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ETRM/ MR ERSEEN Y5 B EE (5 20 K 2 (R B 1 12
RAAL AERY #ATHE? ITHY

(1 BRI B R BIRIL KIK  163319)
(2. W/REEERIRY:  BIJpiT REK  163319)

B E: [80)] xFEAEMmEaAREIR. [5%] KA SOE-PCR 7 k¥ B A 4 Mied
89 TK IR 5] 4N\ 2 % 40 )~ S22 (PPV) 2 & @ VP2 893K 2 o 3K 4 R 3R 45 3] TK-vp2(Avp2) L H ,
£ Bac-to-Bac® ik mARL AP M., Rixf g, [4R] i@id SOE-PCR F k¥ # K
7FAvp2 B, 7 Bac-to-Bac®HF IRk sk & & A & 4 P M 17 5] Bacmid-Avp2, 28Rk S £ SO
B kM3 3 A KR F. A4 %R 5% bR EE . SDS-PAGE #= Western blot #4 £5 & & 81 AVP2
% ¢ /£ Bac-to-Bac®AT Ky K IA A % RATRRA KA, B EG Y T0KD; EH 0T R mitss
R B FAVP2 68 8 LT R R K (TK-VLPs), AZCE AL 22nm-30nm. [£#] K3
KEAM TK-VLPs, A it —F B 50 HAE A 4 1 $e.06) 69 4 K BAR 40 i A

X8R TK Bk, #AKBAR, Bac-to-Bac®HFkmatik i %, mEHHE

Construction of colon-targeted nanocarriers based on porcine
parvovirus-like particles

WU Dan-Dan* ZHOU Yu-Long"® REN Ya-Chao® WANG Xin'*

(1. Heilongjiang Bayi Agricultural University, Daging, Heilongjiang 163319, China)
(2. Harbin Medical University, Daging, Heilongjiang 163319, China)

Abstract: [Objective] To prepare colon-targeted nanocarriers. [Methods] SOE-PCR methods were
used to prepare TK-vp2(Avp2) by inserting TK peptide gene into porcine parvovirus VP2 structural
protein of loop2 and loop4. Then, TK-VP2 protein was constructed, expressed and self-assembled in
the Bac-to-Bac® baculovirus expression system. [Results] The Avp2 gene obtained through
SOE-PCR methods, Bacmid-Avp2 was constructed in the Bac-to-Bac® baculovirus expression
system and the recombinant baculovirus was successfully constructed in Sf9 insect cells. The results
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of the direct immunofluorescence, SDS-PAGE and Western blot assays showed that the AVP2
proteins were expressed in the Bac-to-Bac® baculovirus expression system and the protein was
approximately 70 kD. The transmission electron microscopy (TEM) results indicated that the AVP2
proteins can self-assemble to form virus-like particles (TK-VLPs) ranging between 20 and 30 nm.
[Conclusion] TK-VLPs nanocarrier was obtained, providing a basis to further study the feasibility of

TK-VLPs as colon targeting nanoparticle.

Keywords: TK peptide, Nanocarrier, Bac-to-Bac® baculovirus expression system, Virus-like particles

H M 20 2t 60 AR BIASE N & s Az
(R AT B 6T 7 TR AR R ™, gkt
ARIELIYHEAR R Ty ™A T IRIZ R . Ak,
bl DK 2k RGN BRIk
FEARFB R A WHAEL, LA 9K AR N Sl )
YR FI AR R TR, (R EAOK 2R
MR T2 IRE, BRI Ut 2>
— . JREEFEURL (Virus-like particles, VLPs)TE [ 4%
FAAL AR R B B, B — B
ZAEER R 25 DR UK G IR KL, SR
SRIFBELEIARML, EATAE AR 2 A P Ak
TEIZ AN 7 TR I B RN G J7, R8T
RUZG 3B 3R AR ) T 2 AT VA A 0, FANMEL

Y& 4M/ VR B2 (Porcine parvovirus, PPV)Z41/Mi
BERH/NVI B R L 5L, AP B R YA
7, BT EE DNA fEE, JoBEBE, JNepki1
A SE S — N EARZI N 20 nm=25 nm 1 20 ThifAR%E
FXTFRIR . PPV LRI gnfid M 2545 2 K VPL FiI
VP2, =4ARZE Z ik NS1, NS2 #1 NS3, Hirf vP2
R FEEMEN, S5SWREA 4 MZRAER 1, 3B
2 3 3 FIFF 4), J& PPV HE Sk s AT s i 1,
SF2)h 64 kD, 7E Bac-to-Bac®fFRii#E ik &
girh VP2 R REUE AR I T B 43 e A UK
(VLPs), 7ER/NFITEZS FAR T F K 4R 9 5 L
TS SRR AR A . AR B,
{HR VLPs SEBEMEARXT AL 2E , e = T Iihyes 240 fe iy A
Stk AR M BB VLPs ZRTADGT iR 248 i
(IERENE , K 2516 I TR Rk () T A T Iy 241
FIEE L AR 2 RGE, IXFERTEE e iE
STAAAETAE N AR, (L 0 A Hh B ) Pk
&1 PPV-VLPs 1E 4K 1A (A S HiGEA -

TK IE(TWYKIAFQRNRK)J& 1 12 N IR
W, RIETEREE N Lo BERR IR A BRIR S
PRI, AL BERE N Caco-2 20 W e i EL s fin ey
TABRIRIRIAIB 15, A #1045 g e e A e 0 2 1.
ERIREY, I, AR i R TR A R
HE B TK WFFHEA vp2 JEEFHHER
2 FIIR 4 KIS A i A TK-VP2 B [, 7F Bac-to-Bac®
FRIREEE RIS RGP RIS TK-VP2 8511, A4
B R ERREUR. TK-VLPs, g WFo8 HoAtE 45 i 42 1)
YN K 2 R B 5 LAl
1 #e5h8%
1.1 E#HRIFEEK

TK ik, pMD18-T-vp2 Jiki , Ji&3Z 2% Escherichia
coli DH50 T2 H 21l i (SFO) 24 ph AN 5L 36 & AR A7 I
PAlt,
1.2 EERXFIF0NEE

pMD18-T # /A [ TaKaRa 23wl ; FREIVEN I
fiti BamH I Sal |, Bac-to-Bac®F ki 2615 R4l
JE AR YLk 7] & Lipofectin 2000 ) [ Invitrogen
/3H]; KOD FX Al 2xQuick Tag HS DyeMix i [
TOYOBO Al ; Frkr 2G5 £ F1 DNA S [k
RAE H Axygen A r]; SDS-PAGE BERE i £
FE A 23R ERH A RAF]; T His Fridi
SRS RS FETIAFT HRP Aric i1l 20T/ 19G BT
A (1gG-HRP)I [ Sigma 23 F] ; — 4 FLEX P (DAB)
WA A TAY TR RGARAE; FITC FRid
SR AN o NS B RS B 2R 0 T
PTC2000 %! PCR {¥ .Mini-PROTEAN Tetra Hi ikt |
ChemiDoc XRS+EEIZ 1% £ St #1 Mini Trans-Blot F,
VKB ENRE I [ 25 [E Bio-Rad 23] ; 5424R /MHAR
e AL A R E SO W] JEM-1400 BYi%E
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e RS [ H S JEOL 23w ; DMIB000 4
R E AR Leica /A Fl .
1.3 5|t

Z: 18 GenBank I & ) Fh [E 7k PPV vp2 £ 4
JF41)(BJ07310845), ¥ TK BRFESIEH A vp2 A 5
GIFR 2 FI¥R 4 X3R, FIFH Primer 5.0 #{Fi%it
3 X} SOE-PCR 5|¥y, Mt TAY TR(LE)RnA
FRAFEIA . 519FFR TK IKP03% 1.
1.4 TK-vp2 5 RRLAYHE

Pl pMD18-T-vp2 ki kit , % SOE-PCR
JrEYH TK-vp2(Avp2)2E K 5519, Bk D5 v
T, H—5 LIk pMD18-T-vp2 Jyksitk , 5|4
X§ P1/P2., P3/P4 il P5/P6 4344 , RA5 F Bt P1a.
P34 1 Psgo 25 505N Pio. Pag M1 Pay. Psg h
R, 514 PLIP4 F1 P3/P6 44 , 3545 H Bt Py
1 Pago 55 —HE LA Prg Fl Pag JAEAR , i 1154 P1/P6
YIRS Prg, ENFRESAvp2 JL[K, SOE-PCR 91
F2 %422 (50 pL): 2xPCR buffer for KOD FX 25 L,
2 mmol/L dNTPs 10 uL, 10 pumol/L I FiE5 |44
1.5uL, 1.0 U/uL KOD FX 1 uL, 200 ng DNA FEA4%

2 uL, ddH,O 9 uL. SOE-PCR JZJ%i4%fH: 94 °C
2min; 98°C10s, 56 °C30s, 68°C2min, 351
¥R ; 68 °C 10 min, F 1%MBUISHHEE IS FRIK X 5E .
SRR T Avp2 BERHEH A pMD18-T 2%
K, #LZ S E. coli DH5a H, 37 °C 153t
12-16 h, HRHCHM: e R P& EF T BamH 1 A1 Sal |
M DI E , W S LA %) P P SBOR LR A 1 P 5
fir%°H pMD18-T-Avp2.
1.5 TK-vp2 # Bac-to-Bac®#FIRimEZER KDY
EAFES

FH BamH 1 1 Sal | X{Ji#§H] pMD18-T-Avp2 Jit
ki, IR AS Avp2 JER R B, % 2 3 M R il
WL pFastBac MHT A kLAY 22 sa i & 1, %
HIEAL 2 JRZ 2 E. coli DH50 1, BRHUSH M 258
FETH 7% iE1T PCR MM EFYI A 7 ik 25, RS A
EERL ORI 2 N pFast-Avp2, % 5 TE I F 40
R IR pFast-Avp2 FE AL 25 A FRIR G B 2R 2
& Bacmid HJ/&~Z7Z E. coli DH10Bac 1, 5
Bacmid kA SR R, FESA 50 pg/mL
FHRE R . 7 pg/mL EKFEZ . 10 pg/mL U E |

F1 yIE5F0 TK BRI

Table 1 Amplification primers and TK peptide sequences

BIL B4 Gik7)s 2l F Y RBe
Primer name Primer sequence (5'—3’) Fragment size (bp)

TK-vp2 primers P1 GGATCCGATGAGTGAAAATGTGGAAC

P2 GGAGAATATCTATGTCTAGAAAACCAGGAAACTCCAGTGTATGTTGGTGG 734

P3 CTAGACATAGATATTCTCCGTTCGCTGTTTCGCAATCACAACAAATAAC

P4 GGAGAATATCTATGTCTAGAAAACCAGGAAACTTCTAGGTTTAGTGGTG 672

P5 CTAGACATAGATATTCTCCGTTCGCTGTTTCGAATACAAATAATGGAAC

P6 ACGCGTCGACCTAGTATAATTTTCTTGGTATAAGTTG 528
pUC/M13 primers Forward CCCAGTCACGACGTTGTAAAACG

Reverse ~ AGCGGATAACAATTTCACACAGG 2430

TK sequence GTTTCCTGGTTTTCTAGACATAGATATTCTCCGTTCGCTGTTTCG 45

T TRRFESIRRMA TR, o mA G SR S I  E P85 LS4 59m5 | A BamH | BFUIGLAL, RS9 5505

A Sal | UM, W4 TR 5 R I 3.

Note: TK peptide sequence is indicated by italics, and insert into the underlined part of the primer sequences as overlapping sequences; The
forward primer 5’ end into the BamH | restriction enzyme site and the downstream primers 5’ end into the Sal I, both are represented in bold

and underlined.
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100 pg/mL Bluo-gal 1 40 pg/mL IPTG () LB Bifig
A EDO 37 °C K5 3% 36-48 h, I U I BKEGE
e BAPE R, 4 EALFR (Bacmid) DNA, N
I pUC/M13 FIR 51947 PCR %7€, PCR [
A Z (50 pL): 2xQuick Tag HS DyeMix 25 plL,
10 umol/L - FUi#51445 1 ub, 50 ng Jiiki DNA
1 pL, ddH,0 22 pL. PCR Sz %4k : 93 °C
5 min; 94 °C 1 min, 55°C 1 min, 72 °C 5 min,
35 MR ; 72 °C 10 min, K% 5E IE A A L 4LFT
Wi 44 A Bacmid-Avp2,

FIAFE YR Lipofectin 2000 4% Bacmid-Avp2
FeyezE ofg B iuniah™, 27 °C §i3% 4d, T4
HH BT AR SR s, VR PL ARERA]
FRARIEE . $EH PL AU EE AL 4, ] pUC/M13 FIR
SIW 1T PCR %, K13 P1 UM N
rBac-Avp2. ARSI FE IR R, 10 P2 AN EE,
SR F 9 2 T R S G 0 i
1.6 TK-VP2 7f£ B 4l SfO PRIRIZLETE
1.6.1 SDS-PAGE #1 Western blot £ #i%
(1 PL AQ B Az B FF AR 95 B R EE 4L FF IR O 7
rBac-Avp2 &4k SO 4iijitd, 80 h J5 /Bl kYL Sf9
200 L P R e 5 LA SR AT AR 1 1) SFO At
4°C, 500 r/min Z5.0> 5 min, 4> 5ICEE i wCFIZH
MITTHE, ANMETTE f S VRl 3 M 1/10 (A PBS
W ER, ARG ER, IFLA O AE R 1Y
FESbiE T SDS-PAGE LK, — % Dl
Yett, — {3 FF Western blot #:31, LIHT His FR%%
() FRUUR B s B PTAARC —HT, DL HRP ARic i Ll =E4L
/N 19G i 4T, FJnAE DAB 8 i i 6
Wit
1.6.2 EHEREZRNETE: 15 SO 4k 48 LS,
% P2 8 rBac-Avp2 LA 10 4~ MOI Jik#x 48 FLAH1 A4
SfO 4tiffl, JEkiy 72 h J5 R HB A ERE E 30 min,
5% BSA F1 1% Triton X-100 il &AL FH 30 min, Ff
FITC FRic Pt PPV HUATE S OIS 1 h, PBS
Uk 33, i AGLIE O AR P .

1.7 fREMEBEEMNE

P2 g aEiEk e SfO R A1y 80 h JelkdE Iig
W, AL 3 YK, 4 °C. 500 r/min &.0> 5 min,
B 100 pL i 8g B, T 4% 6, &
S E B AU WSS TK-VLPs BYARE 11

2 YR58
2.1 pMD18-T-Avp2 52 F& Bk B9+ E
4 IR Tk pMD18-T-Avp2 45 BamH | #i1 Sal
| BEPI%E I 2 4545, 0 0IfF S 2 692 bp (1)
pMD18-T # /A1 1 854 bp HAvp2 HAEYH B, L&
WP o3 A 0t — 2 B TR 91 09 A vp2 JE 8,
RAFAVP2 FEH (A 1),
2.2 TK-VP2 7 Bac-to-Bac®#FIRfFERIER LR
PRI E
L FFRL Bacmid-Avp2 43 pUC/IM13 514
PCR % E45 R %, Bacmid i PCR =1 kK/NA N
2 430 bp, i LAMESGAAvp2 B R B, 48
4 284 bp, THEF A RUFFIRIG S 1 300 bp H 1A
B, XA R/ME—2, B Avp2 3 H R G
AR a2 1 2 P 2 H (1 2)

bp

2692
2000 1 854

1 000
750

500

250

100

E 1 pMD18-T-Avp2 ELHFRH WAL E
Figure 1 Identification of recombinant
pMD18-T-Avp2 with restriction enzyme

H: M: DNA marker DL2000; 1-2: BamH I/Sal | XD &2
ki pMD18-T-Avp2.

Note: M: DNA marker DL2000; 1-2: The recombinant plasmid
pMD18-T-Avp2 digested by BamH | and Sal I.

plasmid
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bp bp
15 000
5 000 4284
2500
1 000
300
250

E 2 Bacmid-Avp2 8 PCR £ E4&R
Figure 2 ldentify of bacmid-Avp2 by PCR
7E: M: DNAmarker DL2000; 1-2: Avp2 PCR =4¥); 3. Hi4:

Note: M: DNA marker DL2000; 1-2: Avp2 gene amplified by PCR;

3: Wild-type baculovirus.

2.3 TK-VP2 4 SDS-PAGE #1 Western blot £

SDS-PAGE 45 R EH], FEAFRpEEIEGL M
SFO 4 i 41 55 A1 B L ATIR S 7 B i) SFO At if 4
ToAFRI BB 1 STO ZH B AH L, 7624 70 kD i
MEMEAZN, X2ER VP2 S5 E it
2575 64 kD, T N w4 T 28 P ILMR IR AL (4G
6xHis, 4+ FE#N 3.6 kD, REWSUETRALARIL),
THRFIRNEAE A TR 70kD, 5T
ST MR TR T AN 5 NI 3R TR ) B A AR s 4 U 98¢
£ IKHF (K] 3). Western blot 45568, AVP2 &1
ABE SHt His Aric i BB SR S REPLIR R N, 752y
70 kD Ab Hy BURR SR AE 1 A%, AR 2-6 DKE H )
JoRe SR A LR 4). DL ES5RERBAVP2
HEHTE Bac-to-Bac®FP IR 23k R4 RS Rl &
Rik,
24 BHEERBRRALLE

B 9 IR B0 45 2 R R A A AR
FEHY ST AHMIFENS 5 FITC-FRICHITT PPV HLIA RN
PR RO, X IRZE SO ZMM A 7 A= S (5
45 HL 3R WY 20 AT IR 6 B AE RS U4 L N B R Gk
AVP2 B 11, 1 H iz A EA BT s )5k (14 5)

kD
170

130
100

70
55

kD

70

40

35

25

& 3 =EHEHAVP2 89 SDS-PAGE 434

Figure 3 SDS-PAGE analysis of the AVP2 protein

T M: BATFREbRE; 1. B SO Ay AR
B LW 2. B ST AR EAFFRE T LI 3. R
YRR EE Y STO 4N L35

Note: M: Protein marker; 1: Infection Sf9 cells of non-recombinant
baculovirus sedimentation; 2: Recombinant baculovirus infected

Sf9 cells the supernatant; 3: Uninfected baculovirus Sf9 cells
precipitation.

kD

70

4 EHEHRAVP2 B Western blot 247

Figure 4 Western blot analysis of the recombinant protein
AVP2

W M: AT baE; 1. FAFPIRG R Sf9 AN
VARG 2: AREAFRRG R SO AUy BIEWG 3: AR
PRI SO AUMIAY FIEHG; 4. 56 Gl 1. 2 3 /Y
AT

Note: M: Protein marker; 1: Recombinant baculovirus infected Sf9
cells the supernatant; 2: Infection Sf9 cells of non-recombinant
baculovirus sedimentation; 3: Uninfected baculovirus Sf9 cells

precipitation; 4, 5 and 6: Respectively is 1, 2 and 3 of the cells
supernatant fluid.
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5 HIERBEKALLETEAVP2 £ SO @i rRE
(400x)

Figure 5 Direct immunofluorescence assays to evaluate
the expression of the AVP2 proteins in the Sf9 cells (400x)
TE: A: FITC ARCHYAEFPIR AR YL Y SO 4f; B: FITC 45
TEI AT ARG TR ST 2t M.

Note: A: FITC labeled uninfected baculovirus of Sf9 cells; B: FITC
labeled baculovirus infected of Sf9 cells.

25 HEWE

B A AP PR 7 30 2 B S T S s I T I
22 nm—30 nm MBRIER BRI T, 5 KR PPV Jii i
K AL 6). BEHI7E S AN FT R 28 R 40
HRL I FIKAVP2 HE 1, fEE F 4138 Bum SRR
%7 (TK-VLPs),
3 Gt

A 1955 AEGY AL FIHT7 I A& BLLCK
BEEFHIFA G TF &, AR 95 B A L 4
IS, SRR ARSI RARAFAE R B R
Phiik . H IR 25T #0 e 3 T X e Ak A s R
FRAk BT FFFE 4. Mark Young BIF5/ N 3

B 6 HHEFRKFFHELERE~ER TK-VLPs
Figure 6 Production of TK-VLPs in Sf9 cells after
recombinant baculovirus infection

TE: A: PPV [ FEIURL(VLPS); B: AVP2 Z5H4 8 11 195 7
FERIURL(TK-VLPs).
Note: A: TEM images of PPV; B: TEM images of TK-VLPs.

UL RERBER 7 8 AT A 4121 VLPs /A
M 2H 2 il 2 KA L, AR B T e - TCHLA KR
41K % ., Bogdan Dragnea FIH: ] 3545 M 75—
FE, DA AR, 5 s A e 1 Bl Segh
ek FHEATAEM, FEE N, BRI A
P BAFI SR /N R 50 ANFR 3R B 110 WU A% i A
R, AHSEL T BTG A5 S 2R 1 o),

AT 5 3 B DR T AR R B K EL A 2
A TK KRR A vp2 ZER R HIGER 2 FIFE 4
X3, PAF TK-vp2 L[, FHE BRI o
FIKRGMY pFastBac™HT A Ziffchiyg | i, %
gu, S EAREEE, Rk TK-VP2 &1, A4
BTV U R R, B e w iR | SDS-PAGE
1 Western blot #6125 5 /R B 4L FPIR R 2 78 R R
Y N RERL N FIEAVP2 FEH, HRYEMHZ) 70 kD,
7 S B MLk T O ERE s I, HAR N
22 nm—=30 nm, 7EIEAFAR/DN 5 KIRM PPV Hi 5
BFAARL, DB TK KA AR VP2 81K
SRA %, HARSRRE W A 435 B B B 4 550k
(TK-VLPs), Z& brif, AMFFEE s Bl 1 e m iie
T TK k&M PPV S5M98E 11 VP2 HYSRIR, H 4%
TER TK-VLPs, 5k HA AL F A B T 4 ok
=TS

FRLA, TK BREMES 1T VP2 R IAE A 1T
(), Rit—2B e Re B2 TE T . RPN AN e
AL REPESE , DI B —Fh 4 45 1 e 48 1) 40
K2 RGEBAE T b, [R50 6 A SR AT 9T
e HAE A= Wy B 2 v 1 o R T BT S
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