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=Abstract=

The Detection and the Antigenic Analysis of the Hepatitis G Virus in Korea

Jae-Deuk Yoon®, Young-Mee Jee, Hong-Rae Lee, Ki Soon Kim, Young-Sun Kim,
Yoon-Sung Lee, Yoon-Suk Chung, Jeong-Koo Park, Ji-Eun Kim,
Sang-In Chung', Won Sun Lee’ and Won Bae Lee’

Laboratory of Enteroviruses, Department of Viral Diseases, National Institute of Health, Seoul
122-701, and 'Department of Microbiology, Medical College, Chung-Ang University,
Seoul 156-756, and *Holy Family Hospital, Bucheon City, 420-717, Korea

We investigated the rate of hepatitis G virus infection among 50 patients who were not
infected with the hepatitis C virus but showed symptoms of hepatitis. ‘

Viral RNA was extracted from the patients' sera and cDNA was synthesized and amplified by
RT-PCR (reverse transcription-polymerase chain reaction) using random hexamer and 5 primers
(470-20-1-77F, 470-20-1-211R, 470-20-1-211R-biotin, GV57-4512MF, GV57-4657TMR). The
amplified PCR products were confirmed by electrochemiluminescence (ECL), liquid hybridization
(LH) and Southern blotting (SB).

Among the 50 PCR products, by means of ECL, we found 4 samples to be positive and 5
samples to be indeterminate. The GV45-89M probe (5'-CYCGCTGRTTTGGGGTGTACTGGAAGGC-
3') was end-labelled with gamma-P ATP and used for liquid hybridization with the PCR
products. By using liquid hybridization, we detected specific bands from 4 positive sera and also
from one indeterminate serum as determined by ECL. An 1.5% agarose gel electrophoresis of
the 9 PCR products which were HGV positive or indeterminate as determined by ECL showed a
160bp band from 4 positive and one indeterminate serum. The 5 PCR products proved to be
positive when SB was applied with the GV45-89M probe as well as when LH was applied. LH
and SB were shown to have higher sensitivity and specificity than ECL. Two cases among 5
positive cases had relatively high SGOT, SGPT, ALP values when compared with other 48 cases.

In summary, we confirmed hepatitis G virus infection in 5 cases among 50 Korean patients
showing symptoms of viral hepatitis.

Key Words: Hepatitis G virus (HGV), RT-PCR (reverse transcription-polymerase chain reaction),
Electrochemiluminescence, Liquid hybridization, Southern blotting

‘Corresponding author: Jae-Deuk Yoon, Laboratory of Enteroviruses, Department of Viral Diseases, National Institute of
Health, Seoul 122-701
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Gy Zrgdnlol# & (Hepatitis G virus, HGV)&
Flaviviridae familyel] £;d}& nlo]8] A& (+) sense
single stranded RNAE- 71X 11 Ql& GAEgH o=
C¥ 7+gulo] ] A (Hepatitis C virus, HCV), GBV-
A, -B 283 -Co} vl DA 3HA A#E ] Qi)
% 9,3927) 9] nucleotideZ 7}x] 1 2.9 2,8937)
9] o}u]:=4+2 encodingdt . Ut} 1} HGV
= §' non-coding regionoll HCV$}= o]aA 29l o
Z1ME g 73 o, Sl Ner-
minal regionol] core protein2- encodingdl= ¥
7} A4 o} ot [1,2).

HGVE 89% E39 AdE 42719 non
A~EY 7Hd8Ae] gAoA elHa ZEA
o] 90~100%< TAAdez THdEc =@
HGV2| acute disease spectrume & &2l # ¢l=
gon, 03% =7t F4 vlolgl2an 7t S
B 913, HGV 4 iz oze ¥4,
injection drug users 5-°| Ut} [3,4]. U= ZTYR
21 (NIH)Q] Alter 59 B 14 o5t =89
BF ¥ 1~2%7F HGV ¥Adoln, 8 % e

£ non A-E¥ A7+ 9 <o 20%7} G¥ g
22 W Y [567] 78 F L= CH
de] BFel= HGVS THEE 4571 844
@A RaHz glen, n=xo 3% 8% B8
18%7} HGVSH 22798 Rz e =
Wl N E HGVe) Aol 953 g} o))
g F e 4 Bt gl 4% o)n, o
T 9AH o2 HGV7L @502 A S {33
A9 A 57t B3] gl &l olo) thF A
T7FE & o] FolA ] FF 7IAst= A 2o}

2 dFoe TUdedAM HGV §3& &<l
7] 3t W - o2y £38 ¥4 F
HGVS frigtA o g 71 AdBAde] A= HCV
o #AHA &1 utolg 2N UL Kol &
2ol Ao ZRE viral RNAE 53531 RT-
PCRE o] §3tc] DNAZ ZEA|Zl B8 (8] cle-
ctrochemiluminescence (ECL), liquid hybridization
(LH) ¥ southern blotting (SB)Z HGV 74 & &
Qetn ARE B Kol£E nasa g A%
33 Age AePde FAsus Ghom,
HGV Z9i7tel AWl gs 548 2Ashns
asic.

ER
1. ode MY o gEoideE

19974 74 A7pE AL B2 W 43 ¥
e z2RE dgF o o2y BAT
A€ Hole 509 &AFA (Table 1)& 33t
of @339 899 A4 % HGV RNA H &
< A% M ER AgeTh

2. & XolM viral RNA &

Ao A o2 HE viral RNAS 3535}7)
2]3ta] Gentra systems (15200 25th Ave.N.Suite
104, Minneapolis, MN 55447)2] PureScript 1 5}
A kS AFE-3FRF . 1.5ml € %F2] microcentrifuge
FHo 625ul19] lysis solution2 ¥F38}11 125u19)
S ¥e & EFEYgo] Hold gnx 3
A ERel BAY ol 2 Iysisahalo.
250ul1e] protein-DNA precipitation solutionS 7}3}
3 503 A= EFSA 4o SE A= PAG
F 4TolA 12,000pm/108 FF L4 she] @
2 9 DNAE R AAZt} 5u19] glycogen (20mg/
ml)o] 3 microcentrifuge 2.0 Y4FZ Y
£ Y3 cold isopropanolZ A& TS 503 o} 4}
Z3etAl EE0] -20TANA 143 o] WX F 4T
ol A} 12,000rpm/30%- 5t A4 3t} A F A& A
A3t3 70% cold ethnanol-g o] 153 A x &5
o} A& g tha thA] 4Tl A 12,000rpm/158 F
G AU F FEFAEL AAAY SE F T air
dryAlZ] ©h& "HF 9 cotton tipo 2 tubeo] HW
& tda 25u2] RNase free double distilled water
(DDW)E 2] vortex ¥ rehydrations A 30% 3
% iced] WAt o}

3. RT-PCRE 0|235 cDNA M|zt 4l &=

B Ado| = Figure 10 Bo] ulg} o]
HGVE 743sta = 9 7HA structoral/non-
structural genomic region & non-structural region?]
NS5a2] 6960~7115 = 7924~8088A}0] 2] 4 7]
MEE hFe 2 8F primerE AL-§3t] DNAE
2z

20u1e] RT mix [DDW, 4.8ul; 10X PCR buffer
(Perkin Elmer), 3.0ul; 25mM MgCl, (Perkin Elmer),
7.0ul; 20mM dnTP (ACGT Promega), 1.5ul; 0.1M
dithiothreitol (DDT, Gibco/BRL), 1.5ul; Random
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Figure 1. Genomic structure of the Hepatitis G virus. P1, zinc protease motif in NS2b; P2, chymotrypsin-like
serine protease motif. The polyprotein is about 3,000 amino acid long. Primer sets used in this study are in-

dicated.

hexamers (100pg/ml, Promega), 1.5ul; rRNAsin
(40U/ul, Promega), 0.5ul; MMLV-RT (200U/ul,
Gibco/BRL), 0.2u1 — Total volume per reaction:

20ul)7} o] 9l& microcentrifuge tubeo]] 3ol

Al 229 10ul®) viral RNAS ¥ 32 50ul9) min-
eral 0ilS H 7SI SAREEZ = H0E AHS-
3} 20, RNA transcription o 3. & &913}7] 4
3} 470-20-1 RNA transcriptZ A}-8-5190 31, DNA
control2+ NSSE AF&39ch A7) mixture S
random primers7} bindingd = Y EE 108 F =
ded WAY the thermocyclrS o] §-5}]
©2TAN 158, 99TAN SEZ BgAR e
aTAM F5Y2 sl (DNAS A F3H9ch
Azt E cDNAS) FZ2 80T dlA 70ule) PCR
Master Mix (DDW 58ul; 10X PCR buffer 7.0ul;
100uM 5 primers [470-20-1-77F 1ul, 470-20-1-211R
0.5ul, 470-20-1-211R-biotin 0.5ul, GV57-4512MF
1pl, GV57-4657TMR 1pl]; Taq DNA polymerase
1.0ubel] 30ple] RT 4HEE o] &A% volumeo]
100pt7t ] =& 3le] thermocyclerE. 94 C/60sec,
55C/75sec, 72°C/60sece] cycleg 453] A} 3} ).
470-20-1-77F: 5'-CTCTTTGTGGTAGTAGCCG-
AGAGAT-3'
470-20-1-211R: 5'-CGAATGAGTCAGAGGACG-
GGGTAT-3'
470-20-1-211R-BIOTIN: 5'-CGAATGAGTCAG-
AGGACGGGGTAT-3'
GV57-4512MF: 5'-GGACTTCCGGATAGCTGA-
RAAGCT-3'
GV57-4657TMR: 5'-GCRTCCACACAGATGGC-
GCA-3'

4. Electrochemiluminescence (ECL) assay

'25ul2} 5-TBR [Tris (2,2-bipyridine) ruthenium
(1) chelate, electrochemiluminescent label}-470-20-
1-152F probe 2} 5uig] 3] € PCR AHE (diluted 1:
2 in 1X PCR buffer)S £33t thermocyclero] A
95/SminE ¢t denaturer] 7] 11, 37°C/20min F$t
hybridization & 4C el 2 A3} 12x75mm
Al o) 32011¢) quantitative (Q) PCR assay buffer
(Perkin Elmer)Z ¥F3l3 10u1e] 2ug/ul strep-
tavidin-coated bead (Perkin Elmer or Dynal)E &
3+ t}-2 TBR probe?} 412 PCR product® du-
plicate 2 transferdl ] o™, 4204 30% o]
A X)A17) 1. QPCR 5000 (Perkin Elmeno.2 %=
&t HGV ZAFAHE screeningdl 3t} (Cut-off:
5x mean negative control value).

5. Liquid hybridization (LH)

HGV #91S 98le] ECLAA ¥4 E& o %
Al (indeterminate) ©. 2 H=F PCR A& di3)

"LH assayZ 39t} Radiolabelled probe (*P-GV57-

8OM)E TE7] 935t 0.6ml £3F2] reaction tube
<) 2ul kinase buffer, 1ul probe, 7.5 H20, 7.5ul y-
ATP P (75uCi) 2 T4 polynucleotide kinaseZ &
3t 37ColA 30837 hybridizationA] 7] o5
2.5ul EDTA (0.5M)$} 27.5u1 H,0Z 7}8lo] ¥k
£ AR A7l & G25 spin column (2,000rpm/4min
pre-centrifuge)l] loading®}il 2,000rpm/2min ¥4
1 t}. Scintillation counterZ probe2] radioactivity
E Z33sled, dyes} 42 total volumeo} 10ul
7} 5 =& w52t} (500,000cpm/reaction). 102
probe mixture2} 10ule] PCR AHE-& £33} 1 ther-
mocyclerol A  95C/lmin denaturer] 7] 1L, 55T/
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15min hybridizationd}] 2.0 4 AHel 2 SE A ©
WA Aok FH3 10% polyacrylamide gelol]
loadingsl 1 150VE A7 53} 21, gel front
7 8~9Cm % o] E&Y-S o runnings A=)
St Gele frejdoll A A~ Ba
4T oA X-ray filmol] overnight E¢F =2 A ).
b filmE fixing ¥ developingdt 3 A ®
band & =319 o}

6. Southern blotting (SB)

ECL 3! LHol| A ¥ v Yoz g4
PCR productsel] thal SB assayS 4l A5l o).
9ule] PCR productZ 1pl9] 10x loading buffere}
33 ¥ ethidium/bromide (EtBr)7} 3-89 2.0%
agarose geloll loading3}4t}. Dye (0.25% bro-
mophenol blue, 0.25% xylene cyanol FF, 30% gly-
cerol in water)7} wellell A W} 7] A 7R = 25mA
2 runningdtal 71 TFE S50~60mAE Z7FA| 7] o
W, dye front7} gel®) 2/3 A % o) &+ running 2
Z A8 UV lightZ band9] 3432 #23}9 o

DNA gel& denaturationA] 7] 7] 93] dena-
turing buffer (3M NaCl, 0.4M NaOH)el| 30324 23]
A 2] 8t 2. transfer buffer (3M NaCl, $mM NaOH)ol|
A ThA] 158-3F A3 &%) o). Transfer membrane-2-
DDWell 1583} soaking3} 3L capillary actionol] 2] 3
agarose gel2 membraneoy] transfers} S th. Transfer
membrane2- 1x neutralizing buffer (0.2M sodium
phosphate, pH6.8)Z 5%-7} neutralizationA] 7] 3. UV

Nc Pc H,0A C

crosslinker® ©]£3}lo] DNA moleculed nylon
membrane®ll covalent binding3}t}. 30% forma-
mideE -3} hybridization buffer® @ 31 42°C 9]
A 2A|7F Z2F prehybridizationdt &, radiolabelled
probe (PP-GV57-89M)E o] 42T oA overnight
hybridization-& 4 A3t} 2x SSPE/0.5% SDS
fAog AR 3087 A H T F, 0.1x SSPE/
05% SDS g o2 427ToA 3087+ A3ty
t}. 70Tl A 2212 A & filmel] =2 A7 & 4
32 BEag.

A0 o M

1. HGV screening

501 o] thdghate] dAo s} ECLE HGV
AL E duplicate® P8 Z7 44 cut-
off value (=50)E ¢} &4l £& 3 (>1,00002 K
o HGV 4A oz #Awrglon 57 indeter-
minate (100~200)c} V=] 4199 84717
2 QFE2 10 o] 3ke] v g vepl At

2. HGV confirmation

1) Liquid hybridization

ECLoll A ¢} Fd & 5071 d Aol thate] du-
plicate® LHA| & & 483 A3}, ECLE %A
431 & LHolM %= kA 9 typical band7} 2= Q]
©1} 5219] indeterminate F o) A= 171 0] 3]t
bandZ .o (Figure 2) HGV <A zh= 50 = 51

Indeterminate sample(F) on ECL

E G
O LA Y &

e an ey ®

Figure 2. Liquid hybridization (LH) of RT-PCR products for HGV detection. Duplicate samples of A, C, E,

G and one indeterminate sampl F on ECL were hybridized.
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(10%)e.2 A=A At Yz 479 indetermi-
nate9} 417 8] ECL 24 8 & o) A &= band7} A&
B A gt
2) Southern blotting
ECLo] 9}3] HGV kA<l 2
?l 578 2] PCR AHEE A7|F 3 F bandE 3
48 A3 ECL F4Q 4218

470 10 copies

H,0 NS5 10 copies ECL +/-

A BCDE FGHI

J o™

Figure 3. Agarose gel electrophoresis of RT-PCR
products. Expected size of NS5 and 470 regions are
indicated with arrow (164bp, 155bp, respectively). M;
molecular marker, N; negative control, P; positive
control, A to J; specimens.

wiM Nc Pc H,0470 17 31 35 39

Nc Pc H,O Probe 17 31 35 36 39

Figure 4. Southemn blot hybridization of the po-
sitive and indeterminate RT-PCR products with GV57-
89M probe.

8-¢15] ¢ 2.1} ECL indeterminate % 1% o]l A] 7]
3} band7} #2A 5 At} (Figure 3). Band7} 8¢
agarose gel-= Nylon membraneol transferd} il ra-
diolabelled probe (°P-GVS57-89M)Z o] &3le] &
AAEE HARE A3t ECLolA F4gQ 434
5719] indeterminate 5= 1710| <A o g2 {5 o]
LHS} B¢ A& Et} (Figure 4). Y%
471 2] ECL indeterminateoi] A &= %A spoto] #&
2] gstot.

3. ECL, LH, SBZt2] sensitivity g1t

e 508 A PCR AtEo] oo
ECL, LH, SB H'{ el 2g] HGVE M8 A3},
ECLZ 4712} ¥4 2 5719} indeterminate, LH ¥
SBE 57 (4119 ECL 4 % 179 ECL in-
determinate)o] Al 22 wWE o] ECLETH= LH
9} SB7F o] & W17 (sensitivity) @ Ho| %
(specificity)Z Vel o, LHe} SB: 23 4
& Bt} (Table 2).

4 AHIHAZ S Y4 o HEE 2

507 8] HGV Algdlgdztel g d33zoln
W oube) ok AR o 2= g, 04, FE 7
E554E A 1, ©o] F 7HA] FA4dolz)t
T HQl A2 259gc]on, 192 4717 &4
25 anti-HCV
49 A A9 sl o, HBsAg FA 9 AL

6%, anti-HBs ¥4 & 269 0]l 7| €l SGOT,
SGPT, ALP 59} 3]+ v}ty on Sl e
#F=A] gttt 519 HGV UdAA 5 29 &
ARz 7tFez Adgy FA ol anti-HBs
FAolY, o] F 1WL F2y BEo Ttz
g Eo] =2 SGOT, SGPT 2 ALP X2 HY
oz 392 A Aoz 2 gl A%,
A E LYod, 53 SdddE Jepd
AZe anti-HBs SFAolln Aldoz =g
SGOT, SGPT 2 ALPE B gt}

Table 2. Comparison of sensitivty between ECL, LH, and SB

A B C D E F G H I Positive  Indeterminate  Total
ECL 4+ +/— o /= 0 /= s 4+~ /- 4 5 9
LH + - + - + + + - - - 5 - 5
SB + - + - + + + - - 5 - 5

**Fifty HGV-suspected sera specimens were used
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X272 4G & FLA T vhol ¥ Ak F2
hepatitis A~E viruse]n], o]& njfo]a} 2o 23k
Z9drE auenen A & Yot a8
% 93A e welead gon e 4
o= AdlA E7AA Sl WA 8 markerst o]
Non-A~Ed Qe Ause 495 e
o} ol 3 #A & 81 43t7) $)3le] Non-A~E&
7+ mlolel 28 Zoll7] 93 o] A4y
A3 1 Aw 22 GBE 7+g ulol2] 2 (hepatitis
GB virus; GBV)S} G3 7+ nle| 2 A (hepatitis
G virus; HGV)2he A2 & vlojg] 29 A ApA
Wo) 77t b ATIE oIstel cloning® %
ot HGVE GBV-C 247t b & d 72l 93
A EAHAAT FHA jde el 90%
ool nz £Ue Hol#) A9 G isolaettn
4748 1 5.

o2 g dpolzsh FHIAA HGV Y
o] 434 ool disiMe dA BatA v
A4 gk ok ok HGV 2l Atal o) A &= HGV
G=2dH FEAE S T oF 50%7F 8
Ado] e &z A Z 0 Ro] HGVZEH}
T 5E% ABBAV IS L 5+ 9
A7VA A ol A 75 A
7354 = HGV RNAZE 2 5%) 93, o] &
3 HGVSte] A #3A & ob2) uha 2] =] it

HGVE A S4 o] s ge #A=
o] utolg 2o thgt kg &) PCRY o &
HGV RNA A Ao] AAlH 3 glon, dx)] PCRa|
© NS5%3%-, NS3 2 & 5 UTRY primer7} 2
ARE-E 3 glth # A& NSS regionol] of g
primer7} AFE-E Q1o t}E RRo g primer
£ o8¢ 434 vukdx g Ao
2 #wadd.

2 AFoA HGV A F Ao A} elec-
trochemiluminescence (ECL), liquid hybridization
(LH) ¥ southern blotting (SB)& ¥zt 2 Eo]
ToA Apo] 2 BYTh 504 AAE A o5
ECLE 4709 47} 5739 |94 (indeterminate)
< YehiQ oLt LHS SBE 2487 sae) o
‘4 (ECLAIA 4x19] A+ 179 o FA)S &
o LHY SB7} 917 E 9 Solxoy M2 $Y
st o, ECLR T = %3kt} (Table 2). whehx

e g

HGV #lthol & ECLE U= LHY SBE S8 8l&
Aol AgE Ao HAT Tg PCR AHE o
th 3t ECL 2 LHE duplicate 2 58 3} Alo] 4
2ol S fd 228 Aes A4dd.

HGV AT & Ag 3+ A= HCVE &
Aety gAAdo] & AR HCV 4A A}, HCV
SA AN TFZME Hol: Ay, 8437
©2 HBV R HCV Sofl 2Hd= 2] e Atg 5
theker strel] dial AAlehe 2lo] wigA d
Aoz Atgdch

2 B

HCV S0 A] upol ey 24 2t 4 & Ho)
=509 9 gAo)A] viral RNAS ZZ3}a] HGV
AME P o, ddA, dH s 9 Yaiets
APE AAT AR 37 22 42 AdS 5
7t A A

1.509 9] C¥ g Ao npol 24 7+d
ZAE Bole T F 54 HGV RNA7}
AEH o5 F F 10% A= FAE&EE e
WAt

2. LH¢} SB7F ECLETE 2 9ty 9 Eojx
£ rgon, LHY SBE T53te] HGV 2t
A gt

3. ECLZ indeterminate©] 9} X] 7+ LHY} SBA}Ho)
A okgt FPoz Bl xyl dAdHo R g
@S B 23 A3 ol AW S Hd 9AALA
7} wel B A2YFE 4T ARAY S HolA] o}
HGV/F ©Eo 2 &3S g2six] gt
=AM tE 2 AA 2AE A3

4. 59 2] HGV kA A 2 27 2 anti-HBs kA
ol 7tgdew A AL, o F 1L o
FHew gy BEL Futslgon, Asie
A Aoy AHoeZ ¥ SGOT, SGPT 2
ALP FX& Bt VA 38L& dgdoe=
72y A<, A%, 2 HAE RYon, o5
% 53] 9ddlAE Jebd A2 anti-HBs %
Aolm AUl E o2 =& SGOT, SGPT ¥ ALP &=
g BH

5. ol =] ¥2]32] DNA full sequencing,
phylogenetic analysis ¥ o}7} Zet-g& 93 3
A8 XL 3= 2ol g Aoz A7

At}
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