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Bloodstream infections with staphylococci are accompanied by thromboembolic complications. We have studied the
mechanism of the interaction of staphylococci with human blood platelets.

Staphylococci that possess protein A, a bacterial receptor for the Fc fragment of immunoglobulin G (IgG), caused
aggregation of human platelets in whole plasma accompanied by release of [3H]serotonin. These reactions were time and
concentration dependent, requiring two or more staphylococci per platelet to give maximal response within 5 min. The
interaction between staphylococci and platelets required the presence of cell wall-bound protein A and of IgG with an
intact Fc fragment. It did not require an intact complement system. Cell wall-bound protein A (solid phase) was capable of
aggregating human platelets in whole plasma. In contrast, free, solubilized protein A (fluid phase) did not cause
measurable aggregation, and release of [3H]serotonin was reduced. An excess of free, solubilized protein A blocked
aggregation of human platelets induced by staphylococci in whole plasma.

The role of the Fc fragment of IgG in the staphylococci-human platelet interaction was demonstrated by an experiment in
which free, isolated Fc fragment blocked aggregation of platelets in whole plasma induced by staphylococci. Furthermore,
binding of 125I-protein A to human platelets was demonstrated in the presence of complete IgG with intact Fc fragment
but not in the presence of the F(ab)2 fragment. Binding of […]
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Staphylococci-induced Human Platelet Injury

Mediated by Protein A and

Immunoglobulin G Fc Fragment Receptor

JACK HAWIGER, SYLVIA STECKLEY, DIANNE HAMMOND,CHARLESCHENG,
SHEILA TIMMONS, ALAN D. GLICK, and ROGERM. DES PREZ, Departments of
Pathology and Medicine, Vanderbilt University School of Medicine, and Veterans
Administration Hospital, Nashville, Tennessee 37232

A B S T RA C T Bloodstream infections with staphylo-
cocci are accompanied by thromboembolic complica-
tions. Wehave studied the mechanism of the interac-
tion of staphylococci with human blood platelets.

Staphylococci that possess protein A, a bacterial re-
ceptor for the Fc fragment of immunoglobulin G (IgG),
caused aggregation of human platelets in whole plasma
accompanied by release of [3H]serotonin. These reac-
tions were time and concentration dependent, requir-
ing two or more staphylococci per platelet to give maxi-
mal response within 5 min. The interaction between
staphylococci and platelets required the presence of
cell wall-bound protein A and of IgG with an intact
Fc fragment. It did not require an intact complement
system. Cell wall-bound protein A (solid phase) was
capable of aggregating human platelets in whole
plasma. In contrast, free, solubilized protein A (fluid
phase) did not cause measurable aggregation, and re-
lease of [3H]serotonin was reduced. An excess of free,
solubilized protein A blocked aggregation of human
platelets induced by staphylococci in whole plasma.

The role of the Fc fragment of IgG in the staphylo-
cocci-human platelet interaction was demonstrated by
an experiment in which free, isolated Fc fragment
blocked aggregation of platelets in whole plasma in-
duced by staphylococci. Furthermore, binding of 1251_
protein A to human platelets was demonstrated in the
presence of complete IgG with intact Fc fragment but
not in the presence of the F(ab)2 fragment. Binding
of the protein A-IgG complex to the human platelet
Fc receptor was paralleled by the release of [3H]sero-
tonin.

This work was presented in part at the 69th Annual Meeting
of The American Society for Clinical Investigation, Washing-
ton, D. C., May 2, 1977 (1).
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These results represent a novel example of the inter-
action of two phylogenetically different Fc receptors,
one on prokaryotic staphylococci and the other on hu-
man platelets. Their common ligand, IgG, is amplified
by one Fc receptor (protein A) to react with another
Fc receptor present on human platelets, which results
in membrane-mediated aggregation and release reac-
tion occurring in whole plasma. This mechanism can
be of significance in the pathomechanism of thrombo-
embolic complications at the site(s) of intravascular
staphylococcal infection.

INTRODUCTION

Staphylococcal bacteremia, endocarditis, and infected
vascular prostheses and grafts are frequently accom-
panied by thromboembolic complications (2-7). Blood
platelets are intimately involved in the mechanism of
thrombosis (8), and staphylococci are among the micro-
organisms known to interact with platelets (9). The
mode of human platelet interaction with staphylococci,
however, remains obscure. Unlike gram-negative bac-
teria, which produce a complex lipopolysaccharide
endotoxin able to activate platelets (10, 11), pathogenic
staphylococci possess a cell wall component termed
protein A (12). It is covalently bound to the cell wall
of 40% of the isolates of coagulase positive staphylo-
cocci (13). Staphylococcal protein A constitutes a
unique example of a bacterial Fc fragment receptor
which interacts with all human immunoglobulin G
(IgG) subclasses except IgG3 (14, 15).

Wehave now obtained evidence indicatiing that the
interaction of human platelets with staphylococci de-
pends on the interaction of protein A and the Fc frag-
ment of IgG. Using protein A-bearing staphylococci
and protein A isolated therefrom, we found that plate-
let aggregation in whole plasma also depends on the
phase in which this bacterial Fc receptor was present,
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i.e., cell wall-bound (solid phase) vs. free, isolated
(fluid phase). Furthermore, the essential role of the Fc
fragment of IgG has been demonstrated because the
Fc fragment blocked the interaction of staphylococci
with human platelets in whole plasma and was needed
for binding of the 125I-protein A-IgG complex to the
human platelet Fc fragment receptor.

METHODS
Preparation of protein A-bearing staphylococci. A culture

of Staphylococcus aureus Cowan I was grown in nutrient
broth (16) at 37°C for 16 h in a rotating incubator at 150 rpm.
Samples were taken, diluted logarithmically, and pour plates
made for bacterial counting. The bacteria were washed twice
with saline, once with distilled water, and frozen for isolation
of protein A or lyophilized for use in experiments with whole
bacteria.

Stripping of protein A from staphylococci by trypsiniza-
tion. A culture of Cowan I was washed once with saline and
once with distilled water. Bacteria from 1 liter of culture were
suspended in 200 ml of 0.01% trypsin (Worthington Biochem-
ical Corp., Freehold, N. J.), pH 6.8, and incubated at 37°C
for 2 h (17). After incubation, the mixture was centrifuged at
3,000 rpm for 15 min. The bacteria were washed twice with
saline, once with distilled water, and lyophilized. A parallel
culture was run without trypsin treatment as a control. When
both preparations of bacteria were examined for the presence
of protein A, trypsinized staphylococci showed approxi-
mately a 10-fold reduction in the protein A content.

Affinity chromatographic purification of protein A. Hu-
man IgG was prepared as detailed below and was coupled to
50 ml cyanogen bromide activated Sepharose 4B (Pharmacia
Fine Chemicals, Piscataway, N. J.) (18). The preparation of
lysostaphin-treated S. aureus Cowan I and affinity isolation
of protein A were performed according to the method of
Sjoquist et al. (19) and Hjelm et al. (20). Solubilized puri-
fied protein A was homogenous in sodium dodecyl sulfate
(SDS)l polyacrylamide gel electrophoresis and had an ap-
parent molecular weight of 42,000 in both nonreduced and
reduced systems.

Isolation of human IgG. Human IgG was isolated from
fresh serum on a DEAE-cellulose column (Whatman Inc.,
Clifton, N. J.) which had been equilibrated with 0.01 Mphos-
phate buffer, pH 8.0 (21). Material from the first peak of four
separations was pooled, concentrated to 40 ml in an Amicon
ultrafiltration unit (Amicon Corp., Lexington, Mass.) using a
PM 30 membrane, and rechromatographed on a second
DEAE-cellulose column equilibrated with the same buffer.
The IgG was then dialyzed against 0.01 Mphosphate in saline,
pH 7.4, and centrifuged at 150,000 g for 30 min before use in
an experiment.

Preparation of F(ab)2 fragment of IgG. Isolated human
IgG was dialyzed against 0.1 Msodium acetate buffer, pH 4.5,
and after dialysis, IgG (200 mg in 7.6 ml buffer) was treated
with 2 mg crystallized pepsin (Nutritional Biochemical Co.,
Cleveland, Ohio). After 20 h at 37°C, the pH of the incubation
mixture was adjusted to 8.0 with 1 N NaOH, and 25%Na2SO4
(wt/vol) was added dropwise, with stirring, to a final concen-
tration of 0.18 g/ml (22). The heavy precipitate was separated
by centrifugation, the pellet dissolved in water, and dialyzed
against 0.05 MTris in 0.1 MNaCl, pH 7.4.

Preparation of Fc fragment of IgG. Fragments of human

IAbbreviation used in this paper: SDS, sodium dodecyl
sulfate.

IgG were obtained by enzymatic digestion according to Porter
(23), using 1 mg twice recrystallized papain (Worthington
Biochemical Corp., Freehold, N. J.) per 100 mg IgG. The re-
sulting Fab and Fc fragments were isolated by chromatog-
raphy on carboxymethyl cellulose and DEAE-cellulose ac-
cording to the procedure of Franklin and Prelli (24). Isolated
fragments were examined by SDS polyacrylamide gel elec-
trophoresis and stored at -70°C.

Preparation of [3H]serotonin-labeled platelets in whole
plasma and platelets separatedfrom plasma proteins. Blood
was drawn from normal, healthy volunteers into syringes con-
taining 0.11 M citrate buffer, pH 5.0, to have a final blood
to buffer ratio of 9:1. It was centrifuged at 160 g for 15 min
the platelet-rich plasma was collected, and platelets counted
in a Coulter model ZBI Particle Counter (Coulter Electronics,
Inc., Hialeah, Fla.). The platelet count was adjusted to 2 x 108/
ml. For release experiments, the platelet-rich plasma was
incubated at room temperature with 0.05 ,uCi/ml of [3H]sero-
tonin (5-hydroxy[G-3H]tryptamine creatinine sulfate, Amer-
sham Corp., Arlington Heights, Ill.) for 4 min. Incorporation
of [3H]serotonin into the platelets ranged from 84 to 90%. In
experiments using platelets separated from plasma proteins,
platelet-rich plasma labeled with [3H]serotonin was applied to
the top of a stepwise albumin gradient (25) and, after cen-
trifugation, the platelet layer was filtered through a Sepha-
rose 2B column (Pharmacia Fine Chemicals) equilibrated with
Tyrode buffer, pH 7.4. The peak fractions were collected,
sampled for platelet count and radioactivity counts, and the
gel-filtered platelets used immediately in the experimental
system in a concentration of 2 x 108/ml.

Aggregation of human platelets. Aggregation studies were
done according to the method of Born (26) using a Payton
Dual Channel Aggregometer (Payton Assoc., Buffalo, N. Y.). The
aggregometer base line (10%) was set using platelet-rich plasma
with staphylococci and buffer added in a concentration equiv-
alent to the test system. Full transmission (100%) was set
using an aggregated sample without stirring.

Platelets suspended in whole plasma were challenged with
staphylococci using calculated concentrations of bacteria and
with isolated protein A in concentrations determined by quan-
titation on an IgG immunodiffusion plate (27,28). Whenplate-
lets separated from plasma proteins were used, the aggregom-
eter was adjusted in a manner similar to that described for
platelets in plasma. Aggregation was measured using percenlt
maximum transmission and slope (29) which represented the
change along a tangent line to the sharpest increase in light
transmission.

Release of [3H]serotonin from platelets. Platelets sus-
pended in whole plasma and labeled with [3H]serotonin were
incubated at 37°C with staphylococci and with isolated pro-
tein A at different concentrations for 10 min with stirring.
Samples were taken for total radioactivity counts, the incuba-
tion mixture centrifuged at 18,000 g for 2 min, and the super-
nates assayed for released radioactivity. Platelets, labeled with
[3H]serotonin and separated from plasma proteins, were incu-
bated as described above. Imipramine (Ciba-Geigy Corp.,
Summit, N. J.), at a concentration of 0.15 jug/ml, was used in
all release reaction experiments.

Experiments with complement depleted plasma. Samples
of plasma obtained from human blood anticoagulated with
1 U/ml sodium heparin were treated with cobra factor,
zymosan, EDTA, or buffer as described previously (28, 30).
Protein A-bearing staphylococci were preincubated with
plasma samples for 30 min at 37°C and washed three times
with Tyrode buffer, pH 7.6. The volume of bacteria coated
with plasma proteins was adjusted to the appropriate concen-
tration, and staphylococei were added to platelets separated
from plasma proteins.
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Binding of '251-protein A to platelets. Purified protein A
vas labeled with 125I (Amersham Corp.) using the chloramine
T method (31). Platelets separated from plasma proteins were
incubated at 37°C with 1251-protein A at concentrations from
1 to 10 ,ug/ml in the absence and presence of IgG and F(ab)2
fragment of IgG, which were used in concentrations of 1 mg/ml
and 0.6 mg/ml, respectively. At the end of the 10-min incuba-
tion, 40 mMEGTA was added to the incubation mixture,
and it was poured into a filtration manifold (Millipore Corp.,
Bedford, Mass.) using 1-pm nucleopore filters (Arthur H.
Thomas Co., Philadelphia, Pa.) which had been presoaked
in 0.5% albumin. The samples were filtered under atmos-
pheric pressure and then washed with 20 ml Tyrode buffer,
pH 7.4, using a vacuum. The filters were removed and radio-
activity associated with platelets was determined in a Searle
GammaCounter (Searle Radiographics, Inc., Des Plaines, Ill.).

Electron microscopy. Electron microscope observations
were made on platelets suspended in whole plasma after chal-
lenge by staphylococci. After incubation, the samples were
mixed thoroughly with an equal volume of 2%glutaraldehyde
in phosphate buffer, pH 7.3, and centrifuged at 18,000 g for
2 min. The pellets were again incubated in 2% glutaralde-
hyde for 2-3 h and then centrifuged. After secondary fixation
in 1%Millonig's phosphate-buffered OSO4(32), the fixed cells
were stained en bloc with 0.5% aqueous uranyl acetate. Pellet
fragmiients were then dehydrated and embedded in Araldite
(Ciba-Geigy Corp., Ardsley, N. Y.). Thin sections were pre-
pared, stained with uranyl acetate and lead citrate according
to Reynolds' formulation (33), and examined in a Philips
EN1200 electron microscope (Philips Electronic Instruments,
Inc., Mahwah, N. J.).

SDS polyacrylamide gel electrophoresis. 7.5% gels were
run in 1% SDS according to the procedure of Weber and
Osborn (34). Samples with or without 2-mercaptoethanol, used
for disulfide reduction, were incubated in buffer containing
1% SDS in a boiling water bath for 5 min. Parallel gels
were run with molecular weight markers. Gels were stained
%,'ith Coomassie Brilliant Blue.

RESULTS

Human platelet aggregation and release of [3H]sero-
tonin induced by protein A-bearing staphylococci in
whole plasma. The effect of removal of protein A from
staphylococci on their interaction with human plate-
lets. Addition of protein A-bearing staphylococci to
platelet-rich plasma induced platelet aggregation and
release of [3H]serotonin. As shown in Fig. 1, the effect
of staphylococci was concentration dependent. When
the ratio of staphylococci:platelets was 1.3, only partial
aggregation was recorded (tracing B), and release of
[3H]serotonin was 33%. Increasing the ratio of staphy-
lococci:platelets to 2.5 resulted in prompt aggregation
(tracing A) and release of [3H]serotonin, which reached
a maximum within 5 min. In three independent ex-
periments, the mean+SDrelease of [3H]serotonin was
94+8%.

When staphylococci were treated with trypsin to re-
move protein A from their cell wall (see Methods) and
substituted into the same system in a ratio of 2.5
staphylococci per platelet, their ability to induce plate-
let aggregation was abolished (tracing C), and release
of serotonin was reduced to 38+12%. The dependence
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FIGURE 1 Human platelet aggregation induced by two dif-
ferent concentrations of protein A-bearing staphylococci
added to platelet-rich plasma before and after treatment with
trypsin to remove protein A. Tracing A: 2.5 staphylococci/
platelet; Tracing B: 1.3 staphylococci/platelet; Tracing C: 2.5
trypsin-treated staphylococci/platelet.

of human platelet aggregation by staphylococci on pro-
tein A was documented further by a blocking experi-
ment in which free, isolated protein A in the concen-
tration of 50 ,ug/ml completely prevented platelet ag-
gregation by protein A-bearing staphylococci (results
not shown).

Electron microscopy of platelets challenged with
protein A-bearing staphylococci showed large aggre-
gates of platelets in which staphylococci were em-
bedded. Platelets were almost totally degranulated and
showed complex interdigitations with each other and
were intimately associated with staphylococci.

Comparison of the effect of protein A-bearing
staphylococci and protein A isolated therefrom on ag-
gregation and release reaction of human platelets in
whole plasma. The experimental model of staphylo-
cocci-induced human platelet injury used in this study
enabled us to compare the effect of protein A bound
to the staphylococcal cell wall (solid phase) with the
effect of protein A isolated in a free, soluble form
(fluid phase). Both forms of protein A, i.e., cell-bound
and free, were added to platelet-rich plasma; and they
demonstrated different patterns of interaction with
human platelets. In the solid phase system, protein
A induced both aggregation of platelets and release
of serotonin. Both changes were dependent on the con-
centration of staphylococci (Table I). By contrast, in
the fluid phase system aggregation of platelets was not
detected, and release of [3H]serotonin was somewhat
reduced in comparison with protein A-bearing staphy-

Fc Receptor-mediated Platelet Injury by Staphylococci
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TABLE I
Effect of Protein A-bearing Staphylococci and Isolated Protein A on HumanPlatelets in Whole Plasma

Number of
Concentration staphylococci Platelet Platelet

of protein A per platelet aggregation* [3H]serotonin release

Ag %(-SD)

Solid phase system (staphylococci with bound protein A)

Platelet-rich plasma (control) 0 0 16+2

Platelet-rich plasma plus staphylococci with 0.7 0 23±6
cell wall-bound protein A 1.3 7 33±7

2.0 30 69±10

Fluid phase system (isolated protein A)

Platelet-rich plasma (control) 0 (0)4 0 20±1

Platelet-rich plasma plus isolated protein A 3 (1) 0 26±5
10 (3) 0 26±5
30 (10) 0 41±7

100 (33) 0 40±3

* Aggregation units expressed as slope value obtained by drawing a tangent line to the steepest rise in the curve
and calculating the change per 1 min (29).
4 Numbers in parentheses represent estimated number of staphylococci per platelet containing equivalent con-
centrations of isolated protein A.

lococci. As indicated in parentheses accompanying
concentrations of protein A in Table I, isolated, solu-
ble protein A was tested in a wide range of concen-
trations corresponding to the total amount present on
staphylococci when used in a ratio of 1 staphylococ-
cus/platelet to 33 staphylococci/platelet.

The role of the Fc fragment of IgG in the interac-
tion between protein A and human platelets. Because
staphylococcal protein A represents the bacterial re-
ceptor for the Fc fragment of IgG, blocking the Fc
receptor should inhibit the interaction between protein
A-bearing staphylococci and human platelets. The ef-
fect of isolated Fc fragment of IgG on the interaction
between protein A-bearing staphylococci and human
platelets was examined. Addition of the Fc fragment
to a system containing protein A-bearing staphylococci
inhibited their interaction with human platelets in
whole plasma (Fig. 2). Platelet aggregation was abol-
ished in this system and release of [3H]serotonin
was reduced almost twofold with 30 Zg/ml of isolated
Fc fragment.

Subsequent experiments were performed to estab-
lish the role of the Fc fragment in the formation of a
complex among protein A, IgG, and human platelets.
Isolated protein A labeled with 125I and human platelets
separated from plasma proteins were used. 1251-Protein
A was not bound to platelets separated from plasma
proteins unless IgG was added to the system (Fig. 3).
This binding was concentration dependent in regard to
protein A and required an intact IgG molecule. Sub-

stituting F(ab)2 fragments for IgG did not allow binding
of protein A with human platelets, which indicates that
the interaction of protein A with human platelets re-
quires the presence of the Fc fragment of the IgG mole-
cule. In parallel experiments, release of [3H]serotonin
was measured and, as was expected, addition of iso-
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FIGURE 2 Blocking effect of isolated Fc fragment of IgG on
the interaction of protein A-bearing staphylococci with human
platelets in whole plasma. Aggregation (0) and release of
[3H]serotonin (0) were measured. Platelet-rich plasma con-
taining 2 x 108/ml platelets was used and 2 staphylococci/
platelet were added. Aggregation units are expressed as
slope value obtained by drawing a tangent line to the steepest
rise in the curve and calculating the change per 1 min.
Shaded area indicates control range (+SD) of platelet ag-
gregation and [3HJserotonin release induced by protein A-
bearing staphylococci with buffer instead of isolated Fc
fragment.
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FIGURE 3 Binding of isolated, solubilized 125 I-protein A
(SPA) to 2 x 108/ml platelets separated from plasma proteins.
Each point represents the mean binding of1251-SPA to 2 x 108/
ml platelets separated from plasma proteins in at least three
independent experiments, each performed in triplicate. Con-
centration of IgG was 1 mg/ml and of F(ab)2 was 0.6 mg/ml.

lated protein A to human platelets separated from
plasma proteins did not induce release of [3H]serotonin
(Fig. 4). However, in the presence of purified IgG, re-
lease of [3H]serotonin was induced and was concentra-
tion dependent in regard to protein A. Again, this reac-
tion was dependent on the Fc fragment of IgG, as the
F(ab)2 fragment was unable to mediate the interaction
of isolated protein A with human platelets.

Addition of isolated Fc fragment of IgG (100 ug/ml)
to staphylococci and platelets separated from plasma
proteins induced release of 33% [3H]serotonin. A con-
trol containing the same ratio of two staphylococci per
platelet separated from plasma proteins gave 15+4%
release of [3H]serotonin.

The role of the complement system in the interaction
between protein A and human platelets. The interac-
tion of protein A with IgG is known to cause fixation
of complement (35). Therefore, we examined the possi-
bility that the effect of protein A-bearing staphylococci
on human platelets involves the complement system.
Staphylococci with cell wall-bound protein A were pre-
incubated in plasma anticoagulated with 1 U/ml
heparin to allow binding of plasma proteins. After sub-
sequent washing, opsonized staphylococci were added
to human platelets separated from plasma proteins. A
ratio of two staphylococci per platelet was used. Staphy-
lococci exposed to intact, heparinized plasma induced
normal platelet aggregation; and release of [3H]seroto-
nin (mean+SD) was 52+11 %. Release of[3H]serotonin
was not accompanied by liberation of the cytoplasmic
marker enzyme, lactate dehydrogenase. When staphy-
lococci were preincubated with plasma that had been
decomplemented with cobra venom factor, zymosan,
or EDTAand then added to human platelets, aggrega-
tion remained essentially the same; and release of [3H]-
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FIGuRE 4 Effect of isolated, solubilized protein A (SPA) on
human platelets separated from plasma proteins. Each point
represents the mean release of [3H]serotonin in at least three
independent experiments, each performed in triplicate.
Vertical lines represent SD. Concentration of IgG was 1 mg/ml
and of F(ab)2 was 0.6 mg/ml.

serotonin was 54+7%, 57+10%, and 49+16%, re-
spectively.

DISCUSSION

These studies have demonstrated staphylococci-
induced injury to human platelets mediated by two
phylogenetically different Fc receptors and their com-
mon ligand, IgG, acting through its Fc portion. We
have identified the bacterial Fc receptor, protein A,
as a structural entity of pathogenic staphylococci re-
sponsible for their interaction with human platelets.

Protein A binds IgG through its Fc fragment with an
average of-80,000 molecules/staphylococcus (36), thus
playing the role of a bacterial Fc receptor. The de-
pendence of the interaction of staphylococci with hu-
man platelets on protein A is apparent from the ex-
periments in which Protein A was stripped from the
cell wall by trypsin treatment. Because the mucopep-
tide (murein) of the staphylococcal cell wall and
teichoic acids are not substrates for trypsin (37, 38),
this experiment provided additional evidence that
these basic structural units, which are the main aniti-
genic determinants of the staphylococcal cell wall, are
not responsible for aggregation of human platelets in
our system.

Several lines of evidence indicate the existence of a
human platelet receptor for the Fc fragment of IgG
(39-41), and recently an Fc fragmient-binding glvco-
protein has been isolated from hui-nan platelets by af-
finity chromatography (42). Our data indicate that the
function of the Fc fragment receptor on human platelets
is influenced by the phase (solid vs. fluid) in which
the complex containing the IgG Fc fragment exists.
Optima-l platelet aggregation and release reaction

Fc Receptor-mediated Platelet Injury by Staphylococci 935



mediated by the IgG Fe fragment occurs in whole
plasma when the solid phase reactant-namely, cell
wall-bound protein A-is employed. This fact is of sig-
nificance in understanding the role of the Fc fragment
of IgG in the mediation of human platelet injury. Pre-
vious studies on the role of the Fc fragment in human
platelet injury in most instances used soluble antigen-
antibody complexes or aggregated IgG and washed
platelets (39-41). Neither aggregation nor release of
serotonin occurred in whole plasma at physiologic
platelet levels, although some binding of aggregated
IgG to human platelets was observed (43). Isolated,
soluble protein A added to whole plasma in subopti-
mal, optimal, and supraoptimal concentrations could
not induce measurable platelet aggregation, and only
release of [3H]serotonin, somewhat reduced, was ob-
served (Table I). Therefore, free protein A in the fluid
phase forms a complex with IgG that behaves differ-
ently (lack of platelet-aggregating activity) than the
complex formed between IgG and cell wall-bound pro-
tein A in the solid phase system (full platelet-
aggregating activity).

Although the complement system was important for
the functional effect of protein A in the rabbit platelet
model (28), in the case of the human platelets studied
here, complement appears to be nonessential either
for binding of 125I-protein A-IgG complexes to human
platelets or for their aggregation and release reaction.
Fixation of complement by protein A-IgG complexes is
reduced when an equimolar ratio of protein A to IgG
is attained (44). It is possible that in our solid phase
system, fixation of complement could occur; however,
it did not depress or promote the interaction of staphy-
lococci with human platelets.

It is apparent from our experiments that IgG binds
simultaneously through its Fc fragment to two different
cellular Fc receptors. This suggests involvement of at
least two consta,nt domains of the Fc fragment. Staphy-
lococci with their Fc receptor, i.e., protein A, emanat-
ing from the cell wall interact with the appropriate
domain on one heavy chain of the Fc fragment. The
other site on a corresponding heavy chain is amplified
to react with the platelet receptor for the Fc fragment
of IgG. It has been shown that the Fc fragment under-
goes significant conformational changes upon binding
of protein A (45). Thus, the unique interaction of the
IgG molecule with two phylogenetically different Fc
fragment receptors, one on the bacterial cell wall and
t1ib other on the human platelet membrane, results in
the formation of a tertiary complex. This can contribute
to thromboembolic complications at the site(s) of intra-
vascular staphylococcal infections.
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