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egG A Highly Prevalent Operon of Enterotoxin Gene, Forms a
Putative Nursery of Superantigens inStaphylococcus aureus

Sophie Jarraud,* Marie Alix Peyrat, ¥ Annick Lim, ¥ Anne Tristan,* Michele Bes,*
Christophe Mougel® Jerome Etienne,* Franwis Vandenesch,* Marc Bonneville|, and
Gerard Lina ™

The recently described staphylococcal enterotoxins (SE) G and | were originally identified in two separate strains &taphylo-
coccus aureusWe have previously shown that the corresponding genesegand seiare present inS. aureusin tandem orientation,

on a 3.2-kb DNA fragment (Jarraud, J. et al. 1999.J. Clin. Microbiol. 37:2446-2449). Sequence analysiss#g-seintergenic DNA
and flanking regions revealed three enterotoxin-like open reading frames related teegand sei, designatedsek sel and sem and
two pseudogenesys entl and ¢ ent2 RT-PCR analysis showed that all these genes, includingegand sei belong to an operon,
designated the enterotoxin gene clusteregg. Recombinant SEG, SEI, SEK, SEL, and SEM showed superantigen activity, each
with a specific VB pattern. Distribution studies of genes encoding superantigens in clinicab. aureusisolates showed that most
strains harbored such genes and in particular the enterotoxin gene cluster, whatever the disease they caused. Phylogenetic analysi
of enterotoxin genes indicated that they all potentially derived from this cluster, identifyingegcas a putative nursery of enterotoxin
genes. The Journal of Immunology,2001, 166: 669—-677.
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eins, including the staphylococcal enterotoxins (SBsE shock, and causes T and B cell immunosuppression, all of WhiCh‘—’:-

nd G-J, the toxic shock syndrome toxin-1 (TSST-1), andmay hinder the immune response against bacterial infection (5—8)%.
the exfoliative toxins (ETs) A and B. These toxins were initially ~SEG and SEI are recently described SEs (4). We have previ3
described as being responsible for specific acute staphylococcalsly reported the involvement of these toxins in TSS and SSF (9)3
toxemia syndromes, such as toxic shock syndrome (TSS) antthe SEG and SEI genesdgandsei)were originally identified in
staphylococcal scarlet fever (SSF) (both due to TSST-1, SEB, anflvo separate strains (4), but we have shown that, when present,
SEC), scalded skin syndrome (SSSS, due to the ETs), and stapindseicoexist in all clinical isolates db. aureusexamined to date
ylococcal food poisoning (due to the SEs) (1, 2). (9). Moreover, we found that the two genes were in tandem ori-

SEs and TSST-1 share common structural and biological propentation on the same 3.2-kb DNA fragment. As Munson et al. (4)

erties, suggesting that they derived from a common ancestor (3have found that theegtranscript is unusually large<6.7 kb), we
They display significant homology in their primary sequence andysstulated that theegtranscript might encode additional genes,

secondary and tertiary structures (3). Based on amino acid S§nclydingsei The aim of this study was to identify and character-
quence comparisons, SEs have been divided into several groupse the genes that are cotranscribed veitty

one includes SEA, SEE, SEJ, SED, and SEH, and another SEB and

SEC, whereas SEG and SEI could not be clearly attributed to a

spe_cmc group (4, _5). quloglcally, SEs and TSS_T-l e_xhlblt SUper-\1aterials and Methods

antigen activity, stimulating polyclonal T cell proliferation through Strains

coligation between MHC class Il molecules on APCs and the vari-

able portion of the T cell Ag receptg@-chain (TCR \B) (3). The S. aureusA900322, isolated from a patient with TSS, was shown to have
pattern of \3 activation is specific for each of these superantigensthe genotypeea’, seb’, sec’, sed, see’, seg’, sef, sei” (9), and was

(3). T cell/APC activation by these toxins leads to the release of'Sed 8 &egandseireference strairs. aureusRN450 gea , seb , sec,
sed , see, seg, seh, sei’) was used as a negative control for SE genes.

S. aureusMJB1316 (a gift from Sibyl Munson, University of Wisconsin,
Madison, WI), an RN450 derivative that contains the closedgene on
*Centre Nationale des Toxraies aStaphylococques, Facllte Meadecine Laennec, the staphylococcal expression vector PRN5548 (4), was usedgmosi-
Lyon, France{Institute National de la Saht de la Recherche Micale Unife463, tive control. The followingS. aureusstrains were used to check the spec-
Institut de Biologie, Nantes, Franctnstitute National de la Sant de la Recherche ificity of PCR amplification: FDA-S6 (ATCC 13566s¢a” seb")), FRI-
Médicale Unite277, Institut Pasteur, Paris, France; &uthite Mixte de Recherche 137 (ATCC 19095 $e6r seg* seh" seP‘)), FRI-1151 m (;ed*), FRI-326
Centre National de la Recherche Scientifique 5557, Laboratoire d’Ecologie Microbi—(ATCC 27664 gee")), FRI-569 (ATCC 518114eh")), FRI-1169 (st*),
enne, Universite Claude Bernard, Villeurbanne, France TC-7 (eta* seg* seF‘), and TC-146 éthr Seg+ seP‘) (9). Two hundred
Received for publication July 26, 2000. Accepted for publication October 4, 2000. thirty S. aureustlinical isolates were collected by the Center National de
The costs of publication of this article were defrayed in part by the payment of pagdREférence des Toxeies aStaphylocoques (_Lyon, France) beMeen Janu-
charges. This article must therefore be hereby maddrtisemenin accordance ~ ary 1998 and December 1999. They were isolated from 58 patientsSwith
with 18 U.S.C. Section 1734 solely to indicate this fact. aureusinfection (arthritis, skin infection, pneumonia, or infective endo-
1 Address correspondence and reprint requests to Dr. Gerard Lina, Centre Nationaf@'ditis), 102 patients with acute toxemia (TSS, SSF, or SSSS), and 70
des Toxenies aStaphylococques, EA1655, Faculle Medecine Laennec, Rue G~ asymptomatic nasal carriers. All strains were collected from hospitals lo-
Parradin, 69372 Lyon Cedex 08, France. E-mail address: geralina@univ-lyonl.fr cated throughout France and were identifie@aaureusy their ability to

2 Abbreviations used in this paper: SE, staphylococcal enterotoxin; ET, exfoliativeC0agulate citrated rabbit plasma (bioNeeix, Many-!'EtO'lev France) and
toxin; ORF, open reading frame; SD, Shine-Dalgarno; SSF, staphylococcal scarld® produce a clumping factor (Staphyslide Test; bioex). Escherichia
fever; SSSS, scalded skin syndrome; TSS, toxic shock syndrome; TSST, TSS toxicoli TG1 was used for plasmid amplification and genetic manipulations.

Sjlphylococcus aureusroduces a wide variety of toxic pro- various cytokines/lymphokines and IFN, enhances endotoxicx
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DNA amplification and sequencing method of Kimura, and these values were used to construct a dendrogram
by means of the neighbor-joining method using the Phylip package (Eu-
DNA was extracted from A900322 cultures and used as a template fofghean Bjoinformatics Institute). At least 1000 bootstrap trees were gen-
amplification with primers sei-1 and seg-2 (Table I) in conditions describedgateq for each data set to investigate the stability of phylogenic relation-
in detail elsewhere (9). Primers wsei and wseg (Table I) were designe hips using the Segboot module of Phylip package. Similar phylogenic

following identification qf suit._s\ble hybridization sites in tisei anq seg analysis was conducted using the corresponding amino acids sequences.
genes and were compatible with the Clontech Genome Walker kit (Ozyme;

Montigny-Le Breton_neux, France), which is suitable‘for_cloning unknown Toxin-gene detection

DNA sequences adjacent to a known sequence. This kit was used, accord-

ing to the supplier’s instructions, to identifsei and segflanking regions  Sequences specific faea-e, seg-i, tst, etaand eth, encoding SEA-E,
using primers hindlll and wsei (Table 1) onHindIll chromosomal digest  SEG-I, TSST-1, ETA, and ETB, respectively, were detected by PCR, as
for the amplification of theeiupstream region; and primers hpal and wseg previously described (9). DNA from clinical isolates was extracted from
(Table 1) on arHpal chromosomal digest for the amplification of theg cultures and used as a template for amplification with the primers described
downstream region. PCR products were analyzed by electrophoresis Table | (Eurogentec, Seraing, Belgium). AmplificatiorggfAwas used
through 0.8% agarose gels (Sigma, St. Louis, MO), purified using the Highas a control to confirm the quality of each DNA extract and the absence of
Pure PCR Product Purification kit (Boehringer Mannheim, Meylan, PCR inhibitors (9). All PCR products were analyzed by electrophoresis
France), and sequenced (Genome Express, Grenoble, France). Sequenitasugh 1% agarose gels (Sigma).

were compiled, analyzed, and compared using Blast (http://www.ncbi. ) .

nim.nih.gov/BLAST), GeneJdokey, and ClustalX software (EuropeanDetection of bacterial RNA by RT-PCR

Bioinformatics Institute, Cambridge, U.K., http://www.ebi.ac.uk) (10). Total RNA was extracted from staphylococcal cultures by using RNeasy

Phylogenic reconstruction spin columns (Qiagen, Courtaboeuf, France). cDNA was synthesized using
Ready-To-Go RT-PCR beads (Pharmacia Biotech, Orsay, France) by ing
The sequences of SE-related genes were obtained from Gen&zadc- cubating 0.1ug of total RNA with the following pairs of primers (primer 3

cession number M1897@ebaccession number M11118eclaccession 5, sel3), (sel-4, sel-5), (sell, sel2), (invsel2, invseml), (seml, invseil),§
number X05815;sed accession number M2852%geaccession number  (seil, sei2), (invsei2ient2), (bentl, invsekl), (sekl, sek2), (invsek2, &
M21319; seh accession number U11702; areht accession number invsegl), (segl, seg2), (invseg2, priméy @able 1). The reaction mix- &
U93688. Nucleotide sequences of these genes and open reading fram@ses were incubated with each primer pair described above, at 42°C for 3@
(ORFs) encoded bggcwere aligned using the multiple alignment Clus- min for reverse transcription, followed by 30 cycles of amplification (1-min €
talX software (10). The evolutionary distances were determined by thedenaturation at 94°C, 1-min annealing at 55°C, and 1-min extension a§

8
o)
Table I. Sequences of primers used in this sfudy 3
3
Location within §
Primer eg® Oligonucleotide Sequence’(3’) s
wseg 5014-5040 CGTCTCCACCTGTTGAAGGAAGAGGAG %
wsei 2494-2525 GTATTGTCCTGATAAAGTGGCCCCTCCATAC 8
primer5 1-19 GTCCCGTTAGGAGTCATAC §
sel-3 427-449 GCATTGTTTACACTACATATTGC ©
sel-4 244-270 CTGTTTGTTCAATAGTAAGTAGGATTG %
sel-5 557-581 GTTGATACAATTGATTTTACTGTCG S
sel-1 481-506 AGTTTGTGTAAGAAGTCAAGTGTAGA S
sel-2 630-660 ATCTTTAAATTCAGCAGATATTCCATCTAAC §
invsel-2 630-660 GTTAGATGGAATATCTGCTGAATTTAAAGAT %
rsel-1 443-461 CAGAATTCTGTAGTGTAAACAATGCATATGCAAATG g
rsel-2 1123-1156 GCCTGCAGTTATGTAAATAAATAAACATCAATATGATAGTC 5
sem-1 1785-1811 CTATTAATCTTTGGGTTAATGGAGAAC oy
invsem-1 1785-1811 GTTCTCCATTAACCCAAAGATTAATAG ~
sem-2 2085-2110 TTCAGTTTCGACAGTTTTGTTGTCAT >
rsem-1 1469-1495 CAGAATTCTTTTGCTATTCGCAAAATCATATCGCA 2
rsem-2 2126-2155 GCCTGCAGTCAACTTTCGTCCTTATAAGATATTTCTAC S
sei-1 2260-2281 CTCAAGGTGATATTGGTGTAGG &
invsei-1 2260-2281 CCTACACCAATATCACCTTGAG
sei-2 2886-2915 GTTACTATCTACATATGATATTTCGACATC
invsei-2 2886-2915 GATGTCGAAATATCATATGTAGATAGTAAC
rsei-1 2262-2289 CAGAATTCCAAGGTGATATTGGTGTAGGTAACTTAA
rsei-2 2883-2918 GCCTGCAGTTAGTTACTATCTACATATGATATTTCGACATCAAG
ent-1 3352-3375 ACGTAGATTTGTTTGGGACAAACT
ent-2 3502-3529 GTGCTGTTATGTTTTTCTTATTAGTAGG
sek-1 3969-3988 ACGTGGCAATTAGACGAGTC
invsek-1 3969-3988 GACTCGTCTAATTGCCACGT
sek-2 4415-4444 GATTGATCTTGATGATTATGAGAATGAAAG
invsek-2 4415-4444 CTTTCATTCTCATAATCATCAAGATCAATC
rsek-1 3885-3918 CAGAATTCGAAGTAGACAAAAAAGATTTAAAGAAAAAATCTG
rsek-2 4531-4568 GCCTGCAGTTAATCTTTATATAAAAATACATCAATATGATAATTAG
seg-1 4979-5003 TAAGGGAACTATGGGTAATGTAATG
invseg-1 4979-5003 CATTACATTACCCATAGTTCCCTTA
seg-2 5514-5541 GAACAAAAGGTACTAGTTCTTTTTTAGG
invseg-2 5514-5541 CCTAAAAAAGAACTAGTACCTTTTGTTC
rseg-1 4926-4950 CAGAATTCCAACCCGATCTTAAATTAGACGAAC
rseg-2 5593-5627 GCCTGCAGTCAGTGAGTATTAAGAAATACTTCCATTTTAATAC
primer3 6163—-6189 CTTTAACCTCATAAATTAGCAGTAGTC

2 Restriction sites foEcoR| and Pst are underlined.
b egc, Enterotoxin gene cluster.
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72°C). The RT-PCR products were then analyzed by electrophoresi§V323). These mAb, and CD4- and CD8-specific mAb, were purchased
through 1% agarose gel. RNA extracts were tested for DNA contaminatiorirom Beckman/Coulter/Immunotech (Marseille, France). Cells were phe-
by preincubating the reaction mixtures at 95°C for 10 min to inactivatenotyped by indirect immunofluorescence, as described previously (13).
reverse transcriptase before the RT-PCR. Briefly, cells were incubated with unconjugated mAb for 30 min at room
temperature, then washed and incubated with FITC-conjugated rabbit anti-
. L . . mouse Ig antiserum (BioAtlantic, Nantes, France) for 30 min on ice. After
Production and purification of recombinant enterotoxins washing, cells were analyzed by flow cytometry on a FACScan apparatus

Primers were designed following identification of suitable hybridization (Becton Dickinson, Mountain View, CA) using the LYSYS Il software
sites insel, sem, sei, selndseg(Table I). The 5 primers were chosen Package on a FACstation.

within the coding sequence of each gene, omitting the region predicted to

encode the signal peptide, as determined by hydrophobicity analysis agmmunoscope analysis

cording to Kyte and Doolitttle (11) with GeneJockey software and SignalP

V1.1 World Wide Web Prediction Server (http://www.cbs.dtu.dk/services/ Total RNA was extracted using the Trizol reagent (Life Technologies,
SignalP/) (12); the 3primers were chosen to overlap the stop codon of Gaithersburg, MD). TCRB-chain-specific primers were as described pre-
each gene. A restriction site was included in each primer (Table 1). DNAviously (14), and reverse transcription, PCR amplification, and run-off
was extracted from A900322 or MJB1316 and used as a template for PCRteps were performed as reported previously (15). Fluorescent DNA prod-
amplification. PCR products and plasmid DNA were prepared using thelcts were loaded on a sequencing gel and analyzed with the Immunoscope
Qiagen plasmid kit. PCR fragments were digested VitoR| and Pst software (16).

(Boehringer Mannheim) and ligated (T4 DNA ligase; Boehringer Mann-

heim) with the pMAL-c2 expression vector from New England Biolabs giatistical analysis

(Ozyme) digested with the same restriction enzymes. The resulting plas-
mids were transformed int&. coli TG1. The integrity of the ORF of each  x?test was used to determine whether the distributioeguf sea seh seg

construct was verified by DNA sequencing of the junction betweensed see seh tst, eta andetb was significantly different in isolates from
pMAL-c2 and the different inserts. The fusion proteins were purified from asymptomatic nasal carriers and patients v@ttaureusnfection or acute
cell lysates of transfectefl. coli by affinity chromatography on an amylose toxemia;p < 0.05 was considered statistically significant.

column according to the supplier’s instructions (New England Biolabs).

T cell prolierati Results and Discussion
cell profiferation assays Identification of thesegand sei flanking regions

i = 6 - . age . .
PBL from healthy donors were cultured in 24-well plates®(&6lls/well) (\{Vhen this work was initiated, the coding regions of oaégand

in RPMI 1640 medium supplemented with 8% pooled human serum and 10" . <
wg/ml recombinant staphylococcal toxin. rlL-2 (50 1U/ml) was added S€iwere available, and the two genes were known to be in tanden

on day 5. When necessary, T cell cultures were diluted in IL-2-supple-Orientation, separated by a 1.9-kb DNA fragmentSn aureus
mented medium until TCR analysis. We used as controls T cells from thestrain A900322 (4, 9). A 3.2-kb fragment was thus amplified by 3
same donors that were stimulated with Qu8/ml Phaseolus vulgaris PCR with primers seil and seg2 and was then sequenced. The
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leucoagglutinin (PHAL) (Sigmay). intergenic 1.9-kb DNA sequence contained three open readiné.
Flow cviometr frames (ORFL1, 2, and 3) of 399, 327, and 777 bp, respectively®
ow cytometry Comparison of the deduced amino acid sequences of these OREs

The following mAb (mAb; specificity indicated in brackets) were used for with translated sequences from GenBank showed that the putativ§
ﬂ\‘;WSC%’tO”éeRtgéE%ZEgzz(ﬂgés'-gfs (VB73)'F')’%"2"5U2157 (8\/][_3/58-12)’ 35&; proteins corresponding to these ORFs had substantial sequen@e
(VB5.3), -3 (66.2), (B7), 2 (8.1/8.2), similarities to known SEs: ORF1 exhibited homology to the N-

(VB9), C21 (VB11), S511 (\312), IMMU1222 (VB13.1), JU74 (\313.6), ¢ ; X )
CAS1.1.13 (\314), Tamayal.2 (816), E17.5F3 (\817), BA62.6 (\318), terminal region of SEB; ORF2 to the C-terminal region of SEC;
ELL1.4 (VB20), IG125 (\321.3), IMMU546 (VB22), and HUT78.1 and ORF3 to SEA (Table Il). The PCR “walking” strategy was

Table Il. Percentage of amino acid sequence identity among the staphylococcal superantigenit toxins

% Sequence ldentity

ORFP ORFZ ORF¥ ORF# ORFY
Toxin  SEA SEB SEC1 SED SEE TSST-1 SEG SEH SEI SEJ ENHENT1 ENT2 SEK SEL SEM

20z Indy 0z uo 1senb Aq jpd-699/0£6ZE | L

SEA 100 33 30 50 83 NS 27 37 39 64 31 35 32 39 37 35

SEB 100 68 35 32 26 43 33 31 33 30 a7 63 32 36 29
SEC1 100 31 29 30 41 27 26 30 26 46 66 29 33 26
SED 100 52 NS 27 3% 33 51 33 35 35 38 39 41
SEE 100 26 27 3% 35 63 32 34 31 39 37 37
TSST-1 100 33 NS NS NS NS NS 31 NS NS NS
SEG 100 34 28 29 28 33 49 31 30 28
SEH 100 33 35 28 31 36 38 34 31
SEI 100 34 67 30 34 31 31 57
SEJ 100 33 33 37 38 42 33
ENT 100 30 33 28 29 57
ENT1 100 NS 26 29 28

ENT2

SEK 100 42 28
SEL 100 31
SEM 100

2 Amino acid sequences were compared by using the Blast 2 sequences method with open gap of 11 and extension gap penalties of 1 (10).
b Blast search result in GenBank using ORF1: homology with SEB [identiti€®/119 (47%), positivess 84/119 (70%), gaps- 6/119 (5%)].

¢ Blast search result in GenBank using ORF2: homology with SEC [identiti&9/103 (66%), positives= 90/103 (86%)].

d Blast search result in GenBank using ORF3: homology with SEA [identitid€1/258 (39%), positives: 151/258 (58%), gaps: 11/258 (4%)].

€ Blast search result in GenBank using ORF4: homology with SEJ [identiti@93/238 (43%), positives: 141/238 (58%), gaps 12/238 (5%)].
fBlast search result in GenBank using ORF5: homology with SEI [identities35/235 (57%), positives: 175/235 (74%), gaps: 1/235 (0%)].
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1 GTCCCGTTAGGAGTCATACAAACAGAAGTGARATATCGCTTCTGTTTTTTTATTACATAT 3181 GTCTAATGGATAATATGAGGTATTTGTATGATGATAAACACGTATCAGARACARACATTA
61 TTATTATTGAGGAGAGTTGTCCGAGTTGGCCGAAGGAGCACGCCTGGARAGTGTGTAGGE L M D NM R Y L Y DDIKUHUV S E TN I K
121 GCCACAAGCGTCTCGAGGGTTCGAATCCCTCACTCTCCGTTATAGCGCTTARAATGGTTT 3241 AATCCCAAGAAAAGTTTTTACAACATGATTTATTATTTAAAATAAATGGTTCTAARATTT
181 TACCCATTTTAAGCGCTATTTTTARGGTTTTTTGTCTATTATCTGAGTCACTTAATTTAR S Q E K F L Q HD UL L F K I X G S K I L
-35 -10 3301 TAAAAACAGAATTTAATAATAAARGCCTTTCGGATAAATATAARARTARAAACGTAGATT
241 ARTCTGTTTGTTCAATAGTAAGTAGGATTGTTAAGTTTAAAATCGTAATCTAATAATATT K TEFNUDNK S L S$ DK JY KU NI KUNV DL
301 AGTGAATATTTAAAGATTAAAAACAGAATTTTTCAGTTTATTAAGAARAARATTTTGTGA 3361 TGTTTGGGACAAACTATTATAATCAATGCTATTTTTCATTGGATAATATGGAATTARATG
361 AGGAGGGATATTATTAARAATAGTAAAGTAATGTTAAATGTATTATTATTAATTTTAARAT F 6 T N Y Y N Q CYF SLDNUMETLTND
selM X N § K VM L N V L L L I L N 3421 ATGGTAGATTAATTGAAAARAACGTGTATGTATGGCGGTGTGGTTTATGABAACGAGAGA
421 TTAATTGCAATATGTAGTGTAAACAATGCATATGCAAATGAAGAARGATCCTARAATAGAG G R L I E KNV Y V WRC G L
L XY AT C s VNDNDAYANTETETUDTPTZEKTIHE Went2M Y G G V V Y E N E R
481 AGTTTGTGTAAGAAGTCAAGTGTAGACCCTATTGCTTTACATAATAT TAATGATGATTAT 3481 AATTCATTATCTTTTGATATACCTACTAATAAGAAAAACATAACAGCACAAGARATAGAT
$ L ¢C K K S S Vv G P I ATULUHINTINDDY N 8§ L s P DI PTNUI KIEKNTITA AGQTETITD
541 ATARATAATCGATTTACGACAGTAAAATCAATTGTATCAACTACAGARARATTCTTAGAC 3541 TATAAAGTTAGAAACTATTTACTTAAGCATAAARATTTATATGAATTTAACAGTTCGCCT
I NNRTFTTV K S IV S T TEZKTF LD Y K VR N Y L L KHEKNUILYEVFUN S § P
601 TTCGATTTATTATTTAAAAGTATTAATTGGTTAGATGGAATATCTGCTGAATTTARAGAT 3601 TATGAGACTGGCTATATARAGTTTATCGAAGGAAGTGGTCATTCTTITTGGTATGATTTG
F DLILVFEK S INUW®WILDGTI S AETF KD Y ET 66 Y I K F I EG S G H S F W Y D L
661 TTAAAAGTGGAATTTAGCTCATCAGCGATTTCTAAAGAATTTCTAGGAARAGACTGTTGAT 3661 ATGCCTGAATCTGGTAAARARTTTTATCCGACTARATATTTACTAATTTATAATGATAAT
L KV EF S S s AI S KZETFTULGTZ KTV D M P E S G K K F Y P T XK Y L L I Y N DN
721 ATTTATGGTGTTTACTATARAGCACATTGTCATGGTGAGCATCAAGTGGATACTGCCTGT 3721 AAAACAGTTGRGAGTAAATCTATTAATGTAGAAGTTCATTTAACCA}\AAAATAATTG&(_}E
I Y GV Y Y KAHGCHGEUHGQQUVDTA ATC K T VvV E S K S I NV E V HUIL T K K *
781 ACATATGGTGGGGTAACACCTCATGRAARATAATAAATTAAGCGAGCCTARAAATATAGGA 3781 GAGAGAATATTATAAAAAATATTAAAARGCTTATGAGATTGTTCTACATAGCTGCAATTA
Y 6 G VT P HENU NI KTILSEUZPZ KNTIG sekM K N I K K L M R L F ¥ I A A I 1
841 GTAGCTGTGTATAAGGATAATGTAAATGTTAATACATTTATCGTTACTACAGATAARAAG 3841 TAATAACTTTATTATGTCTTATTAATAATAATTATGTTAATGCTGAAGTAGACAARRAAG
VAV Y KDUNV NV NTT FTIUVTTDEK K I 7 L L ¢ L T N NN VY ¥ N AZEUV DK K D
901 AAAGTTACTGCACAAGAACTTGATATTAAAGTAAGAACARAATTAAATAATGCATATAAR 3901 ATTTAAAGAAAAAATCTGATCTAGATAGTAGTAAGTTATTTAATTTAACAAGCTATTATA
K vV T A QE UL DI KV RTIEKTULNNAB A Y K L K K K $ DL DS S KULFUNUILTS Y Y T
961 TTGTATGACAGRATGACTAGTGATGTACAAAAAGGTTATATTAAATTTCATTCTCATTCG 3961 CTGATATAACGTGGCAATTAGACGAGTCAAATAAAATTAGTACAGATCAACTACTGAATA
L ¥Y D RMT S DV Q K G Y I K FH S H S D I T W QL DE SN KIS TD QUL L NN
1021 GAGCATAAAGAATCATTTTATTATGATTTATTTTATATTAAAGGARATTTACCAGATCAA 4021 ATACTATAATATTAARAAATATTGATATATCCGTACTTAAAACTTCTAGTTTGAAAGTTG
EHKESF Y Y DULUF Y I KGNTILZP D Q T I I L XK N I DI &V L KT S S L K V E
1081 TATTTGCAAATTTATAATGATAATAAAACAATAGATTCATCAGACTATCATATTGATGTT 4081 AGTTTAACTCATCAGATTTAGCAAATCAATTTAAAGGARAAAATATAGATATTTATGGAC
¥ L. ¢ I YNDWN I KTTIUDS S DYHTIDV F N S S DUL AN QT F K G KNTIDTI Y G L lw)
1141 TATTTATTTACATAACAATCTGARAGTTGATGGATATCAACTTACAATCCTATAARAGAAC 4141 TGTATTTTGGAAATAAATGTGTAGGCTTAACTGAAGARAARACATCATGCTTATACGGAG g
Y L F T * Y F G N KCV G L TETET KT S CL Y G G S
1201 TATAGATATTAACATATTTTTACAAAGTAGCTTAGTARATGATGAAGAACGAATAGTGAT 4201 GAGTTACGATACATGATGGAARATCAATTAGATGAAGAGAARAGTTATAGGCGTTAATGTAT 8
1261 TCAGATCTAGCTTTATTACTATAAAAAGCTTTCTATTTTAGTATAGATAGCAARACCAGA vV T I HD GN QL DETETZ KV I 6V NV F Q
1321 TTARCGAGTAATAATATATARGTGGGATAGAATCATGATGATT TAAGAAGAATTGGTTAT 4261 TTAAAGATGGTGTCCAACAAGAAGGTTTTGTTATAAAAACCAARAAGGCTAAAGTAACAG 8
1381 TTTTACAATAAARAGATAATARAGATAGAGAAGTTTAARATATAGGAGARATAAAATATGAR K D GV Q Q E G F VI KT KU KA AI KUV TV =
sem M K 4321 TACAAGAATTAGACACTAAAGTTCGATTTAAATTAGARAATTTATATAAAATATACAATA g
1441 AAGAATACTTATCATTGTTGTTTTATTGTTTTGCTATTCGCARAATCATATCGCAACCGC Q EL DT KV RTFE KU LEUNZULYEKTI YN K >
R I L I I Vv VvV L L F ¢ Y 8 Q N H I A T A 4381 AAGATACCGGTAACATACAARAAGGATGCATTTTCTITTCATTCTCATAATCATCAAGATC =
1501 TGATGTCGGAGTTTTGAATCTTAGGAACTATTATGGTAGCTATCCAATTGAAGACCACCA D T GG N I Q K G C I F F H S HNUHGQDQ g
V1 N L RN Y Y G S Y P I EDHQ 4441 AATCATTTTATTATGATTTATATAACGTAARAGGTTCAGTGGGAGCAGAGTTTTTTCAAT ‘g
1561 ARGTATTAATCCTGAAAATAATCATCTTTCGCATCAATTAGTTTTTTCTATGGATAATTC s FYYDULYNVKGS V G AETFTFQ F <
I NP EDNUNUHULSHOQQUL V F S M DN S 4501 TTTATAGTGATAATAGAACAGTTAGCTCATCTAATTATCATATTGATGTATTTTTATATA a
1621 GACAGTRACAGCTGAATTTAAGARCGTTGATGATGTAAAGGAATTCAAARATCATGCTGT Y S D NRTV $ S SN VY HTIDVF L Y K 7
T VvV T A E F KNV DDV KEF KNUH AV 4561 AAGATTAAGTGATTGATGATTATCAACTGAATCATGAAATTAARCCATTTTATGAGAGGA @
1681 AGATGTATATGGTCTAAGTTATAGTGGATATTGTTTGARAAACAAATATATATACGGTGG D 9
DV yY UL S Y S G Y ¢CL KNI KVYTIVYG G 4621 AAATGATTTGAATTGTAGTAAAATTTGAAATTTATATATTATCTTGAATACGGATTCAAA <}
1741 AGTTACATTAGCAGGTGATTATTTAGAGAAATCTAGACGTATTCCTATTAATCTTTGGGT 4681 ATTATTTGITGTAATTAGTAATAATGATAAATAGAATTTTAATTTATTCTGCTAGTGAAT g
v T L AGD Y L E K S R®RTIUPTIUNILWZUV 4741 TTTTAGTTTTAAAACAATGCTATCGACACACTACAACCTGAACTATCTATARGCGTGAAT §
1801 TAATGGAGAACATCAAACTATATCTACTGACAAAGTATCAACTAATAAAAAGTTAGTAAC 4801 TTATAATAAGGTTCATTGTCAAATAGACTGAATAAGTTAGAGGAGGTTTTATGAAGAAAT 3
N G E H QTI ST DI KV S TUNIKIKTLV T seg M K K L %
1861 AGCTCAAGAAATTGATACTAAATTAAGAAGATATCTACAAGAAGAATATAATATTTATGG 4861 TATCTACTGTAATTATTATTTTGATTCTAGARATAGTTTTTCATAATATGAATTATGTGA %
A Q E I DT KU LRI RYUL QETE EZYNTITY G S T v ¥ I I L I L E I V ¥F HNMN Y V N L
1921 CTTTAATGATACAAATAAAGGAAGARATTATGGTAATARGTCARAATTTAGTTCTGGATT 4921 ATGCTCAACCCGATCTTAAATTAGACGAACTAAATAAAGTAAGTGATTATAAAAATAATA %
F N D TN K GURN Y GG N K S KTF S S G F _A QP DL KL DEULWN KV S DY K NN K o
1981 TAATGCAGGAAARATATTATTTCATTTGRATGATGGTTCATCATTTTCTTATGACTTATT 4981 AGGGAACTATGGGTAATGTAATGAATCTTTATACGTCTCCACCTGTTGAAGGAAGAGGAG 5
N A G K I L F HLNUDG S S F S Y DL F G T M G NV MNTILYTS PPV EGR GV %
2041 TGATACTGGAACAGGACAAGCTGAAAGTTTCTTARAAATATATAATGACAACAARACTGT 5041 TTATTAATTCTAGACAGTTTTTATCTCATGATTTAATTTTTCCAATTGAGTATAAGAGTT a;
DT T G Q A E S F L K I Y NDWNTI KTV I 8 S5 R QFL S HDULIFPTIE Y K S Y D
2101 CGAAACTGAAARATTCCATTTAGATGTAGAARTATCTTATAAGGACGAAAGTTGAAGTAT 5101 ATAATGAGGTTAAAACTGAATTAGAARATACAGAATTAGCTAACAATTATARAGATARAA =
E T EK KV FHIL DUV E I S Y K DE a * N EV K TEULENTETLA ANIUNY K D K K 8
2161 TTCAATCATAACTTAGTAAAGGAAATGCCATGAAAAAATTTAAATATAGTTTTATATTAG 5161 AAGTAGACATTTTTGGCGTTCCATATTTTTATACATGTATAATACCTAAATCTGAACCGG ©
sei M K K F K ¥ § F I L V v bpDiIlU?F GGV PYF Y T CTITIUPIEKSEPD ey
2221 TTTTTATATPACTTTTTRACATTARAGATCTTACGTATGCTCAAGGTGATATTGGTGTAG 5221 ATATAAACCAAAATTTTGGAGGTTGTTGTATGTATGGTGGTCTTACATTTAATAGTTCAG %
F I L L F NI KDL T Y A Q GDTIGV G I N ¢ N F GG CCMYGGLTFNS S E ©
2281 GTAACTTAAGAAATTTCTATACAAAACATGATTATATAGATTTAAAAGGCGTCACAGATA 5281 AAAATGAAAGAGATAAATTAATTACTGTACAGGTAACAATCGACAATAGACAATCACTTG 8
N L RN F Y T KHD Y I DULIKGV T DK N BE RDKUILTITV QV TIUDNZ RUEGS L 6 &
2341 ARAACCTACCTATTGCARATCAACTTGAATTTTCAACAGGTACCAATGATTTGATCTCAG 5341 GATTTACAATAACTACAAATAAGRATATGGTTACTATTCAGGAACTAGATTACAAARGCAA %
N L P I ANGQULETZ F ST GTNDTLTI S E F T I T TNXUNMU VT I QQETLDTY K AR o
2401 AATCTAATAATTGGGACGAAATAAGTAAATT TARAGGAAAGAARCTGGATATTTTTGGCA 5401 GACACTGGCTCACTAAAGAARAARAGCTATACGAGTTTGATGGTTCTGCATTTGAATCTG =]
S N N WDEBI S K F K G KKUILUDTITFG I H WL T K E K KLY EF DG S A F E § G g
2461 TTGATTATAATGGTCCTTGTAAATCTAAATACATGTATGGAGGGGCCACTT TATCAGGAC 5461 GATATATAAARTTTACTGAARAGAACAATACAAGTTTTTGGTITTGACTTATTTCCTAARA «
D Y NGP CK S KYMYOG GATTUL S G Q Y I K F TEKWNU NT S FWUPFDULF P K K g
2521 AATACTTAAATTCTGCTAGAAAAATCCCTATTAATCTTTGGGTTAATGGCAARCATAAAA 5521 AAGAACTAGTACCTTTTGTTCCATATAAGTTTTTAAATATTTACGGAGATAATARAGTTG [Z8
Y L N § A R K I P I N L W V N G K H K T E L VPFVPY K FULUNTI Y G DN K V V o
2581 CAATTTCTACTGACAAARATAGCAACTAATAAAAAACTAGTAACAGCTCAAGARATTGATG 5581 TTGATTCTAAGAGTATTAARATGGAAGTATTTCTTAATACTCACTGATAAGTATATTTGA >
I s T D KIATNI KU KUILVTTAQETITDUV D $ K 8 I KM EV F LN T H * 8
2641 TTAAATTAAGAAGATATCTTCAAGARGAATACAATATATATGGTCATAATAACACTGGTA 5641 TATCACTATACAATCATAAAGTGCGTTTCGAACTTTTGTTCTARGTGTTTTATAGATTCA >
K L RR Y L Q@ E E Y N I Y G HNINT G K 5701 TGTAAATAGTTAGTTTATTGCCGGTTAAATTATTTAATTTTTCTAAATGATTTATTCTAR g
2701 AAGGCAAAGAATATGGATATAAATCTARATTTTATTCAGGTTTTAATAATGGGAARGTTT 5761 ATATATTTTATGTCAATAGCGGTTTARARATGCTGTTTTATGGCGGTTTGAAAATGACGT ,G
G K E Y G Y K S KF Y S G F NN G K V L 5821 GCTTTAAATGTATTTTTACTTTTATAATCTTTTAGTCGACATGATTCTCCAGTGGAAATG S
2761 TATTTCATTTAAATAATGARAAATCATTTTCATATGATTTGTTTTATACAGGAGATGGAC 5881 ATAATTTAATAACGTACATTTATGATTGTTTAAGAATGTACAATTTTTTAACACTCTAGA S
FHLNNUEI KSPF S Y DILTF Y T GD G L 5941 GGTAARTCTATCTAGGTAATCCGRATTCTCCGTTAATTTAACGGAAATACAATGAATTGT
2821 TGCCTGTAAGTTTTTTGAAAATTTATGARGATAATAAAATAATAGAATCTGARAAATTTC 6001 TAGTTTTCTTARAAGAGCAAGTGTCAAATACGTATCAAGAAAAAGTTTTTCTGACTCGTT
PV 5 FL KXKTIYEDUNI KTITITESETZ KT FH > <
2881 ATCTTGATGTCGAAATATCATATGTAGATAGTAACTAATGATAATTAGTTTTAACACTAA 6061 GACCTTGTTCTTTCTTGTTCTAARATAARACGTGCARATAARARAGTTATCTGCTTTTCT
L DV E I S YV DSN* e
2941 ARTGCGAATTTATACGAAATTAATATATGTATTAACTATTTARATTTTARAGTCTCTAGG 6121 ATTTGCACGATATGGTTTGGAAATTAAAGAATATAAATAAGGGACTACTGCTAATTTATG
3001 GCTAATGTGTACGTTAAATATTCCCTGTAATACATCAAATTTATAAAAAATTAAAATAE 6181 AGGTTAAAGTTTCAATGATTTTTGATTTATTAGACCATTTTAATATCTCAAGGTTTTCAT
3061 GAGTTGTTGTAATGRAGTTATTTGCCTTTATCTTCATATGTGTTAAGTCTTGCAGCTTAC 6241 GTTCTGCTACAGTTTGTGCTCTTTCATTTATCGGATGCGTCTCCACCTGTTGAAGGAAGA
Wentl M K L, F A F I F I C V K S € S L L 6301 GGAGTTATTAATTCTAGACAGTTTTTATCTCATGATTTAATTTTTCCAATTGAGTATARG
3121 TATTTATGTTAAATGGCAATCCTARACCAGAACAATTGAATARAGCGAGTGAATTCACTG 6361 AGTTATAATGAGGTTAARAACTGAATTAGAAAATACAGAATTAGCTACCAGCCCGGGCC

F M L N G N P K P E QL N KA ASETFT G

FIGURE 1. Completeegcnucleotide sequence. The deduced amino acid sequence of each ORF, with its putative signal peptide (underlined) and its stop
codon (asterix), is indicated below. The putative SD sequence (underlined), the prept@ethd—35 consensus sequences (bold characters), and the
inverted repeats representing the putative transcription terminator (horizontal arrows) are also indicated. These sequence data arenavadaBlenk

under accession number AF285760.

chosen to identify thesegand sei flanking regions. The use of Hpal digests amplified a 0.8-kb fragment downstreansef§ Se-
primers wsei and hindlll oiindlll digests allowed us to amplify quence analysis of this fragment revealed no other significant
and sequence the 3.2 kb of DNA upstreansef Analysis of this  ORFs. The concatenated sequencseagf-seintergenic, -upstream
sequence showed two significant ORFs (ORF4 and ORF5) of 78and -downstream regions was validated by sequencing a 6.189-kb
and 720 bp, respectively. ORF4 exhibited homology with SEJ, andPCR fragment encompassing the whole region (Fig. 1). Although
ORF5 with SEI (Table I1). The use of primers wseg and hpal onseiin strain A900322 was 100% homologous with the sequence
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7 Table Ill. Flow cytometry analysis of PBL from donor A and B,
cultured for 12 days with 1@g/ml of SEI or SER

SEF SEK®

TCR VgP Donor A Donor B Donor A Donor B
1 6.8 10.1

5.1 36.0 34.0

5.2 104 11.0

5.3 5.8 4.0

9 43.5 45.1
23 2.0 2.0

2Results are expressed as percentage of total cells in the culture.

b Results for TCR \82, VB3, VB4, VB6.7, VB7, VB8, VB9, VB11, VB12,
VB13.2, VB13.6, V314, VB16, VB17, VB18, VB20, VB21.3, and \B22 were
negatives.

¢ CD4/CD8 ratios were of 13.4 (donor A) and 21.7 (donor B) in SEI cultures
(preferred expansion of the CD4 subset) and of 2.9 and 3.3 in SEK cultures (no gross
alteration of CD4/CD8 in this case).

Shine-Dalgarno (SD) sequence (TGGAGT-N7-AUG, consensu
AGGAGG-N6/10-AUG) but, in comparison with SEB, to which it
is highly related, shows a large deletion of itsehd, which cor-
responds to a region that is essential for biological (superantigenic}
activity (17). ORF2 has neither an SD sequence nor a signal pepi
tide, and resembles an N-terminal-truncated SEC. Accordinglyg
ORF1 and 2 were designatédentl and 2, respectively, meaning &
they represent pseudogenes with no likely biological function. In8.
contrast, ORFs 3, 4, and 5 had sizes consistent with active enteg
FIGURE 2. Analysis ofegctranscripts by RT-PCR. cDNA was prepared otoxin-like molecules. ORF5 possesses a satisfactory SD sequen@é
from S. aureusA900322 total RNA and subjected to PCR using the primer and translation start site, whereas ORF3 and ORF4 have an adé-
pairs A to K (schematically represented in tigper partof the figure, and  guate SD sequence in front of a noncanonical, although suitablg
de_scrlbed iMaterials _and I\/_IethodsA—K, Correspond to_the results obtained (18), translation start site (ATT) coding thethionine (Fig. 1). Thus, =
using the corre;pondlng primer paltsang 1 Molepular size marketane 2 _ ORF3, ORF4, and ORF5 were designatak, sel andsem, re-
RT-PCR negative control (RT-PCR with heat-inactivated reverse transcrip- L ' P N
tase);jane 3 RT-PCR from extract of A90032%ane 4 PCR positive control spectl_vely. Thus, t_he 6301-bp DNA_ region 'denF'f'ed in this study
(A900322 DNA as template). containssegandseiplus three potential enterotoxin geneek, sel
andsen) and two pseudogene¥éntl, Went2, all in the same
orientation (Fig. 1). We designated this regegcfor “enterotoxin
gene cluster.” With the exception of plasmid pIB485, which con-
deposited in GenBank (accession number AFO647%&Hin strain  tainssedandsejin opposite orientations separated by 895 nucle-
A900322 showed one mutation, corresponding to ab&uwo sub-  otides, and the staphylococcal pathogenicity island, which containg:
stitution at position 29. This new variant was designated SE&G = tstandentseparated by 10.234 kb (19), no such gene cluster ore
As ORFs 1-5 were homologous but not identical with anyganization has ever been described for enterotoxin genes. It i%
known enterotoxins, we speculated that they corresponded to nelikely that this organization was generated through gene duplica-g
enterotoxins. However, ORF1 and 2 were at least 50% shorter thation and variation from an ancestral gene. The proposed moleculgg
any of the known enterotoxins. ORF-1 possesses a satisfactomechanism involved iregc formation is unequal crossing-over, 3

013 papeoflimog
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Table IV. Flow cytometry analysis of PBL from donor C and D, cultured for 12 days witlwd/nl of SEG, SEI, SEL, or SEM

PHAL® (0.5 pg/ml) SEE SEF SEL® SEM®
TCR Vg Donor C DonorC  DonorD  DonorC  DonorD  DonorC  DonorD  DonorC  Donor D
1 2.8 7.8 10.0
5.1 5.7 35.4 325 9.1 22.3
5.3 0.7 3.7 4.4
7 0.5 34.0 42.1
13.6 1.3 0.4 15
14 35 55.5 65.0
18 0.2 1.1
21.3 15 30.7 27.1
22 25 1.8 2.9
23 0.5 2.0 2.4

2 Results are expressed as percentage of total cells in the culture.

b Results for TCR \82, VB3, VB4, VB5.2, VB4, VB6.7, VB8, VB9, VBI11, VBI12, VB13.2, VB16, V17, and \B20 were negatives.

¢ CD4/CDS8 ratios were of 3.7 (donor C) for PHAL culture, of 4.4 (donor C) and 3.3 (donor D) for SEG cultures, of 6.8 and 6.2 for SEI cultures, of
3.3 and 3.2 for SEL cultures, and of 6.0 and 7.2 for SEM cultures.
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FIGURE 3. Analysis of the TCR \8 repertoire of superantigen-stimulated cultured PBL by semiquantitative immunoscopy. The results shown are t
obtained with T cell lines derived from donor D (Table Il1). In all cases, junctional transcripts derived from amplffiselgvhents showed diverse lengths
with a pseudogaussian distribution (14, 16) (data not shown). Similar results were obtained with superantigen-stimulated cells from donor C.

which can be generated when recombination occurs between nosuperantigen activity
allelic regions by misalignment (20). This hypothesis is supported o _ e
by the presence of homologous genes and pseudogenes in the sahf¥® association of related genes that are cotranscribed suggested

1699/1/991/3pd-8jo11e/jounwggil/Bio"1eE"Sjeunol//:dpy wouy papeojumoq

DNA region. that the resulting peptides might have complementary effects org
o ) the host's immune response. One hypothesis was that gene recorg-
Transcriptional analysis bination had created new variants of toxins differing by their su-&

As mentioned above, Munson et al. (4) reported an unusually largperantigen profiles. Purified recombinant SEL, SEM, SEI, SEK,2
(6.7-kb) segtranscript. To investigate whether this transcript wasand SEG.qp expressed itE. coli were studied for their ability to i
polycistronic, i.e., encoded one or more of the ORFs identified ininduce selective expansion of T cells bearing particular TGR V
egc c-DNA was generated from strain A900322 total RNA by regions in short-term PBL culture. As shown in Tables Ill and IV, $
reverse transcription and amplified by PCR using primer pairs lorecombinant SEL SEM, SEI, and SEK consistently induced selec=
cated within each gene and bracketing adjacent genes. Abundagije expansion of distinct sets off/subpopulations. By contrast,
RT-PCR products (B to K) of the expected size were obtainedSqugpfa”ed to trigger expansion of any of the 23B\subsets.
using the corresponding primer pairs (Fig. 2). In contrast, no RT-the sum of results obtained with each of these recombinant toxins
PCR product A (primer 5 sel3) nor L (primer invseg2 and primer  g5ha)ly corresponded to the selective expansion gfsdbpopu-
3') was obtained (Fig. 2). These_ results sugges_t that the S€V&Qtions induced by crude supernatant of staphylococcal culture of
genes and pseudogenes composiggare cotranscribed, and'tha'lt strains that harboreegc(data not shown). This suggested that the
the § and 3 ends of the transcript ”.‘“St be close to the beg.mnmgmaltose-binding protein portion of the fusion toxins did not sig-
of seland to the end ofeg respectively. Sequence analysis re- .. . e )

nificantly influence the Y8 specificity of these superantigens. To

vealed putative—10 and —35 promotor sequences (TTGTCT- . . . .
N15-TAATTT-N134-ATT) upstream of theelstart codon, The's ~ nvestigate whether the L29P mutation could explain the lack of
éuperantlgen activity, a rSEG with an L29 codon was constructed

end may lie at an inverted repeat at position 6018—-6067, which i ) ) ’
a potential transcription termination signal, 5830 nucleotides™®M S- @ureusstrain MJB1316 (which contains the clonsegon

downstream of the putative transcription start site. These result@ Plasmid) and then expressed Bn coli, and the superantigen
suggest thaegcis an operon. However, we could not rule out the activity of this toxin was tested. SEG,.induced selective expan
coexistence of alternative transcription start sites and/or terminasSion of V814 and, to a lesser extentf¥3.6,0T cells (Table Il).
tion sites resulting in partiaégctranscription. The size of thegc The L29P mutation thus accounts for the complete loss of super-
transcript was slightly shorter than that previously estimated byantigen activity. Computer modeling of the two-dimensional struc-
means of Northern blot analysis (6.7 kb) by Munson et al. Thisture (21) of the wild-type and mutated proteins revealed no major
discrepancy is most probably due to technical reasons, as Northegonformational differences between the two proteins (not shown).
blot analysis permits only a rough estimate of RNA size. It is likely that L29 is located at a position crucial for proper

Z uo

se
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Table V. Toxin production by 16(. aureusstrains associated with various clinical syndromes

No. (%) of Toxin-Positive Strairfsandp Value®

No. of
Type of Infection Strains Tested seg sei sea seb sec sed see seh tst eta etb
Nasal carriage 70 40 (57)- 13 (19)- 5(7)- 13 (19)- 10 (14)- 0 (0)- 3 (4)- 8 (11)- 1(2)- 0 (0)-
Suppurative disease 58 39(67)NS 7 (12)NS 11(200NS 5(9) NS 3(5)NS O0()NS 6(10)NS 7(200NS O0(0)NS 0(0)NS
Arthritis 10 6 (60) 2 (20) 2 (20) 0 (0) 1(10) 0(0) 0 (0) 1(10) 0(0) 0(0)
Furunculosis 13 11 (85) 2 (15) 4(31) 1 1(8) 0(0) 2 (15) 2(15) 0(0) 0(0)
Cutaneous abscess 10 7 (70) 2 (20) 1(10) 3(8) 1(10) 0(0) 2 (20) 3(30) 0(0) 0(0)
Pneumonia 18 11 (61) 1(6) 5(28) 0(0) 0(0) 0(0) 1(6) 0(0) 0(0) 0(0)
Endocarditis 7 4 (57) 0 (0) 0(0) 1(14) 0 (0) 0 (0) 1(14) 1(14) 0(0) 0(0)
TSS 63 34(54)NS 21(33)NS 6(10)NS 5(8)NS 8(13)NS O0(0O)NS 4(6)NS 24(38) 5(8)NS 3(5)NS
p = 0.04
Acute presentation of 32 19(59)NS 11(34)NS 3 (9)NS 4(12)NS 4(12)NS O0(O)NS O0(0)NS 14(44).07 2(6)NS 1(3)NS
TSS
Mild presentation of 31 15(48)NS 10(32)NS 3(10)NS 1(3)NS 4(13)NS O0(O)NS 4(13)NS 10(32)NS 3(10)NS 2(6)NS
TSS (SSF)
SSSS 39 36 (92) 0(5) NS 3(8)NS 1(3)NS 0(O)NS O0(@O)NS 1(3)NS 1(3)NS 29(74) 26 (77)
p =0.03 p<0.001 p< 0.001
Generalized exfoliative 27 25 (96) 0(0) 0(0) 0(0) 0(0) 0(0) 1(4) 0(0) 18 (67) 18 (67)
syndrome
Bullous impetigo 12 11 (92) 2(17) 3(25) 1(8) 0(0) 0(0) 0(0) 1(8) 11(92) 8(77)

2 All genes were detected by PCR assay as describ&thaierials and Methods

b2 test was used to determine whether the distributioeguf sea sel seg sed see seh tst, eta, andetb, were significantly different ifs. aureussolates from asymptomatic
nasal carriers (reference group) and patients with efhexureussuppurative diseases or acupex 0.05 was considered statistically significant.

¢ Reference group for statistical analysis.

superantigen/MHC Il interaction. In addition to the selective ex-(Fig. 3, Tables Il and 1V, and data not shown for rSEK). Slight
pansion of TCR \B subsets observed with the different toxins, discrepancies observed in some instances may have been due
flow cytometry revealed preferential expansion of CD4 T cells inselective expansion of particular members of a givghsdbfam-
SEl and SEM cultures (Table Il). By contrast, the CD4/CD8 ratiosily not recognized by available mAb (e.g.,86 or VB13), and to
in SEK-, SEL-, and SEG-stimulated T cell lines were close tothe fact that TCR 8 frequencies were estimated with a semiquan- g
those in fresh PBL. This phenomenon, which was observed withitative PCR technique, which might have led to slight over- or £
cells from several donors, may reflect a variable contribution of theunderestimation of particular f/subsets. Additionally, Immuno-
CD4 coreceptor to the T cell activation process, depending on thecope analysis showed that the complementarity-determining r
affinity of the TCR for the superantigen/MHC complex (22, 23). gion 3 size distribution of TCRB-chain junctional transcripts
To document the TCR @ composition of superantigen-stimu- within expanded V8 subsets was pseudogaussian in all superanti
lated T cell lines and the clonal diversity of the expanded TGR V gen-stimulated cultures, reflecting a high level of polyclonality s
subsets, the size distribution of PCR-amplified T@®Rhain junc-  (data not shown). This was further confirmed by sequence analysi§
tional products was studied using the Immunoscope techniquef TCR B junctional transcripts derived from some expanded TCRg
(14-16). Results of this molecular analysis were in good overalV3 subsets (e.g., B5" cells in SEL and SEI cultures) (not €
agreement with those obtained by flow cytometry, as similar domshown). Taken together, these TCR repertoire studies confirmeg
inant TCR \B subsets were identified with the two approachesthe superantigenic nature of the new toxins identified in this study.§

(0]

-9[o1e/jounwull/Bio’iee sjeusnol//:dpy woly papeojumoq

6(9D9/ 1199

0e5zEL L/

202 Iudy

FIGURE 4. Reconstruction of phylogenic A
tree of SE genesA) and toxins B). The nu-
cleic, and peptidic, sequences of all SE-related
genes and toxins were obtained from GenBank.
They were aligned using the multisequence
alignment program ClustalX. Phylogenic rela-
tionships were inferred using the Phylip soft-
ware package. The evolutionary distances were
determined by the method of Kimura, and these
values were used to construct a dendrogram by /gem*
means of the neighbor-joining method. As the
Phylip package was not able to confidently
branchyent2 this gene is not presented in the
tree. The numbers at the nodes are the propor-
tion of 1000 bootstrap resamplings that support
the topology shown. Only bootstrap values
>70% are indicated. Genes belongingdgc
and toxins encoded bggcare indicated by an
asterisk. Monophyletic groups of genes and tox- Wone*  S€b
ins are circled. ~
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Distribution of egcin humansS. aureussolates In conclusion, we have identified an enterotoxin gene cluster in
S. aureuswhich was probably generated from an ancestral gene
N . through gene duplication and variation. This cluster is an operon,
encompassingeito seg and that of all known enterotoxins (by encoding SEG, SEI, and three new enterotoxins designated SEL,

sglgctlve P,CR (9)) in 23(5', aureusstralnsllso!ated N Varous  gen and SEK. All these toxins exhibit superantigenic properties
clinical settings (nasal carriage, suppurative infection, and tox-

) . N . associated with specific /subsets. The wide distribution efyc
emia). As shown in Table V, the majority of the isolates harboredi, qjinical isolates suggests that it is beneficial &raureus Fi-

gene(s) encoding superantigenic toxins, whatever the clinical sef5)y phylogenetic analysis of all known enterotoxins indicates
ting. seg-sei(and thusegg were present in most toxemia strains 4t they all potentially derived from this cluster, inferring tegt
(59% in TSS, 48% in SSF, and 92% in SSSS), and also in Most; in an enterotoxin gene nursery.

strains associated with suppurative infections (67%) and nasal car-
riage (57%). Moreoveregcappeared to be the most frequent SU- \gte added in proof. While the present article was under review,

perantigens |rS au_reuswhat.ever th_e clinical setting. The prev- \wjlliams et al. (25) reported the discovery of a novel genetic locus
alence ofegcin strains associated with SSSS, a disease caused Ryjthin s, aureushat encodes a cluster of at least five exotoxin-like
ETs, was significantly higher than that in nasal carriage straihs ( proteins designated the staphylococcal exotoxin-like genes 1 to 5

test,p = 0.03) (Table V). This could reflect the clonal origin of the (set1 to set5). Comparison of the nucleotide sequences of setl-5
strains associated with SSSS, as previously suggested by phagg that of egcrevealed that the two clusters are distinct.
typing, pulsed-field gel electrophoresis, and amplified fragment

length polymorphism (24, G. Lina, manuscript in preparation). The

strains associated with TSS were significantly more frequentlyACKnowledgments

TSST-1 producers than were nasal carriage strgjfigest,p = We thank Gregoire Cozon (phitd’lmmunologie, quital de la Croix- g
0.04) (Table V), whereas no significant difference was observe&eousse, Lyon, Franc_e), Patrick Blanco (Baylor Instltutg, _Dallas, _Texqs),a
between the two groups of strains regarding the presenegof and Mohamed Hamidou (Department of Internal Medicine, University =

. Hospital, Nantes, France) for preliminary characterization of staphylococ-‘-z
Thus, the superantigens producedégc must have a role other cal superantigens; Philippe Kourilsky (Institut National de la Santie la

than the indU(_:tion of toxemia. As each toxin encodeefgwas  Recherche Meicale Unite277, Institut Pasteur, Paris, France) for scientific
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