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Expression and refolding of OLA [ protein with peptides
derived from sheeppox virus

WANG Zhanhong, ZHAO Zhixun, WU Guohua, DENG Yang, ZHU Guoqiang,
ZHAO Fangyan, LU Zengjun, ZHANG Qiang

State Key Laboratory of Veterinary Etiological Biology, Lanzhou Veterinary Research Institute, Chinese Academy
of Agricultural Sciences, Lanzhou 730046, Gansu, China

Abstract: The aim of this study was to refold the OvisAries leukocyte antigen (OLA) class [ protein with
peptides derived from sheeppox virus (SPPV) to identify SPPV T cell epitopes. Two pairs of primers were
designed based on the published sequence of a sheep major histocompatibility complex [ to amplify the
heavy chain gene of OLA [ a-BSP and the light chain gene of OLA [ -B,m. Both genes were cloned into a
pET-28a(+) expression vector, respectively, and induced with ITPG for protein expression. After
purification, the heavy chain and light chain proteins as well as peptides derived from SPPV were refolded at
a ratio of 1:1:1 using a gradual dilution method. Molecular exclusion chromatography was used to test
whether these peptides bind to the OLA [ complex. T-cell responses were assessed using freshly isolated
PBMCs from immunized sheep through IFN-y ELISPOT with peptides derived from SPPV protein. The
results showed that the cloned heavy chain and light chain expressed sufficiently, with a molecular weight of
36.3 kDa and 16.7 kDa, respectively. The protein separated via a Superdex™ 200 increase 10/300 GL
column was collected and verified by SDS-PAGE after refolding. One SPPV CTL epitope was
identified after combined refolding and functional studies based on T-cell epitopes derived from
SPPV. An OLA [ /peptide complex was refolded correctly, which is necessary for the structural
characterization. This study may contribute to the development of sheep vaccine based on peptides.

Keywords: OLA [ ; sheeppox virus; molecular exclusion chromatography; CTL epitope

FEHLMEMEE AR (major histocompatibility
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(goatpox virus, GTPV) Fl4= 451514 {7 ks s 1
(lumpy skin diseases virus, LSDV), 7] 4355z
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AT IR T R UG T iR 3] 96%, MR RM —#
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R BAEDAT o A Ay il ok i J /N R € F
OLA 1 E&Y NS CTL FKALmmidk & F A
P2 P I R B LAl

1 #H57%

L1 ##
N A TR A X KA, Q5
High-Fidelity 2xMaster Mix , T4 Ligase. EcoR I .

Hind 1l Nde 13¥JI4H NEB /AH]; Trans 5K
Plus. KHF# E. coli BL21(DE3) Mg B4t i
4 UE AT pET-28a(+) iy Ol B 22 B
== M 5 T 5L B 6 B A BA DR AT
RNA #BGLH & . o /MR & B ik
& A T E s fE 26616, Western
blotting & Y6 W) H Thermofisher 23w ; K
J& Hisx6 Fpr. HRP Fric 240/ B A
proteintech /2% 7] ; Superdex 200™ Increase
10/300 GL. Ni-NTA %) H GE Healthcare
7T = 1R N 0 =87 w1 g R E PN
Wi VE S\ IFN-y ELISPOT i 7 & W H
MABTECH A w5 HAth i 550 35 4 [ 7= 43 Br 4l
1.2 A&
1.2.1 PCR 3|#&it

A% GenBank H47 3 MHC [ 284 F Hbik
MRFLNZZ Y (x5 EFELNH
AJ874679.2, REEREN XM-012180604.2), iz Jf]
Oligo 7.37 BAF4MEIT519 (£ 1), BI9H K
ZHCIR M B MER AR R A WG
1.2.2 HZEATMNE & K

f#i ] NetMHCpan 4.1 Server (http://www.
cbs.dtu.dk/services/NetMHCpan/) X OLA 1 43
FRREIPEZ RTINS AM R EE A13L
B VLR Y SIS 2T ) T 4RO, 20K
PV4 (FKSFAPHRF) 1 F A13L & 11 30-38 /i
SRR, R A g R WA PR AR 2wl

R1 BFOLA | ERERNMEHERREMEIY

Table 1

Primers used for amplifying the heavy and light chains of sheep OLA 1 gene

Names Primer sequences (5'—3") Restriction enzymes  Size (bp)

OLA I a-BSP-F  GGAATTCCATATGGGCTCCCACTCCCTGAGGTATGT Nde 1 36

OLA | a-BSP-R  CCAAGCTTTCAACGATGATTCCACACCATTTTCTGTGCATCCA Hind Il 81
GAATATGATGCAGGCTGCCGAAGGAGGTCTGAGGAGGT

OLA [ -B,m-F CGGAATTCATGGCTGTCTCCGCGGCCTTG EcoR 1 29

OLA [ -fom-R CCAAGCTTTTAGAGGTCTCGATCCCACTTA Hind 111 30

Underline displayed restriction site.
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7 B WM 8 % 5 (high performance liquid
chromatography, HPLC) k& i, 46JE k 95%.
1.2.3 E% OLA [ a-BSP. #$% OLA [ -p2m
ERRRE

KAE/NEFEEE KL, RNA F2BULH] &R
BUS RNA, [ 583k7% ¢cDNA, R 1 fiymd
1914y A #E47 PCR 73 H A9 OLA 1
a-BSP. OLA I -Bym, EfIEH o e e ik G ) 3
P38 B R4, e M) e e A 7 e i
124 F. BEEZREBANMEREHLRE
HEIESRIEGA L

Ky e E ., Bk SN EEE
pET-28a(+) #{iAK, #44k E. coli Trans Sa J&Z 4
frh, &W50 uL AR T 2 SRR R
PERPEAR R SR |, 37 Crl s, 43l Pk
PR [ TR U 1 R S SR OBTORL, X T BRI R T
X FU) % 78 Fl PCR %78 S 5 43 #7 o ) 1E
[ 2 A JkE 435l 45 4 pET28a-OLA T o-BSP,
pET28a-OLA [ -Bom. ¥ L ZE 15 F W E. coli
BL21(DE3) 1,2 EALR 43 l44 4 BL21(DE3)/
pET28a-OLA 1 «-BSP Hl BL21(DE3)/pET28a-
OLA I -Bym. 2 NEHE T 37 C. 220 r/min $%
KB FR % ODgo 9 0.4-0.6 I, LU E N
1 mmol/L Y IPTG 4kE1%5 S 4557 4 h, WAL R A
DUVEMB T RERE, M8 Ni-NTA B 2lifh T ik
fraEpsife, e 2 MERWE,
SDS-PAGE il 2 4~ F R & 3 o
1.2.5 SRR ENTE S

Sk B A R IER R, XF 1.2.4
WCAE B 1 iF4T Western blotting £, 46 XT
FEaEfT SDS-PAGE MLk, SRJGHEIE PVDF
AT S BN o M, —Hia T B AY 6% His
FHT (113000 #FE), —Prik Hl HRP Fric il
UM 1gG (10 6 000 Fikk), ECL kIEaifg
53T
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AR EER

DI & 4R B 4 RNA %% 5% J5 1 cDNA
AR, FHERE . RREESIY 0P A B E
R4, 45K, PCR NP B H AT,
Z TR RRWHBE RS i VK A A B A SL ] OLA 1

A bp M 1 2

843 bp

1 PCR A B EHEFZHEEE
Figure 1

a-BSP K/INA 843 bp, FE4E 3L OLA T -Bom K
/N 357 bp (K 1),
22 EHPBHBFSTRIERAL

SDS-PAGE #5 &/, HEEHE M pET28a-
OLA 1 o-BSP #2458 1 pET28a-OLA [ -Bm
HULEL IR IE XKL, 4 F i RNk
36.3 kDa #il 16.7 kDa, ZEH:4lifb155]—&
AR E N, K4k RS R E A
i) SDS-PAGE Fill 45 S an &l 2 i .

5000

30

20

10
5

5

2

1

PCR amplification of heavy chain OLA [ a-BSP (A) and light chain OLA I -B,m gene (B). (A)

M: DNA marker; 1 and 2: OLA 1 o-BSP. (B) M: DNA marker; 1 and 2: OLA 1 -B,m.

AkDa M123456789101112

36.3 kDa

& 2

B
kDa M123456 789101112

16.7 kDa

Ei%EH pET28a-OLA | «-BSP fi2§E & A pET28a-OLA 1 -f,m BIFRIELk

Figure 2 Expression and purification of the recombinant protein. (A) M: protein marker; 1-12: purified
pET28a-OLA 1 a-BSP recombinant protein. (B) M: protein marker; 1-12: purified pET28a-OLA [ -f,m

recombinant protein.
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23 EAFEAMRIEENESH b 53 kDa) FEe%E Bom (& 4).
Western blotting £5 R KW, EHE 2.5 ELISPOT iRl
pET28a-OLA | o-BSP Fl#% 4 % 1 pET28a- W ad IFN-y £ 53VE 89 ELISPOT i 546 4t

OLA I -pom ¥ 54 6xHis & AP = A b vt EES T ke gl ni, 4R En, AZK
v, EHEE AT EUABAIERIEE, T PV4A JIBRE TILERS AV4AL #RIG/NEFEE
/K 363 kDa, BEEEM N UKL E  PBMC 5 MOCK 4 (Fph SR BRI AH A

1, T RR/NHR 16.7 kDa (K 3). AER, RUZZIKATHIFNEFES PBMC 1Y
24 HFHRMBIIR. EREASSHk  THREENE, 1% OLA 15 RN
PV4 B E LS T Hffizfr (K 5).

K /NRIEL TR OLA 1 o-BSP, %k s
FEOLA |- A e S pva s O TV
RSMRREPE . 5h T T % SDS-PAGE %5z S
BHIEWEN, S50 TR Superdex™  IGASCERS . LR E AR, 2R
200 Increase 10/300 GL 1 W Y6 B W AE ) 7 & 8 T L g 2 T 4
(HAMATE 145 mL 4, BUNKSFRA BRNE . B RREPRNK, A
53 kDa, WU/ A BOBRIE SR DURLE SS90 A ErE S Y, Hil, BRI G A
75 kDa il 44 kDa), IS M A AL 3 MIBROEEET A0S 1405 . CTL F41J: MHC 4 F
BERHETT SDS-PAGE 4MiT, 4%, 3 M6 BRIERGL, ABFTOERSMY ik R
INZERATE 1 MIEE I T 50 36.3kDa, 5 2E OLA [ 4r Tk . Tkk, 545 C0hs 2k
2 AN A TN 36.3 kDa il 16.7 kDa  BEATARAMNESE M, I gt th /N FE 2 OLA |
M2 AER, B3 MEANTREN 167 kDa, 4y THREIER S ERR SR b 2k, %446
GEA AN TR W 3 B LA B SDS-PAGE %536 ELISPOT tI0#5 OLA [ 4-FRREIVEZ IS
. SY TR 3 KR ETRE 9 T SR TIR AT, Wi T 1 A4
2 RAK . IEMETER OLA T/BREAY R/ Jak# T iRk (PV4: FKSFAPHRF).

45— 25:‘

15

3 4
- ‘ 16.7 kDa
o

Bl 3 Western blotting #& M E$4 & H pET28a-OLA [ «-BSP 142442 8 pET28a-OLA I -p,m RYFRIA
Figure 3 Western blotting analysis of expressed recombinant protein. (A) M: protein marker; 1: pET-28a(+);
2: uninduced pET28a-OLA [ a-BSP; 3: supernatant of induced pET28a-OLA [ a-BSP with IPTG; 4: pellet
of induced pET28a-OLA [ «a-BSP with IPTG. (B) M: protein marker; 1: pET-28a(+); 2: uninduced
pET28a-OLA I -Bym; 3: supernatant of induced pET28a-OLA I -f,m with IPTG; 4: pellet of induced
pET28a-OLA [ -B,m with IPTG.

B
kDa M 1 2 3 4 kDa M 1 2
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75 44 kDa

36.3
OLA | /peptide
25F  complex

20r

16.7

2m
Aggregates

Absorbance 280 nm (mAU)
v

10 15 20 25 30
Elution volume (mL)

(=]
n

4 FINEMBRIESZKS OLA | 5 FHES

Figure 4  Gel filtration chromatograms of the
refolded complex with a Superdex 200 Increase
10/300 GL column (GE Healthcare). Peak 1, peak 2
and peak 3 represent the aggregated heavy chain,
the correctly refolded OLA I /peptide complex
(53 kDa) and the extra P,m, respectively. Inset:
SDS-PAGE gel (12%) for peak 1, peak 2 and peak 3.

AR KA R &S OLA 1401y
BOERE, T TOREREMNE . HEEQRK
HEH, @dmEEAERR, BEEASS
IRTEASMER Ve A . ik, BIEL RS %
SR SLA T 54 Wi e 0 9550 55 P IR 235
FAERTE CTL FALH i )7 117 /E T 5L (K

A

. - PV4
.
Blank

ConA

5 %Rk PV4 3% PBMC F=4 IFN-y 185157

Mgt fe b, AR EEE AN C RIS
—/~ BSP bp%5, nI#k BirA BERS, AEMSAEILAE
VIR bMC e B, HRAIERS S M OLA |
ISR 7N AR = AT - S I v - A N7 |
pET-28a(+), #lk {7 ATG EIHHEF, HEI
st B N sl & 6xHis Fr%8, A n ]
PU His BYAHON HARE M AR AT 50

afifb Rk OLA 17> 752 EHEE A5 Z KM
BRSSP T2 HTH Superdex™ 200
Increase 10/300GL Xt Eh & 9 OLA 1 /iR
BV, B 4 B OLA T/BRE A1
o310 A R B N ZE A 2 I 3 A gy )
R 3 AAF ST RIPERE5E 3 1A
[] 3 2 A o U 6 DA R AR A A s Y
HE R UEFT SDS-PAGE 43#r, 45 KW,

3 IENAAEA KRR EHER Z R | B
PR OLA [ /BKEAY) (VE(EAE 14.5 mL) Fife
e OLA 1 -Bom, 7EA PRI, XA
JBAEIER OLA T 437 R IR S PRl
WA AWy ohhe, BJehchldr S 2l T 4 C
W%, KRB EHEZ T, S

B
600
_
= 400 -
2
= *
o
v 200  —
ConA PV4 Blank

Figure 5 Determination of the peptide PV4 as a stimulator of PBMCs with a IFN-y specific ELISPOT test.
(A) Peptide PV4 was performed as a stimulator in the ELISPOT assay, no peptide stimulation was used as a

negative control and the ConA was used as a positive control. (B) Column represents the mean number of

spots in each group. T test was used in the statistical analysis. *: P<0.05.
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B OLA [ -Bom AL 8h, HINAZIK PV4
B PE 30 min, G MEREEN OLA 1
a-BSP R E M, BEE. 2K, EHEE TR
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FE [ 58 7 BTV B 53 0 L 0, 33X 55 58 R
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JRTE A13L M 30-38 &R, AI3L
FEJ T B F O b B RTE B A R AT e
JEERI2 B2 W A e BT R Y
B, AR IR T R0k IR T
TR A13L, WIEBI4 A5G A13L frsen]
VB Ry 26 2F- 9 0B AT 58 Vi R BT R A

MRS PTG, MEshY MHC 1
Ko F ik CTL RALE 2R HMGE , Hrb )y
M) 2R SLA 12801, i
SLA 14378 N M 85 . 36 B0 SR ER G
TER R | J TIEOR R T 78 P I A B 2 iRGED T
KF4 BoLA 1 401 FF A0 8 2R 07 RAH 5
WA HaE™, EREHE R, kRa
PG . B MHC 1 20+ T = 8O0 Pk & sk
(H5N1) CTL FA7 (A SBF IR, 45 & 2k
YreE RS, E I EATAR . MHC 401
BEY ISR RS G (PBG) M4, A
M€ 2 IR 45 & 5L 7, i CTL RALIY T IE K
Z Wi 5 14 43 T AL 98 BE 5 SL il . ASFSE K
HIRAFFRIEM R OLA 14 FH T
R IS, MRS CTL R AL
07 2 (] Fof Ay LAt I (An /e 2 #4) CTL
A7 1 7 i A T ¥
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