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ABSTRACT

Production, Purification and Characterization of

Phospholipase D from Streptomyces Cs 528

Eun-Jung Park
Adviser: Jin—-Cheol Yoo, ph.D.
Dept. of Pharmacy,

Graduate School of Chosun University

Soil samples were screened for actinomyces strains that capable of
producing phospholipase D, and Streptomyces Cs 528 showing a high
phosholipase D activity was isolated. Streptomyces Cs 528 produced
phospholipase D when grown in GCS medium containing glycerol 1.0%,
soybean meal 1.0%, CaCO3; 0.1% at 28C. Analysis of the 16S rDNA
showed that the strain Cs 528 was highly homologous to Streptomyces
mirabilis DSM  40553T and Streptomyces olivochromogenes DSM
40451T. 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
column chromatography, which produced a major band of 56KDa on a
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Biochemical properties of purified phospholipase D were

examined. The optimal temperature for hydrolytic activity was 607T.



About 100% of enzyme activity kept at 60 Cwithout any loss for 30min.
The enzyme showed an optimal pH of 8.0 in hydrolytic reaction and
was stable between pH 7.5-10. Triton X-100 increased enzyme
activity, but activity of enzyme was inhibited by N-laurylsarcosine and
SDS. The enzyme activity was enhanced in the presence of 2mM metal
ions namely Ca®" and activity also inhibited in the presence of 2mM

metal ions, such as Co®", Zn®", EDTA.
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Z2]3k+= <12 <l phosphatidylcholine (PC)e] 7FE3&lo 2|3 DAG
o] 7 B AMA PC ZhraEel g Admge] Zjxtel @2 #Alo
Rolx a1 th, PCE phosphatidic acid (PA)®| cholineo] Z2ds Aoz
37H4 o2 azel 98 b5 weld & Aok (Fig. 1)
Phospholipase Az (PLA)= AEH] EA3 7 AFE7 AFS e
A5 Axuter o)Fste] A HS sn-2 $A o] A arachidonic
acid® A7 Fatty acid?] 9%9  arachidonic acid:

arachidonic cascade°l] ##E3 o2 FGhof 98] WA E+= eicosanoidé}

of

A 3l= prostaglandin, thromboxane, leukotrienes 2] A &4 3shd g
EZ9 AFA ot} Arachidonic acidE 7|& = 3} cyclooxygenase”}
AAAZ eicosanoidite W2 FRolA dAaw 3, ddxd, HA Sl

A5, A5, d =SIAES Y 4F AW
He] Tagh 93-S "astal vk webx] PLA: AsfiAl g2 A=

FAT, FEAAR JNde] ZIHE L A=, PLA; AsiAls PLAZAE S

of\

>

2Fetkste] eicosanoidi el AAEA A=< cyclooxygenease, lipoxygenase
AZE EYF% Adstd g9E, FEH anE 7HHEA sA]e
cyclooxygenase® F2H&<21 ALGHAES Folve 9 FA8 Agad

o
£ 495 F Atk

i

U?i

Phospholipase C (PLC)¥= PCE phospho-choline¥} second
messenger 9] 3Q DAGE Z7HAA AT E dA A7
gge ARy or A% da wee s A9 Saw 14

mlo



7R 2 9d+=d|, A 3}F phospholipase C= AXEwo] w|Eo g EAst+=
phosphatidylinositol ~ 4,5-bisphosphate (IP2)E& 48492 Inositol
1,4,5-triphosphate  (IP3)$}  diacylglycerol  (DAG)Z  E&)atc}.©

P3¢} DAG+= phospholipase C7F miZist= AladAE A A A FL3H
ol RlsHEEA R A Utk Py AlXE R ZES WEAY|E
24S 3l DAGE protein kinase C (PKC)E A gazic) 69712

PKCx t& iy didS A ow QA7 AAS S Al
X REHYH o= Asol gE) wkesty AxHow A=l tha

H] 45, neural activity, M X352 9 Axel 443 E3&5 FEsio)

-
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7. 13719 )27} %] phospholipase C2| isozymeSo] EG5Ho
cDNA coloning® wilza Ao <& 934 9 t}. Phospholipase C&
cDNAOIA 53t ofv]ait M dS wluwste] =4 PLC-a, PLC-B, PLC-
Y2 ERd F ar o] Al ZEAeAM Aok 16FF¢] isoforme] A
o Y @A ¥R PLC As) B #7184 ether lipid
analogue?! ET-18-0CH;'”, phosphoinositol analogue?, 212
PLCASNERARMN Selaginella tamariscina®l* %2]% amentoflavone?,
Sophora flavenscenso| A %-2]8+ prenylated flavones®” So] 9lom n|

AENA el PLCAS) ERAZYE penicillium vinaceuml ZHE %

Vinaxanthone(zn, Actinomadura sp. 2 Q12713(22), Chatetosphaeronema

@3 @ehe
o

hispidulum®] hispidospermidin®’, Caloporusdichrous®] caloporoside
o] FH<tel] R ¥ At

PhospholipaseD(E.C.3.1.4.4)= AX o] EA3}= 2 x2 <2l phosphati
dylcholine(PC)= 7h@ll8le] phosphatidic acidS F7HA AEZE
#4381 7]% 71%%S @t Phospholipase D (PLD) & F 7FA9] &4
gde yedy, (Fig. 2) 3 WAe] 4L phosphatidyl cholines
phosphatidic acid ¢} cholinel & 7FEE3|sl= @404 o)L (hydrolytic

activity), @2 sty 42 phosphatidyl choline® polar head group



S A5 WHEAA ©E phospholipid® W=+ transphosphatidylation &
2840t} #20 o] %= WS = transphosphatidylatione A& A ¥
TS AW AH e 1S #AVE e AeR2 AFEHo gho
moold AEE o&

phosphatidylethanol, phosphatidylserines< &AL e = A= 7]1<E7)

&te]  lecithin®. Z ¥ phosphatidylglycerole] 1}

o] &ks] o] F ol U}, HOo B = AA A 724 cardiolipin®] oF
gl zgol  duke AR ol FHIFeRM lecithino 2 5-F
transphosphatidylationg ©]83 Fd%Q0 AAYHE AExi om
gl E MEuEH AdE s Byt A= AE L 3l

HZ A AAGeR A s EA T StrE a® sk Abglojt. UNYI
T =7F AARIT T 65641 o] =E AT H[Eo] 7% o] FY
E AHIAE], 14% o]3d WE 1P A (aged society), 20% ©l7Fd
e ZuHARS R EFstal k. o] YEdd mEw dEa Ade o
n AFALSE AW AL R, =] Fe-= AP 3ALEE A ald
AREE el 7R glom eyl ek 2000d 7Y 19e VHoR
654 o] =EAT7 Ago® T 7.1%5 "Hole "3} AL
29ttt ol s nE AT B AL ) ota QdE FAA EAEA N
71558 LAY BAA Ao EAZE vk AA, ml=ol SlojAl 854 o

Aol wedape] oF WhErh Fololvte] HAA AaS zkiu glka waal
s

)

mlo

AskE 50Mel A AlFtE T el 9l W o] Ve Hoks|A 1t
il Q= Ae, @A S FASE 3lo] oY
g (Quality of Life)s fA8k= 7HF sa3t 3
A7 o vk "ol w2 Ao ALE A 277t FolA= T, whad
5 71 A 0 AAVE 2AFE ek 21 Fol A phospholipidiFi &*3}0]

e AR ah= AviFe] N, 718 Aste] @3}, 7, AEHA
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A, 328 g5 55

aEst S E dold vt A wRleju Ao da o] Foidt
of whgl =91 A Ay 9 XHE 9% ooFFoy ouEAH] v)EA
2Eel Favt A S AoE ool HM 9o ¥ VA AAEA
phospholipidi= =¢loj&o & H|FS AA|T Aow Hu

Al -2l vek= phospholipids ¥ 7154 &A= FH 9J&Esta 7]
ol =W AHA A = phospholipide Aitste] o=t AAlE tiAd
T AE BAY Ryt daAojga & 4 vk #Al S AES 9As
AR AFAoA v AEF FujFol A F#f g phospholipase DE ] &3
phospholipid®] A7& st Aot F=7F A7) wZo] U AA X =2
gz e ¢ e VEdRs fs Ao A5 d5Heln
Phospholipase D+ XA, A&, vAZdAM ddsz glow,
phospholipid& ¥94 =2 A4et7] 913 phospholipase D o tgh A

7} B RAEANA FRANA o] Fojx| 1 g WATANNE S hachijoensis,

=

p

S. Iydicus, S. antibioticus, S. choromofuscus, Streptoverticillium
cinnamoneum “5°| A4 phospholipase D ¢ AAto] B % glon ZHuksl
A7 A= gl

Phospholipase D& o}&7FA] 4% Q1 AabckAlof o JA|= o) &

ol fHA 2oz HHE #FE Yt APE AR Yok, ¥

o]
Ao 2 phospholipase D] #3|&A & 7HA = WXHS = F &
E 3 Ao Hojt Streptomyces Cs 528

==
=
A 2D #57F AAksk= phospholipase D& 8] AAlsta 548 A8
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Fig. 1 Hydrolysis of phosphatidylcholine by

phospholipases.
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Fig. 2 Schematic representation of phospholipase D

reactions The enzyme catalyzes two types of reactions :
hydrolysis of phosphatidylcholine (PC), a major substrate of
PLD, to phosphatidic acid (PA) and choline (hydrolytic reaction),
and transfer of polar head groups to others

(transphosphatidylation reaction).
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I-1. A<k

WAt wds Ag viAl= FE Junseirte] AlES AMESEITH &4

oX

o] 2~0]+= phosphatidylcholine, EDTA, 4-aminoantipyrine, phenol

SigmaAte] AlES ARE-SFATE

e

flo

o-2. £4717]

aA2AAE 93 Sepharose CL-6B, DEAE-Sepharose CL-6B,
Sephadex G-75 CM-Sepharose C502 Pharmacia® #|3%S A3
o @aRkged o8 A" A dAEY #<1s 98 High
Performance Thin Layer Chromatography (HPTLC, Silicagel 60 Fosq,

Merck) & AH&3F3 T}

II-3. Phospholipase D&A S 7IA+= EY WAA9 £33 5F

II1-3-1. Phospholipase D&A & 7[R+ EY WA £

A alier Aol AHT EG AES AR XA F dAHL
2 3]43}le] Bennet's agar medium (1% Glucose, 0.1% Yeast extract,
0.2% Peptone, 0.1% Beef extract, pH:7.0) ©°l nalidicxic acid
(20ul/mD) = FH7FsE wjAlo] m=atoe] 28TolAM 1-35U3F wigstitt
yehd #AFEs AAs] oAl egg yolk mediumel]l =319 lipolytic

Ak oA AEE WA ISP2

e
o,
ftlo
N
)
)
rr
o%
2
=l
filo



medium (0.2% Yeast extract, 1% Malt extract, 0.4% Glucose, pH:7.2)
of AE3ke] 28C, 200rpmoll A Wl gslH lipase@Ad & #AS AT 2
W AHEE AFEL OSYM (2% Oatmeal, 1% Soybean meal, 1% Dried
yeast, 1% Mannitol) agar plateo] A wW % & 4C9o WHad H A3}
WA ALE3E Y. 75 Y] B ¥AE 20% glycerol®Z HAE
vialel #3] -85Co| B¥atar 67/Lnttt Ay BE3T

II-3-2 Phospholipase D&A =4

ox

a484 4L phosphatidylcholines 7]d 2 3= WHS A8

. B89 20uldl substrate emulsion (phosphatidylcholine 200mg<

N I

F< 4ml¥} 0.4ml diethylether®} 4o 1A]7F5<F sonicationA7) 80ul
o] 55CoA 2087 w&S Al7]22 50mM EDTA (50mM EDTA in

o

IM Tris/Cl buffer pH 8.0) 2.2 #&AAWNHES A A7]aL 5:&3F 100TC
A BTk 283 A5l A F 12,000rpmel Al 1023 AAEE §
S 100ule choline assay solution (choline oxidase 1.7mg,
peroxidase 65ug, 4-aminoantipyrine 30mg, phenol 15mg< 10mM
Tris/Cl pH 8.0 30mlell *<1) 150ul® &% F 37TolA 60%1F b=
AR HE F 89 Triton X-100 300uls 7+ate] 500nmell A &34

A3t}

T
a

il
_11)1'

I-3-3. 16S rDNAY €714 4

16S rDNA+= capillary rapid cycler (Idaho Technology)® FZ3}% 2
H  primerZ+%  27f (5'-AGAGTTTGATCMTGGCT-3) 1492r (5'-
AAGGAGGTGWTCCARCC - 3') (Lee et al, 2000)& AH&stadth. 5%
ZAL AAL 94ToA 1%, annealing2 55Co|A] 18, A& 72T



A 183 F 308 ¥HESEY Y. 5% 3% DNA+ Taq DiDeoxy Terminator
Cycle Sequencing Kit (Applied Biosystems)®} oligonucleotide primers
(Chun and Goodfellow, 1995)& ©]-&3] A3 AMEs st o4zl
16S rDNA 7] ¥e AL16S program (Chun, 1995)% ©] &3]
Ribosomal Database project (Maidak et a/, 1996)¢} EMBL/GenBank
database®ZH-E AR actinomycetes®] 16S rDNA sequence?} H| L
B39,

-3-4. Streptomyces Cs 528 #F9] vj<%¥

OSYM agar WA oAl wjFst #59] HAMA 2 EAE FHsle] 50mle
OSYM A= 7} 0]+ 250ml baffled flaskoll =3} 28C 180rpm
o Al 3UZE A vl Tt o] v NS phospholipase D2 A2FS 9
3 ZA N GSC (1% Glycerol, 1% Soybean meal, 0.1% CaCO3)
mediumel 2% 502 FEF3ste] 28°C, 180rpmol A 547t wj&ald ).
0-3-5. @¥d A=

gl Ade] wl= Bradforde] WHE®PS o] €3]  bovine serum
albumin (Sigma co.)& RTAIEE 3o SHs o a4 A A4 +
By Az dd Fr= 280nm SHEE A
II-4. Phospholipase D] A A

I-4-1. 284 ZA

OSYM agar ®WjA| oA 8fFst 2o #AFA 2 XXE FHske] 50mlYy



OSYM 994 vix] 7} 0]+ 250ml baffled flaskel] Z38lo] 28°C 180rpm
of A 3U7E A wjstdtt. o] v phospholipase Do AAES 9l&l =k
A W&k phospholipase D& #lYu|# GSC (1% Glycerol, 1%
Soybean meal, 0.1% CaCOs3) medium 1L°| 2%F+o. 2 HE3le] 28T
180rpmel A 547t v Fstint. vkl 5000rpmel A 301t e

I-4-2. Ammonium sulfate &8

Zas g9 20-90%7F ¥:3}FHEZE ammonium sulfateE 7}t 9
Al (7,000rpm, 60%)3te] HAES 3¢skglth 34t A E
10mM Tris-HCl (pH 8.0)& 7Fste] &afAx1 & YM10 (MW 10,000)

membranes AFg3le] FEF 2 2dsta FdgEFdNo g HEFHIA FT)
I -4-3. Heat treatment

20-90% ammonium sulfatexg F €9 FF3I ahAEE
#3te] 47} denaturation® A &&=

phospholipase D] HeHAS E
o k&t proteins A A|ASAT

2521 60Tl A 1A17F A8t

e

2

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

20-90% ammonium sulfates s ¢, AT aLAEE
Sepharose CL-6B (2.0x115cm)column®] A3}staz 10mM Tris - HCI
(pH8.0) bufferE o] &3t AA/NAA S5 Hol= =& skl
349 848 9S amicon UF 99l YM10 membranes ©]-83Fo] 5=
5

3}:
debshor YT AAE B Q02> Laemmlio] WHel w}

_10_



2} SDS-PAGE= 835} t}.

O-4-5. 3 aAFHEY A g 259 I
HA g4 255 10-70TCY H9ddA pHB.O)ZHLZE a4 & 53

M-4-6. 484 =9 A e pHE I

AAE ZAEAA o3 HA pHE pH 2-7.5% sodium-citrate
7.5-10% Tris—HCIl bufferE A}g3t a4AFAES =43
om pHel tigh HAFS pH 2-109] WA 4T, 244 HA] & %

Taa e SATeEA pH A S
M-4-7. 828420 g AREEA N AN 9%

aagyo vA= A Ae] G A S8 aae] Al 3
FS WA= AHBAAE(Tween20, Tween80, Deoxycholic acid,
N-laurylsarcosine, CHAPS, Polyoxyethylene-4-laurylether, SDS)<&
2%(v/v)7F H == g Hrekar 55T A 207 WSAIZ § 549

S EIEE R L

_11_



M-4-8. A2 g F& A IF
4 FAel mA EALEE7] Sla) mank-e-g ol
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m. A% 2 n
M-1. Streptomyces Cs 528 @59 =3
m-1-1. Y 54 &4

At st A elA #2lg 60091F2] Wdyt < phospholipase D]
B3| Ao =& 59 Streptomyces Cs 528 #F+5 XHst}
Streptomyces Cs 528 w5 OSYM agar HiA]o] HE3+ T 28TolA

W 3~4do] AHEHEAFE  colonyZt HEEH AL o]
colonyE< ©ddlg o™ EAEL substrate myceliumo] 2] €A

"ol % gk},
M-1-2. BABEY 54 24

Streptomyces Cs 528 w94 FE3F total DNAE templateE ©]&
3te 16S rDNA H¥#& PCR #H&o® FZsglon FZH 16S rDNA
2ol 9182709 HVIMEEe vEd 2o
5'->>TGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGT
CGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGT
AACACGTGGGCAATCTGCCCTTCACTCTGGGACAAGCCCTGGAAACG
GGGTCTAATACCGGATAACACCTGCCCGGGCATCTGGGTGGGTTAAA
AGCTCCGGCGGTGAAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTG
AGGTAGTGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGC
GACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG
CAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGAC
GCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAG

_13_



GGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACT
ACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGA
ATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACGTCGGGTGT
GAAAGCCCGGGGCTTAACCCCGGGTCTGCATTCGATACGGGCTAGCT
AGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATG
CGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCC
ATTACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGA
TACCCTGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGTTGGCGA
CATTCCACGTCGTCGGTGCCGCAGCTAACGCATTAAGTTCCCCGCCT
GGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCAGCGGAGCATGTGGCTTAATTCGACGCAACGCGAAGAA
CCTTACCAAGGCTTGACATACACCGGAAAGCATTAGAGATAGTGCCC
CCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTTCT
GTGTTGCCAGCATGCCCTTCGGGGTGATGGGGACTCACAGGAGACTG
CCGGGGTCAACTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGC
CCCTTATGTCTTGGGCTGCACACGTGCTACAATGGCAGGTACAATGA
GCTGCGAAGCCGTGAGGCGGAGCGAATCTCAAAAAGCCTGTCTCAGT
TCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTTGCTAGT
AATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTA
CACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGGTG
GCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACTGGCGATT
GGGACGAAGTCGTA-3'

ZAA ¥ 16S rDNAQ 97|95 Blast search program(NCBDZ o] &3}
o 71 FAIEYE =2 #TES AN 2y, &Y 455 Streptomyces®:
o &l Aoz YERT. StreptomycesdS 495%(2004d 7)o &

A3k, 16S rDNA sequence ¥4 A3, Streptomyces mirabilis DSM

_14_



40553T¢+= 99.89%9] similarityE  Streptomyces olivochromogenes
DSM 40451T 9F+= 100%9] similarityE B ATl E F 459 1%
Ee A8 fABAE HYoR o ¥ #F F ¥ FU ssAol ok

(Table 1.)%4%®

IM-2. Phospholipase D¢ A4k

Streptomyces Cs 5287 FE GSC ®l#] 200mle] £9]+= 1L baffled
flaskoll  2%° FW <IN HFaFL 28C, 180rpmell A wfdatH A uj<f
Al 7ol wE phospholipase Do A, AZE #AF, pH HIES FALS)
Aot e AL W 24N A TE FTEe] A AFske] 484 7R 7 A]
S7betl o o o] 5 o] ASo] As FAdlth. Phospholipase
Do e g 24X A FE SIFete]l 1204174 S7Eek A ohrt o]
Fol= #AsAe wgd el pHE 72AHFE AAE ST

(Fig. 3)

M-3. Streptomyces Cs 5289¢] AJ4+3}l+= Phospholipase D¢ #&
A A

Streptomyces Cs 5289 ]3] A4FE phospholipase D] #ut# <l A
ABAFEL Table 2.9 Q9o et ZFEANS ammonium
sulfate, heat treatment, Sepharose CL-6B column chromatography

(Fig. 4)° 98 PLDE AA|3tA . Streptomyces Cs 5282 v o A&

ammonium sulfate (20-90%) 2 2331 53] €A gLLHNS
A}, o] LM 60TAA 1AZF AL 12,000rpmel A 30E37F 94
pels sl ol oFe wMdEg AANNt 94w ¥ de 459
< 10mM Tris-HCl buffer (pH 8.0)22 HFSIA|7]31 HAZ 5535}
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9 SFNOR 9ml/hro] & &&= AZ T Fig. 4049k Zo
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FgEge AAEs 346Wien FE&E 24.73%33 HIEAE

s

4.40unit/mge]t}. Sepharose Cl-6B columndlA €& A EIS
amicon UF#el YM10 (MW 10,0000 AF&3le HF3 & AAH

phospholipase D¢ #A}#2S SDS-PAGEE %3] ¢ 56KDa¢l Ao = gt
& At} (Fig. 5) o= Carrea S%Y¢] Streptomyces o4 %2 AA|3
PLD #Z2:(50KDa)¢t B3 =791 Ao= vyehgth 22y Shimbos!”
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64KDa o = Wb o] A H th= offF A2 #AES YER L itk

M-4. 242845} A g 229 F3
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S FAS FA5AE. 60TAA 308 Fo AE A 5ho daFHAe

100% +A8k3i k. (Fig. 6,7)
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noow oz oA How el (Fig. 89) o=
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M-6. 8442 g AREEA ] 9

ake YIS A= AHEAIAL] Triton X-100, Tween 20, Tween
80, Deoxycholate, CHAPS, N-laurylsarcosine, Polyoxyethylene-4-
laurylether, SDSE 2%(v/v)Z 3sto] &A@ o] dg FFS HEsTh
d@43} Table 3. o Yebd mhe} o] 2= Triton X-100014 3
0 24s Yerlide SDS AH7E Al 89.5%° AdlE dEhlden
N-laurylsarcosine2 87.5%, CHAPS+: 63.2%2] @A &Xo] A=At}

2 ksgdo] F&ole(Ca®™, Mg®, Mn*, Co™, Zn®", EDTA)S
2mM H == H7be & 54 G4 WstE 545kl Table 4. o o
Bl whol o] g4 AAgAd Ca™oleg aFsden Zn®, EDTA
of 93l @aFA ol AHEYL. o= ShimboS"”e] Streptomyces
antibioticus| Al 2] AA|E PLDY o] 7} F4o]2d & JFS
B Ao 2 20](99-100%)E HolA| dd A} thE HIFS Kol

a9
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of 71 5A4& ZAFsglth. 16S rDNA @714 49S
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Fig. 3 Fermentation profiles for production of

phospholipase D from Streptomyces Cs 528
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Table 1. Similarity of nucleotide sequence of 16S rDNA

of Streptomyces Cs 528 with related species

nt differences

Strain Accession Similarity
/compared
No
Strept: livoch
reptomyces - ofvocuromogenes AY094370 100.00 0/880
DSM 40451T
Strept rabilis DSM
CPIOMYCes  Hraniis AY999730 99.89 1/880
40553T
itilis NCIBM
Streptomyces avermitilis NC AF145223 98.91 10/918
12804T
Streptomyces lipmanii JCM 4711  AB045861 98.58 13/916
J J ISP
Streptomyces cinnabarinus IS AJ399487 98.52 13/879
5467T
Strept fimbriatus JCM
reptomyces. fmpriatus AB045868 98.47 14/916
4910T
Streptomyces lincolnensis NRRL
X79854 98.47 14/918
2936T
Streptomyces  viridobrunneus AJ781372 98.46 14/910
LMG 20317T
Streptomyces cyaneus ISP 5107T  AJ399471 98.29 15/878
Y/ DSM
Streptomyces . galbus DS X79852 98.26 16/918
40089T
Strept longi. ISP
eplomyces  longisporus AJ399475 97.61 21/880
5166T
Streptomyces lanatus ISP 5090T  AJ399469 97.27 24/880
Streptomyces griseochromogenes . .
AJ399491 95.90 36/877
ISP 5499T
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Fig. 4 Elution profile of phospholipase D on Sepharose
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Table. 2. Purification of phospholipase D from

Streptomyces Cs 528

Total Total Specific
Step Protein activity activity Fold
(mg) ) (U/mg)

Yield
(%)

Crude

82.42 111.05 1.27 1 100
supernatnat
Ammonium

46.25 87.15 1.88 1.48 78.48
sulfate

Sepharose CL-6B 6.24 27.46 4.40 3.46 24.73
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17kDa

Fig. 5 Molecular weight determination of phospholipase D

by SDS-PAGE
Lane 1 : Size marker (MBI Fermantase Co.)
Lane 2 : Crude extract of Streptomyces CS 528
Lane 3 @ Supernatant of ammonium sulfate treatment

Lane 4 : Sepharose CL-6B
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Fig. 6 Effect of temperature on hydrolytic activity of

phospholipase D of Streptomyces Cs 528
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Fig. 7 Thermal stability of phospholipase D of

Streptomyces Cs 528

_26_



100 | ]

80
|
"
’o\c? 60 -
S |
E \
3]
@ n
2 40
kS
[J)
[
20
./l
—n—" ]
o T T T T T T T T
3 4 5 6 7 8 9 10
pH

Fig. 8 Effect of pH on activity of phospholipase D of

Streptomyces Cs 528
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Table 3. Effect of detergents on the hydrolytic activity of

phospholipase D of Streptomyces Cs 528

Biological . ) ..
Ionic Relative activity(%)

detergents
None 20.9
Triton X-100 Non-Ionic 100
Tween 20 Non-Ionic 37.4
Tween 80 Non-Ionic 68.5

Polyoxyethylene-4-

Non-Ionic 18.5

laurylether
Deoxycholic acid Anionic 27.7
N-laurylsarcosine Anionic 12.5
CHAPS Zwitter—Ionic 36.8
SDS Anionic 14.1
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Table 4. Effect of metal ions on the hydrolytic activity of

phospholipase D of Streptomyces Cs 528

Metal ions Relative activity(%)
None 100
Ca"" 119
Mg*™* 61
Mn"" 24
Co™" 14
Zn"" 12
EDTA 13
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