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Bollettinn dell Istituto Sieroterapico Milanese, Vol, XXXII, 1953
ACTION OF LISCZYME ON B, ANTHRACIS, by L, Bergamini

The action of Lisozyme on B, antliracis is not well known: accordinz to
Fleming and Wolff B, anthracis is uffected, be it only in a lizht way, b
lisozyme while Rindello states that this i3 beyond the activity of such an
-— - - -... gnzyme, —Because. of the lack of .a systozatlec study, a series of tests were

conducted to clarify this problem, b contozporaneously studying the spon~
taneous germ lisis in simple physioclogical solution; during the developunent
of B, anthracis in lisozyme solution in broth plus licozyme und in a filtrate
of bacterial suspension affected by the lisozyme, was studied during a sccond

perilod,

MATERIAL AND TECEUIQUE

(:3 The tests were conducted on 7 strains of B, anthracls 5 of which had been
kept in a laboratory for some time while one had recently been isolated, The
gern suspensions had been made by diluting an agar culture of 24 hour i:cuba-
tion in 5cc of physioloagical solution; 5Scec of this suspension were mixcd with
an equal quantity of lisozyme (13) solution (Armour) in physiological solution
and for control 5cc of the sume suspension were mixed with an equal quantity
of ohysiological suspension, Both suspensions were kept at 37° and at varying
intervals: 30 minutes, 1 h, 2 h, 3 h, 5 h, 8 h, 18 h, the) were checked for
clarity upd at the same time slides were orenarcd which were colored by the

gram as ths Traenkel methode to demonstirate germ contents; 3cc of cach of the

suspensions wern poured Ostwald viscosimeters which vere maintained at 31° in
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. & gonatsnt tenparature both during the entire oxporimeni; the viscoaity readings
wers taken: 2 minutes, 10 minutes, 30 minutes, after the beginning of the
experiment, and afver this every 30 minutes until the tenth hour; a last reading
was taken after the 24th hour,
4 Leitz photometer wes used to determine the turbidity of the microbial
suspensions; the turbidity caloulation was made by usin~ the initial roading
as 100 and applying the following oroportion: S ) S
Example: original transmission: 100 = transmission sfter 30 minut;s:
x; x = 100 represents the parcentual quantity of transmission after 30 minutas
and bence the corresponding diwinishing of suspension turbidity,
The B, anthracis suspension was rapidly centrifuged to determine the

" ribopucleinic acid and the germs were ugain susoended in physiological solution,

(:} therefore to eliminate the traces of agar oessed into the solution lce of 2%

lisozyme golution in physiologiscal solution was added to 5¢cc of bacterial
suspension while another 50c of the same suarension were kept for control;
the two suspensions were maintalned at 37° for verious lengths of time:
1 hour, 2 bours, 5 hours and later were centrifuged, 1lecc of lisozyme soluticn
was then also added to the control liquid and the ribonucleinic acid contents
was then determined with a Beciman spectrophotometer,

The media for B, anthracis culture were prepared by mixing lisczyme with
sterile broth or with physiological solution in various proportiocns as will
be shown in the individual experiments and sterilizing the medium by means of
a Seitz filter,
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LISIS ACTION OF LIs02Ysd ON B, ANTHAACIS

By studying the prevarates colored by the gram method, it has been possible
to establish thut while in %ho control normal gram~poaitive pgerms only in
alightly shortened rows with a few rare elewments of pram-ne-stive could be
found after 3 hours of experiment, the suspénaion contalning the lisozme

showed numorous isolated geras after 1 Lour of experiment, witih ruwa of 4-5

¢lenents, scme of which were gram-negativa or pran-positive with two polar

granules, Lengthening the experiment to 5-85 hours showed numerous yram-nezative
sowne nearly discclored germa in the control, while a sirong drop in visible
gorns was noted in the lisozyme susnension, some having changed Lo mere
ashadows, however always conserving & very scant gram-nositive and normal
elemeant, after 18 hours one could note that the lisis procecded in the
control, even though slowly, while the lisozyme suspenslon 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 aavanced more slozly, but was always clear and precise, During the
germ lisis the spores remained intact both in numbers and color; once the garm
lisis comgleted they could be seen free in the surrounding 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; 26%
after 18 hours) the turbidity of the lisozyme countaining suspens.on already
diminished after the first hours (3% after the first hour; 17% after 3 hours;
235 after 5 hows, after this remaining stable until thes 18th hour of the
experiment),

The result of the study of viscosity of the B, anthracis sussension
showed that even when mixed with lisozyme it showed the same viscosity as
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the original physiologlecal zolution, and this visoosity showed no modification
durins the courss of Hho experiment,
From the study of ribonucleinic acid production it was established thuat

while there was no.formation of such an scld in the medium after ons bLour of

et (AL Al [I"‘Il“”m““'“ﬂwmmmﬁmmn

contact of the germs with the lisozyme, & likited quantity wias nroduced after

3 hours which increased after 5 hours, while oven traceos coull not be found im
the cootrol after 5 bours (Ses Fig. 1),
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Experiments conducted along the same technique, but repeatedly wachin: the

gerns ir physiological solution, ropoatedly centrifuzinz wund dilssolving the
rasldue by moans of the mucnanical uctlion of a pinatte, havo shown that

B, unthracis treated in thls wanner, even when suspended in simole phys.o=-
lorical solution, was subjoected to lisis es raridly az if it had been in cone
tuct wit% 1li3czyme; the guantity of ribonucleinic acid shien was freed in thio
manner was in gqqt qual_in_bath suspensions,

B, anthracis cultwe in broth and 1isozym; und in pb}sioiogical.ééiﬁﬁibd )
plus lisozyme, Cultivating B, anthrzcis in broth plus lisozyme (lisoz me
1000w, or sucih. w dilutisn ae to only cause a very slow germ lisis), even '
after 7-8 transplentings, did nolther affcct the sern coloring nor its capacity
for spore formation; it was only noted that 1t develoed without forzing a
£iln on the surtace or filaments and flares in the suspension, but causing a
quasi uniform turbidity in the surrounding liquid; as a matter of fact the
disappearance of long rows and the preschce of aumerous isolated elements could
be seen with a microscope, By xeeping these .altuces at room temperature for
a8 long time (20=30-40 days) the germs kept their shape and color much lon:er
than in the conirol cultures, made in simple broth where the germs spontan- ‘

eously went against the phensmenons of involution, The hroth plus lizozymwe !

congserved its litic capacity even afier B, anthracis development,

B, anthracis wes later cultivated inm a 1:1000 ~ 1:2000 - 1:10000 solution
of lisozyme in physiological solution; however the gern developed norrelly in
long rovig of gram-positive elemenis whether the lisozyme effect was inhibited

by the vrasence of "liquoid" (Roche) in suitable concentration iiavparini and

Ferrari, 2) or by the heat (80° for 1 hour); this was only true for strorg




e o A

JE——— L sy 4

SRRUNI[ g

1isozyme concentrations (1:1000 = 1:2000); the 1:10000 lisasyme diluti
proved too wenk for the perm dovclopment,

B, ANTHRACIS LISIS CULTURE

4 B, anthracis suspension was rapidly centrifured and cgain suspended

in phyqiologiaal solution to eliminate the traces of agar which could have
been suffiolent for the germ development (as a matter of act it had been
noted tha. B, anthreclis algo dsveloped in physiolozical selution which ‘only
conta;npd traces of agar); lisozyme in a porportion of 1:100u0 was added to
one section of this solution while the remaining suspension wes kept for
dontfol, Both suspensions were placed et 37° for 4~5 hours after wnich
lisozyme iu & properidon of 1:10000 waa alsge addad to the control snlntinm

and "liquoid® in doses large enough to deactivate the present lisozyme was

{j) added to both solutions (lmg of "liquoid" deactivate 0,25mg of lisozyme),

Both suspensions were filtered with s Chamberland candle and the obtained

liquids were sterily distribuied in sterile test tubes,

Thergafter, one
proceedod with the B, snthracis seed found in these (both the strain used

for lisis and different strains), St, aureus, B, prodiziosum, B, iyphi,
vibrio choleri; every strain was simultaneously placed in a tube containing
a filtrate of the control susnensioca,

Such test showed that ~erms 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 obltained in the filtrate of the
control suspension {(lisis in simple pnysiological solution), however this was

always inferior to that obtained in the lisozyme lisete simultaneously executed,
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Therefcre it is desonstrated that B, anthracis is lisated by lisonyme
and the liszis is accomprnied by ritonucleinie amcid production, Zlaments of
varying sensitivity to lisozyma exist in ono and the sare culture: more
senaitive elemcnts which are rapidly lissted, it is nartly because of their
disappearence that the long rows typical of tho gern are {rsgmunted, and
particularly rusistant olements-to which the succesaive gern multiplication
is probably due, B, anthracis, however, is not a very seansitive gern to
lisozyme; a practically totsl lisis was obtained during our expcriments in
5~8 hours with a lisozyme concent.ption wiich causes e complete clearing up
of a «, lysodeikticus suspension in only 30 mirutes,

In the lipght of modern theories on strutitricatiun of the varlous con-
stituents on the surface of tho bucreriol cell, one iray assume that the
exterior struta of mucopoiysaccaride 13 cxtremely scant in B, anthracis, as
in all germs slightly sensitive to lisozyme, which coulé also explain the
easy lisis of the germ in simple phy.lclogical solution; hence for enzyme
action, only very small quantities should be passed into solution, becuuse of
a simultansousiy intervening ohenomencn of identical polysuccaride depolymer-
ization, medium viscosity modification cen not be brought intoc evidence, as
shown by the experiments,

Resulting from the study of B, antlrecis develommeni, we know that the
gern develops in broth containing smsll lisozyme quantiti-s (1:50000) by causing
& quasi uniform medium turbidity; the lisozyre, in such small quantities,
evidently causes lisls of the elementz mcst sensitive tn the enzyme and con-

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

<:> roezistunt elements multiply normally,
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The fact that B, anthraocis moves more 2lewly against the phenomena of
involution than when 1¢ 1a not In simple broth is worthy of note; this fuct
Bay essily be explained if one considers the results of experiments which
have demonstruted that B, antbracis (and other -erms: St, aureus, B, nrc.-
igosum, B, typhi, Vilro cholera) finds sufficient elements for developmont
in simple physiologissl sclution containing the lisiz nreducts of tha very
B, anthrasis, Whenoe should be remembered that._»in brqt.:l_x_con_t_,air_.}_ng snall
lisozyme quantities even elements wnich are slightly resistant to the enzyme
with time, oppose the litic phenomenon which continually causes new lisis
products to enter the medium, useful to the metabolism of the non-lisated
wlements, and consequently slowing <the processes of culture involution,
Furthermore it has been demonstreted that lisozyme alone, in the presence
of pure NaCl, may be a sufficient substratum for B, anthracls development;
‘:) howsver it is necessary that the .lisozyme, only component of the bamse, be a
! sufficient oconcentration (1:1000 - 1:2000) and that its litic activity be
inhibited; in fact, an integration of such high concentration, would cause
lisis of the germs placed in it; a more diluted form 1a ilnsufficient for the
: metabollaw of the same gorms,
This obscrvation and in a particular way the estublished fact that tie
products of germ lisis (in this case B, anthracis) msy be eliminated suf-

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

suggests certain conaiderations on the comolexity of the ccncept of disease

Yrgoaptivity” and of germ "tropism" and its various effects amons the various

infections and perhaps even on one particular infection znd the pathozenic
flora habitusl host of a subje.t, Ve have already had occasion ¢ refer to

(:) this last fact in connection with tha hysluronidasic activity found in a non- '




pathogenic microorganism (Bergarint, 1951),
Siad
B, anthracis shows o sensibility to tho lytic action of lysozy w: .ue lysis
is assocluted to & docrense of turbidity in the bactesiul Luswension and Lu &
diberation of rivonucleic scid in the medium,
B, anthracis grows in troth contuining srall ameunts ol lysozywe (1:50500),
in ssline containing great amounts of imuctivated lysozymae (1:3G30 ~ 1:2050)

~

and in saline cuatainirg the split oroducts of B, anthracis trssted mith

lysozyue, L
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