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Abstract: The molecular cloning of the Gt genome segment of the Zl0 strain of Hantaan virus and analysis of 

the first gene data on the currently widely used Hantavirus vaccine strain in China are presented. The G1 ge- 

nome segment of Z10 virus was amplified by the method of RT-PCR, and the products were cloned into the 
pGEM-T vector after identification and purification. The clone was sequenced by Sanger's dideoxy chain termi- 
nation method. The 1449 bases of the Z10 G1 genome segment , and the coding for 483 amino acids were deter- 
mined. The base compositions for the G1 segment RNA determined from cDNA sequence information , were 

20 .6% A, 21 .6% G, 18.8% C and 30.0% U. These values are similar to those of the 76/118, Lee and 
SR virus. As compared to the Z10 G1 segment, the sequence homology at the nucleotide level is 87% (76/118, 
type I ) ,  86% (Lee, type 1- ) , 86% (Hojo, type I ) ,  67%(R22,type l] ) ,  and 59%(K22,  type ]]I). 
The Z10 virus G1 protein amino acid sequence identity with other Hantaan viruses (94 - 95 % homology) was 
higher than that with Seoul type viruses (77 - 80 % ).  More amino acid sequence heterogeneity between the 
Z10 and 76/118 was observed in the N terminal, especially the diverging cluster of ten amino acids at position 

84 to 93 of the Zl0 virus G1 protein. Conclusion: (1) The Z10 strain is one of the Hantaan viruses. (2) The 
important region of the Zt0 G1 segment was conservative. (3) Although substantial divergence of nucleotide se- 
quences of the G1 genome segment was found between the Zl0 strain and other type I Hantaviruses, relatively 
high amino acid sequence homology was shown among them. Thus, good immune protection could be obtained 
with the inactivated Meriones unguiculatus kidney cell vaccine against other strains of Hantaviruses. 
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INTRODUCTION 

Hemorrhagic fever with renal syndrome 
(HFRS) is a natural focal disease caused by vir- 
uses in the Hantavirus genus of the family Bun- 
yaviridae. At least eight serologically distinct 
Hantaviruses were recognized. HFRS is endemic 
in China and is only caused by Hantaan Virus 
(type I ) transmitted by Apodemus agrarius and 
Seoul virus ( type ]I ) by Rattus norvegicus. 
Hantavirus has a single-stranded, three-seg- 
mented, negative-sense RNA genome. The L 
segment is suggested to encode the viral poly- 
merase. It was shown that the S segment encodes 
the nucleocapsid protein and that the M segment 
encodes the two glycoproteins G1 and G2. 

Z10 strain was isolated from a patient with 

HFRS in Sheng City, Zhejiang Province, China. 
The virus (Zhu,  1991) is characterized by high 
titer of haemagglutinin, high level of virus titer 
and a long period in cell cultures. Mongolian 
Gerbils Kidney tissue culture inactivated HFRS 
vaccine, Z10 strain as a seed virus, is safe, ef- 
fective and stable , and approved by the Chinese 
Ministry of Health. Z10 virus is considered as an 
ideal seed virus for HFRS inactivated vaccine. 
The gene products of the Hantaan virus M seg- 
ment, especially the G1 segment, have many of 
the important biological properties of the virus 
(Euiott,  1990; Shope et a l . ,  1981),  including 
virulence, neutralization, haemagglutination and 
cell fusion. In this paper, we present the molec- 
ular cloning and analysis on the first gene data of 
the currently widely used Hantavirus vaccine 
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strain in China. 

MATERIALS AND METHODS 

Virus and cell Hantaan virus Zt0 strain 
was propagated in Vero E6 cells (C1008,  
ATCC), which were grown in Eagle's minimum 
essential medium ( E M E ) .  Virus particles were 
pelleted by ultracentrifugation. 

RNA e x t r a c t i o n  RNA was extracted by 
TRIzol (Promega Co. , USA) as described in the 
guideline. 

eDNA synthesis First-strand eDNA syn- 
thesis was primed with P1 primer (5'ACCGG- 
ATCCATAGTAGTAGACTCCGCA 3' lnt - 27nt) 
using AMV reverse transcriptase (Life Sciences 
Inc. , USA). The 2 0 / d  solution contained 1 ~g 
of sample RNA, 2/_d of 10(reverse transcriptase 
buffer, 4 ~1 of 2 mmol/L MgC12, 2 /.d of 10 
mmol/L dNTP , 0 . 5  ~g of the primer, and 15 
units of AMV reverse transcriptase. The mixture 

was incubated at 42 ~ for 1 hour. 
P C R  amplification An RNA-DNA hybrid 

was used for PCR amplification using primer 1'1 
and P2 (5 '  AATAGAATGTGCTACTCCCAG 3' 
1461nt-  1480nt). The PCR product was identi- 
fied by nested PCR using primer P3 (5 '  CAAT- 
CAGCAACATGGGGATA 3' 30nt - 49nt ) and 
P4 (5 '  AATATCAAAGATCCCATG 3' 631nt 
648nt).  The 50 ~1 PCR solution contained 5 ptl 
of 10 • buffer, 3/~1 of 25 mmol/L MgC12, 5 ptl 
of 10 mmol/L dNTP, 2/_d of 10 pmol/L primer, 
4 ~1 of RT-product, and 2 units of Taq DNA 
polymerase (Promega Co. , USA) PCR was done 
througl~ 35 cycles (94 ~ for 1 minute, 55 ~ 
for 1 minute, and 72 ~C for 1.5 minutes). 

Molecular  don lng  After the PCR products 
were purified by 1% low-melting agarose gel, 
they were ligated into pGEM-T vectors following 
the manufacture's instructions (Promega Co . ,  
USA). The subcloning and sequencing strategy 
is shown in Fig. 1. 
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Fig. 1 Subcloning and sequencing strategy of Zl0 virus Gt segment 
cDNA done. The arrows represent the direction of sequencing. 

N u c l e o t i d e  s e q u e n c e  analysis The clone 
was sequenced by Sanger's dideoxy chain termi- 
nation method with a sequenase kit (United 
States Biochemical Co. ) .  Nucleotide and amino 
acid sequence were compiled and analyzed by 
the Genbank and PDB program. 

RESULTS 

Nucleotide sequence analysis Fig. 2 sh- 
ows 1449 bases of Zl0 G1 genome segment bases, 
which can code 483 amino acid. The base com- 
position of the G1 segment RNA was determined 
from eDNA sequence information to be 2 0 . 6 %  

A, 2 1 . 6 %  G, 18 .8% C and 3 0 . 0 %  U. These 
values are similar to those of the 76/118, Lee 
and SR virus. The Z10 G1 segment's sequence 
homology at the nucleotide level was 87 % (76/ 
118, type I ) ,  86% (Lee ,  type I ) ,  86% 
(Hojo, type I ) ,  67% (R22,  type I~ ) ,  and 
5 9 % ( K 2 2 ,  type [[[). 

Coding strategy o f  t h e  Zt0 Gt RNA seg- 
ment  ( O R F )  A single long open reading fr- 
ame (OILF) was detected in the nucleotide se- 
quence corresponding to viral complementary- 
sense RNA. Within the major ORF, protein syn- 
thesis could potentially begin at either of two in- 
frame initiation codons at nucleotide position 40 
- 42 or 64 - 66. According to Kozak (1978) ,  
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1 TAGTAGTAGA 

61 GTAATGGCCA 
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181 CCTATGCCAT 

241 CACCAATCAA 

301 AGGCACAAGC 

361 ACTTGTGTTT 
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721 AAATCCTTTG 

781 ATTGTGGGGG 
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1141 GGGTACTATG 

1201 TCCTGTGAAG 

1261 TCAAAACAAA 
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1441CATTCTATT 
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TCCGCAAAAG AAAGCAGTCA ATCAGCAACA TGGGGATATG 

GTTTAGCATG GCCAGCTTAC ACACTACGAA ATGTGTATGA 

ACACAGTCAG CTTTGGTGAA AACAGCGTGA TAGGTTATGT 

TGGCTGATAC AGCACAACTG GTGCCTGAAA GTTCTTGTAA 

TGAACACAAT AACAAAATAC ACCCAGTTAA GTTGGAGGGT 

CAGCCAAAAA TTCATTTGAG GCAGTGTCCA CTGAAGTTTA 

TGAAGCACAA AATGCTAGAG GAGTCATACC GCAGTAGGAA 

TTTCTTGTAA CAGCACTTAC TGTAAGCCCA CCCTGTACAT 

GTAACATGAT GAAAAGTTGT TTGATTGCAC TGGGCTTACA 

AAAGAACCTA CTGCATGACA GGGGTCCTGA TAGAAGGAAA 

GTGTGGTCAG TATTATCAAG CATGGGATCT TTGATATTGC 

TCTTTGTTGC AGTTAAAGGG AATACTTATA AAATTTTTGA 

AATCAACATG CAATGATACA GATAATAAAG TGCAAGGATA 

GAAACTCTGC ACCAATATAT GTACCAACAC TTGGTGATTT 

CAGGAATCTT TAGGTCACCA CATGGGGAGG GCCATGATCT 

CTTACTCTAT TGTTGGACCT GCCAATGCAA AAGTGCCTCA 

TAAGCTGGAA TGCCTATTCA GGTATACCAT CCTATTCTTC 

CAACAGAAGC TAAGCATGTA TTTAGCCCTG GTTTTTTTCC 

GTGACAAGAC TGCTATCCCA CTCACTTGGA CAGGGATGAT 

AGGCTATACA TCCTTGTACA GTTTTCTGTG TTTTATCAGG 

CATTCTCTGA AGGTGGGATC TTCAACATAA CATCCCCTAT 

ATCGATTCCG GTTGACAGAG CAGCAAGTAA ACTTTGTCTG 

TTATTGTGTA TTGTAATGGC CAGAGGAA. AG TGATATTAAC 

AGTGTATATA TACTATAACA AGTTTATTTT CACTACTGCC 
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Fig.  2 
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virus G1 R N A  s e g m e n t , s h o w n  as the viral 
. The initiation codon (ATG) is underlined. 

Nucleot ide  ~ l u e n c e  o f  the Zl0 
compleme~ttary D N A ( 5 '  to 3 ' ) 

the first codon has more favorable flanking se- 
quences for initiation of protein synthesis. Exam- 
ination of all six possible reading frames of the 
eDNA revealed additional ORFs initiating ATG 
cordons and encoding seven peptides, more than 
100 amino acids, the longest was 306 amino ac- 
ids, but there was no frame beyond 100 amino 
acids in 76/118 strain (Schmal et al. , 1987).  

GS Site Table 1 presents results of a com- 
puter aided search for potential asparagine-linked 
glycosylation sites ( Asn-X-Ser/Thr, GS ) .  The 
four GS sites in the Zl0 virus were conserved in 

the other type I virus ( 76/118, Lee,  Hojo, 
HV114) .  Two of the four GS positions were con- 
served in type ]I virus (R22 B1, HR 80 - 3 9 ) .  

No GS site was conservative in type m (Yoo et 
a l . ,  1987).  

Amino  sequence analysis  The deduced 
amino sequences of the G1 protein are compared 

in Fig. 3.  The 17 amino acids following the first 
AUG of the Hantaan M segment ORF and pre- 
ceeding the amino terminus of the mature G1, 

constitute a typical glycoprotein signal sequence. 
The Zl0 virus G 1 protein had higher amino acid 

sequence identity with other Hantaan viruses (94 
- 9 5  % homology) than with Seoul type viruses 

(77 - 80% ) .  
More amino acid sequence heterogeneity be- 

tween the Zlo and 76/118 was observed in the N 

terminal. The biggest variable region was identi- 
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f led at  the amino ac id  posi t ions  84 to 93 in the G1 protein of  Zl0 and  76 /118  vi rus .  

Table 1 Comparison of homology of the nueleotide sequence, deduced amino sequence and potential aspara- 
gin-linked glycosylation sites of the G 1 glycoprotein encoding region of  several typical strains. 

Serotype I (HTNY) H (SEOV) I]1 (PUUV) IV (PHV) V (TV) 

Strain 76/118 Lee Hojo HVll4 HR80 - 39 B - 1 R22 Sotkamo K27 P H -  1 Thai749 

Nucleotide ( % ) 87 86 86 ND * 68 ND 67 60 59 ND 67 

Amino( % ) 95 94 94 95 80 80 77 71 70 73 82 

GS site 4 4 4 4 2 2 2 0 0 1 2 
* ND: no data 

Analys i s  of  potent ia l  t r a n s m e m b r a n e  he l ices  

ident if ied only one c o n s e r v e d - r e g i o n  in the G1 

prote in  of  H a n t a v i r u s ( M o h a n a  et a l . ,  1 9 8 6 ) .  A 
comple te ly  conservat ive  region was recognized 
be tween  H a n t a a n  virus ( 7 6 / 1 1 8  Lee .  Hojo  
H V l l 4 )  and  Seoul virus ( B 1 ,  H R 8 0 -  3 9 )  ex-  

cep t  R22 s t ra in .  

Th~ c leavage  be tween  the signal pep t ide  and  

the N terminus  of G1 was de te rmined  to be  at  17 

- 18 site in Z10, at  amino  acid  posi t ion 18 - 19 

in 7 6 / 1 1 8 .  

Fig. 3 

Z~o 1 MGIWKWLVMASLAWPAYTLRNVYDMKIECPHTVSFGENSVIGYVELPPMP 50 

76/118 . . . . . . . . . . .  V--VL . . . . . . . . . . . . . . . . . . .  G . . . . . . . . . . .  V- 

51 LADTAQLVPESSCNMDNHQSMNTITKYTQLSWRVRLNRHKPAKNSFEAVS 100 

. . . . . .  M . . . . . .  S . . . . . .  L- V---GKADQSQSSQ . . . .  T-- 

101 TEVYLKGTCVLKHKMLEESYRSRKSITCYDLSC~YCKPTLYMIVPIHA 150 

---D . . . . . . . . . . .  V V . . . . . . .  ~ . . . . . . . . . . . . .  

151 CNMMKSCLIALGLHRVQVVYERTYCMTGVLIEGKCFVPDQSVVSIIKHGI 200 
. . . . . . . . . . . .  py . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

201 F D!A!VH!VCFFV_A!!GNTYK!_F_EQVK_K!F!S_T~E!_KV!GYYICI_VG - 250 

251 GNSAPIYVPTLGDFRSMEAFTG~FRSPHGEGHDLAGEEIASYSIVGPANA 300 

. . . . . . . . . . .  D . . . . . . . . . . . . . . . . . .  D . . . . . . . . . . . . . . . . . . .  
301 KVPHRASSDTLSWNAYSGIPSYSSLSILAGSTEAKHVFSPGFFPQL~K 350 

. . . .  S . . . . . . .  LI . . . . . . . . . . . . . .  TS . . . . . . . . . . .  L - - K - ~ N  

351 CDKTAIPLTWTGMIDLPGYYEAIIIPCTVFCVLSGPGASCEAFSEGGIF~ 400 

S . . . .  I -V . . . . . . . . . . . . . . . . . . . . . . . .  

401 _~PMCLVSKQNRFRLTEQQVNFVCQRVDMDI~VYCNGORKVIL~TLV IG 450 

1470 
Amino add  sequence e o m l ~ n  of Zl0 GI and 76/118 Gl sequence-encoded lmlypeptides. Zl0 Gt 
encoded lmlyl~ptides are presented above,76/118 below. Identical amino adds are denoted by 
bars. The small boxes denote potential aSlamragine-li~ed glyeoto'lation sites. The large box 
denotes the potential transmembrane domain 

DISCUSSION 

Nueleo t ide  s equence  analys is  of  the G1 ge-  

nome  segment  of  H a n t a a n  virus Z10 strain re -  

vea led  that  Za0 had  the c o m m o n  H a n t a a n  virus 

p rope r ty .  H a n t a a n  virus Z10 strain also a p p a r e n t -  

ly had  the common  ( B u n y a v i r i d a e )  p roper ty  of  a 
l eade r  sequence  before  the encoded  g lyeopro-  
t e in ,  as had  b e e n  obse rved  for the p h l e b o - a n d  
bunyav i ruses  (Schrna l john  et a l . ,  1 9 8 5 ) .  q]ae 
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important region of the G1 segment of Z10 was 

conservative. 
Various Hantaviruses were isolated from 

HFRS patients and various rodent species in 
many parts of the world. The nucleotide substi- 
tution f r e q u t  qcies for 76/118 and Seoul quasis- 
pecies were 1.7 x 10 -4 and 3 .3  x 10 -4 respec- 
tively (Arikawa et a l . ,  1990). 

As compared with 76/118, Lee and R22 vir- 
us, the large number of amino acids, especially 
the divergence of ten amino acids at position 84 
to 93 in the Z10 virus G1 protein, may contribute 
much to the high level of the viral replication and 
haemagglutinin, the stability of the virus struc- 
ture, and glycoprotein, and better immunogenic- 
ity; but may also alter the viral infections abili- 
ty, toxicity and genetic stability (Hopp et a l . ,  
1981). 

Mechanisms of Hantavirus evolution (Newton 
et a l . ,  1981) (accumulation of point mutations, 
deletions/insertions, reassortment of genome 
RNA segments, putative intracistronic recombi- 
nation and quasi-species) are being studied. 

To our knowledge, there is no report of per- 
son to person transmission of Hantavirus and no 
report of chronic patients in literature. The han- 
tavirus-human interaction is very short. So it is 
impossible the mutation is caused by human im- 
munity pressure (Lee et a l . ,  1978). 

Coevolution of Hantavirus and their reser- 
voirs is now being paid more attention. Hantavir- 
uses are rodent-borne haman pathogens. Each of 
the well-characterized viruses in'the genus is as- 
sociated with a different prim~u'y rodent reser- 
voir. The worldwide appearance of hemorrhage 
fever with renal syndrome (HFRS) mainly fol- 
lows the distribution and population dynamics of 
the rodents carrying the virus. Genetic diversity 
was shown to correlate more to the geography of 
mice trapping rather than to the year of isolation. 
This divergence might have been caused by ada- 
ptation to the host (coevolution) since rodent 
species, not geography, determine the stereotyp- 
ic profile (Bilsel et a l . ,  1988). 

The HFRS vaccine efficacy is evaluated with 
Hantaan virus 76/118, which as a standard vir- 
us, attacks the animal that was immunized with 

the vaccine in China. Although substantial di- 
vergence of nucleotide sequences of the G1 ge- 

nome segment was found between the Z10 strain 
and other type I Hantaviruses, such as 76/118 
strain, relatively high amino acid sequence ho- 
mology was shown among them. Thus, good im- 
mune protection could be obtained with the inac- 
tivated Meriones unguiculatus kidney cell vac- 
cine against other strains of Hantaviruses. 
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