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Phospholipase D (PLD, EC 3.1.4.4)= 21AA¢] phosphodiester
AT #o] phosphatidic acid2} ¢FL-2 Hgsl= G0t}
TR G PLDELR EEES] 54 ol9ld tE dnsES
phosphatidic acidoll A3A171= AR o] & (phosphatidyl-X
+ Y-OH — phosphatidyl-Y + X-OH)%= 7}A|3L e, o] ¥k3-S-
53| phosphatidylcholine (PC)Z H-E] phosphatidylserine, phos-
phatidylinositol, phosphatidylglycerol,
T 2 IR 714 QIAIF 0] ALt

ey O] AEA A PLDL] AE]A 75 X AlE
Aol =] 917] whol], AlEellA Aikake w9 v, o
el A wet g oR o 88 4 glt AHA Aol A
= PLD7} H7] M= 1) 9 widl o a4 Aakeo] =
ofof 8k, 2) AFEERE 38dH 712 &3 SvEdd
ethylacetate, diethylether, butylacetate S}l A] &A2] W& QFA]
o] Fom, 3) AXAL] 3 Fgo| Eolof st A, S
antibioticus (9), S. cinnamoneus (13), S. acidmyceticus (5), S.
halstedii (6), S. septatus (7), S. chromofuscus (17)%} 77} &
AX] ¢F& Streptomyces (1252 PLDE A|EZQZ U= HH|3
The Zlo] Harse] gt} Zefu o]5e] A4keh=s Al3E2] PLD
o] 2 7 FFel wet t=27) wiZel pLD At wFo £
U ke Mg o g F a3l o5 Y3l Streptomyces PLD
A Z BEE JE= FA9S st 2o tigh 3 e =
FAS ZAZ FH, ELISA WHoz EJ FEAde
Streptomyces & & PLD A3t HFES AHIATH16). °15

phosphatidylethanolamine

hexane,
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7V, S somaliensis®. 573%F 752 PLD7} butylacetate®] &
wjEtoll Al 48 hr ¥hE & Q1XA HF F&o] 7 =9ka1(90-92
%), Bennett's mediumol|A4] 72 hre] vjF F<F AAE AAKs)HA]
2skom ujekde] a4 4o ¢F 12 UmIE Fof 4d4d &
Ado] A= Ao Z AAEATH(1).

a9 Al AA HAES /e & dEIAME 2
FEE ALEY E4AE de Ho| uigAsit. dAA7HA|
Streptomyces PLD A= Sephadex, hydroxyapatite, phenyl
Sepharose 2] ZH-S o83 Uvt ARvLETH Y WHE(T,
13)0] B v} YA A AFA|zgo] Q4% 7] wfiel] Al
Zro] Wol A il PLDEY HF F-&°| oAl Tl U
t}. ole)] QIAHE HF TEo| 53] QW S somaliensis®] PLD
AAE deglsr] fske] AR 1)olA Rud F-34 MEzE
E] epitopeZ A3 FHE glsle WE|=ES 31, ols
o gk A= FsF dedo] & WY A 2=nED
I E A2t o] WHE Streptomyces’t AAFs= PLDE
el oz FAlEr] 9 Hxe) A=r) @ Aot

al =13 5|

oH

M=

PLD M4 7 3 HYQF
AF 2 B &8t S somaliensist Bennett Bl 9l

(10914 30°C, 72 hr Bt W Bi (280 rpm) SFATH.

o{d XISl 3 =0LE T8 BE[ =9 MA|

HAAZIA F-L3HA BH Streptomyces sp. PMF PLDE] X-
ray 2474 TE(12)5 FA L JEl= A Zpol| sty 95k
CLUSTALW program (15)2 AFS-, PMFS} S. somaliensis PLD
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AR 12} 725 Hlaskdek. 242, 5067 2 50570
® 7 PLDZF] ©E MG fAMIS AME dA] 81.62%, 4
AR 7.71%, ¥t FALE 6.92%, HI-FARAE 3.75%=2 13}
TZ9 =& FAMS BA7] wlFoll, Sweptomyces sp. PMF
PLDE] X-ray A4 FZZHE S somaliensis PLD2] 23} 2 3
2t FERE FEIE Aol A-sitha ddstith. WA Cn3D
viewerS F3|| Streptomyces sp. PMF PLDY] X-ray 274 =%
Z ¥ =29 7eAdo] =& umd loop TERE FOIA, Fo
= 6-77 o] A&gl opuiedt Mol XA EAS 7
2 F2E sk 0] EAR: YIEE BN, 3,

o o, Jo

3l oH, o]& 23 FFE AZAFE loopT-FolBA IFAI7 7}
£ AYES AR U2 PMF PLDE 13} 20
N-83h= S. somaliensis PLD2] A& X|&E o} 2 EAS
Yeld Ao g2 A3l epitopeES AASAT. ZBY S
somaliensis PLDS} F 80%2] T¥ld Md dA=E el 2
A FxT &AM HAE =S AT = {I7] Wi o]
£ JEI=T} epitopeZA A A H#FTT Par) ALk S
somaliensis PLDY] 1} F-Zo|A] ©lE 23} L% o= 87
22l PHD (14), Jpred (3), T A M U HZ & IHE <
23R antigenic ZZ (1), W X FF dSH@GS
ARgste] g o] & Ha1, e $1X3FAEA loopE T
she Zlo® FHHE AEHE YRS 22 5 272 #4542
ZHE XAH3 epitopeST HlSIAHT. o3 o2 HE H
TH O 557 epitopeES AT F, F/ISFATHTable 1).

HE|= M W conjugation

AAISE HE|=2] N-HHE conjugationS Y3l cysteine residue
& Arketath 34 ¥ 2 JlEl== HPLCE A8kl LC-
MASSZ 1 Ex#2 213} t). Conjugations 4 3}3t
keyhole limpet hemocyanin (KLH)$} ZF<=/DMSO0°l| =<1 I E]
EE 43 50 mM EDTA7} &% Na-phosphate buffer (pH
7.5% #7F ¥ 2 hr ¥-3-AIFATE Ellman A} SDS-PAGEES
o]€ conjugation &JH-E 213+ F Sephadex G-25 columnoi|A]
conjugateS- AR

HE|= gxlel M= R =AM
KLHS®} conjugate™ HE]=+ New Zealand white rabbitd] 5=
ARl 22k 9 3xF HYS A F, AE 9 diEesie] 8%
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S B3}t v]E] phosphate-buffered saline (PBS)O.2 H3 3}
AlZ1 Protein A column (Econo-Pac Protein cartridge, Bio-Rad,
USA)l PBSZ 108] AA17] 84S Y1 22 oz &
3] AlE 3, 0.1 M glycine-HCl (pH 2.5)Z immunoglobin G
(I1gG) T+ E28139tk. 7} 1gG= SDS-PAGEZ} 5 band WHS:
Ho] 5atA AAERSS FR1819aL, ELISAYIA A8 <]
A HE| =Sl T titers 2H2E 1 x 109550] T}

oedRlsl 3 20E DO BN MIE

1 ml® 2X43}E N-hydrosuccinimide (NHS) Sepharose (10
pmol NHS/ml)o] &o]oizt2 F53 pGES 42 1 hr 5
WhE-A|ZITh NHS Sepharoseol] &Ale] ZA¥ &E(100 x FA
Agtd A FFREEAIZ] A S 45-62%01JaL A ml
F ok 3.4-54 mgd] 1gG7}F AgsHATHTable 2).

piedxlsL 3 2orE T of o8t PLD M|

S. somaliensis® WML 70% ammonium sulfateE A3+
S gAEEEla FHES SRS A0k TR gd &
NS A Z1(0.75 x 2.5 em)ol|A] <F 30 £3F HISFAALE F
T2 29e 53] AT H 0.1 M glycine-HCl 95 (pH
2502 WEEE PLD 84 85 2o HAEE SDS-
PAGEZ ER1515]t-

ZX| PLD2| Western blot
Western blot 12} TS 1 x 1052 3] 3 AL8slH oM 2
2} k4] *2] % horse radish peroxidase= B3} T

choline oxidase-peroxidase X (8)2] H
ZA3E 98 EDTAZS H71sh= ti4l
7HEstant. 7l 4 1 unites 7] W
& X204 £ 1 pumol®] F3FAS WEShE 840 do R
A3t B AL Bradford H(2)o] Wl BSAS & vhi
AR o] st

ofh
i
r&
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Table 1. Amino acid sequence of synthetic peptides® of Streptomyces somaliensis phospholipase D expected as suitable epitopes from protein

structural prediction programs and X-ray crystal information

Epitope Amino acid sequence of synthetic peptide Predicted structure Residue number
PLDI1 CPDKTNADRDYDTVN-NH, loop 99-112
PLD2 CNSWKGDYLDTSHPV-NH, B — B loop 183-196
PLD3 CRSSPGATWADGKPY-NH, B — B loop 423-436
PLD4 CLALVTGDQQKA-NH, loop 399-409
PLD5 CDPANRGAVGSGGYSQIKS-NH, B — o loop 370-387

“For conjugation with keyhole limpet hemocyanin, a cysteine residue was added to the N-terminal of epitopes.
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Affi-Gel

activated agarose (Sigma,

Hz Hydrizidle (Bio-Rad, Hercules, USA), vinylsulfone-
St. USA), EAH-Sepharose
(Amersham, Uppsala, Sweden), ECH-Sepharose (Amersham), NHS-

Louis,

Sepharose (Amersham), epoxy-activated Sepharose (Amersham)oll
antiPLD3 1gGE 23 A ZHES ARSka PLD 84S vl
Atk o5 T A 238 EAZA] NHS-Sepharose’} 713
3F4AT). o]l NHS-Sepharosedl] 2t HEI= IAE AFAIA
HWARS} S A XA, ©]E T antiPLD4 IgG-Sepharose
oA PLDS] Hd AtseS ARSI 0.6-32 mge] @A
S gHrehe MY B=9S 1 ml columnoll 22 Y5k HE
38k 5 AlH3aL 0.1 M glycine-HCl 589 (pH 2.5 0.8
PLDE 8=3I5ith PLDEH MY 5549 S5 Eo 21
FU5to] wet 859 PLDE] %k HU) oF 60 pg 7HA 718k
AThFig. 1. ©1= 1 ml ZHol| AFH F 34 mgd] 1gG FA|
% 1.8% (wiw)7} PLDS} 3-8 kg8 4= Q-5 ov|git
(Table 2).

3= 0tEJ:2mlof 2§t PLDEX|

TA] it TFAS AR ¥ 7 HRlst 4|
oA FAF A= Table 30 29FF 3, antiPLD3 IgG-
Sepharoseol] 4] PLD A Z2vlE1HL Fig 29} Zt} o2
Zds AFS A% Fig. 29 HISs3 A2rfET#S Bk
Zt Zo)| A PLD 3582 7-11% BRI FAEE 0.8-1.62
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Fig. 1. Binding capacity of Streptomyces somaliensis phospholipase
D on the immunoaffinity gel as a function of concentration of protein
loaded on the antiPL.LD4 IgG-Sepharose.
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Table 2. Coupling efficiency of antipeptide antibodies on NHS-
activated Sepharose

Immunoaffinity matrix ]?r?gu/rrlr(lil Igge(l} Couplm%/eofﬁmency
antiPLD1 IgG-Sepharose 4.6 56
antiPLD2 IgG-Sepharose 4.7 52
antiPLD3 IgG-Sepharose 4.0 62
antiPLD4 IgG-Sepharose 3.4 45
antiPLD5 IgG-Sepharose 5.4 58

2 deFo=z A vt W AAErt A9xis 49 2
Ao FARJNA A E40] BP9 WA ERlsty] 915t
A & H-2S SDS-PAGES} Western blotS AAISIA T SDS-
PAGE Z3} antiPLD1 IgG-Sepharose & antiPL.D3 IgG-Sepharose®]l
A A & & B2 S somaliensis PLD FAFHMW 53,635)
o dAIeh= A oF 55 kDad] XA & bandE HERA
O™, Western blotZ3} ©] band= PLD ©¥]A<)-8 Ueldt)
(Fig. 3). 34, AntiPLD2, 4, 5 Zdol|A] HA|A] SDS-PAGE’]
A1 55 kDa®] PLD band ©]9] ¥4} F 35 kDa®] band’} UFE}
571 Wil antiPLD1 % 3 Z&ol] H3| o]& A5 714 A
998 "o e Aoz Helth AR 35 kDa 2719 ©lA
L S somaliensis Bl F 71 Eo)] AtEE whlEo]l o
Western bloto| A& YER}R] ol FHolx pLDe] B3l Z7-&
ohd o= AdEUtt. o] AFAEERE HA| 89 PLD &
o] w2 o|f7t Hox Yl Aee] AR A= ofd
Aoz AT v sFAS 3 FF AETE SHAA
719] &Y PLD bands ¥E 21 Yyl AzvtEes] A2
= 79 7Idg 4 gloh. Z22fu antiPLD1 % 39] 7Z-¢-9F 2ol
shde] 744 53 & PLD7F @Y band 22 AAIE RAS
E ), Streptomyces PLDS] 1, 2, 32} T 7L HRE
gk AF xRl WSt Ao Az e Aok
et

A o] 2 Frdx Bl e 54 S48 B
ol o7t EA A BHEA wiEo] opdA] AL
o8] AY A3} S somaliensis PLDE= B A5 A2 4°C
o] A7t A2AEERL E/d0] & FAFHUAN I vk =2
FotEagFellA FAE XPsiA; 1 o] 5438 AT
2, Q-, SP-, CM-. DEAE-Sepharose®] ©]- 23] Z+], octyl-,

p—
T

o]

e op

Table 3. Purification summary of phospholipase D from Streptomyces somaliensis®

Volume (ml) Total activity (units) Protein (ug) Specific activity (units/mg) Recovery (%)

Purification (fold)

Purification
Culture supernatant 6.70 6.70 3
Ammonium sulfate 5.40 1.91 1
antiPLD1 Sepharose 0.55 0.48
antiPL.D2 Sepharose 0.60 0.53
antiPLD3 Sepharose 0.50 0.75
antiPL.D4 Sepharose 0.65 0.65
antiPLD5 Sepharose 0.92 0.58

08.2
13.4
14.3
24.0
26.5
22.7
322

21.7 100.0 1.0
16.9 28.7 0.8
33.6 72 1.6
22.1 8.0 1.0
283 11.2 1.3
28.6 9.7 1.3
17.4 8.7 0.8

“Dialyzed solution (5.4 ml) of the ammonium sulfate precipitate was loaded on each antiPLD IgG-Sepharose column.
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Fig. 2. A typical chromatogram of Streptomyces somaliensis
phospholipase D on antiPLD3 IgG-Sepharose. Arrow represent
elution start of 0.2 M glycine-HCI buffer, pH 2.5 and bar represent
purified phospholipase D.

A B
kDa
97—’
56— "
.—-——m*- ‘___._*
45_ h--_‘ P
- Siaih B
25—
—
12 3 4 5 6 7 1 2 3 45 6

Fig. 3. (A) SDS-PAGE of Streptomyces somaliensis phospholipase D
purified by immunoaffinity chromatography on antipeptide IgG-
Sepharose and (B) its Western blot diagram. (A) Molecular weights of
protein markers in lane 1 are indicated to the left: lane 2, ammonium
sulfate precipitate of culture supernatant; lanes 3 to 7, phospholipase
D after chromatography on antiPLD1 IgG-Sepharose to antiPLD5
IgG-Sepharose, respectively. (B) lane 1, ammonium sulfate precipitate
of culture supernatant; lanes 2 to 6, phospholipase D after chromato-
graphy on antiPLD1 IgG-Sepharose to antiPLD5 IgG-Sepharose,
respectively.

phenyl-, butyl-Sepharose®] A4 2% Z=, HPLC A o3} 7
2, hydroxyapatite &2+ Z, prep gel A7195] A HyHo
Z pH 2 ¥ 3524, o8 F79] protease inhibitorS 715}
WA AAE AZ=FARE PLD7F FAlo e AdstA] GeA,
TE= A & PLD 840] A9 A% HIU. o]#s A2 |
AA| ZHel &g A FFoM = YEl=T, AgEA] 244
ol 8% & A PLD #82 Algte] Agol wat &4 &4
3} 3 geAle Aol #SEJT. 84 8F A, Glycine-HCl
H5-oo] gt 2Md(pH 2.5) Wil A2 F e wlE Wiy
S 11238le] PLD AH-ES 1 M Tris-HCI buffer (pH 7.5)%
vg] F38ta 7] Wil o] 4 &4 pH ¥&F "ol
A7y = glok. =3, wjgde] EA18 5 3= proteasese] A}

88 3183} protease inhibitor cocktail (Roche, Mannheim,

g
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Fig. 4. Performance of the antiPLD3 IgG-Sepharose column during
chromatographic runs. After each consecutive run, the 1 ml column
was washed with about 30 ml of distilled water at a flow rate of 1 ml
for the next run.

Germany)E< WY 559, 44 AlH 9L 85 45 Hrlst
$7] Wil PLDE] proteasesel] 23t #3) 7Fe A= BlAI = AT
A 78 Fo] PLDE FEA7I7] S1E Mo o] v&
ol 4] Tween, Triton X, octylglucoside, Nonidet P402] H]o]-& 7|
HEAGA] 2 CHAPS, SDS9| o] AHEPAES] a9s A}
SRR vu|g oAy Q5] &4 AsiE Bt FEg
Tld g9 sucrose, maltose, glycerol®] H7}A] PLD &4
HE 5= FElekA] tth. o) st AEZ 5 Srepromyces
Hjokol Zo) oje EZo] PLDE T23 02 A= TS
siEjel S99 &, B4 & 899] g3 7 §4 PLD &4
o] FA3H HAEHE WFoBRE didEe 7L A 24
Z o] B4o] AAYC =M PLDY T-27} EeHgaiAa 1 A
¥ PLD #AE7E] &2 7Fs/delth @A, PLDY 244 A
o} 3| 5-5 913 o] H7HAIESY a9E ARk Ao

HIS ALE0] 2 ZEe| PLD HESY

Zle] vbE 282 wao] AAHR AAE Y3 T8 &
Zolty, Wogs] 243 =g giAQl 67} AMEEE
A3} pH 2.59] 7338 2HdolA PLDE §&3foF 317] Wil
IgGe] WA 7S adslior & "art Qo). WHKs) 43e
HHE ARgo] wE PLDO] A% ¥ &F WslE H7] 93t
antiPLD3 IgG-Sepharose®l| 4] 521 2] HHE GA|E S35} =0
Fig. 49] 7= v A 24 Fol= 2] FA| 5] &
AL Y-S BAFIATE vilg] FAwch oF +10%2] &4 ¥
3PF BAARE ol A desE ] AL oflE AHogR
B 8Z5]= PLD -89 & 2po] dji-o = SRI=| ]}

INEE

2 d7e Sk AT A s SR AA (@A
H5:D00282) A7HH] XYl o8] 3= FTt
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ABSTRACT : Purification of Streptomyces Phospholipase D by Immunoaffinity Chromatography using

Peptide Antibodies

In Sun Park, Young Ah Kim, SuJin Jeong, and Tai-Boong Uhm* (Division of Biological
Sciences, Chonbuk National University, Jeonju 561-756, Korea)

An immunoaffinity chromatography for the specific binding of Streptomyces somaliensis phospholipase D
(PLD) that is considered as an industrially potential enzyme was developed. By using the protein structure pre-
diction programs and the X-ray crystal structure of a Streptomyces PLD, 5 different epitopes with high anti-
genicity that are predicted to locate on the surface of the S. somaliensis PLD were selected and then synthesized
for the preparation of antipeptide antibodies. Each purified rabbit IgG was coupled with NHS-activated
Sepharose to prepare the immunoaffinity resins. After one-step purification of the culture concentrate on the
antipeptide IgG-coupled Sepharose column, SDS-PAGE and the Western blot analysis of the purified samples
showed that purification of PLD on the affinity columns was satisfactory, indicating that the peptide design
using the structural information of Streptomyces PLDs was rational. However, the purified PLD in the solution
aggregated rapidly, which resulted in poor specific activity and low purification yield.



