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Summary. — Primary structure of the gene coding for haemagg-
lutinin (HA-gene) of influenza virus A/Leningrad/385/80(H2N2) 
isolated during the epidemics of influenza in Leningrad in 1980 
was determined. The close relationship of HA gene of this virus 
to the corresponding gene of the virus A/Bangkok/l/79(H3N2) 
was confirmed. I t  was shown that a single mutation in an anti­
genic site (the change from isoleucine t o  leucine a t  position 51 
of H A l  gene) caused an  antigenic drift .  One silent mutation was 
detected (nucleotide 428 of H A l  gene) which points a t  the  related-
ness of strains A/Leningrad/385/80 with  Ä/Bangkok/2/79 and 
with other more recent strains. These data allowed to determine 
the position of the strain A/Leningrad/385/80 HA gene regar­
ding to  the  evolutionary relationships of H A  genes of influenza 
A (H3N2 subtype) viruses. The branch leading to  t he  above-
mentioned strain is supposed to  s ta r t  f rom a point common for 
strains isolated following A/Bangkok/1/79. The mutations of 
H A  genes presented in this subgroup were analysed supporting 
the  notion on limited evolutionary potential of t he  subtype 
H3N2 influenza viruses. 

Key ivords: influenza virus; haemagglutinin gene; DNA sequencing; 
antigenic drift; evolution of influenza virus 

Introduction 

The investigation of shift  and dr i f t  changes of influenza virus remains a n  
urgent problem. The major  factor moving the  evolution of influenza virus 
subtypes is the  necessity t o  overcome the  natural  or vaccine-induced immun­
ity. This can be achieved mainly bv  the  variability of haemagglutinins (HA). 
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Tlie development of methods of gene cloning and sequencing allows to 
monitor a t  molecular level the evolution of genes (especially of HA gene). 
This is necessary not only for the determination of interdependence between 
existing virus strains but for the evaluation of the potential of viruses belong­
ing t o  a concrete subtype without which it is difficult t o  imagine a well 
documented prognosis of fu ture  changes. 

The best studied nucleotide sequences of HA gene are of Hongkong 
(subtype H3N2) strains (the first of them were isolated in 1968). The evo­
lutionary scheme of interdependence between different strains of this subtype 
has been created on t he  basis of the  da t a  on the primary structure of HA 
genes (Both et al.. 1983; Petrov  et ul., 1986). Analysis of these da ta  allowed 
t o  reveal the evolution mechanisms and make the conclusion about the  
limitated evolutionary potential of viruses of this subtype. I t  is reasonable t o  
suppose t h a t  possibilities of genetic drif t  are restricted, first owing to a rela­
tively small size of antigenic sites and secondly, because no t  all (in fact ,  few) 
amino acid substitutions appear t o  be neutral (that is not affecting molecular 
structural and functional stability) and a t  the  same time useful for the virus 
with regard t o  epidemiological activity. This is reflected, for example, in 
t he  fac t  t h a t  repeated substitutions in the  same positions are found during 
evolution. A p a r t  of these substitutions are reversions (Both et ul., 1983). 

The available information is obviously insufficient for a complete under­
standing of differences between successful and unsuccessful variants of HA 
molecular structure and consequently of t he  mechanisms of influenza virus 
dr i f t .  The da t a  presented in this paper on the primary structure of H A  gene 
of a Bangkok subgroup virus — the A/Leningrad/385/80 — contribute to the 
understanding of the evolution of influenza A(H3X2) viruses. 

Materials and Methods 

Viruses. Inf luenza v i rus  .strain A/Leningrad/385/80R(H:iX2) (a vaccino strain, Gorev  ct til., 
1083) w a s  obta ined  b y  recombinat ion f r o m  strain A/Leningrad/385/80(H3N2) isolated d u r i n g  
a n  epidemic  i n  Leningrad in the  Virology laboratory o f  the  Institute o f  experimental  Medicine, 
(U.S.S.K. A c a d e m y  o f  Medical Sciences) a n d  strain A/PR8/34(H1N1). According t o  the  authors '  
d a t a  t h e  recombinant inherited the  H A  n a d  N A  genes f r o m  A/Le:iingrad/385/80. 

Haemagglutination-inhibition (MI) test w a s  performed according t o  a conventional  m e t o d h  
us ing 4 H A U  o f  the  v irus;  serum was  incubated for (Hi m i n  at 20 °C and then the mixture 
reacted with I % chicken erythrocytes. 

DNA copies of the viral HNA were synthesized 011 the virion R N A  (vRNA) template using 
oligonucleotide primers and reverse transcriptase. Those and t ho recombinant plasmid D N A s  
were used as  for the HA gene sequencing. Influenza viruses were grown in chick embryos and 
purified b y  differential cent rifugation and treatment with Freon-113. The R N A  was extracted b y  
I lie phenol detergent method using promise. Virus-specific double-stranded DNA for obtaining 
recombinant DNA was synthesized o n  v R N A  templates in t lie prosonce of synthetic oligonucleo­
tide primers and inserted into a ]*st\ site of the plasmid pHR322 using G-C linkers; E.coli HB101 
strain (I'lusniu el ul.% 1083) was used for transformation. 

Clones containing the recombinant DNA were selected by screening of the colonies using 
labelled v RNA as  a probe. For sequencing the virus-specific sequences wore rocloned in the  Pst I 
site of  p(J(HH and pUC 10 plasmids containing a polylinker. The plasmid DNA was extracted 
(Mirnboim and Dolly, 1070) and purified by gel filtration 011 Sepharoso OL-2B. Terminal labelling 
of fragments obtained by digestion with restriction endonucloases Ham HI,  Hind I I I ,  JSľcoRI, 
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Table 2. Nucleotide a n d  a m i n o  aeid changes i n  (lie sequences oľ 
H A  (jene c D X A s  and  i n  corresponding proteins o i  the 

A/Bangkok group viruses 

Amino Codons wi th  mutations and nonidentified bases  
acid no., a n d  corresponding amino acids of s t ra ins  
antigenic 

site A/Leningrad/385/80 A/Bangkok/1/79 A/Bangkok/2/79 

Nucleo­
t ide  
no..  

59 — 7 A T T  (lie) A T T  (lie) ATC (lie) 
7 6 - 1 GCC (ala) GCC (ala) GTC (val) 

128 17 CAT (his) CAC (his) C'AC (his) 
200 41 GAA (glu) GAG (glu) GAG (glu) 
228 51 CTA (leu) A T A  (ile) A T A  (ile) 

site C 
A T A  (ile) 

234 53 GAC (asp) GAC' (asp) GAC (asp) 
site C TAG (tyr)* 

GAC' (asp) GAC (asp) 

428 117 ACC (tre) ACT (tie) ACC (tre) 
638 187 AC'G (tre) AC'G (tre) AC'A (tre) 

site B 
AC'A (tre) 

639 188 GAC (asp) GAC (asp) T AC (tyr) 
site B 

T AC (tyr) 

731 218 GGG (gly) CGG (gly) GGA (gly) 
910 278 AGT (ser) AGT (ser) A T T  (ile) 

site C' 
A T T  (ile) 

959 294 T T T  (phe) T ? T  (?) T T T  (phe) 
1034 319 GGA (gly) GGG (gly) GGG (gly) 

-HA2 p a r t * *  
GGG (gly) GGG (gly) 

48 16 GGA (gly) GG? (gly) 
52 18 GTA (val) ?TA (?) 
56 19 GAC (asp) G?C (?) 
96 32 ACC (tre) AC'A (tre) 

327 109 GAA (glu) GAT (asp) 
539 180 TCA (ser) T?A (?) 
623 £ 

T?A (?) 

624 208 TG G (try) T ? ?  (?) 
625 209 GC'C (ala) ?C'C (?) 

* The mutation w a s  detected b y  sequencing of the cloned f ragment .  
** Information on the H 2  gene region structure of A/Bangkok/2/79 w a s  n o t  published. 

Msp I w a s  carried out using polynucleotide kinases of phage T 4  in the presence of y 3 2 P - A T P  
or the  E. coli Klonow f ragment  DNA polymerase I in the presence of a 3 S P-dNTP ( " I S O T O P " ,  
U.S.S.R.). For sequencing of cDNA copies a n d  of t h e  cloned f ragments  w e  used a modified 
method of Maxam and Gilbert (1977) (Chumpilo a n d  Kravcllenko. 1983). 

Results 

Analysis of the antigenic properties of the original strain A/Leningrad/385/ 
80 and of its relationship with other viruses of the Bangkok subgroup was  
performed b y  a standard HI test using polyclonal antisera (Table I). I t  
showed that this strain was a drift  variant of virus A/Bangkok/1/79. Drift 
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changes are connected specifically with the HA. Rabbit serum against the 
recombinant R16 possessing Neq neuraminidase allowed to exclude the steric 
hindrance, that might be caused by  antibodies against the homologous neura­
minidase (NA). A close resemblance between strains A/Leningrad and A/ 
Bangkok/ 2 was detected: these strains and sera against them crossreacted in 
a homologous ti tre.  However, they were no t  identical, since different pat terns 

HA1 HA2 
— — I — -

Hind III Msp I EcoRI B a m H I  

1 | 1 1 • i -  • J • J , 
2 0 0  4 0 0  6 0 0  8 0 0  1000 120 0 1400 1600 1762 

Hind III Msp I 

2 , i U 
2 3 5  871 

E c o R I  B a m H I  3 — *  ~— tt 1 , 
1012 " 7 6 2  

ľ Í j I. I 
Tho strategy of  sequencing influenza virus s'.rain A/Leningrad/386/80 HA gene a n d  of  cloned 
DNA-copies of  its fragment.  1. Restriction m a p  and  schematic representation of  the  sequencing 

H A-gene from v R N A ;  1. and  3. tho sj.me for the  2 cloned fragments. 

Table I. The characterization or influenza viruses A 
(II3N2) of !!>7!M!HiO (litres ill III test) 

Sera against strains* 

Viruses A/Bangkok/1/79 A/Bangkok/2/79 A/Leningrad RIO** 
385/80 

A/Bangkok/1/79 320 
A/Bangkok/2/79 80 
A/Leningra< 1/385/80 80 
A/Leningrad/385/80R 80 

80 80 80 
040 100 160 
320 100 100 
320 100 320 

* 1110 — rabbit antiserum, the rest — rat antisera 
** (lie recombinant strain K10. inheriting HA gone from strain A/Leningrad/385/80 and N A  

gene from A/IOquine/Pragne/l/50 was kindly provided by Gorev, N.F. ,  Influenza Research 
Institute, U.S.S. l i .  Ministry of Health. Leningrad. 
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Fijj.  £ 
The nucleotide sequence of influenza v i rus  A/Leningrad/386/80 (H3N2) H A  gene c D N A  a n d  

a corresponding amino  acid sequence. 
*Controversal resul ts  i n  t h e  sequencing v R N A  a n d  c D N A ;  **in parenthes is  t h e  sequences of 
s train A/Bangkok/1/79 (H3N2) a r e  presented ,  since corresponding sequences of s t ra in  A/Lenin­
grad/386/80 were  n o t  de termined;  *** t h e  deletion of 3 nucleotides is observed following t h e  t r ip le t  

225 of H A 2 .  

ATC A T G  AAG ACT ATC A T T  GCT T T G  AGC TAC A T T  T T C  T G C  
m e  i lys  t r e  

J 

ile ile a la  leu ser t y r  ile plie eys  
1 n 

CTG G T T  T T C  GCC CAA AAC C'TT CCC GGA A A T  GAC AAC AGC 
1 U 

ACA 
leu va l  plie a l a  g in  a sn  leu p ro  g iy  a s n  

20 
a c p  a s n  ser t r e  

GCA A CG CTG TGC CTG GGA CAT CAT GCA G T G  CCA AAC GGA AC'G 
ala t r e  leu  eys  leu  g iy  

30 
his his a l a  val  p ro  a s n  g iy  t r e  

CTA G T G  AAA ACA ATC AC'G A A T  G A T  CAG A T T  GAA G T G  ACT A A T  
leu v a l  lys  t r e  ile t r e  a sn  a sp  g in  ile giy val  t r e  a s n  

40 50 
GCT ACT GAA CTG G T T  CAG A G T  TCC TCA ACA G G T  AGA CTA T G C  
ala t r e  g iy  leu v a l  g i n  ser ser ser t r e  g iy  a rg  leu cys  
G* 60 
TAC A G T  CCT CAC CGA ATC C'TT G A T  GGG A A A  AAC T G C  ACA C T G  
asp ser p r o  h is  a r g  ile leu a s p  g!y lys  a s n  cys  t r e  leu 
t y r  

70 80 
ATA GAT GCT CTA T T G  GGA GAC CCT CAT T G T  G A T  GGC T T T  CAA 
ilo a s p  a la  leu  leu  g iy  a s p  p r o  his cys  

90 
a s p  g 'y  p h e  g in  

AAT GAG A A A  T G G  GAC CTT T T T  G T T  GAA CGC AGC A A A  GCT T T C  
asn g iy  lys  t r y  a sp  leu 

100 
p h e  v a l  giy a rg  ser  lys  a l a  p h e  

AGC AAC T G T  TAC CCT T A T  G A T  G T G  CCA G A T  T A T  GCC TCC C T T  
ser a s n  cys  t y r  p ro  t y r  a s p  v a l  p r o  a s p  t y r  a l a  ser leu  

110 120 
AGG TCA CTA G T T  GCC T.CG T C A  GGC AC'C CTG GAG T T T  A T C  A A T  
arg ser leu v a l  a l a  ser ser g iy  

i ̂ o 
t r e  leu g lu  p h e  ile a s n  

GAA GGC T T C  A A T  T G G  ACT GGA 
1OU 

GTC ACT CAG A G T  GGG GGA AGC 
glu glu p h e  a s n  t r y  t r e  g iy  v a l  t r e  g in  ser giy g i y  ser  

140 150 
TAT GCT TGC AAA A G G  GGA T C T  G A T  AAC A G T  T T C  T T C  A G T  A G A  
t y r  a la  cys  l y s  a r g  g iy  ser  a s p  a s n  ser 

i fin 
p h e  p h e  ser a r g  

CTG A A T  T G G  T T G  TAC GAA TCA GAA AGC 
1 O U  

A A A  T A T  CCA G T G  C T G  
leu 
170 

a s n  t r y  leu t y r  g lu  ser g lu  ser lys  t y r  p r o  v a l  l e u  

AAC GTG ACT A T G  GCA AAC A A T  GGC A A T  T T T  GAC A A A  CTG T A C  
asn va l  t r e  m e t  p r o  a s n  a s n  g iy  a s n  p h e  A S P  i y s  leu t y r  

180 190 
A T T  T G G  GGG G T T  CAC CAC CCG AGC ACG GAC AAA GAA CAA ACC 
ile t r y  g iy  va l  h is  his p r o  ser  

900 
t r e  a s p  lys  glu  g in  t r e  

AAC CTA T A T  G T T  CGA GCA T C A  GGG AGA GTC ACA GTC T C T  ACC 
asn leu t y r  v a l  a r g  a l a  ser  g iy  a r g  v a l  t r e  v a l  ser t r e  
AAG AGA AGC CAG CAA ACT A T A  ATC CCG AAT ATC GGG T C T  A G A  
lys a r g  ser g in  g in  t r e  ile ile p ro  a s n  ile g'y ser a r g  
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Fig. 2 

ccc T G G  
pro t r y  

ACA A T A  
tro ilo 

250 
G G G  A A C  
g l y  asn  

G G G  A A A  
g l y  l y s  

T G C  A G T  
c y s  sor 

G A C  A A G  
rtHp l y s  

T O T  CCC 
l y s  p r o  

320 
G G A  A T G  
g ' y  mot, 

G G T  T T C  
g l y  plio 

T A C  GGT 
t y r  g l y  

G C A  G A T  
iila a s p  

50 
GGG A A A  
g l y  lys  

C A T  C A A  
)LÍM g i n  

C A G  G A C  
g i n  iisp 

TGG TCT 
t r y  sor 

C A T  A C A  
IIÍH tro 

120 
G A A  A A A  
g lu  lys  

GGC A A T  
g ly  IISII 

G T A  A G G  
Vrtl arg  

G T A  A A A  
v a l  l y s  

C T A  A T T  
lou ilo 

A G C  T C A  
sor sor 

280 
T C T  G A A  
sor g l u  

CCC T T T  
pro plio 

A A G  T A T  
ly» tyr  

CGG A A T  
urg IIHU 

10 
ATA GAA 
ilo glu 

TTC AGG 
plio arg 

CTT AAA 
lou lys  

CTG A A T  
lou iisn 

ATC GAA 
ilo glu 
SO 
CTC GAG 
lou glu 

TAC AAC 
tyr  IIHII 

A T T  GAA 
ilo glu 

ACA AGG 
t ro urg 

OUT TGC 
gly  cys  

ir>o 

GGT CTG 
g l y  lou 

240 
CCG GGA 
pro g l y  

GCT CCT 
ulu pro 

ATA A TO 
ile mot 

TO C ATC 
cys  ilo 

CAA AAC 
gin u«n 

310 
G T T  AAG 
val lys  

GTA CCA 
vili pro 

A A T  GGT 
asn g ly  

CAT CAA 
his gin 

40 
AGC ACT 
sor tro 

AGG GTA 
tirg vul 

AAG GAA 
lys  glu 

A A A  TAC 
lys  tyr 

GCG (JAG 
rtlrt glu 

I 10 
CTG ACT 
lou tro 

AGG CAA 
urg gin 

TTC AAA 
plio lyn 

TCT AGT 
Hor HOr 

GAC A T A  
UHp ilo 

CGG GGT 
arg g l y  

270 
AGG TCA 
arg sor 

ACT CCA 
tro pro 

GTA AAC 
val asn 

CAA AAC 
gin asp 

GAG AAA 
glu lys 
1 H A  2 
AGA GGC 
u'K g ly  

TOG GAG 
try glu 

A A T  TCT 
asn sor 

CAA GCA 
glu rtlrt 

ATC GAG 
ile glu 

70 
TTC TCA 
pho sor 

GTT G A A  
val glu 

CTT CTT 
lou lou 

G AC TCG 
asp sor 

CTG AGG 
lou arg 

140 
ATA TAC 
ilo tyr 

230 
AGA ATA 
arg ile 

CTG T T A  
lou lou 

TAC TTC 
tyr phe 

GAT GCA 
asp ala 

A A T  GGA 
asn g l y  

300 
AAG ATC 
lys  ile 

ACT CTG 
tro lou 

H A  1 
CAA ACT 
gin tro 

ATA TTC 
ilo plio 

GGA ATG 
g l y  met 

30  
GAG GGC 
glu  g l y  

GCA ATC 
ulu ile 

AAA ACG 
lyn tro 

GAA GTA 
glu val 

GAC ACT 
lisp tro 

100 
GTC GCT 
Vrtl ala 

GAA ATG 
glu met 

GAA A A T  
glu  IISII 

C AC A A A  
his lys  

AGT ATC 
sor ile 

A T T  A A T  
ilo usn 

200 
A A A  A T A  
lys  ile 

CCT A T T  
pro ile 

AGC A T T  
ser ile 

ACA T A T  
tre t y r  

AAG TTG 
lys  leu 

GGC GCA 
gly ala 

GTA GAC 
Vrtl asp 

ACC GGA 
tro g i y  

GAC CAA 
asp gin 

60 
AAC GAG 
asn glu 

GAA GGG 
glu  g iy  

AAA A T A  
lys  ile 

CTG GAC 
leu glu 

AAC AAA 
Rsn Ivs 

130 
GCT GAG 
alii g lu  

T G T  GAC 
c y s  asp 

T A T  TGG 
t y r  t r y  

AGT A A T  
ser asn 

CGC ACT 
arg tre 

GGC ACC 
g ' y  tre 

290 
CCC A A T  
pro asn 

GGG GCA 
g i y  ala 

GCA ACA 
ala tre 

A T A  GCA 
ile ala 

20 
GGT TGG 
g i y  try  

CAA GCA 
gin ala 

ATC A A T  
ile asn 

A A A  TTC 
lys  phe 

AGA A T T  
arg ile 
90  
GAT CTC 
asp leu 

AAC CAA 
asn gin 

CTG T T T  
leu phe 

GAC ATG 
asp mot 

A A T  GCT 
asn U 111 
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Fig. 2 continued 
TGC A T A  GGG TCA ATC AGA A A T  GGA ACT TAT GAC CAT GAT GTA 
cys ile g l y  ser ile a r g  asp g i y  tre 

170 
t y r  asp his a sp  va l  

TAG AGA GAC GAA GCA TTA AAC AAC CGG TTT CAG ATC A A A  GGT 
tyr a r g  asp g lu  ala  leu asn asn a r g  phe gin ile lys  g i y  

180 
GTT GAG CTG A A G  TCA GGA TAC A A A  GAC TGG ATC CTG TGG A T T  
val  glu leu lys  ser g i y  t y r  l y s  a sp  t r y  ile leu t r y  ile 

190 200 
TC'C TTT GCC A T A  TCA TGC TTT TTG CTT TGT GTT GTT TTG CTG 
ser phe ala ile ser cys  phe leu leu cys v a l  v a l  leu leu 

210 
GGG TTC ATC ATG TGG GCC TGC CAA A A A  GGC AAC A T T  AGG TGC 
giy phe ile 

•'•'0 
met t r y  ala  cys  gin lys  g i y  asn ile a r g  cys  

AAC A T T  TGC ATT TGA GTG T A T  TAG * * *  TTA A A A  ACA CCC TTG 
asn ile cys ile 

TTT CTA CT 

of  t h e  in teract ion  o f  sera  a g a i n s t  t h e s e  s tra ins  w i t h  v i r u s  A / B a n g k o k / 1  w e r e  
o b s e r v e d  (1/2 t o  1/8 o f  t h e  h o m o l o g o u s  t itre,  respect ive ly ) .  

T h e  s t r a t e g y  o f  s e q u e n c i n g  i s  s h o w n  i n  F i g .  1. T h e  i n f o r m a t i o n  w a s  o b t a i n e d  
m a i n l y  b y  s e q u e n c i n g  t h e  c loned  D N A  copies (80%).  I n  t h o s e  regions,  w h e r e  
the  sequence  w a s  d e t e r m i n e d  b y  b o t h  m e t h o d s ,  c o m p l e t e  coincidence o f  t h e  
d a t a  w a s  o b s e r v e d  w i t h  t h e  e x c e p t i o n  o f  o n e  case (nucleot ide  234 o f  H A l  
region) w h i c h  w i l l  b e  d i scussed  b e l o w .  N u c l e o t i d e  s e q u e n c e  o f  H A  g e n e  w a s  
estab l i shed  (beg inn ing  w i t h  2 7 t h  nuc leot ide )  o n  t h e  3 '- terminus  o f  v R N A  
except  o f  100 nuc leot ides  flanking t h e  restr ict ion endonuc lease  recogni t ion  
sites (wh ich  w e r e  labe l led) .  

T h e  c D N A  n u c l e o t i d e  sequence  o f  t h e  H A  g e n e  a n d  t h e  corresponding  
a m i n o  a c i d  sequence  are p r e s e n t e d  i n  F i g .  2. A m i n o  ac ids  are n u m b e r e d  

CT> 
O 

133,143,146 
156,160,197,217 428' LT) 

1,188 

193,278 

T e x a s / 1 / 7 7  

Hongkong/1/82 

B e l g i u m / 2 / 8 1  

Shanghai/31/80 

N e t h e r l a n d s / 2 4 6 / 8 2  

L e n i n g r a d / 3 8 5 / 8 0  

Fiji. :i 
Evolutionary interrelationships of human influenza virus A (H3N2) HA genes(Petrov  et al. 
1986). Figure also shows the localization of the amino acid exchanges. *The localization of silent 

nucleodite substitution. 
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f r o m  t h e  f irst  res idue  o f  t h e  m a t u r e  prote in;  t h e  nuc leot ide  78 f r o m  t h e  3'-
t e r m i n u s  o f  v R N A  is t h e  f irst  nuc leot ide  o f  t h e  t r ip le t  c o d i n g  f o r  t h e  f irst  
a m i n o  acid.  T h e  m a t u r e  HA mo lecu le  conta ins  329 a m i n o  a c i d  res idues  
in  t h e  HAI  reg ion  a n d  221 a m i n o  acid  res idues  in  t h e  H A 2  region.  C o m p a r i n g  
t h e  HA g e n e  nuc leot ide  sequence  o f  v i r u s  A/Leningrad/385/80 a n d  o f  t h e  
m o s t  closely  re lated  s tra ins  A/Bangkok/1/79 a n d  A/Bangkok/2/79 (Both 
a n d  Sleigh, 1981; B o t h  et al., 1983) a n u m b e r  o f  d i f ferences  w a s  f o u n d ;  
these  are s h o w n  a n d  s u m m a r i z e d  in T a b l e  2. 

T h e  missense m u t a t i o n  in codon  51, l ead ing  t o  t h e  s u b s t i t u t i o n  o f  isoleucine 
t o  leucine res idue  is t h e  m o s t  i m p o r t a n t  d i f ference  o f  v i r u s  A/Leningrad/385/ 
80 H A  g e n e  s e q u e n c e  f r o m  t h a t  o f  s t ra ins  A/Bangkok/1/79 a n d  A/Bangkok/  
2/79. T h i s  a m i n o  acid  is a p a r t  o f  t h e  a n t i g e n i c  s i te  C. T h i s  c h a n g e  apparent!} '  
s t i m u l a t e d  t h e  v i r u s  d r i f t .  N o  o t h e r  d i f ferences  in t h e  H A  a m i n o  ac id  
sequences  w h i c h  w o u l d  occur  in  t h e i r  a n t i g e n i c  sites w e r e  d e t e c t e d  i n  t h e  
H A  o f  s tra ins  A/Leningrad/385 a n d  A/Bangkok/1/79. On t h e  o ther  h a n d ,  
t w o  d i f ferences  w e r e  o b s e r v e d  w i t h  v i r u s  A/Bangkok/2/79. T h e  first t w o  
s t r a i n s  h a v e  aspart ic  acid  res idue  a t  pos i t ion  188 (site B ) ;  t h e  t h i r d  s tra in  h a s  
t y r o s i n e  in t h i s  pos i t ion.  T h e  first t w o  s t ra ins  h a v e  ser ine  res idue  a t  p o s i t i o n  
278 (site (') a n d  t h e  t h i r d  strain  h a s  isoleucine in  t h i s  pos i t ion.  

One  a m i n o  acid  c h a n g e  w a s  detected  in t h e  c o n s e r v a t i v e  H A 2  reg ion  o f  t h e  
HA o f  v i r u s  A/Leningrad/385/80 in c o m p a r i s o n  w i t h  v i r u s  A/Bangkok/1/79  
(this i s  a c h a n g e  a t  p o s .  1 0 9 o f H A 2  f r o m  aspart ic  ac id  t o  g l u t a m i n e  acid) .  
T h e  m u t a t i o n  a t  res idue 327. l e a d i n g  in t h i s  case t o  a m e a n i n g f u l  change,  
w a s  not iced  n o t  o n l y  a m o n g  v i ruses  o f  i n f l u e n z a  A / H o n g k o n g  s u b t y p e  b u t  
also earlier. V a l i n e  w a s  located at  pos.  18 o f  H A 2  o f  t h e  s t ra in  
A/Leningrad/385/80; t h e  a u t h o r s  could  n o t  i d e n t i f y  t h e  f irst  n u c l e o t i d e  o f  
correspond ing  codon  in t h e  g e n e  o f  v i r u s  A/Bangkok/1/79, h o w e v e r ,  t h e  
strain A/NT/60/68 h a s  isoleucine a t  res idue  18. A m i n o  ac id  c h a n g e s  in  
H A 2  are detected  r a t h e r  i n f r e q u e n t l y  because  t h i s  v e r y  c o n s e r v a t i v e  
region h a s  a s tructura l  f u n c t i o n .  So, v i r u s e s  A/NT/60/68 a n d  A/Bangkok/1/79 
d i f f e r  o n l y  b y  3 a m i n o  ac ids  in t h i s  region.  P r o b a b l y ,  t h e  m u t a t i o n  d e t e c t e d  
b y  u s  a t  res idue  18 is also t y p i c a l  f o r  strain  A/Bangkok/1/79.  I n  la t ter  case 
t h i s  m u t a t i o n  can b e  considered t h e  f o u r t h  one .  

A s ing le  s i lent  m u t a t i o n  m a k e s  stra ins  A/Leningrad/385/80 a n d  A / B a n g k o k  
/2/79 interrelated b y  t h e  presence o f  C in t h e  pos i t ion  428 o f  t h e  H A l  reg ion  
o f  HA-gene.  T h y m i d i n e  is  located in  t h i s  pos i t ion  i n  strain  A/Bangkok/1/79  
a n d  in earlier strains.  T h e  m u t a t i o n s  a t  pos i t ion  428 o f  H A l  reg ion  a n d  a t  
pos i t ion  96 o f  H A 2  region o f  v i r u s  A/Leningrad/385/80 (in compar i son  w i t h  
v i r u s  A/Bangkok/1/79)  w e r e  c o n f i r m e d  b y  restrictase m a p p i n g ,  s ince  t h e  
c h a n g e  in t h e  f irst  pos i t ion  m e n t i o n e d  causes a p p e a r a n c e  o f  a n e w  site f o r  
MvaI; t h e  c h a n g e  in  t h e  second pos i t ion  causes a p p e a r a n c e  o f  a n e w  s ite  f o r  
MhjA. W e  d e t e c t e d  a de let ion  o f  3 nuc leot ides  (676-678 i n  H A 2  region)  i n  
t h e  nonstructura l  region o f  H A  g e n e  o f  v i r u s  A/Leningrad/385/80; t h u s ,  t h i s  
reg ion  o f  strain  A/Leningrad/385/80 conta ins  32 nuc leot ides  instead  o f  u s u a l  
35 n u c l e o t i d e s  t y p i c a l  f o r  o t h e r  isolates o f  s u b t y p e  A / H o n g k o n g .  T h e  s t ra in  
A/USSIi/2/85 (H3N2) h a s  a n  a n a l o g o u s  m u t a t i o n  (Petrov  et al., in press).  
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Discussion 

Summar iz ing  all  t h e  d a t a  o b t a i n e d  o n e  c a n  see t h a t  a close re lat ionship  
was establ ished b e t w e e n  H A  genes  o f  v i ruses  A/Leningrad/385/80 a n d  A /  
Bangkok/1/79, a l t h o u g h  a s ingle si lent m u t a t i o n  h a s  b e e n  f o u n d  p o i n t i n g  a t  
relatsdneso o f  A/Leningrad/385/80 a n d  A/Bangkok/2/79. So, there  are o n l y  
2 m e a n i n g f u l  d i f ferences b e t w e e n  strains  A/Leningrad/385/80 a n d  A / B a n g k o k  
/1/79: at  t h e  residue 51 o f  H A l  (antigenic site C) a n d  a t  t h e  residue 109 o f  
HA2. There  are also 5 s i lent  mutat ions,  n o n e  o f  t h e m  is located i n  t h e  region 
coding f o r  t h e  ant igenic  site. F i v e  m e a n i n g f u l  d i f ferences were  detected  
between strains  A/Leningrad/385/80 a n d  A/Bangkok/2/79 (triplets 1, 51, 
188, 193, a n d  278) f r o m  t h e m  3 m u t a t i o n s  were  located i n  ant igenic  sites B 
(188) a n d  C (51 a n d  278); 7 s i lent  changes  o f  nucleot ides  were  also detected  
in this  case. 

Thus,  t h e  sequencing  results (Table 2) a n d  ant igenic  analysis  (Table 1) 
of strains A/Leningrad/385/80 a n d  A/Bangkok/1/79 coincided.  I t  fo l lows  
that  t h e  molecular basis  f o r  t h e  d r i f t  o f  t h e  f irst strain  f r o m  t h e  second o n e  
is the  change  o f  a single a m i n o  acid, located i n  t h e  ant igenic  site C (He 51 — 
Leu). A t  t h e  s a m e  t i m e  u p o n  comparison o f  strains A/Leningrad/385/80 a n d  
A/Bangkok/2/79 certain contradict ions are revealed,  i.e. m o r e  p r o n o u n c e d  
structural di f ferences b e t w e e n  haemagg lu t in ins  o f  these strains are n o t  
reflected i n  H I  test. I n  o u r  o p i n i o n  t h i s  i s  exp la ined  n o t  o n l y  b y  d i s a d v a n ­
tages of the  use of  polyclonal antisera (one can succed thereby i n  revealing 
drift differences of  strains A/Leningrad/385/80 and A/Bangkok/1/79)  b u t  
also b y  the  fac t  tha t  t w o  changes ( l ie  51 — L e u  a n d  l i e  278 —Ser) are located i n  
the antigenic site C a n d  c a n  compensate  each  other  d u e  t o  the ir  close location. 
Obviousl}' t o  c lar i fy  t h e  s i tuat ion it is necessary t o  use a su f f ic ient ly  repres­
entative set o f  monoclonal antibodies t o  the  H A  of indicated strains. 

The mutat ion a t  residue 53 of  strain A/Leningrad (from aspartic acid t o  
tyrosine) detected upon sequencing of  cloned D N A  copy HA-gene,  needs a 
special discussion. W h e n  determining the  primary structure in  this region 
using v R N A  n o  mutat ion was  detected. The  change in  the  cloned D N A  can 
be explained b y  t w o  ways:  1. an  error of  reverse transcriptase occurred 
during c D N A  synthesis o n  the  v R N A  template.  (I t  is important tha t  the  
modified nucleotide is the  first in  t h e  cloned fragment and follows immediately 
the connector sequence). 2. a t  random selection of  a mutant  gene during 
the cloning. The second suggestion seems t o  be  more likely, since first, the  
presence of  minor components in  R N A ,  differing from t h e  main bulk o f  
corresponding genes is  characteristic for the  population of  influenza virus 
(Petrov et al., 1986) and  second, because mutations i n  amino acid 5 3  (always 
and/or i n  the  first base of  the  triplet) already have  been observed i n  a 
number of  Hongkong subtype strains and their variants selected b y  mono­
clonal antibodies (Webster  et al., 1983). 

Thus, in  evolutionary scheme of  Hongkong subtype H A  genes, t h e  branch, 
leading t o  strain A/Leningrad/385/80 should be  started from the  point  
common for all strains, following A/Bangkok/1 /79  (Petrov  et al., 1986). T h e  
presence of  mutation a t  position 428, common for strains A/Leningrad/385/80 
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a n d  A/Bangkok/2/79, d e t e c t a b l e  in n o n e  o f  t h e  earlier representat ives  o f  t h i s  
s u b t y p e ,  i n c l u d i n g  A/Bangkok/1/79 w i t n e s s  in f a v o u r  o f  t h i s  s c h e m e ;  a p a r t  
o f  t h e  s c h e m e  o f  HA g e n e  e v o l u t i o n  o f  H 3 N 2  s u b t y p e  i s  presented  in F ig .  3. 
T h e  s c h e m e  i n c l u d e s  s tra ins  isolated a f t e r  1977. 

A c c o r d i n g  t o  t h e  scheme,  c h a n g e s  o f  3 a m i n o  a c i d  res idues  in  ant igen ic  
s i te  A (133, 143, a n d  140) a n d  3 a m i n o  a c i d  — in antigenic site B (156, 160, 
and 197) are mutat ions ,  c o m m o n  for t h e  group o f  strains, starting from A /  
Bangkok/1/79;  these  mutat ions  distinguish them from the  group o f  viruses, 
related t o  strain A/Texas /1 /77 .  The  reversion o f  amino acid in position 217 
is also common for these viruses. T h e  following changes o f  amino  acids 
a m o n g  some  strains in th i s  group h a v e  emerged in t h e  antigenic sites: 144 
(Hongkong/1 /82),  145(Shanghai/31 /80) ,146(Hongkong/ l /82)  and Netherlands/  
246 /82  — si te  A,  160(Belgium/2/81) a n d  188(A/Bangkok/2/79)  and Hong­
kong/1382 — site B ,  51(A/Leningrad/385/80) and 278(A/Bangkok/2/79)  — 
si te  0 .  

Three o f  these  mutat ions  (at positions 51, 145, and 160) induce t h e  appear­
ance o f  such amino  acids, which were absent earlier in these  positions, and 
t h e  mutat ion  at  residue 51 is unique because t h e  mutat ions  were not  detected 
in this  point  neither before nor  after  strain A/Leningrad/385/80.  The  mutat ion  
a t  posit ion 188 in t h e  strain A/Bangkok/2 /79  H A  gene  is a repeated one  a n d  
t h e  changes  a t  position 188 o f  strain Hongkong/1 /82  a s  well as  at  posit ions 
144, 146, and 278 o f  strain Hongkong/1/82 a n d  o f  other strains are reversions. 
T h e  presence o f  repeated mutat ions  and,  especially, o f  reversions corre­
sponds  t o  the  suggestion t h a t  t h e  number o f  different variants  o f  amino  
ac id  composit ion o f  antigenic  s ites  meet ing  t h e  requirements o f  retaining 
structural and functional  s tabi l i ty  o f  t h e  protein molecule is severelv restrict­
e d .  
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