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ABSTRAGT

Erythrjfyte, a target cell for staphylococcal &dlpha
toxin, was uded as a tempiate to ofienp alpha toxold. The

toxoid erythrocyte compléx was covalentiy bonded with

" glutaraldehyde and used as an immunoadsorbent. By immuno-

adsorption and desorptlon, antitoxip.ya% separated into two
disﬁinct ﬁoyulations. One population pFevented bindiné of
alpha toxin onto erytﬂ;ocyte membranes. The other popula-
tioﬂ neutralized after the *toxin was bound to erythrocytes.
and thereby broﬁghg about an indirect hemagglutination
reaction. q§mpetition between thg two populations of anti-
bodies'was obsérvéd in neutralization tests.

Elucidation of the modes of neutralization of these
two anﬁibodies 1éd to fhe conclusion that bound-tbxin is
immunologically oriented on erythrocyte membranes., Subse-
éuent testinébe thé same methods indicated that alpha
toxin.is oriented similarly on erythrocytes from different

animal speciles,
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According to the International Committee on Systematic

~Bacteriology (Subcommiﬁtee, 1965), alpha hemolysin is one of

the six crucial criteria to distinguish the pathogen Staphy-

lococcus aureus. from the saprophyte Staphylococcus eplder-

midis ( 9), A renowned investigator considered that " of the

several toxlic and potertially toxlc products of pathogenic

staphylococcl, the most potent is ‘the alpha toxin" ( 3).

‘ Desﬁite the close association of alpha hemolysin with patho-

genlecity, the role of this toxin in.disease processes 1s
obscure: Also, numérqus attempts to detefmine'the value of
antitoxin in the protectlon agalnst the onset ofJinfectioﬁ
or in the alteration of the course of the disease;'have
met ¥ith éonflicting resu}ts. These latter studies were
eritically reviewed by Elek 1n'i959 (ug) and éxtensively
discussed by Ekstedt in 1972 (49). The differenceé in the

methqu of immuéization and methods of challenge, as well as

th;t differences, may account for the confllicts. However,

it seems unlikely that the pathogenlc role of the toxin and
the protective value of antitoxin could be elucidated unless
the toxin 1s chemically and aﬁtigenically characterized,

While considerable data on the physicochemical cha:acteristics
of the toxin are availabie (103),information regarding anti-
genlc characteristics 1s so crude that even the class of
immunoglobulins to which antitoxin ﬁelong (52) 1s questio-
nable. It has been stated that " A further detgiled study

of the nature of the ihmpnoglobulins produqed In experimental

immunization with alpha toxoid would seem to be required.'(3)



Moreover, staphylococcal toxold (69), which is defined in

terms of alpha hemolysin, is used in everyday medlcal

practice without an understanding of the basic immunologic’

parameters of this vaccine,

In addition to all of the above medical implications,

the study of the antigenic characteristics of alpha hemoly-

sin fulfills an inadequate area in the knowledge of proteln

immunology. Several proteins such as sperm whale myoglobin

o

(7), human hemoglobin (90), and egg white lysozyme {8) have

L
been well characterized antigenically. However, these pro-

teins, unlike alpha hemolysin, do not—interact wlth bilomem-

branes. It has been suggested that alpha toxin, along with

eytolytic toxins of bacterial origin, may prove useful in

probing the molecular organlzatlon of biomembranes (12, 1).

Hence, jmmunologic study. of alpha toxin should provide some

basic knowledge on the

protein leading to its
branes.

The objective of

" some baslc immunologlc

anatoﬁy of alpha toxin
: iy

immunology of membrane-assoclated

use as a molecular prope'for biomem-

this investigatlion 1s to establish
parameters upon which the antigenic

could be built., .
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Before the turn of the century, medical investigators

'(43,68,21,92,99,82,67) noticed that staphylococcal products

displayed toxicities such as hemolysisi dermonecrosis ‘and °
lethality for some animals. In 1929 Burnet showed that anti-
sera from rabbilts injected with crude bacterial filtrate
abolished all of the three toxic manifestations (23,25). He put
forth the "unitarian hypothesis" that "... the one toxin is
responsible for the three characteristic act®vities of staphy-
locoecal filtrates..." (25). His view was substantlated when
purlified toxin preparations were shown to exhibit the various
toxicities described under Biologlcal Effects on page 7 (65,66).
Similar findings were repeated independently (14,59,61,72)
and summarized (11). Finally, this hypothesis was reinforced
by studies on mutants. The majority of mutants obtalned by
ultfaviolet irradiatioﬁ lost all three toxlc activities,
presumably as a result of a single ﬁutational event (77);

The recognition of the four types ¢f staphylococcal
hemolysin was accelerated by the resolving power of specific
antisera in researches during the 30's and 40's.

In the 20's, a "hot-cold" hemolysin was described (17)
that was subsequently found to be relatively active on sheep
erythrocytes (18). The "hot-cold" reaction is such that hemo-
lysis 1s s;gnificantly increased 1f the incubatilon -at 37°C
is folloﬁed by a pericd of holding at 49¢c. In 1935, Glenny
and Stevens (56) distinpuished immunologically the sheep

hemolysin from the one which rabbit erythrocytes are most
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sensitive. They designated the rabbit hemolysin alpha- and

the sheep hemolysin beta-, a terminology adopted ever since ‘
In the following year, Morgan and Graydon (81) reoorted two
antigenically different hemolysins w@;hh they termed alphal
and alpha,. Two years later, Smlth ;nd Price (96) proposed

the existence.of gamma lysin which was subsequently conflrmed (;iJ
by Marks (74). In 1947, Wilifgms-and Harper (102) discovered )
delta hemolysin which was not neutralized by aﬁtimalpha and

anti-beta and which had a hemolytic spectrum unlike that of

gamma lysin. Existence of the four hemolysins.was confirmed

by ‘Marks (74) who deménstrated immunologically that delta
lysin,1s distinet from alpha’, fbeta and gamma lﬁsin, and is’

identical to aloha

5- The fou hemolysids have been reviewed

-

(103).

Produc&ion and Purificafion )
Numerous methodé for prodﬁctioh and purificationﬁdf
alpha toxin have been vigorously compared and reviewed (103)
and will not be relterated here, Recently, two relatively
simple methods of purificatlon. were reported: one takes advan-

tage of the aggfeéation of the toxin by heat {(41) and the

other uses adsdfption chromatography on controlled pore glass (19).

Physicochemicad Characteristics
Purified alpha hemolysin is a protein, Several reports
(14,34,50,95) on the amino acid composition are in reasonable

agreement, and revealed the presence of more acldic than basic
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amino acids. As expected, the protein migrates anodically.
Aspartic’ acid contributes to more thhet 10% of the total amino
acld content.

Various reports on molecular WQ}ghtSlOf alpha hemolysin,
ranging from 10ll to 4.5 x 10ll daltons, have been summarized,
(103). Although theidifferencé in methods used may be important,
the apparent discregancy in molecular weight. (M.W.) determi-
nation may be-attributed, to a greater extent, to the proteo-
lytic degradation of the hemolysin during productlon. Dalen
(40) found that in culture, alpha hemolysin (M. W 39,000
daltons) was degraded by extracellular proteases to three
stable intermediates with M.W. 27,500, 23,500 and 12,000
daltons respectively. This finding could also explain why on
different occasions, histidine and arginine (34), histidine
(104, 50) and alanine (94, 95) have been ascribed to be the
‘N-terminal amino acid. |

Alpha hemolysin occurs in multiple forms. In 1963,
Bernheimer and Schwartz (14) ohtainedlh biologically \sInilar,
but electrophoretically distinct, peaks from pure hemplysin
by sucrose density gradient centrifugation. In isoelectric
focusing, although 80% of the hemolytic activity was;recovered
in a major component with pl B 5 % 1 (100, 79, 58, 51), 3 minor
components, which are biologically equally active,}were Jocated
at other pH's (100, 79). When each of the A4 components were
refocused, the same-patterp'of the # bands appeared (100)., In
1907, Arrhenius (6) reported that brief heating at 60°C conver-

ted alpha hemolysin to nonhemolytic aggregates which became
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heqplytic after heating to 100°C. In 1966. ‘Coulter 34)
found that aggregates, which precipltated upon storage of

the hemolysin at HOC in physiolozical buffer, was nonhemoly—

tlc t immunogenic. Multiple'fonms of alpha hemolysin are

observed in sedimentatlon studles. Fackrell and Wiseman

(51) gdiscovered that the sedimentation coefficient of the
hemolyéinlchanged from 1.4S, when freshly prepared, to 2.88
after 3 days of standing at 4°C in physiclogical buffer.
Other studies revealed that purified‘h§molysin prepargﬁions
contain 70 to 90% of 38 molecules and 10 to 30% sf 125 forms
5,12). This nonhemolytic 128 form is indistinguishable bé,
electron mjeroscopy from the nonhemdlytic iZS forq whi?h’
arose from heating at 6000; both 128 structures were similgr_
on membranes (5 ). Therefore, the inactivation of alpha
hemolysin at 60°C and the subseauent reactivation at lOOOC;
or by a;u urea (L ), may be assumed to be the result of
interconversion between the 33 and the 12S‘forms, and that
~the solgble 123 férm aggregates further to produce in§bluble

precipltates.

Biosynthesis

Little 1s known about the blosynthesis of alpha hémoly-

sin. Arginine, glyclne and prollne (38,55) were found to be

1 1n hemolysin production. Parker et 2l (87)

production by incubating cultures under 10% CO,

in air, Burnet (23) found that 20-40% CO, and 0.3% agar
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enhanced yleld in his "Wood 46" strain but not in the '"Wood
Albus" variants. The use of CO, 1s followed by others(65,72,
91,106). Dalen suggested that the stimulating effecf of 002,
serine and glycine was related t6 their role as precursors of
histidine (36,37). However, he found that , unlike tetanus
toxin (80), alpha toxin production was not directly correlated
with the intracellular level of free histidine (37).

Alpha hemdlysin is formed during the logarlithmlc phase
of growth. It 1s an exotoxin becausé it is released by intact
cells (45). Tt constitutes 2% of the dry weight of theﬂhgil
(45,14) and 1s . localized solely on the inner surface of the
cytoplasmic membrane (35) prior'to release,

Thé genetlce control of alpha toxin blosynthesls was
examined by McClatchy and Rosenblum (77,78). They obtained
2 groupsrof alpha toxin mutants. One group produced immuno-
loglc Eross—rgacting proteins with.varying degree of dermo-
necrotic and lethal activities. The other group produced no
cross-reacting materials and 1s usually fibrinolysin negative.
Based on these data, they postulated that two genetic loci, a
reguiator and a structural gene, are involved 1n alpha toxi;.
biosynthesisﬂ Thelr data did not resolve whether the multiple

‘blological effects (see below) are attributed to one or

L]
multiple sites on the toxln molecule,

Bilological Effects
In addition to hemolysls, the property that conveys the

name "hemolysin" to thls toxin, alpha toxln 1s lethal,

v
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dermonecrotic. platelet damaging, and cytdtoiic.‘Although
these pharmacological effects are well described (60), the
underlying mechanisms are poorly understood. Any one of
these toxicities qualifies alpha hemolysin to be a toxin,
Therefore, the term alpha hemolysin and alphé toxin will be
used 1nterchangeably in this thesis,. ®

The divers}ty of toxlelity on various cell types fofbes
the search of a common denominator among different'target
cells. Since all susceptible cells have, in common, a mem- .
brane which is the primary contact with the toxin, studies
were focused on the Interaction between alpha pemolysin and
membranes., Various methods used in these studies included
fluorescein labeled antitoxin (63). fluorescein labeled
anti—immunoglobulinl(64), 1251—1abe1ed toxin (28), adsoréw
tion of the toxin with ghosts (106),and electron microscopy.
(53,54),The conclusion, that alpha toxin is bound to membranes
from erythrocytes of rabbit, is the same, Hence. most inves-
tigators today considered the cell membrane to be the primary

slte of action of the hemolysin,

Mode of Action

As of 1976, alpha hemolysin was categorizea under the
group of "toxins for which the most significant event in
toxin-megbrane interaction is not known" (13), Two schools
of thought remain ; the nonenzymatic versus the enzymatice

mechanism,
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9.
" The nonenzymatic view stresses the 'surface activitf'
of the hemolysin on membranes. Welssman {101) first showed the
release of marker molecules such'as chromate and glucose frdgm
liposomes by alpha toxin. Since 1iposémes‘containing leéit in,
cholesterol and either dicetfiphosphaté or stearylamine were
- equally sensitive, alpha toxin was nct§;nteracting speclifi-
cally with any individual phospholipid. A nonspecific hydro-
phobic interaétion between the toxin and membrane lipids 1n
general was confirﬁed by further studies on mixed lipid méﬁb—_
layers (22). Freer et al showed by electron microscopy'thét
alpha :oxin polyﬁerizes to form regular arrays of ringlike
structures on liposomes and erythrocyte\ggaifs\£53). These
rings are identical with the naturally occuring 128 nonhemo-
lytic polymeric form described earlier (P. 6). Recently, these
ring sHructures have been reproduced but unpublished by two“
indépendent groups of investigators (29, 70). More important
is the argument proposed by both of these two groups that the
ring structures, which Qre'found at high concentration of
alpha toxin, reflect merely bindings unrelated to the actual
high affinity binding-at low but hemolytic toxin concentration
at which these rings are not foupd. - -
Freeze etch studies revealed plagues having few mem-—
brane intercalated particles on the fracture plane of toxin
treated ghosts, and suggested that the toxin may penetrate

the hydrophobic interior of membranes (54, 16). The surface

activity theory was further advocated since these changes
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resembled cloSely; those described for erythrocyte ghost
treated with ﬁhospholipase A and saponin (?7). However,
alpha toxin has been shown not to be a phospholipase (34,104).
'f The following quotation best describes the status of
the surface actlvity studies: "...It must be emphasized that,
‘although these findings strdhgly support the suégestion that
alpha toxin is capable of interacting with lipids of biologi—
.cal membranes, they do not in themselves provide an explana-
tion for the mechanism of action of staphylococcal alpha toxin,
nor do they explain the high‘specificity'of alpha toxin for
rabbit erythrocytes....Althouéh'the bulk of recent work has
been concentrated on‘the surface active propertigs, the .
enzyme hypothesis cannot, and indeed should not, be excldded
as a possible mechanism..." (13).
- During the‘60‘s the enzymatic mode of action of alpha
toxin was implicated by kinetic studies which indicated that
the rate of hemolysis 1is directlj proportional to the concen-
tration of the toxin (71,75,76,31). One of the arguments
against the enzymagic implication was that scme of tpe bound
toxin was released from the membrane prior to the onset of .
hemolysis (28) and kinetic studles did not take into account the
dynamics of binding and release (13). However, the finding of
partigl release of toxin after binding was retfacted recently
(29). After a series of experiments on the enzymatic mode of
action of alpﬁa toxin, Wiseman et al (103,104,105) proposed

that the toxin 1s secreted as a protease zymogen, which is acti-

vated by membrane bound protease and 1ltself becomes a protease
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capable of hydrolysing membrane polypeptlides. Freer et al
(54) were unable to confirm this proteolytic mechanism,,The
difference in the method of obtaining "ghosts“.éou}d affect
the results (46). . | u

It should be pointed out that most investigators do not
upheld either of the twé views exclusively, and many have
worked on both hypoth‘sses.ﬂQ é:,

In addition to froviding an enzymatic implication for
the mode of action gf alpha toxin, the kinetic studiles in
the 60's also reveal a sigmoid curve that indicates three
stages 1n the time course of hemolysis and a talling off in
the rate of 1y§is (71,75,76,31,32,73,3). In the prelytic
phase, loss of selective permeabili@y of the membrane is
indicated by the leakage of pétassium ions. The lytié phase
reflects a period of rapld, linear release of hemoglobin

-3

(31,32;11,3). Marucci (76) identified -two steps in the

‘hemolytic process. The first step involves the reaction of

——

alpha toxin Qith the red cell, The second step, leading to
the release of hemoglobin, 1is an intrinsic reaction of the
damaged cell and takes place without furthef rarticipation
of.tﬁe toxin. The iéyst step 1s reversible by antitoxin but
not the .second step gt which point the cells are "committed" -
to lysis. Marucecil suggested that the lag can be due to the
progreés of several seguentlal steps leading to 1ysis-or to
the_necessity for the accumulation of a critical.number of

"hits" before the erythfocyte is. destroyed. Cassidy and

Harshman (29) recognized three sequential events: firstly,

-
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binding of free toxinj; secdndly, induction of foci of mem-
brane Injury that leads to the leakage of small inopganic
molecules; and thirdly, the eventual osmolysis of the cells.
‘While the enzymétic versus nonenzymatic mechanism of
the destructive event 1s debated, the initial binding event
is now better understood. The exlstence of receptor sites
on membranes have been postulated by several workers since
tne’60 1 = (64 28, 106) Recently, the number of receptors on
erythrocvtes and the affinity of binding with the toxin
have been 1ndependently measured by Cassidy and Harshman
(29) and by Barei and Fackrell (report in preparation). Tﬁe

receptor is assumed to be proteinaceous In nature because

‘the treatment of erythrocytes with pronase reduces the number

of receptors (29 ) (Maharaj and Fackrell, unpublished results).
Based on this assumption, attempts to 1solafe the receptor

for alpha toxin are in progress (29).
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.. BIOLOGICAL METHODS -

Cultures

Stanhylocdéccus aureus strain Wood 46 (23) used in this

study- fulfilled the criteria for S. aureus given by Baird —
Parker (10). This strain was preservedsszTEB‘ lization
g”;;d by subeculturing once a moEEE,Qn-lT-’ agar_(Di co) slants.-
.ﬁiﬁaMDolEan Wilson media base (44). The sybcultured organisms
were incubated at 37°C for 24h and stored at 4°C. The strains
wefe examined pexlodically for purit f/hemolysis on rabbit
or sheep blood agar Dlates and for\?ositive reactions in
coagulase, mannitol and deoxyribonudiease tests. The phage
.susceptibllity patterns were confirmed recently by the

1

.éanadian Communicable Disease Centre ih Ottawa.

Production of Crude Hemclysin ' N

The method of Wiseman et al (106) was used, The superna-

tant obtalned bv centrifugation of cultures will be referred

to as crude hemolysin.

Purification of Alpha Hemolysin

The method of Wiseman et al (106) was used Briefly,
this involves precipitation of the crude ﬂemolysin at pH 4
by methéﬁol at -20°C. The preeipitate was obtained by centri-
fugation et 10,000 g for 10 min. The precipitate was partially

purified and concentrated by stepwise fractionation with 40%

=3
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saturated and then 60% saturated ammonium sulphate solution.l
The hemolysin at this stage will be referred to as semi-
purified, ,

Final pﬁrif!hation was achieved by gel filtration

“through a Sephadex G 75 column-eluted with Hallander's buffer
— 0.01 M phosphate buffer, pH 7.0, supplemented with 0.5%
(W/V) NaCl. One hundred fractions (15 ml/tube) were collected.
A volume of 50 pl of each fraction were added to SOLpl of a
2% (V/V) rabbit erythrocyte suspension in Microtitré:>plates
and incubated for 1 h at 37°C.’Fractions which showed complet%
hemolysis were pooled and concentrated in = 80% saturated
*ammonium sulphate solution., The precipitate obtalned was
stored in saturated ammonium sulphate solution, Samples of
the purified toxin were dialysed against phosphate buffered

saline (PBS) before use. Purity of the toxin was established

when'a single precipitin line was observed in immunodiffusion

tests agalnst antisera railsed to?iﬁgi—purified toxin.

-

Puriff&gpion was also achigved by adsorption chroma-

tography on controlled gore glass (19). Howewver, this method

is limited. .

Toxoid

For some experiments, the hemolysin was rendered non-
hémolytic by heat at 60°C for 1/2 h (5). This product was
referred to as to§gig in accordance with Burnett who restricted
the term_"toxoild" to nontoxic physical forms and applied the

term "anatoxin" to formalin detoxified forms (25).
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Erythrocytes ' _ t hé/fﬁﬂ*f,
Human type A, RhT blood was obtained from t Red Cross

through the blood bank at Hotel Dieu Hospltal.in Winds®

Type O, Rht blood was donated by a volunteer in this labo
tory. Citrated sheep blood was supplied by Woodlyn Laboratofies,
Guelph. Rabbit, gulnea plg, rat, and mouse erythrocyte ere |
obtained bf bleeding animals maintained in thi epartment,
Coagulation was prevented by elther using heparinized tubes
or deflbrination by shaking with glass bead Blood obtained
from departmental animals, if not used immediately, were
stored in an equal volume of Alserver's solution (27).

Prior to use, the erythrocytes were thrice washed in PBS
and resuspended to a 2% concentfgtion (V/V) in_the same buffer,

unless otherwise specifiled,

Hemelytic Titration

The 50% end point method (105) was followed except the
volumes‘of the reagents were reduced proportionally: Starting
with 50 nl of alpha toxin, a 2_fold sérial dilution was made
in PBS in Microtitré:)plates (Codke Lab, froducts) with U-shaped
wells, Then, 50 nl of a 2% (V/V) suspension of rabbit eryth-

rocytes were added, After the mixture was incubated at 37°C

r 1 h, 50 pnl of PBS was added and the plates were shaken
ggntly . After centrifugation at 600 x g for 5 min,, 100 pl of
the supernatant was diluted 1:3 with PBS and the abéorbance
wa

read spectrophotometrically at 541 nm (1 em light path). The

hemoglobin content of the supernatant thus measured was translated
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into % hemolysis by comparison to standards prepared from a 2%
erythrocyte (V/V) lysate in distilled water. One hemolytic unit
(HU) 1is the reciprocal of that dilution of toxin giving 50%

hemolysis.

Kinetic Hemolysis (KH) Test ’

When the turbidity of rabbit erythrocyte suspensions is
Egnitored at 650'nm (Coleman 125 double beam spectrophotometer),
a proportlionality is observed between absorbance and concentra-
tion tFig. 1). Based on this relationshlp, the extent of hemolysis
1s visuallzed by a corresponding decrease in the absorbance of
the reaction mixture with time. The final reaction volume in a
cuvette of 1 ecm light path was 0.3 ml. This volume contained washed
erythrocytes in PBS and hemolysin so that the initial absorbance
of the mixture was about 1.6 at RT. The course of hemolysis was
graphically traced by a Sargent Recorder. The slope of the plot
of absorbance decrease versus time, expressed as absorbanée change

per min. (A,,), reflected the rate of hemolysis.

[}

Antisera

Antitoxold was raised in rabbits and pigs.

Twelve 8 monthébld New Zealand White rabbits were hyper-
Immunized with purified toxoid at a concentration of 2 mg/ml
in PBS. ON day zero, 0.1 ml of toxoid was injected intravenously
while 0.5 ml was mixed with 0.5 ml of Freund's complete adjuvant,
) (Difco Lab) énd Injected subcutaneously. ON day 3 and 6, 0.25 ml

and 0.5 ml of tox?}d, respectiveiy were admlnistered intravenously.
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FIGURE 1

Proportionality between absorbance and concentration of

Ko

erythrocytes.

The concentration of rabbit erythocytes whlch had an

absorbance of 1.7 at 650 nm was normalized to a value of 1.

This suspension contained 1.5 x 106 cells per ml.
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Then 1 ml of toxold was intravenously injected every 3rd day

st day. The rabblts were bled for sefa before

up to the 21
Injection and every Tth day thereafter for 7 weeks.

Two young pigs were Injected 1ntraygnously with 2 ml of
toxold at i mg/ml concentration, once a week for 6 weeks. An
equal volume of Freund's inéomplete adjuvant was mixed with
the toxoid given in the first injection. On the 7°P week, the
plgs were bled from the inferior véna cava. After the erytﬂ—d
;ocytes were removed by centrifugation, the pig antisera were
pocled.

All sera were titrdted for heterophile antibodles to the
test erythrocytes By hemagglu%ination reaction as described
for the Indirect Hemagglutimation Test (see below)., Hetero-
phile antibodies, when found, were removed by adsorption at
ﬁOC for ih'with the corresponding erythrocytes. Heterophile
-free sera were stored at‘—EOOC until use,

Portions of pig's and rabbit's sera were purified to
IgG fréctions by lon exchange chromatography on DEAE-cellulose

hd
according to the method of Campbell et al (26).

Immunological Tests
Immunodiffusion 1In agar gel was performed by the method
~of Ouchterlony (85). |
Complement flxation procedures were those employed by
the Laboratory Branch of the Ontario.Ministry of Health,
Virology Section; Toronto (83).:The 100% end point method was”

used,
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Toxin neutrallzatlon tests were performed as }ollows.
The concentration of toxin which produced 90% hemolysis was
 determined by hemolytic titration. Then, this concentration,
of toxin was doubled because 25 pl instead of 50; pl was psed
_ 4n neutralization tests. A serial 2-fold dilution of 50 nl
" of antiserﬁm wés done in PBS. Then, 25 nl of toxin at a
concentration determined above, and 25 pl of a 4% suspension
of rabbit erythrocytes (V/V) were added., After incubation at
37°C for 1 h, the supernatants of the mixtures were measured
for hemoglobln content as described for hemolytic titrations.
Serum dilutions were plotted agalnst hemog}obin contents.
From this plot, the dilution which produced 40% hemolysigwESi
determined. The recipf&cal of this dilution was designated
as 1 neutralizing unit (N) because 50% of the hemolysis or
1 HU was inhibited. Coﬁt?ols for background hemolys%ﬁ included
erythrocytes alone, andﬂe;ythrocytes plus serﬁﬁ without toxin,
both made up to 100 pl with PBS,

Two types of antiglobulin tests were conducted to deter-
mine/ whether the antibody-toxin cpmplex 1s in solution or on
eryyhrocyte surfaces. When rabblt antitoxin was used for

neufralization, goat gnti—rabbit globulins were employed as
anﬁ&:iiéfbodies. The goat—éntiglobulin preparations were
heterophile adsorbed (P;lull prior to use.

The first type of test 1s based on the principle of the

direct Coomb's reactlon {107). Certaln antibodies do not



‘agplutinate erythrocytes even when bound to erythrocyte-
surfaces (30 ). However, thelr presence on erythrocytes

i1s detectable by indirect hemagglutinétion brought about by
the addition of antiglobulin. In the neutralization tests,
erythrocytes were protected from lysis when sufficlent antl-
toxin was preseﬁﬁ. To these protected erythrocytes, 50 ﬁl

of goat anti-rabbit whole serum (Pantefﬁt Miles Lab.yp was

.added.directly. Goat antiserum with final dilutions of
1:6, and 1:24 were tested. The mixture was incubated for

1 h at RT and the hemagglutination pattern read. The test was
transferred to 4°c for overnight incubation and the patterns
were fechecked hext morning. The use.of anti-rabbit serum
2llowed the specificity of the test éo extend to all antil-
genic serum globﬁlins including all clagses of immunoglobu-
1ins. . ' -

The second type of éntiglobulin ;est is indirect immuno-

-~ fluorescence. Fluoresceln conjugated antl-rabbit IgG was

purchased from Cappel Laboratory. This labelled goat antl-
globulin preparation had been fractionated to IgCG and was
specific for the heavy chain of rabbit Iéb.'Ebythrocytes
tnat were protected by rabbit antitoxin in the neutraliza-
tion. tests were transferred into emall tubes and centrifuged
at 600 g for 10 min. The supernatants were removed. Then

100 nl 6f undiluted, fluoréscein labelleé anti-rabbit IgG
waé added so that the erythrocyte sﬁépension was” about 1?.
Unreacted erythrocytes were included ag.controls for non-

specific fluorescence. After 1/2 h incubation at RT, the
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erythrocytes were gently washed twlice in PBS and mounté&
under PBS or FA mpunting fluid (Bacto, Difco Lab.) Exami-
nation was done with a UV microscope with vertical fluores-

cence {Model 1070, American Optical Corp.)

PHYSICAL AND CHEMICAL METHODS

Buffers

All buffers were prepared according to Gomori (57 ).

Sodium phosphate buffer, 0.01 M, pH 7.2, was supplemented
- i # -

" with 0.85% NaCl, and this will be referred to as phosphate

buffered saline (PBS).

Protein Assays _ ' N ,
The amount of protein was ﬁeasured by the technigue of
Lowry gg.gl(JOS) with_bovine serum albumin as a standard.
The rapid, one step method which utilized Coomassie Blue
G-250 dye (20) was also used.
Gel Filtration
Sephadex ggl G-75 was supplied by Pharmacia of Canada
Ltd., Montreal. The procedure for preparation of the gel and
packing of columns Qere those recommended by the manufacturer

(88). Glass columns 40 x 100 cm. were used and all filtra-

tions were performed at M?C.
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. ~ CHAPTER 1 -

F)

COMPLEMENT FIXATION TEST éizw
Re}éhlin,considered that "... for adequate sensitivity
and convenience, coupled with thé capacify for reproducible
quantitétion, the complement fixation techniques are very
difficult to surpass™ {90) for the study of antigenic
deterﬁinants. _ | _
Unlike many antigené previously studied, alpﬁa €inn
can bind to erythrocyte membranes. Therefore,. the complemeht
fixation (CF) tESt.may or may nQ% be applicable. Thé éppli—
cability of CF to the study of alpha toxin, and some of the
probl@ﬁslencountered, are described below.

In the CF test, the amount of complément fixed 1s 1ndi-

.cated by the degree of hemolysis. Yet alpha toxin can hemo-

lyse eryfhrocyﬁe}. To circumvent this prdblem, one mu;t.-f
gither use erythrocytes that were resistant to’theﬁthin.or
render the toxin nonhemolytic.

Human erythrocytes are most resistant fo alpha téxiﬁ
(i1,33 ). However, human.erythrocytés.are also relatively
resistant to lysls by CF ( 84).- The feasiﬁility of using human
erythrocytes as the ‘indicator was investigated 5y a series
of titrations with various combiqationé of reagerits. The
results (Table I) allow several conclusions to be made.

Firstly, sheep erythrocytes are the .best indicator (most

sensltive to complement lysis). Secondly, fresh guinea pig

/
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. 'éomplement 15 more potent than éommercially lyophilized prepa-
rations. Thirdly; the rat.antibodiés are papable of fixing“
guinea pilg complement. Fina;ﬁg, human érythrocytes are resié--
tant to 1ysis by rat antibbdies and guinea plg complement
alphbqgh the presence of'anti-humap'erythrocyte in the rat
amboceptor preparatlion was confirmed by positive slide agglu-

tination tests,. " a

Since the use of resis?é&f erythrogytes failed to measure
ecomplement fixatioﬁ, the alternative to use nbnhemolytic toxold,
was attempted. Reagent.combinat;on~ilwas used because this
combination proved to be the most sgnéitive indicator (Table I)..
In order to determine the CF titré of the toxoid, a “chéss—board"

—_

tizration of 10-fold dilutions of the toxold ;;}sus 2-fold
lutions of antipogin was done. The antitdxin used was purified

di
to.IgG. The results are presented in Table II. Toxoid at 1:4
and -1:8 dilutions exhibited anticomplementary effects in-the
aﬁEence of antitoxin. That 1s, toxoid alone interfered'with'
normal hemolysis of the indicator‘erythrocytes. In addition,-
non-aﬁtibody induced hemagglutination by ﬁoxoid‘alode at 1:1
and 1:2 dilutions was obserjfd. Therefo}e, this toxecld must Ee
diluted 2> 1:16 for use in CF teSts. However, hemaégiutination
’ at all toxold dilutions was also obse}ved in the presence of
undiluted‘anti£qxin. Thus; the vdlue of the q; test was depre-
ciated by two undesirable side effects, namely, anticomplemen-
tarity and:hemagglutination.' | “

The above titraticns were repeated substltuting toxdn for

toxoid and the results are presented in Table III. As expécted,
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this system did pét measure Eomplement fixation because sheep
erythrocytes are Senéf%ive to lysis,by the toxin. Hence, the
result reflected merely a neutralization phenomenon. However,
hemagglutination was observed when erythrocytes were protected
by undiluted antitoxin. Thus, it was suspected that antitoxin
could bring about an indiréct hemagglutination o§ erythrocytes’
through the bound toxlin and toxold. This reactlon offered a
pessible alternativé to the CF test.

Although the CF test may fe thecoretically poséible with
other combinations of reagents, attention was diverted to the
hemagglutinatidh reaction because the latter is a gimpler
system, involving only the toxin, the antitoxin and the eryth-
rocytes. Furthermore, the hemagglutination test 1s consldered
more sensitive than the CR test (47). In addition, assumlng
both tests are standardized, the hemagglutination test is
much less cumbersome to perform on a routine basis than the
CF test. Standardization of the hemagglutination reaction is

described in the next chapter.

™
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CHAPTER 2

STANDARDIZATION OF THE INDIRECT HEMAGGLUTINATION
(IHA) TEST

I. Description .

}The IHA test for anti_alpha toxin 1ﬁvolves coating
erythrocytes wilth toxold followed by quantitating the aggiu—
tinatlion of the coated erythrocytes (CE) in the presencé‘of
antibodiles.

The tests were.performea in Microtitred plates with
U-shaped wells. Starting with SO0pl of antiserum, 2-fold
serial dilutions were made in appfopriate diluents and an
equal volume of CE was added to‘each well. After incubation,
the'hemagglutination patterns were graded from 4+ to 0
(Flg. 2). The titre of a givén antibody or serum was the
reclprocal of the highest serum dllution giving + reaction,
A titre of < 2 was consldered 1nsignificaﬁt.

The optimal conditlons for coating of the erythrocytes
and for testing for antibody were experimentally determined
and are described below. '

Since alpha toxin i1s hemolytic, toxold was used as an

antigen.



29. | : o .

FIGURE 2

Y

Grading of hemagglutination patterns

T The agplutination pattern was graded from U+'to'0.
The 4+ indicated prozone reactions. The 3+ indicated
stréngly positive reactioqs in which part of the layer of
CE had rolled down from the edges of the wéil. A 2+ reac-
tion showed an even layer of CE covering the bottom of the
well. Formation of a big ring of agglutinated cells was
recorded as + and a very small pellet of cells or a button
was recorded as 0. The titre of a given serum was récorded
as the reciprocal value of the lowest serum concentration

giving + reaction. Titres of < 2 were consldered insigni-

ficant.
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II. Optimal Condltions for Coating Erythrocytes with Toxoid
Parémeters examined for their effect on coating included
toxoid concenﬁ;aﬁgon, time, temperature, washings, coating

media, and purity of antigen.

A. Toxold Concentration

Rabbit erythrocytes were added to different concentra-
tions of purified toxoid in PBS (Table IV).'The final concen
tration of the erythrocyte suspensions in toxoid was 10% (V/V)
in each case. The mixtures were incubated ovgfnight at 4%,
After three washings,,the coated cells were-adjusted to a
1% final concentration (V/V)-and titrated against the same
antiserum A proportionality was obéerved between IHA titre
and the concentration of toxold used up to 1 mg/ml: To pro-
duce a sensitive IHA test, the minlmum concentration of
toxold required for coatiﬁg 10% (V/V) raﬁﬁit erythrocytes was
found to be 1 mg/ml.

. To determine if the concentration of 1 mg/ml represents .
"antigen excess, the supefnatants of the above toxoid erythro;
cyte mixtures were tested for their abllity to coat additional
erythrocytes. Supernatant with initilal toxoid concentrations
of 2.0, 1.5, 1.0 and 0.5 mg/ml respectively, were found to -
be capable of sensltizing more erythrocytes with which IHA
titres 64 were obtalned with rabbit antiserum. Hence, fér

maximum sensitivity in IHA test, the erythrocytes should be

coated wilth the antigen in excess.



Toxold Concentration

TABLE IV

OF THE IHA TEST
S |

used for coating THA Titre‘

2.0 mg/ml 32
1.5 mR/mi 32
1.6 mg/ml ! 32
0.5 mg/ml 8
0.1 mg/ml 8
50 pg/ml 4
10 pe/ml 2
5 ug/ml 1

1 u#/mi "1
0.5 pg/ml 1

31,

.J, EFFECT OF COATING CONCENTRATION OF TOXOID ON THE SENSITIVITY



B. Time and Temperature of Coating.

Rabblt erythrocytes were adjusted to 10% (V/V) suspen-
sions in toxoid (1 mg/ml). The mixtures were incubated at 4o,
230, 300, and 37°C. Samples at each temperaturés were with-
drawn after 10, 30, 60, and 120 min, and were thrice washed
gt thelr respective }ncubation temperatures., The washed cells
were adjusted to 1% (V/V) final concentration and added to’
dilution series of antitoxin; After 90 min. incubation at MOC,
the titres were read and recorded (Table Va). The intensity of
the reaction at each end point 1is presented in Table Vb.

Titres of erythrocytes coated up to 39 min., at 4°¢ were
2-fold lower than the othefffitres. - -

While the titre ‘of the others were constant at.128, the
intensity of the IHA reaction at the end point szemed higher
for erythrocypes coated at RT.

Therefore, coating was performed at 23°C for 15-30 min.

C. Vashing Coated.Erythocytes

Excess unbound toxoid was removed by washing CS twice
in PBS. Washing at 4°C resulted in CE that produced a 4-fold
drop in IHA titre from 64 to 16 as comparéd to those CE
washed at RT. This may indicate that the toxoid erythrocyte

interaction is susceptible to fluctuation in temperature,.

D, Coating Medla
Erythrocytes coated with 1 mg/ml toxoid in PBS were
compared to those coated in unbuffered saline. More hemolyéis

was observed of erythrocytes coated in saline but when




TABLE V

EFFECTS OF COATING TIME AND

a. THA titres

TEMPERATURE ON IHA TITRES

33.

" COATING TIME {min)

COATING TEMPERATURE (°C)

. 4 23 30 37
10 6l 128 128 128
30 64 128 128 128
60 128 128 128 128
120 128 128, 128 128

'E; Intensity of IHA reaction at the respective end points

COATING TIME (min)

COATING TEMPERATURE (°¢C)

b 23 30 37
10 1+ ‘ h; 2+ 3+
30 1+ 3+ 3+ 3+
60 1.+_. Y4+ 3+ HES
120 1+ b+ 2+ 3+

S o FELAHHE

ot A "
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v

adjusted to 1% suspensions, both erythrocyfe samples gave

titres of 64,

E;iPurity of the Antigen _

Although erythrodytgs coated with purified toxold con-
sistently produced a titre lower by a single tube compared
tq cells coated with crude or semi-purified material, the
difference:was considered insignificant since such variation

occurs fréquently in many serological tests.

.
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ITI. Optimal Conditions for the Indirect Hemagglutination Test

A, Concentration of CE

¢

A 2% (V/V) suspension of CE produced undesirably 1arge

patterns and obscure end points, However, 0,5% and 0. 2% ‘CE’
suspensions were -too dilute to produce clear patterns in
negeﬁive controls within 3 h. In compromise, a 1% suspension

was found to gilve the most distinct patterns,

B. Tempefatune f Incubation

.Hemagglutination occurred equally at all temperatures

tested (4°, 23°, 37°C) but 4°C was chosen because least

prozone reaction occurred.

C. Time of.Incubat;on

'Generally, h+, 3+ and 2+ hemagglutination patterns

were quite stable for U%h Occasionally, a 2 ‘fold drop in

sitre was observed after overnight incubati n because a 1+

'reaction withdrew into the form of a button. Therefore, the

s

titres were.recofded after 90 min. when the ne ative controls

showed distinket buttons.

~

D. pH

a Saline buffered with sodium phosphate (0.01 M) was
adjusted to pH 5.5, 6:0, 6.5, 7.0, 7.5, 8.0 and 8.5. Since
the IHA tltres were constant at 64 when tested at all these
pH as welluas in unbuffered saline (pH 5.6), a.neutral pH

was used in routine tests.

\(_’ -
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E. Proteinaceous Additives .

.One -of the inherent problems of any hemagglutination test
1s the occasional spontaneous agglutination of the erythracftes

in the sence of_entibodies. The addition of certain subs-__

_tances” such as aleminuand gelatin to overcome spontaneous

hemagglutination ig a common sercological practice, However,
in oﬁf test, spontaneous hemagglutination reactions were’

intensified in the presence of unburified Bovine Serum

Albumin (BSA)’or pure gelatin at 2% (W/V) final concentrations,

Purified BSA (Sigma Chem, ) at a final concentration
2 1.5% (W/V) was found to prevent spontaneous hemagglutination

of coat{éﬁrabbit erythrocytes but not of uncoated erythrocytes.

When an antiserum titrated in PBS supplement with 2% pure
BSA was comp%red with a’similar test in PBS alone, a U-fold

drop in titre (128 'to' 32) was observed. Therefore, albumiln

and gelatin are found not applicable,

e e ap— e =
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v. Stabillzatlion of Coated Erythrocytes

We wished to modify the coated erythrocytes so that therx
adsorbed antlbodies could be eluted from their surfaces.
Modificatlon was necessary because of two reasons. Firstly,
the drop in THA tiltre produced by erythroecytes washed at
4°¢ (p.32) sugges;gd that the binding of toxold is reversible.
Likewise, the binding of toxin is thought to be reversible (75,
28). Secondly, the method of elution (56°C, 10 min.) resulted
in lysis of CE. ' |

A. Method of Stabilization . _ )

Dalen {39) suggested!that "glutaraldehyde has many \\\
advantages as a coupling reagent of infeetious material to Y
erythrocytes for serological use; The antigens remain Intact
to a large extent, and the cells can be stered for very long
periods of time". Hence, CE were treated wlth.glutaraldehyde
to covalently link the bound toxold onto the erythrocytes,.

To determine the optimal reaction conditions, a 1% (V/V)
CE was incubated at 2300 in concentrations of glutaraldehyde
_solution in PBS (Aldrich Chemical Co.) ranging from 2.5% to
0.1% (W/V) in PBS. Samples were removed at 15, 30, 60, 90 and
120 min. After three washiegs in PBS, these samplee of treated
CE were adjusted to 1% suspensions and titrated by IHA wilth

the same antibody. Nonspecific hemagglutination occurred only

with. CE treated in 2.5% glutaraldehyde for 15 and 30 min.

~

[,
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No significant difference in titre was observed among the
rest of the samples. The minimal concentration of glutaral- -

dehyde investigated (0.1%) was chosen so as not to offset

-~

'

the osmolarity of theAméd;uﬁ;_The time of exposure to
glutaraldehyde was chosen to be 30 min._

] Under thse conditions, CE suspensionslranging from
0.1% up to 10% (V/V) in glutaraldehyde solutlons were
stabilized. However, at 10% éoncentrétion, CE began to clumﬁ;
presumably due to linkage of erythrocyté; In proximities.
Clumping was not seen with 2% CE, a concentration thereby
adopted. |

Clumping was thﬁught to be due to excess free aldehyde
groups on CE. To block excess aldehyde groups, CE was 1ncﬁ—
bated in 0.1 M lysine-HCl solution in PBS (1h, RT).

Lysine and glutaraldehyde treated CE were abbreviated
as LGCE.

B. Antigenlcity of LGCE

The antigenicity of CE appeared unaffected by tﬁese
treatments. The IHA titres of antitoxin were identical among
CE before and after glutaraldehyde or glutaraldehyde-lysine
“treatment. -

Similarly, the antigenicity of the carrier erythrocytes
appearéd unaffected. Uncoated erythrocytes at each step of
treatments produced constant heterophile titres (64) with a
heterophile positive serum indicating that the heterophile
determinant(s) 1s. unmodified.
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Also, uncogted erxthrocytes at each step remalned ﬁnreactive
with a heterophile negative serum indicating that no new

determinants arose.

C. Physical Characteristics of LGCE \

LGCE assume the color of deoxygenated blood. The cells
are intensely coheslve such that resuspensf&n requlres
stirring. Microscoplcally, LGCE were indistinguishable from
uncoated red cells_(fig: 3a) whereas CE ten@s to crenate
(fig. '3b). { 7
D. Advantages of LGCE

Antigenicity was unaffeéted. Spontaneous hemaéglutination‘
was abolished. Preparatlon and standardization became possl-
ble. LGCE was reactlve and hemolysis-freé when stored at 4°c
up to a month under PBS without antiblotics, making lyophil-
11zation unnecessary. They resisted heating at 569C for
1/2 h with constant agitation making elution of éntibodies

by heat possible.
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FIGURE 3

Morphology of CE and LGCE

Two months old LGCE (x400).

Note that the morphology of erythrocytes is well preserved.

. Fresh rabbit erythrocytes coated with toxoid (x400).

Note thé Intensive crenations.
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V. Controls for IHA Test -

A. Cell Control

Tests were rejected 1f spontaneous hemaggluﬁination
occurred when.SO pnl of CEor LGCE were added to 50 pl of PBS,
B. Heterophile Control

A heterophile_antibody ls one that can react with an
antigen that 1s not.instrumental in producing the antibody
response. Heterophile antibodles, which freguently create
probléms in serological tests, can be removed by adsorp@ion.

The antisera used in thils study contalned heteropﬁile
antibodies which agglutinated not only erythrocytes from a
different species (Table VIa) but also erythrocytes from a'~
different individual of-the:same species (Table VIb). The
titre of the heterophlle antibgdy varled from serum fo serum.
Hemagglutination activity remained In antitoxin that was
semi-purified to IgG. Therefore, the heterophlle antlbodies
were directed probably to the native antlgenic determinants
on the red cells. |

For the above reason, antitoxins to be tested for IHA
were also titrated with uncoated erythrocytes; Heterophile
antibodies, when found, were removed Dby adsorption with 7
'uncoated erfthrocytes —— the same batch from whick the CE or
LGCE were preparad. Adsorption was performed at 4°¢ for 2h
with packed cells so that the dilutlon factor introduced to
the antitoxin was minimal. The volume of packed cells

used was calculated according to the heterophile titre of

e = e  ——— i, i e o 2



42,

h9 f
h9 g
2t 6 (patood) 3tqqed usuny gg
9T 1T .
8 t
49 T h+sm ‘¥) ueumy 31d eaund T
91 patood n+£m ‘a) ueumy wan.wm:asu i
h9 T
4 2 daays 381d eauind
9T T
H9 T uBWwnY
9T T ssnou
4 T deays 17q9qea T
f T 81
0 T " 37qqea

woay SHLAJOHHILAHA woay YHHAS

JO FHIIL FTIHIOHALTH UITM VHIS JO UFIWAN

] .

SHINEAS TYWINY INIHIASTA WOMS STLADOHHLAYH OL SHIAOLILNY JTIHdOHIALAH

BIA FIEVL



43.

N
21S | T )
962 - T
geT 0
9 0
mm _ 2
9T c
8 , 0 (petood) sayqaed §3TQQBI O
b : 2 . )
¢ s : .
10 . h - .
30 FYLIL ATTHIOMELIH UATH VHES JO MAENAN WOy SHLADOMHIAMH WOl vuas

SHLAJOHHLAHE LIGVH OL SLIHEVH NI SHICQOLILNY HIIHJOHHALEH

.

. QA JdIdVd



iy,
ﬁhe antitoxin, and an excess of erythrocytes were used. After
adsorption, the heterophile titre was rechecked. Heterophile
antibodieé were tltrated the same wéy as.-described for .

antitoxin except for the use of uncoated erythrocytes. A .

typlcal set of results is presented in Table VII.

-
-

c. Known‘Pbsitive and Negative Controls

A pair of previously titrated sera, one with a high
and the other a low IHA titre, were included to ensure
reproducibility. »
VI. Summary

The following procedures were adopted as routine in the

laboratory.

A. Coating of Erythrocytes

Erythrocytes are washed three times. The buffy coat 1is
removed. The red cells are adjusted to a 10% suspenslon 1in
alpha toxoiq (1 mg/ml). The mixture 1is periodically shaken
at RT for 30 min. The unbound toxold is removed by two
washings in PBS at RT. If desired, the CE 1s adjusted to a

1% suspension for IHA test.

B. Stabilization
CE are adjusted to a 2% suspension in 0.1% (W/V)
glutaraldehyde solution in PBS. The mixture is agltated at RT

for 30 min. After three washings in PBS, the cells are adjusted

-



TABLE VII
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REMOVAL OF HETEROPHILES IN IMMUNE PIG.ANTIBbDIES

ADSORPTION HEMAGGLUTINATION TITRE‘with INTERPRETATION
UNCOATED COATED
ERYTHROCYTES* ERYTHROCYTES#*
_ before 64 - 128 hetﬁrophile titre
after 0 128 THA titre = 128

* Rabbit erythrocytes were used for édsorption_and testing.’

8
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“to a 20% (V/V) suspension in 0.1 M lysine-HCl solution in
PBS. ThHe mixture was agltated at RT for 1 h. The LGCE 13 then
washed three times with PBS and stored at 4°C as a 10% (V/V)

. suspenslon ;n PBS.

C. IHA Test
Starting with 50 pl of antibody, a 2-fold serlal dilution
was made in PBS. Then, 50 pl of a 1% suspénsion of LGCE was

added to each well, A cell control, a heterophlle control, a

positive control and a negative control were included. ter

incubation for 90 min. at HOC, the tests were read as de
Having standardized the THA test, the next questlon was
did the test measure all the anti-alpha antibodles in serum?
The followiné'chapter‘described investigations Into this
question ‘which led to the discovery of two distinct popula-

tions of antl-alpha antibodles.
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CHAPTER 3

TWO#POPULATIONS OF ANTIBODIES
1. Evidence for Two Antl-Alpha Antibodies
The antibodles reattive in the IHA test were designated
as indirect hemagglutinating antlbodies (IHA-Ab). They could
be removed from immune sera by adsorption with coated eryth-

rocytes or LGCE. When 28 immune sera from rabbits were

dsorbed, they became negative in the IHA test (Table VIII).

HO“EGéijthe adsorbed sera stlll neutralized alpha toxin.

The residual neutrallzatlon capacities ﬁhich could not he
removed by repeated adsorption were later shown to be anti-
alpha antibodies that neutralized by prevention of binding
of the toxin onto erythrocytes. The residual anti-alpha anti-

bodies are referred to as anti-binding antibodies (AB-Ab}.




TABLE VIII

EVIDENCE FOR TWO POPULATIONS OF ANTI-ALPHA ANTIBODIES

IMMUNOADSORPTION LOG, IHA TITRE NEUTRALIZING UNITS

OF 28 TMMUNE 2

RABBIT SERA  (MEAN & S.E.) (MEAN * S.E.)
Before 8.7 + 3.4 ) 103.5 ¢ 9.8 *
After L =0 33.2 ¢ 4.1
* A

48,
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II. Separation of the Two Populations of Antibodies

The development of heat resistant LGCE earlier made

the following separation method possible. The. method 1s pre-.

sented schematically in Fig 4 . LGCE was used as an immuno-

ladsorbent from which IHA-Ab were subsequently eluted'by heat.
The antifoxin or antisera to be adsorbed werelfreed of

heterophile antigodies. The amount of LGCE required to adsorb

completely all of the IHA-Ab depends on the IHA titre of the

-~ antiserum. The minimal amount of LGCE sufficlent for complete

adsorption was calculated by the following empirical formula'

ml LGCE used = 0. 04 b 4 IHA titre of the serum

For instance, the formula calls for 0.25 ml of LGCE for adsorp-

tien of 0.1 ml of antiserum with an THA titre of 64.° Most,
but not all of the THA-Ab would be removed ?V this. amount of

" LGCE (see supporting'data on page 53 Table IX ). Nevertheless,

from experlence, 1t 1s more effective to readsorb.than to use

too much LGCE initially. For practical convenlence, packed
LGCE and the antiserum-were both diluted 1:2 and then the
empirical formula was applled,

Adsorption’was performed either at' RT for 1 h with
reriodic resuspension or overnight at 4°C. The mixture was e=
centrifuged at RT and the supernatant containing ABmAb was
centrifuged and .filtered as outlined in Fig.'4.

Meanwhile, the LGCE complex was washed twice gently
in PBS in order to remove unbound material Each time, the

wash suspension was 1lncubated at RT for 142 h before centri-

fugation. To counteract loss, the volume of, PBS added for

&
N
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heat elut;on was half the inltial volume of the antiserum.
During heating 4in a 5§°C water bath, the susﬁension'was
constantly agitated with an applicator stick, After 20 min.,
the tube of warm suspension was placed 1in a beaker of water
at the same temperature and quickly transferred into a pre
heated centrifuge and centrifuged. The supefnatant was collecﬁed
using préwarmed pas£eur pipettes and tubes. aéspite care )
in the above method, a 4-fold loss of IHA-Ab was not  uncommon.
Did the above method.elute all of the IHA-Ab from the
immunoadsorbent? Repgaﬁed heating:of used LGCE dld not elute
j any more IHA-Ab, as detected byithe THA test, Therefore,
| either the first heating eluted most of the IHA-Ab, or there
might be another residuai subpopulation which was so tightly
bound that could not be heat elufed. If the 1attef were true,
the subpopulation might be expected to accumulate on the
" erythrocyte by reuse of the same LGCE in repeated adsorption .
and elﬁtion. As. a result, subsequent édsorptions and elutions
should produce less and leés IHA-Ab, When this hypothesls
was tested, the yleld of IHA-Ab from LGCE reﬁsed several
times was found to be comparable to thét from freshlydprepared
LGCE; the IHA titre of the heat eluents were constant at 32

in each instance . Hence, all detectable amoﬁnts of THA-Ab

were eluted by the heat Method.

Control Experiments
These experiments were designed to determine whether

the separation methods described producéd any artifacts.

1
+
:
1
1
|
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A, Test for qulution of Toxéid )

‘ Oné of*the posslible artifacts is that toxoid might be P\
released from heated LGCE with the IHA-Ab, The previous
experiment, which measured ﬁhe amount of IHA-Ab adsorbed
from reused LGCE, suggested that coelution did not occur,
ThiS'supposition was conflrmed in the following éxperiment.

LGCE were heated in-PBS; centrifuged, and the supernatant
removed at 56°C as previously described; Samples of 0.1 ml
of plg antibodles were adsorbed with various amounts of
heated versus unheated LGCE. After overnight Incubation at HPC,
the supernatants were obtained by centrifugation at.RT, and
were tested for their residual IHA activities (Table IX).
No significént difference was observed. It was therefore

pdncluded that no significant amount of toxold was eluted by
heat.
B. ﬁegative Controls 4 o
Preimmune serum when_adsorbed.with LGCE did not neutra-
lize alpha toxin, indicating the absence of AB-Ab (Fig.7).
In view of the presence of a iowdlevel of IHA-Ab in

preimmune sera (Table X, P. 68 ), PBS was used in equlvalent

- amounts in the.place of antiserum and the heat eluent from

this cbontrol was negative 1n neutralizatlon and‘IHA tests,



HEAT éTABILITY OF LGCE

TABLE IX

ML df LGCE . IHA TITRES of SUPERNATANT

used-to adsorb after adsorption by

0.1 ml antibodles unheated LGCE heated LGéE
1.4 0 0
1.2 0 0 |
1.0 0 0
0.8 0 0
0.6 6 - 0
0.4 2 R
0.2 b 4
0.05 8 - 16
0.01 32 32
0.0 64 64

53.
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III. The Antibinding Antibodies’
A. Characteristics

AB-Ab exhibited the characteristies of antlbodies in 3
that they were found im purified IgG fractlons of immune
sera and that they were precipitated by anti-TIgG in lmmuno-
diffusion in agar-gel test (Fig. 5). Also, thHey form a pre-
cipitin line of identity with whole antitoxln .in Immunodilf-
fusion test when alpha toxin was used as the antigen (ﬁig. 6).
The AB-Ab response to antigenic stimulation was demonstrated

in a nonimmune rabbit (Fig. 7). Further, Maharaj and Fackrell

demonstrated that purified AB-Ab could be coupled to Sepharose

4B (Pharmacia) via CNBr for use as an affinity immunoads:zpent-
.

from which alpha toxin was purified (report in preparati

Toxin neutralization was dependent on AB-Ab concentra-
tion. Variogg amounts of AB-Ab were added to a constant amount
of fabbit erythrocyte suspension and challenged with the same
amount of toxin in KH tests (Fig. 8). Protectilon increaéed
with increasing amounts of AB-Ab. This éstablishes a
cause-effect r?lationship between AB-Ab and neutralization.

The degree of neutralization was fouﬁd to be dependent
-g}so on the time when tﬁe AB-Ab were added to the erythro-
gyte—toxin mixture. In a serles of KH tests, a constant amount -

.of AB-Ab was added at different times to a constant amount

of erythoc¢yte~toxin mixture. The results indicates that the

longer the population of erythrocytes was exposed to the toxin,

b

o T IR L PN -
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Centre
Well 1
Well 2

Well 3

FIGURE 5

'Immunodiffusion of AB-ADb againsf antiglobulins

well contalned undiluted rabbit AB-Ab.
contained goat anti-rabbit whole serum.
contained goat anti-rabbit IgG.

and 4 .contained PBS.

FIGURE 6 . fd\

~
4

Immunodiffusion of alpha toxin against anti-alpha antibodies

Centre
Well 1
Well 2
Well 3
Well 4

well contalned alpha toxin (1 mg/ml),
contalned unadsorﬁed,undiluted antiserum.
contalned undiluted AB-Ab,

contained IHA-Ab.

contained heat eluant control for THA-AD,
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xy

LFIGURE 7

AB-Ab response 1n. a rabbit
. Rabbit F1l05 was 1mmunized with‘alpha toxold as
described in Materials and Methodg. The weekly antlsera
~ were IHA-Ab adsorbed. The residual neutralization capaci-

ties were due to AB-AD.
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' FIGURE 8

The effect of AB-Ab coﬁéentration‘oﬁ neutralization.
The reactdion mixture (final volume 350 pl) contained
100 pl of eryphrocytes, 50 pl of toiin and varlious amounts
of AB-Ab made up to 200 pl in PBS, B = baseline hemolysls
in the absence of AB-Ab. The volume of AB-Ab in the tests
were: 1 = 2,5 pl, 2 = 10 p1, 3 = 20 pi, Y = 30 pl, 5 = 50 pl,
6 =70 pl and 7 = 100 pl. | |
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FIGURE 9
The effect of E}me of introduction of AB—-Ab on neutralization.

The reaction mixture (final volume 310 pl) contained
100 nl of erythroecytes, 10 nl of toxin, 170 pl of PBS
initiallv. Then, 30 pl of AB- Ab was added to different

‘alicuots of the mixture at different times as indicated

By the arrows. The solld black 1ine represents the hemolytic
baseline, \

|
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- 'FIGURE 10

ate of hemoiys_is unélt,ered by excess AB-Ab after time zero

<,

mronnnn represents tests as described for FIGURE 9.
- i r'epresents tests when double amount of AB-Ab was

added af half a minute and at two minutes, respectively,

after time. zero. ' v
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the less protection the AB-Ab were able to confer on the
remalning unlysed erythrocyfes (Fig. 9). Furthermore,_the

addition of twice the amount of AB-Ab used in Fig. 9 did not

‘give any additional protection (Fig. 10).

B. Mode of Neutrélizétion '

‘.The’antibinding action of AB-Ab was 1nitiélly indicated
by. experiments with ﬁoxoid, subsequently elucidated by neu-
tralization tests and finally confirmed by indirect antibody

' methods. t
1. Hemap%lutination
(1) with bound toxold
Although AB-Ab react with toxin (Fig., 6, 8) and with
toxoid (Fig. 12), AB-Ab did not hemagglutinate CE or LGCE:
Theée observations together indicated that the AB-Ab deter-
minant(s) of the toxoid became inaccessable to AP-Ab when the
toxold was bound to erythrocytes.
(11) with unbound toxold
When é5p1 of soluble toxoid (0.1 mé/ml) were added to
a mixture containing 25pul of a 1% (V/V) rabbit-ef&throcyte
and 25pl of uhdilug;d AB-Ab {(which had 30 N), no hemagglu--
tination occurred ‘even after 48 h at either 4°C or RT. This
result indicated the absence of the immune complex on the
erytﬁrogfte%.
2. Inhibiéion of Toxold Protegfion Phenomenon

Rabbilt erythgocytes=were adjusted to a 2% suspension
» #
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C L e e i

FIGURE 11

Resistance of coated erythrocytes’ J

coated erythrocytes plus toxin
uncoated erythrocyteé-plus toxin
control erythrocytes (coated or uncoated erythro-

cjtqs in PBS)

&
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- ,EfGURE 12

Inhibition of toxcld protection by antibedles.

Line 1 represents the hemolytiec baseline when‘3 ml of
thrice washed rabbit ervthrocytes at anfabsorbance of 1.5
was exposed to a smazll amount of alpha toxin.

Line 2 represents contents éf line i'including 0.1 ml
of antibodies. Neutralization was evident,

Iine 3 represents erythrocytes preincubated.with toxold,
twice'washgd, adjusted to the same absorbance and challenged
with the séﬁe amount of toxin., Protection was observed.

Line U4 represents erythrocytes which were preincubated
in é toxold-antibody mixture, twlice washed and adjusted to

the same absorbance, then challenged with the same amount

of toxin. The degree of protection was reduced,
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'in toxoid of 1 mg/ml concentration., After incubatign at RT
for 1 h the coated cells were washed twice and challenged -
Qith toxin. They were found to be.more resistén than uncoated
erythrocytes (Fig. 11), The tentative explanation for this

resistance was that toxold protected coatefl erythrocytes from

toxin by occuéying the receptor sites.
If antibodies could ﬁ;event the toxold from bhinding
onto .erythrocytes, protectiqn of erythrocytes would be reduced.
Fig. 12 depicts results which indicates that toxold protection
was reduced when erythrocytes were coated wlth ﬁéxoid preincu; f
bated with antitoxin (line U) as compared to those coated
with toxo{d without antitoxin (line 3), Presumably, antitoxin
prevented binding of toxoid onto erythrocytes thereby reducing
'
protection, \\\ : ' : i
3. Neutrallzation in Solution .
Neutralization tesgs were set up 1n the manner of a . oo
e

"ehess board” titration with different dilutions «of toxin

versus different dilutions of rabblt antibodles (Fip, 13).

When neutralization by ABE-Ab and by unadsorbed, whole

b
antiserum were compared, the following were observed.

(1) Neutralization was dependent on the concentrations of

e e b e

both toxin and antibodies” : '

(11) Hemagglutination o rred only at hich ;:2Egﬁggg;;;;;"“-\‘\<\\\
of the whole serum (1:2), bu .not at higher di#¥itions. This ;
was unusual considering that ;hf THA titre of the whole '

serum was 128. \ 2

) ]
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FIGURE 13

Toxin neutralizatlon by AB-ADb, IHAQAb, and unadsorbed

antiserum.
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-

(iii) No hemagglutination occurred whenever erjthéocytes
were protected by AB-Ab indicating the égqencé?of immune
complexes on the erythrocytes, .

4, Indirect Antibody Methoﬁs )

Following neutralization tests, two different anti -
immunoglobulin tests were pérformed to estabiish that AB-ADbL
were absent from the protected erythrocyte surfaces, Firstly,
ad\&tion of goat anti-rabbit whole serum to AB-Ab protected

tythroeytes did not cause hemagglutination. Secondly,
indirect immunofluorescence was'negative when fluoresceln
lgpeled anti-rabblt igG waé added as described in the method
section, Anti-IgG was uséd because AB-Ab was found 1n IgG
fractions (Fig. 5).

| From this serles of ‘experiments on the mode of neutra-
lization, it was goncluded_that AB-Ab neutralize predominately
in solution and that they neutralize primarily by prevention

of binding of the toxin onto erythrocytes.

e ——
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IV. The Indirect Hemagglutinating Antibeodies
A. Characteristlcs N _ _

IHA-Ab were found in purifiled IgG fracéions of lmmune
sera and were ppecipitaﬁed by anti—IgG in immunodiffusion
tests (Fig. 14). . -

The IHA titres of sera from foﬁr rabblts increased in
response to antigenic stimulation as shown 1n Table X, The
course of the response was depicted in figure 15.

- TThese characteristics, plus the ablllty to-ﬁéutralize,
indicated that.IHA-Ab were antibodies.

Attempts to precipitate IHA-Ab with alpha toxin by
immunodiffusion in agar gel tests were unsuccessful (Fig. 6)
althourh the weils with IHA-Ab were recharged 11 times. The /
IHA titre of the breparation used was 64 and the neutréliza—
tion titre was 128 N, |

The nonprecipitating nature of" IHA-Ab was further
observed when an immune serum that lacked AB-Ab was uSéd in
immunodiffusion tests;'This serum had an IHA titre of 128
and 12 "N. Adsorption with LGCE reduqed both the IHA titre
and N to zero indicating that AB-AD ;as absent from thls
antiserum.

.Similar to the case of AB-Ab, toxin neutralization Qas
dependent on the concentration of IHA-Ab., The degree of pro-
tection decreased with decreasing amounts of JHA-AL (Fig. 165.

Likewise, tdxin neutralization was also dependent on

the time of addftion of THA-Ab to the toxin-erythrocyte mix-

ture. The longer the erythrocytes were exposed to the toxin



FIGURE -14 . _ o

.
-,

LT Immunodiffusion of IHA-AD against lantiglobulins
Centre well contained undiluted IHA-Ab.

. Well 1 contained goat anti-rabbit whole serum. * .
L‘\\Well 2 contained goat anti-rabblt IgG. - !

\}-Jell 3 and 4 contained PBS. o
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TABLE X

THA-Ab RESPONSES IN RABBITS

RABBIT | LOG, THA TITRES OF WEEKLY SERA

0 1 2 3 ly 5 6 7.
F105 1 7 12 10 7- 1 7 7
F106 3 10 10 10 8 8 8 7
F112 1 7 12 12 11 10 9 9
F116 1 6 10 10 9 8 7 6
MEAN 1.5 7.5 11 10.5 8.75 8.25 T7.75 7.25

S.E. 0.43 0.75 0.5 0.43 0.74 1,18 o0.431 0.5%

i
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FIGURE 15
_ IHA-Ab response in rabbits

Four rabbits (F105, F106, F1l1l2, F116) were immunized
with alpha toxoid as described in Materials and.Methods. The

IHA titres of the weekly antlsera wefe_averaged“és shown

in TABLE X,
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FIGURE 16
The effe&t of IHﬁiAb‘concentration on neutralization.
Test conditions were as described for FIGURE 6. B =

baseline hemolysis. The amount of IHA-Ab in test 1 = 10 nl,

test 2 = 50 nl, test 3 = 100 pl.
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FIGURE 17

The effect of time of introduction of IHA-AD on neutralization.
Each test (final volume 310 pl) contained erythrocytes

in 250 pl of PBS and 10 pl of toxin initally. Then 50 pl of

IHA-Ab was added at different times to each test. The time

(in minutes) at which IHA-Ab was added was indlcated at the

end of each line, B = lytic baseline,
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fhe less protection the IHA-Ab was able to confer on the
unlysed erythrocytes (Fig. 17). -

As in the case of AB—Ab; attempts to enhance‘the degree
of protection after time zero by inecreasing the amouﬁt of

IHA-AD were unsuccessful,

B. Mode of Neutralization
The investigations were similar to those described-
for AB-AD. .
1. Hemagglutination
(1) with bound toxold
THA-Ab apglutinated coated erythrocytes or LGCE but
nét uncoated erythrocytes, indicating that the THA determi-
nants remalned accessible to IHA-Ab after the toxold was
bound to erythrocytes,
(11) with free toxoid
Unlike the case of AB-Ab, when 25ul of soluble toxoild
(0.1 mg/ml) was added to a mixture contéining 25nl of 2%
(v/V) rabbit erythrocytes and 25pnl1 of undiluted IHA-AD
(which had an IHA titre of 128) hemagglutination occurred
at both RT or 4°C after 1 h, This result indicated that the
binding of toxold to erythrocytes was not prevented by IHA-AD,
2. Inhibition of Toxoid Protection
Test for inhibition of the toxeld protection phenomenon
was repeated with IHA-Ab and compared to AB-Ab, Toxoid, pre-

incubated with IHA-Ab offered protection to erythrocytes, but
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FIGURE 18

Toxold-protectiom test : Line A s is a spectro-
photometric tracing of the course of hemolysis of a
suspension of rabbit erythrocytes due to a small amount
of alpha toxin. Hemolysils, reflected as the decrease
in absorbance of the mixture, with time was measured

at 650 nm in a 1 cm light path at RT. Line B wroesst—_a
represents toxold-coated erythrocytes adjusted to the
same absorbance and challenged with the same amount of
toxin. Protection is evident. Line C e-e—e—— deplcts
the resisﬁﬁnce of erythrocytes coated in the presence
of IHA-Ab, Washed thrice, and then subjected to the
same test. i.ine D sumnunn describes the loss of resis-
tance when erythrocytes were coated in the presence of
AB-Ab, washed thrice and then tested.
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'npt when'préincubated with ABAb (Fig. 18). Therefore, unlike
AB—-Ab, IHA-Ab 414 not prevené binding of toxoid onto eryth-
rocytes.
3.'Neutralization on Membranes

Neutralization tests were set up as previously described
for AB-Ab (Fig. 13). The following was observed.
(1) neutralization was dependent on concentrations of both
toxin and IHA-ADb.
(11) hemagglutination occurred whenever erythrocyées were
proﬁected by IHA—Ab.l
i, Indirect Antibody Method
Unlike AQ—Ab, indirect immunofluorescence was positive
for erythrocytes wprotected by THA-Ab in neutralization tests.

f

Based on these results it was concluded that IHA-AD

-

neutralized toxin on erythrocyte membranes.

-

Based og the differences 1in the mode of neutralizaﬁion
of the two antibodies, one could predict that erythrocytes
with toxin on their surfaces would be protected by IHA-AD .but
not by AB-ADb. Experimentally;'phis implied that IHA-Ab should

protect - more than AB-Ab 1f added after the toxin, even though

el e ————

et b t e —
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their protections may be equivalent if added before the toxin.
Supporting data were derived from KH assays on the time
dependencies of antibody neutralization (Fig. 9 and Fig. 17).

The percent protection due to a ibodles was calculjte

the formula

A Baseline - & test
oD _ oD x 100 %

AOD Baseline

v

where &4n Was the chgnge in absorbance per minute‘and4A0D Basellne
line denoted thé'maximum rate of hemolysis due to the toxln
in the absence of antibodies. Ih all cases, the minimum
amount of antibodies required for 100% protection at time
zero with respect to a particular basellne was determined by
triais. The neutralization capacities contained in the mini-
mal amounts thus determined fof'dirferent antibodies were
considered to be equivalent at time ;ero. When the % protec-
tion was plotted against time of introduction of the antl-
bodies (Fig. 19) it was apparent that IHR-Ab offered more
protectiod than AB-Ab to a population of erythrocytes that
were exposed to alpha toxin. The result %trenngEned the
hypothesis for the different modes of neutralization of the

two_antibodies.
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FIGURE 19

JBA-AD neutralize-better than AB-Ab after time zero.

@ % protection due to IHA-Ab introduced at the indlcated
times.

B 7 protection due to AB-Ab introduced at the 1ndicated
times.

el




(%)

PROTECTION

60

40

20

%
¢.~.

2 4 6
TIME (min)




17.

V. Orientation of Toxin on Different. Erythrocytes

Erythrocytes from different animal species vary wildely
in their sensitivity fo alpha toxin (11,33). We sought to
establish whether "antigen is oriented differently oh
different erythrocytes by uéing the resolving power of the
two populations of antl-alpha antibodies, -

Erythrocytes of rabbit, rat, sheep, mouse and human
were washed three times separately, Each suspenslon was
adjusted to a 10i final concehtration in an excess of toxoid
(1,5 mg/ml), After l%;h incubation at RT, the coated eryth-
rocytes were washed twice and adjusted to 1% (V/V) suspensions.
THA titrations were performed with the same antlserum which
was previously hetgrophile adsorbed wilth er&throcytes from
all the five animals, All five coated erythrocytes produced
the same titre of 64, Furthermore, AB-Ab obtalned by adsorp-
tion with coated rabbit erythrocytes was negatiﬁe in IHA
tests with each of the flve coated erythrocyte. Likewlse,
AB-Ab obtalned by adsorption with each of the five coated
erythrocytes were all negative in IHA tests. Therefore, the
two antibodles did not exhibit any shift in characteristiecs
with r$spect to the erythrocyte specles,

For confirmation, coated human erythrocytes were used
as an immunoadsorbent to remove ITHA-Ab from antiserum. As

“expecfed, the adsorbed antiserum (AB-Ab) showed a zero IHA

|
P

titre with both coated erythrocytes of rabbit and human
althouph human erythrocytes are known to be thousands of

,times more resistant to alpha hemolysin than rabbit erythro-
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cytes. No drastic difference in neutralization capacities
was found betweenlAB—Ab obtalned by adéorption with human.
Immunoadsorbent and that by rabbit immunoadsorbent, These
results (Table XI ) indicate that toxoid and toxin bind to
erythrocytgs of diffefent susceptibility with simllar .
immunologic orientation. Therefore, the membréhe bigaing
reglon of alpha toxin 1s probably the same for different

erythrocyte from different species,

Pl
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TABLE XI

CHARACTERISTICS OF AB—Ab FROM RABBIT AND
HUMAN IMMUNOADSORBENT

AB-Ab OBTAINED BY THA TITRE WITH COATED N UNITS
ADSORPTION WITH RABBIT RBC HUMAN RBC

Coated rabbit RBC 0 ' o 20
Coated human RBC 0 0 16

RBC = erythrocytes
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This investigation has shown that anti;alphﬁ'toxoid,
produced by hyperimmunization of both rabbits and pilgs, is
comprised of two distinct populations of antibodies, namely,
AB-Ab and IHA-Ab. The mechanism of neutralization by these ﬁ
two antibodies has been differentiated: the AB-Ab neutralize
by prevention of bindigg‘of alpha toxin onto erythrocytes
whereas the IHA-Ab can neutralize even after the toxin is
membrane bound. A strikingly similar situation was reported
for antistreptolysin O. Prigent et al (89) demonstrated two
topologically distinct sites on the molecule of streptolysin |
0: a fixation site (f) which recognises and binds to the recep-—
tor (cholesterol) on the cell surface and a lytic site ()
which trigrgers irreversible celi damage after fixation. The
same investigators obtalned anti-streptolvsin 0O antisera
from hyperimmunized horse-(l) and from myeloma patients (93).
These antisera have elther anti-f antibodies that block
binding or anti-% antibodies that block lysis after binding,
In our case, antisera ﬁere produced 1n pigs and rabbits. Then,
the two populations of antibodies were purified and separated.

In relation to other toxin—antitpxin models, the mode
of neutralization of AB-Ab seems to parallel that of the |
diphtheria antitoxin (86) whereas the IHA-Ab demonstrated
that while alpha hemolysin 1s not a sulphydryl activated
toxin, it can likewlse be neutralized after attachment to
target cells (12), We recognlze the possibility that IHA-ADb
might neutralize in solution before the immune complex binds

to the membrane, If that were the case, the combination of
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the IHA-Ab with alpha hemolysin must not hamper binding of
the immune complex onto membranes,
| As suggested previously, alpha hemolysin is one of the
cytolytiec toxins that may prove useful in probing biomembrane
organization (12,2). This suggestion 1s sound if alpha toxin
can only bind in one specific manner. Moreover, Cassidy and
Harshman (29) indicated that alpha toxin binds to membrane
by two mechanisms: binding with high affinity to receptors
on membranes, éhd polymerization on membrane surfaces at
high concentration of the toxin. Our data establish the
Immunologlc orientation of alpha toxin on membfane. The
deduction was as follows. |
There are two possibilities in the way alpha hemolysin
binds to erythrocyte membranes. The binding could be random
in which case all of the surfaces of5fhe hemolysin may be
randomly exposed (Fig. 20a). Alternatively, the hemolysin
may be oriented on membranes (Fig. 20b) which means that one
particular region of the toxin is always involved. This
hypothetical region on that toxin will be referred to as the
membrane binding region. The immunologic Implications are
1f alpha hemolysin 1s oriented, antigenic determinants near
the membrane binding region would be blocked by the membrane
and become inaccessible to the corresponding antibodies
(Fig. 21a). Alternatively, if the toxin is randomly oriented
when bound to ﬁembrane, no single type of antigenic determi-

nant would become Inaccessible to antibodies (Fig. 21b).
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FIGURE 20

Two possible ways of binding

a. random binding

b. orlented binéing

The red lines represent erythrocyte surfaces. The

colored circles represent alpha toxin moletules.
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FIGURE 21

The 1mmunologic implications of random binding versus
oriented binding. ’ '

A

a. Oriented binding secluded the membrane binding regions.

//
b. Random binding exposes all portions of the toxin.

Antibodies directed to different portions of the alpha
toxin molecule (coloped circle) are schematically represented

by the blocks of the corresponding colors.
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According torthis working hypothesis,wIHh—Ab and AB-Ab
are separable by immunoadsorbent only if toxold was origntéd
on membranes:_Furthermore, the characteristics.of the two
éntibbdie$ such as hemagglutination via bound or free toxold,
and inhibitlion of toxoild protggtion (as repoéted in the result
section), were predictable by this hypothesis, Therefore,
alpha toxoid mgétxhg\immunologically oriented.

ng_separation of the two antibodlies allowed us to
"investigate the orientation of a;phaftoxin on erythrocyte
surfizfi by neutralization tests and antiglobulin tests.
Although the antibodies were separated using toxold coated
erythrocytes as the immunocadsorbent, the. antibodies showed
no detéctable shift in characteristiés in® the toxin-erythro—
cyte system. Therefore, alpha toxin, like its toxoid, must
bind onto rabbit erythrocyte membranes with a specific
" orientation, involving a specific memgrane binding region of
_the toxln. | -

The sensitivity Sf erythroeytes from different animal
species cqrrélates with the amount of toxin "specifically"™
bound, (105,28).This view is not necessarily in conflict with
our findings that different erythrocytes when coated produced
the same IHA titre with a given antitoxin because coatlng was
performed under condiéion of toxoid in tremendous excess, At
high concentrations, alpha toxin (53,54) and toxoid ( 5) poly-
merized on membrane surfaces to form ring structures 10 ﬁm in

diameter; this observation was reproduced in our laboratory

¢
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(unpublished), Cassidy and Harshman (29) deduced that such
structures may nbt pe,related to high affinity biﬂding. Based
on the limited data prégented, we think that the membrane qﬁ
binding region of alpha toxln andltoxoid is probably the

same for erythrocftes from different sbecies irrespective of
the binding affinity. That 1s, the ring structures are lmmu-
nologically oriented on the membranes.

Competition between the two populations of antibodies
was observed fh ﬁeutralization tests using un;dsorbed antisera.
Unadsorbed antisera with IHA titres as high as 4096 caused
hemagglutination of protected erythrocytes only at very low
sera dilutions (S.ﬂ). At higher antisera dilutions, neutra-
1ization but not hemagglutina?}on was observed, ihdicating
that the IHA reaction was overwhelmed by the anti—bind}ng.
reactlion, Thérefore, exper;menfal results obtained by fhe
use of unadsorbed antisera need to be 1nterpreﬁea cautlously.
For examples, the outcome of 1mmunof1uorescent or immunc-
ferritin studies would depénd on the ratio of IHA-Ab to AB-AD
in the antlserum.

Klainer et al (64) using fluorescein labelled anti-anti-.
toxin, observed maximum intensi£y of fluorescence on eryth-
rocytes during lytic phase. This phenomenon may be reinter-
preted in the light of our findings. During the prelytic phase,
AB_Ab may prevent fluorescence of erythrocytes to which the
binding of toxin 1s blocked.‘However, dur;ng the 1yfic phase,

most toxin 1s bound, Thus, ?ﬁﬁpﬁb can render the toxin coated

=



erythrocytes fluorescént:

As stated, numerous atteﬁﬁts to evaluate antifoxin in
protéctidn against the onset of infectlon and in alteratién
of the course of the disease have met with conflicting
results, and'some of the explanations for this conflict were
given. We may now offer an additionai eiplanation: the ratio
of AB-Ab to IHA-Ab varies from serum to serum; thus, the
mode of neutralization varies depending oﬁ'the predominance
of a particular population df antibodies.

In the same light, the antigenicity of presently avail-
‘lable vaccines could be better defined in terms of these .
two antibodies. Yet, the refinement-of staphylococcal vacclne
awalts determination of the relative efficiency and gonditiogs
of neutralization Byzﬁqé o antibodies.

Nume rous reports show alpha toxin binds to membranes.
My—~findings are consistent with these reports. Tﬂe hemagglu-—
tination reaction brought about by IHA;Ab would not be possi-
ble if the toxin is ndt’bound to membranes., Also, the preven-.
tion of binding by AB-Ab resulted in no hemagglutination.’

With respect to the mode of action of alpha toxin, my
investigation Euggests that binding per se 1s nondestrugtivé
because the toxin éan be neutrali;ed on the membréne by THA-
" Ab. This 1is not to say that binding 1s unimportant for
destructibn. Rather, binding 1s the initié{‘step in a'sequence’
of event(s) 1eadiné to hemolysis. If binding per se is non-

destructive, some type of activation event(s) must follow.
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Our findings do not indicate whether the activation event(s)
is "surface activity" or an en%ymatic effect, or both, None-
theless, the AB-Ab isclated the binding step ﬁaereas the‘IHA-
Ab arrested the activation event and prolonged protectlon
(Fig. 19). These results add to a growing 6ody of: evidence a
for the existence of destructive event (s) subsequent to bin-
ding (76,29,106). Additional data -in support of this conten-
tion are being generated in this laboratory. We have shown
that toxoid binds but does not destroy. Recently, we-isoiated
a mutant that produces a non-hemolytic form of alpﬁg toxin, .
This material reacts with antibodies;‘binds to membranes,
protects erythrocytes from lysis by the toxiﬂ, and 1is bositive
in the IHA tesf. Further s?udy on this mutant should provide
valuable information regarding the mode of action of alpha
toxin.

Although we assume that AB-Ab blocks the binding of toxin
5& steric hindrance, AB-Ab could also block by induction of
a conférmational change 1n the toxln, However, preliminary
evidence suggest that such a conformatiénal chahge 1s restricted,
The total neutralizatién capaclity of whole serum is less than
the sum of the two individual antibodies, Thls nonadditive
effect presumes that a single toxin molecule consumes more
than. one type of antibody 'simultaneogsly. Thus, the combina-
tion of AB-Ab with the ftoxln must not éffect the IHA determi-

nant(s).
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in.the past, the compleme fixatlon test has been used
as a standard tool: for the stuéitof antigenic determinants

of protelns. This method 1s of limited value for the study

of determinants of alpha toxin in spite of the fact that the
complement pathway_was activated. The major limitation is-

that the toxin, and the toxiﬁ—IHA antibody qomplex, also

_ blinds onto the indicator cell. Although the application of

CF tests 1n vitro is limited, the role of complement in disease
processes cannot be ignored,

‘ In comparison to the CF test? the IHA test has the
Mfgavantage of measuring a defined population of antlbodies,
namely the IHA-Ab, in a:mixture such as whole serum, The
value of the IHA test in serodiagnosis and serosurﬁeiifﬁnce
awaits to be determined,.

Altﬂ;ugh much needs to be done, the data presented i&
a2 definite foundation upon which the precise antigenic anatbmy

of alpha toxin shall be built,



s
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The conclusions derived from this research are the
&

following:

_ )
1. Two distinect populations of anti—alpﬁa antibodies were
discovered, namely AB-A®®and THA-Ab.
2. A method was developed to separate the two antibodiés
in antitoxin.
3. An indireet hemagglutination test was developed to
titrate-IHA—Ab. .
4, The two antibodies exhibited different modes of neutra-
lization, AB-ADb prevent the binding of alpha hemolysin onto
erythrocyté membranes, IHA-Ab neutralize'membrane—Sbund
hemolysins,
5. Competition between the wa antibodies was observed,
This compétition could affect the outcome of Immunologic
experiments,
6. Binding of the hemolysin Per se 1s nondestructive to
the erythrocyte,
7. A destructive event subsequent to binding was implicated.
8. Alpha hemolysin 1is immunologlcally oriented on membranes,
3. The existence of a membrane binding region on the hemo—_
lysin is indicated. This implied the existence of correspon-
ding receptors on membranes, '
10, The same membrane binding region is probably involved

in binding to erythrocytgs from different animal speclies,



REFERENCES



90.

L

1. Alouf, J.E., M. Viette, R. Corvazier et M. Raynaud. (1965).
Preparation et properiétés de sérums de chevaux ,
antlstreptolysine 0. Ann. Inst. Pasteur 108: b6 -
500,

2. Alouf J.E. (1976). Cell membranes and cytolytic bacterial
toxins. 1In: Receptors and recognition, Series B:
Specifieity and action of animal bacterial and
plant toxins. P, Cuathecasas (E4.). Chapman and.
Hall, London,

3. Arbuthnott, J.P. (1970). Microbiol toxin, Vol, III,
Bacterial Protein Toxins, Chapter 5. T.C., Montie,
S. Kadis and S.J, AJL (Eds.). Academic Press,
New York. pp. 189-236.

k. Arbuthnott J.P., J.H, Freer, and A.W. Bernheimer (1967).
Physical states of staphylococcal <-toxin,
J. Bacterlol, 94: 1170-1177.

5. Arbuthnott, J,.P., J.H. Freer and A.C. McNiven, (1973).
Physical properties of staphylococcal alpha—toxin
and aspects of alpha-toxin membranes interactions,
Contributions Microbiol and Immunol. 1l: 285 297,

6. Arrhenius S, (1907), Immunochemistry, p,12 Macmillan
Co., New York,

7. Atassi, M,Z. (1975). Antigeniec structure of myoglobin,
The complete Immunochemlcal anatomy of a protein
and conclusions relating to antigenic structures of
proteins. Immunochemistry. 12: 423-438,

8. Atassi, M.Z. (1977). The antigenic structure of hen egg
-white lysozyme: A model for disulfide-containing
proteins., In: Immunochemistry of proteins Vol, 2.
M.Z2. Atassi (Ed.). Plenum Press, N.Y. and London.
pp. 311-349.

9. Baird Parker A.C. (1972). Classification and identifi-
cation of staphylococeil and their resistance to
physical agents. In: The Staphylococel. Cohen,
Jay 0. (Ed.). Wiley Interscience. New York.
Chapter 1, pp. 1-20.

10. Baird Parker A.C. (1974). Bergey's manual of determina-
tive bacterlology. 8th Ed. Williams and Wilkins.
Baltimore.

PRECRRAT

e St it el

CARE o 2 i MY 3




11.

12,

13.

14,

15.

16.

17.

18.

19.

20.

2l.

22.

g1.

Bernheimer, A.W. (1965). Staphylococcal alpha toxin.
Ann. N.Y. Acad. Seil. 128: 112-123.

Bernheimer, A.W. (1974). Interactions between membranes

and cytolytic bacterial toxins. Biochem. Blophys.
Acta., 344: 27-50.

Bernheimer, A.W. (1976). Mechanisms in Bacterial Toxi-
riology. Chapter 6, Johm Wiley and Sons. New York.

Bernhelmer, A.W. and L, Schwartz. (1963). Isolatilon

and composition of Staﬁhylococcal alpha toxin,
J. Gen, Microbilol., 30: 455 468,

Bernheimer, A.S., J.H. Freer, I. Lomanskil, and G,
Sessa. (196&). Some properties of staphylococcal
alpha toxold, J. Bacteriol., 96: 1429 1430,

Bernheimer, A.W., K.S. Kim, C.C, Remsen, J, Antanavage,
and S.W. Watson (1972). Factors affecting interaction
5f staphylococcal x-toxin with membranes. Infect. '
Immun. 6: 636-642, ' ’

Bigger, J.W., C.R. Boland, and R.A.Q. O'Meara (1927).

A new method of preparing staphylococcal haemolysin.
J. Path. Bact. 30: 271-277.

Bigger, J.W. (1§33). The production of staphylococcal
hemolysin with observations on its mode of actlon.
J. Path. Bact. 36: 87-11k, -

Bock H., P. Skene., F. Sidney, P. Cassidy and S, Harshman
(1976). Protein purification: adsorption chromatography
on controlled pore glass with the use of chaotropic
buffers. Science, 191: 380-383.

Bradford, Marion M, (1976). A rapid and sensitive method
for the quantitation of microgram quantities of protein

utilizing the principle of ﬁrotein dye binding.
Anal. Bio&em. 72: 248-254.

Brieger, L., and C. Fraenkel. (1890)., Untersuchungen

uber Bakteriengifte. Berliner Klinische Wochenschrift.,

Buckelew, A.R. and G. Colacicco (1971). Lipid monolayers
interactions with staphylococcal X-toxin.
Biochem. Biophys. Acta’  233: T7-16.

el 8 e o e

 iarpbeda—

p e wem



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

92.

Burnet F.M. (1929). The exotoxins of staphylococcus
pyogenes aureus. J. Path, Bact. 32 (2) :
T17-734.

Burnet F.M. (1930). The production of staphylococcai
' toxin, J. Path, Bact. 33 (1) : 1-16.

Burnet F.M. (1931). The interactions of staphylococcus

toxin anatoxin and antitoxin, J. Path, Bact, 34:

Campbell, D.H., J.S. Garvey, N,E. Crémer, and D,H,
Sussdorf. (1970)., Methods in Immunology: A laboratory
text for instructlion and research, 2nd Ed. W.A. Ben-
Jamin Inc., New York, . -
Carpenter, P,L. (1975). Immunology and Serology.
3rd Ed. W.B., Saunders, Philadelphia.

Cassidy, P.S. and S;,Harshman (1973). The binding of
staphylococcal I X-toxin (B) to erythrocytes,
J. Blol. Chem. 248:5545 5546,

Cassidy, P. and S, Harshman (lggg). Studies on the
binding of staphylococcal I-labeled «-toxin to .
rabbit erythroecytes. Biochem, 15: 2348-2355,

Charles A.G. (1976). ‘Rh Isoimmunization and erythro-
blastosis fetalis, Charles, A,G. (Ed.,) Appleton
Century Crofts, New york,

Cooper, L.Z,, M.A. Madoff, and L, Weinstein, (1964),
Hemolysis of rabbit erythrocytes by purified
staphylococcal alpha toxin. I, Klnetlcs of the
lytic reaction. J, Bateriol,, 87: 127-135.

Cooper, L.Z., M.A., Madoff, and L. Weinstein. (1964),
Hemolysis of rabblt erythrocytes by purified
staphylococcal alpha toxin. II, Effects of inhibiltors
of the hemolytic sequence. J. Bacteriol., 87: 136-144,

Cooper, L.Z., M.A. Madoff, and L, Welnstein (1966), Heat
stability and species range of purified staphylococcal
alpha toxin. J. Bacteriol. 91: 1686=1692.

Coulter, J.R. (1966). Production, purification and compo-
sition of staphylococeal alpha toxin, J, Bacteriol,

92: 1655-1662.




35.

36.

37,
38.
39.
%0,
B,
b2,
43.
LY.

45.

Coulter, J. R. and T.M, Mukherjee. (1971). Electron g
microscopic localization of alpha toxin within the :
staphylococcal cells by ferritin-labeled antilbody.
Infect. Immun, 4 : 650-655.

Dalen, A.B. (1973)., Production of staphylococcal alpha
toxin in a defined medium and identification of a
stimulating factor from yeast extract. J. Gen,
Microbiol, T4: 53-650, ' )

Dalen, A.B. (1973). The Iinduction of ataphylococcai
%épha toxin by histidine.  J. Gen, Microbiol. 74 : 61-
. \

Dalen, A.B, (1973). The influence of pH and histldine
dipeptides on the production of staphylococcal alpha
toxin., J, Gen, Mieroblol, 79: 265-274,

Dalen, A,B, (1976): The effect of glutaraldehyde on the
stability of erythrocytes and on vurus receptor
substances. Acta. Path, Microblel, Scand, Seel, B,
84: 196-200, :

Dalen, A.B, (1976),” Proteolytlc degradation of staphy-
lococcal ®-toxin, Acta, Path, Microbiol. Scand, Sect,
B., 84: 309-314, .

Dalen, A.B., (1976), A simple procedure for the purif-
jecation of staphylococcal algha toxin, Acta, Path,
Microbiol. Scand, Sect, B,, 84: 326-332,

Dalen, A.B, (1976). Spontaneous alpha toxin mutants -
of Staphylococcus aureus. -Acta. Path, Microbilol.
Scand., Sect.B. 84: 333-338.

De Christmas, M.J. (1888). Recherches experimentales sur
ﬁ% sgp%uration. Annales de 1'Institut Pasteur, 2:
9-4748,

Dolman, C.E. and R.J. Wilson. (1940). The kitten test
for ggaphylococcus enterotoxin. Can. Publ, Hlth. J.
31: 60-T1.

Duncan, J.L, and Cho G,J. (1971). Production of
staphylococcal alpha toxin. T. Relationship between

ﬁgll growth and toxin formation, Infect. Imm. 6: 456-
1.



he,

47,

48,

kg

50.

51.

52.

53.

54,

55.

56.

57.

94,

Dodge, J.T., C. Mitchell and D,J. Hanahan (1563). The
preparation and chemical characteristics of hemog-
lobin—-free ghosts of human erythrocytes. Arch.
Bochem. Biophys. 100: 119-130,

Eisen, H.N. (1974) Immunology:‘ An introduction to

molecular and cellular principles of the immune res
ponses, Harper and Row, New York. pp.. 394. ~

Elek, S.D. (1959) Staﬁhylococcus pyogenes and its relation
to disease, E. and S, Livingstone Ltd., Edinburgh.

Ekstedt, R. D. (1972) Immunity to the staphylococedl,
In: The staphylococel,. J,0, Cohen (Ed,) Wiley
Interscience, New York. pp. 385-418,

Fackrell, H,B, and G,M., Wiseman (1976). Production and
purification of the gamma hemolysin of Staphylococcus
aureus 'Smith H5R'. J, Gen. Mlcroblol. 92: 1-10.

Fackrell, H.B, and G.M, Wiseman (1976). Properties of
the gamma hemolysin of Staphylococcus aureus "Smith
5R". J. Gen, Microbilol. 92: 11-24,

Felsenfeld, O. and A,D, Felsenfeld (1966). Neutralization
of alpha-staphylotoxin cytotoxlc effect with human

and monkey immune globulins., Proc. Soc. Biol, Med.,
122:  442-hhe, .

Freer, J.H., J.P. Arbuthnott and A.W., Bernheimer (1968).
Interactlon of staphylococcal alpha toxin with arti
fieial and natural membranes, J. Bacteriol 95¢
1153-1168.

Preer, J.H., J.P. Arbuthnott and B. Billecliffe (1973).
Effects of staphylococcal slpha toxin on the struc-
ture of erythrocyte membranes: A blochemlcal and
freeze-etching study. J. Gen. Microbiol 75: 321
-332. .

Gladstone, G.P, (1938) The production of staphylococcal
alpha haemolysin 1n a chemically defined medium Br.
J. Exp. Pathol. 19: 208-226.

Glenny, A.T. and M.F, Stevens., (1935) Staphylococcus
toxins and antitoxins. J. Path, Baet, 40: 201-210,

Gomori, G. (1955) Ch., 16, Preparation of buffers for
use in enzyme studles, In: Mehtods in Enzymology.
Vol I. ' Preparatlon and assay of enzymes, S,P,
Colowick, and N.O, Kaplan (Eds), Academic Press, New
York.



SL

58.

59.

60,

61.

62.

63.

64,

65.

66.

67.

95. \

Goode, R.L., and J.N. Baldwin (1974)., Comparisons -of
purified alpha toxins from various strains of
Staphylococcus &Aureus, Appl. Microbiol. 28: B6-
90.

Goshi, K., L.E. Cluff, and P.S., Norman (1963). Studies
on the pathogenesis of staphylococcal infection.
V. Purification and characterization of staphylococcal
"alpha hemolysin, Bull, John Hopkins Hospital, 11l2:
15—30 "

Tnternational Encyclopedis of Pharmacology and Theraputlies

(1971) Section 71, Vol. 1, Pharmacology and Toxicology

* of natural occuring toxins., Chapter 1, -staphylococcal
toxins. pp. 3-38, Pergamon Press, Great Britain,

Jackson, A.W.» (1963). Purification of staphylococcal alpha
iysin. Can. J. Biochem Physiol. 1. 219-229.

Kabat, E.A. and M.M. Mayer (1961). Experimental immuno-
chemistry 2nd ed., C.C. Thomas (Ed,) Springfield,
Illinois, U.S.A.

Kaplan, M.T. (1972), Specific and non-specific stalning
in detecting staphylococcal alpha toxin on erythrocytes
by immunofluorescence, Infect, Imm. 3: 831-832.

Klainer, A.S., M.A. Madoff, L.Z.Cooper and L. Weinstein
(1964). Staphylococcal alpha hemolysin: detection
on the erﬁthrocﬁte membrane by immunofluorescence.

Science. 145: 714-T15.
Kumar, S. Qgiég;xf Lindorfer (1962). The characterization
of stap coccal toxins I. The electrophoretic

migration of the alpha hemolytic, demonecrotic, lethal,
and leucocidal activities of crude toxin. J. Exptl.
Med. 115: 1095-1106, : x

Kumar, S., K.I. Loken, A.J. Kenyon, and R.K, Lindorfer
(19623. The characterization of staphylococcal
toxin II. The isolation and characterization of a
homogeneous staphylococcal protein possessing alpha
hemolytic, demonecrotic, lethal and leucocidal activitiles.
J. Exptl. Med. 115: 1107-1115.

Kraus, R., and E. Pribram. (1906). Ueber Staphylokokkentoxin
und dessen Antitoxin. Wiener Klenilsche Wochenschrift,
1_9_:f = k/ " .



68.

69.

70.

71.

T2,

73.

Th,

75.

76.

7.

78.

‘Madoff, M.A., L,Z, Cooper, and L,

96.

- 4

Leber, Th. (1888). Ueber die Entstehung der Entzundung
und Wirkung der entzundungserre enden Schadlichkeiten.
Fort Schrette der Medizine, 6 ESD-HSH.

Lederle Laboratories Division (1964). Staphylococcus
toxoid (digest modified). American Cyanamid Co., Pearl
River, New York. )

Lo, C.Y. and H.B. Fackrell (1979).. Immunologlc evidence
that staphylococeal alpha toxin 1s oriented on mem—
branes, Can, J. Microbiol. (in press).

Lominski, I., and J.P, Arbuthnott (1962). Some character
istics of staphylococcal alpha haemolysin, J. Path.
Bact 83: 515-520. i '

Lominski, I., J. Arbuthnott, and J. Spence (1963) Puri-

fication of staphylococcal alpha toxin,
86: 258- 262

lysis of rabbit erythrocytes by purl®fed staphylococcal
alpha toxin, III, Pdtasslium release, J,., Bacteriol.

Marks, J. (1951). The standardization of staphylococcel
alpha antltoxlin, with speclfiec reference to anomalous
haemolysins including delta lysin. J. Hyglene, 49:
52-66.

Maruceci. A.A. (1963). Mechanisms of~action of staphylo-

coccal alpha hemolysin. I. Some factors infiuencing
the measurement of alpha hemoiysin J. Bacteriol.
86: 1182-1188,

Marucel, A.A. (1963). Mechanisms of actlon of staphylo-
coccal alpha hemolysin. II. Analysls of the kinetice
curve and inhibition by specific antibody. J. Bacteriol
86: 1189-1195.

‘McClatehy, J.K., and E.D. Rosenblum (1966). Biologleal

- properties of:x—toxin mutants of Staphylococgus aureus.
J. Bacterlol. 92: 575-579.

McClatchy, J.K., and E.D. Rosenblum (1966). Genetic recom-
bination between «-toxin mutants of- Staphylococcus
aureus. J. Bacteriol. 92: 580-583.



81,

82.

83.

8y,

85.
86,
87.

88,

89.

90.

McNiven, A.C., P. Owen, andgl:
Multiple forms of stap ylococ

J. Med. Microbiocl.

Miller P.A., C.T. Gray and M.D. Eaton (1960).

5:

113-122.

9T

S\Arbythnott (1972).
l’alpha toxin.-

Forma-

tion and action of a peptidase which hydrolize
histldine peptides required in .tetanus toxin syn-

theslis,

Morgan, F.G., and J.J. Graydon (1936).

J. Blo, Chem,

79: 95-102.

Toxins of the

staphylococcus, with especial reference to the
estimation of potency.

4o1,

Neisser, M,, and F., Wechsberg (1901).
toxin,

heiten,

Osler, A.G. (1976). Complement mechanisms and Functions.,

.36: 299-349.

Ontario, Ministry of Health, Laboratory Service: Branch,
Virology manual,

2nd ed 1974,

J. Path. Bact. U43:

N

385~

.-

Toronto, Canada,

Prentice Hall Foundations of Immunology serles.

Prentice Hall Inc,

Ouchterlony, O, (1958
immunological ana

Pappenheimer,
Biochem.

Parker, J.T.,

Soc,

Exp.

Pharmacla Co.

and practice.

A.M, (1977)
k6: 69-94.

J.G. Hopking and A
Biol, and Mgd. 23:

(1969).

Uppsala, Sweden.

Prigent, D., J.E. Alouf, et M.
de la fixation de la strepto
sur les érythrocytes.

serle D, 651-653.

Englewood Cliffs, N.J.

Prog. Allergy, 5:

344,

Gunther (1925).

Diffusion in gel methods for
5.

1-78,

iphtheria toxin. Ann. Rev.

Proc.

Seph‘déx gel filtration.in thedry

rd

Reichlin, Morris (1975),

1975.

20:

T1-124,

Pharmacia Fin Chemicals Inc.

aynaud (1974).

C.R. Acad. Sc. Paris,

étude

sine O radiolodée

_

Ueber das Staphylo-
Zeitschrift fur Hyglene und Infectionskrank-

t. 278,

Amino Acid Substitution and
the Antigeniclty of globular Proteins. Adv,

Immuno,

-

N 4

PR A R



91.
92.

93.

94,

- 97.

98.

99.

" 100.

101.

.'_Smith M.L., and 'S.A. Price (1938

98.

.

Robinson, J., and F.S. Thatcher (1963). Studies with
staphylocéccal toxins. VII. Separatiop of a
proteolytic enzyme from alpha hemolysin. Can. J.
Microblol. 9: 697 702,

Rodet, A., and J. Courmont (1892). Sur la toxicite
des prodults soluble du Staphylocoque pyogene.

ﬁgctete de Biologie Comtes Rendus (Paris)}. 9:
9 ' _—

Seligmann M., F. Danon, A, Basch and'J. Bernard (1968).
IgG myeloma cryoglobulin with antistreptolysin
activity. Nature 220: T711-T12,

Six, H.R., and S, Harshman (1973). Purification and
properties of two forms of staphylococcal alpha
toxin. Biochem. 12: 2672-2677.

Six, H.R. and S. Harshman (1973) Physical and chemical
. studles on staphylococcal alpha toxin A and B.
Biochem. 12: 2677-2682.
). Staphylococcus
W haemolysin. J. Path.-Bact. 47: 379-393.
Speth, V., D.F.H. Wallach, E. Weidekamm, and H. Knufer
mann (1972). Micromorphologic consequences follo=
" wing perturbation of erythrocyte membranes by tryp-
sin, phospholipase A, Lysoleclithin, sodium dodecyl-
sulphate and saponin: A correlated freeze-etching
study. Biochim. Biophys. Acta 255: 386-394,

Turner G.K, Assoclates (1970). Operation and service
manual, Tuener Model 430 Spectrofluorometer, Palo
Alto, California.

Van del Velde, H. (1894). Etude Sur le mecharnish de—la-
Kirulgnce du Staphylocoque pyogene. Cellple, 10:
Ol—u 00 . )

Wadstrom, T. (1968). Studles on the extracellular pro-
teins from Staphylococcus aureus. 'IV. Separation
of alpha toxin by isoelectric focusing. Biochem,
Biophys. Acta 168: 2g§‘§M2 '

Weissman, G., G. Sessa, and A.W. Berheimer (1966).

Staphylococcal alpha toxin: Effects on artificlal
1ipid spherules. Sclence, 154:- 772-77H.




\ 102,

103.

104,

N Aos.

106.

107,

108.

.- | o 9g..

Y
b

,Williams, R.E.O., and,.G.J. Harper (1947). Staphylococcal

haemolysins on sheep blood agar with evidence for a
fourth'haemqyysin. J. Path. Bact. 59: 69-78.
Wiseman, G.M. (1975). The hemolysins of Staphylococcal

aureus. Bacterilol. Reviews. 39: 317-344,

Wiseman, G.M. and J.D., Caird (1970). Mode of action of
the alpha toxln of Staphylococcus aureus. Can. J.
Microbiol. 16:- 47-50,

Wiseman, G.M., and J.D. Caird (1972). Further observa-
‘'tlons on the mode of action of the alpha toxin of
staphylococcus aureus "Wood 46", Canadian Jour-
nal of Microbiology. 18: 987-992, .

Wiseman, G.M., J.D, Caird), H.B. Fackrell (1975). Trypsin
~Mediated activation of o-hemolysin of Staphylococcus
aureus. J, Med. Microbilol., Vol. 8: 29-38.

‘Zmijewskl, Chester (1968). Immunohematology. Appleton

. Century Crofts, New York.

Lowry, O.H., N.J. Rosenbrough, A.L. Farr, and R.J. Randall
(1951). Protein measuﬁsment wlth the Folin phenol
reagent. J.Blol. Chem,/ 193: 265-275.



VITA AUCTORIS

Ching Yee Lo

-

Born in Hong Kong, February 21, 1949,
Married to Teresita Lindi Belagan, B. Sc., July 23, 1976.

EDUCATION:

1961-1966. King's College, Hong Kong.
Graduated with high school leaving certificate,
June 1966,

1566-1968 New Method Coliege, Hong Kong.
Graduated with "O" )ével General Certificate
of Examination, London, England, 1967,

1968—19?2 MeGill University, Montreal, Quebec.
\\‘Department of Microblology and Immunology
Bachelor of Sclence degree, conferred June, 1972. _\

t

1976-1979 University of Windsor, Windsor, Ontario,
Department of Blology _
Master of Science degree, completed Feb, 1979,

SCHOLARSHIP:

1978-1979 Province of Ontario Graduate Scholarship,

EMPLOYMENT :

1972-1973 Research Technologist -
Montreal Chest Hospiltal Centre
Montreal, Quebec,

100.



1973-1974

Fall, 1973

1974-1976

Medical Technologist
Public Health Laboratory
North Bay, Ontario

Immunology Instructor
Canadore College
North Bay, Ontario .

Head Technologist
Public Health Laboratory
Windsor, Ontario.

cr

101.

N .



	Antibodies to staphylococcal alpha toxoid.
	Recommended Citation

	tmp.1363613409.pdf.5fonM

