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Development of Peptide Antibody against Coxsackievirus B3 VP2
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Coxsackievirus B3 (CVB3) is the nonenveloped virus containing a single-stranded positive-sense RNA as a genome.
CVB3 infection can induce acute myocarditis and dilated cardiomypathy. CVB3 of icosahedral symmetry has four capsid
proteins called VP1, VP2, VP3, and VP4. Although VP1 is a major antigenic determinant, VP2 is also an important
protein for viral physiology, such as maturation cleavage and attenuation. However, VP2 study has been hampered, partly
because VP2 antibody is not available. In this study, we developed peptide-based polyclonal VP2 antibody and analyzed
its potency by Western blotting analysis and immunofluorescent assay. Purified B3-1 antibody (VP2 peptide antibody
developed in here) showed the sensitivity and specificity, similar to VP1 monoclonal antibody which is commercially
available. Moreover, this peptide antibody may be useful for double-staining with other antibodies derived from mouse.
Therefore, the VP2 antibody may allow us to study CVB assembly and understand VP2 function in depth.
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SAH]Hle] 212~ B (Coxsackievirus B, CVB)2] &2 6
N7} 9lem (CVBL - 6) °]52 A& 221 human enteroviruses
(Picornaviridae)ol] £:3kt}. o] wlo]g] o] Al wd7jete)
+RNATZE 7FAaL 9lom oF 7400 base FLo| ol
7HAa 9t} (35). vlolE 2~ AlES icosahedral +2E 717
30 nm ZHolo] A= T o3 HEHoj] lom,
Ao 2Ry st polypeptide”}t WHEoW & nlo]zix
H2 Tl 2A9) 3CDo) o) e AA] g nlo]
Y22 A Fut (14,28). A= @wAL ] )

WA Ay GRS 420-743, A= BAA Qv 3%
431, 7VES TNt APFEE PAjuto]el AT
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VP1, VP2, VP3, VP4l polypeptide”} 242} 2F 6071 =<1
whld g s Q) (16,34). ANHH o ® CVBE X
Picornaviridaeol| &3l Hlol 25 T3 @il VP4,
VP2, VP3, VP1o| BUTROIAFE TAUR I o] gl

o] F& Plojgt FEa1, W72 ThlEER] 2A, 2B, 2CE

P2, 3A 3B, 3C, 3DE P32} -2t} 53] VP4s}t VP27t 2]
7] Ao ATAE vrPogt &} (1,8,22,25).

PoliovirusE 2%t o] 7o wlol A5 U¥kH o= n}f
o]l protease?] 3C7F 7+& WAl myristoylated capsid
precursor (P1)S 2} protomerS 41814l Ev o] protomer
= VPO, VP3, VP1E A% heterotrimerS o] FA ) #+
g T2 gASL nlo]g) A AEo] §lE empty capsid
< provirions FASHA €k o] Hgo] Bk - RNAZE 4
9} (encapsidation) =™ A9t TAZ VPOZF VP4L} VP2E
wHrol A A det ol gk HAS AT (maturation clea-
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vage)z} s AnkA o= o] Hito] Mk autocatalytic 3F
Al ZA ek olelgt A2 vlgl9] bHAd T HAE
o9~ 917hgt Whg-o]7| wiitol] vkl o] FLgo] A= ZE=]
oy 7Ha=e] gle Edwo] vlolg 27t vhEo|X]A
o} (37,12,17,23,29). AJHA ol gt o] FPH =]
o oigk &gk ol o}F EHo] A gl @A RNA
encapsidation W&ol F=4 o2 nlg]o] P43ty ™ 7+
g gl Hlolg| vt WHEo] AR o R A7} g} (12,24).
"4 © 2 poliovirus 2 CVB EFolA VP0Y det 9=
asparagine®} serine o} Ak Alol7t A= Ao A
At (5).

Poliovirusel| 4] immunodominant epitope 1= VP2 (aa 127~
185)¢} VP1 (aa 207~237)<] internal insertion -]} VP2<]
carboxy terminus® A Eo] 1o (15,18,27), VP22 k¢l
=3} -9 (antigenic neutralization)= puff region ©]&}aL <
2% hypervariable regiono]™ o] F-9]= Hlojg]s A=
7V v F9lel F=2 fR|ste] A=}t B e 74%
2o 7R E FAdsta itk CVvB HA sHg 7RE
2 FZ5E o] qke] Wsk= nlel
29 FEAR] HA w)A wpole] 27} of=s)
HE S Ale & slom FAskaL Ut (3,18,23).

w2bA CVBE VP29 X o]t} puff regionS 9A7-3}

7] A1sA= vp2el dig %Z] 7FA AL AE Aol VP2o
3k immunoblot 2oy VP2l Ajtsl= Y& factors®
BnAo

e,

0

—\—’—‘

7H Ao =7 Ko o}n]
Jol oIS

E%
z—l
=

S- 913k immunoprecipitation (IP) testol] WF=A] 2 Q &}t},

aeiv @A AHeR FYol 7hse - A= entero-

virus VP1ol] thek &2 343 (NOVOCASTRA Laboratories

Ltd. Newcastle, UK)5to] tuj =31 9l A o]t}
A4 CVvBE 2§ Picornaviridaedl] 458l=

vlole{~Ee] vp2el tigt ATtel A5A1 vp2o| gk

peptide FAE =2} 31 HAE peptide A7+

Western blot assay 2 immunofluorescent assayoll thal &-&3%F
g bl

Mz oy

1. Hio[2{A & M=

B qto] AFE-3E vlo|2 F CVB3E H35 (AAB02228)
£ ARgallom o= e wg M &3] U
2HE T Btttk v A vlelgf ~5-S ATCCOlA 743k
glom Z17ke] locus number= TH-EF £t} CVA9 (D00627),
CVB1 (AAC00531), CVB2 (AF081485), CVB4 (X05690), CVB5
(X67706), CVB6 (AF039205), Echo6 (U16283), Echo7 (AAQ-
73096), Echo9 (X84981), Echo30 (AAL37155). CVB1°l4] CVB6

Hae, TYE, YAF,

y O

ZUH, 0lsg, g

7HA 9] wrole] 2wk H 7} ER1e AT - Ql
HeLa-UVME A3} 2™, Echo6, 7, 9, 30 & CVA9S ¢
frefel VeroE ARESISITE 7 AlES RS Dul-
becco's Modified Eagles Medium (DMEM, Invitrogen-GIBCO,
Rockville, MD, USA)el| 10% heat-inactivated fetal bovine serum
(Invitrogen-GIBCO, Rockville, MD, USA)S H7}sle] 37C,
CO, v F71elA wi g aFSAth ARE-3h HeLa-UVM (3 =i
oAM= HeLa M= W)= Sally Huber (University of
vermont, USA)ZH-E] 14=313.01 Vero= ATCCollA ¢
3k3ick

AREE Blo]H AT 90% 7HF A Hela =2 Vero Al
ol 10 multiplicity of infection (moi)Z 7+ AlA 37 CollA
16A17F 7+ A7) 3 33]ol] 2] freezing and thawing2- 3
oq HE lysate 2 vjFAL B AAEE S T AN

gate] -80°Col AR wi7hx] Hasgitt. BakE wio]
stock>- HeLa % \ero AXF-E ©]-83 plaque assayS 2

Agte] wholel 2 e AT,

QP

o] A%

~1> Hﬂ:

2. Peptide M|Zt

Ao AR g VP2 F3E9] peptide] $14:= DNASTAR
(DNASTAR Inc., Madison, WI, USA) EZ1238-5 o]-&3}o]
7+ CVB group Hlo|#1~E] vijdE &4 9 A7) W
do] w2 FB9E MAsIE w3 Id - tE FxE
GAst 715440 A7) Wil glycosylation site 2 myristoy-
lation site 5 post-translation modification®] Yo }A] k=
F-9E e slvh Al2He peptidee] VP20l 4] #1A]= o}
w| 5=k 3804 537}A 0|t} Peptide AR (F2) YW ZHE o
(A&, dHgk=)el oj=fate] Alztstich

m}

3. 5= HY

SPF del 2 ARSE E7] 2nkEoll Fig. 294 2

re 2%
peptide % ol g3le] Wofaiglrh. ©719) A5 B3 BalR)
Akl ABatglow viA vk A A7l A AL sl

ojoke] @ohe o] NNel F AP FFsle] 0T
nE F ALga

4. Enzyme—Linked Immunosorbent Assay (ELISA)

A4l ELISA WS Chehadeh 5-o] *H-S M s}o]
ARESEGITE (9). XFere] WS Alehd e Ak AlAkE
peptides B3-1 peptide®t HH3}lo™ o] & 96 well ELISA
£ Zo]Ed] welld 100 ng/well 2 coatingstth. WY A]
71 BE7|258E 42 ’g7-S 1/1000, 1/5000, 1/10000, 1/50000,
1/100000°0. 2 3]A3te] ¥hg- AJZ1 3 rabbit IgG-HRP= Rk
S AlIZ F AEke] 492 nmell A S48k
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5. Sodium Dodecyl Sulfate Polyacrylamide Gel Elec—
trophoresis (SDS—PAGE) 2! Western Blotting Analysis

Western blotting £419] AAAQl Wi 11 5 (219 W

6. Immunofluorescent Assay (IFA)

IFAS] A4l e 7 5 0)0) WS o8t 4
25}t Hela A|3EE 24-well plateol] coverslip (Nalge Nunc,

HE o]g3te] SIStk ee] AMeshd vy 2ok A
43 vlo]2] 253 Hela celloll 7+ A7 cytopathic effect
7} ®old cell lysate= M-PER (PIERCE, Rockford, IL, USA)
& AHgsle] ERg & Eske] 80Tl BEakste] Western
blot-g- gl o2 ARE3I9t) ©]& SDS-PAGEE &3l 7]

Rochester, NY, USA)S Y a1 31071 AE& Hjek 3+ &,
24X7F 59k 37T, 5% CO, incubatorol| A v 3}t zhzt
9] virusE 05 moiZ 7F3sle] 16470 At & xprte- 1
ZJ o [methanol : acetone (3:1)] 22 17438}aL PBSZ A& &,
5% BSA-PBSO] A%l B3-1 FAE 1:1000. 2 5]45te] 4

52 100Vl A 3k % nitrocellulose2 &7 WS ¥ E7) o Lol 1AZF Fot vkS-3Fit). 231 A= goat-anti-rabbit
A FrE 9348 AAS AL 11100002 345ke] 12} 3+ FITC (Santa cruz, Santa cruz, CA, USA)E AM8-8131th
A= A3k
(A) B3-1
I T T T T — Scale

20 40 |60 8 100 120 140 160 180 200 220 240 260

Hydrophilicity Plot
(Kyte-Doolittle)

Antigenic Index
(Jameson-Wolf)

7% - NLAJIJI o

o™ W VS

Surface Probability Plot
(Emini)

@ B3-1

cvB3 ?/1VVGYGVWPD4;LKDS EATAE%QP TQPDVAT (6'.‘.1R FYTLDSVQ
CVB1 E N G
cVB2 R S K
CvVB4 R S K
CVB5 R S K
cvBs H D
CVB9 T RD
Echo6 D
Echo7? E RD
Echo9 T D
Echo30 T SH b

Figure 1. CVB3 VP2 region for peptide antibody. (A) Hydrophilicity plot, Antigenic index and Surface probability plot of CVB3 VVP2.
It derived by DNASTAR programme. (B) Alignment of amino acid sequence of various Enteroviruses, which is used for developing VP2
peptide antibody.
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7. A A

HWolyl E7|25E gEe Ao AZE peptide?]
B3-1 peptlde°ﬂ gk AAREE GAE7] 91814 affinity puri-
fication ®HS ARESISITE (hdd] WS AW vy
7t} B3-1 peptide®} resinS coupling buffers} 34 412 5
2 HA affinity gelS THEth o] 3 o] Aol E7]25H
3 4L 1 mie go] HES A7 W & elution buffer
(0.1 M Glycine, pH 2.5 / 0.1M Citric acid, pH 3.0)2 A}-&-3}<]
1 m¥ 671 Wlo} SDS-PAGES 53l AAlE AEE 9

o-1-=
3lit). 543 WO = protein AS

Abgate] gl o A

Astgick v Eko 2 2 X PBS hufferS ARg-3te] FA & &
&8kl 1.0 mg/ml= AAsto] -80Cell EFafo] Hykgh $-
AT

Z 1t

1. CVB VP20IlM peptide A A ZH0i| A & &2 M

oal

CVB3 H37¢] opn|:Ahs: Addato] VP2 Fitol A &l
(antigenic index)®} %4—*& (hydrophilicity plot)o] Fom, 2|
B2 2 Sojt BE (surface probability plot)S DNASTAR
X 2772 (DNASTAR Inc., Madison, WI, USA)S Al-8-3}¢]
AREIGIEE olgg Fite Wio g wEFE ghEo] Hom w
A o2 A8 & shsAdo] mof A Ao Z H
= Folgta AZEQATh AlE 2 Fig. 1(A)A

slgt, gMet

ERAATE E1% Fie] o] &S B3-10]2} G on o
BBl oluyAl 7G-S D}% enterovirus group®} H]nl
gt A 78] ARk = kot wd Fato] TU3 Fig.
l(B)JJr 2o AAE AU A= peptidee] oFr] At A

2 VP29] 380l|A] 537}A] o]n] wlx]El C-terminal -1l
cysE &<l AL carrier proteinell conjugation 3F7] Y& <]
2 A7 olu|iAbelt} o] Fito] ojgh &A|WHE-<] cross-
reactivity:= Western blotz} IFAS] A &kels}sith

2. ELISA &1}

E7)¢l B3-1 peptideE W AlZ] F Fig. 204 A Al
7z Hsa ﬂiﬂ E719] 93& ol8ste] ELISAS
AAEITE WY F 5 7, 954 SRE S o]%s}oq
B3-1 peptideS I o= 3lo] ELISAE 3 ¢ A7, W
5 5574l A o]m] ELISA #kel ow] Al F7kstklvk (data
not shown). Fig. 3941 WE F vig]e] E7)oA Frst
9F | FHS o]&3F ELISA 2HE Hol F 9tk F nf
2o E7] 8% RiellA 1/1000011%1 1/100000°.2 &A%
oAl pre-immune serum BT =2 $X|E Holil 9Tt
(Fig. 3).

3. B3—1 peptide0i| CHEt A HA|

A2 el peptides ©]-8-3te] WA E7] 5 1M E7|9]
g3 ool ¢l B3-1 peptidec] EH@ A S affinity A
S o]g3te] AASIATE A golli= B3-1 peptideS ©]-8-3}]

Weeks

A
)

1

Pre-Im 1%Im

I Im : Immunization

Week 0 : pre-immune serum collection

T

Bleeding

2" m 3% 1m

1 mg/rabbits in complete Freund's adjuvant
Week 4 : 500 pg/rabbits in incomplete Freund's adjuvant
Week 6 : 500 pg /rabbits in incomplete Freund's adjuvant
Week 8 : 500 pg /rabbits in incomplete Freund's adjuvant

Week 9 : heart puncture

Figure 2. Immunization schedule for developing CVB VP2 peptide antibody.
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B3-1(WPDYLKDSEATAEDQPC)-rabbit2.

0.8

0.6

0.4 4

0.2

Optical Density (492nm)

0.0

T T T T T

1/1,000 1/5,000 1/10,000 1/50,000

Serum Dilution

—@— pre-immune serum
O+ Final SErum

1/100,000

1.0

T T T T T

1/1,000 1/5,000 1/10,000 1/50,000  1/100,000

Serum Dilution

—@— pre-immune serum
O Final Serum

Figure 3. ELISA results from rabbit 1 (A) and rabbit 2 (B). B3-1 peptide was used as antigen and week 9 serum derived from two
rabbits immunized with B3-1 peptide immunization were used as primary antibodies.

A

KDa

66 —
53 —

Kba sSsM 1 2 3

66 —
53 — -

< 1gG

< 19G

S.M : size marker (KDa)

. input 1 pl loading (serum)
. flow through 1ul loading
.washl 1 pl loading

. elutionl 8 pl loading

. elution2 8 pl loading

. elution3 8 pl loading

. elution4 8 pl loading

. elution5 8 pl loading

. elution6 8 pl loading

: next step
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S.M : size marker (KDa)
. input 8ul loading

. flow through 8 pl loading
. washl 8 pl loading

. elution2 8 pl loading

. elution3 8 pl loading

. elution4 8 pl loading

. elution5 8 pl loading

. elution6 8 pl loading

. elution7 8 pl loading

: next step
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Figure 4. SDS-PAGE results of purified B3-1 peptide antibody. (A) The primary step is done by processing antigen specific affinity
purification. (B) The second step is done by Protein A purification.

A 3 tA protein AZ o]-g-ako] A5 o
8

A2 Ao A EH3E elution € 1 ml F

2}z

7} 211— _q]
I“l A

S
a=

SDS-PAGEE AR&-3te] FRISHSATH (Fig. 4). Fig. 404 Ko
T AA™ protein A ZH oA

F gl 5 A9t 5
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CvB1l
CVB2
CvB3
CvB4
CVB5
CVB6
NC
Echo6
Echo7
Echo9
Echo30
CVA9
NC

PC (CVB3)

VP1
Ab VIS cvBL CvB2 CVB3 CVB4 CVB5 CVB6 Echos Echo? Echod Echo30 CVB9
VP1 +++ - +++ +++ +++ + ++ + - +++ ++
B3-1 +++ + +++ +++ ++ + + + - +++ ++

Figure 5. Comparison of Western blotting results. (A) Various enteroviruses-infected cell lysates are used as antigen for Western blot

and purified B3-1 peptide antibody was used as primary antibody. (B) Summary table for Western blot data.

ARl A e golo] il A7E EAlels AL gl

e Al

. _ s . B3-1 peptide FAE IFA0] AMS- & 4 Ae=AE ZAMS

4. EnterovirusOll CHgt B3—1 &9 cross—reactivit )
Y A= Fig. 601 JERAATL IFAS Slal AAE B3-1 3=
B Aol A =g CVB3 VP2 F-ioll tgk B3-1 peptide 1:1000.2 3|A3lo] AFREITE Fig. 6014 & = A= A

A7} T enterovirusE &1 3 4= Q1E=AE Western blot

I} IFA HE o]83to] AT CVBLlA] CVB67HA] <]
ELE coxsackievirusE ¥} Echo6, 7, 9, 30, ~1&]al coxsackie-

13
=

Ak fAker Frez vjolzi

o Fa1 gtk

510) 0 A= B 2~ °
JAS HE T =

dlo

b

39,

2191 B3-1 A= CVB1, CVB3, CVB4, CVB5 % Echo30,
CVAQY tlsiA = YA 8-S RolF= 5 Western Blotol]
A AoR Aol fAR HE TS oo duh

=

virus A9S Hela cell 2 Vero celloll 7+3 A7 well - total olgiet AEL B AFoA THEoZ peptide A<
proteins 10 pg gol Yo A&3iY gAlH B3-1 & B3-1¢] CVBE ¥ &3t tl<st enteroviruss A& skal o+

A= 1:1,0000. 2 3]A3}o] Western blot Y} A= A&

shzv A4

31Tt Fig. 5914 B 4 9= AAE B3-1 A= CVBI,
CVB3, CVB4, CVB5, Echo30, CVA9olA] VP2 F-Eof sk i &t

Mg} B Eo] Zu|EA% VPoo] ek e A HolFar
it} LEu CVB5Ol A& VP2 B tgh Wiz Holx]
2531 VPOol| tgh WiEYRS HolFa1 9ltk. Echo7- back-
ground7} A1&}7)+= sk vP2gl VPO HI=7)E Holal gtk
2] wlolel oA daks 9|l oksk =7t 39
A B2 e WMz Bolal vk Hg ojn] Ao
Fols] 9l VPlel] tish ©EE FAlE 1:2,0002.2 &4
slo] HU3l nlole| 2 A el FAlsle] B3-1 &A1
Aol vk, Fig. 5914 B 4= = 23 2ol Wt=
(sensitivity) 2 E-o] %= (specificity)7} 9] A1) o]e
sk Adl= 2 AgA ARESE B3-1 A7} vPL ©HEE &

Coxsackievirus= =g vk} 2Fo] enterovirusell <3}
Picornaviridae2] Hlo]z]o]t} (35). o] Hlo]ex ol T3k
AT poliovirusE: A 02 4 A7 X &F 08 A
o] gt} A= coxsackievirusE E S tFSt enterovirus
of digk /PEAR] ATE E3l FAPAE Aol Fo] gkl
Hoyx| 3 Qlt}. w3 coxsackievirus:= AFEOlAl A Eo] A
99 (myocarditis), &34 A5 (dilated cardiomyopathy,
DCM) 5 APddsty) &, dud, 14, A4, F44
T 55 FEshs Aol FlHAHT (2,6,11,19,26,33).

4

o]
o238} coxsackievirus7} Fel= 23k = DCMS Eu| S
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A

NC

CVB5 CvVB6

Echo30 CVA9

©

Virus

CvBl CvB2 CVB3 CvB4

Ab

CVB5

CVB6 Echo6 Echo7 Echo9 Echo30 CVB9

B3-1 ++ + ++ ++

+ + + - ++ ++

Figure 6. Comparison of Immunofluorescent assay (IFA) results. (A) Various enteroviruses-infected cells cultured on cover slip are
used as antigen for IFA and purified B3-1 peptide antibody was used as primary antibody. (B) Summary table for IFA data. NC indicates

negative control which means non-infected cells.

o4 100,000 F 6 case”} d=w wid 100,000 <] A1
T SA7E sk glan, A o] 9] 2191 T 50%E A
stal AT} (10). o]#f g oAl H<- coxsackievirusell o
3 A7} AR o7 Zrtele F=A 4 9
uele] s A= il F VPL, 2, 37} QHOH =EHE
loopE F/d3Hl =™, o] o] opwliite] wol7h vhekek
Hpoje] s ol F=o] g19lo] Mk 53] VPLat VP29 8
&
5]

A

]34 loop$] DES} EF loop 2 VP3<] knob region®] H}o]
2 Z3} 34 A S0 =83 S sl HoE 0T
At (4,13,30).

vlo]g)~ A3 (assembly) 2 H}Olﬂi
(cleavage), % 5 A&
o] A | AE Al ]T:T ]
A7 H= A2 vpolels whiddl] tighk A7) o
FalA] Fa Aol s F A AYEo] Ha
AA enterovirus ATl AP H 0= o]
NOVOCASTRACIA] #rfjsli= CVB5 VP1ol theh
A (NCL-enterovirus VP1)7}F Fahe} 12y} o] &)
F-2 Freffo]7] el vE Al diEake] JaeA A

oo
N
)
olr
ol
o
__)H_r“

= 93l confocal microscopy3 AFE-3le] o] MS 43 3}
= A5 TAE At ok dfehd B AlXE U 84

o] gAlEo] P-4 frefat

297} 8] o] e vl
S fel) VPL @Sk o|FA A
y
o) o

Aol ofgfgo] Ark o]y
A A VPO A A5
o 74dE = vholy

Coxsackievirus®] w22} assembl
Ao VPas} VP27t 2 x]
27} mEoAA] gevhe A9 EREAT (37,9,12,17,
32). =3 =gk H}Olﬂi’\oﬂ’\i VP47} glow HIZFAA <
A particlee] RH=ojxlvkar A vtk (31). 22t o2
ATE HEiA e Hod AL v {FEir7t obd VP4
VP2, VP3ol thgh Aot & At A= o]& s A
VP2oll & E7] 2 peptide FAE WEo] I H8-AAS
solalelnh

Fig. 5¢F 6914 & & A& AT 2 ATl =
CVB3 H32] vpP2o] st p ptide A= Hx e
CVB3 H3Fol tisir Fidk & G885 RHolFal vk
Bt olu]g) 22 coxsackievirus group CVB1, CVB4, CVBS5,
CVA9 ¥ t}Z enterovirus group] Echo7, Echo30 sollA %
83 A% 58S HoFa gt} o]9lo % tHE entero-
virusell = background”} 7JsAY ekE =L Aldo]
okstAINE o= Awo] AE §&S HoFa 9ok o]yt

YT (sensitivity)9} 5-o]% (specificity)= ©]7] FHH S
o] 8531 9= VPLe| gk TEE e FARIhaL &



116

AT} Fig. 1014 & 4= e AAHH o5 opn|iit AEe
73] AR Bt ol ofntk oAt A o] ¢
g ARG = T 0}10] o] FE-o] conformationel ]3|
A1) 14 BErt FARIAY 58 Ae FFRA o= B
L= o] el Aow FAAT w3k B Aol A%t
1 peptide 21 B3-1 A= coxsackieviruse] VPOL} VP2
A3s] Fasle] Bl g 4= 1Y) wiiell 2O 2 coxsac-
kievirus] maturation stepol] tgh At o]& & 4= & A
Sl1=d

B AGE F3) coxsackievirus T Aol Tt peptide A
7} Western blot 2 IFACA 83 555 W3)stw °18 S

} o

mlm foES ot 2 ri.‘l

o 5 Qov mebd FF FAE
VP4 9 VP3, VP1o| Tia FAIE AZEte] ule)e
mbly 1 2 7t wholel =
A AE Ule) AE B AT (dlele s Bl Y <
T Bl B8 8 5 UL

BT 20060 % HEYOEtnl wH] AT
st abehAl e 54 7] 295 (R01-2005-000-10668-0)2] #]¢1
o= TEQE’] }v\tl

29

P2

ot

o

o>

1) M2M: A
-216, 1993.

2) MM whole) 2 Alelat Al
Tr2> 22(1): 36-44, 2002.

3) Ansardi D, Morrow C: Amino acid substitutions in the
poliovirus maturation cleavage site affect assembly and result
in accumulation of provirion. J Virol 69: 1540-1547, 1995.

4) Appleyard G, Russell SM, Clarke BE, Speller SA, Trow-
bridge M, Vadolas J: Neutralization epitopes of human
rhinovirus type 2. J Gen Virol 71: 1275-1282, 1990.

5) Arnold E, Luo M, Vriend G, Rossmann MG, Palmenberg
aCV, Parks GD, Nicklin MJ, Wimmer E: Implications of
the picornavirus capsid structure for polyprotein processing.
Proc Natl Acad Sci USA 84: 21-25, 1987.

6) Baboonian C, Davies MJ, Booth JC, McKenna WJ: Cox-
sackie B viruses and human heart disease. Curr Top Micro-
biol Immunol 223: 31-52, 1997.

7) Basavappa R, Syed R, Flore O, Icenogle JP, Filman DJ,
Hogle JM: Role and mechanism of the maturation cleavage

239 A9, 28

7] 23(5L=): 208

Lo

. Astet

of VPO in poliovirus assembly structure of the empty capsid

g4, XgF, JA8, ZUd, olslet, gt

assembly intermediate at 2.9A resolution. Protein Sci 3:
1651-1669, 1994.

8) Carpernter CM, Boak RA: Coxsackie viruses; a review of
pathologic, epidemiologic, diagnostic and etiologic observa-
tions. Calif Med 77(2): 127-130, 1952.

9) Chehadeh W, Lobert PE, Sauter P, Goffard A, Lucas B,
Weill J, Vantyghem MC, Alm G, Pigny P, Hober D: Viral
protein VP4 is a target of human antibodies enhancing cox-
sackievirus B4-and B3-induced synthesis of alpha interferon.
J Virol 79(22): 13882-13891, 2005.

10) Codd MB, Sugrue DD, Gersh BJ, Melton LJ I11: Epide-
miology of idiopathic dilated and hypertrophic cardiomyo-
pathy. A population-cased study in Olmsted County, Minne-
sota, 1975-1984. Circulation 80: 564-572, 1989.

11) D'Alessio DJ: A case-control study of group B Coxsackie-
virus immunoglobulin M antibody prevalence and HLA-DR
antigens in newly diagnosed cases of insulin-dependent dia-
betes mellitus. Am J Epidemiol 135: 1331-1338, 1992.

12) Curry S, Fry E, Blakemore W, Abu Ghazaleh R, Jackson
T, King A, Lea S, Newman J, Stuart D: Dissecting the roles
of VPO cleavage and RNA packaging in picornavirus capsid
stabilization: the structure of empty capsids of foot-and -mouth
disease virus. J Virol 71: 9743-9752, 1997.

13) Dan M, Chantler JK: A genetically engineered attenuated
coxsackievirus B3 strain protects mice against lethal infection.
J Virol 79(14): 9285-9295, 2005.

14) Fernandez-Tomas C, Baltimore D: Morphogenesis of polio-
virus. Il. Demonstration of a new intermediate, the provirion.
J Virol 12: 1122-1130, 1973.

15) Haarmann CM, Schwimmbeck PL, Mertens T, Schultheiss
HP, Strauer BE:
nonserotype-specific B-cell epitopes of coxsackie B virus
using synthetic peptides. Virology 200: 381-389, 1994.

16) Harrison SC: Virus structures and conformational rearran-
gements. Curr Opin Struct Biol 5: 157-164, 1995.

17) Hindiyeh M, Li QH, Basavappa R, Hogle JM, Chow M:
Poliovirus mutants at histidine 195 of VP2 do not cleave VPO
into VP2 and \VVP4. J Virol 73(11): 9072-9079, 1999.

18) Hogle JM, Chow M, Filman DJ: Three-dimensional struc-
ture of poliovirus at 2.9A resolution. Science 229: 1358-1365,
1985.

19) Kaplan MH, Klein SW, McPhee J, Harper RG: Group B
coxsackievirus infections in infants younger than three months
of age: A serious childhood illness. Rev Infect Dis 5: 1019

Identification of serotype-specific and



Development of Peptide Antibody Against Coxsackievirus B3 VP2 117

-1032, 1983.

20) Kim JY, Jeon ES, Lim BK, Kim SM, Chung SK, Kim JM,
Park SI, Jo I, Nam JH: Immunogenicity of a DNA vaccine
for coxsackievirus B3 in mice: protective effects of capsid
proteins against viral challenge. Vaccine 23(14): 1672-1679,
2005.

21) Kim SM, Park JH, Chung SK, Kim JY, Hwang HY,
Chung KC, Jo I, Park SI, Nam JH: Coxsackievirus B3
infection induces cyr61 activation via JINK to mediate cell
death. J Virol 78: 13479-13488, 2004.

22) Kitamura N, Semler BL, Rothberg PG, Larsen GR, Adler
CJ, Dorner AJ, Emini EA, Hanecak R, Lee JJ, van der
Werf S, Anderson CW, Wimmer E: Primary structure, gene
organization and polypeptide expression of poliovirus RNA.
Nature 291: 547-553, 1981.

23) Knowlton KU, Jeon ES, Berkley N, Wessely R, Huber S: A
mutation in the puff region of VP2 attenuates the myocarditic
phenotype of an infectious cDNA of the Woodruff variant of
coxsackievirus B3. J Virol 70(11): 7811-7818, 1996.

24) Lee WM, Monroe SS, Rueckert RR: Role of maturation
cleavage in infectivity of picornaviruses: activation of an
infectosome. J Virol 67: 2110-2122, 1993.

25) McLean DM: Coxsackieviruses and echoviruses. Am J Med
Sci. 251(3): 351-368, 1966.

26) Melnick JL, Hampil B: WHO collaborative studies on
enterovirus reference antisera: Fourth report. Bull World
Health Organ 48: 381-396, 1973.

27) Minor PD, Ferguson M, Evans DM, Almond JW, Icenogle

JP: Antigenic structure of polioviruses of serotypes 1, 2 and
3.J Gen Virol 67: 1283-1291, 1986.

28) Molla A, Harris KS, Paul AV, Shin SH, Mugavero J, Wim-
mer E: Stimulation of poliovirus proteinase 3Cpro-related
proteolysis by genome-linked protein VPg and its precursor
3AB. J Biol Chem 269: 27015-27020, 1994.

29) Moscufo N, Yafal AG, Rogove A, Hogle J, Chow M: A
mutation in VP4 defines a new step in the late stages of cell
entry by poliovirus. J Virol 67: 5075-5078, 1993.

30) Muckelbauer JK, Rossmann MG: The structure of coxsac-
kievirus B3. Curr Top Microbiol Immunol 223: 191-208,
1997.

31) Racaniello VR, Baltimore D: Molecular cloning of polio-
virus cDNA and determination of the complete nucleotide
sequence of the viral genome. Proc Natl Acad Sci U S A 78:
4887-4891, 1981.

32) Rebel JM, Leendertse CH, Dekker A, Moormann RJ:
Effects of mutations in the VP2/VVP4 cleavage site of Swine
vesicular disease virus on RNA encapsidation and viral in-
fecitivity. Arch Virol 148: 1747-1756, 2003.

33) Rotbart HA, Brennan PJ, Fife KH, Romero JR, Griffin
JA, McKinlay MA, Hayden FG: Enterovirus meningitis in
adults. Clin Infect Dis 27: 896-898, 1998.

34) Rossamann MG, Johnson JE: Icosagedral RNA virus struc-
ture. Annu Rev Biochem 58: 533-573, 1998.

35) Woodruff JF: Viral myocarditis: A review. Am J Pathol 101:
424, 1980.



