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INTRODUCTION
A. PREFACE

Workers have previously established conditions for the form-
ation of methionine from homocysteine plus serine. or forﬁaldehyde (46).
This process was later shown to be a three-step re#ction with three
different intermediate compounds involving derivatives of the co-
enzyme folic acid (20). In the first step, serine transhydroxymeﬁhylase
(L-serine: tetrahydrofolate 5, 10 hydroyxmethyl-transferase E. C.
2,1.2.1.) catalyzes thé interconversion of serine and glycine as shown
in reaction 1 (Figure 1). NS, N10 -methylene tetrahydrofolate is con-
verted to NS -methyl tetrahydrofolate as shown in reaction 2 (Figure 2)
by NS, N10 -methylene tetrahydrofblate reductase (5-methyl tetrahydro-
folate: NAD oxidoreductase E. C. 1.1.1.68). The N5 -methyl group is
then transferred to homocysteine to form ﬁéthionine as shown in reaction
3 (Figure 3). This reaction is catalyzed by methionine synthetase.

The objectives of the present investigation were to study
reactions 1 and 2 and partially purify serine transhydroxymethylase and
' NS, N10 -methylene tetrahydrofolate redugtase and characterize both of
these enzymes.

The occurrence of serine transhydroxymethylase and NS, NlO_‘

methylene tetrahydrofolate reductase is widespread in nature, and

‘both enzymes have been partially purified from several sources (31,33).
-1-



BR
H~C-C-G0O +
] 1
0 NHg
H
L-Serine . Tetrahydrofolate
| O
Pyridoxal
Phosphate
Y ,
- ki €00
HEN\( N CH, .
v | R QHCH,
H-Q-QQO + N Y C-N- -C-N-CH
NHg | / .\\9/ 00
% i,
. ' 5 10 L
Glycine N”, N* -Methylene Tetrahydrofolate

Figure 1, (Reaction 1) The Interconversion of Serine and Glycine

This reaction is catalyzed by serine transhydroxymethylase.
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Figure 2, (Reaction Zg The Conversion of NS, Nlo ~Methylene

Tetrahydrofolate to N° -Methyl Tetrahydrofolate

The reaction is catalyzed by NS, Nlo -methylene tetrahydrofolate
reductase.
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Figure 3. (Reaction 3) The Formation of Methionine from Homocysteine
and N -Methyl Tetrahydrofolate '

The enzyme that catalyzed this reaction is methionine synthetase,
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This thesis describes the partial purification and characterization
of serine transhydroxymethylase and NS, Nlo -methylene tetrahydro-
folate reductase from bovine brain. This represented the initiation

of an investigation of folic acid dependent reactions in brain. .

LITERATURE REVIEW OF SERINE TRANSHYDROXYMETHYIASE

The biologicai interconversibn 6f serine and glycine was first
demonstrated by Shemin in 1946 by using laﬁeled serine (76). Later
Winnick gg.gl..(22,855 showed'that’glyciﬁe was rapidly c@nverted to
serine in rat liver homogenate$. |

The condensation of glycine with a one-carbon dompounq was
postuléted by severai#investigators as the mechanism for the synthesis
of ser;né. Sakami (63) demonstrated this by SHOWing that 014 ~formate
was incorporated in serine at the beta carbon in the intact rat. He
also showed that glyciﬁe labeled in the methyl carbon with 014 gave rise
to serine 1abe1ed equally ﬁith C14 in the alpha and beta carbons (64).
These reéults indicated that glycine could serve as a major source for
.the beta carbon of serine by breaking dbwn to a one-carbéﬁ compound.‘
Siekévitz and Gfeenberg (78) also verified these results by using rat
liver élices. In addition to glycine and formate, other compounds
were found to be the p;eéursors of tﬁe'beta carbon of sérine. These
included such compounds‘as the methyl gfoups of choline (65),
acetoﬁe (66), and methionine (80). |

Even though formate was shown to be an effective precursorlof‘
serine, most investigators felt that it was not the immediate precursor.

Evidence was then provided that formaldehyde was the one-carbon
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piecufsor 43). Siegel and Lafayé (77) provided suﬁport for this
hyéothesis by showing that ‘the beta carbon of serine in rat liver
.homogenates.céme from formaldéhyde and not formate. Férmate was shown
' to be incorporated in serine at the‘beta position when ATP, alpha-keto-
gluta:ate, citrate, and a reducing ageﬁt‘were inclﬁded in tﬁe incubation
, with rat liver homogenates (57). 1In the c;nversion of the beta carbon
of serine to the methyl group of choline or‘thymine, both the beta
hydrogen'atoms of serine were retained, which excluded fqrmate as an
iﬁfer%ediate (19). A

| While investigating the nafure'Of the gompound which condensed
with glycine to form serine, it was found that folic écid was required
in the reaction (28): Elwyn and Sfrinson (18) found the conversion of
serine to glycine to be only one-sixth és'fast in folic acid deficient
rats as in normal ones. It waé also observed that the incorporation of '
'fo:mate in serine at the beta carbon was ten times greater in normal
rats than in folic acid deficient rats (61).

It was demonstrétéd that ;hé conversion of folic acid to
tet:éhydrofolate was necessary before it could participate in serine
biosynthesis (4). Kisluik and Sakami (42) showed that folic acid
stimulated serine-biosynthesis maximally if ATP, NAD+, and yeast extract
were added to well dialyzed extracts.of liver homogenates. Blakely (6)
~ observed that if tetrahydrofolate was added to the incubation mixture,
maximum serine biosynthesis occurred without these other cb-factbrs.

It was subsequently shown that the biosynthesistof serine could
utilize the féllowing folic acid co-enzyme: N5 -formyl tetrahydrofolate

(35), Nlo -formyl folate (62), and N10 -formyl tetrahydrofolate (32).
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.Bqth the NS - and‘N10 -positions of tetréhydrofolate appeared to be
involved in binding formaldehyde. Kisluik (39) showed that formaldehyde
reacted rapidly and nﬁn-enzymatically with tetrahydrofolate to form a
"compound which was a precu:éor of thevbeta éarbon of serine. Blakley (8)
demonstrated that the compound formed»nonhenzymatically from tetrahy-
drofolate'and fofmaldehyde was the sam;_as the compound formed from
serine and tetrahydrofolate in the enzymafic conversion @f serine to
igiycine. 0Osborn et al, (60) élearly showed the fbrmaldehyde-tetrahy;
drofolate compound to be NS, N10 -methylene tetrahydrofolic aci&.
_Pyr;doxal S5-phosphate was a second co-factor, which was impli-

éated in_serine-giycine interconversion (45). Deodhar and Sakami (14)
observed that liver extracts of pyridp#ine-déficient éhickens showed
a reduced abiiity for the incorboration of fbrmate into serine,
ﬂlakley (7) demonstrated the direct participation of pyridoxal phos-~
fhate with a partiaily purified enzyme from rabbit livér. The eﬁzyme
isolated from the livers of qertain mammals also showed an absolute
requiremenﬁ for pyridox#l phosphate (1). It was then'demons;rated
that deoxypridoxine inhibited serine synthesis in partially purified
rat liver prepargtions and-that fyridoxal'phosphate reversed the
inﬁibition (2). |

| Pyridoxal 5-phosphate has long been cbnsidered to participate
~in the serine transhydroxymethylase reaction by :eacting with the amino
- acid substrates to form activated Schiff base intermediates (73), but
little or no direct evidenée was published to support this mechanismi
until 1962 when Schirch and.Mason (72) gave speqtral evidence tg supﬁort

this conclusion.
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The evidence thus far presented has demonstrated that a one-
carbon fragment derived from fdrmaldehyde condenses with glycine to form

10 -methylene tetrahydro-

serine via a foiié acid dﬁrivativg‘i. €., Ns, N
- folate. Pyridoxal phosphate is also required in the reaction and the
amipo acid is activatéd by the formation of a Schiff base in the
presence of pyridoxal's-phOSphate. 

Serine tranShydroxymeﬁhylase has‘béen‘repoited to occur ;n a
variety of mammalian, avian, and plgnt tissues as well as in micro-
organisms (31). Two serine transhydroxymethylases, which differ in
" physical properties, were reported‘to occur in rat liver (58) i. e.,‘one
. in the soluble and the other in the mitochondrial fractions,

Serine transhydroxymethylase has been shown to form a complex
with glycine (71); D-alanine (70); and glycine with either tetrahydro-
folate (73) or NS ;methyl tetrahydrofolate (71) or NS'—formyltefya-
hydrofolate (74). '

Ii‘has recently been demonstrated ;hatvthe rabbit liver enzyme

also catalyzed the cleavage of threonine to glycine and acetalde-

hyde (69). However, serine transhydroxymethylase from Clostridium

cylindrosporum has an absolute specificity for serine'(83).

' C. LITERATURE REVIEW OF N°, N'O -METHYLENE TETRAHYDROFOLATE REDUCTASE

An additional enzyme NS, NIO -methylene tetrahydrofolate
reductase has been implicated in thé formation of methionine from homo-

10 -methylene tetrahydrofolate:(46).  Initially this

cysteine and NS, N
conversion was thought to involve only a single enzyme, methionine

synthetase.
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N”, N -methylene tetrahydrofolate reductase was referred to
earlier as the "205-2" enzyme because it represented a missing component
of a methionine-less mutant strain of E. coliAZOS-Z (26). When this

14 10 -methyleﬁe

enzyme was incubated with NADH and C = 1labeled NS, N
tetrahydrofolate;-a product was formed that could be isolated by
chromatography. It was assigned tﬁe structure N'5 -methyl tetrahydro-
folate (46). This coméound was‘aISO prépared chemically by the
reduction of NS, N;O -methylene tetrahydrofolate with sodium boro-
hydride (36,67). ‘

The source of the hydrogen for the methionine-methyl has been

10 -methylene tetrahydrofolate reductase

investigated using the NS, N
reaction. The fact it was shown that the hydrogen did not come from the

1. (46) that

pyrazine ring (40), Supported the proposal oﬁ Larrabee‘gg
N5 -methyl tetrahyérofolate acts as a donor in a transmethylation

‘ feactiop during methionine synthgsis; and thatkthe question of de novo
methyl synthesis resides in the NS, N10 -methylene tetrahydrofolate
-reductase reacéion. It was later found that_chemically'reduced FAD
 could substitute fqr NADH in the reaction (17), and Donalason and
Keresztesy (17) showed that the_eﬁz&me was a flavoprotein. Since it was
shbwn that no loés of the hydrogen occurred during the transfer of the
methyl group from tetrahydrofolate to homocysteine (36}, the intro-
duction ofvthe one hydrogen into the methyl group of methionine must
have occurred during the NS, N10 -methylene tetrahydrofolate reductase
reaction. Cathou (10) demonstrated that water contributed the hydrogen
to the methyl of N5 -methyl tefrahydrofolate. It was concluded that thg

reductase reaction does not involve a direct reduction of NS, Nlo-
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ﬁethyléné teﬁrahydrofolate by éither NADH or by intramolecular_
reduction by the reduced pyrazine rihg. It was shoﬁn that there was
aﬁ exchange of hydrogens of reducé& FAD.with'the hydrogen atoms of the
solvent (10,36). The source of the three hydrogen’atoms bf'the_
methyl group of N5 -methyl‘tetrahydrofoléte and of methionine-yere
accounted for as the following: t&o hydrogen came fromvthe beta?carbon
of serine (31), and the third hydrogen éame from a hydrogen of reduced
FAD assééiated with Ns;-Nlo»-methyiene tetréhydrofolaté reductase.

Ns, N;o‘-methylene tetrahydrofoiate feducfase was élsd known
as prefolic A oxidase in hog liver (17). This activity ﬁas first
detected by measuring‘the conversion ofvprefolic A to tetrahydrofolate
in an incubatiOn mixture éontaining a dye asban elector acceptor (16).
Earlier it had been suggested that prefolic A was identical to

NS -methyl tetrahydrofolate (16). This prompted a further investi-
gation of the mammalian prefolié A oxidaée, and its relatiénship to

10 -methylene tetrahydrofolate reductase. The

the bacterial NS, N
“evidence whichvjustified this investigation were the foliowing:

(1) the detection of the various mammalian tetrahydrofolate co-enzyme
interconversion were éccomplished by microbiological methods (3);

) bonaldsqn and Keresztesy (17) reported that prefolic A synthesis
catalyzed by hdg 1ivér‘enzyﬁe (prefolic A oxidase) required tetrahydro- -
folate, NADH, and formaldehyde, and that this reaction was markedly
activated by FAD; and (3) biosynthetic'pféfolic A was shown to'be
identical with prefolib A isolatgd from mammalian liver, It was

10

therefore concluded that prefolic A oxidase and NS, N~ -methylene

tetrahydrofolate reductase activities were due to the same enzyme.
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NS,.NIO -methylene tetrahydrofolate féductase is a flavoprotein
and in the abseﬁée of menadione or an acti§g electron acceptor, the
over-all formation pf N? -methyl tetrahydrofolate occurs in the
'followiﬁg manner (46), (bacterial enzyme): -

NADH + Enzyme-FAD + i — Enzyme~-FADH, + NAD+

— 2
>Enzyme-FADH2 + NS,'NIO -methylene tetrahydrofolate' -—>

NS -methyl téttahydrofolate + Enzymg;FAD
In the presence of menadione or an active electron acceptor,
N5 ;methyl tetrahydrofolate is oiidized as~shown belo& (46),
(mammalian enzyme): | ‘ |

N5 -methyl tetrahydrofolate + Enzyme-FAD —>

2 + NS, N10 -methylene tetrahydrofolate -

Enzyme-FADH2 + menadione —> menadione~H2 + Enzyme-FAD

Inhibition studies were comsistent with the proposed schemes,

Enzyﬁe-FAbH

and in the absence 6f tetrahydrofolate compounds, the enzyme possessed
o 5 1

NADH-menadione reductase activity. N , N 0 -methylene tetrahydrofolate

reductase has previously been partially purified from bacteria (11),

and hog liver (17).



MATERTIALS AND EXPERIMENTAL METHODS
A. MATERIALS

1. Chemicals

| Chemicals used in this study.weré'ébtgined from the followiqg
sourgeé: DL-serine-3--C14 (0.5 mc/mg), formé.ldehyde-c14 (O.S mq/l.ZS mg),
PPO (2,5 diphenyloxazole), and POPOP (p-éis[Zv(5-phenyloxézolly)] ben-
zene), New Englénd Nuclear Corporation; folic acid, alcohol dehydro?
‘genase, NADH, and sephadex G-200, Sigma Chemical Company;'DM-30, FAD,
pyridoxal phosphate, and hydroklapatite, Calbiochem; DEAE-cellulose and
mercaptoethanol, Matheson Coleman and Bell; dimedon and menadione, J. T.
Baker Chemiqal Omnépny; protamine sulfate, Nutritional Biochemical
Corporation; and crystalline boviné albumin, Mann~Résearch L%boratories,
Incorporation. The highest purity compounds availabie were used without

further purification.

2. Determination of pH
All pH determinations were made with a Corning Model 10 Glass

Electrode pH Meter.

3. Protein Estimation

a. Biuret Method of Protein Estimation. Protein was determined

by Biuret reaction acébrding to the method of Gornall et al. (23). The

Biuret solution was standardized against crystalline bovine albumin.

-12-
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1

b. Protein Estimation by Ultraviolet Absorption.. Protein esti-
métion was based on the extinction coefficient of endolase given by
Warburg and Christian (84).

| c. Lowry Method of Protein Estimation, Proteins was also
deférmined by the Lowry method (50). The Lowry solution was standardized

against crystalline Bovine.albumin.

4., Preparation of Tetrahydrofolate

'Ietrahydrofolate was prepared by reducing folic acid according
to the method of;O'Dell (59) as modified by Hatefi et al. (27). Ome
gram of folic acid was placed in a pressuré botflebwith 0.5 gram of l
platinum oxide, and 75 ml of glacial‘acetic acid. 'The bottle was then
placed in a Parr Pressure Reaction Apparatus'connected to a hydrogen
taﬁk. The bottle was flushed 4 ﬁimes with h&drogen using a pump to
remove the gas., The solutioﬁ'of folic acid and platinum oxide was shaken
in the Parr Pressure Reactian Apparétué ﬁnder 35 pounds of hydrogen
pressure for 3 hours. After hydrogénation the solution was filteréd
throuéh a funnel under vacuum into a rougd-bottoﬁ flask suspended in
liquid nitrogen. The round-bottom flask was swirled in the liquid
nitrogen until the clear filtered solution was frozen. After freezing,
the solution was lyophilized. The fesultiné whiie‘powder was sealed |
under ; vacuum and stored at -20° in the dark.
| 'When the material was to be used in the assay, an aliquot of the
stock solution was diluted at 4.5 mg per ml in a O.OAVM percaptoethanol
solution, and the pH was adjusted to 7.4; The solution was then stored
in a Thunburg tube under an argon atmosphere at éero degreeg. The tetra-

hydrofolate was stable from 2 to 3 weeks in the mercaptoethanol solution.
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S. Preparation of NS--Methvl Tetrahydrofolate

Nsi-methyl tetrahydrofolate was prepéred by the reduction of

, NS, ﬁlo ~methylene tetraﬂydrofolgte with borohydride (37). NS, Nlo-
methylene tetrahydrofolgtg was prepared chemically by>treating tetra-
hydrofolate with exce§s~formaidehyde (60). Two hundred ﬁilligrams of
tetrahydrofolate were dissolved in’8 ml of oxygen free 0.5 M phosphate
buffer ﬁH 7.0 containing 0.4 ml of 1:10‘di1ution‘of 37 per cent form-
aldehyde, and 1 millicurie of formaidehyde-C%AL(O.S me/1.25 mg).,  The
reaction mixture was flushed théroughly with nitrogen and incubated for
10 minutes at 37°. Four hundéed ﬁilligrams-éf potassium boroydride were
added slowly to the incubation mixture, and the mixture was‘incubated
forvanvadditional 60 minutes at 37° under a nitrogen atmosphere. An
additional 0.2 ml of 37 per cent formaldehyde was added slowly to tﬁe
mixture‘which re;dted with the excess borohydride. Eight milliliters
of oxygen-free water was a&ded to the reaction mixture, and the
mixture waé chromatographed immediately on DEAE-cellulose. -The DEAE-
ééllulose column (3 X 10 cm) had previously been washed with 1 liter
of water and with 400 ml of 0.133 ﬁ armonium acétate. The above
reaction mixtﬁre was carefully layered on the column, and the célumn
was eluted by a linear gradient method in which the mixing chamber
contained 400 ml of 0.133 M ammonium‘acetate, pH 6.9, and the reservoir
contained 400 ml of 0.4 M ammonium.acetate, pH 6.9. Tﬁe ammonium -

" . acetate buffe;s contéined 0.01 M mercaptoethayol. The efflﬁent (10 ml
fractioﬁs) was collected every 10 minutes withvan autcmaﬁic fraction

collector, and NS -methyl tetrahydrofoléte‘containing fractions were

identified by their characteristic ultraviolet absorption maxima at
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290 my, and minima at 245 my. These fractions which appeared in the
second peak were pooled and lyophilized. The residue was redissolved
in sufficient 0.05 M potassium phosphate buffer pH 7.5, to give a
solution which contained 2.5 , moles of N5 -methyl tetrahydrofolate

per ml, The solution was then frozen and stored.

6. Preparation of DEAE-Cellulose

DEAE~cellulose was suspended in water, and the fines and smaller
fibers were removed by repeated decantation. The remaining compacted
-mass was drained and washed with 1.0 M dipotassium phoiphate until the
washings were colorless as detected spectrometrically ét 280 my. It was
then washed with wéter until the pH of the suspension was the same as
the water with which it was washed. The reﬁaining mass was then drained
and stored in water at a concentration of 25 mg per ml, The slurry was
brought to a boil in vacuo to eliminate trapped air before the cellulose
was packed into columns. The columns were fitted with clamped poly-
ethylene tubing on their outlets. The cellulose slurry was added in
po;tions until sufficient cellulose had been added to the column. The
column was then drained dropwise until the cellulose was compacted.

The columns were washed with a liter of water and with 500 m1 of the

desired buffer before using.

7. Preparation of Calcium Phosphate Gel

Calcium phosphate gel was prepared according to the method by
Keilin and Hartree (34). One hundred fifty ml of calcium chloride
'solution (88.6 g CaClZ-ZHZO per liter) was added to 160 ml of distilled
water and shaken with 150 ml of trisodium phosphate solution (152 g

Na3P04-12H20 per liter). The mixture was brought to pH 7.4 with 1.0 N
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acetic acid, and the precipitate was washed 5 times By decantation with
large voluﬁes of water (6 liters). ' The precipitate was then centrifuged
and suspended in 300 ml of water.

| Hydroiylapatite columns were sometiﬁes used instead of.calcium
phosphate gel., The hydroxylapatite columns were packed under 10 pounds

of nitrogen pfessure.

8. . Preparation Qf G~200 Sephadex

| Sephadex G-200 was swelled in a large excess of water in an 80°
Bath for 5 hours. After swelling, fines wére removed,by.rePeated'
washings and decantings, The sephadex slurry wés then mixed with 2
times the volume of bqffer and brought to a boil in vacuo to eliminate
trapped air before packing the sephadex column. The excess buffer was
siphoned off to give a thick sephadex slurry. The sephadex slurry was
carefully poured down a glass rod into the sephadex column (3 X 90 cm)
and reservoir. Enough slurry was added the first time so that no further
additions were necessary. The slurry was allowed to settle in the
éolumn.for about 1 hour. The column was then packed with é pressure
head of 10 cm and care was exercised at all times to avoid a pressure
head in excess of 15 cm, After the préper height in the column was
reaéhed, excess slurry was removed; the outlet was stopped, and the
column was allowed to settle for a few hours, The upward adapterﬁwas

then inserted, and the column was equilibrated with the desired buffer,

9. Preparation of DM-30 Column
DM-30 was allowed to swell in a large excess of 0.01 M potassium
phosphate buffer pH 7.0 for 12 hours at 0°, After swelling, a column

(2.5 X 30 cm) was packed by filling the column with 0.02 M potassium
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phosphate buffer pH 7.0, and pouring the DM-30 slurry into allarge
funnel which had been placed above the columﬁ. Thé column was allowed
to stand for 1 hour while the slurry settled to the botﬁom of the
column. After settling, the column was washed with 0.02 M‘potassium

phosphate buffer pH 7.0 for a few hours before using.
B. METHODS

1. Assay for Serine Transhydroxymethylééé

The methods used to assay serine transhydroxymethylase have
involved: (1) estimation of serine by periodate~oxidatibn followed by
chromotropic acid treatment (2,38); (2) determination of serine by
manometric measurement‘of CO .release upon periodate oxidation (7);

(3) manometric determination of 0, uptake during oxidation of thg‘C-l

2
unit to 002'(30); (4) colorimetric estimation of the disappearance of
formaldehyde bound in NS, Nlo -methylene tetrahydrofolaté with acetyl-

acetone reagent (75); (5) spectrophotometric measurement of NS, Nlo-

;mefhylene tetrahydrofolate with NS, Nlo -methylene tetrahydrofolate
dehydrogenase plus NADP in a two-step assay procedure (72); and (6) a
radioactive assay using 3-C14-serihe (82).

The assay for serine transhydroxymethylase used in this study
was a modification of the radioactive assay:by Taylor and Weissbach (82).
To a 12 ml test tube 0.1 ml of 6.3 M’potassium phosphate buffer pH 7;4
(30 moles); 0.05 ml of 0.002 M;pyridoxalyphosphate (O.I“p moles);
0.1 ml of enzyme (less than 1.0 mg); and 0.1 ml of 0.04 M mercapto-
ethanol with 4.5 mg of tetrahydrofolate per ml (éyp moles with 0.8
moles of tetrahydrofolate) were added. The mixture was incubated for 5

minutes at 370. After incubation 0;1 ml of 3-CLA-L-serine 0.002 M
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(0.2 p mole) 6.0 X 106 cpm per , mole was added and the mixture was
again incubated fqr 15 minutes at 37°,

The reactions were stopped by adding 0.3 ml of 0.4 M dimedon
(5-5 dimethyl -1,3 cyclohexanedione) in 50 per cent eﬁhanol. ‘The mix-
ture was heated for 5 minutes in boiling water and then'cooled in an ice
' 5athAfor 5 minutes., Five milliliters of toluene were added and the
formaldehyde dimedon adduct was extractéd By vigorous shaking. After
2 minutes of céntrifugation, 3 ml of the upper toluene layer were added
to 10 ml of Bray's solution (9) and counted in a Nuclear-Chicago Unilux
I liquid scintillation counter for 1 minute. The control tube included
everything except that 5 ml of water was added instead of 5 ml of
toluene, and 3 ml of water wad gdded to the_lOyml of Bray's solution.
* This control tube gave the total count and the percentage of the reaction
was taken from thié count. A blank tube igcluded everything except the
enzyme, and the counts from this tube were suBstracted from the counts
of the enzyme activity. One unit of enzyme is defined ;s the , moles

of L-serine converted per hour per mg of enzyme.

2. Assay for Threonine Aldolase

v Threonine aldolase activity was estimated by meésuring the rate
of acetaldehyde formation by the method of Malkin and Greenberg (52).
The acetaidehyde formed as shown in reaction & (Figure 4) wasvreduced by
NADH and alcoh§1 dehydrogénase to ethanol, reaction 5 (Figure 4). To a
3 ml cuvette of 1.0-cm 1ight’path were added 2.3 ml of 0.05 M potassium
phosphate buffer pH 7.4 (115 y, moles), 0.1 ml of o.-.oos M NADH (0.5
moles), 0.01 ml of alcohél'dehydrogenase suspension (0.05 mg), 0.1 ml of

enzyme (less than 1.0 mg), and 0.4 ml of 0.5 M L-threonine (200 , moles)
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8 -
0 1 NH3t _ < Pyridoxal 3 0H
) H-Q-Q-Q-COO Phosphate H-g-COO + C-C-H
HHH H H
L-Threonine Glycine Acetaldehyde
| B
on oOH o+
(5) H*Cfg-H +  NADH < H-Q-Q-H + NAD
H ‘ > HH
-Acetéldehyde , Ethanol

Figure 4. [Reactions 4 and 5] The Inconversion of L-Threonine to

Glycine and Acetaldehyde and the Interconversion of Acetaldehyde to
Ethanol
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to bring the total volume to 3.0 ml, The phosphafe buffer_ﬁas'prehéated
to 37° and the assay solution was képt at 370 during the assay ﬁsiﬁg a
jaéketed cell compartment through which water at 39° was circulated.
Readinés were instigated immédiatély after addition of the substrate and
the values were recorded for 15 minutes with a Beckman DB Spectrophoto-
meter, The decrease in absorbéncy at 340 mp was used as a measurement
of enzyme activity. An enzyme blank waé‘unnecessary because there was
no non-enzymatic conversion of threonine to glycine and acetaldehyde
under standa;d assay éonditions. The reference blank contained every-
thing‘except the enzyme and NADH. The change in absorption was recorded
.on a Honeyweli Eléctronik Recorder #19,-aﬁd the slope of this line was
used to determine the change in absorbancy units per minute, The specific
activity is reportedvas p moles of'product formed per mg of protein per

hour.

3, Assay for NS, N10 -Methylene Tetrahydrdfblate Reductase

The standard assay for NS, N10 -methylene tetrahydrofolate
~rgductase was performed in the reverse direction of reac£ion 24(Figure 2)'
where N5 -methyl Cl.4 tetrahydrofoiate served as the substrate and
menadione functioned as an artifical electron acceptor. The assay was
adapted from a similar assay ﬁfoposed by Kutzbach and Stockstad (44).
'(The NS; Nlo_hmethylené tetrahydrofolate formed dissociated easily to |
yield labeled formaldehyde which was isolated as the dimedon adductl
The incubation mixture confainedé 0.5 m1 of potassium phosphate buffer
pH 6.3 (250 j, moles), 0.05 ml of 0,0001 M of FAD ( 5 my moles), 0.1 ml
of 0.02 M menadiqne (2bp moles) (not completely dissolved), 0,05 ﬁi'of

0.1 M ascorbic acid (5 y moles), 0.1 ml of enzyme (less than 1.5 mg),
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and QTOSle of 0,0025 M (N55614) N5 fmethyl,tetrahydrofolatén(400-ébuntsA
per Qinute per mu'ﬁole) fiZS my, moles), The NS -methyl tetrah&drofolate
was added after the otherbcomponenté of the mixture héd incubated for 5

minutes at 370. ‘The entire mixturg w;s,then incﬁbated for 15 minutes at

37°

. The reaction was sfoppkdibyAAdéiﬁg 633 ml of a solution of 0.4 M
dimedon in 50 per cent ethaﬁol and-by heating for 5 minutes at 95°. The
incubation mixture was cooled in ice, and the formaldéhyde diﬁedon adduct
was extracted into 5 ml of toiyené.ﬁy'vig§rous shaking for 15 seconds.
The phases were then separated by centrifugation and 3 ml of the toluene
phase wasfadded to the‘Bray's solution (9) and counted in a Nuclear-
Chicago Unlix I liquid scintillation counter. The COﬁtfol_tube contained
everything except that 5 ml of watervwas added instead of 5 ml of toiuene,
and 3 ml of water was added to 10 ml of Bray's solution. This control
tube gave the total count and the percentage of the reaétion was - taken
from this count. .A blank tube included everything except the enzyme,'éhd
the counts from this tube were substracted from the counts of the'
complete asséy mixture; The speéifié activity was defined és»thg

p moles of formaldehyde formed per hour per mg of enzyme.

~

4, Purification Scheme of Serine Transhydroxymethylase

©  Previous investigators have shown that serine transhydroxy-
methylése is widely distributed in nature. In this study, the enzyme
was partially purified from fresh frozenibdvine'brain. Enzymatic
activity decreases in brain frozen for more than a few weeks. The
methods used in the purification scheme are a modification of the metﬁodé
of Schirch (68) and Nakano et al, (58). All oPeratiéns'were carried

SN _
out at 0 ~S° unless otherwise indicated; centrifugations were performed
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in the Servall Refrigerated RC-2 and RC-2B Centrifuges.

Sfeg 1. Preparation‘of Crude Extraét. One thqusand grams of
fresh frozen bovine brain were chopﬁed into small pieces and homo-
genized for 2 ninutes in a Waring blender with 2,000 ml of 0.03 M
potassium phogphate bﬁ?fer PH 6.5. The resulting homogenate was
centrifuged for 15 minutes at 40,000 x g. | |

Ste2‘2. Protamine Sulfate Precipitation, The supernatant
fluid was then dilﬁted with 0.03 M potassium phﬁsphate buffer pH 6.5
vto bring the protéin concentration to 9 mg per ml. To this solufion
was added a‘sufficient volume of a 1.0 per cent protamine sulféte suspen-

_sion, pH 6.5 such that the final protamine sulfate concentration was 6 mg
per 100 ml, After 5 minutes had been allowed for precipitation, the
mixture was centrifuged at 40,000 x g for 10 minutes. The precipitate
was discarded. An alterant procedure involved a 2-step pro;amine sul-
fate precipitation: initially 2.5 mg of protamine suifate was added
per 100 ml and ﬁentrifuged (this precipitate was discarded); an
édditionalv3.5’mg per 100 ml was added to the supernatant fraction and
centrifuged (This precipitate was saved for the purification of
NS, N10 -methylene tefrahydrofolate reductase),

Step 3. Ammonium Sulfate Precipitation. Sufficient Solidl
ammonium sulfate (500 gm) was added to the protamine sulfate supernatant
fluid from Step 2 to produce a 33 per cenf saturation, Afteriétirring .
for 15 miﬁutes, the inert protein was removed ﬁy centrifugatioﬁ for 10
minutes at 40,000 x g. The sﬁpernatant solution w;s adjusted to 53
per cent saturation with solid ammonium sulfate (325 gm)-and allowed to
stand for 15 minutes with stirring prior to centrifugation for 10 minutes

- at 40,000 x g. The precipitate was dissolved in 100 ml of 0,03 M
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éotassium phospﬁgte buffer pH 7.4, and dialyzed against 6 liters of
0.03 M potassium phosphate buffer pH 7.4 for 4 hours.

Step 4. Second Ammonium Suifate Precipitation. The dialysate
from step 3 was diluted with 0.03 M potassium phosphate buffer pH 7.4
to bring the protein concentration to 10 mé per ml., To this solution
was added solid ammonium sulfate (35 gm) to produce a 50 per cent
saturation, After standing for‘15 minufes with stirring, the protein
was removed by centrifugation at 40,000 x g for 10 minutes. The super-
natant solution was then adjusted to 45 per cent saturation with solid
ammoﬁium sulfate (24’gm) and allowed to stand for 15 minutes with
stirring prior to cent:ifﬁgation for 10 minutes at 40,000 x g. The
precipitate was dissolvéd in 50 ml1 of 0.005 M potassium phosphate buffer
pH 7.4 and dialyzed against 6 liters of 0.005 M potassium phosphate
buffer pH 7.4_for 6 hours. |

Step 5. DEAE-Cellulose Column. The dialyzed solution from
step 4 was édded to a DEAE-Cellulose column (3 X 14 c¢m) which had been
equilibrated with 0.005 M potassium phosphate buffer pH 7.4. The column
was washed with the buffer until no protein could be detected in the
eluate by its absorption at 280 my. Gradient elutipn was then applied
to the column with 400 ml of 0.005 M éotassium phosphate/buffer pH 7.4
in the mixing vessel and 400 m1l of 0.3 M potassium phosphate buffer
pH 7.4 in the reservoir. Thé eluate was collected every 10 minutes and
each tube containing protein was assayed. The fractions with the highest
specific activity were pooled and precipitated by the addition of solid
ammonium sulfafe (50 per cent saturation). After standing for 15 minutes
with stirring, the prﬁtein was collected by centrifugation at.40,000 X

g for 10 minutes.



Y

' Step 6. Gel Filtration on Sephadex G-200. The proiein from
Step 5 was dissolvedvin«o.os M potassiuﬁ phosphate buffer pH 7.4.
The concentrated solution (30 mg'protein'per ml) was cargfully layefed
onto a sephadex-C-ZOO column (3 X 96 cm) ﬁhich‘had been equilibrated with
1 0.05 M potassium phdsphafe buffef pH 7.4, After washing the enzymerinto
. the column with the same buffer, the buffer from the cdiumn was eluted
aﬁ a rate of 0.3 ml per minute and the éluate collected every 20
minutes., The appearance of.protein was followed by the absorbance

af 280‘mp'and peak tubes were assayed for enzyme activity. The tubes
with the highest activity were then combined and solid ammonium

éulfate was added_to produce 50 per cent saturation. Aftér stirring

for 15 minutes; the protein was centrifuged for'10 miﬁutes ét 40,000

x g, and the precipitate was then‘frozen and stored,

5.. Purification Scheme of NS, N10 -Methylene Tetrahyvdrofolate
Reductase '

The occurrence of NS, Nlo -methylene tetrahydrofolate reductase
is’widespread in nature, and the enzyme has been partially'pufified
from several sources, In this investigation, NS, qu -methylene
tetrahydrofolate reductase was partially purified from fresh frozen
boviné brain. Enzymatic activity was found to decrease in brain frozen
fo# more than a few weeks.» The methods used in this purification scheme
are mcdified‘from-thé purifica;ionlschemés of Katzen and Buéhanan (33)
and Huennekens (29)._ All the oferations in the procedure were carried
out at 0-5o unless otherwise indicated;fceﬁtrifugations were performed
in either the Servall Refrigerated RC-2>0; RC-ZB‘Centrifuge and the

Spinco Model L Ultracantrifuge.
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Step 1. Preparatiqn of Crude Extract. One thousand'grams of
fresh fr?zen bovine -brain were chopped iﬁto small pieées and homogenized
for 2 minutes in a ﬁaring blende: with 2,000 ml of 0.03 M potassium
phosphate buffer pH 6.5. Thé resulting homogenate was centrifuged fof
15 ‘minutes at 40,000 xbg.

Step 2. Protamine Sulfate Precipitation. The suﬁernatant
fluid from the crude extract was thenydiluted with 0:03 M potassium

 phosphate buffer pH 6.5 to bring the protein concentration to 9 mg per
ml, To this solution was added wiih rapid stirring, a l.per cent
protamine sulfate suspension pH 6.5 to‘bring the final concentration t§
2.5 mg per 100 ml. After 5 minutes had been allowed for precipitation,
the mixture was centrifuged at 40,000 x g fbr 10 minutes. The precip-
itate was diScarded, and to the supernatant fraction was added a further
quantity of-protamine sulfate to bring the total concentration of the
1atter~t§ 6 mg\pér 100 ml. Again the precipitate was removéd by
-centrifugation and the material precipitating betweeh 2.5 and;6.0 mg per
160 ml.of’protamine sulfate conéentratipn, which contained the enzyme
activity,‘was dissolved in 300 ml of 0.5 M potassium phosphate buffer
pH‘Z.A using a glass homogenizer. The,supernatant fluid was used for
the purifiéati;n scheme of serine transhydroximethylase (see purification
scheme of serine transhydroxymethylase). o

Stég 3. Ammonium Sulfate Precipita;ion. The suspension frqm
step 2 was diluted with 0.5 M potassium phosphate buffer pH 7.4 to b:ingv
the final protein concentfation to 10 mg per ml. To this solution was
added with rapid stirring, solid ammnnium sulfate (18 g;) to produce

12 per cent saturation. After standing for 15 minutes with stirring,
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the inert protein was removed by centrifugation for 10 minutes at
46,000 x g. The supernatant solution was adjusted to 40 per cent
saturation with solid ammonium sulfate (55 gm) and allowed to stand

f§f 10 minutes at 40,000 x g. Th; precipitate was dissolved in 100 ml
of 0,02 M potassium phosphate buffer pH 7.0 and dialyzed against 6
liters of 0.02 M potassium phosphate buffer pH 7.0 for 6 hours.
| Step 4. High Speed Ceﬁtrifuga;ioﬁ. The dialysate from step 3
was gentrifuged at 100,006 X g fbr 30 minutes in the Spiﬁcﬁrﬂuodel L)
Untracentrifuge (No. 40 rotof). This sfep uSually cleared thé super-
natant solution of the white précipitént material wﬁich occurred during
dialyzing. |

Step 5. Absorption and Elution from DM-30 Column. The enzyme

solution from step 4 was added to a DM-30 column (2.5 X 30 em) which
had been~equilibréted with 0,02 M potassium ﬁhosphate buffer pH 7.0{
The column wés washéd with the buffer until no protein could be detected
in the.eluate by its absorption at 280 my. A gradient elution was then
~applied to the column with 500 ml of 0.01 M pofassium phosphate buffer
pH>7.0 in the mixing vesselland 500 ml1 of 6.5 M potassium phosphate
b&ffer pH 7.0 in the réservoir. The eluate was collected every‘IO
minutes and each tube containing protein was assayed. The ffactions
ﬁith the highest specifié activity were pooled and precipitated by the
addition of solid ammonium sulfate (50 pér cent saturation). After
standing for 15 minutes with stirring, the protein was collected by
centrifugatioﬁ at 40,900 x g for 10 minutes. The residue was suépended
in 30 ml of 0.01 M potassium phosphate buffer pH 6.5 and dialyzed

against 6 liters of the same buffer for 4 hours.
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§ggg;§, Calcium Fhosphate Gel. The dialysate‘from step 5 was
‘ qafefully adjusted to pH 6.0 with 1 N acetic acid and 15 ml of the
calcium phosphate gel (15 mg‘per ml) were added. The resulting mixture
was allowed to stand for 5 minut;s with stirring prior to centrifugation.
for 1 minute'at 5,000 x g. The calciﬁm phosphate gel residue was sus-
pended in 15 ml of 0,01 M potassium phosphate buffer/pH 6.S.wi£h a
glass homogenizer and recentrifugated.ét'S,OOO x g for 1 minute.‘ After
2 additional washings with 0.02 M pota;sium phosphate buffer_pH 6.5 to
:émove contaminating proteins, the énzyme wés'eluted from the calcium
phosphate gel with 20 ml of 0.05 M potassium phqspﬁate buffer pH 7.4.
Solid ammonium sulfate (8 gm) was addéd_to the above eluate to bring
" the concentration to 55 per cent saturation, and the resulting mixture
was allowed to stand for 15 minutes with stirring prior to centrifugation -
at 40,000 x g for 10 minutes. The resulting residue was collected and
;ﬁored at this étep By freezing.

| ..§EEELZ: Gel Filtration on Sephadex G-200. The resi&ue from
stép 6'was gombined with other preparatidns'carried to the same stép
and dissol&ed in 0,05 M potassium phosphate buffer pH 6.5. The protein
concentration was adjustedv£o 30 mg per ml, and the concentrated solution
was carefully layered onto a column (3 X 90 cm) of sephad;x G-200 which
had been equilibrated with 0.05 M potassium phpsphate buffer pH 6.5.
After washingAthe enzyme into the coluﬁn with 0.05 M potassium phosphate
buffer pH 6;5, the column was eluted with 0,05 M potassium phosphate
buffer pH 6;5'at é rate of 0.3 ml per minute and the eluate was collected
every 20 minutes. The appearance of protein was followed by the

absorbance at 280 my, and peak tubes were assayed for reductase activity.
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- The tubes with the highest activity were then combined and éolid
;mmonium sulfate was added to produce a 50 per cent saturation. After

- stirring for 15 minﬁteé, the protein‘was conéentrated by centrifugation

at‘40,000 x g for 10 minutes and the precipitaté was theﬁ frozen and

stored,



EXPERIMENTAL RESULTS AND DISCUSSION

A. VALIDITY OF THE RADIOACTIVE ASSAY FOR SERINE TRANSHYDROXYMETHYLASE

AAssay methods used by previous invéstigators (2,8,75) were
cumbersome and somewhat lengthy. Severai assay systems were inves-
tiéated, and the best success was obtained with the radioactive assay by
Iaylor and Weissbach (82); | |

| Serine and tetrahydrofolate Wére converted by serinevtranshy-
droxymethylase to glycine and NS, Nlo’-methylene tetrahydrofolate
according to reaction 1 (Figure 1) (1,5;30,41). The beta carbon of
serine was‘transferfed to NS,VN10 position of tetrahydrofolate in the
reaction, and the NS, N10 -methylene tetrahydrofolate formed dissociated
easily to yield formaldehyde which could be isolated as the dimedon

- (5, 5-dimethyl 1,3 cyclohexadione) adduct (33,51). The assay was
spécific for the beta carbon of serine. Tﬁis method is described in
the Experimental Methods section.

The enzyme activity increased with enzyme concentration showing
a first order relationship (Figure 5). With enzyme concentrations less
‘than 1 mg, the reaction was linear and therefore concentrations at less
than 1 mg per ml were used in the assay. The dépendency of the assay
on time is shoﬁn in Figure 6. The incubation period of 15 minutes

gave a linear response and was chosen as the time used in the typical

assay.
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Specific Activity

Mg of Protein

Figure 5. Dependence of the Extent of the Reaction on Enzyme
Concentration for Serine Transhydroxymethylase.

The assay mixture contained 30 |, moles of potassium phosphate buffer
7.4, 1 j, mole of pyridoxal phosphate, 4 |, moles of mercapizethanol,
0.8 |, moles of tetrahydrofolate, 0.1 |, moles of L-beta (C ')-serine
- and varying amounts of enzyme. The assay mixture was incubated at
37° for 15 minutes. ‘
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Figure 6. The Length of Incubation Time Versus the Activity of
Serine Transhydroxymethylase.

The assay mixture contained 30  moles of potassium phosphate buffer
PH 7.4, 1", mole of pyridoxal phosphate, &4 ;, moles of mercaptoethanol,
0.8 y moles of tetrahydrofolate, 0.1 j moles of L-beta (614)-serine,
and a mixture of enzyme. The assay mixture was incubated at 37° for

varying lengths of time.
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The depeﬁdence of the reaction raﬁe of the assay on the complete
system was also studied, and the results are listed in Table 1. There
is an absolute dependency on the enzyme, tetrahydrofolate, pyridoxal
phosphate; and L-sgrine. Mercaptoethaﬁcl prevents the oxidation of
tetrahydrofolate, and thus with its omission, the specific activity
dropped more than 40 per cent; Incubation at various temperatures and
the effect this had on the rate of the ¥ea§tion was also studied (Figure
7). The temperature range between 35%-40° was found to be optimal.
However, when the teméerature varied more than 5 degrees from this range,
therg was a rapid reduction in the rate. TheAassay mixture was always
incubated 5 minutes before the substrate was added, and at higher
temperatures the enzyme could have been partially or completely destroyed
before the substrate was added.

The radioactive assay has proven to be a reliable assay, and
the assay could be performed conveniently in less than 1 hour. Due to
its sensitivity and specificity, the assay can also be used to measure

crude extracts with low specificity activity.

B, VALIDITY OF THE ASSAY FOR THREONINE ALDOIASE

Braunstein et al. (48) reported the presence of an enzyme or
enzyme system in various animal tissues which forms glycine from serine,
threonine and certain other alpha-amino-beta-hydroxy acids, and they
named this enzyme,glycinogenase. Vilenkia (52) showed that the enzyme
system yielded as mﬁch glycine from DL-threonine as it does from

DL-serine and that it operated selectively on the L-amino acid isomer.

Thé products of the breakdown of threonine were glycine and
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TABLE 1

DEPENDENCE OF REACTION RATE ON COMPLETE ASSAY
SYSTEM FOR SERINE TRANSHYDROXYMETHYILASE

Omission Sp. Act.

' (u moles)
None o : .034
Enzyme | | . .
Tetrahydrofolate e
Pyridoxal Phosphate oo
Serine f : . .
Mercaptoethanol - .020

The complete system contained 30 ;, moles of potassium
buffer pH 7.4, 1 y mole of pyridoxal phosphate, & p moles
of mercapatoethanol 0.8 |, moles of tetrahydrofolate, 0.1
W moles of L-beta(Ci )= serlne, and a mixture of enzyme.
All reactions were run at 370 C for 15 minutes in a total
volume of 0.45 ml, Specific activity was defined as the
amount of serine converted per hour per mg enzyme.
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Figure 7. The Effect of the Incubation Temperature on the Radioactive
Assay for Serine Transhydroxymethylase . :

The assay mixture contained 30 |, moles of potassium phosphate buffer
pH 7.4, 1 |, mole of pyridoxal phosphate, 4 |, moles of mercaptoethanol,
0.8 |, moles of tetrahydrofolate, 0.1 ;, moles of L-beta-Cl4-serine, and
a mixture of enzyme. The assay mixture was incubated for 15 minutes
at different temperatures, '
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acetaldehyde (52). The cleavagé of threonine into glycine and acetalde-
‘hyde is similar to the reverse of an aldo condensation;‘ Consequently,
"threonine aldolase" appeared to be a mére appropriate name and.was thus -
designated so by Lin and Green (48). Schirch and Gross (69) juét
recently reported evidence in supﬁortrof a'single'enzyme cleaving serine,
threonine, and allothreonine to élycine and their‘reséective compounds., |
In this study the partially purified_serine transhydroxymethylase from
hog liver and bovine brain was assayed for threonine aldolase.

Threonine aldolase activity was measuréd according to the assay
of Malkin and Greenberg (52). This assay method is described in detail
in the Experimental Methods section.

The enzyme activity was shown to increase with the enzyme
concentration and there was an absolute dependency on the complete assay
system (Table 2). It was also shown that the activity of threonine
aldolase increased proportionally to the activity éf serine transhydroxy-
‘methylase (Table 3) from hog liver. However, serine transhydroxy=
methylase from bovine brain would not cleave ﬁhreonine to acetaldehyde
.and glycine. The partially purified enzymes from bovine brainbshowed

no activity whatsoever with threonine (Table 3),

10
C. VALIDITY OF THE RADIOACTIVE ASSAY FOR NS, N . -METHYLENE

- TETRAHYDROFOIATE REDUCTASE

NS, Nlo -methylene tetrahydrofolate reductase catalyzes the

10 ‘
interconversion of NS, N° -methylene tetrahydrofolate and NS -methyl
tetrahydrofolate as shown in reaction 2 (Figure 2). This reaction can
be detected by several means (46). The fact that NS‘-methyl tetra-

hydrofolate can serve as a growth factor for Lactobacillus casei but
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TABLE 2

DEPENDENCE OF REACTION RATE ON COMPLETE ASSAY
SYSTEM FOR THREONINE ALDOLASE

Sp. Act,
Onission (u moles)
None _ .040
Enzyme | .« .
Pyridoxal phosphate | . . .
NADH S o .
Alcohol dehydrogenase ‘. .
L-threonine | T e e

The complete system contained 115 j moles of potassium
phosphate buffer pH 7, 0.2 |, moles of pyridoxal phosphate,
0.5 y moles of NADH, 0.05 mg of alcohol dehydrogenase, 200
moles of L-threonine, and a mixture of enzyme from hog liver.
All reactions were run at 37° for 15 minutes in a total volume
of 3.0 ml. Specific activity was defined as |, moles of NAD?
formed per mg enzyme per hour,



TABLE 3

THE ACTIVITY OF THREONINE ALDOLASE AS COMPARED WITH
- SERINE TRANSHYDROXYMETHYLASE ACTIVITY

Sp. Act. for Sp. Act. for

Threonine Serine Transhydroxy-
Procedure Aldolase methylase
- Crude enzyme (hog liver) .030 .035
Partially purified enzyme
(hog liver) 405 400
Crude enzyme (bovine brain) ,020 .030
Partially purified enzyme
(bovine brain) .« o .570

The assay mixture of threonine aldolase contained 115 p, moles of
potassium phosphate buffer pH 7.4, 0.2 , moles of pyridoxal phosphate,
0.5 y moles of NADH, 0,05 mg of alcohol dehydrogenase, 200 ;, moles of
L-threonine, and an enzyme from both bovine brain and hog liver. The
assay mixture for serine transhydroxymethylase contained 30 y moles ‘
of potassium phosphate buffer pH 7.4, 1 |, mole of pyridoxal phosphate,
4 |, moles of mercaptoethanol, 0.8 y moles of tetrahzdrofolate, 0.1
moles of tetrahydrofolate, 0.1 ;, moles of L-beta-cl -serine, and an
enzyme from both bovine brain and hog liver. All reactions were run
at 37° for 15 minutes. Specific activity for threonine aldolase was
defined as |, moles of NAD* formed per hour per mg enzyme, Specific
activity for serine transhydroxymethylase was defined as moles of
serine converted per mg enzyme per hour,
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not for S, faecalis or Leuconostoc citrovorum is the basis for a

microbiological assay. N5 -methyl tetrahydrofolate can also be
‘assayed as a 1imitiﬁg component of methionine synthesis ( [reaction
3] Figure 3). The enzyme could possibly be assayed by a direct
spectrophotometric assay based on the decrease of absorbancy at

340 my, since the absorption of the NS, N}O -methylene tetrahydro-
folate and N5 -methyl tetrah&drofolate is negligible in this spectral
region, Another method used in assaying the enzyme is by radioactive

10 -methylene tetrahydrofolate reacts with

means, ‘014 labeled NS, N
the aldehyde-binding reagent, dimedon, whereas N5 -methyl tetrahydro-

folate does not, C14 can also be recovered as 014 -labeled CH

31 upon

treatment of NS -methyl tetrahydrofolate with HI (20).

In this investigation, Ns, Nlo.-methylene tetrahydrofolate
reductase was assayed in the reverse direction of reaction 2 (Figure
2) by a modified method of the radioactive assay pfoposed by Kutzback
and Stokstad (44).' Ihis procedure is described in detail in the
Experimental Methods section. The enzyme activity as compared to enzyme
éoncentration was shown to be linear up to a 1.5 mg of protein concen-
tration (Figure 8).

The dependency of the enzyme activity inrelationship to the
incubation time is shown in Figure 9 and was found to be linear within
the first 10 minutes of the incubation time, ' The depeqdency of the
reaction rate of the assay on the complete system was also studied and
the results are listed in Table 4, There was an absolute requirement
fdr'the enzyme, menadione, and N5 ~methyl (014) tetrahydfofolate. The

omission of FAD decreased the activity by'20 per cent. This result could
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Figure 8. Dependenge of the Extent of the Reaction of the Enzyme
Concentration for N-, N 0 -Methylene Tetrahydrofolate Reductase

The assay mixture contained 100 |, moles of potassium phosphate buffer
pH 6.5, 5 my moles of FAD, 2 ,, moles menadione, 5 |, moles of ascorbic
acid, 125 my moles of N° -methyl (014)~tetrahydrofolate and varying -
amounts of enzyme. The assay mixture was incubated at 37° for 10
minutes. ‘
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Figure 9. The Length of Incubation Time Versus the Activity of
N5, N10 -Methylene Tetrahydrofolate Reductase

The assay mixture contained 100 ;, moles of potassium phosphate buffer
pH 6.5, 5 my moles of FAD, 2 molei of menadione, 5 ;;, moles of ascorbic
acid, 125 my, moles of N3 -methyl (C ) tetrahydrofolate and a mixture
of enzyme, The assay mixture was incubated at 37° for varying lengths
of time,
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TABIE 4

DEPENDEYCE OF REACTION RATE ON COMPLETE ASSAY SYSTEM
FOR N°, N0 -METHYLENE TETRAHYDROFOIATE REDUCTASE

¥

Omission ' Sp. Act.
(y moles)
{
None ) .125
Enzyme ‘ . .
FAD | .100
Ascorbic Acid \ | . 165
Enzyme énd Ascorbic Acid , .030
Menadione _ ,008
Ns -Methyl Tetrahydrofolate . .

The complete system contained 100 ,, moles of potassium
phosphate, pH 6.5, 5 my moles of FAD, 2 y, moles of menadione,
5 u moles of ascorbic acid, 125 my moles of N2 -methyl (C14)
tetrahydrgfolate, and a mixture of enzyme, ' All reactions were
run at 37 for 10 minutes in a total volume of 0.8 ml. The
specific activity was defined as the |, moles of formaldehyde
formed per hour per mg enzyme.
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be explained by the presence of endogenous FAD in the enzyme preparatioh.
NS, Nlo -methylene tetrahydrofolate reductase is a flavoprotein, and
it is believed fhat FAD is bound to the enzyme (17). Ascorbic acid is
a reducing agent and with its omission a non-enzymatic interconversion
of NS -methyl tetrahydrofolate, to NS, N10 -methylene tetrahydrofolate
takes place. Ascorbic acid probably prevents ;he oxidation of thé “
reaction mixture and thus prevents the ﬁonFenzymatic interconversion.
The relative rate of the feaction and its dependency on the temperature
of incubation was studied, and the ﬁa%imum varied between 36° to 400
(Figure 10). A change in the incubation temperature of more than 5
degrees from this range decreased markédly the relative activity of the
“reaction, The assay mixture including the enzyme was always incubated
5 minutes before the addition of the substrate, and at higherltemper—
atures the enzyme-could have been partially or completely destroyed
before the reaction took place.
The aséay could be performed conveniently in less than 1 hour,

and it proved to be a fairly reliable assay. Due to its sensitivity

and specificity, the assay was used to measure crude extracts with low

specificity activity.

‘ D; PURIFICATION OF SERINE TRANSHYDROXYMETHYIASE

Serine transhydroxymethylése has been purified 150 to 200 fold
from bovine br#in. The purification scheme is described in the
Experiﬁeﬁtal‘Mhthoﬁs section. Because of the nature of thevenzyme from
bovine brain, the purification schemes proposed ’by Schirch (68) and

Nakano et al. (58) were extensively modified.

s e,
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Figure 10, ThTOEffect of the Incubation Temperature on the Radioactive
Assay of N -Methylene Tetrahydrofolate Reductase :

The assay mixture contained 100  moles of potassium phosphate buffer
pH 6.5, 5 my moles of FAD, 2 |, moles of menadione, 5 , moles of ascorbic
- acid, 125 my, moles of N —methyl (cl4) tetrahydrofolate and a mixture

of enzyme,  The assay mixture was 1ncubated for 10 minutes at different

temperatures,



bl

The cfude extract was obtained by homogenizing and centrifﬂging;
and it usually h;d a specific activity ranging from 0.025 to 0.040 p,
moles of serine converted per mg enzyme per hour. The activity varied
vdépéndiné upon the condition of the frozen brain'and upon tﬁe length
Vof time the‘brain had been frozen. The crude extract cquld be frozen"
‘with little loss of activity, but it lost activity standing at 0° for
any length of‘tbme. |

The protamiﬁe sulfate precipitation step usually resulted in
a 3-fold putification, and this stép éleared tﬁe enzyme preparation of
a milky white substance that contaminated the enzyme preparation.
Protein: concentration and ioﬁic strength were essential factors in the
success of this step. The first ammonium sulfate precipitation (between
33 and 53 per cent) increased the enzyme activity 4-fold over the
previous step, whiie the second ammonium sulfate precipitation (30 to
45 per cent) brought the activity.to a 20-fold purification over the
iﬁitial crude extraét activity. The success of these two steps was |
also very dependent upon ipnic strength and protein eoncentration.

Column chtomatography was next used in the enzyme purification.
A DEAE-cellulose column resulted in a purification of about 5-fold
over the second ammonium sulfate step. Hoﬁever, it was very essential
that the ionic strength of.the enzyme mixture be less than 0.01 M
before it was added to the column. Caution was also used to prevent
overloading of the column. Serine transhydroxymethylase was eluted
from the column at an ionic strength at 0.09 to 0.15 M potassium phos-
phate buffer pﬁ 7.4. The enzyme could be seen as a light yeilow band

moving down the column.
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éel filtraﬁionAqf sephadex‘G-ZOO was the last step in the
procedure used for the purification of serine franshydr0xymethylése.
Afhis étep'usually increased the enzyme purification abové»lSO fold of
the initial crude enzyme activity. A summary of the purification scheme
is given in Table 5. The enzyme was very stafle when frozen at any
step in the procedure and little or no loss of éctiVity occurred,
However, the enzyme lost activity after.standing at 0° for any length |

of time and was very sensitive to heat,

‘E.. PURIFICATION OF NS1 N10 -METHYLENE TETRAHYDROFOIATE REDUCTASE

NS, qu -methylene tetrahydrofolate reductase from bovine

brain has been purified 100 fold by a modification df the procedures
of Kafzen and Buchanan (33) and Huennekens (29). The purification
scheme is described in the Experimental Methods section.

The crude extract obtained by homogenization and centrifugation
had a specifig activity'ranging ffom 0.020 to 0.0AO.p moles of formal-
dehyde formed per mg enzyme per hour. The ehzyme could be froéen
overnight with lit£le loss of activity. However, upon prolonged
freezing, the enzyme lost activity. The enzyme was activated in
solutions of high ionic strength and seemed to lose activity when
dialyzed.

| The protamine sulfafe pfecipitate between 2.5 and 6.0 mg per
100 ml concentration of protamine sulfate usually resulted in a 4-fold
puiification whenlthe protein éoncentratiqn was maintained at 9 mg per
ml.. The ammonium sulfate preciéitation (between 12 and 45 per cent)

increased the enzyme activity 6 fold over the initial crude extract



~46~

TABLE 5 -

PURIFICATION OF SERINE TRANSHYDROXYMETHYLASE

Prot. Tot,. Prbt. Sp.

Steps ’ Vol, Yield TFold
ml) (mg/ml) (mg) Act. (%)

1. Crude Extract 1,850 13 24,000 0,030 100 1
2, Protamine Sulfate

Precipitation 2,350 3.5 8,200 0,086 98 3
3. Ammonium Sulfate Ny

Precipitation 100 20 2,000 0.340 94 11
4, 2nd Ammonium Sul- .

fate Precipitation 60 17 1,000 0.570 80 19
5. DEAE-Cellulose . :

Column 28 4 112 2.850 49 95
6. G-200 Sephadex 28 2 58 . 4,530 36 151

Specific activity was defined as y moles of serine converted per

enzyme per hour, :
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activity. These.two steps could be combined by skipping the protamine
sulfate precipitation step and by taking the ammonium sulfate precipitate
between 33 and 40 per cent saturation. This step resul ted in a 4 to 5
fold purification wifh a 75 per cent yield.' Thé protein concentration
for this étep_was maintained at 14 mg per ml and the ionic strength
was at 0,03 M, |

The high speed centrifugation sfep was mainly used for clearing
the enzyme solution and not for purification, even though it did result
-'in a partial purification. The enzyme solution upon dialyzing became
milky white and high speed centrifugation would usually clear it up.

The enzyme was further purified by a DM-30 column. This step
resulted in an activity which represented a 5~fold purification. A
DEAE-cellulose column was also used at this step of the procedure instead
of the DM-30 column, However, the DM-30 column was more reliable and
resulted in a higher yield., NS, Nlo -methylene tetrahydrofolate
reductase was eluted from the column at an ionic strength of 0.2 to
0.3 M potassium phbsphate buffer pH 7.0, The enzyme would not stick to
the column unless the ionic strength was less thén 0.05 M. The success
of the calciﬁm phosphate gel step was also dependent on ionic strength,
and this step doubled the enzyme activity. Gel filtration using
sepha&ex G-200 increased the activity again by one half, A summary of
the purification scheme is giveﬁ in Table 6. |

Thé partially purified enzyme was very susceptible to oxidation
and changed to a brown color when exposed to the air, ﬂercaptoethaholv
was used.without success to prevent the oxidation of the enzyme. The

purer the enzyme the more susceptible it was to oxidation and the less
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METHYLENE TETRAHYDROFOLATE REDUCTASE

Steps Vol, Prot. Tot. Prot., . Sp. Yield  Fold
@l) (mg/ml) (mg) Act. (%)
1. Crude Extract 1,850 13 24,000 0,025 100 1
2, Protamine Sulfate
~ Precipitation 310 15 4,750 0,100 79 4
3. Ammonium Sulfate
Precipitation 100 27 2,700 0.155 70 6
4. High Speed -
Centrifugation 100 23 2,300 0.175 67 7
5., DM-30 Column 70 3 210 0.875 31 35
6. Calcium Phosphate :
" Gel 20 3 60 1.750 18 70
7. G-200 Sephadex*
4 20 9 106

(combined preparations) 5

2,650

Specific activity is defined as | moles of formaldehyde formed per

mg enzyme per hour,

- % The Cf200 Sephadex step was combined with 5 other preparations,
and the results reported here have been divided by 5.
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stable it was to freezing. The enzyme lost activity after standing at

o . . : ot gt -
0" for any length of time and was very semsitive to heat.

F. CHARACTERIZATION OF SERINE TRANSHYDROXYMETHYLASE

1. pH Optimum of the Reaction

Recorded in Figure 11 is the activity of serine transhydroxy-
methylase at several PH values, Although'the pH §ptimum is at pH 7.6,
the enzyﬁe was routinely assa&ed at pH 7.4 due to the decreased stébility
of tetrahydrofolate at a higher pH, The pH optimum differed from
serine transhydroxymethylase purified from rabbit liver (68). The
enzyme from bovine bréin was completely inactivated at a pH lower than
6:6, and it still had.more than 60 per ceﬂt of its ihitial actiVity at
pH 8.5. Once~the_enzyme had been inactivated at a lower pH, the activity

could not be restored.

2. Temperature Optimum of the Reaction

The seﬁsitivity of serine transhydroxymethylase to heating in
a 0.3 M of pofassium phosphate buffer pH 7.4 at various temperatures
for 5 minutes is shown in Figure 12, The enzyme was rapidly denatured
at 50°. At this temperéturé after 5 minutes, there was little or no
agtivity remaining, Serine transhydroxymethylase from mammalian liver
had been reported to be very heat stable (58,68), and a heat denaturihg
steb has been used in the purification scheﬁe. The enzyme from
mammalian liver has also been reported to be more heat stable in the
preéence of serine (75).. Nakano et al, (58) partially purified serine
trénshydroxymethylase from rat liver, and in their purification scheme,

~ they incubated the enzyme for 3 minutes in the presence of 0,01 M serine
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'Figure 11. The Effect of pH on the Activity of Serine Transhydroxy-
methylase ;

The assays were performed in 0.5 M of potassium phosphate buffers. The
assay mixtures contained: 1 j, mole of pyridoxal phosphate, 4 , moles of

'mercaptoethanol 0.8 , moles of tetrahydrofolate, 0.1 ;, moles of L-beta-
(cl4)-serine, and a mixture of enzyme, The assay mixtures were incubated

~for 15 minutes at 379,
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" Figure 12, The Effect of Temperature on the Activity of Serine
Transhydroxymethylase : '

The enzyme was incubated for 5 minutes at the indicated temperature and
then assayed. The assay mixture contained: 1y mole of pyridoxal
phosphate, 4 |, moles of mercaptoethanol, 0.8 j, moles of tetrahydrofolate,
0.1 ,, mole of L-beta-Cl4-serine, 30 ,, moles of potassium phosphate
buffer pH 7.4 and a mixture of enzyme. The assay mixture was incubated
at 37° for 15 minutes.
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o ‘ . e . .
at 70  and obtained an 18 fold purification at this step. The enzyme
‘from bovine brain in the presence of 0,01 M serine was completely inacti-
o
vated at 70 for 3 minutes. The enzyme maintained in the presence of

0.01 M serine at 55° for 5 minutes had essentially no activity remaining.

3. The Michaelis Constant of Serine

The principal function of enzymés is the catalysis of chemical
reactions, and one of the prime factors influencing the rate of this
catalytic reaction is substrate éonéentration. ‘Michaelis and Menten (56)
advanééd a theory concerning this relafionship between substrate and
enzyme which states that the enzyme forms a complex with its substrate
which subsequently breaks down to give the product of the reaction and
releases the free enzyme. The initial rate of the reaction is dependenf
upon the concentration of the enzyme-substrate complex. Km (the
Michaelis constant) is equal to the concentration (expressed in moles
per liter) of fhe substrate which gives half the numerical maximal
velocity. The value of the Km reflects the stability of the enzyme-
substrate interaction and is of great practical value, A method of
plotting this re1ationship which avoids some of the difficulties entailed
with other methods of determining Km was described by Lineweaver and
Burk (49). The method they used to determine Km was to plot 1/v against
1/s. A stfaight line can be obtained from the corresponding equation:

1
Vmax .

1 _ Em

v Vmax

1
s

This line cuts- the base line at a point to give -1/Km,
The substrate used in the following determination of Km was

L-beta-Cl4-serine. The assay procedure is described in the Experimental
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Figure 13, Lineweaver and Burk Method of Determination of the Michaelis
Constant for Serine Transhydroxymethylase

The assay mixture contained 30 , moles of potassium phosphate buffer
pPH 7.4, 1 |, mole of pyridoxal phosphate, 4 |, moles of mercaptoethanol,
0.8 , moles of tetrahydrofolate, and a mixture of enzyme. The con-
centration of L-serine was varied from 0.11 mM to 3.51 mM. The

assay mixture was incubated at 37° for 15 minutes.
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Methods sectioﬁ, In Figure 13, 1/v is plotted against 1/s and the value
for -1/Km was -1.55 X 103 M. The Km for serine was calculated to be

6.7 X 10-4 M. The ¥m for serine transhydroxymethylase from rabbit

liver was reported as 7.0 15(.10“4 M (68). The extrapolated value of
1/Vmax was 2.2 which gave a value of 0.45 ;, moles per hour per mg for
the maximum velocity.

The.enzyme was specific for L-serine. Schirch et al. (68,69)
reported the enzyme from rabbit liver to catalyze alpha-methyl-DL-seriné,
hydroxymefhyl serine, L-threonine, and DL-allothreonine. Serine
trahshydroxymethylase fro@.boviné brain showed no catalytic activity
for threonine (L-threonine was the only moleculé the enzyme specificity
was checked against -- see Table 3). However, serine transhydroxy-

methylase from bovine brain was inhibited in the presence of large

quantities of threonine.

4, Absorption Spectrum of Serine Transhydroxymethylase

Serine transhydroxymethylase from bovine brain which had been
purified 150 fold was yellow and exhibited an absorption peak at 415 my
(Fiéure 14). Schirch (68) reported that serine-transhydroxymethylase
from rabbit liver which was 50 per cent puré exhibited a peak at 415 my
and that this peak shifted to an absorption peak of 430 m@ when the
enzyme was 95 to 100 per cent pure, Thé peak at 415 my from bovine brain
enzyme could be observed after the first ammonium sulfété precipitate
step and developed into a sharper peak the purer the enzyme became.

Serine transhydroxymethylase has been shown to require pyridoxal

phosphate as a co-factor. The absorption. peak at 415 my, was attributed
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Figure 14. Absorption Spectrum of Serine Transhydroxymethylase at

pH 7.4

Absorptlon spectrum of 3.0 mg per ml of enzyme was taken w1th the enzyme
which was purified 150 fold. {
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to the eﬁzyme-bound éyridbxal phosphate'(?Z). Pyridoxal phbsphate also
forméd complexes with amino acids‘(7,53), peptides, and proteins (13),
These pyridoxal phosphate compleges also have absorption peaksfanve
400 mw; | |

: , | 1 ' ‘
G.. CHARACTERIZATION OF NS,;N 0 ~-METHYLENE TETRAHYDROFOIATE REDUCTASE

1; pH Optimum of the Reaction

1 .
NS, N 0 -methylene tetrahydrofolate reductase activity was

" determined in a éeries of 0.5 M potassium phosphate buffer ranging in
pH from 5.0 to 9.5. Thése results are recorded in Figure 15. The
maximum catalytic activity was observed in the pH range of 6.3 and 6.8
ﬁith the optimum activity at pH 6.5. The enzyme had a relatively small
PH range but reinactivation could be reversed from a low pH by raising
the pH {n a high ionic strengtb solution. However, the enzyme was

denatured at a high pH,

2. Temperature Optimum of the Reaction .

In Figure 16 the effects of the stability of N5, Nlo -methylene

tetrqhydrofolate reductase in a‘O.S M potassium phosphate bﬁffer pH 6.5
maintained‘at various temperatures for 5 minutes is shown. At 55o to
60° the enzyme was rapidly denatured in the presence and absence of

N5 -methyl tetrahydrofolate. The purer forms of the enzyme were found
to be more heat sensitive than the enzyme in the crude form. As the
enzyme was purified, it was oxidized much easier, and it was not always
known to what extent the enzyme was inactivated by oxidizing or by

heating.
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Figure 15, The Effect of pH on the Act1v1ty of N5 Nlo -Methylene

Tetrahydrofolate Reductase

The assay was performed in 0.5 M potassium phosphate buffers. The
assay mixture contained 5 my moles of FAD, 2 g moles of menadlone,
5 p moles of ascorbic acid, 125 my moles of N> -methyl (c14) tetra-
hydrofolate, and a mixture of enzyme, The assay mixture was
incubated at 37° for 10 minutes.
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Figure 16. The Effect of Temperature on the Activity of NS, Nlo

-Methylene Tetrahydrofolate Reductase.

The enzyme was incubated for 5 minutes at the indicated temperatures and
then assayed. The assay mixture contained 5 my moles of FAD, 2 |, moles

of menadlone, 5 y moles of ascorbic acid, 125 my moles of N5 -methyl

(C 4y tetrahydrofolate, 100 ;, moles of potassium phosphate buffer pH 6.5,
and a mixture of enzyme. The assay mixture was incubated at 379 for

10 minutes,
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‘3. Substrate Concentration'Effects.on the Reaction:

Enzymes which are biological catalysis influence the rate at
which{eqﬁilibrium is obtained, but they do not affect theAbver-all
equilibrium of the reaction. It was recognized early in the history
of enzymeé that the rate of enzyme catalyied reactions increased with
inéreasing substrate until a concentratipn was reached beyond which
further additions gave no increase in velocity. This phenomenon has
been explained on the bésis of catalytically active sites which react
witﬁ the substrate (56). When all the active sites are occupied, a
maximum velocify is reached. The effects of the substréte,concen-
tration on NS, N10 -methylene tetrahydrofolate reductase are shown in

Figure 17,

4, Absorption Spectrum of the Enzyme

The enzyme from bovine brain purified 100 fold was a light
brownish yellow. The brown color was probably due to the oxidization
of some of the enzyme. The enzyme exhibited an absorption peak at
405_mu.(Figure 18). The absbrptién peak at 405 my was first observed
lafter the enzyme was eluted from the DM-30 column,

The ﬁs, Nloi-methylene tetrahydrofolate reductase solution
becanme cloudy‘after freezing or standing at 09, but cleared with high
speed centrifugation. The ébsorption peak at 405 my disappeared with
the cloudy solution, but it reappeared aéain with high speed centrif-

ugation. However, the enzyme activity could be detected in both the

supernatant fluid and the precipitate.
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Figure 17. The Effect of Substrate Concentration on the NS, Nlo
-Methylene Tetrahydrofolate Reductase Reaction

The assay mixture contained 30 , moles of potass1um phosphate buffer

pH 7.4, 1 |, mole of pyridoxal phosphate, 4 |, moles of mercaptoethanol,

0.8 n mole of tetrahydrofolate, and a mixture of enzyme. The concen-
tration of NI -methyl (C ) was varied from 0.0l to 0.5 mole. The

assay was incubated at 37° for 10 minutes.
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‘The absorption spectrum was taken with an enzyme which had been
purified 100 fold.



SUMMARY

Serine transhydroxymethylase and NS, N10 -methylene tetfa-
hydrofolate reductase from bovine brain Were»burified 150 to 200 fold
and 100 fold respectively byva combination of fractional precipitation
and absorption procedures. Radioactive assays were employed in the
detection of the product produced in the reactions.

Serine transhydroxymethylase from bovine brain requi:ed pyri-
doxal phosphate and tetrahydrofolate as co-enzymes in order for the
reactions to proceed. The partially purified enzyme was yellow and
exhibited an absorpfion peak at 415 my. The maximum catalytic activity
occurred at pH 7.6, and the Michaelis constant for serine was 6.7 X
10"4 M. Serine transhydroxymethylase from bovine brain was heat
sensitive and showed no catalytic reaction for threonine. The enzyme
was also shown to exhibit different pbysical properties fhan serine
transhydroxymethylase from mammalian liQer and bacterié tissue,

NS, Nlo -methylene tetrahydrofolaté reductase from boﬁine
brain was shown to require FAD as a co-enzyme and menadione_aé an
electron acceptdr. The partially purified enzyme was a light brownish
yellow with an absorption peak at 405 m@.b The maximum catalytic
activity wés determined at pH 6.5, and the enzyme was also shown to be

10

heat sensitive, NS, N -methylene tetrahydrofolate reductase oxidized

readily in the air and would denature upon prolonged lengths of freezing.
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Very little is known of the function of vitamins and co-enzymes
in mammalian brain, and it is the hope of this study and other studies
. to follow that the function of folic acid as a co-enzyme and its

dependent reactions in mammalian brain will be resolved,
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ABSTRACT

The enzymatic interconversion of serine to glycine and Ns, N10
-methylene tetrahydrofolate to NS -methyl tetrahydrofolate have been
studied in a cell-free system derived from bovine brain. A partial
purification of serine transhydroxymethylase and NS, N10 -methylene
_ tetrahydrofolate reductase has been achieved by ammonium sulfate frac-
tionation, protamine suilate fraction, and by various coiumn chroma-
tography procedures. The two enzymes studied catalyze sequentially the
reductive transfer of the hydroxymethyl group of serine to the N5
position of tetrahydrofolate forming N5 -methyl tetrahydrofolate. The
products of these reactions were assayed by the incorporation of C14
from a one-carbon precursor i.e., L-beta-(Cl4)-serine, or N5 -methyl
(014) tetrahydrofolate.

The partial purified serine transhydroxymethylase exhibited an
absorption peak at 415 my due to the bound pyridoxal-5-phosphate and
had a maximum pH optimum at 7.6. Ns, N10 -methylene tetrahydrofolate

reductase is a flavoprotein with a maximum pH optimum at 6.5 and an

absorption peak at 405 my,.
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