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SUMMARY 

Virus particles released from Chick embryo cells infected with equine influenza 
virus at high multiplicity in the first ~o hr after infection contained the complete 
RNA component of infectious virus. Virus released later (2o to 30 hr after in- 
fection) was of von Magnus type and contained the RNAs of incomplete virus. 
It is concluded that the formation of von Magnus virus in chick embryo cells is 
due to a defective synthesis of virus RNA components and not due to a defective 
assembly and release of virus particles. 

INTRODUCTION 

Incomplete influenza virus particles are produced by cells infected at high multiplicity. 
This is the phenomenon of von Magnus 095I). These virus particles have the same anti- 
genie and protein components as infectious viruses but contain a defective virus genome and 
are only partially infectious or non-infectious (Barry, Bromley & Davies, 1970; Duesberg, 
I968; Nayak, I969; Pons& Hirst, I969). The largest RNA molecule (2I s) of the virus is 
often missing or present only in small amounts in these incomplete virus particles. The 
mechanism of formation of such virus particles is not clear. Two possibilities exist: either 
(I) all virus RNA molecules are synthesized in the cell but, because of defective maturation, 
are not incorporated into infectious virions, or (2) there is a defective synthesis of virus 
RNA's inside the cell and progeny virus particles contain a defective virus genome. Studies in 
HeLa cells in which influenza virus produces an abortive type of infection indicate that all the 
virus RNA components are synthesized in the infected cell but defective maturation and 
assembly cause the formation of non-infectious virus (Lerner & Hodge, t 969). On the other 
hand, in chick embryo (CE) cells, the multiplicity-dependent synthesis of yon Magnus virus 
particles is possibly due to a defect in the synthesis of virus specific RNAs (Choppin &Pons, 
I97o; Nayak, I969). Our studies on the replication of influenza virus RNA in CE cells in- 
fected at high multiplicity showed a gradual change in the synthesis of virus RNA. The intra- 
cellular virus-specific RNA species synthesized early in the replication cycle (4 to 8 hr post 
infection) were similar to the RNA species found in infectious virions. In contrast, the in- 
tracellular virus RNA species synthesized I6 hr after infection were similar to those isolated 
from yon Magnus viruses (Nayak, 1969). These observations suggested that the multiplicity- 
dependent formation of incomplete virus was caused by the defective synthesis of virus RNA 
components in the infected cells. However, even though we and others have shown that in 
CE cells infected at high multiplicity there is a shift in the synthesis of intracellular virus 
RNA, no demonstration has been given of a corresponding shift in the RNA of progeny 
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yon Magnus virus released at different times. The present results show that there is a shift 
in the RNA profile of viruses released at different times which reflects the change in the 
synthesis of intracellular virus RNA observed previously (Nayak, I969). 

METHODS 
Viruses and cells 

Equine influenza virus (MIAMI strain, EIV) and primary chick embryo cells were used in 
these experiments. The preparation of stock virus containing minimal amount of non- 
infectious virus has been described (Nayak & Baluda, I967). 

Virus infection 

Primary CE monolayers were infected with infectious equine influenza virus at a high 
multiplicity of zo infectious units/cell (Nayak & Baluda, I968). The infected cells were 
divided into two groups. One group, immediately after infection and washing, was labelled 
with medium containing [aH]-uridine (specific acting 26 c/m-mole) (Io #c/ml.), and the 
supernatant fluid was harvested 9 hr later. The cells were trypsinized to recover the virus 
which had not been released into the medium or which had re-adsorbed to the cell surface. 
Both supernatant fluids (medium and trypsin) were centrifuged at I o,ooo rev./min, to remove 
cell debris, and the virus was adsorbed to human type '  O '  red cells (Nayak & Baluda, I967). 
The other group of infected cells was labelled with p4C]-uridine (sp.act. 53"1 mc/m-mole 
2 #c/ml.) at I6 to 25 hr after infection. The viruses in the medium and in the trypsin were 
then adsorbed with red cells. The red cells with viruses from both groups (o to 8 hr and 
I6 to 25 hr) were mixed and the virions were eluted with receptor destroying enzymes, 
purified and analysed in sucrose gradients (Nayak & Baluda, I967). RNA was isolated from 
purified virions and analysed in a sucrose velocity gradient. 

RESULTS 

Characteristics of  RNA of  virus released at different times after infection 

The [aH]-labelled RNA of the early virus had the profile of infectious virus; it was broad 
and heterogenous with a peak at 2I s (Fig. I). On the other hand the p4C]-labelled RNA of the 
late virus had the profile of von Magnus virus; heavy RNA components were either absent 
or present in smaller amounts, and the major RNA component in these late virions sedi- 
merited at 8"5 s. Both virus preparations also contained a small molecular weight RNA of 
4 s, possibly of cellular origin. 

Characteristics o f  the intracellular virus specific RNA synthesized at different times after 
infection 

The next experiments were designed to see if there was a corresponding shift in the synthe- 
sis of intracellular virus specific RNA. Cells were infected and labelled 4 to 8 hr and 2o to 
24 hr after infection in the presence of actinomycin-D added ½ hr before the additions of 
[all]- or p4C]-uridine. After labelling, cells were trypsinized and mixed and intracellular 
RNA was isolated and analysed in sucrose gradients (Nayak & Baluda, I968). The profile 
of intracellular virus RNA reflected closely that of progeny virus RNA released at the cor- 
responding time (Fig. I, 2). High molecular RNA (2i s) was present only in cells labelled 
4 to 8 hr after infection whereas cells labelled at 2o to 24 hr contained mostly small 
molecular virus RNA's. 
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Nature of the gradual change of RNA profile in released virions 

Our earlier studies also showed in cells infected at high multiplicity the synthesis of 
intracellular virus RNA changed gradually with the corresponding decrease of large mole- 
cular virus RNA (Nayak, ~969). The gradual or abrupt shift from infectious to non- 
infectious virus RNA in the released virions was therefore tested. Cells were labelled at 
different times after infection and RNAs of purified virions released at different times were 
analysed. The RNA components of virions released at different time intervals after infection 
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Fig. I. Sucrose velocity gradient of R N A  isolated from purified influenza virions. Twenty plates 
([2o ram.) of chicken embryo monolayers were infected with equine influenza virus at zo  I .U. /cel l .  
Virus from cells labelled immediately after infection with [3H]-uridine was harvested 9 hr after in- 
fection and mixed with virus released from cells with [x4C]-uridine at 16 to 25 hr after infection. The 
virus was purified and the R N A  was isolated and analysed in a sucrose gradient with 18 s-unlabelled 
ribosomal RN A  added as marker (2o % to 5 % linear gradient of sucrose containing o-[ M NaCI ,  
o.o[ M Tris +HC1 pH 7"4, o.ooI M EDTA). The positions of marker R N A  was determined from 
E~n0. TCA-precipitable radioactivity, [3HI ( 0 - - 0 )  and [t~C] ( O - - O ) ,  was determined from each 
fraction. 
Fig. 2. Sucrose velocity gradient of intracellular virus RNA synthesized at 4 to 8 hr, after infection, 
labelled with [ZH]-uridine, and at zo to 24 hr after infection, labelled with [14C]-uridine. Intracellular 
RNA was analysed in sucrose gradients. TCA-precipitable radioactivity: [ZH] (4 to 8 hr), ( O - - O ) ,  
[14C1 (2o to 24 hr), ( 0 - - 0 ) .  

(4 to 8 hr, I2 to 16 hr or 20 to 24 hr) revealed a gradual change (Fig. 3)- The RNA profiles 
of virions isolated at 4 to 8 hr and zo to 24 hr after infection corresponded to that of in- 
fectious and von Magnus virions, respectively. The RNA profile of virions labelled at ] 2 to 
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16 hr was intermediate since 2I s-labelled RNA molecules were present but few. The shift 
in the RNA profiles of released virions paralleled the change in the synthesis of intracellular 
virus specific RNA synthesis (Nayak, 1969). 
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Fig. 3- Sucrose velocity gradient of RNA isolated from virus labelled with [3H]-uridine released at 
different times after infection. (A) 4 to 8 hr, (B) 12 to 16 hr, (C) 2o to 24 hr after infection. Viruses 
were purified from the supernatant fluids and RNA was isolated from purified virus and analysed 
as in Fig. I. Ribosomal RNA of [8 s was added as the marker. 

DISCUSSION 

There are inconsistencies in the published results on the nature of the RNAs of first 
passaged von Magnus virus produced by chick cells infected at high multiplicity. Nayak & 
Baluda (I967) and Pons & Hirst 0969) observed no change in the profile of first passaged 
yon Magnus virus produced in CE cells, even though the p.f.u./HA ratio was lower in the 
first passaged yon Magnus virions. Pons & Hirst (1969) reported that only virus particles 
produced after second passage lacked the 21 s RNA molecule and had the characteristic 
RNA profile of von Magnus virus. Barry et al. (i97o), on the other hand, reported a change 
in the RNA profile even in von Magnus virus at first passage. Our results clearly indicate that 
the RNA profile of first passaged yon Magnus virus depends entirely on the time of labelling. 
If the label was added early in the infectious cycle the profile of RNA of released viruses 
closely resembled that of infectious virus. This is the more so because most of the intracellu- 
lar virus specific RNA is synthesized within Io hr of infection (Nayak, I969). Therefore, the 
label added early in the infectious cycle does not reflect the nature of the progeny virus 
which is usually harvested at 3o hr after infection or later. Barry et al. (197o) reported that 
a lower proportion of high molecular weight RNA occurred after longer intervals between 
infection and harvest of virus. However, it is not clear from their experiments whether the 
change in the RNA's of progeny viruses was due to change in the intracellular synthesis of 
virus RNA's and also due to release of virus ofvon Magnus type later in the infectious cycle. 
The mechanism by which the intracellular synthesis of large molecular virus RNA (21 s) is 
turned-off is not clear. Of the suggested possibilities (Choppin & Pons, 197o; Nayak, I969) 
the most attractive is that a small RNA molecule interferes with the replication of a large 
virus RNA molecule. This has been postulated in vesicular stomatitis virus infection by 
Huang & Baltimore (197o). The possible role of small virus RNA molecules in the formation 
of von Magnus virus is unknown. Whatever mechanism may turn-off the synthesis of large 
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virus RNA,  our experiments demonstrate  some unique properties of chick cells infected with 
influenza virus. The same CE cells infected at high multiplicity will synthesize and release, 

early in the infectious cycle, virus particles conta in ing R N A ' s  of complete infectious virions, 
bu t  later will synthesize and  release virus particles of  yon  Magnus  type. These findings 

support  therefore the earlier postulate that the format ion of von Magnus  virus in CE cells 
is due to defective synthesis of virus R N A  components  in the infected cell (Choppin  & Pons, 

1970; Nayak,  1969). 

The author  is the recipient of a Senior Dernham Fellowship (D-I52), Amer ican  Cancer 
Society, California Division. This investigation was supported by the California Insti tute of 
Cancer Research and  the Cancer Research Co-ordinat ing Committee,  Universi ty of 
California. 

R E F E R E N C E S  

BARRY, R.D., BROMLEY, P.A. & DAVIES, P. 0970). The characterization of influenza virus RNA.  In  The 
Biology of Large RNA Virus, ed. R. D. Barry and B. W. J. Mahy. London: New York : Academic Press. 

CHOPPIN, e. w. & PONS, M. W. (I970). The RNA's of infective and incomplete influenza virions grown in 
MDBK and HeLa cells. Virology 42, 6o3. 

DUESBERG, a. 0968). The RNA's of influenza virus. Proceedings' of the National Academy of Sciences of the 
United States of America 59, 930. 

HUANG, A. S. & BALTIMORE, D. (I970). Defective viral particles and viral disease process. Nature, London 226, 
325. 

LERNER, R. A. & HODOE= L. D. 0969). Nonpermissive infection of mammalian cells: Synthesis of influenza virus 
genuine in HeLa cells. Proceedings of the National Academy of Sciences of the United States of America 
64, 544. 

NAYAK, D. P. (1969). Influenza virus: Structure, replication and defectiveness. Federation Proceedings 28, 1858. 
NAYAK, D. P. & BALUDA, M. A. (t967). Isolation and partial characterization of nucleic acids of influenza virus. 

Journal of Virology i, 1217. 
NAYAK, D. P. & BALUDA, M. A. (1968). Ribonucleic acid synthesis in cells infected with influenza virus. Journal 

of Virology 2, 99. 
PONS, M. W. & HIRST, 6. K. (1969). The single-stranded and double-stranded RNA's and the proteins of in- 

complete influenza virus. Virology 38, 68. 
YON MAGNUS (1951). Propagation of the PR 8 strain of influenza A virus in chick embryos. Aetapathologiea et 

mierobiologiea scandinaviea 28, 278. 

(Received I I  May I97I)  


