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W E: ¥ N EAKBEF (Vascular endothelial growth factor, VEGF165) & —#F & E 4F ey ¥ A X %8
ok KRBT, G449 VEGFLI65 5T F AT 8 2 M A A M 47 & M AR KA MK A 6 R9T V. B 3l %F VEGF165
HRREAXTE, T REDLFTHUEERS. AEFBRBRLAA AL, HEARTARAKE T
(VEGF165) % 4% N #9 kA BAK. 3B BB BT R ki A E R A KE TR E (vegfles) 49 %48 F,
fe Kok B2 - BBPB A A S 4k sk b, A Biobrick A4 ARty ik, ML VA Pgap 4 B 3T 49 A N rhVEGF165
RIABAAR, R RmMRABRATE. FIA His 4744 VEGF165 A & 69 IF £ 4545 M3, A M & & f= B AT 4h4b
1346 % T 98%%) rhVEGF165 & &1 . rhVEGF165 44t /5 K& 4 0.45 mg/mL, HEFAMFEMK. ZFHREA
KR E LT rhVEGF165 49 464K 47 3, rhVEGF165 L7 A A VEGF165 49 A ¥ & M4, H 4k /%X %) B a7 L kIR
B R ZHKF.
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Production of high-purity recombinant human vascular
endothelial growth factor (rhVEGF165) by Pichia pastoris

Weijie Zhou'?, Fengmei Wu'?, Dongsheng Yao?, and Chunfang Xie*®

1 Institute of Biomedicine, Jinan University, Guangzhou 510632, Guangdong, China

2 National Engineering Research Center of Genetic Medicine, Jinan University, Guangzhou 510632, Guangdong, China

3 Department of Bioengineering, Jinan University, Guangzhou 510632, Guangdong, China

Abstract:  Vascular endothelial growth factor (VEGF165) is a highly specific vascular endothelial growth factor that can be
used to treat many cardiovascular diseases. The development of anti-tumor drugs and disease detection reagents requires
highly pure VEGF165 (at least 95% purity). To date, the methods for heterologous expression and purification of VEGF165
require multiple purification steps, but the product purity remains to be low. In this study, we optimized the codons of the
human VEGF165 gene (vegf165) according to the yeast codon preference. Based on the Pichia pastoris BBPB vector, we used
the Biobrick method to construct a five-copy rhVEGF165 recombinant expression vector using Pgap as the promoter. In
addition, a histidine tag was added to the vector. Facilitated by the His tag and the heparin-binding domain of VEGF165, we
were able to obtain highly pure rhVEGF165 (purity > 98%) protein using two-step affinity chromatography. The purified
rhVEGF165 was biologically active, and reached a concentration of 0.45 mg/mL. The new design of the expression vector
enables production of active and highly pure rhVEGF165 ) in a simplified purification process, the purity of the biologically

active natural VEGF165 reached the highest reported to date.

Keywords:

M B K7 (Vascular endothelial growth
factor, VEGF), N K Il 8 i [H ¥ (Vascular
permeability factor, VPF), J&— 7 B4 ki
PR M5 N Rz Al i A DR, HL A i A 3 2
AL RSN AR M L MR A SRR G
A G R A I A PR R A 0 AR 0 A
YERI 71, VEGF ) 6 #h ik, LA VEGF165
T I e e PN i e 22, 9 H VEGF165 X i A=
K15 mi i M, VEGF165 1E Sk A5 A k1
HERN T, FEIE RGN T Mo bhiz
FFEMVERN, VEGF165 & 8% F T 5%t L Bl 1A 1Y
SEEGH ST, B IR HE/NTEEIR LA I SZ A6 3 1 ST
WA WL LR, SRR FE TR AR YK, i ik
ML WU RENR S ), mali e i) VEGF165 J& B & i
Hiveg 25 ) R L b 2 R R ) S B 5 B S T
R, —AN@E . AR . REIRTS M 4l DL &
HIG R VEGF165 38 RGENJL R H 2L,

KX VEGF165 & 140 T A 16 4w,
TERIERIBRGE TR 5 KA m e, JFH—
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PEFIREARIE B S5 F B (L4l B, AR Tl & 12
B RCREY, BT AR A S 505 3 ik 3R G 3R A
1R AR R LA R IR A I R A kR
PRELWE LA A SLAE e The, Hogm 368
Sy IEE, T A 4 3 N AT DA ) B R A
ARGV K ER KRR G HAT RIRRE . RS
fikid, VEGF165 n] LI7ERRIPI#EE Saccharomyces
cerevisiae™ | e REEEE Pichia pastoris™ ., K
FF# Escherichia coli™® | [ty 21 g M0 i 5L 5 4y
A 2 R R E ARk RS Rt Rk, H
UL ERIBRGEIA L A BRI BER IR
RERBKTAR . PRGN 47 = % %
K WS S B R I B 2 38 2R G i o v 4 DL
MR TAER K B R R AWK i
BT HEREERERNARE;, KB EE
KRG G AW, R E ke
TR B AR IC , KRR REAR T 88 136 1 A B 25 04 B
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PRI R R L R LS Y A i

RIBRGRBERE, WA R RAEHORE

K545 G5 11 i 1k 2 5 DL FE 2 R R A T TR AN TR

A 5T R SE 86 %= B 4 M J#E i B R 1 BBPB
Biobrick 4= ¥ Rk £H %5 1) Pgap M JE 30 1 £ #5 1
rhVEGF165 H 4 e arfietl; AAER— Rk &M
AR [ VEGFL65 H 5 A5 5 K il Iz £
a-PA 155K, ik rhVEGF165 BE Ik 23 Wb 3] 85 55
i, [FTEIEE VEGF165 THEEIX 1Y C A
T 6 AR, FIH His Fr2H VEGF165
(IFZE45 48, (VEGF165 45 111-165 {2 LR) 15,
ST 8 o P A5 R S P %) 2 A2 AT Ak RO AT 35 A5
4l JiF /Y rhVEGF165 11 .

1 MBET %

1.1 FRAFAE K

BETRBERE GS115 i A LI % (R AT s KRIAFT I
DH5o B2 A28, W BT Sk EAE DR A A
Paox-Pgap-BBPB Jiifi, Taox-PgHT-BBPB Jii ki #ll
Taox-Pgap-BBPB  Jit fi H1 A 5C 1 = 4 £ ;
ss1-VEGF165-pGH ik i F i HE5G A= 1) LA R
A G HUVEC 20 bk B B R R AL &R )R
AR AR
1.2 EERFFERE

B i A% B2 N VIS (EcoR 1 -HF . Xba I |
Spe I -HF . Pst I -HF). #2340 (T4 DNA
ligase) . MEIFNUIEE (Endo H). ZfEwEEEm: (Al
A G SEM A NEB 2wl 5 Bk /N5 & B
TIANGEN 7 ] ; Western blotting #3271 £l A
LA HAR A PR A ] 5 CCK-8 Harill i) &
) H Beyotime/# = K ; ELISA Kit for Vascular
Endothelial Growth Factor 165 (VEGF165)l H
Uscn 22+ ; Quick Start Bradford £ [ 52 12 5] &
9 H Bio-Rad /A+]; SDS-PAGE i fit & ik 7] &
W A A T A TR (L) BOARAH.

LB A FR Bk (/L) : BEREREY) 5.0, A

&: 010-64807509

¥ 10.0, SAAK4M 10.0. LB [EfA8E 55 KL b in s 4
15.0 g,

MD [E1AE; R 3 (g/L): N =B 10.0, L& %
MR AR 13.4, AWK 0.4 mg/L, BHEK 15.0,
YPG WA 373 (g/L) . BEEHEEY) 10.0, KEE
M1 20.0, 79— 10.0,

1.3 XE5H=M

ECM399 Hi4:{%, BTX /3 #l; Sigma 4K-15
A A E.OHL, BECKMAN 2AH] 3 Mini 8 5
B K1 . Western blotting B 7k {%, Bio-Rad 23] ;
AKTA pure 4lifb{%, GE Healthcare /Al

1.4 BHHERARIKE

M NCBI A% BRI P2 Hh £ $ VEGF165 1% 1R
J¥41 (GenBank %k . AF486837.1) % LR
J¥#%] (GenBank &%%5 . AAMO03108.1), %R
ABESREEHEFH] (F1 78 bp), 7EH 3L EHY
i EAES K S ss1 FEHE PS5 7 B 5K
S I S RRAR S o FH A 52 30 5 1Y) s B 2 1A ok
[of 2 AN HE S E SN ¢ (X =R=d i 3ok i}
M HPIRE R 5um A 355U EcoR 1 .
Xba 1 F1Spe I . Pst I B2 il 1442 ik oy Vit it U] 47
Mo PO RS AE Y TR BRA Wl T Ak
A

15 BENEMERRESHEE

o B 3% /K Taox-PgHT-BBPB ( faii 5 &
TH-BBPB). Paox-Pgap-BBPB (f% 5 & PP-BBPB)
Ml Taox-Pgap-BBPB ( fif & & TP-BBPB)
(TH-BBPB. PP-BBPB, TP-BBPB A 5146 2 fij
Wik EH5 A EcoR T L Xbal . Spel | Pstl
X 4 A FREIPERZBR N VIR 55 . Xba T F1 Spe T J2&
— X [F) FE T, (7] 2 I A A R AR PR S, RS
KA AR, 5 AR 0k g e 1

JH EcoR I F1 Spe T U] 4= 4k K 5 B Y Bk
ss1-vegf165-Pgh (fi 5 &y sV-pGH), [Alf} ] EcoR 1
1 Xba I W] TH-BBPB #kiA&, T4 DNA 34 H il
EEEWOS W E R B, #3779 sV-TH-BBPB
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i Ak, DHS50 JBSZ 4N, 2N (I mg/mL) i
PR 28 FHPE 7R ;. FH EcoR 1 1 Xba 1 4] 46 <2 FH
PE LRI DI Ml H 92k fk . EcoR T F1 Spe T &
fig ] PP-BBPB iy, YIR [N PP Bz, Sl
WO I H AR TR, F ik DH5a JR Az 254
Mo TEBHE FERE, WIS, RIS H L P
DU H 0 5 A P B 2R3k & ik PP-sV-TH-BBPB.,
151 ZEHENENEFRBEERAENHE

HI Pst I F1 Xba I XE§Y) sV-Pgh, 1 [l
sV B, 5% Pst1 fil Spe I XUV [BIUSUS i
PP-BBPB #{& i Btifiid T4 DNA LRI T4
%, 345 PP-sV-BBPB.

Ffl EcoR I #1 Xba I Xf§Y] sV-TH-BBPB Jii
i, 5% EcoR 1 Ml Spe I XTI 8] i J5
TP-BBPB J Btifiif T4 DNA i il 1% 32 3515
TP-sV-TH-BBPB.

H Pst I #1 Xba I XU E§] sV-pGH ki, 52
Pst [ 1 Spe [ AUEGFYI YR W15 /) TP-BBPB F Bt
il T4 DNA i $: i i% 323815 TP-sV-TH-BBPB.,

Ffl EcoR T il Spe I X(fifi] PP-sV-BBPB, 5
2 EcoRI il Xbal XU U1 g [l W 5 i
TP-sV-TH-BBPB # {4k F Brifi i T4 DNA i $ il it
i, /15 PP-sV-TP-sV-TH-BBPB Mj+% Il H i1
975 ig A

ik A A R ) 41 & X TH-BBPB |
PP-BBPB. TP-BBPB. sV-pGH #4171 . %45
PP-sV. TP-sV. TP-sV-TH HyzkiAk A B, Mk
t PP-sV-TP-sV-TP-sV-TH-BBPB . PP-sV-TP-sV-
TP-sV-TP-sV-TH-BBPB , PP-sV-TP-sV-TP-sV-TP-
sV-TP-sV-TH-BBPB (—. VU, Fi$5 Ul H (5L [H %
BERIKE).
1.5.2 EAFKHBGHREREER GS115 UK EA
TR

W TR Xba I Al Spe | ktEfb)E, 1%3
JE R M v RS I J D el H B R B, IR H
() B L e A\ BRI RE GS115 Jiz A 4
WA T MD REMRRESREA, BT 28 ClEEKE
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FRAATR SR, PR M AATEE , PRI TERE T 5 mL
YPG iR FEFH, F 28 C . 200 r/min 7% 55
% 72 h, 12 000 r/min 5.0 1min 8 B3,
SDS-PAGE il s b, FFFA T8 g 43 Hr i
e PR BT .
153 FBARB%LHE—SLEETHT

B 20 pL AR AFA U 00 B 21 1 PR s P
BRI TG, B RV YT SDS-PAGE. Jf4
THEAK C uryHEAmRRE, FH—HC¢NRbT
His FRZ&HUAR) R —H(HRP FRiCHEH0/N BT IA)
HEFT Western blotting SZ56 1 LABGAIE .

1.6 EHHEMT KEF

FHBHEA 2 L 1 YPD BiFst (ff HBEm
PRV RVE MR pH & 6.0), 130 C&MTFET
220 r/min $E IR EEFE 3 d.

1.7 RFE

T2 TR Y R T 3 TR A8 T PR e DT T b B S AR
W k4T Ni Sepharose 6 Fast Flow Z4E 35 F1Z 4T .
HiTrap Heparin JIF M2, B E EAH A
VEGF165 %[ (thVEGF165) #1T SDS-PAGE #
%, F Image-Pro Plus % f4:%} SDS-PAGE & i#1T
WKEEAH 07, R HE B WA,
171 BHWMEBRREFMZWRER

FH# 4> 7+~ 3 kDa B 10 kDa ) Amicon
Ultra-15 &8 848 W 4 I 2 SR A2 A sk i Wi 4 19 H
PE W, BEARE TEEE EENE, S0
LB Z R aifb g bl . SR )5 F 5 2252 50 BT 5 1
Gz PR E A R R G v, A B 3 RO
£ 25mL, H]0.22 pm 38k U85, Bk4EE
WET 4 TR
172 EOEREREAENERKRE

% F Quick Start Bradford & {0 & 1257 & il
2 25 VbR il 2 A s AR AR IR . USR]
FERIPRAERR 1 (BSA) FIYYME, 7E 595 nm Ab
e RIEE R EAREI L, A TIHEHNER
VR JE
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1.8 VEGF165 & HBIE ¥ IE N
181 WEANSTEE

BETF N DI H (Endo H) J2— M E ZRE 11
REfE X N-HE 2R 1 Y v B B A i S e 5 AU 5
M 5E W O A M AT U B AT BRI
HH KK VEGFL165 & 2 & Atk .
rhVEGF165 453 Endo H [ )5 #E4T SDS-PAGE
34T, B Western blotting 525633 — 22 5k Endo H
EEUIRTE R E A RS N HEN
1.8.2 VEGF165 X} ABr# bk 4iffi (HUVEC)
A 38 7 3 A

CCK-8 (Cell Counting Kit-8) 7 &2 i H
T 200 0 R 20 P ) PR L e R R A Y
A6 VEGF165 FEIRS AT {2 i 145 P9 Kz 2 B A A=
K FFE , H0A] i i CCK-8 1 &0l 5 rhVEGF165
S BRI N R 4 (HUVEC) fofie s fi T,

PERRAL T X ECE R I HUVEC 4ifd, L
10 000 ™4 /mL #Fp %= 96 fLtk, HEAFLINA
100 pL AYAHAEAEIR ; AHAEE R AkLLEE5E 2 hy 1)
TG 4 A A4 FL P 43300 o A6 88 e B A i Ak Tk 4 I
1) rhAVEGF165, R MKEE&H A 94, XHHEZN
SEANMIEE IR B FLINACHT i 58 42 15 57 oAb 2
SVAFLE 190 pb, FAEFLINA 10 pL Y CCK-8 %
W, BHR5Esh 96 fLik, PRI 450 nm K
PG BEME, VE MR Asso WOBAE ; K 96 FLAR
BT ANEE FRAE N AR SR 5% 8 h 5 5 bR UG
I 450 nm 357 4 Ab 5 W S BEAH .

2 BREMM

21 HHERERIKRE

1At H 3L DR 0% I B P A R 2R 7 40 i
FUSERE K H IR M A RIL T LB AR
YEIRBUATIRE, HikET 5 mL LB iR B Rt
ik, $RBUR . WEEY) sV-pGH ik, 1%
TR I FL Uk 4 E A5 SR AN & 1 TR, sV-pGH it
2 EcoR 1 1 Spe I BVl R8I M 45, 0 Bile
1A pGH F1 H i /B sV, sV K/NA 800 bp, pGH

&: 010-64807509

K/ 2 907 bp, HEERHLUKES SR BoREGE W) A
BOR/MEG T
22 ZENBMERBIRIISHGE
2.2.1 PP-sV-TH-BBPB B Kk & MHE
377 sV-TH-BBPB 72 [k /A4 EcoR T I
Pst I P15 S ik 45 3] 25717 )& BBPB A F sV-TH
F B iE 2 fioR, &4 Y) PP-sV-TH-BBPB X
BV 55 58 By, ARAS TR AL FE UL H L D i R
ik & ik PP-sV-TH-BBPB.,
222 ZEAEINBNEFEEBEERIENHE
Biobrick fi ik s, Fib/aPREC T,
HFRi 2 EcoR 1 1 Pst I )5 MUK B A W6 45
i, IR ALUKEE R (] 3) W BEYl™ 1) i Bk
FEATUN, UL 2 4 DL ve b g Ay k) .

bp

3000

1 000
750

1 sV-pGH BRANEGHI & E
Fig. 1 Double enzyme digest products of the sV-pGH
plasmid (Lanes 1-5). Lane M: 12K standard nucleic acid.

bp M 1 2 3

& 2 PP-sV-TH-BBPB WEgHIE7E

Fig. 2 Double enzyme digest products of the
PP-sV-TH-BBPB (Lanes 1-3). Lane M: 12K standard
nucleic acid.
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23 ZENEHWMERREBRFEFRBRS
GS115 & ¥k KA R B 4H & B ik

RAEAI 285 U1 H 09 SE R R B e Y BB R
B} GS115(hisd) &z A4, WA T MD “Faie,
B AT ER SR, HARE R LBEL
SDS-PAGE #illl, XA #6774 Ye sk 35 138 43
BRYLZE NP 4 PR .

Bl 4 iy A 20 5007 B DK GE 3598 BH P B e
G, T TR Y 45 R rhVEGF165, $4511H
(SRR R & 1 AN 3 5 LIS WTE 20 kDa
1 25 kDa Z [A]#54s X IR Z 3k H I A 4401
RRFRE RS, Ravade., HrhH45 0L H LR
L FR AL B TE R 2 A1 3 BBSFE HIHWE 20 kDa

PP-sV-TP-
sV-TH
BBPB

bp

15 000
5000
3 000

BBPB

3 EARK WESYI =R ER Ik E EE

1 25 kDa Z[A4as FIxf I Z KA HRE A &
o fifiefiid 248 0 A witk, HHRE
BE: oy tie TSEe G Aok ) NI

24 HEIEBRM4WK
2.4.1 BHFEMEN

BROFE RO OZE BT 0 R &5 VR R W &
SDS-PAGE %25 R NE 5 o, YEMilg 2 f1 3
BIEoABMEASH, eI 2 WER S A D8
Zefy, VMU 3WCAR R BR T B W45 SEA IS 2441 .
Ui BB A SR A2 B g Ao s Ak B i &
E 245 1 .4 Image-Pro Plus # 4%} SDS-PAGE
AT K EE A M, TR BE A4 E N
96.02%.,

PP-sV-TP-
sV-TP-sV-
TH

BBPB

PP-sV-TP-
sV-TP-sV-
TP-sV-TP-
sV-TH

BBPB

Fig. 3 Double enzyme digest products of the recombinant products (in lanes labeled with different numbers). Lane M:
12K standard nucleic acid. Yeast expression cassette with different copies of the target gene: (A) two copies, (B) three

copies, (C) four copies, and (D) five copies.
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A 1 2 3 4 5 6

kDa M 1 2 kDa M 1

[ 4 SDS-PAGE BSR4 RE

GSII5S M

BkDa M 1 2 3 4 5

25
2520

20

3 kDa

25
20

Fig. 4 The silver staining results of SDS-PAGE. Lane: the culture supernatant of the selected monoclonal recombinant;
lane GS115: the blank control; lane M: the standard protein; the arrow indicates the target protein band. Yeast expression
cassette with different copies of the target gene: (A) single copy, (B) two copies, (C) three copies, (D) four copies, and

(E) five copies.

242 RFRFEMEN

JHF 28 2 2 AT SO (4 IO TR f PV 0 o 0 IR
AiMiEh)S, £ SDS-PAGE %54k AniEl 6 Fis, Pl
W LIS (VKB 3) (SRR EEVEBET NaCl Ve B2y
0.5 mol/L) FIEMig 2 WAEW (VKIE 4) (St e B BEI
i NaCl #&J& 4 0.6-0.8 mol/L) & kit B,
VLA T2 SE 2B e R ali b M e e = 4 H i
1, £ Image-Pro Plus #X 4%} SDS-PAGE [&li#F1 7K
FEFHE T, AL H R EE 146 98.63%.
2.4.3 YRYEHWE QRN E

% F Quick Start Bradford 25 [l & 125 & il

&: 010-64807509

3Ry A Bk bR fE i 2 y=0.847 8x+0.026 9
(R2=0.999 3). HFMAF 1) Asgs [EARADRAER L )y
T4 e 45 8 P rhVE G165 (3% A 0.45 mg/mL,
1 B4 T rhVEGF165 1y4lifk .
2.5 VEGF165 & H R4 5 5E 142 i
251 WEHASTYEESER

¥ HMEAEERITTEL N-FEb AN
T 35 (http://www.cbs.dtu.dk/services/NetNGlyc/)
O, KB E R SR TSI 7RSS 101-103 i
I —A~ N-BEZEALALE (Asn-lle-Thr),
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kDa

25

hVEGF165
§ 20

Bl 5 SRIEALEARIEYE R SDS-PAGE il 45 R
Fig. 5 The SDS-PAGE of the eluent of nickel column
purification. Lane M: the standard protein; the collection
solution of eluate peak 1 (lane 1), eluate peak 3 (lane 2);
eluate peak 2 (lane 3); lane 4: sample solution before
purification; the protein band in the blue frame is the
target protein band.

aifb Wk A E 4 Endo H B VI Y
SDS-PAGE kil &5 S anidl 7A pin, HINEHZL
Endo H B VI J5 B B8 114y F R BR 1 554 1 4
T2 /NT 2-3 kDa, ULHH H B8R [ 78 5 % 5 B
GS115 H1 /i FRIKET KF &4 T N-FEILfL &
Wi, HEEEAMSRA -1, 530kl

#* 1 rhVEGF165 By4i{t
Table 1  Purification of rhVEGF165

FITELR N-BHILAL A7 T 25 S — 50, W4 F =
BB S oy R R RN AR, U B R K AR S
k.

Western blotting %l Endo H i H] §ij 5 (19774
M4 AN 7B i, KM HMEMAWZ Endo H
fitg Y 5 P 45045 10 2 T e ¥908/N T 2-3 kDa, 1A
H 2 10 45 76 SE IR I B GS115 3 ik i
R R A T AL

4 3 2 I M kDa

25

thVEGF165 » D C] DD 20

6 FFRFEMEITRRIEWER SDS-PAGE 4R
Fig. 6 The SDS-PAGE of the eluent of heparin affinity
chromatography. Lane M: the standard protein; lane 1
and 2: the collection solution of nickel column
purification elution peak 2 and 3; lane 3 and 4: the
collection solution of heparin affinity chromatography
elution peak 1 and 2, the protein band in the blue frame is
the target protein band.

Purification steps Protein volume (mL) Protein purity (%) Total protein (mg) Recovery rate (%) Purified fold
Medium supernatant 2 000 - 119.42 100 1
Ammonium sulfate 130 - 94.06 78.76 15.38
precipitation
Nickel column 55 96.02 2.13 1.78 36.36
purification
Heparin affinity 45 98.63 2.05 1.71 44.44
chromatography
Ultrafiltration 4 98.63 1.81 1.52 500

http://journals.im.ac.cn/cjbcn
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kDa

X

v

e ot =

rthVEGF165 —

4 J:

7 Endo H ES¥]BIfE B B9 B B9 SDS-PAGE X EE 5 Western blotting % E &

rhVEGF165 cut
with Endo H

< rhVEGF165

Fig. 7 The SDS-PAGE and Western blotting of target protein before and after cut with Endo H. (A) The SDS-PAGE
identification. Lane 1: the purified and concentrated rhVEGF165 protein solution; lane 2: rhVEGF165 protein solution
cut with Endo H; lane M: the standard protein; the protein band indicated by the arrow is Endo H. (B) The Western
blotting identification Lane 1: the purified and concentrated rhVEGF165 protein solution; lane 2: rhVEGF165 protein

solution cut with Endo H.

252 E4 VEGF165 FHHX} HUVEC 41 A e 1
BT

R0 W ) rhVEGF165 & (0. 1. 5.
10, 15, 20. 25 pg/mL) fEMF HUVEC 4l 8 h,
B 5 8 f CCK-8 3t 7] £ Ko Il 241 i 34 4 1 2 -
HUVEC 4L Asso OCAETEAR [A) 1 35 37 25 A
T<:bfiE VEGF165 & [k B iy mimi s m (&l
8), R rhVEGF165 fie i/ 21 i 1 i 1 FH AR e AR i 1
TR, X5 HASCERETINAS rhVEGF165
PGS IR — 50 (£ 2). ULBI i SR aREERE GS115
A FKIRN) VEGFL65 & H A RIRAEY A iE 1,

1.5
g
sk
210} e
=
g
E TITS
5051
z EEEE
<
wkkk
sk skokok ok -
0.0 0 1 5 10 15 20 25

Concentration of VEGF165 (ug/mL)

B8 A [EKE VEGF165 3 HUVEC fHAakEY (R 1578 1 A
Fig. 8 The effect of different concentration of
VEGF165 on HUVEC cells proliferation. * indicates the
significant difference between the experimental groups
(*P <0.05; ** P<0.01; *** P<0.001; **** P<0.000 1).
The error bars indicated standard deviation.
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Table 2 Summary of methods for detecting the effect rhVEGF165 on promoting cell proliferation

Whether the proliferation effect of

Expression system Cell proliferation assay rhVEGF165 is significantly increased ina References
dose-dependent manner

E. coli MTT assay Yes [12]

E. coli 10% alamarBlue Yes [20]

Saccharomyces cerevisiae WST-1 cell proliferation assay system Yes [10]
(TaKaRa)

Insect cell CellTiter 96 Yes [13]
Non-radioactive cell proliferation
assay (Promega) procedure

Pichia pastoris MTT assay Yes [11]

Pichia pastoris Cell Counting Kit-8 Yes This paper

% 3 VEGF165 £EAEMFRFTERGF TRIEEUHRRS
Table 3 Summary of the advantages and disadvantages of VEGF165 expression and purification using different

heterologous expression systems

Expression Advantages and disadvantages References
system

E. coli Advantages: large-scale expression of rhVEGF165, low cost and short cycle [12]
Disadvantages: cumbersome purification, easy to produce inclusion bodies, the refolding
process of inclusion bodies is extremely prone to mismatches of disulfide bonds, too much
protein affects the activity and purity

Mammalian Advantages: rhVEGF165 expressed in mammalian cells has a natural conformation, and the [24]

cell glycosylation sequence is the same as the natural one [25]
Disadvantages: low expression level, high training cost, and high technical requirements for [14]
operation

Insect cell Advantages: high expression level, correct protein folding and glycosylation modification [13]
Disadvantages: sometimes the glycosylation sequence is different from the natural one, and
the purification steps are complicated and costly

Saccharomyces Disadvantages: low expression level, low purity, difficulty in high-density fermentation, [10]

cerevisiae easy loss of plasmids, unstable subculture cells, low secretion efficiency, and prone to

hyperglycosylation
Pichia pastoris

Advantages: high expression level of multi-copy recombinant strains, low culture cost, [11]

correct protein folding and glycosylation modification
Disadvantages: the workload of screening multi-copy recombinant strains is large, and the
single exchange integrated transformants are unstable during high-density fermentation

EN ISR i3 aal =R E- TS E S P pTR LI VNG
RHEHMEA ML TZE: 1) ¥ VEGF165 H Y
A5 5 B e i R AR R o[ PR S RRSE B T B
(2R Y R s i 46 3k, 17 VEGF165 J¥ 5111 C
SN His 345, M3 His bR25F1 VEGF165 JIF £
SEOasm, RS IR R ENTE TR A
Zlif, M B DRI 3 B Al AL SRS S T H R
FH 1R 5053 B FIMR 4 B RN, &3k P e P A S
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TR SRR S EE IR, 5 SCERRE Y
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HRE S AW H M E R R A RESBIK, 5
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Table 4 Summary of the purification of VEGF165 from fermentation supernatant using different purification

strategies
Expression 77 Summary of purification
Purification steps rhVEGF165 after Purified fold . References
system e strategies
purification
E. coli 1.Nickel-nitrilotriacetic acid 97% - Using his tag, one-step [12]
resin column purification obtains
rhVEGF165 with 97% purity.
Mammalian 1.Heparin affinity 95.85% 119.75 The purity of rhVEGF165 [23]
cell (Sf21) 2.30 kDa cut-off membrane for obtained by the three-step
ultrafiltration purification procedure is only
3.lon exchange chromatography 95.85%. Too many purification
4.FPLC steps will reduce the yield of
the target protein.
Pichia 1.Sephadex G-25 95% - Using methanol-induced [11]
pastoris 2.Heparin Sepharose FF protein expression, 95% purity
(GS115) 3.Sephacryl S-100 rhVEGF165 was obtained
through three chromatographic
separation and purification.
Too many purification steps
would reduce the protein yield.
Pichia 1.Nickel column purification 98.63% 500 Using non-methanol to induce this paper
pastoris 2.Heparin affinity Pichia pastoris expression,
(GS115) chromatography through upstream design

3.Ultrafiltration

optimization purification
strategy, two-step purification
to obtain 98.63% purity
rhVEGF165.

—: not reported in the article.

Ve DUy B A bk . ol P R I R RS 8 R 55
BAk S R B R . B DT i kAR
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Z: 1) rhVEGF165 REfE A i HUVEC 4 it (1 15 51
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ENTEME R A e i A N N
WEREFRIE RS, AUARENE Wl DR B 2 85 1 1 &%
&, W@ T rhVEGF165 1 4lifb A5 B ke ik 2L 4l Ak,
TR BT R A SR 0L R, A B A SCRRFR O 1 i e 46
E(F4), =SaEBAEMR VEGF165 ik —2
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