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Summary. - T h e  ef fect  o f  UV-irradiation on SA11 rotavirus infecti-
vity was  followed. T h e  time course of  infectivity inactivation in 
general showed an one-hit pattern. T w o  basic ef fects  of  UV-irradia­
t ion  o n  virus particles were  investigated: t h e  p h e n o m e n o n  of  R N A -
protein linkages a n d  t h e  format ion  of  uracil d imers .  T o  de te rmine  
t h e  n u m b e r  o f  ur id ine  dimers,  3 H-ur idine  labelled purif ied rotavirus 
was exposed t o  UV-irradiation, subsequent ly  t h e  R N A  was  
extracted a n d  analysed by ascending paper  chromatography.  
Format ion  of  photod imers  was  f o u n d  t o  b e  an  impor tant  mecha­
n i sm o f  rotavirus inactivation at convent ional  UV-irradiation; t h e  
RNA-prote in  linkages were  registered a t  high irradiation dosis only. 

Key words: UV-irradiation; rotavirus; inactivation; uracil dimers; 
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Introduction 

UV-irradiation is o n e  of  t h e  important  envi ronmenta l  factors which inacti­
vates viruses u n d e r  natural  condit ions.  I t  is u sed  f o r  inactivation of  virus prepa­
rations as  well as  t o  s tudy t h e  s t ruc ture  of  viral particles. T h e  mechan i sms  of  
action of  UV-irradiation o n  viral particles are  known in general.  T h e  basic 
photoeffec ts  are  cleavage of  polynucleot ide chains,  format ion  of  nucleic-
protein  covalent linkages, as well as nucleot ide  d imers  and  o the r  photolysis 
products .  A n y  o f  t h e s e  photo- induced damages  may  b e  lethal  fo r  t h e  virus. T h e  
contr ibut ion of  each of  t h e  above out l ined mechan i sms  t o  t h e  UV-inactivating 
ef fec t  is variable and  may  b e  di f ferent  f o r  d i f ferent  viruses. T h u s ,  in t h e  case o f  
UV-inactivation of  picornaviruses t h e  format ion  o f  uracil d imers  is considered 
t o  b e  t h e  ma jo r  factor responsible fo r  inactivation of  viral infectivity (Miller a n d  
Plagemann,  1974; Smirnov  et al., 1983). Format ion  of  RNA-prote in  linkages 
plays a significant role in inactivation o f  or thomyxoviruses  (Kolodkina  et al., 
1981; Kaverin  et al., 1987). A s  fo r  double-s t randed R N A  viruses,  data  are  avai-
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lable only concerning the course of  reovirus infectivity inactivation (McClain 
and Spendlove, 1966) and the morphological changes of  rotaviruses following 
high-dose irradiation (Meng  et at., 1987). Nothing is known about the mole­
cular effects  of irradiation (linkage o r  d imer  formation).  T h e  present  work 
provides information indicating t h e  possible role of  uridine d imer  formation in 
UV-inactivation of  SA11 rotavirus and  t h e  lack of  formation of  RNA-protein 
linkages in t h e  case of  irradiation at doses  ensur ing infectivity inactivation. 

Materials and Methods 

Virus. SA1I ro t av i rus  w a s  p ropa ga t e d  o n  c o n t i n u o u s  c u l t u r e  o f  g r e e n  m o n k e y  k idney  cel ls  
( R A M T )  in E a g l e ' s  M E M  m e d i u m  s u p p l e m e n t e d  wi th  1 ̂ g / m l  t ryps in .  B e f o r e  inocu la t ion  t h e  
v i r u s  w a s  inac t iva ted  by i n c u b a t i o n  wi th  t rypsin  (10 ̂ g / m l ,  1 h r ,  3 7  °C) .  

Infectivity titration. A n  i m m u n o c y t o c h e m i c a l  assay  w a s  u s e d  t o  d e t e r m i n e  t h e  a m o u n t  o f  SA1I 
i n f e c t i o u s  ro t av i ru s  ( A m i t i n a  et at., 1988). V i ru s - inocu l a t ed  R A M T  cel ls  g r o w n  in f la t  b o t t o m  
po lys ty ren  p l a t e s  w e r e  i n c u b a t e d  a t  37  ° C  f o r  24 h r ,  s u b s e q u e n t l y  f ixed  in c o o l e d  85 % a c e t o n e ,  
t h e n  t r e a t e d  w i t h  spec i f i c  a n t i r o t a v i r u s  r abb i t  s e r u m ,  pe rox idase - l abe l l ed  a n t i b o d i e s  t o  rabb i t  IgG 
( c o m m e r c i a l  p r epa ra t i on  o b t a i n e d  f r o m  L e n i n g r a d  Re s e a r c h  In s t i t u t e  o f  V a c c i n e s  a n d  Se ra )  a n d  
t h e  p e r o x i d a s e  s u b s t r a t e  s o l u t i o n  (3 -amino-9-c thy lca rbaso l ,  „S igma") .  T h e  r eac t ion  w a s  s t o p p e d  
b y  a d d i n g  dis t i l led w a t e r .  U s i n g  a l ight m i c r o s c o p e  t h e  n u m b e r  o f  s t a i n e d  foci  p e r  well  w a s  
c o u n t c d .  T h e  v i r u s  l i t re  w a s  e x p r e s s e d  a s  t h e  n u m b e r  o f  f o c u s - f o r m i n g  u n i t s  ( F F U )  pe r  1 m l .  

Production and purification o f 3  H-uridine-labelted SA11 rotavirus. M o n o l a y e r  c u l t u r e  o f  R A M T  
cel l s  g r o w n  in ro l l e r s  w a s  i noc u l a t e d  wi th  t rypsin  pre-ac t iva ted  SAI1 ro t av i rus  (10 - 2 0  F F U / c e l l ) .  
F o l l o w i n g  1 h r - adso rp t i on  a t  37  C t h e  cel ls  w e r e  w a s h e d ,  e x p o s e d  t o  3 H - u r i d i n e  (50 M B q / m l )  in 
E a g l c ' s - M E M  m e d i u m  s u p p l e m e n t e d  wi th  t rypsin  (1 / / g / m l )  a n d  i n c u b a t e d  a t  37  ° C  f o r  24 h r .  T h e  
v i r u s  w a s  pu r i f i ed  b y  t h e  m e t h o d  o f B e r d s  (1982).  T h e  p r o c e d u r e  i n c l u d e d  low s p e e d  cen t r i f uga -
t i o n .  F r e o n  113 („Serva")  t reatment,  sedimentat ion  through  s u c r o s e  layer  a n d  equai l ibr ium 
centr i fugat ion in CsCl.  Fractions f r o m  t h e  1.36 g / c m 3  b u o y a n t  dens i ty  region (density  o f  double-
she l led  viral particles)  w e r e  collected and dia lysed against  S T E  b u f f e r  (Tris-HCl 0.01 mol/l ,  pH 
7.5; NaCI 0.1 m o l / l ;  E D T A  0.001 m o l / l ) .  

UV-irradiation. Prior t o  irradiation t h e  viral s u s p e n s i o n  w a s  ultrasonicated (22 KHz, 6 x 30 c), 
irradiated f o r  t h e  g iven  t i m e  interval  and then kept  in darkness .  A s  a source  o f  UV-irradiation, 
BUF-15 bactericide l a m p  w a s  u s e d ,  with 80 % o f  irradiation at 254 n m  w a v e  length (the rest  within 
t h e  v i s ib le  region o f  t h e  spect rum);  1-ml spec imen w a s  irradiated in a q u a r t z  cuvette,  1 c m 2  in 
cross-section,  placed in an icy bath at a d i s tance  o f  10 o r  2 cm f r o m  t h e  irradiation source .  T h e  irra­
d i a t i o n  d o s e  w a s  e v a l u a t e d  a c c o r d i n g  t o  t h e  in tens i ty  o f l i g h t  f l o w  by u r i d i n e  a c t i n o m e t r y  (Co lve r t  
a n d  Pi t t s ,  1968). 

RNA extraction. Pur i f i ed  3 H - u r i d i n e  labe l led  v i rus  w a s  s u s p e n d e d  in S T E  b u f f e r .  S o d i u m  d o d e -
cy l su lpha t c  ( S D S )  in t h e  f ina l  c o n c e n t r a t i o n  o f  1 % w a s  a d d e d  t o  t h e  viral s u s p e n s i o n  a n d  t h e  la t te r  
w a s  i n c u b a t e d  f o r  2 0  m i n  a t  r o o m  t e m p e r a t u r e .  T h e r e a f t e r ,  2-13-mercaptoethanol  ( M E )  w a s  a d d e d  
t o  t h e  m i x t u r e  in t h e  final c o n c e n t r a t i o n  o f 0 . 5  %. Vi r ion  R N A  w a s e x t r a c t e d  in co ld  f o r  20 m i n .  A n  
e q u a l  v o l u m e  o f d c p r o t c i n i z i n g  m i x t u r e  w a s  a d d e d  t o  t h e  m a t e r i a l ;  it c o n t a i n e d  STE-bufTer  s a tu ­
ra ted  p h e n o l  (4:1),  c h l o r o f o r m  a n d  i soamyl  a l coho l  in t h e  r a t io  o f  49:49:2.  respect ively.  T h e  
p h e n o l  a n d  w a t e r  p h a s e s  w e r e  s e p a r a t e d  b y  c e n t r i f u g a t i o n  a t  2000 r e v / n i i n  f o r  15 m i n  u s i n g  
a J ane t zk i  K-70 c e n t r i f u g e .  T h e  s a m e  p r o c e d u r e  w a s  u s e d  f o r  r epea t ed  ex t r ac t i on .  

Ascending paper chromatography. T o  d e t e r m i n e  t h e  U V - i n d u c c d  p y r i m i d i n e  d i m e r s ,  a s c e n d i n g  
p a p e r  c h r o m a t o g r a p h y  w a s  m a d e  a s  de s c r i be d  by Mil ler  a n d  P l a g e m a n n  (1974).  3 H - u r i d i n e  
labe l led  v i r u s  p r e p a r a t i o n s  w e r e  e x p o s e d  t o  UV- i r r ad ia t ion ,  m i x e d  wi th  200 b o v i n e  s e r u m  
a l b u m i n  a n d  I m l  I m o l / l  pe r ch lo r i c  acid a n d  i n c u b a t e d  a t  4 ° C  f o r  30 m i n .  T h e  prec ip i ta te  w a s  
s c d i m e n t c d  b y  low s p e e d  c e n t r i f u g a t i o n  a t  2000 r e v / m i n  f o r  10 m i n  a t  4 ° C  a n d  e x p o s e d  t o  acid 
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hydrolysis in 88 % formic acid at 175 ° C f o r 2  hr.  Hydrolysates were  analysed using ascending chro­
matography o n  W h a t m a n  N o .  1 paper  at room tempera ture  f o r  18 hr .  T h e  bu f f e r  system contained 
2-isopropanol,  concentrated a m m o n i u m  hydrate  a n d  0.1 mol/1  boric acid, in t h e  ratio of 7:1:2, 
respectively. Air-dried chromatograms were  cut  in to  1 cm segments  in t h e  direction o f  ascending 
buf fe r  migration,  placed in scintillation fluid and  total  radioactivity was measured  in a liquid scin­
tillation coun te r  Tricarb („Packard", U.S.A.). 

T h e  inactivation of  SA11 rotavirus infectivity occurred in one-hi t  pa t tern  
within t h e  dose  range which decreased infectivity by 1.0 - 1.5 log. Thereaf te r ,  
usually a shor t  plateau occurred a n d  t h e n  inactivation followed a t  t h e  initial 
rate (Fig. 1). T h e  type of  th i s  curve indicates t h e  admixture  of  t h e  c o m p o n e n t  
inactivated in a two-hit-pattern (it may  b e  diploid virions o r  aggregates consi-

Results and Discussion 

Fig. 1 
UV-irradiation-induced inactivation of 

SA11 rotavirus 

0.54 1.62 2.7 3.24 
1.08 2.16 

Abscissa: U V  doses  ( e r g / m m 2  x 103); 
ordinate:  rotavirus infectivity (in log]0  

FFU) .  
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The efľect o ľ  UV-irradiation on the 
formation o ľ  uracil dimers in rotavirus 

A - suspension of H-uridine labelled 
rotavirus was exposed to UV-irradiation 
and analysed (see "Materials and 
Methods"). Ordinate:  3H-uracil dimers 
(% of the t o t a l 3  H-label); abscissa: time of 
UV-irradiation (min). 
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hydrolysate of  JH-rotavirus exposed to 
UV-irradiation in the dose of 4.91 x 104 

erg/mm 2 .Ordinate:  3H-label (cpm x 103); 
abscissa: numbers  ofchromatogram frac­
tions. 

sting of  two infectious viral particles). However,  t he  dominat ing a m o u n t  of 
infectious particles (over 90 %) consisted of single virions inactivated in a one-
hit-pattern.  

T o  de te rmine  t he  n u m b e r  of  uridine dimers,  t h e  purified virus labelled with 
3H-uridine was exposed t o  UV-irradiation, subsequent ly  t h e  virion R N A  was 
extracted, hydrolysed and  analysed by ascending paper chromatography.  
Nonirradiated specimens  revealed o n e  peak in t h e  position occupied by uracil. 
In irradiated specimens  (with increasing doses  of UV-irradiation) a second 
peak became apparent ,  which location o n  t he  chromatogram was typical for  
uracil d imers  (fractions 5,6, Fig 2B). T h e  n u m b e r  of d imers  rose with increasing 
doses  of  irradiation, later on  it reached a plateau and  remained constant  (Fig. 

T o  de te rmine  t h e  covalent RNA-protein linkages at UV-irradiation, phenol  
detergent  me thod  without  pronase t rea tment  was used to  extract R N A  f rom 
3H-uridine labelled purified virus af ter  irradiation (Raghow and Kingsbury, 
1979). In t h e  case of  RNA-protein linking, t h e  R N A  should be  transferred f rom 
a q u e o u s  t o  phenol  phase.  Fig. 3 presents  t he  data on  RNA extraction f rom viral 
preparations exposed t o  UV-irradiation in varying doses,  and  its distribution in 
t h e  two-phase system. T h e  curve depicting decreasing RNA a m o u n t  in t he  
a q u e o u s  phase ( the formation of  RNA-protein covalent linakges) is markedly 
different  f rom that  of  uracil d imer  format ion.  At 5.89 x 10s e rg /mm 2  dose  of  
UV-irradiation only 5 5 %  of viral RNA is covalently linked with protein,  
whereas t he  highest  n u m b e r  of  d imers  has fo rmed already at t he  dose  of  4.91 x 
104 e rg /min J .  

2A). 
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RNA extraction from H-uridine labelled 

rotavirus exposed to UV-irradiation 
Ordinate: per cent of  3H-RNA in aqueous 
phase; abscissa: time of UV-irradiation 
(min). Squares and circles represent the 
data of 2 experiments. 
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T h e  course of UV-induced rotavirus infectivity inactivation described in this 
report closely resembles that registered in previous studies (McClain and 
Spendlove, 1966) in agreement with the classification of both genera to one  
family. They contain segmented double-stranded RNA of similar size and 
packing, thus  the target of  UV-inactivation should b e  similar for both. No 
measurement of molecular effects  induced by UV-irradiation of viruses f rom 
that family have been done previously. Analysis  of  the relationship between 
the formation of uridine dimers and/or of  RNA-protein linkages on one hand 
and UV-irradiation on the other sheds  some light on the possible mechanism 
of rotavirus inactivation following conventional (low intensity) UV-irradiation. 
T h e  dose inducing one inactivation event in the  genome (37 % survival) is 700 
erg/mm 2  (Fig. 1). T h e  dose causing dimerization of  2 % 3H-uridine is 9.82 x 103 

erg/mm 2  (Fig. 2). Both values coincide with those for  picornaviruses (Miller 
and Plagemann, 1974); on the basis of  these values for Mengo virus the number  
of  dimers per 1 inactivation event was determined to b e  1.7. 

Thus,  based on the calculations reported by Miller and Plagemann (1974) it 
seems likely that formation of photodimers is probably the major mechanism 
of rotavirus inactivation at UV-irradiation. On the  contrary, RNA-protein 
linkages arise only at high doses of irradiation. T h e  number  of  linkages per 1 
inactivating event is calculated to b e  about 0.001. In other words, by the time 
when the first RNA-protein linkage appeared the viral genome has already 
been inactivated due  to previous formation of the uracil dimers. 

2 0 -

1 — i -
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Previously we demonstrated the significant role of  covalent RNA-protein 
linkages in the case of  influenza virus UV-induced inactivation, and suggested 
that contribution of different molecular phenomena in the inactivating effect  
of  UV-irradiation varies for  different viruses (Kolodkina et al., 1981, Kaverin et 
al., 1987). T h e  data presented above indicate that RNA-protein linkages of 
rotaviruses in contrast to inactivation of orthomyxoviruses do not have a signi­
ficant role in t h e  inactivation, and ,  vice versa, t h e  format ion of photodimers  
appears t o  be  an important  factor of  inactivation of  rotaviruses. A similar 
finding was described previously with picornaviruses (Miller and  Plagemann,  
1974). However ,  it should  be  pointed ou t  tha t  factors limiting t h e  appearance of 
RNA-protein  linkages may be  different  for picorna- and  rotaviruses. In  picorna­
viruses with single-stranded R N A  t h e  limitation is e i ther  purely topological, i. 
e.  it is accounted for by a small n u m b e r  of  contact  sites of R N A  with a protein 
capsid, or,  which is more  likely, it is de te rmined  by t h e  pattern of  t h e  interac­
tion of  protein subuni t s  with t h e  R N A  (e. g. t h e  predominant  contact  with 
sugarphosphate  backbone bu t  no t  with ni trogen bases). T h e  limitation fo r  rota­
viruses may b e  t h e  result of  ni trogen bases coupled in R N A  duplex  which 
prevents  their  participation in RNA-protein interactions. 

Al though these  results suggest t he  active role of  photodimerizat ion of 
nucleot ides  in UV-induced rotavirus inactivation, t h e  significant contr ibution 
of  o the r  effects,  i. e.  of R N A  strand cleavage should  no t  be  ruled ou t .  Fu r the r  
s tudies  are  required t o  elucidate t he  role of these  effects.  
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