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Cloning and Expression of a Gene Segment Encoding the Enzymatic
Moiety of Pseudomonas aeruginosa Exotoxin A
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Using the broad-host-range plasmid vector pRO1614, we cloned a segment of the gene from Pseudomonas
aeruginosa PA103 encoding the enzymatically active part of the exotoxin A protein. Expression of the cloned
gene segment has been achieved both in Escherichia coli and in a nontoxigenic P. aeruginosa host, as assayed by
the production of exotoxin A-related antigen and by the ability of the gene product to ADP-ribosylate
elongation factor 2. Western blot hybridization analysis revealed a series of polypeptides antigenically related
to exotoxin A, the largest of which had a molecular weight of ca. 50,000.

Pseiudomonas aeriuginosa exotoxin A, a protein of ca.

68,000 molecular weight secreted by many strains of P.
aerluginosa (2, 28), may be a virulence factor of this species
(9, 19, 36), which in recent years has emerged as one of the
most common organisms acquired by hospital infection. The
mode of action of exotoxin A closely parallels that of
diphtheria toxin (26), causing' the arrest of protein synthesis
within the cytoplasm of mammalian cells by catalyzing the
covalent attachment of the ADP-ribosyl moiety of NAD+ to
elongation factor 2 (EF-2), thus inactivating EF-2 and killing
the cell (14, 35). Other aspects of the mechanism of exotoxin
A action are less well understoood, specifically, how that part
of exotoxin A comprisinig the active site is transported
through a membrane barrier into the cell cytoplasm.
There is also a broader interest in understanding the

cytocidal mechanisms of protein toxins such as exotoxin A,
because they can be used to construct hybrid toxins that may
have clinical applications. Hybrid toxins are prepared by
attaching a natural toxin, or part of a natural toxin, to a

component that binds to a specific cell surface receptor (for
example, a monoclonal antibody), thereby directing the
toxin to attack only those cells bearing the chosen receptor
(25). We report here the cloning of a segment of P. aeeruigin-
osa chromosomal DNA encoding a part of exotoxin A that
contains the enzymatically active site. The availability of the
gene for exotoxin A should facilitate the production of
structural variants of the protein that will be useful in
structural-functional studies of exotoxin A action and in
constructing new hybrid toxins.

MATERIALS AND METHODS

Bacterial strains and plasmids. HB101 is a hsdS20 recA/3
ara-14 proA2 lac YI galK2 rpsL20 xyl-5 intl-l sitpE44 A- F-
Escherichia coli K-12 strain without restriction activity (3).
PA103 is a prototrophic, high-exotoxin-A-producing strain
of P. aeruginosa (18). Several derivatives of PAO1, another
wild-type toxigenic P. aeriuginosa strain, were also used:
PA0286, a met-28 trp-6 mutant (32); PA0949, a thr-9001 cys-
59 piur-67 mutant (29); and GMA253, a cys-5605 his15075
mutant (22, 31). The broad-host-range vector plasmid
pRO1614, able to replicate in either P. aeriuginosa or E. coli,
is described by Olsen et al. (24); pRO1614 is a pBR322
plasmid with an approximate 1.85-kilobase-pair (kbp) seg-

ment inferred to be the replication control segment of RP1
inserted into the PstI site. It thus carries the carbenicillin and
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tetracycline resistance determinants and cloning sites of
pBR322, including the unique BamHI cleavage site within
the tetracycline resistance (tet) gene. The chromosome-
mobilizing R-plasmid R68.45 used in mapping studies of
Pseudomonas sp. has been described previously (10, 11).
Media. Nutrient agar contained (per liter) 25 g of Oxoid

nutrient broth no. 2, 5 g of Difco yeast extract, and 12 g of
agar. TSBD medium was prepared as described by Iglewski
and Sadoff (15), deferrated with CaCI, and supplemented
with 0.1 M monosodium glutamate and 1% glycerol. Solid
TSBD was prepared by adding agarose (SeaKem) to 1.2%.
Minimal glucose medium has been previously described (13)
and was supplemented with amino acids and nucleotides,
each to a concentration of 20 ,ug/ml. Where appropriate,
disodium carbenicillin was added to a concentration of 300
,ug/ml.

Isolation and mapping of the Tox- mutant MAM2. An
exotoxin A-deficient (Tox-) mutant of P. aeruiginosa was
isolated after mutagenesis of strain PA0286 with nitroso-
guanidine (1). This mutant, MAM2, was initially identified
because it did not produce material that cross-reacted with
anti-exotoxin A antibodies (CRM- phenotype) as assayed
by the Elek test (2), an immunodiffusion assay for secreted
bacterial proteins. The mutation in MAM2 responsible for
the CRM- phenotype was mapped as described by Haas and
Holloway (10, 11) as follows. The chromosome-mobilizing
R-factor plasmid R68.45 was transferred to MAM2 by conju-
gation, and plate matings were then performed with
MAM2(R68.45) as donor and various auxotrophic PAO
strains as recipients. Recombinants that were prototrophic
for various markers were selected on appropriately supple-
mented minimal glucose media, and coinheritance of the
CRM- phenotype with the selected nutritional marker was
scored by the Elek test. In each cross, 100 recombinants
were tested.
Cloning procedures and filter immune assays. Plasmid and

chromosomal DNA was isolated as described by Olsen et al.
(24). Restriction endonuclease cleavage and electrophoresis
on polyacrylanmide and agarose gels were carried out as

described previously (6). Chromosomal DNA from P. (rae-
ginosa PA103 was partially digested with Sait3A (New
England Biolabs), and a DNA fraction enriched for 10- to 15-
kbp fragments was obtained after centrifugation of the
digested DNA through a 10 to 40% sucrose gradient. This
DNA fraction was ligated to BainHI-cleaved (Boehringer-
Mannheim Biochemicals) pRO1614 vector DNA with T4
DNA ligase (New England Biolabs), using a 20:1 ratio (wt/
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wt) of chromosomal to vector DNA. E. (oli H13101 was

transformed with the ligated DNA mixture essentially as

described by Cohen et al. (8). (For transformation of P.
aeruginosa strains, the procedures of Olsen et al. [24] were

used). Cbr transformants were selected on nitrocellulose
filters (HATF; Millipore Corp., 82 mm) placed on TSBD
plates. Dilutions of the transformation mixture were spread
to give 3,000 to 10,000 Cb' colonies per filter. The plates
were incubated for ca. 20 h at 30°C, at which time replica
filters were made essentially as described by Young and
Davis (37). The original and replica filters were then reincu-
bated at 30°C for ca. 2 h to allow the colonies to regenerate,
after which the colonies on the original filter were lysed in
situ with sodium hydroxide (neutralized), and the proteins
were fixed to the filters by baking at 60'C for 2 h, all by the
methods of Meyer et al. (23). The filters were then preincu-
bated in a solution of 3% immunoglobulin-free bovine serum

albumin (BSA; Sigma Chemical Co.) in TBS buffer (150 mM
NaCl, 50 mM Tris [pH 7.5]) at 37°C for 2 h, after which anti-
exotoxin A immunoglobulin G (ammonium sulfate fraction
of rabbit antiserum raised against purified exotoxin A as

described by Vasil et al. [35]) was added to a concentration
of 100 pg/ml, and incubation was continued at room tem-
perature with gentle agitation for ca. 18 h. The filters were

then washed extensively in six changes of TBS containing
0.1% sodium dodecyl sulfate (SDS) in the first wash and then
again preincubated in BSA-TBS as described above. Staphy-
lococcus aiureius protein A (Sigma), labeled with 125I by using
lodo-beads (Pierce) as described by Markwell (21), was then
added to a concentration of 106 cpm/ml (specific activity = 9
x 106 cpm/,ug), and the filters were incubated at room
temperature with gentle agitation for 1 to 4 h. The filters
were then washed as described above, and autoradiography
was performed.
For verification of original isolates as antigen positive,

areas from the replica filters carrying the putative clones
were excised, and the bacteria were suspended in 0.85%
NaCl. The bacterial suspensions were streaked onto nutrient
agar plates containing carbenicillin and incubated overnight
at 30°C. Bacteria from single colonies were then inoculated
to nitrocellulose filters on supplemented TSBD plates with
carbenicillin, incubated overnight at 30°C, and tested for
exotoxin A-related antigen by the method described above.
Western blot hybridization analysis. Exotoxin A-related

polypeptides expressed by antigen-positive transformants
were examined by Western blot analysis (5). Cultures (50 ml)
were grown to a density of ca. 5 x 108 cells per ml in
supplemented TSBD medium plus 300 pug of carbenicillin per
ml. Bacteria were pelleted by centrifugation at 4°C and
suspended in 2 ml of ice-cold 50 mM Tris (pH 7.6). The
suspensions were sonicated in an ice bath, and cell debris
was removed by centrifugation in an Eppendorf microcentri-
fuge at 4°C. Next, 8 pg of DNase I (Sigma) and 24 pug of
RNase A (Sigma) were added, and incubation was carried
out for 10 min at 4°C. Samples (25 pI) were removed, mixed
with 25 RIl of 2x Laemmli (17) SDS sample buffer, boiled for
1 min, applied to a 10% polyacrylamide gel (17) containing
1% SDS with a 3% stacking gel, and electrophoresed for 8 h
with 20 mA of constant current. The gel was rinsed with
distilled water and soaked in a solution containing 20%
methanol, 20 mM Tris, and 150 mM glycitle (pH 8.3). The
proteins were then transferred to a nitrocellulose sheet
(BA85; Schleicher & Schuell, Inc.; 0.45 pm) in blot buffer
with an E.C. Electroblot apparatus at 400 mA for 18 h at 4°C.
After transfer, the nitrocellulose was rinsed with distilled
water and stained with amido black (0.1% in 45% methanol-

10% acetic acid) (34) for 1 min to visualize molecular weight
standards (Sigma). The nitrocellulose was then rinsed with
TBS buffer at room temperature until completely destained
(ca. 30 min) and then preincubated in a solution of 3%
immunoglobulin-free BSA in TBS at 37°C for 1 h with gentle
agitation. Anti-exotoxin A immunoglobulin G was then
added to the BSA solution to a concentration of 11 ,ug/ml,
and incubation was continued at room temperature with
agitation for 2.5 h. After incubation, the nitrocellulose sheet
was washed three times for 15 min each with a solution of 10
mM Tris (pH 7.4), 150 mM NaCl, 0.2% Nonidet P-40, 0.1%
SDS, and 0.25% sodium deoxycholate; rinsed with TBS; and
again preincubated in 3% BSA for 10 min at 37°C. After
preincubtion, 125I-labeled S. aloreus protein A was added to
a concentration of 106 cpm/ml, and incubation was continued
for 45 min at room temperature with agitation. The nitrocel-
lulose was washed as above and dried, and autoradiography
was performed to visualize polypeptides that reacted with
anti-exotoxin A antibodies.

Assay of EF-2 ADP-ribosylating activity. Bacterial cell
extracts were prepared by sonication as described above.
EF-2 from wheat germ was prepared according to Chung and
Collier (7). ADP ribosylation of EF-2 was assayed by a
modification of the procedures of Chung and Collier (7) as
follows. Samples (60 [LI) of bacterial extract (310 p.g of
protein), exotoxin A (0.2 pig), or fragment A of diphtheria
toxin (7.6 pug) in 10 mM Tris buffer (pH 7.5) were mixed with
60 p.l of 8 M urea in 10 mM Tris buffer (pH 7.5) plus 2%
dithiothreitol. The samples were incubated for 15 min at
24°C to activate the ADP-ribosyl transferase activity of
exotoxin A; 20 p.l of the activated samples were mixed with
50 p.l of EF-2 in 125 mM Tris buffer (pH 8.2) plus 0.2 mM
EDTA and 100 mM dithiothreitol. The reaction was initiated
by the addition of 25 puM ['4C]NAD+ (291 mCi/mmol;
Amersham Corp.). After incubation at 240C for 1 h, the
samples were placed on squares of Whatman 3MM paper
that had been pretreated by soaking in 5% trichloroacetic
acid and dried; paper squares containing the samples were
immersed in 5% trichloroacetic acid for 20 min, rinsed in
95% ethanol, dried, and assayed for radioactivity with a
liquid scintillation counter.

RESULTS AND DISCUSSION
Chromosomal DNA from P. aerluginosa PA103 was par-

tially digested with Sau3A, and fragments of ca. 10 to 15 kbp
were separated by sucrose gradient centrifugation. This
chromosomal DNA fraction was ligated to BamHI-cleaved
pRO1614. The ligated DNA was added to competent E. coli
HB101 cells, and the resulting mixture was spread onto
nitrocellulose filters placed upon nutrient agar plates con-
taining carbenicillin to select for transformants.
The Cb' transformant colonies arising after overnight

growth at 30°C were lysed in situ, and the proteins were heat
fixed to the nitrocellulose filters. Transformants expressing
exotoxin A-related antigens were identified by means of the
filter immune assay, employing anti-exotoxin A antibodies
and I251-labeled S. aureus protein A. Antigen-positive clones
were obtained at a frequency of ca. 10-3 of transformants
containing chromosomal DNA itserts (Cbr TcO); one such
experiment yielded clone 56C1, which was retested for the
antigen-positive phenotype (Fig. 1, rows A and B) and
analyzed in detail. The recombinant piasmid found in clone
56C1 has been designated pRC345.

Digestion of pRC345 with BamHI produced nine frag-
ments ranging in size from 0.16 to 6.4 kbp (data not shown).
The order of the fragments (Fig. 2A) was determined from
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FIG. 1. Identification of antigen-positive clone 56C1 by the filter
immune assay. Row A (left to right): first three spots, P. aeruginosa
PA103; second three, P. aeruginosa PA0286. Row B: first three, E.
coli HB101(pRC345); second three, HB101(pRO1614). Row C: first
three, MAM2(pRC345); second three, MAM2(pRO1614).

digestion of pRC345 with EcoRI, or double digestion with
EcoRI and BamHI, and by BamHI cleavage of the indepen-
dent EcoRI fragments isolated by electroelution. The total
size of the PA103 chromosomal DNA insert was 17.7 kbp,

the largest BamHI fragment was concluded to represent the
pRO1614 vector. This vector DNA fragment was 0.2 kbp
larger than pRO1614, since it was found to carry a chromo-
somal Sau3A fragment at one end as determined by cleavage
with BamHI and AvaI. This would be expected since ligation
of Sau3A to BamHI restriction fragments always regener-
ates Sau3A recognition sites, but only occasionally regener-
ates BamHI recognition sites.
The nature of the immunologically reactive protein syn-

thesized by clone 56C1 was investigated by Western blot
hybridization analysis (Fig. 3). HB101 carrying pRC345
produced a collection of polypeptides antigenically related to
exotoxin A. The largest of these polypeptides had a molecu-
lar weight of ca. 50,000. If this polypeptide is the primary
translation product, then pRC345 apparently does not con-
tain the entire exotoxin A coding sequence. The smaller,
immunologically reactive polypeptides observed are pre-
sumed to arise from proteolyic digestion of the 50,000-
molecular-weight polypeptide.
The nature of the exotoxin A-related polypeptides pro-

duced by pRC345 when present in the P. aeruginosa Tox-
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FIG. 2. BamHI and EcolkI restriction maps of plasmids encoding
exotoxin A-related polypeptides. The thin lines represent the vector
pRO16i4, and the thick lines represent PA103 chromosomal DNA.
The symbols , and | indicate EcoRI, BamHI, and Sau3A
recognition sites, respectively (only one terminal Sau3A site on the
insert and vector DNA being shown). Restriction fragment sizes are
shown in kbp and were determined from cleavage analysis as
discussed in the text. The arrow between the 0.47- and 0.16-kbp
fragments indicates that their relative order is not established. The
location of the AvaI and PstI sites and the sizes offragments shown
in parentheses are derived from previously published data of
pBR322 (33) and pRO1614 (24). (A) pRC345; (B) pRC346.

mutant MAM2 was also investigated. In addition to possess-
ing a CRM- phenotype as assayed by the Elek test, MAM2
produced little, if any, intracellular exotoxin A-related anti-
gen as determined by the filter immune assay (Fig. 1, row C)
or Western blot hybridization. The rmutation in MAM2
responsible for the CRM- phenotype appeared to be in the
exotoxin A structural gene; the CRM- phenotype of MAM2
was demonstrated to be 25 and 5% linked, respectively, with
the pur-67 and hisI markers on the P. aeruginosa PAO
chromosome (29) by genetic mapping with the chromosome-
mobilizing R-factor R68.45. No linkage (<1%) was found
between the CRM- phenotype of MAM2 and thr-9001. This
locates the Tox- mutation in MAM2 in the same region of
the chromosome as the toxAl mutation of Hanne et al. (12),
which defines the exotoxin A structural gene.
MAM2 carrying pRO1614 showed no immunologically

reactive proteins in the Western blot hybridization analysis,
whereas MAM2 carrying pRC345 produced a collection of
exotoxin A-related polypeptides similar to that seen in
HB101 (pRC345) (Fig. 3). Presumably, the primary transla-
tion product is recognized as an abnormal protein in both E.
coli and P. aeruginosa and is subject to proteolytic attack in
both hosts.
The exotoxin A-related protein encoded by pRC345 pos-

sessed enzymatic activity, even though the protein ex-
pressed from the clone was not full-size exotoxin A and was
apparently subject to proteolysis. Table 1 shows results of an
assay for the EF-2 ADP-ribosylating activity of cytoplasmic
fractions from E. coli or P. aeruginosa host cells carrying
pRC345. Cytoplasmic fractions, rather than culture superna-
tants, were assayed for enzymatic activity since neither
HB101(pRC345) nor MAM2(pRC345) appeared to secrete
exotoxin A-related antigen as assayed by the Elek test (data
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FIG. 3. Western blot hybridization analysis of exotoxin A-relat-
ed polypeptides expressed by clone 56C1. Lanes: 1, purified exotox-
in A (0.2 jig); 2, E. coli HB101(pRO1614); 3, HB101(pRC345); 4, P.
aeruginosa MAM2(pRC345); 5, MAM2(pRO1614); 6, exotoxin A
(0.2 ,ug). Positions of protein molecular weight standards (top to
bottom: BSA, egg-albumin, trypsifogen, f-lactoglobulin, and lyso-
zyme) after electrophoresis are indicated (in thousands).
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TABLE 1. ADP-ribosyl transferase activity in cell extracts'

[14CJADP-
ribose

Sample incorported
into EF-2

(cpm ± SD)

HB101(pRO1614) ............... 256 ± 33
HB1O1(pRC345) ................. 2,640 ± 500
MAM2(pRO1614) ............... 168 ± 26
MAM2(pRC345).................................. 2,060 ± 520
MAM2(pRC345) + anti-exotoxin A................. 61 +11
Exotoxin A .................................... 3,470 ± 145
Exotoxin A + anti-exotoxin A .............. 55 ± 8
Diphtheria toxin fragment A ................ 6,500 ± 380
Diphtheria toxin fragment A + anti-exotoxin A ...... 7,500 ± 410

a All assays were done in triplicate. Samples treated with anti-exotoxin A
antibody were incubated with the immilnoglobulin G fraction (114 ,ug) for 10
min at 24°C before the addition of urea (see text). The specificity of the
inhibitory effect of anti-exotoxin A on the activity of exotoxin A was tested in
controls by measuring the effect of the anti-exotoxin A on the ADP-ribosyl
transferase activity offragment A of diphtheria toxin, which is not antigenical-
ly similar to exotoxin A but has the same enzymatic activity as exotoxin A.
Since anti-exotoxin A did not interfere with the activity of fragment A, the
effect of the antitoxin on the activity of exotoxin A was specific.

not shown). Extracts from HB101(pRC345) and
MAM2(pRC345) possessed EF-2 ADP-ribosylating activity,
whereas neither bacterial host carrying the vector plasmid
pRO1614 showed significant enzymatic activity (Table 1). Ih
addition, the enzymatic activity expressed by cells carrying
the pRC345 plasmid was abolished by preincubation of the
extracts with anti-exotoxin A antibodies. The component in
the EF-2 fraction of wheat germ to which radioactivity was
transferred was shown, by polyacrylamide gel electrophore-
sis, to have a molecular weight of ca. 90,000, in good
agreement with previously published values for EF-2 (16)
(data not shown).
To identify the region of pRC345 carrying exotoxin A-

coding sequences, pRC345 DNA was subcloned by cleavage
with BamHI, religation, and transformation into E. coli
HB101. Several antigen-positive subclones were identified
by the filter immune assay, one of which, 8E4, was further
studied. E. ( oli and P. (eriuginosa MAM2 host cells carrying
plasmid DNA from clone 8E4, when analyzed by Western
blot hybridization, showed one immunologically reactive
band with a molecular weight of ca. 35,000. This polypeptide
did not express EF-2 ADP-ribosylating activity either with
or without preincubation with urea (see above; data not
shown). The plasmid present in this clone (pRC346)'carries
three of the BamHI fragments found in pRC345, and double
digestion with BamHI and EcoRI, together with the isolation
of EcoRI fragments and subsequent cleavage with BamHI,
showed their orientation to be as shown in Fig. 2B.
The catalytic site of exotoxin A has been shown to re-

side on polypeptides of 26,000 to 27,000 molecular weight
that can be recovered from stored preparations (7, 35) or
from chymotrypsin cleavage (20) of whole toxin. Also, a
48,000-molecular-weight polypeptide derived from digestion
of whole toxin by P. aeriuginosa elastase is enzymatically
active (30). Recent work (M. L. Vasil, G. L. Gray, and
C. C. R. Grant, Abstr. Annu. Meet. Am. Soc. Microbiol.
1984, D70, p. 62), in which the toxA gene was cloned,
suggests that these enzymatically active fragments are de-
rived from the C-terminal region of the exotoxin A polypep-
tide. Since the exotoxin A-related peptides produced by
pRC345 are smaller than intact exotoxin A yet retain enzy-
matic activity, pRC345 is concluded to encode only a part of

exotoxin A containing the C-terminal segment. This suggests
that an interrupted coding sequence for exotoxin A resides
adjacent to one of the two vector-insert junctions of pRC345.
We have tentatively eliminated the possibility that this
coding sequence resides at the right-hand vector-insert junc-
tion of the plasmids shown in Fig. 2, since pRO1614 carrying
only the 0.22-kbp BamHI-Sau3A fragment did not produce
material that cross-reacted with anti-exotoxin A antibodies
(data not shown). Thus, it seems likely that pRC345 carries
the C terminus of the toxA structural gene at the left-hand
vector-insert junction. In this event, we believe transcription
is initiated from the P2 tetracycline resistance (tet) gene (4)
promoter of pBR322 located on the 0.37-kbp EcoRI-BamHI
fragment, which results in transcription toward the BamHI
site (i.e., clockwise towards the insert DNA). Translation
would thus be initiated at the start codon that begins at the
nucleotide located 86 base pairs (clockwise) from the EcoRI
site (27). If the exotoxin gene sequence is in the same reading
frame, as appears to be the case, this would produce a hybrid
polypeptide with 96 amino acids of the N-terminal region of
the tet protein linked to a polypeptide carrying the antigenic
and enzymatic activity of exotoxin A. Such a postulated
hybrid polypeptide would include ca. 11,000 molecular
weight of the tet protein (27); the remaining approximate
39,000 molecular weight would presumably derive from toxA
structural gene sequences present primarily, or exclusively,
on the 0.52-kbp BamHI and 0.45-kbp BamHI-EcoRI restric-
tion fragments of pRC345. The absence of the N-terminal
part of exotoxin A in a hybrid protein of this type also
explains why the product is not secreted.
As stated above, subclone 8E4 produced a polypeptide of

ca. 35,000 molecular weight that was immunologically relat-
ed to exotoxin A. The order of the BamHI restriction
fragments at the left vector-insert junction is not the same in
pRC346 as in pRC345, presumably due to cleavage and
religation during the subcloning process (Fig. 2). This sug-
gests that the 0.47- and 0.16-kbp BamHI fragments are not
part of the toxA coding sequence, but may provide a
translation initiation codon that resulted in expression of a
new hybrid polypeptide containing the toxA sequences pres-
ent on the 0.45-kbp C-terminal BamHI-EcoRI fragment. The
fact that the exotoxin A-related polypeptide expressed from
pRC346 does not possess EF-2 ADP-ribosylating activity
may result from the absehce of the 0.52-kbp BamHl frag-
ment in this subclone, or may be related to differences in
protein conformation between the pRC345- and pRC346-
encoded polypeptides.
We are presently screening new clones which we antici-

pate will contain the intact toxA structural gene. Such clones
will be useful in site-directed mutagenesis experiments
aimed at elucidating structural-functional relationships of
exotoxin A and in the construction of hybrid toxins.
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ADDENDUM IN PROOF
A recent report has appeared (Gray et al., Proc. Natl.

Acad. Sci. U.S.A. 81:2645-2649, 1984) describing the clon-
ing and expression of the intact toxA gene of P. aeriuginosa
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PA103 in E. coli. Comparisons of restriction endonuclease
cleavage and DNA nucleotide sequence data indicate that
the sequences present in our clones represent the C-terminal
region of the same gene as that cloned by Gray et al. and
confirm our conclusions that the exotoxin A-encoding se-
quences found on pRC345 and pRC346 are present on the
0.45-kbp BamHI-Ec oRI and 0.52-kbp BamHI restriction
fragments.
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