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In Korea, all domestic made test systems for detecting antibodies in HIV-1 contain the
antigens from human immunodeficiency type 1 (HIV-1) subtype B. However, because HIV-1
subtype O is significantly different in amino acid sequences from all other subtypes of HIV-1,
there has been a need for developing a test for detecting antibodies in subtype O. For this
purpose, the entire nucleotide sequence comesponding to the extracellular domain of the
transmembrane glycoprotein of HIV-1 subtype O was synthesized with consideration of
Escherichia coli condon usage. Various regions of the extracellular domain were cloned into E.
coli expression vectors and tested for levels of protein production. The nucleotide sequence,
named ECTM, that can encode a 129 amino acid-long peptide, was found to be expressed at a
high level in E. coli. The protein of approximately 17 kDa specifically reacted with sera from
individuals infected with HIV-1 subtype O. The ECTM protein was purified to near homogeneity
by the CM-T gel chromatography, using concentrated, denatured inclusion bodies. In Western
blot analysis, the purified viral antigen reacted with sera from individuals infected with subtype
O more efficiently than subtype B. The enzyme linked immunoabsorbent assay (ELISA) system
was developed using the subtype O viral protein and compared with the commercially available
kit lacking the antigens from subtype O. The ELISA kit containing the subtype O antigen ECTM
alone efficiently reacted with sera from individuals infected with subtype O. The subtype O
antigen-containing kit produced a positive absorbence even when sera were diluted 512-fold,
suggesting a high sensitivity. The commercially available kit also reacted with subtype O sera,
but produced a negative resuit at a dilution of 8-fold. Our results suggest that the currently
available kit may not be able to efficiently detect subtype O sera and that the viral protein
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developed in this study may be added to the current system to maximize the detection of sera

from individuals infected with subtype O.
Key Words: HIV-1 Subtype O, diagnosis, ELISA
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1. ECTM 7| Mg 2|

HIV-1 0% 0] ECTM 29| & ZZ3}7] 93 A
FT79 5 T primer?} FF 79 3' Tt primer
£o] AF8-521 2™ 1 nucleotide sequence= TH-
3 2

ONde5 5 CATATGGGCGCAGCGGCAACA3

OBam5 5 GGATCCAATGGGCGCAGCGG3

OBgl5 5  GGATCTGCGGTACAGACCCAC-
ACT3’

OXba3 5°  TCTAGAGAATATATGGTGGAG-
CTTAT3

OTm3 5° CCCGGGTTACTCATTTTGTTCC-

TGCTGTAC’

Z%¥ PCR 4}E-S ZERO Blunt PCR Cloning
Kit (Invitrogen)2 o] &3] 243§ ¥ pET-17b
52 pRSET #H 2 ztz} F2Y 3l th. ONdes,
OXba3 primer %2 o] 88} 5Z € 345 bp ¥ 3}
ONde5, OTm3 primer %8 o]-ga] ZZH 345 bp
HH e Z+z} pET-17be} pRSETBS] Ndel, EcoRI
siteol] 4118+ 2™ OBam5, OXba3 primer % 2.2
58 FZ 4 345 bp W} OBamS5, OTm3 primer
Hoz RE FZd 387 bp AL pET-17b9}
pRSET B¢] BamHI, EcoRI site®, OBgl5/0Xba3
primer 2 2 RE) ZZ g 321 bp AH 7} OBgl5/
OTm3 primer %2 2 RE] $%% 363 bp H
pRSET A¢] BamHI/EcoRI site2 43t} o)
HHANE EL E. coil BL21 (DE)o] BRAAS A)
15 Argstg o
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sk, BY A2 (F)54A9] HIV 122 ELISA
30 71Eo] 289 FARNZH L AHgsiant 4
7= AR Ao g BE U5 A8 @



3 100HAE 84 249 HAEoR AHed)

At
3. 0% g9l ECTMe| 222t M|

HIV-1 0¥ 2} Env @2 23 W& 3t
3l WREE 1028 g F HF 1mMo)
5 =% isopropyl-B-D-thiogalatopyrancideZ 3 7}
st 0% gpdl Fd& LAY A4 EH
(8000rpm, 30%, 4T)ste] A& AT AHAES
10w} Hule] &&]et39 (20mM Tris 2mM EDTA,
1mM phenyl-methylsulfonyl fluoride, pH 8.0)S.2
443 & A. SMES FFL ol 208

=3
g ata ol & Al A EE st T4
5 ot AAES 2 Mureag B o=z ¢
S8 F thA] dAER et 4 AAEES
M urea N0 2 ¢35 B3ttt o) £ 9
pHE 56202 ZAHF & HgPLA (20mM acetic
acid, 10mM DTT, 8M urea, pH5.6)2. 2 33 3 A| 7]
CM-T gel (TOSHO:Japan)ell ¥ o|& %, 9 &) g
= 748 Rl 3u] o4& T8 ZUHANA
HEPL &<2)3l1 0.3 M7LA| NaCl gradientE 7 o]
Edae gdE EosEs 5H5e g4
HIV-1 0% %4 3 & ©]§-3t] immunoblot ¥
Mg AAsld EF3te d9d e #3nm,
SDS-PAGE®] ¢l3] «%7} g8 95% o] Al &
AgArE Ay Eelsigo

4. Immunoblot 2t

3|
[o3]
=

IPTG f-3 2 28 F=3t7] A3o P4 A
%.9] g9 & mini-gel R (Biorad Laboratories)&
o] &3ta] reducing %702 SDS-PAGEEZ 43
AR PTG 4= Bysh BA Ao HESS
712 2414 BA B A7) 9% F 9UL i
trocellulose membranel. 2 H7|F o2 AGER
t} [6]. Membrane-2 22389 (PBSZ 5% nonfat
dry milk)ell 4083t NNE EEWA g A7l
F 43 w2l 0% ¥4 (xo 1) BY A&
4% Nomal goat serume] FFH BFgdozg
1000 8] A& wh-g- ol g o] §3ta] 4204 14]
7 E<t vkg-AlZ T} o] S 0.1% Tween 20 ©) §
%" PBS (PBST)Z 33 AH3dF 2mg/mle]
peroxidase-conjugated goat anti-human IgG (52 3]
A} =4 ZAHE 5% bovine calf serum (BCS)o] 3
d PBSTZ 1:10°] 3]48}e] 20ml/membranes

Iir = O

1

-33-

W 42oA 3083 ¥k3A|Z T} PBSTE 53
N2 s & 712 2 4-chloro-1:napthol (Sigma)S &
&% H,0, 89-& 20ml/membrane®] @ 31 2] 29
A wraAnke Al7jEA] A WMEE vehlile
o 12} 2 o] Yo WA A

5. ELISA
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ONde5
OBamb OBg15S
pL3 F— |—»
ANT70 AVGLGMLFLGVLSAAGSTMGAAATTLAVQTHTLLKG IVQQODNLLRAIQAQQOLLRLSXWGIRQLRARLLALETLLQNQQLLSLWGC
MVP5180 AVGLGMLFLGVLSAAGSTMGAAATALTVRTHSVLKGIVQQQODNLLRAIQAQQHLLRLSVWGIRQLRARLQALETLIQNQQRLNLWGC
VAU AAGLAMLFLGILSAAGSTMGAAATALTVRTQHLIKGIVQQODNLLRAIQAQQHLLRPSVWGIRQLRARLLALETF IQNQQLLNLWGC
oxba3 OTm3
LE

ANT70 KGKLVCYTSVKWNRTWIGXXXNESIWDTLTWQEWDRQISNISSTIYEEIQKAQVQQEQNEKKLLELDEWAS IWNWLDI TKWLWY IK
MVP5180 KGKLICYTSVKWNTSWSGRYNDDSIWDNLTWQOWDQHINNVSSIIYDEIQAAQDQQEKNVKALLELDEWASLWNWFDITKWLWY IK
VAU KNRLICYTSVKWNKTWGG- - DNESIWDELTWQQWDQQINNVSSFIYEKIQEAQEQOEKNEKELLELDEWAS INNWLD ITKWLWY IK

Fig. 1. The relative position and amino acid sequence of the extracellular domain of the transmembrane pro-
tein. EC (extracellular domain), TM (transmembrane region), IC (intracellular domain). The amino acid se-
quences of the three HIV-1 subtype O strains are shown. The relative positions of oligonucleotide primers used
for cloning are indicated as arrows. The numbering system is based on Vanden Haesevelde et al [3].
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Fig. 2. Expression of ECTM in E. coli. Total cell lysates were prepared from E. coli before (lane 1) or after
(lane 2) IPTG induction followed by SDS/PAGE. Inclusion bodies were collected and subjected to the CM-T

gel chromatographic purification as described in Materials and Methods. The protein samples before (lane 4)
and after (lane 3) the column purification were loaded.

Subtype O Sera Subtype B Sera

1

2M 3 4 M

Fig. 3. Efficient interaction of ECTM with sub-
type O sera. The proteins corresponding to lanes 3
and 4 of Fig. 2 were subjected to the Western blot
analysis using sera from individuals infected with
subtype B or O as indicated. Lane 1 and 3, chro-
matography-purified proteins; lanes 2 and 4, pro-
teins from inclusion bodies.
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Table 1. Comparison of the ELISA kits containing the subtype O antigen ECTM and the subtype B proteins

for their reaction with sera

\‘\\\ Sera Subtype B Subtype O
Antigen xb 201 xo 101 x0 102 xo 104  xo0 106  xo 111
Subtype O 0.0 3.7 38 3.9 43 4.4
Subtype B 7.9 35 35 33 36 3.6

The results are expressed as specimen absorbance to cutoff ratios (S/CO)

A ratio higher than 1.0 is considered reactive

>8.5
8.0
7.0
6.0
5.0
40
3.0
20
1.0
0.0

—e— O antigen-coated
—o— B antigen-coated

S/CO Ratio

0 2 4 6 8 10 1214 16 18 20
Dilution (2™

Fig. 4. Sensitivity of ECTM to subtype O sera.
The ELISA kit containing the purified ECTM was
compared with the commercially available kit con-
sisting of subtype B antigens. Subtype O sera were
serially diluted and the immunoabsorbance det-
ermined. The results are expressed as specimen ad-
sorbance to cutoff ratio (S/CO).
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Fig. 5. Sensitivity of ECTM to subtype B sera in
ELISA. The ELISA kit containing the purified ECTM
was compared with the commercially available kit
consisting of subtype B antigens. Subtype B sera
were serially diluted and the immunoabsorbance det-
ermined. The results are expressed as specimen ad-
sorbance to cutoff ratio (S/CO).
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