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Introduction 

It is well known that the phosphorylation of the ribonu- 

cleoside mono-and diphosphates to the corresponding di-and tri- 

phosphates is catalysed by specific kinases, and that the in- 

corporation of these nucleoside triphosphates into RNA is cata- 

lysed by DNA dependant RNA polymerase. 

It has been shown by different laboratories that the in- 

fection of bacteria with the RNA bacteriophages initiates the 

synthesis of a new enzyme, which is not present in the host 

cells (3, 11, 17, 19). The new enzyme, called RNA-replicase (11) 

or RNA-synthetase (191, catalyses the incorporation of ATP, GTP, 

CTP and UTP into RNA. 

The nucleotide kinases which are formed after infection 

of E.coli with the T series of DNA-bacteriophages may be divided -- 
into three groups: alThose enzymes which are not detectable in 

E.coli before infection (131, bIthe enzymatic activities present -- 
before infection which increase considerably after infection 

due to the formation of new enzymes responsible for similar reae- 

tions(5,7,8) and c)the enzymes present before infection which 

do not increase after infection (8). 

The purpose of this report is to describe the effect of 

an RNA-bacteriophage f2 on the activity of the nucleoside mono- 

phosphokinases of E.coli after infection. -_L 
Materials and Methods 

Escherichia coli K-12 F+ and the RNA bacteriophage f2 (14) 

were kindly supplied by Dr.N.D.Zinder of the Rockefeller Insti- 

tute.The bacteria were maintained on nutrient agar slants and 
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the phage were prepared and kept in bottles and tubes without 

any metal surface (20).Bacterial cell titers were determined from 

turbidity measurements with a Bausch and Lomb calorimeter, at 

650 mu.Bacteriophage titers were obtained by the agar layer tech- 

nique (l).Radioactivity was measured in a thin window gas-flow 

counter.Radioactive compounds were purchased from the Radioche- 

mica1 Center, Amersham, England.Ribonucleoside mono-di-and tri- 

phosphates, lactic dehydrogenase(crystalline from rabbit muscle, 

containing pyruvate kinase),phosphopyruvate,and NADH, were pur- 

chased from the Sigma Chemical Company.Protein was determined by 

the method of Lowry et al... (15). -- - 
Two methods were employed for the measurements of kinase 

activity: 

I. %ectrophotometric assay: The mixture contained in nmoles: 

Tris buffer pH 7.4, 85, KC1 85, MgC12 8.5, ATP 5, phosphoenol- 

pyruvate 1.5, NADH 0.25, lactic dehydrogenase (containing pyru- 

v&te kinase), 90 ug, nucleoside monophosphate I, and enzyme 

(see Fig.11, in a final volume of 1 ml.The rate of the formation 

of nucleoside diphosphates was followed by measuring the rate of 

NADH oxidation, as the decrease in optical density at 334 mu, 

on an Eppendorf spectrophotometer at 60 -second intervals for 

several minutes, at room temperature (4,161. 

II, Radioactivity assal: The incubation mixture for this assay -. 
contained in umoles: Tris buffer pH 7.4, 20, KC1 20, MgC12 8, 

ATP 4, 1' C-1abeJed nucleoside monophosphates 1.1 pmole, speci- 

fic activity 3 x lo5 cpm/umole (see (Fig.P), in a final volume 

of 0.6 ml.The mixture was incubated at 37' for 30 min and the 

reaction was stopped by adding an equal volume of cold 70% metha- 

nol. 

The {14C) -nucleoside di-and triphosphates(see discussion) 

formed from the corresponding monophosphates were separated by 

paper chromatography (Wbatman No 3MM) for 45 hours, using iso- 

butyric acid- 1 N NH4 OH- 0,2 M sodium ethylenediamine-tetra- - 
acetic acid (50:30:0.5v/v) (lO).The paper was dried and the di- 

and triphosphates were located by means of autoradiography on 

Kodak Medical X-ray film, Royal blue.The labeled spots were then 

cut out and eluted with 0.01 N HCl overnight, and a sample was - 
plated and counted. 

Growth of Bacteria, Infection and Preparation of Crude Extracts: 
E.coli cells were grown in tryptone broth (9) in two Baxter flasks -- 
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at 37' with vigorous aeration.When the growth reached a density 

of 2 x lo* cells per ml, the cultures were infected with f2 ba- 

cteriophage in a ratio of five phage per bacterium. A noninfe- 

cted control culture, of the same concentration, was chilled to 

2'.Thirty minutes later, the aeration was discontinued, and the 

culture was cooled to 2' , by mtating the flask in a methanol 

bath (-l$.The cells were harvested at 6,000 xg for 15 minutes, 

and after the addition of 4 volilmes of 0.05 5 Tris buffer, pH 

7.4, the suspended cells were disrupted by sonic oscillation 

(20 kc) at 50 watts for 1 minute.After centrifugation at 35,000 

xg for 15 minutes the cell debris was discarded and the super- 

natant fluid represented the crude extract.The crude extracts 

were centrifuged at 105,000 xg for 1 hour.This treatment reduced 

the protein content by 25%.The supernatant fluid was filtered 

through a Sephadex G2S column (1 x 18 cm) using Tris buffer 0.05 

M, pH 7.4.The activities of the infected and noninfected cells 

were checked in the crude extracts as well as in the eluate 

from the column. 

Results and Discussion 

When GMP kinase was compared in the extracts of uninfected cells 

and cells infected for 30 minutes with f2 bacteriophage, no dif- 

ference in the activity was detected.The results are shown in 

Figures 1 and 2.In Fig.2 the kinase activity was estimated on the 

basis not only of GDP but both GDP and GTP, since with these crude 

extracts GDP was also partially converted to GTP. 

PROTEIN (kg) 

Fig.l.Rate of oxidation of NADN as a function of enzyme 
concentration in standard optical assay,(see "Me- 
thods"), with GMP as substrate. 
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Fig.2. Effect in increasing amounts of enzyme on the amount 
of GMP phosphorylated. 
Activity was measured with the radioactivity assay 
(see "Methods"). 

The kinases activity was also measured in the eluates ob- 

tained after filtration through Sephadex G25, and was found to 

be the same as in the crude extracts.Similar results were obtained 

with CMP, UMP and AMP kinases, as measured by both methods. 

In order to eliminate the possibility of incomplete in- 

fection of the cells, a culture was infected and aliquots were 

withdrawn at 5, 15 and 30 minutes, and the concentration of 

the nonabsorbed phage was determined, as described by Adams 

(l).After 5 minutes, only 9% of the phage had remained. To 

exclude the possibility of the formation of an inhibitor in the 

infected cell extracts, the act‘ivities of the kinases were mea- 

sured in a mixture of uninfected and infected extracts.From 

Table 1, it can be seen that the activity of the mixture is 

equal to the sum of the individual extracts. 

Table 1. EFFECT OF MIXED EXTRACTS ON GUANOSINE MONOPHOSP~TE 

PHOSPHORYLATIOM. 

Extracts 
- 

Protein added tug> AoD/min. at 334 mu 

Control 16.6 0.017 

Infected 12.2 0.012 

Control 16.6 
+Infected 12.2 0.028(0.029)* 

* This figure is the calculated value assuming no interaction 
of the extracts. 
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In order to determine whether the kinase activity after in- 

fection was due to the same protein existing in normal cells or 

to a newly synthesized kinase having the same specific activity 

as in normal cells, chloramphenicol , an inhibitor of protein syn- 

thesis, was.used.The results shown in Fig.3 indicate that no 

decrease in guanilic kinase activity occured in the culture con- 

taining chloramphenicol (1OOu g/ml), in aliquots withdrawn im- 

mediately and at 15 and 30 minutes after infection, and it 

was found unchanged in aliquots withdrawn from a normal culture 

at the same time intervals. 

t 
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Fig. 3. Effect of Chloramphenicol (CAP)(lOO pg/ml) on GMP-kinase 
formation. 

Moreover, pH-activity profiles of both sets of kinases 

with GMP as substrate, suggest that the kinases of the phage- 

infected cells are similar in this respect the non-infected 

cells as shown in Fig. 4. 

Fig. 9. pH optima with GMP as substrate.Kinase activity was 
measured with the spectrophotometric assay (see "Methods"), 
in noninfected co and A)and in infected (o and A,) cells, 
with two buffers:Tris 0.2 M (0 and l ) and phosphate buf- 
fer 0.5 M (A and A).AbouF 50 pg of protein was added 
to the reaction mixture. 
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The buffer effect on the specific activity of the kinases 

was checked using two different buffers: 0.2 M Tris and 0.5 M - 
phosphate buffer. 

These results agree with the results obtained after in- 

fection of E.coli with the DNA-bacteriophages, T3 and T7 (8) . -- 
It is possible that the activity of the kinases in the uninfected 

E.coli cells is already high enough to catalyze the phosphorylay- -- 
tion of all the nucleoside monophosphates necessary for the 

synthesis of the new RNA.These findings also agree with the 

complementation studies with the related RNA-phage, R17 (18), 

in which the total number of genes likewise may be three.One 

of the genes codes for the RNA-synthesizing enzyme, the RNA re- 

plicase, the second for the coat protein and the third remains 

unknown, although there arc suggestions that this last gene is 

involved in adsorption of the virus to the host cell.Thus it 

may be suggested that the RNA molecule, which is the genetic 

material of the virus, can not provide the information for the 

synthesis of a new kinase. 

The above results are in contrast with the results obtained 

with E.coli after infection with the DNA-bacteriophages T2, Tq, -- 
T5, T6 where lo-20 fold increases in nucleoside monophospho- 

kinases was observed (8).However, when the nucleoside diphospho- 

kinases were measured in the same system, they were found to be 

similar before and after infection (6). 

Results in our laboratory indicate, that after infection 

of E.coli with f2 phage, the nucleoside diphosphokinases are -- 
similar in activity to those of the uninfected cells (2). 

During the course of this work, it was reported that 
similar results were obtained after infection of E.coli with the -- 
bacteriophage, MS2 (12). 
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