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If cells are exposed to a mixture of hydroxylamine inactivated and infectious viruses the total 
rate of viral RNA-replication is lower than if the cells are infected with the same number of 
infectious viruses alone. This inhibitory influence of inactivated viruses depends on the ratio of 
infectious: inactivated viruses in the inoculum. One lethal hit by hydroxylamine suffices to produce 
the effect. In fact, viruses with few lethal hits inhibit more strongly than those with many lethal 
hits in their genome. 

There is also no replication of viral RNA with lethal hits if the cells are infected simultaneously 
both with active and inactive virus. 

This communication deals with the question 
whether or not the RNA of poliovirus can be repli-
cated after inactivation by hydroxylamine. 

In a previous communication1 we have shown 
that a completely initact viral genome is required for 
the inhibitory function of polioviruses on cellular 
protein synthesis. One of the possible explanations 
for this phenomenon was that a viral RNA with one 
or more lethal hits by hydroxylamine cannot be re-
plicated. We have now investigated whether or not 
this is the case. The following conditions for that 
type of study have to be fullfilled: 
1. The rate of viral RNA synthesis has to be de-

pendent upon the multiplicity of infection, at 
least within a certain range. 

2. The relative number of viral entities with 1, 2, 
3 . . . etc. lethal hits within a inactivated popula-
tion of viruses has to be known. 

This latter problem has been dealt with extensi-
vely in a previous communication1. Question 1) is 
part of the investigations described below. 

Materials and Methods 

Cells: HeLa S3-cells and H.Ep 2-cells (Flow La-
boratories, Irvine, Scotland) were grown as described 
previously 

Virus: Poliovirus typ 1 (Mahoney) was used 
throughout the experiments. Its multiplication and 
concentration have been described 1. 

Reprint requests to Dr. K. KOSCHEL, Institut für Virologie 
der Universität Würzburg, D-8700 Wiirzburg, Versbacher 
Landstr. 7. 

1 K . K O S C H E L , H . T Ä U B E R , a n d E . W E C K E R , Z . N a t u r f o r s c h . 
26 b. 798 [1971]. 

Inactivation by hydroxylamine 
The viruses were inactivated with 0.2 M hydroxyl-

amine at pH 6.8 and 30 °C 1. 

Experimental procedures 
The cells were infected in suspension (multiplici-

ties as indicated). Regularly, 1 x 108 cells were sus-
pended in 10 ml of Eagle's spinner medium without 
serum which contained besides virus, 5.0 ^g/ml of 
actinomycin D and was 1 MM with respect to guanidine 
hydrochloride 2. After incubation for 45 min at 37 °C 
the cells were sedimented (5 min, 400 g) and washed 
once with medium. Then they were resuspended in 
50 ml of prewarmed medium containing 5 pg/ml of 
actinomycin D and 5% calf serum and incubated for 
3 hrs. at 37 °C. This was followed by a 30 min pulse 
with 14C-uridine (5.0 juCi, 500 //Ci/mmole, Radio-
chemical Center, Amersham, England). The pulse was 
terminated by pouring the cell suspension onto frozen 
PBS. The cells were immediately sedimented and 
washed three times with cold PBS. 

Cytoplasmic extracts were prepared as described 
by PENMAN et al. 3. Briefly, cells were disrupted in a 
Dounce homogenizer (Kontes Glass, Vineland, N.J.) 
after swelling in 0.01 M phosphate buffer pH 7.0 for 
10 minutes. The extracts were made 1% with respect 
to sodium dodecyl sulfate (SDS, Serva, G.m.b.H., Hei-
delberg) and 0.01 M with respect to EDTA. 

Determination of viral RNA synthesis 
a) Z o n a l c e n t r i f u g a t i o n in s u c r o s e 4 

1 ml of the respective cytoplasmic extracts with 
SDS was layered on top of a 24.5 ml sucrose gradient 
(15 — 30% sucrose, 0.1% SDS, 0.1 M sodium phosphate 

2 D . F . SUMMERS , J. V . M A I Z E L , a n d J. E . D A R N E L L , V i r o -
logy 31, 427 [1967]. 

3 S . P E N M A N , K . S C H E R R E R , Y . B E C K E R , a n d J. E . D A R N E L L , 
Proc. nat. Acad. Sei. USA 49, 654 [1963]. 

4 E . F . Z I M M E R M A N N , M . H E E T E R , a n d J. E . D A R N E L L , V i r o -
logy 19,400 [1963]. 
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buffer pH 7.2) and spun for 16 hours at 35 800 g and 
28 °C in a Beckman preparative centrifuge, rotor SW 
25.1. A total of 45 fractions were collected from each 
tube. The optical density O.D.260 nm was measured 
either of each fraction (Zeiss PMQ II-spectralphoto-
meter) or with a continous flow cell device (Beckman 
DB spectralphotometer). Each fraction with an O.D. 
<C 0.7 received 100 jug of bovine serum albumin. Frac-
tions were precipitated by adding an equal volume of 
10% TCA. The radioactive precipitates were collected 
on membrane filters (25 mm 0 , 0.45 ju) (Sartorius, 
Göttingen, W.-Germany), as described 1 and measured 
in a Packard scintillation spectrometer using POPOP/ 
PPO/toluene. 
b) E v a l u a t i o n of the r e s u l t s 

From the radioactivity and the O.D. of the fractions, 
curves were obtained and the areas under the 35 S 
peaks (poliovirus single-stranded RNA, radioactivity) 
and the 28 S peaks (ribosomal RNA, O.D.) were deter-
mined (Fig. 1). The resulting values for the respective 
areas were expressed as the ratio cpm: O.D.sconm. 
Thus the value for the amount of viral 35 S RNA in 
each experiment was corrected for possible variations 
in total yield (e. g. number of cells, cytoplasmic ex-
tract obtained, etc.) and comparisons between indi-
vidual experiments became possible. 

Determination of specific infectivity of progeny RNA 
Two aliquots of a suspension of HeLa S3-cells were 

prepared as described. The aliquots were infected with 
normal infectious virus, the other with a hydroxyl-
amine inactivated virus preparation. Multiplicities are 
given in Table 4. At 45 min p. i. the volume of the 
cell suspensions was brought to 50 ml with spinner 
medium (5% calf serum, 5 fig actinomycin D per ml). 
105 min later I4C-uridine (500mCi/mM; 5 juCi) was 
added and the pulse continued for 75 minutes. Further 
procedures were as described for the cytoplasmic ex-
tracts 3. These were extracted with phenol as discribed 
by W E C K E R et al.5. After addition of 0.2 M sodium 
phosphate buffer pH 7.2 and separation into 0.6 ml 
portions the extracts were precipitated with 1.2 ml 
ethanol in the cold ( - 20 °C) 5. 

The precipitates were isolated by centrifugation (10 
min; 0 °C; 2000 rpm) and washed twice with 2 ml of 
ethanol/0.02 M sodium phosphate pH 7.2 = 2 : 1 . The 
precipitates were dissolved in 0.4 ml of water and 
0.02 ml of 0.02 M EDTA, pH 7.2. The solutions were 
incubated for 10 min at 37 °C and their infectivity 
was tested on H.Ep-2 cell monolayers5. An aliquot 
was analysed by sucrose gradient centrifugation as 
described above. 

Optical density (260 nm) and the radioactivity con-
tained in the acid precipitable fractions were measured 
as described above. 

The amount of viral RNA was determined as the 
sum of radioactive counts in the 35 S peak of the 
sedimentation profile. 

5 E . WECKER , K . HUMMELER , and O. GOETZ , Virology 1 7 , 
110 [1962]. 

The specific infectivity is expressed as 

Results 

2 cpm35 S 
PFU per ml 

1. Correlation between multiplicity of infection and 
synthesis of viral RNA 

The rate of viral RNA synthesis at various multi-
plicities was investigated as described in Materia] 
and Methods. 

Fig. 1 depicts the evaluation of a typical sucrose 
gradient analysis by determining the areas under 
the 35 S peaks of radioactive viral RNA and the 
28 S peak of O.D. of cellular RNA. 

Bottom 
Fractions 

Meniscus 

Fig. 1. Sucrose-SDS-gradient of cytoplasm of poliovirus in-
fected HeLa cells after fractionation (see materials and me-
thods) . O.D.260 nm > incorporated 14C-uridine, 
Dotted lines (• • •) indicate the areas which were determined 

planimetrically (see materials and methods). 
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Fig. 2. Incorporation of 14C-uridine into 35 S sedimenting 
viral RNA from sucrose-SDS-gradients depending on multi-
plicity of infections. m = 0 , 5 , III m = l , 

m = 2, II m = 4, m = 8, I m = 
16, m = 32. 
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The results for different multiplicities are shown 
in Fig. 2 where all of the 35 S peaks obtained were 
summarized. Fig. 3 presents the final evaluation (see 
Material and Methods) of this series of experiments. 
There is a correlation between multiplicity of infec-
tion and rate of viral RNA synthesis up to a multi-
plicity of about 16. Thereafter a plateau is readied. 
Having thus established a dependency of viral RNA 
synthesis on the multiplicity of infection the sub-
sequent experiments could be performed. 
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Fig. 3. The relationship of synthesized 35 S RNA (relative 
amounts, see materials and methods) and multiplicity of in-

fection. 

2. RNA synthesis of polioviruses inactivated by 
hydroxylamine 

The following terms are used throughout this sec-
tion (see ref.1) : P0 — relative number of infec-
tious viruses within a partially inactivated popula-
tion. 

Px, P2 , P3 ... Pn = relative amounts of particles 
within a population of hydroxylamine treated viruses 
with 1, 2, 3 . . . n lethal hits in the genome. 

For brevity the virus particles are corresponding-
ly called P0, Pt, P2 • • • etc. particles. m 0 , m x , m2 

Experiment Set Degree of in-
No. activation 

[%] m 

I a) 94.4 0.5 
b) 0 0.5 
c) 0 2.0 

II a) 66.5 0.5 
b) 0 0.5 

III a) 96.8 0.5 
b) 95.8 0.5 
c) 0 0.5 

. . . etc. correspond to the multiplicity of infection 
with regard to the respective virus particles. 

The principle of the experiment was to find out 
if there is a significant difference in total viral RNA 
synthesis between cells only infected with P0-par-
ticles (controls) and those infected with an equal 
number of P0-particles but with additional Px and 
P>1-particles. All particles in a virus population 
with more than 2 lethal hits were summed up and 
represent PT and mT, respectively. The total sum of 
all particles per cell, m totai, was kept at or below 16. 

Table 1 shows in experiment I the composition 
of a virus population inactivated to 94,4% and the 
corresponding multiplicities of P 0 , Pi-particles and 
the total multiplicity. Since m0 = 0.5 and m0 + mx 

= 2, the controls for this experiment were adjusted 
to m0 = 0.5 and m0 = 2. It is clear that the amount 
of viral RNA-synthesis in both controls was greater 
than that obtained with the partially inactivated 
virus population. This is of particular interest be-
cause m0 of the first control set (b) was the same 
as m0 of the experimental set (a). The same pheno-
menon was observed in two other experiments 
(Table 1, exp. II and III). 

From this it became obvious that even virus par-
ticles with 1 lethal hit do noi. contribute to the 
amount of viral RNA synthesized. Moreover the 
presence of inactivated particles seemed to exert an 
inhibitory influence upon the RNA replication of 
fully infectious virus. This was studied in more 
detail in the next series of experiments. 

3. Influence of inactivated virus on RNA synthesis 
of infectious viruses 

At first it was investigated if the number of lethal 
hits (degree of inactivation) in a viral genome is of 
any consequence to its inhibitory capacity. In 3 ex-

Multiplicities relative amount 
of 35 S R N A * 

mi TOO + TOtotal 

1.5 2.0 9.0 3.3 
0 0 0.5 9.4 
0 0 2.0 17.8 
0.54 1.0 1.5 9.4 
0 0 0.5 19.5 
1.8 2.3 15.8 1.7 
1.7 2.2 12.1 2.6 
0 0 0.5 19.1 

Table 1. Experiments with hydroxylamine inactivated poliovirus and control experiments: multiplicities and the relative 
amount of viral RNA synthesized. * see materials and methods. 
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Experi- Set Degree of Multiplicities Relative 
ment inactivation amount of 
No. mo »ii_5 5 wtotai 35 S R N A * * 

I a) 66.5 0.5 1.0 0.008 1.5 9.4 
b) artifical mixture* 0.5 0 1.0 1.5 17.2 
c) 0 0.5 0 0 0.5 19.5 

I I a) 74 3 8.4 0.09 11.5 1.6 
b) artifical mixture 3 0 8.5 11.5 3.6 

Table 2. Viral RNA synthesis and the influence of degree of inactivation by hydroxylamine. * Mixture was made from 
99.99% inactivated virus and untreated virus, ** see materials and methods. 

perimental groups (experiment No. I) m0 was ad-
justed to 0.5. Group a) consisted of a 66,5% inacti-
vated virus preparation; it corresponded to m1 = 
0.55 and /ntotai of 1.50. Group b) consisted of an 
artificial mixture of highly inactivated (99.9%) 
viruses with infectious virus. In addition to m0 = 0.5 
it corresponded to m > 5 = 1 . 0 , giving mtotai = l '5-
Group c) represents a control of infectious virus with 
m0 = mtotai = 0.5. The results of this and a similar 
experiment are shown in Table 2. They suggest that 
the inhibitory influence of inactivated virus particles 
on RNA replication of infectious virus is the smaller 
the more hits by hydroxylamine were introduced. 

As experiment II in Table 2 demonstrates, the in-
hibitory effect of inactivated viruses was also quite 
pronounced when, owing to higher multiplicities, 
practically all of the cells contained both active and 
several inactivated viruses. 

Next, the influence of the ratio of infectious to 
inactivated viruses in the inoculum upon the inhibi-
tion phenomenon was investigated. Various artifical 
mixtures of normal and inactivated polioviruses 
were prepared in such a way as to keep m0 constant 
but to increase the multiplicity of inactivated parti-
cles (m inactive). 

'"total fhus ranged from 1,5 to 15.8. From 
Table 3 and Fig. 4 it can be deduced that the more 
inactivated viruses were present the stronger became 

the inhibition of the replication of normal viral 
RNA. 

10 

Experi- Multiplicities Pq '• -Pinactiv 5 Relative 
ment amount of 
No. m0 Winactiv Wtotal 35 S RNA 

I 0.5 1 1.5 1: 2.0 9.4 
I I 0.5 8.4 8.9 1:16.7 3.3 
I I I 0.5 11.6 12.1 1:23.1 2.6 
I V 0.5 15.3 15.8 1:30.6 1.7 

Table 3. The dependence of viral RNA synthesis from the 
number of inactivated particles per infectious virus in artifi-
cial mixtures (see Fig. 4 also). * Mixtures were made with 
untreated infectious poliovirus and a 99.99% inactivated virus. 

0 10 20 30 
Number of inactivated particles per 
infectious particle — 

Fig. 4. Number of inactivated particles per active virus par-
ticles in the infection and the relative amount of 35 S viral 
RNA synthesized in the cell under the conditions described 
(see materials and methods). Experiments were done with 
artificial mixtures of 99.99 inactivated virus preparations and 

untreated virus. 

4. Inability of hydroxylamine-treated RNA to 
replicate 
It was shown in the last section that inactivated 

virus particles alone do not contribute to viral RNA 
synthesis. This could either be due to inhibition at 
the translational level or to loss of template function 
of the RNA itself. We therefore investigated whether 
lethally inactivated RNA can be replicated in the 
presence of intact polymerase originating from in-
fectious virus in the same cell. A "trans"function 
for the replication of RNA has been shown for cer-
tain poliovirus mutants 6' 7. 

6 C . E . C O R D S a n d J. J . H O L L A N D , P r o c . nat. A c a d . Sei . 
USA 51,1080 [1964]. 

7 E . W E C K E R a n d G . LEDERHILGER , P r o c . nat. A c a d . Se i . 
USA 52, 705 [1964]. 
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Multiplicity of in-
fection for Po, 
P i ' " Pn particles 

mo m\ mi mT 

Amount of Infectivity Specific in-
virus R N A PFU/ml x 104 fectivitv 
2 cpm3 55 cpm/PFU 
X 104 per ml 

Theoretical relative specific infectivity for 
replication of RNA from 

Po+Pn 

Relative 
specific 
infectivity 
(control = l) Po Po+Pi P0+P1 + P2 

Control (untreated virus) 
18 - - - 5.33 
Control (inactivated virus) 
3.3 5.3 4.8 4.6 0.448 

0.20 ± 5% 0.6 ± 5 % 1 

0.96 ± 4 . 5% 0.5 ± 4 . 5% 0.: 

1 -

1 2.6 4.1 5.5 

Table 4. Determination of specific infectivity of virus RNA from cells infected with untreated and hydroxylamine treated 
virus. 

Under the conditions of the experiment, in the 
presence of actinomycin D, cells were simultaneous-
ly infected with both inactivated and infectious 
virus particles (Table 4) . 

Control cells were infected with infectious (un-
treated) virus alone. The respective multiplicities 
m 0 , mx etc. are shown in Table 4. The total number 
of virus particles in both sets was the same. At 2,5 
hours p. i. the newly synthesized virus RNA was 
pulse labeled with 14C-uridine for 75 min. The speci-
fic infectivity of the RNA in the Table was calcu-
lated from the radioactivity contained in the 35 S 
viral RNA and the infectivity. The specific infecti-
vity is independent of the actual amount of viral 
RNA present. The values obtained for the two sets 
are identical within the limits of error of the 
methods used. We must conclude that replication of 
noninfectious viral RNA may be excluded. Moreover, 
Table 4 shows the theoretical values for the relative 
specific infectivity (control infected with untreated 
virus = 1) which one would obtain if RNA with 1, 2, 
3, ... n lethal hits could still be replicated as well 
as infectious RNA. It is obvious that the method is 
sufficiently accurate to distinguish between the 
various possibilities. 

Discussion 

There is a relationship between the rate of viral 
RNA synthesis and the multiplicity of infection. At 
low multiplicities up to about 5 the increasing rate 
of viral RNA replication can be explained by the 
increasing number of cells actually infected. There-
after, however, multiple infection of the cells leads 
to a further rate increase until saturation is reached 
at about m = 16 — 20. 

A correlation between the onset of viral RNA syn-
thesis and the input multiplicity was established by 

BALTIMORE et al. 8. A relationship between m and 
virus induced inhibition of cellular protein synthesis 
was described in a previous communication 1. It was 
also found that virus particles with one or more 
lethal hits no longer inhibit cellular protein syn-
thesis. One of the possible explanations for this 
phenomenon was that an altered viral RNA does not 
replicate. As a result the amount of viral m-RNA 
would not suffice to produce detectable amounts of 
"inhibitory" viral protein (s). 

This question has now been further investigated 
leading to the following results: 
1. Viral RNA containing one ore more lethal hits 

is not replicated even if a cell is infected simul-
taneously with both active and inactive viruses. 

2. The rate of viral RNA synthesis in cells infected 
with both infectious and inactivated polioviruses 
is less than in cells infected with the same num-
ber of intact viruses alone. 

3. This reduction in total viral RNA synthesis in-
creases with increasing numbers of inactivated 
viruses per infectious virus in the inoculum 
(Fig. 4) . 

4. Viruses with few lethal hits in their genome exert 
a stronger inhibitory effect upon the total viral 
RNA-replication than those vvith many lethal hits. 

These observations lead to the following sug-
gestions : 

The damaged viral RNA does not serve as tem-
plate for viral RNA replication even in the presence 
of functional viral RNA replicase. In order to ex-
plain the inhibitory effect of damaged viral RNA 
upon the total viral RNA synthesis in a cell, two 
additional assumptions, however, have to be made: 

8 D . B A L T I M O R E , M . G I R A R D , a n d J. E . D A R N E L L , V i r o l o g y 
29,179 [1966]. 
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a) The damaged viral RNA still associates with 
functional RNA replicase, e. g. initiation takes place 
but no actual replication. If several enzyme mole-
cules wrere captured by each of the false templates, 
the remaining RNA replicase could become the 
limiting factor in the synthesis of normal viral RNA. 
Heavily damaged viral RNA, on the other hand, 
no longer would associate with replicase and thus 
lose its inhibitory capacity. 

b) A significant reduction of available replicase 
by binding to non-replicable templates can occur 
only if the damaged viral RNA itself does not con-
tribute to the synthesis of functional replicase. 

In other words, an exclusive loss of template 
function by hydroxylamine inactivation cannot ex-
plain all of the results obtained. It has to be ac-
companied by an additional loss of messenger func-
tion. 

In this context "loss of messenger function" 
means that either no RNA replicase at all is syn-
thesized or that a faulty replicase is being produced. 
The latter would result in an amplification of the 
inhibitory effect of inactivated viruses upon the re-
plication of normal viral RNA within the same 
cell. For example, if a faulty replicase were asso-
ciated with the normal viral RNA it may block it for 
the functional enzyme. 

The experimental data available do not yet allow 
one to decide whether this is actually the case. 
Nevertheless, any loss of messenger function by the 
introduction of one lethal hit implies that one of 

9 D . F . S U M M E R S a n d J. V . M A I Z E L , P r o c . n a t . A c a d . S e i . 
USA 59, 966 [1968]. 

1 0 M . F . J A C O B S O N a n d D . B A L T I M O R E , P r o c . nat . A c a d . S e i . 
USA 61, 77 [1968]. 

them, independent of its particular location within 
the viral genome, probably involves more than one 
cistron. This notion is quite easily reconciled with 
the model of a polycistronic translation of poliovirus 
RNA as already proposed by several authors9-11 on 
quite different experimental grounds. 

Roth consequences of a lethal hit, the loss of 
template function and the loss of messenger func-
tion, explain the findings discussed in this series 
equally well. Obviously, the replication of RNA 
viruses may be looked upon as a regulatory cycle: 
The replication of the viral RNA (template func-
tion) and the amount of functional proteins pro-
duced, e. g. replicase, (translation) are interdepen-
dent. Thus, the prevention of either function will 
yield the same overall result. In fact, the loss of 
template function alone explains why hydroxylamine 
inactivated poliovirus can no longer inhibit the cel-
lular protein synthesis. Even if the damaged in-
coming viral RNA were still able to produce "in-
hibitory protein ( s ) " the low number of non-repli-
cable messenger may not suffice. 

In order to study the messenger function of polio-
virus RNA in the absence of its replication another 
experimental approach is required. This will be des-
cribed in Part III of this series. 
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11 J. J. HOLLAND and D. F. KIEHN, Proc. nat. Acad. Sei. 
USA 60,1015 [1968]. 


