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ABSTRACT - ~ V

-

\
lposure of rabb:tfeg;throcﬁes ta st.aphylococcal « hemolysin had no
effect gn SOF eﬁ'l byt increased the rate of SO, influx two-—
fold dunng the prely lag phase. Since mhlbmon of anion exchange with
DIDS did not inhibit hemolysis, the increased influx of SO2” may have ) o
occurred t.hx:ough a DIDS insensitive pathway. l

& hemolysin caused rabbit erythrocytes to expand during the preljtic
lag phase. Rartes 6f expansion were not affected by inhibition of anion
exchange but were increased by furosemide, an inhibitor of passive cation
transport in human erythrocytes.

Micromolar concentrations of parsehloromercuribenzoate sulfonic acid, ’
eosin—S-maIeimidé, and eosin—S—iodoacetamid?e increased the hemolytic
sensitivity of rabbit erythrocytes to & hemelysin. N-ethylmaleimide was
effective at millimolar concentrations. Eosin—5-<maleimide and eosin—5—
lodoacetamide aqé bound predominately to band 3. Trypsin and chymotrypsin
digestion of ban'd 3 demonstrated thal eosih—S—maIgimide bound to a fragment of
band 3 with a molecular weight of approximately 20 000 daltons, which remained
associated with the membrane after protease treatment. Specific Iabellir;g of
band 3 with eosin—-5-maleimide, followed by hemolysis of the labelled cells by
& hemolysin, demonstirated the presence of a 50 000 dslton labelled
polypeptide. This is presented as evidence that band 3 of hemolysin-lysed
érythrocyteé is hydrolysed by a protease.



. -
Kinetic studies of hemolysis demonstrated the presence of two separate

rates of. hemolysis. This was made apparent by plotting the first derivative of
the number of intact erythrocytes versus time after addition of ¢ -

hemoly-s'm to give a plot of the rate of lysis versus time. Von Krogh analysis,
as well as other analyses sf:ggest. the first rate of lysis requires s single

!

“hit,” whereas the second rate requires more than one "hit."

K
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The receptor, on the rabbit erythrocyte, for the @ hemolysin of
S tap/z-y/acaccus aureus is a/Q'a"OOO dalton protein called "band 3" (Maharaj and
Fackrell, 1980). Band 3 of human erythrlocyt.es is a transmembrane polypeptide
possessing se?reral f unctiorg, including anion transport (Cabantchik and
Rothstein, 1974a; Ho and Guidotti, 1975), amino acid transport (Young ef a/,
1981}, water transport (Brown ef a4/, 1975), passive cation tré.nsport (Grinstein
and Rothstein, 1978), and attachment of the cytoskeleton to the lipid bilayer
(Bennet.t-and Shenbuck,lg?gb)_ After identification of the receptor, it was

natural to ask if & hemolysin disrupts any of these functions.

Disruption of normal cation permeabi}ity by & hemolysin is well
documented (Marucci, 1963a, b; Madoff &f af, 1964; Cooper ef a/, 1964a, b;
Sengers, 1970; Cassidy and Harshman, 1976; M. Gor:ki unpublished data).: The
effects of & hemolysin on anion and water transport by band 3 had not
been studied, perhaps because of the high permeability of the erythrocyte
membrane to anions and water in its natural state, To examine the possibility -+
that anion transport is altered by o hemolysin, SO,* exchange was
measured. Equilibrium exchange of SO is 1/ 10 000 as fast as CI”
exchange (Schnell ef a/, 1973, 1977). The relatively slow rate of SO,
exchange allowed the release or uptake of **SO,*" to be measured during

_the prelytic lag ph'ase, and during hemolysis.

A transport process may be inhibited or stimulated by several covalently
binding probes (for details see reviews by Cabantchik e# a/, 1978; Knauf,
1979). If the particuiar transport process is involved in hemolysis,
interference with transport will affect hemolysis, and these effects can be

detected by changes in the kinetics of hemolysis. The disulforic stilbenes



inhibit anion exchange (Cabantchik and Rothstein, 1974a; Lepke et al,
1?76), furosemide inhibits passive cation exchange (Wiley, 1977) and anion
\.ﬁf-xchange (Brazy and Gunn, 1976), and p-chloromercuribenzenesulfonate
inhibits water exch_a.nge. (Naccache and Sha'afi, 1974; Sha’afi and Feinstéin,
‘19761 The latter is a sulfhydryl specific reagent which also increases
passive cation permesbility (Sutherland ef af, 1967). These are some of the

teagents whi&h can be used to disrupt functions of band 3, and by using these

- reagents the role of certain functions of band 3 in the hemolytic sequence can

be studied.

Probes of band 3 can be used as specific markers for bdhd 3, or for
certain segments of band 3. Since the binding sites of many of the probes are
known, the role of the various regions of band 3 in the mechanism of hemolysis
can be examined.

A somewhat unrelated problem, in that it does not directly involve a
function of band 3, wa;s also addressed. Hemolysis may be the result of a single
hemolysin molecule bound to the cell. This-can be described as a2 single "hit" |
Or lysis may be caused by more than one "hit" Analysis of the kinetics of ’
lysis suggested lysis occurrs by two modes-of-action. A single hemolysin
mﬁlecu!e, or a- single complex of hemolyéin molecules caused an initial lytic
phase. This was followed by a phase where more than one hit was required io
lyse the cell.

The objective of this study was to determine which activities of band 3

are altered by & hemolysin, or are required for hemolysis, in the hope
-

o .

that this will elucidate the mode—of-action of this puzzling bacterial protein.
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The gram positive bacterium, Staphy/oMccus aureus, a common
inhabitant of the upper respiratory tract, produces several proteins that are
correlated with the organism’s pathogenicity (Lack-and Wailling, 1954). Two
epicjermo!ﬂic toxins, exfoliatin A and exfoliatin B, are produced by
Staphylococecus aureus and are the cause of scalded skin syndrome and
Ritter’s disease (Winternitz, 1898; Lyell e¢ a/, 1969; Melish and
Glasgow, 1970). Enterotoxins A, B, C, D and E are lfrequent causes of food
poisoning (for review see Bergdoll, 1976). Leukocidin (Panton-Valentine
leukocidin) is produced in high yield by Staphylococcus aureus strain V8,

a. strain of human origin. Leukocidin consists of two polypeptides, of
molecular weights 32 000 and 31 000 (Noda ef a/, 1980), which act
synergistically to produce a channel in leukocyte membranes, permeable to
cations (Woodin, 1970). Staphylokinase and staphylocoagulase (coagulase) are
two enzymes which contribuie to the pathogen@y of Saureus. The

former is a 15 000 dalton protein (Fujimura et al, 1974; Kondo ¢f a/ 1981},
which activates the plasma enzyme plasminogen to plasmin (Robbins ef a/, 1967;
J‘é.ckson ‘et al, 1981}, the major fibrinolytic enzyme in blood. Sta.phylocoa.gula.se
activate§\ prothrombin, resulting in an enzyme termed "staphylothrombin!.
Staphylothrombin is able to convert the soluble plasma protein, fibrinogen,

into insoluble fibrin.

Four hemolysins are produced by most strains of Staphylococcus
agureus, The hemolysins are termed "&", "8, "y" ;.nd “$" hemolysin in the
order of their discovery. All the hemolysins lyse erythrocytes and are
cytotoxic to 2 variety of mammalian cells. The specificity and mode—of—-action

of each of the hemolysins is distinctive,
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Staphylococcal & hemolysin possesses hemolytic, dermonecrotic and lethal
activities (Bernheimer and Schwarts, 1963). Rabbit eryt.hrocyteé are much more

susceptible to & hemolysin than erythrocytes of any other species yet tested.
The mode-of-action of staphylococeal & hemolysin is not yet understood.
Sheep erythrocytes are especially sensitive to 8 hemolysin (Bigger, 1933:

Glerny and Stevens, 1935). 8 hemolysin has been demonstrated by.Doery

et al (1963, 1965), and later by others (Maheswaran ef a/, 1967:

Wiseman and Caird, 1967, Wadstrom and Mollby, 1971a, b) to be a Mg**
dependent sphingomyelinase C. Not surprisingly, susceptibility of erythrocytes
to 8 hemolysin is dependent on the sphingomyelin content of the membrane
(Wiseman and Caird, 1967; Wadstrom and Mollby, 1971b; Bernheimer ef al,
1974)." This protein has a molec;lar weight of 30 000 daltons (Bernheimer e# o/,
1974; Wadstrom and Mollby, 1971b). Incubation of erythrocytes at 37°C with
low concentrations of 8 hemolysin will not lyse the cells. If these cells

are cooled below 10°C, rapid lysis follows. This has been Esrmed "hot-

cold" lysis (Walbum, 1921; Bigger et al, 1927), Several hypotheses have

been proposed to c;,xplain this phenomenon (Wiseman, 1970, Meduski and Hochstein,
1972, Bernheimer, 1974, Smyth ef a/, 1975, Low and Freer, 1977),

% hemolysin is hemolytic toward human, rabbit.,‘_and sheep erythrocytes
(Guyonnet and Plommet, 1970; Fackrell, 1973). Fackrell and Wiseman (1976a)
purified y hemolysin using ultrafiltration and gel filtration, followed by
ammonium sulfate precipitation and extraction with NaCl. Fackrell (1973)
determined the molecular weight of 7y hemolysin, using gel filtration, to be
45 000 daltons. Using hydroxylapatite chromatography, Guyonnet and cowarkers

(1968, 1970) and Taylor and Bernheimer (1974) purified -y hemolysin to its two

- .
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components (I and II), which act synergistically. Components I and II have
molecular weights of 29 000 and 26 000 respectively (Taylor and Bernheimer,

1974). These authors have shown 7y hemolysin to be inhibited by several lipids

and sterols in which the S—B-hydroiy group is esterified. <y hemolysin is
also inhibtted by cardiolipin, phosphatidyl inositol, phosphatidy! choline,
phosphatidyl glycerol, phosphatidyl serine, nervonic acid, stearic acid and
palmitic acid, all at concentrations of 0.05-5teg/ml (Taylor 3ndr Bernheimer,
1974). No change in erythrocyte lipids has been observed after exposure to
7 hemelysin. The mode-of-action of ¥ hemolysin temains unknown.
Fackrell and Wiseman (1976b) demonstrated a release of nitrogen and acid-
solu}ble phosphorous from human erythrocyte membranes upon the addition of
¥ hemolysin, suggesting that -y hemolysin possesses phospholipdse

activity.

é hemolysin does not show the spectes specificity demonstrated by
both & and 8 hemolysins (Marks and Vaughan, 1950; Kayser and

Raynaud, 1965). The amino acid sequence of & hemolysin was recently
reported by Fitton ef a/ (1980). A molecular weight of 2 977 can be calculated
from the sequence of the 26 amino acid long polypeptide. This value is in
strong disagreement with several others reported. Molecular weight
determinaticns of 6 hemolysin range from 2 977 to greater than 200000
{(Hallander, 1963; Caird and Wiseman, 1970; Kantor ef a/, 1§72). Kantor

et al (1972) have suggested & hemolysin consists of five subunits of

21 000 daltons each. Each subunit was said to be a tetramer of identical
polypeptide chains. & hemolysin fr%m the Newman and E-delta strains of

S’ aureus liberate organic phosphorus from erythrocytes in proportion to

s

/



their hemolytic sensitivity {Wiseman land Caird, 1968j_ An actual substrate, in
the erythrocyte membrane has not been identified. Evidence has recently been
presented that & hemolysin causes hemolysis via high surfactant activity

and hydrophobicity (Bernheimer, 1974) apparently causing hemolysis by its

detergent—like action. Studies of the interaction of & hemolysin with

phospholipid monolayers (Bhakoo ef a/, 1982) suggest & hemolysin
may aggregate in the plane of the membrane, resulting in transmembrane channels
causing loss of selective ion permeability. Freer and Birkbeck {1982)
suggested an helical conformation for & hemolysin resulting in a
rod—shaped molecule with amphipathic properties, thereby allowing the molecule
to orient itself across the bilayer.
Strains of coagulase positive Staphylococcus aureus prodlice several
other extracellular products both v vzvo and ¢ vrfro. Shrains "M 18"
and "Smith SR" produce as many as 25 to 30 extracellular pro_t.gins, while

strain V8 produces four to ten proteins (Wadstrom ef a/, 1974).

OVERVIEW

« hemolysin is the most studied of the staphylococeal hemolysins,
it plays an important role in the pathogenesis of staphylococcal infections,
most likely by causing tissue damage near the focus of infection (for review
see Arbuthnott, 1981)

Four "isotoxins” have been separated using various separatory techniques
(Bernheimer and Schwartz, 1963; Six and Harshman, 1973a, b; Wadstrom, 1968;

McNiven ef a/, 1972; Dalen, 1976). These components are conformers of



the same hemolysin (Wadstrom, 1978). This idea is supported by the observation
that, although they possess charge differences, the isotoxins sha.re- similar
biological properties (Wadstrom, 1§78] .
Watanabe and Kato (1974, 1978) have isolated fragments of & hemolysin
\ after digestion with trypsin and have suggested that different portions of the
| \,Eemo!ysin are tesponsible for the cytolytic, dermonecrotic and lethal
activities. The biological properties of & hemolysin include. not only
cytolysis, but alsc contraction and paralysis of smooth musc}e (Thal and Egner,
_ i961] and cytopathic effedts in cultured cells (Artenstein ef a/, 1963).

& hemolysin is toxic to leukocytes (Gladstone, 1966) and platelets (Siegel

and Cohen, 1964). The wide range of effec.ts of & hemolysin have led
McCartney and Arbuthnott (1978) to suggest this hemolysin be called a
“membrane~damaging toxin' rather than "toxin” a term which suggests only
the protein’s lytic activity towards erythrocytes. Bernheimer (1974) has
suggested the use of the term "cytolysin". For the sake of simplicity &
hemolysin will be referred to as "hemolysin" throughout this thesis, as it is

»

the hemolytic activity of this protein with which this thesis is about,

PHYSICAL AND CHEMICAL PROPERTIES

The & hemolysin monomer is a protein with a sedimentation coefficient
of 35S (Bernheimer and Schwartz, 1963; Lominski e# a/, 1963; Arbuthnott ef a/,
1967, Six and Harshman, 1973b; Goode and Baldwin, 1973, 1974). Molecular weight

determinations rangé from 26 000 to 45 000 daltons (Six and Harshman, 1973b;
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Fackrell and Wiseman, 1976b; Watanabe and Kato, 1974; McNiven ef a/, 1972;
Forlant ef a/, 1971; Bernheimer and Schwartz, 1963). The wide range of the
reported molecular weights may be due to proheolytic degradation of the
hémolysin by staphylococecal proteases. Dalen (1976) has suggested the existence
of 27 500 and 39 000 dalton polypeptides. 'fhe 27 500 dalton "isotc;xin" is
hydrolysed to yield a 10 000 dalton fragment, this 10 000 dalton fragment then
associates with the remaining 27 500 dalton fragment to give rise to the 39 000
dalton "isotoxin" (Dalen, 1976). This "self hydrolysis" to form the 10 000
dalton peptide is supported by the finding of Wiseman e# a/ {1975) that the
- hemolysin itself ha.é proteolytic activity. - ]
The isoelectric point of & her;olysin 1s approximately 8.5
(Arbuthnott ef af , 1967; McNiven ef a/, 1972; Fackrell and Wisgman, IQTéb; Goode
and Baldwin, 1974) L |
Monomers of @ hemolysin associate™to form 125 hexamers (Arbuthnott, 1970
Bernheimelr, 1974) with a molecular weight of 240 000 to 330 000 daltons
(Bernhetmer, 1574).

MODE~-OF-ACTION
.
Release of K” is the first detectable event after binding of & hemolysin
to rabbit erythrocytes (Marucci 1963a, b; Madoff ef a/ 1954; Cooper ef al,
1964a, b). Cassidy and Harshman (19776) have demonstrated the prelytic relea‘se
of ®*Rb and have shown this release to closely parallel the binding of
2T hemolysin at 20°C but could separate the two events at °C,
Intracellular **Rb release occurred ap;;roximately 40 minutes after

addition of & hemolysin at 0°C and did not depend on the amount



hemolysin bound. The rate of ®®*Rb release increased with increasing

amounts of bound hemolysin, leading Cassidy and Harshman (1976) to suggest
that, at 0°C, each hemolysin molécule bound to the erythrocyte establishes

a focus\of damage which, after a certain fixed time, allows release of
intracellular %*Rb and, wit;h more hemolysin molecules bound, more **Rb

is released. Cooper e# a/ (1964b) demonstrated that lysis could be

prevented by the addition of antibodies to & hemolysin. Further binding of
imemolysin is prevented by the addition of antihemolysin but, once any hemolysin
is bound, release of intracellular **Rb cannot be inhibi‘ted (Cassidy and
Harshman, 1976). |

o hemolysin is rapidly adsorbed to the erythrocyte membrane during a
prelytic lag (Klainer ef a/ 1964). The bound hemolysin reaches a maximum
during the greatest rate of lysis, followed by a g'raduall release after lysis.
Cassidy and Harshman (1$73), using '251—51 hemolysin, also found a partial |
release of bound hemolysin.

Mangalo and Raynaud (1959) measured hemolysis of a suspension of _
eryﬁhrocyte_s by & hemolysin using a turbidometric assay and found that the
time required to lyse 50% of the suspension is directly related to the
concentration of & hemolysin added io the suspension. Lominski and
Arbuthnott {1962) determined that the rate of hemolysis also dépends on th&;

concentration of & hemolysin added to the suspension.

~ & hemolysin was %irst proposed to have enzymatic activity in the
early 1930’s (Forssman 1933, 19343, b, ¢). Levine (1938, 1939) demonstrated
thai the hemolytic, dermonecrotic and lethal effects of & hemolysin could

be adsorbed by concentrated suspensions of erythrocytes, leading him to suggest

1

\.
\



that & hemolysin and its substrate reacted stoichiometrically, following

the Freundlich adsorption isotherm and, the;efore, the hemolysin was not an
enzyme, &

Wiseman and cc;worke;rs (1970, 1972, ;975] found a release of sol‘ublg
nit.rc;gen from ghosts exposed to & hemelysin. The nitrogen release
continues with time and no acid soluble phosphorous is released. ‘Proteolyt.ic
activity of @ hemolysin is activated by trypsin and this activated hemolysin
can hydrolyse tosyl arginine methyl ester (Wiseman e a/, 1975).
Wiseman (1975) suggests & hemolysin is activated by an erythrocyte protease,
and this activated hemolysin reacts with membrane proteins leading to Iysi.s.
An attempt to demonstrate which membrane protein is the substrate of- the
hemolysin’s proteolytic activity was made by Freer of af (1973). |
Polyacrylamide gels of~erythrocyte ghoasts exposed to & _hemolysin dlid not
detect hydrolysis of e.n’§ of the major membrane proteins. Freer ef al
(1973) also could not/inhibit hérnolysis of erythrocytes by the protease
inhibitor phenylmethane sulfonylfluoride, did not find a reduction of
sedimentable protein, and found the freeze—etch patterns of & hemolysin—
treated ghosts are not similar to those obtained using known proteases.
Wiseman (1975) has suggested that the ghost preparation used by Freer ef af
(1973) did not contain the membrane protease responsible‘ for activation

of the hemolysin.

& hemolysin causes a release of CrO,%” and PO, and glucose from
‘

artificia®[ipid spherules composed of lecithin, cholesterol and either
dicetylphospate or stearyl amine (Weissman ef a/ 1966). Freer ef a/

(1968) observed 12S hexamers of & hemolysin on lipid spherules and

|
erythrocyte ghosts. These treated ghosts were analyzed by polyacrylamide gel



electrophoresis and Ffeer et al (1973) claimed the protein band of

molecular weight of approximately 160 000 daltons to be a result of the
hexa.mer_s observed in the negatively stained ghosts after trea.‘t.rnent with &
hemolysin. Bernheimer ¢ &/ (1972) have also observed the ring

formations on rabbit, human, horse and puinea pig erythrocyte membranes,
platelet membranes, rat hepatocyte plasma membranes and lysosomal membranes
prepared from rabbit polymorphonuclear leukocytes. Ring st.;uctures are not
sees on membranes oi. varfous bacterial species. Buckelew and Colacicco (1971)
observed thgt a hemolysin penetrated li;;ids to differing degrees. Freeze—
fracture studies on platelets [Bernheimer.ef al, 1972) suggest that the
hexameric & hemolysin penetrates lipid and Freer ef a/ (1973)

showed that the fracture plane of the membrane in freeze—fracture studies is
altered by expeosure to & hemolysin.

"It must be pointed out that the electron microscopy studies done by Freer
et af (1973), in which hexamers were observed in hemolysin—treated membranes
after negative staining, involved exposure of erythrocyte ghosts, rather than
iﬁtact erythrocytes, to & hemolysin. It has been shown by both Arbuthnoti
and Billcliffe (1974) and Cassidy and Harshman (1973) that only about 5% of
added hemoly/sir? binds to intact erythrocytes, whereas up to 60 to 70% binding is
obtained when oémotically prepared ghosts are used {Arbuthnott and Billcliffe,
1974). It/s possible that the hemolysin binds non-specifically to the
ghosts, iéading to ring formation.

Cassidy et a/ (1974) confirmed the release of markers from liposomes,
however they did not find the species specificity for lipids that exists for
erythrocytes. Several studies have revealed that & hemolysin does not exhibit a

specificity for any individual lipid.

!

-/
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The finding of Cassidy e? a/ (1974}, that liposomes prepared from- human
erytyrocyt.e lipids are as sensiti.\re to & hemolysin as those prepared":from
ral:;bit. erythrocyte lipids, yet rabbit erythrocytes are 100 times more .
susceptible, suggests that more than lipid is involved in hemolysis. The

/\/
studies with liposomes involved concentrations of & hemolysin (15 to 30 g£g/ml)

higher than that required to lyse rabbit erythrocytes (0.1 to 0.2 zeg/mi)
(Harshman, 1979). The lysis of the liposomes may be a result of non-specific
binding to the lipid causing lysis through a different mechanism,

Although the lipid-binding hypothesis for the mode—of—-action of the
hemolysin seems suspect, Fussle ¢f a/ (1981) and Bhakdi ¢ a/ (1981) have
demonstrated the ability of & hemolysih to self associate into hexamers in
the presence of deoxycholate micelles, and these hexamers, when extracted, bound
lipid and coula be incorporated into artificial lecithin lipid vesicles. Fussle
et al (1981) extracted & hemolysin hexamers formed on, or in, erythrocyte
ghosts using Triton X-100 and reincorporate the hexamers into liposomes. On
the basis of marker release studies Fussle ef a/ (1981) have suggested
that & hemolysin forms discrele transmembrane channels approximately
three nanometers in diameter. Fussle ef a/ (1981] account for the
species sensitivity of whole erythrocytes by suggesting that human erythrocytes
contain a protein, absent in rabbit erythrocytes, which somehow repairs the

damage done by & hemolysin. Unfortunately, Fussle ef a/ (1981}

exposed their erythrocytes to concentrations (0.15 to 0.2 mg/ml} of &
hemolysin, 1 000 times more than that required to cause hemolysis. Harshman
(1979) has confirmed that rings are formed on the membranes of both human and

rabbit erythrocytes at concentrations between 10 and 100 feg/ml . However
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Harshman {1979) could not observe these same ring formations at lower
concentrations (0.1 to 0.2 ;Lg/ml]- which are still hemolytic to rabbit
erythrocytes,

Recent evidence has implicated 2 membrane protein as a specific receptor

for @ hemolysin., Cassidy and Harshman (1976) found a close correlation

between binding of 125‘I.—<:x hemolysin to erythrocytes of various species and
hemolytic sensitivity of the erythrocytes. Rabbit erythrocytes bound 100.times
more & hemolysin than did human erythrocytes. Barei and Fackrell (1979)

found a correlation coefficient of 0.992 bétween receptor number and .hemelytic
sensitivity and determil:led the number of receptors on rabbit erythrocytes to be
125 980. Cassidy and Harshman found 5 000 receptors per cell. The lower

" number obtained by Cassidy and Harshman may be explained by a change in the
receptor on binding of the hemolysin. Barel an.d Fackrell used heat dénatured

& hemolysin labeled with fluorescein, whereas Cassidy and Harshman used

B« hemolysin which retained 10% of its hemolytic activity. This residual
activity may have caused release of the bound hemolysin, which is the case with
the active hemolysin (Klairer ef a/, 1964).

Using antigenic determinants as reference points, Lo and Fackrell (1979)
have shown that the hemolysin is oriented on the membrane in a specific manner
and possesses a membrane binding region. This .is consistent with the idea of a
:specifi-c: receptor for @ hemolysin,

A finite number of high affinity binding sites and many low affinily
sites for & hemolysin are present on the rabbit erythrocyte {Barei and
Fackrell, 1979). Two types of binding exist, specific and non-specific, both

leading to hemolysis (Barei and Fackrell, 1979). The low affinity binding, at
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high concentrations, may result in the appearance of the & hemolysin
hexamers observed by Freef et al (1968, 1973) and Bernheimer ef a/:
(1972). -

Using polyacrylamide gel electrophoresis of sodium dodecy! sulfate

solubilized **I-& hemolysin—treated rabbit ghosts, Cassidy and Harshman

(1979) located & hemolysin in protein bands 15 x 10°%, 1.1 x 10° and 1.6 x 10°
daltons. They suggested that the 15 x 10° and 11 x 10° dalton bands
represented the & hemolysin hexamer—receptor complex and & hemolysin
dodecamer-receptor complex respectively. The 1.6 x 10° dalton band probably
represents the hemolysin-receptor complex in a ratio of one mole hemolysin :
one mole receptor.

Kato ef a/ (1975) first suggestﬁd that a pronase sensitive flavine
monor;ucleotide binding glycoprotein was the receptor for & hemolysin.
Later, Kato and Naiki (1976) postulated that the receptor was a ganglioside,
-Attempts to reproduce these results have been unsuccessful in ours and other
laboratories,

The receptor of & hemolysin on the rabbit erythrocyte membrane is
band 3 (Maharaj and Fackrell, 1981). Band 3is a transmembrane ‘protein of
molecular weight 90 000 to 100 000 daltons. Both concanavalin A and antibodies

to band 3 confer protection to rabbit erythrocytes. Purified band 3, when

preincubated with & hemolysin, causes the hemolysin to become non—hemolytic.
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BAND 3 PHYSICAL AND CHEMICAL PROPERTIES

Band 3 is an integral glycoprotein. It can be extracted from the membrane
only by dissolution of the 1ipid (Juliano, 1973; Steck, 1974; Yu e¢ a/, 1973).
Band 3 is more hydrophobic than most soluble proteins, containing 37.5%
hydrophobic residues {Steck ef &/, 1978) and is held into the lipid bilayer by
strong hydrophobic interactions. Estimates of the cé.rbohydra.te content’ of band
- 3 vary from three to 15% by weight (Ho and Guidotti, 1975; Yu and Steck, 1975a;
Furthmayr ¢ &/, 1976; Jenkins and Tanner, 197'7b; Fukuda et a/, 1978).
Galactose and N-acetylglucosamine are the predominant suEaé with manncse,
fucose and sialic acid present in lower amounts. The carbohydré.te of band 3 is
exposed at the ouler surface of the membrane (Steck and Dawson, 1974; Yu and
Steck, 1975a; Jenkins and Tanner, 1977b; Fukuda ef a/, 1978; Drickamer, 1978),

Band 3 was named by Fairbanks ef a/ (1970) for its positiontin sodium
dodecy! sulfate gel electraphoretograms as the third major band from the
origin corresponding to a molecular weight of about 95 000 daltons. Gel
‘ filtration suggests the actual weight of band 3 to be closer to 80 000 daltons
(Ho and Guidotti, 1975; Clarke, 1975). The reason for the higher estimate. of
molecular Qeight of ;band 3 by sodium dodecyl sulfate electrophoresis may be its

large content of carbohydrate.

HETEROGENEITY OF BAND 3 f'
Although band 3 appears homogeneous by polyacrylamide gel electrophoresis,
it actually consists of several proteins. In electrophoretograms a major peak
containing 90% of the protein is apparent at the leading edge of the b.a.nd
followed by a diffuse trail which contains gradually less protein ab the higher

weights. The minor components differ in protease susceptibility (Carraway,
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1975; Cabantchik and Rothstein, 1974b; Knauf ¢ a/, 1974; Reichstein and
Blostein, 1975; Jenkins and Tanner, 1977a,b) and can be separated by other
electrophoretic (Anselstetter and Horstmann, 1975; Ballou and Smithies, 1977;
.Conrad and Penniston, 1976) techniques or immunoelectrophoretic (Bhakdi ¢
al, 1976; Golovichenko-Matsumoto and Osawa, 1980) techniques.
Heterogeneity is observed when band 3 is exposed to proteases when in the
intact cell (Carraway, 1975; Cabantchik and Rothstein, 1974b; Jenkins and
Tanner, 1977b; Steck ef a/, 1971; Reichstein -and Blostein, 1975). Most of
band 3 is hydrolysed to polypeptides of 35 000 and 65 600 daltons in pronase
treated cells, however three pronase resist.ant. bands remain in the band 3
region (Cabantchik e a/, 1978).

‘It has been reported that band 3 contains a phosphorylated intermediate of
. the Na,K~-ATPase (Williams, 1972; Avruch and Fairbanks, 1972, Knauf ef a/, 1974;
Bjerrum and Bog-Hansen, 1976] and acetylcholine esterase activity has been
detected in band 3 (Belthorn e a/, 1970). Brown ef a/ (1975) found a protein
responsible for water transport migrates in the band 3 region of |
electrophoretogfams_

Band 3 demonstrates variable behaviour towards binding of lectins (Findlay,
i974; Adair and Kornfeld, 1975), and towards endogenous protein kinases {Roses,
1676). |

No heterogeneity of the major component is found in sites of proteolytic
cleavage {Steck ef ;:f, 1976) or in the binding of anion exchange inhibitors
(Findlay, 1974j suggesting the polypeptide portion of the major component of
band 3 is homogeneous, The major component of band 3 contains only a2 single
C-terminal amino acid (Drickamer, 1976) and the cytoplasmic fragment of band 3

derived from trypsin hydrolysis contains only a single N~terminal amino zcid
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(Jenkins and Tanner, 1977b). Heterogeneity of the major component of band 3 is
attributed to the varying carbohydrate composition (Yu and Steck, 1975a, )
Findlay, 1974; Adair and Kornfeld, 1974, Jenkins and Tanner, 1977b; Drickamer,
1978) of the protein.

ARRANGEMENT OF BAND 3 IN THE MEMBRANE
Band 3 is cleaved at the cytoplasmic face of the membrane by mild trypsin
or chymotrypsin treatment yielding a soluble 40 000 dalton fragment, not
associated with the bilayer (fragment A), and 2 membrane bound 55 000 dalion
fragment. Recently, Appell and Low (1981) have found that fragment A is
released from the membrane as a highly elongated, noncovalent dimer of
molecular weight 90 000 daltons. Fragment A is not required for anion
transport (Lepke and Passow, 1§76; Grinstein ef a/, 1978, Ross and McConnell,
1978; England and Steck, .1978], and functions mostly as a link between
the bilayer and the cytoskeleiton or cytoplasmic proteins. Fragment A contains
i‘.he binding sites for several cytoplasmic proteins: aldalase (Yu and Steck,
1975b; Murthy ef a/, 1981; Strapazon and Steck, 1977), glyceraldehyde—3-
| phos-phate dehydrogenase (Yu and Steck, 1975b), phosphofructokinase (Richards et
al, 1979) and hemoglobin [KaradsheAh and Uyeda, 1577; Szlhany and Shaklai, 187,
Salhany ef a/, 1980; Salhany and Gaines, 1981; Cassoly and Salhan}, 1983). The
cytoplasmic portion of band 3 also binds ankyrin (band 2.1) (Bennet! and
Stenbuck, 1979; Bra.nton et al, 1581} which couples band 3 to the cyioskeleton
(Bennett and Stenbuck, 1979, 1980). The cytoplasmic fragment A contains the
reactive sulfhydryl groups responsible for crosslinking of band 3 by
.Cu""/o—phenanthro!ine (Steck ef a/, 1976; Rao and Reithmeter, 197G;

Reithmeier and Rao, 1979), The Na~terminal 201 residues of human



e}ythrocyte band 3 have recently been sequenced by Kaul ef a/ (1983). These
authors suggest a _polya.nionic 23-residue Na~terminal segment binds

aldolase (Murthy e a/, 1981), gly:é‘raldehyde—3-ph05phate dehjdrogenase (Tsal
. et al, 1982), and hemoglobin (Kaul and {{ohler, 1983).

Tﬁe 17 000 dalton membrane spanning portion of band 3 is separated from the
rest of band 3 by exposure of iea.ky ghosts to low concentrations of chymotrypsin
(Steck ef a/, 1976). Exposure of leaky ghosts to higher concentrations of
chymotrypsin results 31;1 further cleavage to a 15 000 dalton polypeptide (DuPre
and Rothstein, 1981; Ramjeesingh e a/, 1980a; Ramjeesingh and Rothstein, 1982).

" A 4 000 dalton CNBr fragment contains the binding site for DIDS (Ramjeesingh et |
al, 1980b). DIDS covalently binds to an £ amino group of lysine located

9 000 daltons from the C-terminus of fragment B (Ramijeesingh, 1981). A single
cysteine residue is located 5 000 daltons from the C-terminus of fragment B
(Rothstein and Ramjeesingh, 1982).

The 35 000 dalton fragment resulting from exposure of intact cells to
chymotrypsin contains the single carbohydrate attachment site. This fragment .
contains two cytoplasmic sulfhydryl groups (Rao, 1979; Ramjeesingh.&f a/, 1981a).
Siﬁce the carbohydrate is located on the outside of the membrane, and the
sulfhydryl groups are cytoplasmic, this fragment must cross the membrane.
Cleavage of band 3 to give the 60 000 dalton and 35 000 daiton fragments does
not inhibit anion transport {Cabantchik and Rothstein, 1974b)}, and the two
fragments remain associated in the membrane (Grinstein ef a/, 1978).- However,
cleavage of the 35 000 dalton fragment by papain or chymotrypsin results in
imhibiton of anion exchange (Jennings and Passow, 1979; DuPre and Rothstein,
1981). Phenylglycxal, an inhibitor of anion transport, which is both

impermeant and covalent, binds to the 35 000 dalton fragment of band 3 (Wieth



et al, 1982). It appears that both the 17 000 dalton and the 35 000 dalton
fragments are required for anion transport. These two segments of band 3 can
be crosslinked »;it.h H,DIDS at alkaline pH (Jennings and Passow, 1979) and
comigrate during cent.rifugah.ion after extraction in Triton X-100 (Reithmeier,

1979), suggesting that they exist in close proximity in the membrane.

ROLE OF BAND 3 IN ANION TRANSPORT

The CI"'-HCO,~ exchange system of the red blood cell is required for CQ,
transport from tissues to lungs. This exchange of anions represents the rate
limiting step in CO, transport to the lungs. Gaseous CO, diffuses into the red
cell, where it combines with H,O to produce H,CO;. H,CO; is then converted to
HCO;™ and a I:I’ the latter is taken up by hemoglobin which acts as a H™ sink
The HCO;™ produced is then-transporhed out of the cell into the plasma in
‘exchange for the inward transport of Ci” (Harris and Pressman, 1967). The
- bulk of the CQO, p'rodpced by metabolism is-transported to the lungs as plasma
HCO,™.

Since the main function of the red cell is removal of CO, from the
tissues and the time of passage of a red cell through & capillary is less than
one seconfl, the HCO,"/CI” exchange protein must be present in many copies
per cell. Band 3, the anion transporter of the red cell membrane, is present
in approximately 10° copies per cell (Cousin and Motais, 1979; Knauf
et al, 1978; Funder ef a/, 1978; Halestrap, 1976; Ship ¢ a/, 1977;
Lepke ef a/, 1975; Zaki ef 4/, 1975). The half-time for CI” exchange is

about 50ms at 37°C (Brahm, 1977), corresponding. to a CI™ permesapbility



of about 23 X 10'3cm/sevc. CI" exchange is much more rapid than the passive
cation fluxes (2 X 107%m/sec at 37°C] (Sachs, 1977). Thus the red cell
membrane exerts an anion / cation selectivity of about seven orders of
magnitude.l 7 ]

Anton transport acxiosé the red cell membrane is mediated by band 3
(Cabantchik and Rothstein, 1972, 1974a; Zaki e¢ a/, 1975; Ho and Guidotti,

1875; Ship ef a/, 1977). This has been determined by the use of membrane
probes which inhibii anion transport, the most useful probes being the
disulfonic stilbenes 2,2-diisothiocyano—4,4'-distilbene disulfonate

(DIDS) and 4-acetamido~4,4’—isothiocyano~22—distilbene disulfonate

(SITS). When red cells are exposed to radioactively labelled inhibitors of

anion transport, followed by electrophoresis of the membranes, most of the
label 1s founhWeconshitution of band 3 into liposomes confers

_ anion~transport ability upon the liposomes (Rothstein ef af, 1975,"1976;
Feinstein ef a/, 1977; Ross and McConnell, 1977, 1978; Cabantchik, 1982: Darmon
et al, 1983). Wolosin ef a/ {1977) used negative purification to produce .
vesicles from red cell membranes containing only band 3 and demonstrated the
capability of these vesicles to transport anions.

CI" transport is a saturable, electroneutral, one for one exchange. The
mechanism of iransport is still not understood at the molecular level - )
Transport is thought to follow the "ping pong" model (Gunn and Frohlich, 1978},
tn which positively charged a..nion binding sites alternate between exposur'e_ to
inside and outside compartfnents, but can only shift from one position to ancther
when occupied by an anion. The unidirectional translocation of an anion (ie. one
half cyéle of the1:1 exchange) is trigge;ed upon binding of an anion to a

transport "site" (Jennings, 1982).

t
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Transport occurs via a fixed protein pathway. A small segment of peptide
undergoes a small rearrangement from topologically out to 1‘.opolcgiclall)r in. The
turnover of CI” is high t2 X 10° sec™), therefore the change in conformation

must be small, and over a small distance (Rothstein an_d Ramijeesingh, 1982).

| Anions to be transported appear to combine with a substrate site which is
half saturated with CI” at 65mM (Gunn ef a/, 1973; Brazy and Gunn,

19?6; Dalmark, 1976). A éecond site of anlon binding is saturated at-Cl”
concentrations of 335mM (Dalmark, 1976), This site has been termed the
modifier site. The modifier site has a high affinity for crganic anions, such

as N—-(4-azidp—2-nitrophenyi}-2-aminoethylsulfonate (NAP-taurine) (Cabantchik
et al, 1978; Knauf, 1979). The modifier site appears to be functionally

linked to the transport site, as binding of anions to this site causes non—
competetive inhtbition of transport. Binding of the impermeant inhibitor,, NAP-
tatirine, to the modifier site indicates that this site is exposed to the

outside surface of the membrane (Knauf e# a/, 1978).
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Figure 1

Figure and legend reproduced witﬁout permission from Rothstein and
Ramjeesingh (1982). A proposed arrangement of bahd 3 in the bilayer.
<& and N, C—t.ermiﬁus and N—terminus; CHO, site of mrbo-hydmte
atiachement; SH, locations of sulfhydral groups; DIDS, binding site for DI]jS;
Pa; and Pa, are papain cieavage sites; G, G,,

Cs, C4, and G are chymotrypsin cleavage sites.
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Figure 2

Figure and legend reproduced without permission from Rothstein and
Ramjeesinghs (1962). A Functional model for anion transport, (2) A kinetic
model with T representing the transport site and M the modifier site;

{b) the mod;I accomodated to band 3 siructure, with the dotted line
representing a diffusion barrier, the gate the transport site, and the square
the modifier site. |
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Cultures
Cultures of 5. taphylococcus aureus strain Wood 46 (Fackrell,
1973) used ‘in this study met the requirements set by Baird—Parker (1972)
to be classified as Séaphylococcus. aureus. Phage—typing of the strain
was done at the éanadia.n Communicable Disease Centre in Ottawa. Lyophilized
cultures were reconstituted and grown on rabbit blood agar plates, incubated at
37°C for.36 hours in an atmosphere of 10% CO, andé}o% air. Colonies
showing the largest zone.s of hemolysis were subctltured on rabbit blood agar

plates, and used to produce & hemolysin.

Preparation of @ hemolysi?x.

Staphylococcus aureus strain Wood 46 was inoculated nto
Dolman-Wilson medium (Dolman and Wilson, 1940) and incubated at 37°C wdit.h
. shaking in an atmosphere of 10% CO, and 90% air for 36 hours. The
supernatants of the cultures were harvested by cenirifugation at 8000 x ¢
for~15 minutes and frozen immediately. Culture supernatants were used as the
source of & hemolysin. All hemolytic activity of these supernatants

could be neutralized by monaspecific anti-hemolysin.

Heat 1nactivation of & hemolysin.

Staphylococcal & hemolysin was heated to 60°C at pH 4 for five

minutes {Dalen, 1976),
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Reagents and buffers. _

Tritiated dihydro—2,2’—diisothiocyano—434'-dist.ilbene disulfonic
acid ([*H,IDIDS) (200mCi/mmole) and dihyd_ro—2,2'-—d'1isothiocyano—é&’—dist.ilbene
disulfonate (H,DIDS) were gifts from M. Ramijeesingh and A. Rothstein, The
Hospital for Sick Children, Toronto, Canada. Na,**SO, (2 mCi/ml),
N——[et.hyl—Q—SH]fethylmaleimide (2.2 Ci/mmole) and Bray’s solution were from
New England Nuclear, Boston Mass. 4,4’-diisothiccyane=2,2'-stilbene disulfonic
acid (DIDS), 4-acetamido-4'-isothiocyano—2,2'-stilbene disulfonate (SITS), h
4-(2-hydroxyethyl)-1—-piperazineethane sulfonate (HEPES), p-chloro-
mercuribenzene sulfonate (PCMBS), N—ethylmaleimide, iodoacetamide and 1,1~
azobis{N N-dimethylformamide) (diamide), and bovine serum albumin were obtained
from Sigma Chemical Co, St. Louis, MO, Eosin-5-maleimide and eosin-5-
iodoacetamide were obtalned from _Molecular Probes, Junction City, OR.
Electrophoresis reagents were from Sigma. NCS tissue solubilizer was obtained

from Amersham, Oskville, Ontario.

The sulfate~chloride buffer, used for all SO,*" exchange experiments,
consisted of 130mM NaCl, 5SmM KCl, 10mM Na,SO,, SmM HEPE}S; and SmM
D-glucose pH to 7.4 with 0.5N NaOH (Rakitzis ef a/, 1978). Phosphate-
buffered saline consisted of 145 mM NaCl and 10 mM sodium phosphate buffer
(pH 72). The milliosmolar buffer (20 ideal milliosmolar) was identical to the
buffer described by Dodge ef a/ (1963). 20imOsm buffer was prepared as
follows: 0.155M NaH,PO, was mixed with 0.103M Na,PO, to make 310.imOsm

buffer pH 7.4, This buffer was then diliuted to make 20 imOsm buffer pH 7.4. '
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Preparation of erythrocytes and erythrocyte membranes.

Blood from New Zealand white rabbits was collected in sterile
Alsever’s solution {Carpenter, 1965). The erythrocytes were collected by
centrifugation at 2000 x ¢ for 5 minutes, and the plasma and buffy coat were
removed by aspiration. Erythrocytes were washed four times in six volumes of

PBS before use. Erythrocyte membranes were prepared by the method of “Dodge
et al (1963).

Hemolytic titration of a hemolysin.
The 50% endpoint method of Lo and Fackrell (1979) was performed in

Microtitre equipment. The reciprocal of the dilution of hemolysin that gave

50% hemolysis was defined as one hemolytic unit.

Kinetic hemolysis assay.
Two—hundred microlitzes of a 2% suspension of rabbit erythrocytes was
added to 3ml of the required dilution of & hemolysin in 2 spectrophotometer

cuvette. The lysis of the suspension of erythrocytes was measured by the /"/
decrease in absorbance of the suspension at 650nm. Readings were taken from a
Perkin~Elmer Coleman 124 spectrophotometer an.d recorded by an Apple I+

computer (Glasgow and Fackrell, 1984). A BASIC program, called KINETICS,
calculated several parameters including, the length of the prelytic lag phase,

the time to 50% hemolysis, the time to completion, the average and maximum

rates of hemolysis, and the percentage of unlysed cells at completion,



Kinetic expansion assay -

wa—hundred microlitres of a 2% suspension of rabbit erythrocytes was
added to 3ml of the required dilution of o hemolysin in a spectrofluorometer
cuvette. The rate of swelling of the erythrocytes measured by the decrease in
light scattered by the suspension at 650nm. Readings were taken from 2
G. K. Turner Model 430 spectrofluorometer and recorded by an Apple I+
computer (Glasgow and Fackrell, 1984). A BASIC program, called KINETICS,
calculated several parameters including, the length of the pre—expansion lag
phase, the time to 50% expansion, the time to completion, and the average and

maximum rates of expansion.

Gel electrophoresis.
Twenty microlitres of a five times concentrated sample buffer

(Laemmli, 1970) was mixed with 1004LL of packed membranes and boiéed for 4

minutes. A 1004 L Ssample was applied o each 8% 3cfylé.mide discontinuous
tube gel (Laemmli, 1970) and electrophoresed at 2.5 ma per gel. To detect
[*H,]DIDS or N-[ethyl-2-*H]-maleimide, the gels were sliced into 2mm thick
discs. Each slice was swelled in 90% NCS tissue solubilizer and [*H,]DIDS or
N-[ethyl-2-*H}-maleimide was detected by liquid scintillation counting in a
Beckman LS-3150P liquid scintillation counter. The gels of eosin—5-maleimide
labelled proieins were fixed in a solution of 45% rnethanol and 9% acetic acid

and photographed under long wave ultraviolet light with an O2 (orange) filter.



Labelling of rabbit erythrocyte membranes with [*H,[DIDS,

" Rabbit erythrocytes were labelled with [*H,]DIDS using the method of
Ship e# a/ (1977). Briefly, rabbit erythrocytes were suspended at 40%
hematocrit in PBS containing 10 ,L&M H,DIDS containing [*H,]DIDS
at 37°C for 15 minutes. The erythrocytes were then washed once in HEPES-
saline buffer (150 mM NaCl, 10 mM HEPES, pH 7.4 with 2 N NaOH). This buffer
was supplemented with 0.5% BSA to remove [""Hz]DIDS which may have bound
non-specifically to the membrane. This wash was followed with two washes in
PBS.
Incubation of rabbit erythroeytes with sulfhydryl-specific probes.

Two-fold serial dilutions of each of the probes were performed in

PBS. An equal volume of a 4% suspension of rabbit erythrocytes in PBS was
added to each dilution. The final hematocerit of the suspensions was 2%. All
incubations lasted one hour at room temperature. Cells labelled with eosin~-5—

maleimide or eosin-5-iodoacetamide were incubated in the dark.

Labelling of intact erythrocytes and-erythrocyte membranes
with N—{ethyl-2-*H|-maleimide.

Rabbit erythrocytes and rabbit erythrocyte membranes were labelled by
reacting a 25% suspension of cells or membranes in PBS pH 7.4 with

N—{ethyl~2-*H]-maleimide at room temperature for one hour (Rao, 1879).
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) Labelling of intact erythrocytes with eosin-5—maleimide.

The labelling procedure was the same as that used by Nigg and Cherry
(1979). Two milligrams of eosin—-5—maleimide, dissoived in 4 ml of PBS was
added to 10 ml of packed erythrocytes. After incubation in the dark for 60

minutes, the cells were washed three times in 40 volumes of PBS.

Labelling of erythrocyte membranes with eosin—5—maleimide.

A 25 ml volume of packed rabbit erythrocytes was lysed in 37.5 ml
of 20 imOsm buffer pH 7.4 (Dodge ef a/, 1963) and washed six times in 50
ml of the same buffer. The ghosts were incubated in the dark for 90
minutes in 1 ml of 20 imOsm buffer containing 6.5 mg of eosin—5-

maleimide and then washed six times with 50 ml of 20 imOsm buffer.

Chymotrypsiﬁ treatment of eosin—5—maleimide labelleci erythrocytes.

Ten ml of a 50% suspension of erythrocytes, labelled with eosin-5-
maleimide, were incubated overnight in PBS con.taining 100 feg/ml of
chymotrypsin. The suspension was centrifuged at 5 000 x ¢ for 5 minutes
and both cells and supernatant rétained. The cells were washed three times in
50 volumes of phosphate-buffered saline, and lysed in 75 ml of 20 imOs;xl buifer,
The ghosts were washed with 20 imOsm buffer until they were the characteristic

light pink colour of ecsin-labelled ghosts.

Chymoirypsin and trypsin treatment of eosin-5-maleimide labelled
ghosts.
A 5 ml volume of labelled, packed erythrocytes was lysed in 75 ml of

20 imOsm buffer and washed in the same buffer until they were light pink. Two



ml of these ghosts was shaken for one hour at room temperature with 2 ml of 20
imOsm buffer containing 200 ,{Lg/rﬁl of either trypsin or chymotrypsin. The

suspension was centrifuged at 5 000 x ¢ for five minutes and the supernatant

and cells were retained.

Sulfate efflux determinations.

The method used .was essentially that of Rakitzis ef a/ (1978). All
steps were carried out at 37°C unless stated otherwise. Fresh rabbit
blood was collected from the ear of a New Zealand white rabbit into sulfate
chloride buffer supplemented with ImM ethylenediamineietraacetic a¢rd (EDTA).
This blood was centrifuged at 2000 x ¢ for 5 minutes ;?bfx;-plasma and
buffy coat were removed. The erythrocytes were washed three times with five
volumes of sulfa.te—chloriae buffer. The washed cells were resuspended to 6%
hematocrit in sulfate—chloride buffer and equilibrated at 37°C for two hours
with gentle shaking, The equilibrat-ed cells were centrifuged at 2000 x ¢ for
5 minutes and the supernatant was dispayded. The. cells were resuspended at 16%
hematocrit in sulfate~chloride buffer containing aqueous Na,**S0O, (1421 per 1ml
gf packed cells) and loaded in this medium for 90 minutes with gentle shaking.
The loaded cells were centrifuged at 2000 x ¢ for 5 minutes and the supernatant
was removed by aspiration. The cells were resuspended in sulfate—chloride
buffer to 10% hematocrit. A volume of the 10% suspension of cells was pipe;ted
into sulfate—chloride buffer containing the desired concentration of &
hemolysin or inhibitor, to give a final hematocerit in the flux medium of 0.5%
- A 0.5ml aliquot of the cell suspension was removed at various times and.
_pipetted into 05m! of ice cold sulfa.te—chlofide buffer.,\ This sample was

immediately centrifuged -at 10 000 x g for 3 minutes at 4°C and the supernatant



r_émoved and saved. Portions of the supernatants were retained for hemoglobin
measurements (absorbance at 541 nm) and f.he remainder of t..he supernatants,
after precipitation of the protein ;'ith 2.5% (w/v) hrichloroaﬁetic acid, was

added to 10 ml of Bray’s solution and counted in a Beckman LS-3150P liquid

scintillation counter to determine %50,2" content.

Sulfate influx determinstions.

The method of Young and Ellory {1982) was used for SO, influx
determinations, One—hundred zLL of sulfate—chloride buffer containing 0.5££Ci of

%350,2" and the desired concentration c;-f & hemolysin was added to
~ several lm} centrifuge tubes (one -tube for each seLr_npie] and warmec; to 37°C.
10042L of a 10% sﬁspension of prewarmed rabbit erythrocytes in suifate—chloride
buffer were added to each tube so that the final suspension contained 5%
erythrocytes. The time of addition of the cells to the buffer containing
3%S0,%" was considered time zero. At each sampling time, 1000£¢L of‘
ice—cold sulfate—chloride buffer containing ImM SITS, a noncovalent inhibitor
of anion transport, was added to one of the tubes to stop the influx. Samples
were centrifuged at 15 000 x ¢ for 20 seconds at 4°C in é, microcentrifuge
and the supernatants were removed and saved for determination of hemoglobin.
_ The cells were washed twice in ice—cold sulfate—chloride buffer containing 1mM
SITS. Packed cells were lysed by resuspension in 5004 L of 1% (v/v)
Triton X-100 in sulfate—chloride buffer and the lysate was deproteinized with
2.5% (w/v) trichloroacetic acid. Samples were then centrifuged at 15 000 x
g for ten minutes. Two-hundred gL of the deproteinized lysates were added

to 10mL of Bray's solution for liquid scintillation counting.
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Chapt&r 1 B
DISRUPTION OF SULFATE TRANSPORT BY ¢ HEMOLYSIN

I. Binding of [*H,|DIDS to the rabbit erythrocyte membrane.

Exposure of intact rabbit erythrocytes to [*H,]DIDS resulted in the labelling
* of two polypeptides. A major peak of ‘radioact.ivit.y appeared at 90 000 daltons,
corresponding to band 3 in Coomassie Blue stained SDS electrophoresis gels
~ (figure 3). A much smaller peak appeared at approximately 40 000- daltons. The
small peak contained less than 5% of the [SHQ]DI_DS.

" IL Effect of DIDS and SITS on SO,> exchange.
The effects of DIDS and SITS on SO,* efflux in human erythrocytes

are shown in figure 4. The covalently binding inhibitor, DIDS, inhibited the
rate of exchange 98.5% at a concentration of 1954£M. SITS inhibited the

rate of exchange 82.6% at the same concentration (figure 4).

III. Effect of heat inactivated hemolysin on SO release.
Heat inactivated & hemolysin can bind to erythrocytes but is not hemolytic

(Maharaj and Fackrell, 1880). The binding of heat-inactivated & hemolysin
to rabbit erythrocyies does not have a pronounced effect on the rate of
exchange (figure 4). The rate of exchange with inactivated hemolysin bound to

the membrane was only 12% less than that of the untreated cells,



IV. Effect of  hemolysin on SO, relesse.
Exposure of rabbit erythrocytes to & hemolysin increased the rate of

3550, release over that of the untreated cells (figure 5). The release of

SO.2" preceeded the release of hemoglobin. This increased rate of SO

~ release in the presence of & hemolysin was assumed to be the result of both
anion tl.'ansport. and hemolysis, Therefore, to measure qnly the SO,* released
that was a result of hemolysis, cells were loaded with 350,%", exposed o
DIDS to inhibit anion exchange, and then exposed to hemolysin. The dala
presented in figure 6 show that the éOf‘ release, from DIDS labelled cells
exposed o the hemolysin, began slowly during the prelytic lag phase and
increased once hemolysis began. This observation suggests the SO, released
during the prelytic phase was via the DIDS sensitive pathway, and was not a-
re.sult' of membrane damage due to the hemolysin. If the rate of SO,* release
in DIDS treated cells exposed to the hemolysin is subtracted from the rate of
release from the cells not labelled with DIDS but exposed to the hemolysin, the
rate of release due to transport duting lysis can be obtained. When this was
done little difference in the rates was observed. The rate of exchange from
red cells exposed to & hemolysin and DIDS was 6.66 attomoles/cell per min
whereas, the exchange rate from hemolysin treated cells was 29.3 atiomoles/cell
per min. The difference in the rates was 236 attomoles/cell per min. This
difference reflects the rate of exchange through band 3‘in hemolysin treated

-

cells, and was comparable to the exchange rate of 20.7 attomoles/cell per min

for untreated red cells.
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V. Effect of a hemolysin on 8042' efflux during hemolysis.

To confirm that the rate of efflux in cells about to lyse was identical to
that of cells not exposed to a hemolysiﬁ, the net efflux was measured. To do
this, the percentage of the initial SO remaining in the cells ‘

(ie. P =P, / P ) was expressed as a fraction of the per.c-ent cells -
unlysed and plotted versus time (figure 7). The initial 3*SO,*" content
—_—

of the intact cells decreased as it did in the cells not exposed to hemolysin.

Howevér, in the later stages of hemolysis, the SO,*" content of the intact

cells increased, suggesting that SO, accumulated in the cells.

V1. Effect of & hemolysin on influx of SO,

SO,% entered rabbit erythracytes exposed to & hemolysin at a rate

double that of the unexposed cells (figure 8). This entry occurred during the

prelytic lag period and stopped once hemolysis began.

[N



Figure 3

SDS polyacrylamide gel elecirophoretogram fxnd labelling profile of rabbit
erythrocyte membrane proteins of erythrocytes labelled with 100 M

[H,IDIDS.-
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Figure 4

" Sulfate efflux from rabbit erythrocytes. A control cells,

O cells exposed to 1951M DIDS; @ 1954M SITS, A heat inactivated

a hemolysin (equivalent to 2 H.U. active hemolysin).
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Figure 5

Release of SO,*" and hemoglobin from toxin—treated and untreated

cells. Toxin—Ltreated cells were exposed to 2 H.U. of toxin in the flux

medium, O SO.* release toxin-trealed celis, A hemoglobin release
toxin—treated cells, @ SO release untreated cells, A hemoglobin

release untreated cells.
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Figure 6.

Loss of SO,* from cells exposed to & hemolysin in media with

DIDS A . and without DIDS O . In both cases, the flux medium
contained 2 HU. of @ hemolysin,
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Figure 7.

Residual SO2" in intact erythroct yes upon exposure to &

hemt;lysin. Data taken from figure 3. The residual SO* per cell O
was calculated by the formula:

(Bo— Py) / (100 -%lysis) P

~

Values for % lysis\ were obtained from hemolglobin measurements,
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Figure 8.
o

Influx of SO* into toxin—-treated and untreated erythrocytes.

< Os07 influx of untreated cells, A SO, influx of toxin—trAe-ated

cells, @ hemoglobin release of unireated cells. 4 hemoglobin

release of toxin-treated cells.
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Chapter 2

EXPANSION OF RABBIT ERYTHROCYTES DURING
THE PRELYTIC LAG PHASE '

I. Measurement of HCds'CI' exchange.

Addition lof 20 ££L of 02 M sodium succinate (pH 60) to Sml_ of a
' 0.13% suspension of rabbit erythrocytes in 1‘50 mM NaCl caused a decrease in
light scattered by the suspension. The decrease in scattered light was
inhibited by addition of microrﬁolar concentratio'ns of SITS, demonstrating the
involvement of anion transport in the swelling process. To eliminate hixe
'Vpossibility that the decrease in scattered light was a result of some type of
non-osmotic hemolysts, the pH of the suspen‘.?l)on of swollen cells was raised by
the addition of 25 gL of 1M NaOH. Raising the pH of the suépension
immediately increased the amount of scattered light, due to shrinkage of the
erythrocytes. If the decrease in scattered light was a result of hemolysis, -
rather than expansion, increasing the pH of the suspension would not cause
shrinkage of the erythrocytes, and the light scatter would not increase.
Addition of NaO#H to a suspension of erythrocytes caused an increase in
scaltered light, which indicated shrinkage of the cells (figure 9).
Preincubation of erythrocytes with SITS prevented shrinkage (figure 10).

Addition of SITS after NaOH stopped shrinkage immediately (figure 11).
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II. Expansion caused by & hemolysin,

Addition of & hemolysin to a 013% suspension ofsrabbit erythrocytes
in 150 mM NaCl or PBS caused the erythrocytes to expand, as demonstrated by
the decrease in scattered light (figure 12). Kinetic assays o‘f expansion
recorded by an Apple [I+ computer shoi.r the presencé of a brief lag phase
before expansion._ This was unlike Eherexpa.nsion caused by HCOS', which _
occurred immediately on acidification of the lsuspenc_ii‘ng medium.” The
expansion occurred before the first cells began to lyse, the swelling of the
cells then passed into hemolysis. The rate of decrease in scattéred light did
not change when hemolysis began, making it impossible f.o distinguish when
éwelling stopped and lyéi;began. To overcome this prob’-@'n, hemolytic kinetic
assays were run in parallel with the expansion kinetic assays. Heat cienatured )

@ hemolysin (toxoid) did not cause the erythrocytes tc expand. Prior

exposure of rabbi erythrocytes to SITS did nép affect swelling caused by

&« hemolysin (figure 13).

III. Effect of furosemide on expansion.

Labelling of rabbit erythrocytes with furosemide, ar; inhibitor of passive
cation fluxes, increased the rate of swelling of erythrocytes caused by
o hemolysin. Time to 50% swelling decreased linearly when plotted

against the logarithm of the furosemide concentration from furosemide’

concentrations of ?S,LLM to 5 mM (figure 14).
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Figure 9,

- Shrinkage of rabbit erythrocytes caused by addition of NaOH, to give &
final concentration of 33 M. Erythrocytes were suspended in unbuffered,
mediz (150 mM NaCl)
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Figure 10,

Inhibition of shrinkage of rabbit erythrocytes by SITS before addition of
NaOH. Erythrocytes were preincubated in 150 mM NaCl with 300 zM SITS for
one minute. NaQH was then added to give a final NaOH concentration of 3.3
#M

“
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Figure 11

Inhibition of shrinkage by SITS after addition of NaOH. Same as Figure
10, except SITS added after NaOH.
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Figure 12,

Expansion of rabbit erythrocytes caused by & hemolysin.
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Figure 13.

Expansion of rabbit srythrocytes caused by & hemolysin in buffer
containing SITS. h —
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Figure 14,

-

Effect of furcsemide on the lime required for erythrocytes exposed to

a hemolysin to reach 50% of their final expansion volume,
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CHAPTER 3
STIMULATION OF HEMOLYSIS BY SULFHYDRAL REAGENTS

I. Effect of maleimide derivatives on hemolytic kinetics.

Cy-t;plasmic hemoglobin and reduced glutathione act as a sink for permeant
sulfhydryl reagents. —To ensure saturation of the membrane sulfhydryls,
concentrations of NEM greater than the concentration of total cellular
sulfhydryls must be used. This was dé‘ne to overcome the binding of the
permeant reagent to the cytoplasmic sulfhydryls. ,'fhe amount of NEM bound to
rabbit erythrocyte membrane proteins at each concentration of NEM used to label
intact cells and membranes is shown in figure 15, Similar curves were obtained
by plot‘.tmg both the time to 50% lysts, or total cells lysed, versus .
concent.ra.tlon of NEM (figure 16). Al concentrations less than 7mM, NEM
- reduced both the number of cells remaining intact after hemolysis and the time |
to 50% lysis. Al concentrations greater than 7mM, this reduction continued,
but not as markedly as it did at lower concentrations. The effect of NEM up;‘m
the rate of hemolysis is shdwn in figure 17. Eosin—-5—-maleimide and eosin~5—
lodoacetamide each shortened the prelytic lag (figure 18) and decreaéed the
time to 50% lysis (figure 19)- Neither probe had an effect on the time to 50%
lysis at concgntrations below 5ieM. NEM was hemolytic to the cells alene,
at concentrations greater than 20 mM for 12 hour incubation periods. -Neither

eosin—S—maleimide or eosin—5-iodoacetamide were hemolytic themselves, at the

concentrations used for the kinetic studies (to 2 mM).



II. Effect of PCMBS on hemolytic kineties.

- Preincuba;ion of rabbit erythrocytes with PCMBS affected all the kinetic
parameters. The prelytic lag, time to S0% lysis and the fraction. of cells
remaining int.act were decreas?d, while the rate of lysis was increased. A

—

stimulatory effect on the rate of lysis was observed at concentrations of PCMBS

- less than 204£M, (figure 20). A maximum rate, 15 times faster than the
untreated cells, was reached at 20uM PCMBS. At concentrations of PCMBS

greater than 20£¢M the rate of lysis decreased with further increases in
PCMBS concentration, approaching a rate approximately 5 times that of untreated

cells. The time to 50% lysis decreased as the PCMBS concentration was

increased to 20£4M, and increased at higher concentrations (figure 21)
‘ )

PCMBS alone did not cause hemolysis at concentratians below 1602M (figure
- 29).
The effect of exposure of erythrocytes to differing concentrations of

PCMBS for various times, followed by exposure to & hemolysin is demonstrated

in figure 23. At concentrations below 20£tM the stimulatory effect of

PCMBS increased with both concentration of PCMBS and incubation time. After
tncubation in PCMBS for 30 minutes, the stimulatofy effect increased the
greatest at 2044 M, reaching a rate about 15 times that of the untreated

cells, Longer incubations at this concentration did not result in further

increases in the rate of lysis. At PCMBS _concentratioﬁs greater than

201LM, the maximum rate of lysis obtained was approximately 9 times I’;igher

than the rate of lysis for untreated cells.



ITI. Effect of diamide and iodoacetamide on hemolytic kinetics.

.“Diam.ide is a permeant reagent which oxidatively crosslinks the.proteins of
the human erythrocyte cytoskelet.or; (Haest e¢ a/, 1977; Fischer ¢ af, 1978;
Kursantin—Mills and Lessin, 1981). lodoacetamide is a sulfhydryl specific
reagent with no ionic charge at pH 7. Concentrations of diamide and

todoacetamide ranging from 0 to 20mM had no effect on the rate of lysis of |

erythrocytes by o hemolysin.

Iv. Bindiﬁg of N-[ethyl-2-*H]-maleimide to int:;ct erythrocytes and
.erythrotyte mémbranes.

Ireubation of either intact erythrocytés, or isolated membranes with N~
[ehhyl—?—sH]—maleimide labelled spectrin (bands 1 and 2), band 3, and
several lower molecular weight polypeptides as resolved by SDS.electrophoresis
(figures 24 and -25], When intact erythrocytes were incgbated with
N—[ethyl—Q-aH]ﬁa.leimide, the label bound to proteins known to be exposed

only to the cytoplasmic side of the membrane, indicating that N-[ethyl-2—*H]-

-

maleimide crossed the membrane,
V. Binding of eosin-5-maleimide to intact erythrocytes.

Eosin fluorescence was quantltated in the electrop%)rests gels by
dens1tomeher scans of photographlc negatives (figure 26). Approximately 84% of
the eosin fluorescence co—migrate'd_ with band 3 in the coomassie—blue stained
gels. " Four other proteins were labelled with eosin-5-maleimide and show
fa;gxtly in the photograph (figure 26). The large fluorescent band ai the

bottom of the gel is free eosin—S—rﬁaleimide-(Nigg and Cherry, 1979).

: . <N
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VI Distribution of bound eosin-5-maleimide after proteolysis of membrane
proteiné. |
Intact erythrocytes exposed to 200 ftg/ml chymotrypsin did not release a
fluorescently labelled polypeptide (figure 27B), but did possess fluorescent
polypeptides of molecular weights 95 000 daltons and 60 000 daltons (figure
27A). Exposure of ghosts derived frc;m eosin—S—rna.leimide labelled erythrocytes
to chymotrypsin resulted in the appearance ofl three low molecular weight -
| polypeptides (less than 20 000 daltons) labeIIed.. with eosin—-5-maleimide (figure
27(.;.).. No fluorescent polypéptide was released from chymotrypsin treated ghosts
(figure 27D). Exposure of ghosts derived erm egsin—s—maleimide labelled
erythrocytes to trypsin also did not release a labelled polypeptide {figure
27F), but resulted in the appearance of three labelled polypeptides of ;nolecula.r
weights less than 20 000 daltons (figure 278).

VIL Binding of eosin-5-maleimide to erythrocyte membranes.

Several polypeptides were labelled whén ghosts were exposed to eosin—5-
r;aleimide (figure 28). This indicates that eosin-5~maleimide can bind to the
sulfhydryl groups-of the proteins on the cytoplasmic side of the membrane, if
it is-allowed to cross the membrane.

VIIL. Use of eosin—5-maleimide to detéct 2 proteolytic fragment of band 3
" in membranes éf rabbit erythrocytes lysed by & hemolysin:

Exposure of -fabbit erythrocytes, labelled with eosi:‘1—5—maleimide,lto
a hemolysin céused the appearance of an additional labelled polypeptide
(figure 29). This polypeptide could not be detected in coomassie blue stain‘ed

electrophoresis gels of & hemolysin treated erythrocytes. Selective labelling



of band 3 increased the contrast between the proteolytic fragment and the
additional membrane polypeptides. The new polypeptide appears as a broad

Fluorescent band with a molecular welght between 50 000 and 60 000 daltons.
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Figure 15,

Binding of [*"H]NEM to membranes of intact rabbit erythrocytes A and

to isolated rabbit erythrocyte membranes A |

Gin
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Figure iﬁ.

Effect of N-ethylmaleimide upon lysis of rabbit erythrocytes by &
. hemolysm Erythrocytes were incubated with various concentrations of N-

ethylmaleimide for one hour at room temperature. The cells were then exposed

to & hemolysin.. A total cells lysed (baseline) EY time to S0% lysis.
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Figure 17, N - .

Effect of N-ethylmaleimide on the rate of lysis of rabbit erythrocytes by
Qa hemolysin.
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Figure 18.

Effect of eosin—5~maleimide Qand eosin-5-iodoacetamide A on the length
of the prelytic lag phase.
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Figure 19

Effect of ecsin~5—maleimide O and eosin—5-iodoacetamide 2\ on the time

required to reach 50% hemolysis.
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Figure 20.

Stimulstory effect of PCMBS acid upon the rate of lysis. of rabbit
erythrocytes exposed to a hemolysin.
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Figur;e 21

Effect of PCMBS upon the time required to reach 50% hemolysis.
. 8
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Hemolysis of rabbit erythrocytes caused by PCMBS alone.
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Figure 23.

Effect of length of exposure of rabbit erythrocytes to PCMBS upon rate of

lyms Erythrocytes were 1ncuba£ed at room temperature in PBS containing

]

various concentrations of PCMBS Al the requxred time mtenra.l these

erythrocytes were exposed to & hernolysm and the rate of lySIs of the
suspension was recorded.
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Figure 24,

Polyacrylamide gel electrophoretogram of N—{ethyl-2—>H}-maleimide '
labelled rabbit erythrocyfe membranes proteins, Intack erythrocytes were
exposed to 40mM .
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Figure 25

Polyacryiarmde gel electrophoret.ogram of N-[ethyl—Q-"‘H]—malexmlde

muw f&bb& ErytHIBEYe tHembrste proteiiis. L-,-sltked &f&hja&}& HetHbrtHES
were exposed to 40mM N—[ethyl—?—’H}—maleumde
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Figure 2. .

Polyacrylamide gel electrophoretograms of the membrane pro;.eins of
rabbit erythrocyles exposed to eosin—5-maleimide. Band 3 is visible as
the bright band approximately one—quarter of the way down the gel. The
additional bands are marked by arrows. The densitometer scan of the
photographic negalive of the gel isr shown next to the gel
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Figure 27

Poly#cryla.mide gel electrophoresis patterns after degradation of labeiled
proteins with Lrypsin and chymotrypsin. A: chymotrypsin digestion of intact
erythrocytes (pellet} B: chyniotrypsin digestion of {;La;:t erythrocytes
(supe:."natant); C: chymotrypsin digestion of ghosts (pellet}; D chymotrypsin
digestion of ghosis (supernatant};, E: trypsin digestion of ghosts (pellet):

F: tryp_sin digestion of ghosts (sppernaf.ant].
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_ Figure 28.

Polyacryjamide gel electrophoretograms of rabbit erythrocyte ghosts
labelled with eosih;s;mgleimide_ The label appears in several polypeptides.
The predominance of the label at the top of the gel suggests the formation of '
complexes upon the addition of eosin-5—maleimide.

.
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Figure 29,

Polyacrylamide gel electrophoretograin of ‘hydrolysed band 3. Intact
erythrocytes were labelled with eosin—S—malt;imide, then lysed by &
bemolysin. The membranes were isolated, solubilised, and electrophoresed.
Polypeptide bands containing sosin-5-maleimide were detected by fluorescence.






13

_ CHAPTER 4
CALCULATION OF THE NUMBER OF "HITS*
REQUIRED TO LYSE ONE ERYTHROCYTE

A typical kinetic curve of intact cells versus time, can be separated into
two rates of lysis. This separation was made more apparent when the ﬁrst..
derivalive of the rate of lysis was plotted versus time (figure 30). The
presence of two rates of hemolysis suggests either one complicated mode—of-
action of & hemolysin, or two more silinple mechanisms, whose rates are first
order with respect to the hemolysin concentration. If the latter is a.s‘surned,
the number of "hits", by‘monomers or oligomers of & hemolysin, required
to lyse one rabbit erythrocyte can be calculated. Detailed theoretical
analyses of the numbér of hits needed to lyse a cell were developed by Mayer
(19612, b) and Inoue ef a/ (1976).

The first rate of lysis began when the prelytic lag ended, and eventually
" decreased, cgusing a brief period during which lysis stopped, or slowed. The
rate of lysis then increased, and this rate continued until all the erythrocytes
were lysed, in conditions of excess hemolysin. Hemolysis reached completion
without all cells being lysed when the hemolysin concentration was the limiting
factor.

If the logarithm of the proportion of the cells tysed (y) was taken
when the first rate ended, and before the second rate began, and was plotted
against the logarithm of the amount of o hemolysin added to the cells, a
straight line was obtained (figure 31). The slope of this line was one, that is

the fraction of cells lysed is directly proportional to the amount of &

hemolysin added. Therefore one hit was required to lyse one erythrocyte .



If the logarithm of the non-lysed :aryt.hroc_{rt.es (1-y), after the
“first rate, was plotted versus the amount of & hemolysin, a single hit
survival curve was obtained (figure 32), with a ‘y-intercept of 0.982. If the
logarithm of the non-lysed erythrocytes, after thersecond rate, was plotted
versus the amount of & hemolysin, a typical multi-hit survival curve was
obtained, Extrapolation of the linear part of the curve to the ordinate gave a
y—intercept of 11.3. This shows that one hit was required for the first rate,
and A_approx‘imat.ely 11 hits were required for the secondl rate,

,_?W'hen 2 von Krogh plot (ven Krogh, 1916; Kabat, 1961) was used to analyze
the 's‘a.x.ne data, slopes of 0912 and 0.204 were obtained (figure 33). These
slopes represent the reciprocal of the number of hits required to lyse one
erythrocyte (1/7 in the von Krogh equation). The respective values for
n for the first and second rates were 110 and 4.90. Again, one hit‘..i's
suggested for the first rate, and more than one hit for the second rate.

When the logarithm of the amount of & hemolysin was plotted against
log log 1/(1~y] for the first rate, the slope of the line was one (figure 34).
This was similar to the plot of logarithm & hemolysin veésus'the
logarithm of the proportion of cells lysed, and also suggests one hit was

required to lyse one erythrocyte.
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Figure 30, -
4 .

The upper graph represents a iypical kinetic curve obtained from
mon.itoﬁng the sbsorbance of a suspension of erythrocytes exposed to &
hemolysin. The lower graph is a plot of the first derivative values of each of
t.hg data points of the upper graph versus time. When this is done a plot of

rate of lysis versus time is obtained.
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Figure 3L |

Fraction of lysed cells plotted against volumes of & hemolysin
| added | |
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Figure 32

Fraction of intact cells plotied against volumes of & hemolysin
. added.
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Figure 33.

)

/‘\ Volume of & hemolysin versus{fraction of lysed cells / 1- fraction
of lysed cells;’ _
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Figure 34,

log’[fraction of lysed cells / i~ fraction of lysed cells) versus volume
of & hemolysin added.
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The rate of SO,.* exchange in rabbit erythrocytes, and its
inhibition bx"D,IDS and SITS suggests similar mechanisms of transport in
rabbit and 'fxu‘ﬁan erjrt.hrocyt.es.: *[*H,]DIDS bound predominantly to a 90 000
dalton polypeptide, corresponding to rabbit erythrocyte band 3 in Coomassie
Blue stained SDS PAGE gels. This suggests band 3 is the anion transport
protein of rabbit erythrocytes. Binding of [*H,]DIDS to rabbit erythrocyte
band 3 and a 40 000 to 50 000 dalton polypeptide identified as a lactate
transport pr‘otein has been previously demonstrated (Jennings and Adams-Lackey,
1982), |

Heat-inactivated & hemolysin (f;oxoid] retains its ability to bind to

its receptor although it is no longer hemolytic (Barei and Fackrell, 1976,

| Mahéraj and Fackre!l, 1980; Lo and Fackrell, 1979; Lo ef a/, 1982). When rabbit
erythrocytes were exposed to heat—inactivated & hemolysin, the rate of
SO,%" exchange only decreased by 12%. The binding of heat—inactivated
hemolystn ma:y exert a minimal effect on animransporh, Heat denaturation of

. . . /.
native & hemolysin seems to cause a loss of all the protein’s functions

except its ability to bind to the receptor. & hemolysin apparently possesses
a heat.—laggle "active site” and a he:;xt—stable binding site. The inability of
toxoid to influence the flux of SO,* supports Cassidy and Harshman’s
(1976) observation that binding is sep-arate from subsequent‘ew;'ents leading to
lysis of the erythrocyte.

Release of SO%" by rabbit erythrocytes exposed to & hemolysin
was a result of both transport (ie. equilibrium exchange) and hemolysis. Since

release occurs by two mechanisms, the rate of release due to hemolysis was

subtracted from the combined rates to obtain the rate due to transport durirg
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hemolysis. When this was done, no change in the transport rate was seen by
addition of @ hemolysin. The release of SO* during the prelytic lag phase
was inhibited by DIDS, suggesting that® the prelytic release of SO was
via the DIDS sensitive component of anion exchange.
Efflux of SO is not changed by o hemolysin, therefore, the increased
influx results in an accumulation of SO,% in the cell. This accumulation
. occurred during the prelytic lag phase and stopped once hemolysis began. This
is.similé.r to the influx of Na* 'mlto human erythrocytes cn exposure to
« hémolysin (Sengers, 1970). It is tempting to think that accumulation of
anions leads o expansion of the cell resulting in osmoiic lysis. However, the
causal relationship, in the case of & hemolysin femains to be demonstrated.
Anion transport in human erythrocytes is accomplished by a one—for-

-

one exchange (Gunn and Frohlich, 1978). An increase in rates of influx,
without ‘an accompanying increase in efflux rate, is an unusual result. Influx
of SO,% was measured in a medium containing high activity of **S0O% as
compared to the medium in which efflux was measured, Resealing of the lysed
erythrocytes could possibly trap **SO,% in the cells, resulting in an apparent,

mncrease in the net influx. This sifuation could not occur in the effiux
experiments, as the released 3°S0O,2 was diluted $55%. Also, the
increased rate of influx occurred during the prelytic lag phase, before
hemolysis of the cells and, before any possible resealing could occur,
Fi_na.lly, attempts to reseal ghosts derived from erythrocytes lysed by &
hemolysin, or with hypotonic buffer, using the method of Steck (1974b}-were
unsuccessful. Fussle ef al (1981) were also unable to reseal rabbit

erythrocyte ghosts, but were able to reseal ghosts. prepared from human and



sheep erythrocyte membranes. This inability to reseal rabbit erythrocyte
ghosts may represent a fundamental difference in the structures-of rabbit
erythrocyte membranes from membranes of other species,

Whether the accumulation of SO~ before lysis occurred via band 3, or

whether it occurred via a "pore" in the membrane, has not been determined.
DIDS did not inhibit hemolysis and may not have inhibited the accumulation of

SO The lack of effect of DIDS suggests the usual anion exchange

mechanism is not involved in the accumulation of anions, It is possible that

“the net accumulation of SO,* occurred through a DIDS insensitive

component of the net anion flux since 20 to 30% of the net chloride flux is not

inhibited by DIDS (Knauf e¢ a/, 1977). However, the SO,* transporting

form of the carrier is not involved in net anion flux (K-ne.ugT el al, 1983). It
- remains possible that binding of & hemolysin+to band 3 results in a
conformational change in band 3 causing a radical change in either the exchange
flux or net qu:& of anions. Alterations in kinetic characteristics of
erythrocyte trans-port proteins, by binding other proteins, is not without
precedent, Sachs ef a/ (1974) demonstrated an increase in active K™
influx in goat red blood cells, induced by binding of antibody to low K~
goat erythrocytes. The antibody reduced the inhibition of the Na, K-ATPase
produced by K”. P '

Both- the 35 000 dalton and 17 000 dalton segments of band 3 are required
. for transport. Binding of & hemolysin to either segment may cause a small ~
conformational change, which may reéult in an alteration of the kinetics of
anion transport. The change in conformation may be a small change, as the

fast turnover of CI” (2 X 10° sec™) indicates the change in conformation to

transport an anion involves a small perturbation over a small distance.
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Binding of DIDS changes the structure of band 3 at locations other than

~ the DIDS binding site, suggesting a functional assembly of band 3. DIDS affects
interactions of band 3 with surrounding annular lipids (Snow e¢ a/, 1978),
locations of tryptophan residues in, rela.t.ién to the bilayer {Kleinfeld e¢ a/, 1982),
and binding of hemoglobin to the cytoplasmic segment of band 3 (Salhany e a/,
1980)._ Therefore, it is possible binding of & hemolysin, to .a site removed fro_m
the actual anion-binding site, can cause a conformational changé in band 3,
resulting in alteration of normal transport kinetics.

The release of CrO,*" and HPO,*", as well as glucose, from artificial lipid
spherules exposed to & hemolysin has been demonstrated (Weissman ef a/,

1966). These observations led them to suggest that & hemolysin
interacted with the phospholipid of the erythrocyte through its inner
hydrophobic amino acids. Several groups have suggested & hemolysin
imbeds itself into the phospholipid of the erythrocyte forming an ion channel
leading to osmotic [ysis (Freef el al, 1968, 1973; Bernheimer &f a/, 1972;
Bhakdi ef 4/, 1981). Although Cassidy and coworkers (1974} confirmed the
release of markers from liposomes, they found no correlation between the lipid
composition, of the erythrocytes and their sensitivity to & hemolysin.

The finding of Cassidy ef af (1974), that liposomes prepared fram human
erythrocyte lipids are disrupted by the same concentration of & hemolysin
as those prepared from rabbit erythrocyte lipids, even though rabbit
erythrocytes are 100 times more susceptible, suggests that more than lipid is
involved in hemotysis. The studies with liposomes involved—. concentrations of

& hemolysin more than 100 times those required to lyse rabbit erythrocytes

(0. to 0.2p4g/ml) (Harshman, 1979). The lysis of liposomes may be a result

-



of non-specific binding to the lipid causing lysis through a different
mechanism.

Cassidy and Harshman (1976) found a correlation between binding of
2T hemolysin to erythrocytes of various species and the hemolytic
sensitivity of the erythrocytes. Barei and Fackrell (1979) found a correlation
between receptor number and hemolytic sensitivity. They determined the
receptor number to be 125 980 per rabbit erythrocyte and postulated these to be
high affinity binding sites. A much larger number of low affinity sites were
suggested on the basis of Scatchard plots. Two binding mechanisms were
proposed, specific and non-specific, both mechanisms leading to hemolysis.

. Band 3 may act simply as a receptor for & hemolysin. After binding to

. band 3, the hemolysin maj.{ insert itself into the membrane and act either as a
nonspecific or specific pore, or as a carrier. Using concentrations of &
hemolysin greater than the h;emolytic concentration for rabbit erythrocytes,
Bhakdi e# a/ (1981) and Fussle ef a/ (1981) have demonstrated the appearance of
hexamers of & hemolysin on both erythrocyte membranes and deoxycholate
detergent micelles. They have proposed that these hexamers form 2 cylinder
with a ceniral aqueous pore which disrupts the permeability barrier of the

cell. | Hexamers of & hemolysin have also been observed in other

laboratories (Freer ef af, 1968, 1973; Bernheimer ef .a'/, 1972} including this
laboratory. In this laboratory, hexamers could not be detected at low, but
'lyaaoncentrations of one to two hemolytic units. Two possible explanations
for this.inability to detect the hexamers are possible. Perhaps only a few
hexamers are requifed to cause hemolysis of a cell or, t#o modes—of—action
exist. The latter possibility may involve hexamer formation at high hemolysin

concentrations and disruption of the ion transport function of band 3 at low
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concentrations,

Thé presence of two rates of hemolysis‘,-combined with the values obtained
for the number of "hits" required to lyse a.n:eryt.hrocyt.e support the suggest.idn
that two modes—of-action exist. The first rate required only one "hit" per
cell and was the rate stimulated by sulfhydryl reagents. This mode—of-action
probably involves high affinity, specific binding of & hemolyin to band 3, |
and causes the increased influx of SO* accompanied by expansion of
the cell. The second rate is probably a result of low affinity, nonspecific
binding of & hemclysm to the phospholipid, resulting in the appearance of
hexamers. This results in nonspecific dlsruptlon of the permeability barrier
o small molecules and ions. The value for the number of “hits" for the second
rate suggests six [or possibly more) hemolysin molecules bind separately to the
cell. The molecule_s must then ass-ociate, by mbving laterally in the bilayer,
to form the pore. A similar mechanisrp has been postulated for streptolysin O
(Kanbayashi ef a/ 1972). .

Fussle ef a/ {1981) demonstrated the release of marker molecules of
diameter less than 30A from resealed human erythr;acyte membranes exposed

30 geg/mli of & hemeclysin. The release of marker molecules is through
hexamers of & "hemolysin embedded in the membrane, Alteration of SO
exchange, in rabbit erythrocytes, by one or two hemolytic units (0.1 g£g/ml)

of & hemolysin iilustrates a different action of the hemolysin. It is unlikely

that a pore which allows flow of molecules 30A in diameter would allow SO

.. to enter, but not exit, the rabbit erythrocyte. The activity of & hemolysin

~ab low concentrations is probably one of disruption of the usual mechanism of
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anion exchange on birfding to band 3. 7

Barer and Ross (1952) found that addition of BSA to é. suspension of
earthworm erythrocytes caused t.herﬁ to reverse their contrast, from phase
bright to phase dense, when viewed by phase contrast microscopy. The
erythrocytes, with their high content of hemoglobin, appeared bright in isotonic
media, .Addition of BSA to the suspending medium caused an increase in the
refractive index of the medium. When the refractive index of tfle suspending
medium equalled that of the cytoplasm, the cells became invisible. The
difference in the refractive indices of the erjrthrocyte cytoplasm and the
suspending medium that makes the erythrocytes scatter light, as detected by
the phase contrast microscope.

Changes in the concentration of erythrocyte hemoglobin result in changes
in'the refractive index of the erythrocyte. - As erythrocytes shrink, the
hemolglobin becomes more concentrated, resulting in an increase in the
refractive index of the cell. As erythrocytes expand, the hemoglobin is
diluted and the refractive index of the erythrocyte approaches that of the
suspending medium.

Measurement of cell volume by detection of light scattered at 90° to
the incident rays was first used by Orskov (1934) and Parpart (1935). The
technique is used mainly to measure the rates of penetration of various
substances across the erythrocyte membrane. CI"/HCO;™ exchange
can be measured by changes in scattered light. Uptake of H” and its
buffering by hemoglobin, results in the efflux of HCO,;™ and the
corresponding influx of CI" (Jacobs and Stewart, 1941). The uptake of
CI” increases the number of osmotically active particles in the

cytoplasm, causing the erythrocyte to take up H,O, which results in



swelling.

Light scatter was chosen to measure-expansion of erythrocytes for several
reasons. Uéing this method, it is possible t‘.o. determine small volume
changes in cells without disturbing them as hematocrit determination would.
The hematocrit method cannot be used to determine volume changes caused by
iytic concentrations of hemolysin, since the cells‘ would hemolyse before the
hematocrit determination. lIncrea.sed fragility caused By sublytic
concentrations of @ hemolyin would make herflaho;:ri't. determinations
difficult, possibly causing the cells to hemolyse during the centrifugation,
Hendry (1954) criticized the hematocrit method for the measurement of the
volume of erythrocytes in hypotonic systems. He has'shown that -swollen
erythrocytes are.much more likely to be compressed by centrifugal forces than
cells of whole blood. The conditions of the expansion assay are identical to
those used in the kinetic hemolysis assay, allowing direct comparisons to be
made between the two assays. Measurement of light scattered by a sus-pension of .
erythrocytes has/,th'e added advantage of being a continuocus measurement,

amehable to computer analysis.

The cause of expansion of rabbit erythrocytes, after binding &

hemalysin, has not been determined. Heat inactivation of & hemolysin
destroyed the ability of the hemolysin k& cause expansion. This suggests
expansidn ma..)r be a necessary precusor to hemolysis. Several authors have
 demonstrated K* release during the prélytic lag (Marucci, 1963a b;

Madoff, 1964; Cooper &f a/, 1964ab). Heat inactivated hemolysin does not
cause K" release (M. Gorski, unpublished data). Future experiments should
be done to determine if pre—lytic expansion is correlated with pre-lytic

K" release. If these two phenomena are correlated, measurement of cell



expansion may be used as an indicator to study hﬁe early events in the mode—of-
action of the hemolysin. |

A short lag phase preceeded expansion of the erythrocytes. This jpre~
expansion lag was shortened by increasing the hemolysin conce:nt.rat.iﬂjp Binding
of the hemolysin to band 3, and the subsequent "alteration" of band 3 probably
occur during the lag. The rate of expansion was increased by addition of more
hemolysin. Inhibition of Na™ + K™ cotransport by furosemide, decreased
the time to 50% expansion, implicating involvement of passive cation movements
in the hemolytic mechanism of & hemolysin. The lack of effect of SITS on
prelytic expansién further supporis the idea that the p_éqysulfonic acid—
sensitive anion channel is not involved,

To completely characterize the role of membrane sulfhydryl groups, it is
recessary to investigate théir reactions with sulfhydryl reagents of various
types. PCMBS forms a mercaplide with protein sulfhydryl ‘groups, and is
considered to be highl); specific for sulfhydryls. The stimulation of &
hemolysin mediated lysis of- rabbit erythrocytes by PCMBS occurred at
concentrations less than 204M. The high specificity of PCMBS for
sulfhydryls, combine;i with its effectiveness at micromolar concentrations,
strongly implicates the involvement of a sulfhydryl in the stimulatory effect.

Maleimide derivatives are consid;red relatively specific at concentrations
below ImM. NEM was used in high concentrations to overcome the bix_‘xding of
this permeant reagent to cyloplasmic sulfhydryls. Since eosin—5-maleimide is
impermeant, we were able to use concentrations of this reagent well below 1mM,

thereby increasing the specificity of eosin—5-maleimide for sulfhydryls.
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Eosin-5-iodoacetamide and iodpac.et.amide are relatively specific for
sulfhydryls but often bind to other nucleophilic groups. As with eosin-5-

- . maleimide, low concentrations of thls reagent produced marked effects on t.he
rate of hemoly51s suggesmng involvement of a sulfhydryl, In a.ddlt.lon to the
effectiveness of these squhydryl reagents at low concentrations, several amino
specific reagents had no eff?ct. on hemolysis of rabbit erythrocytes by @
hemolysin. Therefore, although no direct proof is available, the involvement of a
sulfhydryl in t'hé stimulatory effect: 1s likely.

PCMBS is a slowly permeant molecule (Kr-:auf and Rothstein, 1971). At low
concentrations, and for Ell?_rt labelling ;;eriods, 1t may be used to selectively
label external sulfhydryls, Sti;nulation of lysis is observéd when cells are
incubated with PCMBS for short periods or at low concentrations, further
incubation or at higher concentrations, decregsed the initial stlmulatory ,

. effect. This suggests the stimulatory effect. 1s caused by bmdmg to a
sulfhydryl located in an accessible region of the membrane, perhaps exposed to
the outside of the membrane, or in a hydrophilic channel. This population of
sulfhydryls may be similar to the sulfhydryls in human erythrocytes involved in
. inhibition of water transport. These sulfhydryls react within the first ten
minutes of exposure to PCMBS (Naccache and Sﬁg‘afi, 1974).

A second, less accessible, population of sulfhydryls may be résponsib!e for
the decrease in the initial stimulation of lysis. In intact cells, reactivity
of s;lfhydryls is moré dependent on the location of sulfhydryls in the
membrane, than the chemical reactivity of a particular sulfhydryl for the
reagent,. Membrane functions are disturbed by sulfhydryl reagents in sequence
from the periphery toward the inside of the cell (Rothstein, 1970), Therefare,

the second population is probably deeper nto the mem_braneﬂﬁ@h‘e more
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reactive sulfhydryls. This would explain why PCMBS acid, a permeant reagent,
first stimulates, then inhibits hemolysis. Eosin-5-maleimide, an impermeant
reagent, can bind only to the external sulfhydryl and, therefore exerts’only a .

stimulatory effect on hemolysis.

@ hemolysin and PCMBS appear to interact synergistically. When rabbit

eryt.hroéytqs were first treated with a sub-lytic. concentration of & hemolysin,
then exposed to sub-lytic concentrations of PCMBS, the er).'throcyteé iysed at a
rate much greater than if the effects of fhe twb agents were additive, The
kinetics of this lysis were identical to the kinetics of lysis resulting from
exposure to hemolysin alone. The sbi:hulatory effect of PCMBS on ¢
hemoiys'in—media.ted lysis is independent of the order of addition of these two
reagents. . ’ | ‘

Uptake of PCMBS can be sepa:ra.t.ed into two components. A rapid binding
of PCMBS to 1.2 x 10° sites per cell is independent of temperature and can be
inhibited by lPCMB [Rothsﬁein, 1982). The slow component is not temperature
dependent, does not compete with PCMB, and is not saturable (Rothstein, 1982).
The slow component of PCMBS uptake is inhibited by SITS, and therefore occurs
) via the anion transp\prt channel {Knauf and Rothstein, 1971).

Human/emg(tes exposed to PCMBS demonstrate an increased
permeability to cat.iouns {Sutherland ef a/, 1957). The sulfhydryl involved
in contrgl of cation permeability in human erythrocytes is located in the 17
000 dalton transmembrane portion of band 3 {Grinstein and Rothstein, 1978).
These authors-have shown the sulfhydryl to be mo}e e;ccessible from the inside
of the membrane, Release of X cccurs only after prolonged exposure of
the erythrocytes to PCMBS (Sutherland ef a/, 1967). The stimulation of

hemolysis was observed immediately after exposure of the erythrocytes to
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PCMBS and reached a maximum after only ten minutes éxpdsure. The
accessii:ility of the sulfhydryl of the _t.ransmembral:xg 'portion of band 3 may be
much greater in the rabbit erythrocyte, compared to that of the human
erythrocyte. - It is intriguing to consider that both PCMBS and a hemolysin
cauée a release of K™ from humén and rabbit er}throc_}tes respectively, )
and both lead to hemolysis.

N-[ethy1—2-3H]-ma[eimidg_and eosin—5-maleimide were used to identify
" the membrane protein involved in the stimulatory effect, Jacob and Jandl
(1962) demonstrated the entry of the lipid soluble reagent, NEM into
erythrocytes by its reaction with intracellular reduced glutathione. NEM
labelled all the maj I proteins of the rabbit erythrocyte membrane. Although
preincubation of rabpit erythrocytes with NEM increaéed their hemolytic
sensitivity t¢ & hemolysin, NEM’ was.not. used as a probe for the protein
involved In the stimulatc;ry effect because of its lack o'f specificity.

Concentrations of eosin—5-maleimide or eosin—5-iodoacetamide ranging from
5 to 1 000.£M decreased both lag and the time required to reach 50% hemolysis.
When rabbit erythrocytes were exposed to eosin—-5-maleimide or eosin—5—
todoacetamide, most of the probe was bound to band 3. When ghosts were
exposed to the same concentration of eosin—5-maleimide, several addiiional
polypeptides were labelled. Althcugh potentially available for binding eosin—
5-maleimide, the sulfhydryls on the cytoplasmic side of the membrane did not
bind the probe when intact cells were used, indicating that eosin-5-maleimide
is impermeant. -

An exofacial sulfhydryl, locate}d on a 65 000 to 70 000 dalton polypeptide
on the human erythrocyte, is required .for glucose transport (Batt ef a/, 1976).

Eosin-5-maleimide labelled a rabbit erythrocyte membrane polypeptide in this
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region of electrophoresis gels to a small ‘extent. Less than 2% 6{ tile
eosin—5-maleimide migrated in this region, suggesting the existence of a few
copies of this polypeptide in rabbit erythrocytes or a low affinity of eosin—5—
maleimide for the sulfhydryl in this polypeptide. While it is possible that the
sulfhydryl involved in the stimulatory effect is in a protein other than band 3,
this is unlikely considering that, not only is band 3 the receptor fo‘r x
hémolysin,. but at least 85% of the eosin—5-maleimide added to the red cells
bound to band 3. b

Labelling of rabbit erythrocytes with eosin-5—maleimide, followed by

chymotrypsin-treatment of these cells, resulted in the appearance of a labelled
membrane—bound polypeptide, with a molecular weight of 60 000 daltons. Exposyre
of ghosts to chymotrypsin, resulted in further hydrolysis of band 3 to give a
membrane—bound 20 000 dalton fragment which contained the label. No labelled
polypeptide was released from.the membrane during incubation with chymotrypsin.
Exposure of ghosts to trypsin also resulted in the appearance of the label in 2

20 000 dalton polypeptide which remains associated with the-membrane. Again, no
soluble labelled polypeptide was released during treatment of the ghosts with
trfpsin. The reactive sulfhydryl is probably in the 20 000 dalton

transmembrane portion of band 3.

Dianﬁde is a permeant sulfhydryl-—ohxidizing reagent that has Been used to
determine nearest—neighbour relationships of the proteins of human erythrocyte
membranes by crosslinking the proteins through their sulfhydryl groups (Haest
et al, 1977; Fischer ef af, 1978; Kursantin—Mills and Lessin, 1981). Exposure
of rabbit erythrocytes to concentrations of diamide up to 20mM had no eE%ecL on
lysis of the cells by & hemolysin. This suggests that the cytoskeleton

(spectrin, actin and band 4.1) can be crosslinked, without affecting the

N
7
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kinetics of hemolysis.

The lack of effect of lodoacetamide on lysis of rabbit erythrocytes by
& hemolysin is not surprising. lodoacetamide doés not inhibi‘t. glucose
tr'ansport. in human erythrocytes {Smith and Eliman, 1973}, or affect Rh antigen
activity (Green, 1967), functions which are known to be disrupted by other’
sulfhydry! re_a.gent.s.‘ A similar reagent, iodoacetate, does not inhibit glucose
transport (LeFevre, 1948), and has no effect on passive gation permeability )
(Passow, 1964) of human erythrocytes.

Comparisons between the rabbit and human erythrocyte membranes must be
made cautiously. Comparatively little is known about the rabbit erythrocyte
membrane, and in thi.s étudy we have assumed the structure of the rabbit
erythrocyte membrane to be similar to that of humans. Rabbit erythrocyte band
3 has been demonstrated to be a receptor for staphylococcal & hemolysin, the
involvement of a sulfhydryl of band 3 suggests an active role for band 3 in the
mode—of-lysis of erythrocytes by & hemolysin. Direct involvement between the
sulfhydryl and the hemolysin is -unlikely. The synergistic nature of the
stimulation of hemolysis suggests that PCMBS acts at a site different from that
of & hemolysin. The sites, however, may be located on the same molecule,

The sulfhydryl is likely to be involved in maintenance of either the
conformation of band 3, or in maintenance of a permeability bartier, either of
which may be disfupted upon binding of the reagents to the sulfhydryl, thereby
increasing the sensitivity of the erythrocyte to lysis by staphyloceccal

& hemolysin,

av
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SUMMARY



1. Band 3 was identified as the anion t.ranspt;rt protein in rabbit
‘ ei'ythrocytes. . " _
2. « hemolysin caused an increased influx of SO into the
% rabbit erythrocyte, but did not change the rate of effiux of SO,
This increased influx occurred after binding of the hemolysin and before the
onset c;f hemolysis.
3. Heal inactivated o hemolysin had no effect upon equilibrium

R
exchange of SO,%".

4. Inhibition of anion transport with DIDS had no effect upon hemolysis or

release of SO,% during the preiytic iag phase.

5. & hemolysin caused rabbit erythrocytes to swell prior to hemolysis,

the rate of swelling was increased by micromolar concentrations of furosemide,
Inhibition of anion exchange witﬁ SITS did not affect the prelytic swelling.
Heat inactivated hemolysin did not cause erythrocytes to swell.

6. Several sulfhydral—speéific agents stimulated the hemoiytic; activity of

a hemolysin. Two of these reagents, eosin-5-maleimide and eosin—S—.
lodoacetamide bound to a 15 000 dalton, membrane~bound chymotryptic
fragment of band 3. The binding site of these probes was shown to be exposed
to the outside surface of the membrane.

7. Graphic analysis of total cells iysed versus hemolysin concentration,
suggested hemolysis occurs by two modes-of—action. The initial hemolysis
required binding of a siz‘ngle hemoiysin molecule to an erythrocyte. A second

mechanism required binding of more than one hemolysin molecule.
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