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- Bollettinm dell Istituto Sieroterapiao Milanese, Vol. I, 1953

ACTION OF LISOLYME ONl B. AN1MACIS, by L. Beramini

The action of Lisozymo on B. anthracis is not well known: according to

Fleming and Wolff B. anthracis is affected, be it only in a light wayy b.i

lisozyme while Rindello states that thiz is beyond the activity of such an

..... enzyme. - Bcause- of the lack of a system-tic study, a series of tcstS wc:-o

conducted to clarify this problem, b. contomporaneously studying the spon-

taneous germ lisis in simple physiological solution; durine the develoonent

of B. anthraCi in lisozyme solution in broth plus licozyme rnd in a filtrate

of bacterial suspension affected by the lisozyme, was studied during a socond

period.

UiAT.URIAL AM TEGE.IQUE-

The tests were zonducted on 7 strains of B, anthracis 5 of which had bean

kept in a laboratory for some time while one had recently been isolated. The

germ suspensions had been made by diluting an agar culture of 24 hour ir-cubr-

tion in 5cc of physioligical solution; 5cc of this suspension were mixed with

an equal quantity of lisozyme (1i) solution (Armour) in physiological solution

and for control 5cc of the same suspension were mixed with an equal quantity

of physiological suspension. Both suspensions were kept at 370 and at varying

intervals: 30 minutes, 1 h, 2 h, 3 h, 5 h, 8 h, 18 h, the) wcre checked for

clarity and at the same time slides were orepared which were colored by the

gram as the Fraenkel methods to demonstrate germ contents; 3cc of each of the

suspensions were poured Ostwald viscosimeters which were maintained at 310 in
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a qItaat t erture both durin& the entlre "p-rijuent; the viscosity rcadiins

= were taken: 2 minutes, 10 minutes, 30 minutes, after the beginning of the

experiment, and after this every 30 minutes until the tenth hour; a 2ast readig,

was taken after the 24th hour.

A Leitz photometer was used to deter ine the turbidity of the microbial

suspensions; the turbidity calculation was made by uainr! the iLnitial reading

&8 20 and applying the following proportion:

Examples original transmission: 100 a tranamission aftAr 30 mir.utea:

x; x - 100 represents the peroentual quantity of transmission after 30 minutes

and hence the corresponding diminishing of suspension turbidity.

The B. anthraois suspension was rapidly centrifuged to determine the

ribamuoleinio acid and the germs were again suspended in physiological solution,

therefore to eliminate the traces of agar passed into the solution lcc of It

lisozyme solution in physiological solution was added to 5cc of bacterial

suspension while another So of the same suspension were kept for control;

the two suspensions were maintaired at 370 for vario~is lengths of time.

1 hour, 2 hours, 5 hours and later were centrifuged. Ice of lisozyme solution

was then also added to the control liquid and the ribonucleinic acid contents

was then determined with a Beckman spectrophotometer.

The media for B. anthracis culture were prepared by mixing lisozyme with

sterile broth or with physiological solution in various proportioos as will

be shown in the individual experiments and sterilizing the medium by means of

a Seitz filter.
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* LISIS ACTIO;4 OF LI OZY Oi B. LM I

By studying the preparates colored by the gram mothod, it has boon possible

to establish thtt while in fhu control normal gram-positive germs only in

slightly shortened rows with a few rare elemants of gram-ne,.atlve could be

found after 3 hours of experiment, the suspensioa containine thu lisozrma

showed numerous isolated germs after 1 hour of oxporimont, with ruas of 4-5

.... alemnsnt some of which were gram-negativa or gram-positive with two polar

granules. Lengthening the experiment to 5-S hours showed numerous grram-negative

some nearly discolored germs in the control, while a strong drop in visible

germs was noted in the lisozyme susnenion, some having chanaeO to mere

shadows, however always conserving a very scant gram-positive and normal

element. After 18 hours one could note that the lisie procecded in the

) control, even though slowly, while the lisozyme suspension showed reappearance

of normal, gram-positive germs, in rows of 4-5 elements. In following exper-

iments, one observed that by using larger lisozyme dilutions (1:5000 - 1:10000)

the lisis aevanced more slowly, but was always clear and precise. During the

germ lisis the spores remained intact both in nmbers and color; once the germ

lisi completed they could be seen free in the surroundirn medium.

The study of the behavior of turbidity of B. anthracis suspension has

demonstrated that while the turbidity of the control diminished slowly after

the third hour (3% after 3 hours; 5%' after 5 hours; 15% after 8 hours; 28

after 18 hours) the turbidity of the lisozyme containing suspension already

diminished after the first hours (3% after the first hour; 17% after 3 hours;

23, after 5 hours, After this remaining stable until the 18th hour of the

experiment).

0 The result of the study of viscosity of the B. anthracis suspension

showed that even when mixed with lisozyme it showed the same viscosity as
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the original physiological solution, and this viscosity showod no modiAliatlon

W. ft-Iggn -,he aotur!,z ol tho axpr aunt.

From the study of ribonucleinic acid production it wi3 est-bliohcd that

while there was ao.formation of such an acid in The mcdil, aftcr one h-our off

cQoaact of the germs with the lisozyme, 4 li!mited quantity vi o producod aftcr

3 hours which increased arter 5 hours, while oven tracos could not be found in

tbs control ter 5 hours (See Fig 1).
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.1 i.xpfriments conducted along the same technique, but repeatedly vazhin.' the

germs in physiological solution, ropoatodly centrifuging Lnd dinzolvin- the

r aiduc by moans of the muchanical uction of a pipotte, hovo shown trat

B. anthracis treated in this w-annur, even w:hen suspended in sirnpDe !-.:ysno-

logical solution, waz uubjected to lisle as rapidly as if it had been in con-

tact with. lilozyze; the quantiti of ribonucleinic acid v h lch was freed in this

manner was in fact eqwAl in both susponslors.

B. aznthrani cut.- in broth and liso~yr~i ( and in physiological -solution

plus lisozyme. Cultivating B. anthrccis in broth plus lisozymae (lisozjme

!.)uO, 9ur 4uul. i . to only cause a very slow germ lisis), even

after 7-8 transplantings, did neither affect the zorm coloring nor its capacity

for spore formation; it was only noted that it dcvelo'ped without forming a

film on the surface or filaments and fla,:es in the sus;)ension, but causing a

quasi uniform turbidity in the surrounding liquid; as a matter of fact the

disappearance of long ro;. and the presence of numerous isolated elements could

be seen with a microscope. by Keuping thez _altu.'es at room temperature for

a long time 20-30-40 days) the germs kept their shape and color much lon:er

than in the control cultures, made linc'la broth nhere the germs soontan-

eously went against the phenomenons of involution. The broth plus lisozyMe

conserved its litic capacity even after B. anthracis development.

B. anthracis was later cultivsted in a 1:1000 - 1:2000 - i-i0000 solution

of lisozyme in physiological solution; however the Eern deve3oped normally in

long rows of gram-positive elements whether the lisozyme effect 'vas inhibited

by the presence of "liquoid" (Roche) in suitable concentrntion gaT~il and

Ferrari, 2) or by the heat (800 for 1 hour). this was only true for ctrorn
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lisozyme oonoentrationo (iiO000 - 1s2000); the DlsiOO limt~ye diluti',

proved too weak for the term dovclopment.

B. A=h"AIS LISIS CULTUkE

A B. anthraois suspension was rapidly centrifttcd a r &Cain suspendud

in phyioloeia&o solution to eliminate the traces of agar which could have

been sufficient for the germ development (as a matter of fact it had been

noted that. B. anthraain also davaloped in phyziolo-ical solutloa whioh only .

contained traoes of agar); lisozyme in a porportion of ilUOO00 was added to

one section of this solution while the rezaining suspension was kept for

control. Both suspensions were placed at 370 for 4-5 hours after which

1±Bozyme i&A rA &eo,--.iz1 of l:]OOW3 r A lso pOri to t e control s-It :'"

and Oliquoid" in dosus large enough to deactivate the present lisozyme was

added to both solutions (img of "liquoid" deactivate 0.25,g of lisozyme).

Both suspensions were filtered with a Chamberlnd candle and the obtained

liquids were sterily distributed in sterile test tubes. Thereafter, one

proceedod with the B. anthracis seed found in these (both the strain used

for lisis and different strains), St. aureus, B. prod4-iosum, B. typhi,

vibrio choleri; every strain was simultaneously placed in a tube containing

a filtrate of the control suspensioa.

Such test showed that germs only developed in lisate (lisozyme lisis)

from B. anthracis; however later tests showed that, if the lisis period was

prolonged (24 hours), or, if the germs were lengthily washed and centrifuged

before the lisis, germ development was also obtained in the filtrate of the

control suspension (lisis in simple physiological solution), however this was

always inferior to that obtained in the lisozyme lisate simultaneously executed.
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Therefore it is do ,onstrated that B. anthracis is lisatd by lisozyme

and the lists is accompanied by ribonucleinic acid produotion. Zlacrnts ol

varyire sensitivity to lisozymt) exist in ono and tho same culture: more

sensitive elements which are rapidly liseted, it is ;nartly because of thoir

disappearance ttit the lonG rows typical of tho gerti are frairm,.ted, and

partiCuLarly rosistant elements -to which the succesuive gernr multiplication

is probably due. B. anthracis, however, is not a very sensitive germ to

lisozyme; a practically total lisis was obtained during our expcriments in

5-8 hours with a lisozyme concent.'ation wiich causes a completo c~earing up

of a .. lysodeikticua sus;pension in only 30 minutes.

In the light of modern theories on stratVicatiun of the various con-

O ~5tituenta on the surface of the bLcterial cell, one may assume tht the

exterior strata of mucopolysaccaride is extremely scant in tI. anthracis, as

in all germs sliehtly sensitive to lisozyme, which could also explain the

easy lists of the germ in simple phy...ological solutior,; hence for enzyme

action, only very small quantities should be passed into solution, because of

a simultaneously intervening phenoTr.enon of identical polysaccaride depolymer-

ization, medium viscosity modification can not be broug ht into evidence, as

shown by the experiments.

Resulting from the study of B. antWracis development, we mon that the

germ develops in broth containing swall lisozyme quantit -s (1:50000) by causing

a quasi uniform medium turbidity; the lisozyme, in such small quantities,

evidently causes lisis of the elementz mozt sonsitive tn the enzyme and con-

sequently the fragmentation of germ filaments and flakes, while the more

Sresistunt elements multiply normally.
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The fact that B. anthracis moves more slowly against the phenomena of

involution than when it is not in simple broth is worthy of noto; this fact

may easily be explainod if one oonaiders the results of experiments which

have deoastr.tad that B. anthracis (and other .oerx.m St. aurou3, D. prc.-

igosun, B. typhi, Vito cholera) finds sufficient elements for dcvolopmont

in aimpla physiological solution containing t1e lisis nrcduct3 of tho very

B. anthracis. Whence should be remembersd that in broth containing small

liasoyme quantities even elements which are slightly resistant tn the enzyme

with time, oppose the litic phenomenon which continually causes new lisis

prodwta to enter the medium, useful to the metabolism of the non-ieated

olements, and consequently slowing the processes of culture involution.

Furthermore it has been demonstrted that lisozyme alone, in the presence

0of pure Nal, may be a sufficient substratum for B. anthracis development;

however it is neoessary that the Lisozyme, only component of the base, be a

sufficient concentration (1:1000 - 1:2000) and that its lizic activity be

inhibited; in fact, an integration of such high concentration, would cause

liuis of the germs placed in it- a more diluted form is insufficient for the

metabolila uf the same gurms.

This obscrvation and in a particular way the established fact that the

products of germ lisis (in this case B. anthracis) may be eliminated suf-

ficiently for development not only of the same germ but also of various germs

suggests certain considerations on the complexity of the concept of disease

"receptivity" and of germ "tropism" and its various effects among the various

infections and perhaps even on one particu)ar infection znd the patho,:enic

flora habitual host of a subje,.t. We have already had occasion n(0 refer to

Othis last fact in connection with tha hyaluronidasic activity found in a non-
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pathoeenic microorganismu (bergarmint, 1951).

B3. anthros shows a aszn.lbility to tho lytio action of lysozy o: .zio lyOia

is aszociaLed to a docenno of turbidity in tho bactwiulI !,str rd to a

.liberation of ri4'WuovIkc said in the mted-Iim.

BI. anthracis &Pro.wa in 'broth cornt~ining zm~al]. amiounts o:' ly~uzyixo (1.50.~),-

in saline containingZ great aiounts of i~uctivatttd ly-cozyz (i:1i&73 1:2CZQ) I10
and In salinb t~ining the split produictz oj E. rjthrFc~i r-'z4 aitb

lysozytoe.
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