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Retroviral Envelope Protein: A New Autoantigen Reactive with
Non Obese Diabetic (NOD) Mice Sera
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Ji-Won Yoon and Yup Kang

Laboratory of Endocrinology, Institute for Medical Sciences,
Ajou University, Suwon, Korea

IDDM (insulin dependent diabetes mellitus) is believed to be an autoimmune disease and characterized
by the immune activation against insulin-producing pancreatic beta cell. The identification and
characterization of new autoantigens reactive with an activated immune system would help to elucidate
the pathogenic mechanism of this disease. Several autoantigens are trying to apply for diagnosis and
prevention of IDDM. The NOD (non obese diabetic) mice have been the best model for studying the
pathogenesis of human IDDM. To identify new autoantigens reactive with activated humoral immunity of
NOD mice, the lambda gt11 cDNA library was constructed from NOD-derived pancreatic beta cell (MIN6N8a:
mouse insulinoma cell) and screened with prediabetic NOD sera. Nine positive clones were selected from
2x10° phage plaques. The 5™-end sequencing and homology searching showed that six clones from nine
clones had over 98% sequence homolgy with the retroviral envelope gene. Full sequencing revealed that
the cloned gene was a fragment of ecotropic retrovirus (emv-3) envelope gene. To confim the
immunoreactivity of cloned retroviral envelope protein, the cloned gene fragment was expressed in an £.coff
expression vector system. Western blotting showed that the recombinant envelope protein fragment also
reacted with prediabetic NOD sera.(Ajou Med J 1997; 2(2): 149~158)
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MINGNSa A ZE AL3tgch’. o] A EL svdo T &Y
22 WEAEE YAASS Badb/C HE NOD H}
Zuafsle] NOD F9] §48 A2 vl F ¥ B A
X7 A¥QolA ded s Eulsie WXy AR
< 7FA 3 Qlt}. o] MEE Dr Miyazaki ZF(University of
Tokyo, Japan)Z 58] £k Wiolcl. @y A% FE
NOD F+ 7Hr}e] University of Alertaol]A] H-oF Hho}
FEHY FIATE FEHANA AKFY 10~12 F
#o] 94 NOD HE 4839} o] NODFH Y 9y
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2. MIN ¢DNA A3 74

MIN6N8a A|E 10% FBS(fetal bovine serum)?’} E3
= AHigh EX}) DMEM(Dubellco's minimal essential
medium)ol| A v ¥stct. o 60~70% monolayerS o] F
M EE PBS(phosphate buffered saline)2 23] Al F
PolyA Tract mRNA isolation kit(Promega Biotech, WI)E- o]
£33t MIN6NSa mRNAE #2]41%th DNA 24
£ WS 71 DNA T2 HE ol g3
Notl-dT Zglo]n]E o]§ste] (DNAE WHEIL EcoRI
adaptors FF Udoll £ F Notloz Axisid
EcoRI ¥-9]¢} Notl E-9]E 712 (DNAE Z& Aga 4L
298 AR agil Wl A9 9Tk Agal
MING6NS8a ¢(DNAE in vitro packaging kit(Pharmacia Bio-
tech, Uppsala, Sweden)Z ©]-§3}od A F(E.w/i Y1090)ol]
transfection A Z T},

3. HAHY

oF 10,000 7}2] phage plaqueE §AE Agell- MIN6NSa
¢DNA packaging®8-2 AT (E.coli Y1090)0l] A7
45°C, 0.7% LB(Luria broth) o}7} 2= £No)) 4 ¥ 1B
agar plateol] Bt} 3~4&)7} wjoksto] phage lawng
¥ A1} 3L IPTG(isopropyl thio-galactopyranoside)2 v &



Al NC(nitrocellulose) BE]E phage lawn $iol] &3t} 3~
4A7 o wlkslaL o] HEIE U F 5% @A 4
PBS §Hol|A] blockingA|Zth. 13 &AE 10~12 FH
= 10vteie] NOD # ol A4S 1000] 3 4sje] A&+t
31, 22} Al Alkaline phosphatase conjugated anti-mouse
IgG 3AIE ALsigct 4L BCAPbromo chloro indoyl
phosphate)/NBT(nitrobluetetrazolium)Z s} 7}stA]
AE FES F SE2E AWt 20719 plae
zAsgeng ANHSZ o 2x10°709] phage plage
£ A4t

4 HoIME dd

$4 229 sUYe] AAADE B SAshod
OmniBase cyclic sequencing(Promega Biotech, WI) %HH-&
ol &35tct. ¥A EE9 IHAE PEG(polyethylene gly-
col) Heg HAAF|2 512 DNAE phenol/chloroform
W o g 2Z8 I ethanol HOE FAAH. Age119]
forward primerS- sequencing primer& $}3L X3 E ZE|
7)7] 18] kination ¥ o] §3te] Tajo|vE TPz
labelling®}]t}. OmniBase sequencing enzyme-§ ©]-&3}o]
30%] cycic ¥F2+95°C, 2 minutes as denaturation, then
95°C, 30 seconds and 70°C, 30 second as denaturation,
annealing and extention, respectively)3}th. ¥4 = DNA
£ 8% urea-PAGE(polyacryl amide gel electrophoresis)ol| A]
£33 ¥ auroradiography 3t Q71AFE AUyt &
Azl AA A71MDe AR A8 olv] HAH
A71AY AR ZHE] oligonucleotideE FAst A
cyclic sequencing® Fefsle] VA LEQ AR
ARG} d7IAE S AR F ol $AAN F&
SAAQIA &7l Yl Genbank®2] DNA dacabaseE 7]
Hlo 2 3}od cutoff value 459} Krup value 40i|A4]
homology searching-S =383} tHDNASIS, Hitachi).

5. WE % FH
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o} Western blotting W o g2 W u}
. 2 28 AAE dF e ¥ 944 DNAE F
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AA & 6M ureaol|A] £8)A)F1 3 His Bind resin column
(Novagen, WI)S ©]-83} affinity chromatography S -38%}
o] AAeAcH.

6. Western blotting

i S 10% PAGECA E3¥3tx A7]95H oy
A& Nitrocellulose(NC) membraneol] &Zlt}. NC mem-
baneg AZAZ ¥ 5% SARGIH Budo] &7
AA L FE blocking A1Fth. PBSZ 1004 34
prediabetic NOD 84 g 12 JAZ &2 PBSE 2,000
vl 3] A%t Alkaline phosphatase conjugated anti-mouse IgG
FA|Sigma)E 22 FAZE 3t 3~547 WA R
ol wl 7 SAME PBST 3-42) AleISAT). wHInhe.
2 Q714 tFdo AHE F BCAPNBIZ LA
A"

1. HAHN

WA prediabetic NOD €3 9] Aut-e-AE =A%
23 MING6N8a TFulA 9] Western blottingS 383}
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A ARE B Erh oY 4 FEL DNATH 7Y
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Fig. 1. Westem blotting of MINGN8a protein with NOD sera.
The whole protein was prepared by direct solubilization of
MIN6NBa cell with SDS-PAGE loading buffer. About 100ug of
proteins were fractionated on 10% SDS-PAGE and transferred
to nitrocellulose membrane. After blocking the membrane with
5% skim milk, the immunoreactive proteins were detected by
binding with 100 fold diluted mice(ICR; lane 1, prediabetic NOD;
lane 2, acute diabetic NOD; lane 3) sera and alkaline
phosphatase conjugated anti-mouse IgG antibody as primary
and secondary antibody, respectively, and then by developing
with BCIP/NBT.

2. gIIME RN

oy 229 s-nel of 20078 WAL BA
3}3L Genbank® 9] databaseol] 4] homology searching®}i T}
oMo F& F 6MY EF&2-1, 3-1, 3-2, 3-3, 8-1, 10-1)
o] slEZulo|g 29 Fw QI envelope T
A7} 98% ol HEAl v Aoz FYEUG
(Table 1). & 3-29] 2E 97I4A€9E AHRsla dER
vpol2la AR} wldk A3t envelope FAAollA
o 99%, 3-Ud vlWl BHAE 95%9 4FHE
AR glo] B dAFollA AL FA FEL dE2H
o2 &9 envelope FH A2 YH-Z AZtd}. o] HE
Zuloldl A # 2 endogenous ecotropic murine leukemia
virus(emv-3)9] 7] Qg 7HA L glov] 1 9, FAA
database ©l|4] gene homology searching 733} 6719 FF
8§87 AR YX|BrKTable 2), Fg. 3& 32 FE
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Fig. 2. Third screening of Agt 11 MIN6N8a cDNA library with
diluted prediabetic NOD sera pool.

Phage lawn was made by infecting E.coff Y1090 with in vitro
packaged phage and pouring onto LB agar plate. Cloned genes
were expressed by chemical induction and the expressed
proteins were transferred by overlaying IPTG-saturated NC
membrane on phage lawn. The positive signal was detected by
binding with prediabetic NOD sera and alkaline phosphatase
conjugated anti-mouse IgG antibody, and by developing with
BCIP/NBT. This picture depicts the third screening of selected
phage clones.

open reading framed} Loj| WE olu]| At AH-E Hof
Ft 32 289 7% envelope FHAtl Yo} TFH
M21028 B|EZnlo] A envelope FAA2} 2.7 & A
9] point mutation(C-T 497th nucleotide)o] EAs}3 o] Z
913} Threonine®| Isoleucine (166th amino acid)2.& u}#
Q1.

3. B2 3.2 cDNAS| WH % HA

dEZulolga FwikiAe] NOD F 2| €A} ut
SR A8 98 32 FELZHE] DNAE &
2leta oA oizF i wElQ] pET30bol 719 WSl
t}. o] WElE T7 Z2REIE o] &3l HEol=2g T/
RNA polymerase?} lysogenic AElE U= WiAF BL21
DE3E PAAGE AFov] envelope 27 THAE
IPIGE =44 Az #dd 9ide] arle &
27 kDa(Fig. 4) o}l on] Has HAE A% NI 5
FAS- tag-His)e] xS Al2lsha oF 21 kDa B X0]
3L o] A7) 3-2 FE9) DNAY open reading frame2]
A7](174 amino acid)9} A9 X v]F LHELS
Aok 2~3%) wExE AL FENolA EaiE
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1 GGGACTACCGCCCTAGTGGCCACTCAGCAGTTCCAACAACTCCAGGCTGCCATGCACGAT 60
1 6 T T AL V A T Q Q F Q QL Q A A M H D 20
61 GACCTTAAAGAAGTTGAAAAGTCCATCACTAATCTAGAAAAATCTTTGACCTCCTTGTCC 120
21 D L K E V E K § I T N L E K S L T § L S 40
121 GAAGTAGTGTTACAGAATCGTAGAGGCCTAGATCTACTATTCCTAAAAGAGGGAGGTTTG 180
41 E V V L ¢ N R R G L D L L F L K E G G L 60

181 TGTGCTGCCTTAAAAGAAGAATGCTGTTTCTATGCCGACCACACAGGATTGGTACGGGAT 240

61l C A A L K E E C C F Y A D H TG L V R D 80
241 AGCATGGCCAAACTTAGAGAAAGATTGAGTCAGAGACAAAAGCTCTTTGAATCCCAACAA 300
81 s M A K L R E R L S Q R Q K L F E S Q Q 100
301 GGGTGGTTTGAAGGGCTGTTTAATAAGTCCCCTTGGTTCACCACCCTGATATCCACCATC 360
101 G W F E G L F N K s P W F T T L I s T I 120
361 ATGGGTCCCCTGATAATCCTCTTGTTAATTTTACTCTTTGGGCCTTGTATTCTCAATCGC 420
i22 M 6 P L I I L L L I L L F G P C I L N R 140
421 CTGGTCCAGTTTATCAAAGACAGGATTTCGGTAGTGCAGGCCCTGGTTCTGACTCAACAA 480
141 L Vv Q F I K D R I s V V Q A L V L T Q ¢Q 160
©
481 TATCATCAACTTAAGAEAATAGAAGATTGTAAATCACGTGAATAAAAGATTTTATTCAGT 540
161 Y H Q L K (% I E D C K S R E * 175
541 TTACAGAAAGAGGGGGGAATGAAAGACCCCTTCATAAGGCTTAGCCAGCTAACTGCAGTA 600
175 175
601 ACGCATTTTGCAAGGCATGGGAAAATACCAGAGCTGATGTTCTCAGAAAAACAAGAACAA 660
175 175

661 GGAAGTACAGAGAGGCTGGAAAGTACCGGGACTAGGGCAAACAGGATATCTGTGGTCAAG 720

175 175
721 CACTAGGGCCCCGGCCCAGGGCCAAGAACAGATGGTCCCCAGAAATAGCTAAAACAACAA 780
175 175
781 CAGTTTCAAGAGACCCAGAAACTGTCTCAAGGTTCCCCAGATGACCGGGGATCGGCCCCA 840
175 175
841 AGCCTCATTTAAACTAACCAATCAGCTCGCTTCTCGCTTCTGTACCCGCGCTTATTGCTG 900
175 175
901 CCCAGCTCTATAAAAAGGGTAAGAACCCCACACTCGGCGCGCCAGTCCTTCGATAGACTG 960
175 175

961 AGTCGCCCGGGTACCCGTGTATCCAATAAAGCCTTTTGCTGTTGCATCCGAAAAAAARAA 1020
178 175

Fig. 3. Nucleotide and amino acid sequence of 3-2 clone.

Nucleotide sequence was determined by cyclic DNA segeuncing method with s ic oli i i i i

. _ ynthetic olionucleotide primers. The amino acid
sequence was deduced from determined nucleotide sequence. Only one nucleotide(C) of mouse endogenous retroviral eneviope gene
was changed to T at 497th nucleotide. The mutated location was indicated as e.
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Table 1. Homology matching of cloned new genes with reported
genes listed on Genebank database

Clone Size of Insert(kb) Matched Gene Homology(%/size)

2-1 1.1 Env 98/181
3-1 10 Env 98/169
3-2 12 Env 98/188
3-3 09 Env 99/226
3-5 18 New”

8-1 1.0 Env 98/224
9-1 1.2 New™*

9-2 1.0 New”®

10-1 11 Env 99/255

Around 200 nucleotide sequence of each positive clone was
determined and compared with reported genes on Genebank
database.

Env?® Ecotropic retroviral enveiope gene(Emv-3)

New®: Unreported new gene

New®: Clone 9-1 and 9-2 are the same gene although each
clone has different size

Western  blotting&  F=3¥3}gic}. Fig. 6oll4 EXol
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Fig. 4. Expression of 3-2 clone gene in E.coll.

The cDNA from clone 3-2 phage was subcloned into pET30b
to construct expression vector pET30b-3-2. E.coli BL21(DE3)
was transformed with this recombinant vector. After IPTG
induction, the whole proteins were extracted with SDS-PAGE
loading buffer. Around 100ug of protein was fractionated on 10%
SDS-PAGE. Protein bands were stained with Coomassie biue.
Lane 1 and lane 2 denote the protein bands of uninduced E.coli
as a control and induced E.coli with pET30b-3-2, respectively.
M denotes the molecular weight standard.

Table 2. List of genes having homology with clone 3-2

No. Name

Accession Homology

No. (%/size”)
1 Mouse endogenous murine leukemia proviral env region DNA M21028 99.8/525
2 Mouse mRNA for mouse melanoma antigen D10049 99.6/525
3 Mouselstrain C3H) endogenous C3H/He murine leukemia proviral pol and env region DNA M19005 99.6/525
4 M.musculus env mRNA from SV-40 transformed cells X62670 99.4/525
5 Mouse endogenous ecotropic murine leukmia proviral locus 3(Emv-3) envelope glycoproteintenv) genel37057  99.4/525
6 Mouse endogenous MuLV ecotropic loci putative pol genes, gag and env genes M87550 98.8/512
7 Mouse endogenous ecotropic proviral gene, env gene region M11751  100.0/154

size®: size of homology with envelope region of clone 3-2
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Fig. 5. SDS-PAGE of the: purified 3-2 protein.

The expressed 3-2 protein was purified by His Bind
chromatography. The 3-2 protein was eluted from acryl amide
gel strip after being fractionated on SDS-PAGE. The eluted 3-2
protein(arrow in lane 1) was detected on SDS-PAGE.
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Fig. 6. Western blotting of the purified 3-2 protein with predia-
betic NOD sera.

The purified recombinant 3-2 protein was fractionated on 10%
SDS-PAGE and transferred to NC membrane. The immuno-
reactivity was also checked by Western blotting(Materials and
methods). The immunoreactive band is depicted by arrow(in
lane 1).

gk 29 A FE Folle EFHA gt AA
GADS} Q€3 NOD F 9| MY HA AlAt e}
A AU BE AY dhgsle gv AR 49
2 g agmg B A4 A4 NoD g3}
Hhesto] AW 5L T3] uloksto] AMHA gk
< 7FsA el it AERZulol3 X envelope FUS 7H
FEET NOD 43 whgaAt 35 FERYGE &
A BE33te A2 2 Yelgo B2 NOD # 9] AH4
o] HEZulo|Z A envelope THANE 7} BHA
% A 2t ol AMAY HHo| ot HEA WA
ol Zstrt oA Eu g 1Y of dEZulolE A
iAo MEY wWoo] K F FE T US 7HsAel
AT’ & AYIA AL 4 FE T Ohpye 2E
o] BEZulo|&] A envelope Y FE 22 Vel
ol £ Al 443 DNA Aie] X o] MIN6NSa
AL A BEZHtolH A FHAY ikdlo] g F
AL AAL}H B3 svdo T o2 Fubsl Foka)
¥ 9] 739 endogenous retrovirus &} W o] Zrlelg i
Ba=Eed ol Addl AL43 MIN6NSa A|XE9] 7
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FE V40 T Y02 U FoMFo|nZ ER
vlo|2| & A} i =S JHsAE UG

AeAEY Fiwe] didle 33 29 9
3783 agle] Fatdl e AYE IHH 2219
sl wlolg| ko] ol JeEY Jdue ¥
Hol| Atde] & 4 gk AZE|ox e} &3
Coxsackie H}o|#®] A5 B| £}t Picorna ulo|E A7} A H
HEtAIEE ZFAFIAL HEAE Fol A7t gy
< FAANA Qe gEY S Y 5 Y
HaE Qi vhd EZulo]Z] A% NOD FHollA A<
H oEY Fuwe] W ofd JAAAo] glkm K
=R, WY #EZulo]3] A(endogenous retrovirus)
9] W& o] NOD Fol|A Hol3iAl W=z glgo] A
Afu| Aoz A2E 7% GaskinsS-& xenotropic H|E.
Zule]g] A7} NOD # 9] HleA|EollAut HHES B
st HEZulo|# 29 ¥ NOD F 9 Fkare
wste] BAYE BIYD. T8 Naksgewa 5L
NODF|ol|A] H|EZuto|2] 29| ulAQl gag A o]
NOD # 9| £%of 851 355 Hrslie FEZn
olg] 29| F§AH ArtrdAe] daddEY Fur
ol ojd AL ¥ & e AYS AA4WG”. 1
Hu 919 B HI3E el Fo dEznlo)g A
£&9 sEZnlolg & FAAE AL 77t ol
og AedEY e uye ARHAU #AA
<+ dtsied AE AU Aok a2 B dfell
A= A7 endogenous ecotropic leukemia u}o]# A2
envelope A5 NOD $-2 WIEA|Eoll 2 el
ooz YEZulolgias A8E & v J¥e] d7¢
F AE A JjdHd.

53] dEZnlo]H A duiFo] 215 NODFH ] Al
N4 W AAe} A ubgtchs AL WY dER
upo]E &9 zHEtAY WHo g Qdle] WA A7} o]
vpolB| A A S 9 EAZ Q4 o] wlo|HA
ol W3 dA" W ko2 Qlste Wt ES} 3}
A8 spsAdel S-S vdt HEty 2 7HA E|
Egulolzj& g #d EAo] AA £xoAT IAE
2 gt e HEAIE o] wguk-gel 3]
Ezupolg 27} od g @9% F ddkn FES
T Sk oyl 44 A3 NOD FHo HAA 28
H HEZvlol A AV FEFR AF £5 AF
o] Yoju= A7|9} HlEZulo]#] A envelope FHZ}e]
o] Zutsle A7|7t A AFHE BREE
ol ol #HA £5 Aol dEZulol 2 AEE
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