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Branched-chain keto acid dehydrogenase is a multienzyme complex which is required for the metabolism of
the branched-chain amino acids in Pseudomonas putida. The structural genes encoding all four proteins of the
bkd operon have been cloned, and their nucleotide sequences have been determined (G. Burns, K. T.
Madhusudhan, K. Hatter, and J. R. Sokatch, p. 177-184 in S. Silver, A. M. Chakrabarty, B. Iglewski, and
S. Kaplan [ed.], Pseudomonas: Biotransformations, Pathogenesis, and Evolving Biotechnology, American
Society for Microbiology, Washington D.C., 1990). An open reading frame which encoded a protein with
36.5% amino acid identity to the leucine-responsive regulatory protein (Lrp) of Escherichia coli was found
immediately upstream of the bkd operon. Chromosomal mutations affecting this gene, named bkdR, resulted in
a loss of ability to use branched-chain amino acids as carbon and energy sources and failure to produce
branched-chain keto acid dehydrogenase. These mutations were complemented in trans by plasmids which
contained intact bkdR. Mutations affecting bkdR did not have any effect on transport of branched-chain amino
acids or transamination. Therefore, the bkdR gene product must affect expression of the bkd operon and
regulation must be positive. Mutations affecting bkdR could also be complemented by plasmids containing lrp
of E. coli. This is the first instance of a Lrp-like protein demonstrated to regulate expression of an operon
outside of E. coli.

Branched-chain keto acid dehydrogenase is an enzyme
which is common to the metabolism of valine, leucine, and
isoleucine in Pseudomonas putida (7) and eukaryotes (10,
30). It catalyzes the oxidative decarboxylation of branched-
chain keto acids formed by transamination of branched-
chain amino acids. The reaction with 2-ketoisovalerate,
formed from valine, is 2-ketoisovalerate + NAD+ + CoASH
-> isobutyryl coenzyme A + CO2 + NADH + H'. The
enzyme has been characterized from several sources, includ-
ing P. putida (36), P. aeruginosa (24), bovine kidney (31),
rabbit liver (29), rat kidney (27), and Bacillus subtilis (19). In
the latter organism, it functions as a combined pyruvate and
branched-chain keto acid dehydrogenase. Branched-chain
keto acid dehydrogenase is a multienzyme complex which is
composed of four proteins, Elao, E1l3, E2, and E3. The Elac4
component is the dehydrogenase and decarboxylase, the E2
component catalyzes transacylation between its lipoyl resi-
due and coenzyme A, and the E3 component is lipoamide
dehydrogenase, which catalyzes the oxidation of the lipoyl
residue of E2. The structure of keto acid dehydrogenase
complexes has been reviewed elsewhere (10, 23, 30). Most
species seem to have a single lipoamide dehydrogenase
which functions as the E3 component of pyruvate, 2-keto-
glutarate, and branched-chain keto acid dehydrogenase.
Pseudomonads, however, have three lipoamide dehydroge-
nases, including specific lipoamide dehydrogenases for pyru-
vate (LpdG) and branched-chain keto acid dehydrogenases
(LpdV) (28).
The genes encoding the four proteins of branched-chain

keto acid dehydrogenase have been cloned from P. putida,
and their nucleotide sequences have been determined (4-6).

* Corresponding author.

All four genes are tightly linked and have been shown to
function as a single transcriptional unit (20), designated the
bkd operon (Fig. 1). The genes of this operon are bkdAl and
bkd42, encoding Elat and E1, respectively, bkdB, encoding
the E2 component, and lpdV, encoding LpdV. Branched-
chain keto acid dehydrogenase is induced when branched-
chain amino or keto acids are provided as carbon sources
(21). The object of the present study was to characterize the
regulation of the bkd operon. During the course of this study,
we learned that the deduced amino acid sequence of an open
reading frame upstream of the translational start of the bkd
operon (bkdR in Fig. 1) exhibited significant amino acid
similarity to Lrp, a global transcriptional regulator of E. coli
(40). This report is a description of the studies which shows
that this protein, BkdR, is a positive activator of the bkd
operon.

MATERIALS AND METHODS

Growth of bacteria. The bacterial strains used in this study
are listed in Table 1. Valine/isoleucine medium (21), used for
growth of P. putida PpG2, contains 0.3% L-valine and 0.1%
L-isoleucine as carbon sources. Both amino acids are used as
carbon and energy sources, and both are supplied since
growth on valine alone is slow. P. putida was grown at 30°C,
and Escherichia coli was grown at 37°C. The same basal salt
mixture was used with other carbon sources at 10 mM,
including L-glutamate, D-glucose, or 2-ketoisovalerate. The
minimal medium for ,B-galactosidase assays with E. coli was
described previously (32). The concentrations of antibiotics
used to inhibit growth of P. putida were as follows: carben-
icillin, 2 mg/ml; kanamycin, 90 ,ug/ml; and tetracycline, 200
,ug/ml. The concentration of tetracycline used to inhibit
growth of E. coli was 50 ,g/ml.
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A The bkd operon
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FIG. 1. (A) Organization of the bkd operon of P. putida. The structural genes are bkdAI encoding the Elao subunit, bkdlA2 encoding the
E1, subunit, bkdB encoding the E2 component, and lpdV encoding Lpd-val, the specific lipoamide dehydrogenase for P. putida
branched-chain keto acid dehydrogenase. ORF is a partial open reading frame encoding a protein with significant similarity to glutamine
synthetase. Restriction sites: C, ClaI; Ev, EcoRV; K, Kpnl; N, NotI; S, SphI; Sa, Sail; Sm, SmaI; X, XhoI. The arrows show the direction
of transcription. (B) Locations of chromosomal mutations in the strains of P. putida PpG2 created for this study. V, location of the
tetracycline cassette; *, 2-bp deletion. The black rectangle in P. putida JS382 shows the portion of bkdR which has been deleted and replaced
by the tetracycline cassette.

DNA manipulations and analysis. Mutants and plasmids
constructed for this study are listed in Table 1. Small-scale
isolation of plasmids by alkaline lysis, restriction digestions,
blunting of restriction fragments, and ligations were done as
described previously (34) or as instructed by the manufac-
turer. Transfer of plasmids from E. coli to P. putida was
accomplished by using E. coli S17-1 (35), and Pseudomonas
isolation agar containing appropriate antibiotics was used to
inhibit growth of E. coli. The Wisconsin Genetics Computer
Group programs (9) were used for analysis of nucleic acid
and protein sequences.
Chromosomal gene replacements. The method for replac-

ing chromosomal genes of P. putida by using conjugal
transfer of a pUC19-based suicide plasmid was described
previously (37). A tetracycline resistance determinant was
used as an antibiotic marker in all of the following gene
disruptions. The tetracycline resistance gene was obtained
from pBR322 digested with EcoRI and StyI, the ends were
blunted, and the gene was inserted into the blunted restric-
tion sites of the plasmid. Mutants were isolated by using
Pseudomonas isolation agar containing 200 ,ug of tetracy-
cline per ml. Double crossovers were detected by loss of
resistance to carbenicillin (2 mg/ml). The insertion of the
tetracycline cassette and orientation of the tetracycline gene
into the chromosome were verified by restriction digestions
and Southern blotting. In all cases, the tetracycline gene was
transcribed in the same direction as the interrupted gene.
Mutants of P. putida constructed for this study are shown

in Fig. 1. P. putida JS373 and JS374 have tetracycline
cassettes cloned into the blunted XhoI and ClaI sites,
respectively. P. putida JS376 was generated by digesting 5
,ug of pJRS40 (20) with EcoRV followed by 5 U of exonu-

TABLE 1. Bacterial strains and plasmids used

Bacterial strain . Source or
or plasmid Descnption reference

Bacterial strains
P. putida
PpG2 Wild type I. C. Gunsalus
JS373 bkdR inactivated by This study

tetracycline cassette in
XhoI site

JS374 bkdR inactivated by 2-bp This study
deletion at position 23 and
tetracycline cassette
inserted into ClaI site

JS376 Tetracycline cassette inserted This study
into ClaI site between bkdR
and open reading frame

JS382 EcoRV-XhoI fragment of This study
bkdR deleted and replaced
with tetracycline cassette

E. coli
JM101 lrp+ 41
CV1304 lrp::TnlO J. M. Calvo
CV1008 ilvIH::Mu d11734 lrp::TnlO 32
S17-1 Mobilizing donor strain 35

Plasmids
pJRS48 bkdR in pKT240 20
pJRS102 bkdR in pKRZ-1 This study
pJRS103 lrp in pVLT33 This study
pJRS106 bkd41-lacZ fusion in pKRZ-1 This study
pKT240 Broad-host-range cloning and 2

promoter probe vector
pKRZ-1 Broad-host-range cloning and 33

promoter probe vector
pVLT33 lacIq/Pac hybrid broad-host- 8

range cloning vector
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pJRS106
FIG. 2. DNA fragments of the bkd operon contained in plasmids

constructed in this study. The vectors used for each plasmid are
described in Table 1. V, location of a lacZ insertion. Abbreviations
are as for Fig. 1.

clease III at 370C for about 45 s. The reaction was stopped by
heating at 700C for 15 min. Three units of S1 nuclease was
added and digested at room temperature for 15 min (12), and
the DNA ends were blunted and ligated. The locations of the
deletions were identified by DNA sequencing, and one of the
clones, pJRS72, was found to have a deletion of bases 23 and
24 of bkdR. A tetracycline cassette was cloned into the ClaI
site of pJRS72, and the DNA fragment was transferred to P.
putida PpG2. P. putida JS382 was created by first cloning the
1,873-bp SphI-SphI fragment containing bkdR (Fig. 1) into
the pUC19-based suicide plasmid. The DNA fragment be-
tween the EcoRV and XhoI sites of bkdR was removed, the
ends were blunted, and the tetracycline resistance gene was
ligated into this position.

Plasmids. Plasmids containing DNA fragments of the bkd
operon are shown in Fig. 2. pJRS102 was constructed by
isolating the NotI-ClaI fragment containing bkdR from
pJRS25 (20) and cloning this fragment into the SmaI site of
pKRZ-1 (33) after blunting the ends with Klenow fragment.
pJRS103 was created by digesting pCV180 (11) with EcoRI
and BamHI, isolating the 500-bp fragment containing lrp,
and ligating the fragment into pVLT33 (8) also digested with
EcoRI-BamiHI. pJRS106 was constructed by digesting
pJRS25 (20) with PstI and XbaI, which removes the open
reading frame (Fig. 1) and almost all of bkdR. The XbaI site
is in the multiple cloning site of pJRS25. The ends of the
plasmid were blunted, religated, and then digested with
HincII, which cleaves bkdA1 129 bases downstream from
the initiating methionine codon of this gene (Fig. 2). A
blunt-ended fragment containing lacZ was obtained by di-
gestion of pMC1871 (Pharmacia) with BamHI and inserted
into the HincHI site of bkdAl, yielding pJRS106. The lacZ
gene was oriented in the same direction as bkd41. E. coli
JM101 (41) and CV1304, kindly supplied by Joseph M.
Calvo, were transformed with pJRS106.
Enzyme assays. Cell extracts were prepared as described

earlier (36), using sonic oscillation and centrifugation at
90,000 x g for 1 h. Branched-chain keto acid dehydrogenase
was measured as described previously (36). The initial rate
of valine transport was determined as described previously
(13), using L-[1-14C]valine and 50 mM Na+ in order to
measure all transport systems and counting the radioactivity
in the trichloroacetic acid precipitate. Branched-chain amino
acid transaminase was measured as described elsewhere (1).
The method of Miller (25) was used for the measurement of
,3-galactosidase activity.

1 ATGCGCAAACTCGATCGTACCGATATCGGCATTCTCAACAGCCTGCAGGAAAACGCCCGC
1 M R K L D R T D I G I L N S L Q E N A R

61 ATCACCAACGCCGAGCTGGCACGCTCGGTCAACCTGTCGCCCACGCCCTGTTTCAACCGG
21 I T N A E L A R S V N L S P T P C F N R

121 GTGCGGGCCATGGAAGAACTGGGGGTGATCCGCCAGCAGGTGACCTTGTTGTCGCCCGAG
41 V R A M E E L G V I R Q Q V T L L S P E

181 GCGTTGGGGCTGGATGTGAATGTGTTCATCCATGTCAGCCTGGAAAAACAGGTAGAGCAG
61 A L G L D V N V F I H V S L E K Q V E Q

60
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241 TCGCTGCACCGCTTCGAGGAAGAAATTGCCGAACGGCCCGAGGTGATGGAGTGCTACCTG 300
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301 ATGACGGGCGACCCGGACTACCTGTTGCGGGTACTGCTGCCGAGTATCCAGGCGCTGGAG
101 M T G D P D Y L L R V L L P S I Q A L E
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CGGTTTCTCGATTACCTGACCCGGTTGCCGGGTGTGGCGAATATCCGCTCGAGTTTTGCC
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TTGAAACAGGTGCGCTACAAGACAGCCTTGCCGTTGCCGGCCAATGGCATGACCTTGCGC
L K Q V R Y K T A L P L P A N G M T L R
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481 GAATAG 486
161 E * 162

FIG. 3. Translated nucleotide sequence of bkdR from P. putida.
NT designates the two bases deleted from bkdR in P. putida JS374.

RESULTS

Identification of an open reading frame encoding a protein
with similarity to Lrp of E. coli. An open reading frame was
identified in the region 5' to bkd41 but on the opposite strand
(bkdR; Fig. 1). The translated nucleotide sequence of bkdR
is shown in Fig. 3. The gene is 486 nucleotides in length, with
161 amino acid codons plus a stop codon. The mol% G+C
was 59.46, with 80.6% of the codons ending in G or C, which
is typical of other genes from P. putida. The deduced amino
acid sequence of the protein encoded by bkdR has 36.5%
identity and 55.8% similarity to Lrp (40) of E. coli. For
comparison, lrp is 495 nucleotides in length, encoding 164
amino acids. An interesting difference between the two
proteins was in their pIs, 5.89 for BkdR and 9.24 for Lrp (40).
The difference is due mostly to the difference in lysine
residues, 10/mol for Lrp and 4/mol for BkdR. Neither protein
contains tryptophan, and both are unusually high in leucine.
BkdR contains 25 leucine residues (15.5 mol%), and Lrp
contains 23 leucine residues (14 mol%). In contrast, the
mol% leucine for all four proteins of the branched chain keto
acid dehydrogenase complex is 7.7.

Willins et al. (40) pointed out that the deduced amino acid
sequences of Lrp and AsnC (17) showed significant similar-
ity to each other. AsnC is a positive regulator of asnA, the
structural gene for asparagine synthetase A in E. coli. The
alignment of all three of these proteins is shown in Fig. 4,

1 50
Lrp MVDSKKRPGK DLDRIDRNIL NELQKDG8.*

BkdR ........MR KLDRTDIGIL NSLQEN

AsnC ......MENY LIDNLDRGIL

Consensus .......lDr .DrgIL n. Lq. na ~ na.tkv
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Consensus .me .G.I.g ... 11sP ..L g.dv.vFi.i L k. .p. .1. .fs....
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Lrp VMEEVKQSNR LVIKTR*.
BkdR ALKQVRYKTA LPLPANGMTL RE*

AsnC VLQNPIMRTI KP.
Consensus vl.. t. P. ...

FIG. 4. Alignment of the deduced amino acid sequences of Lrp,
BkdR, and AsnC, using Lineup (9). The presumed helix-turn-helix is
shaded.
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and a potential helix-turn-helix motif is shaded. The desig-
nated region fits the criteria for a helix-turn-helix (3). The
turn, position 39 in Fig. 3, corresponds to position 9 of
Brennan and Mathews (3) and is usually a glycine residue;
however, it is an asparagine in BkdR. Amino acid positions
38 and 40, which flank the turn, should be hydrophobic,
which is the case in all four proteins. Positions 34 and 45,
which correspond to positions 4 and 15 of Brennan and
Mathews (3), should not be charged, and these are either
hydrophobic (leucine and isoleucine) or polar (cysteine).
There are no proline residues in the helices, although there
are proline residues at positions 42 and 44 (Fig. 3) in both
BkdR and Lrp, but these are probably at the start of the
second helix, where they could be tolerated. A search of the
data bases by using FastA (18) failed to uncover any other
proteins with significant similarity to BkdR.

Mutations affecting bkdR result in loss of ability to grow in
media with branched-chain amino acids as carbon sources.

The phenotype of P. putida mutants lacking branched-chain
keto acid dehydrogenase is a loss of ability to grow in media
containing branched-chain amino or keto acids as carbon
sources (38). Chromosomal mutations in and around bkdR
were created to determine whether the bkdR gene product
was involved in expression of the bkd operon. P. putida
JS376, which contains a tetracycline cassette in the ClaI site
between the open reading frame and bkdR (Fig. 1), grew

readily on valine/isoleucine and 2-ketoisovalerate media as

sole carbon sources. However, all of the mutants in which
bkdR was interrupted (Fig. 1) failed to grow on these media.
P. putida JS374 was created by deleting bases 23 and 24 of
bkdR (AT in Fig. 3), resulting in a frameshift in translation of
BkdR. Previous evidence indicated that the start of tran-
scription of the bkd operon occurred in the region occupied
by bkdR (20), and this mutation was created in order to cause
minimal disruption of this region. P. putida JS373 carries a

tetracycline cassette in the XhoI site of bkdR, and strain
JS382 carries a tetracycline cassette inserted between the
XhoI and EcoRV sites of bkdR (Fig. 1).

trans complementation of bkdR mutants of P. putida by
bkdR. Chromosomal mutations affecting bkdR in P. putida
JS373 and JS374 resulted in loss of branched-chain keto acid
dehydrogenase activity which was complemented by
pJRS102. pJRS102 contains a complete copy of bkdR in
pKRZ-1 (Table 1; Fig. 2). P. putida JS376, which contains an

intact chromosomal bkdR, behaved as does the wild type,
that is, produced inducible branched-chain keto acid dehy-
drogenase. The basal medium used in this experiment con-

tained 10mM L-glutamate as the carbon source, since strains
JS373 and JS374 were unable to grow in valine/isoleucine
medium. However, P. putida JS373(pJRS102) and JS374
(pJRS102) regained the ability to grow on agar with valine
and isoleucine as the only carbon sources. P. putida JS373
and JS374 produced inducible branched-chain keto acid
dehydrogenase only when carrying pJRS102. trans comple-
mentation by bkdR shows that bkdR encodes a protein which
affects expression of branched-chain keto acid dehydroge-
nase. In addition, these results suggest that the identification
of a transcriptional start site for the bkd operon inside bkdR
should be reinvestigated (20). Either there are multiple start
sites or the original observation was incorrect.

Mutations affecting bkdR do not affect branched-chain
amino acid transport or transamination. Failure of P. putida
JS373 and JS374 to grow on agar media containing valine/
isoleucine or 2-ketoisovalerate could be due to a defect in a

system which transports branched-chain amino acids and
2-ketoisovalerate, to a defect in transamination of branched-
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FIG. 5. P. putida mutants affected in expression of bkdR trans-
port valine normally. P. putida JS373 (A), JS374 (0), and JS376 (*)
are described in Table 1. The assay for transport of branched-chain
amino acids is described in Materials and Methods and measures

incorporation of [1-14C]valine into protein. TCA, trichloroacetic
acid.

chain amino acids, or to a defect in branched-chain keto acid
dehydrogenase. The defect in transport would have to affect
a system which transports both branched-chain amino and
keto acids; otherwise, the mutants would be able to use

2-ketoisovalerate as a carbon source. It has recently been
shown that expression of the high-affinity system for trans-
port of branched-chain amino acids in E. coli is regulated by
Lrp and leucine, resulting in repression of the operon (11).
Transport of branched-chain amino acids in P. aeruginosa is
well characterized and is accomplished by a high-affinity
system, LIV-I (15), and two low-affinity systems, LIV-II (14)
and LIV-III (16). When P. putida JS376, JS374, and JS373
were grown in a medium with L-[1-14C]valine (Fig. 5), there
was no difference in the ability of these three mutants to
incorporate labeled valine into trichloroacetic acid-precipi-
table protein. Thus, these mutants transported valine nor-

mally.
A defect in transamination should also be bypassed by the

use of 2-ketoisovalerate as a carbon source; nevertheless,
both transport and transamination were studied in these
mutants. The bkdR mutants of P. putida, strains JS373 and
JS374, produced normal amounts of transaminase (Table 3)
but did not make active branched-chain keto acid dehydro-
genase (Tables 2 and 3). Since Lrp has been shown to
regulate expression of a number of operons in E. coli (26),

TABLE 2. Complementation of chromosomal bkdR mutations by
plasmid-encoded bkdR in pJRS102

Branched-chain keto acid
dehydrogenase sp act (nmol of

P. putada Plasmid NADH formed/min/mg
strain of protein)

-Val/Ile +Val/Ilea

JS376 pKRZ-1 0 33
pJRS102 0 33

JS373 pKRZ-1 0 0
pJRS102 0 26

JS374 pKRZ-1 0 0
pJRS102 0 28

a Addition of 0.3% valine and 0.1% isoleucine to basal medium with 10mM
L-glutamate.
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TABLE 3. Transaminase and branched-chain keto acid
dehydrogenase activities of mutants affected

in the bkdR gene of P. putida

Sp act

Transaminase Branched-chain ketoP. puta (nmol of keto acid dehydrogenase
acid formed/ (nmol of NADH
min/mg of formed/min/mg of
protein) protein)

JS376 328 120
JS373 334 0
JS374 272 0

a Grown in medium with 10 mM glucose, 26 mM L-valine, and 8 mM
L-isoleucine.

we consider it likely that the bkdR gene product is a positive
regulator of the bkd operon.
Complementation of bkdR mutations by lrp. Since there is

marked amino acid similarity between Lrp and BkdR, the
possibility existed that these two proteins could complement
each other. Two host strains affected in bkdR were used: P.
putida JS382, which contains a deletion in bkdR between the
XhoI and EcoRV sites with a tetracycline cassette inserted
into this position, and P. putida JS373 (Fig. 1). pJRS103,
which contains lrp cloned into the broad-host-range cloning
vector pVLT33 (Table 1), was used to transform these
mutants. The mutants carrying plasmid-encoded lrp regained
the ability to grow on valine/isoleucine agar, although more
slowly than the wild type. Significant complementation of
the bkdR mutations by Irp was observed, as measured by
branched-chain keto acid dehydrogenase activity (Table 4).
In both cases, about one-fourth as much activity was ob-
tained in the complemented mutants compared with the
activity of wild-type P. putida PpG2. Isopropylthiogalacto-
pyranoside (IPTG) at 0.4 mM was used to induce the
expression of Lrp from pJRS103. In the absence of IPTG, P.
putida JS373(pJRS103) and P. putida JS382(pJRS103) were
unable to grow on valine/isoleucine agar and did not produce
branched-chain keto acid dehydrogenase.
The results presented above suggested that Lrp should be

able to stimulate transcription of the bkd operon. Plasmid
pJRS106 contains a lacZ fusion ofbkdAI (Table 1; Fig. 2) but
does not contain bkdR. E. coli JM101 and CV1304 were
transformed with pJRS106 and grown in glucose minimal
medium (32) with and without leucine, and P-galactosidase
expression was measured in mid-log-phase growing cells. E.
coli JM101 and CV1304 are isogenic except for the TnJO
insertion in lrp (Table 1). The results in Table 5 show that E.

TABLE 4. Complementation of bkdR mutations of P. putida by
plasmid-encoded lrp

Branched-chain keto acid
dehydrogenase sp act (nmol of

P. putida Plasmid NADH formed/min/mg of
strain protein)

-Val/Ile +Val/Ilea

PpG2 None 0 20
JS382 pVLT33 0 0
JS382 pJRS103 0 6
JS373 pJRS103 0 6

a Addition of 0.3% valine and 0.1% isoleucine to basal medium with 10mM
L-glutamate.

TABLE 5. Stimulation of bkdAl transcription by lrp of E. coli

1-Galactosidase sp act (nmol of
E. coli ONPG' formed/min/mg
strain Plasmid of protein)

-Leucine +Leucineb

JM101 pJRS106 34,900 44,500
CV1304 pJRS106 1,680 2,070

a ONPG, o-nitrophenyl-13-D-galactopyranoside.
b Addition of leucine (100 pug/ml) to glucose minimal medium.

coli JM1O1(pJRS106) containing intact chromosomal lrp pro-
duced about 20 times as much 0-galactosidase as did E. coli
CV1304, which contains disrupted 1rp. The addition of
leucine stimulated the expression of 3-galactosidase by
about 25%. These results show that Lrp acted as a positive
regulator of bkdAl expression.

DISCUSSION

The work presented in this report shows that BkdR
probably acts as a positive activator of expression of the bkd
operon of P. putida. Several types of chromosomal gene
replacements which interrupted the sequence of bkdR all
resulted in failure of P. putida PpG2 to grow on valine/
isoleucine agar and to produced branched-chain keto acid
dehydrogenase. These mutations were complemented in
trans by bkdR (Table 2 and 3) and by Lrp (Table 4). Since
Lrp is known to be a transcriptional regulator, BkdR must be
acting similarly and regulation of the bkd operon by BkdR
must be positive. A coeffector must be required for the
action of BkdR, since earlier work showed that the induction
of branched-chain keto acid dehydrogenase in P. putida
PpG2 took place only during growth in media containing
either the branched-chain amino or keto acids (21). Some
genetic evidence was obtained that the effector might be one
of the branched-chain keto acids, since a mutant was ob-
tained which produced branched-chain keto acid dehydro-
genase when grown in media with any of the three branched-
chain keto acids but not with the branched-chain amino acids
(22). Transcriptional studies to determine the nature of the
effector and more clearly define the start of transcription are
now in progress.
There are three proteins in the class of transcriptional

regulators to which BkdR belongs, Lrp, BkdR, and AsnC
(Fig. 2). Since Lrp is the best-characterized protein of this
group and most is known about its action, it seems appro-
priate to refer to these proteins as the Lrp family of regula-
tory proteins. One of the most interesting features of Lrp is
its activity as a regulator of several operons in E. coli (26).
lrp is in some cases a positive regulator and in others a
negative regulator; in some cases leucine is required for
action by Lrp, and in other cases leucine is not required. The
best-characterized function of Lrp is as the positive tran-
scriptional activator of the ilvIH operon of E. coli (32, 39,
40). In the absence of leucine in the medium, Lrp stimulates
transcription of the ilvIH operon, whereas exogenous
leucine results in repression of the ilvIH operon. The action
of Lrp is complex, but purified Lrp stimulated transcription
from a promoter close to the translational start of ilvI and
leucine decreased this activity under some conditions (39).
The complementation of bkdR mutations by Lrp was an

interesting finding, particularly since complementation took
place only on valine/isoleucine agar (Table 4). This finding
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suggests that valine and isoleucine, as well as leucine (Table
5), can act as effectors of Lrp to stimulate expression of the
bkd operon. At present, we do not have any evidence for
regulation of any other operons by BkdR in P. putida,
although we have only looked at growth phenotypes.
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