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SUMMARY - (1) At lsast two methionine-repressible HsDHs are mresent in
5. Sa~5 and thess account for the most (90%) of the HaDH

aet:lyvi:tl ', 21!1) the NAD*-gotivity is completely, and the NADP*-HsDH strongly
(75-80%) repressed by L-methionine, L~oysteine and I~homoserine, but both
seem to be sensitive only to cysteins among the amino acids tested, (iii) the
residual NADP'-activlty persiating after growth in presemce of L-methionine
is inhibited 808 by 10 uM I~threonine and possibly this activity is distinct
from the major NADP*-engyme, and (iv) these HsDH gotivitiss are distinct from
aspartokingse.

Homoserine dshydrogenase {L-homoserinet NAD(P)* oxidoreductase,
E.C. 1.1.1,3; abbreviated HsDH) 1s an important engyme in the biosynthesis
of methionine, threonine and isoleucine. Sinecs it is a branch point engyme,
its control is quite important in the regulation of the formation of these
amino acids (1),

Both Escherishia coli Kjs (2-4) and Salmonella typhimurium I-2 (5,6)

contain two separable HgDHas besides, the E.gcoli Kjp enxymes possess
aspartokinase (AK) activity (5,4). One of thess HsDHs is inhibited by
Imthreonine (3) and its formation is repressed by a combination of L-threonins
and i~isoleucine (5). Activity of the sscond HsDH is not affected significantly
by any amino acid but its formation is completely repregsed by i~methionine
(4,6). In other organisms tested (1, 7-12), HaDH activity is gensrelly
repressed by L-methionine (8-10) and in gll cases feed-back inhibited by
threonine (8-12); often the effects are only partial. Ths Neurcspora crassa

HsDH gosms to be exceptional; it is neither repressed by methioning nor
inhibited by threonins (13). Instances of complete repression by methionine
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are rare and in such cases the methionine-repressible activity is quanti-
tatively a negligible (4) or a minor (6) compoment. We wish to report in
this communigation that two methionine-repressible HsDHs present in
Semarcegoeng Sa-3 represent the bulk of HaDH activity in this organism unlike
in mogt others.

Anino geids, NAD®, NaDP’ amd tris were purchased from the Sigma
Chenmigal Company. Crystalline bovine serum albumin was from Armowr
Ieboratories. All other chemicals were of anglytical grade. The strain of
S.2arcesoeng Sa-3 and its threonine-less mutant were kindly supplied by
Dr. Karlstrom (Royal Ingtitute of Technology, Stockholm).

The bacteria were grown asrobisally in shake flasks at 50° ia ¢
glucose~aineral salts medium of Davis (14). Threonine (100 ug/ml) was
added in the case of the mutants. Ths cells wers harvested in the late log
phase. Washed cells were suspended in 5 times their weight of 20 mM
Potassim phosphate buffer (pH 7) containing 150 mM potassium chloride and
20 mM B-mercaptosthanol (referred to as the buffer) and sonically disrupted
at 4° to 6° for 10 min in a Branson model B-12 Sonifisr. The sonisate was
then centrifuged for 30 min at 10,000 x g and the supernatant was dialysed
against the buffer at 4°C. Protwin was estimated by the method of Lowry
et al. (15) using bovine plasma albumin as the standard. HsDH and AK
activities were determined according to the procedures of Black and Wright
(18) by the reduction of MAD(P)* with homoserine and by hydroxamate formation
respectively. The reastion mixture for HsDH assays contained, in 1 ml, the
following components in pmoles: Tris-HC1 buffer (pH 8.4) 100; DI~homoserine, 203
EDTA, 13 NAD(P)', O.4 and engyme. For AK-determination, the reactlon
mixture oontained in 1 ml (all in jmoles)s aspartate (pH 8), 100; ATP, 20;
MgClp, 20; NH;0H, 400 and ensyme; incubation 28°, 1 hr. In inhibition-
experiments, the reastion mixture contained, in addition to the sbove, the
appropriate anmino gclds at the congentrations indipated. Ong unit of HeDH
catalyses the formation of one Mmole NAD(P)H per min and of AK, a change of
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0,001 absorbance at 540 ma per hr. Specific activity (S.A.) is the number
of units per mg protein unless otherwise spesified.

(1) Growth and Remression. The results are shown in Table 1,

None of the amino aclds tested was found to inhibit the growth of the
bacterius to any oconsiderabls extent. Growth with oysteine and homoserine
was about 70 to 756% of the comtrols. The NAD~dependent HsDH is yepressed
coupletely by methionine, cysteine and homoserine whereas the NADP'-HsDH
activity is strongly but partially repressed by these amino acids.
L-threonine repressed poorly. The following preliminary results indicate
that the two activities are distinet from one another. The two HsDH

Table 1
Repression of HeDH and growth

Growth HaDH activity Asparto-
supplemsnt Growth” Nap* Napp* kinase
Compound 0% st Repres g, Tepres- g,y e
% %
None - 245 6.6 - 646 - 170 -
i~threonine 1.0 250 §5,0-5,8 12-86 5,0-5,8 12-25 171 0
I-methionine 1.0 240 0 100 1.8 75 173 0
d~is0leucine 1.C 256 848~7.2 0 6e67,1 0 211 -24
1~homoserine 1,0 215 0 100 L=z 80 24 =35
ircysteine 1.0 210 0 100 0.64 90 248 ~52
I~threonine 1.0 265 0 100 1.7 74 230 =46
+i~ngthionine each
+1~isolsucine

* lg-hr growth starting from 1% inooulum. Figures represent Klstt
readings at 660 oa.

** 8.4, = Specifia Activity (mtinits per mg protein)
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ectivities are additive. Addition of NADP® to the reaction mixture contain-
ing NAD® enhances the rats of O340 nu* This increased rats is the mm of

the rates of Adggo py With each pyridine muclsotide alone. In addition,

when acetone-dried cells are extrasted with phosphate buffer (20 mN, pH 7),
there 1is a differential extrastion of ths two astivities; the moportions

of the two aotivities vary greatly in successive extracts. In prelimingry
purification experiments also, the two asctivities are found enrished in
different ammonium sulfate fractions (unpublished experiments). Thase

results clearly indicate that there are at least two HsDHs in S.marcescens Sa-S.

Table 2

Rffect of amino aoids on HsDH astivity

HelH Asctivities AK
Growth
~ dmino gcid added to + *
supple Poaeu:; airture w ol Lo~
ment 8.a. bitio
8.4% Inhi- 8.4 Iphi~-
* bition *®*  bition
i % % %
None - 6.8 - 6.8 - 170 -
Irthyeonine 10 6.8 0 8.8 0 185 -9
¥ IL~msthionine or
b I~1s0oleucine 10 6.8 0 8.8 0 170 0
L-gysteine 10 0 100 0 100 153 10
L-lmm lo H.T *% - '.T . - 110 55
None 0 - 1.7 - 210
I t wmm Nor- - 0.34 80 210 o
(L'c” I"'mfhiom N.T. - 1.8 0 210 0
or It‘ﬁ’s uin‘ HQT ' - 0 lm 190 10
Ihomo- 4 4 oleuoine N1
mo) 0. ole - 1.2 30 210 0
L'l”m N.T. - N.T. - 145 52

* 8.4 = m Undits por ag protein.
** H.T = Fot teated
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(2) Effect of amino acids on HaDH activities. The effect of the

aspartate family amino acids including L~homoserire and of l~eysteine on

the gotivity of HsDHs was studied and the results are shown in Tsble 2.

Maong the amino acids tested, only oysteine inhibited strongly both activities
from cells grown in unsupplomented media. But HsDH-activity of the cells
grown in presence of L-methionine, L~homoserine or L-oysteine was atrongly
inhibited by L-threonins also. Isoleucine was also inhibitory. This activity
1s specific for NADF'. This would indicate that either (1) the NADP’-HsDH

is modifisd by growth in pressnce of L-methionine so that it is strongly
inhibited by L-threonine, or (1i) there is a third and minor HsDH which

18 not repressed by L-mesthionine but is strongly inhibited by L-threonins.
This hgs to be ohecked by further purification expsriments.

(3) Non-identity of AK and HsDH. Aspartokinase content of the cells

was not affected, unlike HsDH gctivity, by growth in presence of L-methionine
(Table 1) An examination of certain threonine-less mutants showed that
their HaDH activity was low (from sero to 30% of the prototrophs) but the
aspartokingse activity was almost the same as that of the prototroph
(mpublished experiments), During the purification of aspartokinase, it vas
observed that (1) treatment in the absence of KCl with streptomyein to remove
nucleic acids also eliminated most of HsDH activity, and (1i) dialysis in
the absemce of KC1 alac lod t0 a congiderable loss of activity., These
treatments did not affect aspartokinsse activity (unpublished results).

The above results clearly establish that aspartokinase protein 1s distinet
from the HsDHs in this organisnm,

These results indicate that the HsDHs present in S.marceacens Sa~%
are distinct from the omes previously reported (in E.coli Kjp, S.typhimuriue
and other organismas)e This strein seems rather unigue in having a preponder-
ance of methionine~repreasible HsDHs. Howsver, like other methionine-
repreasible ones, these are also not inhibited to any signifieant extent by
any anino aold except by L~oysteine. Whether or not the very mromounced
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irhibition of NADP*-HsDH by threonine (noticed when cells are grown in
presence of methionine) is dus to a distimt NADP'-HsDH or whether it is
due to the same but modified NADP*-HeDH is to be determined by further
experiments. This residusl NADP'-HeDH activity (about 20 to 25% of the
total NADP*-HsDH activity) apparently furnishes the hamoserine needed for
the blogynthesis of threonine and isoleucins by cells when grown in presence
of methionine.

Studies on the purification gnd properties of thege homogerins
dehydrogenases are in progress and will be reported elsewhere.
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