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Summary 

The nucleic acid of infectious bronchitis virus (IBV), like tha t  of other 
enveloped viruses, consists of discontinuous single stranded RNA. However, unlike 
many  other viruses, there is extreme heterogeneity in the sizes of the I~NA frag- 
ments, as revealed by  centrifugation in sucrose gradients or electrophoresis in poly- 
acrylamide gels. Two principal classes of I~NA fragments are present: 

~) A larger class comprising 74.9--85.4 per cent of total RNA and consisting of 
fragments having molecular weights ranging from 0.5 • 106 to considerably greater 
than 3.0 • 106 da]tons and, 

b) A smaller class comprising 9.1--19.7 per cent of total I~NA with the size 
approximately tha t  of ribosomal r S I~NA. 

All IBV RNA's  were fully susceptible to ribonuclease and had a buoyant  density 
in caesium sulphate identical to that  of tobacco mosaic virus RNA. :No difference 
in the R:NA profile for IBV was observed from the use of different methods of virus 
purification. The single-stranded R:NA's of poliovirus and tobacco mosaic virus 
remained undegraded after preparat ion in the presence of IBV. 

1. Introduction 

Infectious bronchitis virus (IBV), mouse hepatitis virus and certain human 
respiratory viruses have been classified as coronaviruses (ALMEIDA et al., 1968). 
The particles of IBV are 80--120 nm in diameter and contain a thread-like internal 
component 7--8  nm in cross-section (APoSTOLOV et al., 1970). They differ mark- 
edly from myxoviruses in having an envelope derived from the cytoplasmic 
reticulmn instead of the cell membrane (B~o~:E~ et al., 1967) and club-like projec- 
tions 15--20 nm in length, projecting from the envelope, which give to the virion 
its characteristic halo- or corona-like appearance (BERRY et al., 1964). No outer 
spiky layer containing haemagglutinin or neuraminidase subunits has been de- 
monstrated for the IBV virion (APosToLOV et al., 1970). 
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The nucleic acid of I B V  has not  been previously  isolated but,  f rom exper iments  

wi th  analogue inhibi tors  (CuN~I~GHAM, 1963) is general ly considered to be RNA.  

Other  enveloped R N A  viruses of similar size such as influenza (D~rESBEI~G and 

ROBIS"SO~, 1967) lymphocyt ic  ehoriomeningit is  (PEDERSON, 1970) and Rous sar- 

coma virus (BISHOP et al., 1970), have  been shown to contain several  pieces of 

single-stranded RNA.  The work repor ted  here shows tha t  the R N A  of I B V  is also 

f ragmented ,  but  the size dis t r ibut ion of the f ragments  differs f rom t h a t  of o ther  

groups. 

2. Materials and Methods 

2.1. Solutions and Reagents 

The following buffers were used: NET 0.1 M NaC1, 0.01 ~ EDTA, 0.01 ~ Tris 
pH 7.4, Loening's electrophoresis buffer - -  0.003 ~ NaH2PO4, 0.001 ~ EDTA, 0.036 
Tris pH 7.8 (LOENING, 1969) containing 0.2 per cent sodium dodecyl sulphate (SDS; 
MATIIESOIV, COLE~AIV, and BELL), Phosphate Buffered Saline (DULBECeO and VoG~, 
1954). 

Other reagents included deoxyribonuclease, pancreatic ribonuelease-A, (5• 
crystallised, Sigma), Biogel P-30 (Calbiochem) and diethyl pyroearbonate (Fluka). 
]~ibonuclease-free sucrose (Sigma) was used in gradient preparations. 

Acrylamide and bisacrylamide (Eastman Organic) were purified according to 
LOENING (1967), and prepared at 2.2 per cent and 0.15 per cent, respectively, in 
eleetrophoresis buffer. Polymerisation was accomplished with 0.2 per cent N-N-N'-N'- 
tetramethylethylenediamine and 1 per cent ammonium persulphate. Phenol (Merck 
reagent grade) was twice distilled for I~NA extraction. Bentonite was prepared accord- 
ing to the method of F:RAENKEL-CoNI~AT et al. (1961). Yeast carrier I~I~A (Sigma) was 
purified by two extractions with phenol/SDS at 37 ~ C (see below) followed by the addi- 
tion of sodium acetate to 0.15 ~ and two volumes of ethanol. After 1 hour at - -15  ~ C, 
the precipitate was collected by centrifugation, dissolved in NET, reprecipitated and 
adjusted to 1000 izg/ml in NET for storage at - -15  ~ C. 

Carrier-free 32p orthophosphate was obtained from the Australian Atomic Energy 
Commission, Lucas Heights, Sydney and 3I-I uridine (20--30 Ci/m Mole) from the Radio- 
chemical Centre, Amersham U.K. 

2.2. Preparation o] Viral and R N A  Markers 

3It tobacco mosaic virus, aH poliovirus and aH (BHK cell) ribosomal I~NA were 
prepared by the method of TANNOCK et al. (1970), using 3I-I uridine, unlabelled purified 
influenza strain BEL by that  of TAYLoa et al. (1969). All preparations were equilibrated 
with NET buffer by passing through Biogel P-30 columns prepared in NET before use. 

2.3. Acrylamide Gel Electrophoresis 

This was carried out using 2.2 per cent polyacrylamide gels, whose preparation is 
described above. Fractionation was according to the method of TANNOeK et al. (1970). 

2.4. Preparation o/3~p 1 B V  
Thirty 8 day old chick embryos were each inoculated with 1 millicurie of 32p ortho- 

phosphate and, after 24 hours, with 103--104 EID~0 of the Victorian S vaccine strain 
of IBV (35th embryo passage) by the allantoic route. The IBV preparation was obtain- 
ed from Dr. W. A. Geering of Commonwealth Serum Laboratories, Melbourne. Incuba- 
tion was continued for a further 48 hours at 35 ~ C before the embryos were chilled and 
the allantoic fluid collected. 

2.5. Virus Puri]ication 
This was accomplished by a modification of the method of BLAIR and DUESBERG 

(1970) which was used for purification of myxoviruses. Calf serum to 5 per cent was 
added to chilled allantoic fluid, followed by an equal volume of neutral saturated 
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ammonium sulphate. The mixture was stirred at 0 ~ C for 30 minutes and the precipitate 
then collected by centrifugation at 2000g for 20 minutes and resuspended in approxi- 
mately 25 mls of NET buffer. The virus was first concentrated by centrifuging onto a 
2 ml 2.3 M sucrose cushion using a Spinco SW 25. I rotor for 35 minutes at 22,000 r. p. m. It 
was then partially purified by further centrifuging onto a similar 0.5 ml cushion through 
a 1.5 ml 15 per cent sucrose interface using a Spinco SW 40 rotor at 22,000 r.p.m, for 
35 minutes. Final purification was achieved by the use of isopyenie centrifugation. 
Material from the interface was centrifuged either (A) through a 26.6 ml 15--65 per cent 
sucrose gradient in NET at 22,000 r. p. m. for 16 hours using a Spinco SW 25. i rotor or, 
(B) through an II ml 20--40 per cent potassium tartrate gradient for 2.5 hours at 
35,000 r.p.m, using a Spinco SW40 rotor. 
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Fig.  1. Gradient  pur i f icat ion of a~p I B V  

A. Concentrates  of al tantoic grown a~l J I B V ,  af ter  pa r t i a l  pur i f ica t ion  were resuspendcd in  N E T  and  centr i fuged 
through a 26.6 ml  1 5 - - 6 5  per  cent  sucrose grad ien t  for 16 hours  a t  22,000 r . p . m ,  using a Spinco SW 25.1 rotor.  
The dis t r ibut ions  of acid insoluble r ad ioac t iv i ty  ( -  �9 --) ,  in fec t iv i ty  ( - -  -- -- ~ -- - - )  and densi ty ( - - ~  - - )  are  

shown 
B. Pa r t i a l l y  pur i f ied concentra tes  of ~ P  I B V  were mixed wi th  0.5 ml  of unlabel led influenza s t ra in  :gEL and  1.0 ml  
of N E T  and  centr i fuged through an  11 ml  20 - -40  per  cent  potass ium t a r t r a t e  g rad ien t  for 2.5 hours a t  85,000 r .p . rn .  
using a Spinco SWd0 rotor.  The  dis t r ibut ions  of acid-insoluble r ad ioac t iv i ty  ( - - e - - ) ,  haemagglu t in in  

( - - - - � 9  -- ) and  densi ty  ( -- ~ -- ) are shown 

W h e r e  sucrose g rad ien t s  were used,  f rac t ions  of 1.0 ml  were col lected f rom the  
b o t t o m  a n d  t he  profi les for ac id- insoluble  r ad ioac t iv i ty ,  dens i ty  a n d  in f ec t i v i t y  are 
s h o w n  in  F igu re  1 A. F r a c t i o n  12 r ep r e s en t i ng  t he  peak  of i n fec t iv i ty  a n d  r a d i o a c t i v i t y  
h a d  a dens i ty ,  d e t e r m i n e d  f rom i ts  r e f rac t ive  index ,  of 1.176 g/cc. F r a c t i o n s  8 - -19 ,  
r ep re sen t ing  ti le c o m m o n  peak  of r a d i o a c t i v i t y  a n d  in fec t iv i ty  were pooled  for use in  
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R N A  studies .  Virus  a p p e a r e d  as a f locculent  b a n d  a n d  sucrose was r e m o v e d  b y  pass ing  
t he  pooled f rac t ions  t h r o u g h  a Biogel P-30 co lumn  equ i l i b r a t ed  w i t h  N E T .  The  i d e n t i t y  
of the  v i rus  ma te r i a l  c an  be  seen f rom the  e lec t ron  m i e r o g r a p h  in F igure  2 showing  
a n u m b e r  of n e g a t i v e l y - s t a i n e d  p leomorph ie  par t ic les  w i th  charac te r i s t i c  d u b - l i k e  
pro jec t ions .  The  m i e r o g r a p h  was p r e p a r e d  b y  Mr. J .  E.  Pa te r son ,  Div is ion  of A n i m a l  
I-IeMth, C.S.I.t~.O,, Parkv i l l e ,  Vie to r ia  us ing  a n  I-Iitaehi 11B e lec t ron  mieroseope.  

Fig. 2. Electron mierograph of gradientqourified IEV viriorts 
Fractions 8--19 from the gradient in Figure 1 A were p~Qled and negatively stained with potassiumphosphotungstate. 

Magnification x 128,000 

I n  a n  e x p e r i m e n t  to  compa re  the  b u o y a n t  dens i t ies  of I B V  a n d  in f luenza  v i rus  
s t r a in  B E L ,  0.2 ml of pa r t i a l ly  pur i f ied  I B V  was mixed  w i t h  0.5 ral of un labe l l ed  B E L  
v i rus  a n d  1.0 ml  of N E T  a n d  eent r i fuged as descr ibed  a b o v e  in p o t a s s i u m  t a r t r a t e  
g rad ien ts .  F r a c t i o n s  of 0.5 ml  were eol leeted a n d  t h e  dens i ty  of each  d e t e r m i n e d  f rom 
i ts  re f rac t ive  index.  The  profi les of r ad ioac t iv i ty ,  h a e m a g g l u t i n i n  a n d  dens i ty  are  s h o w n  
in F igu re  1 B. As u n t r e a t e d  I B V  p r e p a r a t i o n s  h a v e  no  h aemag g l u t i n i n ,  t h e  b u o y a n t  
dens i ty  of each v i rus  is ident ica l  a t  1.16 g/ca. A l t h o u g h  a sha rpe r  reso lu t ion  of v i rus  
was af forded t h a n  for sucrose g rad ien t s  (Fig. 1), t h e  use of p o t a s s i u m  t a r t r a t e  
g rad ien t s  for I B V  pur i f ica t ion  usuMly resu l ted  in a cons iderable  loss in in fec t iv i ty  and ,  
excep t  whe re  s t a t ed ,  v i rus  pur i f ied  in th i s  m a n n e r  w~.~ n o t  used for t~NA studies .  

Severa l  unsuccessful  a t t e m p t s  were m a d e  to f u r t h e r  pur i fy  I B V  b y  ve loc i ty  gradient,  
een t r i fuga t ion .  Vi rus  concen t ra t e s ,  e i the r  before or a f te r  i sopynie  een t r i fuga t ion ,  were 
cen t r i fuged  for 30 m i n u t e s  a t  12,000 r . p . m ,  t h r o u g h  26.6 ml  5 - - 2 0  p e r  cen t  sucrose 
g rad ien t s  us ing  a Spineo SW 25.1 ro tor .  The  g rad ien t s  were p r e p a r e d  in dis t i l led  water ,  
N E T  or p h o s p h a t e  buf fe red  saline,  b u t  on  each  occasion all v i rus  in  t h e  suspens ion  
was deposited on the base of the tube as a fast sedimenting aggregate. 

2.6. In/ectivity Titration 
I n f e c t i v i t y  was d e t e r m i n e d  e i the r  

a) in  eggs accord ing  to  t h e  capac i ty  of ~BV to i l lduee s t u n t i n g ,  cu r l ing  or d e a t h  in 
in fec ted  9 - - 1 0  day  old chick  embryos  (ANON., 1963) or, 
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b) from its capacity to inhibit ciliary activity (titres expressed as CIDs0/ml) in chicken 
embryo tracheal organ cultures (CHEaRY and TAYLOI~-I~oBI~SO~I, 1970). The latter 
procedure, while more reliable, had a sensitivity approximately one tenth that  of the 
egg titration. 

2.7. R N A  Extraction 
The following procedure was used: Approximately 2--3 ml of purified 32p IBV in 

N E T  buffer was shaken for 10 minutes at 37 ~ C with an equal volume of phenol con- 
taining 1 per cent SDS and 0.1 per cent bentonite. After centrifugation for l0 minutes 
at 2000g, the upper aqueous phase was reraoved and the extraction procedure repeated. 
To the extract was added suitable marker or carrier I%NA's followed by two volumes of 
ethanol and sodium acetate to 0.15 ~. A precipitate was allowed to form at - -15  ~ C 
for 1 hour and was collected by centrifuging at 10,000 r .p.m, for 10 minutes and was 
finally resuspended in either N E T  or electrophoresis buffer. 

An extract was obtained from a large batch of purified virus which had been 
purified in sucrose-density gradients from an initial volume of approximately 1 litre 
of infectious allantoie fluid. An ethanol precipitate was obtained from the extract, as 
described above, but  without the addition of carrier or marker RNA. The precipitate 
was then collected and dissolved in 1 ml of NET buffer and its absorbance profile is 
shown in Figure 3. Values of ODe~4/2s0 and 260/2s0 of 1.20 and 1.80, respectively, were 
obtained, which clearly indicates that  the extracted material contained RNA. 
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Fig.  3. UV adsorbance profile of IBV I~NA 

I~NA was extracted from a large batch of purified unlabelled IBV and, after ethanol precipitation, was dissolved 
in 1.0 mI N:ET buffer. Adsorbance was determined in a Unicam SP.500 spectrophotometer, using NET for the 

blank determination 

3. Results 

3.1. Sucrose Gradient Analysis o/ I B V  Genetic Material 

This exper iment  was in tended to confirm the genetic mater ia l  of I B V  as l~NA 

and to characterize it. I~NA was ex t rac ted  f rom three I B V  preparat ions  purified 

in ei ther  sucrose (A and C) or potass ium t a r t a ra t e  densi ty  gradients  (B). In  pre- 
para t ion  A, the initial al lantoic fluid was first  t r ea ted  with  deoxyribonuclease and 

ribonuclease (each at  1 ~tg per ml) for 1 hour at  25 ~ C before purification. 3I-I 
r ibosomal marker  I%NA (0.2 m]) and 100 ~g of yeast  carrier RIgA were added and 
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total lgNA's from each were precipitated, as described above, and resuspended in 
0.5 ml NET buffer. Each preparation was then centrifuged through pre-formed 
4.8 ml 5--20 per cent sucrose gradients (A, B and C) prepared in NET for 60 (C) 
or 90 minutes (A and B) at 65,000 r .p .m,  using a Spinco SW65 rotor. Fractions of 
0.2 ml were collected, placed onto paper strips and the acid-insoluble radioactivity 
present was determined. The profile for each gradient is shown in Figure 4. As a 
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Fig. 4. Sucrose-gradient analysis of a*P IBV and 31t ribosomal :RNA 

RNA was extracted from 3~:p IBV, purified after eentrifugation in either suerose--(A and C) or potassium t a r t r a t e - -  
(B) density gradients, as described in section 2.7. The ini t ial  allantoie f luid used to prepare sample A was treated 
for 1 hour a t  25 ~ C wi th  RNA'se  or DNA'se prior to purification. Yeast carrier RNA (100 ~xg) and 3H ribosomal 
marker t~:NA (0.2 ml) were added and the total  RNA in each mixture precipitated with ethanol and suspended in 
0.5 ml  NET. :Each RNA preparat ion was centrifuged through 4.8 ml 5--20 per cent sucrose gradients in :NET at 
65,000 r .p .m,  for 60 (C) or 90 minutes  (A and B) using a Spinco SW65 rotor at  7 ~ C. The distr ibutions el  acid- 
insoluble IBV t tNA ( -  �9 --) and ribosomal tI,NA ( -  -- O -- --) are shown. One half  of each fraction from gradient  

C was f irs t  treated with 1 ~xg of ribonuclease for 30 minutes  at  25 ~ C 

test of identity for the viral nucleic acid, one half of each fraction from gradient C 
was treated with 0.1 ml of an aqueous solution containing 1 Bg of ribonuelease for 
30 minutes at 25 ~ C and the acid-insoluble radioactivity remaining was then deter- 
mined. 

Irrespective of the purification procedure used, the results indicate that  the 
nucleic acid of IBV is extremely heterogeneous, being comprised of a range of 
species spread throughout the gradients. Because of its sensitivity to ribonuclease 
(C) and UV absorbance profile (Fig. 3), the genetic material of IBV is undoubt- 
edly P~NA and further confirmation is provided by  its buoyant  density in caesium 
sulphate (see Fig. 8). 
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3.2. Analysis o~ I B V  R2VA by Polyacrylamide Gel Electrophoresis 
The pat tern  obtained for IBV RNA in sucrose gradients was then compared 

with one obtained after elcctrophoresis in polyacrylamide gels. A mixture of 32p 
IBV RNA, aH ribosomal RNA and 100 ~g of yeast carrier RNA was prepared as 
described in the previous experiment. RNA was extracted from purified IBV and 
the final ethanol precipitate dissolved in 50 ~l of Loening's buffer. Electrophoresis 
of the preparation was carried out in 2.2 per cent polyacrylamide gels at  70 volts 
and 6 mA per tube for 1.25 (A) and 2.5 hours (B). 

The resulting electropherograms in Figure 5 again indicate considerable 
heterogeneity for IBV RNA. Two principal classes of I~NA appear to be present : 
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F i g .  5. P o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  of  3~p I~NA a n d  31t r i b o s o m a l  I~NA 

R N A  w a s  e x t r a c t e d  f r o m  s2p I B V  a n d  m i x e d  w i t h  100  ~.g of y e a s t  c a r r i e r  a n d  0 .2  m l  of 31t r i b o s o n l a l  I~NA.  T o t a l  
R I g A  w a s  p r e c i p i t a t e d  w i t h  e t h a n o l ,  r e s u s p e n d e d  in  50  u l  of  L o e n i n g ' s  d i - s o d i u m  p h o s p h a t e  b u f f e r  a n d  s u b m i t t e d  
to e l e c t r o p h o r e s i s  fo r  (A)  1 .25 a n d  ( B )  2.5 h o u r s  a t  70 ~,olts a n d  6 m A  p e r  t u b e  in  2.2 p e r  c e n t  p o l y a c r y l a m i d e  gels .  

T h e  d i s t r i b u t i o n s  of  I B V  ( - -  �9 -- ) a n d  r i b o s o m a l / 1 , H A  ( --  --  o - -  - -  - ) a r e  s h o w n  

1. A much larger and more heterogeneous class comprising 74.9 per cent of 
total I~NA (Fractions 1--35) whose fragments range in size from approximately 
0.5 • 106 to well in excess of 3.0 • 106 daltons [the relationship between molecular 
weight and electrophoretic mobility is inexact for I%NA molecular weights in 
excess of 3.0 • 106 (Lo~IzcG et al., 1969)] and, 
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2. A smaller more homogeneous class comprising 19.7 per cent of total RNA 
(Fractions 47--62), having an eleetrophoretic mobilityidentieal with that of 4 S lgNA. 

The absence of two distinct RNA classes in Figure 4 can be accounted for by 
the relatively poor resolving properties of sucrose gradients compared with poly- 
aerylamide gels. In an additional two electropherograms (C and D) a similar 
distribution of RNA fragment sizes was apparent and figures obtained for the 
RNA classes are as follows : C, high molecular weight RNA fragment 75.6 per cent 
and low molecular weight RNA 15.8 per cent and D high molecular weight 85.4~ per 
cent and low molecular weight 9.1 per cent of total I~NA. 
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F i g .  6. Analysis  of influenza strain P R 8  RIGA, prepared from purified virus under the same conditions as for I B V  

P R 8  virus was  grown in eggs in the presence of ssp and purified in the same manner as for I B V  using potass ium 
tartrate gradients. RIGA was  extracted from two samples of purified virus as described under Materials and Methods 
and mixed wi th  100  ~zg of yeast  carrier and 0.2  m l  of  s i t  ribosomal RIGA. Total  I~IVA in the mixtures was  pre- 
cipitated with  ethanol and resuspended in either 0.2 ml of N E T  (A )  o r  50  M of Loening's electrophoresis buffer (13). 
Sample A was  centrifuged through 4L.8 nil 5 - - 2 0  per cent sucrose gradients, prepared in N E T ,  at 6 5 , 0 0 0  r . p . m ,  for 
90 minutes using a Spinco S W  65 rotor at 7 ~ C. S a m p l e  B was  submitted to eleetrophoresis for 1.25 hours at 
70 volts and 6 m A  per tube in 2.2 per cent polyacrylamide gels. The distributions of P R  8 ( -  �9 - - )  and ribosomal 

I ~ N A  ( --  O --  ) are shown 

As a further check on the experimental procedures used, a preparation of 
influenza strain PR8 was grown in eggs in the presence of radioactive ortho- 
phosphate and purified as described for IBV in section 2.5. t~NA's present were 
extracted under similar conditions and were examined in the presence of SH 
nridine marker RNA by: 

a) centrifugation through 5--20 per cent sucrose gradients prepared in NET 
for 1.5 hours at 65,000 r.p.m, using a Spinco SW65 rotor or 

b) electrophoresis for i.25 hours in 2.2 per cent polyacrylamide gels. The results 
in Figure 6 indicate a profile very similar to that obtained by DUESBERG (1968) 
for PR 8 I~NA. 
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3.3. Extraction o] RNA ]rom I B V  in the Presence o/Other Sinfle-Stranded RNA 
Viruses 

D i s c o n t i n u i t y  in t he  t~NA of I B V  m a y  h a v e  been  caused  b y  the  a c t i v i t y  of 

nuc leases  re leased  du r ing  e x t r a c t i o n ,  or  b y  t h e  b r e a k a g e  of a large  R N A  molecu le  

a t  specif ic  w e a k  poin ts .  I n  an  e x a m i n a t i o n  of these  possibi l i t ies ,  t he  R N A  prof i les  

of I B V  a n d  e i t he r  po l iov i rus  or  t obacco  mosa ic  v i rus  (TMV) were  c o m p a r e d  a f t e r  

e x t r a c t i o n  t o g e t h e r .  T w o  rn~xtures cons is t ing  of 0.6 m~ of ~zp I B V  a n d  0.6 m l  of 

pu r i f i ed  

a) 3H po l iov i rus ,  or,  

b) 3I-I T M V  were  d i lu t ed  to  3.0 ml  w i t h  N E T  buffer .  

R N A  was  t h e n  e x t r a c t e d  f r o m  each  a n d  p r e c i p i t a t e d  w i t h  e t h a n o l  a f t e r  t h e  

a d d i t i o n  of 100 ~xg of yea s t  ca r r i e r  R N A .  E a c h  R N A  p r e c i p i t a t e  was  s u s p e n d e d  in 

0.5 ml  of N E T  a n d  cen t r i f uged  t h r o u g h  p r e - f o r m e d  4.8 m] 5 - - 2 0  pe r  cen t  sucrose  

g rad ien t s ,  p r e p a r e d  in N E T  for  1 h o u r  a t  65,000 r. p. m.  us ing a Spinco  S W  65 ro to r .  
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Fig. 7. Extraction of IBV I~NA in the presence of poliovirus and T1KV 
KbTA was extracted from mixtures of a~P IBV and either (A) 3H poliovirus or (B) ~H TMV and precipitated with 
ethanol after the addition of yeast carrier ]~NA. Each KNA ~recil~tt~te was resuspended in 0.5 ml of NET and 
centrifuged ~hro~gh 4.8 ml 5--20 Der cent sucrose gradients ir~ NET for 1 hour at 65,000 r.D.m, using ~ Spineo 
SW65 rotor at 7 ~ C (A) or 16 ~ C (B), The distributions of aciddnsoluble IBV ( - .  - )  and either poliovirus or 

TMu I~NA ( -- -- o - ~ -- ) are shown 

F r a c t i o n s  of 0.2 ml  were  co l lec ted  a n d  prof i les  for  ac id- inso lub le  r a d i o a c t i v i t y  

a re  shown  in F i g u r e  7. T h e y  aga in  sugges t  t h a t  I B V  R N A  is e x t r e m e l y  he te ro -  

geneous  be ing  sp read  t h r o u g h o u t  t h e  g r a d i e n t  as in F i g u r e  4. B o t h  po l iov i rus  a n d  
T M V  R N A  a p p e a r  to  be p r e s e n t  as a single u n d e g r a d e d  species,  This  sugges ts  t h a t  

t he  e x t r a c t i o n  m e t h o d  used  does n o t  re lease  v i r ion  nuc leases  no r  d e g r a d e  I B V  
I~NA which ,  t he re fo re ,  is p r e s u m a b l y  p r e s e n t  w i t h i n  t h e  v i r ion  as a d i s con t i nuous  

s t r u c t u r e .  
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3.4. Equilibrium Centri/ugation o / I B  V R N A  in Caesium Sulphate 

The buoyant  density of IBV RNA was compared with tha t  of TMV I~NA. A 
mixture of both RNA's  was prepared as described previously and, after ethanol 
precipitation, was suspended in 0.4 ml of NET buffer. The preparation was then 
layered onto 2.5 ml of a solution of caesium sulphate (density 1.64 g/ce) and 
centrifuged at 33,000 r .p .m,  for 65 hours at 20 ~ C using a Spinco SW39 rotor. 
Fractions of 0.1 ml were collected and the density of each determined from its 
refractive index. Each fraction was then diluted to 0.4 ml with NET and an 0.2 ml 
volume placed onto a paper strip for the determination of acid-insoluble radio- 
activity. The remaining 0.2 ml of each Iraetion was treated with 1 ~g of ribo- 
nuelease for 1 hour at 25 ~ C and radioactivity remaining then estimated in the same 
manner. The results shown in Figure 8, indicate tha t  IBV RNA has a distribution 
in the equilibrium gradient identical with that  of TMV RNA, having a peak at 
1.65 g/cc, which is characteristic of other single-stranded RNA molecules (EI~IKSON 
and FRANKLIN, 1966). This peak is greatly reduced in the presence of ribonuelease. 
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Fig. 8. Buoyant  densities of IBV I1,NA and TNV I~NA in caesium sulphate 
A preparat ion of 3~.p I B u  RNA and "H TMV RNA was layered onto 2.5 ml  of a solution of caesium sulphate 
(density 1.64 g/cc), and centrifuged for 65 hours at  33,000 r .p .m,  at  20 ~ C, using a Spinco SW 39 rotor. Fractions of 
0.1 ml were collected and diluted to 0.4 ml wi th  NET, after determining their  density, The dis t r ibut ion of acid- 
insoluble IBV ll,NA ( - - .  -- ) and TMV RNA ( - -- O -- - ) is shown. One half of each diluted fraction from A was 

first  treated with 1 Ixg of ribonuclease for 30 minutes at  25 ~ C 

4.  D i s e u s s i o n  

Discontinuous single-stranded I~NA is a feature of the genomes of influenza 
(DcEsBE~G and ROBI~,'SO~, 1967; PoNs, 1967), lymphocytic ehoriomeningitis 
(PEDERSOSL 1970), cowpea chlorotic mottle (BANCROFT et al., 1968), alfalfa mosaic 
(HvLL et al., 1969) and cucumber mosaic (CIvEZOLO et aI., 1969) viruses. With 
I~ous sarcoma (RSV) (Du~.s:a~RG, 1968) and other leukoviruses, apparent  conti- 
nuity in the principal I~NA components is maintained by regions of base pairing 
between RNA fragments, which are readily disrupted by gentle heating or the 
action of RNA denaturants. I~SV contains, in addition, significant amounts of 4S 
RNA and smaller quantities of 7S, 18S and 28S I~NA's (Bishop et al., 1970). A 
minor 48 RNA component has also been reported for Newcastle disease virus 
(NDV) I~NA (DvESBEaG and ROBINSON, 1965). 
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The RNA of IBV differs from all these viruses in that  the great proportion of 
its RIgA (74.9--85.4 per cent) consists of large, extremely heterogeneous frag- 
ments. Such an lgNA profile has been obtained from all freshly prepared IBV 
preparations examined and from one prepared from virus after 72 hours of 
allantoic growth. With fowl plague RNA, prepared from virus purified after 
differing times of growth, differences in the sizes and amounts of various RNA 
classes have been described and a similar heterogeneity noted (BARRY et al., 
1970). 

Heterogeneity in the high molecular weight RNA of IBV may reflect a de- 
gradative process, whereby a large molecule is broken down into smaller products, 
either mechanieMly at random weak points in the ribonucleoprotein component 
of the virion or through the action of nucleuses. However, the following evidence 
is adduced against the observed distribution for IBV I~NA being brought about 
in this manner: 

a) The size of high molecular weight RNA fragments is such that  a precursor 
molecule of size greater than 1 • 107 daltons would be required. Such a molecule 
would be larger than any known RNA and seems unlikely to be present within a 
virion of diameter 80--120 nm having a buoyant density of 1.16--1.17 g/ec. 

b) No degradation was noted in the t~NA's of poliovirus or TMV after prepara- 
tion in the presence of IBV (Figure 6). 

c) No diminution in the degree of fragmentation of RNA was observed when a 
freshly purified IBV preparation was shaken for 30 minutes with 3 per cent diethyl 
pyrocarbonate, a potent inhibitor of nuelease activity (SoLYMOSu et al., 1968) 
prior to lgNA extraction. 

The low molecular weight I~NA of IBV has a molecular size comparable with 
that  of cellular transfer I~NA (Fig. 5A). Further knowledge of function would 
be provided by data on the base composition of each class IBV RNA and the 
degree of methylation of component bases. 

The high molecular weight RNA's of IBV are comparable in size with the 
major 57S RNA of NDV and the 70S (non-convalently linked) RNA of RSV 
(Dv~sBE~C~, 1968) and AMV (RoBIc~SOS and BALUDA, 1965), which are the largest 
known single-stranded RNA molecules. Messenger function for high molecular 
weight AMV RNA has been described by RIMA~ et al. (1967), whereas that  for 
NDV is known to be associated not with the major 57 S I%NA component, but with 
shorter complementary negative strands (B~ATT and ROBINSON, 1967). Whether 
high molecular weight I~NA or complementary strands act as the intraeellular 
messengers for IBV cannot be determined from the present study. 

I t  has been recently reported by HIER~IOLZnR et al. (1972) that  at least 6 poly- 
peptides are present within the virion of the related human coronavirus OC43, 
having molecular weights of 191,000, 104,000, 60,000, 47,000, 30,000 and 15,000 
daltons. Occasionally, a seventh polypeptide with a molecular weight of 165,000 
was also present. If values of 118.0 and 346.0 are assigned for the average molecular 
weights of individual amino acids and nucleotides, respectively, then an I~NA 
molecule of molecular weight 3.92 • 106 daltons would be required to encode the 
genetic information for the first six polypeptides. If the seventh is also included, 
then the figure is 5.37 • 106 daltons. I~NA fragments of this size range are dear ly  
present within High Molecular Weight IBV RNA (Fig. 5). 

Arch.  ges. V irusforsch. 43/3 18a 
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The p a t t e r n  of I B V  R N A  f ragment  sizes, as revealed  b y  analysis  in sucrose 
dens i ty  grad ien ts  or po lyac ry l amide  gels, suggests  t ha t  considerable  he te rogene i ty  
in the  I~NA conten t  of ind iv idua l  vir ions mus t  be present .  

Were  the  par t ic les  homogeneous,  represen ta t ives  of each f r agmen t  size would 
have  to be presen t  and  the  to ta l  R N A  complement  for each vi r ion would be well 
in excess of 20 • 10 s dal tons ,  which seems unl ike ly  for a vir ion of the  size and  
b u o y a n t  dens i ty  of IBV.  

Differences in the  size of ind iv idua l  virions, which are a p p a r e n t  in F igure  2, 
are  a charac ter i s t ic  of coronaviruses  (AL~EIDA et al., 1968). Such differences m a y  
reflect  differences in the  I~NA conten t  of ind iv idua l  par t ic les  whose b u o y a n t  
densi t ies  may ,  in consequence,  be re la t ive ly  similar.  

He te rogene i ty  in par t ic le  b u o y a n t  densi t ies  is a p p a r e n t  a f te r  pur i f ica t ion  in 
sucrose-densi ty  g rad ien t s  (Fig. 1A). However ,  much  be t t e r  resolut ion was 
af forded b y  the  use of po tass ium t a r t r a t e  g rad ien t s  (Fig. t B) and  s imilar  
differences have  been no ted  b y  BISHOP et al. (1970) for the  pur i f ica t ion  of RSV, 
whose I~NA's  are  more  uni form in size t han  those of RSV. 
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