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SUMMARY

To estimate the turnover of 5-CH;-H,-folate in murine
lymphoma cells L1210, L1210R (a methotrexate-resistant
subline), and L5178Y, suspensions of whole cells were al-
lowed to concentrate 5-[4C]CH;-[9,3’,5'-3H]H ,-folate; anal-
ysis of cell extracts showed that, for each cell line, 81 to 85%
of the total cell [“C]CH; groups were transferred to non-
folate compounds within 5 min and 82 to 91% at time in-
tervals up to 60 min. The initial transfer of “C appeared
to be into [*Cjmethionine, but insoluble cell materials were
also progressively “C labeled. Of the total cell *H, more
than 87% remained identified as 5-CH,;-[*H;]JH.-folate at
60 min, showing that within this period most of the [3H;]JH,-
folate derived from 5-CH;-[*H;]H ,folate returned to main-
tain the labeling of the pool of 5-CH;-[*H;]JH ;-folate.

To estimate the flux of folates through the pathway of
thymidylate biosynthesis, L1210 and L1210R cells were
allowed to concentrate either 5-CH;-[9,3’,5'-*HJH ,-folate
in the presence of methotrexate or 5-HCO-[6-*H]H ,-folate.
Of total *H taken up as 5-HCO-[6-*H]H ~folate, 28 % ap-
peared to be transferred to thymidylate in 60 min by L1210
cells and 52% by L1210R cells. In methotrexate-treated

L1210 cells, 23% of the total *H taken up as 5-CH;-[*HjJH,-
folate was accumulated in 60 min as [*H;}H.-folate, a product
of thymidylate biosynthesis. However, in cells of the metho-
trexate-resistant L1210R line, no [*H;JH.-folate was ac-
cumulated by the use of 2 mM methotrexate despite the
demonstrated high flux of folates through the pathway of
thymidylate biosynthesis. These data show the significance,
for methotrexate resistance, of the 1i-fold increase of di-
hydrofolate reductase in L1210R cells.
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The rates of turnover of folate coenzymes through the various
pathways of folate interconversions are unknown although the
relative concentrations of folate coenzymes have now been meas-
ured for several tissues, including liver (1, 2, 3) and transplanta-
ble murine letkemic cells (4). An estimate of the rates of
turnover of the folate coenzymes would be valuable for an under-
standing of the control of folate-dependent reactions in whole
cells. Particularly valuable would be an estimate of the rate of
flux of folates through the pathway of thymidylate biosynthesis,
sinee it appears that the cytotoxicity of folate analogue inhibitors
of dihydrofolate reductase depends almost entirely upon de-
creased biosynthesis of thymidylate (5).

As illustrated in Fig. 1, the folate normally available for uptake
into animal cells is 5-CHz-H,-folate, the principal folate found in
plasma (6). Suspensions of animal cells also take up 5-CHz-H -
folate rapidly <n vitro (7). Within cells, 5-CH;z-H,-folate can be
converted to free Hy-folate virtually only (8) by the reaction of
methionine biosynthesis, in which the CH; group is transferred
to homocysteine. H,-Folate can enter into several 1-carbon
transfer reactions, some of which are indicated in Fig. 1.

If whole cells were allowed to take up 5-[“C]JCH,-[9,3’,5-5H]-
Hyfolate, any transfer of 4C to methionine would measure the
conversion of 5-CH;-H-folate to Hyfolate (Fig. 1), while the $H
would be distributed among the various folate coenzymes and
would indicate the size of the pool of cell folates. If at equilib-
rium it were found that the only significant fraction of cell *H
remained identifiable as 5-CH;-[*H]H,folate then the rate of
transfer of C from 5-[“C]CH,;-[*H;s]H-folate to methionine would
also provide an estimate of the turnover of the total pool of folate
coenzymes.

Cells may also take up 5-HCO-Hfolate, which then rapidly
enters the metabclic pool of folate coenzymes (9). 1If cells were
allowed to take up 5-HCO-[6-*H]H,folate, the tritium would
necessarily remain associated with H,folates throughout all
folate-dependent enzymic reactions except for that of thymi-
dylate biosynthesis, in which the *H would be transferred from
5,10-CH,-[6-*H]Hfolate to thymidylate (10, 11). The transfer
of *H from 5-HCO-[6-*H]H folate into thymidylate would then
measure the flux of folates through the pathway of thymidylate
biosynthesis (Fig. 1). Another approach to the estimation of the
flux of folates through this pathway would be to measure the rate
of accumulation of Hy-folate (Fig. 1) under conditions in which
its reduction to H-folate was inhibited, for example by the pres-
ence of methotrexate, a tight binding inhibitor of dihvdrofolate
reductase (12).

This paper describes the use of each of the above approaches
for the estimation of the turnover of the pool of folate coenzymes

5932

9T0Z ‘¥7Z $2q0100 uo Arigi] ON * /B100g [ mmm/:dny wouy papeojumoq


https://core.ac.uk/display/43379027?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Homocysteine

Methionine
IMP
AICAR
Hyfolate
10-HCO-H,folate Hyfolate 5-CHy-H,folate == 5-CHy-H,folate
dTMP
dUmP
Glutamate Serine | 510-CHy-H,folate
5-Formiminoglutamate
t
Histidine INTRACELLULAR EXTRACELLULAR

Glycine

Fic. 1. The reactions of 5-CHj;-H,-folate and H,-folate and
principal reactions of other folate coenzymes in animal cells.
AICAR, 5-aminoimidazole-4-carboxamide ribotide.

and their flux through the pathway of thymidylate biosynthesis
in whole murine lymphoma cells (1.1210, L1210R, and L5178Y
cells). These cell lines have a high folate requirement for growth
in cell culture and are useful as models of the response of human
leukemias to therapy by folate analogue inhibitors of dihydro-
folate reductase. The L1210R cells, a methotrexate-resistant
subline of L1210 cells, synthesize an 11-fold greater amount of
dihydrofolate reductase than do L1210 cells (13). The dihydro-
folate reductases of L1210R and L1210 cells are apparently iden-
tical (12, 14), and the two cell lines do not differ in methotrexate
uptake (15).

MATERIALS AND METHODS

Radiolabeled Folate Coenzymes—The enzymically active dia-
stereoisomers of the following compounds were prepared and
purified as previously described (16): 5-CHj-[9,3",5-*H]H4-
folate (250 Ci per mole, 969, radiochemical purity) and 5-{“C]-
CHj-Hy-folate (15 Ci per mole, 959, radiochemical purity).
Where appropriate these materials were combined for experiments
which utilized 5-[MC]CH;-[3H;]Hyfolate. Dr. E. J. Pastore, now
of the University of California, San Diego, kindly provided 5-
HCO-[6-*H]H folate (300 Ci per mole), which was purified (16)
to 979, radiochemical purity.

Source of Cells—Murine lymphoma cells were grown from an
inoculum of 108 cells in the aseitic form in hybrid strain BDF;
mice (L1210 and LI210R lymphomas) or in strain DBA mice
(L5178Y lymphoma). L1210 and L1210R cells were harvested
on the 6th day (in late exponential growth phase). L5178Y cells
were harvested on the 9th day (approaching stationary phase).
Cells were washed with 0.99, NaCl solution and suspended in the
medium described below.

Cell Suspenstons—Cells at a density of 20 X 10% per ml were
shaken in folate-free Eagle’s basal medium with Earle’s salts
supplemented with 109, dialyzed horse serum and, where indi-
cated, radiolabeled folates and 50 unm homocysteine or metho-
trexate. For experiments with methotrexate, cells were incu-
bated at 37° for 30 min with the methotrexate, harvested, then
suspended in the above medium containing radiolabeled folates
at 37°.

Preparation of Cell Extracts—After incubation, cells were har-
vested and washed at 0° with 0.99%, NaCl as previously described
(9), suspended in 10 ml of 0.5 M 2-mercaptoethanol at 0°, dis-
rupted by sonication for 30 s, and frozen. On thawing, the
insoluble cell material was separated by centrifugation and,
where appropriate, dissolved in Soluene (Packard Instrument
Co.) for counting of radioactivities. Soluble cell extracts were
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F1a. 2. Cell disposition of “C and rate of uptake of both ®#C
and *H when cells were incubated with 5-{*CICH;-[9,3,5'-3H]H,-
folate and homocysteine. Soluble cell extracts were passed
through a column (0.5 X 2.0 ¢cm) of the anion exchange resin AG
21K (CI~ form; Bio-Rad Laboratories) followed by 5 ml of 0.1 mm
methionine. The unadsorbed effluent fraction contained non-
folate compounds, including methionine. A fraction containing
folates was then eluted by 1.0 N~ HCl. Kach fraction was lyoph-
ilized and transferred quantitatively to a vial, and the 3H and 1C
radioactivities were counted. Numbers of cells incubated for
each time point were as follows: 4, 10° L1210 cells; B, 0.6 X 10°
L1210R cells; C, 0.95 X 10% L5178Y cells. The initial concentra-
tions of radiolabels in the medium are represented by bars, ----- s
“C ——, ®H; and are calculated for a volume of 0.35 ml, the ap-
proximate intracellular volume of 10 cells which were found to
occupy a packed wet cell volume of 1.0 ml (19). The concentra-
tions of radiolabeled compounds in the medium were as follows:
5-[“CJCH3s-Hy-folate, 0.1 um in A and B, 0.13 um in C; 5-CH;-
[9,8',5’-3H]H,-folate, 0.02 um in 4 and B, 0.025 um in ¢. O, total
cell 3H; @, total cell “C; @, non-folate, soluble cell #C; A, 14C
of insoluble cell material.

fractionated by column chromatography, as described in the
legends of Figs. 2 and 3, before counting of radioactivities.

Radioactivity Assay—Radioactivities were counted in a liquid
scintillation counter with channels optimized for counting of ap-
propriately quenched samples containing “C or *H or, where
appropriate, each in the presence of the other. By use of an ex-
ternal standard and experimentally calibrated efficiency curves
the radioactivities were determined in disintegrations per min,
when necessary to determine the concentrations of radiolabeled
compounds.

RESULTS

Stabelity of Radiolabeled Folates in Incubation Media—The con-
centration of 5-[“C]CH;-[*Hs)Hs-folate in media was sufficiently
high so that it was not altered appreciably during incubations of
cells for periods up to 60 min. After an incubation of L1210R
cells for 60 min in medium containing 0.1 um 5-CH;-[*H;]H,-
folate, the *H of the medium was analyzed by the procedures
outlined in the legend to Fig. 3. Of the total 3H of the medium,
919, was identified with free 5-CHy-Hyfolate, 59 appeared to
be bound to proteins of the medium, 29, was identified with p-
aminobenzoylglutamate, and 29, was identified with other com-
pounds.
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Fic. 3. Elution profiles resulting from the analysis of [*H]folates
of cell extracts by column chromatography on A25 DIEEAL-Sepha-
dex as previously described (9, 20, 21). The positions of marker
compounds were determined by their fluorescence emission at 365
nm (excitation, 305 nm). The eluted positions of peak fractions
of markers and radiolabels are indicated on the figure by letlers,
which are identified (9, 20, 21) as follows: 4, protein-bound folates
not adsorbed to the column; B, 10-HCO-H,-folate, 5,10-CH=H,-
folate and p-aminobenzoate; €, p-aminobenzoylglutamate
(marker); D, 5-CHy-H,-folate; E, Ho-folate; F, late eluting com-
pounds, perhaps folylpolyglutamates; G, 5-HCO-Hsfolate
(marker); H, Hs-folate (marker). Tritium peaks (@ @) were
integrated; the caleulated percentage distributions of *H among
principal peaks are listed in Table III. A, extract of 1.4 X 10°
1.1210 cells incubated for 60 min with 0.1 um 5-CH;-19,3,5'-SH]H ;-
folate. B, extract of 0.5 X 10° 1.1210 cells incubated for 30 min
with 1 mM methotrexate, then incubated for 60 min with 0.4 um
5-CH;-[9,3',5-*H]H,-folate. The incubation and extraction pro-
cedures are described under ‘“Materials and Methods.”

Tasrr 1
Endogenous cell folale concentralions
Endogenous cell folates were bioassayed by use of Lactobacillus
caser (17) and their concentrations were expressed relative to
folic acid standards. Prior treatment by purified chicken pan-
creas v-glutamyl carboxypeptidase (18) was used to assay total
folates, including folylpolyvglutamates.

Cell folates assayed by L. casef
Cell type i
Without treatment by | After treatment by
carboxypeptidase carboxypeptidase
wimioles/10° cells
L1210 7.0 i 29
L1210R 9.3 i 27
L5178Y 7.0 ‘ 42

Meihyl Group Transfer from 5-CH s-Hs-Folate—L1210, L1210R,
and L5178Y cells each concentrated both radiolabels of 5-[4C]-
CH;-[8H;]H ;folate above the concentrations of the media (Fig.
2), despite many fold higher concentrations of endogenous total
cell folates (Table I). In the case of L1210 cells the uptake of
SH, and therefore of total 5-CH;-H,-folate, appeared to be ap-
proaching saturation by 60 min. By comparison, L1210R cells

TasLe 11
Methyl transfer from 6-CH 3-H 4-folale
The transfer of 1“C from 5-[“C]CH;-[*H;]H-folate is expressed
as a percentage of the total taken up into cells at various times,
and was calculated from the data shown in Fig. 2 as the sum of
14C of the insoluble cell material and non-folate C of the soluble
cell extract.

Time L1210

L1210R L5178Y
min %% i % %
5 84 ! 81 85
30 ; 91
60 89 ‘ 82

took up more 5-CH;-H,folate and appeared to approach satura-
tion later. At no time did the #C:*H ratio of total cell radio-
activities differ grossly from the #C:*H ratio in the incubation
medium (Fig. 2).

After uptake of 5-[“C]CH;-[*H;]H,-folate into cells, more than
809, of the total cell *H remained identified with folates at all
time points. In every case less than 109, of the total cell *H
was found associated with either the insoluble cell material or the
non-folate fraction of the soluble cell extract. Of the total cell
14C only 10 to 199 remained identified with folates at the various
time points. The amount of non-folate ¥C of the soluble cell
extract increased rapidly within the first 5 min (Fig. 2) but not
thereafter. The amount of “C associated with insoluble cell
materials mereased with time, and at the last time points con-
stituted 25 to 709, of the total cell “C (Fig. 2). Since the
amounts of 3H associated with the insoluble cell material re-
mained less than 109, of the total cell ®H at all times, the #*C
associated with insoluble cell materials must be labeling pre-
dominantly non-folate compounds.

To further identify the nature of *C-labeled compounds sepa-
rated into the non-folate fractions of the soluble extracts of
L1210R cells, a portion of each of those fractions was chromato-
graphed on cellulose thin layers with development by butanol-
acetic acid-water (90:10:25). Of the total “C cluted from all
areas of the thin layers, the following proportions chromato-
graphed with methionine in this system: from cells incubated
5 min, 97%; from cells incubated 20 min, 929,; and from cells
incubated 60 min, 709%.

In the experiments illustrated by Fig. 2, that proportion of the
total cell ¥C which represented methyl group transfer from 5-
[“CJCH;-H,folate can be estimated as the sum of *C found in
the non-folate, soluble cell extract and in insoluble cell materials.
As shown in Table II, this proportion was high, in the range 81
to 919.

Identity of Tritiated Compounds Found in ILxtracts of Cells
Incubated with 5-CIH-[9,3 6’3 H]H -Folate—1.1210 cells took
up 5-CH,-[*H;3]H s-folate essentially unchanged. In fact, after a
60-min incubation, 879, of the *H of extracts of L1210 cells re-
mained identifiable as 5-CH;-[*H;JH folate (Fig. 34 and Table
IIT). When Li210R cells preincubated with methotrexate were
then incubated for 60 min with 5-CH;-[*H;]H-folate, a similar
distribution of *H resulted; namely, 919 of the total *II of the
cell extract was identified as 5-CH;-[*H;JHfolate (Table III).
The distribution of *H of the cell extracts differed, however, when
L1210 cells were first incubated with methotrexate and then with
5-CH;-[*H3)H,folate. In this case an additional *H-labeled
compound, identified as [*HjHo-folate, was detected (Fig. 3B);
only 609 of the 3H of the cell extract could be identified as
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TasrLe 111
Distribution of tritium among cell folates

Cells were extracted after a 60-min incubation with the indi-
cated tritiated folate; the extract was analyzed as described for
Fig. 2. The distribution of tritium identified with particular
compounds is expressed as a percentage of the total. Principal
tritium peaks are listed; residual tritium from each experiment
was distributed in small amounts (1 to 119 ) among p-amino-
benzoylglutamate, p-aminobenzoate, 10-CHO-H,-folate or 5,10-
CH=H,-folate, and late eluting compounds, presumably folyl-
polyglutamates. In no case was any tritium found identified
with 5-HCO-H,-folate. The number of cells incubated was in
the range 0.5 to 2.0 X 109; the concentration of tritiated folate
in the medium wag in the range 0.1 to 0.4 um. Where indicated,
cells were preincubated for 30 min with methotrexate.

Protein-
Metho-
p i bound
Incubation with Cell type Ctgfl)éz;% | af:);l)%%s 5'%}){;‘@" Hz-Folate
tration s v
midylate
o Poomar Y total 311
5-CH4-[9,3",5- L1210 0 ¢ 1 87 0
3H)H 4-Folate 1.1210 1 3 60 23
L1210 2 2 91 0
5-HCO-[6-*H]H 4- L1210 0 28 48 0
Folate L1210R 0 52 28 0

5-CH;-[*H;JH folate and 239 was identified as [*H;]H,-folate
(Table I1I).

Identity of Tritiated Compounds Found tn Extracts of Cells
Incubated with &-HCO-[6-*H]H ;-Folate—Analysis of extracts
of 1.1210 and L1210R cells which had been incubated with
5-IICO-[6-*I1]Hs-folate showed a distribution of about 809,
of the total cell *H into two peaks (Table III), onec identifiable
as 5-CHs-[*H]Hfolate and the other as *H which was not ad-
sorbed to the analytical column. Small amounts of the latter
I may have been protein-bound folate, as appeared to be the
case for 5-CHs-[*H;]Hsfolate of cell extracts, but when ex-
tracted from whole cells thymidylate is not adsorbed to DEAE-
Sephadex, and thymidylate synthesized in the presence of a
[6-*H]H,-folate would be labeled by H as described in the in-
troduction. It is therefore reasonable, as well as consistent with
the above result for the incubation of methotrexate-treated
L1210 cells with 5-CH;-[PHjJH,folate, to identify tentatively
as thymidylate that-SH which, in these experiments, was not
adsorbed to DEAE-Sephadex. Thus after incubation with
5-HCO-[6-*H]H s-folate, about 28 of the ®H of the extract of
L1210 cells and 529, of that of L1210R cells was tentatively
identified as thymidylate (Table IIT).

DISCUSSION

Turnover of Whole Cell 5-CH 3-H y-Folate—In whole cclls which
have taken up 5-[“C]JCHs-H-folate, the transfer of [“C]CH,
groups into non-folate compounds is a measure of whole cell
methyltetrahydrofolate :homocysteine methyltransferase activ-
ity. Indeed, results confirmed that the initial transfer of
[“C]JCH; groups from 5-[“C]CH;-H,folate was into [“C]me-
thionine, the product of this reaction. Since the equilibrium
constant for the reduction of 5,10-CH,-Hyfolate to 5-CH;-H -
folate (Fig. 1) lies well in the forward direction (22), 5-CH;-H,-
folate can lose its CHj group virtually only by that methyl-
tetrahydrofolate :homocysteine  methyltransferase  reaction.
Thus the rate of transfer of [C]JCH; groups from 5-[“C]CH ;-H,-
folate into non-folate compounds also provides a minimum value
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for the turnover of 5-CH;-H,-folate. It is clear from the re-
sults that the turnover of 5-CHj-H,folate of whole L1210,
L1210R, and L5178Y cells is very rapid.

By the use of 5]“C]CH;-[*H;]H,folate for the estimation of
[“C)CH; transfer from 5-[4C]CH;-Hy-folate, it was possible to
ensure that there were no gross diserepancics between the total
amount of *C found in cells and the total amount of 5-[*C]CHs;-
[*H;]H4folate taken up by cells (Fig. 2). The 2 label also
provided an indication of the approach to equilibrium between
newly taken up 5-CH;-H,folate and the endogenous cell pool
of 5-CH;-Hfolate, as well as an indication of the relative size
of that pool.

Relative Concentrations of [*H 1l olate Coenzymes tn Whole Cells—
Despite the rapid turnover of 5-CHj-Hyfolate in L1210 and
LI210R cells, demonstrated by the rapid transfer of CIH; groups
into non-folate compounds, 80 to 909, of the 3T of cell extracts
remained identifiable as 5-CH;-[FH,JH,-folate after a 60-min
incubation of cells with 5-CH;-[9,3’,5-3H]Hfolate. As il-
lustrated in Fig. 1, Hy-folate derived from 5-CH;--folate will
participate in various folate coenzyme interconversions. Ap-
parently the rate constants for the interconversions of the folate
coenzymes are such that 5-CIH;-Il-folate itself represents 80 to
909% of the pool of all folate coenzymes with which [*H;JH,-
folate equilibrates within a period of 60 min in the cells studied.
That is, the major metabolic pathway for Hsfolate derived
from 5-CHs-Hyfolate is its return to 5-CI;-Hy-folate as il-
lustrated in Fig. 1. In following this circuit, H,-folate would
form adducts with unlabeled single carbon groups within the cell
and these would flush [MC]CH; groups of 5-[MC]CH;-H,-folate
out of the pool of 5-CH;-H-folate.

It follows from the above observations that the 10 to 199 of
“C which remained associated with folate coenzymes after 60
min of incubation of the cells with 5-["C]CH;-Hfolate must
represent 5-CH;-H,-folate sequestered in a pool the turnover of
which is very slow compared to the major portion of cell
5-CHs-Hyfolate. The nature or significance of this pool is not
yet known,

Flux of Cell Folates through the Pathway of Thymidylate Bio-
synthesis—In L1210 cells the flux of cell folates through the
pathway of thymidylate biosvnthesis was estimated by two
different approaches reported in “Results.” The first approach
was to incubate L1210 cells with 5-HCO-[6-*H]H-folate and
measure transfer of *H to thymidylate. In I hour, about 289
of the cell folates had been used for thymidylate biosynthesis.
This value was confirmed by the second approach, in which
methotrexate-treated L1210 cells were incubated with 5-CH;-
[9,3",5'-*H]H-folate. In the absence of methotrexate any
[*Hs]Hs-folate derived from the thymidylate synthetase reaction
would be quickly reduced to [*HjJHy-folate (Fig. 1). However,
methotrexate inhibits dihydrofolate reductase, and in its presence
any [*H;]H.-folate generated in whole cells would accumulate as
such. In fact, of the total 3H found in methotrexate-treated
L1210 cells which were incubated for 1 hour with 5-CH;-[*H;]H,-
folate, 239, had accumulated as [*H;]H.-folate.

The pathways of methionine biosynthesis and thymidylate
biosynthesis have a common origin in 5,10-CH,-I-folate (Fig.
1). The relative flux of folate coenzymes through these com-
peting pathways can be partly estimated from the above re-
sults. In L1210 cells the flux of folate coenzymes through the
pathway of thymidylate biosynthesis in 1 hour appeared to ke
about 289, of the cell folates. In the same time period the flux
of folate coenzymes through the pathway of methionine bio-
synthesis appeared to be not less than 909, of the cell folates.
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In L1210R cells the flux of folate coenzymes through the
pathway of thymidylate biosynthesis was estimated to be 529,
of the cell folates during a 1-hour incubation with 5-HCO-[6-*H]-
H,folate. However, it proved impossible to accumulate [*H ;] Hs-
folate by Incubating methotrexate-treated L1210R cells with
5—CH3—[3H3]H4—folate.

Methotrexate Resistance of L1210R Cells—The methotrexate
resistance of L1210R cells is known to depend, at least in part,
on their increased concentration of dihydrofolate reductase (13).
The significance of this increase is apparent in the results ob-
tained above; despite a high flux of folate coenzymes through
Ha-folate and preliminary incubation of the cells in a high con-
centration of the dihydrofolate reductase inhibitor metho-
trexate, no He-folate was accumulated. The failure to accu-
mulate Hy-folate might be attributed to efflux of methotrexate
from the cells (9) during the course of the incubation, sufficient
to allow activity of a significant portion of the dihydrofolate
reductase of L1210R cells. Presumably, continuation of the
methotrexate treatment throughout the incubation, perhaps at
still higher methotrexate concentrations, should result in ac-
cumulation of Hy-folate in L1210R cells; but such treatment
would also decrease the cell uptake of 5-CHgs-[*Hs]Hsfolate
(7).

Another finding pertinent to the methotrexate resistance of
L1210R cells might be that their pool of 5-CHj-Hfolate ap-
peared to be larger than that of the methotrexate-sensitive 1.1210
cells (Fig. 2), although the two cell lines did not differ significantly
in their concentrations of total folates (Table I).

Relative Concentrations of [*H]Folylpolyglutamates in Whole
Cells—Some tritiated late eluting compounds, perhaps [*H]-
folylpolyglutamate coenzymes, were detected in the analyses of
cell extracts reported in Fig. 3 and Table ITI, but quantitatively
they were of little significance. These results are quite dif-
ferent from the recent finding (2, 23) of mostly [FH]H,-folyl-
tetraglutamate coenzymes in liver 24 hours after the adminis-
tration of [*H]folic acid to intact rats. The reason for the
difference might be that in 1-hour incubations the biosynthesis of
folylpolyglutamates 1is insignificant or that in the experiments
reported above any endogenous y-glutamyl carboxypeptidase
was not specifically inactivated. There is therefore the pos-
sibility that the results reported in Fig. 3 and Table 11T might
represent the products of removal of glutamie acid residues from
[FH]H . folylpolyglutamate coenzymes by endogenous y-glutamyl
carboxypeptidase. However, the estimations of the turnover of
5-CHs-Hy-folate and of the flux of folates through the pathway
of thymidylate biosynthesis would not be affected by these con-
siderations.

Control of Cell Folate Metabolism—The results indicate that

whole cell folate coenzymes turn over rapidly although only one,
5-CH;z-Hyfolate, accumulates to a significant concentration.
The metabolism of folate coenzymes must be finely controlled
in a manner which could be manipulated so as to potentiate the
effects of folate analogue inhibitors of dihydrofolate reductase.
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