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METABOLIC INTER-RELATIONSHIPS BETWEEN FOLIC ACID AND VITAMIN B,,

A. SREENIVASAN
(Department of Chemical Technology, University of Bombay)

EVERAL recent reports indicate that folic TABLE 1
acid and vitamin B,, have more or less [,auence of Vitamin B,, on the Utilization of
defined biochemical functions other than their Dietary Folic Acid

established involvement in hamopoiesis. How- e o o
ever, there has been no direct experimental Without iodinated With 0-03% iodi
proof hitherio of specific enzyme systems asso-  py.tary caseln lnated Ca"s"‘ezﬁ d
clated with either vitamin and regulating cellu- folic acid

lar metabolism. The fact that folic acid and  (gamma tosal diet Basal di
per cent.} PBasal & 1€ Basal asal diet

vitamin B,,, despite their dissimilarity from a Yo +3:0% 3 +3.0%
chemical standpoint, should function so inter- S fish solubles '€t fish solubles
relatedly in diverse processes would only make ‘ " -
such studies more intriguing. Plood folic acid (gawma per 100 c.c.)
Among systems known to be influenced by 0 0-30 0-38 0-30 0-45
. . 1V 036 ()46 0-35 049
the two h@aematinics may be mentioned those 50 0-46 055 0-36 0.9
involved in (i) the oxidations of purines, 200 L84 1:10 0.60 0-95
choline, glycine and D-amino acids, (it) the Liver folic acid (gamma per g.)
metabolism of tyrosine, serine and glycine, 0 131 1:77 1-34 2-15
(iii) nucleic acid biogenesis, and (iv) trans- 10 1-70 1-93 1-48 1-06
. . ‘ . 60 1-93 2423 1-75 1:83
methylations. Relevant literature has been cited 200 3.49 3.63 9.80 9.78

in recent publications from this laboratory.l=> S o
An explanation of the observed metabolic inter- Day-old chicks, ten to a group, were employ-

been sought for on the basis of the following ration as given in? with the substitution of

well-known synthetic step in nucleic acid meta- Pure corn dextrin for sucrose. Data above re-
bolism - late to samples at end of four weeks.

Precursors -» Thymine — Thymidine the physiologically more active form of folic
(1) (2) acid;? folinic acid is the form present both in

in which steps (1) and (2) are catalysed res- the cells and 1n culture filtrate. On the other
pectively by folic acid and vitamin B,,. Indeed, hand, organisms requiring exogenous folic acid
clinically and biochemically, such a step could {for growth do mot synthesize appreciable folinic
be taken as having been established unequivo- acid activity in culture filirates whereas the
cally.6 Nevertheless, this inter-relationship folic acid taken in the cells is present as folinic
would seem obviously insufficient to account for acid (unpublished data). Likewise, stored folic
the other apparently unrelated enzyme systems acid in rat liver which is nearly equally distri-
enumerated above. buted between the particulate and supernatant

Unpublished data (referred to inl!) have indi- fractions exists almost entirely as folinic
cated that plasma levels of folic acid as well as acid? A similar intracellular distribution
stored folic acid in livers of experimental chicks Ppattern for vitamm B,;, would show that it is
are influenced by dietary vitamin B,, fed as concenirated in the milochondria. These find-
condensed fish solubles especially at low levels 1ngs suggest that folinic acid is dynamic and
of folic acid ingestion. Typical results are sum- functions in varied enzyme systems while the
marised in Table L role of vitamin B,;, may be more specific and

This potentiating effect of vitamin B,, on the confined only to certain enzymes of the mito-
mobilisation of folic acid has since been confirm- chondria, It is tempting to speculate whether
ed with crystalline vitamin B,,.% the effect of vitamin B,. on the mobilisation of

It ig pertinent to refer here to certain signifi- folic acid is in part at least attributuble to u
cant obsarvations on the metabolic economy of function for it in the conversion of folie acid
folic acid. Micro-organisms which synthesize to folinic acid. A recent report observes mereas-
their own requirement of folic acid from precur- ed urinary folinic acid excretion in immaturc
sors elaborate this vitamin largely as folinic acid rats following administration of vitamia B, or
¢or the citrovorum factort which is undoubtedly whole liver powder.!®
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We may examine further the inter-relation
between folic acid and vitamin B,, with special
reference to transmethylations. Of zall bioche-
mical functions attributed to the twa vitamins,
that relating to choline and methionine meta-
bolism has perhaps been the most significant.
An mmter-dependence between these two methy-
lating compounds on the one hand and foli¢c acid
and vitamin B,. on the other has been abserved
in the nutrition of several species, mice, rats,
dogs, chicks, etc.t! also.'*.! More specifically
it has been demonstrated that methionine,:2
creatine® and nicotinamide (unpublished obser-
vations) metabolism are influenced by one or
both of the vitamins. Choline oxidase activity
1s also related to vitamin B,,1%1+ and to folic
acid.t»

For a proper attempt at interpreting these
observations, one should take into account estab-
lished facts concerning the biosynthesis of meihyl
groups which could occur in the tissues of the
ratlt from the alpha carbon of glycine and the
beta carbon of serine as well as from formate
and methanoli’-1¥; the etlhanolamine ma.2ty of
choline could be derived from serins py decar-
boxylation.1?.2¢ The reverse step, namely, the
degradation of labile methyl to formate could
also take place.’-20 There are indications that
the neogenesis of methyl groups is mediated by
folic acid and vitamin B, =123 but thew exact
significance in methyl economy has as yet re-
mained obscure.

Since folic acid is concerned directly with
formate production from glycine=t and with 1iis
utilization for serine synthesis?.>t gnd possibly
in other single carbon addition reactions such
as nucleic acid formation,” its sparing action on
labile methyl requirement would seem explic-
able on the basis that the latter functions 1n
transmethylations® as well as in the transfer of
glycine to serine and in other one carbon frag-
ment fixation processes mediated by formate.
In folic acid deficiency methyl drain to ior-
mate could occur excessively. Some proof of
this possibility has been forthcoming from our
observations on the impairment of normal
creatine and nicotinamide metabolism in {folic
acid deficiency and on its partial restoration by
administered methanol or formate (Table II).

The possibility is not excluded that folic acid
in the above experiments might also act by
accelerating methyl biogenesis from administered
precursors. However, this latter argument is
not in harmony with our later findings that in
folic acid deficient mice there occurs no more
synthesis of choline or methionine from exoge-
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TaBLe Il
Effcct of Formate or Methanol on Creatine and
Nicotinamide Metabolism in Folic Acid defi-
ctent and Replete Mice

. Urinar
‘L.I ' LA N 1-rt:lnta*tl::’;rl -
Group creatine” icotinamide *2°
(mg./100 o boly wt./24 hrs.)
Daxal diet 1-57 T1-0
Basal diet—+ formate 1-G8 88 .0
Basal diet+ methanol ‘e 1-73 102-2
Dasal diet+ folic acid e 1-80 1190
Dasal diet +folic acid 1-86 117-86
+formate
Basal dietd folic acid ]-85 122.9
+ methanol

-_— b —— e ——— e —— . —— e - . e — -

—-—_———— e — f—

Adult mice, inbred Swiss strain, were used,
not less than four to a group in each case.
Basal diet was the folic acid-free purified ration3
with 15 gamma per cent. of vitamin B,..
Folic acid was administered orally at 10 gam-
ma/mouse/day while methanol or formate was
given Intraperitonially at 1 mg./mouse/day.

*In addition to that present in the basal diet,
the animals here received 1 mg./day each nico-
tinamide during the urine collection period of
gﬂdhﬂurs following an equilibration period of

ays.

Urine samples were collected on the 8th and
3th days following the grouping after the onset
of folic acid deficiency on the basal diet as shown
by a hsemogram; this preparatory period was
9 weeks.

" The fuller data and related observations will
be published by P. Fatterpaker, U. Marfatia and
A, Sreenivasan,

nously administered precursors, methanol and
serine, as a result of folic acid supplementation
than from metabolically derived precursors
(Table III).
TABLE III
Probable non-involvement of Folic Acid in
Methyl synthesis from Precursors

Folic acid deficient Folic acid replete

—_ i —— e E. s LEmEL WL
- ——— e .

: Methio- ., .. Methio-
Choline nine Choline nine
_ (mg. per g. of liver)
No precursors 508 a 44 605 571
Methanol 4-xerine  5-40 560 6-42 6-00

Basal ration and administration of folic acid
as in the previous series. Precursors (1 meg.
methanol and 2 mg. of dl-serine) were given
in solution intraperitonially on thie 8th day after
grouping following overnight fasting; animals
were Kkilled 6 hours later following access to
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feed for the last 5 hours. Choline was deter-
mined with a Neurospore (cholineless) crassa
mutant®® and methionine colorimetrically.2?
Details will be published by P. Fatterpaker,
U. Marfatia and A. Sreenivasan.

It would seem therefore that folic acid is not
directly concerned in methyl synthesis but that
it contributes to methyl conservation and hence
to increased transmethylations through inhibi-
tion of degradation to formate. On the other
hand, it may be that vitamin B,, promotes such

synthesis from precursors21-"3 besides being
implicated in choline to betainel? and t{o methio-

nine3.28 transformations, although methionine
may be formed from precursors independently
of choline.2? The synergism between folic acid
and vitamin B,, in transmethylations would thus
arise from a check by the former and an accele-
ration by the latter on the catabolic and ana-
bolic aspects respectively of methyl metabolism.
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PROFESSOR

ROFESSOR K. N. BAHL has retired from the

Chair of Zoology at the Lucknow University
which he served with great distinction for near-
ly 30 years. It is very well known that under
his inspiring guidance, Lucknow became the
leading centre of zoological research in the
country.

Professor Bahl’s contributions to zoology fall
into two categories. First may be mentioned his
researches, especially on the morphology and
physiclogy of the earthworms and other inverte-
brates, The elucidation of the structure, deve-
lopment and physiological function of the ex-
cretory system of earthworms may be regarded
as his most important contribution. His tastes
are, however, catholic and he has elucidated
with great skill the details of pairing and egg-
laying in the snail Pila, and the structure of
the skull of the reptile Varanus.

And secondly, Prof. Bahl was the founder and
editor of the now famous series, Indian Zoolo-
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K. N. BAHL

gical Memoirs on Indian animal types, of which
8 volumes have so far been published. The pub-
lication of these memoirs is a land-mark in
the history of Indian zoology, as they provide
the basis for graduate and post-graduate teach-
ing of morphological zoology of the invertebrates
in India.

Professor Bahl was President, Zoology Sec-
tion of the Indian Science Congress (1924),
Foundation Fellow and President, National Aca-
demy of Sciences, Allahabad (1933-35), and a
Fellow of various other societies. He has also
been closely associated with the Zoological
Society of India since its inception in 1939, and
is the Society’s President, having been elected
to that distinguished office in 1950. Since his
retirement Professor Bahl has accepted the Vice-
Chancellorship of the Patna University.

Our heartiest good wishes to him for a long
and happy life dedicated to the advancement
of science. M. L. RooNwAL,



