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Mapping of the region of the tick-borne encephalitis virus replicase 
adjacent to initiating substrate binding center 
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Affinity labelling with aldehyde-containing analogs of initiation substrates of nuclear fraction of tick-borne encephalitis virus (TBEV) infected cells 
results in a labelling of a single polypeptide with a molecular mass of 68 kDa which was immunologically identified as TBEV NS3 protein. A 
single-hit hydroxylamine hydrolysis, using limited and long-term CNBr cleavages allowed one to identify LysiBw and/or Lys1a03 as the label attach- 

ment sites. These amino acid residues are situated in the proximity of the ‘B’-site of NTP-binding motif of viral RNA rephcase. 
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1. INTRODUCTION 2. MATERIALS AND METHODS 

In our recent work [l] the RNA-dependent RNA 
polymerase (replicase) of tick-borne encephalitis virus 
(TBEV) was identified in a nuclear fraction of infected 
cells using highly specific affinity labelling [2] according 
to the following scheme: 

Nuclear fraction of TBEV-infected pig embryo kidney cells was 
prepared according to (11 45 h after infection. 4-Formylphenyl ester 
of ATP (fp-ATP) was synthesized as described in [2]. 

2.1. Affinity labelling of TBE V replicative complex 
Reaction mixture (20 ~1) contained 50 mM Tris-HCI (pH 8.0), 10 

mM MgClz, 10 mM ,f?-mercaptoethanol, 50 mM NaCl, 14 pl of 
nuclear fraction of TBEV-infected cells and 5 x 10d5 M fp-ATP in- 
cubated for 15 min at 30°C. Then 2pl of 0.1 M NaBH4 was added and 
the incubation continued for 30 min at 0°C. The mixture was sup- 
plemented with 2~1 of IO-’ M [~u-~=P]GTP (3000 Ci/mmol; ‘Isotope’, 
USSR) and incubated at 30°C for another 15 min. Then the mixture 
containing labelled NS3 protein was treated with 1% SDS (5 min. 
1OO’C) and subjected to cleavages. 

E_NH (1) OCH- -P 
2 (2) NaBH~l-% E-NH-CH2-R-pNr ppp*Nb 

E-NH-CH2-pN,-p*N2 

where E-NH2 is the enzyme, containing lysine residues, 
OHC-R-pNr is aldehyde-containing nucleotide derivate 
(affinity reagent), ppp*N~ is [~u-~~G]GTP (elongating 
substrate). 

The radioactivity was registered in a single 69 kDa 
polypeptide which was immunologically proved to be 
NS3 viral protein. The labelling was achieved only when 
derivatives of 5 ’ -nucleotide of viral plus-strand RNA 
(adenosine) were used as affinity reagents, and radioac- 
tive GTP (corresponding to the next nucleotide in the 
chain) as elongating substrate. The present work is aim- 
ed at mapping the labelled region of the NS3 protein 
with known amino acid sequence [3]. 
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2.2. Hydroxylamine cleavage 
10 ~1 of 2 M hydroxylamine/0.2 M potassium carbonate, pH 10, 

was added to 10~1 of the reaction mixture containing affinity labelled 
NS3 protein. The digestion was performed at 37°C for l-2 h and stop- 
ped with 5 gl of 5% mercaptoethanol10.5 M sodium acetate 
(pH 5)/50% glycerol. After heating at 100°C for 5 mitt, the products 
were separated by SDS gel electrophoresis in a gradient of lo-20% 
PAGE [4] followed by autoradiography. 

2.3. Cyanogen bromide cleavage 
(i) Limited cleavage. After affinity labelhng and denaturation with 

SDS, the pH of the reaction mixture was adjusted to approximately 
1.5 with 1-2~1 of 1 M HCI per 1581 of the mixture, and 1 M CNBr 
was added to reach a 0.05 M concentration. Hydrolysis was carried 
out at room temperature. The reaction was stopped after 2,4 or 6 min 
by mixing 4 pl aliquots with 1 pl of stop-mixture (Soil0 mercaptoetha- 
no1/50% glycerol/O.5 M triethanolamine-HCI, pH 8.5). 

(ii) Long-term cleavage. After SDS denaturation, the reaction mix- 
ture was treated with 1% dithiothreitol(25”C, 48 h) in order to reduce 
partially oxidized methionine residues. Then HCI (up to 0.05 M) and 
CNBr (up to 0.5 M) were added and the incubation proceeded for 48 
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h. The probe was dissolved in a five-fold diluted stop-mixture and 
analyzed in lS-30% SDS-PAGE. 

3. RESULTS 

Among a number of ATP, ADP and AMP deriva- 
tives, used for labelling of TBEV replicase, the most ef- 
fective affinity reagent appeared to be 4-formylphenyl 
y-ester of ATP [l]. It bears an aldehyde group which 
selectively reacts with amino groups of lysine residues. 
The crosslink is made irreversible by borohydride 
reduction. The dependence of the affinity labelling of 
NS3 protein with fp-ATP on NaBH4 treatment [l] gave 
proof for the attachment of the radioactive label to 
primary amino-groups. 

To localize the labelled site on the polypeptide chain 
of NS3 we used a method based on limited cleavage of 
an affinity labelled protein at specific amino acid se- 
quences [5]. It is well known [6] that at pH 10.0 hydrox- 
ylamine splits the amide bond between the neighboring 
Asn and Gly residues of polypeptide. There are 5 Asn- 
GIy sequences in the NS3 protein (Fig. 1). Depending 
on the position of a radioactive label different sets of 
radioactive single-hit peptides (peptides produced by a 
single hydroxylamine cleavage of the polypeptide chain) 
may appear. Theoretical electrophoretic patterns of 
radioactive peptides for different positions of the label 
are shown in Fig. 2 (lanes 3-6). The experimental pat- 
tern (Fig. 2, lanes l-2) is similar to that of lane 4, 
proving that radioactive label is located between GIY”~~ 
and Asn’824. 
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Fig. 1. Scheme of localization of CNBr and hydroxylamine cleavage 
sites on NS3 polypeptide chain. M, CNBr cleavage site; NG, hydrox- 
ylamine cleavage site; numbering starts from the beginning of TBEV 

polyprotein [3]. 
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Fig. 2. Limited hydroxylamine cleavage of the affinity labelled TBEV 
replicase. (Lanes l-3) Autoradiogram of the lo-20% gradient SDS- 

PAGE after electrophoretic separation of products of 0 h (I), 1 h (2) 
and 2 h (3) NHzOH treatment. (Lanes 4-7) Theoretical patterns of 

radioactive single-hit products for the label position between 
Asn’73’-Asn’8X (4), Asn’824-Asn2067 (5), Asn’M4-Asn’73’ (6), 
Ser ‘490-Asn’644 (7) of NS3 protein (Se?’ is N-terminal). M, 

molecular weight markers. Polypeptide lengths are expressed as 
numbers of amino acid residues. 

The shortest single-hit radioactive peptide, the pro- 
duct of limited CNBr cleavage at methionines, has a 
molecular mass of 34 kDa (Fig. 3, lanes 4-8), which 
makes a half of that for NS3 (69 kDa). Hence, the label 
must be located somewhere in the middle of the NS3 
polypeptide chain. Unfortunately, the patterns of 
radioactive bands were very complicated suggesting 
three possible. locations for the site of labelling: 
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Fig. 3. Cyanogen bromide cleavage of TBEV replicase. (A) Limited 
cleavage. (Lanes l-3) Putative patterns for the label attached bet- 
ween: Met’755-Met’778 (l), Met’809-Met’908 (2), Met’778-Met’809 (3). 
(Lanes 4-8) Autoradiogram of the 15-30% gradient SDS-PAGE after 
separation of products of CNBr treatment 8, 6, 4, 2 and 0 min (Lane 
9) 40 min cleavage. (B) 48 h cleavage (15-30% SDS-PAGE). M, 

molecular weight markers. 
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Met”5f’_Met”‘*, Met”‘*_Met’*09, and Met1809_Met1908 

(Fig. 3, lanes l-3). The first one, however, can be ruled 
out as containing no lysine residues. 

A longer treatment of the labeled replicase with 
CNBr gives rise to a 6 kDa peptide (Fig. 3A, lane 9) 
which becomes the only product of the 48 h hydrolysis 
(Fig. 3B). Its weight is too small for the Met1*09- 
Met 1908 fragment (Mr - 1.2 kDa of the attached dinu- 
cleotide should be taken into account), but fits well in 
that of the Met1778-Met1809 stretch of 31 amino acid 
residues. The latter contains two possible targets for fp- 
ATP; L~s’*~~ and Lyslgo3. 

4. DISCUSSION 

The data presented above give proof that LYS’~” 
and/or Lyslgo3 of TBEV NS3 protein are attachment 
sites for affinity labelling with fp-ATP. In principle, 
any of the three histidine residues contained within the 
complete CNBr fragment could be cross-linked [l 11. 
However, aldehyde-histidine adducts should be stable 
enough to survive the electrophoresis, in contrast to the 
respective lysine-aldehyde derivatives, which are 
unstable unless stabilized by reduction [12]. Therefore, 
we favour L~s’*~~ or Lys1*03 as the most plausible 
targets of linking. In accordance with the scheme of 
labelling these residues must be situated in or in very 
close proximity (not more than 1.3 nm apart) to the 
TBEV replicase initiation substrate binding site. 

In our previous studies we have mapped affinity 
labelling sites for a number of bacterial and eukaryotic 
RNA polymerases [5,7,8]. All of them belonged to 
highly conserved domains which actually means that 
the structures forming RNA polymerases initiating 
substrate binding sites are evolutionary stable. This 
phenomenon agrees with the known evolutionary 
stability of functionally important structures in other 
proteins. Hence, it was interesting to compare aligned 
sequences for NS3 protein of TBEV and other flavi- 
viruses [3,9]. L~s’*~~ and Lys1803 residues are evidently 

not conserved, and therefore seem to be functionally 
not essential, but they are surrounded by conserved se- 
quences. NS3 proteins of flaviviruses contain an NTP- 
binding motif found in a vast group of ( + )-strand RNA 
virus proteins [9]. The ‘B’-site of this motif, surrounded 
by classical secondary structure (@-strand > -‘B’- < (Y- 
helix > , as predicted by Garnier method [ 111) is situated 
21 amino acid residues to the left from L~s’*~~. There 
are no other lysine residues nearby to L~s’*~~“~~~, so 
fp-ATP may be forced to react with more distant 
Lys 1800’1803 residues, situated, however, not far from 
the binding site. The use of affinity reagents bearing 
reactive groups with other chemical specificities and 
shorter ‘arms’ may give more definite information. 
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