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Co-expression, purification and bioassay of three avian viral
antigens
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Abstract: To achieve uniform soluble expression of multiple proteins in the same Escherichia coli strain, and simplify the
process steps of antigen production in genetic engineering subunit multivalent vaccine, we co-expressed three avian virus
proteins including the fowl adenovirus serotype 4 (FAdV-4) Fiber-2 protein, infectious bursal disease virus (IBDV) VP2
protein and egg-drop syndrome virus (EDSV) Fiber protein in E. coli BL21(DE3) cells after optimization of gene codon,
promoter, and tandem expression order. The purified proteins were analyzed by Western blotting and agar gel precipitation
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(AGP). The content of the three proteins were well-proportioned after co-expression and the purity of the purified proteins
were more than 80%. Western blotting analysis and AGP experiment results show that all the three co-expression proteins had
immunoreactivity and antigenicity. It is the first time to achieve the three different avian virus antigens co-expression and
co-purification, which simplified the process of antigen production and laid a foundation for the development of genetic

engineering subunit multivalent vaccine.

Keywords: codon optimization, promoter optimization, co-expression, FAdV-4 Fiber-2 protein, IBDV VP2 protein, EDSV

Fiber protein
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Itk PIENRAZ HLALSE, WTRES ML
JORLAE S I K A AN R Ir L, el 2 B R
2P B UKL 2 2% 1 3 A 1 [R) 3Rk HE 0] Ok
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JEA%RIB RS, W B Bk RS Bk
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Fiber MY —FKiE, JFEXT 3 MEHMAY
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1.1 FRAFERK

i ki pET28a My [ Novagen; K iz #F &
Escherichia coli DH50., BL21(DE3) #kIE A KA
AARRH [ A RA A
1.2 EZRKFH

BRI Y EI . T4 DNA 52§14 [ Thermo
Fisher, 2xEasy Taq PCR Super Mix It b 5t 45
SHEYEARARAF . DNA i BGRF & 0 A
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IgG-HRP iy 4 Thermo Fisher, DAB {2 {7 5
& AR 2 AR R\, BCA I E
HIXA WA R REYEARAARAA .
Ni?* Sepharose 6 Fast Flow 14 [ 2%[¥ GE Healthcare.
FAdV-4 B M6 A2 52 A il . 1BDV FHHE
8 1ML A1 EDSV BHPAEXS I 785 W B 24 = 24 i A
T o HoAth Ak 2150 X Ry 43 B i
1.3 FH*
1.3.1 BB KRR B R

P 1 HF Y FAdV-fiber2-F/FAdV-fiber2-R
IBDV-VP2-F/IBDV-VP2-R #il EDSV-fiber-F/EDSV-
fiber-R 5[4, 73 H91# FAdV-4 fiber-2 3L[X . IBDV
VP2 JLIKF1 EDSV fiber ZE[H, 2 A1 N Y PN D) il Ak
PR vilbE 2 pET28a, RIS E 415k pET28a-pT7-
F-fiber2 . pET28a-pT7-1-VP2 FlI pET28a-pT7-E-
fiber, 43 #1441k E. coli BL21(DE3) #EfTHEHFIk,
132 HEFH

MR [) SO 57 B TR R R e, RIS
W OuAL AW, AR I AT T4 25 5 O -k XoF
FAdV-4 fiber-2 5:[A . IBDV VP2 LK 1 EDSV fiber

z1 s¥FF

Table 1 Primer sequences

R FATAE K. FIHE 1 Py FADV-im-
fiber2-F/FAdV-im-fiber2-R . IBDV-im-VP2-F/IBDV-
im-VP2-R fil EDSV-im-fiber-F/EDSV-im-fiber-R 5|
YAt B LR34 f vi ke &= pET28a, KIS A
ik pET28a-pT7-F-im-fiber2. pET28a-pT7-I-im-
VP2 Fl pET28a-pT7-E-im-fiber, 43 %% 1k E. coli
BL21(DE3) M1 £k,
1.3.3 RIBREKBIHIFHRE

43 %1 LA pET28a-pT7-F-im-fiber-2 . pET28a-
pT7-1-im-VP2 Fil pET28a-pT7-E-im-fiber HHHz ,
MR 1 hEA T5 B3 FEsny 5149 pTs-F M
pT5-R 473 H By B 5 v Bt ik 2 pET28a, #R1%
# 21 Jfi i pET28a-pT5-F-im-fiber-2., pET28a-pT5-
I-im-VP2 #i pET28a-pT5-E-im-fiber, 43 %% 1k
E. coli BL21(DE3) #EfrEH#KIA.
1.3.4  FIRBARE BB K SR ERIDF AL

FAE 2 BgIY, 25 pET28a-pT5-
I-im-VP2 Fll pET28a-pT7-E-im-fiber 5k 4714 tH
pT5-1-im-VP2 K Bt il pT7-E-im-fiber F- Bt , I
NN VT RS, HRIR FEFE A pET28a-pT5-F-

Restriction enzyme

Primer name Primer sequence (5'-3) Size (bp) cutting site (Underlined)
FAdV-fiber2-F GGAATTCCATATGCTCCGAGCCCCTAAAAGAAGA 34 Nde I
FAdV-fiber2-R CGCGGATCCTTACGGGACGGAGGCTGCTGG 30 BamH [
IBDV-VP2-F GGAATTCCATATGACAAACCTGCAAGATCAAACC 34 Nde [
IBDV-VP2-R CGCGGATCCTTACCTTAGGGCCCGGATTAT 30 BamH [
EDSV-fiber-F GGAATTCCATATGAAGCGACTACGGTTGGACCCT 34 Nde [
EDSV-fiber-R CGCGGATCCTTACTGTGCTCCAACATATGT 30 BamH [
FAdV-im-fiber2-F  GGAATTCCATATGCTGCGTGCTCCGAAACGTCGT 34 Nde [
FAdV-im-fiber2-R CGCGGATCCTTACGGAACAGAAGCAGCCGG 30 BamH I
IBDV-im-VP2-F GGAATTCCATATGACCAACCTGCAGGACCAGACC 34 Nde [
IBDV-im-VP2-R CGCGGATCCTTAACGCAGAGCACGGATGAT 30 BamH [
EDSV-im-fiber-F  GGAATTCCATATGAAACGTCTGCGTCTGGACCCG 34 Nde [
EDSV-im-fiber-R ~ CGCGGATCCTTACTGAGCACCAACGTAGGT 30 BamH I
0T5-F GGAAGATCTTCATAAAAAATTTATTTGCTTTGTGAGCGGAT 79 Byl II

AACAATTATAATAGGAATTGTGAGCGGATAACAATTCC
pT5-R CCGCTCGAGTGCGGCCGCAAGCTTGTCGAC 30 Xho [

Note: enzyme restriction sites are underlined.
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im-fiber2 Fokirf, RIS E 4k pET28a-F-1-E.
F B, F 3 AN SRR BEAE SORL_E 4 ) i
a4, RS 6 Fh A A A 30 F 1Y BT R
pET28a-F-I-E . pET28a-F-E-l . pET28a-I-F-E .
pET28a-1-E-F . pET28a-E-I-F Fil pET28a-E-F-1., ¥
6 A [ H Ry Y AL SR A Bk E. colli
BL21(DE3) #f1HEEIk.
1.3.5 HWEHWNIESRS

EAMESRBAM R 37 °C . 220 r/min K
7% ODgog M 0.5-0.6 I, FHZ¥k i 4 0.5 mmol/L
1 IPTG T 28 ‘Ci5F3Rik 12 h, [mlTi% & 25 44
Wl RBGEHR)E, BEOBURTEIRGM ., %
A C EEW=1 10 (WIV) BB A PBS, #
IR IARNN . AR, 4 °C . 12000 r/min
20 30 min, 43 FIEMVITE., 12% SDS-PAGE
ST IR IBTE DL
1.3.6 ZEAHR4L

KEIFFFR B G R PBS &5, 1/
FE RSB TR ARIC B, iR 254 : 77 80 MPa,
PEFREE 4 K R B9REs, 4 °C . 12 000 r/min
B0 Lh, Y FiE . FIER 0.45 um SRR IR S
FIH AKTA-pure R4 0% 4 Ni** Sepharose 6
Fast Flow B XK16/20 ¥=7-4fifk ., Y8 i e i
11 12% SDS-PAGE #:ill
1.3.7 Western blotting 4l

alifb )5 B R A S A0 M R A R N &
SDS-PAGE J&, KT GEEA%EE PVDF
B E, 5% (WIV) BRI =B 2 h, SR)E4r
B 1 500 FiBef) FAAV-4 B RS I 3 . 1BDV

®2 BEENAESIYFT

FHAEXS IM 35 A1 EDSV FHMEXS MW, 4 CHFHE LK -
PBST ¥ 3 ¥k, 4K 5min, fJEMIA 15000
TR HRP ARie M Rbii 196G, =R HE 1 h,
PBST k¥ 3 ¥k, 4K 5 min., Fi DAB & {f il
aRt)E, MELR,
1.3.8 &AW

aifb /5 EAEN, KA AGP K517
FAdV-4 Fiber-2 1. IBDV VP2 14l EDSV
Fiber 2 1A RN LI .

2 HERSAM

21 3MMEEXBTE PRI RIX

R T HE KB S 3 R s Y AT A 3
Fik, BXT 3 FhHUEAE AT 0y Rk
& OLHEAT TR ZEFLAL

¥ 3 FhgE IE Y KB AR pET28a-pT7-F-
fiber2 . pET28a-pT7-1-VP2 F pET28a-pT7-E-fiber
Iy BB E. coli BL21(DE3) 1, fH
0.5 mmol/L IPTG F 28 CiE33ik 12 h, 4551
Bl 1A Fin, SE#IRESRAMLL, S0 RER
& pET28a-pT7-F-fiber2 fI i kk, 7& 58 kDa &4,
EEMULTE R AR W R A, U FAdV
Fiber-2 FEIARZRIE (5F 2 JKIEEFEE 3 VKiE), 1M
IBDV VP2 & 4 #il EDSV Fiber & (4 | ¥4 = %3 1
EVITET , EFHFIE LI I8 A W B s 5%
i, Ul 1IBDV VP2 & [l EDSV Fiber & 1435
Je ) F B UL XAETE . W1 R IR G R Ui,
E R E T, FAdV Fiber-2 & 1 4A%35, IBDV
VP2 % |11 H1 EDSV Fiber & 131k A4

Table 2 Primer sequences of used in tandem vector construction

Restriction enzyme cutting

Primer name Primer sequence (5'-3’) Size (bp) site (underlined)
pT5-1BDV-VP2-F CGAGCTCTCATAAAAAATTTATTTGCTT 28 Sac [
pT5-1BDV-VP2-R CCCAAGCTTTTAACGCAGAGCACGGATGAT 30 Hind III
pT5-EDSV-fiber-F AAATATGCGGCCGCTCATAAAAAATTTATTTGCTT 35 Not I
pT5-EDSV-fiber-R CCGCTCGAGTTACTGAGCACCAACGTAGGT 30 Xho [

Note: enzyme restriction sites are underlined.
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22 3MIMBEFREEZHEBMRL pET28a-pT7-1-im-VP2 Fl pET28a-pT7-E-im-fiber,
R TAE 3 FhBURAE KT B AT R A 43 WAL % E. coli BL21(DE3) &z A4 . 4%
X Fk AT Tk HEHR ) 0 25 R0 1T B IR IR S0k . Rk

HAARMTHWERNYEL . #3410 W5, WIS FIEMTTIES SDS-PAGE 43 #,
HrEE R TsmFOufe)E , KRmMaaE i 1B s, ME 1B ATLLE ), FAdV Fiber-2
iE W A9 E 4 3 K pET28a-pT7-F-im-fiber2 . e NUINT S (BN D R ORI EN: B A W d o BTk

EDSV Fiber 70 kDa
IBDV VP2 40 kDa

EDSV Fiber 70 kDa
FAdV Fiber-2 58 kDa
IBDV VP2 40 kDa

EDSV Fiber 70 kDa
FAdV Fiber-2 58 kDa
IBDV VP2 40 kDa

1 iLRTREEHEERRIAER SDS-PAGE 21

Fig. 1 SDS-PAGE analysis of the expression of the recombinant proteins before and after optimization. (A) Analysis
of the expression of the three proteins before optimization. M: protein molecular marker; 1: uninduced cell lysate; 2:
supernatant of BL21(DE3)/pET28a-pT7-F-fiber2 bacterial lysates; 3: sediment of BL21(DE3)/pET28a-pT7-F-fiber2
bacterial lysates; 4: supernatant of BL21(DE3)/pET28a-pT7-1-VP2 bacterial lysates; 5: sediment of BL21(DE3)/
pPET28a-pT7-1-VP2 bacterial lysates; 6: supernatant of BL21(DE3)/pET28a-pT7-E-fiber bacterial lysates; 7: sediment of
BL21(DE3)/pET28a-pT7-E-fiber bacterial lysates. (B) Analysis of the expression of the three proteins after codon
optimization. M: protein molecular marker; 1: uninduced cell lysate; 2: supernatant of BL21(DE3)/ pET28a-pT7-F-
im-fiber2 bacterial lysates; 3: sediment of BL21(DE3)/pET28a-pT7-F-im-fiber2 bacterial lysates; 4: supernatant of
BL21(DE3)/pET28a-pT7-1-im-VP2 bacterial lysates; 5: sediment of BL21(DE3)/pET28a-pT7-l1-im-VP2 bacterial
lysates; 6: supernatant of BL21(DE3)/pET28a-pT7-E-im-fiber bacterial lysates; 7: sediment of BL21(DE3)/pET28a-
pT7-E-im-fiber bacterial lysates. (C) Analysis of the expression of the three proteins after promoter optimization. M:
protein molecular marker; 1: uninduced cell lysate; 2: supernatant of BL21(DE3)/pET28a-pT5-F-im-fiber2 bacterial
lysates; 3: sediment of BL21(DE3)/pET28a-pT5-F-im-fiber2 bacterial lysates; 4: supernatant of BL21(DE3)/pET28a-
pT5-1-im-VP2 bacterial lysates; 5: sediment of BL21(DE3)/pET28a-pT5-1-im-VP2 bacterial lysates; 6: supernatant of
BL21(DE3)/pET28a-pT5-E-im-fiber bacterial lysates; 7: sediment of BL21(DE3)/pET28a-pT5-E-im-fiber bacterial
lysates.
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MIFFIE ST, IBDV VP2 111 EDSV Fiber
A LV B A5, LA nl i Y
SAETE, 2005 BT 2R 1 H A 43 53R 7.5%
8.1%. Z5MREKW, Hiriiib)s, FAAV Fiber-2
M LU AR IE 20 E. coli BL21(DE3) Wik,
IBDV VP2 %[ EDSV Fiber & 117384 ol 1t
Rik.

h T A 3 N EAR IR,
TEERS T URAL R FE At b, 430005 k2K 1 i 3h
THAT T o, K T7T B TSN T5 B8 1.
i 5 TE A 14 J50RE pET28a-pT5-F-im-fiber2 . pET28a-
pT5-1-im-VP2 F pET28a-pT5-E-im-fiber 43 544k,
E. coli BL21(DE3) JfLAAH ] A 4 F 0047 2 (1 Y
FKik, g5 A 1C PR NEIH AT LUE H, FADV
Fiber-2 2 (1 vl ¥ PR Sk S B B3, 29k RLnl i
PEFE 114 5.9%. IBDV VP2 & AR IERA

pET28a-F-I-E 5'—{pT5Hlacopl-
pET28a-F-E-1 5'—{pT5HlacopH

pET28a-E-I-F 5'—
pET28a-E-F-1 5'

2 BREFRIEFRMME

W BT, 2 BATiEEE AR 7.4%, (HAa ik
/b EDSV Fiber 8 [ A] VP e 1k 1 I REAIK
2y Al T 6.3%.

Wl FRFIR A, SRR T 3 Fh
PR S AT PE R =, BRI TR ik
FAdV Fiber-2 1/ pET28a-pT5-F-im-fiber2 i
ki, BERERIIETEZ K IBDV VP2 & 1 H AR
/DI pET28a-pT5-1-im-VP2 J&i ki # EDSV
Fiber ] i M 3 ik B 457 1) pET28a-pT7-E-im-fiber
JEREHEA T R I SR AR B A A A
23 3[R ERKRERMIL

¥ oA 6 FAS[E B0 ALk (B12) 1)
E. coli BL21(DE3) [alifRs%%, MM S &
. FESFHWEARE, BEEFES EEH 12%
SDS-PAGE il g5 LA 3. 5K En, AlFHH

Fig. 2 Construction of the tandem expression recombinant plasmids.

kDa M 1 2 3 4

40 — =
35— -
25 — .
15— s .

3 HFTAZEBHR) SDS-PAGE 431

<— EDSV Fiber 70 kDa

" < FAQV Fiber-2 58 kDa
< IBDV VP2 40 kDa

— —

Fig. 3 SDS-PAGE analysis of the tandem expression proteins. M: protein molecular marker; 1: uninduced cell lysates;
2: supernatant of BL21(DE3)/pET28a-F-E-I bacterial lysates; 3: supernatant of BL21(DE3)/pET28a-F-I-E bacterial
lysates; 4: supernatant of BL21(DE3)/pET28a-E-I-F bacterial lysates; 5: supernatant of BL21(DE3)/pET28a-E-F-I
bacterial lysates bacterial lysates; 6: supernatant of BL21(DE3)/pET28a-1-E-F bacterial lysates; 7: supernatant of

BL21(DE3)/pET28a-1-F-E bacterial lysates.
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B3 1 FADV Fiber-2 Z& 4. IBDV VP2 2 [ il
EDSV Fiber & Y Al i PR R IA 1 0L 25 7 LA
o Hir, S BRI IR S A K pET28a-F-E-I
pET28a-E-1-F, pET28a-E-F-1 1 pET28a-1-E-F ¥
WPRREIE S 3 A AR (1 [RIB Wl i PR Rk (5 2.
4.5, 6 ki), &APERRRIAEABIA pET28a-
F-1-E Fl pET28a-1-F-E 1tk AESC B FADV
Fiber-2 25 111 IBDV VP2 %5 [ (¥ [a) i} mf ik 3¢ 14
(%5 3. 7 ki),

ol IR BE R AR B3 R 3 R AT v ok Rk
BT, SRR, 5 6 kiEd, 3Fh
EAMLEIEGE 1911, WS aRBEREE
Y13k M4k pET28a-1-E-F M FE, REMSIRMT B mT i1k
FikMx L, H BT BREN.

25 FRTR, & pET28a-1-E-F FOR Y 5 14
AEfZSCEL FADV Fiber-2 Z 4. IBDV VP2 ZE il
EDSV Fiber & [ 35— A ¥ KSRk
24 BREREZAWSL

A BRIk UKL pET28a-1-E-F £ BL21
(DE3) #FATH RIEFE, WRIBEMIE .0 Bl
W T2k

FAdV Fiber-2 #£4 . IBDV VP2 & 4 11 EDSV
Fiber 1 N A4 6xHis #7425, FIH Ni®*
Sepharose 6 Fast Flow H Kl AE 1% [7] B F FAdV
Fiber-2 Z 1 . IBDV VP2 £ [ il EDSV Fiber & [
B 50 mmol/L PKMEIEBEARE /5, ] 500 mmol/L
MR e H B, 3-8 3P HMEANIRAY -
afi Al J5 B I RE S 225 12% SDS-PAGE #:lf, 45
RILE 4, WEIRTLLE W, FAAV Fiber-2 & .
IBDV VP2 % 111 EDSV Fiber & [ fE % [7] I 455
T S RER#T, difk)E 3 FEI R
ELfil>h 1017 0.9, 4l 25k 90% . 75 BT BR ke )5
BCA [ & fi b/ 2 1A B2 1.35 mg/mL.,
M, 4ifk)5, FAdV Fiber-2 &4 . IBDV VP2 &
F1 EDSV Fiber & ¥ & 4351494 0.41 mg/mL .,
0.41 mg/mL #1 0.38 mg/mL.
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70 EDSV Fiber 70 kDa
55 FAdV Fiber-2 58 kDa
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25

15
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B4 “HiEEHERR SDS-PAGE 5547
Fig. 4 SDS-PAGE analysis of the purified proteins. M:
protein molecular marker; 1: purified proteins.
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AkDa M 1 2 BkDa M I
180 _
130 = {gg —
95 — 95
70 < FAdV Fiber-2 70 —
55— 55 |
40 — 40 —
35— 35 —
25— 25 —
15— 15 —

5 EZHZEHA/Y Western blotting 44

2 C kDa M 1 2
180 —
130 —

95 —
70 —
55 —
40 — -

<« EDSV Fiber

<« IBDV VP2

15 —

Fig. 5 Western blotting analysis of the purified proteins. (A) The positive chicken serum of FAdV-4. M: protein
molecular marker; 1: purified proteins; 2: negative control. (B) The positive chicken serum of IBDV. M: protein
molecular marker; 1: purified proteins; 2: negative control. (C) The positive chicken serum of EDSV. M: protein

molecular marker; 1: purified proteins; 2: negative control.
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