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haemolysis in vitro have besn included, Such agents act
directly on the red call membrang and cause an increase

in permeability and an osmotic imbalance between the cell
and the surrounding medium, leading to rupture and release
of haemoglobin,

Substances praducing hasmolysis in vitro are of
diverssg origins and compositions, They have been described
under the categories of physical, chemical, biological and
immunological agents, Uccasionally these agents have
physical and chemicel Propertiss uyhich explain their mode
of actiong 8uch as enzymss or chemical agents reacting
with membrane constituents; or they have surface propertiegs
which allow them to penetrate ang disorganize membrang
structure, A number of model systems have been describgd

The haemolysin of the box Jellyfigh Chironex fleckeri
vas initially examinegd using aqgueous gxtracts gf the
tentacls. The hasmolysin is & protein which yas unstable
in dilute solutions at room temperature, However, tha
tentacles ang their extracts could be stored at tempsr~
atures of -20dag. or below for long periods without loss
of activity,

Exclusion chramatagraphy was used to separatg
tentacle extracts into tuwe fractions, QNg which uvas



hasmolytic {molecular uweight, 70,000) snd the other with
lesthal setivity (molecular weight, 150,000), When
administered parenterally the haemolytic fraction was
glso latheal producing cardio~respiratory fallure, The
skin necrotizing activity of the whole tentacle sxtract
zppeared to be confined to the hassmolytic frection,

Although the tentacle exiracte contairmed 2 potent
haemclysin, ne clinicsl svidence of intrasvascular
haemclysis has beern described in human anvenomation,
This wass considered to Lie due to the presence of i{nhibitory
substances in the plasma 2nd the instability of the lysin
at normel body temperature.

The properties of the haemolysing of [, fleckeri

and Chirgnsalmus guadriqgatus wers compared, Although
they were bsth proteins with a molecular weicht of 73,000
approximately, they could be distinguished from each asther
by the relatively grester stability of ., fleckeri lysin
at temperstures zhove 5 deq. There wss gvidence also
that the mode of =zction of the two lvysins was diffarent.
Antisera prepared against both extracts showed that ths

antihzemolvaing were species gepecific 2nd no common
antigenlic properties uere detected,
The mode aof acticn of the haemolysin of L, flaeckeri

was examined, It was not an enzyme and it did not
appear te have any wnusual surface nroperties to explain
its cytolytic asction, The haemelysin showed no intsr-
acticons with monclayars of individual companents of the
red cell membrane using surface pressure and surface
potential measurements. dpwever, there appsared to he
specific complexing with 2 component im a mixed wonclayer
derived from red cell lipids, This might sxplain the
mode of action of the haemolysin, hut this obssrvation
would need further verification in monolayers prepsred
From individuzl wmembrare lipids. '
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&y LITERATURE SURVEY
1e THL RED CELL MCABRANE

-

1.1 _feneral Structure and Function

Piodern concepts of the structure of the red cell
membrang are extremely tentatlve and are based sn the
morphology observed on =lectron microscopy end ths known
physical and chemical propertiss ¢f the membrsne,. On
electrun microscopny, the msmbrane appears to have 2
granular surface with plaquaes 200 % in diameter and
30 & desp betwsen which are eryots suggesting membrane
pores {Hillier and Hoffman, 1953). The plagues are
considered to consist of 2 lipoorotein-esrhohydrate
complex and contain the blood group substances, Thay
can pbe removed from the red cell membrane with ebhar
which dissolves the lipid =nd releasss the liposrotein-
carhohydrate complex from an inner fibrous layer of
protein cailed "3" protein (Meskowltz and Calvin, 1952;
Firken and uiley, 1966),

The red cell membrane possesses the procerty of
being permeable to water, znd to a less sxtent to anions;
selectively permeable to cations, and impermeable to
haemoglobin, Davson and Desnielli {(1943) postulated that
the red cell possessed positively charnged pores which
repslled cations, but allowed the passage of asnions and
water.

In order to correlate these properties into 2 single
concent, it has been sugoestad that tha red cell surface
consists of = mucoprotein containing sialic acid which
gives the cell its negative surface charge. Under thie
layer 2re located the plaques of the carbohydrate-



lipoprotein complex which sre linked through calcium
ions with bimoleculer lsaflets of phospholipid, The
mambrane pores are then depicted as structures possibly
protein lined eand with a positive charge (Whittam, 1964),
Although numerous models have baeen suggested

(Lucy, 1968), the structure of the membrane is still in
doubt and there is s view that the constituents are in a
dynamic rather than s static state. The membranes arse
conceived as planar aggregates of micellss, uwhich are
naither precisely constantnor spacifically Ffixed in &
pattern, The rapid turnover of membrane constituents
is possibly consistent with this idas (Dawhen, 1969),

1.2, Rad Cell Lipids
Lipids account for 25 Lo 50 per cant of the dry

weight of the membrane prepsration, and the membrane

acecounts fer 95 te 100 per cent of the lipid of the cell,

In human red caells, the lipids consist of &5 per cent

phoepholipid, 23 per cent cholesterol and 2 per cent

cholesterol esters, glycerides and free fatty acids,

The remalning 10 per cent are probably glycolipids, The

phospholipids consist of lecithin, phosphatidyl sthanola-

mine, phosphetidylserine, sphingomyelin and lysolecithnin,
uj%'rha composition of the phospholipids in the membrane

vary according to the species {Rouser, Melsen, Flelschser

and Simon, 1958), The phospholipid content of rabbit

caells on which most of our experiments are reported

subsequently is similar to that of human red cells, In

human and rabbit red cell ghosts, the total lipid represents

25 to 28 per cent of the extracted material. in human

calle the percentage contemt af lecithini sphingomyelin

and lysophesphatidas: cephalins was 39, 37 and 243 and

in rabbits it was 44, 29, 27 (de Gier and Van Desnan, 1961).
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Alterations in diet will alsc cause changes in the
fatty acid residues although it does not cause changes
in the major classes of phospholipid,

1.3 Red Csll Carbohydratas

Carbahydrataa:regresant about 10 per cent of the
composition of the red cell membrane although thse gross
composition depends on the method of isoglation, It is
conteined in the mucoprotein which linegs the gsutside of
the red cell membrane and in glycoproteins {Zahler, 1969).
The terminal sislic acid bonds in the surface mucoprotein
are responsible for the negetive charge on the cell,
(Eylar, Madoff, #rody and Gncley, 1962), This charge
may be reduced or abolisihed by treatment with neuraminidase
which splits terwinal sialic acid bonds (Cook, Heard and
Seaman, 1961; Seaman and Heard, 1961). Trypsin may also
produce a similar change (Cook, 1962),

1.4 _Red Cell Protein

#lthough the major proportion of the red cell
membrane is protein (45 - 55 per cent;, difficulties have
been encountered in clarifying the protein chemistry due
to contamination with haemoglobin,

Moskowitz and Calvin (1952) have providsd the most
compreshensive information by washing freere-dried ved cell
ghosts with buffer at pHS until the supernatant was frae
of haemaoglobin. The residue was called "siromin" which
was extracted with ether removing the cholesterol and
half the cephalin, Stromin could be divided into two
fractions, Yelinin®" which was soluble at pdAS and "stromatin®
which was insoluble. By lowering the pH tou 6.4 the "5"
protein wae preciplitated from the "elinin”, The relation
of these structures has been described pgreviously.



50lubilized lipoproteins have been isolated from
arythrocyte ghests treated with n-butanol (Maddy, 1966).
Howsver, the varigus fractions which have bren isolated
are heterogenseous in nature and can he shown to have
different sedimentation characteristics on ultra-
centrifugation, different aming-acid compositions, and
different properties on electrophoresis {(Rega, Yaed, Resd,
derg and iothstein, 1967).

Treatment of the srythrocyte ghosts with hypotonic
nuffars extracts =zldolase, glyceraldahyde phosphate
dehydrogenase, carbonic anhydrase and adanoséﬁa deaminase
without damaging the structure of the membrans, in
hypertonic buffers with salt concentrations in the region
of 3.2 to 0.4 molar, vortion of the ghost cell protein,
stromal lipids and acetylcholinesterase may be extracted,
This solubilization of stromal proteins by concentrated
salt solutions suggusts that elactrostatic protein-protaein
interactions are important in maintenance of the membrane
structure (Uowben, 1259),

1.5 Hed Cell Metabolism

Lnergy is required to preserve the morphology of
the red cell and this is derived from ths metabolism af
glucose. '

The red cell contains no stores of glycogen and
glucose ie obtsined from the plasma by transport across
the red cell membrana, The glucose metabolism sarvas
two main purpossa, firstly the maintenance of oxidation
reduction homeostasis and secondly the generation of
adenosine triphosphate (ATP).

There are two principle pathways for the glucose
metaboliam, aither through the "anaerobic" {mbden-Mayarhof
pathway, which accounts for approximately 90% of the
glucose, or through thae psnitose phoasphate shunt (Grimas,
1965).,




in order to meintain normal oxidation-reduction
in the cell requires the action of both pathuays. The
Embden-leyerhof pathuay is necessary for the reduction
of methasmoglobin §F8*+*} and the maintenance of nogrmal
haemoglobin (Fe**) in the functional state, while the
pentose phoephate shunt is responsible for the maintsnance
of reduced glutathione and membrane sulphydryl groups.
ODefecte on the pentoss phosphate pathway which include
glucose -6~ phosphate deyhdrogenase deficiency, give rise
to haemolytic states when oxposed to oxidant stress
(Carson =nd Tarlov, 1962),

The Embden-Meyerhof pathway provides ATP which is
the source of energy for masintaining the sodium-potassium
ATPase mechanism which is believed to be esssntial for
regulation of the sodium pump and red cell volume.
(Whittam and Uhesler, 1970,

2, TRANSPORT FUNCTIGNS OF THE MEMBRANE

2,1. later

Yater crosses the red cell membrane with extreme
ease (Passow, 1964), ¥olar compounds are considered to
anter the cell through water filled channels or pores.
Evidenca for the existence of thess pords is supplisd by
measurement of the permsability of the cell to water under
simple diffusion, or under an osmotic pressure gradisnt
uaing tritiated wvatar. The water moves twice as readily
under an asmotic pressure gradient and, therefore, thera
appears te be a bulk flow in addition to diffusion in
wvater movement, (Sidel and 3olomon, 1957). fFrom

N Nvinan ted Cels

permaability coefficients,the porse radius /has been esti-

mated to be 3.5 - 4,2 R {Goldsteln and 5olomon, 1960),
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Therse is a relatively hich concentration of
impermeatile molecules in the red cell. They constitutae
a total of 10 milliosmols consisting sf hasmoglobin at a
concentration of 5 mM, togethar with sther substances such
8 glycolytic intermediates and glutathione. The cell
copes with tnis inequality by pumping cations, particularly
sodium, from the callgi(ﬁunhﬁm end Glynn, 1961).

If an impermeabfle substance is added to the madium
outside the cell, the osmotic ssymmetry created by the
impermaable moleculss may be counterbalanced. In this
situation the scdium pump maechanism may fail but swellino
and lysis will not take place (Jandl, 1965),

The response to hypotonicity results in e spherical
change in the red cell, but rupturs does not occur until
the red cell volume is approximately 160% of the original,

The behaviour of the cell in hypotonic solutions
has been extensively studied and the volume changes observed
are less than thonse sxpected according to the van't Hoff

*equation, In srder to sccount for these findings, it

was suggested that = proportion of the water arcund the
naamoglobin molecule was in the bound state (Perutz, 1946).
Howsver, there were some inconsistencies in this theary as
the bound water served as a solvent for glucose and other
non—lionic substances, and it was difficult to know why
ionic materials only were excluded. i1t has besn suggested
that the net charge on the haemoglobin melecule varies
with its concentration, and the resuitent movement of
cations resultant from the changing charge is responsible
for this behaviour (Gary-tobo and Solomon, 1968},

#The van't Hoff osmotic sguation = Fe - ¥ where P is
the psmotic pressure in stmospheres, n iz the number of
males of solute present in v litres, and T 1s the temper-

ature in degraees K,
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1

2.2, Anlons

o

The principal diffusible anions are chloride,
bicarbonate and phosphate ions, Hoth the chloride and
hicarbonate anions move across the membrane readily
although not as fast as water (Passow, 1964), Tannic
acid may slow chloride ion penetration greatly at con-
cantrations which would only cover & naortion af the
membrane, Th 3 suggests that only a small premartion
of the poras gpq'qvailabie fer chloride fon trensport.
{Tosteson, 959).

The rate of diffuaion ¢f phosphate ions ie relative-
ly slouwer, and the movements are associated with the
metabolism of the cell (Whittam, 1964),

2,3, Cations, Na* and k*

Any population of rsd cells consistiof a hsterc-
gensous group composed of cells of varying ages, hg
the age @f the cell is an important factor in determining
its metabolism and compasition, results on cation move-
ments must be Interpreted in the light of this kncwladgse.
(ARllison and #urn, 1955; Sass, Levy and ualter, 19863},

The monovalent cationa K' and Ke* movements ars
mediated by two main mechanisms, ore associated with the
sodium pump and the other independent of this systam.

The sodium pump extrudes Wa® frem the cell and this
is coupled with the uptake of K% From the medium in a
manner such that approximately 3 Na® are exchanged for
2 k¥, with one 01 leaving the cell to maintain electric
neutrality, Thus constant cation concentrations are
maintained in the cell, and any leakege of caticne doun
thair concentration gradients is offset,/ (Uunham and Glynn,
1861). The overall effect is to reduce the numter of
osmotlically active particles in the csll, and’ prevantb
suelling due to entry of excessive Na',



12

The energy necessary to transport sodium ions
against the diffusion gradiant is pravided by ATP,
(Uhittam and Wheeler, 1970). Adenosine triphosphatase
(ATPase) catalysss tho breakdoun of the ATP and is found
in the memorane. The presance of both Na® and K* are
required for full activity, Mg*' are also necessary and
the reaction may be inhibited by Ca** (Dunham and Glynn,
1961).

It is gignificent that species, such as the cat and
dog which have erythrocytes with a low K' and high Ne'
lavel, also exhibit » low level of sodium-potassium
sctivated ATPase in the csll, (%onting, Simon snd Hawkins,
1961).

The sequence of reactions for the ATPase reaction
has heen representad es follows: (Uhittam and Wheseler,
1970).

Mg*# Nat _
ATP # E E1 « B « ADP
TN
+* &
E1 - P fig > E2 -
+
E2 = P K > E o« Bt

£E1 - P and £2 ~ P repraesant two different forms of
intermediates, Evidence for the presencs of a
phosphorylated intermediate hos been domonstrated for
red cells (Beder, Fost and dond, 1968},

Low concsntration of cardiac glycosides, such as
ovabain, specifically effect the sodium-potassium
activated ATPase and inhibit Ma® transport (Whittam, 1958).

bl e & A0 - EE - -

=SRT- - : L ; h ar bep demanstratsd
which is not inhipited by cusbain (Lubowitz and Whittam,

1969}, ATPase activity may elso be inhibited by a number



13

of sulphydryl reagents, such as pechloromercurbenzoate,
N-athylmaleimide znd 2 - 4 nitrofluorobsnzine, Both
the nuabaine-sensitive ATPase =nd the ouabain insensitive
carrisr systsm are inhibited by ethacrynic acid.

Fathways exist for the passive diffusion of cations
which are independent of the sodium pumn, These are
gxamined after inhibiting the known transport mechanisms
in tha membrane, information about the penetration
pathuays are indefinite at the present time {(Passow and
Schnell, 1969).

2,4 Cations Cs*"
The divalent cation ca* is a2 normal constituent

of the red cell membrane, but it penetrates the membrans
with great difficulty. It may enter the cell mors
readily when it is depleted of metabolites, znd some
evidence has been presented te suggest the existence of
¢ calcium pump {(Schatzmann and WYincenzi, 1969}, The
process is an sutward extrusion of calcium so that free
ionic intracellulsar calcium is maintained at a lower
level than the extracellular concentration, The pump
is independent of the sodium pump and is unaffected by
Na®, «¥ or cugbain,

2,5 Hon-Elesctrolytes

Hon. electrolytes Fall into tuo greups depending on
whathar the diffusion is simple or facilitated, in the
case of simple diffusion, lipid solubility is & largs
factor in enhancing penetration (Jacobs, 1932}, Hon -
polar compounds appear to pass through the lipid reglons
of the membrane while polar compouncs pass through the
water-filled channels or pores.
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The transport of glucose is facilitatsd by a
carrier system, The rate of penetration of glucoss doses
not increase with increasing concentration in a linear
manner, but it becomes progressively less as saturation
of the carrier system is reachedy (Le Fevre and McGinnis,
1960).

There is a marked species difference in the extent
of penetration of glycerol which has been used for the
storage of blood at low temperatures, The cells of man,
rat, mouse, rabbit and guinea pig have a high permeability
while the pig, cat, dog, ox and sheep have a lou
permeability (Uhittém, 1964 ). There is some evidencs for
the penetraticn of glycerol occurring through pores as the
rate is markedly affected by small concentrations of tannic
acid,. 0n the other hand, the rate of penetration is also
influenced by the presence of sulphydryl inhibitors, such
as copper, which may suggest & carrier system to facili-
tate transport,

Se HAEMCLYSIS

3.1, Haemolysis - Definitions

The term haemolysis is applied in two ways, firstly,
to describe the dissolution of the membrane of the normal
red cell with the liberation of haemoglobin, and secondly,
to describe the shortened life span of the red cell in the
vascular system of the body. The first refers to
haemolysis in vitro while the second refers to haemolysis
in vivao. The latter may be dus to a large varisty of
causes, inheresnt or acquired, which affect the metabolism
of red cells and their membranes.leading to premature
disruption in the body (Carson and Tarlow, 1962), The
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two typss of haemolysis do not¢ commonly sccur togsthar
axcept when a hsamolytic zgent is in sufficient
concentration in the circulation to groduce intravasculer
taemolysis,

The subsequent discussion refesrs to hasemolysis
in_vitro snly, |

342, Haemolysis in wvitro

Heamolysis in vitro results {rom a breakcdown in
osmotic regulation which may bhe due to three fundamantal
chanoes,

(1) An ionic imbalance betwesn the cell and the

vathing medium - gsmotic heemolysis,

(11) 1Increazsed membrane Qermaaﬁility due to
physical and chemical agenis such as
haemolysins - colloid g¢smoltic hasmglysis,

(111) Alteration in the normal metabolism in the
cell membrane which lesds to diminished active
transport of cations.

3e3.  Osmotic Haemolysis

suepansions of red cells in an isotonic solution
which is diluted vith water swell until the membrans
bursts and haemoglobin is liberated, dtudies on the
osmotic properties of the red ©sll hsve been described
in detzil (Jacobs, 1930, 1232), s the re&d cells ere a
netsrogenecus group of different ages, their fragility to
hypotonic sclutiens veries, and when the percentage
fiaemolysis is plotted against the ionic concentration
a sigmoid curve is obtained (Ponder, 1948), Ffurther
investigations demonstrating the different suscectibilities
of red cells to hypotonic solutions have been published
recently {Bowdler snd Chan, 1969). {lther investigations
have shown that the osmotic fragility of the red cells
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are markedly influsnced by temperature and the time of
incubation (Mortenson, 1963a) and by the pgH aof the medium,
These investigations snowec that maximum hasmolysis
cecurred in hypotonic solutiore at pH 6.7 {Mortenson,1963hb),

i
Ao

ofe Colloid Usmustic Heasmulysis

Colloid ocsmotic haemolysis is sean when damage to
the red cell membrane results in an incressed permeability
to cations with leakage of K' and an increased rate of Wa'
entry, As the maintenance of the ionic gradient breaks
douwn, water enters ths cell to maintain opsmotice gouilisrium
with a gradual swelling af the cell into =z sphere, A
point is reached when the cell reaches approximately 1603
of its sriginal volume when rupiure cccurs and haemoglobin
is released.,

The changes which occur in the wembrane may te gf
two types (Jandl, 1965). The first anvisages the
development of small holes in the membrane and may be
produced by sulphydrvi inhibitors, These substances
alter the membrane without interfering with the olycolysis
or active tramsport. The rate of eniry of cations into
the cell is so great that they cannot be compenssated for
by the pump mechanism and swelling cccurs. Ag the holes
are small, the addition of =mall molscular weight sub-
stances such as sucrose Lo the batning medium may prevent
Further swelling and hasmolysis sccocurring, dtheruise
the process continues until cell vupture results in about
ene hour {Jacehs and Jandl, 1962).

Aprimary moderate incresse in permeability may be
differentisted from metabolic failure by the fact that
glucose consumption is unaltered.

The second type of change is obsserved wuith
haemolysis which occurs within seconds or minutes, and
which is due to agents such as saponins or complemsnt
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fixing antibodies. It is postulated that they form
larys holes, possibly 80 - 100 5% 4n diameter, with the
loss of k¥, phosphatas and proteins (Seeman, 1967). The
additicn of moleculaes with a molecular weight 1n excess
of 13,000 may temporarily delay haemolysie but sucrose
has no effect (Jandl, 1965).

3,5, Haemolysis due to Impaired Metabolism

Cells deprived of glucnse show impaired actlive
transport of x* and wa®. They may bacome depleted of
glucose in a period of 6 hours 32 they have no stores af
either glucose or glycogen, In vitrg the celle undergo

crenation and then swelling which will later slowly progress
to haemolysis over z period of several days.

gUnder normal circumstances this is not an importent
factor when examining haemolysis in vitro orovided fresh
cells are used and an adequate supply of glucose is
avallable in the suspending solution (Maizels, 1951).

4, HAEMOLYSINS AND HAEMOLYTIC &GENTS

4,1, Classification
5 satisfactory classification of haemolysins is
not possiblse, 1t would be desirsble to divide them into
categories based either on their chemicsl structure or
according to their mode of action, However, in most cases
neither the structure nor the mode of action is known.
For the purpose of the following discussion
haemaolysins are dividad into the following main groups.
1. #hysical or mechanical agents
2., Chemical agants
3. 3iological toxins
4, Immunologicel agents.
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4,2, Physical and Mechanical Agents

The haemolytic #ffects of ultravioclset and visibls
radiation on red csells have been examined (Creen, 1956),
as well as the effects of maasive doses of YX-rays {Sheppard
and Heyl, 1951) and alternating currents (Poppendick and
Hody, 1963), More recently interest has been centred
on cardiac surgery and the psassible changses in ths red
sall (Hell, Petrioglu and Frazer, 1967) and the gffects
of intracardiac prosthetic devices (Sesrs and Crosby,
1965}, An in vitro examination of mechanical factors
causing haemolysis was undartaken using agitetion with
quartz haeads, The degres of haemolysis was influsnced
by the amount of trsuma, pH of the medium ang the presence
of carbon dioxide (Po-Tum Fok =znd Schuboths, 1960). The
presance of 17 albumin was shoun to provide some protection
to red cells from the trauma of extra.corporeal
circulations (Garfin, Indeglia, Shea and Bernstein, 1968),

The lytic effects of freezing and thawing have been
attributed ta an increaese in the electrolyte concentration
in the unfrozen callular fluid, slthough the mechanical
effect of ice crystals may contribute to membrane damage.
Heating on the ather hand produces morphological changes
in the red cell and at 48 day. sphering an: irreversible
damage to the maembrans occurs,

b4o3s Chemical Hasmolysins
These are divided into the following groups:

{a) Inorgenic compoundgs

(b) Lipid sclubls organic compounds
{(c) Surfactants

{d}) Steroids

(e) vitamin 24 and polyene antibiotics
(f} 3Synthetic phospholipids

(g) Proteins and polypeptides

(h) Fluorescant dyes.
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403(a) Inorganic Compounds

The haemolytic activitiy of colloidal silica was
first described by Hartley and Margolis (1961) who shoued
that particles of z size betuween 3.5 and 7.0 nm uerse the
most sctive. Thess ohservations were later extended to
includs silica dusts of varying composition {Stalder and
stdber, 1965), and amshestos powder (fMciab end Harington,
1967). The lytic activity of silica was revieuwed by HNash,
Allison and Harington (1967, and it was considered that
in aqueocus solutions polymeric silicic icid acted zs3 a
hydrogen donor in forming hydrogen honded complexes betueen
active groups, such as nuaternary and phosphate ester groups
in phospholipids, a2and to 2 lesser degree between secondary
amide groups of wprotein, Haemolytic activity may ba
inhibited by substances such ag colyvinyl nyridine~N-oxide
which forms preferential hydrogen bonding with the silica
(Schnitzer and Bunescu. 13570,

The haemolytic =action of mercurizal and organo-
mercurial comnounds uwas described by Arbuthnott (1962;.
The mode of action appears to be =2ssociated with z change
in the structure of ths membrasne followed by = reaction
with sulphydryl groups in the membrane (Zngelone, 1965).
Glutathione has been shown to be an inhibitor. The
haemolytic activity of copper (Mitral, iahal and Bonsal,
1966, iron (Fielding, 1963), lead and silver has probably

the same mode of action.

4,3(b) Lipid Soluble Organic Compounds

The number of organic compounds which produce some

degree of haemolysis is extremely large and cannot be
adequately covered by name in this survey. Hansch and
Glave (1971) have grouped 2 large numbsr of organic
compounds together and examined a series of parameters

which include the octamnol/water partition coefficient.
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They have attempted to compare the haemclytic, narcotic
ang antibacterial activities of the sutistances. They
were able to demonstrate specific correlations bstusen
moleculsy structure and hzemolytic activity which could
be raelated to partition coefficients.

(ther investigations have been described correlating
the potency of phenothiazine derivatives asg tranquillizers
with their heemolytic activity (Freemen and Spirtes, 1962).

4,3{(c) Surfactants
3oth anionic (Rideal and Taylor, 1956; ARideal and
Taylor, 1958 and cationic surfactants (Love, 1954, 1856)

produce haemalysis which is characterized by two phases =
an initisl rapid phase followad by 3 slow haemolysis af
the remaining cells, fne initial rapid phase requires
the presence of free phospholipid, and may be eliminatad
by sepented washings of the cells. The rapid phase can
be induced by the addition of the cell washings or lecithin.
The slow phase involves the adsorption of ths surfactant
into ths phospholipid comnonents of the membrane with
disruption of thse normal structure and lysis (Hooghwinkel,
De Aooij and Dankmei jer, 1965). The reaction appears to
be unaffected by the use of cells of diffarent species or
composition. The kinetics of the slow phzse have heen
shown to be similar te saponin haemolysis (Rideal and
Teylor, 1958), The nonwionic detergent Triton X-100
shows a saponin-like haemolysis withowt the initial Fast
phase, Sheep red cells show an unusual susceptibility

to this surfactant (Coonaey and Drake, 1967),

4.3(ct) Steroids
5teroids producs haemolysis of red cells, the

sctivity being most pronounced in the 54 ~ H series;
the S5« - H steroids and those oxygenated at the carben 11
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pusition or with an - hydroxyl at the carbon 17 position
are non-lytic (Cuthbert, 1967). Non-lytic steroids
augment the activity of the lytic stercids {Weissmsnn and
Keiser, 1965). The precise mode of action of the sterajds
is unknown but it is presumsd from the structure of active
znd non-sctive molecules that they interfere with the
normal membrane configuration by dif?uaing into the
membrane and aligning their molecules so that the polar
groups are exposed on ths surface. It is suggested that
this forms sreas of high electrophilic intensity which
tend to disrupt normal membrane structure,

4.3(32 Vitamin & and Pelyene Antibictics
fhe polyenic compound vitamin A has been shown to
be & potent hsemclytic agant (Dingle sad Lucy, 1962).
The activity is confined to vitemin 2 alcohol and aldehyde
but the acid hes little activity. initially it was
thought to =ct by complexing with cholesterol but more
recantly it has been demonstrated that lescitnin, rather
than cholesterol, is the membrane constitusnt involved
(Luecy 2no Cingle, 1964, Bangham, Dingle and Lucy, 1964).
The mode of acticn of polyene antibiotics, such as
Filipin, appears to be different’E6 vitamin A and involves
the presence of cholesterol {Kinsky, 1968),

5.3(Ff) Synthetic Phospholipids

The lytic properties of syntnetic lysolecithins,
lecithins and related compounds have been examined (Reman,
demel, De Gier, Ven Deenan, Eibl and uwestphal, 1969},
The lytic properties of the lysolecithine are assaociasted
witn the Fatty scic carbon chain length, being optimal
at 16 to 18 and losing activity above and balow ithis
figure, Double bonds in the chain appesr to render the
material less active, The distance between the
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guaternary nitrogen and the phosphate bond is of 1little
significence. The changes which are considared to taks
place are as follows: adsorption to the membrans,
penetration of the lipid complex of the membrane, change
in molecular arganization folloued by changes in
permeability and lysis.

4,3(g) Protein and Polypeptides.

protamine is e basic protein with a mol.ueignt of
4000 to 5000 which causes haemolysis in red cslls at an
optimal tempaerature of 37 deg. (Beckar, 1961), Other
sgsic proteins and polypeptides, such as polylysine, are

also capable of causing haemolysis.

There are in zddition a number of naturel products
uhich are proteins or polypeptides in structure and which
are haemolytic, but these will be discussed later under
their sourcse of ocrigin.

4,3(h) Fluorescent Uyes

The heemolytic activity of photodynamic substances
has been briefly reviswed by Whittam (1964), Goth light
snd oxygen are necessary for activity, and the speed of
the reasction may vary from s few seconds te minutes, The
suggaested mode of =ction is such that iight, acting on the
sensitizing agent, provides the energy to cause oxidation
of membrane constituents, The effect of tempereture on
the rgaction hzs baen exsmined (2lum and Kauzmann, 1954)
and sventa leading %o haempolysis have keen recently
described (Horgese and Green, 1962},

4,4, Biolagical Toxins

slthough it would be desirable as taxonomists to
classify the spurces of the hasmolysin according to phyla
this is relatively unsatisfactory =s the sourcaes of thase
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agents are confined to a few classas of organisms, Based
on our present knowledge a rather emperic subdivision hes
been made which is as follous:
(a) Plant hasmolysins
(b} Microbiological haemolys=ins « viruses and.
bacteria
(c} Haemolysins «f merine origin - protozoa,
coelenterates, schinoderms and venomous
fish,
(d) Haemolysins from insgecta
(8) Hasmolysins from Arachnida
(f) Heaemolysins from imphibia
{g) Haemaolysins from Heptilia

d.4,{a) DUlant Haemulysins The most significant haemoly-

sins ¢f pleant origin are the glycosides, These comprise
a lerge series of compounds and include saponins, The
aglycones which are formed by enzymatic hydrolysis are
described as the genin, or in ths case of saponins, as
the sapanogenin {Coffey, 1967). These are 17 - ketoster-
cids of cyclopentaperhydreghsnantihrens, In aqueous
solutions they have the propsrty of concentreating st the
surface and lowering surface tension, They cause
membrane disruption and haemolysis by their particular
affinity for cholesterol (Socllmann,1957). Although the
lytic activity was originally considered to be

associated with the suger components of the moleculs,
work in the hasmolytic activity of sapogenins indicates
that the genin is the most active component of the mole-
cule (Segal, #ansour and Zaitschek, 1966}, Surface
activity as measured by the ability to lousr surface
tension is not relatad to haemolytic activity,
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4lthough the most common examples of saponins
#re of plant origin, =n important group of saponins of
marice origin have bean discovered recently snd uwill be
discussed later,

“n unidentified heemelysin hes also been isplated
From the plant fhus strista (Hurtado, Aurnall, Medina and
Layrisse, 1965),

4.64.(b) Hicrobielogicsl Haemolysins., 4 variety of
cytolytic Lexins nmﬁ%’ﬁaen isolatad from bacterie and
viruses. The main ones are the £, 8, snd$ toxins of

Staphylococcus zureus, streptelysin 5 streptealysin 0,

L and @ toxins of Cleostridrium welenil, toxing of

Clostridriue septicum, tetanalysin, pngumolysin, and the

lytic toxins of Streptococcus zymogenes (Hasinger and

Jackeon, 1968), These substances are proteins giving
risg te neutralizing antibodies and are all lytic to
erythrocytes at various concentrations, The precise mode
of action of these substances is still unknoun.

Howevar, tha various substrates or receptors for
which the ingividusl lytic agents havs an affinity have
been summarized by Usissmann Sassa and Oernheimer (1966).
They are as follpows:

Toxin substrate or feceptor
Substance
Cl. welchii £ ~ toxin Phosphatidyl choline
Ss_Bureus A - toxin Sphingomyelin (Maheswaron
and tLindorfer, 1967,
Jiseman, 1968)
Streptolysin O Chaolesterol
Streptolvsin & Phosphatides (Davie and
Srock, 1966)
Je BULBUSE - toxin Phosphatides

:e_aureus A- toxin Phosphatides

e
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Of these substances thed - toxin of aAUT BUS

S,
has been investigated mast thoroughly, Some initiasl
evidence was produced to suggest that the substance
had an enzymatic action (Robinson, Thatcher and #ontford,
1960, Cooper, Madoff =and YWeinstein, 1564}, This toxin
shows lethal, lytic and dermatonecrotic activities which
appear to ba the result of e single substance only (Lamninski
snd Arvbuthnott, 1962), However, the toxin which shous
anly & single line on gel diffusion and immuno-glectro-
shoresis demonstrates 3 to 4 componants on electrofocusing,
{Uadstrom, 1968), The £« - toxin is characterized by loss
of metivity en heating to 60 deg. but is reactivated on
further hesting to 100 decq. Thia loss of activity is
cansidered to he due to combination with an innhibitor
which is destroyed st 80 deg. The lsthal and dermatoe-
nacrotic activities show a similar loss of activity
which suggests further that the three are the manifest-
astions of a single substance. {Manchar, Kumar and Lindorfer,
1066 ). Tha nrecise mode of action of the lysin {s not
known, but there is avidence that it is not a phospholipase
and it has no proteoclytic asctivity (Bernheimer, 1968,
FMore recent work suggests that the lytic action may bs
the result of its surface propartiss {Buckelaw and
Colacicco, 1871).

The lethal toxin of Bacillus csreus contains both

hasmolytic and lecithin hydrolysing activities, The
latter sppsars to be due to = phospholipase C and is
distinct from the other lytic fraction {Johnson znd
Gonvaentre, 1967).

The bacteriocvecidal znd haemolytio agent =laborated
by Streptococcus zymogenss is also a complex lysin.

Kinetic studies suggest thnat it is an enzyme which is
formed by the union of two insctive precursors (Basinger
and Jackson, 1968),
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Hasmolysins have been described in toxins glaborated
by Lscherichia goli (Welton and Smith, 1969}, Lorynbacter-
ium gvis {Frazer, 1961), Leptospira pumona {Bauer, Lamas,
3leight and Fergusen, 1961), RicHettsia (Bovarnick and
schneider, 19680), Cholera uibrioc £1 Tor (Watanabe and
Seaman, 1962) and fiycoplasme pneumonise (Cole, kar and
Martin, 1968),

The virusee of Hewcastle Virus Ulisesse and measles
have =lso been shown to produce lytic substances,
(Klemperer, 1960, MNeio, 1961]).

4,4.(c) Haemolysins of Marine Origin.
Frotozoa. Studies have been made on the

phytoflagellate Prymnesium parvum Carter {(Helch, Bergmann
and Wedron, 1966). The haemolysin can be obtained from
both agueous snd methanol extracts, The substances
rasponsible for the hasmeolytic and ichthyotoxic preperties
are similar zs both are soluble in water and methanol end

insolukle in acetone, they are neon-dialyzeble and are not
retained by aznionic or cetionic exchange resins. Hath
the ichthytoxin and the haemolysin are destroyed above
a temperature of 70 deg. (3hilec and Rosenberger, 1960},
The texin, which is described az a Lipid-carhohfdrate—
protein complex, consists aof several components with
different sctivities (Reich, Cargmann and Kidrun, 19668),
A study of the kinetics and binding to the red cell
membrane havs been examined and the lysin proocuces o
sigmoid curve of ihasmolysis similar to that seen with
saponin (fartin snd Sadella, 1971).

Gymnodinium brsyg secreted & toxin which has =zlso
been shoun to lyse the erythrocytes of the rabbit (Saster
and Abboit, 1969),

Coidaria. This phylum wihich is referred to as
cnidaris or coelenterate is characterised by crganisms
containing nematocytes. Some difficulties have been
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associated with the isolstion of the texins end hsemolysins
due to the iabile nature of the active components,

Lane and Jodge (1958) described the toxicity of
materiel derived from the nematocysts of Physaslia physalia,

In the original work no hasmolysin was described. Houvever,
later investigations in which the touxin was injected into
dogs a rise in potassium levels and slight haemolysis was
noticed, The disproportionate rise in potsssium levels
in the serum was sttributed to the toxin acting like ouabsain
on the ATPase system (Hastinos, Larsen and Lane, 1967).
The toxin has beer shoun to have phospholipase & and B
activity. hut it is doubtful whather they are of any
significancefrom the point of view of tne toxic sction of the
venom 28 the phospholipase is very haat steble, while the
true toxin is heat labile. Heated toxin hes little or no
affact on animals, In general the physalia toxin is
considered to contain other wroteslytic enzymas and
biologically active peptides (Stillway and Lane, 1971).

The tentacle extracts of the Jox jellyfish Chironex
fleckeri produces » hasmolysin which was firat describaed
by wiener {(in Southcott and Kingston, 1959}, The
properties of the haemolysin bave been examined {Keenand
Crone, 1969z, ELndean, Duchemin, McColm and Fraser, 1969,
Baxter and Marr, 1969) and it is & protein with 2 moiscular
weight of 70,000 approximstely (Crone and Keen, 1969,
Crone and Keen, 1971}, The degradation of the haemolysin
by proteolytic snzymes has been described (Hexter =nd Marr,
1971), The haemolysin appears to be an impertant component
of the nematocyst toxin, and the detailed pharmacology of
its effects on the cardiovescular and rsspiratory systems
have been descrived (freeman and Turner, 1971, Turner and
Freeman, 1969}, Separation of the tentacle extracts by
Sephadex (=200 chromatography produces two main fractions,
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ong lethal (molecular weight 150,000, and the other
haemolytic. The relationship af the hasemolytic fraction
to the dermatonecrotic and lethal activities have been
examinsd (Keen and Crone, 1969%u). Soma-éiﬁﬁ:;g;ffer&ncna
have been noted between the phermacolugy uf wholé tentacle

zst'

(Endesn and Mable, 1971), but petent haemolysins &

¢

extracts and extracts frem concentrates of nemats
praesent in both, h

Extracts from the tentacle of the related box
jellyfish Chirops=lmus guadrigatus have been examined

and shown to have a hasmolysin which is similar te that
seen in [, Fleckeri. However, there are differences of

heat stability and the tuo lysins apoear to be
immunologically distinct (Keen, 1971).
The toxin of the sea nattle Chrysacra guinguscirrha

has a number of aimilar Ffesatures posseszing haemolytic,
dermatonecrotic and lethal =activitiss, Also the toxin
affects the cardisvesculsy system of the rat Iin a manner

—~

similar to that seen with L. fleckeri and T, guadrigatus

toxin (Burnett and Coldnsr, i909). The hesemalysin may

he separated from the lethal and dermatonecrotic activities
and is very labile and of low potency (Zurnett and Coldner,
1971), i

tchinodermata. Almost all cells containm sterols

which are essential for the structuze and integrity of

the membrane. Houwever, many land plants and some animals
have evolved steroids which have both a poisonous and
haemolytic activity.

Saponin-like sterecids hava only raecently been
gbtained from certain marine organisms such as ses
cucumbears, The materiasl is concentrazted in the Cuverian
tubules and the active principle has been called
holothurin (Nigrelli and Zahl, 1952}, The material has
been characterized as a glycoside with = steroidal
aglycone and four molecules of monosaccharide (Nigrelli,
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Chanley, Kohn and Sobotka, 1905), It falls into the
same category &8 & cardiac glycoside (Charlay, Perlstein,
Nigrelli and Sobotka, 1960), snd its heemolytic activity
has bLeen compared with that of ssponins and digitonin
{Thron, 1964), in general they each asppear to have a
similar mode of sction although the activity of the
holgthurin is greater then that of aither of the other
two substances.,

Stercidal glycosides have also been isolated from
the poisonous starfish Asterias zmurensis (Yasumoto and

rashimoto, 1965, 1967). Two saponins called
Asterosaponin A and Asterosaponin B have heen isolated
snd their pharmacological properties examined (Freiss,
Durant and Chanlay, 1%68),

denomous Fishes, The haemolysin elaborated by the
box fish Ustracicr centigenosus has been examined in detall
i2oylan and Scheuer, 1967). The material has & formule

af C,4H,gN0,Cl and analysis suggests that it ie a choline
chloride ester of J-acetoxyhexadeconic acid, Therefore
there is a structural similarity to a cationic surfactant
agent so that its haemolytic properties can be understood.
Haemolytic activity has been described in the venom
glands of other fishes, The poison apines of the Uesver
fish (Jrachinus Urace) were described by Evans {1987 ;,

and the haemolytic activity in the venom demonstrated,
The naemolytic mctivity was enhanced by the presence of
serum 2nd was stable to heatf%S deg. ¥for one hour, The
lytic asctivily has besen noted in wivo (Skasie, 1962).
However, the precise chemical composition has not begn
defin-d (Halstead, 1974},

The haemolysin in the venom obtsined Prom the dorsal
and pectoral spines of the catfish (Plotosus lineatus)

reguires na lecithin or serum to sctivate it} results



suggest that these substances ect zs inhibitors,
Haemolysis occurs at &n gptimal temperature of 37 deg.
and the material is relatively hsat stable, it is
probably a protein as it is antigenic (Halatead, 1970).

The naemolysin cotalned froem the venom of the
stonafish (3ynancejs horrida) is inhibited by sarum but
reactivated by lecithin (Quhig and Jones, 1928, Wiensr
(1955) showsad that the venom lysed guineas pig red cells,
but large quantities were required and lysis was rarely
completea, fthe absence of haemclysis in animals dying
uf snvenomation suggests thet this szctivity was not an
important manifestation of intoxicstion,

Gobo,(d) Haamolysins from insecta. Ttie venom of the

e

\

honey bee: (Apis msllifers; is complex mixture of

a

peptides, proteins, sugars and lipids (U'Connor, Yendsrson,
Mzlson, Parker and Peck, 1967). The haesmolytic =ctivity
may be divided into two types - direct and indirect; an
indirect lysin requiring the presence of lecitihin has baen
identified as a phosphsliipase A, and a direct lysin, which
e in the polypeptide mellitin fraction of the venom
(Rothschild, 1965), The precise mode of sction of the
active polypeptide Fraction has bsen sxamingc and it
appoears that it may pemetrete tihe lipid components of the
red cell mambrane csusing lces of normel structure (Sessa,
Frier, Colacicco and Ueissmann, 1969), A further fraction
which has surfece sctivity has also been identified and
this is separate from both the phousphcolipasse A and mellitin
{Shipman and Cole, 196%), A phospholipase B has also
been isclated but its relation to the other factors is
anot knoun (lDoery and Pearscn, 1964,

An unusual haemolysin has been cbteined from Lhe
verom of the Fire =nt (Jolenapsis ssevissime rickteri Foml).




31

The whole venom is called solenaming and consists of
two amimes which are derivations of 2 methyl - 3 hexadecyl-
pyrroline and 3 - pyrroline, Joth solaemine and a syn-
thetic gyrroline derivative similar in structure to a
component in the toxin are haemolytic, but their precise
mode of action is unknown {3ennet, 1967),.

The Australian bulldog ant (FMyrmecia pyriformis)

has a venam containing both a direct snd indirect lysin
(Lewis, ay and De iLa Lance, 1568), The indirect
hasmolysin is due to s phospholipease A, bHut =z direct
lytic factor is also presaent, being demonstrated by the
enility of the substance to lyse cells in the absgnce of
lecithin, The venom has been separatec into seven major
gsrotein components., However, the identity of mode of
action of tne direct lytic factor has nct been fully
identified (Wanstall, 1969).

Haemolytic sctivity in scorpicn venom has generally
been attrisuted teo the presence of a phospholipase A,
& pumber of species hg?% been examined and it appaears tnat
the lytic activity As.not a universal finding (FPosin, 1969),

in exsmination of the scorpion Lelurus guinguesbriacus

found in the Sudan showed Lthat it had no phospholipase
activity, although no attempt was made to demonstrate any
other lytic activity (Ibrahim, 1967},

4.,4.le) Heemolysins from Arachnida, A number of clinical

descriptions of bites from the genus Loxoscszles have Gaen

reportec with haemolysis in vivo (Minten end Olsen, 1964,

Denny, Dillaha and Morgan, 1964, A comparative study of
the venom in three species haes been made, All have

haemolytic sctivity but L. rufescens was the most potent

{3mith and Micks, 1968 . The venum contains a phospholipase,
as lysgghospghatides could be demonstrated after incubsting
the venom with lecithin (Denny, Uilisha and Morgan, 1964).
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Further work has bean undertaken to analyse tha fractions
in the venom and identify their actiwvity. {Morgan, 1969,

Kniker, Morgan, Flannagan, Reagan end Jillaha, 1869).
d4.4.,(f) Hawmolysine from Amphiuie. ikin secretions of

newts Triturus cristatus, T, vulgeris, T, gyrrhogastar

amd the orange speckled toad fombina variegata shouw 2

haemolytic activity which is attributed to basic polypap=-
tiges. There is alsc a 1lysin in the skin secretions of
Hylie asrborga {Curopeen tree frog) and [, dalmatine { Jumping
frog), which is less potent (Kies and Michl, 1962}, The

separation of the active fractions in newt secretions has
heen achieved (Bachmayer and Michl, 99643, and a detailsd
investigation of the haemolysin in 8, verisgata has boeen
made (Kaissr and Kramer, 1967). The zuthors believe that
the lysin may ect like mellitin in bee venom, Dy causing

disruption of membrane lipoprotein,

4ebo(g) Haemolysins from fFeptilia, The literature on

the haemolysins of snake venoms 1is extensive and has baan
reviewsd by a number of worksrs (Rosenfeld, Kelen and
Nudel, 1960-2; Condrea, Je Vries and Mager, 1964 ). The
lytic activity of the venoms can he divided into two types
dirsct (OLF) 2nd an indirect, which requires the presence
af lecithin and is » phospholipase A, A similar composite
lytic sctivity hes been described for bee venom, The
haemolytic propertias of the venoms are complicated by the
verying susceptibility of the red cells of different spacies
(Condrea, fMammon, Aloof and De Vries, 1964, CLondrea,
Kendrzersky and De Vries, 1965), and the presence of
inhibitors in serum (Luzzio, 1967j.

The OLF is & basic protein and the amount af both
shospholipase A and DLF in most snake venoms is small uhen

compared with bee venom. Sgparation of the two fractions
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has proved difficult even when using modern methods of
chromatogrsphy (Slotta, Gonzalez and Reth, 1987),

The OLF is essential for the actiorm af the
phospholipase A when washed red cells are used, The
OLF apoarently mskes the phospholipid of the red cell
membrane avallable for hydreolysis. Dlgitonin and
surfactants can act in 2 similar manner, Consequently
the effect of different species nf red cell on the
haemolytic sctivity resides mainly in the ability of the
OLF to prepare the cells for phoapholipase activity,
Thus sheep and camel cells are resistant to the haemplytic
activity of cobre venom, but the phospholipids of ghosts
of these cells are readily hydrolysed by cobra venom (Kelen,
Resenfeld and Nudel, 1960-2, Condreas, Mammon, Aloaf and
De Vries, 1964), More recent work has implicated calcium
fons in the reaction (Lankisch, Lege, 0ldigs and Vogt,1971).

There have been some recent revisws on the relation-
ship of the OLF and phospholipase A in various venoms.
There have bean rasports on Crotoxin (Hendon and Frasnkel-
Conrat, 1971), Nasjs Naja venom (Colaciccoe and Rapport,
1966), Echis coloratus venom (Klibansky, Ozcan, Jashua,

Ojaldslhi, Sessler and De Vrles, 1966), Habu snaka venom
(Kurashige, Hara, Kawakami, and Mitsuhasshi, 1966}, and
similar investigaticns have haen made on Australian snake
venoms,

Early reports on heemolysins in Australian snake
venoms were made by Holden (1934, 1935), and the relative
proportion of phospholipase A and OLF in a number of
Australian snake venoms were described hy Doery and
“earson (1961}, Later the same wvorkers described a
phospholipese B in the Australian black snaks {Vseydechis

corphyriacus) and a variety of other indigenous snake

venams {(Doery and Fearson, 1964.).
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445, Impunological Agents
In 1896 tordet showed that there was a factor in

normael serum which uas necessary for the lysis of foreign
red cells, The quantity of this lytic metsrial was not
increasecby immunization, Later it was shown that the
lytic power of the serum was dependent on heat lszbile
“complement®, together with heat stahle specific =zntibody,

It soon became apperent thet complement was not =
single factor, a2nd over tie past tuwenty years more and
more components of the system have been isolated, the
present total being eleven {Polley and Muller«tberhard,
1966 ),

The changes which occur follow the imitial reaction
of binding of the specific antibody snto the red cell
surface. A subcomponent C'1 is attasched to the call and
the remaining components of the C'1 system, namaly, C'1§

2¢

and C'15 are Fixed provided Ca”  is present. This results

in the genersticn of C'1 esterase and activated C'1, and

then C'4q binds onto ths cell. The esterase attacks C'2
splitting it into C'24 end C'25 and the latter is added to
the complex on the cell surface, The latter two steps

ars dependent on esterase and may be inhibited by
di-isapropylphosphofluoridate. This reaction is rapid
but the succeeding steps are slow, with the attachment of
C*'3 with its four subcomponents, If C'1422 does nat
react with C'3 it decays, The final product EAC142:3chad
represents the stags where the cell is irreversibly

demaged {Firken and Wily, 1965),

b ]

- dt
- Ha -
E + A —> EAC'1q «=> [ Cighs
EAL" 124
| Past Mg2*
AL 1a42a
S5low

£ C142a3ebed
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These changes have been worked out For gshesp red cells,
rabbit antiserum and guines pig complement.

The initial effect of complement on the red cell
membrans is to produce increased caticn permeability with
cell swelling, Only lataer in the resction do large holeaes
appear in the membrane with the liberation of haemoglobin,
Although it has been suggested that only a specific site
on the membranae is affected, s=lectron microscopy shows
many =zreas of damage (Frank, Dourmsshkin and Humphrey,
1370 ).

Human red celles gsensitized by reacticns other than
those 2ssociated with antibody can bind complement with
subseguent haemolysis (Yachnin and Ruthenberg, 1865s,b).
1t is thought that the binding of complement to human red
cells occurs following on & change in net charge on arsas
of the cell surface (Polley and Muller-Lherhard, 1966).

5. EVENTS ASSUCIATED WITH HAEMOLYSIS

o1 Utilization of Lysin

The changes which are assccieted with Lhe addition
of the lysin to the red cell suspension are complex and
difficult to interpret in a general msnnsar,

it appears that the lysin is First adsorbed onto the
cell membrane so that only & proeportion of the added lysin
may bhe utilized. The lysin thnen reecis with the membrane,
gr a specific component of the membrane, producting
instability and leakage of intraceliular contents, This
may be ane of adsorption and penetration of the cell
membrane in a manner similar to that described for mono-
izyers {(Caty and Schulmen, 1949, Matalon and Schulman,1949),
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Gn the other hand there may be & chemical complexing in
the membrans, or degradation of a component duse to
enzymatic action which subsequently interferes with the
stability of the membrane.

9.2 Frolytic Phass.
This is the period from the time the lysin is added
to the stage where haemolysis commences. The alterations

which occur in the cell result from loss of intracellular
potassium and replacement with sodium., This produces
volume changes and spherocytosis, As the lysin causes
further damage to the cells, the membrane bescomes permeable
to haemoglobin and haemolysis occurs,

5,3 Lytic Phasa.
Tnis stage lasts from the time of haemolysis of the

least resistant cells to the time of haemolysis of tha most
resistant cells, with the rate of haemolysis dependent on
the lysin concentration. The loss of haemoglobin converts
the cell into a ghost but in many cases the loss aof
hasmoglobin is not complete, In the case of hypotonic
hasmolysis, the red cell ghost assumes its discoidal form
immediately after haemolysis, A mass of precipitated
haemoglobin may be seen around a single membrane break
which may be as large as two microns in diameter (Baker

and Gillis, 1969), During the course of haemolysis the
erythrocytes are parmsable both to small and large
molecular weight materials (Sseman, 1967),

The morphological changes accompanying haemolysis
have bean examined by electromicroscopy (Dourmashkin and
Rosse, 1966,. Usmotic haemolysis produces tubular
extrusions from the membrane, or large clear rings may be
seen. Saponin haemolysis also produces holes, while
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digitonin produces & rigid crystalline appearanca.
“hospholipase L produces large defects in the membrane
approx. 500 5 in diameter surrounded by a dense ring.

A8 the changes are produced by indirect methods,
their precise significence is not xnown,. Nevertheless
it 1s felt that one defect only is necessary to permit
the efflux of heemoglobin,

2.4 Stromatolytic fPhase
This phasse consists of the continued reaction of

the lysin with the stroms of tha red cell ghost. flthough
Fondar {1%48) considers that this phase commences anly
after complete haemolysis has occurred, the process
actually commences immedistely aftsr the first cells nhave
haemolysed, This part of the haemolytic reactiocn has
raceived little attention, It consists of further
utilization of the haemolysin, liberatiorn of material

which may be inhibitory to the lytic process and

disintegration of the stroma,

. METHODS OF ESTIMATING HAEMOLYSIS

6.9 Hszemolysis Curves

Methods are usuaily chosen to provide both
quantitative and qualitative measurements of the lytic
process,

The thres main variables in the reaction are the
concentration (or diluticn) of the haemolysin, the number
ef red cells, and the time the reaction is allcwed to
proceed, Using these thres variables, three standard
cambinations may be Iinvastigated.
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(a) Iime-dilution curves. The concentration of
red cells ia maintained constant while the
time to reach a fixed level of haemolysis is
examinad over a range of lysin caoncentrations.
For technical reasons the level of haemolysis
chosaen is usually 1004 haemolysis. This type
of relation was used extensively in ths examine
ation of the hasmolytic reactions of saponin
(Ponder, 1948}, and anionic end cationic
detergents (Lovu.-[BSé, Rideal and Taylor,1956),

(b) Rercentage haemolysis curves, Thesa are

abtained by measuring the percentage of cells
haemolysed st the end of » given time using a
fixed concantration of lysin, However, thare
are technical difficulties encountered in rapidly
measuring the number of red cslls haemolysad,

(c) Fercentange haemglysis - concentration curves.

These are obtained by allowing the haemolytic
reaction to proceed for & theoretically infinite
time so that hz2emolysis is 100 ger cent complete,
This may provide useful information on the mode
of action of surface active agents (Thron, 1964)
and was amployed to compara the haemolysin of

Ls Ffleckeri with L, guadrigatus {(Keen, 1971).

£.2 TMethods of Measuring the ercentage of Haemolysed Cells

Two standard methods may be employad, ons measuring
the amount of hasmoglobin liberated from the lysed red
cells, and the other the particle density of the remaining
non-lysad cells in the red cell susssnsion.

fiethods which smploy estimzations of liberatsd
haemoglobin are freguently used, and have the advantage
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of accuracy &s there is & linasar relation batwesn the
opticel density (U0) at 540 nm and ths haemoglobin in
solution, fowevar, the method has the disadvantage that
the red cells must be removed before the readings are
taken and in fast reactions this may provide aome
practical difficulties,

The other method employs the maasursment of particle -
density of the remaining red cells. It is simple if TGG%hw and
hasmolysis ia onlyn}equired, the end point being estimated
by eye when the suspansion becomes completely transparent,
However, the method can be used with & spectrophotometer
for measuring percentages less than 100, provided the 0D
8t a wave length above 600 am ia employed (Bawdler and
Chan, 1969, The method is not as accurate as the first
and i8 subject to errors of altsred atsarption by cells
in the swallen prelytic phase, Howaver, it may be used
in self-recording spectrophotameters which provide a
continuous reading of changss in 00 and the rate of
heemolysis under varying experimental cenditions, A
disadvantage is the non-linsar relation betwesn the
particle density and the 00 and estimation gf actuszl
percentage haemolysis must be read off a calibration
CUTVE,

Eel Haemplysis in (els.

This is a method employed 4y microbiologists to
distinguish cells producing lytic endotoxins {£lek and
Levy, 1953}, Tha method may bae employed for qualitative
investigatiors and for approximate quantitative measure-
ments, It has the advantage that the ped cells can be
maintained over 2 period of several days and alloue the
use of double diffusion technigues (Crowle, 1961} far the
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possible identificetion of haemolysins when allowed tc
diffuse against specific antissra {Keen, 1971),

6.4 Inhibitors.

Cartain substances may be inhibitors when introduced
into the hasmolytic system, They may act an the lysin in
the bulk phase or on the membrane of the red cell, making
it less susceptible to haemolysis (Ponder and Ponder, 1954,
1956, In practice differentiation can be readily azchisved
by examining the rate of haemolysis after incubation of
the suspected inhibitor with sither the lysin or the red
cells, The examination uf tns lysin in association uwith

known inhibitors, such as cholesterol, serum or suQars,
may assist im identifying the mode of aztion of the lysin,

6.5 Accelerators.

These rarsly act on the lysin in the bulk phase,
except in rather speciaslized circumstances whare the action
of lgcithin incrsases the activity of phospholipases, The
effect of an accelerator is usually on the red cell mgmbrans
making it more susceptible %5 the action of the lysin,

In saponin haemolysis, benzene and its hslogenated derivat-
ives may act as accelerators (Fonder, 1948), It is
considered that they act 7y penstrating the molecuies af
the membrane lipoprotein complex of the red cell wall
facilitating the action of the lysin (Rideal and faylor,
1956, Klibansky, London, Frenksl and De Yries, 1963},

7. KINETICS OF  HAEMOLYSIS

In general tuo types of processes may occur; eithar
an enzymatic degradation of ths mambrane which follows
first order enzyme kineties, or adsarptinn of the lysain
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cccurs onto the surface of the calls according to Gibbs
adsorption equatien, In some instances both types of
rgactions are proceeding at the same time with the {form-
ation of inhibitors, and acting on a population of cells
with a varying susceptibility te the lysin. An analysis
of the kinetics, using formal chemical equations, may
therefore become complicated.
In 8 more genaral approach, the kinetics are
dapendent on a numbasr of factors.
1. The nature aniconcentration of the
haemolysin,
2. The number and type of red cells.
3. The temperature of the reaction.
4, Miscellangous factars such as pH and the
constitution of the suspending
medium,

7.1+ The Hature snd Concentration gf the Heemolysin
lernheimer (1947) examined = number of haemolytic

agants, many of bacterial origin, snd othsr surface

active agents, He examined the reactions in relation

to the degree of haemolysis zs a function of time, and
thes rate of haemolysis, as a2 Ffunction gf concentration,
Bacterial lysins, such as pneumclysin, tetanolysin and
streptolysin S had & rate of haemolysis directly progortion-
al to lysin concentraticn, and these reactions could be
analysad using snzyme kinetics, Gn the other hand, the
haemolysis produced by saponin and sodium taurocholste
had an exponantial relation to the concentration, e
faature which is common to the reacticn of surface active
agents, A detalled analysis has been made of ths
kinetics of haemolysis produced by anionic {(Rideal and
Taylor, 1956) and cationic (Love 18554, 1956, surface
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active agsents. In the case of toxins and venoms, ths
processes may be complicated by the presence of more

than one lytic agent each with a different mode of action
but often acting in sequencae.

7.2 The Number and Type of Red Cells
The chemical compositions of red cells of different

species have been reviewed by Prankerd (1961). The
nature of the membrane may influence the rate of lytic
activity when one specific component is involved,. However,
this aspect tends to modify rather than control the
reaction.,

The number of cells in a lytic system is important
whean examining agents which act on the membrane surface
(Croes and fluyssen, 1951 a, bj. ffasmolysis is dependent
on two specific features, the amount of lysin taken up by
the cell, and the quantity required teo bring about
haemolysis. When using dilute cell suspensions only small
portions of the lysin are utilized in the rsaction, so
that the concentration is represented by the amount in the
surrounding medium.

Using these principles, Thron (1964) examined the
cellular uptake of holethurin, digitonin and saponin, and
compared the relative potency and mode of action of these
substances, in order to produce a given degree of
haemolysis (50%’uas chaosen, €50 in a time in which the
reaction was complete (6 hours}, s given concentration of
free lysin (bx) was required. The (50 is related to the
number of cells by the following sguation: C50 = axN + 0x3
—. where N is the number of cells, ax the total quantity
of the lysin taken up by the cells and bx the free lysin,
When a serises of experiments gﬁg“undertaken with different
values of N, the graph reilating C50 to N is a straight line
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with a slope of ax. The figure for ax may be used %o
give some indication of the nAumber of mclecules per cell
required to produce thaemolysis, while bx gives soma
indication of the potency of the haemolysin.

7.3 The Temperature of the Spaction

e

¢xperimental results indicate that the effect of
temperature on hasmclysis cannot be related adeguately by
the Arrhenius equatien.® Plotting the logarithm af the rate
of the reaction zgainst tne reciprecal of ths absoluts
temperature does nat produce a straignt line excapt in
those cases where the agent is acting as an enzyme, and
here a straight line is only cbtained over a limited
temperature range (Bernhaimer, 1947). In those cases
where the haemoclytic procesa consists first of adsorptien
onto the red cell Ffollowsd by a second process of lysis,
the affect of temperature on each process may be diffarent.
In these cases lysis procesds at an optimal temperalure
which is usually determined exparimentally.

7.4 EFffect of pH
The effect of ph is also coumplicated as it may

affect tha surfacs of the membrane or produce = change
in the propertiss of the lysain. in systsms containing
saponin, haemclysis ie increased at pH below 4 and above
9.5 (Pondar, 1348}.

g In Kk £
= "“""m s Qr 1 { 8

* The Arrhenius equatian

integrated form In k =_ ~ﬁ% + constant; where k

is the rate constant, R is the gas constant, T the
absolute temperature and £ the activ_ation energy
(Glasstone, 1947).
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8. MODE OF ACTION COF HAEMOLYSINS

£,1 nNiological Considesrations.
Hasmolysis in vitrs is the result of a change in

the normal protein-lipid-cholesterol complex which con-
stitutes tha red cell membrane brought about by substances
which react with one sr other of these major groups of
components, Haemolysins may, thereforse, fall into three
m= jor categories:

1. Enzymes such as phospholipases or protezses.

Z. Substances which chemically bond with the
membrane, such as glycosides or polyenre
antibiotics.

3. Substancas which produce physicochemical changes
in the membrane, such as surface active
detergents,

in the case of substances with enzymatic activity,

the kinetics of the haemolytic reaction and the ldenti-
fi{ication of the breakdown products provide clear evidence
of the mode of action of the substance. However, in

group 2 and 3, it is more difficult to identify the nrecise
nature of the reaction, asnd for this rseson a number of
model systems have been davised to assist in elucidating
this information.

8.2, Model Systems
For a number of years lysis and haemolysis have

been regarded es the end result of an interfacial
phenamenon, =nd the approach to the problem has been
hased un aither the surface properties of the lytic agent
or its ability to penetrate artificial membranss,



B.d Surface Activity of the Lvytic Agent

The surface activity of a substance in an squeous
solutizn is based on its ability to concentrate at tne
air-water interface and lower surfacs tension, In this
way frae anerqy of thes systam is reduced {(Glasstons,1947).

The exact relation betwaen the adsorption of 2
substance at the surface and the surface tension uas
defined by Gibbs in 1878, For dilute solutions, ths
relationship between surface concentration ({7,
concentraticon in sslution {c) and surface tension (Y) is
as follous:

= - ?%m a where R and T have the

usual conrnotations,

Using this approach Pethica and Schulman (1953}
gxamined the relaticn between tha hasmolytic activity
of surface zctive agents and their ability to lowsr
surface tension,

B.4 __The Ability to Penatrate Monolayers.

#“onoslayers nf lipids, proteir or cholesterol may
be prepared at tha air-water interfsce (Gaines, 1966).
The lytic agent may be injected undar the monolayer at
a given surface pressurs Il and the vise in surface
pressure (all} estimated as a function of tima. The
magnitude of oIl is & wmeasure of the interaticn in the
monolayer which is referred to as penetratiecn. (Doty and
Schulman, 1948, Matalon and Schulman, 1949).

The propertiss of proteins (Bull, 1947; Evans,
Mitchell, #usselluhits and Irons, 1970) and lipids
{shah, 1970) at the sir water interface have been revieued
in detail, in the case of protein monolayers {Arnold and
Pak, 1962 cholestarsol monolayers (Schulman and Rideal
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1937a, 1937t; Pethica and Schulman, 1953) and lipid

monolayers {Doty and 3Schulwman, 1549} the changs on

surface aressure has been taken as evidence of the degree

of genetration,

However, more recently the penetration of lipld
monolayers by protein in particular has been divided into
thraa types uhich zre important in the interpretion of
the magnitude of AIl (Colacicco, 19649, 1970, The three
types are:

(a) Free penetration which represents a diffusion
into the surface and the devalopment of a two
dimensional micelle with proteln molecules
surrounding clusters of linid molecules., This
is similar to the original zoncept of panetration,
We envisage a ATl value which 1is the maean aof Lthe
surface activities of the two components, =nd
on compression of the monolayer the less surface
active material will be extruded from the film,

{t) Binding-mediated penstration which is sgen with

films of cholesterol, cerebrosides and other
mixed lipids, This process cansists of
hydrogen bonding or electrostatic attraction
of the lytic agent in the monclayer with an
initial drop in AIl followed by penetration
anc a marked increase in the AIl values,

{c) Binding-inhibited penetraztion where a similer
mechanism of bonding occurs 2s in (b)) ebove,
but the complex formed inﬁibits penstration of
the monolayer. In these cases the AI1l valuas
may be small.

The measuremaent of suriace tension and surface potential

hava been applied to the uncerstanding of the action of a

number of haemolytic agentas. These incluae the enzymatic

hydrolysis of lecithin monolayers by phospholipase A (5han
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and Schulman, 1967; Colacicce and Rapport, 1966) =and
the degradation of protein monolayers by proteases
(Colacicco, 1970); the penetration of cholesterol
monolayers by glycosides (Schulman =nd Stenhagen, 1938)
and surface active agents (Pethicas and Schulman, 1953);
the penetration of mixed lipid monolayers by polyene
antibiotics (Demel, Yan Deenan and Kinsky, 1965; Kinsky,
Demel and Van Deenan, 1967), local anaesthetics (Skou,
1858) and psychoactive drugs (Van Deenan and Demel, 1965);
and protein monolayers with surfactants (Pearson and
Alexander, 1967).

In the case of haemolysins of biological origin,
the interaction of mellitin with lipid monolayers has
been investigated (Sessa, Frier, Colacicco and telssman,
19569), and a similar study was undertaken uwith the «£-toxin
of Staphylococcus aursus (Buckelew and Colacicco, 1971).

In the latter investigstion, the «£-toxin was shoun to have
a high surface activity, and the degree of penetration of
the monolayer, depending on the type of lipid monolayer
employed, was greatest uwith cholesterol and least with
ganglioside., The small increase in AIl with gangliosids
had the characteristics aof binding mediated penetration.

R similar study has been carried out with the
haemolytic fraction of £, fleckeri toxin obtained by

chromatography of tentacle extracts, The fraction shousd
marked surface activity but it was not as great as that of
the «-toxin. A reaction suggesting binding-mediated
penetration was observed with 2 mixed lipid monolayer
derived from rabbit red cells, but the precise component
involved was not determined.

8¢5 The Ability to Penetrate Lipid Bilayers.

Lipid bilayers are theoretically more represent-
ative of the cell membrane than monolaysrs, Although
considerable work has been undertaken on their physical



49
sroperties, investigatiomsof lytic sction have been
unNcommon, Polyene antibiotics have been shouwn to
disrupt bilayers containing lécithin and cholssterol in
the ratio of 131, The amction of ihe antibiotics could o
only be observed when the bilayer contained at least 1U§ﬁhav4ﬁ
cholesteral (Zutphen, Van UDeenan and Kinsky, 1966 uhicg
confirmed the previous Finﬁings in monolayers.

8.6 The Ability to Disrupt Spherulites

The preparation of spherulitass consisting of liguid
crystals of phosphatidyl choline swollen in salt solutions,
was first described by Bangham, Standisn and Uatkins (1965).
The spherulites were shoun to have properties which wers
similar to biolugical membranes and their structures could
ha shown to be affected by sterols, organic solvents and
local anaesthetics (Bangham, Standish and Miller, 1965;
Cuthbert, 1970). They have been ussed to investigatae
tha mode of action »f the mellitin fractien of bes venom
(sessa, Frier, Colaccico and Weissmann, 19639).

8,7 Binding and Pertition systems

Techniques to evaluate binding or complexing of
the lysin may be employed in systems used for the routine
investigation of the properties aof the haemolysin, The
addition of cholesterel, lecithin proteins, sugar ar
sterols to the hasmolytic system may influence the reaction
80 that some information on the mode of action of lysin
may be sbtained, Prior incubation of thesse substances
with either the red ceils or the lysin alone may provide
additional infaormation, Methods such as these havs besn
used to demonstrate the pressnce aof phospholipse A
activity which is wmarkedly accelerated 4y the presencs
of lecithin, or the nresence of ylycoside haemolysis which
are specifically inhibited by cholesterocl.
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The use of partition systems have been mentioned
previousliv. In the case of anasesthztic agents, there
is a reasonable cecnnection between solubility, surface
activity and the oil/water partition coefficient. This
is = logical association =s the thre=s parameters respresant
2 distribution between heterogenesus phases (Ferguson,
1939 ). In the csase of those =naesthetic agents with
haemolytic activity, an indication of potsncy may be
achieved by measuring the octannl/water partition
coefficient (Hansch and Glave, 1971).

Ge  MEMBRANE STABILIZATIUK: SPLCIFIC AND
NOW< SPECIFIC MREMOLYSINS

The subject of membrene stabilization has bsen
reviewed by Seseman (1966). It is demonstrated on the
red cell membrane by the use of sublytic doses of the
heemolysin whicih will protect the c¢ell from hypotonic
heemolysis, The availatle evidence indicates that For
ansesthetics (Seeman, Kwant, S5auks and Argent, 1969) =nd
tranquillizers {3eeman, Kwant end Sauks, 1969; Seeman
and Kwant, 1969), stabilization is the result of membrane
expansion which increases the critical volums reqguirad %o
produce lysis of the red cell.

Membrane stabilization can be dsmonstrated by a
large proportion of haemolysins, such 23 locel anaesthetics,
tranquillizers, antinistamines, sterocids and detergents
(5eaman and Weinstein, 1966% .seman, 1966a, b},

Sgeman has divided bhaemolysins into two groups
dependent on their ebility to produce membrane stsbiliz-
atiaon, The first group he dsscribes is ncn-specific
haemolysins, These have low levals of haenmolytic
activity and produce membrane stabilization at sublytic
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levels, The second group is specific haemolysins

which are very potent lytic agents and show no evidence
of membrane stabilization aven at very low concentrations,
Typical specific haemolysins are saponins, glycosides,
filipin (Seeman, 1966} asnd haemolysins of C. fleckeri.

If we refer to our model systems, we conclude that
stabilization by non-specific haemolysins is repressnted
by the sarly stages of free penetration where expansion
of the film may occur without disruption of the normal
function of the membrane. Specific haemolysins probably
act in a different manner based on binding or complexing
in the membrane. Consequently, small areas of activity
lead to large areasof disruption. 3ome support for this
concept may be shbtained by estimating the intrinsic
activity of the haemolysin (cell membrane surface area
corresponding to each lysin molecule taken up by the cell).
For specific haemolysins holothurin and digitonin, the
intrinsic activities are 8700 52 and 1050 32 respectively,
while for the non-specific alkyl sulphates the activity is
100 32 approximately (Croes and Ruyssen, 1951; Thron,
1964).,
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dermatonecrotic activities; antigenic
properties of tentacle extracts,

The role of the hsemolysin of Chironex
fleckeri in envenomation in snimals

and humans,

Comparative study nf tha haesmulysin
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ghiropsalmus guadrigatus =nd Chironex
fleckeri.

Examination of the possible mode of
action of the hasmolytic fraction
derived from tentacle asxtracts of
Chironex flsckeri.
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CHABTER 1

1. CHARACTERIZATION OF THE HAEMOLYSIN OF
CHIRONEX FLECKERI

1.3, INTRODUCTTION

In reviews of jelly fish stingings occurring around
the coast-lines of Australia, Cleland and Southcott (1965)
and Barnes (1966) have recorded 50 - 60 deaths which could
be attributed to the marine organism commonly known as the
box jelly fish or sea wasp. Fatalities are confined to
the area north of the Tropic of Capricorn and occur during
the summer months, ususlly betusen November and February.

S¢ingings with these organisms are a concern to
public health authoritiss, Consequently, a number of
workere in Australia have undertaken to investigate the
problem along a number of lines; to define the causative
organism, to isclate the lethsl toxin, to characterize the
toxin chemically and pharmacologically and to review human
symptomatology of injuriss and the possible methods of
troatment. |

Kingston and Southcott (1960) demonstrated initially
in two fatal ceses of jelly fish stingings that the
namatocyata'attachad to the skin matched the principal
nsmatocysts of Chironex fleckeri and Chiropsalmus
quadrigatus. Both the organiams balong to the phylum
coslenterata or cnidarias. The phylum is divided into
three msin clazses; the Anthozoa, the sea ansnomas and
corals; the Hydrozoa, the hydroids and hydromedusae, and
the Scyphozoa, the 'true' jellyfish, In the lstter class
€. fleckeri and (., quadrigatus are included in the family
of Chirodropidaa.
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The morphological appearance of the two organisms
C. fleckeri end C, quadrigatus is vary similar but thay
can be identified by differences in the periradial nucleus
and gonads, Investigations on the size and stinging
potential show that L. fleckeri is of larger size and has
a greater density of nematocysts in the tentacle (Barnas,
1966). It is the more important of the two species and
the major portion of our work was concernaed with the toxin
of this organism, Tha investigations of C, gquadrigatus
have besn reported as a comparison,

Fallowing th?xﬁ?fééﬁ%? iduntificagian of the
causative urganilms/of the active principle from the
nematocysts wes hampered by the lablle nature of the
toxin, Some toxicologicel studies wers initially under-
taken and reported by Weiner (in Southcott and Kingston,
1959 ), He used extracts of frozen tentacle and demon-
strated their lethality in mice and guinea pigs. He
reported the presencs of a haemolysin but cdid not slaborats
on this finding. In an attempt to isolate the active
principle in the nematocysts, Barnes (1967) reported a
novel method of collecting the contents of the nematocysts
by causing them to rupture through human amniotic membrana.
Endean st al. (1969)and Lndean and Noble, (1971), reported on
the pharmacology of extracts prepared from namatécyat
concentrates, Freeman and Turner (1969) wers able to
demonstrats that the matarial prepared by Barnes by
discharge of nemetocysts through the amniotic membrane
had the same pharmacological properties as crude tentacle
extracts and the properties of both of these extracts
vare similar to concentrates of nematocysts.

Whether the tentacle axtracts can be considerad
pharmacologically representative of the toxin is a matter
of some significence. The available evidence suggests
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that the tentacle extracts of L, flescksri are suitable
for axamining the propertias of the toxin for the follow-
ing reasons:

(1) Extracts of ths tentacle, extracts prepared by
discharge of nematocysts, and concentrates of
namatocysts have identical pharmacological
propsrties,

{(11) The activity of the tentacle extracts is con-
siderably gresater than that of discharged
namatocysts or nematocyst concentrates due to
the simplicity of preparation. Tentacle
extracts may thersfore be used at such high
dilutiona that any activity from non.specific
contaminants i1s unlikely to be significent or
observed axperimentally.

(111) The pharmacological properties of the extracts
wvhen administered to enimals resemble the
clinical signs of human envenomation,

Racently an attempt has bsen made to differsntiaste the
detailed pharmacological properties of concentrated
extracts of nematocysts and tentacle extrects (Endean
and Nobls, 1971). Both are mixturses consisting of at
least two known taoxic fractions with different atabilitiaes.
Although minor differencas were reported, these may
readily be due to different methods of preparation of the
two extracts, It is significent that the haemolysin was
observed in both preparations.

During the courses of the examination of the whole
tentacle extract, it was noted that there appeared to
be a relation betusen the lethsl and the haemolytic
activity of ths extract. The hasmolysin was 8o potent
that it enabled studies to be made of the active principle
in such concentrations that detection by chemical means
would have been impossible.

i ——
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The initial investigation was undertaken to
characterize the properties of thse hasmolysin znd to
attempt tu ralate quantitatively the hasmolytic and
lethal activities of the tentacle extract.

1.2 METHODRS

Collection, Idantificatign and Preparsation of Extracts.

The specisens of C, fleckeri had bsen collectsd and
identified by Dr. J. Barnes of Cairne, Guesnsland,
Australis. They were kept in a cool room until the
tentacles could ve removed and then transfarred to a
liquid nitrogen container for transport to the lahoratory,
Using thie procedure the tentacles vere well preserved and
small quantities could bs removed as required,

Or. Barnes also supplied a quantity of material
which was obtained by discharge of nematocysta through
human amniotic mambrane (3arnes, 1967). This material
was employed in comparisons betusen heemolytic and laethal
properties of the extract, This material had besn storaed
in the frozen state for 20 months and this may account for
its relstively low potency at the time of use.

The haemolysin appeared labile at room temperatures
and attempts to make a stable and concentrated extract
from tha nematocysts as described for Physalia (Lane and
Dodge, 1958) wsre unsuccessful. The hasmolyein could not
be extrected with alcohol or ether and it waould not pass
through & dialyzer membrane.

For thess investigations a small quantity of tentpcle
was homogenized at 5 deg. and extrascted with a phosphate
buffer at pH 6+3, uhich was initially thought to be the
optimum pH for stability of the extracts (Freeman and
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and Turnar, 1969), The material was centrifuged at
2500¢g for 20 min, and the supernatant removed, dispensad
into 1-0 ml quantities end placed in a deep fresze at
-20 deg. Tuo batches waere made - the first by extracting
648 mg of tissue in 10.0 ml of buffer, and the sscond by
extracting 299 in 150 ml of a similsr buffer solution,
The first batch was usad for most of the experiments but
there vas insufficient to complate the investigation,
The second batch was mainly used for studies on tha rate
of haemolyais. The axtracts were then diluted with
phosphate buffered saline (Ponder, 1948) st pH 7.20 to
give the initial dilution regquirsed for the hasmolytic
studies.

Preparation of Red Caells
Red cell suspensions, except those fraom humans,

wers normally obtainad by intrscerdisc puncture and the
blood collected into heparinized tubes. Human red cells
were obtained by puncturs of the median cubital vein.

The cells were washed thres times in 20 times their vol.

of 0.146 M scdium chloride and were used within 24 hr. of
collaction. Rabbit cells were used for all routine sssays,

Estimation of hasmolytic Activity
The method of measuring the dilution of extract

producing 50 per cent hasmolysis <DSB) was similar to

that described by Thron (1964). Ten tubes uers used for
each astimetion and the haemolytic system consisted af a
totsl vol. of 3«0 ml. The initial 1+0 ml in the tube
consisted of serial tuofold dilutions of ths venom and
buffered saline, To sach tube was added a Purther 1.0 ml
of buffered saline, or other test solution, and 1.0 ml of
rabbit red cells, the concentration bsing adjusted to give
a final dilution of 3-0 ~ 3.5 X 107 cells per ml.
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The number per unit volume and the speciass of the
red cells wvere kept constant in all sxpsriments sxcept {n
those where thsase two variables ware indapendsntly
investigatsd.

Hasmolysis was allowed to occur at 25 deg., for 5 hr.
whan the numbers of non-haemolysed cells were estimated in
a spectrophotometer (Unicam 5P600) by thair absorbancs at
700 ame * A calibration curve had besn preparsd using
suspenaions of cells with varying proportions hasmolysed
by freezing and thawing. from this graph the optical
absorbances could be converted into figures for per cent
‘haemolysis and when these were plotted against the dilutions
of vanom the ﬁsg eould be calculated, The haemolysin titre
(Dso) was expressed 33 the logarithm of the reciprocal of
the highest dilution of extract which produced 50 per cent
hasmolysis in 5 hours, 8y relating this dilution to the
wet weight of tentacle from which extract was preparec,
an approximate Pigure for the concentration causing 50 per
cent hasmolysis (350) could also be gstimsted,

Eatimation of Rats of Heemolysis
Investigations on the rate of haamolysis were under-

teken in & spectrophotometsr (Unicam 5P 800) with an automatic
cell changer and programmae controller. The temperature
was maintainsd at 25 deg. in all experiments unless stated
gtheruvise. The total volume of the haemolytic system was
again 3.0 ml, consisting of 1.0 ml of red cell suspansion,
1.0 ml of buffered saline, or other test sclution, and 1.0
ml of the appropriate dilution of haemalysin. The aame
princie was adopted of converting the apparent sbsorbance
at a fixsd wave length of 700nm into per cant haemolysis
by mesans of a calibration curve. Whan it was naecessary

to add test substances during the course of the haemolysis,
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solutions in (+1 ml were used. The alteration in the
dilution of the red cell guspaension caused by the addition
of 0¢1 ml causad very slight changes in the absorbance
recorded and zny major variation could be attributed to
the substance added.

Estimation of Toxiclity LDEO

The toxicities of the extracts by the i.v. route
were sstimated by measuring the LQSD for male albino mice
weighing 18 - 20 g. four groups of 4 animals weres used
for each estimation and four dose levels wers smploysd in
a constant vol, of 0.1 ml except at the highast doss lavel
in the least potsnt sextract whers it was neceassary to use
0«15 ml, The LD55 was calculated from the method described
by Weil (1952) and expressed as the logarithm of the
dilution contained in 10 ml of the extract.

The buffers used in the stability tgats uvers 358
folloust betusen pH 4°0 and 8:0 they usere mixtures of
citric scid and disodium phosphats, and between pH 8+0 and
9+0 they were mixtures of Tria~(hydraxymnthyl) aminomethane
(Tris) and hydrochloric acid. The isotonic buffers used
to measurs the effaect of pH on rate of haemolysis were
mixtures of sodium chloride, disodium phosphats, potassium
dihydrogen phosphate for valuss bestween pH 6°0 and 7-5 and
sodium chloride and Tris~-hydrochloric acid batuesn pH 78
and 9°0.

1.3 RESULTS

Estimation of the 950 and 550 values faor tha haemolysin
of C, fleckeri
Figure 1 shous the parcentage haemolyais plotted
ageinst the dilution of the extract and the wet walght of
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89

thes tentacle from which the matsrial waes obtained. The
figures are thoss gbitained for the FTirst batch of extract
which has a CEO value of 2+3 ,:g per ml, Using the same
hasmolytic system the value obtained for digitonin uvas
089 ug, which is in the sams range as that reported
praviously (Thron, 1964).

Whan supplies of the first batch were depleted, a
sescond was prepared which had & considerably higher potency
and gave a Cgo lavel of 0.23 4g per ml.

Factors affecting the D., values cf the hasmolysis,

1. Tha species of red blood cells, The susceptibility
of different types of red cells to the hasmolysia varies
from one species to another. OFf ths types tested those
from the guinea pig appseared to be tha most resistant and
those from the ret were the most sensitiva. fFor comparison
the 350 valuas for thae different cell types are includad in
Fig. 1.

2. The concentration of red blood cells. Tha D50
valuss obtained using different concentrations of cells
are shown in Fig. 2, tising the spectrophotomatric method
it was difficult to obtain absorbance values for cell
concentrations below § X 105 per ml, and above 10 X 108
per ml, However, within this range therae appsars to be
8 linsar relationship betwsen the 350 valuss and the cell
concentration, A similar typa of relationship has been
described for the hasmolysis producad by saponin and
anionic detergents (Rideal and Taylor, 1958),

3. The addition of cholesteral, lecithin, plasma and
sucrose, The replacement of 10 ml of buffersd saline
with 1.0 ml of the follouwing substances: cholesterol sol.
(0+05 mg per ml), lecithin (0-1 mg per ml) or plasma 10
per cent, produced no effact on the 050 valuss pbtained,
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Incubation of the same concentrations of these substancas

with either the red cells or the extract at 25 deg. for

1 hour prior to addition o the system was also ineffective.
6n the cther hand, the replacement of 1.0 ml of

buffered saline uith & similar guantity of aucrose 5 par

cent caused a twe - te fourfold reduction in the D50

values and this could be further incressed if the sucrose

was incubated with the haemolysin of 25 deg, for 1 hour

grior to addition to the system.

4. The potency of the haemolysin. Tha haemolysin
proved to be relatively labile at room temperstures and
this was partly degendent on the dilution; ths more
dilute solutions tended to deteriorate more rapidly. In
practice the stock material wes removed from the deep
freeze, thawsd and diluted jfust Before making up the
hasmolytic system. For recroducible results it was
always nacessary to use fresh dilutions,

e it was thought that the stability of the material
might be relsted mainly to the pH of the dilusnt and the
temperature st uwhich it was hald, the affsct of both these
parameters on the sotency of the haemolysin were =zxamined.
The aag values obtained after 1 hour at different temper-
aturas and el different pH values are shown in Fig., 3.

Factors affecting the raete of haemglysis.
1. The dilution of the extract, The affsct of dilution
of the extract on (he time to procuce 100 per cent

hasmolysis of a standard cell suspension is shouwn in Fig.4.
4 more detailed examination of these figures indicatad a
nonelinear relationship betueen the dilution of =zxtract and
the rate of haemolysis. In this respect it appearsd to

be similar to lysis produced by sazponin and ionic detargents
(fideal and Taylor, 1956, 1958) and differed from that
produced hy proteins or gnzymes (Bernheimer, 1947),
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An examination of the curves relating optical
density (700 nm) and time to complets haemolysis
indicated thai with increasing dilution of the axtract
there is an increase in both prolytic end lytic phases
of the hasmolysis curve (Fig. 5).

2, Temperature, When dilute sclutions were used
haemolysis appeared to procsed more rapidly at temper~
atures below 20 deg., but this was later considered to be
due to the greater stability of the hasmolysin at the
lowar temperatures,

Using more concentrated preparations where complete
haemolysis was achisved within 30 minutes the optimum
temperature appeered to be bhetween 28 and 30 deg. fibove
35 deg. the rate fell markadly but this uas largely due to
lack of stability at the higher temperatures,

For comparison the time taken for complete haemolysis
at temperatures of 10, 25 and 37 deg. for a standeard
dilution are shown in fFig. 4,

3. The effect of pH, A series uf isotonic diluents
at various pH values between 5¢2 and 9 were used and thas
rate of haemolysis estimated by the time required for
complete haemolysis, The rate was considerably reduced
at pH level below 6+5 and appeared graatest between pi
8 and 9, At the lower pH levels ths affect on rate might
have been partly due to the reduced stability of the
extract under these conditions,

4, The effect of added substances, The replacement
of 10 ml of buffered saline with cholasterol sol.

(0:05 mg per ml) or lecithin (0.1 mg per ml)} caused no
alteration in the rete of haemolysis,

On the other hand, if sucrose 5 per cent or plasma
10 per cent was added thare was a markad raduction in the
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OF 1:1000 DILUTION OF TENTACLE EXTRACT,

0.1 cm3 of sucrose (50 per cent) added as indicated;
red cell concentration 3.0 x 107 cells per cm3;

temperature 25dég; optical density at 700 nm.
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rate of hasmolysis, The addition of equivalent guantities
of plasme after haemolysis hed commenced did not result in
any delay, while sucrose esdded in the same mannsr was still
able to causs s reduction in this rate {(Fig. 6).

The replacement of 1¢0 ml of buffered saline with
2 x10°% to 5 x 1077 M sodium dodecyl-sulphonate or
10°% to 1079 & cetyltrimethylammonium bromide resultad in
inhinition of haemolysis by both the anionic and cationic
detergent at the highest concentration employsd.

ine addition of benzene or bromo-benzene appeared
to increase the rate of haemolysis.

Rglation betwsen haemolysin titre znd lethal propertiss
5f the extract
Four batches af extract with known varying titres

of hesemolysin uvere examined, The first wes the sztandard

extract, the second was the product of discharge of

nematocysts through the amniotic membrane, the third was

prepared by diluting the standard extract in a buffer at

pH 5+3 and the fourth by diluting in buffer at pH 7-2 and

then heating at 37 deg, for 30 minutes, in the latter tuo

hatches the 350 and LQEU were estimated on the same day.

If haemolveis and lethality were due to different Factors

their stability to heat or changas in pH might vary and

this difference would result in separastiocn of the tuwo

activities, The result of the comparative assays of the

4 batches are shown in Table 1. |
Thers is a definite correlation betuesn the haemolysin

and lethal properties of the extract zlthough this relation-

ship is non-linear. This suggests thst the heemolysin is

a more specific menifestation of the toxin which in vivo

appears to have more general effects on the heert and

cantral nervous system (Fresmen and Turmar, 1969).
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B TABLE 1 |
Hasmolysin LG for mice
Type of extract titre axggessed in
& 5D 1logP t5:0)

Standard batch 5¢9 » 003 (5) 41 £ (3e(38
Material obtained by
discharge of namato- 4-0 &« 0-08 (5) 2+8
cysts through amniotic
membrane
Standard batch diluted
in buffar pH 5+5 3.3 ¢ 006 (4) 1.9 & (311
Standard batch, diluted
and heated 37 deg. 30 & 0+11 (5) 11 & 3+09

Figures in parentheses represent number of

obsarvations,

ke there was no gravimatric means

of estimeting the LBBD’ it was expressed as s
calculated dilution of the extract which would be

contained in 10 ml,

1.4

GISCLUSHSIUN

fhe cell membrens is considered to be made up of

a cholesterol-phasgholipid-liponrotein complex.

In the initisl part of this investigation the

presence of & phospholipase was excluded by examining

the lipid products of hzemolysis of the red cell membrans

by thin-layer chromatogranhy,
be detscted,

No lyscphosphatides could

in examination was also made for protec-

lytic agents by using paper chromatography to identify

products of protein breakdouwn,

o proteolytic activity

could be observed which agreed with the findings of

Endean et al. (1969},

The subseguent investigation was undertaken to
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determine the characteristics of haemolysis in the hope
that this knowledge might =gaist in the broad chemical
identification of the substancae, The fact that it did
not pass through a dialyzer membrane showed that it had

a molecular weight greater than 1000 or it is coupled fo

a substance of high molacular weight, Although a number
of other features were dsfined which might later assist in
the isolation of the active materfial, no precise chemical
classification was possible,

The most important of thess features was the high
ectivity of the haemolysin when care was taken to prevant
deterioration in dilute solutions at room temparaturaes.
The ng for the two batches prepared waes 2+3 ;g per =l
end 0«23 45 per ml respectively based on the wet weight
af the tentacle from whicin they were extractaed, if the
haemolysin is contained in the venom of the nemstocysts
enly, the sctive component must represant a very small
proportion of the total weight of the tentacle. These
figures should then be considered a most conservative
estimate only,

A more detsiled investigation of the haemolysin
showed that the DBU wvas proportional toc the red cell
concentration, and at 2 given concentration it was
unaffected by cholesterol or plasme. There was a2 non=-
lingar relation between the pate of haemclysis and the
dilutions of the extract over the range emplayed and the
rate appeared to increase both with tempsraturses up to
30 dag. and with values of pH up to 9. The haemolysin
was impaired by sucrose, plasme and both anionic and
cationic detergents while benzene and bromo-benzene acted
as accelerants,

While the above svidence may suggest thzst the material
is an enzyme or other protein, in the case af zn snzyme
one would expect the rate of haemolysis to bs proportionsl
to its concentration, in the other hand, there is little
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to suggest that the materisl would fall intpo the category
of s stercid (Ueissmann and Keiser, 1965), vitamin &
{pingle and Lucy, 1962) or an ionic detsrgent.

Howsver, the high hasmolytic activity might suggest
that it could fall into the categary of seponin or other
glycosids, A precsdent for saponins of marine origin
with high hsemolytic activity has been schieved by the
chemical isolation of Holothurin & (Nigrelli st al.,

1955 ). & haemolytic process whose Ug, is diractly
proportional to the concentration of red blood calls and
whose rate of reaction has g small preitive temperature
coefficient up to 30 deg. end is influenced by inhibitors
such &s sucrese and plasma znd by accelerators such as
senzene suggests s mechanism similar to that producad by
gaponin or the siow reasction of ionic detargents,

Un the other hand, the lack of association with
cholestervl suggests that it is not chemically similar
to sither saponin or digitonin, Similerly, the relative-
ly greater activity at an alkaline pH giffers from tho
haemolysis producad by saponins uhich normally proceed
more rapidly in acld solutions.

is the preceding informetion was inconclusive, @
further investigation of the haemolysin was underitaken
using column chromatography {Crons and Kaen, 1969}. 4
number of procsdures were used ocut the most cencise
information was obtained using exclusion chromatogrephy
on Sephadex G-200. The haemolysin was esluted 2 little
in advance of & sarker of albumin {molscular weight
67,000, and therefore it ums sstimated to have a moleculsar
weight of 70,000 epproximately (see Fig. 7). This was
confirmed by ueing sther marker systems, Np other

hasmolytic component could be detectsd.
The examination of the Sephadex G-200 fraction

for toxicity revealed ths presence of toxie material
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between the void volume and the hasmolytic peak. The
results of an attempt to locate the meterial are seen

in fig. 8. The position of this second lathal companant
was found to correspond vary aporoximately to a molecular
wvelght of 150,000, Rlthough it was not demonstrated in
the figure the haemolytic peak alse contained lsthal
activity,

These results show that the haemolysin was not the
only toxic material in ths extracts, The haemolytic
materlial was also lethal, but whether this lethality was
an integral property of the hasmolyein or dus to other
unresclved components could not be decided at this stags.
Further work was therefore undertaken to resoclve the
reletionship of the haemolysin to the sther toxic
activities,
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2, THL RELATION OF THE HACMOLYSIN OF C,FLECKERI

TO THE LETHAL AaND DESNMATORECROTIC ACTIVITIES -
ANTIGENIC PROPERTIES UF THE EXTRACT.

2.1 1 M TR ODUCTIO®N

when administered to experimental animals, tentecle
extractsof L, fleckeri may be shown to have haemolytic,
lethal end dermatonecrotic activitiss.

Frevious work has described the chramatograghy of
tentacle extracis using Sephadex G-200 and characterization
of tuo frsctions, one with lethal activity (molecular
weight 150,5G00) and the other with both haemolytic and
lethal activity (moleculer weight 78,000), The pharma-
cology of the fractions has been examined in detail
(Freeman and Turner, 1969) and sach produced cardiovascular
and respiratory failure. Alse both toxins reduce ths
rate, amplitude of contraction and the coronary flow in
the isolated perfused guinea pig heart (Turner and Freeman,
1969, Houwever, using 2 mouse unit as 2 messure of
lethality these workers found that tha fraction containing
the haemolysin sppeared to be less potent than the cther
higher molecular ueight fraction.

The tuwo fractions cause a rise in arterial pressure
in armsthetized rats and rabbits which was shown to be
dua to & direct action on. vascular musculaturs. Thase
changes wsere followed by hypotension, bradycardia and
cardiac irregularities. An increase in rgspiratory rate
is followed by apnosea aéd fluctuations in arterial
pressure. The cardiovascular effects of the two toxins
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were thought to te due to direct vasoconstriction,
cardiotoxicity, baroreceptor stimulation and possibly
depression of the vasomotor centre (freeman and Turner,
1971).

The lethal properties of tentacle exiracts snd the
tuo fractions uere therefore wsll defined, but it was
necessary for further work to he undertaksn te character-
ize the dermatonacrotic activity snd to establish a wmetnod
of assay. it would then ba possible to make a quantit-
ative sstimate of the three activities in materisl preparad
in different ways end also in fractions obtained by
chromataography. This would assist in establishing uhethsr
the hzemolysin ues a separate component, or only & single
property of a component with diverse zctivities,

Further information could also be aobtained by
pregaring antisera against the tentacle extracts, Investi-
gations could then be undertaken using immunodiffusion
studies in agar gels to aobsearve vhsther precipitating
entibodies to the verious componants uere formed. At the
same time titres of antibodies to the three components
could be estimated in the various fractions and the wholse
extracts.

2.2 mET HUDS

Thes method of preparing the squecus extracts from
the whole tentacle and the estimation of the dilution
required to produce 50 ger cent haemolysis of a standard
concentration of red cells iﬂﬁa} hes been described in
Chapter 1.

Chromatoqrephy on Sephadex G-200
The greparation of the active fractions of thne

extracts by chromatagrephy on Sephadex G-200 was made on
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a column of internal diameter 2.5 cm and the bed height
wzs 33 em. The bhuffer employed for this column was

25 mfi Tris-HCl, 150 mit Nall, pH 8.0, The flow rate st
the operating pressure of 20 cm of water was 5.6 w=l par
hour, and 2,8 =]l fractions were collected.

The void volumes of sach column uere estimated by
the use of Slue Dextran 2000 and all gperations were
carried out &t 5 deg.

Fraction I consisted of the eluate collacted
betueen the void volume and the commencement of the
hasmolytic peak. fraction 11 was & small quantity of
material collected at the baginning of the hasemaolytic
pesk, while fraction IIIl consisted of the major volume
of fluid containing haemolysin. In order to obtain
fractions of smaller volume s sescond chromatograpghic
separation of tentecle extract on Sephadex (~200 was
undertakan, fractions IA and I1lA represent the volume
of sluate collsctad over 2 range which was estimatad to
repressnt the peaks of activity in fractions I and 111.

Lolumn (hromatography on Cation Exchange Sephadex
LhM-5ephadex C-50 wes allowed te swell in a buffer of
S0 aM NaCl, 10 mM sodiur phosphate pH 6.5 and equilibrated
with this buffer by repeated decantation and resuspension,
A column was then packsd with the gel (bed size 1.4 cm
dismetser Gy 16 cm high)} and the sample applied. The
column was sluted with 65 ml of the sbove buffer at a
flow rate of 16 ml/hr, After this a linesr gradient of
KaCl was spplied winlich waes formed by 200 ml of the above
mentioned buffer in z mixing chamber, replenished by 200
ml of 0.5 & MeCl, 10 % sodium phosphate pil 6.5. Finally
ths column was eluted with buffer containing M Hall. 4ll
gperations were carried sut at 5 deg. {Lrone and Keen,
1971 ;.
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Estimation of Dermatonecrotic fctivity

The minimum dilution of extract causing skin
necrosis wes determined sither in guinea pigs weighing
400 - 800 g or in UWistar rats weighing 200 - 300 g. The
skin used was on the dorsal surface, and the area was
prepared by shaving on the day of the experiment, Serial
double dilutions of the extract or venom vere prepared in
isagtonic phosphate buffered szaline at pH 7.2. Ais a
routine, eight dilutions were used, the initial dilution
bsing selscted by preliminary expasriments, Using a
microsyringe, U.05 ml of each was injected i.c., into
senparate sreas sutlined on the skin, Controls of buffered
saline and heat inactivated axtract were used in sach casse,
After inoculation the animale wsre observed at 30 azin,
1 hour, 4 hour and 24 hour for changes in colour, swelling,
vesiculatien =nd nacrosis around the sites of sdministration.
the final readings were made after 48 hours when the
minimum dilution producing et lsast 5.0 mm of necrosis in
its maximum diameter was taken as the end peint, This

was expressed as the logarithe of the dilution of extract
aer toxin,

Estimation of Toxicity (Lﬁsn)

Ttei.ve toxicities of the extracts were estimated
iy measuring the LESS in albino mice weighing 15 - 20 g.
Four groups of four animals ware ussed for gach estimation
and four dose levels were employed in a constant volume of

{ie1 ml, The LQS& gstimations were calculated from tables
and expressed as the logarithm of the reciprocal of the
dilution in 1.0 ml of the original extract {Weil, 1952,

Preparation of Antisera and fLstimation of Antibody Titres

The preparation af antissre was undertaken in
rabbits, The procecure groved to be difficult zs a
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number of animals died during the course of the immuniz-
ation, dn initial dose squivaient to thres LDsg for mice
was given fi.v. to rabbits tuice usekly for a month and
then they were rested for a month. A further series of
injections were given, increasing the dose slowly up to

10 LQSG by the end of a further 4 useks, Ssrum uas
sbtained by bleeding the animals by intracardiasc puncture,
allowing the blood to clet gvernight, and decanting the
Serum, It was then cleasred by centrifugation, heated at
36 deg. for 30 minutes and stored at -20 deg. until
required.

The antiserum was tested for antibodies against the
lethal, hasemolytic and skin necrotizing properties af the
extracts,

Tests for antibodies against the lethal factor vere
made in & series of 10 tubes using doubls dilutions of the
antisers in buffered saline, A dilution of ths extract
was added tg each tube so that five Lﬂgﬁ was presgnt in
Je.1 ml 9f the mixture, The mixture was allowed to atand
for 30 minutes a2t z temperature of 25 deg. and it was then
tested for lethality by injecting 0.1 ml into the lateral
tail vein of mice. The minimum dilution of serum neutral-
izing five Lﬁsﬁ of sxtract could then be estimated.

& similar technigue was used to measure antihaemolysins.
Serial double dilutions of antisera were made up in 10
tupes and to gach was added 1.0 wl of a dilution of
extract contesining 50 times the estimated ﬁsa of haemclysin,
This was incubated for 30 minutes at 25 deg. and then 1.0
ml of a standard rad cell concentration was added. The
tubes were asllowed to stand for 5 hours in a water bath
at 2% deg. The maximum dilution ef serum which could
complately neutralize the haemolysin was estimated, Con-
trols of normal serum and buffered saline were usad.
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Titres of antibodiss to the dermatonecrotic factor
were sstimated by making doubls dilutions of venom in a
series of =ight tubes, adding an gqusl volume of ans in
four dilution of antiserum and incubating at 25 deg. for
30 minutes. 0.05 ml from sach was then injected intra-
dermally in the manner proviously described and somparad
with two series of contrels using normal serum and
buffered saline,

immunodiffusion in sgar
Immunodiffusion studies on the hasmolysin and
chromatographic fractions were carried ocut in 5 medium

containing eithar 1 per cent special grede sgar (Uxoid),
ar in a similar medium to whichk 10 per cent rabbit rad
¢ells hed been added. The red cells were preparsd from
heparinized blood, washed three times anc then recon-
stituted to their original volume with phosshete buffered
saline and added (o the agar at 48 deqg. fufficient agar
was used to give s thickness of 1 - 1.2 mm in the petri
dishes.

Double diffusion sxperiments were carried out on
both types of plates using extracts and antisers. The
plates were left for 72 houre at 5 deg.l and then stained
with Amidobleck 108 (Wieme, 1265) 2nd axsmined for
hasmolysis,

243 RESULTS

The dermatonecrotic asctivity of extracts,

mecrosis and demage to the skin of experimental
animals could be produced by extracts ohtained from
homogenized tentacle, toxin obtained by discharge of
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nematocysts through the amniotic membrane, and with ane
of tuo active fractions prepared by chromatography on
Sephadex (~200, The types of leslons produced by the
three types of preparstions were identical and with the
gxception of fractions 1 and IA ebltained on chromatography
the minimum necrotic dose appezred te follow the gver-all
notency of the extracts as measured by both lathal and
haemolytic sctivity, The minimum necrotic doss of the
various materials is shown in Table 1.

After injecticn of 0.05 ml of an active extract
into sither guinea pigs or rats no immediate reaction
was observed in the skirm, There was a discrete suelling
in the skin which uwss wmainly due itg the volume of the
inoculum with some reddening around the periphery. Approxi-
mately 15 minutes sfter the zcgministration of very active
extracts, & tluish colouration uwas sften seen under the
site of imoculation in those areas which would later
progress te necrousis. This sppearance was most frequent-
ly observed in guinea pigs and it was a lass consistent
finding in rats, Yagiculation over the arsa of injection
was a most wncommon finding,

After 4 hours some areas already showed patches of
hrounish discolouration and the skin appsered devitalized.
At the end of 24 hours these areas had become discrete
brown patches having & firm texture of dead skin, although
in yats it was occasianally necessgary ta wait for 48 hours
for this appearance to be complets.

After death of the skin there is a slow process of
separation from the viable tissuess which seccurs sver the
next 10 te 14 days. #rovided there is no secondary
infection the inflammatory reasction is not marked.

An examination ef the effects of the toxin in rats
in wnich 1 per cent trypan blue had been injected 30
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minutes Gefore the f.c. inoculaticn confirms the previcus
cbservation that there is little or no general increasad
vascular permeability szt the site of the lesion. At the
and of & hours the central area appesars as a pale plaque
surrounded by & blue rim, indicsting increassd vascular
permeanility at the periphery only.

The relation batwueen nscrotic, iethal and haemolytic
sctivities,

The astimation of the relstive activities for
several batches of extract are shown in Table 1. Thase
results show that there is 2 correlation between the three

types of activity in both crude extracts prepared from
tantacle and also in purified prepsrations chtained hy
discharge of nematocyst toxin through human amnioctic
membrane,

TABLE 7. THE RCLATION BETWEEN DERBATONLCCROTIC,HAEMOLYTIC
AKD LETHAL ACTIVITIES OF VARIOUS PREPARATIONS.

—

* %
Finimum skin L., in mice Haemolysin

50

necrotising titre
Batch No. d?se ( (
tog dilut- Log dilut- Log dil-
?Bian)* 10 ion) 1Gution}
i Selia £ S.B.
Gatch 2 of tentaclas 2.1 (2) 4,1 2 2.08 5.9 & 0.3(5)
gxtract
datch 4 of tentacle g
extract 23/10/68 1.& (1) 3.7 2 0.08 5.4 2 2915
24/ 3/69 1.5 (6) NoE,*%%® 4.4 ¢ 0.033)
datch 5 of tentacle 2.2 (6) 3.2 5.3 & 03.13(5)
extract
Material obtained by V
discharge of nemate- 0.9 {2) 2.8 4,0 ¢ G.08{(5)
cyst through amniotic :
mamhrane
Sephadex L-200 Fracticns
Fraction I M.p.{2) ¢ 2.5 & 0.01 1.6 (2)
Fraction IA k.A.{2) % NeLo #H% £1.5 (2)
fraction 111 0.9 (2) 2.7 & 0,01 4.8 (2)
Fraction I11IA Des (2) HeEo =¥* 4.5 (2)
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* The minimum skin necrotizing deasse is expresssd as
the legarithm of the dilution of extract or toxin
contained in U.05 sl which will cause 5.0 mm of
skin necrosis in rats or guinsa pigs.

* % The Lasﬁ was expressed as s calculated dilution of
the axtract or toxin which would be contained
in 1.0 ml.

e NoA. He activity in undiluted samplas.

bl ti.fe HNot examinad,

Figures in parentheses represent the number of

gxperiments,

These findingse alone could suggest that the three
types of activity wmight be the manifestatien of a single
substance. However, previous work employing chromatograpnhy
with Sephadex £-200 has shown that two letnal Fractions
can bas pbtained, one with a moi. wt., of 70,000 approximately
and the othaer with = mol. wi. 150,300 spproximately {(Crone
and Keen, 1969}, The faormer contained in fractions Ill
snd II11% has been shoun to have hoth hasmolytic and derma-
tenecrotic asctivity, while fractions 1 and [A have little
or no haemolytic activity and no dermatonscrotic activity.

The antigenic propertises of tentacle extracts,

it was difficult te sroduce high titre sniiserum in
rabbits; a course of twice weskly injsctions being required
for B8 waeks before satisfaciory material was shitained.

When 2.0 ml of this sntiserum was given Z4 hours
hefore an intradermal inoculation of aextract it failed to
prevent or modify the necrosis. Howaver, this may be
partly due to the relstively lou titres of the antiserum
for the dermatonecrotic factor.

When the same antiserum was mixed with an extract of
a known potency and held at 25 deg. for 30 minules prior
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to inoculation a definite increase in the minimum necrot-
izing dose was observed. This is shown in Table 2,

The antiserum had been shown to have anitlbodies to
the lethal and hasmglytic activities, the titre =zgainst
these components belng shown in Table 2.

TagLe 2
“gutralising
Component titre
Lethal factor whole extract 40
Sephadex fraction I 320
Sephadex fractiom 111 88
Haemolysin 3040
Jermatonsecrotic
Factor 16

The nsutralizing titre is expressed ass follows:

Tive numbar of LQB& neutralized by 1.0 ml of undiluted
serum; Lthe numbher of 355 of haemolysin neutralized
by 1.0 ml1 of undiluted serum, and the number of
minimum skin necrotizing doases nsutrslized by 1.0 ml
of undiluted serum.

Diffusion of Cxtracts in Agar

o precipitetion bands could be detected after
staining with 4midoblack 10B and perhaps this was due to
the low protein content gf the extract and the Sephadex
fractions {(Fig. 1}. _

Un the blood agar plates circular areas of haemolysie
could be chsarved zround the wells containing the extracts
and the fractions IA and 1114, which constituted Lthe peak
af activity of the cardiotoxic lethal activity ({) and the
pneak of the haemplytic activity (H,. Inhibition of lytic



FIG.1

FIG.2

DOUBLE DIFFUSION IN 1 per cent AGAR AT 5DEG. FOR
72 HOURS.

T - tentacle extract (undiluted); IT - heat in-
activated tentacle extract; C - lethal fraction;
H - haemolytic fractiony AS - C.fleckeri anti-

serum; 25 u litre of each antiserum and extract.

DOUBLE DIFFUSION IN AGAR CONTAINING 10 per cent

BLOOD AGAR.

T - tentacle extract (undiluted); IT - heat in-
activated tentacle extract; C - lethal fraction;
H - haemolytic fractiony; AS - C.fleckeri anti-

serum; 25 u litre of each antiserum and extract.
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activity occurs in the areas adjacent to the well containe
ing the antiserum. The significance of the band in front
ef the cardiotoxic fraction has not been determined (Fig.2}.
Similar types of lytic activity are seen with four
representative samples prepared by (M-Seghadex-C50 chroma-
tography. Fraction 4 was the beginning of the gluate,
Fraction 30 the cardictoxic peak, fraction 41 the haamolytic
peak and fraction 60 the end of eluation volume approxi-
mately (Fig. 3). Inhibition occurs in areas adjacent to
the antiserum, Again some lytic activity is seen sround
the cardiotoxic fraction and there is a pale band bHetwasn
it and the well containing the antiserum.

2,4 D1 5L U381 0gnw

From the results of these experiments it is still
uncertain whether the thrme activities uf the extracts and
the toxin, namely dermstomecrotic, haemolytic and lsthsl
ere due to one component or saparate componants, S0 far,
chemical analysis of the extracts has produced two Prsctions
uith approximate molecular weights of 70,000 and 150,000,
Cermatonecrotic activity could only be demonstrated in the
meterial with the lower molecular weight and in this
respect it is similar to the material with haemolvtic
zotivity,

The antiserum proved difficult to prepszre and
satisfactory titres coulcd only be ubtained after seaveral
ueaks of carefully graded doses of sxtracts, In arder
to achleve 2 satisfactory imsunoclogical response, it was
necessary io' inject doses at a level just below the cal-
culated lethsl dose and 2s a result some animals died from
accidental overdosage, Attempis to reduce the dose or ta
employ material which had been "toxeided" resulted in a



FIG.3

DOUBLE DIFFUSION IN AGAR CONTAINING 10 per cent
BLOOD AGAR.

4 - early eluate; 30 - lethal fraction;

41 - haemolytic fraction; 60 - late eluate;
AS - C.fleckeri antiserum; 25 M litre of each
antiserum and extract.
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poor response to immunization, It would have been
advantageous to produce antisera against the two chroma-
tographic fractiens, However this was impractical as
both fractions were very labile and satisfactory supplies
of potent antigen could not be maintained,

The antissrum could be shown to have neutralizing
properties againet the lethal, haemeolytic and dermatonecro-
tic sctivities. tiigh titre serum was reguired to inhibit
the dermatonecrotic asctivity while the haemolytic sctivity
was the most sensitive to neutralizastion and for practical
purposes provided the wsasiest method of chacking the
activity of extracts and titres of antisera. _

The inability to obtain a diffusion pattern with
precipitin bands excluded the method of double diffusion
in ager as & means of jidentifying the different pnrotein
?ractiaﬁs in the tentacls extracts, Fearameters such as
the concentraticn of the antiserum and the toxin, diffualon
distance and time, pH of medium, and the temperature were
varied without successfully producing resclution into bands.
It was concluded that the concentration of protein in the
active fractions was 80 low that detection of bands was

2

not possible. |
The use of 10% red cells in the agar provided a
maans of identifying fresctions ulth hasmolytic activity
and haemol,sis could be shown to bs specifically inhibited
by sntissrum, Hgnds of haemolysis in front of the main
haemolytic zone were observed and they could be sccentuated
by allowing the diffusion to procesd at temperatures of
25 deg. or higher. Liesegangbands (Glasstone, 1947 could
also be seen in some cases. The srecise nature aof these
changes would require further investigetion,
Uther workers (Baxter and Marr, 1969 reportad find-
ings on the "milked" toxin which are difficult to vrsconcile
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with these results, e.g. the assignment of molecular
weights in the range 10,000 to 30,0060 for the piologically
active moleculss, As a reasult a comparative examination
of the tentacle sxtracts and the "milked"” toxin usre
undertaken using different chromatographic technigues
(Crane and Keen, 1970),

The results indicated that tentacle sxtracts and
the "milked" toxin contained the same active componsgnts
in approximately the ssme proportions.

The chromatograghy on CH-Sephadex was the best
saparatory method Found for isolating the two toxins,
yielding sherp peaks in 2 very reproducible manner.

Since the two toxins are not sepsrated by chromastography
on CM-csllulese thes separation on CM-3ephadex must be
mainly a size effect, the larger non-hasmolytic toxin
being denied access to soms of the exchange groups on the
matrix and thus being eluted sarlier. The further
chromatography of this toxin on 3-200 Sephadex conf irmed
its higher molecular veight,
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CHAPTER _ 3

3. THE ROLE OF THE HAEMOLYSIN OF C. FLECKERI
IN ENVENOMATION IN HUMANS AND EXPERIMENTAL
INTOXICATION IN ANIMALS.

do1 1 BT R OODULTTI On

Cleland and Southcott {(1965) have reviswed the
histories and clinical sympioms associsted with spproxi-
mately 50 deaths which have been attributed te [.fleckeri
and {, guadrigeius. Barnes (1966) has described the

signs and symptoms ¢f stingings in humans which consist
of severe pain around the site of injury, and local
lesions consisting of multiple transverse weale with dis-
celouration and cedema of the skin, uwhich later may
become necrotic. In more extensive stings, death may
gccur within minutes of injury, Collapee is asssoclatsd
with respiratery arrest, but the wlinical appesrance of
the victim suggests cardiovascular rather than respiratory
failure. Reacovery From o severe state of collapse may
occur in sccasionsl casses, and those patients surviving
for more than 20 to 30 minutes after the injury usually
recover uneventfully. Aowever there have been na reports
suggesting intravescular hasmolysis sither as an immediate
effect of the stinging or as a delayed effesct in surviveors.

In expesrimental animals freeman and Turnasr (1969;
have reported elevated potassium levels in the blcod
Following doses of tentacle extract, They have attributed
the changes to intravascular hasmolysis.

In view of the established potency of the haemolysin
the absence of haemolysis in clinical vases appssred
unusual, However, certain properties of the haemolysin
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have been described in Chapter 1 which sight provide
possible reasons for the lack of haemolysis in vivo.
The most important would appear to bHe the inmhibiticn of
the rate hesemolysis produced by serum proteins and glucoss.
The lack of stability st body temperature, particularly in
dilute solutions, would also contribute to the absence of
findings,

The purncse af this investigation was, therefare,
to examine the combined sffect of temperature anc serum
proteins on the activity of the haemolysin 2nd the relsass
of potassium from the red cslls, further experiments
yere carried out alsc to confirm the observations of

Freeman and Turner.

3.2 M ETHODS

flgthods of collection and ldentification of
specimens, the preparation of extracis, and the technigue
of estimating the rate of haemolysis and the Ffactors
affecting it have already been described in Chapter 1.

Aissay method for per csnt haemolysis.

A haemclytic system contained 2.0 ml of red cells
{concentration 3.0 -« 3.5 x 18? cells per millilitre),
2.0 ml of phosphate-buffered saline at pH 7.2, and 2,0 ml
of a dilution of a2 batch of tentacle extract (1:50,000),
which was known to produce 100X haemolysis at 25 deg.C in
60 minutes approximately, Twenty tubes with a zontrol
ware used for each experiment, A tube was removed from
the bath at Four-minute intervals, and a fraction of the
contents taken for sstimatiocon of the 0.0, in a spectro-
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photometer (Unicam SP60C) at 700 nm. tising a calibration
curve the per cent hasmolysis could be sbtalined,

Estimation of potessium releass from red celis.

The remainder of the cell suspensisn in the tube
used to measure hasmolysis was centrifuged at 3,000¢g, and
the supernatant removed immediataely for estimation of the
potassium levels by flame photomaetry (EEL). The total
time of centrifugation wvss confined to & minuies. Expari-
mente were carried ocut at 25 deg. and 17 deg.C.

iffect of temperature snd plasma in per cert hasmolysis

and release of potassium.

in the expsriments cervied cut at 37 deg., & 1:10
dilution of plasma in 2,0 ml of phaosphate«buffered saline
was included in srder to observe the effects of both plasma
and body temperature on the naégalysis and release aof
potassium. L

"
\

intravasculaer release of patassiuﬁ,

This was undertaken on Uistar rats weighing betwesn
200 and 40G0g. They were anaesthetized by administration
of pentobarbital (40 mg/kn)} given inﬁfsperitonaally.
Semples of blood were obtained by an induelling nesdle
in the caudal zrtery. % lethal dose of tentacle extract
was sdministered Iintravenocusly asnd blood samples uere
taken st approximately 2 minute intervals. The hlood
was spun at 3000g for a total time of 4 minutes. and the
plasma separated. lPotassium levels were estimated ss
described previously,

At the same time the eleclirocardiogram was recordsd
froam leads connected by skin electredes to the right and
left forelegs, and the abdominal respiratiens were monitor-
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ed by a colloidal-carbon-in-rubber-tube pneumograph

placed across the abdomen below the xiphisterum. The
output Ffrom the electrocerdicgram and pneumograph couplers
was recorded on a Beckmen type R dynogreph recerder.

303 _RESULTS

The effect of temperature and plasme on the percent

haemolysis and the relesse of potassium,

In vitro, the haemolysis is accompanied by the
release of intracellulsr potassium. Figure 1 shows that
the level of potassium released Ly the red cells at
25 deg.l is related to the degree of haemclysis, There
is no evidence that the relesse of potassium precedes
hasmolysis, When the temperature is reised to 37 deg.C
and the haemolysis is =llowed to occur in the presence of
plasma, there is a considerable reduction both in the
percentage of haemolysis and in the amount of potassium
relaased,

The release of notassium from red callsAin,viua.

in vivo a lethal dose e¢f tentacle extract produced
a rise in the serum potassium level, In two experiments
it rose from a level of 3.1 mM to 6.6 and 5.0 m" respect-
ively, WUhether this was due to the hsemolysin snly could
not be ascertained as the degree of haswmolysis in the
samples could not be estimated,

The changes in the £€.C.G. could not be directly
related to the levels of potassium in the plasma. The
EeCeGe showed a decresse in rete with an increass in the
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FIG.1 The effect of temperature and the presence of plasma
on the release of haemoglobin and potassium from
rabbit erythrocytes by Chironex fleckeri tentacle
extract. At 25 deg. O -haemolysis percentage;

A-potassium released. At 37deg. in the presence
of plasma (1¢10 dilution); ® -haemolysis percentage;

A ~potassium rdeased.




FIG.2 Changes in the electrocardiogram of the rat
following the administration of a lethal dose

of Chironex fleckeri tentacle extract.

(a) normal; (b) and (c), degrees of S-T depression;
(d) and (e), bradycardia and partial heart block.
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P=® interval, ana these changes prograssad to partial

ang then complete hasrt block. Thare was uwsually little
elteration in the (RS complex, but there was usually an
increase in the (-7 interval with elevation or deprzssion
of the 5-T segment, sunoesting changes in repolarizatien
of {he cardiac muscle. These zre snhown in Figure 2,
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These results confirmed the absence of haemolysis
in vive following the adwinistration of tentacle extracts
to experimental animals, This was apperently due to the
inhititery effact of plaesma constituents on the lysin and
the affect of temparature on its stability.

However, there was = rise in the level of potassium
in the plasmalfolluwing & lethal dose of extract which
confirmed the observations of Freeman and Turner (1969).
Although it was presumed that the elevated levels usre
the result of potessium releassd from red ceils, there
was no complete assurance that this was the case for
detectable haemolysis did not accompany the rise, The
slevated potassium levele might asrise from cells other
than red cells as the administretion of tentacle extracts
has nlso been shown to have effects on other cells in the
bedy. Likewise the changes could be produced by the
lsthal cardiotoxic fraction rather than the hsemolytic
fraction as the former has been shown to produce changes
in the cell membrane psrticularly cerdiac muscle.

Heither the haemolytic nor cardiotoxic components
of the extract produced a change in the plasma potassium
levels which would be adegquate to sxplain the gross
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alterations in the £.C.G. These changas were asttributed
to the direct result of both camponanta an the heart.
deparate zffects of the fractions on the heart could rot
be identified as their modes of asction have been shown

to he almost identical (Turner =nd Freeman, 1969; fresman
and Turnar, 1971).

Therefore, haemolysis appears to be mainly a
property of the toxin wiich has heen sbserved in vitro
and although some mvidance of rec cell damege mioght be
seen in vivo haamolysis is not a marked Feature of
envenocmation, The absence of intravascular haemolysis
in clinical cases tends to be consistent with the above
findings,
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CHAPTER =

4. COMPARATIVE STURY GF THE HAEMUOLYSIN
DERIVED FRUM TLWTACLL EATRACLTS OF CHIRDPIALBUS

QUADRIGATUS AND CHIRUNEX FLECKERI

4,7 1 KR TR & O UOCT I 4N

The two species of box jeliyfish Chircnex fleckeri

end Chiropsalmus guadrigatus are toxic hazards teo man.

-~

Both are similar in azppearance although . fleckeri

appeers to reach a larger size (Garnes, 1966), They
can be distinguished on & morphological basis, but the
differences are slight snd may become apparent only after
fixing in # suitable greservative.

The pharmacological properties of extracts of the
tentacles of (., Ffleckari end L, guadrigstus are aziso
very similar, Chromatographic separation of an gxtract

of L. guadrigatus aon a column of Sephadex G-200 produced

two peaks af asctivity; one haemol,tic and the other lethal
vhaen injected into mice and rabbits. The activity of the
haemolytic fraction was insufficient to establish whether
it was lethal albe/ {Freemen and Turner, 1972). Tha
alution behaviour of the two peaks indicated that the
moleculsr weight of the hsemolytic frection was approxi-
mately 70,000 and that of the lethal fraction approximate-
ly 150,000 which was identical te the molecular weight of
the twe fractions obtsined on chromatography of extracts
of L. fleckeri.

The purpose of this inveatigation was to sxamine
extrscts of the tentacle of (. gusdrigastus for naemolytic
sctivity and to compsre this property with that previously
described for {. fleckeri.
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The specimens of [, guadrigstus were collaected

and identified by {r. J. Harnes, Cairns, Lusensland,
fuystralia. The collsction and storage was similar to
that described for specimens of L. Fleckerli in Chapter 1.

i'reparation of Extracts

Whole tentscle exiracts were wsed for all experi-
ments, The extracts of C, guadrigatus were prepared

by mincing the frozen tentacle and suspending it in a
buffer containing 150 mM scdium chleoride and S mi
tris-{hydroxymethyl )aminomethane{tris){pH 8.0). This
buffer was chosaen since a portion of the sxtract was to
be used For chromatographic studies. The suspension
was centrifuged at 2500g far 20 minutes at S deg. and
the supernatant stored at -20 deg. until required. The
initial batch which wes ussd For most of the guantitative
assays was prepared from 4,33%g of tentacle and 10 ml of
buffer. Two octhaer batches were prepared similarly,
containing 400 mg of tentacle per ml of buffar, The
extract of £, fleckeri had heen prepsared by homogenizing

0.716g of tentacle in 12 ml of phosphate buffered saline
{fonder, 1948) pH 7.20 at S deg. The material had been
centrifuged at 2500y For 20 minutes and the supernatant

stored at -20 deg,

Estimation =f Haemolysin Titre (050). Lethal Activity

(LQEQ} and Skin Hecretizing Doss (540)

The methods have hsen described previously in
Chapters 1 and Z.
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treparation ef adntissra

in order to prepare antisera an initial dose of
extract equivalentto 3 L0y, (mice) wes given i.,v. ta
rabbits twice a day, 2 days a week for the first waek,
Injections were then given gg;aﬁ’iimas 8 week, the dose
tveing graduelly increased until it was ten times the
initial dose, it the end of 4 woaeks immunization,
animals wore bled by intracardiac puncture. The blood
was allouwed fo clot and the serum decsnted, It was then
cleared by centrifugation, heated to 56 deg. for 30 ainutes
and stored at -20 deg. The preparation of L. flsckeri

gntiserum has been described previously in Chagter 2.
The procedures for estimating antibodiss asgainst the
lethal end dermatonecrotiec factors, and hasmolysing have
alsoc been described.

Immunodiffusion in Blood Agar

The preparation of blood agar plates has been
described previously in Chapter 2.

Reagents and Buffer Solutions

The isotonic selutions used to measure the effect
of pH on stebility of the extracts and the rate of
haemolysis were buffered with disodium phosphate asnd
potassium dihydrogen phospghate betwean pH & znd 8 and
with trisehydrochloric acid betueen pH 7.5 and 9. Lecithin
was prapared Prom egg yolk by the method of Dawson (1963},

4,3 RESULTS

Haemolytic Activity and Cstimation of DSU values for

Lo ouadrigatus Ixtracts

Lestimetions of the 050 were carried out at temper-
atures of 5, 15, 25 and 35 deg. (Fig. 1). The values
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FIG.1 HAEMOLYSIS PRODUCED BY C.QUADRIGATUS AND
C.FLECKERI AT DIFFERENT TEMPERATURES .

Log10 dilution plotted against per cent haemolysis

(3.0 - 3.5 x 107 cells per cms).

C.quadrigatus O- 5deg; @ -10deg; A -25deg.
A -35deg.

C.fleckeri O -25deqg.
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werns 4.7, 5.0, 4,5 and 3.9 respectively indicating that
the optimal temperature for haemolysis was 15 deg. A
similar experiment uas carried out with the 0. rleckeri

extract which gave 350 values of 5.2, 6,0, 6.0 and 5.4
respectively,

The sigmeid curves shtyined when graphing ner cent
heemolysis against dilution indicate the variable
suscaptibility of red cells to the haemalysin aof
L. gusdrigatus. The shape of the curves is tinerefore
not merkedly affected by change in temperature. Hawever,
the displacement of the curves aleng the zbsciase

indicates that the activity of the extract is tempersture-
dependent.

The haemolysis curve produced by the extract af
Lo fleckeri at 25 deg. (Fig. 1) is comparable with those
of (. guadrigatus, This suggests that the susceptibility

of the red cells to the haemolysin of bath extracts is
gimilar,

Factors affecting the DSG values of the haemolysin af

L. yuadrigatus

The stability of L., guadrigatus and C, Fleckeri

haemolysins was examined at 38 deg, and 40 deg, The fall
in 350 values for the two extracts wuas plotted against the
time of exposure at aither 35 deg. or 40 deg, (Fig., Z).
Statistical analysis of the results indicates that there
is a significant difference in the stability of the
haemolysin of C, guadrigstus and C, Fleckeri at 35 deg.

{p<0.00%) and 40 deg. (p<0.081). There also appeared to
be variastions in stability of different batches af
extracts of £, fleckeri end [. guadrigatus but the axact

cause of this is not knouwn,
The stability of L, guadrigatus sxtracts was

examined over a range of pH values from 4 to 9. Samples
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EFFECT OF TEMPERATURE ON THE STABILITY OF THE
HAEMOLYSIN OF C.QUADRIGATUS AND C.FLECKERI.

Each point represents the result of one experiment.
Lines fitted by the method of least squares
regression. C(.gquadrigatus: O =35deg; @=40deg.
C.fleckeri: A=35deq; A =40deq, Extract of

C.quadrigatus in tris buffered saline, pH 8.0, and

extracts of C,fleckeri in phosphate buffaered saline,
pH 7.2,
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of the extract were dilutaed in the appropriate buffer
to give a dilution of 1: 30, They wsre kept at 5 deg,
for 186 hours and gatimations of DSQ madae. The haemolysin
uas unstable below pH 5, but betwaeen pH 5 to 9 there was
little effect on stability,

Various additions repiaced 1 ml of buffered saline
in the haemolytic eystam {cholesterol 0.05 mg per ml,
lecithin 0.1 mq par ml, serum 10 per cent and sucrose 5
per cent}.  Cach caused a reduction in the Dg, values
(aparaximataly 4-fold reductien Par sucrose and lecithin
and sn B-fold reduction with serum and cholesteroal),

The haemolysin of . fleckeri is not affected By

lecithin, cholesterol, or serum although sucrose inter-
feres with its activity; the significance of these
findings has buen reported,

The Effect of Cell Concentration on D valuss of

20

Ce guadricatus and O, flackeri

e o

A linear relationship betusen hasmolytic concen-
tration and call count "as been demonstrated for saponins
and ionic detergents (Ponder, 1948; Rideal and Taylor,
1958; Thron, 1964).

Although the structure of the haemolysin of
e fleckeri has not been elucidated, it appesrs to be

2 protein and unrelatsd to Saponins, However, the
kinetics of heemolysis appear to be similar with the rate
of haemolysias being an exponential Function of the
concentration or dilution of the substance, For

Lo Fleckari extracts it has been shown that there is a2
linear relation betueen the number of cells in the system
and the concentration of the haemolysin required to
obtain the haemolysis of a fixed percentage of the cells,
This relationship is based on the concept that the uptake
of haemeolysin per cell is a Function of the fres
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hasmolysin cencentration provided sufficient time is
glven For the reaction to he completed (Thron, 1964),

That is Ch = KK + bh, where Ch is the concentration
required to produce haamolysis, % is ths number of cails,
bh the concentration of free haemolysin in solution andg

K a constant, In these experiments O could not be
estimeted, However, the 053 value is invarsely proport-
ional to log Ch and can be related to the logarithm of

N by the eguation: Diﬁ = K1 log K ¢« b where K1 48

@ constant of negative value and b is second constant,

This type of relationships has already bean shoun
to exist for g, flackeri hoemolysin when haemolysis uas
allowed to socur at 2% deg. far 5 hours, A similar
exneriment wes carrisd out at the same tampsrature with
the hasmolysin of L. guedrigatus. The results are shoun
in Figure 3.

Statisticel anaiysis of the data indicates that the
slopes are significantly different (p<.01). This suggests
that the affinity of the two hzemoclysins for rabblit red
celis, and possibly the haemolytic process for tha two
extracts are different,

Estimation of ths Lethal, Oermstonscrotic snd Haemolytic

Potency af o, qurdricstius Lxtrects.
e e AUROT

fieasurements af the Dzﬁ, LO50 and tha 5ND were made,
The Dsa_“aa 5.0 a 0,04 (g 5.0, af gpu%h axperiments), the
L350 2.7, and the %MD 1.5 (mean of ﬁgua expariments),
The propertiss and relative proportions of e@ach sctivity
Compare with the values for whole axtracts of , Fleckeri,

Jermatonecrotic Activity

The lesions produced by axtracts of (. quadrigatus
are identical to those reported with C, fleckeri. Huuivar,

the dermatonscrotic factor of C. guadrigatus appeared to



70

[0)]
bt
1H3IMN0IID - NolLnTa oot

LOG,, DILUTION - C.QUADRIGATUS

40

50

108 107 10°
No. OF CELLS PER ML.

FIC.3 DILUTION OF EXTRACTS REQUIRED FOR 50 per cent
HAEMOLYSIS PLOTTED AGAINST THE RED CELL COUNT
(TEMPERATURE 25DEG)
O- C.fleckeri; ®- C.guadrigatus. Each
point is the result of a single experiment.
Lines for both C.fleckeri and C.guadrigatus
were plotted by the method of least squares

regression.
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be more stable than the hasmolysin and considerable
activity could bhe detected after heating at 35 deg. for
several hours, By this method an extract can be obtainszd
with dermatonecrotic but no haemolytic activity, Thers=
fore inm L, guadrigetus extracts,ihe two activities deo not

appesar to be related as in [, Fleckeri.

Antigenic Properties of Tentscle ixtracts
Hebbit sntiserum grepared against [, guadrigstus

contained antibodies to haemolytic, lethal snd derma-
tonecrotic activitiaes. The antiserum was capable of
neutralizing 2500 timss the DSB value of haemolytic
activity, and 320 times the LDSB dose, The dermatonecrotic
activity was completely neutralized by an sgual volume of
a 1 in 4 dilution of antiserum.

On the other hand, using £. fleckeri antissrum we
were not able to demonstrate any neutralizing antibndies
to C. guadrigatus extracts. The minimum quantities of

extract employed to detect antibodies were 28 follows:
50 times the 050 value for haemolytic sctivity, 2.5 LD30
for lethality, while undilutad antiserum caused no
decraease in the 5ND,

A similar series of experiments was carried aut with

the antiserum of C, quadrigatus against axtracts of

Co fleckeri. No neutralizing antibodies against the

haemolytic, lethal or dermatonecrotic factors of this

species could be found.

Diffusion of Extracts in dgar

In order to identify the haemolysin 10 per cent
washed red cells were incorporated into the agar, The
specific antihaemoclysin for the aspropriate extrset could
be demaonstrated by inhibition of haemolysis in double
diffusion experiments, This is shown in Fig. 4. The



FIG.4 DOUBLE DIFFUSION IN 10 per cent BLOOD AGAR
DEMONSTRATING INHIBITION OF HAEMOLYSIS BY SPECIES
SPECIFIC ANTISERUM, AND CHANGE IN HAEMOLYSIS WITH

TEMPERATURE.

(a) C.quadrigatus extract; (b) C.fleckeri extract
o (1:4 dilution

(A) C.quadrigatus antiserum;(B) C.fleckeri antiserum.

Temperature of diffusion indicated. Five p litre of

each extract and antiserum used.
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plates were kept at a constant tempsrature of either
5 deg. or 25 deg, Other discrete bands of haemolyais
could be produced by exposing the plates at different
temperatures, In thase cases the changesa are similar to
the multiple precipitation bands obsarved in routine
immunodiffusion experiments, which may he attributed to
sudden changes in the rate of diffusion or varying
solupilities of the antigen-antibody complex {Crouwls,1961),
# comparison of the plates at 5 deg. and 25 dee.
provides a simple meens of differentiating the two
haemplysins, The heemolysin of [, fleckeri is not

affected by the higher temperature, whereas thers is con-
siderable inhibition of the zone of haemolysis around
Lo ouasdrigatus. As there is only a slight difference

in the D., value for C, guadrigstus at 5deg. =nd 25 deg.
the findings ere attributed to the lower stability of the
extracts at the higher temperature,

The Dgq value of C, Fleckeri at 25 deg. was not
affected by serum, cholesterol or lecithin, Houever,
each of thess compounds caused inhiblition of the hsemolysis
produced by L. quadrigatus extracts, This inhibition of
hasmolysis could ba demonstrated on blood agar plates when
axtracts of (., guadrigatus were allowed to diffuse against

normal rabbit serum, The inhibition of haemolysis was
considerably less than that produced by the specific
antiserum and, at 5 deg, it occurred only after several
days,.

4.4 DI1SCUSSION

Examination of the haemolysin of [, quadrigatus

in vitro showed that it was more labile than the haewolysin
of Ce fleckeri. The optimal temperature for haemolysis
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was 15 deg. rather than 25 deg, and the haemolysin in
this extract deteriorated more rapidly at higher temper-
aturas,

s@rum, choiesterol and lecithin interfered with the
activity of the heemolysin of Lo gmuadrigatus and these
factore were without effect on extracts of C. fleckeri.
it would sppear that the haempolysin of (. guadrigatus

and its mode of sction =sre different fFree that of
Lo Fleckeri. The two extracts despite cartain chemical

similarities which hsve buen described produce neutraliz-
ing antibodies For a particular species and no cross
immunity could be detected for the lathal, dermatonecrotic
or haemolytic activitiss of the two extracts,

From a practical point of view a ready distinction
between the two can be made on the basis of their
haemolytic activity at different temperatures. Theare
are several methods of demonstrating this difference nut
the use of blood agar plates appears to be & simpis method
which is both relisble and reproducible. Diffusian of
the extract occurs on plates held at 5 deg. and 25 deg.

At the end of 24 hours extracts of [, quadrigatus shouwed

@ marked difference in the haemolysis on the tuwo plates,
the area being considerably larger on ths plates held at

5 deg, This difference is attributed to the reduced
stability of L. gusdricatus extracts at the higher tempar-

ature. On the other hand, with extracts of 0. Fleckeri
the difference is not marked, and the area aof heemolysis
at 25 deg. may be slightly larger, Double diffusion
experiments in which the specific antisera are used Hay
further confirm the identity of the extracts, These
experiments should be carried out at 5 deg. in order to
prevent loss of activity of the haemclysin during the
period of the diffusion,
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The above tasts might be applied to the tentacle
fragmenis which are availesble on the skin of the injured
victims, if the fragments were collected and kept at
low temperature, sufficient activity might be praesent to
allow identificstion of the organism,
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CHAPTER 8

S. AN EXAMINATION OF THE MOGE CGF ACTION OF
THE HAEMUOLYTIC FRECTION DERIVED Faom TESTACLE
LATRACTS OF L. FLECKRERT,

91 I HATR ODUCTIUHN

e

Previous investigations on the hasmolysin derived
from tentacle extracts of Chironex fleckeri have shoun
that it is 2 protein with a molecular veight of
approximately 70,000 {Crone and Keen, 1369), in vitro
the haemolysin showed no phospholipase or apparent

oroteslytic activity, and it has no interaction with
choleaterol, lecithin or protein which might explain the
#ffects on the red cell membrane. ‘in exemination af the
kinetics of the haemolytic reaction indicated thst the rate
uf hasmoclysls was non-linear snd exponentially related to
the iysin concentration {Keen and Cronas, 1909), in this
respect it was similar to saponins and other surfacse
active agents (Pondar, 1948}, Hethods to elucidate
further the mode of actien af the hsewolysin were restrict-
ed by an lnability te concentrate and isolats the protein
due to the poor stability of the active material.

# number of other lytic zgunts of protsin origin
have heen described (iachmayer and Michl, 1965; #ecker,
1961; HBernheimer, 1968) but feuw have heen examined in
sufficient detail to explain their mode of actian, ine
exception has heen the «L-hagmolysin of Stannylococcus

sUreas. A detailed investigation of the properties of
this substance had previsusly led to the conclusion that
it was a lytic enzyme (Laminski snd Arbuthnott, 1962,
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fiore recent work suggested that this was not sc (Bern-
heimar, 1968) and that the tbiological activity of the
L -haemolysin was related to its unusual surfsce
progerties (duckelew and Colzcicco, 1971).

In view of these findings it was of interset to
determine whether wmore oprecise information could ne
obtained on the activity of the haemolysin of {. fleckeri
using techniques similar to those employed by Buckelew
and Colacicco. Previous work had shoun that = haemolytic
fraction of tentacle extract could be obtained by
chromatography on either Sephadex [-200 or CM-Sephadeaex
C-50 (Crone and Keen, 1970), Although the latter method
provided bhetter separation, the material obtained was tog
unstable for examination. for this reason Sephadex -200
was employed but only thosse fractions containing the
maximum asctivity were included in the pooled mzterial used
for the investigation, in the case of L, guadrigatus it

was impossible to obtain un chromatography wmaterial which
was sufficiently stable to allow investigation, For this
reeson the following experiments were confined to the
heemolysin of [, flsckeri only.

The surface propaerties of the hasmolytic fraction of
Ge fluckeri were examined; firstly For the ability of the

protein to spreed at the air-water interface ond secondly
far the ability to interact with and panetrate 1ipid and
protein monolayers, The results of thess exneriments
fhave been reviewed to ses whether any general explanation
could be made te eccount for the cyteolytic action of the
hasmolysin.

5.2 METHODS,

fethods for the caollection, identificetion and
storage af specimens, Lhe preparation af fractions by
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chromatography en Sephadex L-200, and the estimation of
the hasemolysin titre {DSS) has been described in Chapters
1T and 2.

tstimation of Protein Levels in gxtracts and fractions

These uare undertaken using the metnod of Lowry,
Rosebrough, Farr and Randall (1951). Ths concentration
of protein per emo at the haemolysin titre (050} wWasg
calculated to give the ESG'

feasurement of Surface Tension and Surface Pressure

Surface tension was measured by the dilhelmy method
using a sand blasted platinum nl=te suspended from a
modified displacement transducer (Phillips PR 9310)., The
displacement was amplified (Phillips Sridoe DR 9300) and
the output recorded continuously um 2n Ye¥ recorder
{Hoauwlett Fackard Type 7004, A1l measurements were made
in an enclosed cabinet at 25 deg. : 0.5 tdeqg. Under these
conditions the surface tensionm which is expressed in 5]
units could be measured to g .3 =y per m {dynes per cm),

The surface activity was expressed ss the total
surface pressure (17 ), i.e. the surface tension of the
subphase wminus the surface tension af the film; or the
total increase in surface pressure { ATT) of the monolayer
resulting from penetration of the film at aen initial
surface pressure (1T1i).

Feasurement of (T-4) and {TT -C) Iisotherms
The surface pressure-area (T -2) isotherms were
measured in 8 Teflon trouch (area 116 mmz} uwsing s Teflon

coated barrier which =2llowed compression of the surface to
20 par cent of the osriginsl ares at = linear rata. The
compression cycle was displayszd on the X axis, =nd 7T on
the ¥ axis of the X-Y recorder. The total time Ffor
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compression in zll cases was 100 min. However in those
casas where the stability of the monolayer uas examined
aftar penetration with heemolysin the surface uas compressad
rapidly over a peried of 2 min. The compressibility of
the protein wmonolayers was pbtained from the TT-& i{sotherms
using the formula 1/& Abe (Evans at sl, 1970}, The
compressibility was @fﬁgéssed in 5I units by Km per o
(cm per dynel.

The surface pressure-concentration ( M=) isotherms
ware chtained in & circular pyrex glase dish with a
Teflon costed rim with 2 small ares for ths introduction
of materials into the subphase. The area for spreading
the monclayer was 22.7 cmz. The TT was measured continu-
ously with the X-axis &f the recorder being used as a
time base se that both TT and aTTcould be measursd as a
function of time (1T-t).

fMlaterials were thoroughly mixed with magnetic
stirrers for one minute after introduction into the sub-
phasse conteined in zither the Teflon trough or the pyrex
dishes.

Measuremant of Surface Potential

The surface potential ( aV) was measured using an

28X curium (R, C.C.

air ionizing sisectrode containing
imersham). This was connected through 2n siectrometer
(Kkeithley 610C) to a calomel slectrode introduced inta
the trough behind the service barrier in the dish, or
movesble barrier of the trough {Gaines, 1946), AV was
measurad continuously osn a pen recorder {Varien, 1000).
The measurement AV represents the difference betwusen the
surface potentiszli of the monolayer and the aqueous sube

phase and could bhe wmeasured to an accuracy of : 10 mv,
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Pregaration of fed Cell Stromsl Froteins end Lipids

2ed cell stromal oroteins and lipids uere darivad
from rabhit red cells by the method of Raddy (1964),
madified by fsga =2t =al. (1967), The final agueous
solution of proteins was theoroughly dialysed against dis-

tilled watsr to rsmove the butanpl when a stabls solution
with a protein concentration of 1 mg per Em3 wag obtained,
This material showed a maximum zbsorbance at 275 nm,

The butanol phsse containing the major portion of
the membrane lipids was dried at 40 deg, and the residual
butanol removed by weshing with sthyl alcohol and redrying.
The material was held in the cdried state at -20 deg. until
required uhen it was redissclved in a solution aof hexana-
athyl alcohol (9:1) before spreading as a mixsd lipid
monolayer,. An estimation of total phosphorus was under-
taken by the method of Bartlett (1959) aftar digestien of
the 1ipid in perchloric zcic. Total phosphorus was
110 ug per @m3 which gave a calculsted level of 2.75 mg
of phospholipid per cms.

Arepgration of 'ionolayers

The heemolysin azng the stromel protsin of the
rabhit red cells were 8spread by the method of Trurnit
{1960 ). The monolavers were allowed to stabilize for
30 minutes before TT was meesursd or before material was
introduced into the subphasa under the monolayer. The
iipids L ~ L -dipalmitoyl lascithin and cholesterol ware
spread from 2 solution of chloroform methanol {3:1)for
M -4 estimations or from haxans gtharal (9:1) for T «C
estimations, Tha solutions were prepared on the day of
use, #s 2 routine 2ll wonolayers wers spread on 2
subphase of 16.7 mM phasphate buffer-154 =i scdium
ghioride (pH 7.2}. The distilled uater used to maks wup

tihie solutions had a conductance of 1,3 x %Bwﬁ th‘1 cm'1.
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5.3 RESULTS

OB .,
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Haemolvtic Fraction nrepared by Chromatography on
Sephadsx G~-200.

Four pools of haemolytic fraction wers prapasred with
protein concentrations of 79, 70, 100 and éz.ﬁjug per cmj.
The 35093 were calculatsdaand these ware .0028, .35019,
«0022 and ,0023 ug per om” respectively, The stebility
of the haemolysin was estimated at temperatures of 25 dag.
and &40 deg. At 25 deg. there was little lnss of activity,
with the 350 falling by 0.1 unit only over & period of
¢ hours., However &t 40U deg. zlmost all sctivity was lost
in 1 hour. As the investigations were carried out at

25 daeg. and completed in less than 1 hour it is psresumed
that the loss of activity dus to heat lability would be
of little practical significancs during the course of the
sxperiments,

suriace Pruperties of the Haemglytic fraction

TneTl -4 isotherms were obtained by layering the
srotein solution onto the trough at an initisl area of
approximately 2 mz LBer mQ. After 30 minutes the surface
was compressed (fFig. 1). fiinimum compressibility occurred
at an area of 4,80 mz per mg whieh is characteristic of =2
dilute protein film (Gull 1947). The TN - isotherms were
obtained by spreading varying guantities aof the haemolytic
frection onto & fixed ares (22,7 amz}. ihe monoleayers
showad o Lypicsl coullspse pressurse of 18f17 m& per m which
pvecurred zt concentrations grester than 1.5 ng per ﬁmz
(Fig. 2)» The T =A and the TT-L isotherms were not
identlcal; ths formation of monolayers at a fixed srea

.

producing a more concentrated film (Fig. 1),
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The sbility of the haemolytic fraction to adsorb at
the sir-water interfasce was examinsd at varying concen-
trations of the protaein iq subphase up to a level of 2 ug
per cus. £t 2 ug per cm5 rno adsorption could be demon-
strated and it was not practical to prepare wmore concen-
trated soiutions. Howaver after leaving for 1 hour a
significent incresse in surface praessure of 16 af per =
was gbserved when the surface was compresssd to 20U per
cant of the originel area i{ndicating the formation of a
dilute film at the air-uater interface.

In order to examine ths possible relation beatween
surfeces properties and biclogical activity, the 1T «C
ceharacteristics of haemolysin uhich hed been heated at
4l) dege. for 4 hours uwere compared uith those of the crigin-
2]l meterial. Several points for the [T -C isctherm wvere
obtained znd plotted onm Fig. 2. The 553 of the heated
materizl was 2.2 ug per cm3 compared with .0028 ug per
ch for the ariginal unhesated fraction. Although there
had been approximately a thousand-fold reductien in
binlaogical activity anly s slight reduction in surface
activity could bie observed.

intersction with Lipid end Hrotein Fonolayers

- The lipid monolayers examined were cholesterol,
lgcithin and the mixed lipids extracted fram the rabbit
red cell membrane. They vere esach testad at =2 T4 of

approximately 2, 5, 10, 20 and 30 mM par =, The increase
in surface pressure uwss measured 30 minutes after the
introduction of tne haemolysin into the subphese iG.S/ug
per GQS}. At low M i theamuas greatest and became
progressively less as the TTi increased (Fig. 3).

The T <t isctherms showed 3 slow rise in ATt
suggesting a simple diffusion of the material inte the
surfacsa, Gnly in the monolayer formed by the red cell
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FIG.2 FORMATION OF PROTEIN MONOLAYERS AFTER SPREADING
DIFFERENT QUANTITIES OF HAEMOLYSIN.
o— untreated material; A-— material
heated at 40deg. for four hours.
Subphase 154 mM sodium chloride, 16.7 mM
phosphate buffer; pH 7.2, temperature 25deg.,

film area 22.7 cm2.
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FIG.3 EFFECT OF INITIAL FILM PRESSURE (TTi) IN THE

PENETRATION (aT) ON DIFFERENT MONOLAYERS BY
HAEMOLYSIN (0.5 u g per cm3).

o-o , cholesterol; ©-© , mixed lipids from
rabbit red blood cells; O0-0 , lecithin;
A-A , red cell stromal protein. Subphase
154 mM sodium chloride, 16.7 mM phosphate
buffer, pH 7.2, temperature 25deg, film area

22.7 cmz.
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lipids were there any chaznges suggesting a specific inter-
action, in ibis cese thare was sn initial drop ir surfsce
pressure of $,5 to 3.0 o8 per w which accurred vapidly
uewally within the first 2 minutes &f the intreduction of
the baemsclysin into the subshaza. Thie was followsd by

an imgresse in surfece pressure due to the hasaolysin
penetrating the menolayer {Figp. &),

The effect of altering the concentraticn of the
waterial in the subphass wss ulse studied using cholasterol
wonciaysrs at M § of 3 ok per m. At 2.1‘pg sar'ens ATl was
19.5 m& per ®» which just exceesded the equilibrium soraading
af 15«17 nii per m for the haewolysin nonolayer (Fig. 5},

The proteln monnlayer used wes obtained from rabbit
cell astroma, This was spresd at different T £ o5 for the
lipid monolayers (Fig. 3}, The maximum T § wvas limitsd
to less than 15 =n¥ per m which was tha approxiests
equilitrius spreeding pressure of the stromsl srotein.

As sean In the 1lipid monclayers, AT uas greetest st low
T L. There was no evidence of specific interaction
betwsan the stromsl protein snd the haemolytic fraciien,

In the cuse of hoth the lipid and protein monolayares
the AV msasuremants fulicwed a simepls nlgebraic zummation
of the patentiel of the monolayer and the cenetrant,

There ware ne changes suggesiing malecular breckdown as
described for the actien of phosphclipeses on lecithin
mampranes (lolacicco and Rapport, 1966).

S.4 D ISCUSSION

Chromatograpiny of the tentacle extracts on Sephadex
L-200 provided = separstion based on molecular size. The
heemolyiic Fraction aignt therefore contain g ewixture of
proteins, but estimations of activity indicated that the
waterial suat he largaly hasmolytic protein. This method
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FIG.4 (T‘T - t)CURVES FOR THE PENETRATION OF DIFFERENT
MONOLAYERS BY HAEMOLYSIN (0.7 Hg per cm3)

nD-g -cholesterol; -0 -mixed lipids from
rabbit red blood cells; O~0 -lecithing

A-A -red cell stromal protein.

Subphase 154 mM sodium chloride; 16,7 mM phosphate
buffer; pH 7.2; temperature 25deg; film area

22.7 cm2.
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(ITTi 3mN PER m).

o-o., 10 mirjutes; O-0, 30 minutes
Subphase 154 mM sodium chloride; 16.7 mM phosphate
buffer; pH 7.2; temperature 25deg; film area

22.7 cmZ.
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was chosen as it provided a relestively stable product,
Howaver, lose of activity was still a problem and spreared
to be due to two factors, Firstly, less of activity
gccurs with heating to 40 dec. 2nd is due to denaturation
af protein, andg secondly, there is 2 less of protein from
solution, This is seen when successive protein esti-
mations of the pools were made several days apart, There
is a fall in protein levels presumably dus either to
adsorption onto the surface of the container er Lo edsorpt-
ion at the sir-water i{nterface, The difference betuwsen
the TT=A and NM~C isotherms sugqests that some conformatione-
al changes occur in the haemolysin when spresd at louw
surface pressures and this may be associasted with
denaturation, loss of salubility and precipitation,

The protein of the hasmolysin behaves in z similar
fashion to other structural proteine showing an ability to
spread at the air-uater interface on relatively dilute
salt solutions and a limited capacity to adsorb =zt the
surface from its cwun solution, It forms dilute Films
although more concentrated monolayers may be obtained when
spread at z fixed area, Houwever, very concentrated films
as described for the «( ~haemolysin of Se_aursus de net gccur,

The changes in surface pressure in monclayers
following injection of a surface active substence into tha
subphase as described im these experiments has been called
penatration, Fur protein intersctions in lipid maonalayers
three types of penetration have baen dafined iCalacicco,
1969, 1970). The First is “free penstration” in uhich
the type of protein structure is the important factor in
determining the surface preperties; the second is "hinding
madiated penetration” in which binding te the lipid mono-
layer produces an initial fall in surface pressure fgllowed
by rapid penetration inteo the lipid film; and the third
"binding inhibited penetration® where the initial binding
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prevents further penstration of the monalayer, The
latter is characterised by small AT valuas,

Therefore care was taken to observa the Following
features uwhich might he representative of specific inter-
sctions batween the hasmolytic frection znd the lipid mong-
layers; the rate of change ¢f surfazce pressure follouing
the introduction of the material in ths subphase, the
magnitude of the aTmm particularly at levels of Ti at or
near the sguilibrium spreading pressure of the protein,
and the total rise in surface pressure when Ml was low.
dimilar metheds ware also employed te examine possibls
protein-protein interactions in the monolayer of rad cell
stromal protein.

in the case of lecithin sonolsyers there was no
wvidence of sny interaction athar than & simple diffusion
into the surface, The development of the maximum amuss
slow and related to T 4§, The absence of specific inter-
actions was Further suggested by compression aof the mono-
layer when an inflection gccurred in the isotherm in the
region of 35-45 N per m. indicating extrusion of the
haemolysin inte the subghase (Fig. 5}, There were no
substantial changes in AV wiich supports previous
obssrvations that the haemelysin was not a phospholipasae.

With cholusterol thealrvalues were greatar than
with lecithin but this might be due to the Fact that
monolsyers of cholestarcl ars lass compressible, At
heemolysin concentrations in the subphass of 2 ug per cm3
values were obtained which just exceeded the eguilibrium
spreading prassure of the haemolysin and thsir signific-
ance was doubtful, tvidence for lack of specific inter-
action could again be obtainad with éampressien of the
monolayer, when an infliction in the isotherm pccurved

suggesting that the haemolysin was being expelled from the
surface {Fig. 6.



FIG.6

COMPRESSION (AFTER 30 MINUTES) OF CHOLESTEROL AND

LECITHIN MONOLAYERS PENETRATED BY HAEMOLYSIN

(D.34 ug PER cm3) SHOWING INFLECTIONS IN IT - A
ISOTHERMS.

A - cholesterol; B - cholesterol-haemolysin
monolayer; C - lecithin; D - lecithin-haemolysin
monolayer.

Trough area 116 cm2; compression time 2 minutes.
Subphase 154 mM sodium chloride; 16.7 mM phosphate
buffer; pH 7.2, temperature 25deg.



106

The monolayer derived from the red cell mixed
lipids shouwed changes which might be attributed te "hinding
madiated penetration®”. There was an initial drop in
surface pressure which cccurrsd rapidly and this uas
sttributed to an initial mwonolayer contraction due to
hinding of the haemolysin. This was followd by e rise
in ATT which was due to the subseguent penatration of this
film (Celacices, 1969). st low T § values the develop-
ment of maximum ATl velues wes slow and the final lavsls
reached ware not nigh. it is not possible to determine
the component invelved as a full analysis of the red cell
lipids was not undertaken, Houwever, as phaspholipids and
chelestercl represent 55 per cent of the total rabbit rad
cell lipids (Prankerd, 1361) any specific interaction would
be with a compensert in low zoncentraztion in the monolaysr.
This might explain the rslatively smaell values of ATl
observed,

monolayers derived from the red call stromal preotein
showed no specific protein-protein interactions., The
values were low and the maximum levels were reached slouly.
Coliapse of the red cell stromal srotein monglayer pre-
vented any examination at high Wi,

These sxperiments suggest that thse sctivity of the
haemolysin of C. fleckerl might be szasoclated with specific

complexing with a lipid component in the red csell membrane.
Howevar, this concept naeds to be confirmed by further
examination in monolayers preparsd from individual
membrans lipids,
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6. CONCLUSIONS

5,1 The haemolysin of L, fleckeri has been shoun to bhe
a protein with 2 molecular weight of 74,000, The. active
materisl was stables when stored as a concentrated axtract
af the tentacle at tempereatures Lelow O dag. Houwever,
it was much lass stable in dilute solutions and sctivity
was rtapidly lost =zt temperatures sbove £ dege. Heating
for one hour at 50 deg. caused 2 loss of all three typss
of sctivity - haemolytic, dermetonecrotic end lethal.
fractions containing the haemolysin could be prapared by
exclusion chromatooraphy on Sephadex G-200 and also on
ion-axchange Sephadex. The hazemolysin in the purer
preparations was sxtremely labile and lost activity even

when stored below 0 dsg.

6.2 The Leck of stability appeared to be sssociated
with two wmain characteristics of the haewmolysin, The
first was the ability of the protein ito be denaturlhat
relatively louw temperatures, and the second was duélta
the surfsce activity of the material, so that it was
sdsorbed at the z2ir-water interfsce where it denstured
end precipitated, Attempts to sepsrste fractions ef the
haemolysin by other methods, such as slectrophoresis,
vere unsuccessful as the haemolysin was also sdsorted anto
;supnarting mecdia such as filter paper and cellulose
palyecetate.

£.3 As it was not possible to abtain a nure preparation
of the haemolysin only an approximste guantitstive sstimate
of haemolytiec activity could be achieved, Mevaertheless,
est imatss made on the various batches shousd that in
comparison with sther lysins the hsemclysin of Ls Flackari

was a very potent lytic agent. The precise level of
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activity veried with different species of red cell used
in the assay, although sll species tested were readily
lysed, The aptimal tempuerature for iytic activity was
between 25 deg., and 30 deg, in s medium of gl between

8 and 9,

8.4  in sxamination af the kinetics of haemolysis shoued
that the rate of the reaction was non-linear a2nd exponential-
ly related to the lysin cancentration, ' This fFinding
suggested & nNon-anzymatic process which was further con-
firmed by an inability to obtain any evidence of breakdouwn

of membrane proteins or lipidgs, The addition of plasma

or sucrose to the haemolytic system during the course of

the process temporarily slouved the rate of haamolysis,
However, this could be a non_specific process and an

osmotic effect af the added meterisals anly.

G5 Chromatography on Sephadex separated the tentacle
extracts into two fractions which uere arbitrarily called
the lethal and haemolytic fractions., The lethsl fraction
had an approximate molecular veight of 150,000, whils the
haemolytic Ffraction ‘had an approximate molecular weight of
70,000, “nen administered parenterelly to animals both
fractions produce cardiorespiratory failure and death,
slthough the higher molecular weight fraction appeared teo
he more potant, The haemolytic fractien 2lse contained
dermatonecratic activity, but it was impossible to determine
whether lethal, haemolytic and dermatonecrotic activities
were the result af a single substance or three separate
materials.

£.8 An antiserum was prepared against the whole tentacls
extract and this could be shown to contain antihaemolysins,
Howaver, some non-specific inhibition oceurred if the
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amount of protein was increased by concentrating the antid
garum,

&.,7 The haemolysin could he demonstrated in whole extracts
of the tentacle, in the "milked toxin” of Sarnes and in
concentrates of nematocysts which had been preparec and
described by other workers, Therefgra, it appeared to be
a component of the toxin but it was /usual that haemolysis
Red not be described sither in clinical cases or ss a
feature of envenomation in experimental animals, These
investigations suggested the absence of haemolysis to be
due te thres factors; the dilution of the venom and
haemolysin following iroculation, the lack of stability
at normal tody tempereiure and the inhibitory effects of
plasma proteins, It was also posaible that death may
supervene befecre haemolysis oceurs,

Ss8 The heaemolysin of ., fleckeri uas compared with the
haemolysin of the related hox jellyfish Chiropsalmus
guadricstus. The haemolytic Praction of . guadrigatus
also contained dermetonserotic activity, but the latter

could be distinguished from the haasmolytic activity by its
greatar neat stsbility, The haemolytic Praction of

Le guadrigatus wes not prepared in sufficient cencentration
to demonstiraie whethar it was lethal alse.

£.2 The haemolysin of (, quadriqatus Jiffered from that
of L. fleckari being more labile and having en optimal
temperature of heswolysis at 15 deg, rather than 2% deg.

A comparisen of the kinastics suggested that the mods of
action of the tuwo haemolysins was similar but not jdentical,
The lack of similarity was furtharp confirmed by demonstrat-
ing that antihsemolysine to the tue sxtracts were species
specific and no cross antigenicity could be detected,
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5,10 An attempt to elucidate ths mods of sction of

C. fleckerl haemolysin was undartaken using surface
pressure and surface potentiazl measursments. In the
csse of L, guadrigatus haemolysin it uas impossible to
obtain materisl uhich was stable enough to zllow investi-
gation, The surface oropertiss of the kaemolysin of

Ge fleckeri were examined Ffirstiy far the ability of the
protein to spread =zt the sir-water interfacs and secondly
for the ability to interact with, and to penstrate lipld
and protein monclayers, The hsemolysin was surface azctive
but the ability fc connentrate st the ailr-water interface
was not unusual and was similar to a number of other
structurel proteins, When injected under protein monc-
layers of red cell stromal proteins, or lipids such as
lacithin or cholesterol, anc specific intaractions could
be demonstratsd, However, there appeared to bHe complex-
ing with a component in a mixed monolayer of lipids
derived from rabbit red cells. This observation will
reguire confirmation by Purther examinaticgn in monolayers
prepared from individual membrane lipids.
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APPENDIX 1

LIST _GF ORUGS  asp REAGENTS

fgar 5gecial Grade Uxoid
Blue taextran 2000 “harmacia
Cetyl trimethylammonium
Gromide I.C.I1.
LeMe Sephadax (-5 Pharmacia
Lhalesterol B.0.H,
Uigitonin Koek Light Labs,
A - =locithin K. and K. Laboratories
sephadex (=200 Superfine
Grade Pharmacia
Sedium dodecylsulphonate Gardinol Chem. Co.
Trypan Blus Ke and K. Laboratories

suspending fedium for fRed Blood Cells snd “gusous Subphase
for Spreading Ponclayers.

Sedium chleride 154 mM
Disodium hydrogen phosphate 12,5 mM

~“otassium dihydrogen

orthophosochate 4,2 aM
Adjustad to pH 7.2
When potassium efflux Prom red cells was being examined
sodium dihydrogen erthophospghate 4.2 mM replaced tha
potassium salt in the above medium,
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THE HEMOLYTIC PROPERTIES OF EXTRACTS OF
TENTACLES FROM THE CNIDARIAN CHIRONEX FLECKERI
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Abstract—The properties of an extract of the tentacles from Chironex fleckeri were examined
to determine the nature of the hemolysin. The hemolysin was labile at room temperatures
but when care was taken to prevent deterioration it had a high degree of activity which was
unaffected by cholesterol. There was a non-linear relation between the rate of hemolysis and
the dilution of the extract and this rate was dependent on temperature and pH. The activity
of the hemolysin was inhibited by sucrose and plasma and accelerated by benzene. There
was a correlation between the hemolysin titre and the LD;, of a series of crude extracts.

INTRODUCTION

FatAL stings from Cubomedusae which occur along the coast line of Australia, north of
the Tropic of Capricorn, appear to be due to either Chiropsalmus quadrigatus or Chironex
Sleckeri (CLELAND and SouTHCOTT, 1965). However an examination of the morphology
of both organisms suggests that the stinging potential of the latter is greater and it is probably
the more dangerous of the two species (BARNES, 1966).

Extracts from the frozen tentacles of C. fleckerihave been shown by Wiener (in SoutHCOTT
and KINGSTON, 1959) to be rapidly fatal to mice and guinea pigs and to contain a hemolysin
which was destroyed by boiling.

Work on the pharmacology of the toxin obtained from the frozen tentacles has demon-
strated two important features of these preparations (FREEMAN and TURNER, 1969). Firstly,
the most toxic material is obtained by homogenizing the whole tentacle and extracting
with a sucrose or buffer solution, while concentrates of intact nematocysts obtained by
centrifugation and disrupted by grinding or sonic disintegration showed little activity.
Secondly, the pharmacological properties of the extracts from the whole tentacle or an
active fraction prepared by Sephadex filtration were identical to those obtained from material
collected by discharge of nematocysts through the amniotic membrane (BArNEs, 1967).
As the latter material should contain the venom of the nematocysts only, it was concluded
that either during the process of freezing and thawing, or during the period of storage the
venom leaked out of the nematocysts even though microscopic examination established
that only a small proportion had discharged.

During the course of the above pharmacological investigations on these extracts it was
noted that some degree of hemolysis was a frequent finding in animals dying of envenoma-
tion. Therefore an investigation of this property of the extract was undertaken to characterise
the hemolysin in more detail.

METHODS
The specimens of C. fleckeri had been collected and identified by Dr. J. Barnes of Cairns,
Queensland, Australia. They were kept in a cool room until the tentacles could be removed
55
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and then transferred to a liquid nitrogen container for transport to the laboratory. Using
this procedure the tentacles were well preserved and small quantities could be removed
as required.

Dr. Barnes also supplied a quantity of material which was obtained by discharge of
nematocysts through human amniotic membrane (BARNES, 1967). This material was
employed in comparisons between hemolytic and lethal properties of the extract. This
material had been stored in the frozen state for 20 months and this may account for its
relatively low potency at the time of use.

The hemolysin appeared labile at room temperatures and attempts to make a stable
and concentrated extract from the nematocysts as described for Physalia (LANE and DODGE,
1958) were unsuccessful. The hemolysin could not be extracted with alcohol or ether and
it would not pass through a dialyzér membrane.

For these investigations a small quantity of tentacle was homogenized at 5° and extracted
with a phosphate buffer at pH 6-3, which was initially thought to be the optimum pH for
stability of the extracts (FREEMAN and TURNER, 1969). The material was centrifuged at
2500 g for 20 min and the supernatant removed, dispensed into 1-0 ml quantities and placed
in a deep freeze at —20°. Two batches were made—thé first by extracting 648 mg of tissue
in 10-0 ml of buffer, and the second by extracting 2-9 gin 15-0 ml of a similar buffer solution.
The first batch was used for most of the experiments but there was insufficient to complete
the investigation. The second batch was mainly used for studies on the rate of hemolysis.
The extracts were then diluted with phosphate buffered saline (PONDER, 1948) at pH 7-20 to
give the initial dilution required for the hemolytic studies.

Red cell suspensions, except those from humans, were normally obtained by intracardiac
puncture and the blood collected into heparinized tubes. Human red cells were obtained
by puncture of the median cubital vein. The cells were washed three times in 20 times their
vol. of 0-146 M sodium chloride and were used within 24 hr of collection. Rabbit cells were
used for all routine assays.

The method of measuring the dilution of extract producing 50 per cent hemolysis (D;q)
was similar to that described by THRON (1964). Ten tubes were used for each estimation and
the hemolytic system consisted of a total vol. of 3-0 ml. The initial 1-0 ml in the tube con-
sisted of serial twofold dilutions of the venom and buffered saline. To each tube was added
a further 1-0 ml of buffered saline, or other test solution, and 1-0 ml of rabbit red cells, the
concentration being adjusted to give a final dilution of 3-0-3-5 X 107 cells per ml.

The number per unit volume and the species of the red cells were kept constant in all
experiments except in those where these two variables were independently investigated.

Hemolysis was allowed to occur at 25° for 5 hr when the numbers of non-hemolysed
cells were estimated in a spectrophotometer (Unicam SP 600) by their apparent absorbance
at 700 mp. A calibration curve had been prepared using suspensions of cells with varying
proportions hemolysed by freezing and thawing. From this graph the optical absorbances
could be converted into figures for per cent hemolysis and when these were plotted against
the dilutions of venom the Dy, could be calculated. By relating this dilution to the wet weight
of tentacle from which extract was prepared, an approximate figure for the concentration
causing 50 per cent hemolysis (Cs) could also be estimated.

Investigations on the rate of hemolysis were undertaken in a spectrophotometer (Unicam
SP 800) with an automatic cell changer and program controller. The temperature was
maintained at 25° in all experiments unless stated otherwise. The total volume of the hemo-
lytic system was again 3-0 ml, consisting of 1-0 ml of red cell suspension, 1-0 ml of buffered
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saline, or other test solution, and 1-0 ml of the appropriate dilution of hemolysin. The
same principle was adopted of converting the apparent absorbance at a fixed wave length
of 700 mp into per cent hemolysis by means of a calibration curve. When it was necessary
to add test substances during the course of the hemolysis, solutions in 0-1 ml were used.
The alteration in the dilution of the red cell suspension caused by the addition of 0-1 ml caused
very slight changes in the absorbance recorded and any major variation could be attributed
to the substance added. ‘

The toxicities of the extracts by the i.v. route were estimated by measuring the LD, for
male albino mice weighing 18-20 g. Four groups of 4 animals were used for each estimation
and four dose levels were employed in a constant vol. of 0-1 ml except at the highest dose
level in the least potent extract where it was necessary to use 0-15 ml. The LD, was calculated
from the method described by WEIL (1952) and expressed as the logarithm of the dilution
contained in 1-0 ml of the extract.

The buffers used in the stability tests were as follows: between pH 4:0 and 8-0 they were
mixtures of citric acid and disodium phosphate, and between pH 8:0 and 9-0 they were
mixtures of Tris-(hydroxymethyl) aminomethane (Tris) and hydrochloric acid. The isotonic
buffers used to measure the effect of pH on rate of hemolysis were mixtures of sodium
chloride, disodium phosphate, potassium dihydrogen phosphate for values between pH
6-0 and 7-5 and sodium chloride and Tris—hydrochloric acid between pH 7-5 and 9-0.

Analytical grade chemicals were used for all experiments. The digitonin (Koch Light
Labs.) was prepared at a concentration of 0-1 mg per ml approximately 30 min before use.
The lecithin used was prepared from egg yolk by the method described by DAwsoN (1963).
The solutions of sodium dodecyl sulphonate (Gardinol Chem. Co.) and cetyl trimethyf
ammonium bromide (I.C.L) were used within 24 hr of preparation.

RESULTS

Estimation of the Dy, and Cy, values for the hemolysin of C. fleckeri

Figure 1 shows the percentage hemolysis plotted against the dilution of the extract and
the wet weight of the tentacle from which the material was obtained. The figures are those
obtained for the first batch of extract which has a c;, value of 2-3 ug per ml. Using the same
hemolytic system the value obtained for digitonin was 0-89 ug, which is in the same range as
that reported previously (THRON, 1964).

When supplies of the first batch were depleted, a second was prepared which had a
considerably higher potency and gave a C;, level of 0-23 ug per ml.

Factors affecting the Dy, values of the hemolysis

1. The species of red blood cells. The susceptibility of different types of red cells to the
hemolysis varies from one species to another. Of the types tested those from the guinea
pig appeared to be the most resistant and those from the rat were the most sensitive. For
comparison the Dy, values for the different cell types are included in Fig. 1.

2. The concentration of red blood cells. The Dy, values obtained using different concentra-
tions of cells are shown in Fig. 2. Using the spectrophotometric method it was difficult to
obtain absorbance values for cell concentrations below 5 x 10° per ml, and above 1-0x 108
per ml. However, within this range there appears to be a linear relationship between the Dy,
values and the cell concentration. A similar type of relationship has been described for
the hemolysis produced by saponin and anionic detergents (RiDEAL and TAYLOR, 1958).
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3. The addition of cholesterol, lecithin, plasma and sucrose. The replacement of 1-0 ml
of buffered saline with 1-0 ml of the following substances: cholesterol sol. (005 mg per ml),
lecithin (0-1 mg per ml) or plasma 10 per cent, produced no effect on the Dy, values obtained.
Incubation of the same concentrations of these substances with either the red cells or the
extract at 25° for 1 hr prior to addition to the system was also ineffective.

On the other hand, the replacement of 1-0 ml of buffered saline with a similar quantity
of sucrose 5 per cent caused a two- to fourfold reduction in the Dy, values and this could be
further increased if the sucrose was incubated with the hemolysin at 25° for 1 hr prior to
addition to the system.

4. The potency of the hemolysin. The hemolysin proved to be relatively labile at room
temperatures and this was partly dependent on the dilution ; the more dilute solutions tended
to deteriorate more rapidly. In practice the stock material was removed from the deep freeze,
thawed and diluted just before making up the hemolytic system. For reproducible results
it was always necessary to use fresh dilutions.
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FiG. 3. THEEFFECT OF pH AND TEMPERATURE ON THE DILUTION OF C. fleckeri HEMOLYSIS REQUIRED
FOR 50 per cent HEMOLYSIS.
O—Dy, values after 1 hr exposure at different temperatures; @—bs, values after 1 hr exposure
to diluents of different pH, at constant temperature of 25°.

As it was thought that the stability of the material might be related mainly to the pH
of the diluent and the temperature at which it was held, the effect of both these parameters
on the potency of the hemolysin were examined. The Dy, values obtained after 1 hr at different
temperatures and at different pH values are shown in Fig. 3.
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Factors affecting the rate of hemolysis
1. The dilution of the extract. The effect of dilution of the extract on the time to produce
100 per cent hemolysis of a standard cell suspension is shown in Fig. 4. A more detailed
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Fic. 4. THE EFFECT OF DILUTION OF THE EXTRACT ON THE TIME FOR COMPLETE HEMOLYSIS OF
STANDARD CONCENTRATION OF RED CELLS (3-0-3-5 X 10’/ml) AT 25°.
Also shown is the effect of temperature at a fixed dilution of extract. @—10°. O—25°. [1—37°.

examination of these figures indicates a non-linear relationship between the dilution of
extract and the rate of hemolysis. In this respect it appears to be similar to lysis produced
by saponin and ionic detergents (RIDEAL and TAYLOR, 1956, 1958) and differs from that
produced by proteins or enzymes (BERNHEIMER, 1947).

2. Temperature. When dilute solutions were used hemolysis appeared to proceed more
rapidly at temperatures below 20°, but this was later considered to be due to the greater
stability of the hemolysin at the lower temperatures.

Using more concentrated preparations where complete hemolysis is achieved within 30
min the optimum temperature appears to be between 25 and 30°. Above 35° the rate fell
markedly but this is largely due to lack of stability at the higher temperatures.

For comparison the time taken for complete hemolysis at temperatures of 10, 25 and 37°
for a standard dilution are shown in Fig. 4.

3. The effect of pH. A series of isotonic diluents at various pH values between 5-2 and
9 were used and the rate of hemolysis estimated by the time required for complete hemolysis.
The rate is considerably reduced at pH level below 6-5 and appears greatest between pH
8 and 9. At the lower pH levels the effect on rate may have been partly due to the reduced
stability of the extract under these conditions.

4, The effect of added substances. The replacement of 1-0 ml of buffered saline with
cholesterol sol. (0-05 mg per ml) or lecithin (0-1 mg per ml) caused no alteration in the rate
of hemolysis.

On the other hand, if sucrose 5 per cent or plasma 10 per cent is added there is a marked
reduction in the rate of hemolysis. The addition of equivalent quantities of plasma after
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hemolysis had commenced did not result in any delay, while sucrose added in the same
manner was still able to cause a reduction in this rate.

The replacement of 1-0 ml of buffered saline with 2 x 10~ to 5x 10~5 M sodium dodecyl
sulphonate or 10-° to 10-¢ M cetyl trimethyl ammonium bromide resulted in inhibition of
hemolysis by both the anionic and cationic detergent at the highest concentration employed.

The addition of benzene or bromo-benzene appeared to increase the rate of hemolysis.

Relation between hemolysin titre and lethal properties of the extract

Four batches of extract with known varying titres of hemolysin were examined. The
first was the standard extract, the second was the product of discharge of nematocysts through
the amniotic membrane, the third was prepared by diluting the standard extract in a buffer
at pH 5-5 and the fourth by diluting in buffer at pH 7-2 and then heating at 37° for 30 min.
In the latter two batches the by, and LDy, were estimated on the same day. If hemolysis and
lethality were due to different factors their stability to heat or changes in pH might vary
and this difference would result in separation of the two activities. The result of the com-
parative assays of the 4 batches are shown in Table 1.

TABLE 1
Hemolysin LD;, for mice
titre expressed as 1-0 ml of
Type of extract 1 1

(Eogy (Dse) = S.D.)  (Logy, dilution 4 S.D.)

Standard batch 594003 (5) 4-14+0-08
Material obtained by
discharge of nematocysts 4-04+0-08 (5) 2-8
through amniotic membrane
Standard batch diluted . . . :
in buffer pH 5-5 334006 (4) 1-940-11
Standard batch, diluted . ! . )
and heated 37° 3-04+0-11 (5) 1-14-0-09

Figures in parentheses represent number of observations.
As there was no gravimetric means of estimating the Lp;,, it was expressed
as a calculated dilution of the extract which would be contained in 1-0 ml.

There is a definite correlation between the hemolysin and lethal properties of the extract
although this relationship is non-linear. This suggests that the hemolysin is a more specific
manifestation of the toxin which in vivo appears to have more general effects on the heart and
central nervous system (FREEMAN and TURNER, 1969).

DISCUSSION

The cell membrane is considered to be made up of a cholesterol-phospholipid-lipo-
protein complex. Lysis of the membrane may be produced by enzymes such as lipases or
by lysins such as steroids, vitamin A, detergents or saponins (CUTHBERT, 1967).

In the initial part of this investigation the presence of phospholipase A was excluded by
examining the lipid products of hemolysis of the red cell membrane by thin-layer chroma-
tography. No lysophosphatides could be detected.

Thesubsequent investigation was undertaken to determine the characteristics of hemolysis
in the hope that this knowledge might assist in the broad chemical identification of the
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substance. The fact that it does not pass through a dialyzer membrane shows that it has a
molecular weight greater than 1000 or it is coupled to a substance of high molecular weight.
Although a number of other features were defined which might later assist in the isolation
of the active material, no precise chemical classification was possible.

The most important of these features was the high activity of the hemolysin when cate
was taken to prevent deterioration in dilute solutions at room temperatures. The C;, for
the two batches prepared was 2-3 pg per ml and 0-23 ug per ml respectively based on the
wet weight of the tentacle from which they were extracted. If the hemolysin is contained
in the venom of the nematocysts, only the active component must represent a very small
proportion of the total weight of the tentacle. These figures should then be considered a
most conservative estimate only.

A more detailed investigation of the hemolysin showed that the D, was proportional
to the red cell concentration and at a given concentration it was unaffected by cholesterol
or plasma. There was a non-linear relation between the rate of hemolysis and the dilutions
of the extract over the range employed and the rate appeared to increase both with temper-
atures up to 30° and with values of pH up to 9. The hemolysin was impaired by sucrose,
plasma and both anionic and cationic detergents while benzene and bromo-benzene acted
as accelerants.

While the above evidence may suggest that the material is an enzyme or other protein,
in the case of an enzyme one would expect the rate of hemolysis to be proportional to its
concentration. On the other hand, there is little to suggest that the material would fall into
the category of a steroid (WEISSMANN and KEISER, 1965), vitamin A (DINGLE and Lucy, 1962)
or an ionic detergent.

However, the high hemolytic activity might suggest that it could fall into the category of
saponin or other glycoside. A precedent for saponins of marine origin with high hemolytic
activity has been achieved by the chemical isolation of Holothurin A (NIGRELLI et al., 1955).
A hemolytic process whose Dy, is directly proportional to the concentration of red blood
cells and whose rate of reaction has a small positive temperature coefficient up to 30° and is
influenced by inhibitors such as sucrose and plasma and by accelerators such as benzene
suggests a mechanism similar to that produced by saponin or the slow reaction of jonic
detergents.

On the other hand, the lack of association with cholesterol suggests that it is not chemically
similar to either saponin or digitonin. Similarly, the relatively greater activity at an alkaline
pH differs from the hemolysis produced by saponins which normally proceed more rapidly
in acid solutions. For the present time, therefore, the broad chemical classification of the
hemolysin is in doubt.

The material examined in this study was from extracts of the whole tentacle and it was of
obvious interest to know whether this resembled the venom discharged by the nematocysts.
The pharmacological studies referred to previously (FREEMAN and TURNER, 1969) have
shown that the material from crude extract and nematocysts was similar, while this study
showed that hemolytic activity could be demonstrated in material from both sources.

The range of pharmacological activities shown by the venom (FrReeMAN and TURNER,
1969) raises the question of whether they are the result of a single factor or several unasso-
ciated components. The correlation which appears to exist between the hemolysin and
the lethal properties of a series of extracts suggests that there may be only a single factor
involved. If we assume that this is the case, the hemolysin provides an in vitro method of
detecting the venom during attempts to concentrate and purify the extract.
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SUMMARY

1. The properties of an extract of C. fleckeri were examined to determine the nature of
the hemolysin.

2. The hemolytic activity was measured in terms of Dy, or Cy, values which represented
the dilution or concentration of extract producing 50 per cent hemolysis.

3. The pg, values were dependent on the species and concentration of red cells used.
They were unaffected by cholesterol, lecithin or plasma, but were reduced by sucrose.

4. The hemolysin was labile at room temperatures and relatively unstable above 35°
and at pH below 5-0.

5. There was a non-linear relationship between dilution of extract and rate of hemolysis.

6. The rate of hemolysis was dependent on temperature and pH and inhibited by sucrose
and plasma and accelerated by benzene and bromo-benzene.

7. There appeared to be a relationship between the titre of hemolysin and the LDg of a
group of extracts.
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Abstract—Extracts of tentacles from the jellyfish Chironex fleckeri which possessed strong
hemolytic properties were examined by ion exchange chromatography on carboxymethyl and
diethylaminoethyl cellulose and by exclusion chromatography on Sephadex G-75 and G-200.
In some experiments the hemolytic activity was related quantitatively to the lethality of the
samples to mice, before and after the separatory procedure used.

It was concluded that the hemolytic activity of the extracts was due to a single component,
a protein of molecular weight of approximately 70,000. At least one other toxic component was
present, which had a molecular weight of approximately 150,000. Methods for purifying the
hemolysin are suggested.

INTRODUCTION

THERE are many reports of fatalities from jellyfish stings off the North Australian coast
(CLELAND and SOUTHCOTT, 1965), and the cnidarian Chironex fleckeri (the box jellyfish or
sea wasp) has been assigned by BARNES (1966) as the probable cause of the majority of these.
The pharmacological actions of extracts from this animal have been described by FREEMAN
and TUrNER (1969), and the hemolytic properties of similar extracts by KEeN and CRONE
(1969). In the latter study it was noted that the potency of the hemolysin would enable
studies to be made of the active principle in concentrations so low that detection by chemical
means would be impossible. The present study makes use of this fact to derive information
about the hemolysin from a study of its behaviour during column chromatography.

It was found during the course of this work that the hemolysin could be separated from
a second toxic component which had no hemolytic properties. However, this paper is
confined to a description of the hemolysin only.

MATERIAL AND METHODS

Extraction of tentacles

The tentacles used had been obtained from Chironex fleckeri as described previously
(FrReeMaN and TURNER 1969), and were stored in liquid nitrogen. A portion of tentacle
weighing approximately 4 g was ground in a mortar with 5 ml of a 10 mM phosphate,
10 mM NacCl buffer (pH 6-5) at 5°. The mixture was then centrifuged at 9000 g for 10 min
and the supernatant was retained. The residue was again extracted with 5 ml of the buffer,
centrifuged, and this supernatant was combined with the first. The combined supernatants
formed an opalescent, frothy solution which was stored at —20° until required for use.
Two extracts, prepared in an identical manner, were used for the present studies; they did
not vary greatly in hemolytic potency and were relatively stable at —20° in this form.

79
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Assay methods for the hemolysin

A rapid method which estimated rate of hemolysis was used semi-quantitatively to
locate the hemolysin after chromatography, and a second method based on finding the
dilution giving 50 per cent hemolysis after 5 hr was employed to compare hemolytic activity
with lethality.

The semi-quantitative method was based on observing the time to complete hemolysis
at 25°, the end point being judged by eye (PONDER, 1948). Samples of 0-1 ml were added to
1 ml of rabbit red cell suspension (3 X107 cells per ml) at pH 7-4. The observed time to
hemolysis was converted to a relative dilution by means of a calibration curve, and the
reciprocal of this value multiplied by 1000 was used as an arbitrary estimate of the hemolytic
activity. The original extracts when diluted 1:10 caused complete hemolysis in 4 min;
samples not showing complete hemolysis after 30 min were regarded as inactive by this
rapid method. This procedure gave a good estimate of the relative distribution of activity ina
single series of tubes, but it is emphasized that any comparison of the various values given
for different experiments will be unreliable and misleading.

The quantitative assay for hemolytic activity, based on noting the dilution giving
50 per cent hemolysis of a given cell suspension in 5 hr, was performed as described previously
(KEEN and CRONE, 1969).

Toxicity tests

Samples were examined for lethality by injecting 0-1 ml into the tail veins of male albino
mice weighing 18 to 20 g. For each of the separatory procedures described below, two
samples were tested for lethality from fractions containing the hemolysin, and two samples
from each side of the hemolytic peak. Thus for the separation on CM cellulose (Fig. 1),
two samples were used from the region 20-60 ml of eluate, two from the hemolytic peak
(60-110 ml), and two from the region 110-200 ml. Results were recorded simply as positive
(death in 30 min) or negative. »

For the separations on CM cellulose and Sephadex G-200 in which a quantitative
hemolytic assay was employed, the LDg, values of bulked fractions were determined by using
four groups of four animals each, and calculating the LDy, values from the tables of
WEIL (1952).

The hemolytic and lethal activities were both expressed as dilutions of the original
extracts or fractions being investigated. In the case of the hemolysin this was the dilution
causing 50 per cent hemolysis of a standard cell suspension in 5 hr. The lethality was
expressed in the form of a LD;, value as the dilution at which 1-0 ml produced a calculated
50 per cent mortality in mice. To relate the two dilutions in a simple manner, reciprocals
of the two values were used, and then the hemolytic value was taken as unity and the Lbg,
expressed as a multiple of this.

Column chromatography on carboxymethyl cellulose

Carboxymethyl (CM) cellulose powder (Serva, Heidelberg, 0-72 m-equiv per g) was
suspended in 10 mM phosphate, 10 mM NaCl buffer at pH 6-5 and allowed to settle for about
5 min. The supernatant with the fines from the cellulose was decanted and the residue was
resuspended in buffer. This procedure was repeated ten times over a period of 24 hr. The
CM cellulose was formed into a slurry with the buffer and poured into a column 7 mm i.d.,
bed height 8 cm. The column was run at a pressure difference of 80 cm of water, which gave
a flow rate of 0-7 ml per min. Samples of 1 ml of the extracts were applied to the column
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at 5°, washed through with 20 ml of the 10 mM NaCl phosphate buffer, and then eluted
by a linear gradient of increasing NaCl concentration. The gradient was formed by putting
100 ml of the 10 mM NaCl buffer in a mixing chamber and having 100 m! of 500 mM NaCl
buffer (pH 5-95) in a connecting reservoir so that the buffer lost to the column was replaced
with the more concentrated solution. Fractions of 2-7 ml were collected.

Column chromatography on diethylaminoethyl cellulose

Diethylaminoethyl (DEAE) cellulose (Schleicher and Schuell, for thin-layer chroma-
tography, 0-86 m-equiv per g) was suspended in 0-1 N NaOH and stirred for 1 hr. The coarser
particles were separated out and washed free from fines by many decantations from distifled
water. The residue was then equilibrated with 5 mM Tris—phosphate buffer, pH 7:96, and
poured into a column of dia. 11 mm, bed height 15 cm. The buffer of 2 ml of the original
Chironex extract was exchanged for the Tris—phosphate buffer on a small Sephadex G-75
column and 2-5 ml of eluate containing the hemolytic activity was applied to the DEAE
cellulose column at 5°. The column was eluted with 50 ml of the 5 mM Tris—phosphate,
then with a gradient of increasing NaCl concentration and decreasing pH (175 ml of Tris-
phosphate pH 7-96 in the mixing chamber, 175 ml of 50 mM phosphate, 1 M NaCl, pH 6-51
in the reservoir). Flow rate was 0-9 ml per min, and fractions of 5-5 ml were collected. The
pH of each fraction was measured at 5°.

Exclusion chromatography on Sephadex columns

A column of G-75 Sephadex, regular grade, was used initially. The diameter was 2-:5 cm
and the bed height was 41 cm. The eluting buffer was 10 mM phosphate, 150 mM NaCl
at pH 6-3. The flow rate was 0-95 ml per min and fractions of 3-8 ml were collected.

Later a column of G-200 Sephadex, superfine grade, was used. The column i.d. was
2-5 cm and the bed height was 33 cm. The buffer employed for this column was 25 mM
Tris—-HCI, 150 mM NaCl, pH 8-0. The flow rate at the operating pressure of 20 cm of water
was 5:6 ml per hr, and 2-8 ml fractions were collected.

The void volumes of each column were estimated by the use of Blue Dextran 2000
(Pharmacia), and all operations were carried out at 5°.

Other methods

The u.v. spectra of samples were obtained using a Unicam S.P. 800 spectrophotometer.
Investigation of fluorescence was done in an Aminco-Bowman spectrofluorimeter. Protein
in samples from Chironex extracts was estimated by the method of Lowry et al. (1951).
The quantity of protein in the extracts, as detected by this method, was low and the procedure
served only to indicate the position of the main protein components after chromatography.
Marker proteins were estimated by the absorption at 280 my. Measurements of pH were
made using a Radiometer pH meter model 25SE; the values given are those at 20° unless
otherwise noted.

RESULTS AND DISCUSSION
Preliminary examination of extract
The crude extracts were examined in the u.v. region. Despite the slight turbidity, an
unusual absorption peak at 311 mu could be discerned. After Sephadex G-200 chroma-
tography this material was eluted at a position corresponding to the total bed volume,
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indicating a molecular weight below 10,000. The spectrum of the column eluate at pH 8
showed maxima at 213 and 311 mp, with a minimum around 250 mu. The O.D. of this
compound in the crude extracts was high enough to mask any of the normal protein or
nucleic acid absorption peaks.

Since the instability of the hemolysin (KEEN and CRONE, 1969) would present problems
in the more lengthy chromatographic procedures, this property was examined in a general
way to gain an idea of the feasibility of the procedures to be used. When the original extract
was diluted 1:100 with the extraction buffer at pH 6-5, the hemolytic activity was lost between
24 and 48 hr at 5°. The presence of 1 per cent albumin or 0-1 M Tris at pH 7-2 increased the
stability slightly. The previous work (KEen and CRONE, 1969) had shown that the stability
of the hemolysin decreased at temperatures above 5°, with very rapid loss of activity above 20°.

The hemolysin at this dilution of 1:100 was found to adsorb onto glass and sand. The
adsorption onto sand was reduced by the presence of urea or albumin, but not by Tris.
Adsorption onto the cellulose esters of Millipore filters was strong, a lesser affinity being
found for filter paper. These results suggest that the apparent loss of hemolytic activity from
dilute solutions could be due to adsorption onto any surfaces present, in addition to change
in the hemolysin molecule.

Because of these observations, the Chironex extracts were always handled at 5°, enough
extract was employed to allow for a large degree of inactivation, and transfer to different
containers or passage through tubing was limited to the minimum necessary.

Ion exchange chromatography on substituted celluloses

The results of chromatography on CM cellulose are shown in Fig. 1. The major part of
the hemolytic activity was eluted when the sodium chloride concentration exceeded 0-1 M
(pH about 6-3). There was some tendency for the hemolysin to tail out in the later fractions,
a situation which might be improved by use of a steeper or concave gradient. Most of the
protein in the extract, together with the visible turbidity, passed straight through the column
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Fig. 1. CHROMATOGRAPHY OF THE HEMOLYTIC EXTRACT ON CM CELLULOSE.
The solid line represents the hemolytic activity in the fractions (volume 2-7 ml each) as assayed
by the semi-quantitative method. The broken line shows the concentration gradient of sodium
chloride. Other details are given in the text.
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on loading, and some hemolytic activity accompanied this. However, during other runs
this hemolytic activity was low or not observed (Table 1), and probably did not represent
material different from the main peak. Examination of the hemolytic fractions did not
show any u.v.-absorbing material, and the only fluorescence observable was a very weak
emission at 350 mp when excited at 285 mp.

Table 1 shows results from a separate quantitative run on CM cellulose. The total recovery
of hemolytic activity was less than 22 per cent and 18-4 per cent was recovered in the peak

TABLE 1. DISTRIBUTION AND RECOVERY OF HEMOLYTIC ACTIVITY FROM A CM CELLULOSE COLUMN, BASED
ON A QUANTITATIVE PROCEDURE

Hemolytic activity

% of
recovered
Position on activity
gradient as % of % of (semi-
concentration starting recovered quantitative
Sample of NaCl (mM) activity activity procedure)
1. Eluate recovered as extract was
applied to column 10 01 05 0
2. Gradient before hemolytic peak 10-120 19 87 75
3. Leading edge of peak 120-190 12:6 584 )
4, Trailing edge of peak 190-260 5-8 269 18
5. After hemolytic peak 260-500 12 55 35
Totals 216 100-0 100-0

Individual fractions from a CM cellulose column separation similar to that of Fig. 1 were first examined
for hemolytic activity by the semi-quantitative procedure. On the basis of these results the fractions
were bulked in five main fractions, in which the hemolytic activity was assayed by the quantitative
procedure.

between NaCl concentrations of 120 to 260 mM (50 ml of eluate). This low recovery is
consistent with the known instability of the hemolysin. The table also allows a comparison
between the quantitative and semi-quantitative assays for the hemolysin; the latter method
is obviously accurate enough to serve as a guide to the location of the hemolysin. The LDj,
values of the original extract and of fraction 3 (Table 1) were determined and compared
with the hemolysin titre by the quantitative method. The ratio of the two dilutions (see
Methods section) was 1:81 for the whole extract and 1:48 for fraction 3. Since the errors
in the determinations would be considerable, this result only allows the conclusion that no
great separation of lethality from hemolytic activity occurred.

A further sample of Chironex extract was chromatographed on CM cellulose and then
every third fraction was examined for lethality to mice. Fractions from the hemolytic peak
were lethal at dilutions of 1:10, whereas no lethality was observable at full strength in
fractions free of hemolysin, Therefore in this system the lethality cannot be effectively
resolved from the hemolysin.

Anion exchange chromatography on DEAE cellulose (after buffer exchange on G-75
Sephadex) also resulted in the isolation of a single hemolytic peak (Fig. 2). This material
was eluted along with other material from the column, as shown by the irregular pH changes
and also by the determination of protein in the fractions.
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F1G. 2. CHROMATOGRAPHY OF THE Chironex EXTRACT ON DEAE CELLULOSE.
The lower solid line represents hemolytic activity (determined for each fraction of 5-5 ml), and
the upper solid line represents the pH of each fraction. The broken line indicates the gradient
of sodium chloride.

The fact that the hemolysin can be chromatographed by both cation and anion exchange
methods is evidence that the substance has an isoelectric point near neutrality. Chroma-
tography on CM cellulose was found to be a good method of isolating the hemolysin from
the other material in the crude extract, whereas DEAE cellulose chromatography was less
effective in this respect. It was found that the chromatography of small amounts of Chironex
extract on columns of CM-cellulose (0-8 ml bed volume) was a rapid method of preparing
the hemolysin free of detectable contamination by u.v.-absorbing material. This procedure
would be suitable for daily preparation of samples for pharmacological work.

Exclusion chromatography on G-75 Sephadex

When the crude extract was chromatographed on G-75 Sephadex, the hemolysin was
eluted at the void volume along with the visibly opalescent material and some of the protein.
Other protein material was eluted later, but no further hemolytic activity appeared. It was
thought possible that this might be a false result due to absorption of the hemolysin onto
the fine suspended material in the extract. To test this, 2 ml of the extract was chroma-
tographed on CM cellulose, then 10 ml of eluate from the hemolytic peak (now free of
insoluble matter) was applied to the G-75 Sephadex column. The hemolytic activity was
once again eluted with the void volume, showing that the molecular weight of the hemolysin
was above the exclusion limits of G-75 Sephadex (about 65,000 for spherical proteins).

Exclusion chromatography on G-200 Sephadex

The chromatography of the Chironex extract together with bovine serum albumin as a
marker is illustrated in Fig. 3. It can be seen that the hemolysin is eluted with, or a little in
advance of, the albumin (molecular weight 67,000). This indicates a molecular weight for
the hemolysin of approximately 70,000. The crude extract was also chromatographed
twice in the absence of added protein, with the same result, that is a ratio of elution volume
to void volume (Ve/V0) of 1:71. The ratio for bovine albumin in two experiments averaged
1:73. When cytochrome-c, bovine albumin monomer and dimer, and human y-globulin
were used to give an approximate calibration of the column, the results for the hemolysin
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FiG. 3. CO-CHROMATOGRAPHY OF THE HEMOLYTIC EXTRACTS WITH BOVINE ALBUMIN ON
SePHADEX G-200.
The position of the hemolytic material is shown by a solid line, that of the bovine albumin bya
broken line (estimated by the optical density at 280 my). Also shown is the elution position of
Blue Dextran 2000, marking the void volume of the column. Fraction volume 2-8 ml.

were consistent with a molecular weight from 64-76,000. These results suggest strongly
an approximate molecular weight of 70,000 for the hemolysin, with the usual reservation
that if the molecule is elongated in shape or contains large non-protein groups, this result
might be erroneous. No other hemolytic component was observed during the Sephadex
chromatography.

FExamination of the Sephadex G-200 fractions for toxicity revealed the presence of
toxic material between the void volume and the hemolytic peak. The result of attempts to
Jocate this material more precisely are shown in Fig. 4. By the injection of various dilutions
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FiG. 4. SEPARATION OF A SECOND LETHAL FACTOR FROM THE HEMOLYSIN ON SEPHADEX G-200.

The solid line shows the position of hemolytic activity. The open circles show the maximum

dilutions at which 0-1 ml samples of the fractions were lethal to mice. This monitoring of

lethality was not carried on into the hemolytic fractions, but these were also lethal (see text).
The arrow indicates the void volume of the column.
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of the fractions into mice, the position of this second lethal component was found to
correspond very approximately to a molecular weight of 150,000. Although not shown in
the figure, the fractions of the hemolysin peak were also lethal (see below).

A quantitative estimation of hemolytic activity after Sephadex G-200 chromatography
was performed as described for CM cellulose previously. The total recovery of hemolytic
activity was 45-3 per cent of which 93 per cent was present in the single, sharp peak, The
ratio of hemolytic activity to LDy, was 1:120 for the whole extract and 1:140 for the
hemolytic peak, whereas the ratio was 1:0-1 for the second toxic peak. This last ratio
reflects the virtual absence of hemolytic activity in this peak. The LD;o of the hemolytic
fraction (as a dilution of 1 ml) was 480, whereas that of the fraction containing the non-
hemolytic toxin was 340.

These results show that the hemolysin was not the only toxic material in the extracts.
The hemolytic material was still lethal, but whether this lethality was due to an integral
property of the hemolysin or to contamination with further unresolved toxins cannot be
decided on the present evidence. Certainly at least one other toxic material is present in the
extracts.

In this experiment the lethal activity of the second component was found to be approxi-
mately equal to that of the fraction containing the hemolysin. However, since it is possible
that the two compounds have different stabilities, this equality of activity may not apply
to the original extract.

Chromatography on Sephadex G-200 would complement CM cellulose chromatography
as an additional means of purification of the hemolysin, based on completely different
separatory principles.

Toxicity tests on separated fractions

The test procedure described under Methods afforded a rough means of monitoring
the various fractions for toxicity; in some cases a more thorough study was made (CM
cellulose and Sephadex G-200 separations). In all cases the fractions containing the
hemolysin were found to be lethal, whereas the fractions on either side were not toxic,
except on the Sephadex G-200 columns. Since neither ion exchange chromatography nor
exclusion chromatography separated the hemolysin from all lethal properties, there is
evidence that the hemolysin may be similar or identical to the factor responsible for this
lethality. However, there is at least one other lethal component which chromatographs
with the hemolysin on CM cellulose but is resolved on Sephadex G-200. The presence
of two components would not conflict with the immunological observations of other
workers (BAXTER et al., 1968). It should be noted here that the toxic compounds of the
extracts from whole tentacles, as used in the present study, are not necessarily the same
as those present in the venom discharged by the nematocysts. However, there is evidence
that extracts of whole tentacle and the venom from nematocysts are similar pharma-
cologically (FREEMAN and TURNER, 1969; KeeN and CRONE, 1969).

CONCLUSIONS
L. The Chironex extracts contain only one hemolytic compound; a variety of separatory
procedures failed to resolve this into more than one component.
2. The hemolysin is protein in nature. No other class of compound is known which
can fill all the requirements of high molecular weight, great potency coupled to high
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sensitivity towards inactivation, and amphoteric behaviour at pH values near neutrality. It
remains possible that the biological activity of the compound could be due to a prosthetic
group attached to the main protein molecule.

3.. The isolation of the hemolysin in a high degree of purity, as judged by the low levels
of u.v.-absorbing or fluorescent materials, can be effected by column chromatography on
CM cellulose and Sephadex G-200. Loss of activity remains the main problem to be solved
in the preparation of the hemolysin in amounts suitable for direct chemical investigation.

4. The hemolysin is not the only toxic principle in the Chironex extracts. The Chironex
venom appears to resemble other venoms in possessing both lytic and more directly toxic
factors.
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Abstract—Whole extracts of the tentacles of Chironex fleckeri, active fractions obtained by
Sephadex chromatography, and the toxin from nematocysts were examined for dermatone-
crotic activity in rats and guinea pigs. The necrosis of skin appears to be the direct effect of
the active material on the cells of the epidermis and dermis. Antihistamine and anti-5-HT
compounds, cortisone acetate and parenteral rabbit antisera did not influence the development
of skin necrosis. The dermatonecrotic, hemolytic and lethal activities appear to be related
except for one fraction separated by chromatography, which had a high lethality but in which
the other activities were low. The dermatonecrotic activity is antigenic and neutralizing anti-
bodies can be produced in rabbits. The findings are discussed in relation to the symptoms
occurring in human injuries.

INTRODUCTION
A COMPREHENSIVE review has been made of the clinical histories and findings associated
with jellyfish stingings in Australia (CLELAND and SOUTHCOTT, 1965). The most severe
stings and those resulting in death have been attributed to Chiropsalmus guadrigatus and
Chironex fleckeri. On morphological examination C. fleckeri appears the more dangerous
of the two species, being of larger size and having a greater density of nematocysts in the
tentacles (BARNES, 1966).

In both fatal and non-fatal stings from C. fleckeri, local lesions are produced on the skin.
These have been described as a series of transverse lines which may become rapidly red,
swollen and vesicular. In non-fatal cases, necrosis and sloughing of the full thickness of the
skin may occur and, later, scarring with pigmentation is common. Intense pain is also felt
around the site of the injury, which may be so severe that an individual may become tem-
porarily irrational.

Recent studies on the pharmacology of the toxin have demonstrated that most of the
features of human stingings can be reproduced in the experimental animal (FREEMAN
and TURNER, 1969; ENDEAN et al., 1969). It has also been shown that extracts of the whole
tentacle have similar pharmacological properties to preparations of toxin obtained by
discharge of nematocysts through the amniotic membrane (FREEMAN et al., 1969). Both
types of material caused cardiac and respiratory failure and some intravascular hemolysis,
but these findings could only be produced consistently when the material was introduced by
the i.v. route. When either preparation was given i.c. or into the superficial subcutaneous
tissues of experimental animals, death rarely occurred but areas of skin necrosis occurred
around the site of inoculation, which appeared to be similar to those described in human
injuries.
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The purpose of this investigation was to define the mode of action of the extracts on the
skin and to attempt to relate the skin necrotising properties of the toxin with the lethal
and hemolytic activities which have been described (KEEN and CRONE, 1969).

MATERIALS AND METHODS

Supplies of the whole tentacle, and toxin prepared by discharge of nematocysts through
the amniotic membrane, were obtained from Dr. J. Barnes, Cairns, Queensland (BARNES,
1967). The whole tentacles were stored in liquid nitrogen, and the prepared extracts at
—20°.

The method of preparing the aqueous extracts from the whole tentacle and the estimation
of the dilution required to produce 50 per cent hemolysis of a standard concentration of red
cells (D50) has been described (KEeN and Crong, 1969). The preparation of the active
fractions of the extracts by chromatography on Sephadex G-200 has also been described
(CronE and KEEN, 1969). Fraction I consisted of the eluate collected between the void
volume and the commencement of the hemolytic peak. Fraction IT was a small quantity
of material collected at the beginning of the hemolytic peak, while fraction III consisted
of the major volume of fluid containing hemolysin. In order to obtain fractions of smaller
volume a second chromatographic separation of tentacle extract on Sephadex G-200 was
undertaken. Fractions IA and IITA represent the volume of eluate collected over a range
which was estimated to represent the peaks of activity in fractions I and III.

The minimum dilution of extract causing skin necrosis was determined either in guinea
pigs weighing 400600 g or in Wistar rats weighing 200-300 g. The skin used was on the
dorsal surface, and the area was prepared by shaving on the day of the experiment. Serial
double dilutions of the extract or venom were prepared in isotonic phosphate buffered
saline at pH 7-2. As a routine, eight dilutions were used, the initial dilution being selected
by preliminary experiments. Using a microsyringe, 0-05 ml of each was injected i.c. into
separate areas outlined on the skin. Controls of buffered saline and heat inactivated extract
were used in each case. After inoculation the animals were observed at 30 min, 1 hr, 4 hr
and 24 hr for changes in color, swelling, vesiculation and necrosis around the sites of admin-
istration. The final readings were made after 48 hr when the minimum dilution producing
at least 5-0 mm of necrosis in its maximum diameter was taken as the end point. This was
expressed as the logarithm of the dilution of extract or toxin.

Inanother group of rats and guinea pigs, undiluted extracts were injected intracutaneously
in the same manner, and samples of skin were removed at various intervals for the prepara-
tion of sections.

The effects of various substances were observed in rats; diphenhydramine hydrochloride
(Parke Davis) 5 mg per kg, D-lysergic acid diethylamide tartrate (Sandoz) 0-6 mg per kg
were given into the lateral tail vein 30 min before commencing the inoculations, and cortisone
acetate (Roussel) 10 mg per kg was administered as a suspension i.p. in three daily doses.
Antiserum prepared in rabbits against the extracts was given in a dose of 2-0 ml i.v. 24 hr
prior to the experiment.

The assessment of vascular permeability at the site of injections was made in rats by
injecting 1 per cent trypan blue 4-0 ml per kg i.v. 30 min before skin inoculations (JUDAH
and WILLOUGHBY, 1962). Estimations of dye leakage were made by the macroscopic appear-
ance of the skin 1 to 4 hr later.

The i.v. toxicities of the extracts were estimated by measuring the LDy, in albino mice
weighing 15-20 g. Four groups of four animals were used for each estimation and four
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dose levels were employed in a constant volume of 0-1 ml. The LD, estimations were calcu-
lated from tables and expressed as the logarithm of the dilution in 1-0 ml of the original
extract (WEIL, 1952).

The preparation of antisera was undertaken in rabbits. The procedure proved to be
difficult as a number of animals died during the course of the immunization. An initial dose
equivalent to three LD;, for mice was given i.v. to rabbits twice weekly for a month and then
they were rested for a month. A further series of injections were given, increasing the dose
slowly up to 10 LD, by the end of a further 4 weeks. Serum was obtained by bleeding the
animals by intracardiac puncture, allowing the blood to clot overnight, and decanting the
serum. It was then cleared by centrifugation, heated at 56° for 30 min and stored at —20°
until required.

The antiserum was tested for antibodies against the lethal, hemolytic and skin necrotizing
properties of the extracts.

Tests for antibodies against the lethal factor were made in a series of 10 tubes using
double dilutions of the antisera in buffered saline. A dilution of the extract was added to
each tube so that five LDy, was present in 0-1 ml of the mixture. The mixture was allowed to
stand for 30 min at a temperature of 25° and it was then tested for lethality by injecting
0-1 ml into the lateral tail vein of mice. The minimum dilution of serum neutralizing five
LDg, of extract could then be estimated.

A similar technique was used to measure antihemolysins. Serial double dilutions of
antisera were made up in 10 tubes and to each was added 1-0 ml of a dilution of extract
containing 50 times the estimated Dy, of hemolysin. This was incubated for 30 min at 25°
and then 1-0 ml of a standard red cell concentration was added. The tubes were allowed to
stand for 5 hr in a water bath at 25°. The maximum dilution of serum which could com-
pletely neutralize the hemolysin was estimated. Controls of normal serum and buffered
saline were used.

Titres of antibodies to the dermatonecrotic factor were estimated by making double
dilutions of venom in a series of eight tubes, adding an equal volume of one in four dilution
of antiserum and incubating at 25° for 30 min. 0-05 ml from each was then injected intra-
dermally in the manner previously described and compared with two series of controls using
normal serum and buffered saline.

RESULTS

The dermatonecrotic activity of extracts

Necrosis and damage to the skin of experimental animals could be produced by extracts
obtained from homogenized tentacle, toxin obtained by discharge of nematocysts through
the amniotic membrane, and with one of two active fractions prepared by chromatography
on Sephadex G-200. The types of lesions produced by the three types of preparations were
identical and with the exception of fractions I and IA obtained on chromatography the
minimum necrotic dose appeared to follow the over-all potency of the extracts as measured
by both lethal and hemolytic activity. The minimum necrotic dose of the various materials
is shown in Table 1.

After injection of 0-05 ml of an active extract into either guinea pigs or rats no immediate
reaction was observed in the skin. There was a discrete swelling in the skin which was
mainly due to the volume of the inoculum with some reddening around the periphery.
Approximately 15 min after the administration of very active extracts, a bluish coloration
was often seen under the site of inoculation in those areas which would later progress to
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necrosis. This appearance was most frequently observed in guinea pigs and it was a less
consistent finding in rats. Vesiculation over the area of injection was a most uncommon
finding.

After 4 hr some areas already showed patches of brownish discoloration and the skin
appeared devitalized. At the end of 24 hr these areas had become discrete brown patches
having a firm texture of dead skin, although in rats it was occasionally necessary to wait for
48 hr for this appearance to be complete.

After death of the skin there is a slow process of separation from the viable tissues which
occurs over the next 10 to 14 days. Provided there is no secondary infection the inflammatory
reaction is not marked.

An examination of the effects of the toxin in rats in which 1 per cent trypan blue had been
injected 30 min before the i.c. inoculation confirms the previous observation that there is
little or no general increased vascular permeability at the site of the lesion. At the end of
4 hr the central area appears as a pale plaque surrounded by a blue rim, indicating increased
vascular permeability at the periphery only.

Microscopic changes in the skin

Samples of skin were taken from the trunk of guinea pigs at varying intervals up to 24 hr
after inoculation. Before being placed in fixative the skin was examined by transmitted light
when the outline of thrombosed skin vessels could be seen readily against the translucent
skin. The sections were stained with hematoxylin and eosin.

Sections obtained during the first 4 hr usually showed changes in the epidermis. The
nuclei of the basal cells stained more deeply and there were some signs of separation of the
thin horny layer from the granular cell layer. In the dermis there was some extravasation
of blood into the tissue spaces and the capillaries were prominent and packed with red cells.
The reaction in the surrounding tissues was not marked, with only a moderate increase in
tissue histiocytes and a few polymorphs.

Although the findings in the early lesions were mild, after 24 hr the changes in both the
dermis and epidermis were quite marked. The epidermal cells lost their normal outline and
at the end of the areas of necrosis they appeared as cellular ghosts. Towards the centre of the
damaged area their structure was completely lost, merging with the large bulk of eosinophilic
necrotic tissue. The signs of necrosis extended into the dermis where there were arcas of
hemorrhage. There was a profuse cellular reaction with some of the cells in close proximity
to the damaged tissue showing nuclear fragmentation and death. The cells which extend
around the whole boundary of the necrotic tissue were mainly tissue histiocytes, small
round cells and polymorphs.

Effect of drugs on the dermatonecrotic activity

Previous work has shown that there appears to be no acetylcholine, 5-hydroxytryptamine
(5-HT) or histamine in extract of the tentacle (FREEMAN and TURNER, 1969).

However it was considered that either 5-HT or histamine could be liberated in the tissue
following the administration of the extract and that either one or the other might contribute
to the development of the lesion. Rats were given diphenhydramine hydrochloride 5 mg
per kg and D-lysergic acid diethylamide tartrate 0-6 mg per kg 30 min prior to the adminis-
tration of the extract in the skin but showed no unusual feature when compared with controls.

Animals given cortisone acetate 50 mg per kg by the i.p. route for 3 days and 2:0 ml of
rabbit antiserum 24 hr prior to the i.d. dose of extract also showed lesions similar to controls.
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The minimum necrotic dose for a given batch of extract was estimated in animals given
each of the above substances. No change in the dilution of extract required to produce
necrosis could be observed in any animal.

The relation between necrotic, lethal and hemolytic activities

The estimation of the relative activities for several batches of extract are shown in Table 1.
These results show that there is a correlation between the three types of activity in both crude
extracts prepared from tentacle and also in purified preparations obtained by discharge of
nematocyst toxin through human amniotic membrane.

TaBLE 1. THE RELATION BETWEEN DERMATONECROTIC, HEMOLYTIC AND LETHAL ACTIVITIES OF
VARIOUS PREPARATIONS

Minimum skin LDy, in micet Hemolysin
necrotizing titre
Batch No. dose
Log,, (dilution)*  Log,, (dilution) Log;, (dilution)
4+S.D. +S.D.
Batch 2 of tentacle extract 21 (2) 4-1+0-08 5:940-3 (5)
Batch 4 of tentacle extract
23/10/68 1-6 (1) 3-740-08 5-44-0-11 (5)
24/ 3/69 1-5 (6) N.E.§ 444003 (3)
Batch 5 of tentacle extract 2:0 (6) 32 534013 (5)
Material obtained by
discharge of nematocyst
through amniotic membrane 09 (2) 2-8 4-04-0-08 (5)
Sephadex G-200 Fractions
Fraction I N.A. ()t 2:540-01 1-6 (2)
Fraction TA N.A. ) N.E.§ <1-5Q2)
Fraction III 0:9(2) 2-740-01 4-8(2)
Fraction ITIA 06 (2) N.E.§ 4-5(2)

*The minimum skin necrotizing dose is expressed as the logarithm of the dilution of extract
or toxin contained in 0-05 ml which will cause 5-0 mm of skin necrosis in rats or guinea
pigs.

1The LD;, was expressed as a calculated dilution of the extract or toxin which would be
contained in 1-0 ml.

IN.A, No activity in undiluted samples.

§N.E. Not examined.

Figures in parentheses represent the number of experiments.

These findings alone could suggest that the three types of activity might be the manifesta-
tion of a single substance. However, previous work employing chromatography with
Sephadex G-200 has shown that two lethal fractions can be obtained, one with a mol. wt.
of 75,000 approximately and the other with a mol. wt. 150,000 approximately (CRONE and
KEeEN, 1969). The former contained in fractions I1I and IITA has been shown to have both
hemolytic and dermatonecrotic activity, while fractions I and IA have little or no hemolytic
activity and no dermatonecrotic activity.

The antigenic properties of tentacle extracts
It was difficult to produce high titre antiserum in rabbits; a course of twice weekly injec-
tions being required for 8 weeks before satisfactory material was obtained.
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When 2-0 ml of this antiserum was given 24 hr before an intradermal inoculation of
extract it failed to prevent or modify the necrosis. However, this may be partly due to the
relatively low titres of the antiserum for the dermatonecrotic factor.

When the same antiserum was mixed with an extract of a known potency and held at
25° for 30 min prior to inoculation a definite increase in the minimum necrotizing dose was
observed. This is shown in Table 2.

The antiserum had been shown to have antibodies to the lethal and hemolytic activities,
the titre against these components being shown in Table 2.

TABLE 2.
Component Neutralizing
titre
Lethal factor Whole extract 40
Sephadex fraction I 320
Sephadex fraction IIT 80
Hemolysin 3000
Dermatonecrotic Factor 16

The neutralizing titre is expressed as follows:

The number of LD, neutralized by 1-:0 ml of undiluted serum;
the number of Dg, of hemolysin neutralized by 1-0 ml of un-
diluted serum, and the number of minimum skin necrotizing
doses neutralized by 1-0 ml of undiluted serum.

Pain and dermatonecrotic activity

The current pharmacological investigations have not demonstrated any of the known
pain-producing substances such as acetylcholine, 5-HT, histamines or kinins in extracts
from or prepared toxins (FREEMAN and TURNER, 1969 ; ENDEAN et al., 1969).

At the same time this investigation suggests that there is no release of histamine, 5-HT
or vaso-active kinins into the tissues. Most of the experimental animals used in this investiga-
tion, mice, rats and guinea pigs, showed little or no signs of discomfort when relatively
large doses of extract or toxin was given into the subcutaneous or intracutaneous tissues.

Although there are unidentified substances in the skin which are capable of producing
pain the present work would suggest that the most likely cause of pain which accompanies
accidental injuries in humans is due to tissue damage or possibly the release of potassium
from damaged cells (FREEMAN and TURNER, 1969).

DISCUSSION

The experiments indicate that in rats and guinea pigs the dermatonecrotic activity of
tentacle extracts and pure toxin preparation of Chironex fleckeri are the result of a direct
effect on the cells of the epidermis and dermis. Although there is capillary damage with
thrombosis within the area of damage there appears to be only a mild vascular response
around the lesion. It is suggested that the toxin acts directly on the cell membrane in a
manner similar to that which produces hemolysis, resulting in rapid death of the cells. The
damage to capillary endothelium with thrombosis appears to be part of this over all effect
rather than a factor contributing to the cell necrosis. In view of the type of response it is not
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unexpected that neither antihistamines nor 5-HT antagonists had any effect on the develop-
ment of the lesions.

It is still uncertain whether the diverse activities of the extracts and the toxin, namely
dermatonecrotic, hemolytic and lethal are due to one component or separate components.
So far, chemical analysis of the extracts has produced two fractions with approximate
molecular weights of 75,000 and 150,000. Dermatonecrotic activity could only be demon-
strated in the material with the lower molecular weight. In this respect it is similar to the
material with hemolytic activity (Keen and CRONE, 1969).

When the whole extract of the tentacle is injected into rabbits, antiserum which is capable
of neutralizing the dermatonecrotic activity in vitro is obtained. The antiserum proved
difficult to prepare and satisfactory titres could only be obtained after several weeks of
carefully graded doses of extract. The antiserum could be shown to have neutralizing pro-
perties against both the lethal and hemolytic activities. However, as skin necrosis is the least
sensitive method of detecting activity in an extract relatively high titre serum is required to
neutralize dermatonecrotic factor. For practical purposes the hemolytic system is the most
sensitive test system and provides the easiest method of checking the activity of extracts and
the titres of antisera.

The above results on the antigenicity of extracts differ in certain respects to a previous
report on immunity to the venom of Chironex fleckeri (BAXTER et al., 1968). However,
this may be due to the different antigenic properties of the extracts of the tentacle which
were used in these experiments for the preparation of antiserum.

In humans, skin lesions are the most common manifestations of stingings due to Chironex
feckeri. Severe constitutional symptoms and death are considered to be relatively uncommon
and occur only in a small proportion of accidental injuries (BARNES, 1966).

The dermatonecrotic response in experimental animals differs in degree to that described
in humans where there is marked reddening, swelling and vesiculation. This may be entirely
due to the physical differences; human skin is thicker and more vascular than the skin of
guinea pigs and rats and has a well developed keratin layer.

In animals it has been shown that many times the i.v. dose of extract or toxin can be
given into the tissues of the skin, or by other parenteral routes without causing severe symp-
toms or death. Despite the absence of systemic effects, when given by the i.c. route necrosis
may occur around the site of the injection indicating that the extract is potent. It appears
that the active fractions are fixed in the tissues and rapidly destroyed while any remaining
toxic material is poorly absorbed into the circulation.

In humans, therefore, fatal cases may be explained on the basis of the fortuitous inocula-
tion of venom directly into the circulation through a superficial vessel in the skin. The fact
that the everted threads are long enough and are capable of penetrating into the dermis
has been previously demonstrated (KINGSTON and SOUTHCOTT 1960 ; ENDEAN et al., 1969).

This investigation has been of little help in defining the relationship between the der-
matonecrotic activity and the severe pain reported in human injuries. In the absence of
any known pain-producing substance in either the extracts or the toxin, or the liberation of
similar substances in the skin, it is suggested that the pain is mainly due to tissue damage
with the liberation of potassium from damaged cells (FREEMAN and TURNER, 1969).
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Abstract—Extracts from the tentacles of Chironex fleckeri (Cnidaria) were resolved into two
lethal fractions by chromatography on CM-Sephadex C-50. These were apparently identical
to the two fractions previously resolved on Sephadex G-200. The hemolysin in the extracts
was also examined by thin-layer chromatography on Sephadex G-200 and by various electro-
phoretic techniques. It was shown that the hemolysin associated markedly with the various
support media, which made electrophoresis of little use. The tentacle extracts and a toxin
obtained by a milking technique were compared by chromatography and shown to be very
similar if not identical in their biological activitics. Some data on the stability of the hemolysin
was also obtained.

INTRODUCTION

A prevVIOUS study at this laboratory (CRONE and KEEN, 1969) has shown that extracts of the
tentacles from the sea wasp or box jellyfish Chironex fleckeri contain at least two toxins,
One of these is hemolytic with a mol. wt. of 70,000 and the second one of mol. wt. 150,000
is lethal on injection into mice but not hemolytic. The pharmacological effects of these
two toxins have also been studied (Freeman and Turner, unpublished observations).

The present work is concerned with extending the separatory techniques used to study
this material. Also, since other workers (BAXTER and MARR, 1969) have reported apparently
different results from a Chironex preparation obtained by a technique analogous to the
milking of snake venom, we have compared the tentacle extracts with a milked toxin
preparation.

MATERIALS AND METHODS

Extracts from tentacles of Chironex fleckeri were prepared as described in the previous
paper (CrONE and KEEN, 1969). A preparation referred to here as ‘milked toxin’ was kindly
prepared and supplied by Dr. J. H. Barnes. This was obtained by causing Chironex nemato-
oysts to discharge through amniotic membrane and collecting the venom which had
penetrated to the other side (BARNEs, 1967).

Biological assay methods

The rapid semi-quantitative method (CRONE and KEEN, 1969) was used to estimate
hemolytic potency. This method, based on the relationship between time to complete
hemolysis and dilution, yielded values related to the particular whole extract being employed,
which was assigned the arbitrary value of 1000. Since the time against dilution curves of
various extracts were different, direct comparison of results between different preparations
(e.g. tentacle extract and milked toxin) was not possible.
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Lethal activity was located and estimated by injection of 0-1 ml of samples into the
tail veins of mice. Approximate quantitation was achieved by finding the maximum dilution
which caused death on injection. Usually five dilutions were tested, each in one mouse.

Column chromatography on cation exchange Sephadex

CM-Sephadex C-50 (product of Pharmacia, Sweden) was allowed to swell in a buffer
of 50 mM NaCl, 10 mM sodium phosphate pH 6-5 and equilibrated with this buffer by
repeated decantation and resuspension. A column was then packed with the gel (bed size
1-6 cm dia. by 16 cm high) and the sample applied. The column was eluted with 65 ml of
the above buffer at a flow rate of 16 ml/hr. After this a linear gradient of NaCl was applied
which was formed by 200 m1 of the above mentioned buffer in a mixing chamber, replenished
by 200 ml of 0-5 M NaCl, 10 mM sodium phosphate pH 6-5. Finally the column was eluted
with buffer containing 1M NaCl. All operations were carried out at 5°.

Thin-layer chromatography on Sephadex G-200

Sephadex G-200, superfine grade, was allowed to swell in 150 mM NaCl, 5 mM Tris
HC1 pH 80, and spread on 20 X 20 cm glass plates as a layer 0-5 mm thick. The plate was
equilibrated with buffer by eluting overnight at 5°. Samples were formed by soaking 2 mm
square pieces of Whatman No. 1 (small sample) or No. 3 (large sample) filter paper in the
specimen, and the paper squares were then applied to the thin-layer plates. Six samples were
run on each plate, one of the centre samples being Blue Dextran 2000 (Pharmacia). The
plates were then eluted with buffer until the Blue Dextran had reached the far side (about
4 hr).

To detect hemolytic activity, a strip of Whatman No. 3 paper was soaked in the washed
red blood cell suspension used for the hemolysis assay and then applied to the developed
chromatogram. The paper was left in contact with the Sephadex layer at 5°, and inspected
after 1 and 18 hr. Rapid hemolysis was indicated by a clear area surrounded by a bright
red colour after 1 hr, siow hemolysis appeared after 18 hr as a white zone against a pale pink
background.

Protein markers were detected by applying Whatman No. 3 paper to the chromatogram
for 2 min, then drying the paper transfer and staining for protein with Amido Black (WIEME,
1965).

Electrophoretic technigues

Trial electrophoretic separations were made on Whatman No. 1 paper in pyridine—
acetic acid-water buffer pH 65, or on cellulose polyacetate (Sepraphore III, Gelman In-
strument Co.) in various buffers of pH from 6-5 to 8-8. Detection of hemolytic activity was
effected by incubating 0-5 cm wide segments of the electrophoretic support in tubes of the
normal hemolytic assay system.

Electrofocussing in polyacrylamide gels was performed by the method of AWDEH et al.
(1968).

Other methods used were described previously (CroNE and KEEN, 1969).

RESULTS
Stability of the hemolysin
Since the lack of stability of the hemolysin is a decisive factor in determining what pro-
cedures the material can be subjected to, the stability was examined under conditions likely
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to occur in normal chromatographic and electrophoretic procedures. The experiment was
carried out at 5°, mostly in a medium of 150 mM NaCl supplemented with 10 mM buffer
salts or other additions. Table 1 summarizes the results as percentage hemolytic activity

TaBLE 1. THE STABILITY OF Chironex HEMOLYSIN IN SOLUTIONS OF VARYING
COMPOSITION AT 5°

Activity remaining after 48 hr

Addition* (as % of activity at zero time)
Tris 50
Sodium phosphate 20
Sodium barbitone 10
Imidazole 10
Alanine 80
EDTA 70
1M Urea 20
2% Ampholine 80
No addition (150 mM NacCl only) 90
Distilled water 100

*Chironex tentacle extract 0-1 ml was added to 2:0 ml of 150 mM NaCl solution
at 5° containing one of the above compounds (10 mM) and adjusted to pH 7-4.
A sample of 0-1 ml was removed immediately for assay of hemolytic activity.
Subsequent samples were removed and assayed at 2, 4, 24, 48 and 72 hr. The best
estimate of activity remaining after 48 hr was made from the curve of activity
against time. EDTA =Ethylenediaminetetra-acetic acid (adjusted to pH 7-4
with NaOH). Ampholine=Carrier ampholytes for isoelectric focusing (pH
range 3-10), product of LKB—Produkter, Sweden.

remaining after 48 hr. The pattern of stability was not different after the short time periods.
Tris was apparently the most favourable buffer salt, barbitone and imidazole were definitely
unfavourable. Unbuffered media (saline or distilled water) caused least loss of activity.
There was no marked loss of activity due to EDTA, contrary to the results of other workers
using a milked toxin (BAXTER and MARR, 1969). These results show that one can expect a
recovery of hemolytic activity better than 10 per cent after the usual chromatographic
fractionation, which takes about 2 days.

Chromatography on cation exchange Sephadex

The results of chromatography on carboxymethyl Sephadex are illustrated in Figs 1 and 2.
Separation of the tentacle extract (Fig. 1) into two lethal fractions was achieved, one of them
being hemolytic. Most of the protein in the extract passed straight through the column,
resulting in considerable purification of the two active fractions. Compared to the whole
extract, the ratio of Iethal activity to protein content of the non-hemolytic toxin was increased
fourfold, and the ratio of hemolytic activity to protein was increased sevenfold for the hemoly-
sin. Recovery of hemolytic activity in the main peak was 34 per cent. The approximate
value for recovery of lethal activity was 70 per cent, assuming that the two separated activities
were additive in the whole extract; 40 per cent was in the first peak and 30 per cent in the
second, hemolytic peak. Minor amounts of hemolytic activity were present in fractions
other than the main peak; at fractions 4, 5, 60 and 61. However the sum of these activities
did not amount to 1 per cent of the total activity.

The chromatography of the milked toxin (Fig. 2) resulted in a very similar pattern to that
of the tentacle extract. The two active fractions were eluted at the same points of the NaCl
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Fi1G. 2. THE CHROMATOGRAPHY OF Chironex MILKED TOXIN ON A COLUMN OF CM-SEPHADEX C-50.
The symbols and conventions used are described under Fig. 1.

gradient, and no other biological activity was detectable, except lethality in fraction 4, which
probably represents some leakage through the column on loading. The recovery of hemolytic
activity from this column was 160 per cent, based on the apparent activity of the original
extract.

Since the estimates of biological activity, especially lethality, were only approximate, a
close quantitative comparison of the distribution of activity in each preparation was not
possible. However, when a survey was attempted the following picture emerged. The two
whole preparations were equal in lethal potency (0-1 ml of a 1: 600 dilution was fatal)
whereas hemolytic activity in the milked toxin was estimated as a tenth of that in the tentacle
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extract. Since 4 ml of tentacle extract and 2 m] of milked toxin were applied to the columns,
the observed sharper outline and reduced heights of the lethal peaks from the milked toxin
were commensurate with the smaller sample, and did not indicate a difference between the
preparations. The hemolytic peak of the milked toxin (in terms of the dilution units) was
higher than expected, resulting in the apparent recovery of 160 per cent mentioned earlier.
It appears that the hemolytic activity of the whole milked toxin was depressed yielding a
value much lower than expected relative to the lethality. This apparent depression may
have been due to an inhibitor in the milked toxin which was removed during chromatography,
but the nature of this component is not known. Apart from this depression of the initial
hemolytic activity in the milked toxin, the two preparations were very similar,

Chromatography of separated fractions on Sephadex G-200

A sample of 5 ml of the non-hemolytic lethal peak from CM-Sephadex C-50 (fractions
28--32, Fig. 2) was mixed with 1 ml of 50 mM Tris pH 8-5. The mixture was applied to a
column of Sephadex G-200 and eluted as described previously (CRoNE and KEEN, 1969).
Lethality was found in three adjacent fractions at V¢/V,=1-28 (elution volume divided by
void volume). This was the same position as that of the non-hemolytic lethal fraction of
mol. wt. 150,000 previously described (V¢/V,=1:24) and was distinct from the lethality
associated with the hemolysin (V,/V, 1-63-1-76).

When the same procedure was tried with the hemolytic peak from the CM-Sephadex,
no hemolytic activity was detectable in the elute from the Sephadex G-200 column, pre-
sumably due to the instability of the hemolysin.

Thin-layer chromatography of tentacle extract on Sephadex G-200

The results of this work are summarized in Fig. 3. The best conditions found for chroma-
tography were use of a buffer at pH 8-0 containing NaCl at 150 mM or above. Even at a
concentration of 0-5 M NaCl, the hemolysin showed a tendency to trail. Comparison of
the main spot in these buffers with markers of hemoglobin and serum albumin confirmed
the original assignment of a molecular weight of 70,000 for the hemolysin (CRoNE and KEEN,
1969). A loading effect was also seen on these chromatograms; smaller samples did not
move as far from the origin.

When either the salt concentration or the pH was lowered, the trailing effect became
more evident. At low salt concentration the bulk of the hemolysin remained near the origin
and only a slight amount of activity moved forward. Clearly, to obtain reasonable results
a moderate salt concentration, alkaline pH and correct degree of loading are required. The
hemolysin of the milked toxin behaved very similarly to that of the tentacle extract.

When hemolytic fractions from the G-200 Sephadex or CM-Sephadex columns were
chromatographed on the thin layer, very little movement forward was noted. In some cases
the zone of hemolysis covered only the paper square on which the sample had been applied.
Use of G-25 Sephadex in place of G-200 did not alter this result.

Electrophoresis of the hemolysin

Electrophoresis experiments were unsatisfactory in that much trailing of the hemolysin
was observed and very little hemolytic activity survived even after runs of 4 hr or less. Com-
pared with rabbit serum, the hemolysin appeared to behave as a y-globulin.

Gel electrofocussing produced the same unsatisfactory results as the electrophoresis
experiments.
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The diagram shows tracings from the paper transfers of the chromatograms. Samples were

applied on the lower horizontal line, and the chromatograms developed until marker Blue

Dextran 2000 reached the position shown by the upper line. Areas of rapid hemolysis (1 hr)

are outlined by a continuous line, slow hemolysis (18 hr) by a broken line. Above each chroma-

togram is given the NaCl concentration and the pH (buffered by 10 mM phosphate or 5 mM

Tris). T=Tentacle extract, M=Milked toxin, A=Serum albumin, L=Large sample, S=
Small sample.

DISCUSSION

The poor separations obtained on electrophoresis or thin-layer chromatography of the
hemolysin can be explained on the basis of an early observation (CRONE and KEEN, 1969),
i.e. that the hemolysin shows a marked affinity for various support media including filter
paper and cellulose polyacetate. In the case of chromatography on Sephadex layers, higher
salt concentrations and alkaline pH reduced ionic bonding to weak acidic groups of the
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Sephadex and decreased the cationic nature of the hemolysin, thus reducing the interaction
with the support and the consequent trailing. Even under reasonable conditions of pH
and salt concentration it seems that very small samples (such as the dilute column fractions)
are adsorbed to such an extent near the site of application that none moves forward to the
expected position. For meaningful results to be obtained from column chromatography
on Sephadex, a suitable eluting buffer must be used, and sharp peaks of activity only con-
sidered. Our previous work on Sephadex G-200 (CRONE and KEEN, 1969) conforms to these
requirements, and the method has been used several times with complete reproducibility
for the preparation of the two active components. A second possibility, that the hemolysin
is a small molecule adsorbed strongly to a larger molecule in the less pure extracts, is unlikely
since it is not dialysable and no effect indicating even slight dissociation has been seen.
There is little doubt that the previous assignments of molecular weight values to the two active
toxins were correct.

The tentacle extract and the milked toxin contained the same active components in
approximately the same proportion. Some reported properties of the milked toxin (BAXTER
and MARR, 1969) are difficult to reconcile with these results, e.g. the instability of the hemoly-
sin in the presence of EDTA, and the assignment of molecular weights in the range 10,000
to 30,000 for the biologically active molecules.

The chromatography on CM-Sephadex was the best separatory method yet found for
isolating the two toxins, yielding sharp peaks in a very reproducible manner. Since the two
are not separated by chromatography on CM-cellulose (CRONE and KEEN, 1969) the separa-
tion on CM-Sephadex must be mainly a size effect, the larger non-hemolytic toxin being denied
access to some of the exchange groups on the matrix and thus being eluted earlier. The further
chromatography of this toxin on G-200 Sephadex confirmed its higher molecular weight.

The nature of the Chironex toxins can be summarized in the following way. Three
biological activities have been examined; lethality, hemolysis (KEeN and CRONE, 1969a)
and dermatonecrosis (KEEN and CRONE, 1969b). Two active fractions have been prepared.
One, of mol wt. 150,000 displays only lethal activity and is eluted first from Sephadex G-200
and CM-Sephadex. The second, mol. wt. 70,000 has lethal, hemolytic and dermatonecrotic
activity when eluted from Sephadex G-200, and is apparently the same fraction as that
which is eluted second from CM-Sephadex, although this has not been conclusively proved.
It is of course possible that further work will resolve these two fractions into further bio-
logically active components.
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Abstract—The dermatonecrotic, lethal and hemolytic activities of extracts of the tentacles
of Chiropsalmus quadrigatus and Chironex fleckeri were examined. The activity of the
dermatonecrotic and lethal components appeared to be similar. The hemolytic activity of
the two extracts could be distinguished by the relative greater stability of C. fleckeri extracts
at higher temperatures. The experiments suggest that the mode of action of the two hemo-
lysins is different. Antisera prepared against the individual extracts showed neutralizing
antibodies against the three types of activity but they were specific for each species and no
common antigenic properties could be detected. A suggested method for the identification
of tentacle fragments is described.

IN AUSTRALIA two species of box jelly fish, Chironex fleckeri and Chiropsalmus quadrigatus,
are a toxic hazard to man. During the summer months they are commonly present in the
waters around the coastline north of the Tropic of Capricorn and are considered to be
responsible for all the major incidents of stingings and human fatalities reported (CLELAND
and SouTHCOTT, 1965). Both C. quadrigatus and C. fleckeri are similar in appearance,
although the latter appears to reach a larger size (BARNES, 1966). They can be distinguished
on a morphological basis, but the differences are slight and may only become apparent after
fixing in a suitable preservative. The principal nematocysts of both species are cigar-shaped
and similar in appearance and both types are classified as microbasic mastigophores. In
general the density of nematocysts in C. fleckeri is greater and this is considered the more
dangerous of the two species as far as human injuries are concerned.

The pharmacological properties of extracts of the tentacles of C. fleckeri and C. quadri-
gatus are very similar. Chromatographic separation of an extract of C. quadrigatus on a
column of Sephadex G-200 produced two peaks of activity; one hemolytic, and the other
lethal when injected into mice and rabbits. The activity of the hemolytic fraction was insuffi-
cient to establish whether it was lethal (Freeman and Turner, unpublished data). The elution
behaviour of the two peaks indicated that the molecular weight of the hemolytic fraction was
approximately 70,000 and that of the lethal fraction approximately 150,000 which was
identical to the molecular weight of two fractions obtained on chromatography of extracts of
C. fleckeri (CRONE and KEEN, 1969).

The purpose of this investigation was to examine extracts of the tentacle of C. quadrigatus
for hemolytic, dermatonecrotic and lethal activities and to compare these properties with
those previously reported for C. fleckeri (KEEN and CRONE, 19694).

METHODS
The specimens of C. fleckeri and C. quadrigatus were collected and identified by Dr. J.
Barnes, Cairns, Queensland, Australia. The method of collecting and storing samples has

249
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been described (KEeEN and CRONE, 19694). In the case of C. quadrigatus the extracts were
prepared from pooled samples which were taken from several organisms.

Whole tentacle extracts were used for all experiments. The extracts of C. quadrigatus were
prepared by mincing the frozen tentacle and suspending it in a buffer containing 150 mM
sodium chloride and 5 mM tris-(hydroxymethyl) aminomethane (tris) (pH 8-0). This buffer was
chosen since a portion of the extract was to be used for chromatographic studies. The suspen-
sion was centrifuged at 2500 g for 20 min at 5° and the supernatant stored at —20° until
required. The initial batch which was used for most of the quantitative assays was prepared
from 4-35 g of tentacle and 10 ml of buffer. Two other batches were prepared similarly,
containing 400 mg of tentacle per ml of buffer. The extract of C. fleckeri had been prepared by
homogenizing 0-716 g of tentacle in 12 ml of phosphate buffered saline (PoNDER, 1948) pH
7-20 at 5°. The material had been centrifuged at 2500 g for 20 min and the supernatant stored
at —20°.

The hemolysin titre (D;,) was estimated as the logarithm of the reciprocal of the highest
dilution of extract which produced 50 per cent hemolysis of rabbit red cells (3:0-3-5x 107
cells per ml) in 5 hr. Estimations were carried out at 15° unless otherwise stated. The lethal
activity (LD;,) was expressed as the logarithm of the reciprocal of the dilution of extract
contained in 1 ml which when injected into mice will kill 50 per cent of the animals. The skin
necrotizing dose (SND) is expressed as the logarithm of the reciprocal of the highest dilution
of extract or toxin which when injected in a 0-05 ml dose will cause 5 mm of skin necrosis in
guinea pigs. These measurements have been described (KEeN and CRONE, 19694, 19695). To
prepare antisera an initial dose equivalent to 3LD;, (mice) was given i.v. to rabbits twice a
day, 3 days a week for the first week. Injections were then given three times a week, the dose
being gradually increased until it was ten times the initial dose. At the end of 4 weeks immuni-
zation, animals were bled by intracardiac puncture. The blood was allowed to clot and the
serum decanted. It was then cleared by centrifugation, heated to 56° for 30 min and stored at
—20°. The preparation of C. fleckeri antiserum has been described previously (Keen and
CRONE, 1969b). The procedures for estimating antibodies against the lethal and dermatone-
crotic factors, and hemolysins have been described (Keen and CRONE, 19695).

Immunodiffusion studies on the hemolysin were carried out in a medium containing 1
per cent special grade agar (Oxoid) and 10 per cent rabbit red cells. The red cells were prepared
from heparinized blood, washed three times and then reconstituted to their original volume
with phosphate buffered saline, and added to the agar at 48°. Sufficient agar was used to givea
thickness of 1 to 1-2 mm in the Petri dishes.

The isotonic solutions used to measure the effect of pH on stability of the extracts and the
rate of hemolysis were buffered with disodium phosphate and potassium dihydrogen phos-
phate between pH 6 and 8 and with tris-hydrochloric acid between pH 7-5 and 9. Analytical
grade chemicals were used for all experiments. Lecithin was prepared from egg yolk by the
method of DawsoN (1963).

RESULTS

Estimation of the lethal, dermatonecrotic and hemolytic potency of C. quadrigatus extracts

Measurements of the D, LD, and the SND were made. The Dy, was 5:0-4-0-04 (mean of
seven experiments), the LD 2+7, and the SND 1-5 (mean of five experiments). The properties
and relative proportions of activity compare with the published values for whole extracts of
C. fleckeri (KeeN and CRONE, 1969b).

TOXICON 1971 Vol. 9.



Extracts from C. quadrigatus and C. fleckeri 251

Hemolytic activity and estimation of Dy, values for C. quadrigatus extracts

Estimations of the Dy, were carried out at temperatures of 5, 15, 25 and 35° (Fig. 1). The
values were 4-7, 50 4-5 and 3-9 respectively indicating that the optimal temperature for
hemolysis was 15°. A similar experiment was carried out with the C. fleckeri extract which
gave Dj, values of 5-2, 6-0, 6-0 and 5-4 respectively.
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Fic. 1. HEMoOLYSIS PRODUCED BY C. quadrigatus AND C. fleckeri AT DIFFERENT TEMPERATURES.
Log,, dilution plotted against per cent hemolysis (3-0-3-5 X107 cells per ml). C. quadrigatus:
O=5° @=15°;, AN=25° A=35° C. fleckeri: []=25°.

The sigmoid curves obtained when graphing per cent hemolysis against dilution indicate
the variable susceptibility of red cells to the hemolysin of C. quadrigatus. The shape of the
curves is therefore not markedly affected by change in temperature. However, the displace-
ment of the curves along the abscissa indicates that the activity of the extract is temperature-
dependent.

The hemolysis curve produced by the extract of C. fleckeri at 25° (Fig. 1) is comparable
with those of C. quadrigatus. This suggests that the susceptibility of the red cells to the hemo-
lysin of both extracts is similar.

Factors affecting the Dy, values of the hemolysin of C. quadrigatus

The stability of C. quadrigatus and C. fleckeri hemolysins was examined at 35 and 40°.
The fall in Dy, values for the two extracts was plotted against the time of exposure at either
35 or 40° (Fig. 2). Statistical analysis of the results indicates that there is a significant difference
in the stability of the hemolysin of C. quadrigatus and C. fleckeri at 35° (p <0-001) and 40°
(p <0-01). There also appeared to be variations in stability of different batches of extracts
of C. fleckeri and C. quadrigatus but the exact cause of this is not known.

TOXICON 1971 Vol. 9,
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Fi1G. 2, EFFECT OF TEMPERATURE ON THE STABILITY OF THE HEMOLYSIN OF C. quadrigatus AND
C. fleckeri.

Each point represents the result of one experiment. Lines fitted by the method of least

squares regression. C. quadrigatus: O=35°; @=40°. C. fleckeri: A =35°; A=40°

Extract of C. quadrigatus in tris buffered saline, pH 8-0, and extracts of C. fleckeri in
phosphate buffered saline, pH 7-2.

The stability of C. quadrigatus extracts was examined over a range of pH values from 4
to 9. Samples of the extract were diluted in the appropriate buffer to give a dilution of 1:30.
They were kept at 5° for 16 hr and estimations of D5, made. The hemolysin was unstable
below pH 5, but between pH 5 to 9 there was little effect on stability.

Various additions replaced 1 ml of buffered saline in the hemolytic system (cholesterol
0-05 mg per ml, lecithin 0-1 mg per ml, serum 10 per cent and sucrose 5 per cent). Each
caused a reduction in the Dy, values (approximately 4-fold reduction for sucrose and lecithin
and an 8-fold reduction with serum and cholesterol).

The hemolysin of C. fleckeri is not affected by lecithin, cholesterol, or serum although
sucrose interferes with its activity ; the significance of these findings has been reported (KEEN
and CRrRONE, 1969a).

Dermatonecrotic activity

The lesions produced by extracts of C. quadrigatus are identical to those reported with
C. fleckeri (KEeN and CRONE, 19695). However, the dermatonecrotic factor of C. quadrigatus
appeared to be more stable than the hemolysin and considerable activity could be detected
after heating at 35° for several hours. By this method an extract can be obtained with derma-
tonecrotic but no hemolytic activity. Therefore in C. quadrigatus extracts the two activities
do not appear to be related as in C. fleckeri (KeeN and CRONE, 1969b).

Antigenic properties of tentacle extracts

Rabbit antiserum prepared against C. quadrigatus contained antibodies to hemolytic,
lethal and dermatonecrotic activities. The antiserum was capable of neutralizing 2500 times
the Dy, value of hemolytic activity, and 320 times the LD, dose. The dermatonecrotic activity
was completely neutralized by an equal volume of a 1 in 4 dilution of antiserum.

TOXICON 1971 Vol. 9.



FiG. 3. DOUBLE DIFFUSION IN 10 PER CENT BLOOD AGAR DEMONSTRATING INHIBITION OF
HEMOLYSIS BY SPECIES SPECIFIC ANTISERUM, AND CHANGE IN HEMOLYSIS WITH TEMPERATURE.

(a) C. quadrigatus extract; (b) C. fleckeri extract (1 in 4 dilution).
(A) C. quadrigatus antiserum; (B) C. fleckeri antiserum.

Temperature of diffusion indicated. Five ul of each antiserum and extract used.
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On the other hand, using C. fleckeri antiserum we were not able to demonstrate any
neutralizing antibodies to C. quadrigatus extracts. The minimum quantities of extract
employed to detect antibodies were as follows—50 times the D, value for hemolytic activity,
25 LDj, for lethality, while undiluted antiserum caused no decrease in the SND.

A similar series of experiments was carried out with the antiserum of C. quadrigatus
against extracts of C. fleckeri. No neutralizing antibodies against the hemolytic, lethal or
dermatonecrotic factors of this species could be found.

Diffusion of extracts in agar

Double diffusion experiments were carried out in agar plates using both extracts and their
antisera. Plates were stained with Amidoblack 10B (WIEME, 1965). No precipitation bands
could be detected and perhaps this was due to the low protein content of the extracts.

In order to identify the hemolysin 10 per cent washed red cells were incorporated into the
agar. The specific antihemolysin for the appropriate extract could be demonstrated by
inhibition of hemolysis in double diffusion experiments. This is shown in Fig. 3. The plates.
were kept at a constant temperature of either 5° or 25°. Other discrete bands of hemolysis
could be produced by exposing the plates at different temperatures. In these cases the changes
are similar to the multiple precipitation bands observed in routine immunodiffusion experi-
ments, which may be attributed to sudden changes in the rate of diffusion or varying solubili-
ties of the antigen-antibody complex (CROWLE, 1961).

A comparison of the plates at 5 and 25° provides a simple means of differentiating the two
hemolysins. The hemolysin of C. fleckeri is not affected by the higher temperature, whereas
there is considerable inhibition of the zone of hemolysis around C. quadrigatus. As there is
only a slight difference in the D;, value for C. quadrigatus at 5 and 25° the findings are attri-
buted to the lower stability of the extracts at the higher temperature.

The Dg, value of C. fleckeri at 25° was not affected by serum, cholesterol or lecithin
(KeeN and CroONE, 19694). However, each of these compounds caused inhibition of the
hemolysis produced by C. quadrigatus extracts. This inhibition of hemolysis could be demon-
strated on blood agar plates when extracts of C. quadrigatus were allowed to diffuse against
normal rabbit serum. The inhibition of hemolysis was considerably less than that produced
by the specific antiserum and, at 5°, it occurred only after several days.

DISCUSSION

Only in the past decade has it been possible to elucidate the cause of fatalities due to
sea wasp stings along the northern coastline of Australia. The two important causative
organisms C. quadrigatus and C. fleckeri resemble one another in morphological appearance
and from reports of injuries in humans the actions of their toxins appears to be similar.

In order to prevent and treat injuries it is desirable to know whether the two toxins are
identical. This investigation indicates that the properties of the extracts of the tentacles which
have previously been shown to contain the active principles of the toxin (FREEMAN and
TURNER, 1969 ; KEEN and CRONE, 1969b) are very similar. Although extracts of C. feckeriwere
more potent overall, both extracts have lethal, dermatonecrotic and hemolytic activities in
the same relative proportions. The active materials in the extract appear to be chemically
related and each extract can be separated chromatographically into two fractions, one lethal
and the other hemolytic. In C. fleckeri extracts the hemolytic fraction is also lethal but so far
this has not been established in fractions of C. quadrigatus toxin due to instability and low
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activity of the material obtained (Freeman and Turner, unpublished). In both extracts the
hemolysins have a molecular weight of 70,000 approximately and the lethal components a
molecular weight of 150,000.

In this investigation the lethal and dermatonecrotic activities of C. fleckeri and C. quad-
rigatus extracts appeared to be pharmacologically identical although in estimating the LD,
in mice it was noticed that death was slower in those animals given lethal doses of C.
quadrigatus extract. However, despite this finding the mode of death, which is associated
with cardiovascular failure and respiratory arrest, is virtually identical with both extracts.

Examination of the hemolysin of C. quadrigatus in vitro showed that it was more labile
than the hemolysin of C. fleckeri. The optimal temperature for hemolysis was 15° rather than
25° and the hemolysin in this extract deteriorated more rapidly at higher temperatures.

Serum, cholesterol and lecithin interfered with the activity of the hemolysin of C.
quadrigatus and these factors were without effect on extracts of C. fleckeri. It would appear
that the hemolysin of C. quadrigatus and its mode of action are different from that of C.
fleckeri. The two extracts despite certain chemical similarities which have been described
produce neutralizing antibodies for a particular species and no cross immunity could be
detected for the lethal, dermatonecrotic or hemolytic activities of the two extracts.

From a practical point of view a ready distinction between the two can be made on the
basis of their hemolytic activity at different temperatures. There are several methods of
demonstrating this difference but the use of blood agar plates appears to be a simple method
which is both reliable and reproducible. Diffusion of the extract occurs on plates held at 5 and
25°. At the end of 24 hr extracts of C. quadrigatus showed a marked difference in the hemolysis
on the two plates, the area being considerably larger on the plates held at 5°. This difference is
attributed to the reduced stability of C. quadrigatus extracts at the higher temperature. On
the other hand, with extracts of C. fleckeri the difference is not marked, and the area of
hemolysis at 25° may be slightly larger. Double diffusion experiments in which the specific
antisera are used may further confirm the identity of the extracts. These experiments should
be carried out at 5° in order to prevent loss of activity of the hemolysin during the period of
the diffusion.

The above tests might be applied to the tentacle fragments which are available on the
skin of the injured victims. If the fragments are collected and kept at low temperature,
sufficient activity may be present to allow identification of the organism.
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