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Summary.  - Tick-borne encephalitis (TBE) virus, strain 595 was isolated from Ixodes ricinus ticks in 
southern Slovakia. A part of the protein E gene was sequenced and compared with the prototype strain Neudorfl. 
Seventeen silent mutations and two amino acid changes (lie —>Val, residue 167; Asn  ->Thr, residue 366) were 
found. The nucleotide homology in the sequenced part of protein E gene of the strain 595 and the prototype 
strain Neudorfl is 98.6%. These findings indicate that the strain 595 is closely related to the strain Neudorfl. 
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Tick-borne encephalitis (TBE) virus and other closely 
related tick-borne viruses form TBE virus subgroup within 
family Flaviviridae (Westaway et al., 1985). In Europe the 
most prominent endemic areas have been described in Hun­
gary, Austria, Slovenia, Switzerland Germany, Poland, Swe­
den, Bohemiaand Slovakia.The association o f the  antigenic 
types ofTBE viruses with tick vectors Ixodes ricinus (West­
ern subtype) and Ixodes persulcatus (Eastern subtype) was 
well established (Rubin & Chumakov, 1980). TBE virus 
strains isolated throughout Europe exhibit a high degree of 
homogenei ty ,  as revea led  b y  pep t ide  m a p p i n g  and 
monoclonal antibodies (Heinz and Kunz, 1981, 1982; 
Guirakhoo et al., 1987). 

The major surface protein of the virus, the E protein (con­
taining about 500 amino acids) mediates several important 
viral functions during early stages of the viral life cycle, 
such as the receptor binding and fusion activity. E protein 
induces the formation of neutralizing and protective anti­
bodies, and active immunization with isolated forms of E 
protein can provide solid protection against the disease 
(Heinz et al., 1981). Phenotype changes of flaviviruses are 
frequently connected with observed mutations in E protein 
(Holzmann et al, 1990, Cecilia and Gould, 1991). N o  se­
quence analysis of a TBE strain isolated f rom ticks in 
Slovakia has been performed so far. In order to determine 

Abbreviat ions:  IPTG = isopropyl-B-D-thiogalactopyranoside; 
PCR = polymerase chain reaction; TBC = tick-borne encephalitis 

the relationship of the strain 595 to the prototype strain 
Neudorfl ofTBE virus on the nucleotide level we sequenced 
the gene for protein E of this virus strain. 

TBE virus strain 595 was isolated from  Ixodes ricinus 
females collected in southern Slovakia, locality Gbelce, in 
July 1980 (Kožuch et al., 1987,1990) and passaged in suck­
ling and adult mice. Virus stock was prepared as 10% (w/v) 
suspension of infected suckling mouse brains. 

cDNA synthesis. Total cellular RNA was prepared from infected 
suckl ing mouse  brain  suspensions  us ing  t he  guanid in ium 
thiocyanate method (Chomczynski and Sacchi, 1987). Total cel­
lular RNA (1.7 pg) with antisense primer 5'-TCGACTCCAA-
GGGTCATGGCCA-3' (600 ng) corresponding to the 3'-end of E 
protein (nt 2415-2433, Mandl et al., 1988) were heat-denatured at 
70 'C  for 10 mins and maintained on ice. Reverse transcription 
was performed with 200 U of  Moloney murine virus reverse 
transcriptase (Pharmacia). The mixture was incubated at 37 ' C  
for 90 mins, then at 94 'C  for 5 mins, and cooled on ice. 

PCR was performed with 5 pi of the cDNA reaction mixture 
as a template, 200 ng of sense primer (5'-GATCGCGTTGCA-
CACTTGGA-3', nt 953-972), 200 ng of antisense primer (the same 
as in cDNA synthesis) in final volume of 50 pi as follows: start­
ing at 95 'C  for 5 mins, then 40  cycles at 94 ' C  for 1 min, 58 ' C  
for 1.10 min, and 72 ' C  for 1.40 min. The final extension was at 
72  "C f o r  10 mins .  T h e  P C R  p r o d u c t  w a s  ana lyzed  in 
electrophoresis and the fragment o f  expected length was purified 
from agarose gel by Gene Clean (BIO 101). 

Cloning and sequencing. The PCR product was phosphorylated 
with 5 U of T4 polynucleotide kinase (BRL Gibco), made blunt-
ended with 2.5 U of  Klenow f ragment  o f  D N A  polymera-
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S R C  T H L E N R D F V T G T Q G 
N e u  1 U C G C G U U G C A  C A C A C U U G G A  A A A C A G G G A C  U U U G U G A C U G  G D A C U C A G G G  
595 

T T R V T L  V L E L  G G C V T I  
N e u  51 G A C U A C G A G G  G U C A C C U U G G  U G C U G G A A C U  G G G U G G A U G U  G U U A C U A U A A  
595 A C .  . . . 

I A E G K T S M D V N L D A I Y Q 
N e u  101 C A G C U G A G G G  G A A G C C U U C A  A U G G A U G U G U  G G C U U G A C G C  C A U U U A G C A G  
595 A 

E N P A K T R E Y C L H A  K L S D 
N e u  151 G A G A A C C C U G  C U A A G A C A C G  U G A G U A C 0 G U  U U A C A C G C C A  A G U U G U C G G A  
595 

T K V  A A R C P T M G P A T L A  
N e u  2 01 C A C U A A G G U U  G C A G C C A G A U  G C C C A A C A A U  G G G A C C A G C C  A C U U U G G C U G  
595 G 

E E H Q G G T V C K  R D Q S D R G  
N e u  251 A A G A A C A C C A  G G G U G G C A C A  G U G U G U A A G A  G A G A U C A G A G  U G A U C G A G G C  
595 C C 

W G N  H C G L F G K G S I  V A C V 
N e u  3 01 U G G G G C A A C C  A C U G U G G A C U  G U U U G G A A A G  G G U A G C A U U G  U G G C C U G U G U  
595 

K A A C E A K K K A T G H V Y D  
N e u  3 51 C A A G G C G G C U  U G U G A G G C A A  A A A A G A A A G C  C A C A G G A C A U  G U G U A C G A C G  
595 

A N K I  V Y T  V K V  E P H T G D Y 
N e u  4 01 C C A A C A A A A U  A G U G U A C A C G  G U C A A A G U C G  A A C C A C A C A C  G G G A G A C U A U  
595 U 

V A A  N E T H S G R  K T A S F T I  
N e u  4 51 G U U G C C G C A A  A C G A G A C A C A  U A G U G G G A G G  A A G A C G G C A U  C C U U C A C A A U  
595 G .  

V 
S S E K T I L T M G E Y G D V S  

N e u  5 01 U U C U U C A G A G  A A A A C C A U U U  U G A C U A U G G G  U G A G U A U G G A  GAUGUGXJCUU 
595 C 

L L C R V A S G V D L A Q T V I L  
N e u  5 5 1  U G U U G U G C A G  G G U C G C U A G U  G G C G U U G A C U  U G G C C C A G A C  C G U C A U C C U U  
5 9 5  U 

E L D K T V E H L .  P T A W Q V H R 
N e u  6 01 G A G C U U G A C A  A G A C A G U G G A  A C A C C U U C C A  A C G G C U U G G C  A G G U C C A U A G  
595 C .  . 

D W F N D L A L P W K H E G A Q 
N e u  6 51 G G A C U G G U U C  A A U G A U C U G G  C U C U G C C A U G  G A A A C A U G A G  G G A G C G C A A A  
595 

N W N N A E R  L V E  F G A P H A V  
N e u  7 01 A C U G G A A C A A  C G C A G A A A G A  C U G G U U G A A U  U U G G G G C U C C  U C A C G C U G U C  
595 U 

KIr. 1 
Comparison of  the nucleotide and deduced amino acid sequences of protein E of TBE v irus  strain 595 to that of the prototype strain 

Neudorfl  
Identical nucleotides are dotted, amino acid changes are shown below the sequence of the strain 595. Neu = Neudorfl. 

i 
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K M D V Y N L G D Q T G V L L K A 
Neu 751 AAGAUGGACG UGUACAACCU CGGAGACCAG ACUGGAGUGU UACUGAAGGC 
5 9 5 

L A G  V P V  A H I E  G T K Y H L 
Neu 8 01 UCUCGCUGGG GUUCCUGUGG CACACAUUGA GGGAACCAAG UACCACCUGA 
595 C 

K S G H V T C K V G L E K L  K M K 
Neu 8 51 AGAGUGGCCA CGUGACCUGC GAAGUGGGAC UGGAAAAACU GAAGAUGAAA 
595 U A 

G L T Y T M C D K T K F T W K R A 
Neu 9 01 GGUCUUACGU ACACAAUGUG UGACAAAACA AAGUUCACAU GGAAGAGAGC 
595 

P T D S G H D T V V M E V T F S 
Neu 951 UCCAACAGAC AGUGGGCAUG AUACAGUGGU CAUGGAAGUC ACAUUCUCUG 
595 C 

G T K P C R I P V R A V A H  G S P  
Neu 10 01 GAACAAAGCC CUGUAGGAUC CCAGUCAGGG CAGUGGCACA UGGAUCUCCA 
595 

D V N V A M L I T P N P T I E N N 
Neu 10 51 GAUGUGAACG UGGCCAUGCU GAUAACGCCA AACCCAACAA UUGAAAACAA 
595 C... 

T 
G G G F I E M Q L P P G D N í l  

Neu 1101 UGGAGGUGGC UUCAUAGAGA UGCAGCUGCC CCCAGGGGAU AACAUCAUCU 
595 

Y V G E L S H Q W F Q K G S S I G  
Neu 1151 AUGUUGGGGA ACUGAGUCAU CAAUGGUUCC AAAAAGGGAG CAGCAUCGGA 
595 

R V F Q K T K K G I E R L T V I .  G 
Neu 12 01 AGGGUUUUCC AAAAGACCAA GAAAGGCAUA GAAAGAGUGA CAGUGAUAGG 
595 

E H A W D F G S A G G F L S S I  
Neu 12 51 AGAGCACGCC UGGGACUUCG GUUCUGCUGG AGGCUUUCUG AGUUCAAUUG 
595 

G K A V H T V L G G A F N S I F G  
Neu 13 01 GGAAGGCGGU ACAUACGGUC CUUGGUGGCG CUUUCAACAG CAUCUUCGGG 
595 G U 

G V G F L P K L L L G V A  L A W L 
Neu 13 51 GGAGUGGGGU UUCUACCAAA ACUUUUAUUA GGAGUGGCAU UGGCUUGGUU 
595 

G L N M R N  P T M S M S F L L A 
N e u  14 01 GGGCCUGAAC AUGAGAAACC CUACAAUGUC CAUGAGCUUU CUCUUGGCUG 

G G L V L A M  T L G V G A  
N e u  1451 GAGGUCUGGU CUUGGCCAUG ACCCUUGGAG UGGGGGCG 

Fig. 1 
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sc I (Boehringer), cloncd into ZľcoRV-cut pBluescript KS'  
(Stratagene) and transfectcd into competent E. coli DH5aMCR 
cel l s  (Gibco BRL) uti l izing white blue X-gal and IPTG 
(Boehringer) selection. Putative positive clones were selected by 
the quick-screen method comparing mobilities of covalently closed 
circular forms of  plasmids. A f t e r  digestion with Sal\ and 
Xbal (Boehringer) positive clones containing the fragment of ex­
pected size were chosen and sequenced (T7 sequencing kit, 
Pharmacia) by the dideoxy termination method (Sanger el al., 
1977), using double-stranded template and gene-specific primers. 
At first, the sequence of a single clonc was determined and muta­
tions against the prototype sequence were confirmed by sequencing 
another clone. 

The sequencing of 1353 nucleotides of the protein E gene 
of TBE virus strain 595 revealed 19 nucleotide changes as 
compared to the prototype TBE strain Neudorfl (Mandl el 
al., 1988; Fig. 1) resulting in two amino acid changes: A—>G 
transition at nucleotide position 499 leading to amino acid 
substitution of isolcucine by valine, and A—>C transversion 
at nucleotide position 1097 leading to amino acid substitu­
tion of asparagine by threonine. The former mutation re­
tained the neutral non-polar character of this locus and 
occurcd within the region of variable amino acid residues 
of domain C. The latter mutation preserved neutral polar 
amino acid at this position and was located within domain 
B occuring also within the region of variable amino acid 
residues (Holzmann et al., 1990). The nucleotide homol­
ogy in the sequenced region of protein E gene between the 
strain 595 and the prototype strain Neudorfl was 98.6%, 
while the deduced amino acid homology was 99.56%. 

The homology of strains 595 and 4387 (isolated from 
the bank vole in the same locality Gbelce, southern Slovakia) 
was 99.5% at the nucleotide level with the single deduced 
amino acid substitution of isolcucine by threonine at the 
amino acid position 319 (U—>C transition at nucleotide po­
sition 956) and one silent mutation. 

The prototype strain Neudorfl o fTBE virus was isolated 
in Burgenland, Austria from 1. ricinus ticks (Heinz et al., 
1982). Strain 595 was also isolated from I. ricinus ticks. 
The first of two amino acid mutations disclosed in the pro­
tein E gene (position 499, lie—>Val) was found in these tick-
bornc flaviviruscs: TBE virus, strain Sofjin (Plctncv el al., 
1990), Langat virus, strain TP  21 (Mandl el al., 1991), 
louping ill virus (Shiu el al., 1991), and TBE virus strain 
4387 (Labuda etal., 1994). 

In contrast  to these the findings,  second mutation 
(Asn—>Thr) seems to be specifically linked with the geo­
graphic area where the virus strain was detected. Apart from 
strain 4387 isolated from organs of a bank vole in the same 
locality (Kožuch et al., 1990), no otherTBE strain sequenced 
so far harbors this mutation. Overall 98.6% nucleotide ho­
mology of the prototype strain Neudorfl and the strain 595 
clasifics these two strains as closcly related. According to 
the computer analysis it is unlikely that these mutations 

would have any impact on biochemical, structural and 
antigenic features of protein E. It is interesting that geo­
graphically more remote strain Kumlinge A52, isolated in 
Finland (Whitby etal., 1993) has only one amino acid change 
of valine for isoleucine at the amino acids position 167 
(A—»G transition, nucleotide position 499) as compared to 
the prototype strain Neudorfl protein. 
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