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Summary. - Proteins and RNAs of influenza A (H2N2) viruses 
isolated from birds in 1983 in East Germany were compared antige-
nically with those of H2N2 human strains. The electrophoretic 
mobility of the viral proteins and of the Sl-treated double-
stranded RNAs from two human and six avian strains, as well as the 
results of EIA-tests using monoclonal antibodies to their matrix 
protein and nucleoproteins indicate an antigenic relationship 
between the avian isolates and human strains of H2N2 subtype. 
One of the avian strains had a reduced amount of matrix protein. 
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Introduction 

The avian population is an enormous reservoir of influenza antigens. This i 
exceptionally significant because of the direct transmission from species t 
species and the formation of new antigenic variants by mutation and recomb 
nation. In the framework of our influenza surveillance programme in animal 
we isolated a strain group of H2N2 influenza A viruses from mallards whic 
show characteristics similar to those of human influenza viruses. During thi 
period many other strains were isolated containing a HA and/or NA usually nc 
present in human influenza A viruses. Considering that the influenza viruse 
isolated from mallards seem to have a similar antigenic structure to huma 
influenza viruses (H2N2), we compared the morphology, composition of pol) 
peptides and antigenic properties of the internal proteins isolated froqi huma 
and mallard strains of influenza A viruses. 

Previously, some authors using monoclonal antibodies in combination wit 
the ELISA have shown differences among internal proteins of differer 
influenza A virus strains (Air etal., 1981; van Wyke  eta!., 1980 a, b; Sonnenber 
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et al., 1984; Joassin et al., 1987; Bucher et al., 1989). Therefore, we focused our 
interest to the antigenic specificity of the matrix protein (Ml-protein) using 
monoclonal antibodies in ELISA. 

Materials and Methods 

Viruses. Influenza A virus strains A/mallard/Potsdam/176/83, A/mallard/Potsdam/177-4/83, 
A/mallard/Potsdam/177-6/83, A/mallard/Potsdam/178-4/83, A/mallard/Potsdam/178-6/83, 
and A/mallard/Potsdam/179/83 were isolated from birds in 1983 and subtyped as H2N2. They 
were compared with human influenza A(H2N2) strains A/Singapore/1/57 and A/Leningrad/ 
549/80. 

The haemannlutination inhibition (HI) test was carried out as  described by Palmer et al. (1975). 
The neuraminidase inhibition (NI) test was modified according to Aminof f  (1961). 

Viruses were grown in the allantoic cavity of 11-day -old embryonated hen eggs, concentrated by 
centrifugation with polyethyleneglycol, and purified by banding in sucrose gradients. The isolates 
used for our investigation were the subject of no more than 3 passages in embryonated chicken 
eggs. In contrast to the human strains the strains isolated from birds were propagated in chicken 
embryos  at 42 "C. 

The virus concentration was defined according to Peterson (1983). Bovine serum albumin 
(Sigma) was used as a standard. 

Polyclonal hyperimmune rahhit antisera to the matrix protein and to the nucleoprotein were 
raised in rabbits. Chromatographic purification of the polyclonal antibodies was performed as 
described by Zagidullin et at. (1987). 

Monoclonal antibodies to the nucleoprotein were produced and characterized by Busse  et al. 
(1988). Monoclonal antibodies to different sites of the influenza A virus matrix protein were 
kindly provided by Dr. D. Bucher (Dept. of Microbiology and Immunology. Medical College, 
New York, U.S.A.). Monoclonal antibodies were prepared against the recombinant virus strain 
(MINI) X-53a (Bucher et al.. 1989). 

I'olyacrylamide-SDS-f-el-electrophoresis was used for  comparing the electrophoretic mobility of 
the proteins from different influenza A virus strains. For our investigation, w e  used a modification 
of the polyacrylamide gel electrophoresis technique described by Laemmli (1970). 

Analysis of homologous and heterologous RNA-RNA hybrids. Chick embryo fibroblasts were 
infected with influenza (H2N2) viruses isolated from birds and incubated in the presence of cyclo-
heximide and/ 3H/-uridine for 3.5 hr at 36 °C.  T h e  R N A  f rom these  cells was then  isolated and 
hybridized with an excess of unlabelled virion RNA f rom the  virus strain A/mal l a rd /Po t sdam/  
176/83 (H2N2). Resulting R N A - R N A  hybrids were treated with SI nuclease at 36 °C  o r  at 42 ° C  
and examined o n  a 7.5 % or 4 % polyacrylamide gel (Hay  et al., 1977a, b; 1979). 

Western blot. Purified and concentrated viruses separated on 1 0 %  polyacrylamide-SDS gels 
were transferred to nitrocellulose (0.22 /um pore size) sheets  (Towbin  et al., 1979) in 25 mmol/1 
Tr i s -HCl  (pH 8.3) - 192 mmol / l  glycine - 20 % ethanol  buffer ;  t he  electrotransfer was performed 
for  4 hr  at 0.3 A (at 4 °C).  T h e  gel was stained with amido  black 10B t o  locate residual peptides. T h e  
nitrocellulose shee ts  were soaked in 10 mmol / l  Tr i s -HCl  (pH 7.4) - 150 mmol/1  NaCl - 0.01 % 
bovine serum albumin (TBS-BSA) at 37 °C  for  2 hr.  T h e  shee ts  were cut into strips and soaked 
scparatcdiy in diluted monoclonal  ant ibodies against matrix protein o r  t h e  nucleoprotein.  After  
the  washing procedures  and incubating with an l i -mouse-con juga te  t he  strips were soaked in the  
substrate solution 4 - ch lo ro - l -naph tho l  (0.06 % - 20 °/o e thanol  - 0.05 m o l / l  Tr i s -buf fe r .  pH 7.4 -
0 .012% H2O2I. T h e  reaction was stopped by washing the  nitrocellulose strips with aqua dest. 

Double antibody sandwich solid phase EIA was performed by using a modification of t he  proce­
dure  described by Vollcr et al. (1977). Th i s  test was used for  standardizing the  concentration of 
Ml -p ro t e in  or  nucleoprotein (NP) (standardization EIA). Chromatographically purified polyc­
lonal ant ibodies  lo the  Ml -p ro t e in  o r  to N P  were diluted in bicarbonate buffer  (pH 9.5) and 
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adsorbed at 37 ° C  for  3 hr t o  polysterene microplates (Linbro, England; Nunc - Immuno  Plate I, 
Denmark). Before the  virus suspensions were adsorbed o n  primary polyclonal antibodies, the  
virus particles (1 mg/ml)  were disrupted with 0.5 %Lauroyl sarcosine (LS, Sigma) at 37 ° C f o r  1 hr. 
After  incubation with LS the  disrupted viruses were diluted and added into t he  wells in two-fold 
dilutions beginning with the  concentration of viruses of 10 ng/well. T h e  two-fold dilutions were 
performed directly in the  wells. After  washing procedures 100 //I of chromatographically purified 
polyclonal antibodies to Ml-pro te in  (or NP) conjugated with peroxidase (dilution 1:1000) were 
added. After  incubation at 37 ° C  and washing, 100 fi\of 0.05 %ortho-phenylenediamine solution 
(Sigma, U.S.A.) in 0.03 mmol/1 Na-phosphate  buffer  (pH 5.3) containing 0.003 % H2O2 was given 
in each well. T h e  reaction was stopped by adding 50 / / I  of 4 mol/ l  H 2 S O 4 .  T h e  extinction was 
measured at 490 n m .  

ElA-test for investigation of antigenic properties of influenza viruses. T h e  monoclonal antibodies 
to the  M1 -protein or the  N P  were used as secondary antibodies. In this case we used  án anti-mou-
se-conjugate (Sigma). The test was performed like the EIA-test for standardizing the Ml-protein 
or NP concentration. The concentrations for all viruses were chosen by the standardization 
EIA-test and the secondary antibodies were titrated. Titres were determined for all monoclonal 
antibodies versus a single virus strain on a given day. Titres like the end-point titrations were 
determined as the dilution which produced an absorbance value 3 fold above background. All 
assays were performed in duplicate. 

Fig. 1 
Polyacrylamide-SDS-gel electrophoresis 
of proteins from different influenza 

A virus strains: 
1 - A/Singapore/1/57 
2 - A/Leningrad/549/80 
3 - A/mallard/Potsdam/179/83 
4 - A/mallard/Potsdam/178-4/83 
5 - A/mallard/Potsdam/177-6/83 
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Results and Discussion 

In polyacrylamide gel  e lectrophoresis,  a d e q u a t e  proteins  o f  d i f f e r e n t  h u m a n  
a n d  avian s t ra ins  s h o w e d  t h e  s a m e  electrophoretic  mobil i ty  (Fig. 1). T h e  elec­
t r o p h o r e s i s  w a s  p e r f o r m e d  wi th  t h e  s a m e  v i ru s  c o n c e n t r a t i o n  f o r  all v i ru s  
s t r a ins  (80 //g v i ru s / l ane ) .  T h e  r e s u l t s  s h o w e d  a w e a k  b a n d  c o r r e s p o n d i n g  t o  
t h e  ma t r ix  p ro t e in  o f  t h e  v i rus  s t ra in  A / m a l l a r d / P o t s d a m / 1 7 7 - 6 / 8 3  ( H 2 N 2 )  
a n d  o n  t h e  o t h e r  s i d e  a s t r o n g  b a n d  c o r r e s p o n d i n g  t o  t h e  N P  f o r  t h i s  v i rus  
s t ra in .  T h e  s a m e  r e su l t s  w e r e  o b s e r v e d  f o r  c o n c e n t r a t e d  a n d  pur i f i ed  v i ru s  o f  
A / m a l l a r d / P o t s d a m / 1 7 7 - 6 / 8 3  ( H 2 N 2 )  f r o m  d i f f e r e n t  d a t e s  o f  c o n c e n t r a t i o n  
a n d  pur i f ica t ion .  E l ec t ron  mic roscopy  s h o w e d  a large n u m b e r  o f  i n c o m p l e t e  
v i rus  par t ic les  f o r  t h i s  s t ra in  ( r e su l t s  a r e  n o t  s h o w n ) ,  w h i l e  o t h e r  mal lard  s t ra ins  
h a d  ma in ly  c o m p l e t e  part icles .  T h e  e x i s t e n c e  o f  m a n y  i n c o m p l e t e  v i rus  partic­
l e s  ind ica tes  t h e  instabi l i ty  o f  t h e  v i ru s  par t ic le .  I t  c a n  f u r t h e r  b e  re la ted  t o  t h e  
p r e s e n c e  o f  less  ma t r ix  p ro t e in  f o r  t h e  A / m a l l a r d / P o t s d a m / 1 7 7 - 6 / 8 3 .  

W e  h a w e  s h o w n  previous ly  t h a t ,  t o  inves t iga te  an t igen i c  p rope r t i e s  o f  
i n f l u e n z a  v i ru s  in te rna l  p ro te ins ,  it  is  neces sa ry  t o  s t anda rd i ze  t h e  c o n c e n t r a ­
t i o n  o f  a d s o r b e d  a n t i g e n  (Khr i s tova  et a!., 1989; S c h ä f e r  et al., 1990). Standardi­
za t ion  o f  ma t r ix  a n d  n u c l e o p r o t e i n  c o n c e n t r a t i o n  w a s  p e r f o r m e d  b y  u s i n g  t h e  
d o u b l e  sandwich  E I A - t e s t  w i th  polyc lonal  a n t i b o d i e s .  Figs .  2 a n d  3 s h o w  t h e  
re la t ionsh ip  o f  c h r o m o p h o r i c  r e s p o n s e s  in  t h e  E I A - t e s t  f o r  t h e  M l - p r o t e i n  
a n d  t h e  N P  f o r  t h e  v i rus  c o n c e n t r a t i o n s  o f  d i f f e r e n t  s t ra ins .  Obvious ly ,  in t h e  
M l - p r o t e i n  E I A - t e s t ,  all o f  t h e  mal la rd  s t r a in s  e x c e p t  t h e  v i rus  s t ra in  A /  
m a l l a r d / P o t s d a m / 1 7 7 - 6 / 8 3 ,  h a v e  t h e  s a m e  ex t inc t ion ,  w h e r e a s  A / m a l l a r d /  
P o t s d a m / 1 7 7 - 6 / 8 3  h a s  on ly  hal f  o f  t h e  ex t inc t ion  o f  t h e  o t h e r  s t ra ins  (Fig.  2) .  

A c o r r e s p o n d i n g  b u t  r eve r sed  ra t io  c o u l d  b e  f o u n d  f o r  t h e  a b o v e  m e n t i o n e d  
s t ra in  in  t h e  E I A - t e s t  f o r  t h e  N P  (Fig.  3) .  W h e n  inves t iga t ing  t h e  an t igen i c  

e 490  

in EIA-test for Ml-prote in :  
A: A/mallard/Potsdam/177-6/83 
B: A/mallard Potsdam/179/83 
C:  A/mallard/Potsdam/178-4/83 
D: A/mallard/Potsdam/176/83 
E: A/Singapore/1/57 
F: A/Leningrad/549/80 

Relationship of chromophoric responses 
Fig. 2 

100 50 25 12.5 6.2 3.1 1.6 0,8 ng'well 
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Fig. 3 
Relationship of chromophoric responses 

in EIA-test for nucleoprotein 
For legends see Fig. 2 500 250 125 62.5 313 15.6 7.8 3.9 ng/well 

propert ies  o f  t h e  M l - p r o t e i n  a n d  t h e  N P  wi th  monoclonal  antibodies,  v i r u s  
concentrations w e r e  c h o s e n  t o  y ie ld  t h e  s a m e  v a l u e s  in t h e  E I A  wi th  polyclonal 
ant ibodies .  T h e  c h o s e n  concentration o f  t h e  A/mal lard/Potsdam/177-6/83 
w a s  200 ng/wel l  f o r  t h e  M l - p r o t e i n - E I A  a n d  5 0  ng/wel l  f o r  N P - E I A .  T h e  
concentrat ions f o r  t h e  o t h e r  mallard v i r u s  strains w e r e  80 ng/wel l  in both  
E I A - t e s t .  W e  could n o t  find any  antigenic  d i f f e r e n c e  b e t w e e n  t h e  reaction of 
16 monoclonal  ant ibodies  (against M l - p r o t e i n )  wi th  t h e  M l - p r o t e i n  o f  all 
avian a n d  h u m a n  i n f l u e n z a  v i r u s  strains u n d e r  t h e  invest igat ion (Table  1). T h e  
s a m e  resul ts  w e r e  obta ined f o r  nucleoprotein (data are n o t  shown).  T h e  E I A  
resul t s  w e r e  c o n f i r m e d  b y  W e s t e r n - b l o t  analysis  wi th  five monoclonal  antibo ­
d i e s  ( 2 B B 1 0 - G 9 ;  9 E 8 - B 2 ;  8 2 1 - B 8 - A 8 ;  8 2 3 - B 8 - B 1 1 ,  6 1 1 - G 1 0 - D 3 ) .  

T h e  R N A - s e g m e n t s  o f  t h e  s t r a ins  i so la t ed  f r o m  mal la rds  in  1983 s h o w  t h e  
s a m e  e l ec t rophore t i c  mobi l i ty  a f t e r  hybr id iza t ion  e x c e p t  A / m a l l a r d / P o t s d a m /  
176/83.  T h i s  s t ra in  de f in i t e ly  dev ia tes  i n  i t s  N A / N P - g e n e  ( s e g m e n t s  5 a n d  6) 
f r o m  t h e  o t h e r  ma l l a rd  i so la tes  (Fig.  4) .  S e g m e n t  7 c o d i n g  f o r  t h e  m a t r i x  
p r o t e i n  s h o w s  t h e  s a m e  e lec t rophore t i ca l  mobi l i ty  in  7.5 % a n d  4 % polyacryla-
m i d e  ge l s  f o r  all o f  t h e  ma l l a rd  s t ra ins .  I n  t h i s  ca se  w e  probab ly  h a v e  c o m p l e t e  
h o m o l o g y  o f  v i rus  a n d  c o m p l e m e n t a r y  R N A  b e t w e e n  t h e s e  v i ruses .  T h i s  
m e a n s  t h a t  m u t a t i o n s  i n  R N A  s e g m e n t s  7 w e r e  n o t  d e t e c t e d .  T h e  r e su l t s  
sugges t  t h a t  n o  d i f f e r e n c e s  in  t h e  a n t i g e n i c  p rope r t i e s  o f  t h e  m a t r i x  p ro t e in  of 
t h e s e  avian i n f l u e n z a  A v i ruses  o f  s u b t y p e  H 2 N 2  c o u l d  b e  d e t e c t e d  b y  t h e  
m e t h o d s  in  q u e s t i o n .  O n e  can  c o n c l u d e  t h a t  t h e  smal le r  m a t r i x  p ro t e in  c a n  b e  
c o n s i d e r e d  a m a r k e r  f o r  t h e  A / m a l l a r d / P o t s d a m / 1 7 7 - 6 / 8 3 .  N o  d i f f e r e n c e s  
h a v e  b e e n  f o u n d  f o r  t h e  o t h e r  s t r a ins  in  c o m p a r i s o n  t o  t h e  h u m a n  H 2 N 2  
s t ra ins .  
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A B C D F r 

1,2,3 
4 

Fig. 4 5 ,  6 
Analysis of the electrophoretic mobility 
of Sl-treated doublestranded hybrids 
after RNA-RNA hybridization in the 4 % 

polyacrylamide g e l : 7  

[3hJ- labelled complementary RNA o f : g  
A :  A/mallard/Potsdam/177-4/83 
B: A/mallard/Potsdam/177-6/83 
C: A/mallard/Potsdam/176/83 
D: A/mallard/Potsdam/178-4/83 
E: A/mallard/Potsdam/178-6/83 
F: A/mallard/Potsdam/179/83 

were hybridized with the virion RNA of 
A/mallard/Potsdam/176/83. 
1-8 are the RNA-segments coding for 
antigens: 1-3: PI—3; 4:HA; 5-6: N P / N A ;  
7: M; 8: NS  

O u r  inves t iga t ions  p o i n t  a t  t h e  a b s e n c e  o f  a n y  r e l evan t  d i f f e r eces  b e t w e e n  
h u m a n  a n d  mal la rd  i n f l u e n z a  s t r a ins  a s  f a r  a s  t h e  H 2 N 2  s u b t y p e  is c o n c e r n e d .  
I f  t h e r e  a r e  a n y  d i f f e r e n c e s  i n  t h e  i n t e rna l  a n d  s u r f a c e  p ro te ins ,  t h e y  m u s t  t o  b e  
d e t e c t e d  wi th  m o r e  sens i t ive  m e t h o d s .  
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