
C O M P A R A T I V E  C H A R A C T E R I S T I C S  OF  T H E  H I S T O C H E M I C A L  

A N D  B I O C H E M I C A L  C H A N G E S  IN T I S S U E  C U L T U R E S  I N F E C T E D  

BY A D E N O V I R U S E S  

D. B .  G o l u b e v ,  S.  Y a .  Z a l k i n d  UDC6~2-085.23:576o858o5]o014.1 
A .  A.  S e l i v a n o v ,  I .  S.  D e r y a b i n a ,  A.  M. F o k i n a ,  
a n d  E .  P .  Z v e r e v a  

Several studies have been made of the histoehemical  cha rac te r i s t i c s  of cells of epithelial origin 
during the reproduct ion of l abora tory  s t ra ins  of adenoviruses in them [3]. However, there is no account 
in the l i te ra ture  of the his tochemical  features  of the action of s t ra ins  of adenoviruses which have modified 
their  biological proper t ies  af ter  repeated passages  on a culture of f ibroblasts  [5, 6]. 

In the presen t  investigation cul tures of epithelial cells and f ibroblasts  f rom chick embryos  were 
studied after  infection with ordinary  and TTfibroblast'T s t rains  of adenoviruses ,  by means of various h is to-  
chemical  and biochemical  methods.  

EXPERIMENTAL METHOD 

HeLa cells infected with a laboratory strain of type 3 adenovirus (strain No. 32), cells of chick 
embryonic fibroblasts (CEF) infected with "fibroblast" strain (No. 3337) of type 3 adenovirus, and HeLa 
cells infected with strain No. 3337 were studied. 

The method of cultivation of the cells, of infection with the viruses, and of estimating the virus re- 
production was described in an earlier report [4]. The tissue cultures were infected with I000 TCDh0 of 
the corresponding viruses. 

Layers of the control and infected tissue were grown on cover slips and investigated in the natural 
state in the luminescence microscope after staining with acridine orange [2]. Parallel test samples were 
fixed with 10~c Carnoyts solution and then stained by BraeheUs method [i0] and for glycogen by Shabadsh's 
method [7]. 

The activity ofa ldolose  [9] and phosphohexoisomerase  (PHI) [8l in the culture fluid was determined.  

E X P E R I M E N T A L  R E S U L T S  

In the experiments  of ser ies  I his tochemical  and biochemical  studies were made of HeLa cells in- 
fected with type 7 adenovirus adapted to this t issue. A typical adenovirus infection was revealed.  A 
eytopathic action (CPA) was found 48 h af ter  infection. 

Luminescence mic roscopy  with acridine orange revealed charac te r i s t i c  nuclear  changes (Figs. 1 and 
2). Estimation of the aldolase and PHI activity showed no changes in the culture fluid of the infected sam-  
ples.  

Staining for  glycogen showed the f i rs t  differences between the control  and infected cells 20 h af ter  
infection. At this t ime 16.2~c of the cells  in the control samples  were  intensively stained, compared  with 
61.8~ in the experimental .  The differences pers i s ted  later,  although they were less marked.  

Differences in staining for  RNA began to appear 4 h af ter  infection. At this time the number of in- 
tensively stained cells in the control culture was 28.8~c compared  with 69~c in the infected, whereas 20 h 
af ter  infection the corresponding values were 30.3~c and 64.8~c. 
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TABLE 1. Changes in Enzymes in the Liqaid Phase of 
a Culture of Chick Embryonic  Fibroblasts  Infectedwith 
1000 TCDs0 of Type 7 Adenovirus Adapted to this 
Tissue (Strain No. 7337) 

Index 

CPA 
Aldolase activity 

(in ~g~ enzyme) 

PHI activity (in 
~g fructose) 

48 

4,~-4,0 

8,7/9,3 

Time after infection, in hours 
06 

4~/4,2 

1 2 , 0 / 1 0 , 0  

144 

5 512 
2,1/19,r 

192 

+ 
6,4/15,2 

3,1/27,0 

240 

+ + +  
4,2/19,2 

14,0124,2 

Not% Numerator-activity of control sample, denominator- 
activity of infected sample. 

TABLE 2. Results of Staining of Control 
HeLa Cells and of HeLa Cells Infected 
with Type 7 Adenovirus for Glycogen and 
RNA (Number of Intensively Stained Cells, 
in ~ of Total Number of Cells Examined) 

Culture 

C o n t r o l  

infected 

Staining 
reaction 

for gly- 
cogen 

for RNA 

for gly- 
cogen 

for RNA 

Time after in- 
fection (in hours) 
t44 I 192 240 

22,4 17,6 16,0 

14,4 I 16,5 19 ,._~7 

48,4154,2 58,4 

64,2 / 63,3 60,9 

In the experiments  of ser ies  II a culture of chick f ibro-  
blasts  infected with type 7 adenovirus {strain No. 7337) adapt- 
ed to this t issue was studied. A CPA was not detected until 
192 h after  infection. Outwardly it was indistinguishable 
f rom the spontaneous degeneration of the control  culture.  

During luminescence mic roscopy  no changes were 
found in the charac te r  of the localization of nucleic acids. 
The CPA took the fo rm of a disturbance of the integri ty of 
the cell layer ,  although in each par t  of the l ayer  the morpho-  
logical and histochemical  charac te r i s t i cs  remained  unchanged. 

No differences between the control  and the infected 
cul tures  were found likewise when the cells were stained by 
Feulgen ' s  method. 

Clearly defined changes in the enzymes were found, 
and their  cha rac te r  is shown in Table 1. 

The resul ts  given in Table 1 are  typical of the reproduc-  
tion of A. A. Selivanov's [4] "fibroblast" s t ra ins  of aden- 
oviruses  in a CEF culture.  

No differences were found in the intensity of staining of the ceils for glycogen between the exper imen-  
tal and control  cul tures .  

Staining for RIgA revealed some differences between the control  and the infected cells in the samples 
obtained 96 and 144 h after  infection: in the control  culture the number of intensively stained cells 96 h 
af ter  changing the medium was 23.1~c, r is ing to 34.8% after 144h. The corresponding values for the infect-  
ed cul tures were 49.3~c and 43.6%. 

In the experiments of se r ies  III, HeLa cells were  infected with type 7 adenovirus {strain No. 7337) 
adapted to CEF tissue. The infecting dose of Virus was 1000 TCD as shown by the resul ts  of secondary  
t i tration in chick f ibroblasts .  

Observations on the cul tures lasted for  10 days. During this per iod no CPA was detected by ordinary 
microscopy  and no his tochemical  changes by luminescence microscopy.  The enzymic activity in the in- 
fected samples was indistinguishable f rom that in the controls .  Clearly, therefore,  no reproduct ion of 
virus was revealed by any of the methods described,  whereas secondary passage of the culture fluid of the 
infected samples to new batches of HeLa ceils led to active virus reproduction.  Propagat ion of type 7 
adenovirus adapted to CEF in HeLa cells was detected by his tochemical  tests for glycogen andRNA (Table 2). 

As Table 2 shows, in the la ter  per iods (144-240 h af ter  infection), the number of cells staining in- 
tensively for  glycogen and RNA was much l a rge r  in the HeLa cells infected with type 7 adenovirus adapted 
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TABLE 3. Compara t ive  C h a r a c t e r i s t i c s  of Sens i t iv i ty  of Var ious  His to-  
chemica l ,  Misc roscop ic ,  and Biochemica l  Methods of Indicat ion of Re-  
p roduc t ion  of Adenovi ruses  in Tissue  Cultures  

V i r u s - c e l l  s y s t e m  

L a b o r a t o r y  s t r a i n  No. 
72 of type 7 adenovi rus  
on HeLa ce i l s  

" F i b r o b l a s t "  s t r a i n  No. 
7337 of type 7 
adenovi rus  in CEF 

" F i b r o b l a s t  ' s t r a i n  No. 
7337 of type 7 aden-  
ov i rus  in HeLa ce i l s  

Legend: 1) r e s u l t s  of use  of the p a r t i c u l a r  method of inves t iga t ion  if 

these  r e s u l t s  were  d i s c o v e r e d  before  the deve lopment  of a CPA v i s ib le  by 
o r d i n a r y  mic roscopy ;  2) if they were  d i s c ove r e d  at  the s ame  t ime as the CPA. 

* In this case  the CPA developed la te  and could be accep ted  as a 
method of indicat ion of v i rus  reproduc t ion  only with cons ide rab l e  r e s e r v a t i o n s .  

F ig .  1. HeLa ce l l s  48 h af te r  infect ion 
with type 3 adenovi rus ,  a) Controt  t i s -  
sue (48 h a f t e r  changing the medium);  
b) infected t i s sue .  Acr id ine  orange.  
Luminescence  m i c r o s c o p y .  

Fig .  2. HeLa  ce l l s  72 h af te r  infection 
with type 3 adenovi rus ,  a) C~ntroI t i s -  
sue (72 h a f te r  changing the medium);  
b) infected t i s sue .  Acr id ine  orange .  
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to CEF than in the control  cu l tu res .  In the e a r l i e r  per iods  of the invest igat ion no d i f ferences  were  found 
between the control  and the exper imen t .  The di f ferences  obse rved  in the l a t e r  h i s tochemica l  reac t ions  
were  the only s igns of reproduct ion  of the v i rus  apa r t  f r o m  the d i rec t  i sola t ion of the v i rus  a f t e r  pa s sag e  
to HeLa cel ls .  

It  may  be concluded f r o m  these r e su l t s  that each individual v i r u s - c e l l  model  p o s s e s s e s  i ts  opt imal  
methods  fo r  indicating v i rus  reproduct ion .  As Table 3 shows, for  o rd inary  l a b o r a t o r y  s t r a in s  of a d e n , -  
v i r u s e s  all  the mic roscop ic  and h i s tochemica l  methods of invest igat ion fall  into this ca tegory ,  whereas  
the enzymic  changes do not r e f l ec t  the p r o c e s s  of v i rus  reproduct ion taking p lace  in the ce l l s .  On the 
o ther  hand, the reproduct ion  of " f ib rob las t "  s t r a ins  in a CEF culture is bes t  indicated by enzyme tes t s .  
Final ly,  during reproduct ion  of these s t r a in s  in HeLa cel ls ,  changes in the cel ls  can be  found only by h i s -  
tochemica l  methods,  such as staining by B r a c h e t ' s  method and for  glycogen. 

The evaluation of the changes in cel ls  infected with aden .v i ru se s  is thus d i rec t ly  dependent both on 
the p r o p e r t i e s  of the v i r u s - c e l l  s y s t e m  and on the c h a r a c t e r i s t i c s  of the individual method used.  
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