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c p , c c , p -
p c c p x p x p c c c ,
p  x  UL9 p c p c p c  c  p p c ,

 c  OriS  c  OriL. C c p
c- p c p  c c  c + - c p  OriS. c- p c   c -

p  c p p + - c p p  p c-
p - p c , p x p cc  p c p

x  UL9. C p c  p c p c p  (FRET-
) p c , p c  3 -  5 -

c  OriS, cc  p c p
x  UL9. ,  Pt- c- p c p p cc p c p -

c  OriS x  UL9.  c p c  p c p  x
- px c  OriS. cc p -

p c c x p x p c x c p x
p c p c p p x x.

 c : p p p c , p , p c p c p c ,
 p , x  UL9, p c p , FRET- , p p c -

c .

c ,
p c p c p c , c

c c x -
pc x  x c x c ,

c c x p  c c  c p c-
p c x

p c x -c x  [1,2]. P
p , p p

p c p  c -
c  c +T- c p  p

p c p c p c -
 p p p c p

Vero [3–5]. -
c p x p c p c

p p x x [6].

c  c p c-
p , c c

, c x c -
c c, p  x

UL9 p c p c p c  c  p -

p c  OriS  OriL [7–16].
c- p c p  c  c + - c -

p  OriS c p  c p p
p -

 p c p - p c  [17–20], -
p x p cc  p c-

p  x  UL9 [10–16]. C -
p c  p c

p c p p c -
, p c  3 -  5 -

-
c  OriS, cc  p c p -

 x  UL9. ,  Pt-
c- p c p p cc p c p -

c  OriS x
UL9. cc p p c

c c- p c x -
p c p x

p c p c p p x x.
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 p c. 1 p c -
c c c  OriS,

 c p p , p x px-
c c  p c p

x  UL9,  cx c c p p -
c p  p c -

 p x , c p
c  p c p c p
p c , p c -

 3 -  5 - .

c , p c c p
p c  ICP8 (single-srand d DNA bin-

ding protein) p  UL9 -
 p c p  OriS riL, 

p  p p c
 [10–16]. c c  ICP8 x  UL9

p c p  [12,13].

c  p c c
OriS x  UL9 c c  c 

x  ( px
 OriS) [14–16].  p c p

P c. 1. c c  p  OriS p c p c p c p  ( ).
C p c  c p c c . ( ), ( ) – C c  I 
III  x  ( c  I  III),  A+T- c p c II. D  – p p ,
c  c 5 -  3 - .
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c p  – GC-
, c p p -

p c c x I  III, -
, p x c

+ - c p p -
 [14–16].

c p x in vitro c
p  UL9 p c p c p-

c p c - p
, x  OriS. P  UL9 p c

p c  (  L2 c
p c . . . c ) -

p  c P, c
 pET14 c p cc p x

E. coli [20]. P  UL9 p -
 c c c  c c  I 

II  OriS  x
c  [20].

P

. X c  c p p c- -
p c , c x c  p -
, p :

NMe2-(CH2)3-NH-Apc2-Gly-Pt(NH3)2-
Gly-Apc2-NH-(CH2)3-NMe2

H-Lys-Gly-Apc2-CONH-(CH2)5-
NHCO-Apc2-Gly-Lys-H                   

NMe2-(CH2)3-NH-Apc2-Gly-Gly-Pt(NH3)2-
Gly-Gly-Apc2-NH-(CH2)3-NMe2                                                                     

(((H-Lys)2-Lys)2-Lys)2-Lys-Gly-Apc2-Gly3-
Apc2-NH-(CH2)3-NMe2

c  Apc – c  1-N- p -4- -
pp -2 p c .

Pt-bis-Nt  Pt*-bis-Nt c p c- -
p  c -

p c p . Pt-
bis-Nt  Pt*-bis-Nt  c p  c -

c  c p p , c  p
[21]. -N- p pp p-

c p c- p -
c p c  (Nt) c c  N-

pp x  N- p pp -
,  C- p

c p ,
p c c p c c -

c c c c .
c c  c

p x p c p x. p -
c- p c p  c p -

p c , c p
c p  297 , p  42000 –1c –1.

P  UL9.  c
p p  p  UL9

x E. coli BL21 (DE3) c c

p  pET14, c p -
 UL9 p c p c p c p

 (  L2 c -
p c . . . c ) [ 20]. 
c p c  « » – c p

c c c  N- , -
c x p  (Ni-

NTA) c . c
c  xp p

c  P11. p
p  c p p c , c

p c -
p  UL9 p  280 , p  89000 –1c –1. P -

 UL9 xp c p
, c p  20 M p c HCl (pH 7,2); 20
M HEPES-NaOH; 0,54 M NaCl, 0,01% 

20; 0,10 M EDTA; 1 M p  20
.% p .

p . p -
 p c p -

 pGEM7(f+) (Promega), c p c -
 c c c p

c c , p c p  NcoI 
ApaI [22]. p  c p c

 p p c p c  OriS c
c c

5 -GCTCGCACTTCGCCCTAATAATATA
TATATATTGGGTCGAAGTGCGAACGC-3 ,

+ - c p  c c
 x  UL9.  p

 3 - p c  [ -
32P]dATP ( , c ),  dNTP 

p p  I Escherichia
coli. p p c  5%-

p  [23].

p c p
c c- p c p , c
p  [22]. p c  10

 p c p p  ( p p  104 ) 10
M p c-HCl (p  7,5), 0,5  NaCl (p  6),

c  c 10  p c p
x  0°C.  c c  20
 p c p  I  10 M p c-HCl (p

6), 0,25  NaCl, 5  MnCl2 p
3 p  0°C. c  p -

 85  p c p  0,15  NaCl, 50 M
p c-HCl (p  7,5), 10  EDTA, 10 /
P , c p p , c

, p  70%- , c -
, p c p  1  95% p ,

c p  15  EDTA, 0,05% p -
 c  0,05% c  FF, -

p  1 p  90°C, c p x
c  6%- p p p -

 40 c  c p

(Pt-bis-Nt)

(Lys-bis-Nt)

(Pt*-bis-Nt)

(15Lys-bis-Nt)

234 p.
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 0,15–0,45  [22]. p p p -
 60 p  2500 . p c p -

c p  10%- c c
c c  c , p p -

p - p p c -
c  (LKB, ).

c p . c -
 c c p cc -c -

 x c  p -
 UL9 c  c -

c p :

5 -AAAAGAAGTGAGAACGCGAAGCGTTCGCACTTCGTCCCAATATATATATATTATTAGGGCGAA-3

3 -TTTTCTTCACTCTTGCGCTTCGCAAGCGTGAAGCAGGGTTATATATATATAATAATCCCGCTT-5

5 -AAAAGAAGTGAGAACGCGAAGCGTTCGCACTTCGTCCCAATATATATATATTATTAGGG(T)183

R6G-5 AAAAGAAGTGAGAACGCGAAGCGTTCGCACTTCGTCCCAATATATATATATTATTAGGGCGAA-3

R6G-5 AAAAGAAGTGAGAACGCGAAGCGTTCGCACTTCGTCCCAATATATATATATTATTAGGGCGAA-

3 -BHQ2

BHQ2-3 TTTTCAACACTCTTGCGCTTCGCAAGCCTGAAGCAGGGTTATATATATATAATAATCCCGCTT-

5 -R6G

3 -TTTTCTTCACTCTTGCGCTTCGCAAGCGTGAAGAAA-5 -R6G

Cy5-3 -AAAGGGTTATATATATATAATAATCCC-5 -BHQ2

3 -TTTTCTTCACTCTTGCGCTTCGCAAGCGTGAAGCAGGG-5

 (S1-S9)  c p -
c p

c p p p
 («C », P cc ). p c p -

c  3 -  5 - -
 S5–S8 c c -

x p . c  R6G  Cy5 –
 6- p c p  G 

p c  Cy5 c c . BHQ2 – -
p c p p c  (Black hole quencher
2). p c  R6G  Cy5 c c

p p p ,
BHQ2 c p p  p c

p c p p
p p x pc p

x (S5), (S6)  (S8). -
c p c p c  p cc

R p p  1/R6 [24].
c p -

p p p p  c p p c -
p  c p p .

p p p ,
x p c p -

, p -
p x x p
p , c R0 – p c

p cc p p , p
p p c p -

c p p p  p
p c c c  c p

c c p .
p p c  R6G – BHQ2 p c p
p R0 p  63 Å.

X c . c p x
c  p c p p-

 UL9 c c
c c p c p
(S1)+(S2), (S5)+(S2), (S4)+(S2),  (S5)+(S9),
(S4)+(S9), (S3)+(S6)  (S3)+(S7)+(S8). p -

p p  42°C  cp p p c
c  (S1)+(S2) x c  p c

c c  c c  « p -
» p  x p x -

 «c p – »  A+T- c p . p -
c  (S1)+(S2) c x  UL9 
 60 p  42°C p c

c p  c -
c p , c c -

c c -
 c x  UL9 [20]. c

c c p  x  UL9 c
p (S3)+(S7)+(S8) -

c p  (S5)+(S9), (S4)+(S9) 
(S3)+(S6). x c p

 x c  3 - px
c  OriS. p

p  (S3)+(S7)+ (S8)  63- -
c  (S4)+(S2), (S5)+(S2) p
 c p x p -

x, c c p  90°C, x
p p  8–10 .

c c -
c  (63 p c ) c c -

p  p  OriS
p c p c p c p .

p + - c p  c -

(S1)
(S2)

(S3)
(S4)

(S5)

(S6)

(S7)
(S8)
(S9)
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c  I  III p
UL9.

p p . C p p x-
p p p p  Jasco-720, c -

 c c  1,0; 0,1
 0,2 c . C p p

c p p  Jasco V-550. p c
p p  c p p p

Cary Eclipse. cc p  0,001
 Na- p p c c  0,1
 NaCl, pH 7,0. c- p c  p c p

c , p -
p.

p c p ,
p c p p -

p p  (For-
ster mechanism of resonance energy transfer,
FRET) [24], c  p cc -

p p -
c

IDA ID  1 1 R0 R 6 . (1)

c ID – c c p c
p c c p . IDA – -

c c p c p p c c
p . R  – p cc p
p . R0 – p c  p cc

p p , p p p -
c  p c p c p p

p  p p c -
 c p c c p .

R0  10 5 880K2n 4qDJ 1 6Å. (2)

c qD – x p c
p , n – c p p  cp , p -

p p , K2 –
, c p -

p x x p
p .  c p -

p x x K2 = 2/3. J – p
p p p p  c p p c-

p  c p -
p . p c p c

p  1 – IDA/ID x p -
c c p c p  c c ,

c p  c 
(D  A),  c c , c p -

, p p  c
p  (D).

P C

C c  c c- p c
c  p  OriS.  p c. 2 p

p p c  Pt-bis-Nt
 Pt*-bis-Nt c p , p  c -

p c  c c c , c -
c  p  OriS p c

p c , c  c
c c p c c ,

p  c c  c x
c  c  Pt-bis-Nt  Pt*-bis-Nt.

 p c. 2, c- p c
+ - c p  p c -

 I. p c c -
,  Pt-bis-Nt p -

p c c + - c p ,
 Pt*-bis-Nt. p x p x Pt-

bis-Nt  p c p -
c ,  Pt*-bis-Nt. P

,  Lys-bis-Nt  15Lys-bis-Nt
c c p  c p

c p - p c  [5,17]. Pt-bis-Nt
 p c + - c p -

c  c c c p c -
c , c p c p -

p x - p c , p  p -
 GC- p c . p -

p  c c  c c -
c  5 -TATAGGTATA-3 , p -

c p p
p c c  3,3 M Pt- c- p c ,
p p c c  Pt*-bis-Nt 

c p p  p
p c- p c .

X c p
UL9 p c p c . c -

 (S5)  (S2) p c c, p
c p + - c p  c c  I

 III  x . px -
c  c  c p p p

c p c , p x
c , p c c c x

I  III.  GC- p .
, c p p p

83°C, p p , c c
p c  AT- p c , c-

c c  p c
p p p  45°C [14,15]. 

c p p  (S5) (  (S6)) 5 -
 3 - c p -

c p c  c . p , c-
p  c  x  UL9 c c

c p p c p p c x
x p c , -

p p , x c  5 -  3 - -
x , c p -

c p c  c  (p c. 1). p -
c p c p -

p . c c p c  c -
 (S5) 

, c c p c -
c , p p c  p -

236 p.
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 p cc . c
p c p p

D  A 1 – IDA/ID  c -
c p x  0,74  0,88.

 1 – IDA/ID ,
(S5) x c p  p c p .

 p -
 (S6)  (S8). p  x -

 UL9  (S5) c
(S5)+(S9) c c p c -

c c c  ICP8  (p c. 3). 
 c  c cp c -

c  x p c -
c  c c

 c p p c p
c  c x . p

c p c p -
 (S3)  (S6).  p c. 3 p c  c p

p c c  (S5)+(S9) -
 (S5) c c

P c. 2. p  p c p , c p c  p  OriS,  I. p
1 – cx p p ; p ; 2, 8 – A+G-x c  p c p ; p
3, 9 – p c  I c p ; p 4–7 – p c  I p

p c c  10; 3,3; 1  0,3 M Pt*-bis-Nt c c ; p 10–13 – p c  I p
p c c  10; 3,3; 1  0,3 M Pt-bis-Nt c c .
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p c c  x  UL9. p 1 2 c -
c  c p p c c

(S5)+(S9) c c p c c  x
UL9. p 3 4 – c p p c
c  (S5) -

c  c x  c c .
c  c -

 (S5) 
c  c x . ,

x  UL9 p p c
c  63-
(S1),  c c  (S1)+(S2)
( c  c  p c p p
 10 p ) [20]).  p  cp c  x

c  (S1)+(S2) -
 (S1) c c p

p  c  x  c -
c  (S1)+(S2)  (S5)+(S9) c p p

p x , p p c
c  p c p c . P

, p  x -
 UL9 c c  (S1)+(S2)  60

p  42°C p c c  5 10–3

c p , c p
p  c c -

c c -

 c x  UL9 [20]. c -
 (S1)  (S2) c x -

c p -
. p  p  – p c

x  – p -
,  (S1)  (S2) p -

, c p  c c  x -
 UL9.

P c p  x  UL9 -
 (S5) c c

p c c  Pt- c- p c . p -
 c c , c p

 (S5)  x  UL9, -
c c p -

c c p c p , c -
c  p c p  x - -

, p
cp  p cc p c

.  p c. 4 p c c c
p c c p c -

 (S5) p  559 c
x  UL9 c c  ( )

p c c  Pt-bis-Nt ( ).
c p c c c -

c p c p  x p -
c c p

I559 t A0 A1exp  – t T 1 . (3)

c I559(t) – c c p c
c  c x -

c c p c c  Pt-bis-Nt, t – p ,
p c c

cc  p c p , T 1 – x p p
p cc p cc , A0 A1 –

c . C p  p c. 4 – 
p c c c I559(t), p x

c p c p -
x  p cc x I559(t) c-

.  p c. 4 
A0, A1 T 1, p p

p p . p p x, p c -
x  p c. 4, c c ,  Pt-

bis-Nt  p c p -
 x  UL9. Cp T 1

p x c x c p
c c  169,57  22,70 , p

c c  Pt-bis-Nt cp T 1
p x c x c p  p

113,54  14,70 .  p  cp x
x T 1 c c p

, c c  c p c  x -
 p p c c  Pt- c- p c .

 c p c  p c p  c -
 c p c  Pt-bis-Nt c AT-

. P ,
Pt-bis-Nt p c c  AT- -

P c. 3. C p p c c  (S5)+(S9)
( p 1) c  c x  UL9 ( p
2),  c p p c  c -

 (S5) ( p 3) c -
 (S5) c x  ( p 4). 

 510 ,
cc  p  10  5  c c . -

p c  (S5)+(S9) 
(S5) p  2 10–7 M. p p  x -

 p  6,3 10–7 M. c : 20 p c-HCl
(pH 7,2), 12  MgCl2, 10% p , 0,01% p
X-100, 1 p .

238 p.
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p  c  ( p p
c p p  20°C)

[17]. 15Lys-bis-Nt  Lys-bis-Nt -
p p -

 [20].

P c p  x  UL9 c p -
x c c p c -

c  Pt- c- p c .  (S3)
 (S6) c c p c, -
p  c p p c

 R6G  BHQ2  5 -  3 - x.

5 AAAAGAAGTGAGAACGCGAAGCGTT
CGCACTTCGTCCCAATATATATATATT

ATTAGGG(T)183

(S3)

BHQ2-3 TTTTCAACACTCTTGCGCTTCG
CAAGCCTGAAGGAGGGTTATATATATA

TAATAATCCCGCTT-5 -R6G

(S6)

 p c. 5 p c c c p -
c c p c c

x  c c  (S3)+(S6) c -
c c  ( ) p c c

Pt- c- p c  ( ).

 p c. 5, c c -
p c I559(t) c  x  c -

c p c c c
p  p  c c .

x  p c  c -

P c. 5. P c p c p  x -
 UL9 c c  ( ) p c c

p  c c  Pt- c- p c  ( ). I0 – -
c c p c  c c

(S3)+(S6) p  559 .  –
510 , cc  p
10  5  c c . p

c  (S3)+(S6)  x  p  c c
p  1,8 10–2; 1,1 10–7  3,9 10–7 M c c .

p  Pt-bis-Nt p  8,9 10–7 M. C -
p c  p cc -

c c I559(t), p x c -
p c p x  p c-
c x I559(t) c .

c c  p c. 4.

P c. 4.  p c p -
 (S5) x  UL9 

c c  ( ) p c c  Pt- c- p c
( ). I0 – c c p c  c

p  559 . -
 – 510 , cc

p  10  5  c c . C p
p ,  p c p -

 (S5)  x  UL9, Pt-bis-Nt
. p ,  (S5)

 x  p  c c  p  1,8 10–2;
1,1 10–7  3,9 10–7 M c c . p
Pt-bis-Nt p  1.98 10–7 M. c : 20 p c-
HCl (pH 7,2), 12  MgCl2, 10% p , 0,01%
p  X-100, 1 p , 37°C.
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 (S6), p  c  c p c
 c c  c x .

 cp  p cc p
p , c

(S3)+(S6), c c -
p c p  559 p

p  c  (S6)
 p  c c .  p c. 5,

p I559(t)  c c , p
p c c  Pt-bis-Nt,  1,5 p ,

p p , . . c c
Pt- c- p c  p  c c .

p , Pt- c- p c p  c  c

OriS  c p c  p c p -
c  (S3)+(S6) x  UL9.

 p p c c p -
, -

p  (S3)+(S7)+(S8). p -
c c  (S3)+(S6) , c

c c c -
p c - x  (S7)  (S8).

c  (S3), (S7) 
(S8) px p  c p -
c p p p  x c  18

c  3 - .

5 -AAAAGAAGTGAGAACGCGAAGCGTT
CGCACTTCGTCCCAATATATATATATTA

TTAGGG(T)183

(S3)

3 -TTTTCTTCACTCTTGCGCTTCGCAA
GCGTGAAGAAA-5 -R6G

(S7)

Cy5-3 -AAAGGGTTATATATATATAATA
ATCCC-5 -BHQ2

(S8)

c  Cy5 – p c
Cy5, BHQ2 – p c  BHQ2
(Black hole 2 quencher). p c

p c  3 -  5 - -
 (S8).  (S7) c p c-

 (R6G)  5 - .
p c c p c

p  670 , I670(t), c  x
cc  p c-

p p  (S3)+(S7)+(S8)
x  UL9.  p c. 6 , c -
c  Pt- c- p c  p  c c

c c c -
p c p  670 , p  p c-

p  c  c cc
 (S8)  c

c p p p . p  p -
 – cc p -

p  (S3)+(S7)+(S8) – p ,
 c  (S7)  (S8)

c p p c c
c p c , c p  c -

c  x . p c c  Pt- c- p -
c  p  c c  ( p

c- p c p  p  1,2)
p cc p c p  x p

(S3)+(S7)+(S8) p c c -
p  (p c. 6 ). p ,
Pt- c- p c  p c p -

 (S5) p -
c p p c p -

p p  x c  3 - -

P c. 6. P c p p  (S3)+
(S7)+(S8) c c  ( ) p c c  p -

 c c  Pt-bis-Nt ( ). I0 – c c -
p c  c p  (S3)+(S7)+(S8) p
670 .  – 620 ,

cc  p  10  5  c -
c . p , p

(S3)+(S7)+(S8)  x  p  c c
p  1,8 10–2; 1,1 10–7  3,97 10–7 M c c
( )  1,9 10–2; 1,15 10–7  3,44 10–7 M c c
( ). p  Pt-bis-Nt p  1,4 10–7 M.
C c c I670(t),

p  c c  c c p -
. c c

 p c. 4.

240 p.
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. p
p p c .

p -
,  Pt- c- p c p  c -

c  c A+T- c p  OriS. Pt*-bis-Nt 
p c

 cp c + - c p ,  Pt-
c- p c  ( c  c  Pt- c- -

p c  (  108 M–1)  10 ( ) p
p cx c  c  Pt*-bis-Nt).

15Lys-bis-Nt, Pt-bis-Nt  Lys-bis-Nt 
c p p c c -
p  Vero E6 (IC50 p  1,3: 4,4  11,6

M, c  c c  (SI) p  47,
59  29  15Lys-bis-Nt, Pt-bis-Nt  Lys-bis-Nt
c c . Pt*-bis-Nt p c -

p p c c -
p  Vero E6, p x p c

p c p c p  (SI  0) [5,20].
c- p c , c p -

p c c  (15Lys-bis-Nt, Pt-bis-
Nt  Lys-bis-Nt) p  c  c + - c -
p  OriS p p

+ - c p p p cc -
 p c p - p c , -

p x  p c p
 x  UL9.
p p c c c- p c -

. cc p c c -
p x p c p

Vero E6 c  15 Lys-
bis-Nt  Lys-bis-Nt p x -
p p x x p p p

 c c  (  Balb/ c) p x
c p -

p c p-
c x c . , p p p -

p p
15Lys-bis-Nt (p  30 p

cc , c- p c c
p  c  c c

) c  45%  c p -
c x p  60% c p c -

p p ,
p x [25]. c- p c -

 p p p p c  c p-
c c c .

cc  15Lys-bis-Nt
 Lys-bis-Nt p p c

pc x c , p -
c p c . x c p x
15Lys-bis-Nt  Lys-bis-Nt c c
0,075  0,15% c -

. P c p, c p p c c p  7
lg / , p c p  c p -

p c x -
 5 c 2. c c  c c  48

c p p -
c px c

 p  c  c . -
p p  4 c c p -

p c c . p
c p  c c-

c  p . p p -
c -

c x c- p c p
p  0,15% c -

. c
p px c -

, c c p x
p c x c  cp  c -

p .  p c
c c p , p .

p p -
p p x c c  5%

, c p  30 p c
pc  [26]. Cp -

c c c-
p c p x in vivo

, c  Lys-bis-Nt  15Lys-
bis-Nt pc p

c c
p c , p -

p . c c p-
p p c p c

, p
p c p c  c pc c c

p , p p -
p p p -

c .
p p . . p c

p  c p p x p -
.

P p c -
p p p p  P -

p  P cc c
x cc  ( p

11-04-02001).
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Inhibition of Herpes Simplex Virus Helicase UL9 by Netropsin
Derivatives and Antiviral Activities of Bis-Netropsins

N.P. Bazhulina*, A.N. Surovaya*, Ya.G. Gursky**, V.L. Andronova***, V.S. Arkhipova*,
M.V. Golovkin*, A.M. Nikitin*, G.A. Galegov***, S.L. Grokhovsky*, and G.V. Gursky*

*Engelhardt Institute of M olecular Biology, Russian Academy of Sciences, M oscow, 119991 Russia 

**Scientific and Technological Cardiology Complex, M oscow, 121552 Russia 

***Ivanovsky Research Institute of Virology, M oscow, 123098 Russia

Data obtained show that antiviral activities of bis-linked netropsin derivatives are targeted by
specific complexes formed by helicase UL9 of herpes simplex virus type 1 with viral DNA replication
origins, represented by two OriS sites and one OriL site. According to the results of footprinting
studies bis-netropsins get bound selectively to an A+T-cluster which separates interaction sites I
and II for helicase UL9 in OriS. Upon binding to DNA bis-netropsins stabilize a structure of the
A+T-cluster and inhibit thermal fluctuation-induced opening of AT- base pairs which is needed
for local unwinding of DNA by helicase UL9. Kinetics of ATP-dependent DNA unwinding in the
presence and absence of Pt-bis-netropsin are studied by measuring the efficiency of Forster resonance
energy transfer (FRET) between the fluorescent probes attached covalently to 3?- and 5?-ends of
the oligonucleotides in the minimal OriS duplex. Pt-bis-netropsin and related molecules inhibit
unwinding of OriS duplex by helicase UL9. Pt-bis-netropsin is also able to reduce the rate of
unwinding of the AT- rich hairpin formed by the upper strand in the minimal OriS duplex. The
antiviral activities and toxicity of bis-linked netropsin derivatives are studied in cell cultured
experiments and experiments with animals infected by herpes virus.

Key words: bis-linked netropsin derivatives, footprinting, herpes simplex virus type 1, helicase UL9,
FRET method, DNA unwinding, antiviral activity
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