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We report here that, using Northern (RNA) blots, we identified two relatively stable transcripts of 4.6 and
1.1 kb that correspond to the products of the ilvEDA and ilvE genes and two relatively unstable transcripts of
6.7 and 3.6 kb that correspond to the products of the ilvGMEDA and ilvDA genes. The transcripts were
identified by the use of eight probes derived from segments of the ilvGMEDA cluster. In addition, we used two
strains with deletions of ilvG or ilvDA and observed the expected decrease in transcript size in Northern blots.
Primer extension with reverse transcriptase generated a 169-nucleotide product corresponding to a 5' end
within the ilvED intercistronic region, 37 nucleotides from the AUG codon of the ilvD gene. This primer
extension product presumably indicates the 5' end of the ilvDA transcript that we detected in Northern blots.
The stability of the transcripts was monitored, and RNase E was found to play a major role in ilv transcript
degradation. Transcript levels varied in response to growth in the presence of the end product amino acids and
in response to the presence of the polar frameshift site in ilvG. Although there have been speculations about the
identities and numbers of transcripts derived from the ilvGMEDA cluster on the basis of the identification of
some of the sites of transcription initiation and termination, this is the first report of the use of Northern blots
to determine the actual sizes and distribution of mRNAs present in vivo.

The ilvGMEDA cluster (Fig. 1) encodes five gene products
needed for the biosynthesis of leucine, isoleucine, and valine
in Escherichia coli K-12 (10, 16, 27). Three promoters,
ilvGp2, ilvEp, and ilvAp, which have been well character-
ized, initiate transcription just upstream of the ilvG, ilvE,
and ilvA genes, respectively (1, 15, 17, 23, 28). The presence
of two internal promoters, ilvEp and ilvDp, was first inferred
by use of strains with polar insertions or mutations located in
the ilvGMEDA cluster (4-6), Xilv phage carrying only
ilvEDA, ilvDA, or ilvA (13), and fusions to reporter genes (7,
17, 28). Internal promoter ilvAp, which was first reported by
Lopes and Lawther (17), is preferentially expressed in cells
grown under anaerobic conditions. A site of transcription
termination has been characterized downstream of the ilvA
gene (25).

Identification of some of the potential sites of transcription
initiation and termination is not sufficient to predict the
actual populations of ilvGMEDA transcripts present in a cell,
particularly during the response to regulatory signals. Spe-
cifically, several questions remain about factors affecting the
expression of these genes, including possible sites of internal
transcription termination, differential mRNA stability of
specific segments, the presence of specific mRNA segments
generated during the early stages ofmRNA turnover (8), and
changes in transcription patterns during repression or dere-
pression in response to changes in the end product amino
acids, leucine, isoleucine, and valine. The downstream am-
plification model (26) suggests that, under repressing condi-
tions, premature transcription termination occurs at a site(s)
within the cluster, whereas under derepressing conditions,
the majority of transcripts are full length.

In the present experiments, our goal was to identify the
major transcripts produced by using Northern (RNA) blots.
We found the transcripts expected if initiation occurred at
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the major ilvGp2 promoter and at the internal ilvEp promoter
and extended to the termination site at the end of the cluster.
We did not detect the transcript expected if initiation oc-
curred at the weak internal ilvAp promoter. We detected
ilvDA and ilvE mRNAs that could be either primary tran-
scription products or the products of posttranscriptional
events.

MATERUILS AND METHODS

Strains and growth conditions. Strains C600 (F- thi-1 thr-I
leuB6 lacYl tonA21 supE44 A-) (2), N3431 [lacZ43 reLAI
spoTl thi-1 rne-3071(Ts)] (21), N3433 (lacZ43 reLAI spoTI
thi-1) (21), and FD1054 (rbs-301::TnS AiivGMEDA723::TnS-
131) (12), with or without plasmids, were grown on a rotary
shaker at 200 rpm and 37°C in M9 medium (20) supplemented
as required with 0.3 mM threonine, isoleucine, valine, leu-
cine and 0.05 mM thiamine and used for RNA isolation (see
Fig. 2 to 4). For the amino acid limitation experiments (see
Fig. 3), cells were grown on a rotary shaker at 200 rpm and
37°C to the early exponential phase (A550 = 0.3) in the
presence of excess leucine, isoleucine, and valine, pelleted
by centrifugation, resuspended in medium containing a lim-
iting concentration of one amino acid (0.015 mM for isoleu-
cine and leucine and 0.034 mM for valine) as described
previously (11), and incubated on a rotary shaker at 200 rpm
and 37°C for 3 h prior to RNA isolation.
Recombinant DNA methodology and DNA sequencing. Re-

striction enzymes, T4 polynucleotide kinase, T4 DNA poly-
merase, and T4 DNA ligase were purchased from New
England BioLabs, Inc. (Beverly, Mass.), the Klenow frag-
ment of DNA polymerase was purchased from International
Biotechnologies Inc. (New Haven, Conn.), Taq DNA poly-
merase was purchased from Perkin-Elmer Corp. (Norwalk,
Conn.), avian myeloblastosis virus reverse transcriptase was
purchased from GIBCO-BRL (Gaithersburg, Md.), RNA
molecular weight markers were purchased from Boehringer
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FIG. 1. ilvGMEDA cluster, probes used in Northern blots, and major transcripts. (A) Genes, locations of the coding regions for each

polypeptide, locations of selected restriction enzyme sites, and deletions (hatched bars) introduced in ilvG to construct plasmid pCC17 and
in ilvDA to construct plasmid pCC20. (B) PCR products and oligonucleotides used as probes in Northern blots. The PCR products
(cross-hatched bars) were generated with oligonucleotides 19 and 20 (pcrG), 40 and 6 (pcrGM), 41 and 7 (pcrE), 41 and D5 (pcrED), and 17
and 18 (pcrDA). Synthetic oligonucleotides used as probes were 7 (oliE), 47 (oliD), and 38 (oliA). Oligonucleotide D5 was also used as a primer
for reverse transcriptase (see Fig. 5). (C) Relatively unstable (broken lines) 6.7- and 3.6-kb transcripts and relatively stable (solid lines) 4.6-
and 1.1-kb transcripts.

Mannheim (Indianapolis, Ind.), and RNasin was purchased
from Promega Corp. (Madison, Wis.). The presence of the
expected deletions was confirmed by direct DNA sequence

analysis with asymmetric polymerase chain reaction (PCR)
products as templates for the dideoxy sequencing protocol.

Construction of plasmids pCC17, pCC20, and pCC36.
Plasmids pCC17 and pCC20 were generated by standard
methodologies (3). In brief, plasmid pJG51 (13), which has
unique sites for NsiI and KpnI separated by 1,110 bp in the
ilvG gene, was treated with both enzymes and then with T4

DNA polymerase to remove the protruding 3' ends and T4
DNA ligase to join the blunt ends. The deletion in the
resulting plasmid, pCC17, generated a protein fusion within
the ilvG gene product, so that translation would proceed
without the formation of a polar frameshift site. To generate
plasmid pCC20, we treated plasmid pJG51 with XhoI, which
cleaves in the ilvD gene, and SacII, which cleaves in the ilvA
gene. Phage T4 DNA polymerase was used to remove two
overhanging bases at the 3' end of the SacII site, the Klenow
fragment was used to fill in 4 bases at the XhoI site, and T4
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DNA ligase was used to join the blunt ends. This deletion of
1,290 nucleotides (nt) generates a protein fusion with the
amino-terminal region encoded by ilvD and the carboxyl-
terminal region encoded by ilvA.
To construct plasmid pCC36, we used phage P1 grown on

strain CU2501 (rbs-200 ilvG468 [Val']) (24) to transduce
strain CC84 (strain FD1054 containing plasmid pJG51) to
Valr. A plasmid (pCC36) obtained from a Valr transductant
was used to transform strain FD1054 to Valr, generating
strain CC221. Strains CC84 (Vals) and CC221 (Valr) are Ilv
prototrophs, since the plasmid contains the ilvGMEDA
genes and the chromosome contains the ilvYC genes.

Hybridizations and probes. RNA was isolated from cells
harvested in the log phase as previously described (9). The
probes (Fig. 1) used for the Northern blots (see Fig. 2 to 4)
were either synthetic oligonucleotides derived from se-
quences encoding the ilvE gene product (oligonucleotide 7:
nt 3113 to 3091; oliE), the ilvD gene product (oligonucleotide
47: nt 4293 to 4244; oliD), or the ilvA gene product (oligo-
nucleotide 38: nt 5842 to 5793; oliA) or PCR products
derived from primers in ilvG (oligonucleotide 19: nt 283 to
302; and oligonucleotide 20: nt 1584 to 1565; pcrG), in ilvE
(oligonucleotide 41: nt 2766 to 2785; and oligonucleotide 7: nt
3113 to 3091; pcrE), from the ilvGM junction (oligonucleo-
tide 40: nt 1596 to 1615; and oligonucleotide 6: nt 2153-2131;
pcrGM), from the ilvED junction (oligonucleotide 41: nt 2766
to 2785; and oligonucleotide D5: nt 3323 to 3301; pcrED),
and from the ilvDA junction (oligonucleotide 17: nt 4856 to
4876; and oligonucleotide 18: nt 6363 to 6341; pcrDA).
Oligonucleotides 19, 40, 41, and 17 anneal to the coding
DNA strand and prime from left to right in Fig. 1, and
oligonucleotides 20, 6, 7, 18, D5, 47, and 38 anneal to the
opposite strand. The asymmetric PCR protocol of McCabe
(19) was used to generate preferentially a product comple-
mentary to the mRNA, and the antisense primer was labeled
with 32p in the presence of T4 polynucleotide kinase prior to
amplification. The synthetic oligonucleotides were prepared
by phosphoramidite chemistry on a Cyclone Plus DNA
synthesizer (Milligen/Biosearch, Burlington, Mass.) and pu-
rified on polyacrylamide gels or Oligo-Pak columns (Milli-
gen/Biosearch). The effect of RNase E on transcript stability
was determined as described by Mudd et al. (21). For the
Northern blots (see Fig. 2 to 4), ethidium bromide-stained
gels confirmed that comparable quantities of RNA were
loaded in each lane, and we detected no differences in
plasmid copy number.
Primer extension. Primer D5 (3 ng), labeled at the 5' end

with [_y-32P]ATP by use of T4 polynucleotide kinase, and 50
,g of RNA were hybridized in a reaction volume of 20 ,u
(250mM KCI, 5 mM Tris-HCl, 0.5 mM EDTA) at 80°C for 10
min and then at 42°C for 2 h. RNasin (0.5 ,l containing 20
U), reverse transcriptase (1 pI containing 400 U), and 130 IlI
of reaction buffer (250 mM Tris-HCl [pH 8.3], 375 mM KCl,
50 mM dithiothreitol, 15 mM MgCl2) provided by the sup-
plier were added, and the mixture was incubated at 37°C for
60 min. The reaction was terminated by the addition of 4 RI
of EDTA (0.5 M), and RNA was ethanol precipitated and
loaded onto an 8% polyacrylamide sequencing gel.

RESULTS

Characterization of ilvGMEDA cellular transcripts. We
used Northern blot hybridization to determine the identities
of the mRNA species encoded in vivo by the ilvGMEDA
cluster. As probes we used synthetic oligonucleotides and
asymmetric PCR products (Fig. 1). We noted, as has been

previously reported by others (22), that the rRNAs (1,541
and 2,904 bases) in the samples saturated the binding sites on
the membrane and created "shadows" in the ilv mRNA
pattern (Fig. 2 to 4). The ilv mRNAs accumulated just ahead
of the rRNAs, thus providing internal controls for the size
estimation, which was based on RNA markers in parallel
lanes.

Transcripts of 6.7, 4.6, and 1.1 kb were detected with
probe oliE (Fig. 2 to 4), whereas transcripts of 6.7, 4.6, and
3.6 kb were detected with probes pcrDA and oliD (Fig. 2 and
3). The 6.7- and 3.6-kb transcripts, which were much less
stable than the 4.6- and 1.1-kb transcripts, were not always
detectable on short exposures of the blots to film or at low
levels of expression (Fig. 2 to 4).
The 6.7-kb transcript was the size predicted for the

full-length ilvGMEDA cluster, and it also hybridized to the
other five probes (Fig. 1) specific for the ilvGMEDA genes.
The 6.7-kb transcript was reduced to 5.6 kb by the 1,110-bp
ilvG deletion present in plasmid pCC17 and to 5.4 kb by the
1,290-bp deletion in the ilvDA junction present in plasmid
pCC20 (Fig. 2, lanes G' and A', respectively).
The 4.6-kb transcript hybridized to all probes except pcrG

and was the size predicted if initiation occurred at the ilvEp
promoter at nt 2101 and continued to the terminator at nt
6703. It should be noted that probe pcrGM extends from nt
1596 to 2131, so that it overlaps the site of transcription
initiation of ilvEp at nt 2101 by 30 nt, a length that is
sufficient to account for the observed hybridization to the
4.6-kb transcript. The 4.6-kb transcript was not affected by
the ilvG deletion (Fig. 2, lane G'), but the ilvDA deletion
resulted in the loss of the 4.6-kb transcript and the appear-
ance of a 3.3-kb transcript (Fig. 2, lane A').
The 3.6-kb transcript (Fig. 2 and 3) hybridized to probes

pcrED, oliD, pcrDA, and oliA but not pcrG, pcrGM, pcrE,
or oliE and was the size predicted for a transcript encoding
the ilvD and ilvA genes. The 3.6-kb transcript was not
affected by the ilvG deletion (Fig. 2, lane G', probe pcrDA),
but the ilvDA deletion resulted in the loss of the 3.6-kb
transcript and the appearance of a 2.3-kb transcript that
migrated just ahead of the 23S RNA (Fig. 2, lane A', probe
pcrDA).
The 1.1-kb transcript (Fig. 2 to 4) hybridized to probes

pcrGM, pcrE, oliE, and pcrED but not pcrG, pcrDA, oliD,
or oliA. Thus, this transcript contained internal coding
regions but lacked the 5' and 3' ends of the ilvGMEDA
cluster. The 1.1-kb transcript was not affected by the dele-
tions in plasmids pCC17 and pCC20 (Fig. 2, compare lanes
wt, G', and A', probe oliE), confirming that this mRNA was
derived from sequences outside the regions deleted. This
transcript could have been derived from a longer precursor,
such as the 6.7- or 4.6-kb transcript, or it could have been a
primary transcription product. In the latter case, it could
have been derived from initiation at ilvEp, which is predicted
to yield a transcript extending from nt 2101 to approximately
nt 3201 and encoding the ilvE gene but little or none of the
ilvD gene.

Thus, four major transcripts were detected, and the 4.6-
and 1.1-kb messages formed stronger, more distinct bands
than the 6.7- and 3.6-kb messages. Similar variations in
intensity and sharpness were also seen with transcripts
derived from the lac operon (see Discussion).

It should be noted that the ilvG and ilvDA deletions
generated in-frame protein fusions, so that polar effects due
to the termination of translation would not be expected. The
deletion in plasmid pCC17 also removed the polar frameshift
site present in the wild-type ilvG (Vals) allele present in
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FIG. 2. (A) Detection of ilv transcripts in Northern blots. RNA was extracted from strain C600 derivatives grown with threonine, leucine,
isoleucine, and valine and containing plasmid pJG51, which contains the full-length ilvGMEDA cluster (lane wt), plasmid pCC17, which
contains a deletion in the ilvG gene (lane G'), or plasmid pCC20, which contains a deletion in the ilvDA region (lane A') and hybridized to
probe oliE or pcrDA. Solid arrows indicate the sizes of the full-length transcripts (left) or shortened transcripts (right) generated as a result
of the deletions in plasmids pCC17 and pCC20. Open arrows (left) indicate the positions of the large (2,904-bp) and small (1,541-bp) rRNA
bands. (B) Approximate positions of the deletions ( ), PCR (_) and synthetic (E) hybridization probes, and transcripts (* *),
including approximate sizes in kilobases, detected by each probe. Since the 6.7- and 3.6-kb transcripts were much less stable than the 4.6-
and 1.1-kb transcripts, they were not always detectable (see also Fig. 3 and 4) on some of the shorter exposures or at lower levels of
expression (see Fig. 3).

plasmid pJG51, and this fact presumably accounts for the
increased transcript levels derived from plasmid pCC17 (Fig.
2, compare lane G' with lanes wt and A'). As predicted,
probe oliA, which is based on sequences from nt 5842 to
5793, failed to hybridize to any transcripts derived from
plasmid pCC20 (data not shown), which has a deletion
extending from the XhoI site at nt 4912 to the SacII site at nt
6201.
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Primer extension detects a 5' end between ilvE and ilvD. The
5' ends of the 6.7-kb ilvGMEDA and 4.6-kb ilvEDA tran-
scripts can be attributed to the well-characterized ilvGp2 and
ilvEp promoters, respectively. The existence of an ilvDp
promoter has been inferred (see above), but no direct in vivo
or in vitro experiments characterizing the 5' end of such a
transcript have been reported. Accordingly, oligonucleotide
D5, with a sequence derived from nt 3323 to 3301 (Fig. 1),
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FIG. 3. (A) Effect of end product amino acids on ilv transcripts. RNA was isolated from derivatives of strain FD1054 containing plasmid
pJG51 (Vals) or pCC36 (Valr) and hybridized to probe oliE or oliD. Cells were grown in unsupplemented minimal medium (lane M), in the
presence of excess (lane X) leucine, isoleucine, and valine, or with a limiting concentration of leucine, isoleucine, or valine (lane L, I, or V,
respectively). Solid and open arrows are as described in the legend to Fig. 2. (B) Probes used and transcripts detected by each probe.
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FIG. 4. Effects of RNase E on ilv transcript stability. Strains
N3431 (me) (rne-) and N3433 (me') (wt) were transformed with
plasmid pJG51, grown in the absence of leucine, isoleucine, and
valine, and used to examine transcript stability. Rifampin was

added, and RNA samples were prepared 0, 5, 10, and 15 min later
and analyzed with probe oliE. Solid and open arrows are as
described in the legend to Fig. 2. Figure 3B indicates the transcripts
detected with probe oliE. The 6.7-kb transcript is detectable in the
original film at time zero, particularly at longer exposure times, but
it is not seen in this photograph of the film.

was used as a primer for reverse transcriptase with mRNA
as a template. An extension product of approximately 169 nt
was detected (Fig. 5), corresponding to a 5' end at nt 3154,
located approximately 37 nt upstream of the start codon of
ilvD, within the intercistronic region between ilvE and ilvD.
This result, in conjunction with those of previous reports
cited above, is consistent with the existence of an ilvDp
promoter, but at present we cannot exclude the possibility of
a processing event that generated this 5' end.

Effect of supplementation with branched-chain amino acids.
The expression of the ilvGMEDA cluster is regulated by the
levels of branched-chain amino acids and is affected by
various regulatory loci, both linked and unlinked (27). We
isolated RNA from strain FD1054 derivatives (Fig. 3) con-
taining plasmid pJG51 (Vals) or pCC36 (Valr) and grown in
medium containing no branched-chain amino acids (lane M),
repressing concentrations of all three end products (lane X),
or a limiting concentration of one of the three end products
(lanes L, I, and V). On the basis of a direct enzyme assay
(27), these prototrophic strains would be predicted to have
the lowest mRNA levels in the presence of an excess of all
three end product amino acids, intermediate levels in the
absence of the three end products, and the highest levels in
the presence of a limiting concentration of isoleucine, leu-
cine, or valine. Isoleucine limitation (the presence of excess
valine and leucine) inhibits the growth of the Val' but not the
Valr strain and therefore causes a more severe limitation in
the Val' strain. Furthermore, the Valr strain does not have
the polar frameshift site in ilvG, so that higher levels of the
downstream ilvEDA transcripts would be predicted.
As expected for the Vals strain (Fig. 3), the lowest,

intermediate, and highest mRNA levels resulted from
growth with an excess of all three end products, no end
products added, and isoleucine starvation, respectively.
Leucine or valine limitation resulted in mRNA levels inter-
mediate between those detected with an excess of all three
end products and unsupplemented minimal medium.
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FIG. 5. Primer extension with total E. coli mRNA as a template
for reverse transcriptase and synthetic oligonucleotide D5, derived
from sequences near the 5' end of the ilvD gene (Fig. 1), as a primer.
The RNA was from strain FD1054, which contains an ilvGMEDA
deletion (lane 1), or from a strain C600 derivative containing plasmid
pJG51 (lanes 2 and 3). Lane 2 is a control in which reverse
transcriptase was omitted. Lane M contains molecular size markers
(in nucleotides).

As expected for the Valr strain (Fig. 3), levels of tran-
scripts higher than those in the Vals strain were found in the
presence of all three end products, with no end products
added, and with leucine or valine limitation. The Valr strain
had the lowest mRNA levels in the presence of all three end
products, intermediate levels with leucine, isoleucine, or
valine limitation, and the highest levels in unsupplemented
minimal medium.
The levels of the 6.7-, 4.6-, 3.6-, and 1.1-kb transcripts

appeared to change in parallel in response to amino acid
levels. The Northern blots represent steady-state mRNA
levels, and we have not yet measured the separate rates of
synthesis and degradation of each transcript under growth
conditions used.

Stability of transcripts and effect of RNase E. RNase E,
encoded by the me (also designated ams) gene, has been
postulated to have a general role in E. coli mRNA turnover
(21). We examined the decay of labeled RNA in cells grown
in the absence of branched-chain amino acids following
rifampin addition to an isogenic me and me' pair containing
plasmid pJG51 (Fig. 4). All three transcripts decayed in
parallel, and the rate of decay was significantly reduced in
the me strain relative to its me' parent.

DISCUSSION
We detected four transcripts derived from the ilvGMEDA

cluster, and these encode the products of the ilvGMEDA,
ilvEDA, ilvDA, and ilvE genes. The ilvGMEDA and ilvEDA
transcripts can be interpreted in terms of the previously
characterized transcription start sites, ilvGp2 and ilvEp (1,

merne
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17, 23, 28), with 5' ends at nt 1 and 2101, respectively (Fig.
1), and the single termination site at the end of the cluster at
nt 6703 (25). We did not detect a transcript initiated at the
weak internal promoter ilvAp (17), but this result can be
attributed to the low levels of activity of this promoter under
the aerobic conditions that we used for these studies. In
addition, we did not detect truncated transcripts derived
from the ilvGM region and corresponding to those generated
in vitro from the wild-type (Vals) ilvG gene (18, 29), suggest-
ing that these transcripts are relatively unstable in vivo.
Evidence for multiple sites of transcription initiation

within the ilvGMEDA cluster and speculations relating to
internal sites of transcription termination or processing (see
above) presented several possibilities relating to the actual
populations of transcripts within the cells. Our results re-
vealed that the 1.1-kb ilvE transcript is one of the most
abundant (Fig. 2) and, under some conditions, the most
abundant (Fig. 3 and 4) form within the cells. Our results
confirmed previous estimates that under some conditions
(see below), the ilvEDA transcripts are much more abundant
than the ilvGMEDA transcripts in Vals strains and unexpect-
edly revealed that the same is true for Valr strains (Fig. 3).

It remains to be established what fraction of the ilvEDA,
ilvE, and ilvDA mRNAs is derived from primary transcrip-
tion events and what fraction is the result of posttranscrip-
tional events. When RNA samples were taken immediately
after rifampin addition (Fig. 4), we did not detect obvious
differences in stability among the ilv transcripts, and there
was no evidence for precursor-product relationships in ei-
ther the me or the rne' host. Certainly some of the ilvEDA
mRNAs are primary transcripts, since it was previously
estimated that, in wild-type (Vals) cells growing under re-
pressing conditions, ilvEp accounts for 41% (29), 61% (7),
and 90% (18) of downstream gene expression. Under dere-
pressing conditions or in the presence of the Valr allele, the
relative contribution of ilvEp was reported to be reduced (7,
18, 29). Therefore, the ilvGMEDA and ilvEDA transcripts
are both potential precursors for the ilvE and ilvDA tran-
scripts.
We previously noted (10) for the relatively large intercis-

tronic region between ilvE and ilvD an inverted repeat
sequence at nt 3134 to 3146 that could form a particularly
stable stem-loop structure of the type predicted to stabilize
the 3' ends of transcripts. Our primer extension analysis
identified the 5' end of the ilvDA transcript at nt 3153 in the
ilvED intercistronic region, consistent with the origin of the
ilvE and/or ilvDA transcript by the processing of an ilvEDA
precursor. Although an ilvDA transcript derived from a
potential ilvDp promoter was predicted by the genetic data
(4-6, 13) we have been unable to detect such an ilvDp
promoter on the 1,659-nt HindIII fragment extending from nt
2438 to 4079 (Fig. 1) with either fusions to 13-galactosidase or
in vitro transcription (unpublished data).

It is apparent that the relative intensities of the ilv tran-
scripts were not identical in derivatives of strain C600 (Fig.
2), strain FD1054 (Fig. 3), and strains N3431 and N3433 (Fig.
4). This result could reflect differences in genetic back-
grounds or amino acid supplements present during growth. It
is also apparent that whereas the ilvEDA and ilvE transcripts
often were present as discrete and relatively intense tran-
scripts (Fig. 3 and 4), the ilvGMEDA transcripts were
accompanied by what apparently was a broad distribution of
degradation forms (Fig. 2 and 3).

Multiple transcripts were reported for the lacZYA operon
of E. coli (22), including distinct lacZYA, lacZY, lacZ, and
lacA messages and more diffuse lacY and lacYA messages.

Similarly, the ilv transcripts vary in that the ilvEDA and ilvE
messages are usually sharper and more distinct than the
ilvGMEDA and ilvDA messages. Most of the Northern blots
have a background of ilv-specific hybridization that presum-
ably represents breakdown products of the major tran-
scripts.
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