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Abstract

Background: Canine parvovirus (CPV) is one of the major agents of severe viral gastroenteritis
in dogs. Although vaccines are available, the emergence of new serotypes and mutations in the
VP2 protein can compromise vaccine efficacy. Therefore, identifying both conserved and
serotype-specific immunogenic regions is crucial for the design of recombinant vaccines. This
study aimed to design and optimize a recombinant vaccine based on conserved immunogenic
regions of the VP2 protein from different CPV serotypes.

Materials and Methods: Amino acid sequences of the VP2 protein from four CPV serotypes were
retrieved from the NCBI database and aligned using Clustal Omega. Structural and immunological
features were analyzed using tools such as SignalP, TOPOCONS, and Dlpro. Protein solubility, sec-
ondary and tertiary structures, and physicochemical properties were evaluated using
Protein-Sol, I-TASSER, and ProtParam. The coding sequences were optimized for expression in
E. coliand the mRNA secondary structure was analyzed using MFOLD.

Results: Multiple sequence alignment identified five key amino acid differences in the 285-450
region of VP2, Tertiary structure analysis showed that this region forms two surface-exposed
loops, with the mutated residues at positions 297 and 426 located at the tips. Deletion of the
first 20 amino acids improved structural stability, lowering the instability index to 29. Codon
optimization increased CAl value to 0.79 and decreased mRNA free energy to —597 kcal/mol.

Conclusion: A chimeric recombinant vaccine targeting the 285-450 region of the VP2 protein
across CPV serotypes shows promise as a candidate for broad-spectrum protection. Despite
in silico results, experimental validation of protein expression and immune response in animal
models is essential.
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Fig 3. Investigation of the interaction of VP2c protein with the TfR receptor using molecular docking.

A) Amino acid residues involved in the interaction between VP2c and TfR, broken down by bond type. B) Schematic of
the number and type of interactions including hydrogen bonds, salt bridges, and non-covalent contacts. C) 3D view of
the complex of the VP2c protein binding region (red) and the TfR receptor crown (blue) at the binding site; top and
bottom views of the binding structure are shown.

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ismj.27.6.418 ]

FYY /S O?9299,b ale owSlg G2HD

G@a2ly 2 (g 03 dusloe AT oo
VP2e o VP2b VP2a (ol VP2 (g walite
&L o2l 392 o/BVe g o/ROY o/ DVDD ply adyia
A 39y o SWIGBT Cadle (G031 Wis
Olgieds Foo B YAo (gluwlginel (gauml oDl 1 Guy

ylie AL L,J9JL,J| & Ghbd  wadie Gido
o/OYYE (VP2a) o/OFAF & aubyas dimmasj ol

Bl il (VP2C) o/0104 ¢ (VP2D)

VP2 (gloyiigy dipmnsiisil 9 Singii! &85 (o
©lp 03 (Rlid Loyl w)p jl Jol> gls
53 leadd Syl F Jgaz 55 (I w)S) T CD8* (sloo Jolw
Juail ©)38 pulwl 5 OGR! 025698 «J9d= vl
3 &S Hobylas Ailead edly Ginley DLAgla JT @
Fdo G YAD (gluwlginel duml g o0 siolive Jgim
sogil I Vb @SS Ghls VP2 0859y I

Sl 604 iy

VP2C a9y > T-cell cloogiizl v3s9d @595 i -F Jos=

J el
o/YYA

o/ FY'F

o/YYY

o/of\

o/VEQ

o/\YA

o/VIY

DLA-8850801 o/\Wo
o/\QY

o/0qW

o/Voo

o/\YA

o/\FA

o/104

DLA-8803401 o/\F\
o059

o/os4

o/ \FY

o/\5o

o/o50

o/FYV

o/o\A

o/Y1D

/Y90

DLA-8850101

DLA -C885010

ol 3R g
AA-10Y ALDDTHAQIV
M-1Yo SLVDANAWGV
YEQ-YOY YTIENSVPV
YAY-Fa0 GLPPFLNSL
[N tee ESATQPPTKVY
PYO-YEQ HGTDPDDVQFY
Yq)-Fo) TTGETPERFTY
PaV-Wos QAEGGTNFGY
PI-YoW PTIPTPWRY
FAV-Pr R VTQMGNTNY
DOB-OFY NVDNQFNY
PP W-EY RPAEVGYSAPY
FFE-FYF YPNGQIWDKEF
1AP-190 MPFTPAAM
FYY-FW LPVTEDNVL
FY1-PYe QAADGDPRY
Yog-YIV IPTPWRYYF
PaO-WoF LPQAEGGTNF
INERAE! EYDPDASANM
AA-1of ALDDTHAQI
YAY-YA0 GLPPFLNSL
YEAYYS FFDCKPCRL
DOO-OFW NVDNQFNYV
FVo-FVQ IWDKEFDTDL

FUUT 2 Bl (g5lwdings o &S Gl 834 s Lire
G Job 53 0335 39350 T (b (2195 942
o BamH/ gly (58 42U guo a5 315 lio o3 dingy

135 399 Hindlll

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

MRNA )lislw g (535 (gjlwdisg
g VP2b VP23 (1459, aw 6xiiSsS CDS (clo g
33 (F JSis) 23 (gjledings Novapro jgue L VP2c
(AGGAGGT) ¢y U515 1bs (g5 (g aw »o ,liso

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ismj.27.6.418 ]

\Fowm‘9w/?0)lmﬁ/‘qjé_m9wkjhu 44444444444444444444444444

GC content before optimization: 35.61%
CALI before optimization: 0.39

Fig 1. Relative Adaptiveness(input)

20 80,0 80.0

GC content after optimization: 53.37%
CAI after optimization: 0.79

Fig 2. Relative Adaptiveness(optimized)

VP2¢ (35953 sl (s wodinge 5l 32 9 Ji8 GC 3u0)5 9 CAI yadlis )y F
Fig 4. CAl index and GC percentage before and after optimization for VP2c protein

GhIs Gilwdiug 51 G MRNA LS L (puices . cawl
42U @ pgjgn) (wyiwd yol ol 45 39 (6 yieS slogn
Ol ) 0iS9r ol LB 9 (RBS) aaz)3 gyid

(& JSis) 2235

Before Optimization

0209y 021SaS (Jlgi 4 bgyye MRNA ayg35 )lisle
)5 B 2L 390 (jediug I 3 9 Ji8 VP2C
(AG) sI3T (il gjlwdings jl u a5 3> Lo gl
30102 Jse 5 (s 6LS DAV 4 -Fro ;I MRNA ,lislo
MRNA jlisbo (glagly Ginljdl saimsplis o5 bl

After Optimization

VP2c (glp (5335 (g5l dings j| 3= 9 Ji8 MRNA 093 )Lislw (uw)y .0 JSib
Fig 5. Examination of mRNA secondary structure before and after coding optimization for VP2c

HUslw (3 y5e3lw g 3y3)9d Wil LiaolS ¢yl .l
SaS Ox89)2 ol 9 da)s 2hl S L MRNA
(7 JSib) 2S5

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

buwgi a5 (Dot Plot) (glahss (g5l Hloga (uizan
O 45 315 (Lo i g3 W/Y Giolyag MFOI 138105
JSis ) a5 (5L glowan sl (gilwdiag I
Sl HolS iS50 CSHb sz wgl (sl lisle

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ism;j.27.6.418 ]

Y /S O?09299,b aue owSlg 2hb

Before optimization

VP2C (gl (535 (5lwding | 32 9 8 (550l s )laga5 .7 JSib
Fig 6. Energy point diagram before and after code optimization for VP2c

0D2)S Cazb )3 03)1S Hobdy Glizad gy (J>
SLUR> E989 9 LRy JoBS (il p sgile M550
Gl GO azge (ol SaunsS a9y 5> (glakis
03 1032 glodigw plp S iy slopwsly jl >
@5 gmSly 45 31> 3929 GBS Jlo ol bl
VP2b (Nobivac Intervet) aue aidh wias cauass
Gl Gille plp s VP2C e Sabcdlas Nlgie

(F) 2L
Coesb)ly Nlgh Gasd CPV ayly p cuuSly aSiyl
OR 32 e I wes b |) s CPV
anl (9)299)b dinej )> ulidwypg plakwiie
OB DIBT (glowsglas s a0 a5 315 dgg acaes ¢yl
L ggpmlizasly ously dagw b 93)5 )3 (gl
Rl > Slgh Gasd wgw p e omSly dgw
L &S pSuw . L sloyl cdbbloe LI bdgw
il ys Mlesd diauSly @218 (glodgw pusly
W glagw @l eas GBS (eLET
owSly Sbol Lgw b auwglio )3 CPV-2ac 2b ¢ 2C
2> 45 A8 b pladl 6)S ) aS dgllae Sy > L)l
ol b 4z oma8 Gugpg b o dguwSly (gloSw

9wliigllad Cund b az 9 gy (gilwS

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

Gl @ wery slegler I BR pszeo
3> 1y CPV-2 wgyg lgh a5 3)l06 3929 (olaisl
oy ley> by WS 9 o I 039 (cloSw
L oyl (sl g (locudliog Lo Jolds (ole>
5 laile 9 pagn gyl Gl L o2 GeS
xSolz 9 3 9 Okl Jlgwl Eldiul JyuS
GO SaS glp bploys ol w496 glocdgac
S el @iwus 45 (Hloj B ol Sw (530 @i
oloyd > T.Agn.c A CanSid 1) w9 Cogac lgih
5l eslatiwl  dgd e dwogs &S (plag)ly I SO
)5 gopl L (Capromorelin)  ¢yu)g00,0l8
S JuelpolSgie .l (Elura) 1yl g (Entyce) (uuil
a3 Soued b Wlgige a5 Cwl a0 Symo (g9)1d
L Ehdinl (lsds 0305 Syme 4ol Hlge 9 0320

Ao GaolS
ol ©llga> )5 CPV (ugpg J)iS hp o) yie
slopmsly qg)lan Egad jI pm  wl Goawliawsly
d2wgl oy ) D Chuid 0] (W9R9 P e
G Sl L og e padl bpwSly il LEsL
02l L 01Dl (g)lan J)ES )d (ege i (kS

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ismj.27.6.418 ]

\Fol Midwl g crago /7 o)LAu.u/la.\.o_(bstdhu 4444444444444444444444444

950 03400 A g3l U 0 a5 (g9 gawliallyigs
VP2,505 0uiion j1 F 29) b JoSge SQ5IY 91 gl )
PP awalS  clodiselauwel  Jolid a5 3y LS
S ozl 39850 P ojhlawl 9 PYY (oo
ol B oginl el 4 Segesl @5 oyl
YA cpawalS g Yol (il Ll oo (1 iVT (slovdipel !
(A 9 V) dgids

Sawlgipel lgs Guyn @ a2gi b aglae ol )
slopigs &S b samline VP2 sasie (slowabow
KB @ a5 Adbe FYE B YAV ansb o ) glaks
313 i 035,58 @ iy Jlall jd b ¢l duy 50
O 935 &85 5 35550 )8 Blaw 520 5 WolS |y
pom LBl )y jl pag (¥ JSB) 3ble Vb 4=
&S Fol-Fho g PADFFI aisl g3 a5 wd ocaoline
U2 93 (ghld Wlead s (ilgy 1 2l O)gwa
o @y plib ool) 5> Uiz 93 0 & Miwo age
95 ol jl olgise YAY g FYE claduwlginol sl
EReAbigw (pasdl glogihg) 2hb ) Jwlginel
(o2l p ogle 5y edlaiwl (gam wlallas (5 dixie
a5 313 L TR 05,45 ¢ VP2C e LSy Jul=d
Fol) (Fo) (FAA (PAY FAF casmlginel (clooilo 8L
Ui 539y (g JuSis b FYD g FYP (Fed
oy (¥ JSb) 3515 0305 @ Jlasl ) (gauls
RO PRI VF gl I a5 31 olids Sjglgiganl
S5 EBo 15 VAo aumb )5 (98 il V (T ol s
9 VP2 0uion il ezl ol Gl (Y Jgaz) )l
gy aw yo ghy pmSly G2k ) o I sl
oolel - dGBT pesll Uil @ e
Jawiliy o Egoge ol .l sadis Vaxiden slo Jul=s
9 Gudbuz glopwsly 2hb gy 4ol ol (Yo
315 25T CPV ayle visdao

)3 SPP puSly o 2hb Wl adllae gl )
©@5UT johio ¢yl (gl g .l 83g) £ CON (5350
A pladl gy, )5 VP2 859y ol gl P
samlive Protein-Sol jgpuw )5 (piign jliske juUT L
e 9 )l cawlio Mgd 2l B &S W3S
Ghwlgiaol Yo dlaz jl Mgd WBis igp Hliske
9 315 G 55 g 3)Slac )3 Hhi @) oS (Rl
S8 (OGS oy @D Vg S oS Caul iy

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

bl 3929 Wiz agw e pliallSe ($LGBT
QUi a5 3)]5 3929 (g33k0 OIS «Jlgio ey ()
OR > CPV-2C 5l il cpyilg il (g)lan 323(50
o238 dgw ) paSly L S 3)l5 3929 loSww
313 3¢9 (SL)15S (Plie )3 2339 oaud diunSlg CPV
CPV-2a 2b 2¢ (¢l gy aule Llgie Sy a5
Oyg0 Wlellbo 5 .l sleyl g cdadlow SO
sloyl (gl logac CPV-2 cpaSly o350 i 438,5
2g2lgo 500 )3 gy 883 9 @lle Lol g Clidlos
Ol el 3ade (gamlimuSly g (#=>9 0929 L
G300l 39100 (5l 9Ry GSHB) ©hausi S)5 )
) ade Jho loguwSly 2hb 9 gamliamSly
(Y9 A) 390 omno (6950 (60l isigyu
Caols © 4295 b (g3eie wlallhe )3 VP2 (1259
o3 i8S )5 @ gmSly ohb ez Vo RliGied
o)) Ke g (Dahiya) Lol (cldlio )3 Jlie ylgicds caunl
CPV aide yuSlg DNA azuwgi (slp aiign o2l |
Glokw 9 Jlhgege (el o Aiiwilgl 45 133)5 eslaiul
wza (10) S S S )3 gugpg ale )
a5 25 Gliv (glalas (3 B ¢ (Casal) Juws
> 03 ol S oon jl pSeSee e plie
688 Ghaal Bl Sl oS 5> Blgize ywgg9lSL
53 (1) dalas cablone Gugyag 2l )3 1) S g 3led
o Ko g (Inthong) Sgiul bwgi (glallae
Swo 99)k o9y VP2 uilign I (F9UI> oliS VO ashd
L S99 Gl @i )5 VP2 JolS (1ai9y 5w 9
092 93 )@ 45 dld plis @S b pladl Caddge
L polaisl GuiSly 4 )38 (JolS g glazhd) cus)yie
acgamo ¢pl (1Y) dws CPV 3o JUglS L (gab 0T
L amolie )d Sy glogusly blie wlallao
U2 320 Lo diwzp ) 03 aidS (gloguwsly
9 Lo pled JolS gy pac plizes lol
ol 033Lo( 8L (w99 (sLogw

Ay Cuind VP2 (g Hlislw )3 «olis)liS ool »
03 Loyl hsio Qo) ol )2 a5 31> 3929 Ly
A )5 Al SHlwl 00Ty (S2lgd JSib @ oS S9d 0
Al o) lgie @ F g ¥ gl 39yuS50 )h8 SaunS
ooyl ool elas Hliske dgde aisli GH

oo Sjlee padide L Owgpg il

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ismj.27.6.418 ]

Y /S O?09299,b aue owSlg 2hb e

02 2900 Lomme VP2 00k wbidlon slowgisl
Sgi )5 eslatml Juusly L exdohb (glosjls
AL )l ) CPV ol aw yo dile (g3 (slopmsly
peBS gloeS ) HIGHT izl plgieds Wlgie
(§3 (_nglolf AL asls 38 5 aweaigw g
Ll eojl Galinlel gl Jeld Uiwgl ol
Had)Sl duglie § (lgam (slo e )3 T (2ljiedl
ol g alg> 39290 (S slapwSly b Loy
P50 slopmsly 3dgi lp lab Wlgise ogul=s

ke @ohd CPV (ugyg dile )bz 9 (el

S ol
Glawuwdo b Hlojlw guo (Jb Colas xS dallas ¢l

.l 6390

13,38 9 gobw
23 B wlidpugpg ©liEaS Sy hBeo |
D9bso (F19)38 859, (51)21

&Ll slas
ol pBxuwwg hbwgs gilie (o,lel digSaue

LGl 0du)

References:

1.Parrish CR. Pathogenesis of feline panleukopenia virus
and canine parvovirus. Baillieres Clin Haematol 1995;
8(1): 57-71. https://pubmed.ncbi.nlm.nih.gov/7663051/

2 Houston DM, Ribble CS, Head LL. Risk factors associ-
ated with parvovirus enteritis in dogs : 283 cases
(1982-1991). J Am Vet Med Assoc 1996; 208(4): 542-
46. https://pubmed.ncbi.nlm.nih.gov/8603904/

3.Truyen U. Evolution of canine parvovirus-—-a need for
new vaccines?. Vet Microbiol 2006; 117(1): 9-13.
https://pubmed.ncbi.nim.nih.gov/16765539/

4 Gallo Calderén M, Wilda M, Boado L, et al. Study of
canine parvovirus evolution: comparative analysis of
full-length VP2 gene sequences from Argentina and
international field strains. Virus Genes 2012; 44(1): 32-
9.10.1007/s11262-011-0659-8

5.Parrish CR, Have P, Foreyt WJ, et al. The global spread
and replacement of canine parvovirus strains. J Gen
Virol 1988; 69 (Pt 5):1111-16. 10.1099/0022-1317-69-
5-1111

6 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

vesli wde 4 VP2C ()uiig)yy a5 o> i (pliasd ¢
9 3 32lg> b (Ply phue )d HieS (5)lL0
2iaS oy )03 1 o Giwgs T plise puizao
L £ coli )d o (gilwdag I pm dldl j> Cuwl
2 Juols lisabl MFOLD i Juols gulis jI skl
Wl glojlisle 386 oxd (giludiug Gy <
Jizo 1) 9ufbgpn ol Cwl HSae a5 Cuwl wglhols
OLe > Bor ol 2B der @ Julad ol LS

)5 SaS (LIS

30 e gl saddiug (H) ojlw dw wellas oyl >
wasSyigh oSl ol ygkieds CPV (ugyag (slocaigym
Jolo 2l b (b))l o 2k £ coli (5580 s
g FAV-FYF ol Juwl (higigenl 4l oS sl s
A saiebilboe Ggial Joli PPP-EVS sl shgd
b )3 e glpkin plgca wlgise
8 ekl 390 LS brz S slopusly
09929 ) Hire 45 9250 (spuSly BUSy 0)S

9}3 UJl AR om oo 6.))) L) om nS

R G aS)ier pmSly azwgs (gowdy o8 i

6.Buonavoglia C, Martella V, Pratelli A, et al. Evidence for
evolution of canine parvovirus type 2 in Italy. J Gen
Virol 2001; 82(Pt 12): 3021-25. 10.1099/0022-1317-
82-12-3021

7 Miranda C, Thompson G. Canine parvovirus: the world-

wide occurrence of antigenic variants. J Gen Virol
2016; 97(9): 2043-57. 10.1099/jgv.0.000540
8.Decaro N, Buonavoglia C, Barrs VR. Canine parvovirus
vaccination and immunisation failures: Are we far
from disease eradication?. Vet Microbiol 2020; 247:
108760. https://pubmed.nchi.nim.nih.gov/32768213/
9.Hoang M, Lin WH, Le VP, et al. Molecular epidemiology
of canine parvovirus type 2 in Vietnam from Novem-
ber 2016 to February 2018. Virol J 2019; 16(1): 52.
10.1186/512985-019-1159-z
10.Chiang SY, Wu HY, Chiou MT, et al. Identification of
a novel canine parvovirus type 2c in Taiwan. Virol J
2016; 13(1): 160. 10.1186/512985-016-0620-5 .
11.Woolford L, Crocker P, Bobrowski H, et al. Detection
of the Canine Parvovirus 2c Subtype in Australian

....................................................... B www.ismj.bpums.ac.ir


https://pubmed.ncbi.nlm.nih.gov/7663051/
https://pubmed.ncbi.nlm.nih.gov/8603904/
https://pubmed.ncbi.nlm.nih.gov/16765539/
https://doi.org/10.1007/s11262-011-0659-8
https://doi.org/10.1099/0022-1317-69-5-1111
https://doi.org/10.1099/0022-1317-69-5-1111
https://doi.org/10.1099/0022-1317-82-12-3021
https://doi.org/10.1099/0022-1317-82-12-3021
https://doi.org/10.1099/jgv.0.000540
https://pubmed.ncbi.nlm.nih.gov/32768213/
https://doi.org/10.1186/s12985-019-1159-z
https://doi.org/10.1186/s12985-016-0620-5
http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html

[ Downloaded from ismj.bpums.ac.ir on 2026-02-04 ]

[ DOI: 10.61882/ismj.27.6.418 ]

\Fol Midwl g crago /7 b)w/ﬂamswwdhu ..........................

Dogs. Viral Immunol 2017; 30(5). 371-6.
10.1089/vim.2017.0019

12.Hernandez-Blanco B, Catala-Lépez F. Are licensed ca-
nine parvovirus (CPV2 and CPV2b) vaccines able to
elicit protection against CPV2c subtype in puppies?: A
systematic review of controlled clinical trials. Vet Mi-
crobiol 2015,  180(1-2):  1-9.  https://pub-
med.nchi.nlm.nih.gov/26249827/

13.Larson LJ, Schultz RD. Do two current canine parvo-
virus type 2 and 2b vaccines provide protection
against the new type 2c variant?. Vet Ther 2008; 9(2):
94-101. https://pubmed.nchi.nim.nih.gov/18597247/

14.Spibey N, Greenwood NM, Sutton D, et al. Canine par-
vovirus type 2 vaccine protects against virulent chal-
lenge with type 2c virus. Vet Microbiol 2008; 128(1-2):
48-55. https://pubmed.ncbi.nim.nih.gov/18006253/

15.Dahiya SS, Saini M, Kumar P, et al. Immunogenicity
of a DNA-launched replicon-based canine parvovirus
DNA vaccine expressing VP2 antigen in dogs. Res Vet
Sci 2012; 93(2): 1089-97.
https://pmc.ncbi.nim.nih.gov/articles/PMC7111809/

8 Iran South Med J 2025; 27(6): 418-432 [Open Access Policy]

16.Lépez de Turiso JA, Cortés E, Martinez C, et al. Re-
combinant vaccine for canine parvovirus in dogs. J Vi-
rol 1992; 66(5): 2748-53.
https://doi.org/10.1128/jvi.66.5.2748-2753.1992

17.Inthong N, Kaewmongkol S, Meekhanon N, et al. Ex-
pression of recombinant 35 kDa fragment of VP2 pro-
tein of canine parvovirus using Escherichia coli ex-
pression system. Vet World 2021; 14(6): 1682-1688.
https://pubmed.ncbi.nim.nih.gov/34316219/

18.Wikoff WR, Wang G, Parrish CR, et al. The structure
of a neutralized virus: canine parvovirus complexed
with neutralizing antibody fragment. Structure 1994;
2(7): 595-607. https://pub-
med.ncbi.nlm.nih.gov/7522904/

....................................................... B www.ismj.bpums.ac.ir


https://doi.org/10.1089/vim.2017.0019
https://pubmed.ncbi.nlm.nih.gov/26249827/
https://pubmed.ncbi.nlm.nih.gov/26249827/
https://pubmed.ncbi.nlm.nih.gov/18597247/
https://pubmed.ncbi.nlm.nih.gov/18006253/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7111809/
https://doi.org/10.1128/jvi.66.5.2748-2753.1992
https://pubmed.ncbi.nlm.nih.gov/34316219/
https://pubmed.ncbi.nlm.nih.gov/7522904/
https://pubmed.ncbi.nlm.nih.gov/7522904/
http://dx.doi.org/10.61882/ismj.27.6.418
http://ismj.bpums.ac.ir/article-1-2169-en.html
http://www.tcpdf.org

