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The biochemical and immunological characteristics of the chemotactic factor inactivator of group A
streptococci (SCFI) were examined. SCFI was extracted from intact M+ bacteria by limited trypsin digestion
and purified sequentially by ammonium sulfate fractionation, hydrophobic interaction chromatography, and
anion-exchange chromatography. SCFI activity was associated with multiple species as indicated by gel
permeation chromatography and DEAE high-pressure liquid chromatography analyses. Polyacrylamide gel
electrophoresis of the column-purified protein also demonstrated a high degree of molecular heterogeneity,
with most of the material in a 103,000 to 114,000 Mr cluster. SCFI activity was sensitive to destruction by
several proteolytic enzymes, and polyclonal antiserum to SCFI was able to neutralize its antichemotactic
activity. Two-dimensional immunoelectrophoresis of SCFI indicated that the various copurified species were
immunologically cross-reactive and indicated a high degree of antigenic homogeneity within the preparation.
Western blot analysis of crude detergent extracts of M+ bacteria identified a major antigenic species
corresponding to 135,000 Mr and a less abundant species of 137,000 Mr. SCFI antiserum was not reactive with
M protein, and therefore SCFI appeared to be a distinct molecule, despite its close association with the M+
phenotype.

Pathogenic group A streptococci express a multifaceted
virulence armamentarium which is predominated by the
antiphagocytic M protein. The M protein mediates the
resistance of bacteria to C3b opsonization during alternate
complement pathway activation (20), and this effect has been
related to the inability of deposited C3b opsonin to interact
effectively with cell surface receptors of polymorphonuclear
leukocytes (PMNs) (8). Superimposed on the direct resist-
ance of M+ bacteria to phagocytic ingestion is the potential
to avoid PMN contact through the inactivation of comple-
ment-derived chemotaxins by a novel cell-bound factor (23).
This factor is associated predominantly with the M+ state,
since avirulent M- bacteria were found to express a consid-
erably lower level of activity (4a, 23). Since PMN infiltration
at loci of infection is a hallmark of streptococcal disease, we
had earlier proposed that chemotactic factor inactivation
might play a role in potentiating bacterial infection through
an effect auxiliary to that of the M protein, perhaps acting to
delay PMN-directed migration during the period of initial
bacterial establishment (23).
At the time this study was begun, the chemical composi-

tion of streptococcal chemotactic factor inactivator (SCFI)
was completely unknown. However, the ability of trypsin to
extract SCFI from cells rapidly in an active form (23)
suggested a means to purify and study the nature of the
factor in terms of both its molecular characteristics and the
mechanism of its activity. Here, we describe the purification
of SCFI and show that it is a high-molecular-weight protein
that lacks immunological cross-reactivity with the M pro-
tein.
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MATERIALS AND METHODS

Chemotaxis inhibition assay for SCFI activity. Chemotactic
activity of zymosan-activated serum (ZAS) was measured by
the underagarose chemotaxis assay system of Nelson et al. as
described previously (16, 23). Mixed human leukocytes were
prepared from heparinized blood by dextran sedimentation as
previously described (23). Soluble SCFI activity was
quantitated by incubating serial twofold dilutions of samples
in phosphate-buffered saline (pH 7.4) with an equal volume of
ZAS for 60 min at 37°C. ZAS was prepared from serum of a
healthy donor who lacked SCFI-specific antibody. The SCFI
titer represents the reciprocal of the final dilution which
inhibits the directed migration ofPMNs to this chemotaxin by
50%. This 50% effective dose for inhibition is expressed as
units per milliliter of SCFI activity. Alternatively, SCFI
activity was scored by the less quantitative but more rapid
method of measuring the decrease in the chemotactic activity
of 50% ZAS induced after incubation with a single dilution of
a sample within an experiment. In this case, SCFI activity
was expressed as the reciprocal of the chemotactic
differential (spontaneous distance subtracted from the
chemotactic distance).

Streptococcal strain and growth. Virulent M49, T14 group
A streptococci were used as the source of SCFI. Bacteria
were grown in Todd-Hewitt broth (Difco Laboratories,
Detroit, Mich.) supplemented with 2% neopeptone (Difco).
One liter of exponential-phase culture was inoculated into 25
liters of growth medium and incubated overnight at 37°C.
Bacteria were harvested by continuous-flow centrifugation,
and the packed pellet was stored at -20°C until use.

Trypsin extraction. Frozen pellets from four batch cultures
of streptococci, totaling 160 g (wet weight), were thawed and
washed twice in Sorenson 0.067 M phosphate buffer (pH
8.0). Washed bacteria were suspended in 770 ml of the same
buffer and incubated with trypsin (type II-0; Sigma Chemical
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Co., St. Louis, Mo.) (100 jig/ml final concentration) at 37°C
for 90 min with gentle stirring. The bacteria were then
pelleted by centrifugation at 13,000 x g for 10 min at 4°C.
After discarding the pellet, we filter sterilized the superna-
tant with a 0.45-,um nitrocellulose membrane (Millipore
Corp., Bedford, Mass.).
Ammonium sulfate fractionation. Trypsin extract was pre-

cipitated at 4°C by addition of crystalline ammonium sulfate
to 55% saturation. After 30 min, the mixture was centrifuged
at 13,000 x g for 10 min, and the pellet was discarded. The
supernatant was adjusted to 90% saturation with ammonium
sulfate, and after 30 min the resulting precipitate was col-
lected by centrifugation. The pellet was suspended in 50 ml
of 0.01 M sodium phosphate buffer (pH 6.7) containing 30%
ammonium sulfate.
Hydrophobic interaction chromatography. The salt-frac-

tionated trypsin extract was loaded onto a column (2.1 by 29
cm) of phenylsepharose-CL (Pharmacia Inc., Piscataway,
N.J.) equilibrated with 0.01 M sodium phosphate (pH
6.7)-30% ammonium sulfate. The column was washed with
one column volume of equilibration buffer and eluted with a
480-ml linear ammonium sulfate gradient (30 to 0%) at 50
ml/h. Fractions (4 ml) were analyzed for optical density (at
280 nm) and chemotactic inhibitory activity. SCFI activity
(expressed as the reciprocal of the chemotactic differential)
was scored at a 1/100 final dilution in 50% ZAS. Salt
concentrations were determined from the refractive index.

Anion-exchange chromatography. SCFI-containing frac-
tions from the phenylsepharose hydrophobic column were
pooled and dialyzed exhaustively against 0.05 M Tris hydro-
chloride buffer (pH 7.0). The dialyzed pool was loaded onto
a DEAE-cellulose anion-exchange column (1.1 by 22 cm;
Cellex-D; Bio-Rad Laboratories, Richmond, Calif.) equili-
brated in the same buffer as the sample, and the column was
eluted with a 200-ml linear gradient of NaCl (0 to 0.5 M). The
column was run at 11 ml/h, and fractions (1.0 ml) were
analyzed as described above, except that SCFI activity was
scored at 1/200 final dilution in 50% ZAS.

Gel permeation chromatography. SCFI-containing frac-
tions from the anion-exchange column were pooled and
concentrated to 0.8 ml by ultrafiltration with a PM-10 mem-
brane (Amicon Corp., Lexington, Mass.). This material was
applied to a Sephacryl-300 column (1.6 by 90 cm; Pharmacia)
equilibrated with 0.05 M Tris hydrochloride (pH 7.4)-0.14 M
NaCl (TBS) and eluted at 7.0 ml/h with the same buffer.
Fractions (0.8 ml) were analyzed for optical density (at 280
nm), and SCFI activity was quantitated by serial dilution.
Fractions containing -200 U of SCFI activity per ml were
pooled and stored at -70°C. This material was designated
S300 SCFI.
HPLC analysis. SCFI was also purified from ammonium

sulfate-fractionated trypsin extracts by S300 gel permeation
chromatography followed by anion-exchange chromatogra-
phy essentially as described above. SCFI purified by this
procedure was identical to S300 SCFI as compared by
PAGGE and will be referred to as SCFI-tryp. For high-pres-
sure liquid chromatographic (HPLC) analysis, SCFI-tryp (20
jig) was dialyzed against 0.05 M Tris acetate (pH 6.5) and
loaded onto a DEAE anion-exchange HPLC column
(MonoQ; Pharmacia). The column was immediately eluted
for 30 min with a linear gradient of sodium acetate (0 to 0.25
M) at 1 ml/min. Fractions (0.5 ml) were scored for SCFI
activity at a 1:3 final dilution in 50% ZAS.
Chemical analyses. Protein was determined after trichloro-

acetic acid precipitation by a modification of the Lowry et al.
procedure (19) with fatty acid-free bovine serum albumin as

the standard. Total phosphate analysis was performed by the
method of Bartlett (1), and carbohydrate was measured by
the phenol-sulfuric acid assay with glucose as the standard
(5).
PAGGE. Discontinuous sodium dodecyl sulfate-polyacryl-

amide gradient gel electrophoresis (SDS-PAGGE) was per-
formed by a modification of the Laemmli system (10) with an
exponential gradient of 5 to 20% acrylamide. Nondenaturing
gels for molecular weight comparisons were performed
under the same conditions except for the exclusion of SDS
and an extended electrophoretic run time of 5.5 h for pore
limit separations (15). Proteins were visualized in the gels by
the silver staining technique of Oakley et al. (17). Molecular
weight standards for SDS gels were cytochrome c, carbonic
anhydrase, ovalbumin, bovine serum albumin, P-galactos-
idase (Sigma), and apoferritin (Schwarz/Mann, Orangeburg,
N.Y.).

Antiserum preparation. Antisera to S300 SCFI was pro-
duced in New Zealand White rabbits by subcutaneous
injection of 75 jig of column-purified protein emulsified in
Freund complete adjuvant. Subsequent booster injections of
40 jig of protein in incomplete Freund adjuvant were made 4
weeks apart, and rabbits were bled 1 week after each
booster. The content of SCFI-specific antibody was assessed
by neutralization of SCFI activity and by immunodiffusion
analysis.

Two-dimensional immunoelectrophoresis. After electro-
phoresis of S300 SCFI in the first dimension by nondenatur-
ing PAGGE (1.6-mm-thick gel), a 4-mm-wide strip from the
SCFI-containing lane was sliced out with a razor blade and
oriented horizontally on a glass plate (8 by 10 cm) 1 cm from
the cathodic end. A small section from the same lane was
fixed and stained with Coomassie blue. Agarose LE (1%
Seakem) buffered with 0.025 M Tris-0.19 M glycine (pH 8.8)
was the second-dimension gel. A 1.5-mm-thick layer of
agarose was poured around the gel slice, extending from the
cathodic end of the plate to 3 mm past the anodic edge of the
slice. The remainder of the plate on the anodic side was filled
with a 1.5-mm-thick layer of agarose containing 0.35%
hyperimmune rabbit serum to S300 SCFI. Electrophoresis in
the second dimension was at 8 V/cm for 24 h at 22°C. After
electrophoresis, the gel was pressed lightly with a Whatman
Inc., (Clifton, N.J.) no. 1 filter at the bottom of a stack of
paper towels to remove excess water and unprecipitated
proteins. The gel was then washed overnight in 0.15 M NaCl,
pressed once more, and washed for an additional 2 h in two
changes of H20. After air drying, we stained the gel with
Coomassie brilliant blue R-250 to visualize precipitated
proteins (4).

Detergent extraction of streptococci. A 50-ml culture of
M49 bacteria in early exponential phase was inoculated into
2 liters of Todd-Hewitt broth-2% neopeptone and grown to
late exponential phase. Bacteria were centrifuged at 13,000
x g for 10 min at 4°C and washed once in Hanks balanced
salt solution containing 0.1% gelatin. The bacterial pellet
was suspended at 5 x 1010 cells per ml in TBS containing 1%
Nonidet P-40 (NP-40), and the extraction mixture was stirred
gently at either 4 or 37°C for 60 min. After detergent
treatment, bacteria were sedimented at 13,000 x g for 10 min
at 4°C, and the supernatants were filter sterilized with a
0.45-,um (pore size) nitrocellulose membrane (Millipore).
This material is designated SCFI-det.

Double immunodiffusion. Double-diffusion analysis in agar
was performed by the method of Ouchterlony (18). Gels
were cast on microscope slides and consisted of 1% noble
agar in 0.02 M phosphate buffer (pH 7.4). Samples (15 ,ul)
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were added to 3-mm wells, and the plates were incubated for
2 h at 37°C, followed by 18 h at 24°C. Precipitin reactions
were photographed directly without staining.
Western blot analysis. SDS-PAGGE gels were electroblot-

ted onto a 0.45-,um (pore size) nitrocellulose membrane (SS
BA85; Schleicher and Schuell, Inc., Keene, N.H.) by the
method described by Burnette (3) with the Hoefer
Transphor, model TE-50. Protein transfer was carried out at
500 V for 4 h with cooling in an electrode buffer consisting of
20 mM Tris base, 150 mM glycine, and 20% methanol. After
transfer, the nitrocellulose was treated by a modification of
the procedure of Blake et al. (2), and all steps were per-
formed at room temperature. The protein blot was immersed
in a solution of 3% gelatin-TBS for 45 min, then washed in
0.05% Tween 20-TBS (TTBS) for 45 min. The blot was then
probed with a 1:100 dilution of rabbit SCFI antiserum in
TlTBS for 2 h and washed three times in TTBS (5 min per
wash). The blot was subsequently exposed for 2 h to alkaline
phosphatase-conjugated goat anti-rabbit antibody (1:800 in
TTBS) (Sigma) and washed sequentially with TTBS, TBS,
and 0.015 M Veronal acetate (pH 9.6) (twice each). Devel-
opment of the blot was carried out by immersion for 2 to 5
min at room temperature in 9 ml of 0.015 M Veronal acetate
buffer (pH 9.6) containing 1 mg of 5-bromo-4-chloroindoxyl
phosphate (Sigma), 1 mg of nitroblue tetrazolium (Sigma),
and 4.4 mM MgCl2. Staining was stopped at the desired band
intensity by immersion in 10% acetic acid.

Proteolytic treatments of SCFI. For protease sensitivity
experiments, S300 SCFI was added to each enzyme solution
and incubated for 8 h at 37°C. Enzyme controls were the
same except for the exclusion of SCFI. Proteases were used
at a concentration of 1 mg/ml, except for pronase, which was
at 0.5 mg/ml. Digestion buffers were Sorenson 0.067 M
phosphate at pH 8.0 for tolylsulfonyl phenylalanyl chlo-
romethyl ketone-treated trypsin (Sigma); at pH 7.4 for
papain, tolylsulfonyl phenylalanyl chloromethyl ketone-
treated a-chymotrypsin (Sigma), and pronase (Calbiochem-
Behring, La Jolla, Calif.); and at pH 5.8 for pepsin (Sigma).
The buffer for papain also contained 0.014 M cysteine
hydrochloride.

RESULTS
Trypsin extraction and purification. We had earlier estab-

lished that incubation of M+ streptococci with low concen-
trations (0.1 mg/ml) of trypsin resulted in the rapid loss of
cell-bound SCFI activity with a concomitant appearance of
activity in the fluid phase (23). The apparent stability of
solubilized SCFI activity to trypsin under these conditions
suggested that a trypsin extraction method could be advan-
tageous for obtaining SCFI in high yields. Other streptococ-
cal molecules, most notably the T and R surface antigens,
have been extracted with trypsin and subsequently purified

TABLE 1. Analysis of SCFI purification steps
Protein SCFI Sp act (U/mgPurification step (Mg)ae (U) of protein)

Trypsin extraction 441 110,600 251
Salt fractionation 297 100,875 340
Hydrophobic chromatography 56 62,100 1,109
Anion-exchange 1.8 42,240 23,467
chromatography
a Measured by the Lowry method with bovine serum albumin as the

standard.
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FIG. 1. Elution profile of SCFI activity fractionated by phen-
ylsepharose hydrophobic interaction chromatography. SCFI activ-
ity was scored as the reciprocal of the chemotactic differential
(chemotactic distance minus spontaneous distance) of 50% ZAS
incubated at a 100-fold dilution in phosphate-buffered saline (pH 7.4)
of the column fraction. The dashed line represents the concentration
of (NH3)2HC03.

(9, 11-13). Extraction of SCFI (11,000 U of activity) was
obtained by incubating bacteria (160 g [wet weight]) at 6 x
1010 cells per ml with 0.1 mg of trypsin per ml (Table 1). After
a two-step ammonium sulfate fractionation in which SCFI
was precipitated between 55 and 90% salt, most of the SCFI
activity and 67% of total protein were recovered (Table 1).
The 55 to 90% ammonium sulfate fraction was chromato-

graphed on a phenylsepharose hydrophobic interaction col-
umn, eluting bound material with a decreasing-concentration
gradient ammonium sulfate. SCFI activity appeared in frac-
tions having 18 to 10% salt (Fig. 1), and the amount of
protein in the SCFI pool was reduced approximately
fivefold, from 297 to 56 mg. At this point in purification, only
trace amounts of phosphate (<0.05 mg) were detectable. The
phenylsepharose SCFI pool was dialyzed and fractionated

5 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 9 63 87

Elution Volume (mis)

FIG. 2. Elution profile of SCFI activity fractionated by DEAE-
cellulose ion-exchange chromatography. SCFI activity was scored
by chemotactic inhibition at a 200-fold dilution in 50% ZAS. The
dashed line represents the concentration of NaCl.
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FIG. 3. Elution profile of SCFI fractionated activity by Sepha-
cryl-300 gel permeation chromatography. SCFI activity was quan-
titated after serial dilution in phosphate-buffered saline (pH 7.4). V0
marks the end of the void volume.

further by ion-exchange chromatography in a DEAE-
cellulose column equilibrated at pH 7.0. The anionic nature
of SCFI had been previously determined by its ability to bind
DEAE-cellulose resin at pH 5.0. Most of the SCFI activity
eluted between 0.12 and 0.14 M NaCl in a single peak that
exhibited a slight trailing edge (Fig. 2). Chemical analysis of
the SCFI pool detected very little carbohydrate. It should be
noted, however, that this assay does not detect all sugars
(for example, aminohexoses). The final yield of SCFI activ-
ity after this step was 38% of the extracted activity, and this
material contained 1.8 mg of protein for 250-fold protein
purification.

Characterization of purified SCFI. Gel permeation analysis
was performed to provide an estimate of the degree of
homogeneity of the SCFI-associated material. The column
elution profile demonstrated that the SCFI activity was

CN ..eDS D-.S
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heterogeneous, since it segregated into two closely spaced
peaks (Fig. 3). This heterogeneity was reproducible, indicat-
ing that SCFI activity was associated with a minimum of two
molecular species that differed by size. A single major
absorbance peak was detected, which corresponded with
SCFI-containing fractions. The inability to detect multiple
absorbance peaks corresponding to the two peaks of SCFI
activity might be due to altered specific activities among
different species.

Spectrophotometric analysis of the S300 pooled material,
designated S300 SCFI, indicated an absorption maximum at
276 nm, confirming that this pool contained protein. To
further assess the purity and molecular weight of this mate-
rial, we analyzed S300 SCFI by PAGGE under nondenatur-
ing (no SDS) and denaturing conditions (Fig. 4). S300 SCFI
electrophoresed in the absence of SDS produced a pattern
markedly different from that in the SDS gel. Silver-stained
gels of undenatured SCFI revealed three major proteins and
no more than four minor components. These peptides most
likely differed in size, since the gel was run under pore limit
conditions (15). In contrast, the SDS gel exhibited seven
major high-molecular-weight bands ranging from 103,000 to
114,000 Mr and over 50 minor species spanning a wide range
of lower molecular weights. The SDS pattern was unaffected
by 2-mercaptoethanol (Fig. 4, right panel), indicating the
absence of disulfide bonds.
The wide range of peptides of differing molecular weights

observed on PAGGE gels could reflect contaminating pro-
teins. On the other hand, if the active molecules, as ex-
tracted and purified, were aggregates of trypsin-produced
fragments of the native molecule, then the material would be
expected to be antigenically homogeneous, and it should be
possible to fractionate the material by charge into distinctly
active forms. The latter was accomplished by HPLC with a
MonoQ column (Pharmacia). SCFI-tryp, a different SCFI
preparation that was essentially identical to S300 SCFI, was
applied to a MonoQ column and eluted with a gradient of
NaCl (Fig. 5). The results indicated that SCFI activity could
be resolved into a minimum of five distinct species.
The immunological relatedness of peptides in the purified

mixture was analyzed by two-dimensional immunoelectro-
phoresis. Serum for this analysis was obtained by immuni-
zation of rabbits with S300 SCFI. S300 SCFI was highly
immunogenic, stimulating the production in rabbits of high

-- -_ 14 kd~
..

I

,
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FIG. 4. PAGGE analysis of column-purified SCFI. The gels
consisted of a 5 to 15% gradient of polyacrylamide. Left panel, 0.31
Fg of S300 SCFI electrophoresed under nondenaturing condition (no
SDS or 2-mercaptoethanol). Right panel, 3.4 ,ug of S300 SCFI
electrophoresed under denaturing conditions (+ SDS) either with (A)
or without (B) 2-mercaptoethanol; kd, kilodaltons.
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FIG. 5. DEAE-HPLC analysis of SCFI-tryp. SCFI activity was
scored by chemotaxis inhibition at a 1:3 dilution in ZAS. The dashed
line represents the concentration of NaAc.
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FIG. 6. Two-dimensional immunoelectrophoresis of SCFI. 8300
SCFI (2.4 ,ug) was electrophoresed in the first dimension by
nondenaturing PAGGE. The second-dimension gel incorporated
0.35% SCFI antiserum into 1% agarose. A Coomassie blue-stained
section of the first-dimension gel strip is aligned beneath the stained
agarose gel.

titers of precipitating antibody. For this analysis, 2 ,ug of
S300 SCFI protein was first separated by nondenaturing
PAGGE and then electrophoresed in the second dimension
into agarose gel containing homologous hyperimmune rabbit
antiserum at a 0.35% concentration. Should the individual
proteins be antigenically identical (i.e.; a single antigen-
antibody system), a single, asymmetric precipitin arc would
be visualized (7). Nonidentity would be indicated by the
formation of multiple arcs which cross without fusing. In a
representative experiment, only a single, asymmetric arc
was formed (Fig. 6). This result was reproducible at a three-
to fourfold higher antigen concentration; therefore, it is
unlikely that purified material contained significant levels of
antigens unrelated to SCFI.
To confirm that the biological activity of SCFI was protein

associated, we examined the effects of several proteases on
the ability of SCFI to inhibit ZAS chemotactic activity. The
results (Table 2) demonstrate that incubation of S300 SCFI
for 8 h with 1 mg of trypsin, a-chymotrypsin, or papain per
ml or 0.5 mg of pronase per ml resulted in the loss of
detectable inactivator activity. SCFI was resistant to pepsin
treatment, a finding consistent with earlier results (23).

TABLE 2. Effect of proteases on SCFI activity
SCFI activity (U/ml)

Enzyme'
No proteaseb With protease

Trypsinc 16 <2
a-Chymotrypsind 16 <2
Papain 25 <2
Pronase 14 <2
Pepsin 14 19

a Purified SCFI-tryp (16 ,ug/ml) was incubated with each protease for 8 h for
37°C. Proteases were present at 1 mg/ml, except pronase (0.5 mg/ml).

b SCFI activity after incubation for 8 h for 37°C in the respective buffers
without added enzyme.

C Tolylsulfonyl phenylalanyl chloromethyl ketone-treated trypsin.
d Tolylsulfonyl lauryl chloromethyl ketone-treated as-chymotrypsin.

60
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FIG. 7. Antibody neutralization of SCFI activity. Serial twofold
dilutions in minimal essential medium of hyperimmune rabbit SCFI
antiserum were mixed with an equal volume of SCFI (3.5 ,ug/ml final
concentration). After incubation at 37°C for 60 min, the residual
SCFI activity of each sample was titered by the chemotaxis inhibi-
tion assay. Preimmune rabbit serumn was used for the negative (no
SCFI-specific antibody) control.

However, since the acid lability of SCFI required the use of
a suboptimal pH (pH 5.8 rather than pH 2.3) in this experi-
ment, we are still uncertain whether this protein has pepsin-
sensitive bonds. Enzyme controls lacking SCFI showed that
the chemotactic activity of ZAS was unaffected at the
enzyme concentrations used in this experiment.

Immunological properties. As described above, hyperim-
mune antiserum directed against our most pure form of SCFI
was prepared. This antiserum was able to neutralize SCFI
activity, since preincubation of S300 SCFI with the serum
resulted in a dose-dependent reduction of antichemotactic
activity (Fig. 7). Preimmune serum had no effect on activity.
The antiserum was highly specific for SCFI, since non-
denaturing PAGGE Western blot patterns for crude trypsin
extracts were identical to that of the purified material (data
not shown).
The resistance of SCFI to mild pepsin digestion and its

relative resistance to ttypsin distinguish it from M protein,
which is known to be sensitive to both proteases (6). To test
relatedness further, we compared these two antigens by
immunodiffusion (Fig. 8A). Rabbit antiserum specific for
SCFI produced a single precipitin arc in reaction to the
immunogen, S300 SCFI, or partially purified SCFI extracted
from cells with group C streptococcal phage lysin (DEAE-
SCFI) (unpublished data). In contrast, this antiserum did not
react with Lancefield acid extracts known to contain M49
antigen (Fig. 8A). Moreover, M49 typing serum did not react
with either preparation of SCFI but reacted strongly with an
acid extract of M49 cells (Fig. 8B). In addition to immuno-
diffusion experiments, purified M24, M5, and M6 proteins
(E. Beachey and collaborators), at 16.0 p.g each, were unable
to bind competitively to SCFI antibody in enzyme-linked
immunosorbent inhibition assays which reproducibly detect
5 ng of SCFI antigen (unpublished data).

Detergent extraction. The heterogeneity of SCFI extracted
with trypsin suggested that it was most likely not the native
form of the molecule. To derive a more accurate estimate of
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FIG. 8. Immunodiffusion comparison of SCFI and M49 antigen.
(a) The center well contained hyperimmune rabbit serum directed
against purified SCFI (see Materials and Methods). Peripheral wells
contained either SCFI or Lancefield acid extracts which contained
M49 antigen. DEAE-SCFI was extracted from strain CS101 by
group C streptococcal phage lysin and purified by ammonium sulfate
fractionation and hydrophobic interaction chromatography com-
bined with DEAE-cellulose ion-exchange chromatography. (b) The
center well contained M49 typing serum prepared by immunization
of rabbits with whole cells of strain CS101.

molecular weight, a milder nonenzymatic extraction proce-
dure was required. Therefore, the nonionic detergent NP-40
was examined for ability to solubilize SCFI antigen. M+
bacteria were incubated in buffer containing 1% NP-40 for 1
h at 4°C. The bacterium-free supernatant, when examined by
immunodiffusion with S300 SCFI-specific antiserum, gave a
reaction of identity with S300 SCFI antigen (data not
shown). Crude NP-40 extracts were examined by Western
blot analysis of SDS-PAGGE gels to determine the size and
degree of homogeneity of the SCFI antigen (SCFI-det).
NP-40 extract, prepared at either 4 or 37°C, was electropho-
resed in duplicate sets on the same gel; one set was Western
blotted for detection of SCFI, and the other was silver
stained for total extracted protein. The results (Fig. 9)
demonstrate that two antigenic species of similar molecular

weight, but of unequal band intensity, were present (lanes A
and B). Bacteria extracted with buffer alone did not release
sufficient SCFI antigen to be detected by Western blot
analysis. The SCFI bands corresponded with two bands on
the duplicate silver-stained gel (lanes C and D) when the blot
and stained gel were physically aligned. The two corre-
sponding silver-stained bands also stained unequally ahd
were well separated from bands of lower molecular weight.
Their molecular weights were estimated to be 135,000 and
137,000 when compared with protein standards. SCFI-det
could be extracted equally well at 4 (lanes B and C) and 37°C
(lanes A and D) over the 1-h incubation period, suggesting
that extraction was not due to activation of bacterial en-
zymes.

DISCUSSION

The isolation in a biologically active form of the strepto-
coccal factor that inhibits ZAS chemotactic activity was a
prerequisite to further studies aimed at understanding its
mode of action. It had been shown previously that treatment
of M+ bacteria with several proteases mediated the loss of
cell-associated inactivator activity, and examination of cell-
free supernatants from trypsin digests had shown that solu-
ble activity accumulated in a time-dependent fashion (23).
Since little activity was released in the absence of trypsin, it
appeared that SCFI was attached to the cell surface in a
manner readily accessible to the external environment.

116 k

666k

45k

,1 29k

A.B

A B %. D F
FIG. 9. Western blot analysis of detergent-extracted SCFI. Two

sets of NP-40 extracts were run on the same gel (5 to 15%
acrylamide gradient). Each sample consisted of 20 ,ul of unconcen-
trated extract. After electrophoresis, one set was silver stained, and
a corresponding set was subjected to Western blot analysis with
SCFI antiserum. (A) Western blot of SCFI extracted at 37°C; (B)
Western blot of SCFI extracted at 4°C; (C) silver stain of 4°C
extract; (D) silver stain of 37°C extract; (E) molecular weight
standards. Numbers on the right indicate Mr.
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Trypsin extracts of M- bacteria did not contain significant
quantities of this activity (data not shown), a finding which
agreed with the low level of inactivator bound to these
variants (4a, 23).
SCFI purified from trypsin extracts by column chromatog-

raphy was found to be protein in nature by both chemical
analysis and the sensitivity of its activity to destruction by a
variety of proteases. The purified material was not, how-
ever, electrophoretically pure, since it exhibited' a high
degree of molecular heterogeneity on nondenaturing and
denaturing PAGGE gels. The possibility that some of these
peptides were contaminants that copurified with SCFI was
incompatible with results of two-dimensional immunoelec-
trophoresis, showing that a high degree of antigenic related-
ness exist'ed among the peptides in the mixture. Since there
were many more bands evident on SDS-PAGGE gels (>50
bands) than on gels run under nondenaturing conditions
(three major and four minor bands), it appeared that aggre-
gation of the various SCFI peptides was occurring. Given
the sensitivity of SCFI activity to trypsin, it is not unex-
pected that a heterogeneous product would be a feature of
the protease-based extraction procedure.
The results of the trypsin extraction procedure for the

preparation of SCFI indicated the need for a nonenzyqlatic
method that would be less likely to result jp peptide bond
cleavage. The ability of the nonionic detergent NP-40 to
solubilize SCFI antigen was assessed by immun'ologic anal-
ysis of M+ bacterial extracts derived after a short incubation
with detergent at 4°C. Immunodiffusion analysis qf this
extract indicated that a species was present having antigenic
determinants in common with S300 SCFI. Western blots of
NP-40 extracts identified a major band'of 135,000 Mr and a
less abundant protein of 137,000 Mr. Thus, if trypsin and
detergent-extracted antigen were derived from the same
population of molecules on the bacterial surface, the heter-
ogeneity of S300 SCFI was largely an aspect of enzymatic
hydrolysis during extraction. The detection of at least five
peptide species retaining biological activity by HPLC anal-
ysis indicated that limited cleavage of the native protein does
not eliminate activity in at least some of the products. The
presence of two forms of SCFI-det could be chemically
significant, although artifactual possibilities, such as cleav-
age by a streptococcus-derived protease during batch culture
or extraction, are equally plausible.
Whereas the streptococcal proteinase has been found to

degrade human C5a chemotaxin nonspecifically (22), the
high molecular weight and cell-bound location of SCFI
clearly distinguishes it from this proteinase (14). SCFI is
physically unrelated to the M protein, since the two proteins
were not immunologically cross-reactive. Like other traits of
these hemolytic streptococci, expression of SCFI synthesis
exhibits phenotypic variation concomitant with M protein
synthesis (21). Purified SCFI has been shown to have an
endopeptidase activity specific for the human chemotaxin
C5a. The shortened C5a peptide lacks chemoattractive prop-
erties and no longer binds to PMNs (D. E. Wexler, D. E.
Chenoweth, and P. Cleary, Proc. Natl. Acad. Sci. USA, in
press).
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