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The hypothesis that translation of the ilvD and ilvA genes of Escherichia coli may be linked has been
examined in strains in which lacZ-ilvD protein fusions are translated in all three reading frames with respect
to ilyD. In these strains, the nucleotide sequence was altered to obtain premature termination of ilvD
translation, and in one strain translation termination of ilvD DNA occurred two bases downstream of the ilvA
initiation codon. In the wild-type strain, the ilvD translation termination site was located two bases upstream
of the ilvA start codon. In each of the mutant strains, expression of ilvA, as determined by the level of threonine
deaminase activity, was strikingly lower than in the wild-type strain. The data suggest that expression of ilvD
and ilvA is translationally coupled. By inserting a promoterless caf gene downstream of ilvA, it was shown that
the differences in enzyme activity were not the result of differences in the amount of ilvA mRNA produced.

In members of the family Enterobacteriaceae, the biosyn-
thesis of isoleucine and valine occurs by parallel pathways
with enzymes specified by a cluster of genes, iivVGMEDAYC
(39). The first five genes in the cluster form the ivGMEDA
operon; ilvY and ilvC are separate transcriptional units.
Blazey and Burns (4) first implicated regulation at the
translational level in the ilv operon and raised the possibility
of translational coupling. Their experiments showed that
Tnl0 insertions in both orientations in the ilvD gene of
Salmanella typhimurium exerted an absolute polarity on ilvA
expression. In Escherichia coli, a similar strong polar effect
has been demonstrated in strains containing bacteriophage
Mu-1 insertions (32) or TnS insertions (3). Even earlier, it
had been noted that the ilvD188 ochre mutation resulted in a
60% reduction in threonine deaminase activity, although at
the time, the effect was thought to be ‘‘antipolar’ (42).
Nucleotide sequence analysis has revealed that the ilvD
translation stop codon and ilvA start codon are separated by
2 bases, TAA-TA-ATG (8, 18). (In this paper, we use the
phrase ‘‘n bases upstream [or downstream]’’ to indicate that
n bases separate the stop and start codons.) Proximity of
translational terminatipn and initiation signals, including
overlapping signals, has been described as a feature in
coupling translation of adjacent genes (11, 24, 33, 35).
Translational coupling has been reported for a number of
gene pairs, including galK-galT (29), trpD-trpE (26), and
trpB-trpA (1, 9). In this paper we present evidence that
efficient translation of the downstream ilvA gene is depen-
dent on translation of the upstream ilvD gene.

MATERIALS AND METHODS

Bacterial strains and plasmids. The bacterial strains used in
this study and their sources are listed in Table 1. The
preparation of some of the strains requires special mention.
Strain CU1644 was prepared by replacing the wild-type ilv
region of CU1318 with that in pPU316, which carries A(ilvG-
Y)2243::aad”. The aad™ gene, inserted at the site of the ilv
deletion, was derived from Omega, the Spc” Str* interposon
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described by Prentki and Krisch (27) (see below). Plasmid
pPU316 was cleaved at the EcoRI and BamHI sites and used
to transform CU1318, a recBC strain. Transformants were
selected on L agar plates containing 25 pg of spectinomycin
per ml and scored for sensitivity to ampicillin and a require-
ment for branched-chain amino acids for growth. One such
colony was designated CU1644. This strain contains the
Omega fragment, carrying the aadA gene, in place of the
ilvGMEDA operon.

Strains CU1646 through CU1651 were obtained by inte-
gration of DNA from plasmids pPU323 through pPU328,
respectively, into the chromosome of strain CU1644. Each
of the above plasmids was cut at two unique restriction sites
within the vector and used to transform CU1644. Recombi-
nants were selected on L agar plates containing chloram-
phenicol (4 pg/ml). Colonies were scored for sensitivity to
ampicillin and spectinomycin. Two Amp® Spc® colonies from
each plasmid transfer were maintained without selection
pressure and used for threonine deaminase assays. Threo-
nine deaminase activities in extracts prepared from both
members of each transfer were well within experimental
error of the activity expected. Therefore, one of each type of
colony was assigned a strain number. They are designated
CU1646 through CU1651 in the strain table.

Growth of cells and enzyme assays. Cells were grown in L
broth at 37°C to an ODg, of 0.2 before the inducer isopropyl-
B-D-thiogalactopyranoside (IPTG) was added to a final con-
centration of 0.1 mM. Portions of the culture were harvested
by centrifugation at four times up to 4 h after induction;
pellets were suspended in 0.1 M potassium phosphate (pH
7.3)-1 mM isoleucine—-0.5 mM dithiothreitol, and cells were
disrupted by sonic oscillation. Cell debris was removed by
centrifugation, and the supernatant fluid was assayed for
enzyme activity. Threonine deaminase activity was deter-
mined as described by Szentirmai and Umbarger (38). Chlor-
amphenicol acetyltransferase levels were measured by the
method of Gorman et al. (12) modified as described previ-
ously (15).

General procedures. Plasmid DNA was purified either by
equilibrium density centrifugation in cesium chloride or by
the alkaline lysis procedure described by Maniatis et al. (20).
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TABLE 1. Strains used

E. coli strain Genotype

Source or reference

CU815
Cu825
CU1230
CU1318

AilvDAC galTI2
ilvA454 A(pro-lac) ara thi rbs-221

recC22 sbcBI15 N\~
CU1644

AilvGME2130 ara A(pro-lac) thi recA56 hsdR
leuB6 proA2 trpD9579 his-4 argE3 thi-1 hsdRI8 ara-14 lacY]
galK2 xyl-5 mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21

A(ilvG-Y)2243::aadA™ (Omega fragment, Str" Spc") leuB6
proA2 trpD9579 his-4 argE3 thi-1 hsdR18 ara-14 lacY1 galK2

Smith et al. (31)

Watson et al. (41)

Harms et al. (14)

Strain W5449 (CGSC 5913) from B.
Bachmann

Transformation of CU1318 with pPU316,
digested with EcoRI and BamHI1

xyl-5 mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21 recC22

sbcBIS N\~
CUl646

A(ilvG-Y)2247::AaadA™ (Omega fragment, Str" Spc")::[pPU323
®(lacZpZ'ilv' DAY')] P(cat-ilvpE)l, 3.1 kb] leuB6 proA2
trpD9579 his-4 argE3 thi-1 hsdR18 ara-14 lacYl galK2 xyl-5

Transformation of CU1644 with pPU323,
digested with Kpnl and Pstl; selected
for Cm" and scored for Spc®

mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21 recC22 sbcBI5 N\~

CU1647

A(ilvG-Y)2248::AaadA™* (Omega fragment, Str* Spc")::[pPU324
d(lacZpZ'-ilv' DAY')2 ®(cat-ilvEp)l, 3.1 kb] leuB6 proA2
trpD9579 his<4 argE3 thi-1 hsdR18 ara-14 lacY] galK2 xyl-5

Transformation of CU1644 with pPU324,
digested with Pstl and Narl; selected
for Cm" and scored for Spc®

mitl-1 rpsL31 1sx-33 tonB56 supE44 recB21 recC22 sbcB15 N\~

CU1648

A(ilvG-Y)2249::AaadA* (Omega fragment, Str* Spc")::[pPU325
S(lacZpZ'-ilv' DAY')3 ®(cat-ilvEp)l, 3.1 kb] leuB6 proA2
trpD9579 his-4 argE3 thi-1 hsdR18 ara-14 lacYI galK2 xyl-5

Transformation of CU1644 with pPU325,
digested with Kpnl and Pstl; selected
for Cm" and scored for Spc*

mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21 recC22 sbcBI15 N\~

CU1649

A(ilvG-Y)2250::AaadA* (Omega fragment, Str* Spc)::[pPU326
®(lacZpZ'-ilv' DAY'M ®(cat-ilvEp)l, 3.7 kb] leuB6 proA2
trpD9579 his-4 argE3 thi-1 hsdR18 ara-14 lacYI galK2 xyl-5

Transformation of CU1644 with pPU326,
digested with Narl and partially with
Pstl; selected for Cm" and scored for

mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21 recC22 sbcBI15S N\~ Spc®

CU1650

A(ilvG-Y)2251::AaadA™ (Omega fragment, Str" Spc")::[pPU327
D(lacZpZ'-ilv' DAY')S ®(cat-ilvEp)l, 3.7 kb] leuB6 proA2
trpD9579 his-4 argE3 thi-1 hsdR18 ara-14 lacY] galK2 xyl-5

Transformation of CU1644 with pPU327,
digested with Narl and partially with
Ps11; selected for Cm" and scored for

mtl-1 rpsL31 tsx-33 tonB56 supE44 recB21 recC22 sbcB15 \~ Spc®

CU1651

A(ilvG-Y)2252::AaadA* (Omega fragment, Str* Spc”)::[pPU328
®(lacZpZ'-ilv' DAY')6 ®(cat-ilvEp)l, 3.7 kb] leuB6 proA2
trpD9579 his<4 argE3 thi-1 hsdR18 ara-14 lacYl galK2 xyl-5

Transformation of CU1644 with pPU328,
digested with Pstl and Narl; selected
for Cm" and scored for Spc®

mtl-1 rpsL31 tsx-33 tonB56 supFE44 recB21 recC22 sbcBI15 N\~

JM103
sbcB15 endA hsdR4

F' traD36 proAB™* lacI°*ZAM15/A (pro-lac) supE44 thi rpsL

Yanisch-Perron et al. (44)

Restriction enzymes, Klenow fragment of DNA polymerase,
T4 DNA polymerase, T4 DNA ligase, and S1 nuclease were
used as suggested by the suppliers. DNA fragments were
isolated by using either an electroeluter, IBI model UEA, or
dialysis bags as described by Maniatis et al. (20).

Plasmid constructions. Plasmids pPU307 through pPU309
(Fig. 1, Table 2) carry a 2.9-kilobase (kb) Xhol-HindIIIl DNA
fragment containing the promoter-distal 129 base pairs (bp)
of ilvD, the ilvA gene, and part of the ilvY gene from pPU118
(D. C. Bennett, Ph.D. thesis, Purdue University, West
Lafayette, Ind., 1984). This fragment was first inserted into
the Sall-HindIIl sites of the vectors pUC8 and pUC18 to
yield pPU307 and pPU308, respectively. In pPU307 the ilvD
gene is fused to lacZ so that ilvD is translated in the +1
frame with respect to the natural reading frame of ilvD. In
pPU308 the fusion resulted in translation of ilvD in the —1
frame. To obtain a fusion in which ilvD was translated in its
original reading frame, pPU307 was cut with BamHI in the
multiple cloning region, and the protruding 5’ ends were
filled in by using the large fragment of E. coli DNA polymer-
ase and ligated to yield pPU309.

A second, similar set of plasmid constructions, pPU311
through pPU313, contained an additional 473 bp of ilvD
DNA, to which the lac promoter and lacZ translational start
were fused (Fig. 2). A 3.5-kb PstI-HindIIl fragment of
pPU118 (ilv'DAY’) was inserted at the PstI-HindlIII sites into
pUCS8 and pUC18 to obtain pPU311 and pPU312, respec-
tively. Translation of ilvD sequences terminates prematurely

546 bases upstream of the ilvA initiation codon in pPU311
(—1 frame) and 572 bases upstream in pPU312 (+1 frame).
Translation in the natural ilvD reading frame was obtained
by digestion of pPU312 with Pstl, removal of the 3’ over-
hanging ends with T4 DNA polymerase, and subsequent
ligation to yield pPU313.

The nucleotide sequence in the vicinity of the multiple
cloning sites of all plasmids constructed in this work was
determined by the method of Sanger et al. (28) to verify that
the manipulations yielded the expected sequences.

pPU329 and pPU330 were constructed from pPU311 by
replacing the 1.15-kb Stul-HindIII fragment downstream of
ilvA with the 1.65-kb Smal-HindIIl fragment from pPU320
containing the cat gene with its own ribosome-binding site
but no promoter. pPU320 is a derivative of pKK232-8 (5) in
which the 2-kb Omega fragment of pHP45Q (27) is inserted
in the Pvull site downstream of the cat gene and the rrn
terminators.

pPU316 is a pUC18 derivative that contains the Omega
fragment of pHP45() flanked by a 1.3-kb DNA fragment from
the region upstream of the ilv attenuator on one side and by
a 1-kb ilv' Y-C' fragment on the other. The inserted fragment
is thus a deletion of the iivGMEDA operon that can be
selected after transduction by the Spc™ Str" phenotype.
pPU316 was formed from two pUC18 derivatives, pPU314
and pPU315. pPU314 was constructed by an insertion of the
1.3-kb HindIII-Smal fragment from pPU24 into the same
sites of pUC18, followed by insertion of the 2.0-kb Omega
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pPU309 ATG. 162 bp TAATAATG"
lacZ start ilvA start
E VD fusion
pPU308 ATg‘.| 54bp —TGA ————123bp ——— ATG -~
lacZ start ivA start
E ivD fusion
pPU307 A'l'gI Lﬂ 168bp ATGGCTGA
lacZ start ivA start
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lacZp ivD_ ivA § vy’ T
N &x\
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pPU313 'ATg.| Y 756 bp TAATAATG. -
lacZ start ivA start
E ivD fusion
pPU311 AT&l 198 bp TGA 543 bp ATﬁ .........
lacZ start ivA start
E ivD fusion
pPU312 : ATQ 189bp —— TAA 569 bp ATG -
lacZ start VA SIM

FIG. 1. Configuration of the altered translational reading frames in plasmids pPU307 through pPU309 and pPU311 through pPU313. The
lacZ and ilvA start codons are indicated by arrows. The stop codons of the lacZ’-ilv' D fusion peptides are overlined. Vector DNA (---+-- ) was
pUCS (as indicated in Table 2) or pUC18. E, EcoRI; MCS, multiple cloning site; P, promoter.

Smal fragment into the Smal site. The 1-kb Bglll-Kpnl
fragment of pPUS containing part of ilvY and part of ilvC was
ligated into the BamHI and Kpnl sites of pPU18 to give
pPU315. Finally, pPU316 was derived by ligation of the
3.66-kb Narl-Xbal fragment of pPU315 to the 2.76-kb Narl-
Kpnl fragment of pPU314. The 3’ recessed ends created by
Xbal digestion were filled in by use of the large fragment of
E. coli DNA polymerase, and the 3’ protruding ends of the
Kpnl site were digested with T4 DNA polymerase before
ligation.

pPU318 is a plasmid containing the cat gene under the
control of the ilvEp promoter, and pPU319 is the same
except that it has the Omega fragment downstream of cat.
For these constructions, a 480-bp Haelll-HindIII fragment
from pPU119 containing the internal promoter located up-
stream of the ilvE gene, Ep, was inserted into pUCI18
digested with PstI and HindIII (19, 43). The 3’ protruding
ends created by PstI digestion of pUC18 were removed with
T4 DNA polymerase before ligation. Strain JM103 was
transformed with the resultant plasmid, pPU317, and white
colonies were selected on L agar plates containing 5-bromo-
4-chloro-3-indolyl-B-p-galactoside (X-gal) and IPTG. Plas-
mid DNA was isolated, and insertion of the 480-bp fragment
was verified by restriction enzyme analysis. The ilvEp

promoter was transferred from this plasmid to pKK232-8, a
promoter selection vector allowing assay of promoter activ-
ity by cat gene expression, to yield pPU318 by the following
manipulations. pPU317 was cut with Aarll, and the 3’
protruding ends were digested with T4 DN A polymerase; the
linear plasmid was then cut with BamHI to obtain a 100-bp
fragment containing the ilvEp promoter; this fragment was
inserted into pKK232-8 at the BamHI-HindIlI sites after the
HindIlI site had been filled in by the Klenow fragment of E.
coli DNA polymerase. This construction ensured the proper
orientation of the promoter. Strain CU1230 was transformed
with pPU318, and plasmid DNA was isolated from colonies
that were selected for the ability to grow in the presence of
chloramphenicol (30 wg/ml). This plasmid DNA was charac-
terized by restriction site analysis. Additional restriction
sites, carried on the Smal-Smal Omega fragment of
pHP45(), were added to pPU318 to form pPU319. They were
inserted into the Pvull site downstream of the car gene and
the rrn terminators in pPU318.

pPU323 through pPU328 (Fig. 2) are plasmids that allow
integration of desired sequences into the chromosome by
recombination followed by selection for chloramphenicol
resistance. They contain the several lacZpZ'-ilv'DAY' fu-
sions inserted into pPU322, a plasmid in which the Omega
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TABLE 2. Plasmids used

Description

Source or reference

Plasmid Genotype“

pUC8 bla* lacZpZoZ'

pUC18 bla* lacZpZoZ'

pKK232-8 bla* cat*

pHP45Q bla™ aadA’

pPU24 pBR322 Q[0.029 kb;
Ah80dilv ilvG2200
ilvE2201 ilvGME'
—2.1/+2.24 kb (-)113

pPUS pBR313 0[0.375 kb;
Ah80dilv —1.4/11.6 kb
)5

pPU118 pBR328 Q[0.375 kb;
Ndilv73 \' ilv'EDAY’
—0.42/0.81 7\3.0/7.41 (ilv)
kb(+)]1

pPU119 pPU24 A[Ah80dilv 9.4/11.1
kb; pBR322 ter
0.29/2.065 kbl!/

pPU307 pUCS8 A[0.397/0.415 kb]8
0[0.400 kb: pPU118
ilv'DAY' 2.9 kb (—)]19

pPU308 pUC18 A[0.399/0.421 kbl/
0[0.422 kb: pPU118
ilv'DAY' 2.9 kb (—)]1

pPU309 pPU307 Q[3.29 kb: 4 bpl/

pPU311 pUCS8 A[0.399/0.411 kb]9
0[0.412 kb: pPU118
ilv'DAY' 3.5 kb (—-)110

pPU312 pUC18 A[0.399/0.415 kb]2
0[0.416 kb: pPU118
ilv'DAY' 3.5 kb (-)]2

pPU313 pPU312 A[3.89 kb: 4 bp]/

pPU314 pUC18 A[0.399/0.436 kb3
0[0.437 kb: pPU24 ilv
—0.8/2.1 kb (-)]13
Q[1.937: pHP45Q
aadA™ (Omega, Spc’
Str’) 2.0 kb4

pPU315 pUC18 A[0.433/0.442 kb]4
Q[0.443 kb: pPUS
ilv'YC’ 1.0 kb (-)]5

pPU316 pPU315 A[0.235/0.443 kb]1

0[0.234 kb: pPU314 ilv
—0.8/—2.1 kb) aadA™
(Omega; Spc’ Str') 2.76
kbl

Primary cloning vector with multiple cloning
sites

Primary cloning vector with multiple cloning
sites

Promoter selection vector

pBR322 derivative containing Omega (aadA*
gene of the R100.1 plasmid)

HindlIll fragment carrying ilvGM' inserted
into pBR322

ilvGMEDAYC inserted into pBR313

ilv'EDAY' and lambda DNA inserted into
pBR328

Removal of Pvull-HindIIl fragments of
pBR322 and of sequences upstream of the
ilv operon from pPU24

ilv'DAY' DNA inserted into multiple cloning
site of pUC8

ilv'DAY' DNA inserted into multiple cloning
site of pUC18

pPU307 derivative, change in reading frame
of ilvD sequence

ilv'DAY' DNA inserted into multiple cloning
site of pUC8

ilv'DAY' DNA inserted into multiple cloning
site of pUC18

pPU312 derivative, change in reading frame
of ilvD sequences

Omega fragment of pHP45() and DNA from
upstream of the ilv regulatory region
inserted into the multiple cloning site of
pUC18

Insertion of ilv'YC’ junction fragment into
multiple cloning site of pUC18

Omega frament of pHP45() flanked by DNA
from upstream of the ilv regulatory region
and from the ilv' YC' region inserted into
the multiple cloning site of pUC18

Vieira and Messing (40)
Yanisch-Perron et al. (44)

Brosius (5)
Prentki and Krisch (27)

Subrahmanyam et al. (36); formerly
called pCS7

Subrahmanyam et al. (37); formerly
called pPGMM101

3.8-kb Bglll fragment of \ilv73 inserted
into the BamHI site of pBR328; C.
Bennett

Bennett and Umbarger (2)

2.9-kb Xhol-HindIII fragment of
pPU118 carrying ilv'DAY’ sequences
inserted into Sall-HindlIII site of
pUCS to generate
®(lacZpZ'-ilv' DAY")1 (ilvD transcript
read in +1 frame)

2.9-kb Xhol-HindIll fragment of
pPU118 inserted into Sall-HindIII
sites of pUC18 to generate
®(lacZpZ'-ilv' DAY')2 (ilvD transcript
read in —1 frame)

pPU307 digested with BamHI, filled in
with Klenow fragment, and religated
to generate ®(lacZpZ'-ilv'DAY')3
(ilvD transcript read in wt¢ frame)

3.5-kb PstI-Hindlll fragment from
pPU118 inserted into the same sites
of pUC8 to generate
®(lacZpZ'-ilv' DAY' M (ilvD transcript
read in —1 frame)

3.5-kb Pst1-Hindlll fragment of pPU118
inserted into same sites of pUC18 to
generate ®(lacZpZ'-ilv'DAY")5 (ilvD
transcript read in +1 frame)

pPU312 digested with Pstl, 3’
protruding ends digested with T4
polymerase, religation to generate
d(lacZpZ'-ilv' DAY')6 (ilvD transcript
read in wt frame)

1.3-kb HindllI-Smal fragment of pPU24
inserted into same sites of pUC18,
followed by insertion of 2.0-kb
Omega fragment of pHP45() into
retained Smal site

1.0-kb BglII-Kpnl fragment of pPUS
inserted into BamHI-Kpnl sites of
pUC18

Insertion of 3.5-kb Narl-Kpnl fragment
of pPU314 into pPU315 cut with Narl
and Xbal; the Xbal site was filled in
and the Kpnl site was digested with
T4 DNA polymerase before ligation;
this generated ilv allele 2243

Continued on following page
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Plasmid

Genotype“

Description

Source or reference

pPU317

pPU318

pPU319

pPU320

pPU321

pPU322

pPU323

pPU324

pPU325

pPU326

pPU327

pPU328

pPU329

pPU330

pUC18 A[0.399/0.415 kb]5
Q[0.416 kb: pPU119
ilvEp 0.48 kb (—)]6

pKK232-8 A[0.162/0.182
kbl/I 0[0.163 kb:
pPU317 ilvEp 0.1 kb
(Hu1°

pPU318 Q[1.8 kb: pHP45Q
aadA™ (Omega; Spc’
Strf) 2.0 kb}/

pKK232-8 Q1.7 kb:
pHP45Q aadA™
(Omega; Spc' Str') 2.0
kb}12

pPU316 Q[2.99 kb:
pPU319 ®(ilvEp-cat)l
1.8 kb]/

pPU321 A[1.9/3.9 kb
aadA*]l

pPU322 A[1.9/1.91 kb]/
Q1.9 kb: pPU307
®(lacZpZ'-ilv'DAY")1
3.1kb (—))1

pPU322 A[1.9/1.91 kb]2
Q[1.9 kb: pPU308
®(lacZpZ'-ilv'DAY')2
3.1kb (—))2

pPU322 A[1.9/1.91 kb]3
Q[1.9 kb: pPU309
O(lacZpZ'-ilv' DAY')3
3.1kb (5)13

pPU322 A(1.9/1.91 kb)4
Q1.9 kb
O(lacZpZ'-ilv' DAY' )4
3.7kb (-)M4

pPU322 A(1.9/1.91 kb)5
0[1.9 kb
S(lacZpZ'-ilv' DAY')S
3.7kb (—))5

pPU322 A(1.9/1.91)6 Q[1.9
kb ®(lacZpZ'-ilv' DAY')6
3.7 kb (—)]6

pPU311 A[2.65/3.90 kb}/
Q[2.65 kb: pPU320 cat
1.8 kb]/

pPU313 A[2.65/3.90 kb]/
Q[2.65 kb: pPU320 cat
1.8 kb (+)11

Internal ilvE promoter Ep inserted into
multiple cloning site of pUC18

ilvEp promoter inserted into cloning sites of
pKK232-8

aadA™ gene from pHP45() inserted
downstream of the car gene in pPU318

aadA™ gene from pHP45Q inserted into
pKK?232-8 downstream of the rrnt,1,
terminators

cat gene under control of the ilvEp promoter
was inserted into pPU316 downstream of
Omega

Omega fragment removed from pPU321

Insertion of ®(lacZpZ'-ilv'DAY')] into
pPU322 (ilvD read in +1 frame)

Insertion of ®(lacZpZ'-ilv'DAY’)2 into
pPU322 (ilvD read in —1 frame)

Insertion of ®(lacZpZ'-ilv'DAY’)3 into
pPU322 (ilvD read in wt frame)

Insertion of ®(lacZpZ'-ilv' DAY’} into
pPU322 (ilvD read in —1 frame)

Insertion of ®(lacZpZ'-ilv'DAY')S5 into
pPU322 (ilvD read in +1 frame)

Insertion of ®(lacZpZ'-ilv'DAY')6 into
pPU322 (ilvD read in wt frame)
cat gene inserted between end of i/lvA and

ilvAt in pPU311

cat gene inserted between end of ilvA and
ilvAt in pPU312

0.42-kb Haelll-Hindlll fragment from
pPU119 inserted into PstI-HindIII
sites of pUC18; Ps1l site was digested
with T4 DNA polymerase prior to
ligation

0.1-kb Aatll-BamHI fragment of
pPU317 inserted into BamHI-HindIIl
sites of pKK232-8 to generate
O(ilvEp-cat)l; the Hindlll site was
filled in, the Aarll site was digested
with T4 polymerase prior to ligation

pPU318 was partially digested with
Pvull and ligated with the 2.0-kb
Smal Omega fragment from pHP45()

2.0-kb Smal Omega fragment was
ligated into pKK?232-8 partially
digested with Pvull

1.8-kb BamHI fragment of pPU319,
containing the car gene and the ilvEp
promoter, was ligated into pPU316,
partially digested with BamHI

pPU321 partially digested with HindIll
and religated

3.1-kb Pvull-Hindlll fragment from
pPU307 was ligated into pPU322,
partially digested with Smal and
Hindlll

Same as pPU323, except fragment
derived from pPU308

Same as pPU323, except fragment
derived from pPU309

Same as pPU323, except 3.7-kb
Pvull-HindIIl fragment from pPU311
was inserted into pPU322, partially
digested with Smal and HindIll

Same as pPU326, except fragment from
pPU312 was used

Same as pPU326, except fragment from
pPU313 was used

1.25-kb Stul-Hindlll fragment was
excised from pPU311 and replaced
with the 1.8-kb Smal-HindIll
fragment from pPU320

1.25-kb Stul-HindIIl fragment in
pPU313 was replaced with the 1.8-kb
Smal-Hindlll fragment from pPU320

“ The genotype designations follow the conventions recommended by Novick et al. (25) and those in the Instructions to Authors. They are similar to those
followed in earlier publications. The convention for the designation of cleavage sites in plasmids for which the entire nucleotide sequence is known is that the
first T in the EcoRI recognition site is designated base 1 in derivatives of pBR322 and the first T in the sequence TCGCGCGTTC is designated base 1 in derivatives
of pUC plasmids. The position shown for restriction endonuclease cleavage sites is that of the 5’ base at the site of cleavage. Thus, the EcoRlI site is at position
4362 in pBR322 and at position 430 in pUC8. The sites of insertion or deletion in some previously described plasmids have been changed in accordance with these
conventions. A (+) indicates that the orientation of the insert is the same with respect to the vector as the chromosome and vector maps are usually drawn; a
(—) indicates that the orientation of the insert with respect to the vector is different from the usual map representation. With the six lacZpZ'-ilv'DAY’ fusions,
the map orientations of the /ac and ilv sequences are reversed from one another, and (+) and (—) refers to the orientation of the ilv sequence. Thus, the orientation
of the ilv inserts in all the pPU322 derivatives (Fig. 2) is designated (—).

b Designations in kilobases of the multiple cloning site in pKK232-8 are deduced from Brosius (5).

< wt, Wild type.
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FIG. 2. Construction of plasmids that were transferred to the chromosome. pPU323, pPU324, and pPU325 carry a 3.1-kb insert containing
the lacPOZ'-ilv' DAY’ fusion and differ in the ilv'D reading frame. pPU326, pPU327, and pPU328 contain a 3.7-kb lacPOZ'-ilv' DAY’ insert.

They differ from each other in the ilvD reading frame.

fragment of pPU316 is replaced by the cat gene. pPU316 was
used as the starting vector for these constructions. The
pPU322 construction was done in two steps in order to
preserve a HindIlI site that would facilitate later steps. First,
a 1.8-kb BamHI fragment of pPU319 containing the cat gene
under the control of the internal ilv promoter Ep was inserted
into the BamHI site immediately downstream of the Omega
fragment of pPU316 to yield pPU321. This plasmid was
introduced into strain CU1230, and transformants resistant
to chloramphenicol, spectinomycin, and ampicillin were
selected. Plasmid DNA from one such colony was isolated.
The construction was verified by restriction enzyme analy-
sis. The cat gene under control of the ilvEp promoter was
inserted into pPU321 downstream of the Omega fragment
and transcribed toward Omega. The Omega fragment was
removed by partially digesting pPU321 with HindIII, religat-
ing, and introducing it into CU1230. Plasmid DNA from a
resulting colony that was ampicillin and chloramphenicol
resistant but spectinomycin sensitive was isolated, charac-
terized by restriction enzyme analysis, and designated
pPU322.

Fragments from pPU307, pPU308, pPU309, pPU311,
pPU312, and pPU313 containing the various lacZpZ'-
ilv'DAY' fusions were inserted into pPU322 and subse-
quently transferred to the chromosome. The 3.1-kb Pvull-
HindIlI fragments from pPU307, pPU308, and pPU309 and
the 3.7-kb Pvull-HindIII fragments from pPU311, pPU312,
and pPU313 containing the lac promoter operator region and
the ilvD-ilvA fusions were ligated into pPU322, cut partially
with Smal and HindIll, and introduced into CUS825

(ilvA454). Ampicillin-resistant transformants were selected
and scored for growth on minimal agar containing ampicillip
(25 pg/ml). Plasmid DNA from such colonies was examined
by restriction enzyme analysis to verify the constructions.
The plasmids were designated pPU323, pPU324, pPU325,
pPU326, pPU327, and pPU328.

Chemicals and molecular biological reagents. T4 ligase,
restriction endonucleases, and the Klenow fragment of E.
coli DNA polymerase were obtained from Bethesda Re-
search Laboratories, Gaithersburg, Md., Boehringer Mann-
heim Biochemicals, Indianapolis, Ind., New England Bio-
Labs, Beverly, Mass., and Pharmacia Inc., Piscataway, N.J.
X-gal, IPTG, and S1 nuclease were purchased from Boeht-
inger Mannheim. The M13 nucleotide sequence analysis kit
and [**P]JdATP were obtained from Amersham Corp., Ar-
lington Heights, Ill. [**C]Chloramphenicol was purchased
from New England Nuclear Corp., Boston, Mass. ’

RESULTS

Effect of frame shift in ilvD on ilvA expression. The effect of
incomplete or altered translation of ilvD mRNA on the
expression of ilvA was examined by changing the ilvD
reading frame and thereby causing premature termination of
translation at different positions in ilvD. Figure 1 illustrates
the plasmid constructions and DNA modifications made for
this purpose as described in Materials and Methods. pPU309
and pPU313 contain ilvD sequences translated in the natural
ilvD reading frame. Transcription in these plasmids is initi-
ated at the lac promoter of the parent pUC vector and
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TABLE 3. Dependence of ilvA expression on translation of ilvD

Differential rate of threonine Relative threonine

Strain .'l" D Sequence surrounding the ilvA start codon® diaminase synthesis diaminase activity
reading frame [A(nmol/min)/Amg of protein] (% of wt”)
CU1648 wt ... UAAUAAUGGCUGAC . .. 1,128 100
CU1647 -1 LOAG ... 123n......... AUGGCUGAC . .. 51 4.5
CU1646 +1 ... AUGGCUGAC . .. 685 61
CU1651 wt ... UAAUAAUGGCUGAC . .. 446 100
CU1649 -1 ..UGA...56n......... AUGGCUGAC . .. 79 18
CU1650 +1 LOAA...572n......... AUGGCUGAC . .. 61 14

“ The ilvA translation start codon is underlined. The stop codon in the ilvD reading frames are overlined. n, Nucleotides.

b wt, Wild type.

proceeds through the multiple cloning site into the inserted
fragment, presumably to the normal ilv operon termination
signal. Translation is initiated at the lacZ initiation codon,
proceeds through the ilvD sequences, and stops at the
normal ilvD stop signal 2 bases upstream of the ilvA trans-
lation initiation codon. pPU309 contains 129 bp of the
promoter-distal portion of ilvD; pPU313 carries the distal 702
bp of ilvD.

In pPU308, the translation of ilvD is in the —1 reading
frame with respect to the natural reading frame, but termi-
nation occurs in ilvD immediately beyond the pUC-ilvD
(Sall-Xhol) fusion site, leaving 123 bases upstream of ilvA
untranslated. In pPU307, translation of the ilvD sequences
occurs in the +1 reading frame and is terminated at a stop
codon 2 bases downstream of the ilvA initiation codon.
pPU311 (-1 frame) and pPU312 (+1 frame) contain 546 and
572 untranslated bases upstream of ilvA, respectively.

Integration into the E. coli chromosome. Differences in
gene expression caused by different numbers of plasmid
copies per cell were avoided by integrating the six different
lac-ilv fusions into the E. coli chromosome. CU1644 [recBC
sbcB A(IlvGMEDAY')2246) was prepared to be the host
strain for fragment integration, and plasmid derivatives of
pPU307 through pPU309 and pPU311 through pPU313 that
carried the car gene were constructed (Fig. 2). These deriv-
atives, pPU323 through pPU328, carry the cat gene and
DNA that provides homology between the plasmids and the
chromosome of strain CU1644 for integration by crossover
events. The cat gene facilitated selection for cells containing
the desired integrated lacZpZ'-ilv'DAY' fusions. Because
cat gene expression is under control of the constitutive ilvEp
promoter, the measurement of cat activity provided a good
method for ensuring that multiple copies of the inserted
region had not been selected. Each of these plasmids, shown
in Fig. 2, was opened by restriction enzyme digestion and
used to transform strain CU1644. The desired recombinants
were obtained. They were chloramphenicol resistant, sensi-
tive to ampicillin, and had lost the Str" Spc” carried by strain
CU1644. One colony containing DNA derived from each of
the plasmids was maintained. These strains were designated
CU1646 through CU1651 and were used to examine the
effect of altered translation of ilvD on ilvA expression.

Dependence of expression of ilvA on translation of ilvD. The
strains containing the lacZpZ'-ilv' DA fusions were grown in
L broth and induced by addition of IPTG, and the increase in
threonine deaminase activity relative to the increase in
protein content was determined at several times after induc-
tion. The results are shown in Table 3. In absence of IPTG
induction, no threonine deaminase activity could be detected
in any of the strains, confirming that ilvA transcription is
under the control of the lac promoter. Furthermore, the
differential rate of increase in threonine deaminase activity

was constant for at least 195 min after induction in all strains.
Since no nucleotide changes had been introduced within the
130 bases upstream and none were introduced downstream
of the ilvA translation initiation site, the values for increases
in threonine deaminase activity are assumed to reflect accu-
rately the effect of altered translation termination on down-
stream ilvA expression.

Strain CU1648, containing the wild-type configuration of
ilvD stop and ilvA start codons, exhibited the highest level of
threonine deaminase activity. In strain CU1647, in which
translation of the upstream sequences was terminated 126
bases upstream of the ilvA start codon, ilvA expression
decreased to 4.5% of the CU1648 (wild-type) level. This
decrease occurred even though there is a sequence at the
very end of the ilvD gene that can be predicted to base-pair
with between 6 and 8 of the last 9 bases at the 3’ end of 16S
RNA (30). If, however, this potential ribosome-binding site
were masked in some secondary structure (see Discussion),
it might be readily accessible only if that portion of the ilvD
transcript were translated. In the +1 reading frame of ilvD
DNA, which is found in strain CU1646, this region of the
transcript was translated, but translation stopped 2