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ABSTRACT

Production, Purification and Characterization of

Phosphol ipase D from Streptomyces Cs 684

Kim Ji-Hyun
Adviser: Prof. Yoo Jin-Cheol Ph.D.
Department of Pharmacy,

Graduate School of Chosun University

Soil samples were screened for several actinomyces strains, that capable of
producing phospholipase D, and it was revealed that a finally selected
Streptomyces Cs 684 has a high phosholipase D activity. The production of
phospholipase D from Streptomyces Cs 684 was carried out in GYT medium that
contains glucose 2.0%, yeast extract 1.5%, tryotone 0.5%, calcium carbonate 0.1%
at 28°C. 16S rONA analysis showed that Streptomyces Cs 684 was highly homologous
to Streptomyces jumonjinensis JCM 4947 and Streptomyces nanningensis YIM
33098. A extracellular phospholipase D was purified through several purification

procedures such as ammonium sulfate fractionation, heat treatment, ultramembrane



(YM10) filtration, sepharose CL-6B column chromatography and DEAE-sepharose
CL-6B column chromatography. The purified phospholipase D was identified with a
major band of  48KDa on a 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The optimal temperature for hydrolytic activity was
55C. Most of enzyme activity was retained for 30min incubation at 55C without
a significant loss in enzyme activity. The enzyme showed an optimal pH of 7.0 in
hydrolytic reaction and was stable between pH 6.0-9.0. Tween 20 increased enzyme
activity, but was inhibited by polyoxyethylene-4-laurylether, N-laurylsarcosine

and SDS. The enzyme activity was a |ittle affected by Ca* metal ion. .
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Phopholipase € XIZE2 Jt==2of S SJ| &H0IEtSS Fiiots

o4l 2ot He

BB Lolts ASHEZZ(signal transduction pathway)dlA 2 &= U= et
ol 2AOICH. QXA 2ol B== PLD(Phospholipase D), phosphatidate
phosphatase, lipolytic acylhydrolase ¥ Iipoxygenases2l &4ASS XEefotes 21X
2l 2452 HAE S0 M4d= 222 MELS =0 et e HES Egot=
ZZ0ICt. O0ldst S4= & Phosphol ipase D= X&EZ2oH ZZHAOIA
phosphatidylchol ine,phosphat idylamine,phosphatidylinositol, phosphatidylglycerol
a4 Z2 AMEZEY oIXES Jis=FlE =FHdllots =400 MEE CXNES

phosphatidic acid2 ®™&AIZ2ICH. Z20= Phospholipase D isozymes(PLD a,PLD

B.PLDOY.PLD8 )2t AISHENFMAML FIHEQ A S0l 2050 ACH =2 2
EF2 2=, dF¥eNL s MBH0I =EH0 2o MEZES0 =XMots AIEe



phosphatidylcholine (PC)2l Jt4=20aH0l 218 DAGRl SItJF BfAXIHA PC Jt==20H Ol
o|gt A MOl JI&0 2 224101 20K UCH. PC= phosphatidic acid (PA)O

choline0l Z&tel 202 3JHX C+2 &40 oo It 26iE & ACH "™ (Fig. 1
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Phospholipase Ai(PLA1)2 A3 ME0 Zel 2XZote L Z &S (membrans-bound) &
20ILk, Phospholipase A, (PLA)= 2ZEd L= FHIECR HSE, 89 = &=
TRS22 HEAM =Mt US0l LA XMRUCH Phospholipase A> (PLA)= DE2Y
AHZES XSHEAM £ Phospholipase A; (PLA)) I Ao= HIHEARHICS 20l 2|8
OIXI& M0l 0I=2%0f 2tCt. Phospholipase A, (PLA2)= MIZE Ol E=IHOHCHE MIZE

A== 22 39 NMEHC=Z 0|0t 2XIE2 sn-2 AKX HAHE 2= b

+Z0ollot0d arachidonic acid?t 22 XIZ&tdE lysophosphol ipidE 244 SHCH.
Fatty acid@l &3¢0l arachidonic acid= arachidonic cascadeOll 2t&st Hed S A00
Olol A &= eicosanoidel S&Gt= prostaglandin, thromboxane, leukotrienes2l
NEE ststdg28o MAXMOICH. Arachidonic acidOl= 22t cyclooxygenased

Z,epoxygenase HZ 30Xl =2 J=ZJF YU, 0l= =N E=E
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SZ22,pepide &&QCIAH neuroransmier, @< globulin S0 M2 ZHO Z=Mot=
S&8t  receptorOl Z&olAl &=®H  inositol phospholipidlll S0l H=
phospholipase C(PLC)ES EA3 AIZCZM MHZUCS BISESZ2 2Lo?2ICH. 435 &
phosphol ipase C= Mo L2HOZ ZMot= phosphol ipid el
phosphatidylinositol 4,5-bisphosphate (PIP;)E Inositol 1,4,5-triphosphate (IPs)
2 diacylglycerol (DAG)2 =2oHBHCH ) IPs= MEL NFAZRE Ca”S

1 DAGE DAGE protein kinase C (PKC)E EHESIAIH L& MEEISE RE0tN
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Phospholipase C= cONAOIA <=8t Ot0I4& MES dlwotd 3N PLC-a, PLC-
B, PLC-y2 EFE = /UL 0l Al JHXI0M HUHE 165F2 isoformOl ZLAZIUCE.
U8 0| = eoidermal growth factor (EGF),plateletderived growth factor (PDGF)S 2

NEZEHEOIX0 2o 2dstt= PLCy 12 & Sol &80 22 A2z EUEHU
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Ct. PLC-y= -B, 8 2A= =2l receptorOll A= phosphortyrosine &HJ[124+2)
2 24 & srchomology(SH) domains JHXIDY, £ NIH3T3 MZd =
NMEst=EICte 2 0& PLC-y It 2HIE2 SA0 S8 = A
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Jlgtd ether lipid analogue?! ET—18—OCH3“7), phosphoinositol analogue“B), AlS
ol PLCHMONSRZM Selaginella tamariscinallN 22|= amentof lavone!", Sophora
flavenscensii M 22l8t prenylated flavones®™ S0 U2 DIMES0M e PLCH
WSR2= penicillium vinaceunL 22E 22|E vinaxanthone®", Actinomadura sp.

3)

| Q12713 22, Chatetosphaeronema hispiau/um2 hispidospermidin , Caloporusdichrous®|

caloporoside® S0l X201 2NCUCH. DMES22E Joikls C QIXNZE 2EllsA

= RIQAS HZE &t 0ldEH22 =<8 diacylglycerol2 &b S 22 A=
O & SIS0l ALEE 2O OfLI2t 2 20ls RXAA2 22 (degunming) SE Ol F
5d RAES QXS 2ZE-UXER HSIAIH 201 AN =HFH22AM, S
Stet™ MWOR QNS MIHGH=2A0l HIWGH0 SO ABIEW +5J19 AHIS
=Y 4 A0 RN FHUISS Y 2 ¥E4 UCD S0 FH
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Phospholipase D(E.C.3.1.4.4)=  MHIZ2Hl =1
dylcholine(PC)S Jtx=20iot0 phosphatidic acidE ZIIAIHA NIEZE EHGAI =

Jlse e, EZRss XA AMNEZN OEFez2 &EMots £ otuel 2IXEel

ot= CIXI&Ql  phosphati
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phosphatidylcholine(PC)& MIZofo] =2t 2 te JIs Ol20 AE2R2
A=01 2ot Jt=2oi T MEZUW el sasS E
S&S MHYotA ECh. Phospholipase D (PLD) = & JHXIQ &4 &S LIEHHG
(Fig2). = PMel &4 phosphatidyl cholineS phosphatidic acid 2t choline@=

Ilx=2olole EA24H0l12 (hydrolytic activity), CHE otLISl A& phosphatidyl
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choline2l polar head groups &= BEAIH CO2 phospholipidE BtEE=

transphosphatidylation SAEA0ICH. ¥ pA= 22 22 MEZOHA MZEWLO Ca**

SEE ZIHAII0™, neutrophilOlAl NADPH oxidaseS ZABIAIHA 0.2 M8 =X

30 HROLMESHM RA 22 =& Jls2 +sts 212 22U 0
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phosphatidylglycerol OlLt phosphatidylethanol, phosphatidyl-serineS= CHE&Ate
2 s IS0l 223l OIRUHX LD ACH AIAIE 2l -RsIIE ascorbic acid(HIEHE!
C)2 XI&tot2Z M phosphatidylascorbatect= S&sIAE L] AlDIsHE HAIE |SENHSE
S & UL, antitumor nucleosideE & AIZ2I 21X

PG= M, MY, whip cream@ MZXS AIS&F0 Zel 28 = ULH stEHS
MEUHE RESHH 2 = UL

2 & AAHESCZ HD Y= 22H = otLiot DF3 AFI0ICH. UNeI2=22 =Dt
o MHMI? = 65AM 0l4 =&l HIZ0| 7% 0l AL
HE DB AtSI(aged society), 20% Ol&Y THE =DHA
2t F2RE 200048 78 1Y4S JIEOZ 65AM Olah =Zolx)l M8 Fo39
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MZM phospholipide =220 2
Hs2 XA Hdez 20, M R2lUek= phospholipids Tl JIsd AM=E =0
OJESHY UJ| HEUH =2 XNME2SZ  phosphol ipidE MMASIH =4 HHE

A

Qe IO &I MOt & 2= QUCH. Phospholipase D =

0

5, A=, DIMS0AM E2AED JASMH, phosphol ipidE SHELZ MAGH|
?IoH phospholipase D Off CHet HA720t OIM2 UM =20A OIFUHAILD A=
HELDUNMNE S hachijoensis, S. lydicus, S. antibioticus, S. choromofuscus,
Streptoverticillium cinnamoneum = O0llA phospholipase D 2 4401 E DT A
el A0 AAE ) UCEH.
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R, C——O——CH,
Y
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Fig.1 Hydrolysis of phosphatidylcholine by phospholipases.
R1,R2,R3 @ XI&aH XDl 22D|
PLA. PLA: : phosphoipase A;, phospholipase A;
PLC . phospholipase C
PLD : phosphol ipase D



-1. Al

gt 7ol S RS BHAl= =2 Junsei A2l HIZS AME0IUCH. A=A M0
phosphatidylcholine, EDTA, 4-aminoantipyrine, phenol2 SigmaAtll HS2

== AME
ot A L.

—

-2. 247101

ol
-
(\al

HIE <8t Sepharose CL-6B, DEAE-Sepharose CL-6B=
Ct.

Pharmaciall H&= Al

0p
ol
39

1-3. Phospholipase DEIAE JIXls EY WL R =22l S3
I1-3-1. Phospholipase DE&AMHE JIXl=s E WH&A9 Fel

dE ot XIF0lA THFe E2 HES 3EEFE HAXLAZ

=2 o [

\I|

.
0l

! SHHESZ 3|46

Bennet's agar medium (1% Glucose, 0.1% Yeast extract, 0.2% Peptone, 0.1% Beef

extract, pH:7.0) Ol nalidicxic acid (20ul/ml) S &8t HHKIO =

250 28°COll A
132t BHotQICH. LEY 2AIE =2 8800 ChAl egg yolk mediumOll &=2GH

lipolytic2d S Ikl &7

nio
F?L

ZotALH. OIEH HdE& 222 I1SP2 medium

(0.2% Yeast extract, 1% Malt extract, 0.4% Glucose, pH:7.2)0l &=ot 28T,



200rpmOl Al BHOIH |ipaseE&dsS &

flzt

OIRCH 22l & MdEE ZFESE2 0SYM (2%
Oatmeal, 1% Soybean meal, 1% Dried yeast, 1% Mannitol) agar plateOlAl B =
4Co WH NN E2otHMN AISoHULH. @2 I 222 ZAME 20% glycerol

2 22 vialOl Foil -85C0H =Z2tot) 6IHZ0tCH HIH 2 ZEotALH.

I1-3-2 Phospholipase D& 4 =3

EN

ol
fo

n

td =& 2 phosphatidylcholines JI2Z2 ot HEES AMESRULU. 2A4ASNH
20ul Ol substrate emulsion (phosphatidylcholine 200mgE 3F= 4ml2t 0.4ml
diethylethert 401 1AI2tSQt sonicationAlZ)) 80ul& 401 50COHAM 2022t BtS2
AI2110 50mM EDTA (50mM EDTA in 1M Tris/Cl buffer pH 7.0) 22 SASE FXIA
J110 552 100COlA 2L 25228 S0l X = 12,000rpm0ll A 10228 & =2
= ASM 100ul2 choline assay solution (choline oxidase 1.7mg, peroxidase
65ug, 4-aminoantipyrine 30mg, phenol 15mgS 10mM Tris/Cl pH 7.5 30ml0fl =¢&!)
150ul Bt 28 = 37CUHAM 6022 BISES AIRICH 8BS = M2 Triton X-100 300ul

Jtot0d 500nmOllAl EZ =S =oAL

rlol

njo

I1-3-3. 16S rONA2l SJIHE

16S rONA= capillary rapid cycler (ldaho Technology)2 SZ56IH 2O primer2=
27f (5'-AGAGTTTGATCMTGGCT-3) 1492r (5'- AAGGAGGTGWTCCARCC - 3' ) (Lee et a/.,
2000)2 A0, SZEXH2 HAE2 94TOHA 12, annealing2 55CTOHA 1

&2 72TCOHAM 1228 & 303 Bt=ot[C. 5= DNA= Tag DiDeoxy Terminator

Al

y L

Bl

Cycle Sequencing Kit (Applied Biosystems)2t oligonucleotide primers (Chun and



of M8 MEs =0lotAt. E0& 165 rONA SIINE2

Goodfellow, 1995)E 0|
ofl Ribosomal Database project (Maidak et a/.,

AL16S program (Chun, 1995)8 0|
1996) 2t EMBL/GenBank databaseZ2E YN E act/nomycetes®l 16S rONA sequence2t

Hlw =246HAULH

(L

I1-3-4. Streptomyces Cs 684 #3=2| HH ¥

a2 dAMA 2 ZAHE Folt0 50ml 2l OSYM 24 i B Xl

180rpmOII A 222 & Hi Lo
2ol AFH JHESH GYT (2%

roh

OSYM agar BHXIOIAM HHQF
250m| baffled flaskOll &&ot0d 28T

b S0QUs
M2

Ct. Ol BHEYHZ= phospholipase D<
Glucose, 1.5% Yeast extract,0.5% Tryptone, 0.1%CaC0Oz) mediumOil 2%

04 28°C, 180rpmOilAl 222+ Hi ol A L.

+==0=2 HSBot

CHH R O] =& = Bradford2 2™ 0|235H0 bovine serum albumin (Sigma co.)

M 38 = 22U J4U" H8HE =

I1-4. Phospholipase D2 & Al
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l-4-1. Z&4 Z=H

P2 dAMA & ZXE Fot 50ml 2l OSYM Ml BH

ol

OSYM agar BHXIOIA BHZE
Ko SHJU= 250ml baffled flaskOl EE6HH 28T 180rpmUlAl 222 & HiL6HA
Ck. O HHZHZ phospholipase D2 MAtE 2ol KM JHESE phospholipase D& HH

BHXI GYT (2% Glucose,1.5% Yeast extract,0.5% Tryptone,0.1% CaCOs)medium 1LOI 2%

4

=22 H3EotH 28T 180rpmOlA 222t HH 2ot CH, Hi 2= 6000rpmOil A 302 2t

At

AEUS XEAZ 0IS5HULCH.

c

0
0z
HI
0l
Ol

I1-4-2. Ammonium sulfate &&

raar SH  25-80%)F EStEIE= ammonium sulfateE  Jtotl A& =22
(12,000rpm, 60=)ot0d ENMESE 3l=otRUCH. 35t FHMS0 10mM Tris-HCI (pH
7.0)E Jtotod A2l = YMI0 (M.W 10,000) membrane2 AIE5IN =5 & 26D
SUAZTHOZ HWHSIAIZALE.

I1-4-3. Heat treatment

25-80% ammonium sulfatexlel = EYH ==& S AAZ = phospholipase D2 ot

s
HMHES DAHSIH &40 denaturationTl Xl Z= 2501 50CH A 3022 Heldt:d

o o

Ol st proteing 25 MHOHALEH.
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I1-4-4. Sepharose CL-6B column chromatography

25-80% ammonium sulfates= &<

, SHE=ZFL SAANZ

1.8%106cm) columnOil =ototd 10mM Tris — HCI(pH7.0) bufferE 0Ol

= Sepharose CL-6B

ot &IHAIA

242 B0l 22 =2 3ot L.
3= SA2HMS amicon UF 22l YM10 membranesS 0|26t s & SYUJASFTHO
£ HESAIZLCH
I1-4-5. DEAE - Sepharose CL-6B column chromatography

Sepharose CL-6B column chromatography(1.0x68cm) & 22 S4H=2E2 nl2 &
2 ==5t04 10mM Tris-HCI(pH 7.0) buffer2 HE 3 AIZL. =& A2 =2 2=
HOZ T zt=l DEAE- Sepharose CL-6B column chromatography(1.0x68cm)0l = of&t
= KCI(0, 0.1, 0.15M)2 X2UZ & AMH zESHCZ =45t EH2ES 3456t
Ch. MME 542 =012 Laemmli®Yo g0l 2} SDS-PAGER 2845t LH.
1-4-6. =& SASHEC2 CHEMLH0N st 2229 HE

ZE 2H 2= 10-70C2 HRAMNA pH(7.0)ZEHCZ &4 BIES L85t &4
S SHOIQFLH, 249 20 Udt AHEE2 54 SHS 50T 2 0lA 3022 & X
st & MESA EHE =EXNHSOZ2MN A9 Kol e ¥ ES =XoHRULCE.
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1-4-7. SAEHT2 OHE L0 8t pHS A&
AStA0 et pH 2-7.5= sodium-citrate buffer, pH 7.5-10=
gt OFEHE pH 2-102

M= a8
ot =AEH
= Sdot

Tris-HC| bufferE AtE £ =356
HECZM pH &S

HRAUA 4T, 24A12F X
Ck.

AEEC0 et AHE MO0l et S

S XZAGH| Rlol 242 240 &S OIX
CHAPS,

Sk

SAE4H0 0IXl=s HHESLHCS I8
= HHEASHS(Tween20, Tween80, Deoxycholic acid, N-laurylsarcosine,
Polyoxyethylene—4-laurylether, SDS)S 2%(v/v)Jl T2 SAMH & Itotl 45Tl
A 2022t BIZAI2] & 49 &4 HgleE =XoIGL.
1-4-9. SASEHS0 st 2500 Cist e
24 2450 DIXxle 250252 g&s T Alol)| fol sAetESgd) 25012
(Ca™,  mg*, Mn?*, co*,  Zn*, EDTA)S 2mM  SE=2  =Distn
2 BESAIZI & 42 249 HIlE SAHGIULT.

45COIA 2022
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. Zit

He

N-1. Streptomyces Cs 684 4F2 =3

n-1-1. geistd 4

o

S|
s

M

Eir

M oot XS 228 600 B2l &&= = phosphol ipase D2 ZoH&A 0l

2 @0l Streptomyces Cs 684 4F= NMYGIALH. Streptomyces Cs 684 ZF=E 0SYM

=

= [ 3~4201 BUHotHAMSFE colonyt &

==
02
4%

agar BHAIGI &E3Egt = 28CUHA ot

E2CAOM 0| colonyS2 SHHGIFUOH LIS substrate mycel ium0ll &t

o>

H SOHKXIX ZUCEH.

Iz

n-1-2. EXd=sy E4 2

St total DNAZE templateE 0l&at0d 16S rDNA

M
r

Streptomyces Cs 684 d=0M =
FE22 PR 822 SEotA20H S=E 165 rONA 222 918212 golMgE2 U3
ot ZCt.

5 ‘~GCTGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCGCTTCGGTGGTGGATTAGTGGCGAACGGGTGAGTA
ACACGTGGGCAATCTGCCCTGCACTGTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATAATACCTGCCGAGGCATC
TTGGCGGGTTGAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCAAGGC
GACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACT GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGT GAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
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AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTTGCGTCGGATGTGAAAGCCCGGGGCTT
AACCCCGGGTCTGCATTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCG
CAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCT TAGGAGCGAAAGCGTGGGGAGCG
AACGGATTAGATACCCTGGTAGTCCACGCCGTAAACGTTGGGAACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCGC
AGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCT-3'

S rONASl HIIMZ S Blast search program(NCBI)E O0IE5t0H JtE RALE
ot =2 IdFS2 AME 2, SEXU GHC &0l 76.1 mol%= A AEZEDHOIAIA
=0 EXHQ AFS2 4542 B0l X222 &HQLRULE. Streotomyces=2 4955
(20044 DJ1&E)0l  =JHoHDY, 16S  rDONA  sequence =& Zt,  Streptomyces
Jumonjinensis JCM 4947 - unpublish name AB045863 97.842 |SAtdS 2L
(Table 1.)E®

lI-2. Phospholipase D2 24 At

Streotomyces Cs 68423 GYT HHAl 200mI 0l =SXH U= 1L baffled flaskOl 2%2

=S &ESot 28C, 180rpmOlA BHGEHAM HEEAIZ2EO [HE phospholipase D

MALY, AX M, pH BISE ZAIGHICH. 22 SAI2 Y 24AM2HEEH SOt
J

otJl AIZot0d 48AIZIMILK S

Oh
jo

10

totR Ut 11 Ol=2H 22 d=0| X5 ZLotALt,
Phosphol ipase D2 &2 HH 24AI2HMHFE SItot0d 48AIZHIHEA]T SItotCHIt
T40AIZERH DRl MMl ZA0tRCH. BHZR WSl pHE 24A12tF2E M AIGI SItot0 Ol
S0l AMMSl 2AECH SAEUCH. (Fig. 2)
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N-3. Streptomyces Cs 6840| M AHGI= Phospholipase D2 =¢l, EA

Streptomyces Cs 68401 2o #4tE phospholipase D2 MEHMQI FRHMEFS=2
Table 2.0 2°ct0d LIEHLHAJACH. =S AMS ammonium sul fate, heat treatment,
Sepharose CL-6B column chromatography (Fig.3), DEAE-Sepharose CL-6B column
chromatographyOl 2loi PLDE &KMot Streptomyces Cs 6842 HHEY H=
ammonium sulfate (25-80%) 2 =&ot1]) ==G6t01 ESGA2! SAEHS AUALH 0
HS B50CHAM TAIZE Melstl 12,000rpmOil A 3022t R & FelS ot S0l st HHel
HSS MAMGHACH JAZel = 22 4SU2 10mM Tris-HCI buffer (pH 7.0)2=2
HEsAIID XAZ =Hot0 =€ SFENCZ HHotEl Sepharose CL-6B column
(1.8+106cm)0ll ZGtot0 s 2FHo=z 12ml/hr2 £E=2 EZAIZACH Fig. 30IA 2t
20l phospholipase D= ©2 U322 SE=EZIRUCH.  Sepharose CL-6B column
chromatography &4d=22 HdHNEZ= 1.565HIRACH =82 3H4eALD HIELHEE=
8.14unit/mgOIACt. Sepharose CI-6B columnOilA 22 & =S amicon UF2HQ!
YM10 (MW 10,000)2 AtEdt0! ImlOILIE ==& = DEAE-Sepharose CL-6B column
chromatography(1.0+68cm) 0l ZGtotD OM, 0.1M, 0.15M KCIS ==2 S EGtASMH,
phospholipase D2 &4&=Z&& 0.15M KCI =Z0lAM LIEHSCEH (Fig 4). 0.15M KCl
elutiontild LI 248222 FMEE 4.29UI/U20H =82 0.9% U2H HIEEEE=
12Unit/mgOlACH. HHIE phospholipase D2 XAt SDS-PAGES Solf 2 48KDaol =
oz SR, (Fig.5) 0l= Carrea S™0| Streptomyces =0 A =22l HHMEH PLD
S (50KDa) @t dlZ=8t 3D|Ql A0 LIEFGCH. 4Lt ShimboS“0l Streptomyces
antibioticusll Al =2l ZRHMet PLDS 2AE2 2 60KDa2Z LIEtLE OIHEL= et
M2 2NES LB AL

*
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40 st 22 &

o

E-N
o
i
o
0x
N
ko
o

250 SME aagdil otFd0l 0IXl=s dg= AL &

C= 55CE LIER M 55—

651
A 30 S¢ Mel Al 240 ItESEE 70% S XIGHAUCH. (Fig.6,7)

N-5. sA84ce -0l et pHel &

pHIt phospholipase D2 &4
Bt=29| XA pHeE 7.092 LIEHGCH 229 p

Zit pH SHEHE 2 6.0-9.0822=2 wEZelXH0AM 2

R

A

I
o
Ky

njo

2 LIEHSCH. (Fig.8,9)

n-6. SA8=0 st HHESHH S&

S0 Fe2 0IXl= HHZHH Q! Triton X=100, Tween 20, Tween 80,
Deoxycholate, CHAPS, N-laurylsarcosine, Polyoxyethylene-4-laurylether, SDSE

ZEGHI L.
0] E4A= Tween 20 OlAl =L A4S LIEHHS

26(v/v)2 Gt0I Easd0l et gas

ASZ D Tabled Of LIEFW Hier 2

[==r=—1

Ck. SDS &EJF Al 91.4%2 HMolE LIEHLHR204 N-laurylsarcosine2 87.98%,

Polyoxyethylene -4- lauryletherz= 76.4%2 = A240| MoHZ AL,
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HI 00 Ao

I

7. SAEHS0 Ug 250|129 P&
SA Br2gHy 23501=2(0a%, Mg, Mn®*, Co®, Zn®*, EDTA)S 2mM SIS =2 HOtsH
SA BN B2 =XGIRULC. Table 5. Off LIEFH HIQF 20| §A= SASA0

29| gatg SXUYCE. 0l= ShimoS“0l Streotomyces antibioticusHl A

el ZHMS PLDS i JtXl 501201 CHoll F&ts & WM 2 XH01(99-100%)

SOl gAY A A g ER0
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v. & g

MY XE0M et EL ANSZ22H 6000HEC UMHdRFFE 220l 0l &
ZFO| Ui ASH = phospholipase DO Ji=2ol 40| X¥Sst #FE SMst A,

3EQ| OFE HEYGIFHCH 0l & A0l =2 Streptomyces Cs 684 HHYHOZ
phosphol ipase D 4S5 2cI&AMotH 1 SE= XZAoHALH 165 rONA SIIAMES =
MEIJL =2 o5 dMet B Streptomyces Cs 684 —dx== Streptomyces
Jumonjinensis JCM 4947 - unpublish name AB045863 97.84%2 JtE =2 |KRAMEE U
EHLH AL

Streptomyces Cs 684 3= Glucose 2.0%, Yeast extract 1.5%, Tryotone 0.5%,
0.1% Calcium carbonate2 BHBHXIONAM 28°C, 180rpmOilA HHZOtAS [ 48AI2HMH X
f 42 LIEHUHRUCH 1 OI=2FHeE 88Xt 24 &40l HA0t%CH. Streotomyces
Cs 684= GYT (Glucose 2.0%, Yeast extract 1.5%, Tryotone 0.5%, Calcium carbonate

0.1%) BHXIOA ZICH E42 JIK= 48AI2HMH0I 22 BHZYMS ammonium sulfate &

]

2/, Sepharose CL-6B column chromatography, OEAE-Sepharose CL-6B column
chromatography S XteliE2 HEo0H 2 48 KDall phospholipase D &

Ct. Phospholipase D2 ZXX2T&= 55TCTRULM 55-65THAN ARz =2 4=
SXICHACH. 55TCOHA 302 =0 Xl Al 242 gotE -2 70% mAes B0 F
Nl=l phospholipase D2 %|& pH= 7.001R 20 pH 6.0~9.022 4L H0AM et
et A2 UERCH 2%(v/v)=E0AM HSHEEHIt 42 240l

ZASFALCH., SDS, N-laurylsarcosine2 SA2H0 F&S 0IXIA LUSOH Tween

20,Triton X-100,2 &It= 2842 SIE 2L ) 2 ==0M2 R
o 2% 0|22 IS YA 2D Ca®o 2A42to| HE2 LrYUC}
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Fig 2. Fermentation profiles for production of

phosphol ipase D from Streptomyces Cs 684
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Table 1. Similarity of nucleotide sequence of 16S rONA of Streptomyces

Cs684 with related species

Eineh sANE  dEd ntAbol

/H] o
Streptomyces jumonjinensis JCM 4947 - unpublish name ABO045863  97.84 31/1436

Streptomyces nanningensis Y IM 33098 - 2003 in press AY222320 97.48 36/1431

Streptomyces lipmanii JCM 4711 AB045861 97.28 39/1432
Streptomyces avermitilis NCIBM 12804T AF145223  96.86 45/1434
Streptomyces mirabilisATCC 27447T AF112180 96.50 50/1429
Streptomyces acidiscabies ATCC 49003T D63865 96.44 51/1433
Streptomyces cinnabarinus ISP 5467T AJ399487  96.24 53/1408
Streptomyces lincolnensis NRRL 2936T X79854 96.09 56/1432
Streptomyces diastatochromogenes ATCC 12309T D63867 96.02 57/1433
Streptomyces curacoi ISP 5107T AJ399471  95.96 57/1410
Streptomyces viridochromogenes JCM 5013T AB045858  95.95 58/1431
Streptomyces cyaneus | SP 5108T AJ399460 95.95 57/1406
Streptomyces capoamus JCM 4734T ABO045877  95.83 59/1433
Streptomyces griseorubiginosus | SP 5469T AJ399488 95.82 59/1410

Streptomyces neyagawaensis ATCC 27449T D63869 95.81 60/1433
Streptomyces galbus DSM 40089T X79852 95.81 60/1432

Streptomyces pseudovenezuel ae | SP 5212T AJ399481 95.74 60/1410
Streptomyces resistomycificus DSM 40133T AJ31092 95.74  60/1410

Streptomyces galilacus JICM 4757T AB045878 95.67  62/1433

Streptomyces scabies ATCC 49173T D63862 95.60 63/1432
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Sepharose CL-6B column chromatography
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Table 2. Purification of phospholipase D from

Streptomyces Cs 684

Total Total Specific

i .. .. Yield
Step Protein activity activity Fold %)
0
(mg) (8))] (U/mg)
Crude
49.34 138 2.8 1 100
supernatnat
Ammonium
19.05 100 2.25 1.88 73
sulfate
Sepharose
5.9 48 8.14 1.55 34
CL-6B
DEAE-Sepharose
0.1 1.2 12 4.29 0.9
CL-6B
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Fig 5. Molecular weight determination from phospholipase D
by SDS-PAGE
Lane 1 : Size marker (MBI Fermantase Co.)

Lane 2: PLD
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Fig 6. Temperature effect on hydrolytic activity of

phosphol ipase D from Streptomyces Cs 684
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Table 3 .Detergents effect on the hydrolytic activity of
phosphol ipase D from Streptomyces Cs684

Biological . ) . .
Ionic Relative activity(%)

detergents
None 37.98
Triton X-100 Non-Ionic 91.85
Tween 20 Non-lonic 100
Tween 80 Non-Ionic 57.08

Polyoxyethylene—4-

Non-lonic 23.6

laurylether
Deoxycholic acid Anionic 34.55
N-laurylsarcosine Anionic 12.02
CHAPS Zwitter—lonic 30.04
SDS Anionic 8.58
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Table 4 . Metal ions effect on the hydrolytic activity of
phosphol ipase D from Streptomyces Cs 684

Metal ions Relative activity(%)
None 100
Ca'" 77
Mg"" 97
Mn"" 95
Co"™" 98
Zn"" 104
EDTA 98
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