
injuries, because (I) the increased occurrence of bi- 
nucleate lymphocytes appears to be related to  ex-
posure to  exceptionally small amounts of radiation, 
and ( 2 )  lymphocytes may readily be obtained f o r  ex-
amination. Hence examination for  the presence of 
these cells serves as a practicable and sensitive ad-  
junct to physical monitoring when oirounlstances in- 
dicate the desirability of biological monitoring. 

Observation of an occasional lymphocyte of this 
type in irradiated animals and man has been reported 
by other investigators ( 5 ,  6). Quantitative estimates 
of pre- and post-exposure incidence, however, had not 
been made in these instances; hence it  has not been 
possible to  evaluate the significance of radiation ex-
posure as  regards the appearance of the cells. Un- 
published reports suggest, however, that the cells are 
observed not uncommonly in radiation workers in  
other institutions-specifically in  a "hazard group" a t  
Los Alamos (7 )  and among luminizers in England 
(8).I n  both cases, exposure has apparently been kept 
below the current tolerance level. 

It is likely that the increased incidence of lylnpho- 
cytes with bilobed nuclei in the blood of cyclotron 
personnel during the early days of cyclotroli opera- 
tion actually indicates exposure to very small amounts 
of radiation, although physical monitoring a t  that 
time did nbt identify the nature and extent of ex-
posure, and in fact has consistently indicated that ex- 
posure is well below tolerance. The supposition that 
the increased incidence of binucleate lymphocytes rep- 
resents a n  effect of irradiation is supported by pre- 
viously published experimental results (2) in  which 
dogs, after a long control period, were exposed three 
times, 30 min each time, in positions approximatiag 
those reached by the two machinists described above. 
After each exposure there was a marked increase of 
lymphocytes with bilobed nuclei, followed by a grad- 
ual return to approximately normal levels during the 
period of approximately 2 months between exposures. 

Lymphocytes with bilobed nuclei may appear in  
increased numbers in conditions other than exposure 
to ionizing radiation, as, fo r  example, in  infectious 
processes and in leukemia. The occurrence of an occa- 
sional cell of this type in the controls may reflect the 
normal incidence of low-grade infections in  the group 
as a whole. I t  should be mentioned that the general 
health of the group remained good throughout the 
period under consideration. I n  particular, there was 
no indication of an unusual number of infections to 
explain the observed increased incidence of lympho-
cytes with bilobed nuclei during the first few months 
of cyclotron operation. 

Since the occurrence of lymphocytes with b i l ~ b e d  
nuclei remained low after completion of the protective 
dike, the detailed examination of peroxidase-stained 
smears is currently carried out only for  new em-
ployees or when there is some definite change in oper- 
ating procedure (e.g., reversal of the beam) or some 
question of personnel exposure. In  such instances, the 
growing group of control observations and the indi- 

vidual's own control (new-hire) data a re  of great 
value. 
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A Quantitative Study of Folic Acid 
Requirements and Reversal of 
Aminopterin Inhibition in D r o ~ o p h i l a ~ * ~  

Taylor Hinton 
Department of Zoology, 

University of California, Los Angeles 


Studies reported by Goldsmith et al. ( I )  regarding 

the response of D~osophi lato  folic acid antagonists 

made use of a medium for  growing the larvae which 

contained live yeast. This precludes the collection of 

exact quantitative data. The present report is con-

cerned with results obtained (Table 1) with Dro-

sophila reared on a chemically defined medium (2) 

and under aseptic conditions. With these last-named 

parameters controlled, the effect on growth of very 

precise amounts of a ' t e s t  substance can be deter-

mined. 


Using the Oregon-R wild type strain of D. melarzo-

TABLE 1 

Base medium 

(mg/ml) (gamma/ml) 

L-alanine 1.085 Biotin 0.020 

L arginine 0.794 B, 0.04 

L-aspartic acid 1.221 Ca-pantothenate 6.0 

L-cystine 0.480 Choline chloride 20.0 

L glutamic acid 4.418 Pyridoxine 3.0 

Glycine 2.328 Riboflavin 2.4 

L-histidine 0.484 Thiamine 1.5 

L-hydroxyproline Niacinamide 

L-isoleucine 

L-leuciue 

L-lysine 

L-methionine 

L-phenylalanine 

L-proline 

DL-threonine 

L-tryptophane 

L-tyrosine 

L-valine 

Sucrose Agar 

Cholesterol Ribonucleic acid 

'Ergosterol Inosine 

I This investigation was supported by a grant-in-aid from 
the American Cancer Society upon recommendation of the 
Committee on Growth of the National Research Council. 

= G .  W. Kidder, of Amherst College, kindly furnished the 
analogs used. 



- - - 
- - 

- - 

TABLE 2 

Two DOSE-RESPONSE ACIDTESTSTO PTEROYLGLUTAMIC 

Original No. 
larvae 

% Larrae to 
pupate 

Av time in days 
to pupation 

# 1 #2 # 1 #2 # 1 #2 

15  19  80.0 100.0 10.7 10.4 
12 17 50.0 100.0 11.2 10.8 
12 

9 
17 
-

58.3 
55.6 

94.1 - 11.0 
11.8 

10.9 
-

13 8 46.2 100.0 11.7 11.6 
18  10 50.0 100.0 14.3 12.5 
15  10 20.0 60.0 14.3 13.5 
15  10  13.3 30.0 16.0 15.2 

% Pupae to 
become adults 

#1 # 2 

100.0 100.0 
100.0 100.0 
100.0 100.0 

80.0 -
33.3 75.0 

0.0 20.0 
33.3 0.0 

0.0 0.0 
0.0 -
0.0 0.0 
0.0 0.0 
0.0 0.0 

PGA 
(milligamma/ml) 

6000.00 
300.00 
150.00 

75.00 
30.00 
15.00 

7.50 
3.00 
1.50 
0.75 
0.15 
0.00 

14  - 0.0 
16  18 0.0 
18 9 0.0 

9 8 0.0 

0.0 
-0.0 

0.0 

gaster, two dose-response tests to  folic acid (pteroyl- 
glutamic acid, PGA) were carried out to determine the 
minimal and optimal aniounts necessary f o r  growth 
(Table 2).  The minimal amount of P G A  that  will sup-  
port any  development beyond the larval stage was 
determined to be between 1.5 and 3.0 milligamma/ml 
medium; the optimal was the highest concentration 
used (6000 milligamma/nil) , but 30 milligamma/n~l 
may be considered to give only slightly suboptimal 
development. 

A preliminary investigation was made of several 
of the analogs of P G A  to determine their effective- 
ness in the replacement of PGA. Tests were run  on 
synthetic folinic acid (citrovoruin factor),  teropteriil 
(pteroyltriglutamic acid, PTGA) , and aminopterin 
(4-aminopteroylglutamic acid). The first two were 
found to be capable of replacing P G A ;  the latter in- 
hibited development (Table 3) .  

o n  the basis of molecular weight, amounts JveYe 
used of PTGA and of the citrovorum factor ComPar- 
able to  75 milligamrna/n~l of PGA. At  least i n  tlie 
amounts used, neither the citrovorum factor nor 
PTGA were quite as effective in  fulfilling the growth 
requirements of Droso~hila ,  using time to pupation 

TABLE 3 

ATTEMPTSTO REPLACE PTEROYLGLUTAMICACID 

% time % 
O r $ b " " l ~ ~ ~ ~ ~ ~  P:~aein days 

larvae 
to 

pupate 
to 

pupa-
tion adults 

PGA 68 92.6 11.7 96.8 
(75 milligamma/ml)

PG A 41 82.9 10.8 91.2 
(6000 milligamma/ml)

Citrovorum 53 96.2 12.6 100.0 
(10 u/rnl) 

PTGA 66 98.9 12.1 100.0 
(122 milligamma/ml)

Aminopterin 
( 3  milligamma/ml) 

19 0.0 - O.O 

December 26, 1952 

TABLE 4 

AMINOPTERIN RELEASED VARIOUSINHIBITION BY 

AMOUNTSOF PGA 
(Aminopterii~,3 ~llilligamma/ml) 

70cmil:pmma,O r ~ ~ ~ a lLarvae 
ml) t o

larvae pupate 

9,600.0 24 87.5 
8,200.0 25 96.0 
4,800.0 26 100.0 
2,880.0 28 85.7 

480.0 23 91.3 
144.0 26 92.3 

82.0 20 85.0 
14.4 24 0.0 

Av 
time % 

in days ";y 
to become 

pupa-
tl0ll 

10.8 100.0 
10.9 87.5 
10.7 92.3 
10.9 100.0' 
10.9 100.0 
11.3 95.8 
11.9 70.6 
- 0.0 

as the criterion, although the difference does not ap-  
pear to be significant. Higher concentrations of citro- 
vorull, PTGA were tested. 

Since the substitution of alllinopterin gave no 
grolvth, i t  was of interest to  see if i t  actually inhibited 
or could not be utilized by the organism. Therefore, 
various concentrations of aininopterin were put into 
the medium in the presence of a slightly suboptimal 
concentration of P G A  (30 milligamma/ml) . All con- 
centrations of aminopterin prevented development. 
Only the control with no aminopterin grew. The con- 
centrations of aminopterin tested were, in  milli-
gamma/ml: 3, 100, 300, 750, 1500, and 3000, with 
a n  average of 24.5 original larvae a t  each concentra- 
tion. I t  could therefore be concluded that the action 
of aminopterin is that of a n  alitagenist to  PGA. 

Studies were then made of the ability of P G A  to 
release the inhibition caused by aininopterin. F o r  this 
purpose, a small amount of aminopterin ( 3  milli- 
gamma/nil, shown to be inhibitory in  the previous 
experiment) and increasing amounts of P G A  were 
used. The results (Table 4) show that P G A  is able 
to release the inhibition, in part,  when it is present 
in a concentration as  low as 82.0 milligamma/ml 
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TABLE 5 Reversal of p-Aminobenzoic Acid Inhibition 
AMOUNTS I N  THE PRESENCEINCREASING O F  ANINOPTERIN of Growth of Rickettsiae by p-Hydroxy- 
OF 6000 MILLIGAMMA PGA/ML 

Aminop- Av %% timeterin Original Larvae in days P;y 
(milli- No. 

gamma/ larvae to to become 
pupate pupa- adultsml) tion 

and to release it  completely a t  480.0 milligamma/ml. 
This experiment showed that the inhibition caused 

by a small amount of aminopterin could be released 
by a slightly suboptimal amount of PGA. I t  was de- 
cided next to see how much aminopterin could be used 
without a n  inhibiting effect in the presence of a n  
optimal amount of PGA. The results of these tests are  
presented in Table 5. 

The results presented in Table 5 show that amounts 
of aminopterin as high as  100 milligamma/ml can be 
used without showing marked inhibition if the amount 
of PGA is also high. Even when 1000 miiligamma of 
aminopterin/ml medium was used, complete inhibition 
was not achieved in the presence of 6000 milligamrna 
PGA. 

An inhibition index can be calculated which is quite 
consistent if one takes the concentration of inhibitor 
necessary to produce only half maximuln growth 
(50% pupation), and obtains the ratio of it  to  the 
concentration of the metabolite used. I n  Table 4, i t  
can be seen that 50% pupation occurs somewhere be- 
tween a concentration of P G A  of 14.4 and 82.0 milli- 
gamma/ml when the concentration of aminopterin is 
3. Assuming that 50% pupation would occur with 
roughly 35 milligamnia/ml PGA, the ratio of inhibitor 
to metabolite would be 3/35, or 0.086. I f  the same 
treatment is given to the data in Table 5, the ratio 
is 500/6000, or 0.083. These two values are remark- 
ably close, indicating a constant relative inhibitive 
effect of aminopterin to the concentration of PGA. 

Using a chemically defined medium in the absence 
of microorganisms, the quantitative results are of a 
different order of magnitude. This is strikingly illus- 
trated by comparing the concentrations used by Gold- 
smith et  al. (1)in  a yeast medium with the concentra- 
tions found adequate in  the present work on a syn- 
thetic medium. To obtain complete inhibition by 
aminopterin, the former workers had to use 75,000 
to 200,000 milligamma/ml, whereas in the present 
work, 3 milligamma/ml was shown to be completely 
inhibitory. Nevertheless, the two sets of data agree 
qualitatively. 
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benzoic Acid in Agar-Slant 
Tissue Culture 

N, Takemori and M. Kitaoka 
National Iwstitute of Healtb of Japan, Tokyo 

The rickettsiostatic action of p-an~inobenzoic acid 
(P-4BA) was first observed in mice by Snyder, Maier, 
and Anderson (1) in  1942 and also in the chick em- 
bryo by Greiff, Pinkerton, and Moragues (2) in  1944. 
Independently, Takemori (3) found in 1944 (pub-
lished in 1949) the inhibitory action of PABA on the 
growth of typhus rickettsiae in  tissue culture. It was 
argued that ('if the mode of action of PABA on 
typhus rickettsiae be similar to that of the action of 
the sulfonamides on sulfonamide-sensitive organisms, 
it  is suggested that a n  lessential metabolite' will be 
Pound for  rickettsiae which reverses the inhibitory 
action of P A B S  on typhus rickettsiae and mag be 
chemically related to  PSBA" ( 3 ) .  

Following the announcement of p-hgdroxybenzoic 
acid (POB) as a bacterial vitamin required by a mu-
tant of Escherichia coli ( 4 ) , the mechanism of inhi- 
bition of E. coli by PABA was shown to depend on 
competition with P O B  ( 5 ) .The competition between 
POB and PABA observed with E. coli has led to sim- 
ilar reversal studies with P O B  of the rickettsiostatic 
action of P A B S  in chick embryos and mice ( 6 ) .  

I n  view of the rickettsiostatic action of PABA 
observed i n  tissue culture by Takemori ( 3 ) , it has 
seemed desirable to investigate whether this action 
of PABA is also reversed in izz vitro growth tests by 
POB. The present study shows that P O B  is able t o  
reverse the rickettsiostatic action of PABA in agar- 
slant tissue culture. 

The Wilmington strain of murine typhus (Ricket- 
tsia typhi),  Smith strain of Rocky Mountain spotted 
fever (B. r.ich;ettsii),l M.K. strain of rickettsialpox 
(R. akari),l  Nine Mile strain of Q fever (Coxiella 
b u ~ a e t i i ) , ~and 6BC strain of psittacosis virus1 which 
were employed in these experiinents have been main- 
tained on Zinsser's agar-slant culture (7) with dark 
embryonic tissue. All Chese agents grew quite satis- 
factorily on this medium, and passages were made 
a t  8-15-day intervals. 

The medium was prepared as described previously 
f o r  the cultivation of rickettsiae and the viruses of 
lymphogranuloma venereum and tick-borne encepha- 
litis (8). A 3.5% agar solution is made in twice-dis- 
tilled water, dissolved a t  1 5  psi fo r  1 5  min, cooled, 
and kept a t  about 55O C. To 75 ml of a double-
strength Tyrode solution are added 50 ml of horse 
serum and 4 nll of a 0.04% solution of phenol red. 
This Tyrode-serum mixture is filtered through a Seitz 
filter, warmed to 55' C, and mixed with 75 ml of 3.5% 

1 Obtained through the courtesy of Rocky Mountain Labo- 
ratory, R. J. Huebner, H. R. Cox, and K. F. Meyer, respec- 
tively. 


