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The YjgF/YER057c/UK114 family of proteins is conserved across the three domains of life, yet no biochem-
ical function has been clearly defined for any member of this family. In Salmonella enterica, a deletion of yjgF
results in a requirement for isoleucine when the mutant strain is grown in glucose-serine or pyruvate medium.
Feedback inhibition of IlvA is required for the curative effect of isoleucine on glucose-serine medium. On
pyruvate medium, yjgF mutants are unable to synthesize enough isoleucine for growth. From this study, we
conclude that the isoleucine requirement of a yjgF mutant on pyruvate is a consequence of the decreased
transaminase B (IlvE) activity that has previously been characterized in these mutants.

The YjgF/YER057c/UK114 family defines a highly con-
served class of proteins of approximately 15 kDa. Interest in
these proteins of unknown function has led to the elucidation
of the high-resolution structures of more than six YjgF ho-
mologs spanning the three domains of life (12, 25, 28, 32, 38,
44). Homologs of YjgF bind keto-acids in vitro (6, 32), al-
though no study has clarified the biochemical function of any
of these homologs. Eukaryotic members of the YjgF family
have been implicated in diverse cellular processes (10, 17, 20,
27, 29, 34). Past results from our laboratory led to a general
model in which YjgF removes toxic metabolites (5, 14, 36).

Microbial yjgF mutants show an isoleucine requirement un-
der some growth conditions (16, 19, 20). In Salmonella enterica,
yjgF mutant strains are unable to grow with pyruvate as the sole
carbon source unless isoleucine is provided (15). On other
carbon sources, yjgF mutants are prototrophic, but unable to
grow in the presence of serine unless isoleucine is also added
(16). Serine impacts the activities of both ThrA and IlvA (Fig.
1). The serine sensitivity of relA mutants has been attributed to
these effects (16, 42). The cause of serine sensitivity in yjgF
mutant strains is not yet clear, but it is distinct from that in relA
mutants (16).

Figure 1 schematically represents branched-chain amino
acid biosynthetic pathways, relevant regulation, and operon
structures. Exogenous isoleucine will satisfy a nutritional re-
quirement and reduce biosynthetic flux by feedback inhibition
of IlvA (41). Past work on yjgF mutants focused on the two
isoleucine-specific biosynthetic enzymes transaminase B (IlvE)
and threonine deaminase (IlvA). In yjgF mutant strains, IlvE
activity was reduced (36). The defect in IlvE activity was shown
to be posttranscriptional and dependent on the function of
IlvA (36). IlvA activity (i.e., generation of 2-ketobutyrate
[AKB]) is not higher in yjgF mutants than in the wild type.
Unlike other mutants that are sensitive to the inhibition of
IlvGM (Fig. 1), yjgF mutants are not sensitive to exogenous

AKB (24). yjgF mutant strains lacking ilvA can be grown with
AKB as a source of isoleucine with no deleterious effects.
These results led us to suggest that a non-AKB product of IlvA
accumulates specifically in a yjgF mutant and decreases IlvE
activity (14, 36) (see Fig. 5). Thus, despite the fact that YjgF
has affinity for AKB in vitro (6, 32), we favor a model impli-
cating a non-AKB metabolite.

This study was initiated to understand the isoleucine require-
ment of a yjgF mutant strain on pyruvate and glucose-serine
medium. The data obtained show that isoleucine restores growth
by distinct mechanisms under the two conditions. We show that
on pyruvate medium, a yjgF mutant fails to synthesize sufficient
isoleucine for growth, resulting in a nutritional requirement for
isoleucine. In contrast, the curative effect of isoleucine on glucose-
serine medium requires feedback inhibition of IlvA, indicating a
regulatory role of isoleucine is allowing growth.

MATERIALS AND METHODS

Bacterial strains, media, and chemicals. Strains used in this study are deriv-
atives of S. enterica serovar Typhimurium LT2 and are listed with their respective
genotypes in Table 1. MudJ refers to Mud1734, which has been described
elsewhere (9). Tn10d(Tc) refers to the transposition-defective mini-
Tn10(Tn10�16 �17) construct (45).

No-carbon E medium (NCE), supplemented with 1 mM MgSO4 (11, 43), trace
minerals (2), and 11 mM glucose (or 50 mM pyruvate as indicated) was used as
the minimal medium. Difco nutrient broth (NB; 8 g/liter) with NaCl (5 g/liter)
was used as the rich medium. Luria broth was used for experiments involving
plasmid isolation. Difco BiTek agar was added (15 g/liter) for solid medium.
When present in the culture media and unless otherwise stated, the compounds
were used at the following final concentrations: serine, 5 mM; and isoleucine, 0.3
mM. The final concentrations of the antibiotics in rich and minimal medium, re-
spectively, were as follows: tetracycline, 20 and 10 �g/ml; kanamycin, 50 and 150
�g/ml; and ampicillin, 30 and 15 �g/ml. The indicator 5-bromo-4-chloro-3-indolyl-
�-D-galactopyranoside (X-Gal) was added at a final concentration of 40 �g/ml.

Growth quantitation. Cells from overnight cultures in NB medium were pel-
leted and resuspended in an equal volume of saline (0.85% NaCl), and an aliquot
(0.2 ml) was used to inoculate 5 ml of the appropriate minimal medium. Unless
otherwise specified, growth was measured as the cell density (optical density at
650 nm [OD650]) reached after 12 h of incubation at 37°C with shaking.

Genetic techniques. Transductional crosses were performed using the high-
frequency general transducing mutant of bacteriophage P22 (HT105/1 int-201)
(33, 35). Methods for transductional crosses, purification of transductants from
phage, and identification of phage-free transductants have been described else-
where (13). Multiple-mutant strains were constructed by standard genetic tech-
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niques. When necessary, genetic backcrosses were performed to confirm the
presence of a respective allele.

Molecular techniques. The ilvA gene was amplified using the primers N-ter
ilvA (ATGGCGGAATCTCAACCTCTG) and C-ter ilvA (GTCTCGCAAAAT
GAAATGAGTG). Amplification by PCR was done with Herculase (Stratagene)
DNA polymerase. The PCR conditions were as follows: denaturation at 95°C for
30 s, annealing at 54°C for 1 min, and extension at 72°C for 1 min. The attenuator
region upstream of ThrA was amplified using the primers 3� upstream ThrA
(CCGCCGAACTTCAACACTCGCAT) and 5� upstream ThrA (AGAGATTA
CGTCTGGTTGCAAG) under the same PCR conditions described above.

Enzyme assays. (i) Homoserine dehydrogenase (ThrA) assays. Overnight NB
cell cultures were diluted 100-fold into 25 ml of minimal glucose medium in
125-ml flasks and were incubated at 37°C with shaking. Cells were harvested at
60 to 80 Klett units (red filter, �6 � 108 CFU/ml) by centrifugation at 7,000 �
g at 4°C, washed in 5 ml cold NCE medium, pelleted again, and frozen at �80°C
until use. Cell pellets were thawed on ice, resuspended in 0.5 ml of 50 mM
3-(N-morpholino) propanesulfonic acid (MOPS) buffer (pH 7.5)–0.125 mM di-
thiothreitol, and cells were lysed by sonication at 4°C. Cell extracts were clarified
by centrifugation for 20 min at 16,000 � g. Generally, extracts had 3 to 4 mg
protein/ml. ThrA assays were adapted from the method of Angeles et al. (1) and
contained cell extract (15 to 40 �g protein), 50 mM MOPS (pH 7.5), 200 mM
KCl, 0.125 mM dithiothreitol, and 0.3 mM NADP� in a 200-�l total volume.
Reactions were initiated with the addition of L-homoserine to a final concentra-
tion of 15 mM. The reaction (homoserine to aspartyl-�-semialdehyde) was mea-
sured as NADP� reduction (�A340) over time. Specific activity is reported as
�A340 min�1 mg�1. Under these conditions, activity was not detectable in a
strain containing a thr-3020::Tn10d(Tc) insertion (data not shown).

(ii) Transaminase B (IlvE) assays. IlvE assays were performed as previously
described (30, 36, 40). Cells were permeabilized by sonication. Known concen-
trations of DL-	-keto-�-methylvalerate were subjected to the extraction proce-
dure to generate a standard curve. Specific activities for transaminase B are
reported in nmol min�1 mg�1 for crude extract.

(iii) Protein concentration. Protein concentration was estimated with bovine
serum albumin (BSA) as the standard using a Bradford assay (4).

(iv) Threonine deaminase (IlvA) assays. Cells from overnight cultures grown
in NB medium were used to inoculate 50 ml of minimal medium (1:25 dilution)
and incubated for 12 h at 37°C. Cells were harvested by centrifugation (7,000 �
g at 4°C), resuspended in 500 �l 100 mM Tris-HCl (pH 8.0), and disrupted by
sonication. Cell extracts were clarified by centrifugation, and enzyme assays were
performed as previously described measuring conversion of threonine to AKB by
following the formation of the dinitrophenylhydrazone derivative (7). Specific

activities for threonine deaminase are reported in nmol min�1 mg�1 for crude
extracts.

(v) SMM disc diffusion assays. Sulfometuron methyl (SMM) sensitivity was
determined as previously described (36). When present, isoleucine was added to
a final concentration of 240 �M. The numbers reported are an average of two
replicates.

(vi) �-Galactosidase assays. �-Galactosidase assays were performed according
to Miller (46). Strains harboring the thr-469::MudJ fusion were grown in Luria
broth (repressing conditions) or in minimal glucose medium supplemented with
180 �M L-threonine (inducing). The numbers reported are an average of three
replicates.

RESULTS

A feedback-resistant variant of IlvA distinguishes the yjgF
mutant phenotypes. Isoleucine is required for yjgF mutant
strains to grow on glucose-serine medium or pyruvate medium
(15). An IlvA variant insensitive to isoleucine inhibition (24)
was used to determine whether feedback inhibition was re-
quired for the curative effect of isoleucine. Growth of strains
DM5970 (yjgF ilvA219) and DM3480 (yjgF) was assessed on
glucose, pyruvate, and glucose-serine media (Fig. 2). YjgF mu-
tant strains containing the ilvA219 allele responded differently
to isoleucine from those carrying a wild-type ilvA allele. Nor-
malization to growth on glucose emphasized the difference
(Fig. 2B). Isoleucine restored growth of the yjgF strain (DM3480)
on both media but failed to correct the growth of the yjgF ilvA219
strain (DM5970) on glucose-serine medium. Thus, feedback in-
hibition of IlvA was essential for the curative effect of isoleucine
in the presence of serine. Isoleucine allowed growth on pyruvate
by means that did not require feedback inhibition.

In the growth studies, strain DM4751 (ilvA219) was used as
a control and reached full density (OD650, �1.2) in all media
(data not shown). Strain DM5970 (yjgF ilvA219) failed to reach
full density in either medium unless Casamino Acids (0.2%)
were added.

Suppressor mutations distinguish between yjgF phenotypes.
The results above indicated how isoleucine allowed growth.
We next probed the cellular adjustments that could be made to
allow growth of the yjgF mutant in the absence of isoleucine.
Spontaneous mutants were selected for growth in the absence
of isoleucine. Nine independent mutations were isolated: six
on pyruvate and three on glucose-serine. Eight of the nine
revertants could be placed in one of two phenotypic classes

TABLE 1. Bacterial strains used in this study

Strain Genotypea

DM3480 ..........................yjgF3::MudJ
DM4751 ..........................ilvA219
DM6012 ..........................ilvE3200 zxx-9118::Tn10d(Tc)
DM5970 ..........................ilvA219 yjgF3::MudJ
DM7607 ..........................yjgF3::MudJ gyrA751
DM7608 ..........................yjgF3::MudJ ilvA3211
DM7609 ..........................yjgF3::MudJ thr-1372
DM7610 ..........................yjgF3::MudJ ilvA3210
DM7612 ..........................yjgF3::MudJ thr-1373
DM7741 ..........................yjgF3::MudJ stm0014–7::Tn10d(Tc)
DM7742 ..........................yjgF3::MudJ thr-1372 STM0014-7::Tn10d(Tc)
DM7825 ..........................yjgF7 STM0014-7::Tn10d(Tc) thr-1372
DM10009 ........................yjgF3::MudJ ilvA3210 ilvY3212::Tn10d(Tc)
DM10010 ........................yjgF3::MudJ ilvY3212::Tn10d(Tc)

a MudJ refers to the Mud1734 transposon (9). Tn10d(Tc) refers to the trans-
position-defective mini-Tn10(Tn10�16 �17) construct (45).

FIG. 1. Branched-chain amino acid biosynthesis. The pathways for
branched-chain amino acid biosynthesis are shown schematically. En-
zymes are indicated next to the relevant catalytic step. Significantly, only
lesions in ilvA or ilvE prevent isoleucine but not valine synthesis. The
ilvGM and ilvBN genes encode acetolactate synthase enzymes with dif-
ferent substrate specificities. Targets of feedback inhibition by isoleucine
and serine are indicated. The inset shows the operon structure of thr and
ilv genes that is significant to the results discussed in the text. Abbrevia-
tions: AKB, 2-ketobutyrate; AL, 2-acetolactate; AHB, 2-aceto-3-hydroxy-
butyrate; Pyr, pyruvate; ASADH, aspartyl-�-semialdehyde dehydroge-
nase; and DAP, diaminopimelate.
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that are illustrated by the data in Fig. 3. Mutations in class I
eliminated the isoleucine requirement on both glucose-serine
and pyruvate media. Mutations in class II restored growth only
on pyruvate. No mutations were found that restored growth of
the yjgF mutant on only glucose-serine. (Approximately 200
colonies that grew on glucose-serine were screened.)

The single revertant that was not easily classified restored
growth of a yjgF strain in the absence of isoleucine after 24 h.
The suppressor mutation in this strain (DM7607) was shown to
be in gyrA. The gyrA751 allele reduced DNA supercoiling levels
and altered the expression of a number of genes by up to
twofold (37). Due to the complexity of the transcriptional
changes caused by the gyrA751 allele, its ability to suppress the
yjgF mutant phenotypes was not pursued.

Of the four class I mutations, two were located in the dapA
gene (encoding dihydropicolinate synthase) (Fig. 1), one was in
the promoter of dapA, and one was an allele of thrA (data not
shown). These mutations were not pursued in this study. The
four class II mutations were of two types: two mapped near the
thr operon and two were alleles of ilvA. These mutations are
described below.

Suppressor mutations map near the thr operon. Class II
suppressors were characterized further to understand the need
for isoleucine on pyruvate medium. A Tn10d(Tc) insertion was
isolated by standard techniques (21) and shown to be linked to
two of the four suppressor mutations. Sequencing analyses
using degenerate primers (8) revealed that the Tn10d(Tc) in-
sertion was in STM0014, roughly 10 kb clockwise from the
thrABC operon (26). The insertion [STM0014-7::Tn10d(Tc)] was
linked to the thrA13 and thrB11 alleles (33 and 24%, respectively),
confirming the genomic placement of the insertion.

Increased expression of the thrABC operon eliminated the
isoleucine requirement of a yjgF mutant on pyruvate. Alleles
thr-1373 and thr-1372 were identified in the attenuator region
upstream of the thrABC operon (18). Allele thr-1373 was a

T-to-G change at �40 with respect to thrA, placing it between
the leader peptide and the start of thrA. Allele thr-1372 was a
50-bp deletion (�34 through �83), removing part of the at-
tenuator (18). The locations of these mutations are sufficient to
explain the increased expression of the thr operon in these mu-
tants. Expression of a thrABC operon fusion (thr-469::MudJ) in a
strain containing thr-1372 (DM7825) had 
5-fold-higher tran-
scription than the isogenic strain under repressing (19 � 2 versus
316 � 9 Miller units) or inducing (109 � 7 versus 537 � 91 Miller
units) conditions. Similar data were obtained in the strain carrying
the thr-1373 allele (data not shown). In other work, homoserine
dehydrogenase (ThrA) was assayed in strain DM7742 (thr-1372)
and found to be elevated threefold compared to the isogenic thr�

strain DM7741 (178 � 30 and 56 � 14 �A340/min/mg protein,
respectively). Thus, increasing the expression of the thr operon or
providing exogenous threonine (data not shown) restored isole-
ucine-independent growth on pyruvate.

Growth of a yjgF mutant on pyruvate medium is impacted by
isoleucine biosynthetic flux. The two remaining class II sup-
pressor mutations (in DM7608 and DM7610) were 80% linked
to an insertion in the ilvY locus: ilvY3212::Tn10d(Tc). The ilvY
locus is adjacent to the ilvGMEDA operon, and the ilvY3212::
Tn10d(Tc) insertion itself had no discernible growth defect. PCR
amplification and sequencing of the ilvA gene determined that the
suppressor mutations in strains DM7610 and DM7608 were al-
leles of ilvA. Strains DM7610 (ilvA3210) and DM7608 (ilvA3211)
carried G-to-A transitions at bp 424 and 571, respectively. Thus,
the ilvA3210 allele encoded protein variant IlvAA142T, while the
ilvA3211 allele encoded IlvAG191S. IlvA was assayed, and data
presented in Fig. 4A show that IlvA activity was decreased 10-fold
in a strain carrying the ilvA3210 mutation. We explored the pos-
sibility that the decreased activity of IlvA would indirectly increase
total IlvE activity. The finding that IlvE activity was increased
twofold in the ilvA3210 strain suggested a defective IlvA would
generate a partial starvation for isoleucine, causing the cell to
respond by derepressing the ilv genes. To address this further,
isogenic strains were grown in minimal medium with and without
isoleucine and the level of accumulated IlvE in each was visual-
ized by Western blot analyses. Data in Fig. 4C show that more

FIG. 2. The ilvA219 allele alters the growth of yjgF mutants.
(A) Growth of strains containing yjgF (DM3480 [black bars]) or yjgF
ilvA219 (DM5970 [gray bars]) was monitored at 650 nm after 12 h of
growth at 37°C. The carbon source (50 mM pyruvate or 11 mM glu-
cose) and supplements (5 mM L-serine and 0.3 mM L-isoleucine) were
present where indicated. (B) Growth was reported as a percentage
relative to the strain grown on glucose medium (100%). Abbreviations:
Glu, glucose; Ser, serine; Ile, isoleucine; and Pyr, pyruvate.

FIG. 3. Suppressor mutations restore growth in the absence of iso-
leucine. Strains were monitored at 650 nm after 12 h of growth in the
indicated medium. Representative strains were grown in 11 mM glu-
cose (diagonally striped bars), 11 mM glucose plus 5 mM serine (black
bars), 11 mM glucose plus 5 mM serine plus 0.3 mM isoleucine (hor-
izontally striped bars), 50 mM pyruvate (white bars), or 50 mM pyru-
vate plus 0.3 mM isoleucine (gray bars). Parental strain DM3480 (yjgF)
is shown as a control. Data from a representative strain of each class
of suppressors are shown (average of three independent cultures).
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IlvE accumulated in the ilvA3210 strain than the wild-type strain
grown in minimal medium (lanes 2 and 6). The levels of IlvE that
accumulated in the presence of isoleucine were similar in both
strains (lanes 1 and 5). The increase in IlvE activity, attributed to
increased transcription, suggested the other proteins encoded by
the operon (including IlvA) would also be expressed above wild-
type levels. The activity of threonine deaminase (IlvA) is thought
to be detrimental in a yjgF mutant, because it decreases transam-
inase B (IlvE) activity (36). The above ilvA mutations appear to
have increased the IlvE activity needed for isoleucine biosynthesis
without increasing activity of the IlvA enzyme.

Strains carrying ilvA3210 retain sensitivity to SMM. SMM is
a potent inhibitor of acetolactate synthase isozyme II (ilvGM)
(Fig. 1 and 5) and causes the product(s) of the preceding reac-
tion to accumulate (22). There is extensive literature describ-
ing the toxicity of AKB accumulation after SMM treatment
(23, 24). Data in Fig. 4 show that strain DM10009 (ilvA3210)
has less threonine deaminase (IlvA) activity (i.e., less ��
formed) than strain DM10010 (ilvA�). The simple prediction
from this result is that the strain carrying ilvA3210 (DM10009)
would be more resistant to SMM than the isogenic strain
DM10010. In the absence of isoleucine, yjgF strains with a
wild-type or ilvA3210 allele showed similar sensitivity to SMM

(inhibition zones of 38 � 1 and 37 � 1 mm, respectively). The
addition of isoleucine eliminated the zone of inhibition in both
strains, indicating the IlvA variant retained sensitivity to feed-
back inhibition (22).

DISCUSSION

Studies of the highly conserved YjgF/YER057c/UK114 pro-
tein family have yielded varied hypotheses regarding the role
of these proteins in physiology. Despite studies in multiple
organisms and the existence of numerous high-resolution
structures, progress toward understanding the biochemical
function of this family of proteins has been slow. We have
applied a combination of biochemical and genetic approaches
in an effort to define the metabolic role of YjgF. In S. enterica
specifically, lack of yjgF generates a growth requirement for
isoleucine on both pyruvate and glucose-serine media. Based
on results presented herein, we conclude that isoleucine allows
a yjgF mutant to grow on pyruvate by satisfying a defect in
isoleucine biosynthesis. In contrast, on glucose-serine media,
isoleucine must inhibit IlvA to allow growth of a yjgF mutant
strain (Fig. 2). The mechanism by which serine is toxic to yjgF
mutants remains to be determined.

Results herein indicated that a yjgF mutant strain grown on
pyruvate medium has a defect in isoleucine biosynthesis. Ele-
vated pyruvate levels outcompete AKB, leading IlvGM to syn-
thesize 2-acetolactate from two pyruvate molecules instead of
condensing pyruvate with AKB to form acetohydroxybutyrate
(3) (Fig. 5). Thus, there is a flux bias to valine during growth on
pyruvate. We suggest the defect in IlvE caused by lack of YjgF
(36), in combination with the effect of pyruvate on biosynthetic
flux, generates an isoleucine requirement for growth.

The conclusion that constitutive threonine deaminase activ-
ity compromises growth of a yjgF mutant was supported by this
study. The yjgF ilvA219 double mutant strain was compromised
under all growth conditions. A similar growth defect was found
when the constitutively active catabolic threonine deaminase
(TdcB) (39) was present in a yjgF mutant in trans (unpublished
data). The data suggest that simple derepression of the
ilvGMEDA operon is not tolerated in a yjgF mutant. It is
significant that two suppressor mutations that increased tran-
scription of the operon were defective in IlvA activity rather
than transcriptional regulation. Taken together, these results

FIG. 4. A suppressor mutation in IlvA decreases threonine deaminase activity. Activities of threonine deaminase (IlvA) (A) and transaminase
B (IlvE) (B) were measured in cell extracts from yjgF (DM10010) or yjgF ilvA3210 (DM10009) mutant strains. Strains were grown in the absence
of isoleucine, and activities were assayed according to standard protocols (7, 31, 36, 40). (C) Five micrograms of crude cell extracts from DM10009
(lanes 1 and 2), DM6012 (ilvE) (lanes 3 and 4), or DM10010 (lanes 5 and 6) cells grown in the presence (lanes 1, 3, and 5) or absence (lanes 2,
4, and 6) of isoleucine was separated on a 12.5% sodium dodecyl sulfate–polyacrylamide gel and detected by Western blot analysis using precleared
polyclonal anti-IlvE antibodies.

FIG. 5. Expanded working model for YjgF. The working model for
YjgF proposed previously (36) has been expanded to incorporate data
obtained herein. Parallel pathways for valine and isoleucine biosynthe-
sis are shown. AvtA is transaminase C, which is redundant with IlvE in
the formation of valine but not isoleucine. Substrate specificity of the
acetohydroxy acid synthase complex I (IlvBN) and II (IlvGM) varies,
depending on relative substrate concentration (3), and may result in
constriction of flux to isoleucine by favoring valine formation in the
presence of pyruvate. IlvA is proposed to generate a product (X) from
an unknown substrate (Y). Metabolite X is proposed to decrease IlvE
activity (36). YjgF is proposed to bind and/or inactivate X, preventing
its accumulation. Abbreviations: AKB, 2-ketobutyrate; AL, 2-aceto-
lactate; AHB, 2-aceto-3-hydroxybutryrate; and Pyr, pyruvate.

3060 CHRISTOPHERSON ET AL. J. BACTERIOL.



are consistent with the hypothesis that IlvA generates a toxic
side product. Recent biochemical data indicate an IlvA prod-
uct, distinct from AKB, accumulates in a yjgF mutant strain
(M. Christopherson, unpublished results). We suggest this
product of IlvA is bound and/or sequestered by YjgF (36).

From this study, we conclude that the isoleucine require-
ment of a yjgF mutant strain grown on pyruvate medium is a
direct consequence of the decreased IlvE activity in a yjgF
mutant that we have previously characterized (36) (Fig. 5). As
such, this requirement is distinct from the need for isoleucine
on glucose-serine, which is not a direct result of lowered IlvE
activity, and has yet to be characterized. The clear distinction of
the isoleucine requirement will facilitate the design of future
experiments to probe the specific biochemical function(s) of
YjgF.
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