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(A IRAOK =T BT, #eEE w8 350025)

O E: B8] FIHE R R G0 # 68 80 5 715 2 (Bel circovirus, EeCV ) K FEHE 1 (Cap ), LA
EeCV W B {v 555 1 M AR S AR il S Al &6 B9 25 Ak . LR LA BeCV Cap # H Z K 41 /5 51 ( GenBank & % 5 .
NC 023421.1) #Z% , AL EE T IH AT 250G 0. 56 U7 5] 5 2 pET-32a 2014, #4) 4 8 21 %3k Bk
pET32a-EeCV-Cap, JfH: L E %k £ 8 BL21 (DE3) ', Ak SRk Bt E, H4 BeCV Cap ALHEH . W
F1 Fl SDS-PAGE 5 Western blot Xf EeCV Cap & [ #1745 28 , I3 1 35 55 B 55 WL 2% 02 75 I8 AU 35 UKL (virus-like
particles, VLPs ), [# R 1 4l Jfi ki pET32a-EeCV-Cap 7 KR A W F Rk A E A, EHE KN R 31 kDa,
FL7E 20 °C f#1f 0.5 mmol-L ™' IPTG 55 16 h A}, BeCV Cap & 41 % 4 3 ik i B i . 875 W05 10 T 211 b3 it
alifb Al i3 3] — H A 1. 4 Western blot %85, 15 31 kDa 4b7F — 4 WA W AR R VE 46717, S KONMT & o 75t
HUBE I IRER B, 2ot DL T RE R 1% SRR 1E G R BT, AR AR 20 nm ZE A RN VLPs, (458 AHFFT
T EeCV Cap % 7 KGR A W AR MERGL , SR EMZENTE B ER— HMNEN, JFREERI A R d %
J VLPs, T 3+ il & SV 5 S8 v R AR S AR W il i
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Expression and Characterization of Capsid Protein of Eel Circovirus
LIN Ershu
(Freshwater Fisheries Research Institute of Fujian Province, Fuzhou, Fujian 350025, China)

Abstract: [ Objective] The capsid protein (Cap) of Eel circovirus (EeCV) was prepared using a prokaryotic expression
system for the development of an EeCV subunit vaccine and related biological products. [Method] The genome sequence of
EeCV-Cap (GenBank accession number: NC 023421.1) was used as the reference for codon optimization and plasmid
synthesis. The Cap gene was amplified with designed specific primers and cloned into pET-32a vector to construct the pET32a-
EeCV-Cap recombinant expression plasmid. EeCV-Cap recombinant protein was obtained by transforming the recombinant
plasmid into the host bacterium BL21 (DE3) followed by an IPTG induction. Western blot was performed to confirm
expression of the recombinant Cap. [ Result] The recombinant pET32a-EeCV-Cap was mainly expressed as a soluble
protein in E. coli. A purified target protein was obtained using nickel affinity chromatography with the highest expression
achieved with the final IPTG concentration of 0.5 mmol-L™' for the induction at 20 ‘C in 16 h. A single band with the
calculated molecular weight of 31 kDa was detected by Western blot. Under a transmission electron microscope, the negative
phosphotungstic acid-stained protein suspension showed numerous regular virus-like particles (VLPs) that were 20 nm in
diameter. [Conclusion] The solubility expression of EeCV-Cap in E. coli was realized in this study to visualize the VLPs.
Using the modified nickel affinity chromatography, a single target protein was obtained that could spontaneously assemble into
VLPs in vitro for the development of an EeCV subunit vaccine and related products.
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0 7l

[ E XY 8860 (Anguilla) =—F HA BT
S 2, g . et
G R 6 5 37 5 7 ik 1 70% K 1 Y. (R B SR
B AR 2 A0 B AN W At v, TR R i 5 L I 0
1, H o = Y, b 68 fig [ 2R % 3 (Bel circovirus,
EeCV ) 4538 \p 4 ok T H KB 2%k, Eecv
}12~26 nm FEEFRIR DNA 58, HOW TR 7K 5%
U 1 R ER (RFEEA) 4DR™. | 2017 4L
K, GenBank HAJ A ] 21| B 5 A¥ 4= 35 (R 21 271 ) 465 i
[ PR REAA 4 8%, 43908 NC_023421.1 (Ba 1 #£) .
KU951580.1 (AN 24 #% ). KU951579.1 (AN 10 ¥ )
I KU951578.1 ( AN 8 #4 ). 18 fiff [52] 345 5 75 4 X LA
B, SEOES A R R S TAERRIRA
JRTF o A FH 3k TR 4 AR A 1455 B AE ORL ( virus-
like particles, VLPs ) JC7 43 25 2 B 7] 48 75 93 2 1 FF
i, RE W% % e H AT 69 HfE BT, BeCV Cap 5 11 2
EeCV W EEEME N, S 5WfMESR, Higsl
KAm ERPERNL . KL T EeCV VLPs B 57 B A
S HE 5 8 ORI 7E N B . LA ABFoE it e ]
I3 B R URL 5 B SIOG BE A AR LA BL, (RO
WA, BT USRI & s Y e T,
AR T RN A ENL ., WERTEX
T L9 T AR AL A VR e RS, T LS 7R 5 4 A 1 el LU
T 25 T AR T 0 40 A 1) 2238 2R G TP R AT 4 5 R o
W R S LAY VLPs A 8% B 2R 7 2 7
VLPs"” | A/ EE VLIPS 1T LB A0 0T fig 0 2
VLPs'™ | MR 3E 7 VLPs'™, WIS TR
FBeil# VLPs AR E &+ . URBERVIA
A HAT BeCV M5 32 B4 v 7e 5 B2 46 T 5 125 A
BRATE T, T EeCV VLPs BIBFT i oK LA X4
. DU ) ] AR5 Fi e ik T EeCV
Cap S, I8 i 5 5l B WL g8 HoAR Ah | 4123
B VLPs, & WK 3% EeCV IR 5 K/, b B i
EeCV V. BN 1 AT & EeCV HL A Ik 57) £ 25 24
S
1 #HHRS57%

1.1 R

DL 12000 Maker. B ] 14 #% B2 W U B Bam H 1--
Xho 1 [ FE 8K C /R BHE (D) HRRAEL; K
By W ( Escherichia coli) DHSa. BL21 (DE3) &%

YL, pET-32a (+). 5 W& -B-D-f AR 2w
(isopropyl-beta-D-thiogalactopyranoside, IPTG ). dE

nu\a

T 4 8 11 Marker, i 4% 5 (1 Marker. /)N E¥T 6 X His
Tag ¥ 50 B BT A& (D191001) . 3 AR it & 1k ¥ i
(horseradish peroxidase, HBR) #5 it 10 3 #1 /N K
IgG (D110087 ). A:x0 DNA fig [l ik 5] & H A= T
AP TR (Bl RGAFRA A ; Ni-NTA B4 Hike
R B 28 EE A E] . A FE R e 9, 35
& (DA1010) Wy B At 5t R K F R A RS A ;8 g
[ 295 5 DNA H Il AR BHH 2L L, AL %E A
AT 20 C,
12 BRERMRBSEREZRIERNOHE

R4 BeCV Cap % 3 H 41 ¥ %1 ( GenBank % 5§
51 NC 023421.1) ¥ it 45 5 1 51 ¥ EeCV-Cap-F1:
5'-ATGCCATTCTACCGGAGGCG-3'#l EeCV-Cap-R1:
5'-CTATGCGCTGCGTAGATTCCA-3', LAl R ZH 41
B ERIE) DNA ik, #£47 PCR 434 I H 19 -+
B, B R Bk LR T AYA BRA /ST
J¥, NCBI WX IER G #4735 utk . sl 7etlf
J& W51 51 3" A Bam H 1 1 Xho 1 1 Fh il L] {37
ML, W REAE T AEY TRARA R A R EeCV Cap 4
FE5 . 4350 FH R0 N VTS Bam H T FI Xho 1T# A L.
A L BeCV Cap 8 14 K )7 51 5 404K pET-32a (+)
HEATEEY), WICEG Y ™= 9 )5 {8 FH T4 DNA 3% £2 i 1%
B, IEEAE AR IR 751 DHSa. i BHE o d K
BeaR, D)4 5 B2 ik pET32a-EeCV-Cap,
1.3 BREBMESERE

#5 H 40 ik pET32a-EeCV-Cap 54 1k & Kk
BL21 (DE3) @3z 41, PRHAIEERES, 76
LB 553 (50 pgmL ' & 7 8 Z M 34 pgmL '
FR) T 37 CHiFEZE ODgyy M 0.6, HIALHKE N
0.5 mmol-L "' i IPTG, 43%17F 20 C 3% 16 h, 37 C
15k 6h, AU IEGUREIN PTG, 4 °C. 4000 r-min '
B0 10 min WHEFEA . & 100 mg M AN A 3 mL
BIAZA# W (8 mol'L ' JRZE, 50 mmol-L ' Tris-HCI,
300 mmol-L™' NaCl, 0.1% Triton X-100, pH 8.0) #47
HE, FroKBh@eEmm., WERESIE, H
T J5 %L SDS-PAGE 73T £ 11 i) A 5 1 .
14 BREBMLSEL

A& [ alifb 2% 8am 4 0o bR 1R e sh
S Ni-NTA EFZHTRE G, R AR i s
W 3E 2F Ni-NTA SR FUZ AR e fr alifk, sy 03
mL-min 5 FELAYEERB (75 50 mmol-L ' WK ) Y M
B S LIVE W (7 500 mmol-L ™ BEME ) X
H A B AT VRN, 32 07 0 R S5 PR A A AR 22 P
Hr. fii ] PEG 20000 #4585 K, 0.45 pm JE T &
IXBARAE T80 °C.
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1.5 BMEBRLRE

Ak PR 5 ) FE R £ 4T SDS-PAGE ML Uk, LUK
SERE R E T 23 V. 30 min B EIE NC I, I
T 5% A IMIEE A 4 C DR E A BHHLHELL 1:5000
B H A 7F Bl iR 2% vh R %5 WK ( phosphate buffered saline-
Tween-20, PBST ) /il A/ BUBT 6 X His Tag B 70 [
Poik, SEEKMT 1 hJ5 ] PBST YEME 5k . K
HBR i ic 1 245/ B IgG A1 PBST #% 1:5000 5 B¢,
FWERWEE 1 h; P H 5% H A PBST Uk X
S, BB A 2 min J5WEREE R
1.6 FEERGHWARN R B RFES

B AR Y I T B BE (transmission
electron microscope, TEM ) ME ik anF . M &

10 20 30

FI 1% SR B 2 R S DR IR S (e FH P I R A U
fE% &, &Ja M ER AR IR B2 5 A
BRAE W R/NRIER, ETFURILEY R, JEE
60~ 100 nm, 47 Fl 4 ALY A f5 & T TEM (H5 .
Tecnai G2 20 TWIN) T W45 #T EeCV Cap & 1Y 41

B
2 #HREHH

21 BERFERMEE

DL I A 9 68 rh B B DNA R #4R, PCR 4738
EeCV Cap &SR, WP &Mk (& 1),
e mETAEY (L) ARAR TP A
B, ANELIEEST .

40 50 60 70 80 90

» Wt DNA OriginalDNA 1 ATGCCATTCTACCGGAGGCGTGTCTACAGGAGGAAGAGCAACAGGCGACCAATCAGGAATTGCCAGCGCCGATACCGTCGACCAATCAGA 90
» {ift DNA Optimized DNA 1 ATGCCTTTTTACCGCCGTCGTGTTTATCGCCGTAAAAGCAATCGTCGCCCGATTCGCAATTGTCAGCGTCGTTATCGTCGTCCGATTCGE 90

10 20 30

100 110 120

40 50 60 70 80 90

130 140 150 160 170 180

» ¥4 DNA Original DNA 91 AGAGAGAGGAACAACAGGATGGCAGTGAGTCATCACAGACTACAGATCATCGACCACATCCAAATGCCAAACACAGCAAACACCAACCAA 180
) {lft DNA Optimized DNA 91 CGTGAACGTAATAATCGCATGGCAGTGAGTCATCATCGTCTGCAGATTATTGATCATATTCAGATGCCGAATACCGCAAATACCAATCAG 180

100 110 120

190 200 210

130 140 150 160 170 180

220 230 240 250 260

» ¥l DNA Original DNA 181 ACATACAGCCGGTTTAGCCGGTTTTTCTGGAAGCCTTCCAAGGTAGCACGGGCCACTCCTTCACAGGT-CCCATCATTCCAGGCCCATGG 269
» {f:ft DNA Optimized DNA 181 ACCTATAGTCGCTTTAGCCGCTTTTTCTGGAAACCGAGTAAAGTGGCACGCGCAACCCCGAGTCAGGTGCCGAGC-TTTCAGGCACATGG 269

190 200 210

270 280 290 300

220 230 240 250 260

310 320 330 340

» ¥4 DNA Original DNA 270 ATTCAAATGTGTTAACAGAAGGGCGGGGCCCTCTCTTTGCTCG-GG6GCCGCCGGGATGGAATCTACGCAGCGCATA 344
» ffift DNA Optimized DNA 270 TTTTAAATGCGTGAATCGCCGCGCAGGTCCGAGTCTGTG-TAGCGGTCCGCCGGGTTGGAATCTGCGCAGTGCCTA 344

270 280 290 300

310 320 330 340

LR MR AL
Red portion indicates optimization site.
1 EBFRUAR

Fig. 1 Map of codon optimization sites

i Y BR 4 44 9 LD i Bam H 1l Xho 1 %} pET-32a-
EeCV-Cap 41 ik i 47 AU UI 48 7, 4845 357 bp 1Y
EeCV Cap & 945 [F F11 5900 bp AU 21k A Bt (K 2),

1 2 M

5900 bp
5000 bp
2500 bp
1000 bp
357 bp 500 bp

250 bp

M: DNA marker; 1: pET-32a-EeCV-Cap E 4 Jii ¥ ; 2: pET-32a-
EeCV-Cap 415 ¥ Bam H 1/Xho 1 E ) .
M: DNA marker; 1: pET-32a-EeCV-Cap recombinant plasmid; 2: pET-32a-
EeCV-Cap recombinant plasmid Bam H 1/Xho I digestion.
2 pET-32a-EeCV-Cap EHFRHAIWNEEILEE
Fig.2 Double enzyme digestion on pET-32a-EeCV-recombinant
plasmid

ZA KN AU . ORI A5 R 5w A S
W95 50 58 A AT, 150 W B A At E 2 9% 3K JBURL pET-
32a-EeCV-Cap,
22 EAREMNBFSRERABES

55 1Y T 20 B pET-32a-EeCV-Cap 1E 31 kDa /&
G B BRAE, 5HIOMIRF. e 20 C
PR EE IR 16 h F1 37 C Y5 5537 6 h J5 I E K UTTE
R VT IE S 7 R, o X D R TCUE R AT 4
Mro 45HE£ W EeCV Cap F H W E KB R G+
3k, HAE 20 C )T 0.5 mmol' L' IPTGi%E S 16 h
W, HEXBEE T 20 CHEFEI 6 hRikE
(F3).
2.3 EeCV Cap By&ti{£ % Western blot 4347

A A R A Y AR AR i), 153
EAiE . R EMER (E4a), Faifh)smE
H #F 7 Western blot 28 £ . — $1T b /N Bl $iT 6 X His
Tag P 5 B HU UK, — 404 HBR AR IC 1 ¢ Hi /) R
IgG, 7£ 31 kDa &b —4cW B AR FYEZAT, fFA T
RN (E 4b ).
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kDa M 1 2 3 4 5
180
140
100
75

60
45

35 31 kDa

25

M: %A marker; 1: RFSFWEM: 2: 20 CHEFRE LI 3: 20C
FRRIEYIE; 4 37 CHEIFREEFE; 50 37 CHEISREVRE.
M: protein marker; 1: bacterial solution not induced; 2: supernatant of solution
with induced expression at 20 C; 3: precipitate of solution with induced
expression at 20 ‘C; 4: supernatant of solution with induced expression at

37 °C; 5: precipitate of solution with induced expression at 37 C.

B3 Z=!AEH SDS-PAGE RiXEE
Fig. 3 Identification of recombinant protein by SDS-PAGE

kDa
180
140
100
75
60

45

35

25

a: SDS-PAGE H1ik; b: Westernblot %ilF o M: & [ marker; 1: 4f
b J5 77 His #7451 EeCV Cap 1 .

a: SDS-PAGE electrophoresis; b: Western blot; M: protein marker; 1: EeCV-
Cap purified with a His tag.

B4 2L/ His 7% 8 EeCV Cap EH
Fig.4 Purified EeCV-Cap with a His tag

2.4 EeCV Cap HIIESTHEM 2

Zoad M Y 6 )5 AR RS, 7E TEM T Al
WEE 5 20 nm A2 A7 (98 BEREORL , 5 K 4K TR 90 o
KL FAHRL . BRI A% R %K1 EeCV Cap A%
H R A% RUOE S 850 R AF I VLPs (E]5).

200 nm

LT Sk A9 VLPs.
VLPs are pointed at by red arrows.

E 5 VLPs HESTERIEVER
Fig. 5 TEM images of VLPs

3 itk

VLPs & H1 % 5 Cap £ F1 H 2H 2P U 2 B0 B¢
97 0 WORET . VLPs BT T K AR 9 L RO B A 4
WU B T S RAREM TS, TS
KA TEMELLIX 73, REMCR DL 2R ZU A 40 fe 0 5
s, &SN BB VLPs Ry
A 0 BE Y R R ZH S5 4 N B AL etk AT A2 Ak
HA %4 imsn™"™, Bii, vLps /K" Fdig
Witk AWFFERY B, 1540 Shivappa %[19] Fhy 28 1) 4 G bk
JERNERSE R 8 VLPs, HIH AR S R VG TEEE (Salmo
salar) WFEIG AT % FWE % 56%; Marsian 25 F ]
4 38 B A 28 3R B8 R B VLPs % % & 5 85 ( Dicen-
trarchus labrax ), FCT- % 0 E AL F X IAL . % 6
#r EeCV VLPs F i v filf FBAT B i I 5% o

FLAZ AN AZ R I8 R G 2RI 5 Cap B 14
W E RS, Hh KipkawERik &5 A A8
TR BRI . AR, R,
SRANZHTIE A A MO SR R PR Sl Al ROR
UL JREED, BOSRMARR h T AR R s Al
JE/Y EeCV Cap &, Ai50 R FH KI5 18 R 35 &
Gi il 45 EeCV Cap &5 [, JFf I 38 #1 2 B ik k47 46
fbo KT EeCV Cap # I b7 B 3R 3K A AF 50 18 AR WL 4
S0V B2 e e S T B2 R 2 0 RS /S RPN S
U 25 ) S o DU K R G 5 R D R 2
VLPs, 25 C %Sk 10 h, Il Brtaifbikig 2y
27kDa ) Cap F5H, HAEK/NAHR 17~20nm, HA
B 45 19 EeCV VLPs 1R /MHL . A W58 1 [
B 20 CiEFHFR 16 h f 37 CiEFRFR 6 h &Kk
i, K EeCV Cap AT 20 CiERAM T RIEE
Bt

AWFFE i T BeCV Cap 4 H 34 19 % 15 1101k
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MNT A, ¢ T 54 ik pET32a-EeCV-Cap 1)
P, JFFERAZ R IR R GRS T BEeCV Cap 2 H 1)
AR IR . RS S A S B R LT Al

e,

% SDS-PAGE 5 Western blot £ 58, #ifbJ5

EeCV Cap H 41 14"~ 31 kDa, 5 Fis 45 A1 .

EeCV Cap 75 [ 2015 B HiL BE M 2%

RETEAARSN LI A %

2035 W EH AR 20 nm £ 45 1 VLPs, ASHFFE R 6 H g
BAREE . AN . BERFEER BeCV AN ZEH I

FSCAE P i B T el
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