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ABSTRACT

AIM: To determine whether the nucleotide sequences
homologous to GBV-C genome exist in the DNA from
cell lines of human origin and from peripheral blood
mononuclear cells (PBMC) of human and chimpanzee.
METHODS: DNA of MT2 cell, Hela cell, and PBMC
from six human and one chimpanzee were prepared by us-
ing PCR Temperate Preparation Kit. All of the DNA
preparations were digested with DNase-free RNase and
then were extracted by phenol-chloroform method. By
using these DNA as templates, direct nested-PCR
(dPCR) respectively amplified with GBV-C 5'-NCR and
NS3 primers were carried out. Nucleotide sequences of
the dPCR products were analyzed and positions in chro-
mosomes of the amplification fragments were detected by
using primed in situ (PRINS) sequence-specific labeling
with fluorescein. RESULTS: DNA fragments ampli-
fied with GBV-C 5'- NCR primers were obtained from the
DNA of MT2 and Hel.a cells and the DNA in 4 of 6 hu-
man PBMC samples. DNA fragments amplified with
GBV-C NS3 primers were obtained from MT2 and Hela
cells and the DNA in 5 of 6 human PBMC samples and
one chimpanzee PBMC sample. The homology of the
nucleotide sequences from these amplification products
compared with the reported GBV-C genome sequence was
from 73.80 % to0 79.15 % . Fluorescence staining spots
by using PRINS were shown in the PBMC and their chro-
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mosomes with positive dPCR results. CONCLUSION:
The nucleotide sequences with high homology to GBV-C
genome at the 5'-NCR and/or NS3 region exist in the
DNA of MT2 and HeLa cells and the PBMC DNA of hu-
man and chimpanzee. These sequences locate in the
chromosomes of PBMC with positive dPCR results.

INTRODUCTION

GB virus C {GBV-C) and hepatitis G virus (HGV)
were recently identified as a novel member of Flaviviri-
dae family associated with human hepatitis. The two vi-
ral agents are generally considered as two different isolates
of the same virus because the homology of their nu-
cleotide sequences and putative amino acid sequences are
as high as 85 % and 100 % respectively’?). GBV-C/
HGY is a single sirand RNA virus but the viral particle
has not been discovered yet. GBV-C/HGV genomes do
not contain the core-like sequcnoem and the capsid pro-
tein may be defective or missing® . However, approxi-
mate 15 % of GBV-C/HGV infection rate in non A-E
hepatitis patients strongly indicate that the virus seems not
to be a defective vims**>. HGV sequence in chim-
parizees infected from human plasma containing the virus
was found to differ from the prototype of the viral
genome by 5 nt (2 aa) and 27 nt (2 aa) 77 weeks after
inoculation®’ . Sequence comparisons revealed that
GBV-C found in chimpanzees was more diverse than vari-
ants of GBV-C/HGV found in humans'” . Therefore,
the controversy is presented whether GBV-C/HGV is a
true virus® |

For understanding the origin of the viral genomic
fragments, DNA were extracted from MT2 and Hela
cells and from PBMC of human and chimpanzee, and
then directly amplified by PCR with no reverse transctip-
tion (dPCR) in the present study. The primers used in
the PCR were derived from GBV-C 5'-NCR and NS3 re-
gion respectively. The nucleotide and amino acid se-
quences of dPCR products were compared with the report-
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ed GBV-C sequence!'’. Primed in si (PRINS) se-
quence-specific labeling with fuorescein was used to de-
termine the positions of these nucleotide sequences in the
dPCR positive PBMC and their chromosomes.

MATERIALS AND METHODS

Source of PBMC PBMC and serum samples
were isolated from the peripheral venous blocd of three
Chinese {( No: Cl1, €2, C3) and three Germans (No;
Gl, G2, G3). All of the 6 individuals had no hepatitis
history and the level of ALT was nommal. No HBV
DNA or HCV RNA was detectable in the sera from 6 cas-
es by PCR or RT-PCR. A PBMC sample from one
healthy chimpanzee with no HBV and HCV infection was
offered by University of Munich, Germany.

DNA preparation DNA of PBMC, MT2 cell,
and HeLa cells were prepared by PCR Temperate Prepara-
tion Kit ( Boehringer Mannheim ) according to the
manufacturer’s instruction.  Plasmid pucl8 DNA was
isolated from E coli JM109 by Sambrook’s method'® .
All of the DNA preparations were digested with DNase-
free RNase ( Bochringer Mannheim) at 37 C for 2 h.
Final concentrations of the RNase and DNA were 10 mg/
L and 100 mg/L respectively. DNA in these digestion
solutions were extracted by phenol (pH=7.8, Merck)-
chloroform method®! .

Reverse transcription (RT) Total RNAs from
the PBMC samples, one GBV-C RNA positive serum
from a non A-E hepatitis patient, and one GBV-C RNA
negative serum were prepared using High Pure RNA Iso-
lation Kit ( Boehringer Mannheim ) according to the
manufacturer’s instruction. Total RNA preparation 10
pL. was added into 10 uL of RT master mixture contain-
ing dNTP 0.2 mmol/L, hexanucleotide mix 50 nmol/L,
20 U RNAse inhibitor, 20 U M-MuLV-reverse transcrip-
tase, and 4 pL 5 x RT buffer ( Boehringer Mannheim }
and was incubated at 37 C for 45 min and then at 95 T
for 5 min.

dPCR DNA prepared from the cells and the
PBMC were directly amplified by nested PCR ( dPCR)
with the primers derived from GBV-C 5°-NCR and NS3
region' '™, and the expected sizes of the two amplifica-
tion products were 192 bp and 287 bp respectively. 5'-
NCR external primers; 5'-ATGACAGGGTTGGTAGGT-
CGTAAATC-3' (sense), 5'-COCCACTGGTCCTTGTC-
AACTCGCCG-3" ( antisense ).  5'-NCR  intemnal
primers: 5'-TGGTAGOCACTATAGGTGGGTCTTAA-3'
(sense), 5'-ACATTGAAGGGCGACGTGGACCGTAC-

3’ antisense. NS3 region extemal primers. 5'-GCTCG-
CCTATGACTCAGCAT-3 (sense), 5'-GTCACCTCA-
ACGACCTCCTC-3' (antisense). NS3 region internal
primers:  5'-ATCCATAATTGAGACAAAGCTGGA-3'
(sense ), 5'-CCACCAACCCACAGTCGGTG-3' ( anti-
sense). DNA 100 ng was added into dPCR master mix-
ture containing dNTP 0.2 mmol/L, external primers 20
pmol/L, 0.01 % (w/v) gelatine, 3 U Taq polymerase
[ Boehringer Mannheim ] and 10 pL 10 x PCR buffer with
MgCi, 25 mmol/L (pH 9.1) for the first round PCR.
The product 2 L from the first round PCR was used as
temperate in the second round PCR. dPCR master mix-
ture for the second round PCR contained 30 pmol/L inter-
nal primers and the rest agents was the same as in the first
round of PCR. Total volume per reaction in the two
rounds of PCR was 100 pl.. GeneAmp PCR System
2400 (Perkin Flmer) was used as thermal cycler. The
reaction -parameters were described as the following:
94 C3min (x1); 4 T 30s, 60 °CT30s, (x10);
94 C 305, 60 T 30 s ( x20, 5 s addition for each of
the following cycles): 72 T 7 min ( x 1), In the
dPCR, three controls were co-amplified with the other
DNA samples: (1) positive control (¢DNA from GBV-C
RNA), (2) negative control {pucl8 DNA), (3} blank
control .

RT-nested PCR RT product 10 L were used as
temperate in the first round of RT-nested PCR. Except
of the temperate, the other reagents, concentration of
reagents, reaction volumes, and amplification protocol
were the same as in dPCR, One GBV-C RNA positive
control serum, one GBY-C RNA negative control serum
mentioned in RT, and one blank control were set up in
the RT-nested PCR.

Agarose gel electrophoresis  The products of
dPCR and RT-nested PCR were detected by 2 % ethidium
bromide stained agarose gel electrophoresis.

Nucleotide sequence analysis DNA fragments
from the dPCR products were cloned into PCR2.1 plas-
mid using T-A Cloning Kit ( Invitrogen) according to the
the manufacturer’s instruction. The recombinant plasmid
was amplified in E coli and then recovered ™. The in-
serted fragments were sequenced by MWG-BIOTECH,
Germany,

PRINS Primed in situ (PRINS) sequence-specific
labeling with fluorescein was used to determine the posi-
tions of the amplified sequences in the dPCR positive
PBMC and their chromosomes. This assay was per-
formed by the Institwte of Human Genetics of Medical U-
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RESULTS

RT-nested PCR  No DNA frapments were shown
in the RT-nested PCR products of 7 PBMO sumples. neg-
ative contal and blank.  The RT-nested PCR procducts of
mositive control showed two target DNA - fragments with
expected sires.  One of the two fragments was amplified
from GBV-C 5"-NCR and the other from GBY-C N53 re-
gton

dPCR  No DNA fmagments, were found to exist in
the dPCE products with 5'-NCR primers or N8I region
primers in pucl8 DNA sample and blunk. A single DINA
[raguent with expected size Cabot 192 b was shown in
each of the dPCR products amplified with 5°-NCR
primers from DMNA samples of MT2 and Hela cells, 2 of
the 3 Germans (G1 and G21 and 2 of the 3 Chinese (Cl
and C20. A single DNA fragment with expected size
{abow 287 bp) was shown in each of te dPCR prxducts
amplified with N33 region primers from DNA sanples of
MTY sund Hela celts, all of the 2} Germans (01, G2 and
G, 2 ol the 3 Chinese (C1 and C2} and chimpanzee.
The resnls of dPCR are displayed in Fig L.

123456781011 17 13

676881011 1213

- ~287 bp

Fig1. Amplification resulis by dPCR with GRV.C 5"
NCR primers (A] and GBV-C NS3 region primers §:4]
of the DNA from W12 and Hela cells and the PBMCs of
human and chimpanzee. Lane 1, 12, und 13: pepmilive
control [pucld DNAJ, positive control {¢DNA from
GRV.C RNA), and hlank tespectively; Lane 2 -6 MT2
DNA, HoLa DNA and PBMC DNA from chimpansee
G1. G2 respectively; Lane 7: marker; Lane 8 = LI
PBMC TINA from 3, C1, C2, and C3 respectively.

Nucleotide sequence analysis  The homology
ol the muckeutide sequences from APCR products amplitied

with 5-NCR primers from the DNA samples of lleLa,
Gl G2, O, and C2 compared 10 the reported GBY-C
sequence’'’ are TH.19 %, TT.0L %, T0.19 %,
T6HA0 % and T4.29 % respectively.  The homology
between the 5 sequences nnge Tom W03 % -
05,05 % . The honology of the aucleotide sequences
from dPCR prosducts amplified with NS3 region primers
from the DNA samples of Hela, G1, G2, C1, €2, and
chimpanzee compared to the resorted GBY-C -*5'|:>¢|u=:m::'.“.'.3'I
are FRH0 R, TO0 WL, THA 8, TN %,
Mo B, oond G40 % respectively,  The homology
between the 6 sequences range from 79.15 % -
00,45 %, The homology comparison mentioned ubove
did not contain the primer sequences. Tlese wcleotide
seyquenices e shown i Fig 2 and 1

PRINS  Poative fluorescein stalnmg spols were
found 0 cxist in cach of the PHMU samples and their
chromosomes with positive dPCR results {shown in Fig
47, indicating positions of the amplilied ssquences in the
PBMC and chromasomes.

DSCUSSHN

GBV C is a single strand RNA virus with one open
reading frame related © non A-E human hepatitis. Sneadl
core region in GBY-C genome ilicates. at e vins has
ue sequence responsible e snoding a core profein,
This differs fom hepatitis C vims {HCY ) which belongs
to the same family of GBV-C'* . Furthemmore, the de
duced aming acid sequences upstream of the putative El
gene from different GBV-C RNA isolaes varied in length
and composition, indicating the capsid protein may be de-
fective or absent'® "2, It is possibile G e capsid pro-
tetn iy provided by another vins B However, % -
13 % of GRV-C infection rtes i non A-E hepanitis pa-
tients suggested that it 15 not a detective virus.  IUis con-
sickered that GIV-C might be a subvirus bul this is contra-
dictory to the genomic structure of he vins,  Since the
mological characteristics of GBV-C are peculiar, GBV-C
15 suspected not o be a vins,

Using ¢PCR and the two sets of primens derived
from GBY-C penome nespectively  produced the DNA
fragmenis with expected sizes amplified from DNA tom-
perates of MT? cell and Flela cell and the PBMU of hu-
wan and chimpanzee.  These dPCR assays ab least re-
peated for three times and the same resulls were obtained.
The dPCR products amplified with GBV-C 3-NCR
primers and amplified with GBV-C NS3 region primess
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1 TGGTAGCCACTATAGETGGGTCTTAAGCGGAGGCTACGGTCCCTCTTGCG
1 I INY - U - DU AR T vv.n.. T
M1 s AC....T..A.A.T....... T
4y 1 AA...T..A.B.Teeeenns T
B) 1 e ettt raaaenn AC....T..A.A.T....... T
61 ..., e satasesaaiaaas- A.A...T..A.A.T....... T
I s1 CATATGGAGGAAAAGCGCACGGTCCACAGGTGTTGGTCCTACCGGTGT A
2) 51 LC.GC. AC.AG.C . it ittt et r et Covieren- . G
(3 51 C.GC. .C.AG.CCe s it iieeenttancnnaas o G
(4) 51 .C.GC,.C.AG.CC......... R Cuovivernnnne G
(5 51 LC.GC..C.AG.CC..vvvrrnnnn e Covnn B..vs G
{6) 51 LC.GCR.C.AG.CC . i h it it s Coovtvenannnn T
(100 ATAAGGACCCGGCGCTAGGCACGCCGTTARACCGAGCCCGTTACTCCCCT
2101 ..., G.oo B .TC.. . T ottt tnesnnannnnans C.A..
Mo1 ..., [eJPR WA, o J N ...C.A..
io01 ..., G....A..TC....T..T...... e C.A..
(5)101  ...... (eI WA /o S . R C.A..
63201  ...... G....A..TC..... b ) A..C.G..
(1)150 GGGCAAACGACGCCCACGTACGGTICCACGTCGCCCTTCAATGT

(251 e e e aeaaaiaaiaaesiaecciaan

(3151 o iveceenccmaneecaiana . R

@151 ....... e eaian . fteraaan

{5151 e et enaiasriaaaiiaas

(BY151 v et e ccaas e e iasss

Fig2. Nucleotide sequences from the dPCR products of DNA samples amplified with GRV-C 53'-NCR primers.
(6) sequences of the dPCR products from Hela DNA and the PBMC
Underlined areas indicate the primer positions.

the reported GBV-C 5'-NCR sequence’’’, (2) -
DNA of G1, G2, C1, and C2.

compared with the reported GBV-C genome sequence )
were 74.29 % —77.14 % and 73.80 % —79.15 % re-
spectively. ‘This higher homology indicated that the nu-
cleotide sequences in the amplification products had a
close correlation to GBV-C genome. PRINS is a sensi-
tive method to detect specific sequences in cell or in chro-
mosome' ™!, The PRINS detection results of this study
showed that the temperate of amplification fragments lo-
cated in the PBMC’s chromosomes, which was consistent
with the results of dPCR. The results of dPCR and
PRINS in this study come to a conclusion: the nucleotide
sequences with high homology 1o GBV-C 5'-NCR and
NS3 region may generally exist in human PBMC.

In the present study, no DNA fragments could be
seen in the dPCR products amplified with GBV-C 5'-
NCR primers from pucl8 DNA and the PBMC DNA of

(1)

D3, €3, and chimpanzee, and the dPCR results ampli-
fied with GBV-C NS3 region primers from pucl8 DNA
and C3 PBMC DNA were also negative. Although the
dPCR and PRINS performed in different institutes, their
results were conformed to each other. These indicated
that the possibility of contamination in the study could be
eliminated and the results of this study were reliable.

Since GBV-C genome has no gene encoding tran-
scriptase, the results mentioned above is quite significant
but is difficult to explain. At least, the following two
possibilities should be considered: (1) GBV-C is coin-
fected with a reverse transcription virus and rely on re-
verse transcriptase of the latter to integrate GBV-C ge-
nomic fragments into chromosomes of host cells, (2)
some of sequences in GBV-C penome are derived from
the mRNA transcribed from host chromogene.
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i ATCCATAATTGAGACAAAGCTGGACCTTGGTGAGATCCCCTTTTATGGGC
21 PP LT..G.LA AL ... ..., Covennnn
(M1 ok tta s i e raeat et ey b N
41 Tevuoo . S
G)1 e i iiraaae. R
6 1 U R N
M1 e eieervrasa T .GowBeeenneannnn Cuovinnnn
(1) 51 ATGGTATCCCCCTCGAGCGTATGAGGACTGGTCGCCACCTTGTATTCTGC
(2) 51 .C..C..A..T..G...A.G...C....C..GA.G..... C..G.....T
(3) 51 e .C.LA . ... G..... 6...C....C..AA.G..T..C..G......
(4) 51 PR - DR T.G...A.G...Ciuvurnn GA.G. ... .CiuGuurvene
(5 51 e .C. AL, ... G..... G...C....C..AA.G,.T..C..G......
(6) 51 v CLLALL L., Guvere G...C.,...C..0A.G..T..C..G......
(M 51 PR o - VA T..... G...C.A..C..GA.G..T..CA........
(101 CATTCCAAGGCGGAGTGC GAGAGATTGGCCGGCCAGTTCTCCGCGCGGG
3101 ..... A..A..A...... C.CC.C..Guuw-- A..... TT.CA...
(M1o1 N o B - TA...C.CC....... T, .T..T. CA
(4)101 voCo A . .Ter ... C.CC.T..G..... Avvens T.TA
(9)101 LLCoLAL L, veo.T C.CC.vivuvnn Teo'n. T..T..CA
(6)101 Y o - OO T .C.CC....... T ..T..T..CA
(M101  ..ovviin..y b T (o3 { o R T..TA
(13150 GGGTTAATGCCATCGCCTATTATAGGGGTARGGACAGTTCCATCATCAAR
(2)150 SR o T iennnes Covennnnn - T ernannns
(3)151 .T..A..C..... ) e Ao, T..G
4150 FRRY o JE o A A..A........ .
(5)150 U - U o B, AU B.vewe T..G
(6)150 SN Y o S ) e A.....T..G
(150 R AN TeoTevieenns C..... [ TGTG
(1)200 GACGGAGACCTGGTGGTTTGTGCGACAGACGCGCTCTCTACCGGGTACAC
2)200 BN R N [c T o A.uCooTenianns
(522 o i N Gevrws L A .CiiTuivennnns
200  ....... e (oI TN o S A..CouTuunnnnn
(%200 e e Goonwo R Y o B
8200 JAPR ¢ GeverooTuvennnes SR W o
Mz200 ....... PR - P Ge'v'-- D A..C,.T..... T..
(1)250 AGGAAACTTCGATTCTGTWQQT_G_G
2)250 T oottt vnnnreeeesrsnaa .
(33251 T..... Tewvn Chevevvmessoussansanrssassa
43250 R & o PN easaas
(53250 Teee'uToen.. Corrvrmrtnassaanaeensaaas .
(6)250 TevweeTovunn Cotnnaan f e eriasaisasas
(1250 o o T AN s iaans

Fig 3. Nuc]eotidesequenwsﬁanthedl’ﬂlpmductsofDNAsamplesamp]iﬁedwithGBV—CN“S3regionprimets.
(1) the reported GBV-C NS3 region sequence'?), (2) - (7) sequences of the dPCR products from HeLa DNA and the
PBMC DNA of G1, G2, C1, C2, and chimpanzee. Underlined area indicate the primer positions.
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Fig 4. Resulis of PRINS detecting the positions of
DNA fragments amplified with GBV-C 5'-NCR primers
{A) and GBV-C NS3 region primers (B) from the
PBMC samples. Yellow spots indicated the positive re-
sults of PRINS detection. = 1000,
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NCR G100 W Bt A MT2 fl Hel.a 41 DNA & 5 PBMC DNA ##£7E 5 GBV-C 5'-PCR #1/8f NS3 X [7]
faif AF0 1 BIRIEH PBMC DNA frAk F4K718 NS3 K9 MR FERZTEBES), X8 FHa T dPCR FH
VYRR, XTSRRI P 5 GBYV-C Y PBMC Jefalk .

HEWHFFEYERN 73.80 % —79.15 %. PRINS £ #
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