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ABSTRACT

We have investigated the following enzyme systems
in extracts of a wild type strain of Neurospora:

1) Threonine deaminase. It catalyzes the resction
giving rise to alpha-ketobutyric acid and ammonia from
threonine. It was conciuded that alpha-aminobutyric acid,
glutamic acid or a deaminated alpha-ketobutyric acid pre-
cursor in equilibrium with alpha-ketobutyric could not be
intermediates in this reaction. Pyridoxal phosphate acti-
vates the system, and a number of methods were tested in
order to improve the resolution of enzyme and coenzyme in
the preparations.

2) Serine deaminase. Yilelds pyruvic acid and ammonia
from serine, and is also activated by pyridoxal phosphate.
The responses of serine and threonine deaminases to pyri-
doxal phosphate are at variance, suggesting that two dif-
ferent enzymes are involved.

The effect of pﬁ and temperature on serine and
threonine deaminase was investigated.

3) CGlutamic-alphaketobutyric transaminase, which is
activated by pyridoxal phosphate.

4) A system forming alpha-aminobutyric from threonine,
possibly as a result of the summation of activities 1) and
3).

5) A system forming an unidentified blue fluorescent

product by incubation with threonine, but not with any of



a number of related metabolites (serine included).

6) Alpha-ketobubtyriec decarboxylase, which is acti-
vated by cocarboxylase, and has & pH optimum of 5,5.

The threonine deaminase activities of a number of
threonineless strains and of a Bg-less strain were com-
pared with those of wild type, using cultures grown under
different conditions. The significance of the variability
in activity encountered is discussed. Mutant 35423, which
requires threonine for growth but 1s unable to use alpha-
ketobutyric or alpha-aminobutyric acid,has the ability of
converting threonine into those acids in vitro.

Mutant 44104 cannot utilize alpha-ketbtobutyric acid
in place of alpha~aminobutyric to initiate early growth,
but its glutamic-alphaketobutyric transaminase is as ac-
tive in vitro as that of wild type.

A new scheme of threonine biosynthesis 1s presented
to account for the information available.

An attempt is made to find a cowmon denominator %o
the mechanisms of the diverse coenzymatic activities of
pyridoxal phosphate, and schemes for those mechanisms are

proposed.
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I) INTRODUCTION

When, a quarter of a century ago, Kluyver and Donker
wrote their paper on "the unity in biochemistry" (1) it
seemed possible to them to account for the differences
between the diverse types of aerobic and anaerobic bacteria
by quantitative differences in the affinity of their pro-
teins towards hydrogen. NMicrobioclogists - Kluyver not ex-
cluded (2) - have since turned their attention towards a
different order of interpretation of variability, & more
successful interpretation: the discreet, particulate one
which emerges from the application of the principles of
genetics to biochemical wvariability (3).

Yot while discreetness seems to have the upper hand in
the highly organizéd world of the chromosomes (position ef-
fects not withstanding), 1ts rule fades in the berritory of
physiology and biochemistry. Pleiotropic effects, new
metabolic interactions, guantitative differences in enzyme
activities, pH and temperature susceptibilities, etc.,
belong in the sequel of discreet changes, but have to obey
the laws of kinetics and of steady state systems, and per-
haps other laws not yet understood. We cannot ignore inter-
mediary metabolism, nor fail to use the tools of classical
biochemistry if we want to investigate and understand the
significance of mutational changes. So the bilochemistry of

Neurospora acquires a particular significance as a meeting
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ground for two different - but in no way conflicting -
methods of biologicsl ressarch.

With such thoughts in mind we have undertaken the study
of the metabolism of "wild" and "mutant" Neurospora strains

in the province of threonine.

IT MATERTALS AND METHODS

A) STRAINS

All strains used were derived from the culture collec-
tlon at the Kerckhoff Biological Laboratories. E-18829-5a
is a reisolate (obtained by Kary Emerson) carrying the
sulfonamide~requiring gene, first recognized in strain
E-13190 (4). It resulted from a cross between E-1656la and
E-16104A, which were isolated respectively from crosses
15835a x BE-15172A, and C-40a x E-151724 (4) (5). The wild-
type strain used throughout is E-5256A (4).

The other strains used - 51504a, 44602, 44104a, 35423%a -
were obtained by Beadle and Tatum (6) by UV irradiation of
wild type conidisa.

Cultures were kept at 25° C. on agar slants ("minimal"
medium (6), with 13% agar) supplemented as follows:

no additions for E-5256

2 micrograms pyridoxine HCl for 44602

& mg/ml DL~-threonine for 35423, 44104 and E-18829

% mg/ml DI-threonine plus % mg/ml DE-methionine for 51504

Mutant strains were tested for their ability to grow on
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supplemented and unsupplemented media as a check against
back-rutation, whenever they were cultured as a source of

enzymes .

B) CHEMICALS

Commercial sources were: Eastman Kodak, for DL-alpha-
aminobutyric acid; H. M. Chemical Co., for DL-threonine;
Nutritional Biochemical Corp. for L-threonine, DL-serine,
pyridoxine, pyridoxal, pyridoxamine, and alpha~ketoglutaric
acid. Calcium pyridoxal phosphate was kindly supplied by
br. Karl Folkers, of Merck & Co.

We synthesized alpha-ketobutyric acid by preparing ethyl
ethoxalylpropionate (7) and, from there on, following the
procedure outlined by Blaikie and Perkin (8). Alpha-keto-
butyric acid was collected as the fraction distilling over
between 68°and 70°C. (14 mm Hg) and appearing as a light
colored oil, which partially solidified after standing a few
days in the icebox. The oil (13g) was dissolved in 100 ml
of ethanol, and neutralized with alcoholic sodium hydroxids.
The precipitate thus obtained was filtered, washed, and re-
crystalized from 80% ethanol. Its 2,4-dinitrophenyl hydra-
zone, recrystalized from ethyl acetate, melted at 195.5-
196° C. (reported in the literature: 198-199° C. (9)). An
aliquot containing 20 micromoles of Na alpha-ketobubyrate
solution yielded under the action of a preparation of
Neurospora alpha-ketobutyric decarboxylase (p. 86) 456

microliters of COp, determined as net gas evolution in a
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Warburg respirometer. A parallel run, in which the enzyme
was incubated without substrate, gave 5 micrecliters.
Difference: 451 microliters. Calculated: 448 microliters of
C0s. The beta-Br derivative was prepared by Dr. H. Garner,
and he found it to melt at 590C (reported in the literature:
600C (10)).

We are grateful to Dr. H. Garner for supplying us with
beta-Br-alpha-ketobutyric acid. From it we prepared keto-
threonine (alpha-keto-beta-hydroxybutyric acid) by careful
neutralization with sodium hydroxide. The resulting solu-
tion was used wherever ketothreonine is indicated (10).
Sodium pyruvate was prepared (11) using pyruvic acid manu-
factured by the Matheson Co.

Cocarboxylase HCl was synthesized after Weijlard (12),
who reports a yield of 4 grams. Using one-tenth the amount
of ingredients, we obtained 73 mg. The material decomposed
at ca 2200C (Weijlard reports 238-240°C.) Two and a half
micromoles of our product - containing 0.02 to 0.05 micro-
moles of inorganic phosphate as impurity - when hydrolized
for 7 minutes in 2N HC1l yielded 2.4 micromoles of phosphate
(determined colorimetrically (38)). The reading was 2.6
mlcromoles after standing for 1 hour in 60% perchloric acid
at 100°C., A third aliquot assayed for 4.8 micromoles of in-
orgenic phosphate after incubation for 6 hours at 1180C in

the presence of 10N sulfuric acid.



C) ENZYME PREPARATIONS

Unless otherwlse specified, enzymatically active ex-
tracts of Neurospora were prepared as follows:

Strain E~5256A was inoculated into a carboy containing
16 liters of sterile "minimal®™ medium (6), and allowed to
grow for 3 to 43 days, at 250C, under forced asration. The
mycellum was harvested by filtering in a basket centrifuge,
then washed with water or with MAO pH 7.7 phosphate buffer,
and lyophilized. Yields of lyophilizate ranged from 35 to
65 g. The dry materlal was ground in a mortar and stored in
a desiccator over calcium chloride in the icebox. The desic-
cator was evacuated with a water pump, and kept so during
the first day or twe after lyophilization, and during long
periods of storage. Deaminase activity did not seem to decay
over & lapse of 10 months. There were no essential dispari-
ties in the enzymatic activities of the different batches
prepared in the course of these studies.

Just before using, the required weight of lyophilizate
was suspended in cold phosphate buffer (molarity from 0.2M
to 1M) so as to have 100 mg of lyophilizate per ml of solution,
buffered at pH 7.8 (¥0.2). This was homogenized for ca 5
minutes with a motor diriven gadget refrigerated with ice
water; then centrifuged for 20 minutes - generally in a
clinical centrifuge - and the sediment, which occupied 1/3 %o
1/2 the volume of the mixture, discarded. The supernatant
constitutes our crude enzyme preparation, and such will

henceforth be given the name of "Neurospora extract®.
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Ammonium sulfate fractionations were performed as in the type
experiment to be described later on (p. 26), but using
Neurospora extract in place of acetone precipitate. All am-
monium sulfate precipitations and all dialyses were done in
a 3°C cold room. Dialyses were aided by moving the dialysis

bags with an electric motor.

D) INCUBATION AND ASSAY METHODS

Where no other particulars are given in the description
of experiments, incubations to determine deaminase activity
were run as follows:

1 ml "NWeurospora extract"

0.2 ml of 0.4 M DL-threonine (0.2 rwl of water in the

blank)

0.2 ml of other additions (or 0.2 ml of water),
were placed together in a 1/2 dram, screw cap, vial, while
kept cold in an ice water bath; then the vial was ¢overed
with a rubber cap to avoid loss of ammonia, and incubated in
a constant temperature bath. Ior ammonia determination, 0.1
or 0.2 ml samples could be withdrawn at the required times
by means of =a hypbdermic syringe, and discharged into a drop
of ca 1N sulfuric acid placed on a "Conway unit" thus stop-
ping the reaction and precluding ammonia loss. Similarly,
samples were withdrawn and discharged into an equal volume
of 20% trichloroacetic acid for colorimetric determination
of keto acids. When the entire content of a vial was to be
assayed, the reaction mixture was brought up to pH 2 or lower
by injecting 0.2 ml or more of 1N sulfuric acid through the

rubber cap to prevent loss of ammonia. The rubber cap was
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then withdrawn and the vial placed in a boiling water bath
for 5 to 10 minutes, and the precipitated proteins removed
by centrifugation.

Ammonia was determined using "Conway units® (13), and
Nesslerizing the trapping solution. Where traces of acetone
or acetaldehyde might be present, the acidified aliquots,
placed on the "Conway units”, were fanned until almost dry
before adding the base and sealing the vessel.

Colorimetric keto acid determinations were done follow-
ing either of Friedman and Haugen's "indirect" methods (14).
For method B we used toluens as a solvent and a 540 millii-
microns light filter. Alpha-kebtoglutaric acid seriously in-
terferes even with the more specific method, the "pyruvate"
method; and calculations %o correct for this interference are
too indirect. Keto threonine also interferes.

We developed a manometric method for the determination
of alpha-ketobutyric acid, by means of Neurospora slpha-
ketobutyric decarboxylase (p.86). An aliquot of the solu-
tion to be assayed, which had been previously acidified and
bolled to stop deaminase activity, was tipped from the side
arm of a Warburg respirometer vessel onto a buffered solution
of Neurospora lyophilizate,and decarboxylation allowed to go
to completion. The enzyme preparation is the supernatant
following centrifuging of 30 mg of lyophilizate per ml of
/2 acetate-phosphate buffer, adjusted so that the pH of
the reaction mixture would fall between 5.1 and 5.5. Mloles
of COs evolved, measured as total gas evolution, correspond

to moles of alpha-ketobubyric acld in the sample (ppz5 to 4)
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and (p. 86). Pyruvate is also decarboxylated by such prep-
arations; but, since the yields of C0y vary in the neighbor-
hood of 50% of the theoretical, it could not be determined
quantitatively by this method. Under the conditions of the
assay, alpha-ketoglutarate causes a very slow net gas
evolution¥*, so that by the time decarboxylation of alpha-
ketobutyrate is completed the error alpha-ketoglutarate could
introduce does not exceed 5%, and this can be corrected by
extrapolating the Cog evolution curve resulting after all the
alpha-ketobutyric has been exhausted, if its slope looks
significantly different from the blanks.

A 0.24 ketothreonine solution, freshly prepared by
hydrolysis of bebta-bromo-alpha-ketobutyric acid, was used
to see if ketothreonine would interfere with the alpha-
ketobutyric assay. Forty micromoles of substrate, which
should have yilelded 880 microliters of COy if decarboxy-
lated to completion, gave only 45 microliters of CO5. No
O uptake was detected in a duplicate Warburg vessel with KOH
in the center well. No inhibition of the decarﬁoxylation of
alpha-ketobutyric acid by addition of 0.2 M NaBr solution

was found, so there 1s no reason to believe that NaBr in the

*W.K. Pao (15) reports the presence of alpha-ketoglutaric
decarboxylase in Neurospora extracts. The activity of his
preparations is distinctly higher than that of those used
here, which is not surprising since extracts were made dif-
ferently. It is nobteworthy that Pao only got about 10% yield
of COo from ketoglutarate, which is approximately the extent
of impurities Dr. H. Garner (personal communication) bio-
assayed in commercial alpha-ketoglutaric samples. We
searched for alpha-ketoglutaric decarboxylate at pHs 4.4,
5.9, and 7.3 and 8.4. The best activity, though low, was at
pH 5.9
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ketothreonine solution inhibits decarboxylation. It remains
to ascertain whether the one-twentieth yiseld of COo (which
was evolved at a much lower rate than COo from alpha-keto-
butyric acid) was due to an impurity, or whether ketothreo-
nine was such a small portion of the products of hydrolysis
of the bromo derivative. Addition of 2,4-dinitrophenyl
hydrazine precipitated a hydrazone in 40% yield (calculated
as ketothreonine hydrazone) after standing several days in
the ice box. We chromatographed (p. 10) the early crystals
and the late ones. The early precipitate gave rise to two
spots (Rf, 0.55 and 0.42, while alpha-ketobubtyric acid Rf
was 0.63); the late precipitate, only one (Rf, 0.42). The
two components were in appreciably the same concentration
(judging by the visual estimation of the spots) and, since
one of them is probably the one ildentified by Sprinson and
Chargaff (10) as ketothreonine, it appears likely that the
slight decarboxylation is due to a component other than
ketothreonine.

No interference with alpha-ketobutyric manometric de-
termination was found from L or DL-threonine, DL-serine or
L-glutamic acid.

The gualitative identification of keto acids by paper
chromatography of their 2,4-dinitrophenyl hydrazones has
been reported in the literature (30). The systems reported
were not satlisfaetory for our purposes. Among other things,

when recrystallized 2,4-dinitrophenyl hydrazones were applisd
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in high concentrations, double spots were formed at higher
pHs, presumably due to the separation of the ionized and un-
ionized acid hydrazones. The pl of the sample affects the
Rfs considerably (Table I).

Best separation of the 2,4-dinitrophenyl hydrazones of
alpha-ketobutyric, pyruvic, alpha-ketoglutaric acid, and
ketothreonine was obtained using bubanol saturated with 2%
acetic acid as solvent; and buffering Whatman #1 paper by
dipping it in M/10 pH 3.6 acetate buffer, and drying it in
air before using (Table II). The yellow spots are visible;
they turn reddish when sprayed with alkali (1%), but not
more oubstanding. Great sensitivity is achieved by observ-
ing the untreated spots with an ultraviolet lamp, under
which they appear dark.

Quantitative and qualitative amino acid analyses were
made by paper chromatography (ascending). Spots were ap-
plied in 2 microliter portions, generally applying 2 such
portions, and were dried in a current of hot air. The most
satisfactory qualitative solvent among those tested was
phenol saturated with water. Phenol chromatograms were
dried at temperatures below 50°C (31), often at room temper-
ature; and developed by spraying with £% ninhydrin in
water-saturated n-butanol.

For the quantitative determination of alpha-aminobutyriec
acid, a solvent consisting of 2 parts n-butanol: 1 part
glacial acetic acid: 1 part water was used. It affords a

better resolution of alpha-aminobutyric acid and methionine,
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TABLE I

Effect of the pH of the sample on Rfs of hydrazones

Paper: Whatman #1. Solvent: 5 parts n-butanol:
4 ethanol: 1 water. Ascending method

pH of Sample

2,4~dinitrophenyl ik
hydrazone of 2.5 | 4.9 6.5 749 ca 14

Rf Values
alpha-ketoglutaric 0.47 | 0.34 0.26 0.22 0.01
acid 0.10 0.05

alpha-ketobutyric 0.57 | 0.51 0.40 0.40 0.36
acid 0.17
0.05

(Where several values are given, it means that several spots
appeared)
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and saves the psins necessary to prevent destruction of
amino acids in the process of drying phenol chromabtograms
(32) (33). Whatman #1 paper gives variable ninhydrin
blanks (34). After some trials (Table III) it was decided
to wash it by boiling twice with sodium hydroxide, leaving
it overnight in the same solution, and then washing with
distilled water until neutral to universal indicator.

Chromatograms were run overnight and then heated in an
over for 30 minutes at 100° to 1100 ¢ so that the amino
acid spots could be located under the ultra violst lamp by
the fluorescence produced during heating (33). We found
no appreciable destruction of alpha-aminobutyric acid in
the course of one hour of heating (Table IV), while the in-
tensity of the fluorescence continued to increase during
more prolonged heating.

Paper squares containing the located spots were cut out,
placed in test tubes, and assayed for amino acids follow-
ing Moore and Stein's procedure (35), modified by using
only 1 gram of ninhydrin (Dougherty Chemicals product, not
recrystallized) per 500 ml‘of methylcellesolve, and adding
2 ml of ninhydrin reagent per test tube. After the spots
were cut out, the residual paper was sprayed with qualita-
tive ninhydrin reagent bto make sure that edges or streaks
of spots were not left behind. Color was read in a
Beckman spectrophotometer at 570 millimicrons, and stand-

ards were run simultaneously with the assay in all cases.
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TABLE IIIX

Ninhydrin readings given by 1 inch square of
Whatman #1 paper, treated and untreated.

(Color developed as described in p. 13)

Readings in Klett colorimeter; filter: 530

millimicrons.

Blank without paper set at zero reading.

Treatment of the paper Reading

40
Untreated 61

87
Boiled once in 1% NaCH, 33
washed until neutral 41
Boiled three times in 1% Na OH, 28
washed until neutral 34

42
Left overnight in 1% NaCH, 15
washed until neutral 19
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TABLE IV

Recovery of amino acid spots heated on filter paper
impregnated with 2 butanol: 1 acetic acid: 1 water

Heating Time

Concentration of the
alpha-aminobutyric No Heating |10 min. | 40 min. |60 min.

acid solutlon from  |giypoaviy readings (optical density)
waion 2 il 1 cpnt in a Coleman Junior spectorphotom-
spots were applied eter; 570 millimicrons. (Paper blanks
' subtracted).

0.01HM 0,120 0.110 | 0.098 | 0.141
0.080 0.088 | 0.100 | 0.149
0.08M 0.502 0.500 | 0.500 | 0.485
0.492 0.478 | 0.500 | 0.489
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III) THREONINE AND SERINE DEAMINASES

A) A REVIEW

A convention on nomenclature first: we shall designate
the above mentioned deaminase(s) as two distinet enzymes,
according to the substrate deaminated. In keeping with
this convention we shall not imply any judgment about
their identity.

Serine and threonine can be deaminated by oxidative
enzyme systems, and by non-oxidative ones. The first sys-
tems are given the name of oxidases (amino acid oxidase,
for instance), or dehydrogenases in the terminology of
Lardy et al (18). Their natural hydrogen acceptor is
oxygen, and thus one can find preparations which demminate
serine only aerobically (17) (18), giving rise to beta-
hydroxypyruvic acid (19). Also threonine can be attacked
by oxidative deaminases (18). On the other hand, the names
serine deaminase and threonine deaminase are reserved for
systems deaminating the corresponding amino acids without
the need of oxygen or added hydrogen acceptors. Uore
specifically, for the systems breakling serine down %o
pyruvic acld and ammonia; and threonine, to alpha-keto-
butyric acid and ammoniast.

The first systematic study of serine deamination is

#Binkley (20) prefers to use the name serine denydrase, in
place of serine deaminase. We shall stick to "serine
deaminase" because it implies no commitment as to the
reactlion mechanism.
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that of Gale and Stevenson, in 1938 (21), using resting
E, coli cells. In 1943 Chargaff and Sprinson (22) demon-
strated pyruvic acid and alpha-ketobutyric acid to be the
end products of anaerobic deamination of serine and threo-
nine respectively. Deaminase preparations conslisted of

resting bacterial cells (E. coli, Pseudomonas pycocyanea,

Proteus X-19, Clostridium welchii) and, for serine, of cell

free extracts of mouse, rat, and rabbit liver. Both deam-

inases were also found in B. cadaveris (23). In 1949, Wood

and Gunsalus (24) purified serine and threonine deaminases
from E. coli by precipitation with ammonium sulfate and

adsorpbion on a calcium phosphate gel.

There is no general agreement as to the nature of the
prosthetic group of the deaminases in guestion.

Gale and Stevenson's cell suspensions (21) lost acti-
vity by the hour standing in water. At 370°C decay was
prevented by M/100 phosphate, adenosine-5-phosphate,
glutathione, and other reducing ageﬁts. At 0°C, only
adenosine-5-phosphate was effective. After decay had set
in by aging at 00C, mixtures of phosphate plus reducing
agents were capable of reversing decay. Addition of
adenosine-5-phosphate would block %that recovery.

Chargaff and Sprinson (22) found it necessary to add
magnesium ions to their l¥Iver preparations in order to

get deeminase activity. Binkley (20) states that the
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serine deaminase activiby of bacterial cell-free extracts
is restored after dialysis by the addition of zinc, magnes-
ium or manganese ions.

Lichstein et al (23) (25) (26) (27) (28) (29) have en-
countered a biotin effect in bacterlal cells aged for one
houf at pH 4 in phosphate buffer. Such cells would show
higher deaminase activity when biotin was added to the re-
action mixture. Adenosine-5-phosphate, in much greater
concentrations, had a similar effect. A blotin conbtaining
fraction of yeast extract, separated chromatographlcally,
had an activity similar to that of bilotin towards serine
deaminase of resting cells, and was capable of reactivating
cell free preparations which failed to respond to free
biotin. Thus, the suggestion was put forth that the com-
bined biotin of yeast exbtract is the coenzyme of serine
deaminase, or a compound closely related to it. This bio-
tin containing fraction also reactivated the deaminases of
threonine and aspartic acid, and the decarboxylases of
oxaloacetic and succinic acid; as if 1t also were the co-
enzyme for those enzymes.

Wood and Gunsalus (24), using their purified prepara-
tions, falled to find any yeast extract effect. Instead,
they confirmed the finding that glutathione and adenocsine-
S5-phosphate activate the deaminases of serine and threonine.
From a series of heavy metal binders, only sodium sulfide

and sodium cyanide had partial activity in lieu of
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glubtathione, suggesting that the role of glutathione might
be that of preserving the enzyme's sulfhydryl groups.
Adenosine-5-phosphate prevented inactivation of the preparsa-
tions stored at 0CC,

The following inhibitors have been reported: 10-%M fluo-
ride, 10~°K cyanide (after reactivation of dialyzate with

o —m s s 3
zinc) (20); 107°M mercuric, silver on cupric ions (24).

B) EXTRACTION AND PURIFICATICN
(1) BExtraction

Before deciding on the extractlion method described in
the experimental part, some tests were run (Tables V and VI).

By altering the concentration of 1yophilizate in the
extracting solution, we found that the solution was not
saturated with serine deamlnase activity at 50 mg of lyo-
pholizate per ml.

(2) Precipitation by organic solvenits

In & preliminary experiment, serine deaminase was pre-
cipitated at -160C from Neurospors extract (made in 1 M, pH
8.1 phosphate buffer) by adding ethanol up to 78%, and also
by adding acetone up to the same concentration. Both precipi~-
tates, tested for serine deaminase, had about the same acti-
vity. Since the acetone precipitate showed about one-half the

pyruvic decarboxylase activity* of the alcohol precipitate,

#Studies on pyruvic decarboxylase are not described in this
thesis because they are still too incomplete. That enzyme
is active in the range of pH 4 to pH 7. Working at pH 7.3
or above, no destruction of pyruvate was noticed in one
experiment; some, in another. On the whole it is preferable
to get rid of pyruvic decarboxylase 1f one is %to determine
deaminase activity by assaying for pyruvate.
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TABLE V
Extractability of serine deaminase

Enzyme: 100 mg lyophilizate per ml in 1 M phosphate
buffer, pH 7.6. Shaken by hand for 5 minutes, then
centrifuged for 15 at ca. 2000RPM, or not centrifuged
at all. Reactlon mixture: 0.5 ml enzyme solution,
and 0.2 ml O0.2M DL-serine or water, and 0.3 ml water.
Incubated at 30°C in vials exposed to the air.

oupernatant
Enzyme preparation Uncentrifuged after centri-
fugation
Substrate Water |[Serine Serine
after 1% hrs.
micromolss incubation 0.5 5.5 4,0
of
pyruvate
per nl after 4% hrs.
incubation 0.4 11 10
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TABLE VI

Efficiency of different methods for serine deaminase
extraction

Enzyme: 50 mg lyophilizate per ml in citrate-phosphate
buffer, pH 7.8, shaken by hand for 5 minutes, treated
as indicated, then centrifuged and used the super-
natang, and 0.2 ml 0.2M DL-serine. Incubated 3 hrs.
at 30%YC.

Treatment of the lyophilizate Micromoles of
suspension pyruvate per ml
Left standing 1 hr. at 0°C 4,1

Left standing 1 hr. at room
temperature 3.5

Left standing 40 min., then
shaken in vibrator 20 min., 4.1
all at room temperature

Left standing 40 min., then
homogenized for 10 min., and 4.3
shaken in vibrator other 10;
all at room temperature
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acetone was preferred for further work.

The pH of the solution from which the deaminases are
precipitated by acetone, has a marked effect on the yield
(Fig. 1, curve A, and Fig. 2). Curve B (Fig. 1) is also
included in fig. 1 because it indicates that the observed
pH effect may be specific for the deaminases, rather than
a general effect on protein precipitation, thus suggesting
an approach to the problem of purification of the deaminases.

While the agreement between curves A of figures 1 and
2 1s not as good as one might wish, they both show the same
trend. Partial disagreement may be due to somewhat differ-
ent experimental conditions, as specified in the legends, or
to other uncontrolled factors (e.g., shaking and stirring
of the precipitating solutions).

The effect of the acetons concentration on the serine
deaminase activity of the precipitate is illustrated in
figure 3.

A batch of 70% acetone precipitate was prepared from
a Neurospora extract (pH 6.7, in ¥/20 borate), thoroughly
dried in vacuo, and stored in a desiccator over calcium
chloride in the ice box. After 4 months its threonine
deaminase activity was of the same order of magnitude as
that of the fresh powder; after 11 months it was practi-

cally nil.
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Tiguwe 2
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(3) Precipitation by ammonium sulfate

The aceione powder mentioned above was used to find
out what yields of deaminase could be obtained by precipi-
tation with different ammonium sulfate concentrations. It%
was dissolved.in distilled water so as to make it twice as
concentrated as the original Neurospora extract. Four
volumes of ammonium sulfate solution of the required con-
centration were added dropwise to aliguots of that solu-
tion, from a burette, with stirring. The stock saturated
ammonium sulfate solution had 0.01l¥ of ammonium hydroxide
added per liter to neutralize the acidity of the salt (36).
After standing for 12 hours, the precipitates were cenbtri-
fuged off (in this experiment using the clinical centri-
fuge; in all others using a Sorval; both for 20 to 30
minutes), dissolved in M/100 ammonium hydroxide (36), and
dialyzed for 20 hours against M/10 pH 7.6 phosphate buffer.
Incubations, with and without serine; were run for 3 hours
at 30°C. (Table VII).

The precipitate obtained with 30% saturated smmonium
sulfate, was conspicuously less bulky than the others.

Pyruvic decarboxylase activities of the same prepara-
tions used in ths experiment of table VII are shown in

table VIII.

C) EFFECT OF PH AND TEMPERATURE ON THE RATE OF DEAMINATION

Four grsms of lyophilizate were suspended in /4 pH
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TABLE VII
% saturation of ammonium _ Untreated
sulfate during precipi- 30% 50% '70% 90% acetone
tation powder#

Micromoles From blank vial 0.9 1.0 1.3 2,0 5:8
of ammonia

per ml From serine vial 1.2 3.4 5.0 6.5 7.0
Difference 0.3 2.4 3.7 3.5 3.2
TABLE VIII
% saturation of ammonium ~ Untreated
sulfate during precipi- 30% 50% 70% 90% acetone
tation powder

Microliters of COs pro-

duced in half an hour

(Cocarboxylase and lMang- 12 85 75 103 500
anous ions added)

* By extrapolation, from another experiment run under
similar conditions
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8.3 phosphate buffer, making a total volume of 60 ml, and
homogenized and centrifuged as usually. The supernatant
was dialyzed for 21 hours against M/10 pH 7.7 phosphate
buffer in order to reduce the ammonia blanks. After add-
ing calcium pyridoxal phosphate up to 3 micrograms psr ml,
aliquots were taken and titrated to the desired pH with
c¢ltric acid and sodium hydroxide, effecting in each case a
1.25 fold dilution. Those solutions constitute the enzyme
preparations used in the experiment described in figures

4 and O.

While the p® optimum for serine deaminase lies aboub
7.8, that for threonine deaminase is above 9. The %tempera-
ture curves show a shift in the optimum for serine accord-
ing to the time at which ammonia was determined, as 1if
inactivation of the enzyme had become a factor of consider-
ation at the time of the late readings. The deamination
of threonine does not show such shift in temperature

optimuam.

D) ACTIVATORS

As a sequel of the studies on the reactivation by
pyridoxal phosphate of the system catalyzing the trans-
formation of threonine in alpha-aminobubtyric acid (p.62),
we found that serine and threonine deaminases were also
activated by that compound.

A number of different enzyme preparations, treated and
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incubated in diverse fashions, were used in an attempt
to magnify the pyridoxal phosphate effect. NMuch of the

resulting data is presented in tables IX to XVII.
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Figure 3
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Enzyme preparation:
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TABLE IX

of threonine deaminase by Bg

ammonium sulfate precipitated
Neurospora extract, dialyzed against M/10 pH 7.8 phos-

phate buffer for 16 hours, and stored at -16°C for 3 days
Incubation: for 1% hours. First at 400C; and, after about
1 hour, at temperatures gradually rising up to 900C
Reaction mixture: 0.5 ml enzyme, and 0.1l ml substrate or
water, and 0.2 ml cofactor or water

Cofactor
Enzyme 10 micro-| Boiled
precipi~ No grams Neurosporal
tated by [Pubstrate Cofactor | Bgal-Ph%¥%| extract Reeses
00% satu- liicromoles of ammonia/ml
rated o substrate 0.8 2ed
ammon ium
sulfate 0,4V DL- 3.0 4, 3%
threonine 2o 4% 4, 5% 5.2
4.5
[Minus blank [{av.) 1.9 S 2.8 1.9
) No substrate 0.6 3.3
50% satu-
rated 0.4 DL- 5.4
ammonium |threonine Se B 5.9 5.3
sulfate 20O 5,3%
[Minus blank [(av.) 2.2 5.0 2.0 2.3

*Vessels had other vitamins added, but we treat them here as
duplicates

#%Bgal-Ph will henceforth be used as abbreviation for the
calclum salt of pyridoxal phosphate

#%%By "R" we shall denote the ratio of activity with Bgal-Ph
added, -to activity without Bgal-Ph
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TABLE XTI

Activation of the deamination of L- and DL-threonine by Bg

Enzyme preparation: same as in experiment of table X,
stored at -160C for 3 days.
Incubation: 6 hours at 370 C
Reaction mixture: 0.5 ml enzyme
0.2 ml substrate or water
0.1 ml cofactor or water

Cofactor
no 10 micrograms
Substrate cofactor Bgal-Ph
Micromoles of NH3/ml

- 0.0 0.0 R
0.1¥ DL-threonine 28 5.0 20
0,05 L-threonine 2.0 4,2 2
0.4l DL-threonine 5.0 6.8 1.4

0.2 L-threonine Bed 11 .5 1.8
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TABLE XIT

Temperature dependence of the Bg effect on the deaminases

Enzyme: crude Neurospora extract
Incubation: 3 hours
Reaction mixture: 1 ml enzyme
0.2 ml substrate or water
0.2 ml cofactor or water

Cofactor
No 60 micrograms
Substrate Cofactor B6al-Ph
HMicromoles NH3/ml
No substrate 4,0 5.8
Incubated
0.,4M DL-threonine 128 176
at
|[Minus blank 8.8 11.8
3500
O.4ll Dii-serine 12.2 17.6
[Minus blank Be2 118
Wo substrate 5.0 5.1
Incubated
0.4 DE-threonine 12.2 207
at
[Minus blank Tal 1546
400¢ 0.4M DL-serine 11.9 21.0
[Minus blank 6.9 15.9
S/T* 350 0.9 1.0
400 1.0 1.0

%*By S/T we shall henceforth denote the ratio of serine
deaminase activity to threonine deaminase activity
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TABLE XTIV

Bg effect on threonine deaminase, with cyanide additions

Incubation:

3 hours at 400¢
Reaction mixture® 0.5 ml Neurospora extract (in M/4 phosphate)
0.1 ml substrate or water
0.1 ml cofactor or water
0.1 ml cyanide or water

Cofactor
Cyanide _ 30 micrograms
additions Substrate No Cofactor B6al-Ph
Micromoles of NH3/ml
No No subsirate 4,0
cyanide 0.4l DL~
threonine Lol 18.8 R
[flinus blank Sl 14,8 4,0
No substrate 4.5
10-6 moles
0.4 DL~ 8.0 18.0
cyanide threonine
[Minus blank 36D 13.5 5+9
No substrate 546
10-5 moles
0,40 Di- 7.5 19,6
cyanide threonine
[Minus blank 1.9 14,0 ] .4
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TABLE XV
More on Bg effect

Enzyme preparation: Neurospora extract (in M/4
phosphate) made with the same lyophilizate used
for experiment of table XIV. Lyophilizate was
fresh when used in the former experiment, and
had been stored for 4 days in the icebox - in an
unevacuated desiccator over CaClo - before using
for the present one.

Incubation: 3 hours at 40°C

Reaction mixture: 1 ml enzyme

0.2 ml substrate or water
0.2 ml cofactor or water

Cofactor
50 micrograms
Substrate No cofactor B6al-Ph
Micromoles NH3/ml
No substrate 6.0 6,0
0.4 DL~
threonine 13.4 21.2 R
Minus blank 7ed 15.8 2el
serine 10.6 17.6
fiflinus blank 4.6 11.6 2.5

s/T 0.6 | 0.8
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TABLE XVI

Effect of preincubation of enzyme preparation on the
Bg activation of serine and threonine deaminases

Incubation: 3 hours at 350 C

Reaction mixture® 1 ml enzyms
0.2 ml substrate or wabter
0.2 ml cofactor or water

Enzyme preparation #1: Neurospora exitract (same used
for experiment of table XIV) dialyzed for 20 hours
against M/10 pH 7.6 phosphate buffer. Diluted with
1/10 volume of water

Cofactor
60 micrograms
Substrate No cofactor B6al-Ph
Micromoles of NH3/ml
No substrate OeD Ol
0.48 DL-
threonine 1.3 2.5 R
| Minus blank 0.8 1.8 =
0.4 DL-
serine. 6.9 13.0 -~
[HMinus blank 6.4 123 -] 1.9
sS/T 8,0 6.8
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TABLE XVI (continued)

Enzyme preparation #2: preparation #1 was covered
with toluene and incubated for 2 hours at 450C,
Before using for deaminase test, it was cooled.

Cofactor
60 micrograms
Substrate No cofactor B6al-Ph
Micromoles of NH3/ml
No substrate 0.4 0.6
0.4M DL~
threonine 1wl 1«2 R
[finus blank 0.8 0.6 0.8
O.4M DL~
serine 2el 5.0
IMinus blank 1.7 4,4 2.6
S/T 1.8 T

Enzyme preparation #3: preparation #1 was covered
with toluene and incubated for 4 hours at 4500,
Before using for deaminase %test, 1t was cooled.

Cofactor
Substrate No cofactor 60 micrograms
B6al-Ph
Micromoles of NH3/ml

No substrate 0.8 1.0
0.4 DL~

threonine 1.0 1,0 R
fimuis blank 0.2 0.0 -
0.4:1‘11 DL"‘

gerine 1.3 3.2

[iinus blank 0.5 2.2 4,4

S/T 205 =



TABLE XVI (continued)

Enzyme preparation #4: Dialyzate used in preparation
#1 was diluted with 1/10 volume of phosphate prep-
aration (0.2 mg/ml intenstinal phosphatase - see
text -in pH 8.6 buffer; M/10 in borate, M/50 in
MgSO,) ; was then covered with toluene and incubated

for hours at 459C,

test, it was cooled.

Before using for deaminase

Cofactor
60 micrograms
Substrate No cofactor B6al-Ph
Micromoles NH3/ml

No substrate 2.4 2.2
0o 4M DL=

threonine 27 2. R
fiinus blank Oed Qe L't
O ° 4.'11‘1 .DL-

serine 3.0 4.7

Minus blank 0.6 L 4,2

S/T 2.0 B0
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TABLE XVII

Bs activation of the deaminases from mycelium kept
frozen for 33 days

Enzyme preparation: E-5256A was grown for 4 days in
2 Fernbach flasks, with 1 liter of "minimal®” medium
in each, at 250 C. After harvesting and drying by
suction and blotting, the mold was kept for 14 days
at -16°% C, and for 19 more days at -10° C. It was
then lyophilized and immediately used to make a
Neurospora extract in the usual way (in M/4 phosphate
buffer).

Incubation® 3 hours at 400¢

Reaction mixture: 0.5 ml enzyme

0.1 ml substrate or water
O.1 ml cofactor or water

Cofactor
30 micrograms
Substrate No cofactor B6al-~Ph
Micromoles of NH3/ml

No substrate Qe 4 8.2
0.2 L= 10.3 16.6

threonine 10,8 R
Minus blank (aver.) d s 8.4 746
0.4M DL- 14,0 23.0

serine 15.9 2369

inus blank (aver.) 5,6 1542 27

S/T 501 108

Duplicates are duplicate ammonia determinations
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The tables show activation of threonine and serine
deaminases by pyridoxal phosphate, in almost all cases,
causing an increase in activity up to 7.6 fold. Boiled
Neurospora extract also causes activation, but in all
cases lower than that due to pyridoxal phosphate (Tables
IX and XITI). DNeither calcium chloride, nor pyridoxal,
nor cocarboxylase could substitute for pyridoxal phos-
phate. There is a parallel increase in the ylelds of
ammonia and of alpha-ketobutyric acid when pyridoxal
phosphate 1s added (Table X).

Tables X and XI are consistent in showing thatreac-
tion mixtures with L-threonine respond to pyridoxal phos-
phate better than those with DL-threonine as substrate.
Table XII reveals that on raising the: temperature from
350C %o 400C, activation by Bg is magnified.

Dialysis did not prove a successful method to ob-
tain coenzyme-free preparations (Table XIII).

In view of the fact that cyanide ions bshave as
inhibitors for pyridoxal phosphate enzymes, presumably
in their capacity of carbonyl reagents (37), and since we
observed that M/100 KCN destroys the fluorescence and the
yellow color of a solution of 30 micrograms of pyridoxal
phosphate per ml, we tested the effect of cyanide ions on
threonine deaminase (Table XIV). An inhibition of deamin-
ation appears to have taken place at the highest cyanide

concentration in the vial wilthout added pyridoxal phosphate.



Since there 1is considerable variation in the blanks, this
apparent effect of cyanide might be an artifact .

The enzyme preparation used in the above experiment
was unusually sensitive to Bg activation in the cyanideless
reaction mixtures. Using the same lyophilizate, we at-
tempted to reproduce the magnitude of that effect (Table
XV), but did not succeed. The only important recognizable
difference between both experiments lies in the fact that
for the one reported on table XIV a fresh lyopholizate was
used, while the lyopholizate used for the other experiment
had stood in the icebox, in contact with air, for four
days.

A commercial purified preparation of intestinal
phosphatase (alkaline), put out by Armour and kindly sup-
plied by Mr. George Ellman, was tested for its ability to
hydrolyze pyridoxal phosphate. In the course of half an
hour incubation at 37°C a solution of 1 mg of purified
phosphatase in 4 ml of M/15 pH 8.6 borate buffer (0.008
molar in magnesium sulfate) and containing 0.24 micromoles
of calcium pyridoxal phosphate at the beginning of incubation,
liberated 0.15 micromoles of inorganic phosphate (determined
colorimetrically by Berenblum and Chain's method (38)).
Using one-tenth the amount of phosphatase, under identical
conditions, 0.10 micromoles of phosphate were liberated.

In the course of both incubations the yellow color of
pyridoxal phosphate was bleached, and its fluorescence, as

observed under a UV lamp, turned from its typical green
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to a blue shade like the one of pyridoxal. The possibili=-
ties, (1) that this phosphatase might destroy the deaminase-
coenzyme activity of Neurospora extract, and (2) that by
preincubation of the Neurospora extract its own battery of
enzymes might inactivate the deaminase~coenzyme, were

tested in the experiment described in table XVI and figure 6.
Pregincubation did indeed enhance the effect of addition of
pyridoxal phosphate %to the reaction mixture where serine was
deaminated. In the case of threonine deaminase, the re-
sults are inconsistent and obscured by the experimental
errors resulting from high blanks and low activity. The
addition of phosphatase does not seem to enhance the pyri-
doxal phosphate effect of the Neurospora extract.

The above experiment also indicates that preincuba-
tion at 45°C, particularly in the tests where no cofactor
was added, decreases the S/T ratio, as if serine deaminase
were inactivated (by coenzyme dissociation?) more rapidly
than threonine deaminase. Variability of.the ratio of
serine to threoniﬁe deaminase activity (S/T) can be noticed
by inspection of tables XII, and XV %to XVII.

The most successful way of resolving threonine dsamin-
ase from its pyridoxal ?hosphate-like component was aging
the harvested mold in a frozen condition (Table XVII,
compare with table XV or part of table XIV, making allow-
ance for the fact that L-threonine was used in one case,

and DL- in %the others). UNotice that serine deanminase was
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was not resolved by such storage beyond the stage of
resolution found in our ordinary Neurospora extracts.

The search for greater values of R (activity with Bg
over activity without), led us to test other FNeurospora
preparations.

An acetone precipitated powder which after 11 months
in the icebox had lost most of its threonine deaminase
activity (p. 22) failed to respond to pyridoxal phosphate.

Addition of pyridoxal phosphate in tests for threo-
nine deaminase activity in precipitates of Neurospora
extract thrown down by acetone at different pHs failed to
alter the shape of curve B in figure 2.

Extracts of a mutant strain requiring either pyri-
doxine or a "minimal®™ medium of pH 7 (or higher) for
growth (39) were found to have 1ittle deaminase activity
when grown at pH 7 (p.73). Their threonine deaminase
activity, with and without By, is compared with that of
strain E-18829 (grown in "minimal' medium, with threonine

added), the closest"control" available, in table XVII.



TABLE XVIII

Threonine deaminase activities of strains 44602 and
E-18829

Enzyme preparation: Used the same lyophilizate described
in table XXIII, but kept for 6 months in a desiccator in
the icebox. Extracts were prepared as usually, but con-
taining 70 mg of lyophilizate per ml, and further treated
as follows %o decrease the ammonia blanks: incubated at
300C for 45 minutes, then left standing for 10 minutes
in Thunberg tubes, evacuated with a water pump, and
finally fleooded with nitrogen.

Incubation® 5 hours at 400¢

Heaction mixture: 0.5 ml enzyme

0.1 ml substrate or water
0.1 ml cofactor or water

Cofactor
10 micrograms
Enzyme source |Bubstrate No cofactor Bgal-Ph
Micromoles of NH3/ml
No substrate 9.0 0.0
strain
44602 0.4l DIL-
threonine 14,5 13.2
IMinus blank. 5.5 4,2
strain No substrate 72 8.0
18829
(grown with 0.4M DL-
added threo- threonine Bl 23.0
nine) [Minus blank 14,5 i)
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It is apparent that pyridoxal phosphate deficieney
is not the cause of the lower activity of extracts from
the Bg-less strain.

The following compounds were added to deaminase re-
action mixtures, and failed to show any effect, either as

activators or inhibitors of the reacition.

a) Tested in addition to Bgal-Ph:
2x10~2H NaoSo0y (Freshly made solution)
103K CuS0y
0.04 micrograms biocytin¥k/ml
A vitamin mixture® added so that 1 ml of
reaction woulld contain:
0.15 mg l-quinic acid
10~% mg folic acid
10=5 mg Bio
0.002 mg riboflavin
104 mg folinic acid
1/700 sulfanilamide
1i/700 para-aminobenzoic acid
b) Tested by itself:
0.04 micrograms biocytin/ml
The vitamin mixture described above

Layering with toluene (tested for serine

deaminase)

¥le are grateful Gto Dr. Jean Mauron for these solutions
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E) REACTION BALANCES - PRODUCTS, SIDE PRODUCTS AND
rOSSIBLE INTERMEDIATES

(1) Deamination of threonine and serine

The course of the deamination of threonine is fol-
lowed in table XIX and figure 7. The enzyme solution used
in that experiment was prepared as follows: a Neurospora
extract, made up in /4 pH 9.7 phosphate buffer (the pH
of the resulting extract was ca. 7.8) had ammonium sulfate
added up to 60% saturation, and the precipitate obtained
was treated in the usual way, dialyzed against /10 pH 7.8
phosphate buffer for 15 hours, and diluted with one volume
of the same buffer containing pyridoxal phosphate. Final
concentration of pyridoxal phosphate was 10 micrograms per
ml of the enzyme preparation: The reaction mixbtures
consisted of:

2 ml enzyme preparation ;

0.5 ml substrate A, or water;

0.5 ml substrate B, or water.
They were incubated in 1% dram vials, covered with rubber
caps, at 40°C. A different vial was used to take readings
at each specified time; when 0.4 ml of 1N sulfuric acid
were added, the vials were placed in a boiling water bath,
the coagulum centrifuged off, and the supernatant stored
for a couple of days at -16°C while the assays were being

performed.
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Figure 7
The course of the deeminetion of threoninve
( A plot of dete from teble XIX)
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The following facts emerge from table XIX:

Alpha-aminobubtyric acid is formed by incubation of
threonine, and of alpha-ketobutyric acid (this process
will be dealt with later on). Its production is not of
such magnitude that it would significantly alter the
yields of alpha-ketobutyric acid.

Production of ammonia and alpha-ketobubtyric acid
from threonine parallel each other quite well.

No transamination between threonine and alpha-keto-
glutaric acid can be detected.

The addition of alpha-ketoglutaric acid does not
affect the yields of ammonia or alpha-ketobutyric acid.

Alpha~-aminobutyric acid is deaminated at such a
slow rate that 1t must be ruled out as possible inter-
mediate 1n the deamination of threonins.

Addition of an aliquot from the 9 hour vial to which
threonine had been added as the only substrate, to a
solution of 2,4~dinlitrophenyl hydrazine, resulted in the
formation of a yellow precipitate which, recrystallized
once from ethyl acetate, melted at 190°- 192°C (cor-
rected). A sample of the 2,4-dinitrophenyl hydrazone
of alpha-ketobutyric acid melted at 195°C (corrected) in
a simultaneous run.

Under the same conditlons employed to obtaln the
above hydrazone precipitate, an aliquot from the 9 hour

vial to which no substrate had been added produced no
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precipitate when added to the 2,4-dinitrophenyl hydra-
zone solution.

Oxygen uptake in the course of the deamination of
threonine was measured in the Warburg respirometer, under
air (Table XX). While both alpha-aminobutyric and threo-
nine {(or their by-products) are oxidized by the enzyme
preparation used, the rate of oxidation is too low %o
account for the deamination of threonine. A perhaps
significant decrease in the rate of oxygen uptake by
threonine in the vessel to which pyridoxal phosphate was
added may be noticed. It is evident agaln in this experi-
ment that the deamination of alpha-aminobubtyric acid is
not a itep in the deamination of threonine, and that it
couldﬁ%e responsible for the increase in the yields of

ammonia when pyridoxal phosphate 1is added.
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TABLE XX

Oxygen uptake and deamination of threonine and alpha-

aminobutyric

acid

Enzyme preparation: ammonium sulfate precipitates used in
experiment of table IX, combined and diluted with 1/10
volume of M/10 pH 7.6 phosphate buffer

Incubation: in Warburg respirometer, at 35°C, for 6 hours.
All center wells had 0.2 ml of 4 N KCH.

Reaction mixbture:

0.7 ml enzyme

0.2 ml substrate or M/10 pH 7.6 phosphate
0.2 ml cofactor or M/10 pH 7.6 phosphate

Cofactor
Substrate No cofactor 20 micrograms Bgal-Ph
Micromoles |[Micromoles |Miceromoles |Micromoles
of WH3/ml |of Og taken| of NH3/ml |of Og taken
up/mi up/ml
No substrate 0.9 0.0
0.4M DL~
threonine 2+8 O.7 3.9 ' 0.4 R
[Minus blank 1.9 0.7 3.0 0.4 |1.6
0.4M DL~ '
alpha-amino- 1.0 0.3 9 0.4
butyric acid '
[Minus blank 0.1 0.3 0.2 0.4
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The anaserobic character of the deamination of threo-
nine is again put in evidence by the results reported in
table XXI, which indicate that it can take place in a
nitrogen atmosphere. No deamination, nor other side re-
actions, took place in the boiled controls. Chromato-
graphic keto acid analysis reveals that ketobutyric is by
far the main keto acid produced. Slight , somewhat
questionable production of additional keto acids could be
due to transamination of alpha-kebtobutyric acid with
glutamic acid and alanine (p.79 ). Kebtothreonine can be
exeluded as an important product of deamination.

L- and DL-threonine "are deaminated at the same rate
according to table XXI, but deamination of the L form was
faster in the experiment described in table X.

In order to understand the nature of the Bg effect,
it became imperative to ascertain whether the ihcrements
in the keto acid assay where Bg was added were due to
increased alpha-ketobutyric production, or whether they
resulted from the generation of some different keto acid
in the presence of pyridoxal phosphate. We added
2,4~-dinitrophenyl hydrazine to aliquots from four vials
in which threonine, with and without added BG: had under-
gone deamlnation in the course of the experiments de-
seribed in tables XIV (vials without cyanide) and XVI #1.

The precipitates were distinctly bulkier in the cases

where Bg had been an ingredient of the reaction mixture.
¥ The concentration of L-threonine being ecqual,
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But the nature of the precipitates was qualitative identi~
cal in all four cases: chromatographic analysis revealed a
single spot for each, corresponding to the hydrazone of
alpha-ketobutyric acid; and all four washed crude preci-
pitates decomposed at 187°C, The solutions remaining
after filtering off the hydrazone precipitates were ex-
tracted with ethyl acetate; the organic phase then
extracted with NagCOz, which after acidifying was again
extracted with ethyl acetate. Chromatography of the
latter solution resulted in the same pattern of spots
whether the hydrazones were derived from the incubation

of threonine with or without Bg addition.

We analysed in a similar fashion four mixtures
resulting from serine deamination (tabie XVI, #1 and #3).
In only one vial, a Bg containing one, did a hydrazone
precipitate come down. It analysed chromatographically
as the 2,4-dinitrophenyl hydrazone of pyruvate (with a
secondary hazy spot of Rf. about 0.8). The extracted
hydrazones gave rise in all cases %o the same pattern of
spots, with the spot corresponding to pyruvate as the
main component (except in the case where the pyruvate
hydrazone had precipitated outh In the course of the
extraction of acid hydrazones, the color of the Naf0,
layer was reddsr where we were dealing with the products
of deamination accomplished in the presence of Bg. All
these observations tend to prove that pyridoxal phosphate
affected keto acid production from serine and threonine

guantitatively but not qualitatively.
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It sesemed possible that deamination of threonine

might yield some deaminated intermediate different from
alpha-ketobubtyric acid and in equilibrium with it. That
intermediate could, for\instance, be alpha-hydroxybuﬁyrie
acid, as suggested by Mr. Bruce Ames. If that were the
case, 1t would be feasible to depress the yields of alpha-
ketobutyric acld in relation to those of ammonia, by
adding alpha-kebtobutyric acid initially to the reaction
mixbure. Such was tried in the experiment reported in
table XXII, with results which fail fto demonstrate the
existencé of the postulated intermediate.

2) The formation of alpha-aminocbutyric acid
from threonine

We have already mentioned this process in connection
with tables XIX and XXI, which show alpha-aminobutyric
acid formation by incubation of L- or DL-threonine with
purified enzyme preparations. The same preparations,
however, convert alpha-ketobutyric acid into alpha-
aminobutyriec acid. At the time we realized this fact,
knowing that alpha-ketobutyric is produced by deamination
of threonine; thé problem of alpha-aminobutyric formation
by incubation of threonine, became the problem of iis
formation from alpha-ketobutyric which we shall discuss
in a latter section (Chap. IV). Still, it may be worth-
while to report briefly on the investigatbtions undertaken
while we thought that alpha-aminobutyrate arose more

directly from threonine.



Figure 8

Chromotographic identificatlion of slpha-eminobulyric eeld produced by
engyuebliec inevbebion of threonine
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The identity of the "alpha-aminobutyric acid"
chromatographic spot was established wlth a fair degree
of likelihood by comparison of its Rf on paper using
four different solvents. The results with three of them are
depicted in figure 8. Water saturated phenol produced a
similar picture.

In a rough semi-guantitative way, by visual esti-
mation of the intensity of the alpha-aminobutyric spots
on paper chromatograms, we found that the yields were
better (1) when the reaction was carried under anserobic
conditions, (2) when the temperature of incubation was
increased from 250 to 350, and from 359 to 409 (3) when
methionine was added to the culture medium in which the
mycelium for extracts was grown. Extracts of pads
grown for three days (in 125 ml Ehrlenmeyer flasks with
20 ml of medium) with constant shaking, were incapable of
giving rise to alpha-aminobubyric acid when incubated with
threonine. These extracts, chromatographed after incuba-
tion without added substrate, were quite poor in free amino
acids (glubamic acild, aspartic acid, alanine) as compared
with those derived from unshaken cultures.

The courss of the reaction under consideration and
its pH dependence are depicted in figures 9 and 10.
Notice the rate of reaction slows down during the first
hour. Notice also the abrupt fall in the pH curve betwsen

pHs 7.4 and 7.0.
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Alpha-aminobutyric acid forming activity was lost
by storing Neurospora extracts overnight in the icebox.

It could be recovered by adding a freshly prepared boilled
extract or pyridoxal phosphate. Three micromoles of pyri-
doxal phosphate per ml were enough to induce recvovery, but
activity was boosted more when 30 micrograms were added.
Equivalent concentrations of pyridoxal, pyridoxine hydro-
chloride and pyridoxamine dihydrochloride had no effect on
the system.

Since threonine has to be reduced in order to become
alpha-aminobutyric acid, it is clear that bthreonine must
elther undergo dismutation or that the process must be
linked with some oxidative-transformation. The low
vields obtained when purified preparations were used and
the shape of the rate curve supported the second idsa. A
number of substrate combinations were thus incubated with
Neurospora extract in an attempt to recognize all the
components of the aminobutyric generating system, to wit:

DL-threonlne and ascorbic acid
Di.-homoserine

s o ? DL~metlonine

iy " " DL-homocystine
u i " L-cystine

" " " glutathione

" # " Lemalic acid

" . " L-glutamic acid

2 u " DL-alanine

& " " gsuecinic acid
DL-alpha-aminobubtyric acid and DL-homoserine
DL~alpha~aminobutyric acid

DL-threonine

DL-homoserine

DL-methionine

DL-alanine

L- glutamic acid
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Figzuwe 9
The course of the formation of alpbe-aminobuiyric seid by incubabtion
: of threonine with Hewrospors exbract
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