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Strain of Streptococcus faecalis.* (19838) 
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The toxicity of centain pteroylglutamic 
acid (PGA) antagonists has been demon- 
strated in a wide variety of species including 
microorganisms, rats, mice, the chick embryo 
and man. In microorganisms, Jukes, et aZ.( 1) 
observed the inhibitory effmts of several of 
the PGA antagonists for Streptococcus faecalis 
(ATCC No. 8043) and it was also noted that 
4-amino-PGA (aminopterin) was toxic for 
the growth of Escherichia col i (2) .  The inhi- 
bition of growth of Lactobacillus casei by 
PGA antagonists was studied !by Hutchings, 
et al.(3) and as with S. faecalis the toxicity 
was reversed under limited conditions by PG-4. 
Sauberlich and Baumann (4) found that Leu- 
conostoc citrovorum (ATCC No. 8081) was 
inhibited by aminopterin and this toxicity 
could be reversed by the citrovorum factor 
(CF). Studies with rat liver slices have re- 
vealed that aminopterin was effective in block- 
ing the enzymatic conversion of PGA to CF 
( 5 ) .  Kidder, Dewey and Parks(6,7) and Tit- 
tler and Belsky(8) observed that one of the 
PGA antagonists, aminopterin, could replace 
PGA in the nutrition of Tetrahymena geleii. 
Kidder et d ( 6 )  further reported that 10- 
methyl-PG.4 (methopterin) could also substi- 
tute for PGA but not as effectively as aminop- 
terin. 4-amino- 1 O-methyl-PGA (amethop- 
terin) on the other hand, could not substitute 
for PGA and was an inhibitor even in the 
presence of PGA. The toxicity of 4-amino-9- 
methyl-PGA (aninopterin) and 4-amino-9, 10- 
dimethyl-PGA (adenopterin) could be re- 
versed 'by aminopterin and methopterin if 
concentrations equivalent -to PGA were used. 

A strain of S. faecalis resistant to 4-amino- 
10-methyl-PGA (amethopterin) has been 
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shown to be capable of utilizing certain PGA 
antagonists for growth in lieu of PGA(9,lO). 
This strain of S. faecalis ,to which amethop- 
terin resistance was induced, hereinafter desig- 
nated as S. faecaZis/A, has been the subject 
of the present study in which a number of 
PGA analogs have been investigated fur their 
effect upon the growth of this organism. 

Methods. The microorganisms used in this 
study were S.  faecalis ( A K C  No. 8043) and 
S. faecalis/A. Both organisms were maintained 
in agar stabs and were transferred once a 
month to fresh media. S .  faecalis was carried 
on Difco micro inoculum agar and S. faecalis 
/A was carried on Difco folic acid assay broth 
plus amethopterin (20 r/ml), PGA ( 10 my/ 
ml) and agar ( 1.5% ) . The technic employed 
for all growth experiments was that custom- 
arily used in microbiological vitamin assays. 

The ability of S. faecalis/A to 
utilhe certain PGA antagonists to meet its re- 
quirement for PGA has been reported(9,lO). 
When this resistant strain was compared with 
the parent st'rain it was found that the PG.4 
requirement for half maximum growth (HMG) 
was appreciably decreased, from .3 ko .1 my/ 
ml. This was also the case with 10-fomyl- 
PGA (.l compared with .5 mr/ml), pteroyl- 
glwta~myl-glultamyl-glutamic acid ( tempter in) 
(25 compared with 50 my/ml) and even a 

Results. 

TABLE I. Utilization of PGA Antagonists for 
Growth by S .  faecal is /A.  

my/ml- 
PGA analog HMG Growth range 

-~ 
' ' 9-methyl- ' '+ 3000 150 - 50000 

4-amino- .25 .005->500000 

Pteroyl-aspartic-acid 5 .@5 - 250000 

2.5 3 - 500000 
-pteroyl-alanine 50 .01 - 25000 
- teropt erin 100 50 ->500000 

10-methyl-pteroic acid 2.5 2 5  - 500 

10-methyl- 10 .5 ->500000 

- 10-methyl- 25 5 - 100000 

( P A A )  
4-amino-PA A 

* This preparation contained 2 components one 
of which did and one of which did not support 
growth of S. fnecal is jA (see text). 
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T-iBLE 11. Inhibition” of S .  faecalis (8043) and S. fuecaZiu/A at Two Levels of PGA and CF. 

/-S. faecalk (8043)-, -- S. faecalk/h--, 

PGA ;~nnlog 10my 100my 10my 100my 10my 1OOmy 10my 100m-y 
,-PGA-, ,-C!F-- .-J?GA-y ,-CF-\ 
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* Iiiliibitio~i: Ratio of aiitagonist to PGA or CE’ for  H.1I.G. 

greater decrease was noted with pteroic acid 
(.I compared with 50 my/ml). The C F  
(leucovorin) requirement was not altered (J 
compared with .4 my,/ml). 

Studies with other PG.4 analogs have led to 
the observation that certain of -the PGA 
antagonists may also be substituted for PG-4 
in a PG.4 deficient medium. The data in 
Table I give the HJIG requirements and the 
growth range of S. jaccalis,.L\ on a series of 
PG.\ antagonists. The fact that +amino- 
teropterin did not support growth at  a low 
concentration was #to be expected since the 
unsubstituted triglutamate wals not a particu- 
lnrly effective substitute for PGA. 

The high concentration of “9-methyl-PG-4” 
required ior HIIG and the rather narrow 
range over which the compound supported 
growth suggested the possibility that the com- 
pound was impure. By means of paper strip 
chromatography using an acetic acid-aque- 
ous butanol system followed by bioautography 
of the chromatogram on a medium containing 
1 my/ml of PG.4 and inoculated with S. 
jaecalis (8043) two zones of inhibition were 
observed. One of the components had an 
Rf value of 0.63-0.68 which was comparable 
to other 9-methyl analogs, and la second com- 
ponent had an Rf value of 0.21-0.28. The 
identity of -the slower moving component is 
not known. In another .similar experiment 
it has been shown that the slower moving com- 
pound was capable of supporting the growth 
of S. faecalis, .A7 but that the faster moving 
compound did not support growth and was 
in fact inhibitory. 

-411 the antagonists tested with the excep- 
tion of aminopterin, methopterin and 4-amino- 
teropterin inhibited S. faecaZis/A at various 
concentrations of or below 500  y/ml. (Table 

I ) .  1.t was also noted (Table I )  that the 
+amino group, the 10-methyl group, or the 
presence or absence of a substitute for the 
glutamic acid moiety slightly affected the 
response of S. faecaZis/A. The addition of 
a methyl group in the 10 position of pteroic 
acid made that compound ineffective as a 
growth factor above 500 my/ml, while pteroic 
acid was able to support maximum growth at 
more than loo0 .times this concentration. 

The PG.4 analogs that had a 9-methyl 
radical did not support the growth of S. 
jaecaZis/-4. It was of interest then to test the 
effects of some of these compounds on S. 
faecaZis/A in the presence of PGA, CF, and 
aminopterin. The data presented in TEuble 
I1 show the inhibition ratios of a series of 
these and other PGA antagonists with PGA 
and CF for bath S. faecalis and S. faecaZis/A. 
With S. jaccalis it was evident that CF exeded 
a more competitive action on these antagonists 
than did PGA. With S. faecalis/A the reversal 
was not competitive except in the case of 
PGA with “9-methyl-PGA” and 9, 10-dime- 
thyl-PGA, and CF with amethopterin and 4- 
amino-9, 1 O-dimethyl-PGA; once a limiting 
concentration of antagonist was reached the 
addition of more growth factor did not re- 
verse the toxicity. 

In  a separate experiment with 10-methyl- 
pteroic acid iat was found that the toxicity for 
S. faecalis/A was reversed by PGA; the in- 
hibition ratio for PGA at  1 my was 500 and 
for PGA at 5 my was 800. This represents a 
100-fold increase in resistance by comparison 
with S. faecdis. 

The observation that aminqterin was al- 
most as effective as PGA in supporting the 
growth of S. faecaZis/A led 40 an experiment 
in which B compa~son was made between 
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these two compounds in regard to #their rela- 
tive effectiveness in reversing the inhibitory 
action of aninopterin and adenopterin. In 
the presence of 10 my of either PGA or 
aminopterin it was found that half maximum 
growth was obtained with 50 Y of aninopterin 
and 20 y of adenopterin, with inhibition ratios 
of 5000 and ZOO0 reqxtively. 

Comparative studies of morphological, cul- 
tural, and physiological characteristics show 
no change in the resistant culture other than 
its altered PGA metabolism. 

Discussion. S. faecalis/A differed from S .  
faecalis (ATCC 8043) in respect to the 
quantitative utilization of PGA and some 
PGA analogs, as well as having developed 
a pathway through which several PGA an- 
ttagonists could be used for growth. The 
same CF requirements for both cultures indi- 
cated that the alteration in  the resistant strain 
was in #the enzyme system which formed CF 
from PGA( 11,12). The PGA analogs that 
did not support the growth of S.  faecaZis/A 
were those that had a methyl group in the 
9 position. There was a definite increase in re- 
sistance to 9-methyl compounds, however, 
when the amethopterin resistant culture was 
compared with the parent strain. This ap- 
peared to be similar to the situation that 
exists in mouse leukemia( 13,14), and pos- 
sibly in human leukemia. In mouse leu- 
kemia it has been shown that after resistance 
develops to amethopterin there is a cross 
resistance to 4amino-9-methyl PGA, and 4- 
amino 9-10-dimethyl PGA( 13,14). 

The exact pathway through which ami- 
nopterin, amethopterin, amino-an-fol, m d  
other PGA antagonists pass in the process of 
becoming growth factors for S .  faecalis/A is 
not known. I t  appears llikely, however, thak 
the compounds are in some way converted to 
PG.4 which in turn is utilized as a substrate 
for the #formation of CF. The marked de- 
crease in the amount of pteroic acid required 
for H-llVG further indicates the increased effi- 
ciency of #this culture, and suggests that the 
activity of a constitutive enzyme(s) has also 
been increased in the development of ametho- 
p ter in resistance. 

Present evidence suggests that PGA antag- 
onists such as methapterin and aminopterin 
function as inhibitors by blocking the con- 

version of PGA to CF(5,11), and that m i -  
nopterin interferes with the action of CF in 
metabolic reactions( 15). I t  appears )that S. 
faecdis/A has the ability to remove $the 4- 
amino group without difficulty as shown by 
the fact #.that aminopterin is can especially ef- 
fective metabolite. The 10-methyl group is 
only slightly less easily removed in methop- 
terin and amethopterin but the removal of a 
9-methyl group in 9-methyl-PGA or 4 - d n O -  
9-methyl-PGA apparently cannot be accom- 
plished (by this organism. This may be due 
to the grater  strength of 'the carbon-carbon 
bond as contrsted to the carbon-nitrogen 
linkage in the other oompounds. 

The enzyme pattern found in the resistant 
leukemia may be similar to that of S. faecalis/ 
A. I t  seems likely that the resistant cells in 
both cases are capable of utilizing certain 
concentmtions of the  antagonists or have de- 
veloped modified enzymes which are not as 
vulnerable to the antagonists. Toxicity may 
occur when these enzymes are saturated, and 
therefore due to conversion of the anti-metab- 
olite to a metabolite a much higher concen- 
tration of antagonist would be required to 
ex hilbi t toxid t y . 

Summary. 1. S .  faecalis1.4, an organism 
made resistant to amethopterin, grew well on 
a series of PGA antagonists except those with 
a methyl group in the 9 position. 2. This cul- 
ture was also more efficient tban the parent 
strain of S .  faecalis in the utilization of PGA 
analogs that served as growth factors for both 
organisms, with the notable exception of CF. 
The amount of CF (leucovonln) required for 
HMG wws approximately the same for each 
strain. 3. Aminopterin was as effective as 
PGA in reversing the toxicity of aninopterin 
and adenopterin in the growth of S.  faecalis/A. 
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Thermal Shock in a New Vibrio Phage.*+ (19839) 
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The effect of exposure to cold on bacterio- 
phage was studied by d’Herelle( 1) who found 
that young phase resists exposure to -1803C 
for 10 minutes while older phage does not. 
Rivers( 2 )  demonstrated that a bacteriophage 
lytic for colon bacilli was inactivated by re- 
peated freezing (-185 ’C) and thawing. and 
that the type of diluent influences the percent- 
age of phase inactivated in this manner. 

During the course of studies on heat in- 
activation of a newly isolated Vibrio phage, a 
sample of lysate was heated for 0.5 hour at 
60‘C then plunged into an ice bath (2°C)  
for I hour. There was a pronounced drop in 
titre after exposure to cold; more than 90% 
of the particles which survived heating at  
60°C for 0.5 hour were inactivated during the 
period at  2 O C .  Experiments undertaken to 
investigate this phenomenon are described 
below. 

Materials and methods. Materials and 
methods were the same as those described by 
Smith and Krueger(3). An ice bath main- 
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