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lated or unrelated compounds studied. The pyrimidine ring. 
data are taken as microbiological evidence 
that ureidosuccinic acid and possibly ureido- 

Data on the distribution of orotic acid in 
nature are presented. 

fumaric acid (derived from 5-(carboxy-meth- Received August 4, 1950. P.S.E.B.M., 1950, ~ 7 5 .  
ylidine) -hydantoin) are precursors of the 
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In  1949 Williams et a l . ( l )  reported the 
presence of a fact’or in yeast extract required 
by certain strains of Lactobacillus bulgaricus 
for growth in a synthetic medium. During 
investigations in our laboratories on the 
growth requirements of several strains of the 
same species, it was found that one strain 
identilfied as Lactobacillus bulgaricus 09 was 
incapable of growth when the medium was 
supplemented with yeast extract but required 
a factor present in liver, milk products or 
other natural materials(2). It was found 
in a survey of known compounds that orotic 
acid (4-carboxy uracil) was capable of re- 
placing the requirement of the organism for 
the natural material(2). Of ithe natural ma- 
terials tested, whey was found to be a very 
good source of the growth-promoting factor. 
This source was selected fmor isolation studies 
to investigate the possible identity of the 
microbiological activity of whey with orotic 
acid. Thle isolation of ‘the microbiological 
activity from this natural source and its 
characterization as orotic acid are presented 
in, this communication. 

Experimental. Assays for the factor were 
carried out microbiologically using Lacto- 
bacillus bulgaricus 09 as described in the 
accompanying paper ( 3 ) .  Orotic acid was 
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used as a standard in the assay and (the ac- 
tivities of the various fractions obtained are 
expressed in terms of this standard. 1.25 
kg of powdered whley* were stirred for one 
hour with 25 liters of water and lthe mixture 
filtered with the aid #of 1.2 kg of Hyflo filter 
aid. 21.3 liters of a yellow aqueous extract 
were obtained. This solution contained by 
micrrobiofogical assay 92 r/ml of the factor 
expressed (as orotic acid or a total of 1.94 g 
of activity. The aqueous extract was stirred 
for hour a t  p H  3 with 426 g of Norit A ;  
filtered using suction on a 1 2 ”  Buchner 
fun’nel and washed wilth approximately 3 liters 
of water. 0.18 g lout of 1.94 g ‘of activity 
remained in lthe charcoal filtrate. An elution 
of the substance was affected by allowing 
1 N sodium hydroxidse solution to pass slowly 
through Ithe charcoal bed employing suctiion. 
Twelve 300-ml fractions were collected. A 
total #of 1.7 g of aotivi#ty were {eluted lits indi- 
cated by microbiological assay of the frac- 
tions. Fractions No. 5 through 10 which 
contained 1.01 g $of activity were pooled, 
neutralized to pH 7 with conscentrated hydro- 
chloric acid and concentrated under vacuum 
to 300 ml. The dark yellow concentrate 
which contained at this point about 23% 
sodium chloride was allowed to stand over- 
night in the refrigeratlor. After filtering and 
washing with cold water and with alcohol 
there were obtained 1.2 g of grayish white 
crystalline material subsequently identified 

* “Edible Quality” spray dried delactosed whey 
was purchased from the National Dairy Labora- 
tories, Oakdale, Long Island, N. Y. 
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as a sodium s d t .  This niatt'rid contained 
about 90% orotic acid as indicated by micro- 
biological assay. ;\bout 9.6 nig of  actlvit!- 
remained behind in the filtrate. I n  the 
presence cif high concentrations of >odium 
chloride the sodium salt of orotic acid will 
crj-stallize readily as rather well defined 
needle.; even from solutions containing large 
amount5 of impurities. T h e  sodium salt 
also is obtained from strong acid solutions 
(pH 1 )  which contain high concentrations of 
salt. 

T h e  1 . 2  g of the crude crystalline sodium 
salt were boiled for hour with 125 ml of 
water and filtered while hot to remave 160 
mg of an extremely water-insoluble microbia- 
logically inactive crystalline conipaund. 
.About 200 mg of Darco G-60 were added to 
the slightly yellow filtrate and af ter  stirring 
for a few minutes the hot mixture was filtered 
and the colorless solution placed in the re- 
frigerator overnight. -After filtration. the 
crystalline mass was washed with water and 
alcohd and dried over P,O-). 670 mg of 
snow -w hi t e crystalline material were obtained . 
T h e  crystals were well defined long needles 
as shown in Fig. l a .  -4n additional 230 mg 
of the crystalline salt were obtained by con- 
centration and cooling of  the filtrate. Thus 
of the 1.01 g of orotic acid activity indicated 
b!- niicr:)biological assay to be present in the 
pooled charcoal eluates selected for purifica- 
tion, 900 nig actuallj- were ohtained in crJ-stal- 
line forill. This material does not contain 
water of crj-stallization but is, however, 
slightly hygroscopic. 300 mg of the crystal- 

line sodium salt were dissolved in 35 n;! clf 

boiling water and 0.4 ml of concentrsted HC1 
added. On cooling overnight in the reirigera- 
tor 220  mg of the free acid were obtained as 
white crystalline plates as shown in Fi2. lb. 
T h e  crystalline acid contains 1 nidecule of 
very tightl). bound water of crystallizatian. 

-4 comparison of the sodium salt and the 
free acid of the isolated material was nizde 
with synthetic orotic acid+ and its sodium 
salt and the results are summarized in Table I .  

-A micropotentiometric titration of 15 rnp 
of the isolated acid with 1.39 N sodium 
hydroxide confirmed a molecular weight of 
174 and indicated the presence or' 2 acidic 
group5 having PI< values of 2.46 and 9.40 
respectively as shown in Fig. 2. Similar data  
were obtained for synthetic orotic acid. 

Cltraviolet absorption curves on the sxliuin 
salts dissolved in water a t  a cancentration of 
20 r / m l  were made on the Beckman quartz 
spectrophot ometer and showed an absorption 
maximum a t  278 nip and a minimum o i  240 
m p .  The corresponding molecular extinction 
coefficients are shown in Table T .  

The isolated material and synthetic orotic 
acid were equivalent in their ability to pro- 
mote growth of Lactobacillus bulgaricus 09 
when assayed under the conditions described 
in the accompanying paper ( 3  ) . 

The data  presented in Tahle 
I indicate that the growth promoting factor 
for Llrctabacillus bulgnricus 09 present in  

Discussion. 

t Orotic acid n.as prepared from osalacetic ester 
and urea according to the method described by 
Mitchell and Xyc(4). 



whey is identical with orotic acid. This com- 
pound has the structure shown in the ac- 
companying diagram. 
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HS-L*O* 
(Owtic. avid 01' 4-c-:1lbOxy uraci l )  

I t  is believed that pracbically all of the 
growth-promoting activity of the water ex- 
tract of whey is due to the presence of orotic 
acid in view of the almost quantitative re- 
covery of the activity as the crystalline com- 
pound. I n  the survey of other compounds 
ureidosuccinic acid and 5- (carboxy-methyli- 
dine) -hydantoin were found to replace orotic 
acid in the nutrition of Lactobacillus bul- 
garicus 09. These two substances are dis- 
cussed in the accompanying paper ( 3 ) .  

Orotic acid was dliscovered and isolated 
from cow's milk in 1905 by Biscaro and 
Belloni(6). This substance was found by 
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Loring and Pierce to replace cytosine and 
uracil in satisfying the growth requirements 
of 2 pyrimidine-deficient mutants of h'euro- 
spora( 7 ) .  Mitcbell et al. have reporlted that 
orotic acid is produced in large amounts by 
certain mutant strains of Neurospora and 
suggeslt that possibly this substance arises 
from a side reaction in the biosynthesis of 
nucleic acid ( 5 ) .  Chattaway reported that 
orotic acid can replace the folic aciid require- 
ment of certain microorganisms, indicating a 
possible role of this compound in the biosyn- 
thesis of nucleic acid (8). Recent isot gpic 
studies with rats suggest that orotic acid 
rather than uracil is a precursor of nucleic 
acid pyrimidine (9- 1 2  ) . 

Summary. Various natural substances 
especially whey were found to contain a sub- 
stance required for growth of Lactobacillus 
hulgaricus 89. In  the survey of known com- 
pounds orotic acid was found to satisfy the 
requirement of this organism flor natural ma- 
terial. The microbiologically active material 
was isolated from one of the natural sources, 
whey, and identified with orotic acid. 
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F I G .  2 .  
Titration c u i ' w s  of 10  ing (0.0574 nim) of -- 

crystallinc orotic acid isolatcd from whey. 


