Volume 308, number 1, 30-34 FEBS 11392

August 1992
3 1992 Federation of European Biochemical Sacieties 00145793/92/85.00

A new type of mitogenic factor produced by Streprococcus pyogenes
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A new type of mitogenic lactor (protein) was purified from the culture supernatant of 4 struin ol Strepracarens pyogencs by SP-Sephadex C-25
column chromatography, prepurative isoelestric fosusing and reversed-phase high-performance liquid chromatography. The purified factor,
showing marked mitogenic activity in rabbit peripheral blood lymphoeytes, gave u single-band staining for protein on SDS-PAGE, The molccular
weight of the purified mitogenic factor was determined to be 25,370, which was different from thase caleulated from reported amino acid sequences
deduced from 4 different nucleotide sequences of 3 kinds of streptocaccal pyrogenic exotaxins (two SPEAs, SPEB and SPEC), The amino acid
sequence of the N-terminal region of the purified mitogenic factor was determined (o be Gin-Thr-Gln-Vul-Ser-Asn-Asp-Val-Vul-Leu-Asn-Asp-Gly-
Alu-Ser-Lys-Tyr-Leu-Asn-Glu-Ala-, which wis also different from the reported N-terminal sequences deduced from the 4 different nucleotide
sequences. These data indicate that this mitogenie fuctor is distinet from the alreudy described streptococcul pyrogenic cxatoxins.

Streplacareus progenes: Mitogenic activity: Streptococeal pyrogenic toxin; SPEA; SPEB: SPEC

1. INTRODUCTION

Group A streptococci produce several extracellular
proteins such us streptolysin O. streptolysin S and
erythrogenic toxins [1]. Erythrogenic toxin, or strepto-
caccil pyrogenic exotoxin (SPE). considered to be a
puathogenic agent of scarlet fever, is characterized by
biological activities such as pyrogenicity. mitogenicity,
enhancement of susceptibility to endotoxin shock. sup-
pression of IgM and enhancement of IgG production
(1]. Three serologically distinct streptococcal pyrogenic
exotoxins, SPEA, SPEB and SPEC have so far been
reported [2-4], and nucleotide sequences of the genes of
these toxins have been determined [5-8]. While attempt-
ing to purify the strepiococcal pyrogenic exotoxins, we
found a new type of mitogenic factor differing from
these three kinds of streptococcal pyrogenic exotoxins
in its N-terminal amino acid sequence. Here we report
the purification of this new type of mitogenic factor
produced by Streptacoccus pyogenes and its N-terminal
amino acid ssquence.

2. MATERIALS AND METHODS
2

A, Bacterial steain and culture mediun
Streptococcts pyagenes strain NY-5 provided by Dr. T. Nakahuara
(Saitaima College of Health, Urawa, Japan) was used. Bucterial cells
were cultured at 37°C for 24 h with intermittent stirring in the medium
as described by lIgarashi 1 al. [9), which contained 4% MZ-amine
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(Wako Pure Chemical, Osaku), 0.15% yeust extract (Difco Luboruto-
ries, USA), und 0.2% glucose.

2.2, Assay of mitagenic activity

Mitogenic activity was assayed ss deseribed by Abe et al. [10).
Briefly. cells from hepurinized peripheral venous blood from a rabbit
were separated from plasnul. mined with an equal volume of 1%
polyvinyl alcohol in phasphate-buflered saline, pH 2.0 (PBS). and
incubated at 37°C for 30 min in a water bath. The leukacyteerich
fraction was colleviaz and wushed 3 times with PBS. The cells were
suspended at a cell density of 1 x 10%ml in Dulbecco's modified Eagle
Medium containing 10 mM N-2-hydroxyethyl-piperazine-V'-2-ethane
sulfenicacid, 100 #g/ml of kananvycin and 20% inactivated autologous
or homologous serum, Then 0.2 mluliquots of the cell suspension were
introduced into wells of a 96-well microtiter plate und cultured for 4
days in a CO, incubutor, Test muteriuls were added ut the start of
culture, Con A nt u concentralion of § xg/ml wasg used a8 o positive
control, Seventeen hours before the end of culture, {nredy/-"H-ihy-
midine ("H-TdR, Amersham-Jupun, Tokyo) was added at u concens
tration of 9.25 Dg/mi. Cells were harvested on glass fiber filters
(Printed filter mat A, Pharmiicia, Sweden) with a cell harvester (Type
1295.001, LK B, Sweden) and rudioactivity was determined in a liquid
scintillation spectrometer (Type 1205 Betaplate, LKB, Sweden).

2.3, SP-Sephadex C-25 cohunn chramarography

Culture supernatants abtained by centrifugation ut 10,000 x g for
20 min were filtered through u membrane filter (Nihon Millipore Ltd..
Tokyo) and diluted 5-fold with distilled water. They were then mixed
with SP-Sephadex C-25 gel equilibrated with 0.01 M citrate phosphate
buffer (pH 4.6) and kept overnight at 4°C, After adsorption of the
fuctor, the SP-Sephudex C-25 gel was collested by filiration, and
introduced Into a column of 5 x 30 cm. The adsorbed material was
then cluted successively with 2,000 ml of 0.0 M citrate phosphate
buffer (pH 4.6), 1,000 m1 of .02 M citrate phosphate buffer (pH 6.7),
and 1,000 mi of 0.01 M citrute phosphate bulfer (pH 4.6) contalning
1 M NaCl, Fractions with milogenic aclivity were collected and con-
centrated to a small volume by ultrafiltration on an Amicon YM-10
membrane (Amicon Corporation, Ireland),
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24, Preparative isaclectric focusing

The cluate from the SP-Sephudex C-25 colutmn wus dialyzed ugainst
distilled water und upplicd 10 un Amphaline column typs 8101 (LKB,
Sweden). Isoelectric focusing wus performed ut 200 V for 44 h, After
clecirophoresis, the material was fructionuted und fractions with mito-
genic uctivity were collected.

2.5, Reversed-phase high performance ligeid ckramatography

Tha prepuration fram the prepurative isoelestric focusing column
wits subjected to reversed-phase high-performance liquid chromatog-
raphy (HPLC) on a Cosmosil $C,,«P300 column (4.6 x 150 mm,
Nacalai Tesque, Kyoto) in a Waters HPLC system, modzel LC-204
(Waters, Nihon Millipore Ltd., Tokyo), Material was cluted with a
linear gradient of acetonitorile (20-80%., |%/min) in 0.05% tri-
fluoroucetic acid 3t & flow rute of | mUmin, und the absorbances of
the eluste at 214 am and 280 nm were monitored,

3.6, Chromatafucusing colunur chramatagraphy

The eluate from the SP-Sephadex C-25 column was dinlyzed uguinst
25 mM imidazole-HCI bulfer (pH 7.4) and applied to 1 column {1 x
40 em) of 30 mi of polybufTer exchanger PBE9] (Pharmacin, Sweden)
that hud been equilibrated with 25 mM imiduzole-HCl buffer (pH 7.4)
and cluted with polybufTer 74 (pH 4.0) to obtuin a grudient of pH 7.0
to 4.0, Fractions with mitogenie uetivity were collected.

2,2, Polvacrylimide gel elecirophoresis

Sodium dadeeyl sulfute (SDS)-polyacrylumide slab gel electropho-
resis wits carried out us described by Luemmli [11] in 12% uerylamide
gel.
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Fig. |, Preparative isoeloctric focusing of the milogenic factor
Prepurative isoclectrie focusing was performed as described in the lext.
After electrophoresis, fractions of 2.8 ml were collected, Samnples were
diluted 100-fold with PBS and tested for mitogenic activity. Assays
were done in triplicate. A negative control (PBS) und positive control
(Con A) gave about 90-140 and 11,000-13,000 cpm, respectively. The
bar with arrowheads shows the fractions collected for further purificu-
tion. (0) Absorbunce at 280 nm (Aa): (0) pHi (a) 'H-TdR
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Fig. 2. Reversed-phase HPLC of the mitogenic factor. The absorbances at 214 nm (45.) and 280 nm (A.) of the eluale were monitored

simultancously. The fractions shown by u bar with arrowhcads were collected and subjected to SDS-PAGE as described in the text. Insert: the

result of the SDS-polyacrylamide gel clectropiioresis. Lane S, purified factor: lane M. molecular weight markers, Numbers on the right margin
represent the molecular weight of the markers.
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Fig. 3. lon-spray muss specteum of the purified mitogenic fictor. The mitagenie fuctor isolited by reversed-phuse HPLC wux dircetly subjected
to jon-spriy mass spectrometry as described in the text. From cach sz vadue of the multiply sharged ion signals ((M+nB)*), the moleculur weight
of the mitogenic fuctor was caleulited to be 35,370 3.

28, Aming acid composition and sequence analysis

The amino ucid composi ion of the purified toxin was determined
in un L-8500 umino ucid analyzer (Hituchi Ltd, Takyo) ulter hydroly-
sis of samples in 5.7 N hydrachioric acid ut 110°C for 4% b in evacu-
ited sealed tubes. For analysis of the amino ucid sequence, the puritied
fuctor was dissolved in 3 vols, of i solution of 37% cctonitrile, 63%
acetic acid, und one volume of 25% aqueous triflusroucetic seid wis
added, The mixtuse was then examined in an automated gus-phise
amino ucid sequencer (Model PSQ-1, Shitaudzu Corporation, Kyoto),

2.9. Determination uf protein

Protein content was determined with i protein assay kil (Bio-Rud
Laboratories, USA). The protein content of the purified lactor was
cufculated from the valuss determined by amine acid compeosition
analysis,

210, Measurensent of fon-spray nuass specira

lon-spray mass specira were measured on u triple quadruple mass
spectrometer (SCIEA APLIL, Canadu) equipped with i standard at-
mospherie pressure ionization source, The purified factor isoluted by
HPLC was dissolved in 0.19% aqueous trifluoroacetic acid containing
50% ucetonitrile and infused into the ion source al a flow rite of 20
glimin. Details of the procedure were deseribed proviously [12].

3. RESULTS AND DISCUSSION

The culture supernatant prepared as described in sec-
tien 2 was chromatographed on an SP-Sephudex C25

12

column. Materials with mitogenic activity were eluted
with 0.02 M citrate phosphate bufter (pH 6.7) und with
0.01 M citrate phosphate buffer (pH 4.6) containing 1
M NaCl. The former eluate was found to contain SPEA
by further chromatography on u chromatofocusing col-
umn and amino acid sequence analysis (data not
shown). The latter eluate was collected and applied to
a preparative isoelectric focusing column. As shown in
Fig. 1. material with mitogenic activity was eluted be-
tween pH 7.6 and 8.4, The fractions with activity were
collected and subjected to reversed-phase HPLC. As
shown in Fig. 2, this material gave a sharp peak of
protein with several minor protein peuaks. The sharp
peak indicated by a bi: with arrowheads showed
marked mitogenic activity, whereas the other peaks did
not. On SDS-PAGE (insert in Fig. 2). the purified factor
guve a single bund staining for protein with a molecular
weight of 27,000-28.000. Thus, this fraction wus col-
lected as the purified factor. The optimal dose (EDy,)
of the purified mitogenic factor for rabbit peripherul
blood lymphocytes was about 300 ng/ml. In contrast,
the optinial dose of SPEA for a mitogenic effest on
CS7BL/6 spleen cells is reported to be 3 to 10 ug/ml [13],
Although we did not examine the mitogenic activity of
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Compurison of amino acid compasitions of the purified mitagenic
factar und streptocoscul pyrogenic exotoxing produced by Sireprocacs
ciis pyagenes

Molecular ratio (%)

MF  SPEA-W SPEA-J SPEB  SPEC

AsplAsn 16.1 13,0 12.3 13.0 173
Thr 8.0 63 23 36 37
Ser 48 68 7.7 8.7 7.7
GlwGlin o.8 127 109 9.1 8.2
Gly 10.4 4.1 4.l 1.9 L]
Ala 8.4 t.8 1.4 7.1 24
Vil 6.9 6.3 6.4 2.5 34
Mnt 0.0 1.3 1.4 1.6 1.4
Ite kW 59 6.8 43 10.4
Leu 8.4 9.0 8.6 5.8 6.2
Tyr 58 27 7.3 59 8.2
Phe 24 4.t 50 4.0 53
Lys 4.8 10.0 100 55 10.1
His 1.8 7 23 24 29
Arg s4 1.3 2.7 24 34
Pro A7 4.1 36 4.7 1.9
Trp ND Q.5 0.5 1.6 0.0
Cys ND 1.4 1.8 04 0.5

The amino ueid composition of the mitogenic fuctor purified in this
study (MF) was analysed as deseribed in the text. The amino acid
compositions of SPEA, SPEB. und SPEC were caleulated from re-
ported amino acid sequences deduced from the nucleotide sequences
of the respective toxing [5-8]. SPEA-W and SPEA-J were both re-
poried us streptosoccul exotoxin type A by Weeks and Ferretti [5) und
Jahnson et al, [6), respuctively, NIJ, not determined.

the purified mitogenic fuctor on mouse spleen cells, wa
suppose that this mitogenic factor has potential biolog-
ical activity on mammalian lymphocytes.

Ion-spray mass spectrometry of the purified factor
showed that its molecular weight was 25,370 + 3 (Fig.
3). This value is similar to, but not the same as, those
of SPEA reported by Weeks and Ferretti {S] (M, =
25.787), SPEA reported by Johnson et al. [6] (M, =
25,805). SPEB (M, = 27.583) [7] and SPEC (M, =
24.354) [8].

The amino acid composition of the purified factor
shown in Table [ is quite different from those of SPEAs.
SPEB and SPEC. The sequence of the first 21 N-termi-
nal amino acids of the purified factor was determined
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to be Gin-Thr-Gln-Vaul-Ser-Asn-Asp-Val-Val-Leu-Asn-
Asp-Gly-Ala-Ser-Lys-Tyr-Leu-Asn-Glu-Alu-. This se-
quence is also different from those of SPEAs, SPEB and
SPEC (Table II): neither the N-terminal sequence nor
the sequences of other regions of these already reported
toxins were identicul with the N-terminal sequence of
the new mitogenic fuctor. A computer search of data
bases also showed that this amino acid sequence of this
mitogenic factor differs from those of known proteins.
From these results we conclude that the purified factor
is 4 novel mitogenic factor produced by Sirepracoccus
progencs.

Recently pyrogenic exotoxins from Swreprocaccus
pyogenes und certain enterotoxins from Sraphyloceceus
anrens were reported to comprise a family of superanti-
gens [13-15]. defined as bifunctional molecules binding
to MHC class II structures and activating T cells ex-
pressing appropriate ¥V beta segments of the T cell re-
ceptor (16~19]. Further studies to characterize the novel
mitogenic factor us a superantigen ure now in progress,
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