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Summary. 1. Prostatic tissue obtained dence, as well as positive intradermal tests 
surgically from 100 consecutive males, who antdl the presence of brurjella agglutinins, 
had lived for many years in an endemic area many of the inldividuals had been exposed to 
of brucellosis in Minnesota, were cultured for brucellosis. 
brucella and in no instance were brucella 
isollated. 2. On the basis of historical evi- Received July 6, 1950. P.S.E.B.M., 1950, ~ 7 5 .  
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In  an earlier study ( 1 ) , minute amounts 
of aminopterin were shown to inhibit develop- 
ment of the chick embryo. Under the con- 
ditions tested, this inhibition could be 
partially alleviated by thymidine, and more 
effectively by thymidine plus hypoxanthine 
desoxyriboside but not by folic acid, vitamin 
BI2 or several other substances. The con- 
clusion was drawn that aminopterin inhibited 
synthesis of thymidine and one or more of 
the purine desoxyribosides by the embryo, 
and that by eliminating the need for these 
synthetic reactions during the early stages 
of embryonic development, added desoxyribo- 
sides counteracted the inhibitory action of 
aminopterin. Since aminopterin appears to 
act as an anti-folic acid, the direct or in- 
direct participation of folic acid in synthesis 
of these desoxyribosides was indicated. Re- 
cent evidence( 2-6) indicates that the Leu- 
conostoc citrovorum factor (CF) is a meta- 
balically active form of folic acid, and that 
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i t  can be formed synthetically from folic 
acid (5,6). Concentrates of this substance 
counteract aminopterin inhibition of Leucon- 
ostoc citrovorum(4). Amounts of CF pre- 
viously available for testing failed to alleviate 
aminopterin inhibition of the chick embryo; i t  
was pointed out, however, that larger amounts 
might prove effective ( 1).  It is shown below 
that adequate amounts of CF partially coun- 
teract aminopterin inhibition of the chick 
embryo under conditions where folic acid is 
ineffective. 
Experimental. Procedures used in inject- 

ing solutions and incubating eggs were exactly 
similar to those described previously ( 1,7). 
All injections made prior to incubation to- 
taled 0.1 ml. Those made at  3 days totaled 
0.2 ml. 
Results. Table I presents the results ob- 

tained when aminopterin was injected alone 
or together with C F  concentrate, folinic acid 
(6 ) ,  or folic acid just prior to incubation. 
A pronounced effect of CF in reversing the 
inhibitory effect of aminopterin is evidenced 
not only by the increased hatch obtained in 
lots receiving adequate amounts of this sub- 
stance, but by the greatly decreased number 
of embryos that died early in the incubation 
period. Larger amounts of the concentrate 
are required for this purpose in those lots 
receiving 20 pg than in those receiving 10 
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TABLE I. C‘ouiiteraction of Amirioptcriii Inhibition of  Chick Enibr-yo by CF.  
Iiijectioiis at  zcro days incuhation. 

”/; embryos dying a t  
,- \ 

Xubstancc iiij., aint s o .  of eggs 0-5 days 6-20 days % llatcll 

100 
1 3 80 
10..7 

15 
30 25 
3 0 35 

10 

10 
50 

20 60 
37.5 

p g  of aminopterin. In  confirmation of pre- 
vious results( 1)  folic acid was ineffective in 
alleviating the inhibition when injected at 
zero days. 

-Issay with Lactobacillus delbrueckii 730, 
an orcanism that requires thymidine for 
growth(9.10), showed the CF concentrate to 
be free of this desoxyriboside. Its effects 
thus cannot be ascribed to this substance or 
to folic acid. The limited amount of folinic 
acid available showed definite activity in 
c w n  teracting aminop terin inhibition, and 
since this substance was prepared syntheti- 
cally from folic acid and has high CF activ- 
ity. the evidence is conclusive that the favor- 
able effects of the C F  concentrate are ac- 
tually due to the C‘F that i t  contains. 

The effects on hatchability of similar in- 
jections made after 3 days of incubation are 
shown in Table 11. The effect of CF in 
overcoming the tosic effects of aminopterin 
is unmistakable. Folic acid and formylfolic 
acid appear to be slightly effective under 
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TABLE 11. Effect of Aminopteriii and Relared 
Compounds 011 1)erelopment of 3-Day Embryos. - 

so. of 
Suhstanre iiij., arnt tiggs iiij. yo hatch 

~ ~ _ _ _ _ _ _ _ _ -  
S O l l C  10 10 0 
K a t c r ,  0.2 1111 18 94.5 
Aminopteriii, 20 pug 19 2 1  

+ (‘F, 1300,000 uiiits 1 0  30 + (IF. 1,2ou,000 ’ ’ 1 0  5 0 + CF, 3,ooo,ono ’ 7  17 76.4 + (’F G 000,000 ” 10 70 + Folic acid, 500 p g  18 33.3 
-1 F o l ~ m ~ l f o l l c .  m c l ,  ,500 pg 1 0  40 

these conditions, but much less so than CF. 
Discussion. It was observed previously 

that mixtures of thymidine and hypoxan- 
thine desoxyriboside partially counteracted 
the inhibitory effects of aminopterin on 
growth of the chick embryo under conditions 
where folic acid was ineffective. The present 
data demonstrate that similar reversals are 
effected by the Leuconostoc citrovorum fac- 
tor (CF) , a substance which is derived from 
folic acid in intact animals(l l) ,  in liver 
slices ( 5 ) , and by non-enzymatic, chemical 
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means in u i t ro(6) .  These data are most 
readily explained by assuming (a) that con- 
version of folic acid to CF is a necessary 
preliminary step to its participation in cataly- 
sis of certain synthetic reactions, (b) that 
among the synthetic reactions for which CF 
is essential are syntheses of thymidine and 
one or more of the purine desoxyribosides, 
and (c) that the latter reactions are the 
first to be inhibited by aminopterin in the 
developing embryo. These postulates are 
expressed diagrammatically as follows : 

Precursors { (b) 

t (a> 

c CF ( c )  I -- 3 purine desoxyribosides 

I - thymine ” 

1 C F  

Fol ic  acid 

The arrows may represent more than a single 
chemical transformation. 

The growth-promoting action of C‘F (or 
folinic acid) for organisms which require 
folic acid(8) is thus readily explained, since 
these organisms must normally convert folic 
acid to C F  before i t  can be utilized. Ex- 
istence of organisms such as L. citrovorum, 
which cannot utilize folic acid readily in 
place of CF is predicted by this scheme; 
such organisms fail to carry out conversion 
(a)  readily. The scheme also explains the 
enhanced activity of CF, as compared with 
folic acid, in counteracting growth inhibition 
by methylfolic acid ( 3 )  and by aminopterin 
(cf. 4, 12, and this paper) ; for precursors 
of a metabolite are frequently much less 
effective than the metabolite itself in counter- 
acting the inhibitory effects of an antimetabo- 
lite ( 13,14). Finally, the scheme ade- 
quately accounts for reversal of aminopterin 
inhibition by thymidine or by thymidine and 
h ypoxan t hine desox yri bosi de, observed both 
in bacteria (4,lS) and the chick embryo ( 1 ) ; 
for aminopterin, at  the concentrations used, 
is visualized as blocking primarily reactions 
(b) or (b) and (c).  When the desoxyribo- 

1 2 .  Broquist, H. P., Stokstsd, E. L. R., and 
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Jukes, T. H., J .  Biol. Chenz., 1950, in press. 

1948, ~ 1 7 4 ,  893. 

1946, v162, 451. 

sides are supplied preformed, the blocked 
reactions are no longer required for growth. 

The relative activity of CF in reversing 
the toxic effects of aminopterin for various 
organisms varies widely. For L. citrovorum, 
11 units of CF counteracted the toxic effects 
of 1-4 pg of aminopterin(4); in mice, about 
20,0010 units of C F  was required for this pur- 
pose+ ( 12 ) , while the corresponding figure for 
the chick embryo is 100,000-200,000 units or 
more. The best estimates available indicate 
that 1 unit of ICF is equivalent to 0.1-0.2 mpg 
of folic acid in growth-promoting activity 
for Streptococcus faecalis. Assuming the 
two products to have equimolar activities and 
approximately equal molecular weights, 2 00,- 
000 units of CF would be equivalent to about 
20 pg of the pure vitamin. 

Summary. Concentrates of the Leuconos- 
toc citroziorunz factor (CF) and of “folinic 
acid” partially counteract the inhibitory ac- 
tion of aminopterin for the chick embryo. 
Folic acid and formylfolic acid were inef- 
fective or only slightly effective under the 
same conditions. The magnitude of the ef- 
fects obtained with CF were similar to those 
obtained previously with mixtures of thy- 
midine and hypoxanthine desoxyriboside ( 1 ). 
The viewpoint is developed that conversion 
of folic acid to CF is a necessary preliminary 
to the catalytic action of the former com- 
pound, that synthesis of thymidine and one 
or more of the purine desoxyribosides are 
among the synthetic reactions for which C F  
(or folic acid) is required, and that these 
synthetic reactions are those inhibited in the 
chick embryo by small amounts of aminop- 
terin. The great variation that exists in the 
ability of CF to counteract aminopterin in- 
hibition in various organisms is pointed out. 
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t Broquist et aL(12) reported that 100,000 units 
of CF counteracted the effect of 10 pg of aminopterin 
in mice. Their unit is approximately twice that of 
Sauberlich and Baumann(2), employed in this paper. 
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