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Ammonia assimilation has been investigated in four strains of Saccharo-
myces cerevisiae by measuring, at intervals throughout the growth cycle, the
activities of several enzymes concerned with inorganic ammonia assimilation.
Enzyme activities in extracts of cells were compared after growth in complete
and defined media. The effect of shift from growth in a complete to growth in a
defined medium (and the reverse) was also determined. The absence of aspar-
tase (EC 4.3.1.1, L-aspartate-ammonia lyase) activity, the low specific activities
of alanine dehydrogenase, glutamine synthetase [EC 6.3.1.2, L-glutamate-am-
monia ligase (ADP) J, and the marked increase in activity of the nicotinamide
adenine dinucleotide phosphate-linked glutamate dehydrogenase (NADP-
GDH) [EC 1.4.1.4, L-glutamate: NADP-oxidoreductase (deaminating) ] during
the early stages of growth support the conclusion that yeasts assimilate am-
monia primarily via glutamate. The NADP-GDH showed a rapid increase in
activity just before the initiation of exponential growth, reached a maximum at
the mid-exponential stage, and then gradually declined in activity in the sta-
tionary phase. The NADP-GDH reached a higher level of activity when the
yeasts were grown on the defined medium as compared with complete medium.
The nicotinamide adenine dinucleotide-linked glutamate dehydrogenase
(NAD-GDH) [EC 1.4.1.2, L-glutamate: NAD-oxidoreductase (deaminating) ]
showed only slight increases in activity during the exponential phase of growth.
There was an inverse relationship in that the NADP-GDH increased in activity
as the NAD-GDH decreased. The NAD-GDH activity was higher after growth
on the complete medium. The glutamate-oxaloacetate transaminase (EC
2.6.1.1. L-aspartate:2-oxoglutarate aminotransferase) activity rose and fell in
parallel with the NADP-GDH, although its specific activity was somewhat
lower. Although other ammonia-assimilatory enzymes were demonstrable, it
seems unlikely that their combined activities could account for the remainder
of the ammonia-assimilatory capacity not accounted for by the NADP-GDH.
The ability of aspartate to serve as effectively as glutamate as the sole source of
nitrogen for the growth of yeasts apparently resides in their ability to utilize
aspartate for amino acid biosynthesis via transamination.

It has been demonstrated in a variety of Usually, a given organism will utilize one or
microorganisms that inorganic nitrogen may two pathways predominantly, to the virtual
be assimilated into amino nitrogen via gluta- exclusion of the others (9). Early observations
mate, alanine, aspartate, carbamyl phosphate, showed that aspartate was superior to am-
and glutamine, but no one organism utilizes all monia or other amino acids for the growth of
of these routes in an equal manner (15). yeasts (15). Much of the information in the lit-

' Present address: Department of Microbiology, Univer- erature supports the role of glutamate as the
sity of Pennsylvania School of Medicine, Philadelphia, Pa. major route of ammonia assimilation in yeasts
19104. (3, 5, 11, 19), although few definitive studies
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have been conducted to substantiate this gen-
eralization. Both nicotinamide adenine dinu-
cleotide-linked glutamate dehydrogenase
(NAD-GDH) [EC 1.4.1.2, L-glutamate: NAD
oxidoreductase (deaminating)] and nicotin-
amide adenine dinucleotide phosphate-linked
glutamate dehydrogenase (NADP-GDH) [EC
1.4.1.4, L-glutamate: NADP-oxidoreductase
(deaminating) ] have been observed in yeasts at
high specific activities (2, 10, 17), and it has
been observed that two-thirds of the ammonia
assimilated by yeast can be initially recovered
as glutamate or glutamine (11). This leaves the
question as to which of the assimilatory sys-
tems accounts for the remaining one-third of
the nitrogen requirement.
We have conducted experiments in which

amino acids and inorganic ammonia were first
compared as nitrogen sources for the growth of
Saccharomyces cerevisiae. Four strains of
yeast were grown on a minimal and a defined
medium, and the assimilatory enzymes were
assayed after the cells had reached the sta-
tionary phase (K. Thomulka and A. G. Moat,
Bacteriol. Proc. p. 37, 1969; ibid., p. 148, 1970).
Based upon the results of these preliminary
studies, more detailed experiments were con-
ducted in which these enzymes were assayed
at various intervals from time of inoculation
through the exponential and stationary phases.
The effect of transfer from minimal to com-
plete medium (shift-up conditions) and from
complete to minimal (shift-down conditions)
were also investigated. These experiments
permitted a comparison of the activity of en-
zymes concerned with nitrogen assimilation
during all phases of growth and the effect of
shifts in the nutritional environment of their
activities.

MATERIALS AND METHODS
Organisms. Four strains of yeast were employed.

S. cerevisiae 174/ld, a wild, haploid yeast, and S.
cerevisiae 173/la, an adenine-requiring mutant de-
rived from strain 174/ld were obtained from the
collection of B. Ephrussi (1949) through the courtesy
of A. M. Srb, Cornell University, Ithaca, N.Y. S.
cerevisiae Fleischmann strain 139, a standard strain
which has been widely used in a variety of nutri-
tional and metabolic studies (1), and S. cerevisiae
strain X-1049-2B, a glutamate-oxaloacetate transam-
inase (GOT)-deficient mutant obtained from the
collection of M. Ogur, University of Southern Illi-
nois, Carbondale.
Media. The complete medium was composed of

2% glucose, 1% Difco yeast extract, 1% Difco pep-
tone, and 0.5% KH2PO4. The defined medium used
for strains 174/ld and Fleischmann 139 contained
the following ingredients, in amounts per liter:

ammonium sulfate, 0.3 g; glucose, 20.0 g; KH2PO4,
0.5 g; CaCl2, 62.5 mg; MgCl2, 20.0 mg; MnCl2, 1.0
mg; FeCl3, 0.5 mg; inositol, 3.0 mg; beta-alanine, 1.0
mg; pyridoxine hydrochloride, 20 ug; thiamine, 20.0
,ug; nicotinic acid, 100 Mg; and biotin, 1.0 MAg. For
strain 173/la, the above medium was supplemented
with 80.0 mg of adenine. The GOT-deficient strain
(X-1049-2B) required the above medium supple-
mented with 200 mg of aspartate, 100 mg each of
glutamate and tryptophan, and 80 mg each of histi-
dine, arginine, methionine, threonine, lysine, uracil,
and adenine. The pH of all media was adjusted to
5.6 before autoclaving for 15 min at 121 C.
Growth conditions. All cultures were grown at 32

C under aeration with compressed air passed
through a glass-wool filter and distributed through a
ground-glass sparger. Silicone antifoam (Dow Cor-
ning) spray was added, as required, to reduce
foaming.

Variation of growth conditions. For the devel-
opment of shift-up and shift-down conditions
(transfer from defined to complete and from com-
plete to defined medium) starter cultures in 15.0 ml
of complete medium were inoculated from a stock
culture and incubated overnight. The cells from
these cultures were transferred to 4 liters of medium
and grown overnight; the cells were harvested,
washed twice with sterile distilled water, and trans-
ferred to 9.0 liters of fresh medium. For inoculation
into complete medium, the entire 15 ml of the
starter culture was transferred into the 4-liter cul-
tures. For inoculation into defined medium, the cells
were washed once with distilled water before inocu-
lation. For transfer from the 4-liter to the 9-liter cul-
tures, cells were harvested after 24 hr of incubation,
washed twice in sterile distilled water, and sus-
pended to 100 ml. At time of harvest, each liter con-
tained 1.8 g (dry weight) of cells. A 15-ml portion
was withdrawn for the zero-time sample, and the
remainder was inoculated into the 9-liter carboy.
The 9-liter cultures were incubated under aeration,
and 2.0-liter samples were taken after 30, 75, 135,
and 240 min of incubation. A final 1.0-liter sample
was taken after 24 hr of incubation.
The use of a large inoculum for the 9-liter cultures

made it possible to obtain samples during the early
phases of growth which would provide a sufficient
quantity of cells to prepare extracts. In addition, the
use of a large inoculum allowed the cultures to enter
the exponential phase rapidly and to reach the sta-
tionary phase within a time span that would permit
convenient sampling during the entire period of ac-
tive growth.

Cell harvesting. The samples were immediately
centrifuged; cells were combined, washed twice with
distilled water and once with 0.01 M tris(hydroxy-
methyl)aminomethane (Tris)-hydrochloride buffer
(pH 8.0), and immediately disrupted.

Cell disruption. A 5-g (wet weight) amount of
cells and 5.0 g (wet weight) of washed 5-Am glass
beads were suspended to 25 ml in Tris buffer. The
cell-bead suspension was transferred to a stainless
steel sonic oscillating chamber equipped with an
external cooling jacket. Alcohol at -4 C was passed

26 J. BACTERIOL.



INORGANIC NITROGEN ASSIMILATION IN YEASTS

through the jacket to maintain low temperature
during sonic treatment. The cells were disrupted
with a Branson Sonifier for two 5-min periods, with
a 30-sec interval to allow for cooling. The broken-cell
suspension was removed from the chamber and cen-
trifuged at 27,000 x g for 30 min. The lipid pellicle
was removed, and the supernatant fluid was de-
canted and stored at 4 C for assay.

For disruption in a Duall tissue homogenizer, 10.0
g (wet weight) of cells was suspended to 20.0 ml in
Tris buffer and ground in a size D homogenizer
cooled by immersion in an ice bath. The homoge-
nizer was turned by a Talboy laboratory stirring
motor at full speed for 20 min. The resulting mixture
was centrifuged as for the sonically treated cells.
To prepare extracts with the X-press, all the cells

harvested from 6.0 liters of a stationary-phase cul-
ture were suspended to 35 ml in Tris buffer. The cell
paste was added to a precooled X-press cell at -35
C. The X-press was then immersed for 30 min in a
-35 C alcohol bath to insure complete freezing of
the cells. The pressure cell was then placed in a
Carver hydraulic press and the pressure was raised
to 24,000 psi. The broken cells were collected, slowly
thawed, and centrifuged as above.
Assay methods. Protein determinations were

made by the method of Lowry et al. (14) with bovine
serum albumin used as a standard.

All enzymatic reactions were conducted at 32 C.
The reaction vessel was immersed in a 32 C water
bath or placed in a water-jacketed chamber of the
spectrophotometer. All extracts were prepared and
assayed on the same day as cell harvest. Unless oth-
erwise specified, all reactions were monitored on a
Beckman DU spectrophotometer modified with a
Gilford electronic optical density conversion system
and recorder.

Aspartase was measured by the method of Wil-
liams and Lartigue (22) by measuring fumarate pro-
duction at 240 nm or by the microdiffusion method
of Ternberg and Hershey (21) in which the reaction
mixture was the same as that employed by Williams
and Lartigue (22).
The nicotinamide adenine dinucleotide phos-

phate-linked alanine dehydrogenase (NADP-ADH)
and the NAD-GDH and NADP-GDH were measured
spectrophotometrically by the method described by
Burk and Pateman (5). The reaction mixture con-
sisted of: ammonium sulfate, 4.0 Mmoles; reduced
nicotinamide adenine dinucleotide phosphate or
reduced nicotinamide adenine dinucleotide, 1.7
Amoles; Tris buffer, 100 jAmoles; and pyruvate or
glutamate, 22.0 or 6.4 Mmoles, respectively; in a final
volume of 3.0 ml.

Glutamine synthetase was assayed by the method
of Kohlaw et al. (13). Threonine deaminase [EC
4.2.1.16 threonine hydrolase (deaminating)] was as-
sayed by the method of Holzer et al. (11). The GOT
and glutamate-pyruvic acid transaminase (GPI) [EC
2.6.1.2, L-alanine: 2-oxoglutarate amino-transferase) I
were measured by coupling with the NADP-GDH.
The 3.0-ml reaction mixture contained 1.7 umoles of
reduced nicotinamide adenine dinucleotide phos-
phate; ammonium sulfate, 4.0 Mmoles; pyridoxal-5'-
phosphate, 0.04 gmole; Tris buffer, 100 umoles at pH

7.5; oxalacetate or pyruvate, 4.0 Amoles; and extract,
0.01 ml.

Polyacrylamide-gel electrophoresis was carried out
by using a 7% gel and the method of Fincham and
Stadler (7).

RESULTS
Amino acids as sole sources of nitrogen

for the growth of yeasts. Since aspartate is
one of the few amino acids which have been
shown to be superior to ammonia as a sole
source of nitrogen for the growth of yeast (15),
the relative effectiveness of aspartate, gluta-
mate, and ammonium sulfate as sole nitrogen
sources in the defined medium were compared.
The nitrogen content of the medium was the
same (0.0227 M) in each case. When S. cerevi-
siae 173 1/a was grown on medium containing
these sources of nitrogen, aspartate was found
to be equal to ammonia as the sole source of
nitrogen, whereas glutamate was inferior (Fig.
1). With aspartate, the generation time was
equal to that with ammonium sulfate (3.0 hr).
With glutamate, the generation time increased
to 4.65 hr and the total amount of growth was
less. None of the individual nitrogen sources
were as efficient as the complete medium (Fig.
1). These preliminary results suggested that
aspartate could serve as an efficient source of
nitrogen for growth and that aspartase might
represent a significant route of inorganic ni-
trogen assimilation in yeast.
Enzyme levels in cells harvested at sta-

tionary phase. Studies were conducted to
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FIG. 1. Effect of nitrogen sources on the growth of
yeast. Saccharomyces cerevisiae 173/la was grown
on a defined medium with 0.0227 M ammonium sul-
fate, aspartate, or glutamate as the sole nitrogen
source, and the growth was compared with that on
complete medium. Optical density was measured at
600 nm in a Bausch & Lomb Spectronic 20 spectro-
photometer.
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determine and compare the specific activities
of several enzymes of potential significance in
ammonia assimilation after overnight growth.
By using the X-press, extracts were prepared
from cells grown to stationary phase on both
the complete and the defined media. Table 1
presents the specific activities obtained. Each
value is the average of at least three separate
determinations, each made on a different ex-

tract.
In each strain, the NADP-GDH was dere-

pressed after growth on the defined medium.
The NAD-GDH was derepressed and higher in
activity than the NADP-GDH after growth on

the complete medium for three of the strains
tested. In all strains there was a trend toward
an inverse relationship between the NAD-
GDH and NADP-GDH. These tendencies are

amplified by the data obtained with extracts
taken from cells harvested at earlier stages in
the growth cycle. When grown on the complete
medium, the NADP-GDH was repressed and
lower in activity than the NAD-GDH, whereas
the reverse was true after growth on the de-
fined medium. The activity of the NADP-ADH
was low as compared with the NADP-GDH and
was simultaneously repressed. GPT activity
was very low and only occasionally demon-
strable. The GOT activity was derepressed
when the yeasts were grown on the defined
medium and repressed on the complete me-

dium in a manner comparable with the
NADP-GDH and NADP-ADH. Threonine

deaminase activity tended to follow that of the
NAD-GDH, but not in any concerted manner.

Glutamine synthetase levels were so low that
no clear-cut comparison could be made with
other enzyme activities. Aspartase was lacking
in all of the strains tested.
Variation in enzyme activities with

growth phase and cultural conditions. To
determine whether cells harvested during dif-
ferent phases of growth varied with regard to
the activity of ammonia assimilation enzymes,

and whether the cultural conditions gave rise
to alterations in the level of these activities,
cells were grown under conditions which would
permit determination of the levels of ammonia
assimilation enzymes at various phases of
growth in defined and complete media. The
effect of shift-up and shift-down conditions
were also investigated. Figures 2 to 5 present
the specific activities of the various enzymes
after shift-up and shift-down conditions for
each of the four strains investigated. In all
strains and at all times during growth, aspar-

tase activity was undetectable. Efforts were

made to detect aspartase activity by means of
ammonia evolution (21) and fumarate produc-
tion (22) over a pH range of 6.0 to 8.5, with
and without f3-mercaptoethanol, glutathione,
and cysteine. Both crude extracts and extracts
which had been dialyzed and desalted on Seph-
adex G-50 or treated with MnCl2 to remove

nucleic acids were used. Separate experiments
were conducted on extracts from cells grown in

TABLE 1. Effect of cultural conditions on the specific activities of ammonia assimilation enzymes in four
strains of Saccharomyces cerevisiae

Enzymea

Organism Medium GT PThe-GuaNADP- NADP- NAD- GOT GPT nine Aspar- mine
GDH ADH GDH deam- tase synthe-

inase tase

S. cerevisiae 173/lab Complete 484 13 163 46 11 74 0 0
Defined 1,984 33 270 150 0 39 0 4

S. cerevisiae, 174/ld Complete 176 8 249 83 10 121 0 3
(wild type) Defined 790 33 559 150 8 67 0 0

S. cerevisiae Fleisch- Complete 194 26 598 37 0 45 0 0
mann 139 Defined 975 20 112 115 0 15 0 0

S. cerevisiae X-1049- Complete 130 4 148 0 0 331 0 0
2Bc Defined 651 20 236 0 0 32 0 0

aResults are expressed as 10-4 umoles of product formed per min per mg of protein. Abbreviations:
NADP-GDH, nicotinamide adenine dinucleotide phosphate glutamate dehydrogenase; NADP-ADH, nicotin-
amide adenine dinucleotide phosphate-alanine dehydrogenase; NAD-GDH, nicotinamide adenine dinucleo-
tide-glutamate dehydrogenase; GOT, glutamate-oxaloacetate transaminase; GPT, glutamate-pyruvic acid
transaminase.

b Adenine-requiring strain.
c GOT-deficient strain.
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FIG. 2. Effect of cultural conditions on the specific activity of ammorna assimilation enzymes and GOT in

Saccharomyces cerevisiae 173/la. The organism was transferred from (A) complete to complete, (B) complete
to defined, (C) defined to defined, and (D) defined to complete medium. NADP-GDH, NADP-glutamate
dehydrogenase; ADH, alanine dehydrogenase; NAD-GDH, NAD-glutamate dehydrogenase; GOT, glutamate-
oxaloacetate transaminase; GPT, glutamate-pyruvate transaminase; TDA, threonine deaminase; GS, glu-
tamine synthetase.

both complete and defined media in which the
concentration of glucose had been reduced to
0.5% to determine whether glucose repression
might account for low aspartase activity. In
experiments in which fumarate production was
used as an indicator of aspartase activity, the
addition of orthoiodosobenzoate (0.002 M) did
not enhance detection of aspartase, although
fumarase was inhibited. Aspartase activities
were compared in extracts obtained by means
of the X-press, the Branson Sonifier, and the
Duall tissue homogenizer. Under all of the
conditions employed, aspartase activity was
undetectable, despite the fact that the extracts
were fully active with respect to other enzy-
matic activities.
Glutamine synthetase was present in very

low levels under all cultural conditions. Its ac-
tivity was somewhat higher at mid-exponential

phase. However, there was no apparent rela-
tionship between the activities of the NAD-
GDH, threonine deaminase, and glutamine
synthetase as had been reported by earlier in-
vestigators (10, 11, 13).
The GOT levels rose in conjunction with the

increase in activity of the NADP-GDH. The
GPT activity was present at much lower levels
of activity than the GOT and remained rela-
tively constant throughout the growth cycle.

In all strains and at all times, whether grown
on the complete or defined medium, NADP-
GDH had the highest activity of any ammonia
assimilation enzyme. The NAD-GDH was gen-
erally lower and its activity was inversely re-
lated to that of the NADP-GDH. The NAD-
GDH activity was lowest when the NADP-
GDH displayed the highest specific activity.
The NADP-GDH increased markedly during
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FIG. 3. Effect of cultural conditions on the specific activity of ammonia assimilation enzymes and GOT in
Saccharomyces cerevisiae 174/id. Conditions and abbreviations as for Fig. 2.

the early exponential phase of growth, rapidly
reached a peak, and declined to much lower
levels at stationary phase. The GOT, although
substantially lower in activity, followed this
same pattern in all but the GOT-deficient
mutant.
The NADP-ADH activity of each strain

remained at a low level throughout the growth
cycle. The activity increased slightly when
cells were grown on defined rather than on
complete medium.
Threonine deaminase did not consistently

follow the NAD-GDH activity as Holzer et al.
had found (11). Threonine deaminase was
more active after growth on the complete me-
dium than after growth on the defined me-
dium. In several cases, there was a sharp in-
crease in activity during the early exponential
phase followed by a decline at later time inter-
vals (see Fig. 2-4).

In the GOT-deficient mutant (Fig. 5), GOT,
GPT, glutamine synthetase, and aspartase
were undetectable at significant levels at any

point in the growth cycle. On transfer from
complete to complete medium, the NAD-GDH
and NADP-GDH followed an unusual pattern
as compared with the other strains (Fig. 5).
The NADP-GDH increased but did not reach
the level of activity observed with the other
strains. Furthermore, the activity remained
relatively constant throughout growth. The
NAD-GDH activity increased markedly at the
beginning of exponential growth, declined
sharply, and then gradually increased at the
stationary phase (Fig. 5A). In the shift-down
transfer (Fig. 5B), the NADP-GDH was lower
in activity than on direct transfer from defined
medium. The NAD-GDH was higher in ac-
tivity under these conditions.

DISCUSSION
Initial experiments indicated that aspartate

was superior to ammonia or glutamate as a
source of nitrogen for the growth of yeast. This
led to experiments designed to determine
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FIG. 4. Effect of cultural conditions on the specific activity of ammonia assimilation enzymes and GOT in
Saccharomyces cerevisiae Fleischmann strain 139. Conditions and abbreviations same as Fig. 2.

whether inorganic nitrogen was assimilated
directly into aspartate by the enzyme aspar-
tase. An early report (8) indicated that aspar-
tase was present in whole yeast cells. Polakis
and Bartley (17) also demonstrated a weakly
active aspartase in cell-free extracts of yeast.
However, we were unable to detect aspartase
in any of the yeasts investigated. Because the
extracts were fully active with respect to all
other enzymatic activities, our inability to de-
tect aspartase is considered to be due to its
absence and not due to denaturation during
the extraction procedures. The demonstration
by Haehn and Leopold (8) of ammonia evolu-
tion from aspartate by whole cells of yeast
must have resulted from the transfer of aspar-
tate nitrogen to either glutamate or threonine
and the subsequent deamination of these
amino acids. The fact that yeasts grow well on
aspartate as the sole source of nitrogen must
reside in their ability to transfer aspartate ni-
trogen to other amino acids via GOT. Our re-
sults suggest that, in yeasts, aspartate must
receive its amino nitrogen from glutamate via

transamination, a conclusion which has been
reached by others (11, 19). The fact that GOT
is derepressed during the early exponential
phase, along with NADP-GDH, lends further
weight to this conclusion. In addition, Tem-
pest et al. (20) showed that the concentration
of glutamate in the amino acid pool of yeast is
the highest of any amino acid. Brown and
Johnson (4) showed that the NADP-GDH ac-
tivity varies directly with the availability of
ammonia and size of the amino acid pool.
These facts further substantiate the premise
that inorganic ammonia must be assimilated
primarily through glutamate.
On examination of four strains of yeast

grown on either complete or defined medium,
NADP-GDH had the highest activity of any
ammonia assimilation enzyme at any stage of
growth (Table 1 and Fig. 2-5). Although an
NADP-ADH and a glutamine synthetase were
present in each strain, they displayed only
minimal activity throughout growth, sug-
gesting that they play a relatively minor role
in the assimilation of inorganic nitrogen. The
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FIG. 5. Effect of cultural conditions on the specific activity of ammonia assimilation enzymes in the

GOT-deficient mutant, Saccharomyces cerevisiae X-1049-2B. The organism was transferred from (A) com-
plete to complete and (B) complete to defined medium. Abbreviations as for Fig. 2.

alanine dehydrogenase was found to be nicotin-
amide adenine dinucleotide phosphate-de-
pendent as found in N. crassa (5). NADP-
GDH reached maximum activity very early in
the transition phase, between the lag and ex-
ponential phases of growth, at a time when the
rapid assimilation of ammonia would be most
critical to the growth of yeast cells. Thus the
activity was greatest when the demand for
synthetic activity was highest. Although most
of the enzymes under investigation displayed
an increase in activity at this time, NADP-
GDH displayed the most marked increase. The
activity was greatest when the yeasts were
grown on the defined medium. These results
are similar to those found in Bacillus thurin-
gensis (16), where NADP-GDH activity also
increased in early exponential phase. NADP-
GDH appears to be the major enzyme con-
cerned with ammonia assimilation in the four
yeasts studied. In the GOT-deficient mutant,
there was no detectable aspartase or glutamine
synthetase. It was expected that, if aspartase
were present in yeast, it should have been de-
repressed in this strain as a compensatory
mechanism to offset the absence of the trans-
aminase activity. Instead, methionine, threo-
nine, aspartate, and lysine had to be supplied
to support the growth of this strain, indicating
the importance of the transaminase in the ni-
trogen economy of yeast.
The GOT, NADP-ADH, and NADP-GDH

activities were derepressed and maximal when
yeasts were grown on the defined medium, in
which ammonia serves as the only nitrogen
source, a situation in which transamination
would be essential for growth if the NADP-

GDH is the major route of inorganic ammonia
assimilation. It appears that GOT activity is
coordinately repressed and derepressed along
with NADP-GDH and NADP-ADH. These
enzymes must act in concert with one another
to provide for maximal assimilation of inor-
ganic nitrogen and distribution of amino ni-
trogen during the early period of exponential
growth. During growth on a complete medium,
these activities were repressed but never di-
minished to a point where their activities were
undetectable. These findings suggest that the
NADP-linked alanine dehydrogenase and glu-
tamine synthetase must play a minor role in
inorganic nitrogen assimilation in the strains
of S. cerevisiae which were examined. GOT
was highly active in all strains except the
GOT-deficient mutant.
Threonine deaminase was repressed in con-

junction with the NAD-GDH as was previously
shown (12). Kohlaw et al. (13) also showed that
glutamine synthetase was regulated in coordi-
nation with NAD-GDH. In our experience, the
levels of glutamine synthetase were so low that
no clear-cut relationship could be established
with the other assimilation enzymes. If the
cultural conditions had been identical to those
used by Holzer et al. (12), perhaps the relation-
ship would have been more evident. Likewise,
although threonine deaminase followed NAD-
GDH, it did not follow as strictly as Holzer
had reported.
The NAD-GDH and threonine deaminase

evidently serve as anabolic enzymes supplying
ammonia nitrogen to the ammonia pool of
yeast cells, as indicated by the fact that these
enzymes are at their highest levels of activity
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in cells which have been grown on the com-
plete medium. The fact that NAD-GDH grad-
ually increases in activity during stationary
phase implies that NAD-GDH serves primarily
to return amino nitrogen to the ammonia pool.

In all strains, NAD-GDH and NADP-GDH
displayed the same inverse relationship of ac-
tivity described by others (10, 11, 17, 18). The
most rapid increase in NADP-GDH activity
coincided with the most rapid decline in NAD-
GDH activity. Conversely, the time of most
rapid increase in NAD-GDH activity corre-
sponded to the time of most rapid decline of
NADP-GDH activity. All conditions which
were found to repress the activity of one dere-
pressed the activity of the other.

Barratt and Strickland (2) reported that
NADP-GDH could reductively aminate and
oxidatively deaminate several a-keto acids and
a-amino acids at an efficiency of less than 5%
of the activity with a-ketoglutarate or gluta-
mate as substrates. Possibly the alanine dehy-
drogenase activity demonstrated in our strains
is a result of this same activity on the part of
NADP-GDH, especially since NADP-ADH
and NADP-GDH displayed identical migra-
tion on polyacrylamide electrophoresis.
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