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Formimino-L-glutamic acid (FIGLU) , 
which is an intermediate of histidine degrada- 
tion, is excreted in large amounts in the 
urine of folic acid deficient rats and humans 
(1-3). Urinary excretion of FIGLU can be 
raised by increasing the level of dietary 
histidine in rats (4).  Luhby and Cooperman 
( 5 )  have used the “histidine load” test for 
diagnosis of folic acid deficiency in humans. 
However, very little is known about histidine 
degradation in folic acid deficiency in lower 
animals. The present study was conducted 
with the axenically g r m n  free-living nema- 
tode, Caenorhabditis briggsae, which requires 
folic acid for reproduction ( 6 ) .  

Materials and Methods. The chemically de- 
fined medium, C. briggsae maintenance 
medium (CbMM) ( 7 ) ,  was obtained from 
Grand Island Biological ‘Co., Grand Island, 
NY. Mass cultures were set up in 50 ml long 
neck flasks according to the method described 
by Tomlinson and Rothstein (8). 

“Preculture.” Preculture was carried out to 
grow folic acid deficient worms which were 
used as inoculum for the “histidine load” 
cultures. The 5 ml preculture contained 
CbM‘M, 50 pg/ml cytochrome c (Sign; 
Chemical Co., St. Louis, MO), 50 pg/ml p- 
sitosterol (Sigma Chemical Co.), and was 
supplemented with 10 mg/ml casamino acids 
(acid hydrolyzed casein) (Difco Laboratories, 
Detroit, M I ) .  A concentration of 10 ng/ml 
folic acid (Sigma Chemical Co.) was used in 
the medium to ensure a reasonable growth 
of the worms. The preculture was stopped a t  
Day 20. The worms from 10 ml were com- 
bined and were used as inoculum in the 

1Supported in part by US. Puiblic Health Service 
Grant No. AM-112625. 

histidine load cultures. 
“Histidine load” cultures. I n  addition to 

a basal concentration of 283 pg/ml L-histidine 
( lx )  present in the original CbMM, another 
566 pg/ml L-histidine (Calbiochem, Los 
Angeles, CA) was added in the “histidine 
load” media, resulting in a total concentration 
of 849 pg/ni1 L-histidine (3x). Four different 
combinations of the test media, two levels of 
histidine ( l x  and 3x), each with and without 
folic acid, were prepared in duplicate. The 
5 ml basal medium contained CbMM, 50 
pg/ml cytochrome c, 5 0  pg/ml p-sitosterol, 
0 or 7.5 pg/ml folic acid, and was supple- 
mented with 10 mg/ml casamino acids. 

Tissue preparation and extraction. The 
worms were separated from the medium by 
light centrifugation for 5 min. The medium 
was immediately stored a t  -20”. The worms 
were washed twice with water and extracted 
by homogenizing in 1 M potassium phosphate 
buffer (pH 7 . 2 ) ;  the supernatant was stored 
at  -20”. FIGLU was then determined in 
both worm tissue extract and test medium by 
the enzymatic method described by Tabor, 
Colowick and Kaplan (9) .  

Results and Discussion. The final worm 
population and FIGLU in the basal control 
medium [+FA +His ( lx ) ] ,  the “histidine 
load” control medium [+FA +His (3x)], 
and the two folic acid deficient media [-FA 
+His ( lx ) ,  -FA +His (3x)] were deter- 
mined and the results are shown in Table I. 
The development of folic acid deficiency in 
worms on the two folic acid deficient media 
was clear. The final populations in these 
media were, respectively, 1/20 and 1/30 of 
that in the corresponding control medium. 
The population in the high histidine medium 
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TABLE I. FIGLU Analysis in Fo lk  Acid Deficient C. briggsnc in tlie Prcseiice of Increased Dietary 
Histidine. 

~ ~ ~~~~~~ ~ 

FIGLU 
(nmole/mg dry  wt  of worms) Population on Day 41 

(no. of worms/ml 
Medium medium) Medium Worms 

F A  His" Flask 
(7300 11g/nil) (283 ~g/nil)  no. : 1 2 1 2 1 2 

+ 1X 39,000 45,000 5 9 13 14 

+ 3 s  31,000 39,000 19 14 33 30 
- 3s 1100 1400 215 Neg 1329 1223 

- IS 2400 1900 Neg Xeg 349 474 

His (Is) : L-histidine 283 gg/ml mediuni; His (3s) : L-liistidiiie 849 pg/inl medium. 
40 ng/worni (dry wt-) was used. 

containing folic acid was only slightly lower 
than that in the normal control medium (low 
histidine plus folic acid). However, the aver- 
age population in the folic acid deficient 
medium was further reduced about 40% when 
higher histidine concentration (3x) was used, 
indicating that increased amounts of histidine 
may increase the folic acid requirement of 
the nematode. 

The FIGLU concentration in both medium 
and worms was determined and was expressed 
as moles per dry weight of a mixed popula- 
tion of worms. The dry weight of an average 
size worm (40 ng/worm) was determined by 
oven drying a mixed size population of worms 
a t  108" overnight. Table I shows that folic 
acid deficient worms in the presence of a basal 
amount of histidine contained about 30 times 
as much FIGLU as those grown in the 
medium with adequate folic acid. The addition 
of histidine increased the FIGLU concentra- 
tion in the worms two or three times in either 
case. However, the FIGLU concentration 
from media in which the folic acid deficient 
worms grew was, for the most part, undetect- 
able, suggesting that the excretion of FIGLU 
by the worms is variable if it  does occur a t  
all. Therefore the major portion of the accum- 
ulated FIGLU remains within the worm tis- 
sue in spite of its considerable production fol- 
lowing either folic acid deficiency or increased 
dietary histidine. It is thus apparent that 
folic acid is required for histidine degrada- 
tion in this organism as evidenced by changes 
in FIGLU concentration, 

I t  is interesting that Stifel, Rosensweig and 
Herman (10) reported that FIGLU inhibited 
the activities of some folate dependent 
enzymes (serine hydroxymethyltransferase, 
methylenete trahydrofola te dehydrogenase, and 
formyltetrahydrofolate synthetase) as well as 
some glycolytic enzymes (hexokinase, pyru- 
vate kinase, and F D P  aldolase) in vitro. The 
accumulation of FIGLU in C. briggsae could 
be inhibitory to certain important enzymatic 
reactions and could thereby interfere with 
reproduction in the nematode. 

Since folic acid is required by the nematode 
in histidine breakdown, the same as that 
found in humans and rats, the axenically 
grown free-living nematode could serve as a 
model organism for further studies in folk 
acid metabolism. 

acid 
(FIGLU) accumulates in the tissues of the 
axenically grown free-living nematode Caenor- 
habditis briggsae under conditions of foli'c 
acid deficiency and to an even greater extent 
when an increased amount of histidine is 
added to the medium. The results suggest 
that folic acid is required for the breakdown 
of histidine in this organism. 
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