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Ackermann et al. (1959) reported that reetlng (non-dividing) Hela cells -- 

infected with poliovirus produced large increments of protein and ribonucleic 

acid @?A) aa compared to uninfected controls. However, the incremental 

BBA exhibited base ratios similar to normal EeLa cell RNA, indicating that 

the bulk of the new BNA was not virus FiBA. Salzman et al. (1959) found -- 

no significant increase in BlVA of HeI& cells infected with poliovirus when 

the cells were actively multiplying, rather than resting. 

The present report shows that the BBA in actively-multiplying HeLa 

cells infected with poliovinrs has greatly altered base ratios. This shift 

in base ratio was detected by measuring ~32 incorporated into 2', 3' nucleo- 

tides of RNA during the period of virus replication. The shift is in the 

direction of the base composition of RNA obtained from purified poli~irus 

(Schaffer e al., 1960). 

Methods: IieIa cells were grown as monolayers In glass bottles in a 

medium consisting of lO$ calf serum and 0.1s yeast extract in Hanks balanced 

salt solution. Cells were infected by a 10 minute exposure to a high mul- 

tiplicity of type 1 poliovirus (Mahoney) (effective multiplicity )lO). 

P32 labelling was accomplished by incubation in Eagles' medium contain- 

ing lO$ dialyzed calf serum and 50 microcuries/&l. P324abelled orthophosphate 

as the aole added source of phosphate. One ml. of ~32 medium was added to 

bottles containing about 107 HeLa cells which had been rinsed with phosphate- 

free Eagles8 medium. Bottles were incubated 3 hours at 37°C. with frequent 
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agitation to keep the cell monolayer bathed in medium. After 1.5 hr., 2 ml. 

of fresh phosphate-free Ragles' xedium was added to feed the cells. After 3.5 

hr. the cells were thoroughly washed with 0.15 M NaCl to remove excess P 32 , and 

RRA was extracted with phenol. Because HeLa cells are slow in incorporating 

g2 into nucleotldes and RRA, It was necessary to use several hours' incubation 

In a high concentration of P32 in order to obtalnthe desired labell.ingofRRA. 

The bulk of g2 incorporated Into RRA during 3.5 hours' incubation was incor- 

porateddnrlngthefinal hour. 

HeIa cell rmia was extracted at 4°C. into 0.02 M phosphate buffer pH 7.2 

by the phenol method of Cierer and sChramm (1956). RRA was precipitated about 

10 times with ethanol from aqueous solution until only traces of inorepsic P2 

remained. MA was hydrolyzed to 2' 3’ nucleotides by incubation iu 0.3 I KOH 

for 18 hrs. at fl'c. (~~vidsou and Smellie, 1952), and individual nucleotides 

were separated by paper lonophoresis at pFl 3.5 (Marlrbss aud smith, 1952; Lhvldson 

and Smellie, 1952). Rucleotides were eluted into 0.011 Eland molar con- 

centrations determIned by W spectrophotXXx?try (Reaven et al., 1955). The 

Identity of each baud was confjrmed by checkzlng its UV spectrum (Reaven eq a&, 

lg55), aud Its radioactitity MS detenuiued with a Ruclearchicago D-47 gas 

flow couuter with micrcs~Ilwindow. 

Results and Mscussiou: lbble 1 shows that the s2 base ratios of cell 

RHA labelled fran 1 to 3 hrs. after pollOvirus infectIOn were still similar to 

control RNA frau uninfected cells. &wever, after 4.3, 5, 6, or 7 hrs., the 

base ratios of labelled RRA shifted fiwn values characteristic of uninfected 

cells to ratios resembling those fouud in RRA f'rcm purified poliovIrus. RRA 

labelled up to 9 hrs. after infection no longer reembled vlrua RN4 in base 

ratio, but had reverted toward the ratios of normal cell RRA. Rase ratios 

obtained from RRA 9 hrs. after infection were not reproducible and may reflect 

abnornul RUA synthesis by dying cells. G2 lncOrpOrati0n intoRIM at this late 

stage of infection was often greatly reduced. galsmu et al. -- (1958.) rcpwted 

apparentbreakdomandextracellularrelease ofRyA6 hours afterpouovirus 

infection of HeXa cells. 
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Molar Base Ratios 
Infected 

l'kble 1 

of 2’, 3’ Nucleotidee of RNA from Norm1 and Poliovirus 
HeIa Cells at Intervals lW.lowing Infection 

Time Interval after Infection Moles per 100 Moles of Ps2 In Each 
at Which RNA Was Extracted* Nucleotide of Cell RNA++ 

U G A C 
None. (uninfected control) 22.w.6 30.2t1.3 17.2fl.7 3o.6fl.g _--_-_--_-_------_-_------------------------------------------------------------- 

1, 2, and 3 hrs. (averages 
of all 3) 21.5+0.6 30.6to.8 17.1+s.o 3o.0to.g 

4.3 hours 25.2t1.2 23.jt1.3 26.w.6 25.5fl.8 

5hours 24.91.2 23.9t1.2 26.4t1.5 24.w.5 

6hours 24.3@.4 24i1@.7 25.&X7 26.2fl.6 

7hours 23.0 24.5 25.5 27.0 

ghours Expt. 1 22.0 26.0 22.0 30.0 

Expt. 2 24.8 35.0 17.2 23.0 

Poliovirus RNA base ratiost 25.2to.7 24.0&o 28.5to.5 22.0&o 

*In each case PS was added 3.5 hrs. prior to extraction time. 
*Data expressed a8 mean of 5 or more determinations plus or minus staudard 

deviation, except for 7 and 9 hr. times where data from individual experl- 
merits are given. 

thhaffer eq aJ., 1960. 

Despite the changed base ratios in newly formed (Pg-labelled) RNA 

observed above, the molar base ratios in total RNA (determined speetro- 

photometrically) are not changed siguificautly during infection. This agrees 

wlfh the report of Ackennann et al. (1959) who found no alteration of base -- 

composition of Hefa cell. RNA during Infection. Table 2 shows a typical ex- 

periment In which FWA nucleotide ratios were unaltered, but in which specific 

activity of the nucleotldes underwent drastic alteration during infection. 

After Infection, the ratios of specific activities of the 2', 3’ nucleotidcs 

shifted fras approximately 1:l:l:ltypical of uninfected cells to lover levels 

of guanlne and cytosine and higher levels of adeniile and uracil. The equal 

SP'XiflC aCtiVitie8 Of nUcl.eOtides f'rcm control cell RNA shovs that the 

LsbCuing Of 2’, 3’ UUChOtideS Under these condltione reflects the base 

ratios Of the bulk of cell RNA. 

These resultswith RNA from infected cells suggestthatmostof the 

NM syuthesizedbyI3eI.a cells during the lnterva~between 4 aud 7 hours after 
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Table 2 

Specific Activities and mtios of Specific Activities of Pj2-Iabelled 2', 
3' Nucleotides from RNA of Normal and Poliovirus-Infected HeIa Cells* 

RNA Obtained from Cells at 
Indicated Time after Infection- U G A C 

Uninfected cells (control: 
specific activity (cP&M) 1650 1610 1660 1580 

Ratios of specific activities* 1.01 0.99 1.02 0.98 

Cells infected 4 hrs: 
specific activity (CPM/pM) 1810 1340 2320 1240 

Ratios of specific activities 1.08 0.79 1.39 0.74 

Cells infected 6 hrs. 
specific activity (CPM/w) 1920 1470 2480 1290 

Ratios of specific activities 1.07 0.82 1.39 0.72 

* Data obtained frcss a single typical experiment 
* Ratio8 calculated to an arbitrary total of 4. 

* In each case P32 ~8s added 3.5 hours prior to extraction tims. 

poliovirus infection Is either virus RNA or RNA synthesized under the dlrectlon 

of virus RrUL. However, the pre-exlsting cellular RNA is present In such quanti- 

ties as to prevent detection of this virus-induced F#JA by spectrophotometric 

methods. 

These results with an RIVA animal virus seem analogous to studies of a 

number of phage systems in which DNA made after infection exhibits base ratios 

resembling phage DNA rather than cell DNA. In the present study It is possible 

that much If not all of the newly symthesised RNA is viral RNA since it is pro- 

duced at about the same time that infectious PgA accumulates (Damell et al., 

1961) (Holland et aL., 1960). Whether non-viral RNA Is produced during 

poliovirus infection Is not tested here. It Is possible that much of the 

newly-formed RNA is non-viral, but virus-directed similarly to DNA-dkected 

synthesis of RRA during phage infection (Astrachan and Volkin, 1958). 

Since predominantly virus-type RNA appears to be produced without 

any large Increase in totalR?W synthesis be-en 4 and 7 hours post- 

infection, it seems probable that net synthesis of normal cell RNA is 
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interfered with. Salzman et al. (1959) suggested virus activation of a -- 

ribonuclease. 

Further work is in progress on poliovirus control of R&I synthesis, 

and the effect of other enteroviruses is being investigated. Type 2 polio- 

virue and Coxsackie Bl have shown similar effects in preliminary experiments. 
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