Bioprocess it 2, 2022, 12(2), 40-53 Hans i
Published Online June 2022 in Hans. http://www.hanspub.org/journal/bp
https://doi.org/10.12677/bp.2022.122006

FEIHFZE X BmE B PICKSHas R RIA K
REMERT I

RARR, MN&RY, HRAL K

PSRN R A A R B, SR IRV
2P S RO AR R, SR AR

Weks H . 20224F4H2H: FHEM: 20224F4H29H: & AHM: 20224F5H6H

R

DRERBEHRRERHBUREENPIGKSEAR —RBEED, ZEAEBUREENIURE. EHEEEK
FHAEETmYAEERM, EHLEWSHEATIREE T MR . KRBT PCRY W PiGKS M 1 i 4
BIX, SHMEREHisPRE X MBPHIHisYFR I RZRIEER M, BT ARBFEXN PIGKSH/MNGRE
KF. ATEMEREEENER. £RER, BIESHISRERNPIGKS A REATEUSRERREE TN
e, NALEUTEEEANERGFE, 1 LKEHERENEASEN28.11 mg, HHEitEH
BEZAN2.73 mg, MANKEIREBAREEN0.1175 mg. HAiLEHEHAEOREEET, THEI6H
B EREE O SHREE. BIEMBP. HisSUREHPIGKS MR E O FEUNEREANTERNFE, 1L
KEHERENEASEN49.93 mg, HATEHEASELAN44.73 mg, MANETREBAEARN
6.0125 mg. HEAEZANBREHRE, NELS/PERBERTEARERSR. ik, BRBIAHisRE
MIPIGKS /MR EAN TR HEAERK, HEHAEAFERE, MAHISHREEE S TPIGKSHIMNG R
BRIERGEEWSTHEEM T . AMALR T ARERESTPIGKSE AN REM M, BT iZEA
MR REFZAF, AEEHSTRENF R EE T ZA .
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Abstract

PiGKS5 protein of potato late blight pathogen Phytophthora infestans is a kind of transmembrane
protein, which plays an important role in pathogenicity, asexual reproduction and sexual repro-
duction of P. infestans. However, the structure and detailed function of this protein have not been
known. In this study, the coding region of cDNA of extracellular terminal of PiGK5 was amplified
by PCR, and the prokaryotic expression vectors fused with His tag and fused with MBP and His tags
were constructed respectively. The effects of different tags on the expression level, solubility and
stability of extracellular terminal of PiGK5 were compared. The results showed that the extracel-
lular terminal of PiGKS5 fused with His tag mainly existed in the form of inclusion body, and only a
small amount of protein was soluble. The total amount of the protein expressed in 1 L culture me-
dium of Escherichia coli was 28.11 mg, in which the total amount of soluble protein was about 2.73
mg, while the amount of the protein obtained after purification was 0.1175 mg. The purified re-
combinant protein was stable and could maintain structural stability within 96 hours. The extra-
cellular terminal of PiGK5 fused with MBP and His double tags mainly existed in the form of so-
luble protein. The total amount of the protein expressed in 1 L culture medium of E. coli was 49.93
mg, in which the total amount of soluble protein was about 44.73 mg, while the amount of the
protein obtained after purification was 6.0125 mg. However, the stability of the recombinant pro-
tein was poor, and the protein degradation appeared only in 1.5 hours. Therefore, although the
soluble protein content of PiGK5 extracellular terminal fused with His tag is lower, the recombi-
nant protein is more stable and suitable for prokaryotic expression and follow-up study of struc-
ture and function of extracellular terminal of PiGKS5. In this study, the effects of different tags on
the expression of PiGK5 extracellular terminal were compared, and the prokaryotic expression
conditions of the protein were established, which laid a foundation for the study of its structure
and function.
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1. 518

J% 77 I¥ (Phytophthora) /2 J& T UR R AN I — R L, RS /E K2 A B e 5l i SR e, o bA
0 %% 75 (Phytophthora infesstans) i A ™ 8 . #0055 J% 2% (P. infesstans) & 8 B W20 o (198 )i b, tH 2 e 25
JEIIAE R . BUR R B R B S S EL R E RN, ATE 1845 F, 5l RZ/RZELBRZEIIE[L]. 4
K, EARR SR EA ™ E g, FE G N ERE TR [2] . AR DR 2500 % R0 K
2B R Rk 170 {23676, Horr, FRERERERIE 40 {2376,

BUREBAAAE— IR G 8 A 8L 2214 (G protein-coupled receptor, GPCR), iX/}> GPCR ] N i /&
SRR -CIR S I R RR e 4544, C i AT — M iR B2 JULEE 38 (Phosphatidy! inositol phosphokinase, PIPK)4t 14
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B(GPCR-PIPK) [3]. Xt U & 24N 7 TAEC e, EWE B Ia LRy, SUWEESH 12
A~ GPCR-PIPKs (PiGKSs) i 71 [4] [5] [6] [7].

MR, BUREE BN PIGK B A KM PIGKS & (I /ESUR L B 1A AR R . Jo AR 5 K B0 1
Vil EEAE 5] BUREERN PIGKS A T R AR BRI b K S5 AR 5T A4 P 1K) — Se RORAR 45 44 v
PiGK5 TEIf sl T AN s B, ERIER. EHRE L, RS hREABHHNRD . BUNESE
TNl ¥ I HCEBE PIGKS 5 R 21 7K T (1 PR T B 35 002D, B 22 A KT B2t B PIGKS i[RI R I 7K - 1) B
AT B 20/ o PIGKS YR Ak 1) Ot 740 K sl o FR A R I B 4t 7 i =2 sk b ik 20 5. itk
4b, B PIGKS JE K TBR/K T3 I, BUw 2l 1 IR G ie I W8 R I, ARG BT HH U (R AR R, H
TRPETAR Y KRS . PIGKS 25 (46 920 MNEERR, HMusbimt 173 MAEMRA K. EZEASYS
A R, HM A IR AT RER G S5 MIAME 5 TR MR A R . B, ABER kR T
PiGKS5 4 i X FF- A T IR A% AR HAA, LR T A [ bR 0] £ 1 Rk KT Rl R A e 1 1 sg i,
LT PIGKS M dhui 8 (I RIB AL A, N H LR R DRk — DR S B8 T R, 0 ARRAE 1% B
filt b %A RT3 R e S WG 2 i 1) [ 24 ) A B

2. SCIEME
2.1, FERFIZMUTEE

=R E DNA K& Prime STAR GXL, T4 DNA &4, Xba l. Xho I, Ssp | FRHIPERXER P UG K2
BEHEREEERE DNA [RISGAF &340 B KEE AV TR TR A = . Protein Ruler 11 R YLt 8 1 Marker I8 Ht
RERESEVHABRAT, (K5 TEE AR Merker. BCA & IR & k7 &80 A b i R ERRE
BIRAE . RN RS ERF G H DAY TRARAR, HE G S RAEREE iR
HE AR AR, AKTA™ prime Plus 2 1404k R G50 1 5 i AKTA A 5], 10 KD 8% B ARG 108 0 B 0 B I
F 3£ & Millipore A ], Trans-Blot #4 E[1fE [ 3% [ BIO-RAD /A&, Odyssey ZLAMNEOGHH G R G0 H
%[H LI-COR A #].

2.2. SEREHRE A

K B DH5a. BL21(DE3) B bR H Jb i 4 &AM AR A PR A 7] . pET30a(+) #i Aok F AL I =,
pTEV # A& 1E pET30a(+) 1) His b1 7 i A\ 22 2 5 45 & 55 11 (Maltose Binding Protein, MBP)#R%5 1 XA %%
BEHE A (A 1).

3. AR
3.1. PiGK5 EHMIMNFHE WS BZE S

B 7E 2R T E. Expasy %} PIGKS5 2% (A it #hum iE 4T #ALYE 5 2047, 7628 T H Sopma #E4T 2R &5 1y Tl ,
TEZk T H SWISS-MODEL AT =4 &5/ T, 153 PiIGKS5 & A o 4h i (1) 53 BT £

3.2. PiGKS5 Bfighik cDNA 4wBBXH PCR 314

PASEES % fRAF () PIGKSCDNA i fith [X o7 B 2 AR A4, PCR 4714 PiGKS5 4t cDNA 4ifidX . 514
R: TTATCCACTTCCAATGCTActgagacttgcggttctcgaac (K5 741N pET30a(+) ik 75, NEFH|H
PiGKS5 Jiti#hsiii cDNA 4ifil X J751): 514 F: TACTTCCAATCCAATGCCatgtcaaggtcatacagtac (I7] 514 R).
PCR X Ni%kff: 98°C 2min; 98°C 10s, 63.1°C 15s, 72°C 3 min, 30 MEF; 72°C 10 min. PCR ¥
PG RYKE, PIHOR/NIER 1257 14T DNA [HI
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Xho 1(158)
Not I(166)
Eag 1(166)
Hind ITI(173)
Sal I(179)
Sac I{190)
EcoR I(192)
BamH 1(198)
EcoR V(206)
Neo 1(212)
Kpn 1(238)
Bpu1102 K(80) Bgl 1(241)
Nsp V(268)
Nde 1(346)
Xba 1(384)

5°C | TCGAG 3’
3’GyAGCTC 5°

SgrA 1(495)

Pvu 1(4479)

S’TlCTAGA 3
Sgf 1(4479)

3’A|GATCT 5°
Sma 1(4353) Mlu 1(1176)
Bl I(1190)
Nru I(4136)

BStE I1(1357)
Apa I(1387)

pET-30a(+)
(5422bp)

(6480bp)

Eco571(3825)

AIWN 1(3693)

BssS 1(3450) & PshA 1(2021)

s
BspLU11 I(3277,
v S(ap I(3)161)

Bst1107 [(3048)
Tth1111(3022)

Bgl 1(2240)
Fsp 1(2258)
Psp5 11(2283)

(a) pET30a(+) & t4& (b) pTEV #4k

Figure 1. Expression vector for experiment
1. LI ARIKEA

3.3. PiGK5 BasMmRIZRIAS (Fa9H5E

¥4 pET30a(+)FUA/PTEV #ifkH Ssp | BREIMEZER VIR 37°CREY) 2 h, BURFEELR k)G, BEYIR
Bk BUEAT DNA [RII.

[T 26 1 pET30a(+) 3 A/pTEV #i/A 5 T4 DNA R4/, dGTP WR2IJE, T 22°CHEE 30 min, 75°C
% E 20 min, FIF T4 DNA A 3' =5 IIRGRE: , BFD) o B RS R 1 26 M pET30a(+) i iA/pTEV
BAR(E 2).

[ I PIGKS a4 cDNA Zwfid[X Bt 5 T4 DNA B4 8. dCTP IRA)JE, T 22°CHE & 30 min, 75°C
% 20 min, [FI3E, BEUIAEARPEAR G PIGKS-N i v Bt (K 2).

R A s FLAME PIGKS P41 cDNA gt [X v Bt 4k 1 pET30a(+) 3 AA/IpTEV Hifki 2] f5 T 22°C ¥
& 5min, FALNKIGATE DH5a 24, B K IAT R o ) DNA B ER AR E A kL. ¥ 5
A TR K AT 3 DHSa 3541 T Kan W8 50 pg/mL (1) LB “FAR, §ikBi i sa e wvk, #:47 PCR
YSE . BT PCR % NBHME MR KIS IR P HUTRL,  HEAT Xba 1. Xho | FREIPERZER P9 UG 1) XU
YE . BEY) % N PH M R B Ok AR T . WU IE R R R B AR 43 A dy 44 A pET30a(+)-PiGK5-N - Al
pTEV-PiGK5-N.

3.4. ELHER PiGKS5 Bashifk-His 1 PiGK5 fasbim-MBP-His IR 54k

W1 % IR B304k pET30a(+)-PiGK5-N Al pTEV-PiGKS5-N 73 5l 4 N K AT i BL21(DE3) 32 44
K, ¥AE T Kan W8 50 pg/mL (1) LB ~FAR, HRELHL v B B PR R T 10 mL Kan 34 50 pg/mL ¥ LB
WA IR EEAL, DL 37°C 180 r/min 1595 E W OD600 A 0.6. 4% 1:100 A ELHIHEH: A 1 L Kan WM 50
pg/mL (1) LB #ifAE 7R 4L, LA 37°C180 r/min 5572 2 i OD600 4 0.6. #AJ5, KI5k N 16C, H
n—E W EE IPTG, 180 r/min iH &% 16 h #5775 3 H & H R . Z I 4500 r/min &0 15 min YO8 B4R T
U DARISE S5 N 4597 1) BL21(DE3) 7S [ 1 Ak M & 75 8k Ak pET30a(+)/pTEV 1] BL21(DE3) B #k A *t i
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A Kon | Ssp | BamH |
i  GGTACCGAGAACCTGTACTTCCAATCCAATATTGGAAGTGGATAACGGATCC
PET30 (@) B CCATGGCTCTTGGACATGAAGGTTAGGTTATAACCTTCTCCTATTGCCTAGG E|#F: 5—TACTTCCAATCCAATGCCatgtcaaggtcatacagtac—3’
5|#R: 5—TTATCCACTTCCAATGCTActgagacttgcggtictcgaac—3'
GGTACCGAGAACCTGTACTTCCAATCCAAT ATTGGAAGTGGATAACGGATCC PCRY
CCATGGCTCTTGGACATGAAGGTTAGGTTA TAACCTTCTCCTATTGCCTAGG !
£y PCR=4)
T4 DNASE&EE+dGTP T4 DNASE&E+dCTP
DET30 () +#ph | COTACCGAGAACCTG ATTGGAAGTGGATAACGGATCC ‘ ‘TAcTrCCAATCCAATGCCfPiGKsﬁ’aﬁbfﬁcDNAﬁﬁﬂﬁﬂ—TAGC

CCATGGCTCTTGGACATGAAGGTTAGGTTA GCCTAGG CGG —PiGK5fI5hificDNAZR AL 7 5)—ATCGTAACCTTCACCTATT

v

ET30 (a) +24h GGTACCGAGAACCTGTACTTCCAATCCAATGCC—PIGK5AE41%ECDNAFFSI—TAGCATTGGAAGTGGATAACGGATCC —_—
P @I CCATGGCTCTTGGACATGAAGGTTAGGTTACGG—PIGKSESMHCDNARS|—ATCGTAACCTTCACCTATTGCCTAGG P

() pET30a(+)-PiGK5-N AR i #h gt it 7

(a) +ER 1A

5'GGTAC C3'
3’CCATG"GS’

5'GGATCC3
3CCTAGGS

(b) #fk pET30a(+)-PiGK5-N )45 #)

Figure 2. Construction of prokaryotic expression vector pET30a(+)-PiGK5-N
[ 2. [Ri%3RIEE & pET30a(+)-PiGK5-N HI#E

F 30 mL 47 2% % (50 mM Tris-HCI, 500 mM NaCl, pH 8.0) 8 B R VTTE . #75 B 4 (30% L % ,
A 20 min, TAF 2.0's, [A]F% 4.0 s)# /&, 4°C 18,000 r/min 250> 40 min 152 EAVIIE S B

{fi A His Trap TM IMAC (824F), 785 BiEWR I EAE H . B EIEHZE12(0.6 mL/min)ii s 14 G
FIELRE, I 0 mM. 10 mM. 20 mM. 50 mM. 100 mM. 200 mM. 500 mM B M {1 3% B 2% 13 (25 mM Tris-HCl,
500 mM NaCl, pH 8.0)fK X B Mt gitt, WS Ve, FHF5U00E. EIHFW MHCRE, 31T SDS-PAGE %t/
LK o

WM %% SDS-PAGE VK[, HUEATIVYEH M8 AR BEMR, FHATRE A%y 10 KD F 8 i 25 0 A 1R AT
WAE, WAERTIZE 2 mL. 0.22 pm JE 2838516 ) AKTA™ prime Plus 2 A2k R G B aifh i E, 45
HR AR YESE H 8 H, SDS-PAGE FLVKIIES F 4> TR B, FIEIEE.OE X & F HmE Rk
AT I Eh Ab 15 3 PIGKS R #hii-His il PIGKS il #hiiti-MBP-His # R 2 1 .

i A Image J 4P AR 1 PIGKS Ji#hii-His Al PIGKS il #h3i-MBP-His ) SDS-PAGE H ik P 3t
ITERAKERE SN, 1FEIPFEARIAS AR 5 AE W IPTG IR E .

HO
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3.5. EAEH PiGKS5 BEshif-His 1 PiGKS5 Bashifk-MBP-His I BRE 52 E4m

{H BCA S AR EN E il &l e &AW E. BKEAEAET 4°C, #LME&MN FRGF. EHEA
PiGKS5 it #huiti-His [AIRG A (8] 24 h, &4 5 R, FEALE A PiGKS fiu4bhim-MBP-His [A]F% 1.5 h, %E4:3
KIUFE . SDS-PAGE Bt B vk, W %2 5 88 41 28 (A R e 1k

3.6. AR ELHER PiGKS fashi-His BY Western Blot #:3

FCHILF I 12%5> B 4 CIE R, SRIETCE 5% kdafic . FALE EAFEm I EFAAT N 20 pL. R4
(LUK L H S 90V, IS [E] 30 min: 43 BRI HLK FL O 120V, INFIR] 90 min. 2 FE I TR IR T %
23| PVDF i 1, SR )5 F 5950 g W% ) 141 3~4 h, 100 r/min 5% & 4t His #7251 —$H1(1:1000, 5% BSA
MikE) 4°CRLB, 1 x TBST ¥t —#Ht, 100 r/min &G H LICOR IRDye 800 CW 1L 414 IgG(H + L) 47t
(1:10,000, 5% BSA i) 90 min 53, 1 x TBST #iE¥E —Pi, &&/5H Odyssey LZLAMEOGIAH L R 5
RS, R E (W EE 1 PIGKS Mg shuiti-His & .

4, SLIO4ER
4.1. PiGK5 B HAMIMNFRY LS B F 94

f# ] Expasy TRINFZEI1 PiIGKS5 & I f 4 (AL MR 45 R R, PIGKS 25 [ 4 uify (1 2 5 e 4 H
NAT3AS, RN 19.3 kD, 431 3N CaooHi200N2620271Ss,  FRIREE HI i 10.43, £E KM AT 18 H 1)
TR T 600 708l AFEfRECH 71.98, NARERA: E/KTPIMEN-0.984, KEKEH.

f#F] Spoma TS EIK) PIGKS & A4 1 R &5 TR (& 3), 23 4 a WBE(HE) &St
13.29%, 10 > B #rads(4%) di bk 5.78%, 112 ASToHINIE: it (55) o5 L 64.74%, 28 /M IEAHHE(LL) &7 EL 16.18%.

SWISS-MODEL Tl (1) PIGK5 & [ i 1ty ) = 4 g5 f an B B (6] 4), 5 PiGKS & (A i 4 AHABA
R SMTL ID A 4qiw.2, 54— 21.88%.

‘{Hmnnnn’

|||||||||||||um;n|||||HHHH‘|||;||||HHlumn|||;|||||||||||||||||H”|||||||n||HH||;||H|||||||H‘H|| | iH“|||HH||||||||;||||“}Hn[

|
100 120 140

60

Figure 3. Analysis of the secondary structure of extracellular terminal of PiGK5 protein
[& 3. PiGK5 & B fashim ) — R LEM o4

4.2. PiGKS5 B cDNA 438X PCR 3/ 1

PCR ¥4 PiGK5 fig #hiiii cDNA 4ihth X F Bt 14 5(a), PiGKS5 a7k cDNA 4afi% X A 519 bp, fEEHE
A FEL K P PR ) DNA 4505 K /N2 500 bp,  — 3 K/NHEEF, #1253 W PiGKS Jfd 41 cDNA 4 i [X [
PCR ¥ #4/k3).
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Local Quality Estimate - Chain E C i ‘with N¢ Set of PDB

d Local Similarity to Target

Normalized QMEAN4 Score

S i I

T = Zescore| >2 o 1<|Z-score| <2 o|Zscore| <1  J model

) y 0 200 300 400 500
idue Number Protein Size (Residues)

Figure 4. Analysis of the tertiary structure of extracellular terminal of PiGKS5 protein

[& 4. PiGK5 ZE B MK = 445 4

4.3. FTiLFAE pET30a(+)-PiGK5 BashimF pTEV-PIGKS5 B imaItazE

g BARE R i i 2P pET30a(+)EA48/pTEV #ifk 5 PiGKS 4 cDNA Zwt X Fr Bl 8 e AL\
KIAFF B DH5a B2 #ik PCR L E45 R E R (E 5(b). K 5(c)), FHMETRERE KL 52K
/Ny 500 bp HI B, ST v B 519 bp K/MHTF. X7 PCR %58 4y B (¥ B MR iEAT Xho 1. Xba |
PRI VA ER N DIBR R V) 2558, G Y) 5 NIHPE B HRIE AR 7, 45 R, DNA FPAIERAE, H
CERGAE IR, B AR R

(@)

1000b,
700bp

(b) © B
500bp 519bp 500bp 1

519bp

400bp

500Dy 400bp

200bp 519bp 300bp 300bp
p 200bp

300bp 100bp 200bp

200bp 100bp

(a) PiGK5 fin#huit cDNA Zmfid[X () PCR ¥"'1#% ., M: DL 1000 DNA Marker; 1~3: PiGKS5 ffi4hi cDNA 4 [X [ PCR
LR (b) 7 pET30a(+)-PiGK5-N # & % PCR ¥4 . M: DL 500 DNA Marker; 1~3: 7% pET30a(+)-PiGK5-N
AR TE PCR ¥ 845 . (c) & pTEV-PiIGK5-N # kM H 7 PCR ¥, M: DL 500 DNA Marker; 1~3: %
PTEV-PiGK5-N #AKIFH ¥ PCR #1445

Figure 5. PCR amplification of cDNA coding region of extracellular terminal of PiGK5 and colony PCR identification of
the recombinants

[& 5. PiGKS5 Rfishifs cDNA 4RFE[X H) PCR # 18 R EH FHIE S PCR X E

4.4. ELHFER PiGKS5 Basbik-His 1 PiGKS5 Bashif-MBP-His fIFRiE 54k

B 1E R 1K) 6 IR 4K pET30a(+)-PiGK5-N 1 pTEV-PIGK5-N 43 Al #L N K #TF 1 BL21(DE3)/& %2
Y. IR 16 CIRINZER N 100 uM IPTG -5 H B A RIA, WERRRTTIE, K b i 75 il i 5 X
IEWAYUIEREAT SDS-PAGE HLik .

LK 45 B s (141 6), 5 HoAh A S A EE7E pET30a(+)-PiGKS-N #1485 4k B Ak 1 B AR v ie B 31— 46 G
AR RN 738208 25 kD S, U H 261 A] REN K B R IA 1) PiGKS Mushin, Hixik
H 3 B K AT 3 AR R ik . PIGKS i 4hin-His & (A TN 47 &8 20.1 kD, 7F HL k45 SR p BoR
PEESFREETNNEA SRR, 2P HER T RER, PIGKS Mlyhunt &t Ea, Ik o
PEEE AL G SDS /b, i A T, Wkl mie, TR SRS Ak, ZIERRMEE N
HREA, I AR AR RUR T 0W, A (AL R RACR, IR EE B /N 8] [9] [10].

7 pTEV-PiGKS5-N #4441 B IR 1 T AR BB _EIE S DTiE I 31— 264 66 kD IS iy, TES
H 5 2 A R B AR T A RIS T 3R B UM R 4601, UL B 4R A RIS R E R
MBP 3% PiGKS Mi4him s 1, Hixd HAE KT @ FZ LAl RS R IE . PIGKS il 4h i
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-MBP-His & A T 4> F &N 62.1 kD, H k& B R W0 F 8B KT Lhx0 78, ReJR A PiGKS
M A -His & H— o

(a): FEAHEA PIGKS5 fshui-His i SHRIE. (b): FEAKA PIGKS fgshui-MBP-His i SHKE. M: Ko TEE
H5 Marker; 1: BL21(DE3)H MBS MG 8 LG 2. BL21(DE3) B MBS S B AITIE: A3: S48k
PET30a(+) ] BL21(DE3) B HR A 75 B 1 1 BT Ad: & 2530k pET30a(+) ) BL21(DE3) Bk 75 5 e 5 10 B A T
UE; AB: Mk pET30a(+)-PiGK5-N [f) BL21(DE3) BRIl A i1 5 (1) -iE W A6: #kik pET30a(+)-PiGK5-N [f]
BL21(DE3) i b8 A5 B 5 B ARITE ;. B3: S5 8k pTEV B BL21(DE3) W MG A MG 1) LW B4: S48
& pTEV 1) BL21(DE3) i bkl 75 Bl 5 (0 T AR T B5: & #44 pTEV-PIGKS5-N [1) BL21(DE3) & Fhil 75wl it 5 11
E: B6: Ak pTEV-PIGKS5-N ) BL21(DE3) B #H A5 BIR I 1 B AR IUE

Figure 6. SDS-PAGE results of extracellular terminal-His and extracellular terminal-MBP-His of PiGK5 induced by IPTG
6. IPTG i5-5# PIGK5 BIshif-His #0 PiGKS5 ff1shiis-MBP-His B SDS-PAGE 48R

(a): 100 uM IPTG S K IA M) PiGKS i #hii-His. (b): 150 uM IPTG 5 5 %14 1) PiGKS5 g #hii-His. (c): 200 upM IPTG
73 RILM PIGKS fadhufi-His. (d): 300 uM IPTG 331 PiGK5 fi4hifi-His. M: Protein Ruler 11 R§HEH
Marker; 1: BEUHEFEMIERECIEM BIG; 2. BAEESRAIZNTE B EEW: 3. PR IR B0 J5 I BRARTE s 4:
10 mM R ME5E I 22 i PR =420 s 52 20 mM R J 22 i R PRI T =420 s 62 50 mIM IR P 35 Ji 2 1 8 R 3 J 7= 420 5
7: 100 mM KIS G2 P FFIGE =4 8: 200 mIM DK PR ke J 22 i v () e B 7= 405 9= 500 mIM IR Ik 5 Jit 22 il P 5
JiE =4 o

Figure 7. SDS-PAGE result of extracellular terminal-His of PiGK5 purified by nickel column affinity chromatography
7. EATEH PIGK5 fShis-His HOIRFEEFIEH SDS-PAGE 4R
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ST HEMAE N PIGKS Mishin-His FIFRBER/D, #TESFRBZEAMSE IPTG WEHT 7
tho BN 100 uM. 150 uM. 200 uM A1 300 uM [ IPTG T 16°C %S H i85 AR E 5 WER R ITE,
15 T AR 75 R 5 His Trap™ IMAC A (B, 8 AR (R J32 IOK M £ 30k Ft 2 vy A7 M«
SDS-PAGE Hijk&t B SR (E 7), EAEE PiIGKS fushin-His T8 VR AIERFEE T e+, R
BT Bif . EBKMEIKE ) 50 mM A1 100 mM FBE I 2 th il AR B /b BT At A R G
PiGKS5 fiu4hsii-His. 1PTG ¥y 200 pM i 43 31 (1) w] v 1 B 2H 25 1 PIGKS ffidbm-His 522, KL, #isE
HHHE A PIGKS Ml Ahsi-His 155 855 i IPTG W E Y 200 M.

HAHE M PIGKS5 ffl#hii-MBP-His FIARS, AN FLK 100 uM IPTG i BV A] 75 3045 & 7= & 1 al i 1
HAHE A PIGK5 Hudhii-MBP-His, KA S HHARKER) IPTG 55, SDS-PAGE HLukZ5 R &R (14
8), EAHHE M PIGKS5 Hushufi-MBP-His &2 At & A I e T il b, 7ERKMR S 50 mM
F1100 mM P ILZE P B A R AT PE R AR, 7EBKPEIKR Dy 200 mM R 500 mM (136 M 2% b
WA EE RN TIEEEHEA.

30

20

M: Protein Ruler Il AR Zu {8 19 Marker; 1: B 4458 75 AR B8 00 JR 1) B35
2: BHSERMENT G ER; 3 BRSO 5 AR DUE; 4
10 mM BRI i 22 P BB 7= 405 52 20 mIM IR I3 Jid 2 vl F4) 3 it =
W; 6: 50 mM BRI PE B ZZ R PR =5 7 100 mM BRI I 2% vh iR
HIVERL=4); 8: 200 mM BRMESG: it 2 i R BE B =4 9: 500 mM R i
DM S I PE =

Figure 8. SDS-PAGE result of extracellular terminal-MBP-His of PiGK5 pu-
rified by nickel column affinity chromatography
8. EHEH PiGKS5 RShH-MBP-His HiRAE EMEHT SDS-PAGE £ 1R

PLEE F HLIKCR I ProteinRuler 11 R4t 11 Marker (112K (146 VbR, 8 F 8% Image J 61 7
FE 8 1) SDS-PAGE HLUk EIEAT 8 A4 I AKFE 40 i, RBIH I E BRIk IE A E. KESTE 3
AR IPTG 5% F B4 [ PiGKS Hishin-His (3 A & & 100 uM IPTG %53 T E 41 1 PiGKS5 i
Ahii-MBP-His [3RiA &, H45R 5 SDS-PAGE HJK4E AL, IPTG UMLK AN 200 uM B, 1 L B4
BRI 20 H 20 2 (1 PiGKS ffadhuity-His Fik & fie iy, B (544078 28.11 mgs Horp, nVAPER 1 1 9.71%,
273 mg. IPTG iRINZERAE 100 uM B, 1 L BB IR 211 H 4 5 H PIGKS Ml #hii-MBP-His (1)
EHEL N 49.93 mg; HAr, AIEPEE AN E 89.59%, A 44.73 mg (% 1).
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Table 1. Protein expression level of extracellular terminal-His and extracellular terminal-MBP-His of PiGKS5 induced by
different concentrations of IPTG

5% 1. EYAZEH PiGKS fashifm-His #1 PiGK5 fshif-MBP-His ZEARKE IPTG IS THERRIAE

HHEA PiGK5 fifl #h¥iii-His PiGKS5 Jf1#}if-MBP-His

PTG AAULETEA WE LSS RIS K EAUUE TSR EE LSRR RIS AT
vk MHERERRE MHANEALE  EALRE  HREALE  HHOEARR RARE

(mg) (mg) (mg) (mg) (mg) (mg)
100 pM 6.70 1.65 8.35 5.20 44.73 49.93
150 uM 16.25 253 18.78 — —
200 uM 26.38 273 28.11 — —
300 uM 13.43 2.40 15.83 — —

R “—" FoRRIATNES T

V4 AT E 2H R 1 PIGKS i 4hini-His (19 50 mIM KA (158 JE 22 i R 100 mIM ISR I P 358 5t 2 1 SR 4
1S4 AKTA™ prime Plus & (446 R G54tk , WA B S5 SN0 (0 B0 vk 425 S8 4n B B /s (P4
9(a)), & AR AL T 20 kD 5 30 kD 18], S ELHEE A PIGKS Mushi-His 1T 4 1 &
20.1 kD AHFF, FT LAZE ARSI 2 1 1% o B 4H B 1 PIGKS i Ak siig-His

@ M (b) kD M 1 72 '37”7 4”5 6 7 8 9 10 11 12 13
. i ——

120
1

(2): FEHHEH PIGKS5 f4himi-His (11 SDS-PAGE Hijk. M: Protein Ruler Il £Y [ Marker; 1~8: F— MK AME
WL IR 55 1~8 58 B R 9~11: 55 AN AN IS ) 1~3 58 88 A e . (0): T 4L A PiGKS i #hsi-MBP-His
K SDS-PAGE i3k, M: Protein Ruler Il R0 Marker; 1~13: SAMRIUSIEK)EE 17~29 545 5 B -

Figure 9. SDS-PAGE result of recombinant protein purified by AKTATM prime Plus protein purification system
[ 9. AKTATM prime Plus &R R G4 IERIEHER SDS-PAGE 4R

By tE E AR [ PIGKS I 4hii-MBP-His ) 50 mM Ik I (355 fii 22 g AT 100 mIM DK IR Fr 35 fit 22 o
BT AL EE . 25t AKTA™ prime Plus 2 (2040 R G044k f5 0 H B — 20 B S5l 8 R g 0 e e A«
Mk 4E SR R (14 9(b)), 7 60 kD Abf &R F 4%, 5 H A5 A PIGKS il 4hii-MBP-His [ Filil 431 &
62.1 kD AH#F, %N E L PiGKS5 f4hi-MBP-His %4 . HZE/NT 60 kD (11 F 756 JLA& K INAZE 1)
WA, BERBAARER, 260 kD (8 A H SOOI fass, TR 549 T RBE/ NI E A )
It 5 O B T S S PR %, 130 2 B P P K T () P A R i A o R R R A T A

45. FEMTAMEEED PIGKS fsME-His 1 PiGKS5 Bashik-MBP-His AL B R HEEEN

S E M EHE H PIGKS Mshin-His ) 1~3 SE LMK 45 S 500 uL, BCA F5 H W &M & iR
FIEME EAKE, 8 1L BRI aTE M & A PIGKS Mu4him-His & A &4 0.1175 mg. A E M E
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HHEH PIGKS Jfishun-MBP-His LIAHE 7 ENE, & 1 L WA RS a S & PIGKS sk
-MBP-His & &} 6.0125 mg.

500 L [ A 7P 4L 2R 11 PiGKS i 4hiti-His, T 4°CRBGRAT, &5 24 /NFEURE— K, HE4E 5 UEURE,
31T SDS-PAGE HLFKIRIE, 45 R AR~ (E 10(a)), HEAHE A PIGKS Hishim-His 1£ 96 /NP AR KR
FHXTRRE , AR H I 2 I P AR T A

(a) kD 1 2 3 4 5 (kD 12 3 4 5 6

120

100 120
80

60
50

40
30

20 30

(2): HEHHE M PiGK5 Hubbi-His 4 24 /N HUFE ) SDS-PAGE 25 5. M: Protein Ruler I R%x
B A Marker; 1~5: B4 A PIGKS ffi#him-His f£47 0 hy 24 h, 48 h. 72 h. 96 h I HE Ik
5, (b): HAEH PiGKS5 g 4hif-N-NBP-His & 1.5 /N BURE Y SDS-PAGE 5%, M: Protein
Ruler 115 1: % PiGK5 Hd4hii-MBP-His 1154 7448 75 B 8 B0 f5 19 _B3E W 2: 100 mM IR E
i 22 b B I ) B 20 3R PiGK5 b -MBP-His 7 0 h IRFEURE: 3: 50 mM bR MEBE B 22 ik b
Jit (%) 25 4H 85 1 PiGK5 3 4Mii-MBP-His 7 0 h BTHUEE; 4: 100 mM R 5k B 2% i o B 1) 2 40
A PiGK5 g #hsii-MBP-His 7E 1.5 h i BURE ; 5: 100 mM ISk P55 i 22 b 5 45 i ) 22 4H. 28 9 PiGK5
M 4h5E-MBP-His 7£ 3 h IFEUEE; 6: 100 mM IKMESE i 22 i 4L R (1 PiGKS R 4hi
-MBP-His 7E 4.5 h FFEURE

Figure 10. SDS-PAGE result of stability test of soluble recombinant protein
10. ANAMEAEBREMMAY SDS-PAGE £R

100 mM IBK I Fi 22 ik e FB 1) 2 4 28 1 PIGKS g #hii-MBP-His T 4°CREG1R1E, 4F 1.5 /NS
FE—IR, BT SDS-PAGE HLykAI, 45 R a4 10(b)), FEAE A PIGKS fushim-MBP-His 45 1%
ke, 15/ aRt Il T L, 2 )G, BEENEREK, BE4EE PIGKS Hshii-MBP-His fFF
fife i 3t — 20 el o
4.6. AR EREFR PiGKS5 fasbifi-His BY Western Blot #23

BT Weatern Blot £l % 1A ) PIGKS ffl#hi-His, 558 (14 11)3&R#H, PIGKS5 f4hum-His & A E K
- BL21U(DE3)EbkH 58] TRk, K/NZk 25 kD, ELEEARISEPRD TEM A, R R 1T g5
PRI [A] _F 3o
5. #ig

A M — PSR SR R E, (BT SR MR M BOR ML A U8 2 ML A ¢
PRSI E B G R, B A SRR B faEfiliZmE . B albiia 5% e 1 o7
KERMWZFLHIBG . ARFE SR FE A IR B R W AI[11], MESBIREE, 1 H 2 SBEBURESE
T} 245 1 () 38 0
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1 2

W PiGK S ii-His &

1. 2: Z5 K440 )5 B PIGKS Ml 4hi-His EH .

Figure 11. Western Blot detection of extracellular terminal-His of PiGKS5 pu-
rified by nickel column affinity chromatography
[E 11. sRE4{LAY PiGKS Bashim-His & B HY Western Blot #&5

25kD—

20kD—

O R BT R MR TR IR R R, TG AR BRI 1 A T 08 T 1 R A R 6 ke 2 A A B
e BUR R VLT A A 72, AYEARTE A IR T BURE BRI T RARE, REEAE XUE N 1~2 mis
MG, 3 /NET N ) A 20 A B, Ml FRMIX —4eE, AR EURE SRS IuEY 1, FHERE
W I VG R R [12] o SR AR A BUR B2 I — FhAEFEZE ), PRAAE T ONFT I 4 IR )&, AT DASE
W PR EE A T ARNRELAE[13] [14] [15]. BP0 48 e i R AT A B R L, JR R I+ =2
T4 S5 15 s T 4 S 1) 32 B0 D5 B 45 KA [ 16 s A 1A 2B B PT DL S R B L, 3 T T e 2 7 A T I R R Y B R
B R AR I BUR HERIBLZE[L7]. A MBS R IER, PIGKS A5 EURZE R FIBUR M. oA A
PEA B B UM< o R, PIGKS 28 [ 145 15 T B T 70 %o o] B S50 28 5 (0 38506 B AR B MLk 4 B 3L,
X AR RAE A Bl TF A R0 5 4% M2 48 ) AE AR 25 oA B B4 A E .

SRIM, PIGKS EAJE TEMEN, HRAH/KMEMR R, £ B EHRER 5 HILRIE,
TS S ), TE R AR IA I AR A 2 LA AR Y T UK A [18] « 55 T PIGKS £ A 11X — 45 A1, 4 LK ik PIGK5
R L 47 s R PAY i o B 9 2% B IR S R S ThRE A R . PIGKS £ B4 1 173 MR AR A
o fEZEAS SMEYE RS, HAA R AT RS 5 HAME 50 TR R O 25 & 7R - BRI,
AT T A EFR 20T PIGKS & [ M A1 3 21k /KT RV B Ao e 1k AR 2 i

TERIEHARAN, BEIREREEENOYEE, LI H R B8 S D H Ik S-H A EE(GST). i
FUREFI(TRX) His bR FNZZ 2R 454 B (I(MBP) &, L 32 B FH A 1 56 8 41 2% (1 /8 K A 1 v R T v
PEFRIK KAFE T HH R A Al f % e .

His #1252 /NN H A BRI HE2H A i) Bl A bR 2, AT IEELE H 8 I N 3k C i His ARS8 H HAth fik
G RN, RA 084kD ith, H5HMEARMEG FIHEAA SR E AW EE S EIE[19]. IF
H. His FR B HE 5 B A4 A BR 2 G177, v LA € {42 8 26 E AT (IMAC) X B 4L 1 Se B4 25 40
o BRILZAb, His fR28 T AN T 2 FRIE RS, HAMKMEBEONERM. I His 7%, M EAE
F PiGKS5 Jfa#bhiri-His, 7EHMF Image J TN 1 L W AAE: IRl 3 8]l B &y 2.73 mg. (HALEA
e Eaith, 1L EARaifb IR A MR (1 PIGKS g 4b-His & (&1 0.1175 mg.

His FR25 1 55— B A2 IR 43 1 & AR /N AT DL HAR SR RIRR 254 S SR AR %S . MBP AR%ERE
R H W E VA [20]. MBP H malE ZE[K9whY, 4rF& 9 42 kD [21]. Xf MBP. GST fll TRX
X =RV A R AT T L, RI MBP & — ol LU At 9 il & s 25 B ARGV AR 28 . X 6 AR
A 2 IR S IR B A 45 5, MBP G 8 1 1 Vv B RIA B L HAR P bR 25 Rk & B A e VA R Rk
B =AM 40[20]. F H MBP 78 5 196 SO IR & A B 5 REWE RS B AR € S AR G 1 B e 2 B G
BEfRIIVER[22], PR RT DLEE R BT B Hh 3k A3 KR MBP il 2 (1[23]. TEARSLEGH, WAF% T His bR
ZEA MBP FRZEAFL G ARSI AL, BERA MBP FRZEHIIGIEIER, XEA His W25 5 T 7 B 4l i
F oA MBP 1 His XUbR 25 %14 5 2H 8 [ PiGK5 il #hiig-MBP-His, 1 L 1 A& 4li1k 3543 AT ¥ 14 8 1 1) PiGKS5
Jf1 b3 -MBP-His 2 & 6.0125 mg, j&HE 4 8 H PiGKS fushi-His Al iaTERIA RN 51 5 A A, S5
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WRARIE MBP bR AT (L8R (1 (0 AT i e A — B, (A2, 418 [ PIGKS /M -MBP-His [ 5 1k B &
TR, 7E L5 h B I T R MRS . ST R T BRI AT B K R R o 1 8 S
SR (MR B AR A, BSR4 R e s SRR (VAT 5 R AE R
St 25 1 AR 1 T A R T IS B 733, 7 R S R P R I R 0 2 R 70 2 PR
AFEE T UK AT, R TR EE (RO H T 20 C AR AE.

6. &g

ASZIGAT I T AN FERRZEXT PIGKS £ A fusbmRIA M sEm, SREMH, 1 L KGAFwRikmnEh
PiGKS5 Jifd#huiti-MBP-His 25 [ &4 44.73 mg, 3R1S40% &N 6.0125 mg; AJ VA4 PiIGKS5 A #him-His 25
HON2.73 mg, RIGAIEE N 0.1175 mg. RIAMFEHEEROETTE &5 H 1 16.38 5, RE4AEAE
i f2 5 1 5117 f5. EALE A PiIGKS5 fudhim-His Al E K% 96 h A4EFF R A4 Miae, HEHAEA
PiGK5 il #13ii-MBP-His {{7E 1.5 h B gt Bl T & FI BRI S, B LSS MR A e

gt ki E A B 1 PIGKS g #hifi-His 1 PIGKS5 g 41 iiii-MBP-His FI451% , BARRRA His bR PIGKS
fahu B A AT E R R O RS, HEAEOERE, @ His A28 EIEA T PIGKS ok 1 )5 % R4
NG SR A5 5 D RER AL -

E&ME
VI [ SRS G PR o2 VAR MO AT W A TN 5 SR (DB BF 9" (4 5 31760252).
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