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sate (subject C) and crystalline egg-white 
lysozyme 11 to decreasing concentrations of 
saline. I t  will be noted that while no con- 
sistent change occurs with lysate or crystal- 
line lysozyme, there is a steady increase in 
lysis of substrate in the presence of leukocytes 
as the leukocytes are exposed to decreasing 
concentrations of saline. 

Table I1 compares the percent lysis of sub- 
strate in the presence of normal human leuko- 
cytes as compared to that observed in the 
presence of leukocytes from the same sus- 
pension after exposure to leukotoxin for one 
hour. The marked increase in lysis of sub- 
strate after exposure of the leukocytes to 
leukotoxin is evident. 

Summary. A method is described for the 
detection of cell injury by the measurement 
of intracellular substances released upon in- 
jury. The cells studied have been human 
leukocytes, and the intracellular substance 

selected for measurement has been an enzyme 
with the properties of lysozyme. Application 
of the method is illustrated by data concern- 
ing the adverse effect of hypotonicity and of 
an antiserum to human leukocytes on the 
cells. In  further studies beyond the scope 
of the present report, the method has been 
found to be useful in screening a variety of 
physical, chemical and biologic agents for 
adverse effect on the metabolism of human 
leukocytes, as well as for detecting reversal of 
such injurious effects by protective agents. 
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Orotic acid or a potential source of the com- 
pound is required for rapid growth of Lacto- 
bacillus bulgaricus 09 ( 1-4). Ureidomccinic 
acid has small but definite growth-promoting 
activity(2). Ureides of a number of other 
mono- and dicarboxylic acids which could not 
be visualized to yield orotic acid were syn- 
thesized and found to be essentially inactive 
( 5 ) .  In experiments with Lactobacillus bul- 
garicus orotic acid or ureidosuccinic acid 
labelled with C1' in the sureido carbon gives 
rise to C14-labelled uridylic and cytidylic acids 
of the bacterial cell(6). A considerable 
m o u n t  of non-radioactive dilution was ob- 
served in the nucleotides isolated despite the 
essential nature of a utilizable pyrimidine 
source Ifor growth. Somewhat analogous find- 
ings were reported simultaneously by Abrams 

(7 )  who observed that a purine-requiring 
mutant of Sacckaromyces cerevisiae synthe- 
sizes ,adenine and guanine from l-C14-labelled 
glycine as readily as does the wild type parent 
strain with no purine requirement. I t  has 
been reported(l,2) that uracil, uridine, uri- 
dylic acid, cytosine, cytidhe or cytidylic acid 
are inactive in satisfying the requirement of 
Lactobacillus bulgaricus 09 for a pyuimidine. 
These findings led to the hypothesis that nu- 
cleic acid synthesis in Lacto bacillus bulgaricus 
09, and possibly in other species as well, nor- 
mally does not involve the pyrimidine nucleo- 
sides and nucleotides as intermediates but in- 
stead involves the participation of an orotic 
acid nucleoside and an orotic acid nucleotide. 
According to this concept decarboxylation. of 
orotic acid would not occur prior to incorpora- 
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tion into a “modified” nucleic acid. More ex- 
tended studies reported here have now shown 
that while uracil is inactive in satisfying the 
pyrimidine requirement of Lactobacillus bul- 
garicus 09 under the usual conditions of assay 
(1-3 days of incubation), by extending the 
period of incubation (3-7 days) uracil pro- 
motes nearly maximal growth. Response 
curves to orotic acid determined with uracil as 
a constituent of the basal medium are “cate- 
nary” in type. Similar response curves have 
been reported previously showing the behavior 
of a tryptvphane-synthesizing strain of Lacto- 
bacillus arabinosus to tryptophane(8) or of a 
histidine-synthesizing mutant of Escherichia 
coli histidine-less to histidine (9- 12 ) . Ryan 
and Schneider (9-1 2 )  have shown that these 
“catenary” type curves are to be expected ii 
it is assumed that: ( a )  the bacterial popula- 
tion under study consists of a mixture of 
metabolite-requiring and metabolite-synthesiz- 
ing strains, (b) growth in the “blanks” is due 
to unrestrained growth of the synthesizing 
strain, and (c) conformity to the expected 
response curve at  intermediate and high levels 
of the metabolite is due to the existence of a 
certain “selection pressure” favoring the 
met a boli te-dependen t strains. 

In addition to demonstrating the type of 
curves obtained with Lactobacillus bulgaricus 
09 in response to orotic acid determined with 
and without uracil as a component of the basal 
medium, data are presented in this paper on 
the utilization of C14-labelled uracil for the 
synthesis of bacterial uridylic and cytidylic 
acids when Lactobacillus bulgaricus 09 is 
grown under the following conditions: ( a )  in 
the presence of C“-uracil as the only known 
source of pyrimidine (requires prolonged in- 
cubation) and, (b)  in the presence of equal 
amounts of unlabelled omtic acid and P- 
uracil (rapid growth of the organism). 

Experimental. Lactobacillus bulgaricus 09 
was maintained as described in previous pa- 
pers ( l ,2 ). Other procedures were according 
to customary technics with lactic acid bacteria 
( 13). The basal medium had the composition 
given in Table I. Where uracil was used as a 
component of the basal medium it was present 
to the extent of 10 mg per liter of double 
strength medium. Titration of acid produc- 

TABLE I. Basal Medium.” 

Acid-hydrolyzed, norit-treated, 10 g 

TrTptic-digested, norit-treated, 10 
\-it.-free casein 

\-it.-free oasein 
DL- tryytopliane 
L- q-s t iiic 
~~ll1~OSC 
~011iuiii acetate 3 H20 
-\drnine 
Gua iiiiie 
S a  nt liiiie 
Salts -1 
5 d t s  B 
Thin iiiiiie 
Ri hflavin 
Siwt inic  acid 
(.‘a pantotlienr~te 
P!-ridosiiie 
P-lB-1 
Biotin 
Folic acid 
Pyidoxal 
Yit. BI2 
T~vreii 80 
1)H t o  5.8 

400 mg 
200 

20 
10 mg 
10 
10 
10 ml 
10 
2 mg 
2 
2 
2 
4 
1 

500 
500 

40 g 

10 ”r‘ 

.4 
2 ml 

- Quantities given are for  the  pepnration of one 
litrr of double strciigtli inrdium. 

tion using bromthymol blue as an indicator 
was used as a measure of the extent of bac- 
terial growth. In the radioisotope experi- 
ments, Lactobacillus bulgaricus 09 was grown 
in 500 ml amounts of medium supplemented 
with 5 mg of C]*-uracil where this compound 
was used alone to promote growth and with 
5 mg of orotic acid and 5 mg of C14-uracil 
where the 2 compounds were used together. 
Thus these experiments were comparable in 
their design to those reported earlier in a 
preliminary note ( 6 )  where Lactobacillus bul- 
garicus 09 was grown with 5 mg of CI4- 
labelled orotic acid or with 15 mg of C14- 
labelled DL-ureidosuccinic acid. The 2-C14- 
labelled uracil was synthesized by the con- 
densation of C14-urea with malic acid accord- 
ing to a modification of the method of John- 
son and Flint (14). Following the growth of 
Lactobacillus bulgaricus 09 at 37°C for 3 
days with the combined supplement of orotic 
acid and C14-uracil and for 7 days with the 
C1-’-uracil alone the cells were centrifuged and 
washed once with water. The washed cells 
then were dried in a desiccator over Drierite. 
The dry cells (about 150 mg) were finely 
ground in the presence of 0.2 ml of 5% tn- 
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FIG. 1. Response of Lactobacillus bulgaricus 09 to  erotic acid in the presence and absence of 
uracil a8 a component of the basal medium. 

chloroacetic acid and the nucleoproteins then 
were hydrolyzed with 2 ml of 5% trichloro- 
acetic acid at  100°C for 30 minutes. The pre- 
cipitated proteins were centrifuged and the 
supernatant solutions containing the liberated 
nucleic acids hydrolyzed with equal volumes 
of 2 N HCl at 100°C for one hour. The 
hydrolysates containing free purines bases and 
pyrimidine nucleotides were chromatographed 
on paper using the tertiary butanol-0.8 N 
HC1 mixture of Smith and Rlarkham( 15). 
The pyrimidine nucleotides were located with 
the aid of a Mineralight lamp and were eluted 
with water. The water eluates ( 5  to 10 ml) 
of each nucleotide were chromatographed on 
Dowex-1 (C1-) columns (about 0.7 crn x 15 
cm) according to Cohn ( 16). Cytidylic acid 
was eluted with 0.002 N and uridylic acid 
with 0.01-0.02 ?u’ HCl. Those fractions with 
satisfactory absorption ratios a t  278/262 mp 
were quantitated in the Beckman spectro- 
photometer and evapurated to dryness. The 
molecular extinction coefficients of Ploeser and 
Loring( 17) were used in these calculations. 
The published molecular extinction coefficients 
were found to lbe in good agreement with those 
found in this laboratory for high quality com- 
mercial samples of uridylic and cytidylic acids. 
The dried purified pyrimidine nucleotides were 
taken up in small volumes of water and plated. 
Counts on the labelled compounds and the 
isolated pyrimidine nucleotides were obtained 
with a gas flaw counter. 

Results and discussion. Results of a g m t h  
experiment are summarized in Fig. 1. In  the 
absence of uracil from the basal medium 
growth with or without orotic acid is not in- 
fluenced by increasing the period of incubation 
from 3 to 7 days. In the presence of uracil 
as a component of the basal medium, the 
growth response to orotic acid is not influenced 
by prolonging the period of incubation from 
3 to 7 days. On the other hand, with uracil 
growth occurs in the blanks (no added omtic 
acid) to yield the catenary type curves pre- 
viously refenred to. The mechanism of the 
selection pressure in favor of those organisms 
dependent upon orotic acid for growth has not 
been elucidated. 

Results of the isotopically-labelled inmr- 
poration experiments are summarized in 
Table IT. It is apparent that if incubation (be 
prolonged ( 7  days) (Exp. 3) bacterial uridylic 
and cytidylic acids may be derived from uracil 
as well as oratic and ureidosuccinic acids 
(Exp. 1 and 2) .  These data, together with 
the results abtained from the growth studies, 
would appear to indicate the existence in 
Luctobacillus bulgaricus 09 cultures of spon- 
taneously occurring mutants that utilize uracil 
for purposes of pyrimidine nucleotide syn- 
thesis. In the presence of equal amounts of 
orotic acid and C14-labelled uracil about 5% 
of the uricylic and cytidylic acids synthesized 
appear to be derived from uracil. Of special 
interest is the fact that despite the variety of 
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TABLE 11. Utilization of P - U r a c i l  for the Synthesis of Uridylic and Cytidylic Acida by 
Lactobacillza bztlgaricus 09. 

r-- Activities \ 

Esp. Incuba - % of pyrimi- 
KO. P y h i d i n e  source tion, days Compound connted cpm/pM dine source 

Orotic acid 
Uridylic ” 
Cy t i d y lic ” 
Ureidosuccinic acid 

t 
i i  

1 C‘-orotic acid” 3 

2 C‘-ureidosuccinic. acid* 3 Uridylic I ,  

1 Cytidylic 9 s  

Vracil 
Uridylic acid 
Cytidylic ” 

Uracil 
Uridylic acid 
Cytidylic ” 

3 C”-uracil 

4 Unlabelled orotic acid 3 
0‘-uracil 

11650 
$500 
7950 

12060 
7600 
7000 

14936 
13019 
11338 
14936 

1013 
693 

* Data from these esperiineiits lim-e been presented in a preliminary note(6). 

pyrimidine sources employed to promote 
growth and the differences in time required 
to attain maximal growth ( 1-2 days with orotic 
acid (Exp. l ) ,  2-3 days with ureidosuccinic 
acid (Exp. 2 ) ,  and 7 days with uracil alone 
(Exp. 3 ) )  all of the pyrimidine nucleotides 
isolated were less active than were the labelled 
compounds used to promote growth. Some 
possible explanations for this phenomenon are 
the following: (a) orotic acid and/or uracil is 
required in nucleic acid synthesis only as a 
“primer” to initiate growth; ( b )  alternative 
pathways for pyrimidine nucleotide synthesis 
may exist that do not involve orotic acid, 
uracil, or ureidosuccinic acid as intermediates; 
(c) bacterial uridylic and cytidylic acids may 
be of two “types,” one type derivable from 
known precursors on which Lactobacillus bul- 
garicus 09 is dependent for growth and the 
other type(s) derivable from other un- 
recognized components of the basal medium ; 
and (d) omtic acid and/or uracil is required 
for m e  essential function quite unrelated to 
pyrimidine nucleotide synthesis and its incor- 
poration into nucleic acid components is only 
incidental. 

Summary. Growth and isotopically-la- 
belled incorporation studies have shown that 
Lactobacillus bulgaricus 09 utilizes uracil in 
lieu of orotic acid provided the incubation 
time is greatly prolonged. Some implications 
of this finding are discussed. 
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