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The construction of a plasmid carrying the ilvC::lacZ fusion is described. This
plasmid provides a convenient source of template deoxyribonucleic acid for use in
an in vitro protein-synthesizing system. We screened strains deleted in regions of
the ilv cluster for their ability to support ilvC-dependent f-galactosidase synthe-
sis. The fact that two deletions prevented f-galactosidase production indicated
that i[vC expression is under positive control. By use of plasmids carrving the
positive-control factor structural gene i/tY. we were able to restore protein-
synthesizing ability to these strains. These plasmids also enabled us to map /'Y

between iltA and i/vC.

In Escherichia coli four enzymes form valine
from pyruvate. The same four enzyvmes also
produce isoleucine from «-ketobutyrate, which
in turn is produced by a fifth enzyme, threonine
deaminase. Genes specifying the isoleucine-va-
line biosynthetic enzymes form a cluster at 83
min on the E. coli K-12 genetic map (3). ilvE,
{lvD, and ilvA form an operon under multivalent
control by isoleucine, valine, and leucine. ilvG
specifies the valine-resistant isoenzyme of ace-
tohydroxy acid synthase and is only expressed
in i/vO mutants. ilvO lies between (/vE and (lvG
and is thought to be a regulatory locus for
{ItEDA (20). The acetohydroxy acid synthases
that are expressed in (ltO" strains are specified
by the ilvHI and tlvB genes which are unlinked
to the ilv cluster. All of the above-mentioned
structural genes are repressible by the end prod-
ucts of branched-chain amino acid biosynthesis.

The remaining structural gene, i/cC, specifies
isomeroreductase and is unusual in being in-
duced by its substrates, acetohydroxybutyrate
and acetolactate (2). The regulation of i/vC is
completely independent of multivalent repres-
sion (17). To date, no regulatory mutations af-
fecting i/vC expression have been described. An
{IvY locus, postulated to have a positive-control
role in induction of the i/vC gene, was thought
to be altered by the ilv Y466 mutation (16). How-
ever, the abnormal phenotype has since been
shown to be due to at least two mutations,
ilvA466 and ([vC2004 (John Smith, personal
communication).

To aid our understanding of the /vC regula-
torv mechanisms, an (/vC:lacZ fusion strain was

7 Present address: Instvtut Biochemii i Biofizvki PAN, 02-
532 Warsaw, Poland.

prepared by the technique of Casadaban (6) and
Smith and Umbarger (22). From this strain, the
ApilvC-lac-1 phage was derived (24). This phage
provided efficient template DNA for i/eC-di-
rected synthesis of -galactosidase in an in vitro
protein-synthesizing system. Using this and a
modified template, we demonstrate that /v 1s
under positive control and that the gene (i/tY)
specifying the positive-control factor v (upsilon
protein) is located between i/vC’ and iltA.

MATERIALS AND METHODS

Bacterial strains and plasmids. All bacterial
strains used were derivatives of £. coli K-12. The
bacterial strains used and their sources are listed in
Table 1. The plasmids used and their sources are listed
in Table 2.

Media and growth conditions. The medium of
Davis and Mingioli (8), modified by an omission of
citrate and an increase in the glucose concentration to
0.5%, was used as a minimal growth medium. Neces-
sary supplements were added in the following final
concentrations: all amino acids, 50 pg/ml: and all vi-
tamins, 1 ug/ml. L-broth was used as the rich medium
(4). For solid media, agar (Difco Laboratories) at a
final concentration of 1.5% was added to the above-
mentioned media. Antibiotics were used at final con-
centrations of: ampicillin (Ap), 50 pg/ml; kanamycin
(Km), 100 ug/ml: and tetracyceline (Te), 10 pg/ml.

Transduction. Bacteriophage Plemelr100
used for generalized transductions. Plem lysates were
prepared by heat induction and used in transductions
by the method of Rosner (18).

Enzyme assays. Cells were grown in minimal me-
dia with limiting valine. Growth conditions, prepara-
tion of cell extracts, and enzyme assays were according
to Smith et al. (20). Enzyme activities are expressed
as nanomoles of product formed or substrate used per
minute per milligram of protein.

[solation of plasmid DNA. Plasmid DNA for use

was
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TaBLE 1. E. coli strains used

IStrain Genotype Source or Reference

AB2944  F~ {1v(C285 his-4 trp-3 rpsl Duggan and Marsh (12)

CSH26 ara thi 8(proAB-lac) Cold Spring Harbor Laboratory

CU344 F~ 81lvDAC11S galTi2 A~ Kline et al. (10)

Cuss? rbs-221 thi arg trp Alac Smith et al. (21)

CU452 ATIVDACIIS thi arg trp slac Smith et al. (21)

Cu482 rbs-221 leu-454 Pl transduction of CUl0l4 with CU829 as donor by John M.
Smith

Cus483 ATIVEDAC2049 leu-455 Pl transduction of CU482 with CU829 as donor by John M. Smith

Cu486 11vC2060 thi arg trp blac Wild et al. (24)

CUSO4 T rbs-221 leu-455 galT12 3~ Smith et al. (20)

CUs05 4L1vEDAC2049 leu-455 galTi2 Pl transduction of CUS04 with CU483 as donor by John M. Smith

Ccu520 rbs-221 metE201 leu-455 galTi2 . Smith et al. (21)

Ccus27 F A7 lvEDAC2049 metE201 leu-455 galT12 A~ Pl transduction of CU5S20 with CU829 as donor by John M. Smith

CUS32 F {1vE2050 leu-455 galTI2 . Smith et al. (21)

cuses  F16 il1v¥/8i1vE2050 ara thi 8(proAB-lac)
CUSTT  F glmS metF201 leu-455 galT12 3~

CUS?8  F AIIvEDAC2049 glmS leu-45§ 1
cue3s  Fl16 ilvt
U653 A

DAC2048 glmS leu-455 galTI1Z A

vDA207€ ara thi b(proAb-lac)

Ccu697 rbs-221 metE201 ara thi A(proAB-lac)
Ccu713 {1v02209: :4pl(209) ara thi a(proAB-lac)
cu723 11v0285 ara thi A(proAB-lac)

CU3Ll HfrH £2282::2018575am715150 519xisamb
cus2s A454 rbs-221 ara thi &(proAB-lac)
cus27 DAC11S ara tni A(rroAB-lac)

CU829 HfrH 4 DACZI49 thi s(gal att ) bio wvrB)
cus3s

CuU902

cu903 22087 thi arg try A

CU06  Fl6 ilvt/ai10EDAC2043 ara thi A(proAB-lac) A~

CU918  Fl6 ilvt/0ilvEDAC2049 are thi a(proAB-lac) AT
CU941  F16 {1vC2209::apl(209) /471
Ccu968 pMD4/i1vA454 rbs-221 ara thi 4(proAB-lac)
cu1014 1100462 leu-454
El1l F~ glmS galE rpsL

5 .. B +
2049 ara thi L(proAB-lac) )

Episomal transfer from CU72 to CUS05 by John M. Smith

Pl transduction of CUS527 with Elll as donor by John M. Smith
Pl transduction of CUS77 with CU829 as donor by John M. Smith
Episomal transfer from CU578 to CU564 by John M. Smith

Smith et al. (20)

Smith et al. (20)

Smith and Umbarger (22). The insertion in this strain was
formerly designated 71vC2083::)pl(209)

Pl transduction of CU697 with AB2944 as donor by John M.
Smith

Wild et al. (24)
Pl transduction of CU697 with CUL008 as donor by John Noti
Pl transduction of CU697 with CU344 as donor by John Noti

Spontaneous survivor of CU8Ll at 42°C isolated by John M.
Smith

Pl transduction of CU697 with CUS05 as donor by Timothy D.
Leathers

Pl transduction of CU447 with
) lysogen of CU902

Episomal transfer from CU636 to CU838 by John M. Smith
A lysogen of CU906

Pl transduction of CU918 with CU713 as donor

Iiv' transformant of CUB25 with pMD4 DNA

Wasmuth and Umbarger (23)

Wu and Wu (25)

CUS32 as donor

in transformation and restriction analysis was isolated
by the method of Humphreys et al. (9). Covalently
closed circular plasmid DNA was purified by two
cycles of cesium chloride-ethidium bromide centrifu-
gation. The final refractive index of the cesium chlo-
ride was 1.392. Ethidium bromide was extracted by
cesium chloride-saturated isopropanol. The plasmid
DNA was then dialyzed extensively against TES
buffer (50 mM Tris-chloride [pH 8.0], 1 mM EDTA,
0.17 M NaCl) for 48 h and then for two changes against
10 mM Tris-acetate, pH 8.0.

pMD4 plasmid DNA for use as a template in in
vitro protein synthesis was prepared by chloramphen-
icol amplification, using the method of Sidikaro and
Nomura (19). Ethidium bromide was removed and the
DNA was dialyzed as described above.

S-30 extract preparation. The preparation of S-
30 extracts was initially that of Wild et al. (24). In later
experiments the following modifications were made.
Cells were grown to a final absorbancy at 660 nm of
1.8. Buffer III was used throughout, and cells were
lysed at the lower pressure of 6,500 lb/in”.

In vitro protein synthesis. In vitro protein syn-
thesis and B-galactosidase assays were performed as
described by Wild et al. (24).

Restriction endonuclease cleavage analysis.
All restriction endonucleases were purchased from
New England BioLabs. Endonuclease restriction
digestion was performed as described by Meagher et
al. (14). Agarose gel electrophoresis was performed by
the method of D. Finnegan (personal communication).
To make the horizontal gel (0.6 by 19 by 11.5 cm), 125
ml of 0.7% agarose in Tris-borate buffer (0.7 M Tris
base, 0.7 M boric acid, 25 mM EDTA; pH 8.0) was
used. Samples (25 pl) containing 10% glycerol plus
trace amounts of bromophenol blue and orange G
were allowed to enter the gel at 60 V for 20 min. The
voltage was then reduced to 30 V, and electrophoresis
continued at constant voltage until the orange G dye
reached the end of the gel. The gel was photographed
under short-wavelength UV illumination, using Tri-X
Pan film with a 4x red filter. The film was developed
for 9.5 min in Microdol-X.

Ligation of restricted DNA. Restricted DNA was
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ligated by the method of Murray et al. (15).
Transformation of DNA. E. coli K-12 was made
competent and transformed with DNA by the method
of Lederberg and Cohen (11).
Construction of pGMM52. pGMM52 was con-

structed by G. McCorkle by partial digestion of

pGMM201 with EcoRI followed by religation. The
ligation mixture was used to transform cells to tetra-

cveline resistance, thereby selecting for retention of

the large EcoRI fragment containing the tet genes, the

J. BACTERIOL.

origin of replication, and i/tA, represented by frag-
ments fA and fF in Fig. 1 and 2. pGMMS52 was isolated
by screening transformants for plasmid DNA and iden-
tifving an isolate that also retained fB (Fig. 1 and 2)
but had lost fragments fC, f D, and fE of chromosomal
DNA and fragment fG of pBR322 adjacent to fD.
Construction of pMD4. Recently, difficulties were
encountered in routinely preparing pure large-scale
lyvsates of ApilvC-lac-1 phage. To circumvent this
problem, we decided to clone the ilvC:lacZ fusion

TABLE 2. Plasmids used

Designation Description

pBR322 Wild-type plasmid bla™ tet*

pGMMI150 pBR322Q8[0.375kb:K-12 i/vC —5.88-
1.69kb(—)1"

pGMMI51  pBRi322Q9[0.375kb:K-12 ileC —5.88-
1.69kb(+)]

pGMM201 pBR322Q10[3.612kb:AA8Odilv iltAYC
—0.27-4.35kb(+)]

pGMMS52  pGMM201A1[tet-1leC 6.57-8.98kb]

pMD4 pBR322§231[0.029kb:K-12 ileAC2203::
Ap1(209) 4.8(K-12)-44.5(A)kb]”

pMD7 RP4Q1[34.7kb:K-12 ilcAC2203::Ap1(209)
4.8(K-12)-44.5(A)kb]

pMD8 pBR322Q33[0.375kb:AA80dilv tlvEDA 1.69-
12.25kb]

RP4 Wild-type, broad-host-range plasmid bla*

tet” Km'

Source or reference

Bolivar et al. (5)

Bglll fragment of K-12 chromosome carrving
1lvC inserted in BamHI site of pBR322 by
George M. McCorkle

Same fragment as in pGMM150 but in opposite
orientation

Formerly pGM201, McCorkle et al. (13)

Digestion of pGMM201 by EcoRI and religation
by George M. McCorkle

HindIll fragment of F16 carryving tlv(C2203::
Ap1(209) inserted in HindIII site of pBR322

HindlIll fragment from pMD4 inserted in HindIII
site of RP4

Bgl1I fragment of AA80Odilv inserted in BamHI
site of pBR322

Datta et al. (7)

ar

I'he chromosomal regions near the /v genes have been given coordinates based upon a zero point at the site

of the $80 DNA-i/v DNA junction in Ah80dilv (almost precisely at the terminus of the ilvC gene) (13). Positive
coordinates are thus to the rbs side of i/vC, and negative coordinates are to the metE side of ilvC (or in the left
arm of $80). (+) or (—) indicates that the orientations of the plasmid and bacterial genes, with respect to each
other, are the same as or opposite to, respectively, the way they are usually represented on their genetic maps.

" The fragment inserted at the HindlII site in the fet gene of pBR322 contained DNA extending from the
HindIIl site at 4.5 kb in i/cD through the i/vC-lac fusion to the A HindI1l site which is designated 44.5 kb on the
A vegetative map.

Vi 5{1 1Y ] VA3
AnBOdiv A JL_ e 1wy | wa 1 wD | mE
b '-‘VE' i $
pMD4 ——1 X‘é lac 2 } i vy ,: ilvA iuv[i}— pBR322
fE
qu] fC 8 | tA Vi
pGMM201 USH I BT LY A }L pBR322
M I' T V
pGMM52 Py T wvA T pBR322
|
omso Lo,
pMD8 pBR322 — ivY' E IvA E ivD E o

FiG. 1. Physical map of the ilvC-ilvD region. The figures are not drawn to scale. The structural gene
extremities (1) are shown as delineated by restriction endonuclease sites only. pGMM201, pGMM52, and
pMDS8 were all derived from Ah80dilv. pGMM 150 and pGMM 151 were derived from chromosomal DNA (G. M.
McCorkle and H. E. Umbarger, manuscript in preparation). The derivation of pMDA4 is described in the text.
Restriction sites are: EcoRI (), HindIII ($ ), Pstl (V), and BglI (V). Fusion sites between DNA of different
origins are marked by: ;.
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onto a plasmid and use this as a source of template
DNA. To ensure that all of the ilvC operator-promoter
region was cloned along with lacZ, we chose to clone
the ilvC::lacZ fusion from chromosomal DNA of strain
CU713 rather than ApilvC-lac-1. This procedure had

12 3456

Fi1G. 2. Restriction analysis of ilv plasmids. Plas-
mids were restricted with EcoRI plus Pstl (pBR322,
track 1; pGMM201, track 2; and pGMM52, track 3)
or EcoRI alone (pGMM150, track 4, pGMM 151, track
5; pMD8, track 6) for 2 h at 37°C and separated by
electrophoresis on a 7% agarose gel. The band des-
ignated E could be seen on the negative in tracks 2,
4, and 5 but is not reproduced in the print.

MAPPING OF ilvY 1017

the secondary advantage of cloning ilvA* along with
the fusion and thus provided a powerful means of
selection. The restriction endonuclease HindlIII does
not cleave DNA at any sites in ilvA or ilvC (13) or in
lac (1); so, given the order A-lac-ilvC’-ilvA in strain
CU713 (22), a HindIII fragment will contain all of the
ilvC::lacZ fusion, including the ilvC control region.

The ilvA-ilvC:lac fragment was isolated from
F’16ilvC::lac DNA (CU941) and cloned into pBR322,
using HindlIIL It was identified by transforming strain
CUS825 (ilvA454) to Ilv*. After purification, all Ilv*
Ap' transformants were found to be Lac™ Tc". One
such clone was kept, strain CU968, and the plasmid
DNA (designated pMD4) was isolated after chloram-
phenicol amplification. Restriction analysis of pMD4
shows that only one large fragment was cloned into
pBR322. This plasmid DNA was used as the template
for all subsequent in vitro protein synthesis experi-
ments.

RESULTS

iluC-directed B-galactosidase formation
by S-30 extracts prepared from several E.
coli strains. Several strains of E. coli were used
for the preparation of S-30 extracts and tested
for the capacity to support 8-galactosidase syn-
thesis in the presence of acetohydroxybutyrate
and the ilvC-lac template. Extracts prepared
either from strains bearing presumed point mu-
tations in ivE, ilvA, or tlvC or from strains
bearing intact ilv regions exhibited an acetohy-
droxy butyrate-induced formation of B-galacto-
sidase when DNA bearing the ilvC-lac fusion
was the template (Table 3). Although there were
differences between the synthetic capacities of
the various extracts, they were not specifically
related to the nature of the template, since the
extracts varied in their responses to the lacP
template as well.

In contrast, when the S-30 extracts were pre-

TABLE 3. In vitro protein synthesis of 3-galactosidase

Strain used for S-30 .
ilv genotype

B-Galactosidase formed*

ilv-lac directed

extract . b
lacP directed Acetohydroxybutyr-  Acetohydroxybu-
ate present tyrate absent
CU446¢ i* 1.15 0.017¢ 0.005
CU903 1lvE2050 2.37 0.012¢ 0.004
CU486 AilvC2060 1.35 0.056 0.007
CuU723 1lvC285 1.19 0.010° 0.002
CU653 AilvDA2076 0.72 0.011" 0.002
cus27 AiluDACI115 1.21 0.004¢ 0.004
CU452 AiluDACI115 0.82 0.002¢ 0.001
CuU838 AilvEDAC2049 1.09 0.002° 0.001

“ Change in absorbance (at 420 nm) per hour per milligram of protein.

» \h80c1857St68dlacP DNA as template.
“CUA446 is the rbs* parent of CU447 (21).
“Apilv-lac-1 DNA as template.

“pMD4 DNA as template.
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pared from strains bearing either the iltDACI15
deletion (strains CU452 and CU827) or the
1lvEDAC2049 deletion (strain CU838), acetohy-
droxybutyrate did not induce B-galactosidase
formation. That the failure to exhibit (/vC-di-
rected f-galactosidase synthesis is due to the
iltDACI115 deletion itself is shown by the fact
that the effect was demonstrated in two different
genetic backgrounds. Furthermore, a strain
bearing a deletion in the iltA genetic material
(ilvA454 [CU825] [24]), one in which at least
parts of both ilvD and iltA are deleted
(ilvDA2076 [CU653]), and one in which part of
the lvC gene has been deleted (ilvC2060
[CU486]) all exhibit an acetohydroxybutyrate-
dependent formation of B-galactosidase in the
presence of an (/vC-lac template.

Thus, strains CU827 and CU838 both lack a
factor required for the acetohydroxybutyrate-
dependent expression of /vC-directed S-galac-
tosidase that is found in isogenic strains carrying
/v point mutations. This by definition is a pos-
itive-control factor and shows that expression of
1[vC is under positive control.

Genetic location of the gene for the posi-
tive-control factor. The data presented above
show that the gene specific for the positive-con-
trol factor (ilvY) is deleted in strains CU827
(AtlvDACI15) and CUS838 (Ailv-2049). Prelimi-
nary mapping has determined that i(ltDACI15
probably deletes the entire ilvC gene and ex-
tends into tlvD. The ilv-2049 deletion starts
within ilvC and extends to (lvG (J. Noti and A.
Biel, unpublished data). As both deletions de-
stroy the i/vY function, the ilvY gene should be
located in the i/lvC-ilvD region. That the ilvY
function is not a regulatory activity of either the
1ltA gene or the i[vC gene itself is indicated by
the fact that deletions in either /A or ilvC do
not destroy /rY function (Table 3), nor did the

TABLE 4. Effect of il recombinant plasmids

J. BACTERIOL.

insertion of A and lac into lvC of the original
fusion strain (22). A more precise location of
1lvY was achieved by transforming strain CU827
with plasmids carrying portions of the /v cluster
and by examining the transformants for resto-
ration of iltY activity. The restoration of the
{[lvY function was accomplished by making S-30
extracts and testing for in vitro acetohydroxy-
butyrate-induced -galactosidase synthesis.

pGMM201 carries the Pstl fragment of ilv
DNA which carries part of i/lvD and all of (lvC
(Fig. 2) (13). This plasmid produces threonine
deaminase (iltA') and 1someroreductase
(ilvC") and restores acetohydroxybutyrate-de-
pendent inducibility to strain CU827 (ilcY")
(Table 4). This confirms our prediction that i/vY
lies in the ilvA-ilvC region.

pGMMS52 is an EcoRI-shortened derivative of
pGMM201. It retains iltA" but loses isomero-
reductase activity (i/cC). It also retains aceto-
hydroxybutyrate inducibility (:vY"). From this
result, we conclude that i/vY must lie either
between i/vC and ilvA or between ilvA and ilvD.
pMD8 carries the Bg/II fragment, which extends
from between ilvA and ilvC rightwards to a
point bevond /v in Ah80dile DNA. It produces
threonine deaminase (iltA') and dehvdrase
(ilvD") but does not restore inducibility to strain
CUB27 (ilvY). Therefore, iltY must lie between
tltA and ilvC.

pGMM150 and pGMMI151 both carry the
Bglll fragment complementary to that in
pMD8. It extends from between ilvA and ilvC
to beyond i/v and bevond the phage-bacterial
junction in A80dilv. These two plasmids have
the fragment inserted into the vector pBR322 in
opposite orientations. They produce isomero-
reductase (i/vC ") but do not restore inducibility
(1lvY') (Table 4). This eliminates any possibility
of i{tY being to the left of ilvC.

on the properties of strain CUS27 AilvDACL1S

Sp act” In vitro f-galactosidase synthesis’
Acetohydroxy acid syn- I lae divected
a0 . Acetohy- thase GlvB (lvHD Helac directec
. . Dihydroxy .
Plasmid Threonine N 7 droxy acid - - =
. acid dehy- . lacP di-
deaminase Isomero- Acetohy- Acetohy-
(tlrA) drase reductase rected droxvbu- droxvbu-
‘ e 5 +Valine ~Valine ' UxNhu
(@) tvrate tvrate ab-
present sent
None 0.0 0.0 0.0 17.8 129.4 0.454 0.0 0.003
pGMM201 24.3 0.0 768 5.5 5H.7 2.256 0.050 0.009
pGMM52 45.8 0.0 0.0 13.3 127.1 0.376 0.046 0.0
pGMM150 0.0 0.0 39.5 12.8 136.4 0.667 0.001 0.006
pGMMI151 0.0 1.4 93.9 12.8 154.4 1.547 0.0 0.0
pMD8 >2,900 310 0.0 10.2 141.5 0.354 0.002 0.003

“ Nanomoles per minute per milligram of protein in extracts of cells grown with limiting valine.
"Change in absorbance (at 420 nm) per hour per milligram of protein.

* Enzyme assaved in the presence of 1 mM L-valine.
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Two important observations can be made re-
garding these results. pPGMM150 and pGMM151
produce isomeroreductase but at an extremely
low level. This low level is due to the lack of
ilvY, which is necessary for efficient expression
of ilvC. pGMM201, which has both ilvC and
ilvY, produces isomeroreductase at a very high
level. The lack of ilvY expression from pMDS8,
pGMM150, or pGMM151 indicates that the
Bgl1l site between ilvA and ilvC must lie within
iy.

Physical location of ilvY. To locate i/lvY on
the ilv physical map, plasmids were digested
with Pstl and EcoRI endonucleases and com-
pared after electrophoresis on agarose gels.
pBR322 (Fig. 2, track 1) yielded two fragments
(fF and fG) upon digestion with PstI plus EcoRI.
These two fragments were also found in
pGMM201 (Fig. 2, track 2), which has the
ilvAYC fragment cloned into the Pstl site of
pBR322. pPGMM201 yielded five EcoRI ilv frag-
ments, two of which (fA and fB) are present in
pGMM52 (Fig. 2, track 3). fA and fB together
carry the complete coding sequences for ilvA
and ilvY, with fA specifying all of ilvA (G.
McCorkle, personal communication). pGMM-
150 and pGMM151 (tracks 4 and 5, Fig. 2) have
fragments fC and fE found in pGMM201. Frag-
ments fC and fE carry part of ilvC; fD in
pGMM201 and a different fragment in
pGMM150 and pGMM151 carry the remainder
of {lvC. This difference is due to the separate
derivation of zlv DNA in these plasmids. The
Bglll site used to construct pGMMI50,
pGMMI151, and pMDS8 lies within fB, close to
the adjacent fragment, f E. pMD8 shows fA but
not fB upon digestion with Pstl plus EcoRI
(data not shown). This BglII site is within ilvY
and must be close to one end of the coding
sequence. It therefore seems probable that fE
carries much of the {/vC control region and will
be the subject of further investigation.

pMD4. Analysis of the results presented
above shows that the ilvC-lac template DNA,
pMD4, must carry (lvY as it also carries tlvA.
Therefore, this DNA should show normal con-
trol of the ilvC-lac fusion in the ilvY strains
CU827 and CU838. To overcome problems of
plasmid copy number, the HindIII ilvC-lac fu-
sion fragment was cloned into the large low-
copy-number plasmid RP4, which has only a
single HindIII site. The resultant recombinant
plasmid was called pMD?7. Strains CU827 and
CUS838 were transformed with pMD?7, and Ap”
Tc" Km® clones were tested for inducibility on
lactose MacConkey agar. Strains CU827/pMD7
and CU838/pMD7 were Lac” only in the pres-
ence of the inducer acetohydroxybutyrate.
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These experiments provide final in vivo proof
that i/vY indeed lies between ilvA and ilvC.

DISCUSSION

Further study of the mechanism by which
acetohydroxy acids induce S-galactosidase in an
in vitro coupled transcription-translation system
with DNA containing the lac genes under con-
trol of the ilvC promoter has provided genetic
evidence for the obligatory involvement of a
positive-control element. This involvement was
revealed when it was observed that S-30 extracts
derived from two strains of E. coli containing
deletions in the ilvA-ilvC region were unable to
form B-galactosidase when ilvC-lac DNA was
the template. That the genetic deficiency might
be between ilvA and ilvC was indicated by the
finding that three smaller deletions (one extend-
ing from the ilvE gene only into, but not
“hrough, ilvA; another deleting only part of ilvA;
and the third deleting only part of ilvC) all
allowed retention of the capacity to support
acetohydroxybutyrate-dependent synthesis of
B-galactosidase. Final proof of the location of
the gene specifying the positive-control element
was shown by the fact that only plasmids con-
taining the entire region between ilvA and tlvC
were able to restore the capacity to form the
positive factor to the (lvDAC strain.

The gene specifying positive control has been
designated i/vY, and the positive-control ele-
ment itself is referred to as upsilon (v). Prelimi-
nary experiments indicate that upsilon is a mul-
timeric protein with approximately 35,000-dal-
ton subunits.

Of some interest, but not explained, is the fact
that thus far no evidence has been obtained for
the in vitro synthesis of upsilon itself. All of the
cemplates containing the ilvC-lac fusion also
contained ilvY. If upsilon had itself been formed
in vitro, the appearance of [-galactosidase
should have been delayed. The reason for this
failure is being explored.

In the course of examining the properties of
the cloned fragments of the ilv cluster in vivo,
we found that strains containing the ilvC-lac
fusion grew on lactose minimal agar supple-
mented with isoleucine and valine. Thus, even
when acetohydroxy acid synthase was both re-
pressed and inhibited, there was sufficient ace-
tohydroxy acid formed to allow induction. In
contrast, on a rich medium like MacConkey
lactose agar, exogenous acetohydroxybutyrate
had to be added to produce the Lac™ phenotype.
A merodiploid of the ilvC::lac/ilvC* type grew
prototrophically on lactose minimal medium but
was Lac~ on MacConkey lactose agar even in
the presence of exogenous acetohydroxybutyr-
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ate. The probable reason for this paradoxical
behavior is that the isomeroreductase formed by
the intact i/vC’ gene (and induced by acetohy-
droxybutyrate) removed the inducer and also
prevented f-galactosidase induction. ilvC::lac/
i1/vC merodiploids are Lac' on MacConkey agar.
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