
Research Articles Experientia 48 (1992), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 

Evidence for the induction and release of pancreatic folylpolyglutamate hydrolase by the ingestion of 
folyl polyglutamates in the rat 
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Abstract. Pteroyl polyglutamate hydrolase (folyl conjugase), which hydrolyses the dietary polyglutamyl folates into 
simple forms prior to absorption, has been shown to be induced in rat pancreas in response to dietary polyglutamyl 
folates but not by ingestion of synthetic unconjugated folates. Folate absorption, as measured by the rise in serum 
folate levels after ingestion, of dietary conjugated folates is impaired in pancreatectomised animals whereas absorp- 
tion of synthetic simple folate is not. A severe build-up of folyl conjugase is observed in the lumen of control but not 
in pancreatectomised animals after dietary folate ingestion. These results taken together would suggest that dietary 
folates are hydrolysed to monoglutamyl forms suitable for absorption in the lumen; the hydrolysis is catalysed by 
a luminal folyl conjugase of pancreatic origin induced by dietary conjugated folates. 
Key words. Folyl conjugase; polyglutamyl folate; intestinal absorption; pancreatic induction; acid microenviron- 
ment. 

Naturally occurring dietary folates are mainly conjugat- 
ed forms containing a mixture of polyglutamyl folates 
with 3 - 7  r-linked glutamate residues 1. These polyglu- 
tamyl folates have to be hydrolysed to simple monoglu- 
tamyl forms prior to intestinal absorption 2. The enzyme 
folyl polyglutamate hydrolase (EC 3.4.12.10), commonly 
referred to as folyl conjugase, breaks down the dietary 
polyglutamyl folates to simple monoglutamyl forms suit- 
able for absorption. Though folyl conjugase has been 
isolated and characterised from various sources such as 
liver 3, plasma 4, intestine 5, 6 and other tissues 7.8 in dif- 
ferent species, the origin of the intestinal folyl conjugase 
that hydrolyses dietary folates prior to absorption, and 
the site of hydrolysis, have been controversial. Various 
reports supported the concept that the digestion of di- 
etary folates is an intestinal function and that the hy- 
drolytic process occurred in the enterocyte 9-11. We have 
reported earlier the possible involvement of a folyl conju- 
gase of pancreatic origin in the hydrolysis of dietary 
folates prior to absorption in the rat x2. This report pro- 
vides evidence for the role of dietary folyl polyglutamates 
in the pancreatic induction of the folyl conjugase which 
is responsible for their hydrolysis before absorption. 

Materials and methods 
Male Wistar albino rats weighing 150-170 g were used 
throughout the study. The pancreas was removed at var- 
ious time intervals after ingestion of yeast-conjugated 
folates (40 gg/kg b.wt), a 10% (w/v) homogate was pre- 
pared in 0.25 M sucrose and folyl conjugase activity was 
determined (ng folate released/mg protein/15 min). The 
reaction system, optimized as described earlier 11, con- 
tained 100 ng of Lactobacillus casei active conjugated 
folates (extracted from Torula yeast) as substrate in 
0.1 M acetate buffer, pH 4.2, and 0.2-0.3 mg enzyme 
protein in a total volume of 1.0 ml. The reaction was 
initiated by adding the enzyme and was carried out at 
37~ for 15 min. Then, 0.2 ml of 10% ascorbate pH 6.0 

was added and the reaction was terminated by heating 
the incubation mixture for 5 min in a boiling water bath. 
The final volume was made to 2.0 ml. The amount of 
unconjugated folates released was taken as a measure of 
the enzyme activity. 
In other experiments, the pancreas was removed through 
a small opening made in the abdominal region on the 
ventral side of the animal under mild anaesthesia and the 
incision was sutured under aseptic conditions. The bile 
duct was left undisturbed. The intestines from control 
and 24 h post-pancreatectomised rats were removed at 
different time intervals after ingestion of yeast conjugat- 
ed folates, and divided into 4 equal segments beginning 
from the duodenojejunal end. The luminal contents of 
each segment were washed out with 10 ml of ice cold 
0.25 M sucrose and their conjugase activities deter- 
mined 12. 
Absorption of folates was determined as described earli- 
er 13 from the rise in serum folate levels at various time 
intervals after ingestion of either simple folic acid (Sig- 
ma) or dietary (yeast) conjugated folates. Absorption of 
folates was similarly determined in rats 24 h after pancre- 
atectomy. 
Folate activity was determined by microbiological assay 
using L. casei ATCC 7469 as the test organism 14. 

Results 
Folyl conjugase levels in pancreas were observed to be 
induced about 2-fold following conjugated folate inges- 
tion (fig. 1). The enzyme activity was raised from 50 ng 
simple folate released/mg protein in control (0 min) rats 
to 110 ng/mg protein, 30 rain after conjugated folate in- 
gestion. These levels returned to the base level values 120 
min after folate ingestion. However, there was no con- 
spicuous rise observed in pancreatic folyl conjugase levels 
after ingestion of unconjugated synthetic folic acid, indi- 
cating no induction of the enzyme (fig. 1). 
Concomitant with the induction of pancreatic folyl con- 
jugase, a rise in serum folate levels was also observed 30 
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Figure 1. Rise in pancreatic folyl conjugase activity following ingestion 
of dietary polyglutamyl (V-l) and synthetic unconjugated (k~x~l) folates 
in normal rats. The values represent the mean ___ SEM (n = 5). 
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Figure 2. Rise in serum folate levels after ingestion of dietary conjugated 
(A) and synthetic unconjugated (B) folates in control (o o) and 
pancreatectomised (o . . . . . .  o) rats. ,The values represent the 
mean ___ SEM (n = 6). 

min after folate ingestion, indicating a normal absorp- 
tion pattern of dietary folyl polyglutamates. The absorp- 
tion of dietary conjugated folates and synthetic simple 
folates as determined by the rise in serum folate levels 
after ingestion in normal and pancreatectomised animals 
is shown in figure 2. The serum folate levels are elevated 
to 40 ng/ml above the baseline (0 rain) in control animals 
30 min following ingestion of conjugated folates 
(fig. 2 A). The rise in serum folate levels after ingestion is 
impaired by 75-80 % in pancreatectomised rats, indicat- 
ing a defect in the absorption of dietary conjugated fo- 
lates. The absorption of simple folates is, however, not 
impaired in pancreatectomised animals (fig. 2B), indi- 
cating normal physiological folate absorption in the pan- 
createctomised rats. 
A determination of intestinal luminal folyl conjugase 
showed (fig. 3) that the enzyme activity was progressively 
elevated beginning from the proximal region, showing 
higher activity at the jejunal and mid-gut regions 30-60 
min after dietary folate ingestion. Total enzyme levels in 
the entire small intestine showed (fig. 3) very little en- 
zyme activity in the fasting animals at 0 rain. The enzyme 
levels are elevated almost 8-9-fold; an initial level of 
200 ng of folates released (which is a measure of conju- 
gase activity) increased to 1660 ng 60 min after conjugat- 
ed folate ingestion. No such increase in the luminal folyl 
conjugase activity was observed in pancreatectomised 
animals. The total luminal folyl conjugase activity re- 
leased after conjugated folate ingestion in pancreatec- 
tomised rats is only 20 % that of the control animals, the 
values being 760 ng and 3580 ng released folate activity, 
respectively. Similarly, very low enzyme activity was ob- 
served in control animals after simple unconjugated fo- 
late ingestion (fig. 3). 

Discussion 
T h e  ro l e  o f  p a n c r e a t i c  fo ly l  c o n j u g a s e  i n  t h e  b r e a k d o w n  

o f  d i e t a r y  p o l y g l u t a m y l  f o l a t e s  p r i o r  t o  a b s o r p t i o n  is n o t  

we l l  e s t a b l i s h e d .  W e  h a v e  r e p o r t e d  e a r l i e r  t h e  p o s s i b l e  
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Figure 3. Luminal folyl conjugase activity in 4 sequential equally divided 
small intestinal segments (I, II, III& IV) after ingestion of dietary conju- 
gated folates in control (e - e )  and pancreatectomised (x x) 
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rats and also after synthetic unconjngated folate ingestion ( o - - o )  in 
control rats at 0 (A), and after 30 (B), 60 (C) and 120 (D) rain. The values 
represent the mean +_ SEM (n = 5). 
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involvement of pancreatic folyl conjugase in the hydroly- 
sis of dietary folates at the intestinal site of absorption 12 
in the rat. A high build-up of folyl conjugase activity at 
the intestinal lumen of normal rats and not in pancreatec- 
tomised rats (fig. 3) clearly indicates the pancreatic origin 
of luminal folyl conjugase. This is supported by the ob- 
servation of the pancreatic induction of folyl conjugase 
activity following ingestion of dietary polyglutamyl fo- 
late (fig. 1). Intestinal mucosal folyl conjugase was not, 
however, induced or elevated following dietary folate 
ingestion (untabulated results). The possibility that the 
low luminal folyl conjugase levels in the pancreatec- 
tomised animals are the result of a diabetic state was 
ruled out since luminal folyl conjugase activity is ob- 
served after dietary polyglutamyl folate ingestion in 
streptozotocin diabetic rats. The total folyl conjugase 
levels in the streptozotocin diabetic animals were 
3650 rig/rag protein which was quite comparable with 
control values (see results). Thus the induction of folyl 
conjugase is not related to the diabetic status of the rat 
but to the presence of the intact pancreas per se. 
We have shown earlier that in the rat, folate absorption 
is not a carrier-mediated process as no precursor/pro- 
duct relationship existed between folates bound to the 
intestinal mucosal surface and folates appearing in the 
blood stream after folate ingestion 15. Further, folate ab- 
sorption was shown to be a concentration-dependent 
passive uptake, requiring an acidic microenvironment 
(around pH 4.0) generated and regulated by an intestinal 
mucosal brush border Mg 2+ ATPase 16. The pancreatic 
folyl conjugase with a pH optimum of 4.2 would be 
ideally suited to function in the acidic microenvironment 
generated to facilitate folate uptake 16. Our data on the 
absorption of dietary folates are indicative of the induc- 
tion of folyl conjugase (fig. 2). The absorption of dietary 
conjugated folates was impaired 75-80 % in the pancre- 
atectomised animals where that of synthetic simple fo- 
lates was not. Similar impairment in the absorption pro- 
cesses of dietary folates was observed by us earlier 12 in 

aged animals, where pancreatic secretion of folyl conju- 
gase in response to dietary folate intake was found to be 
4-5-fold lower. These observations taken together 
would clearly suggest that in the rat dietary polyglutamyl 
folates are hydrolysed to suitable simple forms (possibly 
at the mucosal surface) by a luminal folyl conjugase of 
pancreatic origin which requires ingestion of conjugated 
folates for induction. It is noteworthy that ingestion of 
unconjugated folates did not induce the release of the 
conjugase from the pancreas. 
Intestinal mucosal folyl conjugase did not seem to be 
involved in the digestion of dietary folates. It could in- 
stead have a role in controlling folate coenzyme functions 
by altering z-glutamyl folate chain lengths av, thereby 
regulating the mucosal cell metabolism, 
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