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The  hemolytic activity exhibited by the coelomic fluid of the Annelid Ei*enia fet ida andrei is mediated by ~ o  
lipoprmelns of mass 40 and 45 kDa,  each of them capable of hemolysis. Such an  activiP, is not inhibited by z y ~ n ,  
inulln or lipopolysaccharide (LPS) ,  nor  by hydrazine or  methylamine,  suggesting that earthworm hemolyslng are not 
related to C3 or  C.3b complement cnmponents.  Among the membrane lipids tested (phasphatidy[ehaline, phosphatid~l- 
ethanolalnine, ghosphafldylglycerol, sphingomyelin and cholesterol) only spingomyelin inhibited hemolysis. The analysis 
of E.f. andrei proteins bound to  sphingom.,,'elin microvesieles, as v,'ell as to sheep red blood cell (SRBC) membranes,  
revealed a polymerization of E.[. andrei 40 kDa  a n d / o r  45 kDa hemolyslns. Consequently, sphlngomyelin appears a 
likely eandldate for  hemolytic complex receptor. Electron microscopy ,Jbservations suggested that  the  polymerization 
causes an  opau channel  through the  lipid bilayer. As demonstrated using metal  ions. haparin, ehandroltln sulfate. 
poly(L-lysine) and protamlne chloride, the  mode of  action of ear thworm hemolytic complex is not ana logo~  to that  of 
C9 o¢ puffin'inc. 

Introduction 

Point ing out  the  fact that  invertebrate hemolysins 
and  complement  have similar target cells, some authors  
have hypothesized a phylogenetic relationship between 
bo th  systems [1-3]. h i  a few cases, the existence of a 
complement- l lke activity was deduced f rom experimen- 
tal investigations using complement  inhlbitors  [4]. How-  
ever, concerning the hemolytic system of the echino- 
derm Hvlothuria polii,  zymosan,  inulin and  LPS, k n o w n  
to link the  C3b and  consequently activating the comple- 
men t  alternative pa thway [5], had  no  effect. Nueleophils,  
such as hydrazine and methylamine,  were also ineffec- 
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live [6]. In  mammals ,  these nucleophils dissociate the 
internal thioester bond of the complement  key compo-  
nent  C3, leading to a loss of functional activity {7.8]. In 
the absence of precise molecular data,  such as the 
knowledge of the complete amino-acid seqaence of the 
active molecules, invertebrate lyric activities must be 
considered to be mediated by original factors not re- 
lated to the complement  system. 

In  the Annel id  Oligochaeta Eiseniafet ida andrei, the 
coelomic fluid exhibits a hemolytic activity directed 
against various mammal ian  erythrocytes [9.10]. The h¢~ 
molytic activity is mediated by two lipoproteins of 
molecular mass 40 and  45 kDa. released by the chlo- 
ragogue cells [ll].  These molecules are also capable of 
bacteriostatic activity directed against ear thworm path-  
ogenic bacteria [12,13] and  they arc involved in the 
clott ing of coelomic fluid [14]. They have been exten- 
sively studied both at biochemical and  genetical levels 
111.15] but  only little is known about their mechanism 
of action. 

The present experiments were undertaken to de- 
termine the interactions between E.]~ andrei hemolysins 
and  SRBC metnbranes.  Various molecules and metal 
ions known to act on  the complement  system were 
tested and  electron microscope observations of lysed 
membranes  were performed. 
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Material and Methods 

Ettrthworms 
Oligochaeta. Lumbricidae. Eiseniafetida andrei, were 

washed Ihen submitted to 5 V eleetrle stimulations 
provoking the extrusion of the coelond~ fluid throughout 
the dorsal pores [10], The coelornic fluid from 50-100 
earthworms was pooled, centrifuged "or 5 min at 11000 
× g then the supernatant submitted t~ chromatography. 
Partial purification of hemolysins was achieved by gel 
filtration on Superose 12 (Pharma,.'ia) as previously 
described [16,17]. After salt eliminalion by ultrafiltra- 
tion on an Amicon PM 1O meml:rane, the protein 
content of the hemolytic fraction (r,'~erred to as HF) 
was adjusted It  0.5 mg/rnl. All th*. experiments re- 
ported here were performed with HF as activity source 
in preference to more purified materizi whose hemolytic 
activity was partially lost, No ehanl~,e in the protein 
content nor loss of activity (hemolysis, antibacterial, 
agglutination) were observed during the storage of HF 
at - 20~C. 

Hemolytic assays 
Hemolysis activity test was carried out in 100 ~1 of 

E.f andrei HF mixed with 100 #1 (6.107 cells) of 
SRBCs. The samples were incubatee for 10 rain at 
20°C then the reaction stopped by adding 1 rnl phos- 
phate-buffered saline (Dulbecco's IPBS, 0.05 M, pH 7.2) 
and the samples centrifuged for 10 rain at 400 × g. The 
hemoglobin conteJ;t of the supematant was determined 
by spectrophotomeh3' at 541 nm. The percentage of 
hemolytic activity was calculated from the following 
formula: 100 x (absorba~ee in test - background of ab- 
sorbance)/(absorbanee in 100% hemolysis - 
background of absorhance). The background of ab- 
s¢,rbanee consisted of the absorhance of the supernatant 
01 SRBC incubated with PBS alone. Maximum hemoly- 
sis (100%) was determined after osmotic lysis of SRBCs 
in distilled water. 

Inhibition assays 
HF was incubated for 30 rain at 20°C with various 

inhibitors prior testing its hemolytic activity. To take 
into account the dilution due to inaibitor addition, the 
hemolytic activity of untreated sam?les was determined 
in diluted (1:2) HF. 

tl) Complement inhibitors. 1 ml of HF was incubated 
with 1 ml of PBS containing 10 or 20 mg/ml of 
zyrnosan, inulin or LPS from Escherichia colt (Sigma). 
Reaction mixtures were then centrifuged for 10 rain at 
11 000 × g and the supernatant tested. For hydrazine 
and methylamine (Sigma), 1 ml of different concentra- 
tions (6.25, 12.5, 25, 50 and 100 mM) were incubated 
with 1 ml of HF. They were then extensively dialysed 
against PBS before the hemolytic activity test. 

(2) Phospholipids and cholesterol Lipid microvesicles 
were obtained by mechanically stirring 1 mg of com- 
mercial pur~ phosphatidylcholine, phosphatidylethanol- 
amine, phosphalidylglyeerol, spingomyelin or choleste- 
rol (Sigma) with I nd of PB$. Inhibition assays were 
performed incubating 0.5 ml of zuch microve~icle pre- 
parations • .vith 0,5 ml of HF. Mierovesicles were then 
pelleted by 5 mln eentrifugation at 11 000 × g and the 
supernatants tested for hemolytic activity. 

(3) C9 and perforin inhlbilors. C9 and perfnrin inbibi- 
tors were assayed mixing 10O gl of HF with 100/~1 of 
different concentrations (0.6,1.25, 2.5, 5 and 10 mg/ml) 
of heparin or chondroitin sulfate A (Sigma) in PBS or 
with 100 /~1 of poly(L-lysine) HBr salt or protamine 
chloride (Sigma) in PBS at concentrations ranging from 
0.06 to 1 mg/ml. 

(4) Neutralization of lysine and arginine. Neutraliza- 
tion was carried out according to Tschopp and Masson 
[19], Briefly, 1 ml of HF was dialysed against 0.2 M 
sodium borate buffer containing 50 mM EDTA (pH 
8.5), then incubated with 2, 4 or 8 mM diketane (Fluka) 
in 1 ml dialyse buffer. The reaction was stopped by 
overnight dialysis against 0.2 M carbonate/bicalhonate 
buffer (pH 8.5). 

(5) Metal ion treatment. 1 ml of CaCI2, MgCI2, 
MnC12, FeSO 4, CuCI2, CdCI 2, HgCI2 and ZnSO4 
(Merck) solutions at final concentrations of 0.03, 0.06. 
0.1, 0.2, 0.5,1, 2 and 4 mM were incubated with 1 ml of 
HF. 

f6) Pre-hlcubation with SRBC ghosts. Ghost prepara- 
tion consisted in washing 106, 107 and 10 s SRBCs with 
large volumes of distilled water until the fed color of 
hemoglobin disappeared. The ghosts were then pelleted 
by 5 rain centrifugation at 11000 × g, and incubated in 
HF (v/v), The hemolytic activity of the supernarants 
was determined after centrifugation at 11 ~ × g. 

(7) Interaction with sphingomyelin and with SRBCs. 
Aliquots of diluted (1:5) HF were labeled with 1 mCi 
12~I (Amersham) according to MacConahey and Dixon 
[20] then extensively dialysed against PBS. 0.5 ml of 
1251-labeled HF (12~I-HF) was incubated with 0.5 nat of 
1 mg/ml sphingonayelin microvesicles or with 0.5 rnl of 
6-108 SRBC/ml, The mixtures were centrifuged for 5 
mln at 11000 × g and the pellets were washed three 
limes in 50 mM EDTA. They were then dissolved in 
100 btl electrophoresis sample buffer containing 2% SDS 
and 5% fl-naercaptoethanoI, boiled for 5 min and 
analyzed in 15% SDS-PAGE. 

SDS-PAGE analysis 
Electrophoretic analysis was carried out under dena- 

turing conditions as previously described [16]. Gels of 
0.75 x"nm thickness were silver stained according to 
Merin et ah [21] with slight modifications. With radio. 
active samples, the gels were dried and exposed to 
Kodak X-treat film for 48 h at - 70°C .  



Immunoblot analysis 
Western blott ing of g D S - P A G E  was performed with 

the semi.dry Nova-Blot LKB apparatus  on Hybond-C 
membrane  (Amersham). 1% gelatin in the presence of  
0.3% Tween 20 was used as a blot-quenching agent. 
Detection o c e ~ e d  with 1 /400  rabbit antiserum pre- 
pared against E.f  andrei hemolysins. The specificity of 
such an  antiserum has been controlled by both Western 
labeling and  immunopreeipitat ion of only the 40 and 45 
kDa  hemolysins among  coelomic fluid, H F  and  in vitro 
total m R N A  translation. Rabhi t - tg  b ind ing  was re- 
vealed with 1 /500  peroxidase-labeled goat Fab anti-  
rabbit  lg (Biosys) using H2Oz:diaminobenzidine {Serva) 
as substrata. 

TEM obseroations 
SRBC membranes were prepared by incubat ing a 

pellet of 40 g l  of  packed SRBC.s with 0.5 ml  of  H F  at  
3 0 ° C  for 5 rain. After eentrifugation for 2, rain at 
11 (DO x g,  a drop of suspension taken at  the pellet-su- 
pernatant  interface was layered on  collodion-carbon- 
coated grids previously dipped in 0.1% poly(L-lysine) 
solution. The  excess of liquid was removed after 5 rain 
and  the grids were treated for negative s ta ining by 2 
rain floating upside down on 2% disodium phospho-  
tungstate ( pH  7.0). Observations were made  at 80 kV on  
a Philips 201 electron microscope. Magnificat ions were 
calibrated with catalase crystals (Agar  Aids) of 8.75 and  
6.85 n m  lattice spacing. 

Results 

Effect of complement inhlbitors. Concentrat ions of tO 
or 20 m g / m l  t.f zymosan particles, inulin or LPS did  
not  decrease the E. f andrei hemolytic activity. Similar 
absence of  inhibit ion was obtained wi th  10O m M  of  
bo th  hydrazine (hemolytic activity of 69.4 _+ 3.6%) and  
methylamine (62.2 + 2.3':o), compared to 69.4 + 3.6% 
obtained in untreated HF.  The lower concentrat ions of 
50, 25, 12.5 and  6.25 were also inactive (data not  
shown).  

Effect of cholesterol and some membrane phospho- 
I~pids. Fig. 1 shows that  only spingomyelin induced a 
potent  inhibit ion (75%), while cholesterol and  the other  
phospholipids tc~ted failed to inhibi t  hemolysis. Such 
inhibit ion could be  the result of  hemolysins t rapped on  
sphingomyal in  microvesieles represent ing artificial 
membrane.  SDS-PAGE analysis of proteins bound to 
sphingomyelin microvesieles revealed the presence of 
two  proteins of molecular mass 40 and  45 kDa  (Fig. 2). 
The presence of a new high-molecular-weight protein 
(HMWP) .  peatetrating the  7% top gel but  not the 15% 
separating gel and  totally absent  f rom eoelomic fluid or 
H F ,  was also noted. A similar pat tern  was observed 
when ~:SI-HF was used. In  Western blots, the two 
proteins of molecular mass 40 and  45 kDa and  the  

'°°i 
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Fig. 1. Effect of ch6le~lerol and v,~r,ous membrane phosphollpids on 
ihe hemolysis of SRBC induced bv E.~ a~ire* h~lolylt¢ [rdCllOn~ 
Abbreviations: HF. hemolysis ind~ed hy untreated hemolytic frac- 
tion; Cho. cholesterol: PCh. phosphatidylcholine: PEL phosphatidyl- 
elhanolumine; PGI, phosphatidylglyoeloh $ph. gphingomyelin. Ba~ 

represenl S.E. on arithmetic ~ a n  valu~ from ~npli~teg 

H M W P  were labeled by the specific anti-hemolysin~ 
antiserum (Fig. 2). 

Effect of SRBC ghosts. [h'e-incubating HF  with 1O 6 
SRBC ghosts did  not modify the hemolytic activity 
(75.5 + 2.1%). In  contrast ,  the ghosls from 10 v and lO ~ 
SRBCs markedly decreased the hemolytic activity to 
18.6 ± 2.1% and 5.2 ± 2.1%. respectively (~-ig. 3), 

• ~ m I m l l m , m  , - - .  

ao 

Fig. 2. SDS-PAGE analysis of HF proteins inte~cdng with SRBC 
raembran~ and sphlngomyelJn microv~icl~. Lane I. Kit or mc4~u- 
lar ~ i ~ t  standards 04400: Intalbumin; 201O0: trypsin inhibitor; 
30(IgO: carbonic anhydrase: 430~: ovalbamin; 67000: albumin: 
94000: pho~phor~l~c b, ~ Lane 2, Total ¢o¢1omi¢ fluid prolein con- 
tent. Lane 3. tiff nhtaln+d by FPLC gd filtration of total c~lomic 
fluid. Lau~ 4 and 5. HF proteinb bolmd to sphingonlyelin micro- 
v~ct¢s, Lanes 6 and 7. HF proteins bound to SRBC ~mbran~.  
Proteins ~ere rev~lad by sil~r staining (1 4) ~ autoradiography 
using 12~I-HF proteins [7]. and on Western blots incubated with 
specific ana-h~otysins am,se~m r~caled wilh the peroxid~-LIAa 
system [5.6]. Note the preener of the two hemolysins of mol~ular 
ma~ 40 and 45 kDa (~rows} and the new HMWP (top arrow) on 
4-7. The 7~ kDa band in 5 and 6 reprewznts b'-m¢~captoethanol 

arlehct frequently fuund in a trek even .adthout a mmpte. 
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Fig. 3. Hemolytic ~livity of El. andrei HF (HFI compared to the 
hemolytic acfisily of HF previously incubated with the ghosls from 

1o ~ (6), 10: (7} and l0 s (8) SRBCs. Symbols defined ~s in Fig 1. 

To check whether the ghost inhibition was the result 
of hemolysin binding on SRBC, an analysis in 
SDS-PAGE was conducted on SRBC membranes. To 
exclude the SRBC proteins we used 12~I-HF. As shown 
in Fig. 2, a strong HMWP band which failed to penetrate 
the 15% gel was detected. Using Western immuno- 
blotting, this HMWP band was labeled by the specific 
anti-hemolysins antiserum (Fig. 2). 

Effects of metal ions• As shown in Table L 4 mM of 
Cu 2÷. Hg 2+, Cd 2+ and Zn 2+ totally suppressed the 
hemolysis. The 4 mM of Fe 2+ ions produced a notice- 
able decrease (about 35%) of the hemolytic activity. In 
contrast, Ca 2+, Mg 2+ and Mn 2+ were inactive whatever 
the concentration tested (from 0.03 to 4 mM). Among 
the inhibitory metal ions, an inhibition of about 50% 
was observed in the presence of 0.2 mM Cu 2+ or 0.5 
r~LM Hg 2+ (Fig. 4). At 1 raM, Zn  2+ and Cd z+ were not 
inhibitors. However, the metal ions' inhibitory effect 
was due to protein precipitation, visually observed when 
adding Cu 2÷, Hg 2+, Cd 2~ or Zn  2+ solutions. The pre- 
cipitates, collected by 11 000 × g eentfifugation, resus- 
pended in distilled water and submitted to SDS-PAGE 
analysis, revealed the same protein pattern as control 
HF. 

TABLE 1 

E/feet of 4 mM metal ions on hemolysl* 
Values presented are arithmetic m ~ s  from triplicates. 

Metal ions Hemolytic activity (%) 

Unt~atcd HF 89.1 
Ca 2+ g9.9 
Mg x+ 91.8 
Mn: ~ 8o.a 
Fe 2+ 53,4 
Cu ~ 0 
Hg  2 ~ o 
Cd 2. 0 
Zn 2 + 0 

10o I ........... ...... 
2S --Z~ ~" 

..... Hga* 

o oh3 0.66 o.'1 o!2 o15 ~ "~: ' ° -~  
cation coneentrntlons I~MI 

Fig. 4. Hemolytic aotivlty of E.~ andreJ HF in Ihe pre~nce of various 
con~cmrallons of CuSO~,, HgCI:, ZnSO 4 and CdCI2. Symbols defined 

as in Fig. t. 

Effect of  glycosaminoglycans and positicely charged 
peptides. Heparin and ehondroitin sulfate A were used 
to investigate possible inhibitory effect of sulfated gly- 
cosaminoglyeans on the hemolytic activity. As shown in 
Table 11, these two substances, even at high concentra- 
tion (10 mg/ml) ,  did not modify the hemolytic activity 
(71.3 =[: 2.1~ for heparin and 72.2 + 2.1% for chondroi- 
tin sulfate A compared to 76.0+ 2.1% for untreated 

TABLE 11 

Effect of gb,cosamlooglycans and posiaeel~ charged pepBdes 
Values prcscmcd are arithm¢tic means from triplicates. 

Glycosaminoglycan Hemolytic activity 
[mg/ml) {%) 

Untreated HF 76.0 

Heparin 
0.6 73.2 
1 25 75.3 
2.5 73.9 
5 70.3 

tO 71.3 

Chondroian sulfate A 
0.6 73.| 
1,25 74.6 
2.5 76.4 
5 73,6 

10 72.2 

Protamine 
O.O6 74.8 
0.12 73.1 
0.25 74.2 
0.5 73.6 
1 74.4 

PolytL-lysine) 
0.06 71.8 
0.12 72.3 
0,28 68.7 
0.5 70.3 
1 70.7 
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Fig. 5. UUraraicr~copieal ~pect of SRBC membrattes treated with 
HF. Fragmnts of ghosts ~ere taken at the bouom-super~t~t 
interface of a cenldtuged suspension of $RBC incubated with HF. 
Tlley were layered on a collodion carbon-coated grid and negatively 
stained wilh 2% sodium phosphotungslate. The surface of the ghosts 
appeared as closely dotted with round deposits el phosphatuag.~tate 
of diameler 5-20 am. Most of these deposits were surrounded by a 

clear ring (~rows). 

HF). Similarly. the addition of highly positively charged 
peptides, protamine and polyfL-lysine), failed to induce 
inhibitory effect on the hemolysis even at concentra- 
tions of 1 mg/ml .  

Effect ofdiketene. In order to control whether lysine 
or arginine could represent amino acids of functional 
importance in hemolysins, the H F  was treated with 
diketene, known to specifically neutralize the positi'ce 
charges of such groups. None of the concentrations 
used, which ranged from 2 to g raM, modified the 
hemolysis (data not shown). 

TEM observations oflysed SRBC Ao shown in Fig. 5, 
lesions of the erythrocyte membrane apepared as more- 
or-less regular round-shaped deposits of phosphotung- 
state with diameters of 5 -10  nm. Exceptionally, larger 
deposits (more than 20 nm) of irregular shape could he 
observed. Round deposits of 10 nm could be seen edged 
by a dear  ring of 1.5 _+ 0.5 nm. The lesions were gener- 
ally very numerous with more than 10000 per square 
micrometer. 

Discussion 

The hemolytic system of g.~ andrei is composed of 
two fipoproteins of molecular mass 40 and 45 kDa, one 
of which is present in several isoforms I161. The two 
Iipoproteins are capable of lysing call membranes, as 
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revealed by SRRC :werlaying analytical IEF gel [10]. 
We demonstrated here that hemolysis is not inhibited 
by zymosan, inulin or LPS. known to trap the C3b 
complement component [51. In E.F. andrei, also as in 
other invertebrates [6], hemolytic activity is not affeete*! 
by nucleophilic molecules, such as hydrazine and meth- 
ylamine which open Ihe thioester bond of C3 [22,23]. 
Consequendy, earthworm hemolytic activity is not 
mediated by a molecule s~milar to the C3 or C3b 
complement component. In contrast to numerous en- 
zymes, the hemolytic molecules present a kinetic curve 
of SRBC hemolysis which does not change between 4 
and 4 5 ° C  [11,18]. Also, as previously demonstrated 
[16], 100 mM or EDTA or EOTA did not modify the 
hemolytic activity. 

The hemolytic activity invalves the binding of hemo- 
lysin molecules onto target cell membranes. Such bind- 
ing has been reported as being partially inhibited by 
acet~lated or methylated suEars [16]. We demonstrated 
here that phospholipids, and particularly spingomyelin, 
represent interacting membrane components trapping 
the hemolysin molecules. It is noticeable that in other 
invertebrates, sphingomyelin has also been reported as 
being a potent hemolysis inhibitor [6]. SDS-PAGE anal- 
)'sis of the protein content associated with spingomyefin 
microvesicles revealed a new H M W P  present after in- 
cubation with HF. Frtmr its immunolabeling by specific 
anti-hemolysins an t i , r um,  it may be inferred that the 
H M W P  is a polymer composed ~f the 40 and /o r  45 
kDa hemolysins. Similar H M W P  has been evidenced in 
SDS-PAGE of SRBC membranes lysed by us1-HF. 
Also in this case, the H M W P  has been detected in 
Western blotting by the anti-bemolysins antiserum con- 
firming that (i) polymerization of hemolytic molecules 
occurs on the target cell membrane during the hemo- 
lytic process, and (it) membrane sphingomyelin could 
be the receptor site of hemolytic complexes. 

It seems that artificial membranes constituted of 
spingomyelin were less efficient than SRBC in inducing 
the polymerization of hemolytic molecules. Free 40 and 
45 kDa hemolysins were detectable on sphingomyelin 
microvesicles when they were apparently all trans- 
formed into MMWP at the SRBC membrane level. 
Identical results were obtained in the Echinoderm 1401o- 
thuria polii where the protein pattern associated with 
lysed membranes [24] or whh sphingomyelin micro- 
vesicles (unpublished results) also contained a new 
HMWP.  

Polymeriration of E.f andrei 40 and 45 kDa proteins 
nas previously been reported as giving rise to clot fibers 
[14]. In that case, before being organized in fibrils, the 
polymeric structures appeared as spheric units of 4 nm 
in diameter. The H M W P  detected after interaction with 
spingomyelin or SRBC is likely to be different. In 
contrast to the HMWt ' ,  the clot-forming polymeric 
structures can be dissociated by SDS. It may be hypoth- 
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esized that, following the medium conditions, the ,10 
and 45 kDa proteins polymerize leading either to a 
dissoeiable structure (clot fibers) or to a more stable 
system (HMWP). Such a hypothesis agrees with elec- 
tron microscopy observations reported here. Lesions 
appearing in negative staining as round deposits of 
phosphotungstate edged by a clear ring suggest a chan- 
nel formation through the SRBC lipid bilayer, resulting 
from a protein oligomerization. Very similar pictures 
have been observed with the H. poll/ hemolysins [25]. 

The most exhaustively studied hemolytic system is 
complement, It has been demonstrated that C9 po- 
lymerizes spontaneously or after metal ion treatment 
into a tubular complex resembling the membrane attack 
complex [26]. Zn  2+ ions accelerated such C9 ex- 
tramemhrzne polymerization, leading to a decreased 
lyric activity. To check whether a similar effect was 
operating in E.f. andre/, we tested a variety of metal 
ions evidencing effective inhibition of hemolysis, par- 
ticularly with Cu 2+, Hg 2+, Cd 2+ and Zn 2+. M~nwhi le ,  
SDS-PAGE analysis demonstrated that such inhibition 
was not specific but due to the precipitation of all the 
HF proteins without any evidence of polymerization. 

Another important difference between E.f. andre/ 
hemolysins and complement was evidenced using vari- 
ous C9 inhibitors. Negatively charged glycosaminogly- 
cans, positively charged peptides, protamine and 
poty(L-lysine), and d/ketene-neutralizing lysine and 
arginine residues, inhibit the lytie activity of late com- 
plement complex and perforin [19]. As demonstrated in 
this report, none of these moleeule~ can produce he- 
molysis inhibition, suggesting that the interaction be- 
tween E f  andre/ hemolysins and target cell membranes 
occurs by a pathway different from that of C9 and 
perforin. 
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