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Dihydroorotic Acid in Nutrition of Lactic Acid Bacteria. (20763) 
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Lactobacillus bulgaricus 09 fails to grow 
on a semi-synthetic medium that supports 
excellent growth of related species( 1,2). Good 
growth is obtained, however, in the presence 
of added orotic acid. Ureidosuccinic acid in 
considerably larger amounts may be substi- 
tuted for orotic acid. Both are utilized for 
pyrimidine nucleotide and presumably, there- 
fore, nucleic acid synthesis (3).  If ureidosuc- 
cinic acid is an acylic precursor of the pyrimi- 
dine ring it can be visualized to yield orotic 
acid by one of two alternate pathways ( a )  
cyclization to dihydroorotic acid followed by 
dehydrogenation to orotic acid, or, (b )  dehy- 
drogenation to ureidofumaric acid followed by 
cyclization to orotic acid. 
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In  an attempt a t  elucidating the mechanism 
involved, "dihydroorotic acid'' was synthe- 
sized by the method of Bachstez and Caval- 
lini( 4) and tested for growth-promoting ac- 
tivity with Lactohacillzis bulgaricus 09 ( 5 ) .  
The compound proved to be inactive in pro- 
moting growth. This finding was taken as 
evidence for the participation of ureidofumaric 
acid rather than dihydroorotic acid in the 
biosynthesis of orotic acid from ureidosuc- 
cinic acid. The hypothesis could not be 
tested. however. because of the unavailability 
of ureidofumaric acid. Lieberman and Korn- 
berg recently have shown the existence in a 
cell-free preparation from an anaerobic bac- 
terium of an enzyme that, in the presence of 

reduced diphosphopyridine nucleotide, reduces 
orotic acid. The product of the reduction was 
isolated and characterized by elementary com- 
position and equivalent weight as dihydrooro- 
tic acid ( 6 )  . Enzymatically derived dihydro- 
orotic acid is different in a number of ways 
from the "dihydroorotic acid" of Bachstez and 
Cavallini and promotes growth of Lactobacil- 
Zus bulgaricus 09 ( 7 ) .  Dihydroorotic acid is 
asymetric about position 4 and consequently 
both D- and L- forms are possible theoretically. 
Both enantiomorphs of dihydroorotic acid as 
well as the racemate have now been synthe- 
sized in these laboratories by a new procedure 
and were made available for microbiological 
testing (8). 

I t  is the purpose of this paper to show that 
( a )  L-Dihydroorotic acid is utilized by some 
but not by all of a number of "pyrimidineless" 
lactobacilli (b )  D-dihydroorotic acid in large 
amounts is an antimetabolite of L-dihydro- 
orotic acid in pyrimidine utilization. and (c) 
differential microbiological procedures appear 
to be available for the qualitative and quanti- 
tative estimation of uracil, orotic acid: and di- 
hydroorotic acid in a mixture of the three or 
in natural material free of interfering com- 
pounds. 

Methods .  The D-, L-, DL-dihydroorotic 
acids employed in this study were prepared 
as described by Miller et  al.( 8). The strains 
of lactobacilli and the media on which they 
were grown are summarized as follows: For 
Lactobacillus arabinosus ATCC 8014 the basal 
medium was composed of: 1 g norit-treated, 
acid-hydrolyzed, vitamin-free casein, 20 mg 
L-cystine, 40 mg DL-tryptophane. 1 mg each 
of adenine. guanine, and xanthine, 2 g sodium 
acetate. 4 g glucose. 1 ml each of salts A\ and 
B. 200 pg each of thiamin chloride. riboflavin, 
nicotinic acid, calcium pantothenate. 400 pq 
pyridoxine, 100 p g  p-aminobenzoic acid, 1 
p g  biotin to a value of 100 ml of double- 
strength medium. The pH was 6.8. For 
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F I G .  1. Response of lactic acid bacteria to  dihydroorotie 
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acid a,nd relsted compounds. 

Lactobacillus leichmannii ATCC 479 7 the 
basal medium was further supplemented with 
100 mg DL-alanine, 20 mg guanylic acid, 
0.2 ml tween 80, 100 mg thiomalic acid, 50 
pg  pyridoxal, 50 p g  folic acid, and 0.002 
pg  vit. Biz. The pH was 6.8. For Lactoba- 
cillus bulgaricus 09 the medium was supple- 
mented with 1 g norit-treated, trypsin-diges- 
ted, vitamin-free casein, 0.2 ml tween 80, 50 
pg pyridoxal, 50 pg folic acid, and 0.4 
pg vit. B12. The pH was 5.8. For Lactoba- 
cillus brevis ATCC 8287 the basal medium 
was further supplemented with 1 g norit- 
treated, trypsin-digested, vitamin-free casein, 
0.2 ml tween 80, 50 pg pyridoxal, and 50 pg 
folk acid. The pH was 6.8. For Lactobacillus 
helveticus ATCC 335 the basal medium was 
supplemented with 1 g norit-treated, trypsin- 
digested, vitamin-free casein, 20 mg L-cys- 
teine, 100 mg DL-alanine, 20 mg L-asparagine, 
0.2 ml tween 80, 50 pg pyridoxal, 50 pg folic 
acid, and 0.04 ,ug vit. €312. The pH was 6.5. 
For Lacto bacillus bulgaricus Sarles and Lacto- 
bacillus bulgaricus ATCC 8001 the basal me- 
dium was further supplemented with 1 g norit- 
treated, trypsin-digested, vitamin-free casein, 
20 mg L-cysteine, 100 mg DL-alanine, 20 mg 
L-asparagine, 0.2 ml tween 80, 50 pg pyri- 

doxal, 50 pg folic acid, 0.04 pg vit. B12, and 
1650 units of pantetheine. The pH was 6.5. 
For Lactobacillus bifidus ATCC 4963 the 
basal medium was further supplemented with 
500 mg norit-treated, trypsin-digested, vita- 
min-free casein, 0.2 ml tween 80, 50 pg pyri- 
doxal, 50 pg folic acid and 2 pg vit. B12. The 
pH was 6.8. 

The lactobacilli studied vary with respect 
to the completeness of their pyrimidine re- 
quirement. For L. bulgaricus 09, L. brevis, 
L. bulgaricus 8001, L. bulgaricus Sarles, and 
L. bifidus a utilizable source of pyrimidine is 
essential for growth. For these species a pro- 
longed incubation period of 72 hours was pos- 
sible. Visual inspection of the tests showed 
that for these strains utilization of the various 
pyrimidine sources described in this paper is 
not influenced by the period of incubation up 
to 72 hours. For L. arabinosus, L. leichman- 
nii, and L. helveticus a utilizable source of 
pyrimidine is only stirnulatory for growth. 
With these species it was necessary to deter- 
mine the amount of growth after a relatively 
short incubation period, usually of 18 hours. 
The effect of D-dihydroorotic acid on the utili- 
zation of orotic acid or L-dihydroorotic acid 
by L. bulgarkus 09 was studied in tests that 
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TABLE I. Effect of D-Diliydroorotic Acid on Growth of Lactobacillus bulgaricus 09. . 

P yrimidine/tubc 
Turbidi ty* 

2 4 h r  4 8 h r  

0 orotic acid 
10 
40 
30 
40 
0 0 

100 
20 
20 1000 
2 0 1 S O 0  
‘0 2500 
30 + 500 
30 1000 
30 1500 
50 2S00 

10  
‘0 
30 
40 
ci 0 

100 
2 0 
20 1000 
2 0 1.300 
20 ”.JOO 
5 0 + 5OLI 
30 10 00 
50 1.-,00 
50 2.500 

+ .300 y D-clihydroorotic acid 

0 y L-dihvdroorotic acid 

+ 3110 7 I)-dihFdroo;.otic: acid 

0 
22 
39 
34 
GO 
70 
8 1  
36 
19 

9 
10 
54 
38 
10 

0 
24 
38 
49 
5 7 
51 
62 
‘24 

9 
8 
4 

39 
19 
13 

G 

- 
I 

0 
20 
34 
52 
69 

102 
150 

38 
42 
5 0 
41 
88 

102 
108 

51 

0 
16 
31 
-50 
6.5 
93 

143 
3’7 
40 
48 
32 
86 
96 

104 
31 

* Corrected f o r  color of niecliuni. 

were incubated for 24 hours and 48 hours. 
-1 Klett-Summerson photoelectric colorimeter 
was used to determine the extent of bacterial 
growth which is given in terms of arbitrary 
scale readings. Other non-specified proced- 
ures were as described previously( 1,2) or ac- 
cording to customary technics with lactic acid 
bacteria. 

Results. A summary of the data demon- 
strating the extent to which L-dihydroorotic 
acid can satisfy the pyrimidine requirement of 
certain lactobacilli is summarized in Fig. 1. 
For L. bifidus, L. bulgaricus Sarles and L. 
buEgaricus 8001 uracil, orotic acid, and L-di- 
hydroorotic acid are equally effective. Data ob- 
tained with L. bifidus are given as an example. 
For L. bvevis uracil and orotic acid are utilized 
and L-dihydroorotic acid is inactive. For L. 
bulgaricus 09 orotic acid or L-dihydroorotic 
acid satisfies the pyrimidine requirement but, 
as pointed out previously( 1,2,9), uracil is in- 
active. For L. arabinosus and L. helveticus 

uracil alone is stimulatory with orotic acid 
and L- dihydroorotic acid essentially inactive. 
Data obtained with L. arabinosus are given 
as an example. The results with L. leich- 
rizannii are more difficult to interpret. At low 
levels of compound, uracil is more active fol- 
lowed by orotic acid and dihydroorotic acid in 
that order. At high levels orotic acid is more 
active than uracil. 

D-dihydroorotic acid alone at  a level up to 
500 y per tube (10 ml) is completely inac- 
tive in satisfying the pyrimidine requirement 
of L. bulgaricus 09. DL-Dihydroorotic acid is 
50% as active as L-dihydroorotic acid or 
orotic acid. With an incubation period of 
18-24 hours D-dihydroorotic acid in large 
amount is an antimetabolite of L-dihydro- 
orotic acid and orotic acid (Table I) .  After 
48 hours of incubation a large excess of D- 
dihydroorotic acid in the presence of L- dihy- 
droorotic acid is utilized so that inhibition 
that was present during early growth dis- 
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appears and growth occurs to an extent greater 
than that attributable only to the L-dihydro- 
orotic acid present. 

The data of Fig. 1 form the basis for pos- 
sible micro biological methods of determining 
uracil, orotic acid, and dihydroorotic acid in 
a mixture of the three compounds. The uracil 
content would be given by the difference be- 
tween the results obtained by L. bifidus 
assay and that obtained by L. bulgaricus 09 
assay. The orotic acid content would be given 
by the difference between the result obtained 
by L. brevis assay and the value previously 
found for uracil. The dihydroorotic acid 
content would be given by the difference be- 
tween the result obtained by L. bifidus and 
that obtained by L. brevis. Obviously other 
interfering compounds such as, for example, 
cytosine, thymine, and ureidosuccinic acid 
must be absent. 

Summary. L-Dihydroorotic acid is utilized 
by a number of “pyrimidineless” lactobacilli 
to promote growth. D-Dihydroorotic acid in 
comparable amount is not utilized and under 
suitable conditions is an antimetabolite of L- 
dihydroorotic acid. Methods are outlined by 
which the microbiological determination of 

uracil, orotic acid or dihydroorotic acid in a 
mixture of the three is possible by differential 
assay. 
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Isolation of West Nile Virus from Hooded Crow and Rock Pigeon in the 
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West Nile virus has repeatedly been isolated 
from the blood of febrile children( 1-4) and 
from Culex mosquitoes(5) collected in an 
endemic area in the Nile Delta of Egypt. 

*The  study was condulcted under the auspices of 
the Ministry of Public Health of the Egyptian Gov- 
ernment, the U. S. Naval Medical Research 
Unit No. 3, and the Division of Medicine and Pub- 
lic Health of The Rockefeller Foundation. 

The opinions or assertions contained herein are 
the private ones of the authors, and are not to be 
construed as official or reflecting the views of the 
Navy Department or ,the Naval Service a t  large. 

Because of the high incidence of immunity 
found in the human population during these 
studies, investigation was extended to the com- 
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