
case of the shocks near Crete and in 
western Turkey the "foreshocks" in- 
cluded shocks with magnitudes as large 
as 5.9 and 6.2, respectively. 

No clear-cut physical explanation has 
been given for changes in stress axes 
before strong earthquakes. Brady (27) 
presented theoretical and experimental 
evidence suggesting that near a concen- 
tration of microcracks the axis of com- 
pression becomes oriented subparallel to 
this zone of weakness, but the sub- 
sequent events leading to fracture are 
not well understood. 

In summary, a large number of small 
earthquakes (ML < 3) occurred on or 
near the San Andreas fault near Palm- 
dale, California, between November 
1976 and November 1977, constituting 
an order of magnitude increase in the 
number of events per year. Although 
most of the earthquakes clustered tightly 
in a manner similar to that observed for 
many foreshock sequences, such cluster- 
ing is not always diagnostic of fore- 
shocks. The significance of the observed 
changes in focal mechanism with time is 
also difficult to evaluate, given the varie- 
ty of patterns observed in foreshock 
studies and our incomplete understand- 
ing of the processes that precede earth- 
quake faulting. Hence, the implications 
of the swarm for future large earth- 
quakes on the San Andreas fault are un- 
known. 

K. C. MCNALLY 
H. KANAMORI 

J. C. PECHMANN 

Seismological Laboratory, Division of 
Geological and Planetary Sciences, 
California Institute of Technology, 
Pasadena 91125 

G. FUIS 
U.S. Geological Survey, 
Seismological Laboratory, Division of 
Geological and Planetary Sciences, 
California Institute of Technology 

References and Notes 

1. J. A. Hileman, C. R. Allen, J. M. Nordquist, 
Seismicity of the Southern California Region, I 
January 1932 to 31 December 1972 (Seismologi- 
cal Laboratory, California Institute of Tech- 
nology, Pasadena, 1973). 

2. M. E. Friedman, J. H. Whitcomb, C. R. Allen, 
J. A. Hileman, Seismicity of the Southern Cali- 
fornia Region, 1 January 1972 to 31 December 
1974 (Seismological Laboratory, California In- 
stitute of Technology, Pasadena, 1976). 

3. K. E. Sieh, Bull. Seismol. Soc. Am., in press. 
4. R. 0. Castle, J. P. Church, M. R. Elliott, Sci- 

ence 192, 251 (1976). 
5. R. 0. Castle, personal communication; J. Ben- 

nett, Calif. Geol. 30, 187 (1977); P. Ward, Sum- 

case of the shocks near Crete and in 
western Turkey the "foreshocks" in- 
cluded shocks with magnitudes as large 
as 5.9 and 6.2, respectively. 

No clear-cut physical explanation has 
been given for changes in stress axes 
before strong earthquakes. Brady (27) 
presented theoretical and experimental 
evidence suggesting that near a concen- 
tration of microcracks the axis of com- 
pression becomes oriented subparallel to 
this zone of weakness, but the sub- 
sequent events leading to fracture are 
not well understood. 

In summary, a large number of small 
earthquakes (ML < 3) occurred on or 
near the San Andreas fault near Palm- 
dale, California, between November 
1976 and November 1977, constituting 
an order of magnitude increase in the 
number of events per year. Although 
most of the earthquakes clustered tightly 
in a manner similar to that observed for 
many foreshock sequences, such cluster- 
ing is not always diagnostic of fore- 
shocks. The significance of the observed 
changes in focal mechanism with time is 
also difficult to evaluate, given the varie- 
ty of patterns observed in foreshock 
studies and our incomplete understand- 
ing of the processes that precede earth- 
quake faulting. Hence, the implications 
of the swarm for future large earth- 
quakes on the San Andreas fault are un- 
known. 

K. C. MCNALLY 
H. KANAMORI 

J. C. PECHMANN 

Seismological Laboratory, Division of 
Geological and Planetary Sciences, 
California Institute of Technology, 
Pasadena 91125 

G. FUIS 
U.S. Geological Survey, 
Seismological Laboratory, Division of 
Geological and Planetary Sciences, 
California Institute of Technology 

References and Notes 

1. J. A. Hileman, C. R. Allen, J. M. Nordquist, 
Seismicity of the Southern California Region, I 
January 1932 to 31 December 1972 (Seismologi- 
cal Laboratory, California Institute of Tech- 
nology, Pasadena, 1973). 

2. M. E. Friedman, J. H. Whitcomb, C. R. Allen, 
J. A. Hileman, Seismicity of the Southern Cali- 
fornia Region, 1 January 1972 to 31 December 
1974 (Seismological Laboratory, California In- 
stitute of Technology, Pasadena, 1976). 

3. K. E. Sieh, Bull. Seismol. Soc. Am., in press. 
4. R. 0. Castle, J. P. Church, M. R. Elliott, Sci- 

ence 192, 251 (1976). 
5. R. 0. Castle, personal communication; J. Ben- 

nett, Calif. Geol. 30, 187 (1977); P. Ward, Sum- 
mary of a Presentation to the California Seismic 
Safety Commission (U.S. Geological Survey, 
Menlo Park, Calif., 1977). 

6. According to C. F. Richter (personal communi- 
cation), the location of this earthquake and its 
aftershocks suggest that it was not associated 
with the San Andreas fault but with a nearby 
east-northeast-trending fault. 

7. J. N. Brune and C. R. Allen, Bull. Seismol. Soc. 
Am. 57, 277 (1967). 

8. Quiescence in the Lake Hughes and Palmdale 

SCIENCE, VOL. 201, 1 SEPTEMBER 1978 

mary of a Presentation to the California Seismic 
Safety Commission (U.S. Geological Survey, 
Menlo Park, Calif., 1977). 

6. According to C. F. Richter (personal communi- 
cation), the location of this earthquake and its 
aftershocks suggest that it was not associated 
with the San Andreas fault but with a nearby 
east-northeast-trending fault. 

7. J. N. Brune and C. R. Allen, Bull. Seismol. Soc. 
Am. 57, 277 (1967). 

8. Quiescence in the Lake Hughes and Palmdale 

SCIENCE, VOL. 201, 1 SEPTEMBER 1978 

areas before 1976 was also documented by C. H. 
Scholz [U.S. Geol. Surv. Prof. Pap. 733 (1971), 
pp. 33-37] in a 4i2-day microearthquake survey 
immediately following the 1971 San Fernando 
earthquake (ML = 6.4). 

9. R. L. Carlson, H. Kanamori, K. McNally, 
Earthquake Notes 49, 30 (Abstr.) (1978). 

10. C. R. Allen, personal communication. 
11. C. F. Richter, Elementary Seismology (Free- 

man, San Francisco, 1958), p. 71. 
12. L. F. Noble, "Geology of the Valyermo Quad- 

rangle and Vicinity, California," U.S. Geologi- 
cal Survey Geologic Quadrangle Map (1954); C. 
R. Allen, personal communication. 

13. D. Hadley and H. Kanamori, Geol. Soc. Am. 
Bull. 88, 1469 (1977); D. Hadley, thesis, Califor- 
nia Institute of Technology (1978). 

14. J. C. Savage, W. H. Prescott, M. Lisowski, N. 
King, Science, in press. 

15. J. C. Savage, personal communication. 
16. M. L. Sbar, S. Marshak, T. Engelder, R. Plumb, 

Eos 58, 1123 (1977); M. Lisowski and J. C. Sav- 
age, Earthquake Notes 49, 77 (Abstr.) (1978); C. 
H. Cramer and J. M. Harrington, Eos 58, 1121 
(Abstr.) (1977); J. H. Whitcomb, C. R. Allen, J. 
D. Garmany, J. A. Hileman, Rev. Geophys. 
Space Phys. 11, 693 (1973); J. C. Pechmann, un- 
published fault plane solutions. 

17. A. Lindh, G. Fuis, C. Mantis, Science 201, 56 
(1978); B. Bolt, J. Stifler, R. Uhrhammer, Bull. 
Seismol. Soc. Am. 67, 1555 (1977). 

18. T. V. McEvilly, W. M. Bakun, K. B. Casaday, 
Bull. Seismol. Soc. Am. 57, 1221 (1967); C. R. 
Allen and J. M. Nordquist, U.S. Geol. Surv. 
Prof. Pap. 787 (1972), pp. 16-23; K. C. 
McNally, Bull. Seismol. Soc. Am., in press; M. 
Ishida and H. Kanamori, Geophys. Res. Lett. 4, 
345 (1977). 

19. W. H. K. Lee, M. S. Eaton, E. E. Brabb, Bull. 
Seismol. Soc. Am. 61, 1771 (1971). 

20. E. R. Engdahl and C. Kisslinger, J. Phys. Earth, 
in press. 

21. M. A. Sadovsky et al., Tectonophysics 14, 
295 (1972). 

22. I. L. Nersesov, A. A. Lukk, V. S. Ponomarev, 

areas before 1976 was also documented by C. H. 
Scholz [U.S. Geol. Surv. Prof. Pap. 733 (1971), 
pp. 33-37] in a 4i2-day microearthquake survey 
immediately following the 1971 San Fernando 
earthquake (ML = 6.4). 

9. R. L. Carlson, H. Kanamori, K. McNally, 
Earthquake Notes 49, 30 (Abstr.) (1978). 

10. C. R. Allen, personal communication. 
11. C. F. Richter, Elementary Seismology (Free- 

man, San Francisco, 1958), p. 71. 
12. L. F. Noble, "Geology of the Valyermo Quad- 

rangle and Vicinity, California," U.S. Geologi- 
cal Survey Geologic Quadrangle Map (1954); C. 
R. Allen, personal communication. 

13. D. Hadley and H. Kanamori, Geol. Soc. Am. 
Bull. 88, 1469 (1977); D. Hadley, thesis, Califor- 
nia Institute of Technology (1978). 

14. J. C. Savage, W. H. Prescott, M. Lisowski, N. 
King, Science, in press. 

15. J. C. Savage, personal communication. 
16. M. L. Sbar, S. Marshak, T. Engelder, R. Plumb, 

Eos 58, 1123 (1977); M. Lisowski and J. C. Sav- 
age, Earthquake Notes 49, 77 (Abstr.) (1978); C. 
H. Cramer and J. M. Harrington, Eos 58, 1121 
(Abstr.) (1977); J. H. Whitcomb, C. R. Allen, J. 
D. Garmany, J. A. Hileman, Rev. Geophys. 
Space Phys. 11, 693 (1973); J. C. Pechmann, un- 
published fault plane solutions. 

17. A. Lindh, G. Fuis, C. Mantis, Science 201, 56 
(1978); B. Bolt, J. Stifler, R. Uhrhammer, Bull. 
Seismol. Soc. Am. 67, 1555 (1977). 

18. T. V. McEvilly, W. M. Bakun, K. B. Casaday, 
Bull. Seismol. Soc. Am. 57, 1221 (1967); C. R. 
Allen and J. M. Nordquist, U.S. Geol. Surv. 
Prof. Pap. 787 (1972), pp. 16-23; K. C. 
McNally, Bull. Seismol. Soc. Am., in press; M. 
Ishida and H. Kanamori, Geophys. Res. Lett. 4, 
345 (1977). 

19. W. H. K. Lee, M. S. Eaton, E. E. Brabb, Bull. 
Seismol. Soc. Am. 61, 1771 (1971). 

20. E. R. Engdahl and C. Kisslinger, J. Phys. Earth, 
in press. 

21. M. A. Sadovsky et al., Tectonophysics 14, 
295 (1972). 

22. I. L. Nersesov, A. A. Lukk, V. S. Ponomarev, 

The low incidence of atherosclerosis 
in premenopausal women has suggested 
that sex-linked factors may have a role in 
the prevention of this vascular disorder. 
After menopause, the difference be- 
tween sexes in the susceptibility to the 
disease tends to diminish. Similarly, ova- 
riectomized women exhibit a degree of 
atherosclerosis closer to that of men than 
healthy women (1). Among the changes 
associated with the loss of ovarian func- 
tion, variations in the type and amount of 
circulating blood lipids have been report- 
ed (2). The possibility that local vascular 
events that are under the influence of 
ovarian hormones play a role in the de- 
velopment of the atherosclerotic lesion 
has not been sufficiently explored. Since 
an impairment of the endothelial func- 
tion may be responsible for the changes 
in structure and composition of the sub- 
endothelial intima that are observed dur- 
ing the development of the athero- 
sclerotic plaque, a precise definition of 
the metabolic characteristics of the en- 
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dothelium is of particular importance. 
Experiments performed with intimal tis- 
sue may not lead to a correct analysis of 
the functional activities of the endo- 
thelial lining of the artery because, aside 
from the difficulty of obtaining a pure in- 
timal layer, cells other than endothelial, 
presumably smooth muscle cells, are 
present in the intima itself. The availabil- 
ity of an endothelial cell line (3) and of a 
subendothelial cell line derived from the 
intima of male rabbit aorta has made it 
possible for us to ascertain whether any 
of the cell types present in the intima are 
potentially capable of responding to es- 
trogens. Our results indicate that endo- 
thelial cell cultures possess estrogen re- 
ceptors whereas the other cell line of in- 
timal derivation does not. 

The subendothelial cell line used for 
these studies was obtained by removing 
first the endothelial lining of the artery as 
indicated elsewhere (3). The cells re- 
leased into the lumen of the vessel during 
a second incubation period with enzyme 
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Estrogen-Binding Sites in Endothelial Cell Cultures 

Abstract. The cytosol extracted from a vascular endothelial cell line binds 
[3H]estradiol with high affinity and a high degree of specificity. In contrast, in experi- 
ments performed with cytosol labeled in the intact cell, progesterone and, to a small- 
er extent, testosterone gave an apparent inhibition of estradiol binding. These data 
support the concept that ovarian hormones may influence the role of the endothelium 
in various physiological and pathophysiological conditions. 
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were harvested and plated. A variable 
amount of endothelial cells may be ini- 
tially present in this preparation, but 
they are quickly overgrown by the other 
cell type whose growth pattern and mor- 
phology are strikingly different from 
those of the endothelial cells; in addition, 
these cells lack certain properties (blood 
group antigens, secretion of plasminogen 
activator) which are present in cultured 
endothelial cells (3). 

To prepare the cytosol, we washed the 
cells twice with phosphate buffered sa- 
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line, harvested them in the same buffer 
with a rubber policeman, and then cen- 
trifuged the suspension at 400g for 3 min- 
utes. The cell pellet was resuspended in 
1 ml of cold tris buffer (10 mM tris, 5 mM 
EDTA, 2 mM /3-mercaptoethanol, 0.4M 
KC1, pH 7.4). The cells were disrupted 
with three 10-second bursts of sonication 
in the cold and the suspension was cen- 
trifuged at 100,000g for 1 hour at 4?C. 
The supernatant (cytosol) was used for 
further experimentation as described be- 
low. 
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Fig. 1 (left). Sucrose gradient centrifugation 3- \ 
of cytosol from endothelial cell cultures la- 
beled with [3H]estradiol. Endothelial cell cul- - 
tures were incubated in serum-free F-12 for 12 - 

hours at 37?C in a 5 percent CO2 atmosphere 
with 10-9M [3H]estradiol ([2,4,6,7,16,17- - 
3H(N)]estradiol, 152 Ci/mmole, New England 
Nuclear) in the presence and in the absence of 
a 100-fold excess of unlabeled estradiol. Cyto- 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

sol was prepared as indicated in the text; free Bound x 10 M 

and nonspecifically bound estrogen was removed by incubation with dextran-coated charcoal. 
Samples of 0.3 ml of cytosol (0.8 mg of protein) were layered on a 5 to 20 percent linear sucrose 
gradient in tris buffer and centrifuged in a Spinco SW 50.1 rotor at 200,000g for 16 hours at 2?C. 
Symbols: U, cytosol from cells incubated with [3H]estradiol; O, cytosol from cultures incubated 
with [3H]estradiol in the presence of 10-7M unlabeled hormone. The arrow indicates the posi- 
tion of horseradish peroxidase (3.8S) added as an internal sedimentation marker. The direction 
of sedimentation is from right to left. Fig. 2 (top right). Competition with estradiol for estro- 
gen binding sites by various steroids and diethylstilbestrol. Labeled cytosol was obtained by 
two methods, either by incubating 1-ml portions of cytosol, prepared as indicated in the text, 
with [3H]estradiol (5 x 10-O?M) for 1 hour at room temperature in the presence or in the absence 
of competing compound (5 x 10-8M) or by extracting it from endothelial cell cultures which had 
been labeled for 4 hours at 37?C in a 5 percent CO2 atmosphere in serum-free F-12 medium 
containing concentrations of hormones similar to those stated above. Incubation with dextran- 
coated charcoal which removes free and (in part) nonspecifically bound estrogen was performed 
as stated in the text. Values represent the average of three experiments (8). Abbreviations: 
DES, diethylstilbestrol; Hydro., hydrocortisone; Prog., progesterone; Test., testosterone. Open 
bars, cytosol labeled after extraction from the cell; shaded bars, cytosol labeled in the intact 
cell. Fig. 3 (bottom right). Scatchard analysis of the binding of radioactive estradiol to endo- 
thelial cell cytosol. Portions of cytosol (1.13 mg of protein per milliliter) were incubated for 2 
hours at room temperature with increasing concentrations of [3H]estradiol (from 0.5 x 10-'?M 
to 5 x 10-'0M). The cytosol was then incubated with dextran-coated charcoal and the charcoal 
was removed by centrifugation; a portion of the supernatant was placed in toluene [toluene, 
butyl 2-phenyl-5-(4-biphenyl)-1,3,4-oxadiazole, 9 g/liter, and BBS3 10 percent, Beckman] and 
the radioactivity was measured in a Beckman liquid scintillation spectrometer. The dissociation 
constant, Kd, was 2.8 x 10-l?M and the number of binding sites per milligram of cytosol protein 
was 11 x 10-15 moles. The number of binding sites may represent a minimum value because of 
the high concentration of dextran-coated charcoal (to remove free and nonspecifically bound 
steroid) used in our experimental system in order to obtain an accurate binding constant. No 
attempt was made to define optimum culture conditions for the determination of the number of 
receptors. 
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Incubation with dextran-coated char- 
coal was carried out as follows: 1 ml of 
cytosol was added to 0.2 ml of dextran- 
coated charcoal suspension [7.2 g of No- 
rit A and 0.72 g of dextran T-80 (Pharma- 
cia) in 100 ml of tris buffer] and the sus- 
pension was incubated for 20 minutes in 
ice with intermittent shaking. The char- 
coal was removed by centrifugation. The 
protein content of each cytosol prepara- 
tion was determined by the procedure of 
Lowry (4). In all experiments, cultures 
were used at near confluence. 

Evidence for the presence of estrogen 
receptors in endothelial cell cultures was 
obtained by determining the rate of mi- 
gration of bound [3H]estradiol through a 
sucrose density gradient (Fig. 1). The re- 
ceptor to which the estrogen is bound 
has an S value of 4.1, and the binding is 
specific since the amount of [3H]estradiol 
bound in the 4S area is very reduced by 
excess concentration of unlabeled hor- 
mone (5). 

Only estrogens competed with the 
tritiated form of estradiol for the specific 
binding sites: none of the other steroid 
hormones tested was capable of dis- 
placing labeled estradiol in experiments 
performed with cytosol labeled after ex- 
traction from the cell (Fig. 2). However, 
in experiments performed with cytosol 
labeled in the intact cell, progesterone, 
and to some extent testosterone, ap- 
peared to inhibit binding of estradiol to 
the receptor (Fig. 2); these results could 
be explained either by the fact that the 
two steroid hormones decrease the num- 
ber of estrogen receptors available [as 
has been shown for progesterone (6)] or 
by their conversion to a derivative ca- 
pable of competing with estradiol for the 
receptor binding site. Competition with 
estradiol for transport into the cell is a 
possibility that should perhaps be con- 
sidered, although the entry of estrogen 
into its target cells is classically thought 
of as a simple diffusion process. These 
findings are of particular interest in view 
of the fact that the blood levels of female 
or male hormones may, under certain 
conditions, be sufficiently high to com- 
pete effectively with sex hormones ad- 
ministered for therapeutic or experimen- 
tal purposes. The Scatchard (7) plot (Fig. 
3) of the binding phenomenon indicates 
that the binding is of high affinity; the 
number of binding sites has been found 
to be 11 x 10-15 moles per milligram of 
cytosol protein. It is conceivable that, as 
has been suggested for other functional 
activities of the endothelium (3), the 
number of binding sites may differ in 
endothelial cell cultures derived from 
different vascular beds. No specific bind- 
ing activity for estradiol was found to be 
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present in the other intimal cell line: un- 
der conditions similar to those described 
in Fig. 2 for experiments performed with 
cytosol labeled after extraction from the 
cell, inhibition by estradiol was 6 per- 
cent, by testosterone 5 percent, and by 
hydrocortisone 6 percent. 

The vascular endothelial cell line used 
for these studies possesses an array of 
receptors for various hormones and neu- 
rotransmitters (3), a finding which sug- 
gests that, through their complex and 
finely regulated metabolic activity, endo- 
thelial cells play an essential role in the 
regulation of local circulation. In this re- 
spect, it is worth noting that the earliest 
detectable effect of estrogens on the 
uterus is increased blood supply and in- 
creased permeability of the vascular wall 
(1). Thus, the presence of estrogen re- 
ceptors in endothelial cells seems to sug- 
gest that the response of the blood ves- 
sels of target organs to estrogens may be 
an important aspect of the mechanism 
through which these hormones regulate 
the cyclical functional variations of the 
reproductive system. As already noted, 
clinical observations suggest that the 
presence of a normal level of circulating 
ovarian hormones coincides with a lower 
degree of susceptibility to atheroscle- 
rosis. The finding that endothelial cells 
are potentially capable of responding to 
estrogens may stimulate attempts to 
elucidate the nature of the endothelial 
function which is regulated by these hor- 
mones; with this knowledge, one would 
be better able to evaluate which role a 
normal hormonal balance may play in 
delaying the development of the athero- 
sclerotic lesion. 
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which is displaced by unlabeled hormone. In the 
case when the competing compound is unla- 
beled estradiol, percentage of inhibition also rep- 
resents the amount of radioactivity which is bound 
to specific estrogen receptors. The estradiol 
molarities used for these experiments slightly 
exceeded the level of hormone at which all the 
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The search for antiviral agents has re- 
sulted in the discovery of compounds 
with activity against herpes simplex vi- 
rus (HSV) infections, but only a few of 
these compounds have been submitted 
to clinical use. Herpes keratitis has been 
treated with idoxuridine (5-iodo-2'-de- 
oxyuridine) and vidarabine (9-f3-D-arabi- 
nofuranosyl adenine) (1, 2). Herpes zos- 
ter (3) and herpes encephalitis (4) re- 
spond to treatment with vidarabine. 
However, the high cytotoxicity (5, 6) of 
these compounds limits their usefulness. 
A less cytotoxic compound, phospho- 
noacetic acid (PAA), specifically in- 
hibits DNA polymerase from different 
herpesviruses (7) and arrests herpesvi- 
rus infection in mice (8) and guinea pigs 
(9), but no clinical results with PAA have 
been reported. 

As pointed out by Cohen (10), a ratio- 
nal approach to viral chemotherapy 
should involve attempts to design com- 
pounds that interact specifically with the 
viral enzymes leaving the cellular en- 
zymes unaffected. As part of a screening 
program for antiviral drugs, we have 
used cell-free HSV-1 DNA polymerase 
and influenza RNA polymerase and, as 
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receptor sites are saturated. At higher estradiol 
molarities the amount of radioactivity which is 
not specifically bound increases because the lev- 
el of estradiol at which all the receptor sites are 
saturated is largely exceeded. Therefore, the 
fraction of radioactive estradiol displaced by the 
unlabeled estrogen varies with the concentration 
of radioactive estradiol in the medium, being 
higher when the radioactive estradiol concentra- 
tion in the incubation medium is lower. 
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controls, cellular DNA and RNA poly- 
merases to select specific HSV DNA and 
influenza RNA polymerase inhibitors 
(11). 

One series of compounds investigat- 
ed included analogs of pyrophosphate, 
which may interact with the binding of 
nucleoside triphosphates to polyrnerases 
(12). One of the first substances tested in 
this program was the trisodium salt of 
phosphonoformic acid (PFA), a com- 
pound originally synthesized in 1924 by 
Nylen (13) and structurally related to 
PAA. The crystal structure of this salt 
has been determined (14). 

Na3+ -0-P-C\ 

L o- 

Table 1 shows the effect of PFA and, 
for comparison, PAA on several DNA 
and RNA polymerases. It is evident that 
HSV-1 DNA polymerase is inhibited at 
low concentrations by both PFA (14a) 
and PAA, and that the two compounds 
have comparable activities against sever- 
al DNA polymerases. The preferential 
inhibition of HSV-1 DNA polymerase in 
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Table 1. Inhibition of cell-free polymerase activity 

Concentration giving 
Polymerase 50 percent inhibition (/zM) 

PFA PAA 

HSV-1 DNA polymerase* 3.5 7.0 
DNA polymerase a, calf thymus (25 U per assay)t 50.0 75.0 
DNA polymerase a, calf thymus (2.5 U per assay)t 3.5 6.5 
Micrococcus luteus DNA polymeraset >500.0 >500.0 
Escherichia coli DNA polymerase It >500.0 >500.0 
Influenza RNA polymerase: 20.0 300.0 
RNA polymerase I, calf thymust >500.0 >500.0 
RNA polymerase II, calf thymust >500.0 >500.0 
Escherichia coli RNA polymerase >500.0 >500.0 

*Prepared and assayed according to Weissbach et al. (21). tObtained and assayed as described earlier 
(22). tPrepared and assayed as described earlier (22), but Mn2+ was not used in the assay. 
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Trisodium Phosphonoformate, a New Antiviral Compound 

Abstract. Trisodium phosphonoformate selectively inhibits cell-free DNA poly- 
merase activity induced by herpesvirus. The new inhibitor has an antiviral effect on 
herpes simplex virus types 1 and 2, pseudorabies virus, and infectious bovine rhi- 
notracheitis virus in cell culture. It has a good therapeutic activity against cutaneous 
herpes simplex virus infection in guinea pigs. 
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