JOURNAL OoF BacTerIiOLOGY, May 1977, p. 951-953
Copyright © 1977 American Society for Microbiology

Vol. 130, No. 2
Printed in U.S.A.

Multivalent Regulation of Isoleucine-Valine Transaminase in
an Escherichia coli K-12 ilvA Deletion Strain

ELLIS L. KLINE,* DELBERT N. MANROSS, JR., aAND MARY L. WARWICK
Department of Biology, Edinboro State College, Edinboro, Pennsylvania 16444

Received for publication 5§ November 1976

In a strain of Escherichia coli K-12 lacking threonine deaminase, the enzyme
converting a-ketoisovalerate and a-keto-B-methylvalerate to valine and isoleu-
cine, respectively, was multivalently repressed by valine, isoleucine, and
leucine. This activity was due to transaminase B, specified by the ilvE structural

gene.

The regulation of three genes in the ilv clus-
ter, ilvE, ilvC, and iluB (specifying transami-
nase B, acetohydroxy acid isomeroreductase,
and acetohydroxy acid synthase, respectively),
in Escherichia coli K-12 was shown to be inde-
pendent of the ilvA gene product, threonine
deaminase, by analysis of a strain carrying a
total deletion of the iluA gene (5) and of a strain
with Mu 1 phage inserted into the ilvA struc-
tural gene (4; J. M. Smith, M. Levinthal, and
H. E. Umbarger, Abstr. Annu. Meet. Am. Soc.
Microbiol. 1975, H23, p. 100). Recently, how-
ever, it has been questioned whether the assay
devised by Duggan and Wechsler (2) and rou-
tinely used to determine transaminase B activ-
ity (ilvE) is a measure of transaminase B, the
ilvE gene product, or some other transaminase
in a strain carrying the iluDAC115 deletion (6).
In this study we determined that the transami-
nase activity needed for isoleucine and valine
formation under previously defined conditions,
in a strain completely devoid of the structural
gene for threonine deaminase (5), is attributa-
ble to transaminase B and not to some other
transaminase.

A mutant strain unable to convert a-ketoiso-
valerate (aKIV) and a-keto-B-methylvalerate
(aKMV) to valine and isoleucine, respectively,
was isolated (from a strain carrying the
iluDAC115 deletion) by penicillin counterselec-
tion after mutagenesis with diethylsulfate. The
growth behavior of this strain on minimal me-
dium supplemented with the three branched-
chain amino acids or aKIV and aKMV re-
vealed that this isolated strain ES30 is incapa-
ble of converting aKIV or cKMV to the respec-
tive amino acids, isoleucine and valine (Table
1). The loss of this transaminase activity, which
results in an isoleucine, valine, and leucine
requirement, is attributable to a lesion in the
ilvE structural gene (3, 9; J. Guardiola, per-
sonal communication).

Genetic analysis of the isoleucine and va-

line transaminase-negative strain ES30
(ilvDAC115 ilvE637) showed that the lesion
causing this response is linked to the ribose-
minus mutation, rbs-215, as is the ilvDAC115
deletion, and is very close to iluDACI15 as
indicated by the very low frequency of separat-
ing iluDAC115 from ilvE637 (Table 2). This
would place the second lesion causing the trans-
aminase-negative phenotype in the region of
the ilvE structural gene.

Isolation of such a strain (ES30) would
strongly suggest that the transamination of
aKIV and aKMYV in a normal genetic back-
ground is via the product encoded by the ilvE
structural gene (transaminase B) in a strain
carrying the iluDACI115 deletion.

The same physiological conditions used ear-
lier (5) to show that the regulation of transami-
nase B was independent of threonine deami-
nase in strain CU357 (iluDAC115) were used in
this study to compare strains carrying this dele-
tion alone or, in addition, a lesion that we now
identify as an ilvE lesion. The increase in aceto-
hydroxy acid synthetase and transaminase B
during valine limitation in strains carrying the
iluDAC115 deletion (CU357 and ES35), or ace-
tohydroxy acid synthetase in strains carrying
the two mutations iluDAC115 and ilvE637
(ES30 and ES33), verifies the presence of a mul-
tivalent regulatory system (Table 3). The ab-
sence of a transaminase regulated multiva-
lently by leucine, valine, and isoleucine in the
iluDAC115 ilvE637 derivative strains (ES30
and ES33) and the presence of it in the
iluDAC115 deletion strains (CU357 and ES35)
substantiate the threonine deaminase inde-
pendent multivalent regulation of the ilvE
structural gene. To determine whether some
other transaminase (1, 8) may be able to func-
tion during growth under these physiological
conditions (5), limitation experiments were
conducted as previously described (5) for valine
or isoleucine, except for the addition of aKIV (1
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TaBLE 1. Utilization of substrates for transaminase B

Ile
Ile, Ile, Ile, ,
Strein ve, Gy e va o gn 00
Leu® @ aKIV oKIV oKV
CU357 (iluDAC115) + + + + + +
ES30 (iluDAC115 ilvE637) + - - + _ _

¢ Strains were scored on glucose minimal plates with the following concentrations of supplements when
indicated: 1 x 10~ M valine (Val), 4 x 10~* M isoleucine (Ile) or leucine (Leu), and 1 x 10* M aKIV, aKMV,
or alanine (Ala).

TABLE 2. Linkage of rbs-215 with the transaminase-negative mutation

No. of rb No. requiring: Linkage

. 0. of rbs* _

Donor Recipient transductants Ile, Val, Ile and 2"105"1(’;)
and Leu® Val®

CU357 (iluDAC115) CU12 (rbs-215) 831 0 673 81

ES30 (iluDAC115 ilvE637) CU12 (rbs-215) 1,072 824 2 71

¢ Plkc transductants were scored on glucose minimal plates with the following concentrations of supple-
ments when indicated: 1 x 103 M valine (Val) and 4 x 10~* M isoleucine (Ile) or leucine (Leu).

TABLE 3. Branched-chain amino acid transaminase in a strain carrying an ilvDACI115,
transaminase B mutation

nmol/min per mg of protein®

Strain ilv genotype va:it:n::mdl'
TRB® DH TD IR AHAS

ES30 ilvDAC115 Excess 0 0 0 0¢ 14
ilvE637 Lim Val 0 0 0 0 65
Lim Ile 0 0 0 0 11
Lim Leu 0 0 0 0 73
ES33 ilvDAC115 Excess 0 0 0 0 12
ilvE637¢ Lim Val 0 0 0 0 61
Lim Ile 0 0 (1} 0 14
Lim Leu 0 0 0 0 69
CU357 ilvDAC115 Excess 17 0 0 0 11
Lim Val 61 0 0 0 69
Lim Ile 73 0 0 0 12
ES35 ilvDACI115¢ Excess 19 0 0 0 11
Lim Val 65 0 0 0 68
Lim Ila 69 0 0 0 15
CU12 Wild type Excess 20 19 31 2 12
Minimal 51 47 62 49 33

@ All excess and limitation (Lim) experiments were conducted as described previously (5).

® Proteins were determined by the method of Lowry et al. (7).

¢ EC 2.6.1.42, Branched-chain amino acid:2-oxoglutarate aminotransferase (transaminase B [TRB]); EC
4.2.1.9, 2,3-dihydroxy acid hydrolase (DH); EC 4.2.1.16, deaminating threonine hydrolase (TD); EC 1.1.1.86,
3-alkyl-2,3-dihydroxy acid (isomeroreductase [IR]); EC 4.1.3.18, carboxylating acetolactate pyruvate lyase
(acetohydroxy acid synthetase [AHAS]).

4 Where there is no activity reported, values were <0.01. All strains were grown as before (5), using the
assay methods described previously for the modified IR assay (5), and TD, AHAS, or DH assay (10).

¢ ES33 and ES35 are rbs* transductants of CU12 from ES30 requiring isoleucine (Ile), leucine (Leu), and
valine (Val) or isoleucine (Ile) and valine (Val), respectively.

/ The transaminase activity was determined by the assay method of Duggan and Wechsler (2).

x 10 M), oKIV (1 x 102 M) and alanine (1 X  coded by the ilvE structural gene (transami-
103 M), or aKMV (1 x 10~ M). Figure 1 shows nase B) is essential in strains CU357 and ES35
that the growth limitations were virtually iden- to form isoleucine or valine from o«KMV and
tical to those without added supplements. This  aKIV, respectively. Also shown is the necessity
further demonstrates that under the physiolog- of aKIV for leucine biosynthesis, as has been
ical conditions described (5) the enzyme en- described earlier (1, 2, 8, 9).
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Fic. 1. Effect of various limitation conditions on an E. coli strain (ES33) carrying ilvDAC115 and ilvE637

lesions. All cultures were initially grown in glucose minimal medium supplemented with isoleucine, leucine,
and valine as described earlier (5), except that the growth temperature here was 25°C. For limiting conditions
(indicated by arrows), all procedures were conducted as previously described (5), except the growth tempera-
ture here was 25°C and the supplements to separate glucose minimal medium were as follows: x, control
ES35, 0.4 mM L-isoleucine, 1 mM L-valine; O, control ES33, 0.4 mM L-isoleucine, 0.4 mM L-leucine, 1 mM L-
valine; B, ES33, 0.4 mM L-isoleucine, 0.4 mM L-leucine; O, ES33, 0.4 mM L-isoleucine, 0.4 mM L-leucine, 1
mM oKIV,1 mM alanine; ®, ES33, 0.4 mM L-leucine, I mM valine, 1 mM oKMV,1 mM alanine; O, ES33,
0.4 mM leucine, 1 mM valine; ®, ES33, 0.4 mM leucine, 0.4 mM isoleucine, 1 mM oKIV; \/, ES33,0.4 mM
leucine, 1 mM valine,1 mM oaKMYV . Identical limiting conditions were obtained with CU357 (ilvDAC115) and
ES35 (ilvDAC115) when limited for isoleucine or valine. The limitation ceased and the control growth rates
resumed when oKIV was added to a valine-limited culture or aKMV was added to an isoleucine-limited

culture of CU357 or ES35.

The above genetic and physiological evidence
with various E. coli K-12 strains demonstrates
that under the conditions previously specified
(5) the transaminase activity that is multiva-
lently regulated by the three branched-chain
amino acids, in strains CU357 and ES35, is, in
fact, specified by the ilvE gene. It also shows
that the assay by Duggan and Wechsler meas-
ures the ilvE gene product in strains having a
functional ilvE structural gene carrying the
iluDAC115 deletion. Similar results have been
obtained with ongoing research in this labora-
tory with various E. coli B/r ilvA deletion
strains.
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