHAE #7184 ether lipid analogued]
ET-18-OCH3™, phosphoinositol analogue™, &## PLCASEZAZHA
Selaginella tamariscinal~] £2]%® amentoflavone'™, Sophora flavenscensol A
¥2) 3 prenylated flavones™ Fo] o™ PlgEAA 2 PLCAS FR2E
penicillium vinaceum©.Z%€ 22¥ vinaxanthone “©, Actinomadura sp. 9
Q12713(4D, Chatetosphaeronema  hispidulum®) }ﬂspidospem]idjnm), Caloporus—
dichrous®] caloporoside®5-0] o] B 1F YTt

AEL YREFE v AF9 ds) $&& 719 a3 713e A
AdEd AEY nFog EA5E IP3Y DAGE S second messenger®l] 2 3j
A AR 7)o F 529 PKC 7} 84353 PKCE o8 asy vuz

g AgHoz igste #AAE Fote] AR 2R v AFo] i) e

PhospholipaseD(E.C.3.1.4.4)& A¥uto] &3t 21x2 2 phosphatidylcholi-

ne(PC)& 73] 3to] phosphatidic acid® ZF7HAA AXE A3 A=
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Phospholipase D (PLD) £ ¥ 7}419] &4 €4S Yehdo A AR A4
< phosphatidy] choline® phosphatidic acid ¢} choline® 2 7IFE3|slE T4
gAdola (hydrolytic activity), ©+& 3ol 42 phosphatidyl choline?]
polar head group2 A3%E WHIAA Y2  phospholipid®E TE=E
transphosphatidylastion &4 84 o), ¥ o] £ w82 transphosphatidylati-

= A

A

(o

=
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one AE AExTE FHste IALEY AgueFd 22 A
ATslo] gtom o]yl HAE o] &3} lecithim®Z% €] phosphatidylglycerol
o]} phosphatidylethanol, phosphatidylserine%-< 2&A4ks & &= 7]&)et
o] @3] o]Fojxx gt} FHoRE AAZA 712 d cardiolipine] °Fe}A 2
8ol gtk A Fol AP 22H lecithin® %8 transphosphatidylation

o] 8 THHA AWM= AEHT glom guAdAe WE5EH JdEF

HAZ A AAReRE A3 Qe A F st B3} Abg]olth UNJAFF2
7o) AARNTF F 664 old =HATY vl &o] 7% o3 Wg nHIHALS,
14% oY W& T HA}3](aged society), 20% oY W& 2a#HAIE BF
33 9tk o] 71Fe wEwW AR Ague oju] mEASE A ZuEA}

3z, n2e Aer 1AIFAIIEZ AU DHAIE s

AA, vlFl glolA 854 ol/de = Aol of vt FAATY A A3



g% ¥ 715 Astes s0AdoAA Addv A glx, HY 7l 4%
A o olAE, Aol FE FER dE AE, A ABE FAFGE A
o] oy, AEA ZHo] 2 AE (Quality of Life)e FA3te 7Vl 3%
FA7E H k. do] gL Aol A A a7t EoAE F, ¥

A A2AZE #AH Y. 2 F9 4 phospholipidFE &23to|HEE Al

et
s

7]

off

Aoz ste AwFo Ad, 7" Azt @sh 3, 2EHAUA, 528
2l E 8189 F8 SlojA EEl ZHE Holn Yk

1Yzt AEE dold fEuEAE =1 aiAe] e T ot
=0 A3 ot 2 A5 E A% JAFFoly duEAY VA EY &
87F A UMY AR dide] HH ] ¥ 7]
=g gd 2 8FE AAY Aoz 2o}

A $-2yehE phospholipids 7154 &AE FYd &8tz A7) HE
of ZW AAHSZ  phospholipide A4ste] T AAE WA F
28 grrt deHolgan g vk @A Ul AAES H8 @F A7k
A v A2} Fujd A fd3F phospholipase DE ©]-& 3%+ phospholipidd] €+
€ 8 oy FEI A7) Wi sl AAHeR gF AT F de 7

$BRE A% AT 2437 B5AoT. Phospholipase D & E4F, AE,

olr

4 &A 24 phospholipid&

AR A BAFHT dow  phospholipidE FTHZoE A7 Y3
phospholipase D o] tigt A77} vBAEANAN F2A o]FAX3 Qe WA
ol XM= S hachijoensis, S. Iydicus, S. antibioticus, S. choromofuscus,
Streptoverticillium cinnamoneum 594 phospholipase D ¢ A4to] B 3153
ow g A7 JYEHL Yk

2 dT7dAE AEAG ESA 28 BHddS 22 phospholipase

D] B3EAH e 7HA = A S = F st ol F 7P €40l Hold



Streptomyces CS57 #F& AAsRer #F9 T4 R 571 A=
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phospholipase D& ¥37 AAlstz E5AL =A}sH3 phospholipase DE ©]-&

e

¥ 71570 4L 7FAE phospholipidiel 4t A4t 7S A
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m-1. A ¢

WAaFel e A% wMiAE F2 Junseirtd AFEE AMSSAT. A

2 0]E Phosphatidylcholine, EDTA, 4-Aminoantipyrine, Phenol SigmaA}<]
AES AR

0-2. #4717]

gA2AFAE 93 Sepharose Cl-6B, DEAE-Sepharose Cl-6B, Sephadex G-75

fol

CM-Sepharose C50& Pharmacia®] AFL AHE3IATh EaukSdd o3 AA
¥ 74 Ax"e] #}9L ¢8| High Performance Thin Layer Chromatography

(HPTLC, Silicagel 60 Fzss, Merck)& AH&3F1t}.

Il -3. Phospholipase DAL 7[A &= EF WAd9 &2 53

Il -3-1. Phospholipase D@84 & 71X+ EF W9 ¥

A At AdM AHI EF ASS AR AR F dAHeE 34
3] Bennet's agar medium(1% Glocose, 0.1% Yease Extract, 0.2%°l A
Peptone, 0.1% Beef Extract, pH:7.0) nalidicxic acid(20ul/ml)< 3 7Fgh HjX]
of Tatate] 28ColA 1-35F94 7 wigst Aok veEld FAZISRES AAse B

egg yolk medium®] EZ3t] lipolytic®AS 7HA= TS AEsdd. of



27 Adyg FAFE ISP2 meium(0.2% Yease extract, 1% Malt extract,
0.4% Glucose, pH:7.2)ol &3l 28T, 200rpmeol A wigstH lipaseZd S &
%5}9&‘3}. 23 2 A8 #FFEL OSYM(2% Oatmeal, 1% Soybeanmeal, 1%
Dried yeast, 1% Mannitol) agar platel A ¥l ¥ 4T ¥ BHAst
WA AMLstg T 739 AV 23 IAE 20% Glycerol2 B -8 vialol

Ha) -85Tol Bt 670 et At BESAT

Il -3-2 Phospholipase D&4 &A

ol

9. 25
g-of 20ulell substrate emulsion(phosphatidylcholine 200mge Z 3 4mld}
0.4ml diethylether® 430} 1X]17+§¢t sonicationAlZ) 80uls 430} 55ColAl 20

484 Z7%L phosphatidylcholines 7122 st WL AHE

I

E7F 8¢S Al7]3 50mM EDTA(BOmM EDTA in 1M Tris/Cl buffer pH 8.0)
o2 WS AANIII 583 100CHA #Ah 283 d&d WA F
12,000rpmeil A 1087 94 -E—a] % ASd 100ul¥ choline assay
solution(Choline oxidase 1.7mg, peroxidase 65ug, 4-anminoantipyrine 30mg,
phenol 15mg& 10mM Tris/Cl pH 8.0 30milel =) 150ulz} 25_‘—%,:, % 37CAA

60%-7F ¥hg-2 A A wH-&F £ 9L Triton X-100 300uls 7+t 500nmel A

I -3-3 Phospholipase D @Aol&84 A

Egg yolk phosphatidylcholine lumol, 2mmol L-serine 200ul,(0.2M sodium

acetate buffer pH 5.09] a4 AL&), 0.2M calcium chloride 100ul, diethylether

10



200ul, E48€ 9 200uld) EF AL 25T, 304, 1417, 3A3E, 18AFEY A%
& 2M citric acid 100ulE F7bste] whg& AAAH T whgol] st A

A 74 AR AL diethylether: ethanol(4:1 v/v) 2mlZ F&3% ¥ N streamd}

oA ¥Z3x o]2 TLC(Silicagel 60 Fass, MERCK)Ol HASH AR

A AAeZME chloroform: methanol: 7N ammonium hydroxide(130:60:8)

Z Atk A F AR BN % Jodines ol&3ste] YEIYE AF

o2H WEANES FARA,

=
L

Mo spotS EFEEH H]

I1-3-4. 16S rDNAS9 g7l <4

16S rDNA¥ capillary rapid cycler (Idaho Techonlogy)® %%+ 2™ primer
2 27f (5'-AGAGTTTGATCMTGGCT-3) 1492r(5'- AAGGAGGTGWTCC

ARCC - 3" ) (Lee et al, 20000 AH&3tAch SFEAL WAL HUTAA 1
B annealingS 55ColA 18, A3 72CoA 183 & 303 95354 5
%% DNAE Taq DiDeoxy Terminator Cycle Sequencing Kit (Applied
Biosystems)$} oilgonucleotide primers (Chun and Goodfellow, 1995)& ©]-& 3}
AR qEE& F¢iagct.adojz 16S rDNA 9714 E 2 AL16S program (Chun,
1995)2 ©]&3] Ribosomal Database Project (Maidak et al, 1996)%}
EMBL/GenBank database = %€ 2] & actinomycetes?] 16S rDNA sequence

¢ vz F4stAH.

11 -3-5. Streptomyces CS57# 52 W&

OSYM agar 8iAolA 8%t 59 FAA 2 E£2E FH3t9 50mie] OSYM
A A7 Eo] U= 250ml baffled flaskol HE3dt] 28T 180rpmolj Al 343t
A wistA el o] vlY AL phospholipase DY A4S A& A AL

11



Phospholipase D& 8}zl GYT(2% Glucose, 15% Yeast extract, 05%
Tryptone, 0.1% CaCOs) mediumol] 2%+ 2 HE3le 28T 180rpmolA3¥
b e et A

n-3-6. 993 3

WA S o] 83ld bovin serum albumin(Sigma
o 34 AALAT FEUY Jux aad

Lo
off
H"
Q
o
=
.
e
L Lo
[o oZ

OSYM agar BiAjollAq wjFs FF9 FAMH 2 XAE FHdko] 50mlg
OSYM A ul =7} €99 250ml baffled flaskol HE31e] 28°C 180rpmoll A
397 A wW%atsitt o] v eA-S phospholipase DO AAFS 93 A AL
Phospholipase D& %)z} GYT(2% Glucose, 05% Yeast extract, 15%
Tryptone, 0.1% CaCQOs3) medium 1Lo] 2%+ 2 HE39 28C 180rpmol A
392 wigstATh wMiddE 5000rpmol A 30237 A& F AFAE 8L
2 o] &3taAt

II-4-2. Ammonium sulfate ¥ 3

ZE4A g9 20-90%7F E3IHEZF ammonium sulfateE 7}0}51 T_ﬂ‘:'v‘i"a]

(7,000rpm, 60%)3te] AAES L3It F5 AP ES 10mM Tris-HCI

12



(pH 80)% 7Fstq &3Az ¥ YMIOM.W 10,000) membranes AR8-3te] &

2 % 998y BYSFAos FYHAAT

-II1-4-3. Heat Treatment

20-90% Ammonium sulfate’ 2]F €9 53 S4AEE phospholipase D9

dotAAd S 1E st §47F denaturation® X &FE X9 55TCAA 4087 A

3le} Fojl ¢kt proteing 2% AAINIT

i)

I -4-4. Sepharose CL-6B column chromatography

20-90% Ammonium sulfates % 29, €48 $9 Z4LA S E Sepharose
Cl-6B(2.0¥115cm)column®ll 2 3t8k3 10mM Tris-HCHpHB.0) bufferg ©] &3}
o AAAA 848& Role 5L st FE 4898 amicon
UF =%l YMI10 membraneg ©]-&3ld ¥% ¥ FdgF Aoz JPSAZA

Il -4-5. DEAE-Sepharose CL-6B column chromatography
Sepharose ClI-6B column® 42 A EEL 10mM Tris-HCI(pH 8.0) buffer
2 #3339 DEAE-sepharose Cl-6B column(2.2x17cm)dl Aststa KCl
(0.0-05M)S o] 43 FEFuHOE FAE X7 T SAHEIES 343}

At

gk
o,

tlo

I -4-6. Sephadex G—75 column chromatography

DEAE-sepharose Cl-6B column & ¢ A %3L& YMI10 membrane(MW,

10000022 5= 2 g9¢ d¢god 2mFEFo s $%3t9 thAl 10mM  Tris
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-HCl(pH 8.0) buffer= 338 Sephadex G-75(1¥90cm) columno.2 &

Aot BHE Bol: BYEL I5aYch

Sephadex G-75(1¥90cm) column & 94L& FAHEIL mlE 29 2 55319
Sodium-citrate buffer(pH 652 HZ3} AAT. THFAIEE ¢ gFqo=
B std CM-Sephadex C50(2.2+17)el Astg & KCI(0.0-1.0M)E& ©]
FTE HCR £ XA HIFTHoE oo BPYEIYS IeIdn. ZAE

849 &9 Laemmli®] Wl oig} SDS-PAGEZ 33t}

AR ZA 25 10-70CY ¥4 pHELHZALE T4 WS £33}

g4E A3 AY. 849 Fo i AL L &4 298 10-70Ce HF

A 607 BAE & FEas XS SAHAToZA Fao Ao dig HAA
=33

-4-9. 348459 A9 dd pHY IF

AAE §48Ad dig 33 pHE pH 3-65% sodium-citrate buffer, pH 7-9
+ Tris-HCI buffer, pH 10,112 NaOH-NaHCOs; Buffer& A}&3l9 484
S £A33%F 2oy pHol iz A4AA S pH 3-109] HYA 10T, 6053 =X

4 284S SATo2A pH AN S SASAT

e

2
i

e
T

o
g

I-4-10. 3284 %9 Od F50)
28N uXE AWREAHAY o

L AP GA ) A IF

A7) e 2ae] Ao TS

d

re

0,
BN



v 2 AlHEA A S (Tween20, Tween80, deoxycholic acid, N-lauryl-sarcosi
ne, CHAPS, polyoxyethylene-4-laurylether)S 2%(v/v)7} HE& Fidd H
7bsta 55Tl A 2083 vkeAIZ & &9 &4 WiE =35t
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m. 23 2 313

M-1. Streptomyces CS57# 52 A
m-1-1. Feistd 54 4

A A GolA 2l gk 6009F 9] WA 7 F phospholipase D] &3] &4 o}
=8 #F<Ql Streptomyces CSHT#FE A3 Y. Streptomyces CSETHFE
OSYM agar #iAol HF3 5 28TolA sigstaieS uf 374¥e] BHsaMF
oMoz €9l colony’t #EHY oW o] colonyES GHsIF o E3

E& substrate myceliumel] 22&0] 44 ®olxA &gt

)

m-1-2. $R4AE4A 54 24

Streptomyces CS57#F oA %3 total DNAE templateE ©]-83t 16S
rDNA¥ES PCR¥HEo2 FTEdQon FTZH 16S rDNAFES 740749
A71Nge o 2.

5'->>CS0057-27fAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGC
GAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAG
CCCTGGAAACGGGGTCTAATACCGGATATGACCTTTGAAGGCATCTTC
AAAGGTGGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGC
TTGTTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCT
GAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCA
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GCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCA
GCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCG
GAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGATGT
GAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATACGGGCAGGCTA
GAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGC
" AGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATA
CTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGTTGGGAACT-3' |
AAH 16S rDNA2 ¥E714 €& Blast search program(NCBDE ©]-&3}4 7}
F AR B FFES A% FA3 Streptomyces griseocarneus DSM
40004T 9} += 98.24%94 similarity S Streptomyces ferralitis in press SFOp68
= 98.24%9¢] similarity® Streptomyces indonesiensis DSM  41759T$}&
03.38%<] similarityE Streptomyces sp. IM-6899 9} 98.78%<] similarity &
no JhF B FAEE B tH(Table 1.).

IM-2. Phospholipase D¢} Xt

Streptomyces CS57T#FE GYT ulA 200mle] £+ 1L baffled flaskol
2%2] FujgNe HFda 28T, 180rpmellA] wldsHA wjgA bl wE
phospholipase D9 R, AZF A% pH H3}E ARG, 79 T2 ¥
F 24NARE FAFA FTUHE7] ARst RARANA FEHEEE F7HS
Qo} I o]ZRE T AMSo] & 743t phospholipase DY A&
Wl 36AIARE F7Et 96AIHAZAl FIEEATHE olFolE A
o} % el pHE 487N 7Adl F40] UM § 2ARRHE MAS T

7k A v (Fig .1).

2
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M-3. Streptomyces CS57°] A2}3ti= Phospholipase D] &3 A A

it

Streptomyces CS579 98] A ¥ phospholipase D9 HurAEQl A A 7=
2 Table 2.9) £okdte] et} 234 %2 ammonium sulfate, heat treat
ment, Sepharose Cl-6B column chromatography(Fig. 2), DEAE-Sepharose
Cl-6B column chromatography (Fig. 3), Sephadex G-75 column chromatograp
y(Fig. 4), CM~Sepharose C50 column chromatography(Fig. 5) o <3} PLD&
B A A}, Streptomyces CS57<9] vl oJH-&  ammonium sulfate(20-90%)

rlo
1)_4’
ol
2,
rlo
ju—

ach ¥4y F 4 2l OmM Tris-HCl buffer(pH 80)22 H¥g3}
N7l Ha22 539 Y Fzdex HIPsHP  Sepharose Cl-6B
column(18+113cm)el Heksted Y @39eE omlhrel $EZ SEARAT
Fig 294 ¢ #2o] phospholipase DE 9 33z £&FFHJY. Sepharose
Cl-6B column ZA4E 82 AAEE 113MA oy F&2 126%A 1 HEHE
+ 36.6unit/mg°] 1 th. Sepharose Cl-6B columnolA & &4 £&-& amicon
UF%¢l  YMIOOMW 1000002  AFg38te)  2ml o2 %5 & %
DEAE-Sepharose Cl-6B(2+155cm)ol #33t3 0.0-1.0M KCl9 FE=7H= &
%394 W, phospholipase D9} @A £ 8L 0.2-025M KCl =4 Yegt
(Fig .3). 0.2-0.25M KCI elution®} 4 W2 A Z 8 AAL=E 307voH
22 75%9ew BAAFEE 985unit/mgeolArt. Heo FAHEIFLS YMIO
membranel.2 = 9 g4d3ldd ImlE2 = ¥ 10mM Tris-HCl buffer(pH
go)os HAY3A I Y GFdez HF¥S @ sephadex G-75
column(1*115cm) o & 3l3te] 3mli/hre] $5 2 £& A Z Y. phospholipase D
He &284 2TmIFTHE YeEldth Sephadex G-759 A& 9 AA=
307 o FE&L 6.01%¥ 2 B EAHEE 99.1unit/mge] AT (Fig. 4).



Sephadex G-75 column¥® 9L FAEILS Iml2 FFst9 50mM
sodium-citrate buffer(pH 55)2 % ¥ 3d CM-sephadex C50(1+20cm)ell # s}
3ted 0.0-0.3M KCl19] = Fuj2 &&3%Hrh

CM-sephadex C50 column chromatography & €& @AEFL g9 % =
L AP F o]Fo Hgd AEIgT AE BHEFY AARE oA
FEL 1.1% F2 ¥v8HEE 245uint/mlE YEFGHFig 5). AAE phospho-
lipase D9 #A#2 SDS-PAGEEZ B3 oF 34kD<l Ao = 93 H(Fig .6).
o]+ Shimbo %°| Streptomyces antibioticusol~ ¥ A A3 PLD(64kD)4
Carrea S©°| Streptomyces &ollA @ AAS PLDGkD)RT & 7=

Ytk

eE7t AY EABAT A WAL 9T 2ASET 228
44 ek 502 vegon 50-60CAldAE dudez we AL
AR, 2 A INBEL AN B2d QAP 0CAAE ¢
Aotgont olddlME Bl AA @ashy]l Adse] S55CAME 40%9)
QAAY L BolTh 60 ool A $A3 DAYl FaaAhFig 19

M-5 S284%9 <A did pHY I
pH7} phospholipase D] &4 3 ¢tAA M mx= AgS FASIATY. 1 43,
F4urgo HZ pHE 652 vewth Zzte] pH Byl 10T, 1A3ES

A F IEEHS ZAG 27 pH AR L 587204 AT Hez

el o} (Fig 9,10).
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M-6. 8283 % A3 AVEAA ] 4%

F4d 9L nXE AAZAAQ Triton X-100, Tween 20, Tween 80,
deoxycholate, CHAPS, N-laurylsarcosine, polyoxyethylene—4—laurylether%
2%(v/v)Z 3te] B g dFS FEFAT. 2FZ T Table 3. o Y
B}l Bl Zo] &AE Triton X-100914 Hdf &S Yehith deoxycholic
acid®@7Fx]  524%¢ AME JElRA e N-laurylsarcosine <  67.9%,

polyoxyethylene-4-laurylether= 64.7%< &A &A1 o] As)= At
IM-7. Phospholipase D2} Ao|&A

Egg yolk phosphatidylcholine lumol, 2mmol L-serine 200ul,(0.ZM sodium
acetate buffer pH 5.0°1 =), 0.2M calcium chloride 100ul, diethylether 200ul,
289 200ulsl EFAE 26T, 308, 143, 3AZL, 18A1HES A7 U
2M citric acid 100ulZ FH7bste] wbg-& AAAAG. W&l ost] a7
/‘* AR AL diethylether: ethanol(4:1 v/v) 2ml2 F&3% ¥ N; streamd}ol A
F%3t3 o] TLC(Silicagel 60 F254, MERCK)ol A3t dAstAt. AN
o 0 Z M = chloroform: methanol: 7N ammonium hydroxide(130:60:8)
AbEEEE T A AAA Y F A A %kl Jodined ©]-&3H] UrE}L}—‘:— A5
o] Spotg EREEH vlugozN NEAHAES AP Hojgrgd o

3 A" dAZ AF ‘%l AR EB &L FA4 A Fe A (Fig. 11).

e
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v.2 £

AGA oA AFF EG ARZHE 6004F BAFFE s o=

59 ¥k A5 = phospholipase D9 7trE3] Aol 4353 & &
M Ay 3F] FFE AEsgoen ojF d4o] JF & Streptomyces

CS57 vkl o & Phospholipase DE4AE #3 AAIS 2 EAS ZABIAH.
16S 1DNA @72 FA%7F =2 #FE ZA g A3 Streptomyces
CS57 #5+E  Streptomyces indonesiensis DSM41759¢} 98.38% <] 714 &<
FALEE YERRLH

Streptomyces CSH57T 5 % Glucose, 15% Yeast extract, 0.5% Tryptone,
0.1% Calcium carbonate®] #lFul=]ellA] 28°C 180rpmol A ¥l 43t & W 964
A Aol LAe dehigleon 1 o|¥2RHE AR a Bl ZasAck
Streptomyces CS57< GYT(2% Glucose, 15% Yeast extract, 0.5% Tryptone,
0.1% Calcium carbonate)®}Z| oA o} A4& 7HA = 96AAC 2 vigd
€ Ammonium sulfate -‘i—i{ Sepharose Cl1-6B column chromatography,
DEAE-sephrose Cl-6B column chromatography, Sephadex G-75 column
chromatography, CM-Sephadex C50 column chromatography H¥g& AHd=
283l AAFE 34kDa®] Phospholipase DEAE AU phospholipase D¢l
HHLEE 55THeR 50-60CoAA Aoz & 848 FAGAT 4 2
EA 1AZHE ¢ Hal A 50T/ HATE BRIy o]F e 2EAME 4
3 B9 Z+AE Btk AAE phospholipase D¢l #Z pHE 6532

pH5-87+A] kA Aoz et 2%(v/v)FEANA AREdA 49

O

e g
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polyoxyethylene-4-laurylether, Tween 20, Tween 802 {4 Ao d&S 1|
A4 Egew  Triton X-1008 7t 24849 S7HE 240

Phospholipase D¢} transphosphatidylationg &<¢13}7] 93] L-serineg 373t
o] transphosphatidylationg A}#A thin layer chromatographyE Al3st9 A4
B2 Aoy AFL FAA] R3ATh HolZAd AT AWEEY AF
of B3 AFo] Fr} FaAH ol s GATAHY FA O Azt H Hol&A
o] o] ojFAhA Streptomyces CS57dF7F AAH3E phospholipase D=

sl 83 24 sAssitin A4Ath
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Fig. 1 Fermentation profiles for production Phospholipase D

from Streptomyces CS57.
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Table 1. Similarity of nucleotide sequence of 16S rDNA of

Streptomyces CS57 with related species

N Accession . . ntdifferences
Strain v Similarity
_ No /compared
Streptomyces sp.IM-68991M 6899 AF13152 98.78 9/738
Streptomyces indonesiensisDSM41759T AJ39183 98.38 12/740
Streptomyces ferralitisinpressSFOp68 AY 26282 98.24 13/740
Streptomyces griseocarneusDSM40004T X99943 98.24 13/740
Strept, ] L blished
reptomyces nanningensis unpublishe AY22932 97.97 15/740

name
Streptomyces cinnamoneussub sp.

X53171 7. 1 7
cinnamoneusISP5005 5 180 3
Streptomyces rimosussubsp.rimosus JCM

AB04588 97.70 17/740
4667T
Streptomyces bikiniensis DSM40581T X79851 97.30 20/740
Streptomyces gougerotii DSM40324T 776687 97.16 21/740
Streptomyces rutgersensis sub sp.

27668 97.16 21/740
rutgersensisDSM40077
Streptomyces intermedius DSM40372T 776686 97.03 22/740
Streptomyces lipmanii JCMA4711 AB04586 97.03 22/740
Streptomyces violaceusniger NRRL AJ30182 ) 97.03 99740
B-1476T ’
Streptomyces platensis JCM4662T AB04588 97.03 22/740
Stfeptomyces thermocarboxydovorans

U94489 97.02 22/739
DSM44296T /
Streptomyces yogyakartensis DSM AJ30182 96.89 93/740
41766T
Streptomyces mashuensis DSM40221T X79323 96.89 23/740

i ji is JCM4947-
Strept?myces jumonjinensis J 7 ABO4586 %.89 23/740
- unpublishname .
Streptomyf‘es hygroscoptcus subsp. AJ30182 96.89 93/740
hygroscopicusNRRL-ISP5578
ATCC .

Streptomyces eurythermus C DE3ZT0 %6.89 93/740

14975T
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Table. 2. Purification of Phospholipase D from

Streptomyces CS57.

Total Total Specific

] o o Yield
Step Protein activity activity Fold (%)
(mg) (V) (U/mg) ?
Crud
ruce 5517 1777 322 1 100
supernatnat
A )
TmOnIm 463 1722 371 115 97
sulfate
Sepharose C1-6B 6.3 231 36.6 1.13 129

DEAE-Sepharose
Cl6—-B

1.35 133.52 989 307 75

Sephadex G-75 1.2 - 119 99.1 3.07 6.7

CM-Sephadex
C50

0.079 1942 245 706 1.1
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14kDa

Fig. 6 Molecular weight determination of phospholipase D

by SDS-PAGE Lanel: Size marker, Lane2: PLD
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Table 3. Effect of detergents on the hydrolytic activity of
phospholipase D of Streptomyces SCb57.

. 3 ] Relative
Biological detergents Ionic o
activity (%)

None 14.3

Triton X-100 Non-Ionic 100

Tween 20 - Non-Ionic 12.5

Tween 80 Non-Ionic 8.6

polyoxyethylene-4-laurylether =~ Non-Ionic | 4.1

Deoxycholic acid Anionic 476

N-laurylsarcosine Anionic v 32.1

CHAPS Zwitter—Ionic 35.3
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PC

Fig. 11 TLC chromatogram in the transphosphatidylation
activity test of phospholipase D. Lanel: 30min, Lane2: lhour,
Lane3: 3hour, Lane4: 18hour

36



[

Tsuchido, T. 1994. Induction of cell autolysis of Bacillus
subtilis with lysophosphatidylcholine. Appl, Microbiol. Biotechnol
16: 171-174

2. Dufour JP, Goffeau A. 1973Solubilization by lysolecithin and
purification of the plasma membrane ATPase of the yeast
Schizosaccharomyces pombe. J Biol Chem. 1978. Oct 10; 253(19):
7026-32.

3. Shier WT. 1977. Inhibition of prostaglandin synthesis by
lysolecithin.Biochem  Biophys  Res Commun. 1977  Oct
24;78(4):1168-74

4. Dennis, E. A. 1983. in The enzymes (Boyer,P.D., ed) 3rd Ed,

Vol.16,pp.307-353, Academic press, New York.

Fujita, S. and K. Suzuki. 1990. Surface activity of the lipid produ

ts hydrolyzed with lipase and phospholipase AZ.

JOCS.67:1008-1014

6. Dalke, K and Bichold, H.1995. INFORM, 6(12),1284

7. Buchold, H.1993. Fat Sci. Technol, 8, 360

8. Drigalla, P. and Krause, T.,1993. Fat Sci. Technol. 8, 280

9. Beak et al, 1991:Tanaka et al, 1993, Zatas et al, 1986: Mitsuhashi,
1992.

10. Aaesman, A. J., Leaunussen-Bijvelt, J, van den Koedijk,
CDM.A. Neys, FW., Verklejj, A. J. and van den Bosch,
H.1989. ]. Lipid Mediators 1, 49-61

11. Kramer RM, Hession C, Johansen B, Hayes G, McGray P,Chow

o

37



EP , Tizard Pepinsky RB.1989.Structure and properties of a
human non-pancreatic Phospholipase AZ2.J Biol Chem. 1989
Apr5;264(10):5768-75

12. Kim DK, Suh P.G, Ryu S.H.1991.Purification and some propertie
s of a phospholipase A2 from bovine platelets. Biochem Bioph
ys Res Commun. 1991 Jan 15;174(1):189-96

13. Clark JD, Lin LL. Kriz RW. Ramesha CS., Sultzman LA,
Lin AY, Milona N, Knopf JL.1991.A novel arachidonic
acid-selective cytosolic PLAZ2 contains a Ca(2+)-dependent
translocation domain with homology to PKC and GAP.Cell.
1991 Jun14;65(6):1043-1051.

14. Sharp JD, White DL, Chiou XG, Goodson T, Gamboa GC,
McClure D, Burgett S, Hoskins J, Skatrud PL, Sportsman JR, et
al.1991.Molecular cloning and expression of human Ca(2+)-
sensitive cytosolic phospholipase A2.J Biol Chem. 1991 Aug
15;266(23):14850-3

15. Anaissie E.1992.Opportunistic mycoses in the immunocompromis
ed host: experience at a cancer center and review.Clin Infect
Dis. 1992 Mar;14 Suppl 1:543-53.

16. Odds FC: Candida and Candidosis, 2nd ed, 1998. Bailliere Tindal,
WB saunders, London.

17. Cutler JE.2001.N-glycosylation of yeast, with emphasis on
Candida albicans.Med Mycol. 2001;39 Suppl 1:75-86.

18. Ogawa H, Nozawa Y, Rojanavanich V, Tsuboi R, Yoshiikke T,
Banno Y, Takahashi M, Nombela C, Herreros E, Garcia-Saez
MI, et al.1992. Fungal enzymes in the pathogenesis of fungal
infections.] Med Vet Mycol. 1992;30 Suppl 1:189-96.

38



19.

20.

21.

22.

23
24

25.

26.

21.

28.

29.

Costa AL, Mesefari A and Amato A: Enzymatic activities of
mycetes. 1. Enztmatic activity of Candida albicans in egg
yolk—containing media atti X1V Congresso Nazionale di
Microbiologia, Messina Taormina. 1967

Barrett-Bee K, Hayes Y, Wilson RG, Ryley JK.1985. A compar
ison of phospholipase activity, cellular adherence and
pathogenicity of yeasts] Gen Microbiol. 1985 May;131 (
Pt5):1217-21

Ibrahim AS, Mirbod F, Filler SG, Banno Y, Cole GT, Kitajima
Y, Edwards JE ]Jr, Nozawa Y, Ghannoum MA.1993.Evidence
implicating phospholipase as a virulence factor of Candida
albicans.Infect Immun. 1995 May;63(5):1993-8.

Berridge M], Irvine RF.1989.Inositol phosphates and cell
signalling Nature. 1989 Sep 21;341(6239):197-205.

Hokin, M.R., and Hokin, L. E.1977. ] Biol.Chem. 203,967-977
Rana RS, Hokin LE.1990. Role of phosphoinositides in
transmembrane signaling.Physiol Rev. 1990 Jan;70(1):115-64.

Rhee SG, Choi KD.1992. Regulation of inositol phospholipid
-specific phospholipase C isozymes.] Biol Chem. 1992 Jun
25;267(18):12393-6

Rhee SG, Suh PG, Ryu SH, Lee SY.1989.Studies of inositol
phospholipid-specific phospholipase C. Science. 1989 May
5,244(4904):546-50.

Koch, A.C., Anderson, D. A, Moran, M. F., Ellis, C., and
pawson, T.1991. Science 252, 668-674

McCormick F.1989. ras GTPase activating protein: signal
transmitter and signal terminator.Cell. 1989 Jan 13;56(1):5-8.
Mayer BJ, Hamaguchi M, Hanafusa H.1988. A novel viral
oncogene with structural similarity to phospholipase C.Nature.

39



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1988 Mar 17;332(6161):272-5.

Cantly, L. C, Auger, K. R, Carpenter, C., Kapeller, R., amd
soltoff, S. 1991.Cell 64, 281-302.

Drubin DG, Mulholland J, Zhu ZM, Botstein D.1990. Homology
of a yeast actin—binding protein to signal transduction proteins
and myosin-I.Nature. 1990 Jan 18;343(6255):288-90

Jackson P, Baltimore D.1989. N-terminal mutations activate the
leukemogenic potential of the muyristoylated form of c-abl
EMBO J. 1989 Feb;8(2):449-56

Berridge MJ, Irvine RF.1989.Inositol phosphates and cell signali
ng.Nature. 1989 Sep 21;341(6239):197-205

Bleasdale, J.E. 1992. Inhibitors of phospholipase C dependent
processes. Drugs of the future 17: 475-487

Powis. G. 1993. Inhibitors of phospholipase. Drugs of the future
18: 343-350

Powis G, Seewald M]J, Gratas C, Melder D, Riebow .J, Modest
E]J.1992.Selective inhibition of phosphatidylinositol phospholipase
C by cytotoxic ether lipid analogues.Cancer Res. 1992 May
15;52(10):2835-40.

Potter, B. V. L. 1990. Recent advancesin the chemistry and
biochemistry of inositol phosphates of biological interest. Nat.
Prod. Rep. 1: 1-24.

Lee HS, Oh WK, Kim BY, Ahn SC, Kang DO, Shin DI, Kim ],
Mheen TI, Ahn JS.1996. Inhibition of phospholipase C gamma 1
activity by amentoflavone 1solated from Selaginella
tamariscina.Planta Med. 1996 Aug;62(4):293-6.

Lee HS, Ko HR, Ryu SY, Oh WK, Kim BY, Ahn SC, Mheen
TI, Ahn JS.1997. Inhibition of phospholipase C gamma 1 bythe
prenylated flavonoids from Sophora flavescens.Planta Med. 1997

40



4].

40.

42.

43.

45.
46.
47.

48.

49.

50.

51.

52.
53.

Jun;63(3):266-8

Ogawara H, Higashi K, Manita S, Hidaka M, Kato H, Takenaw
a T.1993. An inhibitor of inositol-phospholipid—specific phospholi
pase C. Biochim Biophys Acta. 1993 Feb 17;1175(3):289-92

Aoki, M., Itezono, Y., Shirai, H.,, Nakayama, N. Sakai, A. and
Tanaka, Y. 1991. Structure of a novel phospholipase C inhibitor,
vanaxanthone(R009-1450), produced by penicillium vanaceum,
Tetrahed. Lett. 32: 4737-4740.

Yanagisawa M, Sakai A, Adachi K, Sano T, Watanabe K,
Tanaka Y, Okuda T.1994. Hispidospermidin, a novel
phospholipase C inhibitor produced by Chaetosphaeronema
hispidulum (Cda) Moesz NR 7127. 1. Screening, taxonomy, and
fermentation.] Antibiot (Tokyo). 1994 Jan;47(1):1-5.

Larone, D. H. 1995. Medically important fungi: a guide to
identification. Pp. 132-133. ASM press. Washington, D. C.

Nishzuka, Y. (1992) Science 258, 607-614

Berridge, M. J. (1987) Ann. Rev. Biochem. 56, 159-193

Berridge, M. J. and Irvine, R. F.(1989) Nature 341, 197-205

Bell, R. M., and Burns, D. J. (1991) J, Biol. Chem. 266,
4661-4664

Zidovetzki, R., and Lester, D. S. (1992) Ciochim. Biophys. Acta.
1134, 261-272

Nishzuka, Y. (1984) Nature 308, 693-698

Eibl, H and Kovachev, S. (1981) Methods Enzymol. 72, 632-639
Juneja, L. R., Hibi, N., Yamane, T. and Shimizu, S. (1987)
Enzyme Microb. Technol. 9, 350-354

Nishzuka, Y. (1992) Science 258, 607-614

Bradford, M. M.(1976) A rapid and sensitive method for the
quentitation of microgram quantities of protein utilizing the pri-
nciple of protein-dye binding. Anal. Biochem., 72: 248-251

41



ARl 2

#] - 3f

BN
Y

3

i< ob4

A 22 A vheS BEYTh AY A9

ol md
7b HolF Al L.

]

A
A4

=z
T

A AHE =8 A =

il

o] =Fo] &4 71A A

42



	목차
	표목차
	도목차
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	Ⅱ-1. 시약
	Ⅱ-2. 분석기기
	Ⅱ-3. Phospholipase D활성을 가지는 토양 방선균의 분리 동정
	Ⅱ-3-1. Phospholipase D활성을 가지는 토양 방선균의 분리
	Ⅱ-3-2. Phospholipase D활성 측정
	Ⅱ-3-3. Phospholipase D 전이활성 측정
	Ⅱ-3-4. 16S rDNA의 염기서열
	Ⅱ-3-5. Streptomyces CS57균주의 배양
	Ⅱ-3-6. 단백질 정량

	Ⅱ-4. Phospholipase D의 정제
	Ⅱ-4-1. 조효소 조제
	Ⅱ-4-2. Ammonium sulfate 분획
	Ⅱ-4-3. Heat Treatment
	Ⅱ-4-4. Sepharose CL-6B column chromatography
	Ⅱ-4-5. DEAE-Sepharose CL-6B column chromatography
	Ⅱ-4-6. Sephadex G-75 column chromatography
	Ⅱ-4-7. CM-Sephadex C50 column chromatography
	Ⅱ-4-8. 최적 효소활성도와 안정성에 대한 온도의 영향
	Ⅱ-4-9. 효소활성도와 안정성에 대한 pH의 영향
	Ⅱ-4-10. 효소활성도에 대한 금속이온 및 계면활성제에 대한 영향


	Ⅲ. 결과 및 고찰
	Ⅲ-1. Streptomyces CS57균주의 동정
	Ⅲ-2. Phospholipase D의 생산
	Ⅲ-3. Streptomyces CS57이 생산하는 Phospholipase D의 분리 정제
	Ⅲ-4. 효소활성도와 안정성에 대한 온도의 영향
	Ⅲ-5. 효소활성도와 안정성에 대한 pH의 영향
	Ⅲ-6. 효소활성도에 대한 계면활성제의 영향
	Ⅲ-7. Phospholipase D의 전이활성

	Ⅳ. 결론
	Ⅴ. 참고문헌



