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Naturally occurring folic acid in both
plant (1) and animal tissue (2) has been
shown to occur in the form of polyglutamates
containing two to seven L-glutamic acid res-
idues in gamma carboxy alpba amino link-
age. The terminal glutamic residue possesses
two free carboxyl groups. These polygluta-
mates are apparently storage forms of folic
acid.

In the mammal hydrolysis of these com-
pounds occurs within the small bowel either
intraluminally (3) or within the mucosal
brush border (4). The enzyme presumably
responsible for the hydrolysis and absorption
of dietary folate is gamma glutamyl car-
boxypeptidase (conjugase) (5). Since certain
patients with malabsorption may respond to
microgram quantities of free folic acid (6),
but not to larger quantities of the vitamin in
the diet, it appeared reasonable to consider
the possibility that intestinal conjugase activ-
ity in such patients was either absent or inhi-
bited. We examined tri- and dihydroxy bile
acids for their effect on conjugase because of
the finding of altered bile salts in some
malabsorptive states in which malabsorption
is due to bacterial proliferation (7).

Method. Tolic acid polyglutamate was
prepared by a modification of the method of
Schertel (8). Yeast extract was chromato-
graphed on a column of anionic acrylamide
resin (BIO-GEL DM-2) using a zero to 0.5
M phosphate buffer pH 6.8 as a gradient elu-
ant. Mercaptoethanol, 0.5%, was added to
prevent oxidation of folate compounds.

Tubes containing the folic acid heptagluta-
mate were pooled and concentrated by pres-
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sure ultrafilatration through a synthetic poly-
meric membrane (DIAFLO U M-2) which
allows passage of compounds with molecular
weights of 1000 or less. After the filtrate was
discarded, the remaining material was virtu-
ally free of folic acid and mercaptoethanol
but yielded (after exposure to chicken pan-
creas) 1 X 10—% g/ml of folic acid (L. casei). -
This material was used as substrate.

The enzyme was prepared as follows:
Adult guinea pigs were anesthetized with
chloroform and then killed by exsanguina-
tion. The small bowel was rapidly removed
and washed clean with 0.9 M NaCl solution
at 4°. The mucosa was removed by compres-
sion of the bowel between a porcelain spatula
and a glass plate. This material was sus-
pended by mixing with glass beads in 3 vol of
0.001 M bicarbonate buffer, pH 7.4; the
material was decanted, filtered through nylon
gauze, and subjected to a spin of 122g for
10 min. This was sufficient to bring down
particles of brush border and nuclear materi-
al and increased specific activity about 20
times. Sonication in 0.1 M PO, buffer, pH
6.1, produced a supernatant with about a
6-fold increase in specific activity. This su-
pernatant solution was used as a source of
conjugase.

Assays were run for 15 min at 37°. Tubes
contained 1.0 ml of 0.1 M phosphate buffer
at varying pH values or at pH 6.1 when
inhibition studies were done. Folic polygluta-
mate 0.1 ml and 50 pl of 2-mercaptoethanol
were added. The assays were stopped by ex-
posure of the tubes to 100° for 10 min. Ab-
sence of mercaptoethanol led to large losses
of folate at this step. The folic acid freed was
assayed by the method of Herbert (9).
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Cholic, deoxycholic, and chenodeoxycholic
acids were dissolved in absolute alcohol to
yield a concentration of 20 mg/ml and from 1
to 50 ul were added to the assay tubes.
Equivalent amounts of alcohol were added to
control tubes, and a second set of control
tubes containing a standard quantity of free
folic acid were also run to guard against any
effect of bile acid on the subsequent L. casei
assay.

Results. Studies of pH optima of guinea
pig conjugase showed a sharp peak at pH 6.1
in phosphate buffer. Using phosphate citrate
buffer the pH shifted slightly to pH 5.3
(Fig. 1).

When bile acid studies were run at pH
6.1 in phosphate buffer the following was
obtained: Cholic acid showed no suppression
of conjugase below 2.0 umoles/ml. At 2.0
pmoles,/ml, suppression was minimal (Fig. 2).
Deoxycholic acid showed marked inhibition
between 0.5 and 1.0 pmoles/ml. At 2.0
pmoles/ml enzyme inhibition was complete
(Fig. 2). Chenodeoxycholic acid showed early
but incomplete inhibition between 0.05 and
0.2 pmoles/ml. With increasing concentration
of this bile acid, inhibition of the enzyme in-
creased. At 2.0 pmoles/ml of chenodeoxy-

100 —

IS o o
o o o
i | [

Enzyme Activity in %

Ny
o
I

F1e. 1. pH Curve of guinea pig intestinal mucosa
conjugase in phosphate (®); and citrate phosphate
(O) buffer. Maximum value in phosphate is defined
as 100% activity.
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F1c. 2. Inhibition of guinea pig intestinal mucosa
conjugase by dihydroxy bile acids: cholic (O);
deoxycholic (@) ; and chenodeoxycholic ((®).

cholic acid there was no detectible activity of
conjugase.

Discussion. The results of this study show
that the dihydroxy bile acids inhibit guinea
pig intestinal conjugase while the trihydroxy
bile acid, cholic acid, does not. Although inhi-
bition of conjugase in humans has been re-
ported to occur with diphenylhydantoin (10,
11) and oral contraceptives (12), this is the
first report of inhibition of this enzyme by
naturally occurring compounds.

There are several malabsorptive states in
which bacterial proliferation occurs—blind
loop syndrome (7), partial gastrectomy (7),
small intestinal diverticuli (7), scleroderma
(13), and tropical sprue (14). Malabsorption
of fats in these disorders is felt to result
from Dbacterial deconjugation and dehy-
droxylation of bile salts (15). If, indeed, the
inhibition of conjugase by dihydroxy bile ac-
ids, as demonstrated iz vitro, occurs in vivo
as well, then this inhibition might provide an
explanation for folic acid deficiency seen in
some malabsorption states dominated by
small intestinal bacterial proliferation.

Summary. Evidence is presented to show
inhibition of guinea pig intestinal mucosa
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gamma glutamyl carboxypeptidase (con-
jugase) by dihydroxy bile acids. Cholic acid,
a trihydroxy acid, shows minimal inhibition
at physiologic levels, while chenodeoxycholic
and deoxycholic acids show striking inhibi-
tion.
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