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Growth of Pseudomonas cepacia (P. multitorans) on serine depended upon
induction of a previously undescribed L-serine deaminase distinct from threonine
deaminase. Formation of the enzyme was induced during growth on serine,
glycine, or threonine. The induction pattern reflected a role of the enzyme in
catabolism of these three amino acids. Both threonine and glycine supported
growth of serine auxotrophs and were presumably converted to serine and
pyruvate in the course of their degradation. Mutant strains deficient in serine
deaminase, or unable to use pyruvate as a carbon source, failed to utilize serine
or glycine and grew poorly with threonine, whereas strains deficient in threonine
dehydrogenase or a-amino ,B-ketobutyrate:coenzyme A ligase (which together
convert threonine to glycine and acetyl coenzyme A) failed to utilize threonine or
derepress serine deaminase in the presence of this amino acid. The results confirm
for the first time the role of a-amino /8-ketobutyrate:coenzyme A ligase in
threonine degradation and indicate that threonine does not mimic serine as an
inducer of serine deaminase.

Pseudomonas cepacia (P. multitvorans) is the
most nutritionally versatile of the pseudomo-
nads (1, 9, 1 1). We have examined the possibility
that the exceptional versatility of this bacterium
might be related to the evolution of broad-spec-
ificity enzymes. Our experiments have focused
on enzymes related to metabolism of branched-
chain and hydroxy amino acids (4, 13). In the
case reported here, we have considered whether
the atypical properties of the isoleucine-sensitive
threonine (serine) deaminase of P. cepacia (4,
12, 14) reflect a role of this enzyme in utilization
of hydroxy amino acids as well as in biosynthesis
of isoleucine. The results indicate clearly that
threonine deaminase does not participate in hy-
droxy amino acid catabolism. Our experiments
define the role of a serine deaminase in degra-
dation of both serine and threonine. The present
analysis of enzymes involved in hydroxy amino
acid utilization and related studies of branched-
chain amino acid degradation indicate that the
biochemical diversity of P. cepacia depends
upon its extensive repertoire of enzymes rather
than the use of broad-specificity enzymes.

MATERIALS AND METHODS
Bacterial strains. P. cepacia 249 was originally

obtained from R. Y. Stanier (11). All other strains
used in this investigation were derived in our labora-
tory from strain 249 and are listed in Table 1. The
indicated auxotrophic derivatives and strains unable

to utilize particular organic compounds as the carbon
source were obtained by the D-cycloserine selection
procedure described earlier (4).

Preparation of bacterial extracts. Bacteria were
grown in 1-liter flasks which contained 200 ml of
minimal salts medium consisting of 1 mM MgSO., 0.1
mM CaCl2, 0.01 mM FeSO1, and pH 6.5 phosphate
buffer (33 mM Na2HPO1, and 67 mM KH2PO.1) sup-
plemented with the indicated carbon source. The bac-
teria were collected by centrifugation, suspended in 5
ml of 20nmM phosphate buffer (pH 6.8) containing 20
pg of pyridoxal phosphate per ml and 10 mM 2-mer-
captoethanol, and disrupted by sonic treatment as
reported earlier (4). I'he disrupted-cell suspensions
were centrifuged for 10 min at 12,000 x g, and the
supernatant fractions were assayed for enzyme activ-
itv.
Enzyme assays. All enzyme activities are ex-

pressed in terms of nanomoles of product formed per
minute per nilligram of protein. Protein was deter-
mined by the procedure of Lowry et al. (5).

L-Serine and L-threonine deaminase activities were
determined at 37°C. The assay mixtures contained in
a volume of 0.5 ml: 200 mM TI'ris-hydrochloride buffer
(pH 8.5), 0.2 mM pyridoxal phosphate, enzyme prep-
aration, and 100 mM L-serine or L-threonine (adjusted
to pH 8.5 with NaOH). After 20 to 30 min of incuba-
tion, the reactions were terminated bv addition of 0.5
ml of 15 (wt/vol) trichloroacetic acid, and pyruvate
or a-ketobutyrate formed in the course of the reaction
was determined as the dinitrophenylhydrazone (4).

L-Threonine dehydrogenase activity was deter-
mined at 24°C by monitoring NAD reduction which
occurre(d during the conversion of I,-threonine to (-
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TABLE 1. List of strains
StraindeSignation Characteristicsdesignation

P. cepacia 249
(ATCC 17616)

249- 13

13-5

13-8

13-5-1

249-16

249- 18

249-23

249-30

Wild type, obtained from R. Y.
Stanier (I 1)

Isoleucine auxotroph derived from
strain 249; deficient in threonine
deaminase (4)

Lysine auxotroph derived from strain
13; fails to use diaminopimelic acid
in place of L-lysine

Serine auxatroph derived from strain
13; deficient in phosphoserine
aminotransferase

Serine auxotroph derived from strain
13-5, possesses normal levels of
phosphoserine aminotransferase
and phosphatase; presumably
blocked early in serine biosynthesis

Threonine dehydrogenase-deficient
derivative of strain 249; unable to
utilize threonine as the sole carbon
source

Serine deaminase-deficient derivative
of strain 249; unable to utilize L-

serine as the sole carbon source

a-Amino ,3-ketobutyrate:coenzyme A
ligase-deficient derivative of strain
249; unable to utilize L-threonine as

the sole carbon source

Unable to utilize pyruvate or glucose
as the sole carbon source; grows
normally on acetate or citrate;
presumably blocked at level of
pyruvate dehydrogenase

amino ,B-ketobutyrate (4). The assay mixtures con-

tained, in 1 ml: 100 mM Tris-hydrochloride buffer (pH
8.5), 0.5 mM NAD, enzyme preparation, and 100 mM
L-threonine (adjusted to pH 8.5 with NaOH).

a-Amino fl-ketobutyrate:coenzyme A (CoA) ligase-
dependent condensation of acetyl-CoA and glycine to
form a-amino /8-ketobutyrate was determined by mea-

suring aminoacetone produced from a-amino ,8-keto-
butyrate (4, 7). The a-amino 83-ketobutyrate:CoA li-
gase (aminoacetone synthase) assay mixtures con-

tained, in 0.5 ml: 200 mM Tris-hydrochloride buffer
(pH 8.5), 1 mM acetyl-CoA, enzyme preparation, and
300 mM glycine. After 20 min of incubation at 37°C,
the reactions were terminated by addition of 0.5 ml of
15% (wt/vol) trichloroacetic acid, and aminoacetone
was determined as reported earlier (4).

Resolution of the catabolic serine deaminase
and threonine deaminase. To obtain preparations
of catabolic serine deaminase and threonine deami-
nase suitable for comparison of pH optima and kinetic
and other properties of the two enzymes, bacteria from
10 200-ml cultures of strain 249 grown with 0.4% (wt/
vol) L-serine were collected by centrifugation, sus-

pended in 30 ml of 20 mM phosphate buffer (pH 6.8)
containing 20 jg of pyridoxal phosphate per ml and 10

mM 2-mercaptoethanol, and disrupted by sonic treat-
ment. Cell debris and unbroken cells were removed by
centrifugation of the disrupted-cell suspension for 15
min at 12,000 x g. An equal volume of 2% (wt/vol)
streptomycin sulfate dissolved in the above-mentioned
buffer was added to the supernatant to precipitate
nucleic acids, and the precipitated material was re-
moved by centrifugation. Solid ammonium sulfate (25
g/100 ml) was added to the supernatant fraction, and
the precipitate, which contained the bulk of the serine
and threonine deaminases present in the crude bac-
terial extract, was suspended in ca. 10 ml of pH 6.8
phosphate buffer containing pyridoxal phosphate and
mercaptoethanol. The preparation was dialyzed
against 200 volumes of the same buffer and supple-
mented with 10% (wt/vol) glycerol, and between 3 and
4 ml (100 mg of protein) was applied to a column (2 by
20 cm) of hydroxylapatite equilibrated with the same
buffer. The column was eluted with 280 ml of a linear
gradient of 20 to 200 mM phosphate buffer (pH 6.8)
containing 10% (vol/vol) glycerol, 20,tg of pyridoxal
phosphate per ml, and 10 mM 2-mercaptoethanol.
Fractions (3.5 ml each) were collected and assayed for
L-threonine and L-serine deaminase activities. The
catabolic serine deaminase eluted first at a phosphate
concentration of 70 mM; L-threonine deaminase eluted
at a phosphate concentration of 150 mM. Fractions
containing the catabolic serine deaminase were pooled,
as were those containing L-threonine deaminase activ-
ity, and used for studies of kinetic and other properties
of the two enzymes. The recovery of threonine deam-
inase activity was about 90% of the activity present in
the crude bacterial extracts; about 40% of the catabolic
serine deaminase activity was recovered. If glycerol
was omitted during chromatographic resolution of the
two enzymes, the recovery of catabolic serine deami-
nase activity was only 10%. The presence of glycerol
did not influence the recovery of threonine deaminase.
The extent of purification of the catabolic serine de-
aminase and of threonine deaminase was, respectively,
28- and 40-fold.
The catabolic serine deaminase was sufficiently un-

stable to preclude its further purification. The prepa-
rations obtained after hydroxylapatite chromatogra-
phy lost approximately 50% of their activity after 2
days in storage at 0'C. Less-purified preparations such
as crude bacterial extracts or the ammonium sulfate
fractions used for the chromatographic step were com-
pletely stable for at least 2 weeks when stored under
similar conditions.

Estimation of enzyme molecular weight. The
apparent molecular weights of serine and threonine
deaminases were determined by comparing their sed-
imentations in sucrose gradients with that of bovine
hemoglobin as described by Martin and Ames (6). The
gradients contained 20 mM phosphate buffer (pH 6.8)
and 20 pg of pyridoxal phosphate per ml.

Chemicals. All chemicals were obtained from
Sigma Chemical Co., St. Louis, Mo.

RESULTS
P. cepacia 249 utilizes the L-forms of serine

and threonine but not the D-forms of these
amino acids as the sole carbon source. In pre-
vious experiments, we investigated whether the
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atypical threonine deaminase of P. cepacia

played a role in threonine catabolism and con-

cluded on the basis of mutant studies that it did
not (4). P. cepacia grows more rapidly on L-

serine (generation time, 2.5 h) than on L-threo-
nine (generation time, 5.5 h). To determine
whether the serine deaminase activity associated
with threonine deaminase was involved in serine
catabolism, we tested whether P. cepacia 249-
13, an isoleucine auxotroph devoid of threonine
deaminase activity (4), could utilize serine. This
strain grew normally in medium containing 40
pg of L-isoleucine per ml and 0.4% L-serine as the
sole carbon source, indicating that threonine
deaminase is not essential for serine utilization.
This led us to investigate further the enzymatic
basis of serine utilization.
Growth of P. cepacia 249 in medium contain-

ing 0.4%. L-serine as the carbon source resulted
in an approximate sevenfold increase in serine
deaminase-specific activity compared to bacteria
grown on alternate carbon sources such as cit-

rate or glucose or phthalate (Table 2). The in-

crease in specific activity was due to induction
of a previously undescribed catabolic L-serine
deaminase distinct from threonine deaminase.
The catabolic enzyme was readily resolved from
threonine deaminase on the basis of its slower
sedimentation in sucrose gradients and its rela-
tively weak binding to hydroxylapatite columns
(see above). Its molecular weight was estimated
to be 60,000 by comparison of its sedimentation
behavior with that of bovine hemoglobin (64,500
molecular weight) and threonine deaminase
(190,000 molecular weight). Extracts of the thre-
onine deaminase-deficient strain 249-13 (pre-
pared from serine-grown bacteria provided with
isoleucine) contained only the catabolic serine
deaminase. This enzyme was inactive with L-

threonine. (Under our conditions of assay the
limit of detection for activity with L-threonine

was equivalent to about 0.5Zcr of the activity
observed with L-serine.) In this respect, it dif-
fered from threonine (serine) deaminase, the
activity of which with L-threonine was sevenfold
greater than with serine. There was also a
marked difference in response of the two en-
zymes to the threonine deaminase feedback in-
hibitor L-isoleucine. Threonine deaminase ex-
hibited no significant serine deaminase activity
in the presence of 10-2 M L-isoleucine. The ac-
tivity of the catabolic serine deaminase was un-
affected by 10-2 M L-isoleucine.
The distinguishing features of P. cepacia ser-

ine and threonine deaminases, including kinetic
properties, pH optima, and responses to isoleu-
cine, are summarized in Table 3. The finding
that the activity of the catabolic serine deami-
nase was not influenced by L-isoleucine afforded

T'ABLE 2. Induction of L-serine deaminase in strain
249

Enzvyne sp act"

sabonurce Generation -Threo-Carbon so
" timne (m) L-Serine de- nine deami-amninase' nase

Glucose 0 229 694
Citrate 60 235 704
Phthalate 65 215 685
L-Threonine 300 1,482 512
L-Serine 150 2,319 510
Glycine 540 1,733 493
Casamino acids 60 235 535
Ile + Val + Leu 70 202 615

" The bacteria were grown at ;37°C in minimal salts medium
supplemented with the following amounts of each carbon
source: glucose, citrate, and phthalate, 0.57% (wt/vol); glycine,
threonine, and serine, each at 0.4%c (wt/vol); Casamino Acids
at 1%' (wt/vol); and branched-chain anmino acids, each at 0).2%.

Nanomoles of pyruvate or a-ketobutyrate formed per
minute per milligram of protein at 37°C.

" Determined in the presence of 10( 2 M L-isoleucine and
therefore does not include serine deaminase activity associated
with threonine deaminase.

TABLE 3. Properties of L -threonine and L -serine dlearninases
Extenit ot ni

,
i-Threonine

Enzrme' Apparent pH optirm biti of inhi- - cK,0 K
ornol wt MI-iOCcO M

M I - Isoleuc irlee

Serinie deaminase 60(),O) Broad region of optimal None 2 x 10 2"
activity between pH 6.5
and 9.5'

'I'hreorinle deamitiase 19(,(00 With serine, optimal Complete 6 x 10 2 x 1I) 2
activitv was between
pH 8.5 and 9.5"

T'he preparations used in these determinations were resolvecl on hydroxylapatite columns as described in
the text.

Activity at pH 7 was equivalent to 105%' of that at pH 8.5.
T'he K,,, value at pH 7.0 was identical to that at pH 8.5.
Acttivity with 1.-serine at )H 7 was olly :3'tof that at pH 8.5.

J. BACRTFRIOL.
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a rapid means of determining the amount of this
enzyme in crude bacterial extracts. About 95%
of the serine deaminase activity of serine-grown
bacteria and 65% of the activity of glucose- or
citrate-grown bacteria was insensitive to inhibi-
tion by 10-2 M L-isoleucine. Thus, even the basal
level of catabolic serine deaminase found in cit-
rate- or glucose-grown bacteria contributed
more to the total serine deaminase of P. cepacia
extracts than did the serine deaminase associ-
ated with threonine deaminase, and in the case
of fully induced cells, the contribution of threo-
nine deaminase was relatively insignificant.
Induction of L-serine deaminase during

growth on L-threonine or glycine. As noted
above, the catabolic L-serine deaminase was in-
active with L-threonine. It was therefore surpris-
ing to discover that the enzyme was induced
during growth on threonine (Table 2). This par-
adox was resolved when we were able to confirm
by the mutant studies described below that ca-
tabolism of threonine proceeds by its stepwise
conversion to a-amino f3-ketobutyrate and
thence to acetyl CoA and glycine. Metabolism
of the glycine derived by cleavage of a-amino
/3-ketobutyrate appears to require its conversion
to serine, which is further metabolized to pyru-
vate by the action of serine deaminase. This
explains the observed induction of serine deam-
inase when glycine served as the carbon source
(Table 2). The proposed route of threonine ca-
tabolism (Fig. 1) is consistent with the observed
pattern of induction of serine deaminase during
growth on threonine, serine, or glycine. The
mutant studies outlined below rule out the pos-
sibility that threonine directly mimics serine as
an inducer of serine deaminase and support the
interpretation that the physiological inducer
during growth on threonine is serine formed via
glycine.
Enzyme deficiencies affecting utilization

of L-serine and L-threonine. We have used a
D-cycloserine selection procedure (4) to obtain
mutants blocked in the utilization of L-serine or
of L-threonine. One such strain, 249-18, which
proved to be deficient in serine deaminase, failed
to grow on serine or glycine and grew slowly on
threonine (27-h generation time compared with
5.5 h for the wild type). The level of serine
deaminase activity in extracts of bacteria grown
on threonine or combinations of threonine and
alternate carbon sources such as citrate or glu-
cose was less than 2% of that found in the wild
type grown under similar conditions (Table 4).
Strain 249-18 had normal levels of threonine
deaminase and of the isoleucine-sensitive serine
deaminase activity associated with this enzyme
(data not shown). The results confirm that the
catabolic serine deaminase is essential for serine

L -Thr-L aKB - LL-IIe

AKB

Gly + AcCoA

~4
L-Ser Pyr

FIG. 1. Pathways of threonine metabolism in P.
cepacia. Threonine deaminase (enzyme 1) and en-
zymes required to convert a-ketobutyrate to isoleucine
were formed constitutively. Enzymes of the threonine
degradation pathway, which included L-threonine
dehydrogenase (enzyme 2), a-amino 8-ketobutyrate:
CoA ligase (enzyme 3), and L-serine deaminase (en-
zyme 4), were induced during growth on L -threonine.

degradation and that the serine deaminase as-
sociated with threonine deaminase cannot sub-
stitute for loss of this enzyme.
We obtained two classes of mutants unable to

utilize L-threonine as the carbon source. The
first was deficient in threonine dehydrogenase,
the NAD-specific enzyme which converts thre-
onine to a-amino /8-ketobutyrate (2, 4, 7, 8). The
second class was deficient in a-amino 13-ketobu-
tyrate:CoA ligase, which converts a-amino ,B-
ketobutyrate to glycine and acetyl-CoA. Data
indicating the levels of these two enzymes in
wild-type and mutant bacteria are presented in
Table 4. Strain 249-16 is representative of the
first class; strain 249-23 is a member of the
second class. Both the threonine dehydrogenase
and a-amino ,8-ketobutyrate:CoA ligase-defi-
cient strains failed to form more than basal levels
of catabolic serine deaminase when grown in
medium containing threonine in combination
with citrate as a carbon source. Growth of the
wild type in this medium resulted in formation
of elevated levels of serine deaminase. Members
of both classes of mutants grew normally with
L-serine as the carbon source and produced wild-
type levels of catabolic serine deaminase under
these conditions. We interpret the results as
indicating that threonine degradation must pro-
ceed at least to the level of glycine and acetyl-
CoA formation for threonine to influence for-
mation of serine deaminase. The simplest inter-
pretation is that in this case the physiological
inducer of the catabolic serine deaminase is ser-
ine formed from glycine.

It should be noted that the threonine dehy-
drogenase-deficient strain 249-16 formed wild-
type levels of a-amino 83-ketobutyrate:CoA li-
gase when grown on a combination of threonine
and citrate (Table 4) and that the a-amino /3-
ketobutyrate:CoA ligase-deficient strain 249-23
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IABiF: 4. Leuels of enzyvmnes relate(d to serine a(nd threonine degradation in tidd-tvpe and mutant strai'ns of
P. cepacia

Strain Enznme (leficiencv

249 (wild None
type)

249-18 Serine deaminase

249-1 6 lThreonine dehydrogenase

249-2; a-Amino fl-ketobutyrate:CoA
ligase

Enzyme Sp act

Carbonsource-Serine dleamn-Carbon"' source ilise l-Threonine fl-Aninio /1-ke-
dehydrogenase tobutvrate:toA ligase

i-Thr 1,489 61 :31
,-Thr + Cit 642 29 17
i-Ser 2:319 3 <1

i,-Thr
,-Thr + Cit

i,-'I'hr + Cit
,-Ser

i,-Thr + Cit
,-Ser

1:3 61
14 31

156
2,262

162
2,451

1.5
1.5

4:3
:3

:3:3
19

25
<I

<1
<1I

" i,-Threonine was supplied at 0.4%' (wt/vol) when it was the sole carbon source and at (3.2%' (wt/vol) in
combination with 0.3' citrate in experiments in which threonine was not the primary carbon source.

" )etermined in the presence of 10 M L,-isoleucine and therefore does niot intclude serine deaninase activity
associated with threonine deaminiase.

Nanomoles of product forme(d per nminute per milligranm of protein at .30C.

formed wild-type levels of threonine dehydro-
genase in the same medium. These results indi-
cate that a-amino /8-ketobutyrate:CoA ligase is
induced directly by L-threonine and that threo-
nine dehydrogenase is induced by threonine (or
a-amino ,B-ketobutyrate).

In the course of examining the threonine de-
hydrogenase and a-amino 8-ketobutyrate:CoA
ligase activities of P. cepacia, we examined the
molecular weights of these two enzymes by com-
paring their sedimentation in sucrose gradients
with that of bovine hemoglobin and serine and
threonine deaminases. The apparent molecular
weight values were 140,000 for threonine dehy-
drogenase and 75,000 for a-amino /3-ketobutyr-
ate:CoA ligase.
Two other types of mutant strains provide

further insight into the route of degradation of
serine, threonine, and glycine. One such strain is
13-8, a serine auxotroph which is deficient in
phosphoserine aminotransferase activity. The
serine requirement of this strain was spared
when it was grown on L-threonine or when bac-
teria induced to form threonine dehydrogenase
and a-amino ,8-ketobutyrate:CoA ligase by prior
growth on threonine were transferred to 0.507c
glucose medium supplemented with 100 mg of
L-threonine per ml. Threonine also spared the
serine requirement of another serine auxotroph,
strain 13-5-1, which appeared to be blocked early
in the pathway of serine biosynthesis. The be-
havior of these two auxotrophic strains confirms
that threonine was readily converted to serine
in P. cepacia, presumably via threonine dehy-
drogenase and a-amino 81?-ketobutyrate:CoA li-
gase-dependent formation of glycine followed by

serine hydroxymethyl transferase-mediated con-
version of glycine to serine.
A second type of mutant the behavior of which

is consistent with a role of serine deaminase in
the degradation of serine, threonine, and glycine
is strain 249-30, which appeared to lack pyruvate
dehydrogenase activity. This mutant, which was
selected on the basis of its failure to utilize
glucose as a carbon source, grew normally on
acetate or tricarboxylic acid cycle intermediates
such as citrate. It failed to utilize pyruvate,
serine, or glycine and grew poorly on threonine.
The failure of this strain to utilize glycine as the
sole carbon source is consistent with the pro-
posed pathway of glycine degradation in which
serine and pyruvate are key intermediates.

DISCUSSION
We undertook the present study to determine

whether the atypical properties of P. cepacia
threonine deaminase reflected a role of this en-
zyme in serine degradation. The fact that the
threonine deaminase-deficient strain 249-13
grew normally on L-serine indicated that threo-
nine deaminase was not essential for serine dis-
similation. The induction of a separate catabolic
L-serine deaminase during growth on L-serine
and the failure of strain 249-18, which is deficient
in this enzyme, to utilize serine clearly define
the role of this enzyme in serine degradation. A
similar induction of serine deaminase was re-
ported for E. coli. However, serine deaminase
was not directly shown to be distinct from thre-
onine deaminase (3, 10). Threonine deaminase
was unable to substitute for the loss of the
catabolic serine deanminase in strain 249-18, in-

J BACTER I ()I.
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dicating that it does not play a secondary role in
serine catabolism.
The inability of strain 249-18 to utilize glycine

or grow normally on L-threonine implicates the
catabolic serine deaminase in the degradation of
both of these amino acids. The mutant studies
reported here indicate that threonine and gly-
cine are readily converted to serine, which ap-

pears to be the physiological inducer of serine
deaminase. The results confirm for the first time
the role of a-amino /3-ketobutyrate:CoA ligase in
threonine degradation, and indicate that threo-
nine degradation proceeds by cleavage of a-

amino /3-ketobutyrate to glycine and acetyl-CoA
and not by decarboxylation of this compound to
produce aminoacetone as postulated earlier (2,
4, 7). To our knowledge, neither a-amino /8-ke-
tobutyrate:CoA ligase nor threonine dehydro-
genase-deficient strains have been described for
other bacteria presumed to metabolize threonine
via glycine and acetyl-CoA (2, 7, 8).
At the onset of these studies, our working

hypothesis was that the use of broad-specificity
enzymes such as threonine deaminase and
branched-chain amino acid aminotransferase for
both the biosynthesis and catabolism of amino
acids might underlie the extreme nutritional ver-

satility of P. cepacia. Such roles would be en-

tirely consistent with the in vitro properties of
these enzymes (4, 13). Thus, the failure of thre-
onine deaminase to substitute for the catabolic
serine deaminase in serine degradation or for
threonine dehydrogenase in threonine degrada-
tion was unexpected.
The apparent inability of threonine deaminase

to participate in threonine or serine degradation
might be due to the operation of feedback con-

trols or, in the case of threonine, degradation to
an imbalance in branched-chain amino acid bio-
synthesis rather than any inherent inability of
this enzyme to rapidly convert serine and thre-
onine to pyruvate and a-ketobutyrate. For ex-

ample, the strong inhibition of threonine deam-
inase by isoleucine might preclude its partici-
pation in amino acid degradation, or the toxicity
of a-ketobutyrate might contribute to poor

growth on threonine. In the presence of excess

a-ketobutyrate, the interaction of this com-

pound with acetohydroxyacid synthase to pro-

duce acetohydroxybutyrate, a precursor of iso-
leucine, presumably competes with interaction
of the same enzyme with pyruvate to produce
acetolactate, a precursor of valine. P. cepacia

utilizes a-ketobutyrate as the sole carbon source,

if the bacteria are supplemented with valine.
However, threonine dehydrogenase-deficient
bacteria still fail to utilize threonine even if they
are supplied with valine. We are examining
whether mutant strains deficient in catabolic
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serine deaminase or in threonine dehydrogenase
can mutate to utilize threonine deaminase as a
catabolic enzyme. We expect that selection of
bacteria able to utilize serine or threonine from
serine deaminase- or threonine dehydrogenase-
deficient strains might yield mutants uncoupled
with respect to isoleucine inhibition of threonine
deaminase. In the case of growth on threonine,
we anticipate a possible requirement for valine.
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ADDENDUM
We have reexamined the growth behavior of the threonine

dehydrogenase-deficient strain 249-16 and find that it can
grow slowly in medium containing 0.5% L-threonine if the
medium is supplemented with 100 pg of L-valine per ml (14-h
generation time versus 3.5 h for the wild-type strain 249). The
results indicate that the failure of P. cepacia threonine de-
aminase to play a secondary role in threonine degradation is
related to the toxicity of a-ketobutyrate produced by this
enzyme from threonine.
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