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The reactive serine residue of epidermolytic toxin A

Christopher J. BAILEY* and Thomas P. SMITH
Department of Biochemistry, Trinity College, Dublin 2, Ireland

Comparison of amino acid sequence data suggested that there may be a functional relationship between the
stapholococcal epidermolytic toxins and V8 proteinase. The hypothesis was tested by treating epidermolytic toxin with
di-isopropyl phosphorofluoridate, which bound specifically at serine-195, the homologue of the active-site serine residue
of V8 proteinase.

INTRODUCTION

Epidermolytic toxins (ETs) are staphylococcal proteins that
cause skin-splitting in man and other mammals [1]. The
nucleotide sequences for the two serotypes ETA and ETB have
been established by three groups [2-4]. No evidence of a

homologous relationship between the toxins and any other
proteins was noted by these workers. However, recent issues of
standard sequence-data bases include results for the V8 pro-

teinase of Staphylococcus aureus [5], and in a routine re-

examination we have now found that the amino acid sequences

of epidermolytic toxins have a marked resemblance to that
of the V8 proteinase, originally described by Drapeau [6] in
1978.
We have therefore carried out experiments to determine

whether ET has any of the properties expected of a serine
proteinase.

EXPERIMENTAL

ETA was purified from culture supernatants of an

overproducing strain of Staphylococcus aureus [7] by isoelectric
focusing and gel filtration [8]. Di-[l,3-3H]isopropyl phosphoro-
fluoridate ([1,3-3H]iPr2P-F) was from NEN Research Products.
Unlabelled iPr2P-F and Tos-Phe-Ch2Cl-treated trypsin were

from Sigma Chemical Co.
The toxin (2 mg/ml) was radiolabelled by incubation at 37 °C

in 0.14 M-NaCl/10 mM-sodium phosphate buffer, pH 7.4, for
I h with [1,3-3H]iPr2P-F (3 Ci/mmol; 20,uCi/ml). Unlabelled
iPr2P-F was added to 5 mm, and the incubation was continued
for a further 1 h.

Tryptic peptides were separated by reverse-phase chromato-
graphy on Aquapore RP-300 columns (30 mm x 2.1 mm) in
acetonitrile gradients and detected by absorption at 208 nm in an
LKB Ultrospec instrument. Amino acid sequencing was carried
out by using the automated Edman procedure of the Applied
Biosystems 477A apparatus. Epidermolytic activity was assessed
by the end-point assay procedure in vitro [9].

RESULTS AND DISCUSSION

A 6% fraction of the total radioactivity was incorporated into
trichloroacetic acid-insoluble protein during the radiolabelling
reaction. The protein product was recovered afterchromatography
on Sephadex G-25. Tryptic digests (enzyme/substrate weight
ratio 1:100 in 0.2 M-NH4HCO3, for 3 h at 37 °C, repeated once)
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Fig. 1. Reverse-phase chromatography of tryptic digests of iPr2P-F-

labelled ETA

The digest (100 ,ug) was separated at a flow rate of 0.2 ml/min by
chromatography in a linear gradient of acetonitrile ( ----) in 0.1 %
(v/v) trifluoroacetic acid and detected spectrophotometrically
(). Samples of the separated peptides were taken for 3H

determination by liquid-scintillation counting (histogram).

of the labelled protein were separated by reverse-phase
chromatography (Fig. 1). Over 80% of the recovered radio-
activity was found in one fraction. Sequence determination
showed that the radioactive fraction contained a tryptic fragment
corresponding to residues 186-213 (plus a fragment that
contained no serine and corresponded to residues 109-125). The
radioactivity of the fragment was released only in cycle 10 of the
Edman degradation (Fig. 2). This established that the radioactive
peptidehastheN-terminalsequenceYYGFTVPGNS*GSGIFNS.
Notably cycles 12 and 17, which also yielded serine residues, were
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Abbreviations used: ET, epidermolytic toxin; ETA and ETB, epidermolytic toxin serotypes A and B respectively; iPr2P-F, di-isopropyl
phosphorofluoridate.
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Fig. 2. Sequence of the radiolabelled peptide of ETA

The yield of the identified amino acid is indicated by the placing of
the one-letter names. The radioactivity recovered in the fractions is
indicated by the bar presentation.

not accompanied by release of radiolabel. Reaction with iPr2P-
F is a classical test [10] of serine-proteinase reactivity, and V8
proteinase is completely inactivated [11], with quantitative re-
action at the active-site serine-169 [6], under conditions similar
to those of the present experiment.

The sequence similarity of ETA, ETB and V8 proteinase is
shown in Fig. 3, as aligned by the Clustal procedure [12]. There
is about 25 % identity between ETA and V8 proteinase, which is
only moderate evidence for a homologous relationship. However,
the concentration of conserved sequence, at and near the residues
corresponding to the active-site histidine-5 1, aspartic acid-93 and
serine- 169, strengthens the hypothesis that ET may be
functionally related to V8 proteinase.
The demonstration that ETA will specifically bind iPr2P-F at

serine-195, the exact homologue of the active-site serine-169 of
V8 proteinase, supports the hypothesis of a functional relation-
ship. However, it is well established that ET has no proteolytic
activity against a range of substrates [13-15]. In new tests we
have been unable to detect any proteolytic activity using a
sensitive fluorescence assay [16].
The iPr2P-F-treated protein obtained after Sephadex

chromatography was active at 50 4ug/ml in the end-point assay in
vitro [9]. The direct assay of epidermolysis is a crude test that can
only detect losses in activity of 50% or more. From the yield at
cycle 10 of the sequence determination (Fig. 2) it is clear that
serine-195 has not reacted completely, and it may be that any loss
of activity accompanying reaction with iPr2P-F was too small to
be detected by our procedure.
The evidence that ET has serine-proteinase-like properties and

binds to the skin protein profilaggrin [17-19] presents two clues
to the mechanism of action of the toxin.

We thank Ms. Glynis Robinson for assistance with the amino acid
sequence determination and Dr. Jaythoon Hassan and Dr. Paul Sharp
for help with the preparation of the manuscript.

ETA 1
ETB 1
V8 1

ETA 60
ETB 53
V8 39

ETA 118
ETB 112
V8 91

ETA 178
ETB 172
V8 151

ETA 223
ETB 222
V8 210

-EVSAEE KKlfEWNKYGAFNLPKLFSKVDEKDlQKYPYNTIGNVFVKGQTSATG
KEYSAEEIRLKQK----FEVPPTD--KELYTHITDNARS--PYNSVCTVFVKGSTIATG
VILPNNDRHQITDTTNGHYAPVT-------YIQVEAPT----------GTFI-----ASG

. . * **

VLIGNTVLTNRHIAKFANGDPSKV-SFRPSINTD-DNGNTETPYGEYEVKEILQEPFGA
VLIGKNTIVTNYHVAREAAKNPSNI-IFTPAQNRDAEKNEFPTPYGKFEAEEIKESPYGQ
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*:**:**: * * * * * ¢:::

GVDLALIRUPDQNGVSLGDKISPAKIGTSNDLKDGDKLELIGYPFDHKVN E1HRsEIEL
GLDIAIEIILKPNEKGESAGDLIQPANIPDHIDIQKGDKYSLLGYPYNYSAYSLYQSQIEM
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Fig. 3. Clustal alignment of the amino acid sequences of ETA, ETB and Staphylococcus aureus V8 proteinase

The locations of matching residues (*), conservative substitutions (:) and the histidine, aspartic acid and serine active-site residues (*) are
indicated.
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Reactive serine residue of epidermolytic toxin A
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