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FOREWORD

In conducting research using animals, the investigator(s) adhered to the

22

PTCET

) "Guide for the Care and Use of Laboratory Animals," prepared by the Committee
X on Care and Use of Laboratory Animals of the Institute of Laboratory Animal
¢ Resources, National Research Council (NIH Publication No. 86-23, Revised
Ny 1985).
™
z ﬁ Citations of commercial organizations and trade names in this report do not
oy constitute an official Department of the Army endorsement or approval of the

products or services of these organizations.
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During the past year work continued on the three projects reported in
the 1985-1986 annual report. We have made considerable progress on the major
goals of the original proposal which included the enterotoxins D and E, the
exfoliative toxins and studies of the lipase determinant as a model for 8-
toxin regulation. A summary of progress over the past year is presented below.

Exfoliative Toxin

A 1.7 kb HindIII restriction fragment of DNA was isolated from plasmid
pIJC02 and cloned into the replicating form of bacteriophage M13mpl8 and mpl9
DNA and transformed into E. coli JM103. Single stranded DNA was isolated from
the bacteriophage produced by the transfected cells. This DNA was then
sequenced by the dideoxy chain terminator method of Sanger using [a-3SS]dATP
instead of 32P. The sequence (Fig. 1) was analyzed by computer and shown to
contain an open reading frame (ORF) that compared favorably with the predicted
amino acid analysis of exfoliative toxin B (ETB). A likely methionine
initiation codon was found at position 181 within range of a suitable ribosome
binding site. The ORF which begins at 181 is 822 bases in length and
terminates at position 1000. Translation of this ORF identified 22 of the 26
N-terminal amino acid residues (N-terminus = Lysine) as well as the C-terminal
residue (Lysine) of ETB which were determined by chemical sequencing methods.
A 31 amino acid signal peptide precedes the toxin molecule with an alanine
residue at the proposed cleavage site, where processing of the precursor
occurs to yield the mature protein.

Shortly after these sequence data were published, several errors were

discovered which required redetermination of the sequence. These data are
shown in Figure 2 and reflect substantial changes. Additional chemical

sequence data obtained from Drs. Schmidt, Spero and Johnson-Winegar at
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N USAMRIID agrees totally with the protein derived from the corrected DNA
’sﬁ y P
4
('& sequence and provides an important internal control of the sequence data. The
¥
|~£ new derived protein sequence data indicates that the FIB molecule is 277 amino
o>
WAL
w4 acid residues and has a 31 residue signal peptide which when cleaved leaves a
oA g
Uy
i mature protein of 246 residues. The molecular weights of the species are
.
WM
JQR 30,769 for the precursor and 27,318 for the mature protein. Furthermore, there
1gebh
;:h is complete agreement between the DNA derived sequence and the chemically
f \A
) .
(“ determined sequence for the first 40 amino acids (Fig. 2, underlined) and
t,b between the first 48 amino acids of a cyanogen bromide derived peptide of ETD ]
ANy :
A
’L: beginning at residue 172 and continuing through residue 219 (Fig. 2,
'I
]:“ underlined). The composition of the protein is interesting in that there is
T
;fﬁ neither tryptophane or :ysteine present and the molecule lacks the cysteine
-'l-.
) SN
~": loop found in the enterotoxins. The transcription signals originally reported
JON
fl' (Publication #1) remain unchanged and show -35 and -10 promoter sequences, a
{
%“N ribosome binding site and a transcription stop signal that closely
i
k]
ﬂf' approximates the canonical sequences. Following these studies we began
N
)
if“ cloning of the eta gene. This element is chromosomal so a different strategy
r:g was utilized to isolate it. Bulk chromosomal DNA prepared from S. aureus
o
f\j UT0002 was used to construct a bacteriophage lambda gtll library. The plaques
o
A
.? (40,000) were screened with rabbit antiserum that had been extensively
L~ "
|?i: adsorbed with lysates of the E. coli host strain. Plaques binding antibody
o
-t were identified with 125I.1abeled Protein A and exfoliative toxin A (ETA)
° production was confirmed by Western blot. Five clones were found that reacted
':j positively with the antiserum. One of these phage was randomly selected for
o
‘:f further study. The DNA insert isolated from this phage was approximately 3.2
o
" kilobases and was recloned into the shuttle vector pLI50 and transformed into
n
v'-::
. 4
£
i'—‘:
®
l‘.'
N
7
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T:E E. coli LE392. Immunoblots confirmed that this plasmid contained the eta
3 v structural gene which was expressed in and biologically active in E. coli.
;%& Deletion analysis further localized the gene to a 1391 bp fragment.
SS& This fragment was sequenced by the Sanger dideoxy method and is presented in
ltj Fig. 3. The G+C content of eta is 31% and is typical of the S. aureus genome.
: i However, the G+C content of the 150 bp sequence upstream from the methionine
-~
‘;r start codon (nucleotide 313) was even lower in G+C content (19%), suggesting
( : that the region could serve as the potential binding site for RNA polymerase
ift to initiate transcription. A potential -35 sequence and a -10 sequence that
é‘% could serve as promoter regions were identified (Fig. 3). Furthermore, the
z% probable ATG translation start site is preceded by the sequence GGATGA, which
'éﬁ qualifies as a potential ribosome binding site. A petential transcription stop
?‘; codon is located at position 1154 and is followed 79 bp downstream by a stem-
A loop structure at positions 1232-1259.
;i; Translation of the ORF (Fig. 3) yielded a 280 amino acid polypeptide
W
JEE that corresponded to the published properties of ETA. A 38 amino acid signal
if; peptide precedes the N-terminus of the mature ETA protein which is cleaved
‘ﬁs immediately after the sequence Ala-Lys-Ala of residues 36-38. Removal of the
'E: signal peptide results in a mature ETA protein containing 242 amino acid
N
E‘ residues with a molecular weight of 26,950. The sequence was identical to
‘;éi that of peptides of ETA that were determined by automated Edman degradation. A
:Ei contrasting finding was that the C-terminal amino acid is glutamic acid rather
:J than lysine. This result was substantiated independently by O'Toole and Foster
(J. Bacteriol. 169: 3910-3915. 1987).
:EE The amino acid composition of the DNA derived matur« protein sequences
;; of ETA and ETB were compared to the chemically derived values (Table 1). The
e
« '
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data are quite similar and confirm that ETA has a single tryptophane and

methionine residue and the lack of cysteine. ETB was found to lack cysteine
and tryptophane as already indicated. Comparison of the amino acid composition
of both ETA and ETB indicates that they are reasonable similar proteins that
are rich in polar amino acids.

Direct comparison of the protein sequences of ETA and ETB is shown in
Fig. 4. Three prominent regions of similarity are evident in which the match
was extensive. The first occurred in the N-terminal portion of the molecule at
positions 46 - 70 (20 of 25 residues match, 80%), the second near the middle
at positions 106 - 134 (17 of 29 residues match , 58%) and the third near the
C-terminus at positions 201 through 221 (17 of 21 residues match, 81s%).
other regions of significant similarity were present. The total number of
amino acids matched by computer alignment was 110 (45%) out of an average of
245 residues. This extensive similarity might not have been predicted because
of the lack of antigenic relationship between the toxins. However, when the
relative hydropathicities are compared (Fig. 5), it is clear that much of the
sequence of each toxin represents highly conserved domains in which the amino
acid differences are fairly conservative. We interpret this to indicate that
folding of the two proteins is similar, so that the sites of bioleogical
activity, presumably focused at the regions of sequence homology, can be
csimilarly presented to the appropriate substrate.
Enterotoxin D

In the last annual report, I indicated that 5 E. coli clones were

isolated that produced SED and contained the entD gene on a chromosomal DNA

fragment cloned into pBR322. We have continued analysis of these clone and

present a summary of these data below.
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To determine the insert sizes of the five positive clones, minilysates
of each were prepared. Agarose gel electrophoresis of the DNA from these
cells showed that they contained varying insert sizes. The plasmid containing
the smallest insert (3.2 Kbp) was retained and designated pIB486. Further
subcloning of entD was achieved by digesting pIB486 with EcoRI and Nael,
attaching an EcoRI linker to the blunt, Nael end, and ligating into the EcoRI
site of pUC18. This plasmid, pIB488, contains a 2.0 Kbp insert including a
complete entD gene as determined by Western blotting of the cellular extract
from cells containing this plasmid.

Overlapping clones for sequencing were obtained by the method described
by Dale et al.(Plasmid 31: 31-40, 1985) The 2.0 Kbp insert from pIB488 was
cloned into the bacteriophage sequencing vector, M13mpl9. Single-stranded
recombinant phage DNA was harvested, extracted, and annealed to a 20 bp
oligonucleotide (RD20) that hybridizes to the EcoRI site within the multiple
cloning region. The DNA was then digested with EcoRI which cleaves only
within the annealed portion of the molecule. The 3' to 5' exonuclease
activity of T4 DNA polymerase was then used to obtain variable deletions of

the insert DNA. Poly-A tails were added using TdT terminal transferase which

allows recircularization of the molecule by annealing with RD20 on the other
end of the fragment. Subsequent ligation was carried out with T4 DNA ligase.
These ligated molecules were then transformed into E. coli JM109. Infected
cells from the resulting plaques were picked and grown in L-broth. Phage DNAs
from these cultures were harvested and size fractionated on a 1.0% agarose
gel. DNA from the deletions selected was purified and Sequenced by the

dideoxy chain termination method. The opposite strand was also sequenced by
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{:é going through the above process on an M13mpl9 clone that ha.’ the 2.0 Kbp
(N, fragment inserted in the opposite orientation.

:E The DNA and derived protein sequence of the 2.0 kbp fragment is

I

]5} presented in Fig. 6. Analysis of the fragment revealed a large open reading
s

‘:D' frame that could encode a 258 amino acid protein with a molecular weight of
&&é 29,768. Previous amino acid analysis of the termini of the mature SED protein
:~€ indicates that a serine residue is at the amino terminus. Three serine
( " residues are present near the amino terminus of the precursor protein that

:; could mark the amino terminus of the mature protein. By comparing the amino

Z EE acid composition of the three polypeptide sequences (starting with the three
:? serine residues) to the published amino acid composition of SED, the actual
P

Esé mature polypeptide sequence can be predicted. The polypeptide starting with
E:’ amino acid 30 provides the most consistent amino acid composition to that of
£ " previously published results. This polypeptide is 228 amino acids in length
EEEE and has a molecular weight of 26,360 which is also in agreement with

N

::;: previously reported molecular weight of 27,300 daltons.

T

Eiy Sequence comparison of the deduced amino acid sequence of SED to that of
_:E¥ SEA, SEB, SEC, or streptococcal pyrogenic exotoxin A (SPEA) show that there
':Sé are 51.6%, 41.1%, 34.9%, and 39.2% similarity, respectively. The relatively
ad

L.: high degree of similarity between SED and SEA was expected because SED and SEA
.

;;; contain similar cross-reactive antigenic determinants. However, it is notable
;;f that SED is also very similar to SPEA a gene carried by a bacteriophage of the
;;L genus Streptcoccus. These data are taken to imply that there is a relationship
E;; among these toxins that is not necessarily reflected in their primary

;;% biological activity (emesis for the enterotoxins and rheumatic fever for
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SPEA), but °s manifest in secondary biological features such as mitogenicity,
enhancement of endotoxic shock, and immune suppression.

Future work will focus on the regulation of expression of the entD gene
and ultimately its mode of action utilizing techniques of site-directed
mutagenesis.

Regulation of the Lipase gene

We had previously used deletion analysis to approximate the location of
the insertion site (attB) of the bacteriophage L54a in the lipase structural
gene (geh) of S. aureus. It was located within the terminal 360 bp of the
gene. In order to determine the exact site of insertion, we cloned and
sequenced fragments of the S. aureus PS54 lipase gene which contained the
chromosome/bacteriophage junction fragments (attl and attR). These fragments
were in turn used to probe a 4.5 kb Clal fragment of the bacteriophage L54a
genome that contained the phage attachment site (attP). The restriction map
and the sequencing strategy are shown in Fig. 7.

The sequence of the att sites (Fig. 8) reveals an 18 bp core sequence
common to all four regions. This feature is similar to the bacteriophage
lambda att sites in which the common core is a 15 bp sequence. Unlike the
common core of the lambda att sites which have an 80% A+T content, the core
of the L54a att sites is only 61 percent A+T. The A+T content of the DNA
flanking the core region (the arms) which extends from -50 to +50 is 63% in
the attP site and 55% in the attB site. In view of the fact that the percent
A+T of the S. aureus genome and staphylocuccal phages is 6Z-70%, the percent
A+T found in the core sequence and the surrounding region is not untypical.

Also indicated in Fig. 8 are regions of dyad symmetry, inverted repeats

and direct repeats. These probably represent possible binding sites for
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proteins that mediate the recombination. No attempt was made to confirm the
protein binding capacity of these regions. However, inasmuch as there are
unaltered tandem direct repeats of the core sequence flanking the prophage as
a result of integration, the crossover point must occur within the core
sequence. Furthermore, the flanking core sequences also suggest that
recombination occurs via staggered cuts, and that recombination is not only
site-specific but also orientation-specific.

In every reported system of site-specific recombination, the gene
encoding the enzyme which mediates the recombination reaction is located near
the recombination site, so our initial approach to identify the gene or genes
responsible for L54a recombination (recombinase gene) was centered on the DNA
near the attP site. Two DNA fragments containing attP were cut from the

bacteriophage genome. One (4.5 Kb) contained attP with DNA extending rightward

from it (Clal restriction fragment, see Fig. 9) and the other (3.5 Kb)
contained attP with DNA extending leftward from it (PvuII-HindIII restriction
fragment, see Fig. 9), These fragments were individually cloned into a shuttle
vector pLI50 and the resultant plasmids designated pLI461 and pLI475,
respectively (Fig. 9). The plasmids were transformed into protoplasts derived
from S. aureus RN4220 and the presence of recombinase activity was tested by
assaying for lipase activity. The results shown in Fig. 9 indicate that
RN4220(pLI461l) had no lipase activity, whereas RN4220(pLI475) remained lipase
positive. The recombinase expressed in RN4220(pLI461) mediates the

recombination between attP on plasmid pLI461 and attB on the lipase gene of

the RN4220 chromosome indicating that the recombinase gene is located within

the segment of DNA rightward from the attP site.
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G More precise mapping of the recombinase gene function was achieved by
(' cloning and testing recombination activity of sequential deletisns of the 4.5
( Kb Clal fragment. The results of this experiment are schematically shown in
f Fig. 9 indicating the size of the deletion along with an indication of the
- effect of the deletion on integration. These data indicate that one end of the
5 recombinase gene is located to the left of the EcoRV site (about 2 Kb
N
:;' rightward to the attP site). In addition, since there is no promoter in the
o
( vector preceding the cloning site, the 2 Kb fragment must contain the promoter
®
2 of the recombinase gene.
i: Our results also suggest the functioning of more than one gene and is
"
v
‘g' supported by the following argument. Our assay for integration is the loss of
<+,
'? lipase activity consequent to insertion. However, after prolonged incubation
4
B of strain PS54 lipase activity could be detected at a frequency of 1074 to
-
)
f 103 due to loss of the prophage. The same phenomenon was observed with
‘:: transformants carrying the cloned attachment sites. The plasmids pLI461,
N
::: pLI462 and pLI463 would also convert these cultures to the lipase negative
L
L - . .
~ phenotype at a frequency of 10 4 Consequently, this implies that the
ii: excision gene is also located within the same 2.1 Kb cloned DNA fragment as
’j: the gene for integration. It is possible that in L54a, two enzymes are
; responsible for recombination and are located within the short 2.1 Kb DNA
A
" segment.
o
2 Confirmation that the lipase negative phenotype was due to integration
;‘
; of the plasmid containing the attP site and the recombinase gene was obtained
u from Southern hybridizaton analyses. Clal digested bulk chromosomal DNA
II
v,
v prepared from transformants of various plasmids was hybridized to a probe of
oy
® the 770 bp Clal-D fragment of the lipase gene which contains the attB site.
L 11
b
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*ﬁ; Since Clal cleaves each of the plasmids at least once but does not cleave the
t o ClaI-D fragment of t» lipase gene, the probe would identify two bands if
i:éz integration occurred, whereas it would identify only one band if there was no
izgs integration. Fig. 10 shows the results of this analysis which confirm that
1?3“ integration has occurred.
::é Lysogenization of L54a in many strains of S. aureus results in loss of
i,
:5: lipase activity caused by insertion of the prophage genome at the 3’ or
e‘ﬂ carboxyl end of the lipase structural gene which is essential for catalysis.
ﬁ;ﬂ This indicates that a truncated catalytically inactive lipase protein deleted
’ :S by 46 amino acids should be produced by the lysogenized strain. Indeed,
'. preliminary immunological screening indicates that the lysogenized strain does
;Fﬁz produce a cross reactive material that lacks lipase activity. By examining the
W
)

3

nucleotide sequence of the left junction of the bacterial chromosome and L54a

-

DNA (i.e., attl), a stop codon TAA was found adjacent to the core sequence

ﬂj4 (Fig. 8). The sequence analyses, therefore, support the mechanism of the
N~
o
"
o:ﬁ‘ lysogenic conversion of the lipase.
)
NS
’j The importance of this work is as a model for the regulation of the 3-
%:: toxin of Staphylococcus which is also mediated by phage conversion. This
!,,‘_ o
.“J 3 . = 2
ot activity however, is governed by both positive and negative conversion. There
Lt
A
iy
.' are two converting phages that mediate the expression of B-toxin. One of these
D ].'i
ek : P
) :} is a negative regulator of expression similar to the L54a system, but the
&)
‘ :; second is both a positive and negative converting phage. This second phage
L f \’
.“ carries the staphylokinase gene and upon lysogenization confers staphylokinase
R
‘:ﬁ activity and inactivates B-toxin activity in the host cell. Some of the
Lo
‘u
o
J:J interesting question to ask are whether the insertion sites of this phage and
SN
>
L4 .
) L54a are similar and within the structural f-toxin gene, whether these phages
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-
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3- are similar to or have given rise to the phages that carry the entA and spea
& genes and to the elements that harbor ent and the other extracellular toxins
:: of Staphylococcus? Many other interesting questions relating not only to

N

o toxigenesis but also to the basic biology of phage conversion in this system
S

~

can be asked. We are moving in these directions for the future.

: Publications
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$ 2. Lee, C.Y. and J.J. Iandolo. 1986. Integration of staphylococcal phage
E L54a occurs by site-specific recombination: Structural analysis of the
; attachment sites. Proc. Nat. Acad. Sci. USA. 83: 474-5478.

g 3. Lee, C.Y., J.J. Schmidt, A.D. Johnson-Winegar, L. Spero and J.J.
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TCGATGGARTTATAATAMATAATTATACTGGAGATATTTTTTTGAGACAGTGCATTAAAL 60
ﬁggz‘ﬁCTTTTAATTAACTTTZAIJI‘AYTAAAAGTTAATAAGAA?TAATTAAAAGTTAA 120
-3 -10
TTATACAATTAATGTTTAATAGTATARTGTTTCTATAAAAGTTAAMAGGAGG TTTTATAT 180

SD
ATGGATAAAAATATGTTTAAAAAAATTATTTTAGCACCGTCAATTTTTACTATITCCTTA 240
¥ D XK N M F X K I I L go AS 1 P T IS L

-30
CCTGTGITTCCTTTTGAAAGTACATTACAAcCAAAAGAITACAGCGCAGAAGAAATCAGA 300
P v I P FESTL G A x [3 [} [ s
AAATTAAAACAAAAATTTGAGGTTCCACCTACAGATAAGAGCTTTATACACACATTACGG 360
XK L XxQ@ KX ¥ £ VPP TDI KT ST FTIHTTLR 29
ATAATGCAAGAAGTCCTTATAATTCTGTTGGTACAGGATTTGTCAAAGGTAGTACATAGE €20
1 M @ £ VLI I LLV@DTLSGSTEKTVYUVHS 49
TACCGGAGTTTTAAT?GGTTAAAAATACAAGATGGCGGTGATACCACGGGGCAAGAGGAG 480
Y R S F N W e b 0T ) 69
cAGCCAcAAACCCA?ccAATAccAftfccAcuccccccccnncnrcuccACGAccAArfc 540
@ PET KR AI GPFPGHPGTZEDTETDTODTEST?P T
GAATATGATGAGGGTGAGGTGTATTATGAAGACTCGGATGGAGATTCATTTGCTCCCGGS 600
EYDEGEVYJYETDSTDGTDSTEANTPSCGC 109
GACAGGGGCGATTTACCTGAATACGGAGAACCAAACGAAGAAGGTCAATCAGCGGGAGAC €60
D R 6DLPZEYGETPMNTETETGTESTSA MNGS?D 129
?TTAATTCAACCCAGGGATATACCGCATCATATAGATATACAAAAGCGGATACAAATGAT 720
F N 8 T @G Y TASTYRYTEKADT D 149
GGTTATGAGGTATCCGGAAAAGGATTCAGCTTAGGCTTTGATTCAGAGTCAGATGCAAAT 700
G Y EV S G XK G PF S L GFDSTET STDAN 169
GTTCAAGCIGATGACAATATTTTOGATATACTOAOGAIGGAAACTCTGGATCAGGTATAT 840

@ DD NI LD I R TLDG@UV Y 189
TTAATTAAAAGGAGAATAAAAGGTATTCACAGTGGTAAGGCGGACAACAAATCTTCCAAA 900
LI XRRIKGTIHSOGIK ADDNTI XS SSK 209
GGIGTGTTTTTCAATAGAAAGAAAGTTCACTCTATTCGGTTGATAATACTTTTGGAGACA 960
GV FPFNRIXK H 8 I R 1L £t 229
TCTTTGGGGAACGATTTGAAAAAGAGAGCAAAATTAGATAAATAACAAAAATCATTTAAT 1020
S L G NDLIKXT RAIKTLTDK 243
TGTTTAATATTTCAATATATTTACTACGCTACAAAAACCATGAGTTGAACCTCTGTGCTT 1080

oo > <

TTTGTACGTTAATAAIILIITIACAAGTCATTCAAAAAA
—emeen aRNA stop

FIG. 1 Nucleotide sequence of the DNA fragment containing
the ETB gene. The corresponding letter codes for the amino acids of
the ETB polypeptide are: A, Ala: D, Asp; E, Glu; F, Phe; G. Gly;
HHnsllleKLysLLeuMMelNAsnPProQ(xlnR
Arg: S, Ser; T, Thr. V, Val; W, Trp: Y, Tyr. The presumptive —35,
-10, SD (Shine Dalgamo ribosome bmdmg site), —1, +1 protease
processing site, the stem-loop structure (facing arrows), and the
mRNA transcription stop sequence are indicated beneath the
sequence.
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64 GTTTACTTCACAGTATGACACATICTTACTGAATTATGTTATTGGGTAACGGCTATATACATTCAATTCA 72 i
’ ATGCTATATAAATAAAATGGATATTGTAGAATGTGTCATGGTTATTACCACTAAAAATAGTGAAACTAAA 142 !
w ATTAAAATTCCGATTAATAATATTATTAGTGTTACTTAATAAATTTATACCACCTAATACCCTAATAATC 212
' CARAAACAGAAAATACTATTAGGTATATTATCGATGGAATTATAATARATAATTATACTGGAGATATTTT 282 :
o TTTGAGACAGTGCATTAAATGAATAACTTTTAATTAACTTTIATITAATTAAAAGTTAATAACAATTAAT 352
v -35 -10
y :: TAAAGTTAATTATACAATTAATGTTTAATAGTATANTGTTTGTATARAAGTTANRAGGAGGTTTTATAT 422 ,
Ty
TN ATCGATAAAARTATGTTTAAAAAARTTATTTTAGCAGCGTCARTTTTTACTATTTCCTIACCTGTGATTC 492 |
; M DKNMPFEKTKTITITLTABAASTITFTTISTLEPUVITPD
" -30 -20 -10
o CTTTTGAAAGTACATTACAAGCAAAAGAATACAGCGCAGAAGAAATCAGAAAATTAAAACAAAAATTTGR 562
( FESTLO GATEKTETYSRHAETETITREKTLKSG aH¥xKTFE 16
-1 o]
" GGTTCCACCTACAGATAAAGAGCTTTATACACACATTACGGATARTGCAAGAAGTCCTTATAATTCTGTT 632
. L. P P I D K E L Y T H I T D N ARTGSTGP Y NSV 39 .
| ] .
My GGTACAGTGTTTGTCAARGGTAGTACATTAGCTACCGGAGTTTTAATTGGTAAAAATACAATTGTTACTA 702
K., § TVFVKGS®STTLA TGV VTLTIGTEKTNTTIVYTN 63
oy
>, ATTACCACGTTGCAAGAGAAGCAGCCAAARACCCATCGAATATTATTTTTACACCCGCTCAAAATAGAGA 772
Y HV A REAATKTENTPSNTITILITFTPAGGAHNTERD 86
e TGCAGAAAAAAATGAATTCCCTACTCCGTATGGARARTTTGAAGCTGAAGAAATTARAGAATCTCCGTAT 842
AS AEXNETTPTEPYGTEKTFTET ANMTETETLT KTESTSFPVY 109
La
o GGACAAGGACTCGATTTAGCTATAATARAATTARAACCAAACGAARAAGGGGAATCAGCGGGAGATTTAR 912
- G a6 tLDLATITIKTLTEKTPRNTETKTSGTETSTE ATGTDTLI1 132
. ,
15 TTCAACCAGCTAATATACCTGATCATATTGATATACAAAAAGGAGACAAATATTCTTTATTAGGLTATCC 982

@ P A NIl P D H 1T DI @ K GDOD K Y S L L G Y P 156

e

TTATAATTATTCAGCTTACTCTTTATATCAAAGTCAGATTGAAATGTTCAATGATTCTCAATATTTTGGA 1052

Y N Y S A Y S L Y @ S @ ! E M E_ND S g Y F G 179
D

‘|' TATACTGAGGTAGGAAACTCTGGATCAGGTATATTTAATTTAAAAGGAGAATTAATAGGTATTCACAGTG 1122

L I E VY G N < 6 5 ¢ I F N L kK G E L I ¢ 1 H s g 203

N GTAAAGGCGGACAACATAATCTTCCAATAGGAGTGTTTTTCAATAGAAAGATAAGTTCACTCTATTCGGT 1192 .
Ol K6 G Q H N [ P I G V F F N R X I S S L Y S V 226

' ) TGATAATACTTTTGGAGACACTTTGGGGAACGATTTGAAAAAGAGAGCANAATTAGATAAATAACAAAAAN 1262

D NTF GDTLGNU DULIKTIKT RATIKTLTDK ) 246

'

-~ TCATTTAATTGTTTAATATTTCAATATATTTACTACGCTACAAAAACCATGAGTTGAACCTCTGTCCTTT 1332

~ PR (emmmon co--
Y TTGTACGTTAATAATIITITACAAGTCATTCAAAAAA 1368

AS —ev-- mRNA stop
) : FIG. 2 Sequence of the 1,368-bp DNA fragment containing the etb gene and sequence of ETB derived from it. The locations of the

Q-\ presumptive —35, — 10, Shine-Dalgarno ribosome binding site (SD), —1, +1 protease processing site, stem-loop termination structure (facing

-_"...' arrows), the stop codon (>), the mRNA transcription stop site, and the chemically derived peptide sequence (underlined) are indicated.
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v v v v v v v
GGATCCGAAGATGATTGGGTAAAATTCGATCA 32
AGTAATTAAAAAAGATGGCTACTGGTGGATTAGATTCAAATATCAACGTGAGGGCTCTAGTACTAACGAT 102
TTTTTTTGTGCAGTATGTAGAATCACTGACAAGGAACAAAAGATTAAAAATGAAAAATATTGGCGAACTA 172
TTGAGTGGAATTAACAAACGTATTTAATGTTTAGTTAATTAAAAGTTAATAAAAANATAATTIGITITGA 242
3‘

AATAGAAACGTTAIAIAA:ITTTAATGTATTCGAATACATTAAAAAACGCAAATGTT]GQAIQAJTAATA 31z

ATGAITAATAGTIAAATTATTTCTAAAGTTTTATTGTCTTTATCTCTATTTACTGTAGGAGCTAGTGCAT 382
¥ N N s K 1 I 8 K VL L 8L S L F TV G A S A F
-30 ~20
TTGTTATTCAAGACGAACTGATGCAAAAAAACCATGCAAAAGAGAAGTTTCAGCAGAAGARATAAAAAA 452
vV 1 @ D E L M @ K N H A K AZE Y S A EF 1 ¥ k 9

=10 -1 +1
ACATGAAGAGAAATGGAATAAGTACTATGGTGTCAATGCATTTAATTTACCAAAAGAGCTTTTTAGTAAR 522
A E E K W N K Y Y G v N A F N L P K E L F s K 32

GTTGATGAAAAAGATAGACAAAAGTATCCATATAATACTATAGGTAATGTTTTTGTAAAAGGACAAACAA 592
L D E XK D R Q@ X Y P Y N T I G NV F V X G @ T S 56

GTGCAACTGGTGTGTTAATTGGAARAAATACAGTTCTAACAARTAGACATATCGCTAAATTTGCTAATGG 662
AT GV LI G X NTUVLTWNUZRUHTIWAMANIEKTFRMANGSCG 79

AGATCLATCTAAAGTATCTTTTAGACCTTCTATAAATACAGATGATAACGGTAATACTGAAACACCATAT 722
D P S X VS F RP S I!I NTDODNGNTTETT®PY

GGAGAGTATGAAGTCAAAGAAATATTACAAGAACCATTTGGTGCAGGTGTTGATTTAGCATTAATCAGAT BO2
6 E Y EV K E I L @ EP F GA GV DL ATLTIRZ RTL 126

TAAAACCAGATCAAAACGGTGTTTCATTAGGCGATAAAATATCGCCAGCAAAAATAGGGACATCTAATGA 872
K P D@ NGV S L GO K11 S P A KX I G T S ND 149

TTTAAAAGATGGAGACAAACTCGAATTAATAGGCTATCCATTCGATCATAAAGTTAACCAAATGCACAGA 942
L XKDGDIXKTULTETLTIGT YTPTFTDTHTE KTV VNG GHMHR 172

AGTGAAATTGAGTTAACAACTTTATCAAGAGGATTAAGATACTATGGATTTACAGTTCCGGGAAATTCTG 1042
ok I E L I T L S R G L R Y Y G F T V P G N S G 196

GATCAGGTATATTTAATTCAAATGGAGAATTAGTTGCTATACATTCTAGCAAAGTGTCTCATCTTGATAG 1082
s L E N S N ¢ E L Vv ¢ I H S S K V S H L DR 219

AGAGCATCAAATAMATTATGGTGTTGGTATTGGGAATTATGTCAAGCGCATTATAAACGAGARAAATGAG 1152
EHOQTINZYGV G I GNZYUV KU RTITINETKNE 242
TAATAAATAAAATAAAAATCCGTGGATGTTTTATACAAAACTTATITTTTATAGCAGTAAGAAGCTGACT 1222

Gcnn'rnucr:Acccancncrncmccrccncmnm‘rcrnTATTATAAATGATCAAACT 1292
-------------- aRNA stop

Acaccuccn'r'rn'r'rnccnc'rcchTTATTTTAATATGCGAAGCTAAAATAACTACAAATcATAccn 1362

TTTTGATACCAAAAAATAATAGACGGATC 139!

FIG.3 Sequence of the 1,391-bp DNA fragment containing the efa gene and sequence of ETA derived from it. The locations of the
presumptive —35, - 10, Shine-Dalgarno ribosome binding site (SD), ~1, +1 protease processing site, stem-loop termination structure (facing
arrows), the stop codon (>), the mRNA transcription stop site, and the chemically derived peptide sequence (underlined) are indicated.
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TABLE 1. Comparison of the amino acid composition of ETB
predicted from the DNA sequence and that obtained from protein

analysis
. ; Predicted from From proteir
Amino acid DNA scquence anall;'sis‘
Tryptophan 1 1
Lysine 21 22
Histidine 6 5
Arginine 11 S
Aspartic acid 25 29
Threonine 11 12
Serine 19 17
Glutamic acid 24 26
Proline 7 12
Glycine 22 21
Alanine 10 13
Cysteine 0 0
Valine 11 9
Methionine 1 1
Isoleucine 15 17
Leucine 15 16
Tyrosine 11 13
Phenylalanine 11 9
Asparagine 9 ND?
Glutamine 9 ND

“ The protein analysis is from Johnson et al. (9).
& ND, Not done.

10 20 30 40 50
EVSALE IKKHEEKWINKY YGYNAENL- -~ KL I SKVDEKDRIOKYRYNT |
KEYSAZE TRRLKGK - - - - - ——-FEVPPTOKEL YTHITDNARS - -PYNSv
N —_——
60 70 80 90 100

VEVKGQTSATGYL IGKNTVL TNRH | AKFANGDRSKVSERDS | NTRONG
g:v? & TLATEVEIERNT IVIRVIVARE AAKND SN | I FTBAGNRDAEK

110 120 130 140 150
NIE--TPY GEYEVKEILQ!:PFGAGVD%AL i H;F:PDQM‘:VSI.G)QSPAK.I
R Br PPy &< r EAcE T ESBY&ORL LR 1 TERBNE k& Bl TabANT
= ]

160 170 180 190 200
GTSNDLKDGRIKLEL! (é\_f_PF DHKVNGM RSCIELTTLSRG LRYYG TVPGN
PDH | DIGKGDKYSLLGYPYNYSAYS L YOSQIEMPNDSO - - - YFGYTEVGA

210 220 230 240 250
SGSGIENSNGEL VGIHSSKVSHLDRE HQ | NYGVGGNYVKR | INEKNE
SGSGIFNLKGEL IS'FCSG(GG---———Q-&P— —IGVFNRKISSLYSVD
.-}

260

NTFGDTLGNDUKKRAKL DK

FIG. 4. Comparison of the amino acid sequences of ETA (top
row) and ETB (bottom row). Sequence identities are indicated by
bars, and dashed lines indicate gaps introduced to produce the
optimal alignment. Numbering includes gaps and does not corre-
spond to the residue number obtained from the DNA sequence.
Alignment was constructed by computer using the algorithm of
Wilbur and Lipman (30) with a K-tuple of 1, window of 20, and gap
penalty of 1. Three regions of substantial homology are underlined.
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Fig. 5. Hydropathicity plot of Exfoliative toxins A (dashed line)
and B (solid line). Hydropathicity was averaged over 4 amino acid
residues using the algorithm of Kyte and Doolittle.
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[
L ATGAAAAAATTTAACATTCTTATTGCATTACTCTTTTTTACTAGTTTGGTAATATCTCCTTTAAACGTTA 70
b M K K P N I L I ALLTZEPTFTSLVISZPTLNZUVK
S : -30 -20 -10
o AAGCCAATGAAAACATTGATTCAGTAAAAGAGAAAGAATTGCATAAAAAATCTGAATTAAGTAGTACCGC 140
o~ AN ENTIDS SV VI KTEIKTETLUHTI KT KT ST ETLTSSTA] 17
- -1 +1
T GCTAAATAATATGAAACATTCTTATGCAGATAAAAATCCAATAATAGGAGAAAATAAAAGTACAGGAGAT 210
P L N NM X HS Y ADIKN NPTITIOGENTIKT STGHD 40
“ N
) : CAATTTTTAGAAAATACTTTGCTTTACAAAAAATTTTTTACTGACCTTATCAATTTTGARGATTTATTAR 280
Q@ FLENTLLTY KN KT TEFTFPTLCLLTI!INTFTETUDLTLI 64
s:ﬂ TAAACTTCAATTCAAAAGAAATGGCTCAACATTTCAAATCTAAAAATGTAGATGTTTACCCTATAAGATA 350
o N F NS X E N AGQGHTEFKSKNUVDUVYPTIRY 87
Pl
l-
- TAGCATTAATTGTTATGGTGGTGAAATAGATAGGACTGCTTGTACATATGGAGGTGTCACTCCACACGAA 420
:\5 S I N C Y GGE I DRTACTZYGGUVTUZPHSTE 110
o GGTAATAAATTAAAAGAACGAAAAAAAATACCAATCAATTTGTGGATAAATGGTGTACAAAAAGAAGTTT 490
P S N XL K ERKIKTIZPTINLUGWTIEINGV YO GQXKTESFUVS 134
e
oI CTTTAGATAAAGTTCAAACAGATAAAAAAAATGTTACCGTACAAGAATTAGATGCACAAGCAAGGCGCTA 560
O L DX VQTDIKTIKNUVTVQaQELTUDA A®@ARATRTE Y 157
=
> TTTGCAAAAGGATTTAAAATTGTATAATAATGATACTCTCGGAGGAAAAATACAGCGCGGAAAAATAGAG 630
( L @ KDL KLYNUSNDTLGGIKTI®Q@RTGTIKTITE 180
-, TTTGATTCTTCTGATGGGTCTAAAGTCTCTTATGATTTATTTGATGTTAAGGGTGATTTTCCCGAARAAC 700
. F DS SDGS K VS YDLUZY®DVIKGTDTFEFZPTEHKSZ Q 204
P AATTACGAATATACAGTGATAATAAAACATTATCCACAGAGCACCTTCATATTGACATCTATTTATATGA 770
e L R I Y¥YS DWNJIKTTLTSTTEHUBHTLTHIDTITVYTLYE 227
. AAAGTAGTCAATTCAAATACTTTAACATCAGACACTAAAGCCATTTCAAAGAATGCTAAAGATTTATTAA 840
ol K > meeemmmmameaa) Cmmmmmm ————— 228
1
".:-
T
o
e Pig. 6 Nucleotide and amino acid seguence
:' analysis of the entD gene. The amino terminal
K serine residue is indicated, +1. Arrows indicate o
a the putative transcription termination signal.
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NN Fic. ¥ Cloned primary restriction fragments of the genomes of
s S. aureus PS54 and PS54C and of the genome of bacteriophage L54a
o containing the attachment sites. DNA sequencing strategy is also X
. indicated. (A) anB. (B) atiL. (C) attR. (D) antP. Isolation of these !
® ) fragments is described in Matrerials and Methods. Solid bars repre- ‘
K sent bacterial DNA, and open bars L54a DNA. The approximate k
3t location of the geh gene is indicated in A. An expanded restriction
N map of the region containing each atr site is shown under the primary
“..-‘_: fragment. Arrows indicate the direction of sequencing. Arrowheads
s, above the line represent the approximate location of the center of the
4, core. Numbers indicate the distance (bp) from the center of the core
'.»- sequence.
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8 -160 -150 =140 =130 =120 =110 -100 =90 -80 =70 -60
. , : : : : : : : : : :
= TAGAATTAT TG TCATGATOCAA AGAAGAATOOOG TAMAIGATY G TG TOC TACCAG TCAT TTOG TCAT TACATOUC TCCAATCAN CATTICTTAATG e
ARM 3 - - e
P———
+60 +70 +80 +90 +100 +110 +120 4130 +140 +150 +160
.‘ : : H H : H H H : H : ,
R R AT T oA A TA MO TV OTIAMTTEATCT, —
e —— e ———— S
o ————
[ e |
-160 =150 =140 ~130 =120 -110 -100 =90 -80 -0 -60
, . : : : : : : : : : : :
ARM §'— mmmmmwmmmwcmm —

Fi. 8 Nucleotide sequences of the regions containing the aft sites. Sequences are numbered from the center of the core; the base
immediately to the right is +1 and the base immediately to the left is —1. (A) The central 130 bp of each of the four arf sites that encompasses
65 bp on each side. (B) Distal portions of the four arms extending 100 bases leftward from —60 and 100 bases rightward from +60. Nomenclature
shown at left of each region (BOB', etc.) is adapted from that of the bacteriophage A system (24). Solid bars represent bacterial DNA; open
bars, L.S4a DNA; hatched bars, core sequences. Molecular palindromes (»—), inverted repeats (— «), and direct repeats (— —) are indicated.
Direct repeats are omitted in B, except one set, found in the P and P’ arm, that is of special importance and is discussed in the text. Dotted
lines connect the pairs of repeats. The criteria used in marking the sequence features are as follows: minimum of 6 bp with nc mismatches in
inverted repeats and direct repeats; a single or no central mismatch with at least 3 bp to each side, or two central mismatches with at least 4
bp to each side, in molecular palindromes.
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y Plasmid Phenotype Integration
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Fic. 9. Localization of the recombinase gene near the attP site. Relevant restriction sites are indicated. Arrowhead indicates the approximate
2 artP site. Vertical line indicates the approximate location of the core sequences. Lipase phenotype of transformants generated by transforming
N the various deleted plasmids is indicated. Integration as determined by lipase activity is also indicated.
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~ FiG. 10. Southern hybridization
\$ analysis of integration. DNA from the
¢ transformants containing the deteted
o plasmids was digested with Cla I,
W subjected to electrophoresis in agar-
E ose, blotted to nitrocellulose, and hy-
- bridized with *2P-labeled probe pre-
. pared from the Cla I fragment D
33 containing the artB site (i.e., the DNA
" fragment from base pair —430to +340
N of Fig. 14). Digested DNA was from
v RN4220 (lane 1), RN4220(pL1461)
V. (lane 2), RN4220(pL1462) (lane 3),
s RN4220(pL1463) (lane 4), RN4220-
® (pL1464) (lane 5), and RN4220-
< (pL1475) (lane 6).
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