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The construction of a plasmid carrying the i1cC::/acZ fcision is described. This
plasmid provides a convenient socirce of template deoxyr ibonucileic acid for use in

an in vitro protein-synthesizing system. We screened strains deleted in regions of
the ilt/ cluster for their abilitv to support i/iC-dependent /3-galactosidase synthe-
sis. The fact that two deletions prevented ,B-galactosidase production indicated
that i/1cC expression is under positive control. By use of plasmids carrying the
positive-control factor structural gene i/cY. we were able to restore lprotein-
synthesizing ability to these strains. These plasmids also enabled cis to map i/c Y

between i/clA and i/zC.

In Escherichia coli four enzynmes fornm valine
frtom pyruvate. T'he saiiie four enzymes also
produce isoleucine from (--ketobutyrate, which
in turn is producecl by a fifth enzyme, threonine
cleaminase. Genes specifying the isoleucine-va-
line biosynthetic enzymes form a cluster at 83
min on the E. coli K-12 genietic map (3). i/FE,
1/1'D, and i/cA form an operon under multivalent
control by isoleucine, valine, and leucine. 11/iG
specifies the valine-resistant isoenzyme of ace-
tohydroxy acid synthase and is only expressed
in /ltO mutants. i/lcO lies between i/E,E and i/lcG
and is thought to be a regulatoryv locus for
i1tEDA (20). The acetohydroxy acid synthases
that are expressed in i/ O+' strains are spiecified
by the iltHI and i/RB genes which are unlinked
to the ilt cluster. All of the above-mentioned
structural genes are repressible by the end prod-
ucts of branched-chain amino acid biosvnthesis.

'I'he remaining structural gene, i/i C, specifies
isomeroreductase and is unusual in being in-
dLcied by its substrates, acetohydroxybbutyrate
anid acetolactate (2). The regulation of i/cC is
completely independent of mciltivalent repres-
sion (17). To date, no regulatory niLtations af-
fecting i/zC expresssion ha've been descIibecl. An
ihlrY locus, postulated to have a positive-control
role in induction of the i/rC' gene, was thought
to be altered by the 11/ Y466 mutatioii (16). How-
ever, the abnormial phenotype has sintce been
shown to be due to at least two mutations,
u/c1A466 and i/cC2004 (John Smith, personal
comncinication).
To aid our understanding of the i/cC regula-

tory mechanisms, an i/'CW::/acZ fusion sti-ain was

t'Present address: lnstvtt Bliochemii Biofizvki PAN, (2-
5).32 Warsaw lPolaid.

prepared by the technique of Casadaban (6) anid
Smith and IlTmbarger (22). Fronm this strain, the
Xl)ill/C-lac- I phage was derived (24). This phage
provided efficient template DNA for i/l(-di-
rected synthesis of /3-galactosidase in an in vritro
protein-synthesizing system. tUsing this and a
modified template, we demonstrate that ll/cC is
under positive control and that the gene (il'Y)
spec'ifying the positive-control factor (upsilon
protein) is located between i/cC and i/bA.

MATERIALS ANI) METHODS

Bacterial strains and plasmids. All bacterial
str'cainIS Used wer-e derivatives of E. co/'i K- 12. TIhe
bacterial strains usecd and their sources are listetd in
Table 1. TlAhe plasmids used anti their sotUrCes are listed
in 'Table 2
Media and growth conditions. Tlhe mle(diumii of

Davis andl Mingioli (8), modifiedl 1w an onmissioll of
citrate ain(d ani increase in the glu(osse concentration to
() r5%, was tIse(l as a niinimirial growth me(iulrn. Neces-
sar'v' supplemeiits verile added in the followitng final
clncentrations: all amino acidis, 50 jtgml/ni; and(l all vi-
taminls, I pg/nml. L-hroth was usedl as the ricth imiedium
(4). For solid niedia, agar (Dif(o ILaboratories) at a

fiinail concent ration of' .i was add(le(l to the above-
mentioned mIiedia. Antibiotics Weci use(i at fiinal col-
centrattions of': ampicillin (Ap), 50 utg/ ml; kanamvcin
(Kmi), 1t0) ttg/ iml; and(i tetricycline (Ic), 1)) fJg/iml.
Transduction. Bachteriiphagc Il cnmclt100) Aas

useed f(or genieralizedt transductions1P1icm I'lysates 'were
prepared by heat induction and tised in transductions
by the met hodi of' Rosner (18)l
Enzyme assays. Cells were grown in millinimal me-

(la with linliting valine. Growth conditions, prepara-
tioni of' cell extracts, and enzym,rnie assaYs were according
to Smith et al. (20). Enznime activities are eXp)ressedl
as iiaiiomioles of p)roduct f'oirmle(d or substrate Used per'
mliniute per inilligrarmi of' proteil.

Isolation of plasmid DNA. Plasmid l)NA f'or cise

1()1



MAPPING OF illY 1015

TABLE 1. E. coli strains used

Strain Genotype

AB2944 F IvC285 his-4 trp-3 rpTsL
CSH26 ara thi A(proAB-tac)

CU344 F AiLvDACllS gatT12 X

CU447 rbs-221 thi arg trp Atac

CU452 AiZvDAklh5 thi arg trp Atac

CU482 rbs-221 teu-454

CU483 AiIvEDAC2049 teu-455

CU486 itvC2060 thi arg trp Atac

CU504 F rbs-221 leu-455 gatTit2 A

CUSO5 A? yvEJAC2049 teu-455 gatTl2

CU520 rbs-221 retE201 teu-455 gaIT12 X

CU527 F AivyEDAC2049 metE201 teu-455 gaTT12 A

CU532 F t.!vE2t50 Zei4-455 taZT12 X

CU564 F16 itv+/a;itZE2050 arm thi t(proAB-lac)
CU577 F lmrS rnetE201 teu-455 gatTi S2

CU578 F Ai7ZEDAC.2049 qmSq leu-456 jalT12 X

CU636 F16 i7v /yiZvEEAI..2049 gZr%t leu-4i5 gaTMl X

CU653 .;itvDA2076 ara t52i A(proAF-tac)

CU697 rbs-221 metE201 ara tni A(proAB-7ac)
CU713 -'CTav09: :Spl(209) ara tnit AQroAAS-lac)

CU723 ilvC285 ara thi A(proAB-lac)

CtL311 llf rlyi 7v "209f :: XcI857J-zm7?' 515 519x:saam6

CU825 .':1,A4L14 rbs-M22 ara rkit (y'roAB-Iac)

CU827 Tit',9A l5 ara t-i A(TroAB-ac)
CU829 OlfrH >z'yDA22)49 tShi (Jaa' att X U%io uvrB)

CU838 Ai !E9A7t,39049v ara ;.i A(proAB-tac)

CU9 02

CU90 3

CU906

CU918

CU941

CU968
CU1014

Elll

aa2vE2 aS) tt.i arc, tr; A-ac X

A-tZ arg tr' A +

F16 i7't /titAEDACt049 aa2 ttac A(proAB-lac)
F16 tilv/tAilz)EDAC2049 ara tKia A(proAAB-ac) XS

F16 v>m.'2209::Apl(209)/tA-.>FDACTO49 ara thai t(proASS-lac)

pMD4i/LvA454 rbs-T2C ara thi A(proAB-Zac)
iZvC462 teu-454

F gZmS gaZE rpsL

Source or Reference

Duggan and Marsh (12)

Cold Spring Harbor Laboratory

Kline et al. (10)

Smith et al. (21)

Smith et al. (21)

P1 transduction of CU1014 with CU829 as donor by John M.
Smith

P1 transduction of CU482 with CU829 as donor by John M. Smith

Wild et al. (24)

Smith et al. (20)

P1 transduction of CU504 with CU483 as donor by John M. Smith

Smith et al. (21)

P1 transduction of CU520 with CU829 as donor by John M. Smith

Smith et al. (21)

Episomal transfer from CU72 to CU505 by John M. Smith

P1 transduction of CU527 with Elll as donor by John M. Smith

P1 transduction of CU577 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 iZvC2083: :Xpl(209)

P1 transduction of CU697 with AB2944 as donor by John M.
Smith

Wild et al. (24)

P1 transduction of CU697 with CU1008 as donor by John Noti

P1 transduction of CU697 with CU344 as donor by John Noti

Spontaneous survivor of (U811 at 420C isolated by John M.

Smith

Pl transduction of CU697 with CU505 as donor by Timothy D.
Leathers

P1 transduction of CU447 with CU532 as donor

X lysogen of CU902

Episomal transfer from CU636 to CU838 by John M. Smith

X lysogen of CU906
+ P1 transduction of CU918 with CU713 as donor

Ilv transformant of CU825 with pMD4 DNA

Wasmuth and Umbarger (23)

Wu and Wu (25)

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/in2.

In vitro protein synthesis. In vitro protein syn-

thesis and /l-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 ,l) 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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1016 WATSON, WILI), AND UTMBARGER

ligated by the method of Murray et al. (15).
Transformation of DNA. E. coli K-12 was made

competent and transformed with DNA by thenmethod
of Lederberg and Cohen (II).

Construction of pGMM52. pGMM52 was con-
structed by G. McCorkle by partial digestion of
pGMM201 with EcolRl followed by religation. The
ligation mixture was used to transform cells to tetra-
cycline resistance, thereby selecting for retention of
the large EcoRI fragnmenit containinig the tet genes, the

origin of replication, and i/iA, represented by frag-
ments fA and f F in Fig. 1 and 2. pGMM52 was isolated
by screening transformants for plasmid I)NA and iden-
tifving an isolate that also retained fB (Fig. I and 2)
but had lost fragments fC, f I), and fE of chromosomal
DNA and fragment fGI of pBR322 adjacent to fD).
Construction of pMD4. Recently, difficulties were

encountered in routinely. preparing pure large-scale
lysates of ?pillaC-l- phage. To circumvenit this
problem, we decided to clone the i/WC::lacZ fusion

TABI,E 2. Plasmidls o(scd
Desigrnat ion Descript io(n

pBR$322 Wild-type plasmid bla+ tet'
pGMM15) pBR322M8[0.375kb:K- 12 i/lC -5.88-

1 .69kb(- )1

pGMM 151 pBR322S29[0.375kb:K- 12 il/ (-5.88-
1.69kb(+)]

PGMM201 l)Blt3225210)[3.(1 2kb:Xh8Udi/z i/tuA YC
-0.27-4. 35kb(+)]

pGMM52 )GMM20I1AI[tet-i/C 6.57-8.98kb1

p)MD4 pBR322S231[0.()29kb:K-12 i/tAuC2203::
Al)(209) 4.8(K-12)-44.5(X)kb`

pMD, RP421[34.7kb:K- 12 i1uhACz2203: :ApI(209)
4.8(K- 12)-44.5(N)kbI

pMD8 pBR322233[0..375kbAh8Odi/ciluEDA 1.69-
12.25kb]

RP4 Wild-type, broad-host-range plasmid bla+
tet' Km

Source or refererae
Bolivar et al. (5)
BglII fragment of K-12 chromiiosoome carrying
i/C inserted in BaomHI site of p)BR322 bv
George M. McCorkle

Same fragment as in pGMM 15) but in opposite
orientatilon

Formerly pIGM201, McCorkle et al. (13)

I)igestion of pGMM2t(1 by EcoRI and religation
by George M. McCorkle

HindIII fragnmenit of F1i carrYing i/c(C2203::
pl(209) inserte(l in Hind(III site of pBR322

HindIll fragment from pMD4 inserted in HindIlI
site of RP4

Bg/lI fragment of \hStdi/t inserted in BamHI
site of pBR322

l)atta e t al. (,7)

The chromosomal regions near the ilt/ genes have been given coordinates based upon a zero l)oint at the site
of the 80 DNA-i/c D)NA junction in Ah80di/v (almost preciselv at the terminus of the i/cC gene) (13). IPositive
coordinates are thus to the r-bs side of i/cC, and negative coordinates are to the metE side of i/tC (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 HindlIl site in the tet gene of pBR:322 contained DNA extending from the
HindlIl site at 4.5 kb in i/1cD through the i/C-lac fusioni to the A HindIII site which is designated 44.5 kb on the
A vegetative map.

V71 IIl Vt

kh80dilX l ilvC ilvY ilvA ilvD ilvEXh8Odilv III Y Iv ---ly
ilvC'

pMD4 X lacZ ilvY ilvA ,ivd pBR322
f E

VfD fC II fB I fA 7

pGMM2Ol
f

iC vY IlvA f F pBR322

pGMM52 lIvY livA pBR322

pGMM150
pGMM151 --- C pBR322

v
pMD8 pBR322 ivY ilvA IvD

Fi(;. 1. Physical macp of the i/lC-il/l) region. The figures aoe not draun to scale. The structural gene
extremities ( ) are shown as delineated by restriction endlonu/lease sites onpv. 1G(MM201, pGMM52, andl
pMD8 were all deriued from Xh80dil/. pGMMI50 and pGM,MJ51 were /ericed fiotmi chromosomal DNA (G. M.
McCorkle an(d H. E. 1Cm brarger, manuscript in preparation). The derication ofpMD4 is described in the text.
Restriction sites are: EcoRI (0(, HindIIII ( ), Pstl (V), and Bg/II (V). Fusion sites between DNA of different
originls arec marked bv: 1.

J. BACTERIOL.



MAPPING OF ilvY 1017

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 XpilvC-lac-1. This procedure had

FIG. 2. Restriction analysis of ilv plasmids. Plas-
mids were restricted with EcoRI plus PstI (pBR322,
track 1; pGMM201, track 2; and pGMM52, track 3)
or EcoRI alone (pGMM150, track 4; pGMM151, track
5; pMD8, track 6) for 2 h at 37°C and separated by
electrophoresis on a 7%1c 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.

the secondary advantage of cloning ilvA+ along with
the fusion and thus provided a powerful means of
selection. The restriction endonuclease HindIlI does
not cleave DNA at any sites in ilvA or ilvC (13) or in
lac (1); so, given the order X-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 HindlIl. It was identified by transforming strain
CU825 (i1vA454) to llv+. After purification, all Llv+
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
ilvC-directed fl-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 ilvE, ilvA, or ilvC or from strains
bearing intact ilv regions exhibited an acetohy-
droxy butyrate-induced formation of /8-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,B-galactosidase

/(-Galactosidase formed"

Strain used for S-30 ilu genotype ilt-lac directed
extract lacP

genotype acPdirected Acetohydroxybutyr- Acetohydroxybu-
ate present tyrate absent

CU446' ilv+ 1.15 0.017" 0.005
CU903 ilvE2050 2.37 0.012e 0.004
CU486 Ail1C2060 1.35 0.056' 0.007
CU723 ilvC285 1.19 0.010' 0.002
CU653 AilvDA2076 0.72 0.011' 0.002
CU827 AvilvDAC115 1.21 0.004c 0.004
CU452 AilvDAC115 0.82 0.002" 0.001
CU838 AilvFDAC2049 1.09 0.002e 0.001

"Change in absorbance (at 420 nm) per hour per milligram of protein.
'Xh8OcI857St68dlacP DNA as template.
CU446 is the rbs+ parent of CU447 (21).

" Xpilv-lac-l DNA as template.
pMD4 DNA as template.
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1018 WATSON, WILl), ANI) UMBARiGER

pared from strains bearing either the il/DACI15
deletion (strains CU452 and CU827) or the
i/c1EDAC2049 deletion (strain CU838), acetohy-
droxybutyrate did not induce /3-galactosidase
formation. That the failure to exhibit i11C-di-
rected /3-galactosidase synthesis is due to the
i/ctDAC115 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 i/ctA genetic material
(i/uA454 [CU825] [24]), one in which at least
parts of both i/bD and il/cA are deleted
(i11/DA2076 [CU653]), and one in which part of
the i/cC gene has been deleted (/1tC2060
[CU4861) all exhibit an acetohydroxybutyrate-
dependent formation of [3-galactosidase in the
presence of an i/lC-lac template.

Thus, strains CU827 and CU838 both lack a

factor required for the acetohydroxybutyrate-
dependent expression of i/cC-directed /3-galac-
tosidase that is found in isogenic strains carrving
il/? point mutations. This by definition is a pos-

itive-control factor and shows that expression of
illC 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 (i/1Y) is deleted in strains CU827
(AilcDAC115) and CU838 (Ailt-2049). Prelimi-
nary mapping has determined that ilhDACI15
probably deletes the entire i/cC gene and ex-

tends into ihcD. The i/u-2049 deletion starts
within i/cC and extends to iluG (J. Noti and A.
Biel, unpublished data). As both deletions de-
strov the i1tY function, the i/cY gene should be
located in the i/cC-i/cD region. That the i/1tY
function is not a regulatory activity of either the
i/1cA gene or the i/cC gene itself is indicated by
the fact that deletions in either i/cA or i/rC do

not destroy illcY function (Table 3), nor did the

insertion of A and lac into illC of the original
fusion strain (22). A more precise location of
lit, Y was achieved by transforming strain CU827
with plasmids carrying portions of the ile cluster
and by exanmining the transformants for resto-
ration of illtY activity. The restoration of the
iltY function was accomplished by making S-3(0
extracts and testing for in vitro acetohydroxy-
butyrate-induced /B-galactosidase synthesis.
pGMM201 carries the PstI fragment of illt

I)NA which carries part of iluD and all of i7W
(Fig. 2) (13). This plasmid produces threonine
deaminase (i1tA+) and isomeroreductase
( iWC ') and restores acetohydroxybutyrate-de-
l)endent inducibilitv to strain CU827 ( hlY')
(Table 4). This confirms our prediction that ill Y
lies in the ll/A-i1W region.
pGMM52 is an EcoRI-shortened derivative of'

pGMM201. It retains i1WA5 but loses isomero-

reductase activity (i/lC). It also retains aceto-
hvdroxybutyrate inducibility ( i/PY+). From this
result, we conclude that lWY must lie either
between i/cC and il/A or between ll/cA and ll/cD.
I)MD8 carries the BgllI fragment, which extends

fronm between i/cA and i/cC rightwards to a

point beyond iil in Xh8Odilt DNA. It produces
threonine deaminase (i/cA ) and dehvdrase
(hilD') but does not restore inducibilitv to str-ain
C(U2827 (/1t Y). TI'herefore, iltvY must lie between
llt/A and i/vC.
pGMM150 and pGMM151 both carry the

Bglll fragment ctomplementarv to that in

pMD8. It extends from between i/tA and i/cC

to beyond /il and beyond the phage-bacterial
junction in Xh8Odill. I'hese two plasmids have
the fragment inser ted into the vector pBR322 in

opposite orientations. They produce isomero-
reductase (i1cC ) but do not restore inducibilitv
(i/uYY) (Table 4). This elinminates any possibility
tIf il/l'Y being to the left of i/cC.

TABI,F. 4. Effect of il/ Yecolombinlanlt plasm ids otl thecpioloJetics of strain ( l827 dilI),AC 115
Sp actl'' 51 10 /t-glIa(t osidase snt hesis

AcetlivdrioXv ati SC 1t-

D)ihvdroxv Acetohv- thacse luBi/lu/11)
Plasnci Threonine dhdroxv acid -- -

deamt-1nse d isonteero- lacP)di Acttoh- Acttoh-drase rectOldO/1.4) reductase droant-Nn rvhed(tOXV dirtxvhtt-
i/t'D) trateIIiate (It)-

prle senlt sent

Nonie (.0 0.0 0.0 17.8 129.4 0.454 (0). 0.0(3
pGMM201 24.3 0.0 7068 5.5 55.7 2.25i 01)500.009
pGMM52 45.8 0.0 0. 13.3 127.1 (.376 0.1)40 0.0
pGMM150 (0.0 (.0 :39.5 12.8 136.4 10.0067 0.0(0)1 0.000
pGMM1510.0 1.4 9 3.9 12.8 154.4 1.547 ().( 0.0
pM )8 >2,90(0 310 0.0 10.2 141.5 (1.354 0.1(02 0.0 3

Nanomoles per minute per milligramii of proteill in ext racts of cells growni with limilting valiln(.
Chanige in absorhance (at 420 rwni) per houLr per milligrami of proteill.
Enzvme asssaved in the presence of 1 miM i.-valille.

,J. BACTE HIOL
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Two important observations can be made re-
garding these results. pGMM 150 and pGMM 151
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 iluC and
iltY, produces isomeroreductase at a very high
level. The lack of ilvY expression from pMD8,
pGMM150, or pGMM151 indicates that the
BglII site between ilvA and iluC must lie within
ilv1 Y.
Physical location of ilvY. To locate ilvY on

the ilii physical map, plasmids were digested
with PstI 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
iltuAYC fragment cloned into the PstI site of
pBR322. pGMM201 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 iluC. This difference is due to the separate
derivation of ilu DNA in these plasmids. The
BglII site used to construct pGMM150,
pGMM151, and pMD8 lies within fB, close to
the adjacent fragment, fE. pMD8 shows fA but
not fB upon digestion with PstI plus EcoRI
(data not shown). This BgllI site is within lIlY
and must be close to one end of the coding
sequence. It therefore seems probable that fE
carries much of the ilvC control region and will
be the subject of further investigation.
pMD4. Analysis of the results presented

above shows that the ilLC-lac template DNA,
pMD4, must carry ilvY as it also carries ilvA.
Therefore, this DNA should show normal con-
trol of the iluC-lac fusion in the ilvY strains
CU827 and CU838. To overcome problems of
plasmid copy number, the HindIl ilC-lac fu-
sion fragment was cloned into the large low-
copy-number plasmid RP4, which has only a
single HindIIL site. The resultant recombinant
plasmid was called pMD7. Strains CU827 and
CU838 were transformed with pMD7, and Ap'
Tcr 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.

These experiments provide final in vivo proof
that iltY indeed lies between ilvA and iluC.

DISCUSSION
Further study of the mechanism by which

acetohydroxy acids induce ,8-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 /3-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 iluE gene only into, but not
'hrough, ilvA; another deleting only part of ilLA;
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 iluA and iliC
were able to restore the capacity to form the
positive factor to the ilvDAC strain.
The gene specifying positive control has been

designated ilvY, 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
templates containing the iltC-lac fusion also
contained iltv Y. If upsilon had itself been formed
in vitro, the appearance of ,B-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 ilut cluster in vivo,
we found that strains containing the iluC-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/il1tC 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. Tlnhe probable reason for this paradoxical
behavior is that the isomeroreductase formed bv
the intact ilzC' gene (and induced by acetohv-
droxybutyrate) removed the inducer and also
prevented /3-galactosidase induction. il'C::lac/
iluC merodiploids are Lac' on MacConkey agar.
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