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Abstract: In the present study, the effects of (His)s-tag’s location and N/C-terminal truncation on the enzymatic characteristics of
recombinant Vibrio parahaemolyticus phospholipase D (VpPLD) were investigated. It was found that (His)s-tag’s location had a great influence
on the activity of VpPLD. When (His)¢-tag was located at the N-terminal, VpPLD exhibited the highest activity. The lowest VpPLD activity was
detected when (His)¢-tag was located at the C-terminal of VpPLD, with the differences in activity independent on the hydrolysis substrate. In
addition, the optimum pH of VpPLD was changed from 7.0 to 8.0 due to the location of (His)¢-tag at its C-terminal. When the first 34 amino
acids at the N-terminus of mature VpPLD were deleted, the hydrolytic activity of VpPLD towards 1,2-Dimyristoyl-sn-glycero-3-phospho-L-
serine (DMPS) was significantly enhanced, although no change was found in the hydrolytic activity towards other phospholipids. When the
C-terminal amino acids (469~487) of VpPLD were deleted, its catalytic activities towards all the tested phospholipids decreased significantly.
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Compared with (His)s-VpPLD-WT and (His)e-VpPLD-A469-487, the selectivity of (His)s-VpPLD-A451-487 forl,2-Dipalmitoyl-sn-glycero-3-

phosphocholine  (DPPC),  1,2-Dimyristoyl-sn-glycero-3-phospho-(I’-rac-glycerol)  (DMPG) and  1,2-Dimyristoyl-sn-glycero-3-

phosphoethanolamine (DMPE) decreased significantly, indicating that the C-terminal amino acids (451~469) had a great impact on the substrate
selectivity of VpPLD. The above results showed that the position of (His)s-tag and the N/C-terminal peptide had an important effect on the

catalytic activity and substrate selectivity of the VpPLD.

Key words: phospholipase D; Vibrio parahaemolyticus; substrate selectivity; phospholipid

WifEHE D (PLD, EC 3.1.4.4) AL et
IR ANGRIEAZ # 2 R — B SRR o |2 AFE T
SRNEP A S 2 AR . BHTAT PLD BT
FEER Tt A, H, R R R
Streptomyces FEWF R F FIHGERIEE SN PLD 1 —Fh
HEIER TR, EaSAEZL R BN
WE. TEADRN, PLD fILBEAR (PLs) /KEATAE
BB RER (PA) Z—FPEA Z R AEY)S DhREr 21
MR T BEAh, PA IERVF 2 ARV G M T 5
THIRTAYIR, Hp s EsEHM (DAG) FIiAIm
Bifgie (LPAY M. ik, PLD HEALBEAR KM RAS
IAERERRARU R EEAEH , T HAEE WS 5152
MIp g, Z0ME TS AR ER . FEk. 4
TR, Ben®. WEER. KEHAER AR a2 E
AV 22 M A i i ) v bt 35 8 20 . PLD 1
P GG, A K R R S B AG-/K S i kAT
Bl fERG BT b, FRAIHE 7RI M ITE PLD
(VpPLD) [ iE R B HRIAFE OB TEPEAL AT
HEAT B RURAR H152A0, ST B £ BEXT VPLD (1)
N-Adfis (1~34 DNEIERR) AT C-Afi (434~487 Aok
1) KB VpPLD S TR R ARR I s i g AT 73R
fiE. BFFERIL, N-F C-AR Al M FE R Rk 2k 22 S 3
VpPLD % & Figh 5 5. 732 1) 5 T WA P AR A e
AFOL - geah, gt I EE A A B 1 (His)e-tag (1)
37 BB A Xl R 1 P S A = A B L 4R
KT (His)e-tag F1 N/C-A ik HF %) VpPLD JIEAEFEAE:
FNBEARE 7 ) B REE I S B AR Eh = . BT ik,
AL RLIIAEN R A N B 0 RAT AR I 43 1) DN s B 2H R
AR ER IR K AT PR RO R I e B 1, IR T iR
VpPLD (2514118 % R B9 B2 AEA

1 MRERE

L1 AR5 O

1,2- — A 5 5% Bk 3 -sm- H 9 -3- 8 A1 Bk AE
(DMPC). 1,2- A G5t F-sn-H i -3- B it £ 1
JlZ (DMPE). 1,2- " IR &7 5% I 2 -sn-H I -3- T A I
-(I-rac-HH) (DMPG). 1,2- NG 5k FkH-sn-HiH-3-

54

W ARE-L-22 2 R (DMPS). 1,2-— A B3 -sn-H i -3-
WEAGEEREDE (DLPC). 1,2- —KEHamEIE-sn-H i -3-# g
MEREGE (DPPC) 1,2- —HREE I -sn-H iH-3-6% IR EAR
Bk (DSPC). 1,2- = 1 I 3 -sn- T IH1 -3- 1% i Pt JIH il

(DOPC). 1,2- A6 DY Bt F-sn- -3k A ot A Bk

(DAPC) 4 H Larodon A& G, Z/RgY), 4fi
PE>98% 0 1,2- 3 F-sn-H I -3- Tl ARG - X A 228 2Ry

(PpNP) ZHf D'Arrigo 25N (1995) TI7i54 i
IKIAIRENIE E 25 E Sigma /A 7] ; EAKIERAL pET21a
A1 pET28a i Stratagene (LaJolla, CA, USA); K
i #F B Shuffle T7 /&2 20M104 H New England
BioLabs (H[H, Jb50); IPTG (P p-D-1-BifLF
FEED A BERAN AT TRV ERDWEATAE
WTREBRMAERAR OhE, E#); N©-NTA ZEH
FEFNRH B FAc et it 4 (Q-Sepharose XL) I4H GE
Healthcare A 7] (ZE[E, W EHD; 50 ku HIEE . BCA
R AR IR A& A TAY TG AR AR (h
H, s Heilmhatrat.

PCR X, ZRHEAQIHAMBAREARAF; 1HiE
PGB HY G-C, LI K BT AR S0 B & A PR A
Ay AR TY92-IIN, T 2 Ak
Bt G IR AT]; HAZEHTX Biologic LP, Bio-Rad A
F); WEFRIY ELx800, BioTek AF]: fFLMIEIRZE
#% ST70-2, HUMKEAERA TR A A

1.2 F&

12.1 VpPLD-WT % N-/C-5%848 R FAR X
AT FAE L AR
ARHE R HRIA MINE ) PLD 2 ()75 2k
SKAE T NCBI-g2 H iR e, 4’5 EXJ48329.1,
PLD 4=t Hi 505 MFERZA K, FIH#AF Signalp 4.1
W EAFAPE 18 ANEERE G Sk
(MLHTLSKFIFAFMFSVLS). HR¥E KT #2564
Tl X s B AR 16 PLD 3[R 7 S T AL
HAETEDEARAFABITEEREGR, BN
VpPLD-WT, HEAFFHINE 1. 7EdHTEHARIL
BRI, NH SR (His)s-tag 7 E X T
VpPLD il & 3G PR R 0 B i se 2 il



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

VpPLD-WT § A\ #H H K ik % & pET21a 1 pET28a 1,
¥y7 pET21a-VpPLD-WT-(His)e(C-A i 15 4 (His)s-tag)
o} pET28a-(His)s-VpPLD-WT(N- A 3t i 45 (His )s-tag) Al
pET28a-(His)-VpPLD-WT-(His)s(N/C- &K i 13 45
(His)s-tag) FELHRIE TR 7ESLIEA b, Bt FHT
KR SR AR ) PCR Y8514 (% 1), @it
H A AH V% 43 5 LR A4 22 1) pET21a-VpPLD-WT-
(His)e 8% pET28a-(His)o-VpPLD-WT JF ki Sy B34 7 2%

FEIAR, AR VpPLD [ N-Kf (VpPLD-A1-34)
Al C-AK3 (VpPLD-A469-487 Al VpPLD-A451-487)
BRI RAR,  FHBRGIME A VIR Dpnl X PCR 7 55
HHATEEY), KEEEVINEILIG PCR P 2 KT B
DH50 32 ASAM . SRS BUREEEA T 7 LABGIE
FPHIHERRTE . B, R BRI A 2 R AT
SHuffle T7 B2 A0, AL EAH SR i A
TRk

=1 4A5EE VpPLD SRR A 5 145
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Fig.1 Sequence information of mature VpPLD protein
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Fig.2 Sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) analysis of the purified wild-type
VpPLD and its corresponding truncated mutants
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(His)s-VpPLD-A451-487 2645 &5 6: VpPLD-Al-34-(His), 25
HEg.
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Fig.3 Location of (His)s-tag on the optimum reaction pH (a)
and temperature (b) of wild-type VpPLD
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(K s A R 22 5% (p>0.05). #R1MiT, VpPLD-
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M5, HO U 6k Ji Jee 420 346 38 M 9 0 35 M 22 e

(p>0.05).
a 12r I (His),-VpPLD-WT-(His),
[ VpPLD-WT-(His), a
a a a [ (His),VpPLD-WT
a
® 9 oy
5 | b | b | bbe
R 6 g
et £ ¢
=t
3
0 DLPC DMPC DPPC DSPC DOPC DAPC B
AR R
b 12 I (His)-VpPLD-WT-(His),
[ VpPLD-WT-(His),
[ (His),VpPLD-WT a
a a
) a
2 b b
= b
et
=t
0 DMPC DMPS DMPG DMPE
AR R
& 4 =FEFER VpPLD TR EIEEESECE () FOMR M SLERR4AE
RUIEIRM (b) It s R

Fig.4 Comparison on the acyl-chain length selectivity (a) and
polar head selectivity (b) between three kinds of wild-type
VpPLD constructed in the present study

HZAEFAA VpPLD (8] (Bt RE AR R 1P
FABAARML,  (His)e-VPPLD-WT X AN [ Sk 5 56 1 (i i
BRI B R K RS PE (p<0.05). (His)s-VpPLD-
WT-(His)s Al VpPLD-WT-(His)s X} DMPC, DMPS #lI
DMPG HI7KARE TSR A BE 2R (p>0.05). SR1XT
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TJEY) DMPE 3Kiit, (His)s-VpPLD-WT-(His)g BT
718 751 Ulg, EHE ST VpPLD-WT-(His)s (6.53
Ulg) (p<0.05) (& 4b).

2.3 N-3K 3% # 45 %t VpPLD B 2 M 7 th % v

23.1 AFRIERE pH Foif E 69750

5 VpPLD-WT-(His)s #HLt, VpPLD-A1-34-(His)s
iGN pH M 8.0 &K 7.0 (B 5a). [FK,
VpPLD-A1-34-(His)s #¢ i& ¥ /& L ¥ 4 % VpPLD
(VpPLD-WT-(His)e)fidi R MR FESE R 5 °C (B 5b).

q 120 -= VpPLD-WT-(His),
-~ VpPLD-A1-34-(His),
100 -
S 8ot
E 60 -
&2
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=
20 F
o \;
O .
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pH
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N
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et
&2
' 60t
=
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W/ C
(& 5 VpPLD-WT-(His) . REFER A N-FRuhEFE ST (4
VpPLD- A 1-34- (His) . FUERIE R 2 pH (a) FMEE (b) BhZk
Fig.5 Optimum reaction pH (a) and temperature (b) profiles of
VpPLD-WT-(His)s and its corresponding N-terminal truncated
mutant VpPLD-A1-34-(His),
232 AFERAABER AT TR
5 VpPLD-WT-(His)s #HLt, VpPLD-A1-34-(His)s
%} DLPC [RI7K figtidi P W B BF AR (p<0.05). )%,
VpPLD-A1-34-(His)e % T H e BERR I /K ARSI R K
ARENAE (p>0.05) (K 6a).
233 APEESARME K EA H iR 69 Fh
5 VpPLD-WT-(His)s #HLt, VpPLD-A1-34-(His)s
X DMPS FIKfEPERES R (p<0.05), EEIIN
7.17 Ulg. #R1i, %-F DMPC, DMPE, DMPG Kik,
VpPLD-WT-(His)s fl VpPLD-A1-34-(His)s 2 [F] 7552
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PEER (p>0.05) (F6b).

a 9r- I VpPLD-WT-(His),
a @ [__1VpPLD-AI-34-(His),
a a
) i a a &
S 6r . a @
R b
s
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0 L
DLPC DMPC DPPC DSPC DOPC DAPC
BRI
b 9r- I VpPLD-WT-(His),
a a a [ VpPLD-Al-34-(His),
a
—_ a a
R
s
g 3+
il
DMPC DMPS DMPG DMPE
BRI
(& 6 N-FRImENEEXT VpPLD BEESEAC BIAER M (a) FOARMESLERIE
Fi% (b) B9S2

Fig.6 Effect of N-terminal truncation on the acyl-chain length

selectivity (a) and polar head selectivity (b) of VpPLD
24 C-kK3%# 48t VpPLD B 2 M 7 1y &

241 AFERIER L pH Foil E 69750
(His)s-VpPLD-WT F(His)s-VpPLD-A469-487 1]
BIE M pH $504 7.0. Tfii(His)s-VpPLD-A451-487 [f]
BaE M pH 224 8.0 (B 7a). il 7b fin, 5
(His)s-VpPLD-WT #H{LL, (His)s-VpPLD-A469-487 {7
T R ERYE (A 25 CZE 35 C). 4R,
(His)s-VpPLD-A451-487 £ 30 °C FRILH L = TS
VAR B N T R SRR s N

a 120 -m (His),-VpPLD-WT

e~ (His),-VpPLD-A 469-487

100 — (His)-VpPLD-A 451-487
S 8ot
:—E 60 -
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b 1201 —m- (His),-VpPLD-A 469-487
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X
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§
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S
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[E7 (His)eVoPLD-WT REFA C-HKinBIERE A
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Bz pH (a) FHREE (b) HAZ
Fig.7 Optimum reaction pH (a) and temperature (b) profiles of
(His)¢-VpPLD-WT and its two C-terminal truncated mutants
(His)s-VpPLD- A 469-487 and (His)s-VpPLD- A 451-487
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a 127 I (His),-VpPLD-WT [ J(His),-VpPLD-A 451-487
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Fig.8 Effect of C-terminal truncation on the acyl-chain length
selectivity (a) and polar head selectivity (b) of VpPLD
MK 8a FTLAEH, S(His)s-VpPLD-WT AL,
(His)s-VpPLD-A469-487 X T-Fx DOPC 4N It NE
PRI BAR K i 1 5 (His)s-VpPLD-WT AHLE,
(His)s-VpPLD-A451-487 %} DPPC #1 DAPC (7K A%
PRI E K (p<0.05); AHS, HXF DOPC fiE 14
BIE (p<0.05), BEEIIAF] 1039 Ulg: TATE
¥ DLPC, DMPC #1 DSPC, W 2 A3k KR %

PEEE A (p>0.05). X Lb (His)s-VpPLD-A469-487 Al
(His)s-VpPLD-A451-487, K I(His)s-VpPLD-A469-487
%} DLPC, DMPC, DSPC, DOPC fll DAPC /K%
J1R3EAK T (His)e-VpPLD-A451-487 (p<0.05).
2.4.3  STEBRRSARMAKERAR B R AE 0 R
MK 8b FTLAE HH, 5H(His)-VpPLD-WT H{Lt,
(His)s-VpPLD-A469-487 %f DMPC, DMPG #l1 DMPE
7K S 18 (B 2 BRI (p<0.05), TiXt DMPS FI7K
RS R E A (p>0.05). 5(His)e-VpPLD-WT #f
Et, (His)s-VpPLD-A451-487 %f DMPG £l DMPE [{J7K
ARG MR T 2 I (p<0.05), 1% DMPS FIZK s v
WEREE (p<0.05). X Eb(His)s-VpPLD-A469-487 Fl
(His)s- VpPLD-A451-487, KI5 %f DMPG 1 DMPE
(KK A 48T S 2 204k SR, (His)e-VpPLD-A451-
487 %T DMPC 1 DMPS 7K fife i P ) 2 2
(p<0.05), F§E 71535124 9.40 U/g F115.65 U/g.

3 g
3.1 His-tag i & 2% VpPLD ¢ A fft 7 14 Fr el

Fig Jo 4y 28 4 e 1 R vl

R A RIA AL R 5 R S5 S T RS T
HEIRT L — ITHR, K2R P E RS,
5 HFrEAIFA R R FRFA A A E .
e E (2R #3254 His-tag, Arg-tag, Flag-tag
S0, SRR SHTIER T LS A RS, QI Si-tag,
Halo-tag, Intein-CBD-tag, ELPs-tag 2!, 7EiXLbkr
Ze, (His)e-tag PIEARRUVIN . SALAFHXT G fE
RN TEZ I pH (pH 4~10) FURFRIFEE (k.
SRASPER . AER T RARME RIS i B sz wam
His-tag & IS TR0, BEEE, WFLshY)
RS EH R AMRIALL. SR, VPP AR,
B His-tag PRBUVIN, (H'E AFTEXT B 8 1 (1 i 27 14 o
Pyzi e, A, AR IE
PR =Ff VpPLD-WT i, JCi xS WhAha ik,
(His)s-VpPLD-WT #RILH B = K fiE e, L2
(His)s-VpPLD-WT-(His)g, 1fi VpPLD-WT-(His)s (1357
K. IXELERRY, (His)s-tag 47 B X VpPLD-WT
K s Y R BRI o e Ah, FRATTIE K I
(His)s-tag X VpPLD-WT JEAIEFEME A 52m0,  i)
& ¥ (His)-tag E B BB A C-Kui i, Xt
VpPLD-WT (1A £ LR B K o (His)s-tag (XL
THEE CoARR, HENH T S5E S B & F s LR~
AR A AR ) SO s I AR S AR R, AT 53
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VpPLD X AN RIS EE KRR i IR B 52, A
R AT 7K it DMPC.DSPC 1 DOPC. It 4}, (His)-tag
[AFAE, &% VpPLD (WA [FIRR M S AR I K i
PRI BGEM . (His)e-tag 17T C-RUift, VpPLD
AN FIRR A S AR IR A I B 2 53 o AR YT,
Y (His)e-tag 1XA2T N-digsl N/C-Pisiey, WA 1
VpPLD WA AR A K i e A ade 3, Aot B
1] 7K fi# DMPC, DMPE 1 DMPG. TEAHFTH, #
H M A 7 (His)-tag 1] VpPLD K ¥ 4f Lk ¢
VpPLD-WT 5 Hul =% VpPLD [I5M. {HE, 24u0
W7t 25 R D R IHANE 11(His)e-tag 2 & X VpPLD i
YRR PEPE BTG RS2 . AN, ASHIE 5T IR 3R B
(His)s-tag o7 T C-AKImfeks VpPLD HIHLE R pH M
7.0 25 8.0, M2 (His)e-tag EHEF] VpPLD ] C-AK
1 I el ST VA W A S T3 i L T s SRV
VER—PPigiE S R, nT Re 2 Roma i Ak D AR oA 1
T ACAR il P B3 S B pHL L ASHIT 78 o Uit 1
(His)s-tag Xf VpPLD Ui /7. JEAmIE RN DL A e [
N pH SEMAIVEANE . SR, L EARMIVE LI
TEHE— 5T

3.2 N/C-K 3% # M1t VpPLD K fif 7 14 fo ik 4

Y38 kB AR
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(His)s-VpPLD-A451-487 Fl(His)s-VpPLD-A434-487)
MRG0 (TEAEATE AT AR 2T 58 H152A) R
LR AR R RAE R 2 18] T 5 At FEARTIT
Fir, ONIE— T AR N/C-Aii i BE 6T VpPLD 1)
LOIE SRR B, FRATTH IR T AH R
R R, BRI, FERMER AR, Hrhpg
A 98 A8 {R ( VpPLD-A1-25-(His), A1 (His)s—VpPLD
-A434-487) ToiFIRMFBAYETCRE, SRR . #]
JER MARESE, R, AT FoB R @ s h i 2345 14k
5 VpPLD-WT #HATH . MK 6a nJLLEH, B
VpPLD-A1-34-(His)s X DLPC /R 7K s A

(p<0.05), VpPLD-WT-(His)s 1 VpPLD-A1-34-(His),
o AN (7] ot 2k < B 1l IR 1 7K A v PR 35 TG B 2 A A

(p>0.05). ZEEREKY], MIBRAT 34 NEFERIFA =
A% VpPLD XKAEEWEAR (C14-20) HUk#EME. 5
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(R ity P SR 2284k . XF-F DMPC il DMPG fij
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A1 DMPE 4}, (His)s-VpPLD-A451-487 %f Tk 2 $ik
NEHIK s R A BT, EHF—1RME, 5
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(His)e-tag {7 T8 1) C-oRUGHT, SEMRCREN R,
SRR R TR PRI, BIE B pH M 7.0 AEF
8.0, [FIN, JERAMERMEA KA N-A i
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PEGTR; C- AR AL i s SRR C-oRui
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