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The cysB region of Salmonella typhimurium was cloned in pBR322 and
localized to a 1.75-kilobase HincIl fragment. Two-dimensional protein electro-
pherograms showed levels of the cysB polypeptide chain that were several fold
higher in plasmid-bearing strains than in the wild type. Fully derepressed levels of
sulfite reductase and 0-acetylserine sulfhydrylase in cysB plasmid-bearing strains
were only 25% higher than in the wild type, suggesting that the product of this
regulatory gene ordinarily is not a limiting factor in the expression of the cysteine
regulon. The mapping of cysB deletions by Southern blots showed a good
correlation between the genetic and the physical maps of this gene. The supX gene
was initially cloned with cysB and is within 0.7 kilobase of cysB.

Gene expression in the cysteine regulon of
Salmonella typhimurium and Escherichia coli is
positively regulated by the cysB gene product
(17, 18). cysB consists of a single cistron (3, 33)
that codes for a polypeptide chain with a molec-
ular weight of 39,000 in E. coli (25) and 34,500 in
S. typhimurium (1). Little is known of the nature
of the cysB protein and the mechanism by which
it effects the expression of various genes in the
cysteine regulon. Two other factors whose ac-
tivities have not been defined, the inducer 0-
acetyl-L-serine and the repressor L-cysteine (or
sulfide), are also involved in the genetic regula-
tion of this pathway (17, 18).
The purification of the cysB protein would

help considerably in the further characterization
of this regulatory system. Since this protein
comprises less than 0.1% of the total cell protein
in S. typhimurium (1), we attempted to enrich
cells for it by introducing the cysB gene into a
multicopy plasmid. In this communication we
report (i) the cloning in pBR322 of the cysB gene
of S. typhimurium, (ii) a detailed restriction
endonuclease map of the cysB region, and (iii) a
correlation of this map with a genetic map of
various cysB deletions.

MATERIALS AND METHODS
Strains and culture media. The bacterial strains used

are listed in Table 1. Minimal medium (34) contained
an equimolar amount of MgCl2 in place of MgSO4,
glucose at 5 g/liter, appropriate amino acids at 0.2 mM,
and 0.1 mM L-cystine, 1 mM Na2SO4, or 1 mM
glutathione as a sulfur source. LB medium and M9
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medium were used as indicated previously (27). When
required, ampicillin and tetracycline were present at
50 and 40 mg/liter, respectively; solid medium con-
tained 1.5% agar.
Enzyme assays. The preparation of crude extracts

from bacterial cells and our assay for 0-acetylserine
sulfhydrylase activity have been described previously
(18). Sulfite reductase was assayed by the method of
de Vito and Dreyfuss (5), and protein was determined
by the biuret method (10) with bovine serum albumin
as a standard.
DNA purification. For large amounts of purified

plasmid DNA, bacteria were grown at 37°C in M9
medium supplemented with 0.2% Casamino Acids,
and at a cell density of 6 x 10" to 8 x 108/ml,
chloramphenicol was added to a final concentration of
150 mg/liter. After 12 to 16 h of further incubation,
bacteria were harvested by centrifugation, and lysates
were prepared as described by Kupersztoch-Portnoy
et al. (19). After the addition of CsCl to a density of
1.55 g/ml and ethidium bromide to a concentration of
0.15 mg/ml, the solution was centrifuged at 40,000 rpm
for 48 h at 20°C in Beckman 70 Ti rotor. The band of
plasmid DNA was removed through the side of the
centrifuge tube with a needle and syringe, extracted
with CsCl-saturated isopropanol to remove ethidium
bromide, and dialyzed exhaustively against TE buffer
(20 mM Tris-hydrochloride [pH 7.4], 1 mM disodium
EDTA). When necessary, DNA was precipitated at
-20°C with 2 volumes of ethanol, collected by centrif-
ugation, and dissolved in a smaller volume of TE
buffer. For the preparation of chromosomal DNA, the
method of Marmur (24) was used through the first
ethanol precipitation step. The DNA from ca. 1 g (wet
weight) of bacteria was then dissolved in 5 to 10 ml of
TE buffer and further purified by CsCl density gradient
centrifugation with ethidium bromide as described
above for plasmid DNA purification.

Cloning techniques. Plasmid pBR322 DNA and ei-
ther chromosomal DNA from the hisG70 strain or
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TABLE 1. Bacterial strains used in this study
Strain Description Origin or reference

E. coli
JA199 AtrpES leu-6 thi rbs+ r- mk J. Carbon
NK1 AtrpES leu-6 thi cysB rbs+ r- mk This laboratory from JA199
NK12 AtrpES leu-6 thi cysB rbs+ r- mk(pGBKl) Transformation of NK1
NK13 AtrpES leu-6 thi cysB rbs+ r- mk(pGBK2) Transformation of NK1
NK14 AtrpES leu-6 thi cysB rbs+ r- mk(pGBK3) Transformation of NK1
NK37 AtrpES leu-6 thi cysB rbs+ r- mk(pGBK13) Transformation of NK1

S. typhimurium
hisG70 hisG70 12
cysB403 cysB403 28
DUl leu-409 trp Azar r- R. Burns
PM247 leu-SOO ara-9 A(trp-supX34) 2
DW48 cysB1352 trpA160 18
DW353 leu-500 pyrF146 A(supX-cysBl7S3) 3
DW354 leu-SOO pyrFl46 A(supX-cysBl7S4) 3
DW356 leu-SOO pyrF146 A(supX-cysBl 756) 3
DW357 leu-500 pyrF146 A(supX-cysBl757) 3
DW360 leu-SO0 pyrF146 A(trp-supX-cysBl760) 3
DW361 leu-500 pyrF146 A(supX-cysBl76l) 3
DW362 leu-SO pyrF146 A(supX-cysBl762) 3
DW363 leu-500 pyrF146 A(supX-cysBl763) 3
DW364 leu-SOO pyrF146 A(supX-cysBl764) 3
DW365 leu-SOO pyrF146 A(supX-cysBl765) 3
DW367 leu-500 pyrFI46 A(supX-cysBl767) 3
DW377 leu-500 pyrF146 A(trp-supX-cysBl769) This laboratory as a sponta-

neous Leu+ Trp- Cys-
revertant of leu-SOO

DW400 leu-S50 pyrF146 A(supX-cysB1767)(pGBK3) Transformation of DW367
DW403 cysB1352 trpAI60(pGBK2) Transformation of DW48
DW409 leu-409 trp AzaT r-(pGBK3) Transformation of DUl
DW414 cysB403(pGBK3) Transformation of cysB403

purified DNA fraginents were separately digested with
restriction endonucleases and then mixed at a plasmid
DNA concentration of 20 pg/mi and either an equal
mass of purified fragment or five times as much
chromosomal DNA. Ligation with T4 DNA ligase was
accomplished overnight at 4°C (4). Transformation
was performed as described by Kushner (20) for E.
coli strains and as described by Lederberg and Cohen
(21) for S. typhimurium strains. Transformants were
analyzed for plasmid DNA by the method ofMeyers et
al. (26).
Resticton eouease analyses of DNA. Restric-

tion endonucleases were purchased from Bethesda
Research Laboratories and used according to the
recommendations of the manufacturer. Digests were
electrophoresed on 0.7 to 1.5% agarose gels in Tris-
acetate buffer (40 mM Tris base, 20 mM acetic acid, 2
mM disodium EDTA [pH 8.1]) at 6 V/cm for analytical
vertical gels or 2 V/cm for preparative horizontal gels.
Bands of DNA fragments were visualized under UV
light with ethidium bromide and compared with those
of fragments of known size obtained from a Hindlll
digest of A DNA or a HaeIII digest of +X174 DNA.
Horizontal gels were used for the purification ofDNA
fragments. DNA was obtained from NaCI04-solubi-
lized gel slices by the glass fiber filter method of Yang
et al. (35).
Two-dimensonal protein gels. Overnight bacterial

cultures were diluted 1/50 into 10 ml of fresh minimal

medium containing 2 ,Ci of a mixture of 14C amino
acids per ml. Cells were collected by centrifugation at
late-log-phase growth and analyzed for radiolabeled
cysB protein by a modification (1) of the two-dimen-
sional gel technique of O'Farrell (29).
Southern blot analyses. Restriction endonuclease

digests of genomic DNA (0.5 to 2 jLg) or plasmid DNA
(0.005 to 0.02 ,ug) were electrophoresed in 3-mm-thick
agarose gels and transferred to nitrocellulose filters by
the method of Southern (31). After baking for 2 h at
80°C, the filters were rinsed in 3x SSC (1 x SSC is 0.15
M NaCl plus 0.015 M sodium citrate) and hybridized
by a modification of the method of Jeffreys and Flavell
(16) to DNA that had been 32p labeled by nick transla-
tion (23). After a final wash with 0.1 x SSC containing
0.1% sodium dodecyl sulfate, filters were rinsed with
3x SSC, dried, and autoradiographed by exposure to
Kodak X-Omat AR Mfim for 1 to 48 h.

RESULTS
Isolation of plasmids carrying the S. typhimur-

ium cysB gene. Initial efforts at cloning the S.
typhimurium cysB gene in the EcoRI site of
pBR322 were unsuccessful. Since the corre-
sponding E. coli gene is known to function in S.
typhimurium (13), we anticipated that there
might be enough DNA sequence homology be-
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tween the cysB genes of these two organisms to
observe hybridization. We used as a probe a
previously constructed plasmid, pJOH1 (J. Os-
trowski, unpublished data), which consists of a
3-kilobase (kb) Sall-EcoRI fragment of E. coli
DNA bearing the cysB gene inserted into the 3.7-
kb SalI-EcoRI segment of pBR322. Purified
pJOH1 was radiolabeled with 2p by nick trans-
lation and hybridized under stringent conditions
to Southern blots of genomic DNA from the S.
typhimurium hisG70 (cysB+) and DW353
(AcysB) strains that had been digested with
various restriction endonucleases. Hybridiza-
tion was noted, which was about 10% as intense
as that obtained with a control sample of E. coli
DNA. Differences in fragment sizes between the
DNAs of the hisG70 and DW353 strains indicat-
ed that the E. coli probe was in fact hybridizing
to S. typhimurium cysB DNA. Of the five re-
striction enzymes tested (AvaI, BamHI, Eco RI,
HindIII, and SalI), only SaiI gave fragments of
less than 10 kb, and this enzyme was selected for
cloning of the S. typhimurium cysB gene.
Genomic DNAs from the hisG70 strain and

pBR322 were digested separately with Sail, and
after ligation, the mixture was used to transform
E. coli NK1 (cysB) to cysteine prototrophy. A
single Cys+, ampicillin-resistant (Ap%), tetracy-
cline-sensitive (Tets) colony was obtained,
which was found to carry a 15.7-kb plasmid
consisting of pBR322 and three Sail fragments
of 1.15, 2.7, and 7.5 kb. This plasmid, designated
pGBK1, was found to transform NK1 to both
Cys+ and Apr with high efficiency and was
presumed to carry the cysB gene of S. typhimur-
ium.

Restriction endonuclease digestion of purified
Sail fragments and of pGBK1 itself showed that
the 7.5-kb fragment lies between the 1.15- and
2.7-kb fragments with the orientation shown in
Fig. 1. Purified pGBK1 was used as a probe for
Southern blots of Sall-digested genomic DNA
from the hisG70 and DW353 strains. The expect-
ed three hybridization bands were found for
hisG70 DNA, but in the case of DW353 DNA,
only the 1.15-kb fragment and a new fragment of
about 9 kb were noted. Since the supX-cysB
deletion in DW353 leads to the loss of both the
2.7- and 7.5-kb Sall fragments, it seems most
likely that they are continguous in the genome
and that their presence in pGBK1 is due to
incomplete SalI digestion of the genomic DNA
used in the construction of this plasmid. Other
data (see below) indicate that the 1.15-kb SalI
fragment is not contiguous with the 7.5-kb frag-
ment in genomic DNA.

Purified Sall fragments from pGBK1 were
ligated with Sall-digested pBR322, and these
mixtures were then used to transform NK1.
Cys+ transformants were obtained only from
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FIG. 1. Plasmids pGBK1, pGBK2, pGBK3, and
pGBK13. The pBR322 portion of each plasmid is
represented by a bold line. Certain restriction sites are
given to indicate the orientation of fragments. Abbre-
viations: Rl, EcoRI; Sal, Sail; P, PstI; H2, HincII.

ligation mixtures containing the 2.7-kb fragment.
Restriction analyses of six such transformants
confirmed that each carried pBR322 with the
2.7-kb SalI insert, and in five transformants the
orientation of this fragment relative to pBR322
was found to be identical to that of pGBK1. One
such plasmid was chosen and designated
pGBK2. The plasmid containing the 2.7-kb Sall
fragment with the opposite orientation was des-
ignated pGBK3 (Fig. 1).
Genomic mapping of A(supX-cysB) strains

(see below) indicated that cysB should be locat-
ed mainly, if not entirely, between the PstI and
SstI sites in the 2.7-kb Sall fragment. The pres-
ence ofHinclI sites just outside the PstI and SstI
sites prompted us to clone this 1.75-kb Hincll
fragment (purified from pGBK3) in pBR322,
using blunt end ligation to the two HinclI sites of
this vector. Cys+ transformants of NK1 were
obtained from this ligation, and they proved to
carry the expected HinclI fragment. One such
plasmid was designated pGBK13 and has the
orientation shown in Fig. 1.

Plasmids carrying cysB were introduced into
the r- S. typhimurium strain DUl by transfor-
mation. Cleared lysates (26) from Apr transfor-
mants were then used to transfer these plasmids
with good efficiency to other S. typhimurium
strains to study various in vivo effects.
Demonstration of the cysB protein in plasmid

strains. The presence of S. typhimurium cysB
protein in plasmid-bearing strains was confirmed
by two-dimensional protein electrophoresis, the
only assay yet described for this protein (1). A
crude extract of 14C-labeled proteins from the
A(supX-cysB) strain DW353 was compared with
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those of wild-type S. typhimurium and of
DW353 carrying either pGBK1, pGBK2, or
pGBK3. In the case of each plasmid-carrying
strain, a cysB protein "spot" with a molecular
weight of 34,500 and an isoelectric point of 7.1
was noted, which was not found in DW353 itself
and which was identical in position to the spot in
the wild type that is known to be the cysB
polypeptide chain (1). A cysB protein spot also
was present in extracts of NK37 (carrying
pGBK13), but was absent in its parent, NK1.
Extracts from strains carrying other pBR322-
derived plasmids did not give this spot. The
intensity of the cysB spot was estimated to be
severalfold greater in the plasmid-carrying
strains than in the wild type.

Presence of supX on pGBK1. When strain
NK12 was plated on nonselective medium, 96%
of the colonies were found to have lost the
pGBK1 plasmid. This high rate of segregation
was not observed with strains carrying pGBK2,
pGBK3, or pGBK13. Similar instability has
been noted for plasmids carrying the E. coli
supX gene (J. C. Wang, personal communica-
tion), which codes for DNA topoisomerase I;
and since this gene is located near cysB, it
seemed likely that pGBK1 might carry supX.

S. typhimurium DW353 carries the leu-SO
mutation, yet is Leu+ owing to its supX muta-
tion. Transformation of DW353 with either
pGBK1, pGBK2, or pGBK3 gave Cys+ colo-
nies, which in the case of pGBK2 and pGBK3
remained Leu+. With pGBK1, however, a Cys+
Leu- phenotype was obtained, indicating the
presence of a supX+ gene on this plasmid.
Although we were unable to subclone the 7.5-kb
Sall fragment of pGBK1, other data (see below)
indicate that it contains at least a portion of
supX.
Comparison of genetic and restriction maps of

the cysB region. Genetic analyses of certain cysB
deletion strains and various point mutation'
have allowed the division of the cysB gene of S.
typhimurium into 12 deletion segments (3). All
begin at the supX side of cysB and extend
various distances into cysB. The shortest dele-
tion defines deletion segment I, and deletions
extending successively further into cysB define
segments II through XII. It seemed of interest to
compare these genetic data with those obtained
from restriction analyses of this region. South-
ern blots of DNA from A(supX-cysB) strains
were prepared after restriction with various en-
donucleases, and the DNA was then hybridized
to probes prepared from pGBK1, pGBK3, or
purified Sall fragments of pGBK1.
Analyses of the restriction patterns given by

DNA from 12 different cysB deletion strains
showed that in every case both the PstI site of
the 2.7-kb fragment and the SalI site joining the

2.7- and 7.5-kb fragments were missing. Map-
ping of the supX deletion of the cysB+ strain
PM247 places supX, at least in part, in the 7.5-kb
fragment and to the left of cysB (Fig. 2). The
deletions varied in size from 0.7 kb to greater
than 10.2 kb and could be grouped into three
different categories according to the persistence
or loss of certain restriction sites in the 2.7-kb
fragment. The five deletions known from genetic
analyses to extend the shortest distances into
cysB from the supX-cysB junction, i.e., those
defining segments I through V, were found to
retain the HaeIII site located 0.7 kb from the
Sall site that joins the 2.7- and 7.5-kb fragments
(Fig. 2). Thus, these five deletions must include
a portion of the cysB gene no greater than 0.35
kb, i.e., the distance between the HincII site at
0.35 kb and the HaeIII site at 0.7 kb. DNA from
those strains defining deletion segments VI, VII,
VIII, and IX was found to lack this same HaeIII
site but retained the Bgll site located 1.1 kb into
the 2.7-kb Sall fragment. DNA from strains
defining the regions X and XI to XII lacked this
Bgnl site but retained the SstI site located 1.75
kb from Sall (the deletion strain originally used
to define the junction between segments XI and
XII has been lost). The deletion in DW367 does
not complement any of 38 point mutations tested
(3) and yet falls short of the SstI site, suggesting
that this site lies beyond the supX-distal end of
cysB. The deletion in DW377 seems to encom-
pass the entire 2.7-kb Sall fragment, as well as
all of the 7.5-kb SalI fragment. Thus, although
fine detail is not yet available in the physical
map, restriction analyses of DNA from these
deletion strains correlate with the genetic data.
They also demonstrate a close proximity of cysB
to supX, since both activities are lost by the 0.7-
kb deletion in DW361.
Use of the restriction endonucleases indicated

in Fig. 2 allowed us also to describe the position
of the supX side of each deletion. These end-
points were quite variable, in one case extending
less than 0.1 kb into the 7.5-kb Sall fragment and
in two others extending all the way through this
fragment. In all strains analyzed, the 1.15-kb
SalI fragment was present, which in the case of
the large deletions in DW360 and DW377 indi-
cates that this small fragment is not contiguous
to the 7.5-kb fragment in genomic DNA and that
its presence in pGBK1 is due to a multiple
ligation event in the in vitro construction of the
plasmid.

Expression of the cysteine regulon in S. typhi-
murium strains carrying cysB plasmids. Full
expression of 0-acetylserine sulfhydrylase and
sulfite reductase in cells grown on a limiting
sulfur source such as L-djenkolate requires a
functional cysB gene product, and levels of these
enzymes in most cysB strains grown under such
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FIG. 2. Physical map of the supX-cysB region of S. typhimurium as determined from analyses of Southern
blots from A(supX-cysB) strains. At the top is a restriction map of the 10.2-kb region of pGBK1 believed to exist
in the genome as contiguous 7.5- and 2.7-kb SalI fragments. Abbreviations: Sal, Sail; Sst, SstI; Ava, AvaI; Hpa,
HpaI; Bgl, BglI; Rl, EcoRI; H2, HincII; P, PstI; Hae, HaeIII. Additional HaeIII sites in the 2.7-kb SalI
fragment are present at 0.05, 0.15, 2.15, 2.35, and 2.6 kb. HaeIII sites were not determined for the 7.2-kb Sall
fragment. The extent of various deletions is also shown. Unambiguous loss ofDNA is indicated by a straight line
which is extended as a wavy line to show the maximum possible loss. These strains define deletion segments that
extend from supX (to the left) various distances into cysB (to the right). Strains DW353 to DW360 define deletion
segments I to V; DW361 to DW365 define deletion segments VI to X; DW367 covers all 38 cysB single-site
mutations tested (3).

conditions are only 1 to 2% those of the wild
type (18). The introduction of pGBK3 into cysB
strains restored O-acetylserine sulfhydrylase
expression to normal in the case of the cysB403
derivative DW414 and nearly to normal in the
A(supX-cysB) strain DW400 (Table 2). Similar
results were obtained with sulfite reductase
expression (data not shown).
Comparison of O-acetylserine sulfhydrylase

activities in the cysB+ strain DUl with those in

its pGBK3 derivative DW409 showed higher
levels in the latter, which had 25% more enzyme
during growth on L-djenkolate and 112% more in
sulfate-grown cells.
The mutation cysB)352 is remarkable for its

ability to confer constitutive expression of the
cysteine regulon in cells grown on L-cystine (18).
The introduction of pGBK2 into this strain low-
ered O-acetylserine levels in cells grown on L-
cystine to 20o that of the parental strain and

TABLE 2. O-Acetylserine sulfhydrylase levels in cysB plasmid strains
O-Acetylserine sulfhydrylase (U/mg of protein) with

Strain Pertinent genotype following sulfur source:

L-Cystine Sulfate L-Djenkolate

DUI cysB+ 0.4 13.6 26.5
DW409 cysB+ (pGBK3) 0.5 28.8 33.2
cysB403 cysB <0.2
DW414 cysB403 (pGBK3) 0.3 10.7 28
DW367 A(supX-cysB) <0.2 <0.2
DW400 A(supX-cysB) (pGBK3) 0.5 13.7 14.3
DW48 cysBI352 17 35.2
DW403 cysB1352 (pGBK2) 3.4 10.9

"A - .%F. - .00-- - -- -- -
//
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also decreased the level of enzyme in L-djenko-
late-grown cells to about 30%o that of the paren-
tal strain (Table 2).

DISCUSSION
The presence of three different genomic Sail

fragments in pGBK1 appears to be due to both
incomplete endonuclease digestion and a multi-
ple ligation event that occurred in the construc-
tion of this plasmid. Since Southern blot analy-
ses ofDNA from wild-type S. typhimurium and
various A(supX-cysB) strains indicate that only
the 2.7- and 7.5-kb fragments are contiguous in
the genome, it is this 10.2-kb portion of cloned
DNA that is relevant to the study of the genetic
organization of the cysB region.
When this DNA segment is oriented arbitrari-

ly, as in Fig. 2, the cysB gene itself lies toward
the right in the 2.7-kb fragment, more specifical-
ly in the 1.75-kb region bounded by HinclI sites.
Genetic mapping data have, shown that supX is
situated near the trp side of cysB in S. typhimur-
ium (8, 22). Gene mapping by Southern blot
analyses and the fact that pGBK1 carries supX,
whereas the 2.7-kb portion of pGBK1 does not,
indicate that supX must be located, at least in
part, on the 7.5-kb Sall fragment. It follows that
the gene order in Fig. 2 should be trp supX cysB,
but we have not ascertained whether the 7.5-kb
fiagment carries any trp genetic material. Previ-
ous studies of E. coli have shown that the cysB
promoter is on the trp-proximal side (15), and if
the same is true in S. typhimurium, cysB is
transcribed from left to right as oriented in Fig.
2.
We have successfully cloned the purified 2.3-

kb PstI-Sall portion of the 2.7-kb Sail fragment
into the Sall-PstI segment of pBR322 (data not
shown). The transformation of NK1 with this
plasmid gave Cys+ colonies that grew very
slowly on sulfate plates but at a normal rate on
plates supplemented with L-Cystine. Colonies
that grew normally on sulfate plates were occa-
sionally obtained that seemed to have arisen
from more slowly growing colonies. Both slowly
and rapidly growing colonies were found to
carry pBR322-derived plasmids with the same
2.3-kb SalI-PstI insert, and transformation of
NK1 with plasmid DNA from rapidly growing
colonies gave rise again mostly to slowly grow-
ing colonies (data not shown). We surmise from
these experiments that cysB is expressed, but
only poorly, from the 2.3-kb SalI-PstI fragment
and that one end of cysB, probably the promot-
er, may lie near the PstI site. The rapidly
growing colonies observed after transformation
may be due to mutations in the host genome that
improve the expression of cys genes in a situa-
tion in which cysB protein is limiting. The addi-

tional leftward 0.05 kb of DNA present in the
HincII fragment of pGBK13 gives very good
cysB gene expression, as evidenced by a normal
growth rate on sulfate medium and cysB protein
levels greater than those of the wild type as
determined by two-dimensional protein gels.
The data summarized in Fig. 2 offer additional

insight into the exact position of cysB in the 2.7-
kb Sall fragment. The first five trp-proximal,
genetically defined segments of this gene (3) are
included within the 0.35-kb fragment bounded
by the HincII site at 0.35 kb and the HaeIII site
at 0.7 kb. Segment XII, and presumably segment
XI as well, is in the fragment between the Bgll
site at 1.1 kb and the SstI site at 1.75 kb. We
estimate, therefore, that the trp-proximal end of
cysB is -located at 0.35 to 0.5 kb into the 2.7-kb
Sall fragment, perhaps just beyond the PstI site,
and since the 34,500-dalton cysB protein would
require ca. 1 kb of coding sequence, that the trp-
distal end of cysB is at 1.4 to 1.5 kb into this
fragment.

Southern blot analyses have also helped to
localize the supX gene in this 10.2-kb segment of
DNA. The 0.7-kb deletion in DW361 removes
the SalI site at 0.0 kb and the HaeIII site at 0.7
kb and therefore cannot extend more than about
0.05 kb into the 7.5-kb Sail fragment. The supX
genotype of DW361 means that the cysB-proxi-
mal end of supX is near this Sail site and may
even lie within the first 0.4 kb of the 2.7-kb
fiagment. Furthermore, the A(supX-trp) deletion
in the cysB+ strain PM247 removes an HpaI site
at -2.8 kb, but not aBglI site at -1.9 kb (Fig. 2).
Therefore, supX extends at least 1.9 kb, the
distance between Sall at 0.0 and the Bgll site at
-1.9 kb. If the supX-coded topoisomerase of S.
typhimurium is similar in subunit mass to that
characterized in E. coli (9), ca. 3 kb of DNA
would be required to code for its 110,000-dalton
polypeptide chain.
The increased cysB copy number expected in

strains carrying the relatively small (5- to 7-kb)
pBR322 derivatives pGBK2, pGBK3, and
pGBK13 lead to only a severalfold increase in
levels of cysB protein, as judged by two-dimen-
sional protein gel analyses. Recent studies indi-
cate that cysB gene expression is autoregulated
in E. coli (15), and the same phenomenon may
explain the relatively modest increases in the
amounts of cysB gene product in our plasmid
strains.
The introduction of pGBK2 or pGBK3 into

cysB strains restored the regulation of O-acetyl-
serine sulfhydrylase and sulfite reductase to a
nearly normal state. The 50%o reduction in fully
derepressed enzyme levels noted in DW400 may
have been due to a nonspecific, pleiotropic
effect of the supX character of that strain (7, 8,
11), since in the supX+ strain DW414, enzyme
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regulation was perfectly normal. Of interest in
this regard are recent studies showing that E.
coli supX strains accumulate mutations affecting
DNA gyrase activity and that such secondary
mutations are required for normal growth (6,
30). Presumably, the excess negative DNA su-
perhelicity caused by a supX mutation is detri-
mental to cell growth and function. It should
also be noted that the cysB strains tested were
derived from the LT2 strain of S. typhimurium,
and the cysB gene that we have cloned is from
the LT7 derivative hisG70 (12). Small genetic
differences between these two parental strains
have been described (32) and might account for
the variability of enzyme levels in our plasmid-
bearing strains.
Extra cysB gene copies gave slight increases

in O-acetylserine sulfhydrylase levels in a cysB+
host, suggesting that the expression of this en-
zyme in the wild type is only marginally limited
by the amount of cysB gene product. In contrast,
the introduction of pGBK2 into the cysBC strain
DW48 resulted in diminished O-acetylserine
sulfhydrylase levels. A previous study with a
cysBC(F' cysB+) merodiploid strain did not show
such an effect, suggesting that there is no appre-
ciable negative control by the wild-type cysB
gene product (14). The different results obtained
here may have been due to higher ratios of
cysB+ to cysBc in DW403. The native cysB
protein appears to be at least a dimer and
perhaps a tetramer (1, 14), and oligomers com-
posed of mixtures of cysB+ subunits and cysBc
subunits might behave more like a pure cysB+
protein. In this case, the constitutive expression
of 0-acetylserine sulfhydrylase would be attenu-
ated by a plasmid carrying cysB+. The regula-
tory behavior noted in DW403 might also be due
to the autoregulation of the genomic cysBc allele
by the product of the plasmid cysB+ allele.
Although cysB gene products are elevated

only severalfold in strains carrying our cysB
plasmids, these initial studies have been useful
in defining the boundaries of this gene. This
information should enable us to attach a high-
efficiency promoter to cysB and eventually to
create a strain with high enough cysB protein
levels to allow easy purification. In addition, our
detailed restriction map should prove to be
useful in formulating strategies for sequencing
the cysB region.
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