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CHAPTER I 

INTRODUCTION 

Background. Over the past century, the study of serum 

bactericides has generated much interest, curiosity and 

controversy. The efforts of many investigators have been 

directed at defining these serum bactericidal substances 

and at elucidating the mechanism by which these innate 

host defense systems provide protection against bacterial 

infection. One such mechanism that has been shown to be 

lethal for gram positive bacteria is dependent upon s-lysin. 

In 1924 Pettersson proposed the name 3-lysin to distinguish 

this thermostable bactericidal component of serum fron 

Buchners' Alexin or a-lysin (38). Although earlier workers 

had found that plasma was less bactericidal than serum (11) 

and that the bactericidal activity of heated serum was 

much greater for gram-positive bacterial than for gram-

negative bacteria (39), Pettersson's original description 

did not indicate the source or types of bacteria killed 

by 3-lysin. He defined 3-lysin as the bactericidal sub-

stance found in normal serum that resisted inactivation 

when heated to 56 C for 30 min. According to this defini-

tion, there are at least three different 3-lysins found 

in normal seruir.; these consist of lysozyrr.e, S-lysin originar-

ing from platelets, and 3-lysin of non-platelet origin. 

The first of these, lysozyme, is a single entity which is 



well defined as to its chemical and biological properties 

and will be discussed in a different context in a later 

section of this study. The 3-lysin originating from 

platelets may be similar or identical to Plakin (17). The 

3-lysin of non-platelet origin may include the bactericidal 

cationic proteins isolated from leukocyte lysosomes (47). 

The attention of the present study is focused on 3-lysin 

of platelet origin and will hereafter be referred to as 

platelet 3-lysin. 

One of the most significant characteristics of platelet 

3-lysin is its ability to kill a variety of gram-positive 

bacteria. The fact that its concentration in serum is not 

increased by immunization with a susceptible organism (6,36) 

indicates that platelet 3-lysin is unlike antibody in that 

it lacks specificity. Furthermore, gernfree rats have as 

much platelet 3-lysin as conventional rats and exposure to 

viable microorganisms in the environment does not appear 

to increase serum levels (23). 

Two assay systems have been most frequently used tc 

determine 3-lysin concentrations in serum and other fluids. 

The first method (6) quantitates the number of organisns 

killed as determined by a plate count procedure. The 

second is a rapid photometric assay which does nct distin-

guish between bactericidai and bacteristatic activity. The 

first assay procedure as used by Donaldson (6) encorporates 



the use of a standard inoculum of B. subtilis (approximately 
4 

3 X 10 viable bacteria per ml) added to various dilutions 

of a 3-lysin test sample. Over 80% of the standard inoculum 

is killed within 2 min. (34) and data obtained in this 

present study confirm those of Donaldson (7) in that maximum 

platelet 3-lysin titers are obtained within 15 min. The 

extent of killing is determined during a standard incubation 

period of 1 hour after which pour plates are prepared from 

each dilution. After 12-18 hours incubation, the colonies 

on each plate are counted and the number of viable bacteria 

remaining in each dilution after incubation are determined. 

A unit of 3-lysin, as defined by Donaldson (6), is that 

amount of 3-lysin required to kill 99% of the original 

bacterial inoculum. The 3-lysin titer for a test sample 

would then be the reciprocal of the highest sample dilution 

which proved lethal for a minimum of 99% of the bacteria. 

Through the use of the above assay system, the serum 

platelet 3-lysin concentration has been determined in a 

variety of mammalian species. Typical serum concentrations 

as determined by Donaldson are 64 to 512 U/ml in rats, 16 

to 64 U/ml in rabbits, 2 to 8 U/ml in horses, 1 to 4 U/ml 

in humans, and 1 to 2 U/ml in cattle (23,26,33). The sera 

of sheep, cats, swine, guinea pigs, and mice have also 

been assayed for platelet 3-lysin, but the level was either 

too lov/ to measure or completely absent. In no animal 



division other than mammals has platelet 3-lysin been found, 

and as far as is known, there is no evidence for irs 

existence in any plant or microorganism. Serological 

studies of platelet 3-lysin in different species have 

shcwn that platelet 3-lysin from rats, humans, and horses 

can be neutralized by an anti-rabbit 3-lysin made in guinea 

pigs (33). This antibody, however, is mcre effective m 

neutralizing rabbit platelet3-lysin than rat or human 

platelet 3-lysin (33). These results indicate that platelet 

3-lysins from. different species, are similar but that 

differences do exist. 

In 1901 Gengou reported that the blood coagulation 

process was essential for the release of certain thermio-

stable bactericidins (11). These observations were later 

confirmed, and it was demonstrated that anticoagulants 

were not directly responsible for the lack of 3-lysin in 

plasma, since the addition of anticoagulants to ser̂ jm. did 

not effect its bactericidal activity (4). Gruber and 

Futaki (17) in 1907 demonstrated that platelets contain 

an anthracidal agent. They used inactivated horse serum 

to extract a substance from rabbit and horse platelets 

that they named "plakin". Amano and Kato (1) have shown 

that this serum component is active against other members 

of the genus Bacillus. In 1960 Hirsch com.pared platele-

bactericidal activity to serum bactericidal activity and 



was able to show that platelets had to be present in plasma 

during coagulation in order for such serum to exert its 

full bactericidal effect on Bacillus subtilis (22). Donald-

son later reported that antisera prepared in guinea pigs 

against purified rabbit 8-lysin neutralized the bactericidal 

activity of serum, platelet extracts, and purified 3-lysin 

(5). The studies just mentioned indicate that the blood 

platelet is the source of 3-lysin, and that 3-lysin is 

released from platelets during blood coagulation. Work 

done by Weksler et al̂ . indicates that the platelet organelle 

wherein the bactericidal activity for B. subtilis is 

stored is the lysosomal granule (46) . Attempts to isolate 

platelet 3-lysin from other cells, especially macrophages 

and neutrophiles, have been unsuccessful (3,26). 3-lysin 

activity has been demonstrated in normal body fluids such 

as saliva, aqueous humor, and tears which suggests that a 

source of 3-lysin other than platelets may exist (7). 

Recently, Martinez (31) reported the existence of heat-

stable components in human lymph that killed B. subtilis. 

At least two bactericidal agents appear to be present in 

lymph (7). The major killing component has been identified 

as lysozyme. The other bactericidal substance has not 

been identified but could be platelet 3-lysin, since it 

is a heat-stable cationic substance. 

Attempts to purify platelet 3-lysin had been unsucces-



ful until Donaldson and Ellsworth (6) made the observation 

that sterilization of serum by Seitz fil ration remtoved 

bactericidal activity. The Seitz filter pad could be 

washed and the 3-lysin could then be eluted with a high-

salt solution. The 3-lysin was further purified by carboxy-

methyl cellulose chromatography (27). This relatively 

simple technique separated 3-ly3Ín from serum lysozym.e (3) 

complement and antibody (6). It yields platelet 3-lysin 

preparations that have specific activities greater than 

100 times that of normal serum (6). This purification 

procedure has greatly aided attempts at further characteriza-

tion of platelet 3-lysin. 

Physical characteristics of platelet 3-ly3Ín. Plateler 

3-lysin is a highly reactive small cationic protein with a 

molecular weight of approximately 6,000 dalrons (27). 

Purified plauelet 3-iysin, as prepared by the Seitz filrra-

tion technique, has an ultraviolet light absorption spectrum 

characteristic of proteins. When tested with the Lowry 

and biuret methods, purified 3-lysin yields a positive 

protein reaction and negative reactions are observed when 

tested for carbohydrate or nucleic acid with the Mollish 

and phenylhydrazine m.ethods (7). The bactericidal activity 

of p-lysin is destroyed by the proteolytic enzymes trypsm, 

pepsin, papain, protease, and fibrinolysin. Moreover, 

bactericidal activity is unaltered by deoxyribcnuclease, 



ribonuclease, neuraminidase, hyaluronidase, lipase, and 

phosphatase (40). Plateiet 3-lysin is considered to be 

basic because deoxyribonucleic acid, ribonucleic acid (37), 

and acidic phospholipids (29) inhibit its activity. A 

strong cationic charge would account for the findings that 

3-lysin attaches to Seitz asbestos filter pads, bentonite 

(3,6) carboxymethyl-cellulose (27) and purified membranes 

of 3acillus megatarium (15). 

Pettersson's early work on the stability of platelet 

3-lysin was done using serum and indicated that bactericidal 

activity was lost when heated at 65-68 C for 30 min. (38). 

Purified preparations of platelet 3-lysin do not lose their 

activity under the above conditions. Preliminary experim.ents 

carried out in the present study confirm rhe observations of 

Donaldson (7) that bactericidal activity is partially lost 

at 95°C for 30 min. However, purified platelet 3-lysin 

resists inactivation at temperatures as high as 95 C for 

15 min. 

Although increased purification confers increased 

heat stability, the stability during storage is decreased 

with purified platelet 3-lysin. Serum miaintains full 

bactericidal activity for longer than a year if stored ar 

-70°C (7), but under identical conditions purified platelet 

3-lysin loses bactericidal activity within a few days. It 

has been found that the most efficient procedure for storing 
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purified 3-lysin for long periods of time is in the lyo-

philized state at 4°C. Approximately one-half of the 

bactericidal activity is lost during the lyophilization 

process, but it can then be stored for months without 

further loss of activity. 

Differentiation of 3-lysin from the antibody complement 

system, lysozyme, properdin, and 3~lysin of non-platelet 

origin. The five major bactericidal systems found in normal 

serum consist of platelet 3-lysin, nonplatelet 3-lysin, 

lysozyme, antibody-complement, and properdin. In order to 

determine whether or not platelet 3-lysin is solely respon-

sible for the bactericidal effects observed with these pre-

parations, it must be distinguishable from the other four 

serum bactericidins. Platelet 3-lysin is readily distin-

guished from the antibody-complement system and properdin 

on the bases of its heat-resistance, differences in bacterial 

spectrum, and molecular weight determinations. Platelet 

3-lysin and lysozyme are different in several respects. (i) 

The bactericidal activity of platelet 3-lysin but not that 

of lysozyme is neutralized by anti-3-lysin serum (3). (ii) 

purified platelet 3-lysin is unlike lysozyme in that it does 

not reduce the optical density of a suspension of susceptible 

bacteria. Whereas the site of action of lysozyme is the 

cell wall, platelet 3-lysin attacks the cytoplasmic membrane 

(3). As long as the cell wall remains intact, the bacteria 



will not lyse and the optical density will not be decreased. 

(iii) It has been possible to separate 3-lysin from lysozym.e 

by gel filtration primarily because of their difference in 

size (2̂  6,000 as opposed to ^L 15,000) (27,28). (iv) Platelet 

3-lysin that is eluted from the Seitz filter pad with 1.5 M 

NaCl is free of lysozyme (3). (v) The blood platelet is the 

source of platelet 3-lysin where no lysozyme is found. 

Blood leukocytes are rich in lysozyme but contain no platelet 

3-lysin (3,26) . 

Both platelet 3-lysin and nonplatelet 3-lysin are 

cationic proteins of approximately 6,000 molecular weight. 

Their absorption and elution properties on cellulose asbestos 

filters and carboxymethylcellulose columns are similar. Both 

appear to be released during blood coagulation, and both are 

resistant to inactivation upon heating to 9 5 C for 5 mán. 

They differ, however, in a number of ways (27). (i) Non 

platelet 3-lysin will kill Staphylococcus aureus and platelet 

3-lysin will not. (ii) Platelet extracts do not contain 

non-platelet 3-lysin. (iii) Nonplatelet 3-lysin is inactive 

in the presence of heparin, sodium citrate, sodium oxaiate, 

ethylenediaminetetracetic acid, phospholipid and acid pH, 

whereas plarelet 3-lysin retains its activity under all 

these conditions. (iv) Nonplatelet 3-ly3Ín has been found 

only in rabbit and horse sera, whose platelet 3-lysin has 

been found in the sera of several other species and is 
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observed in especially high concentra ions in rat serum. 

(v) Several proteins, including normal guinea pig ser^am, 

will inhibit the activity of nonplatelet 3-lysin on S_. 

aureus. In contrast, normal guinea pig serum and a variety 

of other proteins do not decrease the activity of platelet 

3-lysin for a susceptible organism (5). 

Site and m.ode of 3-lysin mechanism of action. The cell 

wall is not considered to be the site of action of plarelet 

3-lysin. Matheson (34) observed that within 2 min. after 

exposure to 3-lysin, most ^. subtilis organisms were killed 

by platelet 3-lysin, but lesions in the cell wall were not 

apparent with electron microscopy until 2 hours later. 

Also, a slow drop in turbidity of plarelet S-lysin treated 

cell suspensions continued for hours after the rapid killing, 

which was almost complete within minutes. In a separate 

study (32) Matheson, Jensen, and Donaldson reported that 

neither the turbidity nor the electron m.icroscopic appearance 

of a purified preparation of cell walls from B. subrilis was 

altered by platelet 3-lysin treatm.ent. Moreover, platelet 

3-lvsin had no effect on the rate of breakdown of cell ;̂alls 

that takes place when cell wall preparations are not heated 

to destroy aurolytic enzym.es (32). These autolyric enzym.es 

may be released from the cell and cause the slow breakdown 

of the cell wall that occurs following treatm.ent with 

platelet 3-lysin (7). 

http://enzym.es
http://enzym.es
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In electron microscope studies (34) Matheson demon-

strated that control cells of B. subtilis and ultraviolet-

killed cells developed a prominent space between the cell 

wall and cytoplasmic membrane caused by shrinkage of the cells 

in response to the hypertonicity of the stabilizing medium. 

3-lysin-killed cells, however, showed no cell wall space, 

indicating cytoplasmic membrane damage. Also, a suspen-

sion of B. subtilis protoplasts incubated with platelet 

3-lysin decreased in turbidity almost 8 5% within 2 min. of 

incubation (32). Additional evidence that platelet 3-lysin 

effects the cell membrane of gram-positive bacteria was 

reported by Freeman (16). Upon addition of platelet 3-lysin 

to a suspension of B. subtilis protoplasts, the decrease in 

turbidity and the extent of membrane damage, as seen with 

the electron microscope, was related to the concentration 

of 3-lysin added. Freeze-etched preparations of B̂ . subtilis 

that had been treated with platelet 3-lysin showed the 

organisms to have wrinkled and pitted membranes (7). Data 

obtained by Gooch (15,16) indicates that there is a loss 

of membrane unit structure after treatment of such membranes 

with platelet 3-lysin, and purified cell membrane prepara-

tions of B. meqatarium have been shown to combine with and 

absorb platelet 3-lysin from solution (15). 

Platelet 3-lysin is not believed to be a bactericidal 

enzyme for the following reasons; (i) Platelet 3-lysin 
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retains its activity over a broad range of temperature and 

pH. Workers in Donaldson's laboratory have made the ob-

servation that platelet 3-lysin is bactericidal both in an 

ice bath and at 45°C (7); (ii) 3-lysin attaches to and is 

inactivated by bacterial cell membranes (15): (iii) The 

small molecular weight of platelet 3-lysin also suggests 

that its activity is not enzymatic Rosenthal and Buchanan 

(41) have suggested that cationic bactericidal agents which 

have no innate enzymatic activity, combine electrostati-

cally with membrane anionic compounds such as phospholipids, 

causing changes that effect membrane-bound enzymes. They 

showed that platelet 3-lysin, along with other cationic 

bactericidal agents, histone, protamine sulfate, and 

cetyltrimethylammonium bromide will stimulate the activity 

of adenosine triphosphatase found on cell membranes of B. 

subtilis, whereas spermine, cadaverine, and putrescine in-

hibit enzyme activity. Buchanan and Yang (7) have demon-

strated that 3-lysin, histone, and cetyltrimethylammonium 

bromide also inhibit the membrane-bound reduced nicotinamide 

adenine dinucleotide oxidase and reduced nicotinamide 

adenine dinucleotide-dichlorophenolindophenol oxidoreductase 

These results suggest the possibility of electron flow 

interruption and blockage of the respiratory chain. 

Absorption of serum v/ith bentonite removes both 

lysozyme (24) and platelet S-lysin (3). Such treatment 
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also inhibits both the lysis (12,24,35) and killing (13,17) 

of gram-negative bacteria without lowering serum concen-

trations of complement or antibody (13). The addition of 

lysozym.e in high concentrations to bentonite-nreated ser̂ jm 

will partially restore the bactericidal activity of such 

serum for E. coli (9,10,13,35). However, lysozym.e concen-

trations, even ten times that of normal serum, will not 

com.pletely restore the bactericidal activity of bentcnite-

treated serum (14). Complete restoraticn of bactericidal 

activity to bentonited serum required the addition of borh 

lysozyme and platelet 3-lysin (3). The observations m.entioned 

above indicate that platelet 3-lysin plays a significant 

role in the killing of E. coli. Platelet S-lysin, lysozyme, 

and the antibody-complement system. individually all cause 

morphological changes, but cooperate and augment each other 

in the killing and lysis of E. coli (8) . 

Purpose and scope of tiie present studv. Heretofcre, 

all work dealing with the bacterial specrr'jm. of plaiielet 

3-lysin have indicated that intact gram-negatiive organismis 

in general, and specifically E. coli, are resistant to the 

lethal effect of purified 3-lysin preparations (7). In 

contrast to previous reports, this investigation presenrs 

evidence that purified platelet 3-lysin is bactericidal for 

intact S. coli K-12 in the absence of lysozyme, Ag-Ab-C' 

complex and properdine. The kinetics of bactericidal 



activity are compared to those obtained with zhe traditional 

3-lysin assay organism B. subtilis, and the effect of outer 

membrane fluidity and permeability on the observed bacteri-

cidal activity of platelet 3-lysin is discussed. 



CHAPTER II 

MATERIALS AND METHODS OF PROCEDURE 

Bacteria. Stock cultures of B. subtilis used in this 

study were originally obtained from the laboratory of Dr. 

David M. Donaldson. E. coli strain K-12 (W1485 F~, nal^) 

was kindly provided by Dr. Dana L. Deitrich. The assay 

strain of Salmonella typhimurium used was isolated from a 

clinical specimen and its identity confirm.ed by the state 

department of health. Avirulent cultures of Neisseria 

gonorrhoeae laboratory strain 2658 were obtained from the 

Lubbock City-County Health Unit, Lubbock, Tx. After 

inoculation of growth media, bacterial cultures were in-

cubated with shaking at 37°C and allowed to reach stationary 

phase. In order to demonstrate maximum susceptibility co 

platelet 3-ly3Ín it was necessary to harvest the test 

organisms during the mid portion of the logrithmic growth 

phase. Cells were collected by centrifugation at 3,500 x g 

after which they were subjected to three consecutive washes 

in physiological saline solution (PSS) and adjusted to a 

cell density of approximately 3 x 10 viable bacteria/ml. 

Media. With N. gonorrhoeae being the only exception, 

cells were grown in 25 ml volumes of Tryptic Soy Broth 

(Difco) and plated in Tryptic Soy Agar (Difco). The medium 

employed in studies involving N. gonorrhoeae was that used 

by Talley and Baugh (4 5) and contained per liter the follow-

ing: 15 g polypeptone (Difco proteose peptone 43), 5 g NaCl, 

15 
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4 g K^HPO^, 1 g KH^PO^. Following adjustment of the pH 

to 7.3-7.5, 15 g agar (Difco) was added for those manipula-

tions requiring solid media. The above basal medium was 

autoclaved for sterilization and the following filter-

sterilized supplements were added: 10 ml 20% glucose, 10 ml 
TM 

IsoVitalex (EBL), and 20 ml 10% KCO- . 

Preparation of platelet 3-lysin. Purified platelet 3-

lysin was prepared from whole blood and from commercially 

prepared serum. 3lood was obtained from normal New Zealand 

white rabbits by cardiac puncture and the clot was allowed 

to retract for 2-3 hr at 4^C. The serum was collected by 

centrifugation and subsequently placed in a Seicz filtra-

tion apparatus. Commercial rabbit serum was purchased from 

Pel-Freeze Laboratories. Serum aliquots (120 ml) were 

frozen and used as needed. One hundred twenty ml of either 

fresh or commercial serum was allowed to drip through a 

Seitz clarifying filter (Hercules, type C-5) for 3 hr at 4 C. 

Any serum remaining after 3 hr was pulled through the filter 

with suction. The filter pad was then washed with 10 0 m.l 

sterile, cold distilled water. After washing, 20 ml of 

1.5 M NaCl (10 X PSS) was allowed to drip through the filter 

pad. The filtrate was collected and dialyzed overnight 

against 2 liters of distilled water. In order to re-

establish physiological saline concentrations within the 

dialysate, the preparation was dialyzed for 3 hr against 2 

liters of PSS. The purified platelet: 3-lysin was lyophilizec 



in 2 ml volumes and stored at -70°C. 

Platelet S-lysin assay. A modification of the standard 

3-lysin assay of Donaldson, Ellsworth and Matheson (6) was 

employed throughout this study. For each experimental assay, 

one 2 ml vial of lyophilized platelet 3-ly3Ín was reconstitut-

ed with 0.3 ml sterile distilled water. The platelet 3-

lysin sample was then diluted with PSS using a serial two-

fold dilution sclieme (0.5 ml final volume) . The bacterial 

cell suspension described above (3 x 10 cells/ml in PSS) 

was diluted 1:1000 by transfering 0.1 ml into 99.9 ml 2.5% 

(w/v) peptone saline which was then vigorously shaken to 

insure separation of individual bacterial cells. This 

bacterial dilution served as the final inoculum and contained 
4 

approximately 2.8 x 10 bacteria/ml. To each tube of 

diluted 3-lysin and to a control tube containing 0.5 TT-.I PSS, 

0.1 ml of the bacterial inoculum was added. The dilutions 

and control tube were incubated for 1 hr at 37 C before 0.5 

ml of each 3-lysin dilution and 0.5 ml of a 1:100 dilution 

of the PSS control were plated in tryptic soy agar and 

incubated at 37 C. After overnight incubaticn, a viable 

colony count was taken. The reciprocal of the highest dilu-

tion bactericidal for 99% of the test inoculum was determined 

to be the number of equivalent units of platelet 3-lysin. 

Reagents. Ethylene glycol tetraacetate (EGTA) was 

obtained from Sigma Chemical Co. Aqueous 0.1 M stock solu-

tions of EGTA (pH 7.4) were prepared, membrane filter-
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sterilized (0.2 um membrane filter) and stored at 4°C. 

Certified American Chemical Society (ACS) MgCl^ • ^^2^ '"̂^̂  

purchased from Fisher Scientific Co. Aqueous 0.5 M stock 

solutions of MgCl^ were autoclaved for sterilization. 

Certified ACS CaCl^ ' ^H^O was obtained from Fisher Scienti-

fic Co. Aqueous 0.1 M stock solutions of CaCl^ were auto-

claved for sterilization. Certified ACS disodium ethylene-

diaminetetraacetate (EDTA) was purchased from Fisher 

Scientific Co. Aqueous 0.1 M stock solutions (pK 7.4) were 

membrane filter-sterilized and stored at 4°C until further 

use . 

Kinetic studies. Kinetic studies involved incubation 

of bacteria in the presence of 3-lysin dilutions for time 

intervals ranging from 5 to 60 min. and at temperatures 

ranging from 4 to 4 3 C. Experiments designed to determine 

the effect of temperature on membrane fluidity and subsequent 

3-lysin activity required initial growth of the test organism. 

at temperatures ranging from 30 C to 43 C and incubation cf 

3-lysin dilutions at 37 C. 

Treatment of E. coli K-12 with chelating agents. A 

modification of the procedure of Hardaway and Buller (20) 

was used for treating E. coli K-12 with EDTA and EGTA. 

After incubation to log phase, the bacteria were collected 

by centrifugation at 3,500 x g and 25 C for 10 min. After 

being washed three times with PSS, the cells were resuspended 

in a volume of PSS equivalent to one-tenth that of zhe 
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original culture volume. Either EDTA of EGTA were added 

immediately to a final concentration of 0.5 mM and the 

mixture was incubated with shaking at 37^C. After 5 m.in., 

the mixture was again washed three times with PSS to remiove 

the chelating agent. The bacteria were resuspended in PSS 

and the cell density adjusted to an O.D. reading equivalent 
7 

to ;}̂  3 X 10 cells/ml. In order to avoid the possible re-

association of outer membrane components, prelimiinary 

determinations of the effect of EDTA and EGTA were carried 

2+ 2+ out in the absence of excess Mg and Ca 

2-r 2 + 

Effect of Ca and Mg Cells were grown, washed 

with PSS, and treated with either EDTA or EGTA as described 

above. After washing the cell suspensions to remove the 
2+ 2 + 

chelatmg substance, Ca m the form of CaClp, Mg in 

the form of MgCl~, or CaCl^ and MgClp in combination were 

added to a final concentration of 0.5 mM. Bacterial suspen-

sions were then incubated at 37 C with shaking for 5 m>in. 

In order to remove unbound excess cation, cells were again 

washed three tim.es with PSS. Susceptibility to platelet 

3-lysin was then determined as previously described. 

http://tim.es


CHAPTER III 

RESULTS 

Bactericidal effect of purified platelet 3-lysin on 

intact E. coli K-12. Most 3-lysin-oriented research efforts 

have employed B. subtilis as the standard test organism to 

which the effects of platelet 3-lysin on other test strains 

have been compared. In this respect, the tradition has 

been upheld in the present study. One of the m.ost thoroughly 

studied organisms in recent years has been E. coli K-12. 

Through the concentrated efforts of many research groups, 

much is now known concerning the genetic background of this 

strain. Many genetic recombinants of strain K-12 are avail-

able and readily obtained for study. Future work may show 

resistance or susceptibility to platelet 3-lysin to be 

genetically conferred. For these reasons, E. coli K-12 

(W1485 F-, nal ) was the gram-negative test organism chosen 

for more in depth study. 

Previous studies directed at determining the bacteri-

cidal spectrum of platelet 3-lysin have indicated that 

purified 3-lysin, whether of platelet or non-platelet origin, 

exerts its lethal effect on gram-positive organisms ex-

clusively (7,8). It has been reported that penicillin in-

duced "spheroplasts" and lysozyme "protoplasts" are readily 

susceptible to the action of 3-lysin (16,32). Using a 

modified 3-lysin pla-e count assay system, we have been 

20 
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able to demonstrate bactericidal activity of purified 

platelet S-lysin preparations on intact E. coli strain K-12. 

These experiments were designed to determine the efficacy 

of the m.odified protocol using representative gram-positive 

and gram-negative organisms. 

Amtibody, complement, lysozyme, properdin and platelet 

3-lysin are all found in normal serum and are an integral 

part of the body's innate host defense mechanism. As seen 

in Figure 1, normal rabbit serum (NRS) is equally lethal 

for both B. subtilis and E. coli. The major bactericidal 

component of NRS for E. coli, however, appears to be anti-

body-complement mediated as demonstrated by the observed 

128-fold reduction in bactericidal activity of heated rabbit 

serum (HRS). 

The result of this study which is of primary signifi-

cance was the demonstration of purified platelet 3-lysin 

bactericidal activity for intact E. coli K-12. Utilizing 

the same platelet 3-lysin preparation on bo h test organisms, 

Figure 1 shows that purified 3-lysin is approximiately 50% 

as effective on E. coli as on B. subtilis. Results showing 

the bactericidal effect of purified platelet 3-lysin on two 

additional gram-negative species are recorded in Table 1. 

N. gonorrhoeae is believed to possess some physical charac-

teristics such as increased sensitivity to penicillin which 

are usually associated with gram-positive bacteria and yet 
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Figure 1. Comparative bactericidal effect of fresh 
rabbit serum, complement inactivated rabbit serum, and 
purified 3-lysin. Treatmients: NRS. fresh unheated rabbi-
serum; KRS, complem.ent inactivated rabbit serum. heated to 
56°C for 30 min.; 2 mii volumes of lyophilized purified 3-
lysin rehydrated with 0.3 ml sterile distilled warer. 
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TABLE 1. Relative bactericidal effect of platelet ^-lysin 
on Gram-positive and Gram-negative bacteria 

ORGANISM EQUIVALENT UNITS OF 3-LYS N/ml 

Bacillus subtilis 54 

E. coli K-12 8 

Neisseria gonorrhoeae 16 

Salmonella typhimurium 0 

^Bactericidal acnivity of platelet 3-ly3Ín for Neisseria 
qonorrhoeae laboratory strain 2658 was determined using a 
modified assay protocol as described in the text. 

Clinical laboratory isolate of Salm.onella group B. 
Identification confirmed by Texas State Department of Keaith 
as Salmonella typhimurium. 
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the Gram reaction of this organism remains characteristically 

negative (13). As seen in Table 1, N. gonorrhoeae dem.on-

strates even greater susceptibility to plarelet 3-lysin than 

does Ê . coli. Because of the fastidious nature of this 

species, N. gonorrhoeae did not readily lend itseif to the 

3-lysin assay system employed. Care was taken to insure at 

least the minimum conditions for growth of this crganism. 

throughout the experimental assays conducted. The values 

listed in Table 1 for N. gonorrhoeae, as well as for all 

orher bacterial organismis tested, represenr the average of 

at least five separate sets of results. With the excepticn 

of the O-specific chain and details of the core polysaccha-

ride, S_. typhimurium demonstrates physical characteristics 

such as cellular structure which are typical of m.cst other 

gram-negative organismcS and yet dem^onstrates different bic-

chemical reactions. Table 1 shows S_. typhim.urium t:o be 

resistant tc the bactericidal effect: of platelet 3-ly3Ín. 

Kinetics of bactericidal activity. Since platelet 3-

lysin alone is lethal for at least two intact gram-negative 

species, E. coli and N. gonorrhoeae, experimienTis were designed 

to compare the kinetics of platelet 3-lysin bactericidal 

activity on E. coli K-12 and B. subtilis. We anticipate that 

different kinetic responses reflect significant structural 

and/or membrane permeabiiity differences. The results of 

these experimtents are illustrated in Figures 2, 3, and 4. 

Data in Figure 2 indicate that although the lethal action 



25 

128 ^ 

5 10 15 20 25 30 35 40 45 50 55 60 

Time (min) 

Figure 2. Platelet 3-lysin kinetics of bactericidal 
activitv at 37^0. Symbols: 0, E. coli; A, B. subtilis. 
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Figure 3. Platelet 3-lysin kinetics of bactericidal 
activitv at 4°C. Syn'î ols: 0, E. coli; A, B. subtilis. 
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Figure 4. Platelet 3-lysin kinetics of bactericidal 
activity at 25°C. Symbols: 0, E. coli; 1, 3. subtilis. 
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of platelet 3-lysin for B. subtilis is rapid at 37^C, there 

is a somewhat gradual increase in the bactericidal kinetics 

during the initial 15 min. of incubation. 

When strain K-12 is used as the test organism, maximum 

titers are obtained only after a 60 min. incubation at 

37 C. The increase in equivalent units of platelet B-lysin 

occurred in step-wise 10-15 min. intervals. Experiments 

were carried out in which 3-lysin dilutions in the presence 

of bacterial inocula were incubated at 37°C for 20 min. and 

then immediately chilled to 4°C to determine the effect of 

temperature on 3-lysin activity. Equivalent units of 3-

lysin showed no increase and remained stationary at 2 units/ml 

The same effect was observed when the temperature change 

(from 37 C to 4 C) was made at both 20 min. and 4 5 min. 

(Table 2). In an effort to detect a more subtle change in 

outer membrane fluidity, the K-12 test strain was grown to 

log phase at varying temperatures and subsequently tested 

for platelet 3-lysin susceptibility at 37°C. Results of 

these experiments are presented in tabular form in Table 3. 

If strict adherence to the original definition of the 8-

lysin unit is maintained, it can be said that no bactericidal 

activity was detected when E. coli K-12 was grown at 30°C. 

Although 99% bacterial death was not achieved by any platelet 

3-lysin dilution, the 1:2 dilution pour plate did show a 

reduction in the number of CFU (colony forming units) when 
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TABLE 2. Effect of temperature on 3-lysin activity with E. 
coli as test organism 

Equivalent units 
time (min) of 2-lysin activity 

incubati -on 
temperature^ 

37°C 

+ 

+ 

+ 

+ 

+ 

+ 

4°C 

+ 

+ 

+ 

25 2 

25 0 

30 4 

30 2 

45 4 

45 2 

+ 60 8 

+ + 60 4 

^E. coli in the presence of platelet S-lysin dilutions 
were'incubated at 37°C. Following the initial 20 min of 
incubation, dilutions were removed from 37°^ and immediately 
chilled to 4°C. At the conclusion of the combined 37^^ 
and 4°C incubation, pour plates were prepared and CFUs 
were determined. The same procedure was followed with 
dilutions after 45 min. incubation at 37°C. 
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TABLE 3. Change in susceptibility to platelet 3-lysin 
brought about by initial growth at 

30°C and 43°C 

CFU/ml 

3-lysin sample dilutions 1% of units 
bacterial o •C J 

Temperature 1:4 1:8 1:16 1:32 inoculum lysin/ml 

3 0^C TNTC^ TNTC TNTC TNTC 2 70 0 

43°C 137 257 TNTC TNTC 230 8 

E. coli K-12 grown to log phase at either 30 C or 43°C. 
Cells were subsequently treated with 3-lysin at 37 C. 

\_ 

The reciprocal of the highest dilution fromL which the 
number of CFUs are determined to be less than or equal to 
1% of the original inoculum is equivalent to the num.ber of 
3-lysin units/ml. 

c Too numerous to count. 
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compared to the inoculum control plate. As anticipated, 

an increase in platelet 3-ly3Ín susceptibility at 43 C 

was observed as dem.onstrated by 8 equivalent units of 

activity (Table 3). At temperatures of 4°C (Figure 3) 

and 25°C (Figure 4), there was no observable activity on 

E. coli. However, the temperature change had little effect 

on B_. subtilis where the kinetics appear to be similar to 

those at 37 C (Figure 2). Figure 5 presents a graphic 

summary of platelet 3-lysin kinetics of bactericidal activity 

observed with E. coli strain K-12. Briefly, incubation 

with platelet 3-lysin at 4 C and 25 C showed no bactericidal 

activity while incubation of platelet 3-lysin dilutions at 

37°C proved lethal for E. coli. 

Treatment with chelating agents. One approach to under-

standing relationships betv/een structure and function in 

biological membranes involves the use of ethylenediamine-

tetraacetate (EDTA. Treatment of gram-negative bacteria 

with EDTA results in the release of lipopolysaccharide (LPS) 

and other outer membrane components (20,30). Alterations 

in the permeability barrier function of the outer m.em.brane 

might be expected to enhance platelet 3-lysin accessbility 

to the cytoplasmic membrane. It is thought that the cyto-

olasmic membrane is the 3-lysin site of action and that 

the outer m.em.brane of the intact gram.-nega-ive species 

oresents a barrier that is not encountered wi-h gram.-positive 
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Figure 5. Summary of platelet 3-lysin kinetics of 

bactericidal activity observed with E. coli K-12. Symbols 
denote incubation of 3-lysin dilutions at the foilowing 
temperatures: 0, 40C; «, 25^0; a, 370C. 
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bacteria (7). EDTA is known to be a non-specific complexon 

of divalent cations and is used largely in determinations 

2+ 2+ 
of Ca and Mg . Ethylene glycol tetraacetate (EGTA) 

2+ is reported to selectively complex Ca (42). To study 

the effect of these membrane purturbants, the bactericidal 

activity of platelet 3-lysin was determined in the presence 

and absence of EDTA and EGTA-treated E. coli K-12. The 

results of such experiments (Tables 4 and 5) indicate that 

alteration of E. coli outer membrane integrity with EDTA 

and EGTA enhances platelet 3-lysin activity. In the absence 

2+ 2+ of outer membrane associated Mg and Ca ions, 3-lysin 

shows bactericidal activity comparable to the activity one 

observed when gram-positive B. subtilis is the test organism. 

2+ 2+ Influence of Ca and Mg on the activity of platelet 

3-ly3Ín. If treatment of strain K-12 with EDTA or EGTA 

resulted in enhanced susceptibility to 3-lysin, the possi-

bility existed that a permeability barrier in the outer 

2+ 2+ membrane could be dependent on either Ca , Mg or both lons 

in combination. This question was examined by determining 

the bactericidal effect on suspensions of strain K-12 that 

had been incubated with either EDTA or EGTA (0.5mm) and 

then subjected to 3-lysin treatment in the presence of excess 

Ca , Mg or Ca plus Mg . Data presented in Table 6 

indicate that if EDTA or EGTA-treated cells are allowed a 

short repair period (5 min. at 37°C) in the presence of 
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TABLE 4 . Bactericidal ef f ect of 3-lysin af ter trea m.ent 
of E. coli with EDTA 

Treatment Equivalent units 3-ly3Ín/ml 

EDTA + 3-lysin > 64 

EDTA no p-lysin 

3-lysin no EDTA 

0 

8 

E. coli K-12 treated with EDTA at a final concentraticn 
of OTS mM for 5 min. at 37*̂ C as described in the text. 

b Control 
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TABLE 5. Bactericidal effect of 3-lysin after treatm.ent 
of E. coli with EGTA 

Treatment Equivalent units í-lysin/m^l 

EGTA + 3-lysin 

EGTA no 3-lysin 

3-lysin no EGTA 

>_ 64 

0 

8 

E. coli K-12 treated with EGTA at a final concentration 
of 075 mM for 5 min. at 37°C as described in the text. 

Control. 
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2+ 2 + 
TABLE 6. Influence of Ca and Mg on the activicy of 

platelet 3-lysin 

EDTA EGTA Ca 
2 + 

Mg 
2 + :quiv. uni' 

;-lysin/ml 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

>_ 64 

0 

0 

0 

> 64 

0 

0 

0 

0 

8" 

^EDTA and EGTA were added to a final concentration of 
0.5 mM. 

^CaCl^ and MgCl^ whether used separately or in combina-
tion were added to a final concentrarion of 0.5 mM. 

'Control assay. 
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9+ P+ 2+ 2+ 
excess Ca , Mg , or Ca plus Mg , the outer membrane 

permeability function is completely restored. No difference 

in bactericidal activity could be detected between those 

2+ 2+ cells allowed to repair in the presence of Ca only, Mg 

only, or those allowed to repair in the presence of both 

cations. The control assay, in which strain K-12 was in-

cubated in the presence of platelet 3-lysin and in the 

absence of EDTA or EGTA, demonstrated the expected 8 equi-

valent units of 3-lysin activity/ml. 



CHAPTER IV 

DISCUSSION 

Normal rabbit serum contains five major serum bacteri-

cides (lysozyme, properdin, antibody-complement system., 

platelet 3-lysin, 3-lysin of nonplatelet origin) each actmg 

synergistically with the other four to bring about lysis 

of gran-negative bacteria (8,13,14,17). Even rhough platelet 

3-lysin, lysozyme and the antibody complement system aug-

ment each other, it is apparent that antibody, in conjunc-

tion with complement, is of primary significance in serum 

bactericidal activity for E. coli strain K-12. This 

was illustrated by the demonstration that inactivation of 

complement by heat caused a significant reduction of serum 

bactericidal activity (Figure 1). Platelet 3-lysin has 

been shown to affect the cytoplasmic membrane of gram-

positive bacteria (15), E. coli spheroplasts and proto-

plasts (16), but has not previously been shown to be effec-

tive against intact gram-negative organisms. The results 

of the present study indicate that under appropriate test 

conditions purified platelet 3-lysin is lethal for intac-

E. coli and as cell integrity is altered, the bactericidal 

activity approaches that of NRS. The procedure used in 

this studv to determine platelet 3-lysin activity is modeled 

after that first proposed and used by Donaldson ez_ a^. (6) . 

We have, however, made three major modifications in the 

38 
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assay; (i) Test inocula were taken from log phase cells. 

Although the explanation is at this time unclear, a m.ore 

sensitive determination was obtained with bacterial organisms 

harvested during the logrithmic growth phase. This observa-

tion could indicate the presence of membrane-associated 

transport phenomena, or stationary phase outer membrane 

constituents may hinder accessibility of 3-lysin tc the 

cytoplasmdc membrane: (ii) Log phase inocula were routinely 

adjusted to a standard optical density which resulted in 

obtaining reproducible data: (iii) Donaldson and co-workers 

describe their 3-lysin assay procedure as employing a 

bactericidal inoculum ranging from 50,000 to 200,000 viable 

organisms per ml. It is likely that attempts by others to 

demonstrate bactericidal effects of purified platelet 3-

lysin on intact S. coli were hindered by the size of the 

bacterial inoculum used and that any actual cidal effect 

was m.asked by sheer numbers of organisms. However, in the 

present study the standard 3-lysin assay was modified such 
4 

that the final inoculum consistently contained 3 x 10 

â 

viable cells/ml. As determined by the plate count meth( 

described, rarely did the final inoculum exceed 5 x 10 

iable organism/ml. As a result, a consistant bactericidal 

ffect of purified 3-lysin on E. coli was observed. How-

ever, when the same 3-ly3Ín preparation was tested on gram̂ -

positive B. subtilis there was a 50% increase in the equiva-

V 

e 
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lent units of 3-lysin activity. This relative difference 

in bactericidal effect between gram-positive 3. subtilis 

and gram-negative S. coli was consistantly observed and 

subsequently used as a control in each of the experiments 

in this study. The limited susceptibility of E. coli to 

the bactericidal effect of purified platelet 3-lysin pre-

sumably is the result of the outer membrane which serves 

as an innate barrier to various bactericidal agenrs (2,19, 

20,25,30) . 

The bacterial spectrum of purified plateler 3-lysin has 

been shown to include organisms belonging to the genera 

Bacillus, Clostridium, Micrococcus, Lactobacillus and Arthro-

bacter. The only gram-positive groups not uniformly sus-

ceptible to platelet 3-lysin are the genera Streptococcus 

and Staphylococcus (7). Donaldson and Tew were unabie to 

demonstrate platelet 3-lysin activity on a single strain 

of gram-negative organism (7). During the course of 

this study, the observation was made that under the assay 

conditions described S. coli B demonstrates comparable 

levels of platelet S-lysin susceptibility to that of E. 

coli K-12 (data not shown). 

N. gonorrhoeae often displays characteristics such as 

increased penicillin susceptibility which are more fre-

quently observed in gram-positive genera (13). Since the 

membrane composition of this diplococci is such as to 
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allow enhanced penetration of penicillin, it was reasoned 

that the same might be true with respect to platelet 3-

lysin. Accordingly, it would be anticipated thar results 

obtained with gonococci as test organisms would be sim.ilar 

to those seen with E. coli i.e., sensitivity to platelet 3-

lysin. If the above assumption is valid, we interprer our 

results to suggest that the observed cidal effect of platelet 

3-lysin on N. gonorrhoeae is the result of reduced outer 

membrane integrity brought about by variation in membrane 

composition. In contrast to the demonstrated bactericidal 

activity of platelet 3-lysin on E. coli K-12 and N. gonorr-

hoeae, the absence of detectable activity on S_. typhimurium. 

is not readily explained. Few gross structural differences 

exist between S_. typhimurium and E. coli. Possibly, S_. 

typhimurium. presents an additional outer m.embrane prem̂ ea-

bility barrier to 3-lysin that is not found in E. coli. 

Whether this proposed barrier is a result of fatty acid 

composizion of the lipid A moiety, which is kncwn -o vary 

among bacterial species, or the unique repeating units 

associated with the core polysacchride is purely speculative. 

The kinetic antibacterial analyses of purified platelet 

3-lysin presented in this report (Figure 5) clearly demon-

strates significant differences in the relative ability of 

this bactericidal serum protein to kill B. subtilis and E. 

coli. These differences are apparent not only in the 
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rate and extent of CFU reduction, but also in the time and 

temperature required for maximum platelet 3-lysin titers 

to be obtained. A comparison of the relative bactericidal 

activity of 3-lysin against E. coli K-12 reveals that this 

organism exhibits different levels of susceptibility depend-

ing on the incubation tim.e used during the kinetic study 

(Sigures 2 and 5). These variations occur not only with 

respect to incubation time, but also with respect to the 

temperature at which the assay is conducted. For example, 

against E. coli K-12, maximum platelet S-lysin effect is 

observed only after 60 min. at 37 C while at tem.peratures 

of 4 C and 25 C no activity could be detected. On the 

other hand, maximum S-lysin titers are obtained after 2 0 min. 

incubation at 37 C when B. subtilis was used as the test 

organism. These results suggest differences in gross 

physical morphological structure between Bacillus subtilis 

and E. coli. Platelet 3-lysin produced identical iDacteri-

cidal kinetics when B. subtilis was tested at 25 C and at 

4°C. At these temperatures maximum titers- were seen after 

only 10 min. whereas at 37 C, 20 min. was required to 

achieve the same level of platelet 3-lysin activity. These 

observations may be attributable to the pronounced instability 

of this substance at temperatures exceeding 25 C. If such 

were the case, it would be anticipated that at lower tempera-

tures the concentranion of 3-lvsin is conserved and would 
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therefore demonstrate an enhanced rate of activity. It 

would presumably follow that at 37 C the situation is re-

versed due to its extreme instability. At this tempera-

ture a reduction in the initial platelet 3-lysin concen-

tration occurs resulting in an increase in the time requir-

ed to attain maximum activity. 

As do many other organisms, E. coli K-12 modifies 

the fatty-acid composition of membrane lipids as a function 

of growth temperature (44) . When cells are grown at 

temperatures of 40 C or above, fatty acids which are sub-

sequently incorporated into membrane phospholipids, increase 

the number of carbon atoms per fatty acid and enrich for 

saturated fatty acids (44). As the growth temperature is 

lowered, the proportion of unsaturated fatty acids increases 

(25). Sinensky (44) suggests that one expected result of 

variable growth conditions is that phospholipids synthesized 

at high growth temperatures should exhibit enhanced mem-

brane fludity. VanDeenen and co-workers (19) have demon-

strated that E. coli outer membrane lipid barrier proper-

ties do indeed depend on the growth temperature. Moreover, 

using electron spin resonance (ESR) spectroscopy, Janoff, 

Haug, and McGroart (25) have reported studies indicating 

that of the two membrane components, specifically the 

cytoplasmic and outer membranes, in the intact cellular 

envelope of E. coli, the outer membrane demonstrates greater 
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fluidity at 37°C to 4 3°C. Results in Table 3 were obtained 

during a study of the effect of growth temperature on platele-

3-lysin activity. Whether the observed difference in 3-

lysin activity, as a result of growth at 43°C and 30°C, 

is reflective of altered outer membrane fluidity is not 

known. The possibility exists that the effect seen is due 

to variation in the type or quantity of outer m.embrane pro-

tein present at these temperatures. Of these, we consider 

membrane fluidity as the more probable explanation (25,44). 

That platelet 3-lysin activity is maintained at stationary 

levels following initial incubation at 37°C and subsecuent 

incubation at 4 C (Table 2) lends tentative support to this 

interpretation. These results suggest that miembrane 

fluidity may have an effect on the relative bactericidal 

efficiency of 3-lysin. It is clear, hov/ever, that such 

a generalization cannot be made unless the evidence pre-

sented has some basis in molecular fact. 

EDTA has previously been shown to have a num.ber of 

effects on E. coli cell membranes. Treatm.ent of intact 

cells with EDTA results in a partial release of LPS from 

the cell (20,30)/ and promotes the release of periplasm.ic 

proteins by osmotic shock. Acting in conjunction with the 

nonionic detergent Triton X-100, SDTA has been shown to 

oromote the solubilization of a considerable am.ount of 

protein, as well as the L?S and phospholipid of cell 
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membrane fractions (21) . Using somewhat different con-

ditions, DePamphilis (2) was able to achieve complete 

dissolution of the outer membrane isolated from sphero-

plasts. This could be reversed by dialysis against Mg ^-

containing buffer. All of these phenomena indicate that di-

valent cations stabilize the outer membrane of grami-negative 

bacteria. This is accomplished perhaps through the form.a-

tion of ionic bridges between the phosphate groups in the 

LPS core and charged groups on adjacent proteins or phos-

pholipids. The mechanism whereby EDTA initiates the re-

lease of LPS and the accompanying change in perm.eability of 

the outer membrane has not been elucidated. Although EGTA 

2+ is known to specifically complex Ca (42), little is known 

concerning its miode of action. In this study it has been 

assumed that the mechanism whereby EGTA induces increased 

outer membrane permeability is similar to that of EDTA. 

Hardaway and Buller (20) have proposed that the chelation 

of divalent cations bridging adjacent LPS molecules, or LPS 

molecules of adjacent phosphoiipids, results in repulsion 

between negative charges, thus contributing to the expul-

sion of LPS. 

When suspensions of E. coli K-12 are exposed to 0.5 m̂M 

EDTA or EGTA (Tables 4 and 5) for 5 min. at 3 7 C, the re-

sulting increase in relative platelet 3-lysin susceptibi-

lity is comparable to the effect observed on B. subtilis 
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in the absence of such chelating agents. It is presumed 

that treatment of E. coli with EDTA or EGTA causes altera-

tions in outer membrane integrity (and hence permeability), 

perhaps sufficiently to permit the release of LPS and/or 

facilitate the penetration of platelet 3-lysin to under-

lying target sites. Leive (30) has reported that cells 

regain their barrier to actinomycin D when they are in-

cubated in growth media after EDTA treatment. In the 

present study, similar results were obtained with platelet 

3-lysin. When EDTA-treated, 3-lysin-susceptible cells 

were incubated for 12 to 16 hr. on complete growth media, 

loss of susceptibility was observed (personal observation). 

2+ 2+ Furthermore, Ca and Mg added in excess appeared to 

restore the barrier effect to an even greater degree than 

that seen in the absence of excess cation. Membrane per-

meability to platelet 3-lysin appears to be restores with 

2+ 2+ either excess Ca or Mg (Table 6). 

The validity of the results described above is dependent 

on several factors; (i) The assay system employed may lack 

sufficient sensitivity to detect subtle alterations in 

membrane permeability and the repair of such membranes. (ii) 

Since EDTA is a non-specific complexon, other divalent 

2+ 2+ 
ions such as Mn or Zn contribute to the effects observed 

2+ with EDTA treated cells. (iii) After exposure to Ca , 

Mg / or Ca and Ma in combination, the cells were 
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washed three times with PSS in an effort to remove anv 

excess cation not incorporated into the m.embrane. The 

efficiencv with which this was accomplished must be con-

sidered. Residual calcium or magnesium ion present at the 

time of platelet S-lysin treatment could lead to reassocia-

tion of outer membrane components and this reoair wouid 

not be detected with a plate count procedure. We have re-

cently developed an assay procedure for platelet 3-lysin 

bactericidal activity (manuscript in preparaticn) which 

provides much greater sensitivitv in the determination of 

absolute (as opposed to relative) plateiet 3-lvsin activi-

ties. The use of this system should greatlv aid the furt.her 

characterization of this serum bactericidal protein and 

provide additional information concerning the miechanism. (s) 

wherebv it exerts its lethal effect on gram-positive and 

gram-negative organisms. 



CHAPTER V 

SUMMARY 

The standard assay system for olatele- 3-lvsin bacteri-

cidal activitiy has been refined such that the reproduci-

bility of results is greatly enhanced. Previous reports 

have indicated that all intact gram-negative organism.s 

in general, and S. coli in particular, are resistant ro 

the iethal effect of S-lysin. In this study evidence has 

been presented indicating that under the apprcDriate i^ 

vitro test conditions, purified platelet 3-lysin Í3 approxi-

mately 50% as lethal for intact E. coli K-12 and Meisseria 

gonorrhoeae as for B. subtilis. Attempts to dem.onstrate 

platelet S-lysin cidal effect on Salmonella typhimuriumi 

were unsuccessful. Differences in relative 3-lysin activi-

ties brought about by variations in ini-ial growth temipera-

ture are presumed to be due to alterations in outer m.embrane 

fluidity. A com.parison of the antibacterial kine-ics of 

purified platelet 3-lysin on E. coli K-12 and 3. subtiiis 

revealed substantial differences in the time â nd tem.pera-

ture of incubation required to achieve maxim̂ um s-lysin 

titers. Treatment of E. coli with EDTA or EGTA appears to 

promote enhanced outer membrane perm.eability as seen by an 

increase in the susceptibility of SDTA and EGTA-treated 

cells to levels comiparable to those observed winh non-

treated B. subrilis. In addition, restoration of outer 
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membrane integrity was observed when cells treated with SDTA 

or EGTA were incubated in the presence of either CaCl^/ 

MgCl^, or CaCl^ plus MgCl^. 

Platelet 3-lysin is a remarkably potent bactericidal 

agent for gram-positive bacteria. 3-lysin release is 

intimately associated with blood coagulation and the in-

flamatory response and undoubtedly helps control infection. 

The data generated by this study provides additional 

evidence for the bactericidal action of 3-lysin on gram̂ -

negative bacteria which also cause num.erous infections them.-

selves or in the event that the host is compromised can be 

the cause of secondary infections. Characterization of 

pletelet 3-lysin, its source, and mode of action should 

enhance the understanding of host defense mechanisms and 

provide answers concerning its role in resistance to infec-

tion. 
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