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The induction of thymidine kinase in vaccinia infected mouse fibroblast 

cells (Strain L-M) can be grossly inhibited by pretreating cells grown in 

phenylalanine deficient medium with p-fluorophenylalanine (FPA) and this inhi- 

bition can be prevented by phenylalanine (Kit, Dubbs, and Piekarski, 1962 b; 

Kit, Piekarski, and Dubbs, 1963). The interpretation of the foregoing experi- 

ments is not without ambiguity, however. The FPA effect could be ascribed 

to: (a) the inhibition of de novo synthesis of thymidine kinase; (b) the incor- 

poration into cell proteins of FPA in place of phenylalanine, yielding abnormal 

proteins low in enzymatic activity (Baker, Johnson, and Fox, 1958; Cohen and 

Munier, 1959; Cowie s a., 1959; Creaser, 1955; Halvarson and Spiegelman, 

1952; Levintow et &. , 1962; Townsley, 1962; and Wecker and Schonne, 1961); 

and (c) the inhibition of the synthesis of an enzyme needed to “uncoatR vac- 

cinia and render the virus-DNA available for template action (Joklik, 1962). 

This study rules out indirect effects of FPA mediated via the uncoating 

mechanism. In addition, experiments are described in which puromycin was 
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used to inhibit protein synthesis. The mechanism of action of puromycin is 

quite different from that of FPA. Puromycin is thought to inhibit protein synthe- 

sis by causing the premature release from the ribosomes of incomplete polypep- 

tide chains (Allen and Zamecnik, 1962; Allfrey et al --- t 1960; Creaser, 1955; 

Morris et al --- ‘ 1960; Nathans and Lipmann, 1961; Rabinovitz and Fisher, 1962; 

Takeda et al --* 8 1960; and Yarmolinsky and De La Haba, 1959). 

As shown in Table 1, 5 x lo-‘M to 10m4M puromycin inhibits the incor- 

poration of DL-tryptophane-2-C14 into cell protein by 62 to 91 per cent. This 

is in contrast to FPA, which, under the conditions employed, only weakly 

inhibits the incorporation of tryptophane-2-C14 into cell protein. 

Table 1 

INHIBITION BY p-FLUOROPHE NYLALANINE (FPA) AND PUROMYCIN OF 
INCORPORATION OF DL-TRYPTOPHANE- 2-C l4 FOR ONE 

HOUR INTO THE PROTEINS OF TWO-DAY-OLD L-M CELLS 

Expt. Addition Concentration Counts per minute 
mM per mg protein 

Control 0 320 

214 
1 

FPA 1.1 

FPA 1.1 plus L-phenylalanine 1.8 318 

Control 0 77 

2 Puromycin 0.05 29 

Puromycin 0.10 7 

Expt. 1: L-M cells were incubated for 4 hours in phenvlalanine 
deficient suspension B medium (lacking phenylalanine, lactalbumin 
hydrolysate, and calf serum), with or without FPA before adding 
DL-tryptophane-2-C14. 

Expt. 2: L-M cells were incubated for 4 hours in normal suspension 
B medium with or without puromycin before adding DL-tryptophane- 
2-cl4. 

Figure 1 shows that in a phenylalanine deficient medium, 200 w/ml FPA 

(1.1 x 10m3M) prevents the induction of thymidine kinase in vaccinia infected 
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L-M cells. If 300 pg/ml L-phenylalanine (1.8 x 10m3M) is introduced into the 

medium at 3 hours PI, the FPA inhibition is reversed and thymidine kinase acti- 

vity rapidly increases. On the other hand, when FPA is added to the medium 3 

hours after the cell suspensions are inoculated with vaccinia, the increase in 

thymidine kinase activity is halted. If at 6 hours PI, L-phenylalanine is sup- 

plied, the induction of thymidine kinase commences once again. 
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Figure 1: Effect of DL-p-fluorophenylalanine (FPA) on the induction of 
thymidine kinase by vaccinia infected L-M cells suspended in an L-phenyl- 
alanine (L-PA) deficient medium (See Table 1). The input multiplicity was 
5 ID50 of virus per cell. The experimental procedures and thymidine kinase 
assays were performed as described previously (Kit, Piekarski, and Dubbs, 
1963; Kit and Dubbs, 1963). 

The L-M (TIC) subline of L-cells, which is completely devoid of thymidine 

kinase activity (Dubbs and Kit, 1963; Kit, Dubbs, Piekarski, and Hsu, 1963), 

was employed for the experiments with puromycin. Thymidine kinase is rapidly 

induced following infection of L-M (TK-) cells either by vaccinia (Figure 2) or 

herpes simplex virus (Kit and Dubbs, 1963). Puromycin (5 x 10m5M), when 

added to the medium at the time of vaccinia infection, markedly depresses thy- 
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midine kinase induction. Moreover, the addition of puromycin at 2.5 hours PI 

almost completely prevents the normally observed increase of thymidine kinase 

activity between 2.5 and 5.5 hours PI (Figure 2). 
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Figure 2: Effect of puromycin on the induction of thymidine kinase activity 
by vaccinia infected L-M (TK-) cells. 

In control experiments, it was demonstrated that, when incubated with 

the enzyme in vitro, FPA (2.7 x 10m4M to 8.7 x 10m4M) and puromycin 

(2 x 10e5M to 10W4M) have no significant effects on thymidine kinase activity. 

The cessation of thymidine kinase induction after the addition of FPA or 

puromycin, respectively, at 3 or 2.5 hours PI, cannot be ascribed to interfer- 

ence with the vaccinia “uncoating’ process. Joklik (1962) has shown that 

uncoating is substantially complete by 2.5 to 3 hours PI. Further, “uncoating 

enzyme”, formed during a two hour interval after cellular infection with a first 

virus in the absence of FPA, was effective in uncoating a second superinfect- 

ing virus, even in the presence of FPA. Moreover, Figure 2 clearly shows that 
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appreciable enzyme induction can take place by 2.5 hours PI, confirming the 

fact that uncoating has occurred. 

Although a reversing agent equivalent to L-phenylalanine was not avail- 

able, the interpretation of the puromycin experiments is more straightforward 

than that of the FPA experiments, in that the formation of abnormal proteins 

need not be invoked. Also, the use of L-M (TK-) cells provides a zero back- 

ground against which to measure the enzyme induction. The experiments reported 

here with FPA and with puromycin in conjunction with earlier studies contraindi- 

cating the activation of ‘latent” enzymes following virus infection (Kit, Dubbs, 

and Piekarski, 1962 a; Kit, Piekarski, and Dubbs, 1963) strongly support the 

thesis that enzyme induction involves the de novo synthesis of thymidine kinase. -- 
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