
Observations on the Presence of Pteroyl Polyglutamates
in Human Serum

By D. K. BANERJEE AND J. B. CHArFERJEA

I N 1961, HERBERT’ SUGGESTED that the folic acid activity of humanserum as assayed with L. casei appears to be due mainly to triglutanivi
derivatives of reduced forms of folic acid. But in a later study, 1Ierl)ert et al.2

reported that this activity is due largely to a monoglutamate form, N�-metliyl-

tetrahydrofolate. Noronha and Aboobaker� stated that while folic acid activity

of plasma is due to the presence of N5-methyl-tetrahydrofolate, that of red

cells is predominantly due to conjugated derivatives of methyl-tetrahydrofolate.

Recently, evidence was obtained to suggest the presence of a large amount

of polyglutamate in human serum.4 The polyglutamates appeared to belong

to a group higher or more complex than triglutamates. Relevant findings are

detailed in the present communication.

MATERIALS AND METHODS

Investigations were carried out in 18 subjects. In 12. serum folate level was within normal

range; in the other 6, the level was low.

Chicken Pancreas Con/ugase. This was prepared as follows: Fresh chicken pancreas was

freed from nonpancreatic adhering tissues, cut into small pieces, and then ground in a

mortar with sufficient amount of acetone. The acetone was filtered off by vacuum filtration

and the ground material was rewashed with acetone and finally dried in air at rooii teniper-

attire. This dried powder of chicken pancreas was preserved in the cold within a desiccator.

This niethod of chicken pancreas preparation differed slightly from a method (lescribe(l

earlier.5 The pancreas powder was dissolved in 0.1 M phosphate buffer of ph 7.0. the

concentration being 2 mg/mI. of buffer. The buffer solution of chicken pancreas was

centrifuged and the supematant solution was used as the chicken pancreas conjugase.

Con/ugase Treatment of Serum. A mixture of 0.5 ml. of serum and 1 ml. of the pancreas

solution was incubated tinder toluene at 37 C. for 20 hours. The volume was made tip to

10 ml. with 0.05 M phosphate buffer (pH 6.1) containing 1.5 ilig. of ascorbic acid per ml.

of the buffer.

Treatment of Serum with Chicken Pancreas Conjugase in Acetate Buffer. The following

experiment was done to find out whether acetate buffer of pH 4.6 had an�’ adverse effect

on the conjugase activity of chicken pancreas. A solution of chicken pancreas was prepared

h� dissolving 2 mg. of the desiccated pancreas per ml. of acetate buffer (pH 4.6). The

solution was centrifuged and the supernatant used. To 0.5 ml. of serum was added 1 nil. of

this conjugase preparation and the mixture was incubated under toluene at 37 C. for 20

hours. After incubation. the mixture was adjusted to pH 6.0 with 0.1 N KOlI and finally the

volume was niade up to 10 nil. with 0.05 Ni phosphate buffer (pH 6.1) containing 1.5 ing.

ascorbic acid per ml. of the buffer.

Chicken Pancreas Control. One ml. of pancreas solution in both the buffers was incubated

tinder toluene at 37 C. for 20 hours. The volume was made up to 10 ml. with the same

1hosphate 1)uffer (pH 6.1) after adjusting the pH where necessary.
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Table 1.-Effect of Chicken Pancreas Con jugase on the Serum Folate Activity

Serum Folate Activity in ng. per ml.

Serial Before Conjugase After Conjugase

Group Number Treatment (unconjugated) Treatment (total)

1 3.2 18.2

2 4.0 47.0

3 4.4 24.0

4 4.8 15.0

5 4.8 14.0

A 6 6.0 18.0

7 7.6 32.0

8 7.6 17.0

9 9.0 38.0

10 9.6 23.0

11 12.0 26.0

12 18.0 37.0

Mean 7.6 25.7

1 2.0 19.0

2 2.6 17.0

3 2.6 14.5

B 4

5

6

2.0

2.6

2.4

26.0

31.0

16.0

Mean 2.3 20.6

Treatment of Serum for Unconfugated Folate. Serum was diluted 1 :20 with 0.05 M

phosphate buffer (pH 6.1) containing 1.5 mg. of ascorbic acid per ml. of buffer.

Extraction and Assay. Serum buffer mixtures of the different categories mentioned before

as well the pancreas controls were autoclaved at 10 pounds pressure for 15 minutes,

centrifuged, and the supernatant was assayed for folate activity. Some of the pancreas-

treated sera showed slight turbidity after autoclaving, which after dilution of the samples

did not interfere with the assay. Conjugase-treated sera and the pancreas controls were

suitably diluted before assay. The double-strength basal medium used was the same as that

of Herbert,1 except that acid-hydrolysed casein and tryptophane were treated with Norit

before preparing the basal medium. The method of assay was the same as reported earlier.’

The assay organism used was Lactobacillus casei (ATCC 7469).

RESULTS

Folate activity of fasting sera, before and after treatment with conjugase

at pH 7.0, in two groups of subjects are recorded in Table 1. The effect of

conjugase at two different pH values on three samples of sera is recorded

in Table 2. Values before conjugase treatment represent the unconjugated

folate and those after conjugase treatment represent the total folate level

( unconjugated plus conjugated).

Data in Table 1 indicated that in individual cases with normal level of

serum folate activity ( Group A ) , there was a 2- to 1 1-fold increase in the

activity after conjugase treatment. In the subjects with low level (Group B),

the folate activity after conjugase treatment increased to the extent of 5- to

13-fold. Comparison of the mean values in the two groups of subjects indicated
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________� Table 2.-Effect of pH on the Conjugase Activity

Folate Activity in ng. per ml.

After Conjugase Treatment
Before - -��- -

Serial Conjugase Acetate Buffer Phosphate Buffer
Number Treatment pH 4.6 pH 7.0

1 2.4 13.5 16.0

2 5.6 14.0 22.0

3 -_2.0 � 23.0

that in Group A the mean value (25.7 ) of total folate was three times higher

than the corresponding unconjugated value (7.6); in the other group the

mean value of total folate (20.6) was nine times higher than the mean value

(2.3) of the unconjugated folate.

In the two groups, the amount of total folate did not however, show any

significant difference.

Data in Table 2 showed that in the three cases investigated, the folate

activity after conjugase treatment was lower in acetate buffer (pH 4.6)

than that in the phosphate buffer. This indicated that the optimum conjugase

activity of chicken pancreas lies in the neighbourhood of pH 7.0. This obser-

vation was in accord with that of Broquist.7

Effect of incubation period on the conjugase activity of pancreas was studied

by incubating samples of sera with conjugase solution in phosphate buffer of

pH 7.0 for 5 and 20 hours. It was found that folate activity after conjugase

treatment was almost the same for two different incubation periods of 5 hours

and 20 hours.

Folate Activity of Chicken Pancreas. It was found to vary between 3 and 5

ng. per ml. of the solution. This value was always subtracted to obtain the

value as recorded.

DIscussIoN

It is a known fact that conjugase in chicken pancreas acts on the polygluta-

mates of pteroic acid to release substances which readily promote the growth

of L. casei. Results of the present investigation clearly indicate that human

serum, in addition to monoglutamate, contains polyglutamate of folic acid as

well. Herbert et al.2 could not find any increase in folate activity after treat-

ment with chicken pancreas conjugase. Nonavailability of polyglutamates in

human serum, as reported by earlier workers,2 could be due to differences in

nature of buffer used and the period of incubation. On investigation it was

found, however, that these factors were not contributory to the reported differ-

ences regarding the nature of pteroylglutamates in human serum. Use of

acetate buffer (pI-I 4.6), though less effective than phosphate buffer of pH 7.0,

was not totally ineffective for the release of L. casei-active factors. Incubation

period of 5 hours was as good as that of 20 hours. It is possible that for the

splitting of complex higher polyglutamates present in human serum, the brand

of chicken pancreas employed by Herbert et al.2 was not quite effective. The

freshly prepared and desiccated chicken pancreas conjugase used in the pres-
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ent study was, in all probability, mainly responsible for the release of respon-

sive folates from nonresponsive higher polyglutamates of folic acid. Both mono-

glutamates and triglutamates of pteroic acid respond to L. ca.sei; higher

polyglutamates, however, do not respond.2’8’9 Hence, serum folate activity

before any conjugase treatment might be due to a pteroyl monoglutamate

and/or a triglutamate. Herbert et al.2 demonstrated by chromatographic study

that the serum folate activity for L. casci is due, mainly, to a monoglittamate,

N5-methyl tetrahydrofolate. Observations of the present study indicated that

human serum contains polyglutamates of pteroic acid in addition to the mono-

glumate, and the nature of the polyglutamates was in all probability a glutamyl

derivative still higher than pteroyl triglutamate. In support of this contention

it might be said that the enormous increase in the total folate activity after

conjugase treatment could not be due to pteroyl triglutamate, which is 80 per

cent active for L. casei.8 Further, Herbert et al.2 reported that pteroyl triglu-

tamate showed almost identical activity for L. casei both before and after

treatment with chicken pancreas, the values being 34 and 38.5 mp�g./ml.,

respectively. Chromatographic study of human serum after conjugase treat-

ment might reveal the true nature of the pteroyl polyglutamates present in it.

SUMMARY

Treatment of serum with folic acid conjugase obtained from fresh chicken

pancreas indicated the presence therein of polyglutamyl derivatives of pteroic

acid. The polyglutamyl derivatives appeared to belong to a group higher than

the triglutamate.

Two groups of subjects, one with normal level and the other with low level

of unconjugated folate, were studied. In the normal group, the level of uncon-

jugated serum folate varied between 3.2 and 18.0 ng./ml., while that of total

folate (unconjugated plus conjugated) varied between 14.0 and 47.0 ng./ml.

In the other group, the level of unconjugated folate varied from 2.0 to 2.6 ng./

ml., while that of total folate varied from 14.5 to 31.0 ng./ml. No significant

difference, either in the individual values or in their means, was noticed in the

two groups of subjects.

Stm�tMAmo IN INTERLINGUA

Le tractamento de sero con conjugase de acido folic obtenite ab fresc pan-

creas de gallina indicava Ic presentia de derivatos polyglutamylic de acido

pteroic. Le derivatos polyglutamylic pareva pertiner a un gruppo plus alte

que triglutamato.

Duo gruppos de subjectos esseva studiate, incluse un con normal nivellos

e le altere con basse nivellos de folato non-conjugate. In le gruppo normal, Ic

nivello seral de folato non-conjugate variava inter 3,2 e 18,0 ng per ml, durante

que jIb de folato total (non-conjugate plus conjugate ) variva inter 14,0 e 47,0

ng per ml. In le altere gruppo, Ic nivello de folato non-conjugate variava inter

2,0 e 2,6 ng per ml, durante que illo de folato total variava inter 14,5 e 31,0

ng per ml. Nulle significative differentia esseva notate in Ic duo gruppos de

subjectos in le valores individual o in le valores medic.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/913/573354/913.pdf by guest on 19 M

ay 2023



PTEROYL POLYGLUTAMATES iN HUMAN SERUM

REFERENCES

917

1. Herbert, \‘.: The assay and nature of

folic acid activity in hunian seruni.

J. Cliii. Invest. 40:81, 1961.

2. Herbert. V., Larrabee, A. H., and Bu-

chanan, J. NI.: Studies on the identifica-

tion of a folate compound of human

serum. J. Clin. Invest. 41:1134, 1962.

3. Noronha, J. NI., and Aboobaker, V. S.:

Studies on the folate compounds of ho-

man l)lOOd. Arch. Biochem. Biophys.

101:445. 1963.
4. Banerjee, D. K., and Chatterjea. J. B.:

Observations on the nature of folate

compounds in human sertmi. Btill. Cal-

cotta School Trop. NIed. 13:123, 1965.

5. The Association of Vitamin Chemists:

Methods of Vitamin Assay (Edited b�

the Association of Vitamin Chemists.

Inc.). London, Inter-Science Publishers,

Inc., 1951, p. 233.

6. Banerjee, D. K., and Chatterjea, J. B.:

Observations on the folate activity of

human serum. Btill. Calcutta School

Trop. Med. 13:45. 1965.

7. Broquist, H. P.: Folic acid conjugase. In:

Methods in Enzymologv (S. P. Co-

lowick and N. 0. Kaplan. Eds.). New

York, Academic Press Inc. Publishers,

1955. 2:629.

8. Jukes, T. H. : Assay of compounds with

folic acid activity. In: Nlethods of Bio-

chemical Analysis (David Click. Ed.)

New York, Interscience Publishers,

Inc., 1958. 2:121.
9. Baker, H., Frank, 0.. Cellene, R. A., and

Leevy, C. M.: Alterations in circulating

folate induced by B,9 deficiency. Proc.

Soc. Exp. Biol. Med. 117:492, 1964.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/6/913/573354/913.pdf by guest on 19 M

ay 2023




