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Preliminary evidence is presented that indicates that the dihydrofolate reductase
activity of amethopterin-sensitive Streptococcus faecium var. durans ATCC 8043 is
separable into two dihydrofolate reductases, one of which also reduces folate.

In 1961, Blakley and McDougall isolated a
dihydrofolate reductase highly specific for di-
hydrofolate (3) from the amethopterin-sensitive
bacterium Streptococcus faecalis Rogers ATCC
8043. Later, we differentiated preparations of
dihydrofolate reductase from amethopterin-
sensitive S. faecalis (SF/0) and the amethopterin-
resistant mutant S. faecalis Ak (SF/Ak) and
noted that fractions eluted during molecular-
sieve chromatography of SF/Ak extracts also
catalyzed the reduction of folate more effectively
than the comparable SF/O fractions (1). From
another amethopterin-resistant mutant, S. faecalis
A (SF/A or strain A), derived from SF/O by
Hutchison (9), Hillcoat and Blakley obtained
100- to 500-fold purified preparations which also
catalyzed the reduction of folate and dihydro-
folate; evidence for more than one species of
dihydrofolate reductase was presented (8). Nixon
and Blakley isolated the two different dihydro-
folate reductases of strain A as homogenous
proteins in 1968 (10). One, designated "wild
type," resembled the "single" reductase of strain
8043 in substrate specificity and in turnover.
The other, designated "mutant type," differed in
several properties and reduced folate and di-
hydrofolate. Recently, we reported (2) that SF/O,
the parent strain of SF/A (strain A) and SF/Ak,
produces at least two dihydrofolate reductases
deignated specific dihydrofolate reductase and
folate reductase because the latter enzyme also
reduces folate.

Since identification studies (4) established
that the Streptococcus used in our laboratory is
S. faeciwn var. durans (5, 6), and that SF/O and
strain ATCC 8043 are not identical, we investi-
gated the possibility of low-level folate reductase

in strain 8043. We found evidence that strain
8043 also produces multiple forms of dihydro-
folate reductase. The major form apparently is
the species highly purified by Blaldey and his
associates (3, 8, 10) and is probably identical
with the specific dihydrofolate reductase of SF/O.
Another protein (or proteins), synthesized as
an infinitesimally small percentage of the total
protein, has folate reductase activity. Weakly
detectable in cell extracts, "folate reductase" can
be lost during purification of "dihydrofolate
reductase" activity. The problematic recognition
of folate reductase of strain 8043 is herein empha-
sized.

Bacterial cultivation, purification, and enzyme
assay methods have been described previously
(1, 2). One folate reductase unit was defined as
the amount required to reduce 1 nmole of folate
per min at 37 C, and one dihydrofolate reductase
unit was defined as the amount required for the
reduction of 1 nmole of dihydrofolate per min at
30 C under the standard conditions (2).
A stab-culture of strain 8043 in the medium of

Flynn et al. (7) was used. Exponential cells
growing in purine- and pyrimidineless medium
with folate (10 pg/liter) were harvested and
washed by resuspension in 10 mm potassium
phosphate-i mm ethylenediaminetetraacetic acid
(pH 7.4; standard buffer); the cell extract was
then prepared (2). Dihydrofolate reductase ac-
tivity of this extract resembled that of SF/O (24
and 31 units/mg of protein, respectively). Since
unidentified diazotizable material and other
factors interfered with determination of folate
reductase activity of extracts, small portions of
extracts were assayed. Comparable assays esti-
mated folate reductase activity of strain 8043 at
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50% of SF/O activity (0.013 and 0.024 units/mg
of protein, respectively).
The extract of strain 8043 was subsequently

treated with protamine sulfate, and the ammo-
nium sulfate fraction which was shown to con-
tain 88 to 90% of the folate reductase activity
of the SF/O extract (2) was prepared. Poly-
acrylamide gel (Bio-Rad, P-60) ifitration (Fig. 1)
resolved dihydrofolate reductase activity into
two elution peaks. The larger peak (fractions
62 to 71) represented 90% of the dihydrofolate
reductase activity of the extract. Peak fractions
65 to 67 showed 200- to 250-fold purification.
The extremely small peak (fractions 46 to 55
which accounted for 2.6% of the dihydrofolate
reductase activity of the extract) also reduced
folate. Absence of diazotizable amine in acidified
"folate reduction" mixtures which contained the
potent reductase inhibitor amethopterin sub-
stantiated the enzymatic reduction of folate.
The apparent irregular elution of folate re-

ductase is partially attributed to erratic elution
of unidentified diazotizable material (slightly
higher in fractions 40 to 50) which was pre-
sumably protein-bound. Since it contributed to
absorbancy at 560 nm (2), enzyme activity values
of fractions were corrected accordingly. Thus,
the jagged elution pattern of folate reductase has
perhaps meager significance. Elution of folate
reductase-like activity with the exclusion front is
probably significant. Whether the excluded mate-
rial with folate reductase activity reflects a spe-
cific folate reductase which cannot reduce di-
hydrofolate or a nonspecific reduction remains
unanswered.

FRACTION NUMBER

FiG. 1. Polyacrylamide gel filtration behavior of
total protein (broken line), folate reductase (0), and
dihydrofolate reductase (a) activities ofan ammonium
sulfate fraction (0.3 to 0.7 saturation) of an extract of
S. faecium var. durans ATCC 8043; a column of Bio-
Gel P-60 (2.5 by 92.5 cm) was used at 4 C. Protein
and enzyme activity values of the effluent fractions
(3.5 ml) were computed after assay on the basis of
100mg oftotalprotein ofthe cell extract.
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Synthesis of almost subliminal folate reductase
activity and an abundant and stable specific
dihydrofolate reductase by strain 8043 under
certain growth conditions could have contributed
to the finding of a single dihydrofolate reductase
(3, 8, 10). Accordingly, a single folate reductase
in strain 8043, as concluded from studies with
an amethopterin-resistant mutant, is improbable
(11).
In emphasizing an earlier recommendation,

"absolute description and definition of organism
and medium" and "strain variation" among the
amethopterin-sensitive strains of S. faecium var.
durans (4), we urge the differentiation of ameth-
opterin-resistant mutant strains of nonidentical
parent strains. Caution in generalizations and
speculative conclusions may also prevent seem-
ingly conflicting findings.

We thank Franklin K. Pearce and William J. Suling for excel-
lent technical assistance.

This investigation was supported by Public Health Service
grant CA 08748 from the National Cancer nstitute and by grant
T-107 from the American Cancer Society.

LITERATURE CITED

1. Albrecht, A. M., J. L. Palmer, and D. J. Hutchison. 1966.
Differentiating properties of the dihydrofolate reductases
of the amethopterin-resistant Streptococcus faecalsh/Ak
and the sensitive parent strain. J. Biol. Chem. 241:1043-
1048.

2. Albrecht, A. M., F. K. Pearce, W. J. Suling, and D. J. Hutchi-
son. 1969. Folate reductase and specific dihydrofolate
reductase of the amethopterin-sentive Streptococcus
faectum var. durans. Biochemistry 8:960-967.

3. Blakley, R. L., and B. M. McDougali. 1961. Dihydrofolic
reductase from Streptococcus faccalts R. J. Biol. Chem.
236:1163-1167.

4. Coultas, M. K., A. M. Albrecht, and D. J. Hutchison. 1966.
Strain variation within Streptococcus faectum var. durans.
J. Bacteriol. 92:516-517.

5. Deibel, R. H. 1964. The group D streptococci. Bacteriol. Rev.
28:330-366.

6. Deibel, R. H., D. E. Lake, and C. F. Niven, Jr. 1963. Physi-
obgy of the enterococci as related to their taxonomy.
J. Bacteriol. 86:1275-1282.

7. Flynn, L. N., V. B. Williams, B. L. ODell, and A. G. Hogan.
1951. Medium for assay of vitamins with lactic acid bac-
teria. Anal. Chem. 23:180-185.

8. Hilbcoat, B. L., and R. L. Blakley. 1966. Dihydrofolate
reductase of Streptococcus faecalts. I. Purification and some
properties of reductase from the wild stain and from
strain A. J. Biol. Chem. 241 :2995-3001.

9. Hutchison, D. J. 1958. Metabolism of resistant mutants of
Streptococcus faecalts. I. Isolation and characterization of
the mutants. Cancer Res. 18:214-219.

10. Nixon; P. F., and R. L. Blakley. 1968. Dihydrofolate reduc-
tase of Streptococcus factwum. H. Pudfication and some
properties of two dihydrofolate reductases from the ameth-
opterin-resistant mutant, Streptococcus faectum var. durans
strain A. J. Biol. Chem. 243.4722-4731.

11. Speck, E. L., and L. F. Affronti. 1969. Separation of folic acid
reducae from Streptococcus faectum (ATCC 8043). J.
Bacteriol. 97:1160-1164.


