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The work described in bthip theois Vsgan with the isolation of
a capulated, coasulose~positive sibaphylococcus. This organlsm is
o contradiction in toraz of common bacteriological exporisucas the
pregonce of o capsule, like oospulase-productlion, is o major toxonomic
psriterion, btul pathogenie sbaphylococsi are not copsulateds This
straln theraelore poses o taxonomic probloms elther it ropresente a‘
rare gpecles, or it is a rave form of a very common onos

Although thils thesle conbuinwg a desoviption of this bactorio-
logleal curlosity it is egually concernod with atbemphs to ouswer
eerdaln guestions which this strain provokes., In particulnr, aﬁudy
of its taxonomic position, sghowlng that it is o strain of

¥,

Shophylocogous aureus, ralses the quentlons why is Shis shrain

capsulated vhen wmodal sbtraing of the specles are nod?
I% i tempbing ond easy to assume that ordinexny gtreines of

Stanh. aurous have aimply lost the dcopacity to gynthesise capsular

maserial. The truth muy he wmore complox howover.,  Thus there.ara
bacterda which lack a normsl speoies cheractoristic; not boecsuse they
grs defleient in o particular reupect but hecause thoy have an oxtra
Gapadity.

Yor ingbence, some strains of Sbtaph. sureus foil to clot pleauma,

not hecausc they fail to producoe eosgulase tub bocause they produce a

coamlase-dostroying enpymey 1L they arve tested wader condibions which

(1)




1imit the action of bthis enzmyme they clot plasms g elfleiontly ae
othor strains (Lomiaskl, Smith and Horrison, 1953),  Similarly,
gortain straivs of gtveplbosoesi fail to foxm chains, not becouse
thoy have lost the copacity to do 8o, bulb becouse thoy produce

B enmyme, cheent from chaining cultures, which breaks up chsins,
When this engyme is inhibited, chalns appear in culiunre (Lomingki.,
Comoron and Wyliie, 19593 Lominski and Gray, 1961).

In the ilght of these exemples; wmad the concepd of "antagonistic
varionbs® which they illustrate, 1t is possibls Yo frome an hypotheusis
exploining why ordinary straing of sbephylococel ore noth copsulabed.
Btated bricfly, this positulabes that all pathogenic shaphylococol
produce capsular meborialy that ordinery strelins do not have visible
capsulos bocause they either desiroy capsuler meterlal or vemove b
from the eell surface, and that the capsulatod stvain hes logt bhis
POV,

Tae experimental work described has bHeen deasigned to dest thim
bypothesis and falls into four sectlonss a dotalled exanination of
the capsulated staphylosocous o doterming how clogely it i relnted

to modal sbtrains of Shaph, sureuds 2 description of a “eopesulo-

E]

phripping enzymo and the coagulasespositive ehaphylococcus which
producges 3t3 o description of cupevimends mede te induce the

fornation of capsulos in laboratory sbrains of Stoph. avveus by

oulinwing thon in snbigerum 0 the caponle-ginipping engymes and a

doseription of exporviments designed to demonsbtrate that modal siraing

(2)




off G%aphs surcus ean alsoe remove capsular matoriol from cells of

i

the copeulated strain,

Thile all four secblons are conuected hy and bear uwpon the
some centrel theme they nre conaldeved sufflelently distinet o
vorrand separete discusslon and susmsnys;  these have thevofore been
ploced ot the end of eanob snetion, A goneral discusaion follews

the lost geoblion.

(3
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PREVIOUS RWPORDS OF  CAPSULATICN =N  ParHoGEIIC

STAPRYLOCOSCY

"Hicrocooel presont a capsule surrvounding osch ball, and binding
thom $ogethor into chaing and zroups. It appoars as o glistening
halo vhon they are tnatalaeds bul, afber belng stained and dried,

it becones invislble, and they present the appeareance of being

indepenient sphorast,

Any voview is selective, bobth in the papers presonted and in
the detolls abstracied from thems  The quotobion above, fvon
Aloxender Ogston's olaseio paper (Ogaton, 18081), bighlighty the
threos wadn difficulbles which have influsuced the choice of papors
for inclugion In this review and hindered thelr subsieguent
interaretatlon, These amxss  thet tho opltoria by which pathogenic
sgtaphylosoecol have beon clesaified have altoerved froguontly since
thoge organiuns ware fiead describeds; that thors is considorable

arlation in the eritevis by vhich different suthors have judgod
thet o capsule wag present on individual stwains of stavbylococcid,
oud that sowe reporids in the litecature conbtolin only scond

information.

Regognition of pathosonic shaohyloconel

The epitoris used o define pathogonic sbtaphylococci, 1.0

(1)




Binphylocodos suvaig, have 26t Pemalned abatic. It has bean

voported, for instance, that they can be disbinguighed by colonial
colous {Rosonbnch, 1884)s by the ferventation of mennite mmd
Liguefaction of geletin (Gordon, 190k, 19063 Hosmel, 1962)5 by
agglutination end precipitetion reactions (Kolle and Ofiho, 1908
Julicnelle and Wolghewd, 1935)5 by the produstion of ceriain
potteras of haoenolysing (Wlek and Lovy, 1950)5 by the production of
Froe aad h@mué'a@aguiaéﬁ {(Davonyi, 1985, 1986, 1987 Duthia, 19%k)3
by Yhe preduction of phospbetess (Bavber and Kuper, 19%1) and by
suncoplibility 4o bactewiophage {Pavkor, 1962). |

Fob only the individual cvitevia, but the welght glven 4o eooh
hﬁﬂ‘ﬂlﬁm altorad. AV present many bugbevioclogiote sccopt thatb
pothogenic staphylocoacd con be dinbtinguiched by the single property
of cosgulase production, In o recant clagsificabion Baixd-Parker
{196%) sugsestso, howaver, thet a straln oponot be acceplod as

Bhooh. avwrous unloos L pived positive vesulte in ab loned two

of thrae tesbas Jhoe production of phosphatase, Ternonbation of
monndte, and produaetion of fyee and bound coapuloses He considess
that suscepbibility to bacteriophage, produetion of & typiesl potborn
of heemolysing and the ability to grow in pormal humen serum (Bkatedd
and Nungester, 19553 Thkebedb, 19%6 o, by Pleltoher, 1962) provide

sontimatony ovidence only,

Proporties ond vecopadhion of covsulabed bachenis

The domonstration of o bacberial capsule depends on propovbion

(5)




which are reloted not only Lo ita presencs Tt b0 Lty thickness,
Although these propovtios appesy together in aepsulaled siraing
and are together ahsent fros non-gapsulated verdants, some of them
may be shown Tor different reasons by strains which are not
capsulated,

A woll-developed capmule is vis vblo 7ith the light microscope
in sulbtable proparations and especislly in thin india ink suspensionsg
(Buguid, 19%1) as a distinet structure enveloping 4he coll, voually
@ith o regular outline snd morphologloally diptinet from the cell-wall,
T4 is algo ofton chewically disbtinet from the cell—wall (Salton, 1964).
Unlike bactercial siime, the capoule remaing atlached to the cell when
sugponded or washed in distilled waier (Duguid, 1951) aud it io
rouponsible for the phenomenon of “eapsulor swelling® (Roger, 108963
Neufeld, 1902) or the “opecific eapsular recction® (Pomesil, 1956)
when the cells recet with spocific immme serum,

5, s,

Capsulated sbtralns way also he of incressed virulence, rosistant

to lytie bacteriophege, end ofben form colonles of an uvmisual y
;
conglstoney desopribed an "sbicky" or "wucoid™. These last thioe

propertios can alse bHe shown by non-copsulatod spocles for onbively

diffferent veasonny the fact thal g stralin possesgen bthom does not

necessarily prove dhat the gtrain iz capmalated. Heverthsleswy, somne

suthore have concluded that advains of pathopenic shavhylocosctd were

n

capsulated, oven in the absence of & visible capsule, bocouse the
o s

strain studied was of increased virulsnce, or produced colonles which

wore Vebickyt, Mwiscld” or "mueoid™, or showed sppearances inbopproted
9 9




as o “eppsular swelling resction' aficr prolonged contact

*

habeess oolle sod anbiserum. I other vepoxts thers is
unaquivesal d.9. vieible, evidepse of capswlation but the
togonomie positlon of the strain dipoussed, as delined by
modern eriberiag ig wacerbala,.

Alﬁhv&gﬁ an ablempd has been made 0 include in this roviow
o veforence %o all the Poports iﬁ the litewsture describing
possibie capsulnted pashogenic ataphylococchty wot ell have bean
digcusseds 1% ig counsidarad pe@aﬁﬁim t0 digouss rapords in which
the informadtion reconded 48 80 messre that its significence gaunotb
ha corvecily apsessed. Sonnonachein (1&&?) for ingtanen reporbed

the isolabion from o humen nodol swab of o straln wvhich he oslled

eaphylocooens muaosus”, hut he 414 not descwibe or charaoterigs

1t further, This wey have been s capsulwbed pathogenie
staphylocosous but it is dmposgible o be certaln end fmitloss

o spooulato. Stvaine described by Ogston (1881), Nootzel (1896),
Porser end Pelezar {(941), Barber (1964) and Pahlborg (1963) have

not boen disoussed Lor clmilar reasons,.

PHEVIOUS REFORTS OF CAPSULAYION IN STAPHYLOCOUCI

These emn be grouped under five headingos
s ‘Those depordibing the phenomenon of peondocapsulabion.
Pe  Heports of cappules about the oells of viecidecolony

varianss of pathogenie wiophylosoudd,

(n




Bnporte of capouies donongbested about pathogond
staphylessesd b the vee of spechal Sechnioguss.

ot

boo Henowebs of pathopenie giachylococel wlth ewbos surfooe

Ny u,;.; J{\ﬂxﬁi w.
Be  Eoports of thieo steeing of staphyiooone th Lawzo

(“:“[JETZ SUNE

This prowplaz io covveniont ut In soms Anvtonodn, avblbvary.
Por Inotonee, sbrodn "Hnith?, the peotolype of the sheping
dosaribedl In seodlon by hss bewn grouped with dhom although 1b i
sonuldoved by soue avthors to have o dletinot capmitle {Mowso, 19603
benherds D4, Defouroy aad ¥odd, 1962 Hoondg wed Wolly, 1065
Madd, 19053 Hudd wod Delouvoyr, 196%) Roprals 1966} Tho meporis
gullectel Bogether du saoblon J bove L3E0e cowson ground Wt oonend

yansonably bo included du any of $hs olhor srounie
L Poondoconsudiabion
The bewn paspdooppenilation wes ussd by 82331 and bis assooindos
Wy o ¢ “ ¥ ‘,r’._ ' a1 . »
Sall, Mudd end Peublor, 196Lg S8kl 1062) o desoribe o gl e
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solublo cosgulese (Duthie & Hemghton, 1958) and was considered
40 bhe sn sooumulabion of coasulsse, uaable b0 diffusc away into
the surrounding medium becmuse of the dock of gelabinnsos LE

was not produced when a eongulase-negative vardant of the sawmo

gbrain wvas grown undor idendicel condiblons.

2o Repoxbs of capsulated viseld vericobtn of pabhoganio

gtaphylososal

The peapeys in this group heve gomon grouwnd in that thoey denl
with vapriant formg of wtavhylococcel vecognisable, ond studied,
becnrune thoy produced coolonies of an unusuael visold consisteney.

Bigoer, Bolend and O%Heanra (1.927) o working with a sltrain

of Staphyloeocourn eswrpens vhich Termonted wmemmite, liguefied gelatin

and was haomelytie, grew the orgenisms for prolonged perlods in
oroth with and withoud added glycersl enl exomined the varisng
coloniag which pppeared, Fhese included colonles whioh weweo
“ghicky or viseld", and vhloh, when btouched with o platinum wirve,
"aulled oulb Like glue or olse LIf%ed whole off the ager', o
mention is wede of the presence oFf capsules on those vordonds,
Vorionta of o glnilay colonial cousioheney wvere desoribsd and
studled by Price and Yneelaod (3.9?5!&.;, 19%36) »  Howhing with o
soggnlene-positive, namibs-Temnending abtrain, they passoaged the
weganism on sgar, in beoth and once throush » fertile hou'e cpg.

Aftor the final pagssge, & mucold verisnt sppeoved, foeming

Swatory but tenacious® golonias which wero 4iffioult o amlpily.

Pl 8
!
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Thig remalned atoble for 18 4o 20 subculitures before roverbing
to the pavent bypoe Lvom which 1t eonld be agaln resovered by o
single ogn passago. I had the same bleloglcoal proporfles as
the pavent and like 44, was suegepbible o Yphoge lysis.  Both
wors of egual and lowly vipulencoe for wige by intraperdboneal
injection, killing only when suspended in muclin.  Price wud
¥useland conld nob demonsirabe copsuleos sabisfactorily by Yihe
nanal, dry stadalng methods',; buk cocol of the vieeld varlant fvon
young oulbuves gave an "uneguivocel swellling veaetlon® vhon susponded
in speelfic lnmmne serum Pfor 1 4o 5 hourng  the resetion with cooecl
fpom Sh=-houpr aultures wag less steilking and apposred only afber 18
wurs conbnet with andiseiun.

Exareinine the seeologieal pelation of the mueold vardoent o
the porewt strain, Prlee and ¥neslond found thot snbiserun to the
mucedd vardiootd produced ropld and compleds ewelling of homologous
pella bhut only ogcssionally of cells of dhe pavent shrain. Anbtiserunm
to pevent golls canoed slishd capsular swelling of mucold orgonisns
Wt none with honologous cellgs

Those obsgrvations were extended to 89 siradns of stophylosocod
from lwmon infections md ten from "aomunl conjunctivee” {Price ond
Yneeland, 3956),  Phiviyetwe of these wndarwent "eopswler awelldingh
when dreaded with anhleemm bo the maeold vaviant, {"Puenly-aight
off thess wove from hamen Wfectlons: a1l produced slphs toxin ond
21l tud one wore voagulesceponidive).  Bun DROSOLG VRS NOGORBOLY

B produce the phonowenon with 9 straing. Three of the 28 atreins

(10)




»

from infeotions were meold, two on firet imolodion snd cne afber
e possagee.  Slw fupther straine of vbaphylocoeci, none of which
produced coppulase o olpha toxia and all but one of which Ald nod
forment movnldoy 4id not wadergo capmular swollingy even aftten
pagease thren times throuvgh fortile oggo.

Prige and Kneoland concluded that most stralns of poathogonia
stephylococei produced copoular paterdal, thet the amount preduced
varied from sirein to shvein, that 3% wan sndigenically similor in
all sbreing, that it Ald ndt eppear o be related auantitebively bo
vizulencey, and that non-pathogenie oitrains do not proeduce it

Stoohyloceacal vaviande producing colonies of an wmiszal
conoisiency and appearavce were alee desewribod by Reimann (1997).
Vorking with o congulasespositive straln which formented pamnite
and Tiquefliod gelatin, ho cultured it in subrdent broth abt room
seuperature for Bh days, A subouliure on ager incubabed for a
farthar 80 doye included emooth yollow colonios with pale sesments.
Yhen those sognents were suboultured thick gligbening pele yollow
colonles appeaved. Those vers confluont whove owrowded on the
plato, tough ov glairy in consistoney and “pulled out lile mioin®s
They bred true on subonliure. The coccl forming thom wore emallow
thon those of the poront strain, Ysppoored ab diwen 4o have copsuloah
snd in steined prepoeations (the stain uned is not piated) were seen
o be oamoshod in a "otringy wmetrix, possibly of capsular metovial®s
No copaalar swelling reaction wae noted whon cooci were suspondod

in homologous dmmo Serums  Bolomm isoladed o soeond magold




vawiont frown o T=uonth 0ld subsulibure of the same pawvent sitvain in
brothe  This aleo wes abable on subouliure. Uococl of this varicond
vera often everengod in detrads, Yseomed o have less pyominend
sapsulon® then the first nucold vardoand, bwd in stalued oioard wors
alao onmoshoed in pivlk steiring wotexdal. Uelike the pavont sbraln,
gud the fivesh micold vavleat, this wvariont woo compulosesasgative, did
a0t fovmond wanaile and did not liguefy geletine.  folmenn considered
thet these mucold formg woprs veleted o the sticky, glue~-iilic colonioes

deparibed by Bigser ot al. (1027),

Witoy (1961, 1963 oy by 196hy i?ﬁﬁ) hes oxtended the work of
Price and ¥neelemds Working with cosgulaso-positive sitvaing sblo 4o
formont glucose and mennlte onaereblcally, he eultured thom using tho
tochnigue of Bigger ob ol (L927) in o somi-gynithetic broth containing
2 por conh glyoerels  Afber incuvbation for 1 or @ months, he lsoinbed
mmagold varlante from 5 steeinge. Mo desoribed those as gusinys the
colonios Liftlos off the ﬁg#? i o silogle mose whon bouched with o
needlos Colle of those varionhs, btakon from 6= o H«hour gultures,
and incwbaded overnight with immane sorvn ond methylene blue, producoed
appearences vhich Wiley interprotold ap o apeoific capsular roocbion

813 the mucolid variants were virulend vhen injected into 1j-daye-old

Tertile hons' oggs, in combrast 40 slx stwing of Staph. opidermidis,
none of whioh waz lethal oven in high doses.  Towune sgoum, human

gomne globulin and commorcial staphylococcel antitoxin protecied
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againgy lothal challange bub not 48 flest absovbed with colls of
the mgoid variantd or concentratad soluble mnbtoxial from culiuve
gupernstonts of by Wiley did not compure the virealence of the

pmoeld veriants and thelr parent ghersing becouse "aon-gnoapsulabed

straing of Ubabhs suwcus wowe nol available" eud It wes vemy

AiEfiouls bo obtalin culiures Min which none of $the orpanisuy
arhibitod a oopsule’, (Wiley, 1961},

Wiley (1963 a) has elso shown that the sorum of 80 por cent
of healthy blood donors contained sufficiont ontibody o ovdkoe o
“mpecifie copoulae woaction® with muceold siveins mnd thot alnost

half the steaing of Jtaph. surous isolebed from healthy nasal

ceryiors woere “sneapsulated®, l.c. voscted with high titroe luomno

sepuim o producs g “eapsuloe reaction®y (%il@yg 1963 a)e

3

He hag also shown by cowpaping viable counte with pecked coll
volunes, that stealne highly vizulent for fevtile egge had largew
capsulens that they roleased up to ften times more cepouler material ,/
in fluid sultures; and produced woxe copmulase then wobreings of low :/
viwmlenco (Wiley, 1963 b)e In a furiher ropord (Wiley, 196L) ho
desewibed vizulenco snd oncepsulation in hospldal straing of

Staphe surous.  Y2.% per gealt of ovralus Ivonm wound lafoctions wore

Poncopsulated®s 40 per cent of those geve a pogitive “eapsular
roaotion’ with govun from aombe oy eonvelescent casos, but they were
not slgnificantly more virmlent for Tertlle hen's eggs than glbrains

carried by healthy hospital ebafl.
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fhe surface material from the wucoid veriants has beon
isolated g partially characterised (Wiley and Womancobt, 1982),
T8 conbained four amino-aaids, glucosamine, glycerophosphatc and
an unidentifiod phosphate ssteor. The amiuno-acid content wos
gimilar to that of the cell walls of the "Oxford" abrain of

Staph, aureuss  According to Saltoa (1964) this iz one of the fe

inshances of chenlesl overlap betwesn capsules and cellewalls in
the sawme orpanismn, | Hore recently, Wiley (1966) injected mice
latpaperitoneally with paréially-purificd capsular raterlal in doges
of up to 1 mge bubt wee unable o demonsirete wny antibody production

by a varieby of immunoelogicrl technligues.

The phenomenon deseribed by Price and Knesland as “ecapsularp
swelling ond by Viley ss o "specliiic copsular reaction” has boen
po=oxomingd by Mudd sad Dolourey (1965). VWorking with Yiloy's
mucoid straly, ordinary unseleoted streins of cosgulese-positive

staphylococed, and strein "Snith? {vide infra, voge 19) these authors

wore unable to demonsitrate cepsules, excopt on strain "Smith", when
cocod wexe ogxmained in bhin india ink svaponsions. They confirned that
the phenonenon interpretiod as copsular swelling was exbiblied by Wiley's
steoln when cocci were allowed to reasct with specific immune serumg
ordinary sbtraing and strain "Smith" did net produce it. According bo
Mudd and DeCourey (1965) the extracelluvlsr materinl produced by Wiley's

strain wos chonically and sercologleally distinet Trom the polysaccharide
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antigaen which forms the surface of sirvain "Snilth", They consideved
that the phenomopon was not & frue specific copmuley rescbion bud vaes
due %o the extracellulor precipitetion of metorisl zound tho cells,
and b colned the dhomn Yexdrsecellular poriphersl precipilation

pesohion® (HP.¥ 9h¢>b

Je  Reports of the demonctrvation of copmules on ordinery sireling

of vathosenic stavhyloooeci by the use of specioel techuloues

The rapovis considered under thin hﬁa&im form a helorogeneoun
groups Thoy sre considered fogethor for two rossons: boecaouss each
consping tho tacdlt or explield sssuwmption thad o8ll or wogd pathogonio
staphylocoscl produce capoules and need only be oxamined by spocial
techniques for capsules 0 be saen, aud hoeause none om reasonably
be Incinded dn any of the other seotiong.

yons (1937) studied 10 siwaine of Biaph. pyosenes From humon

infoobtions and one non=toxigenic sizaln fron human skin. He exemined
cells either by suspending them diveetly in 15 per cont "ecollavgol! or
by using o positive cepoule oteln whick he devised (Appendix i). He
cloalmad that capeules were present on cells of doxigenic aud none
toxigenic strains alier 3 byt nod 20 houra incubation in glucose broth.
Capsulon were not foruned in the presence of serume They could he
removed by mechanicel shaking of cultures but were uwneffected by
heating ot 1007 Lo 8 minmbos.  Young encapsulated gocsl were more
rosigtont to phagoeytosie thon cogel from old cultures end gould be
spocifioally opsonised with antiscwrma propared in rabbite by the
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dnjenbion of youngy onoopenlated coools  Such on ontloemmg
srginbioniod Hoth young end old odoels skiearn prapaved By
Angoebine o34 coaod sopluntianded Shen bl 404 nod capdubinads
youngy cdusnle  Lvony congluded thet stupbylovooed ard oponponladed
oegly dn the geouth phaso and duat the ongonlo dv reoponsible fop
the dnvsolvondan of the omgnnlens

Spdniz {19597 ablompted o vopont fyone® Sindiuge, worliing
glih 30 pathogendo and 31 nosspothogonio straing of abaphylocoooh.
{the ordtorie of pathopeniodty vore vob shodedds Mo was unable
o dononptrato copuuion foiad dboel dn ypouwny eulfures, olthor by
Lyens? tplgiond br wedified posdilive sioindng webhol (Aopedin 383
by the bee oF 1% pew cond "eollagol® op by tho oopeonls sbalsing
madbods of Higs and Madys  Tn gooas of goung oulduven afadned by
Tyong? ooddfied netholy ho obperved o copnulo=iibo dopoailt of
anebol Dishnle pound the eolling  slniler dopopids wowe noon povad
preblolon of sulowl chevoosd poboved on o elides  Splel von oloo
wapble $o oonlivg the vonlotonse of younp covol 40 phoavnyioniop
sbopbyldeodel Crom Showr culdoros wors phaguorbonad by huna
leweosyies dn defibpdnsted blood se pesdily as colle fyon o Mehogw
miliurea

T 199 Enlusouahly wortdug with b8 atealus of otoshylosoned
Erom hugen Sndeotions peblished findinge sbaiior So hLyosss Dhe
ebpaing wory cultured vn o oy woadlung o lyons® beoth, sod du

hroth contolndeg 10 pop gent bovlue soowne Helugewshl won able do
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denonstrate oopeulos vaing a spaclal negabive staining technicne
(Apmendiz 131), slthough copsulog were not seen in emoers chained
by the methods of Hims, Rebigewr, Micolle, Johne, Reuwlinann o
Huaiolbilow,

in twenty-twe (L7 por soent) of the 4B abrains oxawined he
obseyved capsules, 0.8 » 1,1 p thick, afier three houds incubation
on egg weddum, or in Lyoas? or seruvn brothy 9 per cewd of the celly
weyre noh cepsulated. Copsules vere not demoasdrsted in T- o S-houw
cultures in the same media.  Seventeon of the capsulated sbroins

vere classifisd asm Steph. nurons by colonial plgmentoilong the

vexedning B wero cemﬁu’fs.a@wmga‘&:1.*@@- pilug eiveins.  Abtompis bo
prodnoe capsules o two nonecopsulating asureny strains by lntvas
pevitoneal paspage in nice vwere successil with one sbeaing bus
only aftor six passages asnd one plaking on oy medium.

Kalunowski was waable to domonslrate any differencs in viyulence
betwean cepmulating and non-capsulating stpelns when Injeoted
inteaperitonanlly and dntravenonsly into mies, but he boshed only a
gmald maber of animels. Antisovum prepaved in »ebbite ogeined
capsulabed cells from o I-hour culture sgpiutinated howologous colle
o high #ldre Wt consisbently Toiled o produce o copsule swelling

ronehion,

Hesrobeasny and Toga (1961) miudied 4wo etvains of Staph, surous
¥

2T and "N, Both fermented mennite, produced cozpulasc, alpha
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toxdin ond fibelnolysin, were reslsbant to penicililin and abrapbomyoing
gnd werp of 'phage-typo 80/81L, By lateaperitoneal pasenze ln
guinon-plos, proviowsly prepaved hy injeoiing sterile broth 4o
provake o peritonesl leugooyts rosponse, three vorlands were

produged after seven gad ‘bwelve passagess  These were wnore viswlend
for suinsaspige Shaun $he paventd atyveing, bub wnlike She parent sitrains
wore sensitive $o ponleillin aud strepdomyein and woere rasiglond o
tphogos 00 aad 81,

Gelle of 3~ to S-hour sgar culiures of the varlanbs, suapended
in dndls dink ond gxamined by phage-conbrast nleroseopy, wWers
surroundsd by "disblveb oapsulests  Capsuwloes were alse vieible vhen
the sane prepavablons wore cxamined by Ychromo-pnopiyrel® phosoe
gonbrast mloregeopy, & nov nethoed (@iﬁﬁaa 2% ol 1962) weing
"negebive anoptral and posliiive polychromatic condtrast™, Coapsules
were not demonstrated on cells of the pavent ghrain by phase-contenst
microscopy; nor on eells of eithew pavent or varisab straing by the
mothods of Mule, Higs o Lyous, when sheined with mathylene blue, or
when exanined in $hin indip iuk susponeions by conventional 3ight
pLarascony .

Feerobeamy and Tago concluded that staphylovcoces, vhen exposed
repentedly to the action of lsucosyies, gave »ise to capsulated

-

vardanis, and thabt these mighi he vesponsible fov severe infectionss

he Reporis of pethogenio shaphyliccoscd with exbre suelfoce anbicons

T 1970 Duhos isoleted o staphylococous from o pedient with
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opseonyelitis. This steain, callod "3mith" after the patlent,
was brdefly described (Smith and Tubos, 19%8) as cougulase-positive,

plgvented and of phege btype 444/ LEH. ¥t has been exbensively usod
in experimental work in Dubes! lahoratory and elsevhers in Amorlos
hecouse of Lhs consdstent and high viraleade for mice.

Hearly 30 years lober, Hunt and Homes {19 58) showed that

shrain "Bualth" digsosiated on subeulturs to produco wwe céoloniel
variants, bub that only one of these wes hisghly virulent for mice
when Injected intraporitonsally. Whe variante conld be distlinzuished
by culture in 0.15 por cond ager containing 1 por cont humsn or pabbid
plasme {"plasme-sofh aga®)e  In this medlium the mouse-vizalent
voaziant grow in compsct epherical colonies (Minkelstein and Sulkin,

19585 Mupd and Hoses, 19%3), The vapiants differsd in othoy
reupoets.  The compact vardant was bound congulase-positive,
agelutinated ia antiserum fo Cowan Group IT staphylococel, wmd was
lysod by *vhage bhh. The dlffuse vardant swe bound cospulasc-negative,
did wob rased with anbiseran o Cowan Group T, 11 op IIT steoing ond was
not lysed by wvoudine typing ‘phages. Vhen geown in broth bosh variento
showed spontancous vavrdadlon o produce a Tow cells of the other type.
Analysic of the ovonts followving the injection of eaoch into the mouse
pordbonoun showed that both were engulied hy leucooyies bul the diffuse
veriamt mltiplied intrescellulerly to produce an oveswhelming infechion
(Mamt ond Moson, 1953),

Conflzmybion that the bvo variasnts weve very gindlsewy was given by
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Koenilg (1962) and Koenig and Melly (1965) who showed that both
produced the same awounts of froe coagulese snd alphe huoemelysing
both produced deltn {ut not beta) lysin and both were sengitive bo
the aone patbern of snbiblotles.,  In comtrast o Hunt and Hopos,
Yoenig found $het neither verdant wos susceptible 0 roubine typling
"phogese  He confizmed that the diffuse, bownd copgulape-negative
varlent wes highly vimlent for wmice and deponsirabted, ag did Rogoers
and Welly {1962) that this variant wag vegisant to phagooybosis in
the early sbages of intrapepritoneal infectlons the compaot vorland
was rendlly ingested, Hico jmmmised vith heat-ktilled cells of

the diffuse verlsnt were rosisbant to peritonenl challenge with it
and phagoeybosed injected cocel prompily and effectively. Vecolnes
contalning cellas of the compaed varlant, or omllnary siraing of
giaphylococel were withowt effect,. Thoese results pavellel those of
3, Mobor who hod esriler shown (3. WMoher, 1960) that culture
supernetants of whrain "Hnlth conbalned & heal-stable, pon-diniyesblo
antigen vhieh protected mice agsinst introperitoneal chollenge with
the homologous strain., Prodection wes maximal 4 bo 48 deys afbew
injection of the antigen and could be conforved passively with

gspaclfic sanbicermu raliged in mice oy goals,

Roonig concluded thot bhe diffuse veriant of strain “Snlth" had
satigenic properiios and a resistance o phagocytoals which wore nob
shared with the eowpact variant. Hesulis of attempds to dewonstrate

capsules on sells of the diffuse variant wsing several differentd

capsule ateing were sublghousy in gome indis ink euspensions both
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yoelants M"seamed t0 hove capsules', but thoese oboervatioas wern
nok réﬁrﬁ&m@ib&a (Koenig, 1962),.

Strain YHnith" is not wnigue; sinilay straing hove hoon
doperibed by Alanl and Kelly (1959), Pompsott (1961), Horse {1962),
Tioher, Dovlin and Frlendson (1963) and Koenig end Holly (2.965) .
Alshough thoy ere said to be pare, these straing are vosaibly nob
o rare o8 suggosted since thelr recognition depends on tonts which
ave nobt wonally sarried out during tho roubine laboratory asgesomont
of shaphylococecl, o.g.. geowth in plasmassoft ngoer, virulenowo tosts
in wico, and sorologleal recognition of an extra vurface antigon,

Phe eloven streins which have heen desoribed have ceebnin
choraciors in common (Koouig snd Melly, 1965)., ALl diffowr from
opdinavy coagulaso-posltlve staphylococed by foxulng diffuso colonien
in plasma~goft agars all leck bound congulase but produce soluble
goagnlage; none lo consisdantly dbypoble uming routine 'phages; mosd,
Wk not elly sro move vimulent fop mice on Indroaporltoncal injecbion,
and all are more resisbant bo phagooytosis in vikro, Four of thom
(Mudd, 196%) and sbeain "Broith® (Horsa, 19603 Lenhart of al.y 16623
Koondg end Hally, 196%5; Iudd and DeCouxsy, 19653 Hudd, 19653
Kopial, 19656) ave thought to hove visible capsules, The suvfeca
antigon rogponsible for reslgtance to phagooybosis s probably
aimilor 40 21l thoe strains: Tosnig and Melly (1965) have ghowm that
a vaceine contalning hoat-~killed celle of the diffuse variant of sirsin

"Smith' will protect wice againgt sn otherwine leothel intraporitoneal
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challonge with eny of the "Bmith-like® sirains, Morss (1963)
exbracted surface antigon from sbdrain "Smith" snd five other
diffuse sbeaine with aoid saline and ghowed that wll the antracts
pave o rosction of ldentity when diffused lu agar agelnst anblserum
o ghrain "Smith'. The conditions necossary forv effective
intraperitoneal phagooytosis of the diffuse strains are complexm:  all
aro phagooybtosed in the presenco of normal humen sorum which oupplios
a heat=-labile and a heatesitable subsiance but are poorly phagooyhtosed
in the presenco of hoatod serum. Ordinapy cosgulase~posilive
staphylococed, and the compact vardont of strain "Smlth" are
opsonised by elthey the heat-stablo substauce, or o hest-lablle
substonoe pregsont in fresh human, rabblt and guinco-pig Serum, which
is pwabaﬁay gonplemont (L4 and fwdd, 1965).

Although "Smith-like" etroins are pald 40 be rare - Koenig and

Melly (196%) found only one among 18335 strains of Staph. aurocus

igoloted from human infecblons - many normal hunan sera contein an
opsonisging antibody which woscts with the surface antigen of the
diffupe varimt of stvein "dmith" (Rogers and Melly, 19623 M. Pisher
ot nle, 1963, 1964). Hudd (196%) has suggestod that proparations

of YsmidhY cepsular polyseccharide sandigen which react with buman
sewo. in this way contain another antigon which ig shared with
oridinary sbophylococci. Koonig and Melly (196%) beliove, howevar,
That many humang have had experdence of YSuith" eurface antigen or

o similar swbastonce. They Tollow Hogers (1962) in sugyesting thatb
oydinary atraing of staphylococci way produce "Smith! surface antigen
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vhen growing in vivo and that the "Smithelike" sirains which hawve
hoen rocesnised Adffer only in coptinuing o produce the oxtra
surface anbigen when subculiurod in the laboratory.

The nature of the surface antlipgen on the diffuse giveins hes
boon gtudied by soveral workers.

Sorse (1960, 106R) drented culiuve supernatonts of atroin
HEmithY with ethanol afber rewoval of protein and 1ipid and
obioined & white anorphouns meterial which he called "Smith surface
antigon (Bu8.h¢)s  Thie behaved as a homogenecus subsitance on
ulbracontrifugation and elechrovhoregis. On choemicel snalysis 1t
was found o condain TO% cavbohydiabe, %0 to 355 of whish was
belioved o bo glucosamine with possibly ancthoer aminosugar prosent.
Seven aninosolds wore also present, but 1ittle mucleio acid and no
mufamie acld.

Helale wop not antigenio whon injeched into rabbits bub
abzorbed apglubtinineg snd opsoning for straln "SmithY from Immne
sora produced in rabblts by injecting vhole ovgonisms. Iice
injoocted suboutancously with S.8.4. were protocted againgt
Intraporitoneal challenge with cells of strain "SwnithY suspended in
macing but not against challenge with ovganions susponded in broth.
The provective dose of 8,8.4. showed uppor snd lower limits, the
former pogsibly due to "immune paralysis". Porkins (1963)
characterised the materiasl ag S=-dooxy=~2-gmino-glucuronic acid.

M, Pishor et al. (1963) studied the puwface antigen of sdrain

05068, one of the wousewviralend "Smith-like" strains., This ambigen,
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cellied sbaphylococcal polysacchsride antigen (B4Paka) wag

preporved by phenol extraction of washed cellsy; or hydrolyeis

of washed cells with Q.1 acotic acids They shoW@a that this
neterial wes o podent protvective antizens the 505 vrosective dose
(PI)[~ } for mige challenged intraporitoneally with 10 Lbrﬂ of
homologous organioms wags 0,005 pge  Like llozse®s antigon HelPeds
ahowed the phenomenon of lunune paralysise Protection afon
injochion wes naximal Trom 2 to 70 days and corrvelated dirzectly with
the titre Qanat;hmay b SePofte H.Pels won ontigenic in wice, dogn
and men, buh not cabbits, gulace~plgs o monkeys,

Subzoguently Haskoll and Haneaslan (1963, 1964) charactevisod
BePole as a polyssccharide, conglsting of reovsating uwniis of
fupeotaning-Redeory-Derluouronic scid and R2(Hw-peatyl-slanyl amine )
2edpory~Degluncuronic seid joined by a 1 = 4 livkege, probably bola
in Bypc.

o

Y Hoports of three strains of stuphylocosel with 1&?@@ gapaulos

BStephylococsi with lorge capaules are raves only 3 strains have
heen deszcribed.

Gilbers (19%1) isolabed a grawspositive coccus from bhe
paricariial nud p@vxtaueal rlalﬂ% of a youwng van who died wi%h
vleerahive gonococcal endooprditis.  This orgeniem had the moxphology
of a gnaphyioaecauz axcopt bhat 1t showed p wellwdefined copoule,
abau’,l ¢ bhiek, 1n indio ink suspensions. I¥ grew well on ordinexy

m@ﬁln o produce lorge, smooth, translucent and confluent colonies,
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brillient ovaonge in colouw, It fermented glucose but not wmannite,
and liguefied gelebtin. Colonles on Wloed agayr wore surrounded by o
zone of hoomolysis. Coapgulase produstion was nod tasﬁad.,

Afsor the strain had bheen kepd for a month in an lce=box 1t
dissociated on subouliture to yield s varismt fomming opaque cheese~
like colonies composed of nou~capsulated ovgonisms.  Dissociabion
was also nobted in agar, broth and milk cultures more thoen 1% Yo 20
days old, and partlenlarly in old broth oulifures luoubated atb ETGC@.
he pavent strain and non-capsulated variant dlffered grostly In
their virulence for tho gulnea-pigs the intraporitonsal injeobtion of
0.025 mle of o 2h=hour broth culiture of the capsulated parent girain
killed within &2, houvs, whercas 5 mle 0f o Dvoth culture of the non=
gapsulated variant had no offect, The non-cepsulated verdant
differod from oxdinary strains of obtwphylococel by occesionally

vovertiog 4o the capsulated type whon injected into a gulnea-pifg.

Opateria (1936) oultured & gram-ponitive coccus from a spocimen
of pun, the source of which was not known, although 1% was probably
humen.  Horphologically the ormonisn was o typlcal sbaphylococous
except vhet it had e distinet end wolledefined cepsule, easily visible
in Indde ink preperations, Th grew well on ordinery media ol 37GG and
22“0, producing ovonge, mucold colonies, very slimy in congimiboney,
which ¥lowed over the surfage of fthe agar ou prolonged incubation.

T4 fowmmontod glucose, sucrose aud lactose (but unot mannite), liquefiod

galetin end clotied willk, Golonisg on blood pgar lysed shoop, 0%,
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huuman and horse, bubt nob rebblt srythrocytes. It coaguloted plosma
but move slowly than freshly-isolated sbralnss  I6 was nob lysed by
the single strain of 'phnge tested, snd profuced no *phage lysis of 10
pirging of pathogenie shaphylococol when tesbed by crosaw-plaiing.

Hice were killod in 24 4o 48 hours by the intraperitonessl injection
of 0.2 mls of & 2h-hour broth culture. Oeslerle produced nonecapsulatbed
variants hy culturing the ovganiem in storile ox~bile Pox 18 o 22 days.
The variaots had "the biclogical properties, colowy and appeasrance of

the typlesl aowmal foxm of Jtaph. vyogenes aureus”. Thelr vimlence

was nobd compared with that of the parvent ebtrain. Oesterie sppenved o
be in no doubt that the wucold stwalin, except for Ade capoule, was &

typical pathogenic shaphylocosous.

Henrikson (1943) eultured a Gram-positive covecus from the throat
of a patient with chronic rhino-phavyngitis. The oxganism hed the
morphology of & staphylococcus tut éry india iulk swemrs (Bubb, Bonynge
and Joyce, 1936) showed a distined capsulo. Tho cocous grew well on
ovdinaxny medis, producing molst, wucold, confluent colonies, thin and
not viseid in congistensy, which varied in colour from pure white o
pale yeollow, It fermented glucose, sucrose, loctose and manuite,
liguefied zelatin and clotbed milk. It was not heemolytic on blood
agans It ooagulated plaswmy in 90 wninwbes. Mlee were killed by the
introperitoneal injechion of 0.5 mls, but not 0,05 ml. of o 2h=hour
brobh cultures Unlike the straing desoribed by Gilbert and Ossterlie

this strein romalunod sbable on suboulbure snd did not dissocioke o
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yield non-gapsulated variasnts.
Thig review reveals that the evidence for cspsulation in

athogenic staphylococel is of dhree main typesgs the demongstration
by specizl methods of capsule~like styuctures on strains which ave
waasquivooally pathogenic stepbylococciy the existence of o mmall
group of pathogenic gbrains with exibra surface antigens which,
according o gome aubthors, can he seen as capsules, and descriptions
of three giraing of staphylocoosd with vamistskable capsules bud
of doubitful daxonomic pogition. Farther, more dobtalled apsessmend
of individual repords, inevitably retrospeotive, is not likely %o
be fruitful, either becanse of doubt about the precise taxonomic
position of the organism deseribed, or because the evidence sdvanced
for capsulation is squivocal,

It is clear,; howsver, that these three classes of evidence
sontrant sharply with each othey and with everyday laboratory
experience which tesghes that pabhogenic staphylococel ave nevey
sapsulated, It iz ageingt this backgrouand thet the present work

has been underbaken,
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To avold the repevitlon of deball
terns have been used In the oxperimentel scotlons for ecertain medin,
proparobiong and methods which were employed repoeiedly.

golloquial torms are de

Nutrient broths

futrient asars

tlood mar:

Double atrengbh
gpars

Serum asars

Yo t. Jau.%

Salt QAZmaLs

e K m

Salines

VNS VR T AR A1 A

Buffored salinos

nac

fhlomozssls

Tutrlont agar contalning
4 )

WRE

DRFIIETION_OF DERS

S A e

ed deseriptions colloguial

The

]

afined in detail below,
Leborvatoryeproduced horaa-honrt meat infusion
exiuract hrobh.
Wuitrient broth golidifisd by the addition of
r gent w/v Mxold" ager,

agar consaining 5 to 10 per cend v/v
dafibrinated hovrse blood .
Futpdent broth solidified by the sdditlon of
2. por ceont w/v YOxnid" agar.
10 t0 20 per cont v/v

human gerum.

Futrient ngor containing 6 per cent w/v Nall.

A sterile golution of 0.8% pex cent w/v Hall

in digtilled water.

Fiqual volunes of saline (as defined ahove) and
gterile isotonic phosphate buffer (Henduy, 1948).
1 per cent w/v sodiuwm ethylumercurithiosslicylato
(British Drug Houses) in distilled water, This
addad to prepzradtions o produce o final

soncendratlon of 1

(29)

1 in 10,000 w/v.




fhoke oulburon:

Static gulturens

Luoubations

Chomnloslas
B T e R e e ST B R )

Hybwlont broth ouldures ilncubated on on ovrbitael
shaker with o theow of Jom at 110 pom,

Tubeient broth ouliures iucubnobted withowb
shaliogs

Buoopt whora stated ilnpubabion was csrviod out alb
3770,

The chomioals nsed wore of BaDade YAunloh" on
Bl "Laboratory” stondard. Fuoephions are
indicatad in the tewbe

pH meaguienonds vere mnede with o Hodel &G4
Wibpet® pll meter (Bloctvonin Tnoiranends, Lid.
Richuond) Pivhed with o cowbingd slectoode

gl auvdonedle howmnorature whpulotor.
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SEORTON %

HVI“"' e
wg.mak-«ml-uﬂ s ERER

MR QAPSULATED GOCCUS

HATERTALS AND MITHODS

The cspsulabed strain wos isolated i Jamary, 18962, by Drs Deds
smithy from o humen wound swaeb, along with a beta-hacnolybic streptos
poocus, Lb 48 demigheted strain Hovris. 4 dexived non~oapsulated

variant, designated strain D, (sco bolow, page 43 ) wap gleo studied.

4
Hedins

&xﬁwﬁh vos otudled woing swbriont broth, nutrient sgay, blood

agee, sald agory Borum agars and double sbrongith agor.

ligzphologys

) Gmlaniai morphology was studied on nuirient agar ond blood ogars
Coll ma*&h&lwgyfwaé studied in Gran-stoined amears, in smoars ghained
with nigrosin and rose~bengel (Brovming mnd maﬁkigg 1959) and in thin
indie ink suspongions (ﬂuguiﬂ@ 1951) afber proliminery staining witﬁ
posa-bongale  Dobailsc of thewe slains ave glven in the eppendix.
Theo averege capsule thlckness of colls was mensured in thin india ink

suspengions with o calibrated eyepiloce graticule,
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Physiolosical end biochemicnl charachergs

The vwiilisation of glucose zevoblcally and snsorvobically was
tested by the wethod wesommended by the Subcommibtbsee on the Saxonomy
of mhaphylococel and micrococel (Subcomaittee 1965) cxeept that the
anzeroble cultures were lnounbated in hydrogen in o Helnbosh zund
Vildes jar,  The production of acid from othor esrbobydrates, the
production of acetoin, the final pH produced in glucose broth and the
production of calalase and phosphatase woro tested uvsing the medis

and wmethods desoribed by Baird-Parkor (1963),

Coasulase productlons

The preodnction of bound gongulase was bosted by the usthod of
Cadnegs=lraves, WYilliang, Harpor and Hiles (1943) end soluble couzulaso
produetion by %hé mothod of Pisk (1940)e Soluble cospulase produckion
in ghalke cultures waes zlso siudied,  Shake culture swewmastants were
concentrated by procipidebing with 3 volumes of obhavol at UGG aud
redisgolving tho presipitate in buflered selivos; pR T2, t0 one tonth
of the volune of the opriginal oculbture.

Unconaentratod and concenbratod culture superastants wore tevied
for oclobting activity by making serial doubling dilubloas in 0.5 ml,
volumes of "eoagulase diluent™, which oontained 25 wl, of nubriont
boobl, 70 wl, of salino and 5 wle of "Phiomersal®, 9o these wore
added G«5 wls volumes of one of the following elotting mixhuress
citrated humon plasma, wndilubed or diluded 1 in 10 with buffered salinc,

*

P Ts23 Hhe sawme prepervabions contadning 40 unite per wl. of heparin
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("Pulnrin®, Bvans Hedical Sunplies, 14de)y or a nodified fibwinogen-
activetor mixbure (Lominski ob nle, 1962) eombaining 1 per contk

bovine fibeinogan (bovine plosma fraction T, Avmouwr Phavmacentical

Coo Lido, Bastbourne) and 0.1 per cend congulose activator

(Morrison, 1952) dissolved in conmulpse diluent,  Tho wmixmbures woro
examined for clotting aftor 24 hy. inecubation and agsin aflber atonding

for 24 and 48 hre. ot voon bemperature,

Hoomolysin vroduetions

Soluble haomolysin proparetions were nade fron euliures geown la
gominolid (0.4 por cont) aubrient agar incoubatod Tor 4D hw. in an
atmosphore of 80 per gent aly and 20 por cont gasoons GOQ (Buaznat, 2930).
Pluld wag exprosged Lfrom the sgor by freesing sud thawing, c@ntwifmgmﬁ;
and the cells discarded, Thiomersal wes added. Simdiler prepavabions
were concentrated by procipitating with 3 volumen of othanel at 0% and
rodiusolving the precipitote in bulfored saline; pi T.2; t0 ono tonth

of the originel volumo,

Myretion of haomolytic achivitys

Serlial doubling dilutions off test preparvaiions were made in 0,9 wl,
volumes of "hoomolysin diluent', contalning 25 ml. mrtriend broth, Th wl.
of saline eond 1 wl, of “Mhiomorpal®s To thesze vwerve addoed Q.5 wle of
2 per cont thrice washed rebbit, sheep or human exyihzocybtes susponded
in salinge,  Afber incuwbation for 1 hw. in a vwalerboith the pnd~point wan

eagtinsted visuallys the tube showing 50 per aont haemelysis wag

(33)




considorad to conbain 1 minimal heowolytio dose (MHD),  Tho {ubes
. NP \
gonteining sheop exythrogytes woere then ploced at 470 and hoamolysis

agbinated agaln 83 hw. lobtow,

Hapmoivein neutealisotions

Gommercial staphylocoseal alpha toxin (Burroughs Yolloome) aud
copcendreted hoacmolyain properations wore titratod ogainst zabbils
oxythrocytos. Seprial doubling ddlutiony of commevelald staphylocosend
antitoxin (Burvoughs Welloome), stiorting at o dllution of 1 in 100,
vore mado iu 0.9 wl. volumos of haowolysin diluent. Mo those wore
addod 0.8 wle volunes of commorclol toxin ov concentmaied haowelyain
properations, diluted to condaln 20 WD por wly thoe mixtures wore
inonbated for 1 hee in o waborbath. Thereofor, 0.3 wles volumes
of 3 por cent thrice vwashed xabbly onyihrooyies sugpended in seline
were added end incubaition condimied for o further hour. The onde
polnt; that dllution or anbidtozln inbibltlng haonolysis complotely,
wng oovimated visually. A% the samo bdimo the commorelel bozin ond
songeniratod baomolyain preoperations were titrated agelnst o £ pow
cons suspenpion of robbit ovythrogyios 0 wecenfirm their hacmolysin

osonbent.

Sugeeptibility b0 basteriophacos

Ovzenlons wore exposed o roubing typiag straing of baoteriophopgo

by a standerd tochnique (Williams ond Bippon, 19%52),
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Tnolation of bachorlovhese fyom souggos

Unbreatod sewage was cewtrifuged briefly ait 3000 mepeins
Poual volumes of the supernatont (uswally 80 ml,) end nubeiont broth
wero wixeds cufiicient of a 4 por cent solublon of G&ﬁlg in atorile
digtilled wator added fo produce s Tinel concenbroavion of 200 e
per wle of Gmﬁlgg cud bhe mizture scodad with 0.2 mls of an overnlsht
nudrient broth culiture of strain Horris. Sultuves were inoubstod
ovomnishs ad ﬁ?ﬂ o EOﬁGQ coutrifuged and the supernsbonbs fiitorqé
through sinbored glass Filders, sveorage pove diomeser 1.3 30 L¢% U,
Tho supernatonts wore oxewmined foy the presence of 'phage by spobbing
on 4o plotes scedod with tho teas sirelns or by the ager layer
toohnigue (Adoms, 1559). Supernetanis wvhich showed lytic cetivity
were mixed with en equal awmount of mutrient brothg Gaﬁlg wae added to
the sawe £lnal concentration, the oultures were rainvculated, inoubabed

aad ro-oxsminoed as desoviboda

Tosts of sntlblotic senalblvitys

Culture plates of sensitivity test ager ("Oxeid") containing §
per conk dofibrineted horse blood vwere flooded wibh an evernlghb
nubriont broth culture end dried for 1 hre in dhe ineubator. Dlooes
containing known amounts of antibiotic (™uldodiska®, Oxoid) wers placed
on the surfaco, the plates insubated overnight and thereafior examined

for inhibition of prowthe.

Sodmal emporinonbas
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Swiss white mlee, Porton steoin, of 20 %o 25 gns wolght ond
of olther gory were used to aseegs vimlente.  Lobonatory-braed
chinghilla rabbity, @ 0 3 kgue ln welght, of either sex, were

uured for the produetion of anbtiserae.

Yovae virulenes experimentys

Challonge domest of organdisms wers propared by wamhing the polls
irom en overnight wmulprdent broth ouldure once in hroth, snd resusponding
to the requived deasity in broths The number of degealsns presont was
osbimsbod by opucldy uweing Brown's dubes, sud by vishle counds (Mlles
and Hieorn, 1938).

Yimulence was detormined by wmessuring the dose cousing o 50 pep
cant kIX1 dn 10 days in esch expervisental group, which contained wsually

10, but nover lems than G, mlco.

Production of antisera:

Overnight shake eultures in nutrlent brolh wers centrifuged,; the
301ls washed thelce, suspended in saline, killed by heating at 100%
for 5 min., and resuspended in soline to a concenbradion of 3 x 1&9 sells
por ml. esbinated by opwelilty uging Brown's tubes,  Rabbits were bled
onae fron the marginel eer veln and dnjootod intravencusly on the firpd
three deys of each of three successive weeks with 0.5 als volumos of the
heab=killad suspension., A fresh susponsion wes prepared ab tho

hoglonivg of cach wecl, Ten days afbor the final dose the vabbifo

were bled from the marginal car vein and the sers separatad and
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inacbivabeds  The sers were titeated for sggluitinins by preparing
serial doubling dilutlons in seline, adding. an equal velume (usually
0.5 wls) 6f o puline suspension of hest-killed cells containing L =
10J gella per wl,, inoubating Yor 1 hie and atanding the bests ab

rpom tomperature for o further 23 hee before rending. The highecd

Adilution of serum causing agglubtination was ostimeded visvallye.

Abgorption of goras

The absorbing atrain was geown Lor 18 hee in a nulrient broth
shake culiure, volume 100 ml. The cells were memoved by coentrifuging,
washed thrice and vosuspended in salline o o concentration of L x lﬁla

aolls per wle., estinsted by opacldy using Browals dubes,  This
sugpenslon was heated al 100%¢ fox 5 mine Volumes of 9 wl, of this
suapension wers asubtrifuged and the cells rouuspended in an coual
volume OF gerum dilubted 1 dn 2 or 1 in 4 with saline. The sixfures
were incubnted for 1 hve, centzifuged and the supoinetant serum rebested
for agglubining. Hers which stlll agelutinated sells of the howologous

gbeain wors reabsorbed.

Spooific capsulay resabions

One leoopful each of selle from an overnight broth culbure, of
antlserum aid of 1 peor cont agqueous methylene bluc wore mivsd on o
sllde, a coverslip applied and the preparabion examined wicroseopieally
wader reduced light. Similar prepsrations in which the methylene bluo

was replacsd with india ink were also exawnined.
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Produgtion of nomecapsuloted vordanbss

o nothods woere used.
1) Seriol subculitures of siraln Movris wore nude dudly on wubcicod
ager, 0 o tetal of 90 suboulturoes, sad oxamined for variond coloniop,
2) Soveral portions of matelent broih, onch of 100 wl. volume, woro
tnoculoted with madtewrdad from o sliglde colomy of strein Hovels ouliured
on nubsiond smars ALY tho suboultures were incubatoed. Ong of thom
was merkod and suboultuzed daily on bo nubdriont agavy the reewliing
culiures wore aramined fopr colonios of anonecapsulated coccel in thin
indin ink cuspoosions. Whon these appesred, the other suboulbures
which bad beon incubated convinuouwsly without opmning, wore siniloply

exmmineds

eversion of the nou-capoulabed vendents

Frperinents wore opyeded oub G0 deboxmine the vimulopee of bthe
rasiend U fop mioce by injecting graded doses introporitonesllys Tho
pomo experlmental conditions wowre weed as Lor otrein Morris (poze 36 )e

Hioe which dicd dwelng the emporimental psrlod (10 doye) end
thovo surviviog 50 bhe end of it woro exawingd for veversion of the
non~cappulated variant to the capesuleted foxme  The powdtoncal osvity
wos vashod with sterile clbrated seling, snd o drop of heart bhlood
vomoved from the Lafb vontricls with & fine=pointed Pastouyr plvetios
Both soaples woro ezomined microscopically end afbor culture oa hlood

agar for 24 hw.




SECTION 3 - RESULTS

Chavestcrs of gtrain Morelss

Hoxpbologys

Afver 2h hr. dncubatlon colonies of straln RHovels on nubriont
agar wera 2 to 3 ma, in diameber, tvanslugent, domed, with on antlre
odgo (Piguve I.1) and » mucoid but not sticky consistency,
emplsifying easily in seline, Host culbturos on ordiuonxy oper
were greyish~whilbe in colours on blood agar or cavbohydrato-
contalning medis colonies developed o greyiﬂh«yﬁllawVyigmanﬁaﬁian
which became move obviows when the oculitures were allowed: to shond at
moon bemporature.  Afber prolonged incubatlion on all molid media bhe
colunias become wabterny and epresd over btho eurface of the agow.

Hhon oulifured in nuteiont broth for 2 hre the plrain produoed
a smooth ovan sugpension, with no pellicle formabtion and o lavge,
mugeld deposit which was casily resuspended.

Sneara of overaighi bxaﬁh or wabrieat agar cultures sibeined hy
Gram's wothod contained Grow-posibive coccld, aversge diameber 1
grrenged singly, in pelvs and emall clumpss  olumps were zarely soon
in broth culiures. ALl the cells wore surrounded hy a diasbinet
sapsule, of averasge thickaess 068 60 1.2 pe (Mgure Te2)s  Palrs ond

clumps of calls were enclosed in o gomuon capsule. loose alimo wes

>

not scen. The capsule was evident about eld caellis, at all

FeH

bages of
whe growth oyole, lrevespootive of the mediwm used Por culture, or the

(39)



FIGURE 1.1
18-hour nutrient agar culture

of strain Morris (x 1)



FIGURE 1.2
Cells of strain Morris from a 24 hr. nutrient agar

culture stained with rose-bengal and suspended in

india ink (x 1500)



Sewmperature of ivcubahtion.

Physiologicoal and blochemlcel characlborss

- v wely g f‘\} “y o - . 5 4
Strain Horrim grew well at 377C on ell the culiburs wmedia useds
ER m-‘bm 1 Qm P . . -, it oy .
Growth took ploce afb 2270 and L2770 mat was losg profuse. Yhe sitrain
was cobalase positive, It wiilised zlucose acroblceslly and

*

anzevobically with the production of scid, and fermented mallbose with

L)

acid produchion. b did not abbock mannite and lacbose Tk
liguefied gelatin, produced phoephatase, acetoin and a final pH in
glucogse broth of 4.8, Tt grovw in human serum and in the presence of

6 por cent MWaGl.

@Q@{ul&ﬁé prosucihiions

‘ The abtrain was bound-coagblase-negative, VWhen fiegt lzolated
it globtsed dilube pitrated humon plosmne in the Pimlk test,
fxamination of shake culiure supemnsiunits showed that theilr oclobbing

2otdvity was maximel after 23 he. incubsbion, Tho titre of

-concontrated 23 hre shake ouldure supernabonts bested sgainad

Adfferent clotting mixtures is shown dio Table I.1.

(10)
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g aotivity of concenbreabod dghsle oulbuare voeranlonty

of sheain Hoppds

B Y

Blotvliog mixinres Plires
Humai plasma 16l
Human plosma with hepapin Lebh

Mivbed hunen plesns 1a0h
Biluted human plasme with heparin Ledh

Fovine fibrinogen (1 per ocend) wit
agsivator (Ont por geng 12280

Hoon m’f yoin productions

e %zamr,—tmf‘!.y o potlvity of conseatrated eulture supomunbonto io
ashown In Table Ts2,  In neubralisetion experimonts the cove amound
of commoroiol antitonin noutmalised G,85 MID of commpreind obaphylow
coseal alphe toxin snd G.b MID of etvain Horris wobbli onythroorie

Lyedng

Table Ledo

SR A A A e vy L

The begunlyilo aobivity of soncoutrabod ewliure supeiontonto

of shrein Howed L

Hod colls fostods | Pitoos
3 bade o 5{3 g ofver 25 hpe nl i;ﬁ(‘?
Ratibdy KET0N -
Bhoap 1s2 i3
Hamon de58 -




Busceentihility to bacteriophages

Strain Horris was not lysed by roubine btyping 'vhagss applied
at routine bast dilution or 1000 BTN,  Bome sewege samples, seoded
with atrain dorris, incubated and ildered, produced large zonog
of bactoriolysis on surface or agar layor platos.,  Atbempts to
propagate the active agent frow these aress by sbandard {tschaigques

L v

wore unsuccessiul, This phenonenon is being funthor studied.

Animgl vivulence:

e wiable count of guspensionsg of strain Morris varied fwomn one
half to ons $ifth of the fHotal 1nL neasured by opacity, possibly
becpuze of clumping of celles in dilferent culturcs and the broaking up

" the ¢lumps while preparing suspensions for injection, Within
these varietions,; the LDSO for wmice challenged intraperitounsally was

6 # 4 L3
5 % 107 oclony-formlng units,

Mbibiotic sensitivitye

Strain Horeis was found to be sensitive fo penicillin, awpicilling
botracyeline, c¢hloramphenicol, erythrowyein, cloxacillin, sbrepiomyoin,
caphaloridine, fuceidin, lincomycin, soframycin and neomycin, and wae
rosiatant to sulphonamide, colistin and nolymyxin B

et

Specific capsular reagtions

Calls of atrain Morris suspendsd in homologous antiserum with on

o

spslubinin ditre of 15256 gave a rapid specific cansulay reaction,
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Isolation anl chervacters of non-capsulotes varisnbos

s

Abtempts o isclule nonecapsulated vardanbts by seorlal Jdaily

pubsuliure on nubrient cgav were wsucsessiul afber 20 subeuliureo.
Howover, subcullure of 23-doy-old stetic broth eultuves contained
nwumerous eolonles, morphologieslly dighinet from those of the
parent sieaing which were found o be composed of nove-vapsulated
organioms,  One varlant, nawed strain D, was giudied exnlusively.
Apart from fthe absence of a capsule, ghrain N differed from
. ‘s

ghrain HMorris in three major rospechss % owas bound coagulase

pogliives It was suscepbible o slandard 'phagou, btyping ab 1000

&

BIC am a group I obreim, ‘phoge typo ggf“*ﬁ/ﬁﬁ/ﬁlg and b was
nbout owne hundrsd times less virulent for wice on indraperitoncal

injection, the LD 50 being aboult 6.5 x 1@8 SPYIN
The LD 50 of siwain D could not Lo assessed acscurately. Using

o domo of less than 1 x 168 Gofette Nong of the challenged animsls
died, and lecs than half died when the dose wag incrossed %o L x 10

o Fole Witk domen of 6,5 x 103 Gofolts more than half of ench
chaliengod group died, but ot this dose level, aud the proceding ono,
exguination of deed o moribund wmice demonstraied in each inasltence the
presence of capsulated cogel in either heanrd blood or periionesl

washings, indistinguisheble Prom strain MNovels on subsequent tosting.

(Migurs Le3).  Such organiems weore nols found in animals ourviving
}
shallengs. The ID 50 of the warisnt D therefore loy ab or above the

dose level ol which reversion to the dapoulated parent bype took placas

S ry I v ) &
‘ The fawt that this took place with doses in excess of 1 x 107 g.lau.

%)




FIGURE 1 >3

18 hr. blood agar culture of saline washings from
the peritoneum of a mouse challenged with 6.5 x 108
¢.fou. of the non-capsulated variant D, showing

colonies of the variant (arrowed) and of strain

Morris (large colonies) (x 1)



puggoats that reveoraion wag dug o mbation.

Obher differsnads between atrain D ond strein Horris wore nobods
Colonicd of the varisnt were smaller, 1 to 2 mn. In diemeter afbor
2h hre laoubpbion on blood agor, opagque, grey in colouwr nud noye
micodd or Ycheosy' in oonsistoney (Pigure I.3).  Strain D produesd
o groaular growbth in broth with a small sveface pellicle.

Ta g1l othor respacts tected the variant bohaved like the
pazont strain end war apparvendly idendical in ito physiological and
biochomical charactors, in ity produetlon of coagulase and hnewolysine,

ond its aensltivity to antibiobios.

The serolosical welation of strain Morrds ond strain B
Tho resulis of homologous sad oroseeagslubtinotion fesits with

mtiserae ralsed in rabbibs ave phown below in Toble T.5.

q}n‘?ﬂl ] Ib";
S i

She sorologleal melation botween miraia Horeis and shrain D

Matiserun o Apglutinin titre pesinot:
Strodn Morrds  Strain D

Shrain Horeia 11256 12256
Shrain D | 132 12500

Serain Morrls absorbed with cells ‘
of $train D 13256 {1s2

Strain D absorbed with cells
of Birain MHorris {132 {12

()




Thase resulbe were interpreted as ghowing that anbizerun to
gtroin Morris contnined anbibody o both the capsule and $o cellular
antlgeny, whereas asntiserum to the variant D conbteined antibody to

oollular antigeng only.

(L%)




DISCUSSION

The exontduetion of the cspsulaied gtrain Horrle described
in this seetion was wderialien 4o detovaine whether i roprosdnts

o sepsrate spesicy of Staphylocotouy or vhethoer 4t im 4o he

glassified ag & sfrain of Staphylocoocus aurouss

Abtompts b0 clessify o single ofrsin highlizht ons of the
common problemd of bagherlal takonomys  Although 1% le poseible
Srom the stetlisticel anolysis of a laxge nunber of siraing to
shate the probability of auy one strain reacting in o given way in
o porbioular test, 1% lg ofben difficuldt to place o btest strain in
an approprlate bagon if 1t doos not comply exaotly with the modal
Torme HWith stralns of piephylococel #h@ difficulty is enhanced
becauge thowe i conslderable disggrecment nbout how mauy tests, or
evor which besbe, shonld be employed ‘to Ldentify the modwel form of

Stophe pureus, This disogroenont gbems not only from the appavently

close welationshilp of subgreoups within %hia‘genumg.buﬁ algo dn pary
ab deast fvom vho wawillingness of tmedicel bacterdoloslisis to
relinguish & clessification giving welghd 40 eritoria of pohontial
pathogenicity in f&vmur of an Adonsonlan approachs

Denpiby these difficulties mﬁr&iﬁ,maxxia is considered o be o

gbroin of Shooh. aurous,  Apary from tho ability o ubilise glucose

annerpbleally, o produce phosphatase, ond to grow 1n the presente of
6 por cont Hall and in human serum, it poseosses iwo charachors which

B0 usually accepted as ﬁypigal'effﬁhis'aQa@iesn production of

(x6) -




goasulase, and productlon of a rabbit erxythrocyte lysin

indigtinsuishable aseroclogically Prom gdephylococcnl alpha toxin.

Imm

In gix vespechis 1t does not bhehave like Staph. auvrsus. Ib

ig frankly copsulatedy 1% produces colonion with an unusual
morpholozy and of wweual congistency: 1t Is hound cosgulase
negativey 1t is nob suscepdible to giandord "phegess 1L i more
viculentd thon wost oxdinory sbreins when injected intreperitonenlly

L%,
A

into mice, and 1t does not farvment menaites.  Failure to forment
noinite nesd not preclude ifs placing in this species sinoe

sxbohydrate fermentation by Shapb, oureus is chavactoriatically

wirgliable a8 o taxonomic criterion (Shaw, 93itt and Jowan, 195L;
Baird~-Parkor, 1963).

Tho remaining features (shuormsl colonial morphols opys feilure
t0o ranet with plaswe in the slide desty wvesisbance to phage, and
ineressed virulence Tor wmice) can be velated Lo the presence of the
aapsule, Tn this respect strain Morwis il similar to ebrain Swith
and the related "Smith~like" gtrains. The diffuse varianty of these,
with a serologically and possibly nmorphologleally demonstrable extra
layer on thelr suefaces, are slso bound coagulsse negative, are usually
unaifeoted by standarxd ¥phapes, produce in some cases recognisably
different colony types, and are usually wnore mouse-viralont than both
thelr compact variante and ordinuny strains. That bhe capsule of
gtrain Horeid iz indesd responsible fﬁr Ve abnoomal reactions la shown
by the renciions of the derived non~oapsulated variant, T, which ia

mugoeptible to 'phage, bound cosgulase positive, mich less vipulent fop

)




wice, and which produces colonies indigbinguisbable Lrom those of

ordinery strains of Biaphs pureud.

Abtempts to deside if atrain Vorrim ig similaw o the threo
micodd strains previously described, md 1¥ these should also bo

clagaified as Staph. aureus, ave hampered by lack of evidenca.

Glibertts (1931) strain formented glucose but not mamnite, liquefied
golating and was haemolytbic on blood agar. (Tho wod cell type was
not spoelfied). Coagulase production and puscoptibilify to "phage
vere not testod, However, the assumption is lmplicdt in Gilbert’s
2epoit that thoe sbrain deserlbed is & "ypieal ghaphylococsug", i.c.

Btaph. sureus, despibte the leck of evidenco which would allow 1% to

be 80 classifiszd by uodern cxitering

Oemterie (1936) states expliclily that the non-capsulaied

variont of his strain had “phe blological propersies of the typlcal

nozmzl form of Bheph. wyosenes aureus’. Thin view ie based on the
ability of the strain bo feyment glucose, liquefy gelatin, and produse
coapuiasey althovgh Lt lysed sheep, horse, ox and humsn srythrovytes,
it did not affact rabhit orythrooytos and hence prosumably did not
produce olphs torin, Henriksen (1948) describes his capsulated strain

as Stava, aurens on the evidence that 1% fermented glucose and memite,

Ligueficd gelatin, ond produced coagulessc.
On balance, thervefore, althoush the evidence is scanty, thene are

sufficiont similarities between those siralns, strain Vorsis mnd the

ordinayy form of Shaph. aurveus Ho suggest that they can he grouped

together as & single species.  CGoerbaloly thewre ds nob enough evidence
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to demand that a meparabo specles be crented %o accommodate thems

The meodd gireins differed in thoe caso with which they produged
non-capsulated verdents,  Cllbertts atreain; after gtorage in a
polrigerator, digswociatod o ylold non~capsvlated varients vhich were
ioass virulent then the parent strain. Oosterle alzo produced non=-
capsulated verients (by prolonged culdure in bile) bhut did not tent
their vimlence, Hopnwviksonts strain vag uwnususl in that 1t remoined
ptable for two yearm, olthousgh dissocinbion was only epporendly soughd
by sub-guliuring on golid wedia,  This strain muy therefore be
gimilar o abtrain Morrio which was apporently shable when exumined
grossly end microscoploally during repented sorial subouliure on
p014d wmadla, but whioh produced non-cepsulated varlonts vhon aged in
heoth,

A alveady noted, the non-capsulatod verdent of straln HMorrlg
ravertod to the parvend tyve when injected into mice. Reversion was

only noted vhen challenge dosos in oxoess of 1 x uﬂa

Gofolls WoTe
injoacted, sugeesting thot the changeé to the pavent type was due to
mibation, Oeptorle (19%6) and Henriksen (1948) Qo not state if
thelr steping reverted o the parent fommy Cilbert (1931) notes,
however, that her strain "occasionally? veverted to the caopsulated
type when injected into & guinea pig,.

The apparently low rate of interchange between capsulated and
non-capsulated btypes shovm by these stralns contrests with the
apparent ease with which strain Smith and the rolated sirvalus
dtsmociato.  The compaot (non-capsulated) end diffuse (capsulated)

types inderchenge rordily, aub@?lt?ram from 2 single colony of ona
49




type showing seveval colonies of the other under orvdinary culiural
conditiony (fuat and Hoses, 19%8),  Iwom limited pevsonal
experlence with one "nithellke" strain in which the two variants
could be rocognised by colonial morphology, 1t appears that in
single colonies one osll in spproximadtely every 300 is of the
oppoeite type (Scobt abiong)s o frequency of
intorchange which must be clossed as an example of phase varlatlon
wabher than mwbatlion,

Rogers (1962) and Koenilg ond lelly (1965) have suggesbed bthat
ovdinary strains of pabthogenic mbaphylococsl, vhen growlng in vivo,
may produce a surface snbigen similar to that of sbrain Swith, hud
logse the copacity Lo produce it when culhbured on laboratory madias
While there is ag yed ne dirveot experimental pwroof that this

sugeestion ie correct, it hos certain porallels in other bacterilal

spectes, Thus, straing of Pasteurcolls pestis, indistinguishable

in the laboratory from avirulent strains, Decome capoulated and able
4o resist phagoeybosis in the animzl body (Burrows and Bacon, 1954 ).

Protective surface antigens are rcapidly lost when Bordetells perinssis

ig oultured in the laboratory, and Bacillue anthescis elsborates a

poverful toxin in vive but not in vitro (Smith, Keppic and Stanley,
1955)«  Louris and Kemingks (1963) have chown that immmisation of
nice with live vaccinesg composed of ordinsyy coagulage-positlive
shophylococci wmay protect ageinst challenge with the diffuse veriant
of whrain Suith, and Pervelrve (1961) hes shown thet staphylocosol lome

>

agplutinogens when subeultured repestedly in the Laborvatony.
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IT ovdinayy coagulase-positive slaphylococei do slaborate
exbra surface antigens when growisg in vive, then thip implies ab
leset o thresfold classification of staphylocdeol with vespsct
o sapsulationt: fhe rars mucold siraias, consigliently producing
large amounis of cepsular waterial in vive and in viiro, and
Inbopchanging with the non~capsulated form at & vexy low rates the
Momith-dike" streing which also contlnue o produce capsular
meberdal in viteo but which revert wmore roaddly to the poun-cepsulebed
formg  and oxdinavy streains of Siaph. suveus which do uob produce

vigible capsuler wmeberiel Ju vitro bub mey do o when growlng ia

animal blosues. Tuzrther investigetion is nedessary bto determing i

these fhree groups fovm part of a condinwous or dissontlauous series.



SUMARY,
A capsulatod staphylococcus ie deseribed. Apart Lrom bho
prosence of o large capsule, this hag many of the nroportios of

Stavhylococeus nurens.

The copsuloted strain diffors fvom the modal forin of

Steph. aurous in four major ragpocts.  Those cm be expleined

by the presmmes of o thiok capsule,

Nonsaapeulatoed varimbs, pradua@ﬁ by prolonged culdure in
nubrient broth, are indigtinguiohable feom ordinary straing of
Btoph, sureus,  Tho variants veverted Lo the porent form afber
BEDSAZe N mios,

The copsulatod ehrain is pimilar in wany reapects 4o threo
straing of sapsulatod stophylococei which have been proviously
degoribods I% Ae belioved that these atrains should slso be

ropsrded ag unusunl forms of Btaph. surous,




SHOTTON 1%

A GAPBULE-GTRIPPING BUAYIE AWD ®ilE BTAVHYLOCOGOUS E’H@T‘Uﬁﬁm Ifi‘

MATERTALS AND MRTHONS

The organism, named staphylocoveus sbrain IS (“iytle stephylo-
cosous”) wes discoverml as o contaminent on o nubrient ager plate
which had boen hoavily seeded with etrein Morris and incubsted
overndghd,

It wag oxomined and echaracterlood by the methods used Tor strain

Morris (pages 31 to 34).

Pranarablion of sctive culturo supernelonts:

Shake enliures wore prepared by waming 200 ml. of autdlont
hroth o 3?069 inoculating with 1 wml. of am overnight static nutrient
broth eulture of strain L3 and inocubnbding the resuldting culture on an
orbitel shakers Ineubation was continved for 64 hry the culture
wes then centrdfuged. The cells were discarded and "Thiomerssl!
addod o the supernatants These preparations are referred 40 ag
"engymate  Home pupernatanto, prepared in the same way, were
procipitated with 3 volumes of ethanol in the cold and the precipibate
redissolved (to one tenth of the volumo of tho oripginel culture) in
ffeored galine, pl T2 "Thiomersal" vwas added, Those proparations

are vofppred to os "ooncentvated enzyme'.

(53)




Hothods of domonatrating the effect of strain LB on the grouth

of sbraln MNorpis in nixed culitures on golid medlins

Three methods weve useds 1) overnight broth cultures of the
wwo strains woere mixed, plated oud on nutrient agar snd ineuvbated;
2) nubrient ager plates wore heavily seedod with sirain Horris and
then stab-inoculatod with woberial from a colony of strain L
%) strain LS was inoculabted on to nutrient agar ao o single sireck
and, the plate incubated overnights. The vesulblng growth wag seraped
of'? with o sterilo slide, the plate eapoped o chloroform vepour fop
1 wwey, and drled in aa incubator for a further hours It was then
re-inoculated with a single mtrask of strain Horris ab right augles
to, mnd sovoss, the sibte of growth of miraln 1L8. Tho plate was

incubabed overnicht and examined.

Hothod of dewongtroting the effeet of enmymoe preperations of sitrain

LS on the growth of strain Horris on molid mediss

Hutvlent ager plates wore flooded with an overnight nubriont
bfoth culture of ghrein Morris, the excess fluid removed, and the
piates deded for 2 hr. in an lncubator. Tapyme preparations were
sordally diluted in sterile saline. Volumes of G.02 wle of each
dilution wore placed on the surface of the inoculated plates; thane

were incubated Pfor 18 hr. and examined.

Mobthod of demonsbroting the offect of stvain LY on heat-licllled colls

of mhrain Moreis on solid modias

(%4)




Jolls of ohroin Hoprls from an 10 hr. shake cullure in nubtriont
beoth ware washed thrice, vesuspended in paline snd heated at 1000
for % mine They were then added o molben nutrient apsr ab &ﬁaﬁ
to n concantration of 2 % 109 cells por ml. measured by opacity
using Brown's tubes. The agsr was poured immediately into Petei
dighes, allowed 4o sed, and dried for 1 hre in aa incubabor.
Thereaifter the pletes were either inoculabted with strain LS or
volumes of 0,02 wl. of an enmyme preparvation, serielly diluited with
saline, wore placed on the surface and allowed to dry in to bhe

madiume Tho platos were then incubated overnight and exswined.

Hethod of demonsbrating the effoet of onmyne prenarsbiong of

sirain L3 on cells of strain Norris io suspensions

o preliminany oxperiments bolh cxuade and concenirabed enwmyme
proparatlons caused o rapld fril in the durbidity of suspensiong of
live sud heot-killed cells of shvein Morris.  Attespie wore made to
monsure this f2ll with o epoobrophotonstor (Hilger ond Wabis, Hodel
H,700). These were uwasvcesseful becauso with some vary acbive
preparstions the fall wes oo papid that it wes difficult to obiain
rosdingsy  the time wecessery bo transfer pamples to cuvebtes made
It dmpoosible to obbain readings which vepvesented accurately the
Brhidity of the sowplos immediabtely aflter wmizing: the conbinuous
transfer of samplen from cuvebies 4o tesd tibes in a wabterbath snl back
agein produced too much vardation in the temperature of the samples, and

the time nocessary 40 YZero" and geb the speotrophotoneter allowed
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sedimentation of the cellg 0 begln and caused conglderable
varistion in the weadings glven by condrol sueponslons.

The following method, using a nephelometer (Hvans
Blectroselenium, Idde, Harlow, ¥esexs Hodel 4) was therefore

devised.

o) prepurstion of ahondavd test opll suspensions:

An 18 hre. ghake culdure of sirain Morrls in nubelent broth
wae cenbrifuged, the cells washed thrice and resuspended in
ffered saline, pH 7.5, %0 o concentration of 109 golls per
mle by opacibty uming Brown's tubos. Those preparations are
vaferred o as "live cell suspengions”. M"Heal-ldillaed
suspensioas’ wore prepaved in tho sowme way oxeopt that the celle
wowve hented at 1009C for 5 mins bofore boing suspended in
buffered saline,

In gome exporiments bufferad saling of differeat pi, within
the range 6.0 to 9.0, vas used, "Thiomersel™ was added 4o
HOME SUADENSLONG .

b} oelibration of the nephelomoters

A 18 hre sheke ouliure of straln Horris in subriend broth was

conbrifuged, the cells washed thrice and resuspended in sterile

0

buffered galine, pH 7.5, to o concentration of 1&1 cells oy

wh, by opacity, By tenfold dilution of this suspension with
buffered saline o goples of suspensions wen prepered coniteining

10

from 10 0 1077 colls por mls  The durbidity of each suspension

wag mogsured twico in the nephelometory once with the nephalomeber
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a)

gob to reoord gero when messuring buffered sdine alone, and
agedn with the nephelometer set %o record I00scale unibs

when maasuring the suspengion contalining lﬁlﬁﬁwllg par nl,

2 40 &Qg

Ak

The nephelometor wag wost sensitive over the aage 10
eolls per wl, It was degided do work withinthis range.

The nephelomeber was thersfore remonlibvated., Ten wrzpc@mim@
sontaining between 1(’38 and, 1@9 cells per wl. tere propaved by
ghepwise dilutlon, the nephelometer sel to reord 100 sonle unibs
when measurdng the suspension conbalning 3‘.&35} wlils por nly, and
the trbidity of each suspsnsion measured. iihin the rango
3.{}8 B0 m{} cells per wl. the turbididy recoxdd wes Qirveotly
proportional to the number of eells present {Mgure IEél)s

aasuy of aohive swoerantands of alealn L8

Jolumes of 2,8 wl, of elther live oy heat-kiled cell
puspensiong were placed in o sories of madchel tubes. To one
tube was added 0.5 ml, of buffered saline, th tube ploppersd
pad the contonis mixed thoroughly. Usning s ﬁua«mmim ekl
a conbrol, the nophelometer was selt o record 100 seale unitey
the control tube was then incubaded in o wabdebuth, Culbure
suparnzbants were exmmined for actividy by adling 0.8 wl,
volumes 50 9,5 wl. volumes of aell suspension in wehched tuben,
miming rapidly, meassuring the turbidity of 1;11%3 mizbture without
slbtering the sebtting of the neophalometer and lncubabing the
tubes v o walberbath, These wenipulations were carried ouh ag

quickly as possible. Dueing incubation, whiph wes weuwally
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PIGURE IT.1

Calibration curve of the nephelometer (E.E.L., Model A)

showing the response to suspensions of cells of strain

Morris containing between 108 and 10
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continued for 30 min., and in some experiments for an how.
or longer, the turbldity of control and tesh ﬁqu@nﬂians van
maasured every B min. affer thorough mixinsg of the contents
of epch tubo. A second control tube, contalning 10 ml. of
buffored soline was exemined in the came wal.

efinition of aetivilys

‘Qt

The weasured turbidity of conbtrol llve and heat~killed cell
sugpensions, without ensyme, foll during incuvbation usuelly
by 3 te 5 nephelometor seale unlis during 20 to 30 win,
Holthor the speed of this fall nor 1lbs extent were altered by
altoring the pil of ithe suspending twifer within the ronpge

5.0 G0 8.5, oven when the time of ineubation was extended 4o
80 mine 'Phig apparvent decrease in the turbidity of coalrol
suspensions was found to bo due to instrumentel deifts the
mpasured turbidity of o control glasms "standard", exposed in
the nephelometer for 1 hre, showed a gimilor decrease.
Oulture supernatants were considered to be active ify during
30 min. dncubation, they caused avpy {all ia the turbidity of
live or heal-killed coll suepensions which was groator by ot
losgt 3 seale unlts then any fall in the turbidity of the
control susponsion vader the sswmoe conditions.  This fall,
raprosanting 3 per cent of the sdarting turbldiby, e

equivalont to The losy or desmtwuction of 3 x lO? oells.

(9)




Heusureoment of the sirength of aciive praparationss

Serial doubling dilutions of each deat preporation wers made
in builersd saling, 1 7.5, and 0% ml, volumes of each dilution
teated for achlivity ageinsd live and heat-killed suspengions

during 30 min, Iancubation as desceibed sbove.

Definition of acbivibys

Units of gobivibys

The highest dilubion o show achiviidy afber 30 win.: incubation
was congidered to condiaie 1 unit of anmyne.

Ratie of oloarance:

Sloamooe of both Live and heoot-lilled cell susponsions by
engyme lagtod for ad least 10 min. in onch oxporinens. The
eadios Fall in turbidity Mine during this period could be
uaed 0 ropresent the activity of eagyne in any glvon
axperdmontel sidtuabion., This radio is refevved 0 as the
Trate of clearance’ and io defined as the averaze frll in
turbidity par mlaute, in nephelomebter scals units, during the
fizet bon minvbes incubabtion of cell suspension and beal

praparatlons

Assessmont of the velotion betwoen the culture see of stroin 1S

gl the ensyno activity of the eulture supernabanis

A sheke culture of stvain LE was prepored by warmlag #00 wl.
of nutriont broth to 3?¢G and inqcula%ing with 1 mles of on ovornight
gtotio aubrient broth culiure of strain L8 fnmedistely thereafier,

)




and gt meusursd intervals during iuncubstion Tor 24 hve, poriiong
of 5 wml. wore reuoved, The number of viable owvgasnisms prosent

in each wes couated by the technique of Miles and Miswza (1938),
Bach semplo wae then contrifuged and the cells discarded, The pH
of each superatent was messured, ond the activiby of cach assayed

o8 doseribed,

Pestine the effect of pil on the activity of the ensyme:

Live and heoat-lkilled cell suspensions wore prepayved in saline
ot o concenteration of 2 = 109 collg per wl. = Mo 5.0 wml. volumes
of each of these in wmatched tubes was added 4.5 wl. of isoioniec
phosphete buifer of different i, and 0.5 ml. of cnmyme diluted in

geline o contaln 8 wlts per wly  the effect of ensyme on turbidity

vas maasured as described.

Tenbing the elfoct of heat on the sotivity of the enzymes
Concentrated ongyme, containing 32 wniis per wl., was diluted

1 in 4 with baffered saline il Te5.  Hatched test tuhes were plsced

in a waterbathy $o0 each of these was added 0,95 ml. of diluted

supematants  Afbor heating for different inbervals st diffarent

vemperatures, palrs of bubes were removed sud the contents Sested

Tor sctivity agoinst live and heat-killed cell suspensions,

Ughestod diluied preparations served as sondrola,

Poating the effoct of tryosin on the sehvivity of the enmyne:
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Concentrated enzyme containing 32 unito por nl. wos diluted
1 in 4 in budiferod saline, pll T.5, with and withous 1 mg.
oryatalline pancreatic teypsin (Byritish Drug Houses, Litd.) per ml.
fhe mixbures were ncubated in o waterbath. A lunbevvals, 0.5 wml,
portions were removed and tasded for activity.  Phosphate bulfor

P 79, containing 1 mgm. txypsin per nle served as o conbrol,

Tenbing the effect of lwown chenicals on tho aotiviby of the ensynes:

The Tollowing subaptances were dissolved in saline o a
concentration of ¥/20  iodoacebtic scid; lodoacobtomides;
chlowvoacetonides suromia ("Antrypolh, Imperial Chamiéal Induatries),
oysteine hydroehlovide (Roche Produets, Lid., Felwyan Gonden Gity)
and Ze3edimsrcaptonropaol (British Andi-lovisite, "Bedabe™s DL Dight
& Coe, Colnbroolk).

Seriel doubling dilutions of cach solubion were vprepaved in
buffered saline, P T.2, agd 0.5 wls volumesn of eéach were added 4o
9,0 ml. volunese of either killed or live coll sumpenslon, After
mlxing, D5 wls volumes of concentrated euzmyme dllubted in saline to
contain & walte per wl. were addeds; the furbidity of the mixtures
was measured immedlately and at latervals during incubation ilu &
watorboth. Two gontrol proparations were wmados o fube conbaining
G0 mls 0f cell suspongion, 0.9 wle of buffered galine and 0.5 mi,
of engyme: and a tube containing 9.0 wl. of cell suspension and
1.0 ml. of bhuffered sallne. Huporimeonts were also carried out iwn

which 0.5 mle. volumes of ongyme and each dilution of enzywe
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inhibitor wero inoubated Lfor 30 wine bafore beiny sdded to the

cell sunpensiond,

Nothod of testine the effect of repeatedly ndding live collg of

gbrein Moreis to ensymes

An 18 hre shoke eultupre of shrvain Hoxris in nubrient broth
wan centrifuged, the celle washed thrice ond resuspended in two
portiong of uffered anline, pH TeH, te concentrations of 5 m 1010
agellys por mle and 0.5 m'?&g celln por ml. rospectively. The ccll
soncentrations wore measursd by opacity uesing Brown's tubene To
2e5 wle 0F the suspencion conbaining 0,% = 107 colls per ml. vas
added 0.% nl, of onsyme proparation containing B units per wls the
trbidlty of the mixbure was woessured immedlistely ond ab intervals
of 5 miln, during lnouvbadion in o waterbath,  Inoubadtion vas
coptinued wnbil for 10 mine no furthory fall in turbidity took plade.

T
0 eclls pey

At thie Bime 0.1 ml. of the suepension containing 5 = 10
wle wan added, the turbidlity messured and the nixbare re-incubnbod
unkily, agein, no Murther foll in Grhlidity teok vlaco during 10 win.
obpervation. Tfour further odditions of the dense cell susponnsion

were made in this wey, and theiv offepts messured in the nepholomebors

Hebhod of tasting the effect of increacing conventryobion of ensyme

on it reaction xabo with live cai] augpengionss

A live cell sguspension of atrain Moryis was propared in

buafforved ealine, pH 7.5, %o contsin 2 % 109 eolls por mls  Bight,




increasing, volumos of concentraied engyme containing from 10

. Ny 3 ”ro
vo 80 unilte of sohlvity and previously wiarmed to 37TC were placed
in separabe matched tubes, and enough wermed buffered soline,

PH 7.5, added o bring the volume in ecuch tube to % ml, To each

-

o

tube was added 5 mle, of live cell suspension also warmed to E?QC.
The turbidity of the wixbures wag mensured iwmmediately after

mEwing, and st intervals during incubation in z waterbath for 1 hr.

To determine if enzmwme lysis of live gelln is due 4o an asnbolysing

A suspension of live cells of stbheain Borrls in bufforsed

. )
Y colle ver nl. by opueiby was

galine, Pl T.H, containing 1 x 10
. : \ PN
divided iunto two portions. One of these was hewted ot 1007C fop

1 volume of 9.5 ml. of the unhented live oell suspension

5 i,

5,

vas placed dn one of three mobtehed tubes and the some volume of
the heat-killod suspensgion in the rvemaining tubes. To ench of the
thres tubes wag added 0.5 wl. of o concentrated ensyme preparvation
containing & voits per wl, The miztures wore incubsied in a
weberbath until, during a period of 10 wmin., no further fall in
turbididby took plece, Both {tubes containing heat-killed oelle
wore cantrifuged snd the cells washed thidice in buflfored saline,
PH 745, The cells in one tube were resumvonded in 9.9 ml. of
buffered saline at the same pH, and fo this wag added 0.5 ml, of
the enmyme preparetlion. The oells in the sesond Hube were
resuspended in the enzywe-lysed livo eoll preparation. The
mixbures were reinoubated for 30 min. and thoeir turbidity mensured

at iontervals of 5 wmin.
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A second experiment was carvied out Yo test the offect of
engyme~lysed live cells on the turbidity of heab-lilled cells
which had not Tirst beon oxposed do onsyme.  Suspensions of
Llve and heab-killed cells of straln Horrls were nrapared in
uffered galine 4o contain vosppotively 1 x 109 amd 1 x 1016
cells por ml. by opaoidty. Po a zample of 9.5 ml. of the live coll
guspension wes pdded 0.5 wl, of o concenbdrated enzyme prepasration
diluted o contain 08 woits per mly  dhe mixbure wasg inonbatoed
vntil, durdag a period of 10 miun,, no further fell in turbidity
took place. Wo the mizture was then added 1,0 wl. of the hoate
illed sugponsions The tube was incubated wnd $he turbidity
wesured ol intervala, A control tube containing 8,5 mi, of

buffered saline, 1 wl, of heat-killed suspension and 0.5 mle of

engyme wag similarly examined,

Hothod of fesbting the offect of increusing oxposurs to heab on

P

the suseepbibility of celis of strala Moyels to enmyme:

a)  the offeat on whole esllgs

Volumes of 10 mle of & washed live cell suspension of sbrain
torris in buffered saline, p Tab, conbaining 1 x 169 cells per mle
by opaoliity were placed in sberile pluspged best tubes and heated in
i ovaterhath ot 6030. At measuraed intervals tubes were removed and
cooled iu running tapwater. ‘The viability of the cells afier
heating was hegbed by transierring 0,5 ul. voluwen from cvch dube

A

to tubes of Hobertsonls meat wmediun and incubating the zresuliias
. ¥
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k }

cultnres for 1 week., The number of colony~forming weiits lu the
unhoatod suspension and in suspensions hooted for 3 and 9 mine

vos cobtimatod by the method of Miles ond Misea (1938).  The
suscepbibility to enmywe of the remaining cells wau tested by
adding to each tube 0.5 wl. of an enzyus preparation sonbaining

8 units por wl. and meoesuring the turbidity of the mixtursy duriag
ineubation for 8O min. Afber incubabion dwo sauples wove romoved
fron ench Subs, stained by Gran's mothod or with algrosin and

ropo-bangal ; and exemined mioroscopically.

b)Y  the affect on disrupbed collos

A 38 hee awdriont broth shake culture ol sirain Horeig,
volume 200 #le, was centrifugad, the cells washed thrice, and
rosuapended din sntine to a concentration off 4 = lﬁlﬁ colls por Ml
by owacity,. The suspension was divided into wo eoual pordionss
one of these was heatod ab 100% for 5 mine Both suspenaions
wore shaken for B min. with ghterlla Chonce Wo. 12 ballotini in a
Brauwn disinbegrator, cooled durling working with gasecous Gﬁga
Afver this tronbmeintt the preparations were conltrifuged for 5 min.
nt 2000 wpm to depoglt coarsa dobrds avd intact cellsy oxamination
of Gram-zioined smears of the superaatents at this stage rovealod
maoh Gram-negotive dabrin bud very few recognisable coccis The
digrupbed culls were woshed twlce and resuspended to the sems
volume in stoerile buffored saline, ol T.%  The unheataed
praperation was divided into wwo equal porlbiong; ous of lthese vos

o NN .
heated at 10070 for B min,
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Volumss of 9.5 wl. of each of the three disrupbed
prepurations were placed in matched tubes and Lo ench wos gdded
0.5 mle of a concentrated engyne nprepsration diluted fo contaln
8 units per ml,  The turbidity of fhe wizbures was measured
immediatoly and at intervals during incubation for 100 wmin, bhe
nephelomnetor being set to record 100 seale unite when neasuring
the turbidity of a contwrol tube containing 0.9 ml, of Hulfered
galine and 9.5 wl. of the disrupted coll preparation which had

boen hegted afber disrupbilon.

Temtiag the effect of sucrose on the turbidibty of sugpensions of

Live and heatl-killed cells of giraln Horelme

Ldve and hept-lilled sugpensions were prepared in buffewed
saline, pH 7.%, %o conbtain 1 x 1910 cells per ml. by opacity tueing
Brom's tubes. A solution of suerose, 100 per cend w/v, in
huffered saline, pH T«%H, was diluted stepwise with buflfored saline
b0 give o raagge of diluwtlons cowbaining from 10 4o 100 per centd
sucvoss w/v, Yo 9,0 nl. volumes of each molubion in makched tubes
viag sdded 1 ml, of elther the live or hest-killed suspension. The
contents wore mizmed, thelr Surbidity and pH measurved and compared
with the %urbidiﬁy'aﬁd i off the same number of cells in uifored
salino without sucrose before and efter incubation in & waterbath Tor
B2 min,

At the end of fthig time a loopiul of eanch mixture wos removed,

suepended in indis ink, and examined wicroscopically,.,  The mizturos
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wore then centrifuged et B000 rpm for 20 wine and the supernatanb
Pludd replaced by 10 wl. of bulfered saline, pl T.%.  After
rasuapanding tho eslle the bhurbidity of cach sugpension was

mansured agalvs

Tosting tho eifeah of Q.78 sugroze oa the turbidlty of different

goncentrebions of J&VG cells of nhrain Morzda:

Yashad live cells of gtraln Yorris from an 18 hr., shake
suldure in uabrient broth weve suspended in uflered saline, pll
N - . -

{455 B0 @ conventraetion of 1 x 1077 colle por ml. by opacity.

By dilwbion of this susponsion with buflfored saline snd a buifoved

golubion of sucrose (20 per conl w;va 0.7TH) suspensions wore

propared containing incresasing consentrations of colls within the
o € "3 .} - ) P y .

range @ 307 to L x 107 aslls per wl. Yhe nephelomoter was oed

W0 wacord 100 seale wiits vhon weasuring the sumponsion in bufPored

[
saline conbalning 1 x lO} pells per wl., and the furbidity of all

o

the suspensions negsured.

Pesting the offeat of enwyme on live colls of girein Horrig in

o bulfered hyperionie solubion of suerosnos

A sugpenglon of live cellg of strain Horrdis was propared in
T A : oy 0
witerad saline, pH Te5, %0 condain 1 x 1O welle por wle by
opaclby uslng Drown's tubes. Volumes of 1 ml, of this weve added
to 865 mle volumos of Waffered salino, pi 7.5, aad & 20 pew cent

w/v (0,7H) soludion of susrome in buffored saline at the same pH.
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After mixlng, 8 waits of ensyme in a volume of 0.5 mle. wore
added 4o oach bube, sad the turbidity of both mixtures measuvoed
at intervale during incubotion. Control dubes, in wvhich enmyme
wan replaced by either bulfered saling or bulfered sucrose

golution, were similarly exemined,
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P LAY By "
RESULITS
B et arind

Ghorecterg of staphylosoceus sbrain jis

Soionies of sbraln LY on auwbrient sgey afbtor 24 hys incubation
were L wmine in diameber, opague and gréy in coloure  Un hovse-~blood
agar colonies wowe surrounded by o distinet sone of complete
haeaolysise  In Broth the sirain produced gragular growdh with a
sroll surfece pellicle and a granvlar deposit which was cosily
rosuspended,

Do Granesbodned smears of hroth cultures the cells appeared ag

Grom-pogitive cocol, average dismeter 1 i, arranged in gmall slunps.

Physiolosioal asnd biochemical charachorss

Phe sireln was oabalosee-positives It ubilised glucose
snaevobicelly and forvented sucrosaey lacbose and wnltose bub nob
manmite.  Ib liguefled gelatine It grew well ou all nedin tosted,
in the tewperature raage X2 Go &ﬂaﬁg apowth wea wmost luxuriswt atb §7Qﬁa
4 grew well in human serum and on azer conteiniug 6 per cend w/v HuCl,

produced phoasphatase, asetoin, snd a finel Pl in glucose broth of 4.9,

Gopsulase nrodugtions

Sdradn LY clumped in the slide best for bound cosgmlege. Th did
not clob citreted hwwon plaswe in the Figk test for scluble cospulose,

However, concentrated suliure supsimeteonits ot o dilubion of 1 in 128
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forvmolised sheen colls were usad,
These resulitn show that strain LI produces 8, bub nok o op ¥

Baenolysin,
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Suneeptibility to bacterlophages

Strain I8 was nob susceptible to atandard sbaphylococonl typing

phages at oithar routine btest diiubtlon or 1000 vimes WD,

The effoct of streln LS on the growth of strain Morrds in wixed

culiures on solid madias

On oedeient agey plates beawing mixed oulfuresn afvﬁﬁrmin I ond
strain Horris, the growth of stvain Horris adjacent to colonics of
girein L9 wos inhibited and dissolubion of strain lorris colonies
vias oscaginnelly obasaeyved. On stobe~incculoted plates zones of
inhibition of the growbh of sirain Horris were visible round colonles
of stvain L5 altar 24 hye incubation. These eonsigbed of 4wo aveas:
an iver wing of complede inhlibition and heyond this a shavply
hevelled adge, If thoe plates were po~incubated for 2 her. or more
the gize of the iuner gone iuncreased, snd a halo of ossonod density
bocane obvious oudside 1b (Fisure IT.2)s  Coscel were nob woon in
guaors boken from the inner none.  Sneans teken from the bevelled
adge or the halo conbnined copsulated and non~capsulated concl.

The agent preoducing the gone of complete clearing did nob
reproduce the phepnowmenon when material from the zone was dramaferred
b0 a second lown plate of gbraln Moreis, nor was lysis reproduced by
tronsferring cells frow the peripheral hinlos

Yhen atrain Horris was sbresked ouh on o chloxoformebreated
plate ot right engles to the line of previous grouth of sbtrain LE,
thare was complote inhibition of it growdth at thoe site of previous
growth of stroin LS (Figure I1.3).
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FIGURE 11.2

Nutrient agar plate seeded with strain
Morris, stab-inoculated with strain LS

and incubated for 48 hours (x 1)



FIGURE I1.3

Nutrient agar plate inoculated with strain LS (between
the arrows) after incubation, removal of the growth,
exposure to chloroform, cross-streaking with strain
Morris, and further incubation. The growth of strain
Morris is inhibited at the site of the original growth

of strain LS. (x 1)



The offect of ensyme preparations on the svouwth of sirein Horris

on _golid mediag

Serial dilutions of enwzyme prepavations placed on platos
hoavily seoded with otrain Horeis produced visible gones of
inhibition of growth afber incubation for 18 hpn Conaentratod
onzyme preperetions conbaining 52 ualts per ml. osused ecomplotbe
inhibition, Serial doubling dilubion cauwsed a stopwise reduction
in fthe amount of inhibition until, at o concontration of 0.5 units
of empymg por mla, no offect wes vielble, Pacteriophago-iike
plagues were nod soen,

Theae rosulis ond thone noved in the vreceding paragraph
gonfizmed early jupresslons that the active substance produced by

gbroin LY iz o broterdooine.

The offect of strain LY on heat-liliod cells of strain Horwcig

o solid madias

Colonies of strain I8 growing on the surflace of nubtriont. ager
containing heat-killed cells of mtrain Morwds, o corcentroded
engsyme preparstions placed on the surface of the same modium,
clenvod the opacity duc 40 the heat-kkilled wells in the medium,
Bewicl dilution of engyme preparotions conped a stepwise reduction
n the mize of the cleorad oreass onnyne preparations containing

0.5 unite of onzyme pey wl, or less had no effaect,

The effect of enmyme on suspensions of cells of strein Mowrias

{'12)




ngyme preparations affected suspensions of both hoeat-killed

and live cells of etrain Hoveis, but in different ways.

a)

The offeet on heat-killed cellss

Bagyme preparotions added to susponsions of hest~killed cells
produced a rapld and lincax fall ion turbiﬁify for o chort bime
(1020 min.); thoveafier the rate of cleerence decreased
popidly and ceased abruptly at a Lingl turbidity of sbout TO
per cont of the piaxting level. Contlaued incuhmﬁion‘did not
produce any furthar sigolficent Tall. Resulds of a typilceal
experiment aze listed in Table IT.2 sud shown grephically in
Tieure Tladie

Biriking cppeavances were seen when the heatw-lilled suspensions
vore examined microaeopically afber btheir turbidity ceased to
fall: nmany Grome-pogitive coocl were presont but most or all of
the copasuler maborial survounding them had ddsappeaxed

(Mgure T1.5)¢ It will be soen that hoated cells exposed to
engyne stain more deeply ot the periphery than in the contre.
Ho oxperimontelly-based evidence to explain this con be
advaneod Dt 1t is belisved to follow modificetion of the aell

by the action of enzymo,

(73}




Table T1,2

The effect of enmymeo on the measurable twebidity of

suspenglons of live and hest-killed cells of strain Morris

Inoubation bime

(min)

Control

Live cells

Turbidiby

(Nophelometer scale units)

Live cells Hoat=-deilled

e i A

08
91
o
97
96
96
96
96
‘v

96

+GuZIMo colls + enuyme
92 104
86 9e
b2 85
12 78
61 76
vee ves
53, 76
16 79
L2 Th
Y beo
38 Th
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FIGURE IT.l

The effect of enzyme on the turbidity of suspensions

of live and heat=killed cells of gtrain Morris
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FIGURE I1.5

The effect of enzyme on the morphology of heat-killed
cells of strain Morris
(a) heat-killed cells in saline stained with

nigrosin and rose-bengal (x 1500)

(b) heat-killed cells exposed to enzyme and

stained with nigrosin and rose-bengal (x 1700)



b) the effeed on live collss

Bngyme proparations added to sugpenglons of live cells also

produced o apid eud lineay fall in turbidlty which did noi,

however, ooage after 10 to 20 wmin. but continued for 40 to 50

mine. The pate of clearance thereaifter greduslly dﬂalinéd

and €inally ceased when the Hurbidity had falien o 30 bo 35

poyr cont of itz original value., Results of o typical experiment

ave listed in Pable 17.2 and shown graphlceally in Pigure Il

Phe divergence of the burbidisy curve of 1ive colls frowm that

of heni~killod cells when both were exposed to onzyue wéa

roflocted in the microscopic apvesronces. Live ¢ell suspousions

gxanined after enmymae activibty had ceased oconteloed very few

rméngﬁimﬁéia coced, the specimens consisbing almost wholly of

ﬁrmmwn@éaﬁive debris. The few coccl whioh were provent were

Gram-poaitive, capsulated and viable, esuboulture of the depogit

vielding colonies with the morphology and charscters of strain

Hoxrisg. Tho eollda formi g theso were not resisbont %5 the achion

of engyme and probably reprogented that part of the bacterial

population which had nc% heen attacked.,

nzyee properebiong therefore produend diflerent effects when acting
on heal-killed and 1ivm‘0911 puspengionsg.,  Thoy acted on heal~lxilled
cells to memove all or most of the visible oapmulaﬁ naterial from thelir

surfaces and on live cells Lo lyse them,

The velabion between the culbure ace snd ensyme sctivity of shakoe

culturcn of sdrein Lifs
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In wotrient broth ghake cultures, volume 200 ml., achivity
was first dotectod 5 hv, aftor laocsulatliong 4t increased 40 o poak
hotbween 7 aud 8 hre and deolined thercafier to o sbeady lovel. The
ineresse in activity wes voughly parallel $o, although later in time
then, the exponential phuse of prowbh.  Peak eoblvity coincided
with the lowest pH meached by the cultures Flgure I1.6 shows the
avmber of ¢olony~foraing unite per nl. end the amount of ongyie

in walds per wle of the culturve at different times.

The effect of pil, heat, trypsin and chemlends on the sotivity of

The attivity of enpyme inorveased with increasing pH, reaching
& weximam at pH TeT.  Furthor increaso wvoduosd snzyme acbivity.
The rate of cleasrance of standard cell suspensions by a conshant
amount of enmyne ab different pH levels is shown in Figore TT1.T.

The activity of preparations coptaining 8 unilts of ongyne pow
mle wan abolished by heating 40 60% tov 3 hat not 2 wmine and wes
sbolished by incubebion with teypsin for %0 min

tnsyme acbivity wes inhibited by H/200 iodoacelamides 11/L00
to B/6500 "Suramin'y 1/8200 to H/6LOD cysieine hydrochloride, sud
/200 o H/85600 2-i-dimercapbopropenvl. These substances wove
eaually inhibitory whather added to the iest cell sumpensions before
the enzyme, or incubated with onmyme befowe belng addad to the tost
cells, and inhibited equally the aclion of enzyme on live and hoate

Tilled cells.
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FIGURE IT,6

The relation between culture age and enzyme activity

of shake culture supernatants of strain LS

10""
|
| Oy
C.f.U.per ml. : .
10!0_ ! )
Colony :
forming !
units | :
P ok 1 ! 116 :
Activity ' Activity
(units/ml) : (units/m0) :
108 : 18
|
] 1K)
107 A . I , |
o} 2 4 6 8 10 12 : 23 24

Time (hours)




FIGURE TII,7

The effect of pH on the rate of clearance of standard live
and heat~killed suspensions by enzyme at a concentration of

0.8 units per ml,

Rate
of Clearance
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| | l =
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The rate of clearance is the ratio fall in turbidity/time
during the first ten minutes of each experiment;

e.g. at pH 7.7 the rate of clearance of a standard live
c¢ell suspension is 1.76., This is equivalent to a fall
in turbidity of 17.6 nephelometer units during the first
ten minutes incubation and represents the destruction of
2 x 107 cells.




The effect of repeated eddition of live gells of strain Horpris

on the acbtivity of speyncs

The rate of clearance of live cell suspensions by ensyme al
o atarting conconbration of 0,8 unidls per wls was 1itdle affected
by the zepeated addition of frosh cells to the resehion mixbture
(Pigure 1T.8).  Afber 5 additions of fresh cells, il.e. after the
engyme had acbed on 25 x 1010 cells, aboud 5 times the suwber
prasent in bthe firas veaction miziure, the raio of clearence was
ablll about half that of tha first veactions These Pindlags
provide clear evidence bhat the begteriolytic maoberial did not woact
stoichometrically with susceptible cells, snd that it wes thorefore

I ONBYIS,

The effoct of engyme concentystion on the rate of clsarance of

Cebanderd cell suspensiongs

nereasing the concentoation of engyme lneressed the rode of
cleavance of standaprd live coll suspensionsn; the rate of clearanco
was directly proportional 4o the amount of ensyme vrosent within the
range 2 6o T wnlis per ml. (Pigure I1.9). Greater concenbwabions
of onsyme cleared the suspeapions oo papldly to pemmlt acourate
measurenent of the rate.

Inereosing concentrations of enmyme alwo inereased the rate bub

not the extiont of olearance of gbtendard heat-killed cell suspensions,

Tailure 4o produce lysis of heat-killed, engymem~troated washed cells

by exposure to ensmyme-lysed live collas
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FIGURE IT,8

The effect of the repeated addition of live cells of

gtrain Morris on the activity of a consgtant amount of

engyme
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(The increase in turbidity measured after each fresh
addition of cells represents the sum of their turbidity
and the residual turbidity of the reaction mixture at

the end of the previous run)




FIGURE IT,9

The effect of enzyme concentration on the rate of

clearance of live cell suspensions of strain Morris
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The furbidity of heat-killed cells which had been exposed %o
anzyme and washed did not altor when the cells wewe resuapended in
live ¢ells which had been lysed hy enmyme, or when they were
cuposed bo fresh ensyne in buffered saline (Migure 11,10)s The
turbldity of heob-killed cells which had not previouasly boen
exposed Lo engyne fell when thay were suspended in 2 prqparaﬁion
of live ceolls lyned by ensyme ot 8 concentration of 0.8 units per
mle  The f2l11 waz no greater, however, than the fall in turbidity
of conbrol cells oxposed to the same concentration of enzyme
(Mizure TL.31).

Thene rosulis demonstrate that the lysis of live cells is duc
b0 exogenoun acbtive mebterial produded by sivein LY and not te the
aogtion of an endogenous auntolysin present in live cells of sgirain
Worels, and that the resiztonce of heated cells fo lysis is not due
40 hent=inactivation of such an autolyain.

The effects on active culture supernatants off otrain I8 of pil,
heaty, teypaing known ongysme inhibitors, and the repesbed addition
ol pubgtrate in the form of live cells are discussod at the end of
thig exporinental seodion. They were considered to be compatible
with the osigtonce of a siugle enzyne; acting on heat-killed cells
to remove wmost or all of the vigible capsular matewial from the cell
surface, and on llve eells to lyae theme  Phree wvossible raessons
vere advanced to oxploin these different offects; these ave alao
digoussed ia detall at the end of this sections The wost likely
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FPIGURE II1,10

The effect of enzyme-lysed live cells, and of

fresh enzyme, on enzyme treated heat-killed

cells,
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FIGURE TI,11

The effect of enzyme~lysed live cells and

enzyme alone on heat=lkilled cells,
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cellg, destpoyed the integeity of the cell-wall so thal osmotic
mapture of the ¢ells took places Hewbting the cells, on the
other hand, wos believed bt denature the cell=wall or some
componont of 4t ln such & way thet enzyuice removal of {dhe capsule
vas s6ill nossible bul cemotic rupture of the sells v prevented.
14 was reasoned thab, i bthis postulade were corroot, 1t might
be possible to demonabyate throee phenomenss that the longer a live
sell suspension was heated, the more resisbant it would becons o
angymo-induced lysisg that i denatwration of the cell~wall produced
the reslstance wo engyme of whole heat-iillaed colls then hoated
disrupted colln would aleo be more rowigtont bto the sotion of ensymo
than simllar but wnbeoted prepavationsy and that, by veling
hypovtonlo atabllisora, e.g« suovose, the lysis of live eclle by
ensyme would be delayeds The Tollowing cuperiments ware therafore

garerdod oude

The effoct of incroaging cuvosuse 40 Moat on the susceptibility

¥

B2
£

cella of mirain Moeweds Lo enzymes

a) the effoch on whole selles
Uader the conditiong of dest suspensions of live cells wers
gterilised by hoabting for 21 bub not 18 min. ob 60°C. ‘The
effect of heating on the namber of colony-forming unite pew
mie. in suspensions hested for sharber perlods is shown below
in Table IT.3. Hoat of the cells were killed after 3 min,

&l GGOC.
(19)




Talbie IT.3
The effaect of heat on the viablo count of suswvonsions of
Live eolls
Suspension Golony-forming Supviving viable cefeus
hoghed fovs woits per mlt (percentage of uphosbed
suspension)s
: : 2 9 :
0 min. 0.87 = 10 100
. ) 3
5} M. 21&53 b4 10 0&001
9 min. 1.0 x 107 00005

The offect of heat on the ensymoe-susceptibility of whole colls

is shown in Pigure IT.12.  folls heated Tor 21 mine or more nt
6070 fesyon&ed to engyme in o menner oxsebly similaer to sbtandard
heat-killed suspounsions hested ot 100%¢ fon 5 ming  il.00. o8
already desaribed, their turbidity foll repldly mnd linecaxly ab
Pipsy but the foll ended sooner and at a hisgher lovel than the
Pall produced by ongyme aobing ow live unheated cells, With
inorensing exposure $0 heat the ducation and oxbont of she fall

in burbidity decreased and the number of cocoi soen on migroscopic

gxaminatlon incroasod.

b))  the affect of heat on disnupbed gellse
When exposed o engyme the furbidity of both hented and unhenbed
suspensions of disrupted gells decreased {(Migure IT.13)«  lHowavewr,
the disrupted preparations showed the sawe btype of responme to
onmyme oo the whole colls frowm which they were derived, the fall
in darbidity of the heated prevarations lesting for 5 shorter

time and ending at a higher lovel than the fall in turbidity of

(20)




FIGURE 11,12

The effect of increasing exposure to heat on the
susceptibility of whole cells of strain Morris to

enzyme,
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PIGURE II,13

The effect of heat on the susceptibility of disrupted

cells of strain Morris to enzyme.
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unhoated preparabions, The heated preparations were move
resinbant 4o ensyme whether the eells were heated defore or

afber disrupbion. '
- Ry

These findings, and those in the procoding poragraph, suppors
the postulate that the resisbance to enpyme of heated cells io dve 40O

heot dennturation or masking of engyme subairate in the coll~waell.

The offect of sucrose on tho turbidity of susponslons of live and

hopi~lcilleod eelle of sbrain Horrlss

Suspending live and heat-killed cells of strein lorzls in
hypewrdonic oucnrose solutions produced en unexpacted and wausual
decresse in thedr turbidity compared with dhat o the sawe nuuber of
cello suspended in buffered saline, (Maure IT.AL): .20 in o
gelution contalining 20 per cont pucross w/v (about 0.7 ¥ sucrose) the
measured turbidity of live cells was only 70 per cent of that of the
same pumber of cells susponded in buffered saline. Sucrose did not
nffact the pH of the susponding modium,

When the suspensgions of colls in sucevose wery coentrifuged and
the cell deposit resuspended in buffored snline, the cupectad
Hurbidity was not Dally restored. Figave TI.19 shows the difference
between the turbidity of a consbtont nunber of colls suspondad in
buffared sucrose solubtions, thelr turbidity vwhen resuspended in
uffared paline, and the turbidity in buffered saline of the ssowe
pumbor of cells which had not beon oxpozed 46 sucroze. The difference

inereased with increasing oconcentvetions of suerose above 20 per cont w/ve

(31)




FIGURE II,1lk

The effect of sucrose on the measurable turbidity of

a congtant number of live and heat-killed cells of

strain Morris suspended in buffer.
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FIGURE TI,15

The effect of sucrose on the turbidity of live cells
of strain Morris compared with the turbidity of the

same cells resuspended in buffered saline,
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The louss in burbidity was rveverslble with concentrations below
20 par cont w/v,

These rosulis suggest theb the loss of turbidity cavmed by
puerose ln the svepending buffer was duwe o destruction of cells,
possibly by elasmolysis, or 4o an alteretion of thoir optical
density, ponsibly by abstzaction of waber, or o both these oficeia,
Howaver, when suspensions of live cells in buffer containing
increaging concentrations of suerose wove exemined microscoplcally
ne percepiible differencs in copsular thicknessz or conatond

albterstion in cell dianctor wors aoon,

The effect of 0,7 W sucroge on the durbidity of different

concentrations of live colls of sbrain Morwius

Tableo TX.h shows the furbidity of different concentirabions of
live cells in bwuffoved saline, and the burbidity of the same muwhor
of cells suspended in o buffered solution of sueroso 20 por cont

Wi, 0.7 s

(82)




Table Tiah

The effect of 0.7 B sucrose on the turbidity of live cells

of steain Horris

Call soncentrabion Purbidity {nephelomober wnits).
8 ,
por mle {3 107) ing
Mfferad paline Buffevel suoroge

10 100 B

8 82 19
6 61, X
b &5 51
2 32 22

The effect of sucrose on the clearance of live eells of styain

Howrd o byyanﬁymea

The effoct of enmyme on live cellw of strain ¥Morwdis sueponied
in & buffered hypertonic (20 per cent w/v9 0,7 ) solubion of
sucrose is shown in Pigurse IX.106 and comparad with the effect of
engyrie on tho sawe osoncentration of cells suspended in buffowved
saline.  As expectedy whon the cells weve susponded in the tufferved
suprose solution their turbidity fell, in this exporiment to 66 por
sent of the expected level, When ensyme wog added %he burbidity of
both preparvations £l but the rates of clearance differed, that of
cells in uffered saline being 2.5 and of oslls in buffeved sucrose
08 = & threefold differvenco.

By interpolation Lrom the resulss showm in Table IT.e the slower

(83)




FIGURE II1,16

The effect of enzyme on live cells of strain Morris

in a buffered hypertonic (0.7 M) solution of sucrose,
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rete of olearancee of cells in suorose ig seen 4o be o brue
slowing of the pate of lysise Thus, alior 30 min. inoubation
the turbidity of cells exposed to engyme in huffered saline was
50 nephelometer unids, equivalent to a concentration of 2 x 1&8
eells per al. At the same time, bthe turbldity ol cells suspended
in suerose was 38 nephelomotor waits, sqnivalent to o concontration
of cells in guecrose of 5 t0 6 x EOS colls per nl,

The concenbration of sucrose usoed in this exveriment, 20 pex
sont wiv, 0.7 B, iz mufficiont to balance the kuowt ilotornel
osmotic prescure of staphylococei of about 20 atmospheres (¥itchell
and Hoyle, 1957)s Uhis experimend therefore supporis the postulate

that live collp ozposed to enmyne widorge osmotic lyais.
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DISCUSSTON
Po mybstentiote the working bypothesls on which thiz theasis
is basod, both the capsulated sirain Horeis and the orgeniscm
stealn LS deseribed in this secblon muet be strains of

Staphylosooeun anreus,:

The taxononice position of stwein MHorrie has alveady been

discusned. It is believed $hat strain I8 de slso o sbrain of

Staph. eureus, for the following veasons: It wiilised glugose
anagrobleally, produced phosphebase, grew in hunen soemm ond in
the presoase of 6 per gent Welly it elusmpoed in plaocma in the
Codnoga=-Uraves tost Tor hound coagulose, and aldhough 1% 4id nob
olot plasma in the conventionel Fish test Lov soluble congulsse,
concontyated culture supornatants olobtited both oitrated human
plasma with heprwin and a hopariniged mixtuve of bovine fibrinogen
and cosgulace activaton,

In two vespects only did strain LS not comply with the modal

form of Staph. auvens, It did not ferament maanitey +the

uwareliability of carbohydrate fermentatlon os o tozxonomic criterion
in this genus ie well known (soe page 47)e Tt was not Jysed by
shonderd stophylococcal typing 'phages, bul nelther ave a quarbtoer

of otherwise typleal steains of Staph. auvous (Parker, 1962).

Taxanonionlly, those differonces are not imporlant and become oven
loss 50 vhoen balanced pgolngt the Toct that thles sirain produced

bound and moluble coagulasg,

(85)




Ageepting that etraia L8 ds o strain of Staph. aureus, ils

-------

relavancs 4o the present work lies in its action on cells of the
aapsulated shrain.  Strain L5 was first noticed, and was siudied,
because 1% destroyed the growth of strain Morrism on a lawm plate.

(1% haw boen found (oo seotlon IV) that shaphylososel which do

this ave rare). Further study of this bacteriolytic effect haw
ghown that 1t wag not dus bo bacteriophages Lytia culture
aupernatante did aet produce discyete plaguesy +they acted on
heat-killed ¢ellsg they began to lyse live aells immediately without
any latent psriod, and during the lysiz of live cells the active
gubstance 3id not reproduce itseld,

1% followsd thot tho bacteriolytic material in culiure
supernatonts of sbtrain LS must be an engyme,  That it was indoed so
was shovn by the following factus  lydle aotivity depended on pH,
ond had o deffinite oplimum st pH T.7; 4t was sbolished by heoting
w0 60°¢ and by ineubation with treypsin (evidence that the active
material was & prodtein), and 1% was inhiblied by the kuown ongyme
inhibitors ~ ilodoscetamide, "Buramin', sud 2~F-dimervcapbopropanol.
(Surprisingly, 1% was also inhibited by eysteine hydrochlovide)s
lytic activity wae direcily related to the amount of cullbure
supemantant pregent, and adtlive supomotants Gid noh react
gtodchometrically with susceptible cells,

The enzyme alfocted suspensions of heab-killed and live cells
but in different wayse, In both 1% caugoed on immediote, rapid and

linesr fall o turbidity, bub after the firvst 10 to 20 wmimies of the
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reaobion the turbidity curves of the two preparations divergods

the turbidity of hested eolls siboppod folling whon it had reached
about 70 per centd of ite starbing level end fupther incubation

with or without adding fresh enpyue profuced no further ohonge.

The turbidity of live ¢ell oneponsions, on the othew hund, contlnned
to fall vapidly and 434 not sbop wabil the turbidity hod resched
about 30 por cent of iie sbartling level,

The differcnces recorded in the nephelometor were adoompanded
by stxllklag didleronces o the wmisroscople appoarcences of the
sugponsiong oxamined afbor engyme setivity had stopped, Hoade
ELlled cuspenslons contained meny cocel bul fow of them wero
cappulateds by controant, live ocll suspengions condained very smsll
aunbaps of viable and morphologicelly notmal capsulatod coccdi.

Theoe pvopuible rosgons wore advanced bo oxploin thic difforence
in offect. Thoy weros
1) thet acbive oulture supprnatants of strain L8 contein two
engywes, one of which decapoulates the cells while the othor lysos
thene

This oxploanntion vas consldered o hHo unlikely beopuse

hoth effeats of active culbure supernstants, i.c. on live

and heal-killed osllsy wors cqually affected Wy ol (the

opbimun for both actions was T.7)s by the sane onzyme

inhibitora at the seme concentrations, md wore

wimaltanecounly doestroyed by heats It i ebtill possible

that this cxplanetion is Yhe corrvect one, bubt if it la
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tha Ywo engymes show a siniler veoponse o oll, hood
and inhibliors.
2} that sobive culture superaebants of stroin L8 contoin a

single enmyme which docapsulatoes both live end mmw;’ezilaléa& aello
and that bagberiolysis of 1ivo cells 8 duey not o meterial
produced by otvaln LS, bat 40 the potion of an mm;)@;éxmm puiolyain
nragend in colls of siraln Horris. Hested colls do not lyse
bocauso thie antolysin has boen dogtroyed, The followivg repudis
sugpested that thio was not tho oovrent oxplenatlon:
&) 4ho vepoaded sddition of frech iive cells o o fiwed

st of ongyno causoed o gme:ém’i abapwine rodudblon

in the rato of clexwancey A7 mn outolyuin wore

vosponsible for bactowiolyais of live celln, the

gpeed of Iyeis should hove Ingreosoeds: in fact no

pecgh ineroase ves notod.

B} the turbidity of heot-killad celle oxponed to engynn

and then roouspepdod in on ongyne-lised propavation

of 1ive cells Q18 not alders I & heat-iobile

owiolyain wore vesponnible for lyeis thoe turbidity

of the hoat-killod colls should hove fallch wopidly

{o%s the aotion of pneumosomcsl ambolycin (Dubom, 1937 ).
%) 3% was Sinelly nostulated that netive supermndonts of givaln I8
sonvelin & singlo aapyme which decopsulabses Live cells and in o
doing destroye the intogeliy of the vells mo that thoy undorgo

osmptls muptures Heabellled oolls pve also devepsulatod but
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ommntic Fuplorve 1o proveated boosuso hpading densturos the oollmgall
O gone conpencnt of 4%

Thin posttdode ves oubnitted $o peoof by otbouphing o
demonstonds thrae phonomane ghich ohouid follow 49 1% o copgoshs

»
L

o) That dho lonzer Jive onlly wero hented Yhe move
resiotent thoy booomdy 4o enorao-nrodvoed dynic
oo foamd thad the regiotonces of live culis o
Ayais A dndesd fucroane vhon thoy waro hoatied for
inorousing pesdiodn {pago 80 e

B} thed 1P boatdng cevood dho vesiotance %o lyads of
vholo ¢elln, Morupded oslls shoudd aloo hoooms Bows

panlatond 0 the pobion of pagyine whon haabad,

Agedn 1% wan found thoet hondod diooupbed dolls wove

mono rosistand 10 enzyme aotion dhen wnheatod

propapshions (pago 80 Ju

ey Bhat i lyeds of Live colle wno due o ommobic raphuro

fodlowing the aot

ol

to doley Shis by the uto of comobic olobilisoss, Osile

Eny

ERGRONt,

Daffioulslon wore wot vhon adtompbing o fest thie lont
puppontblion boonnse susponelong of celis in Wlforsd masgone
solubliong wong found fo be lose burhid then the seme nwmber of collg
pagponded du hudfered poline, However, the zate of doeproiwe of
Live aollo by onsyne wen zeduced By addiog suordso do the sueopending

Weftar B0 & copcentradion oulficiont fo balanne the Imovn intomol

oonobic prosoune of oiephylosocels 4 i belioved tharvefore thad
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the diffevent offect of the ongyme produced by strain IS on live
end heal-killed cells of ghrain Morezis rveflsots o ﬂiffé&mﬂea in the
osmotic atubility of each coll bype afber they have boon acted upon
by ongyme, live cellg belng alfectoed to on oxbtont thet they undepge
osmoble lysise

The éxp@@imantal results deseribed and diccussed in this section
210 iﬂtargwe%ad'&é domonsbroting that o gingle onayme produced by
gbonin I8 acts on lig§ wells to dostvoy thedr osmotie intesrity and
on hoat-ltillod colls Lo romove moat or all of the capsular maborial
Toom ﬁh&ir“muff&amﬁ¢ :

TPy ag ig suggested, o oingle engyie is vesponsibdle for both
afffects then it differs in one im@ﬂmtaﬁ% reéymeﬁ Lrow other
copsule~doabrgying enzymes which havo been describedy Ids notion
on live cellps results in coll death,

Tha eonmymas dorived from ﬂ@prapﬁyﬁia beotoria whieh hydrolyse tho
gopanlar polysnecharide of pasvmococsd {(Dubos smd Avery, 1991} destroy
the capoulpr weberial without affecting the viabilibsy of the colls
or their ability asubsequontly to raufbrm_a@paulgp mobopial ¢
Similerly, hyaluxaniﬂ&aﬁ romoves the hysluronic acld capsule of
ghroptosoncl, and toypsin their "micvocapoular’ i1 matigons, without
killing tho celle ox desteoying thely ability o wesynthesiso the
polyners vhon the au@ymg;ia Tanoved (MQLeang 1941y Hordaon, 19413
Longofield, 1943). Tﬁa *pﬁ@gafinﬁuawa copsuley depolynorases
rolonsed by certnin onterobaoterin (Admms and Park, 19563  Subhorlend

nd Wilkinson, 196k, 196%) have @il Lo properticns although the
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underlying oell s necossary for the production of the engyme 44
o not attocked by it

The eopoule-destroying ongyme produced by sbrain LS diflfors
Prom bhese in that 4% kills 1ive cells. Thlle there it no direct
asxporinontally-baued prool of ite sile of sotion, the wmorphology of
hoat-killed cells exposed to 4t and the fapt that live cells
abtagked by 4% unéergc oprnodle rupbure sugeest that the ongymo
removes the cspsule by vomoving aleo surlace compononts of the cell
wally end not by dopolymerising the copgular waterdal or by
destroying the peint ot which the capoulay polymor 1o atiéachod 1o
the eoll=wills  This suggestion iz of course suscopiibdle to
expevinental proof by qualitabive and guanditative gbudion of the
aappular meterial of strain Monris zul the matarinl releasod frvom
heat-killod ¢ells by ongyne actlon,

The basteriolytio offect of the eonpyae almo deserves gommond,
Hany beoterlsa produce goluble baotoniolytle substances aebivg elther
upon themselwen, on obher abtraing of the seme specles, or on diptinetd
EENETN. %ﬁayﬁyla&yﬁiﬁgg‘yyaduaﬁd by and ecting wpen stuphylosodel,
have beon fwmquﬁnﬁly desoribed; some of thom Bave been reviewed hy
Tlok (1959).  They can be Zrouped into four dlstinet byposs

1) Stapbylocoscal “lysogymcsM,  Dhese, like lysosyme 1buolf,

(Mleming, 1922} ach wpon Migroocoesus lysodoilckicus (Stashylosoocus

aforamentons), snd on hepb-liiled or dispupbed, but nob live, cellw of

-y

Shaph, auvons (Richwond, 19493 Lominskl, Moveison and Smith, 1953

Kaghiba, Nosu, Tansks, Nozu and Amano, 39593 Jay, 1966),
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?)  Staphylacoscal auwtolysing released by antolysing coagulasge=

positive ptaphylocooel. These act glgo on W, lysodeiltions and

on heat-killed staphylococel, o on stephylococel sbressed by
oxposure do ultraviolet Light or scetone (Welsch, 1949, 19503
Welmoh and Salmon, 1949, 19603 Ralston, Decr, Licbevmon wnd
Kruoger, 19955 HRalston, Lieherman, Baer and Krouger, 1957),
although like lysogzyme bthey do not abbtack live sbaphylocosci.
%) “irolyesin®, a stephylolytic easyme relessed by Yphago-
infegtod coccil,  This abiocks live staphylocosed 1 'phage i
piresent bub alone sots only wpon heat-killed staphylococed
{Halaton ot alas 1995, 1957).

L) Mysoshophin®, sn enzyme produted by o copgulane-nogubive
girain of stophylococeus (Schindler and Schuberdt, 1964). Unlike
the obthey three types of staphylolysin Mlysomtaphin! lyses live
staphylococel nore verdily thon hoabt-lilied,

The staphylolytic onsyme produced by stirain L8 most closely
rogenbles Ylysostophin'y Both nelt more rendily and complotely upon
live than on hoat-killed atmphylococci snd have sinmilar pi ophime (T:5),
bl they differ in that strain LB ig copgulasaowponitive aad atyein
KeGull T whiloh producos "iysostaphin is coumulase-negative. Tho effoch
off Mysustophin” upon cupsulated staphylococcl is nob as yoiu koown.

Phe eloim that "lysostaphin® is o eingle ecnzyme has vecently been
challanged by Browder, Zygmink, Youns avd Tevormina (1965).  ‘They
ghowed that preparaticns of "lysostaphin’ contained two enuymes: &

peptidase which lysed live staphylocooci and released Nebterminal
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glyeine and alanine from cell-walleg of Blaph. surougs aud a

hoxoseminidece, dovold of lydle aotivity, which aated upon the
plucosaninyl-muiranic acid linkaepe in staphylococeal coll-walls,
in this differing fron lysoszyme and welated enzywes which cleave
the altemate bond lo the sarbohydrade. backbone (Saltoa and
Ghuyseny 1960),  Browdor and his collesmues considered that lysin
of live stephylocoecl was due t0o the action of the vopbidase on the
povbide orosg-linkegos which provide much of tho cell=well »igldity.
These findings and the similaritios bobwusen “iysostaphin® and
The engyme produced by estrein LY have dome bearing on the
demonstradion thot live eolls of straln Morris exposed to the
latter vndorgzo onomotic rupture. As has boon noted, ablompis to
aenonsbrate that staphyloiytic culbures of stwain LS contain two
ongymes hove 0 far beon unouceessful. In the light of the Ffindings
of Brovudor end hig colleaguey further atteupis will hove to be mode
to dotermine 1f the difforont offeets of atrain LS on live and heabe
killed colls ave indecd, as ig suggested hore, due bo the offect of
heot on tho sumeepbiblillity of the cells to o single ensyme end not
4o the existence of two cnsymes with similar physicaol characters budb

disbinat modes ol achion.
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A siyalin of Staphylococous oureous is desoribed, T4

produnes o nonwprriloulate seluble gtophylolysia which has many
of the characters of an onzymo.

The ensyms achs on heat-killed cells of strain Morsic to
remove nogt 0 2il of their visible capsulay material, and on
live cells to lyze theil

An explavation for these diffarent effocts it advancod and
the veletion of the enmyma o other capmule-Gestroying onsymes end

other edaphylolysing in discuoded.
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SECWION TTX
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BATERIALG. AND Hmmiong
Qugonisngs

Bleven strvalusg of etaphylococel ware taken af raundon Crown ghrains
sent to the Phage Typing Labowvabtory, Weastern Inflemany, OGlasgow,
Retrospective investigation showed that they wcnwe from B diffevond
hosplials, 11 diffevent patients, and at lenst 8 different ¢linical
sondliiong. ALl were coagulagse~pogiitive wihen bested by the wmethoed
of Fisk (1940) and Cedness-Graves ol al. {1943). A1l producod
rhosphatase aad {Oﬁﬂbiﬁwdﬂgwxﬂ?MQmﬁﬁﬂ mandte, and wove able o grow
in huean serum and in the presonce of 6 per cont w/viﬁaﬂig Rone vas

capsulated when exonined in smesrs stainod with nigrosin and pouge
bengal, or by the dhy indis ink method of Bubd, Bonynze and Joyee
{1936), or 1a thin india ink suspensions after stalning with rosae
bengal,  The oliniecal sourco amﬁtﬂyh@gpwmvus of ench gbeaia in ghown
in Table TIT.4., Staphylocoosus giraia 7 (the non-gepsulated varient

of sirain Horeia, pozge 43) ond etrain L8 (page 53) ware aleo veod.

Hothoed of producine agtisezun to the coprule-sbriovping aozymes

Enggme preparatlons contalniog 32 wnlts of aebivity per wl, wore

(9%)




olutepeasinddated by dho wmathod of Fromm {1953) .
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Ton days labter tho vebbits were bled from the merglnal ear veln, and
1L days ofter the firvst injectlon of onpyme were agoein lojooted
intrenusenlerly with 10 wmle of aluseprocipitotod ongynee  Twonbye
goven doys afber the fivat injection the vebbity were bled agwein
and the newtd dey wocedved o dhixd injection of ongymes Ten fo 14
dags aftor thig injeotion the wobbite were bled agedn. Borum was
separeted ond heated ob 56“0 for 30 min. on the ngme day that the
blood somples were withdrawn. ‘The sevs wero stoved ob @@&p

Some wabbiin reeoived a fourth injection of alum-pirecipitaied
enyme altor & lepse of threoe months, This wes followed 10 do 1k

doye later by removel of blood samples.

Auvsey of sexa for eonsynewpoubralisine scbividys

Seriel doubling d4ilutions of cach seram were prepeved in 0.% ml.
volumops of sberile saline, To cach wos added 8§ wnilts of engyme in
o volumo of 0.,% mle 'The mixbtures wore incubabed in o waberbath for
L hey 0.9 unl, volutes of oneh mizmbure were trsasforved to madched
tubes and bested for onsymo sobivibty sgeinst volumes of 9.5 mls of
gphondard 1ive and hoet-rillod susponsions of cella of sirain Morpio.
Control dubos condaining 1 ml., of saline or 1 uwls of ensyme slone
wore aluo oxpminad.  The ond-point of eoch %e@ﬁ was congidored to he
he highost dilutlon of sorum causing comploto Imbibition of ensyme

eebivity durles 30 win. inoubation with the dost susponsion,

Hewveeliootion of snblwesauyme sorwm with ongymos
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Serum inhibiting the cspaule-gtripping enmyme to a titre of 1
in 32 was diluted 1 in L with gbtorile sallne. o l ml; volumag
was edded 8 units of enzyme in a volume of 0.2% ml. ox Q;Eﬁ ml} of
sterile salinm; fhe mixbures weve lneubated for L hwr, (Mo
vigible pregipliate wes Tormed)., fhe mixiures were bhen tesbed
for engyme activity by incubation for 30 mine. with staonderd
suspensions of 1ive colls of stroin Moywie (see pame %6, Hootlon IT),
and Loy theoiw ability to neutrelise caponle-gtripping ongyne as

deseribed abovo,

Absorpbion of antigerss

An 18 by, sutrient broth shako culfure of the absovbing sbrain
was centrdfuged, the cells wasbod thrice and rosuppended in galino at
& concentration of L ﬁ 1&10 cells par mle by opoolty. Volumes of
5 mle of this suspousion wore centrifuged at 17,000 rom for 5 ming
and the supernebant Tluld reploced by auti~snzyme serum dilubed with
storile soline. In most oxporiments the serum was diluted 1 in 2 and
in aome 1 in 4. The ceils vere resugponded snd the mimiures incubated
for 1 Wre in o waberbathe Thoy weve centrifuged snd Tiltewed shrough
storile mewbrane filters ("Oxoid", Omo Lbd., London),

Before ond afteoy absorption the sers weve fewted For thelr sbillity
$o sggiutinete the sheorbing steain by wizing on a alide dwo loopluls
of diluted soram and two loopfuls of the suspension used for absorphion.

The alldes wors rocked aob yoom temperabure for 5 mine and ozamined with
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the nolod aye for agplutination.  Sowa which apglutinated the best

straln afbor absorpblon were re-abaorbads

Domematrating the offect In culbure of ensyme-neubralisine sepum

on non-cepeuleted Straing of Stavhylosooous aurouns

Y
e TR TSR SRS BT AR T

Engyme-noudreliasing sozum from rabbite lomunised with sluvo-
ped copsule~steipping ongsyne was diluted 1 v 3 with cqual
volumes of shterile lsotonle phosphate buffoer, pH T2, avd sderilo

+
'

nabrient beoths  Cells from an overnisht mubtriont hroth osuliure of
the tond girain w-a:ffé waudhed and guspoended in brodh to o concontration
of 1 % E.t”}? colls por wly Volumos of 1 mls of this suspension were
added 0 1 mle volumes of antlsexu-buifer-broth mizture and ho
culiuren ioovbated in i waterbathe Al peasuved indervals during
incubadion, which wes continued for 24 hre o loopfunl of the culbures
was romoved nnd exomined microscopically altor stelning with eithpy
nigrozin and zososbongal or by the diy india ink wethod of Bubd,
Bonymnse and Joyoo (193%6). (Dotalls of theso sioining mothoda ave

ziven in tho Appendix). Iu some grperimonts ouliurves weve

examined in this way, and in thin wob india ink suspensions, afteor

[

ontriiagation

Gontrol culiures in which anti-onpyme seium was veplaved by
sogam Teom unimmunised rsbbitae, by aubriont broth, by anti-ensyno
sevun absorbed with tho best ebrain, by anblesnsyns serum dilubed
Teom 1 dn Lo ko 1 dn 6, or by andi-enmyme sorum neuirallsed hy

provious incubatlon with engywme, wore also oxamined.
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Tn sdniler oxperiments in which stroin D, the non-capoulated
vorient of atrein Morvis, was cultured ih anti-ongyme sepun a
further control was set up in wvhich anti-oaszyne sorum vas replaced
Wy o spoeific agelubtinabing sorum prepared in rabbits (seo Section T,
paga 36).

Bgperimsnis were alvo carrled oud with heat=killed culls of
gtrain D ag follows:

e eolls from an overpight nutuient broth shake oculiuro wore
vmﬂm&?rﬁnmmmmainsammamm}mw%ﬁa%lmfﬁ.fmrﬁmhh The

gelly vere resuspended in broth do give a seriesy of suspensions

. . i 10
conbaining between 1 x 107 and 1 x‘lul

socel por mle by opaclty.
Volumes of 0.l ml. of osch suspension wers added to 1 ml, samnlon
of either ensymo-ncuitrelising sorum diluted 1 dn 3 with broth and
phoaphate bulfery pH 7.0, or o specific sgglutinating serum dilubed
1 in 4 with equal wmlu@e@ of broth and buffor, ‘Phe mixdures were
incubataed in & weberbath and exemined as describod sgbove. Conlrol
suapensions conteining broth or sevum Lrom unimuunisod rabbits
instend of anbi-engyme getumy, or specific agplubtinating sewm, wore

ginileely examinod,

The effeot of ropoated woshing on the cepsules fovmed by stephylococel

1,

gaeoun in enmyio-noutralising andloenuns

Qulinrees of the btest wiraing were preporold in andiseruum=bnf{orm
broth wixbures as descpdbeds  Afior incubsbion for 2 to 4 hr. smoanrs

of the culiure were made, gtained with nigrosin and wose-bengal, and
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the oulture wogshed in sderile distilled watbter. Afdor vesusponding
in broth, smenrs werve mode and shtainsd. Washing was ropeabed fouw
times, the celle being examinod microscopleally in sieined smonrs

aftor eoch waghing.

Demonstrating the effect of sbtrain IS ensyme on sbaphylocooel grown

in engyme-inhibiting sorume

Cultures of the fept girains were prepered in anbloerum-bHulffoprs
broth mintures as dssorlibedg after incubation for 2 to bk he. the
ovlbures were contrifuged and the cellg resuspended in 025 ml. of
broth diluted 1 in 2 with phosphate buffoer, pH 7.5 The susponsions
were heated at 100°C in a waterbath for 2 miney cooled in running
topwater, & loopful smoaved on a slide and slainced with nigrosin and
roseebengals The culdure was wmixed with on equal volume of enmyne
dilubed with buffer, pll 7.5, o contaln 4 unils per ml.  The wizbures
wore incubated in a waberbath, and at wmossureld intervals samples
exumined microscoplceally after staining with nigrosin and roso-hongal.

As deseribed laber, colle of strain I and of other congulapew
positive atraing of staphylococceld cultuved in matiserun to the
capsule-~ghripping enzyme developed stimctures morphelogically
resembling cepsules.  Hxperimonds were made with fluorvescein-lobelled
anti-rabbit globuling end by apare-gel diffusion to detemmine if these
guruchures were antigenlcally simller to the copsular mabterial

produced by sbtrain Hovrls,
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Pluorescent sntibody studies:

Propuration of ¢hlicken anti-rabbll globuling

Rabbit gowma globulin vias procipiteted Trom senwm with
o0 poer cond w/v ammuonive sulvhase, vedigsolved in seline pnd
dialyeed ngeinet selines, The solution was injected iniva—-
venously into chickens on cach of three successive days, cach
dose containing 20 mgm, of probein, Thrae further coursos
of injections were given B, L and & wonthe after the firsb.
Af%er oneh course the chickens were bled, the sorvm separated
and examined for antibody o rabbid gawma slobulin by aﬁm? ol
diffugion ageingt the solution used for injecbion. ‘$aruﬁ
vithdrawn after the final course of injeaﬁioﬁs'was conjugated
with fluonescaeinwisothioayanate by the m@%h@d of Chadwicle and
Tothergill (1962),
Poabe

Colls of the ftost strain were sultured la andlserum o tho
onpsule-ghripoing enzyme dilubed in bulfered broth, as deseribod,
Guring incubation samples from each culiure weve examined |
nieroscopically afbor stadning with nigrosin and roso~bongal.
Whon capsules wore secn 0 bo presewnt round the cocel in the
mlsurs (uguﬁlly afhor 2 40 4 hr, incubabion) the culfures woro
contrifuged and theo cells smeared on #lides. fThe smears were
alloved Go duy ab poom ltemperaturve, were Lixed by hesting briefly,

and washed For 10 wine by vocking ot room tempevature in o Coplin

3,

Jar containing 0.1 I phosphate bufder, v T.2, The slides were

A
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placed In o moist chambor snd the swmears sxposed 4o
fluorescein~labelled antierabbly globulin or 4o antiserum
o gbrain Morrds prepored and absorbed with the test stroin as
deagribed in Becbtlon I, page 36,  Altor %) min. the slides
wore waghad again. The stears exposed 4o Tluorescein-labolled
anbi-rabbit globulin were wounted in bWuffer and exomined withoud
fursher treatmont, The remalnler wore exposed for 30 mine H0
fluoyescoin-lobelled anti-prabbilt glotnlin, washod and mounted in
bufFfer for exeninatlion,

Jontral cultures of the test strain in broth; in serunm from
unlmmnised rabbliis, and suspenslons of heat-killed cells of the

. , 10
st atrain at s concentration of 1 x
host atralin ab oncentrat of 1 x 10

cells por wml. in

gatiserun o the capsule=gtripping enwmymo, wore sinmilarly breated,
The preperations werce oxomined with an oll imwmowsion lens

using a Wild M20 microscope fitted with a high~pressure wmercutye

vepour lamp, ond incowporeting UGL and GGL3 oxciter and barrier

Pilbors.

Gel-diffugion giudiess

Praparation of sapsular metorisl from strein Hovriss

An overnight sutelent broth culture of pirvain Horris, volume

G0 mle was centrifuged, the cells washed thiice in saline and

71

resvaponded in 50 wl. of E/ié HO0Ls  ©he musponsion wag heated
st 56 C for 30 min. and the cells &0&@?@& by centzifugation.

The supernatant was brought o pH T.2 with 28 NaOl, dinlyeed fov
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K3 v, ngpinet distilled wabor end precipibated with 3 volumer
of radietillod othanol without ndded clectrolytes The faint
preoipidate which appeavsd was disgarded afbor centrifuging.
The oupematont was tvoated with golld sodium acetpie untdil

a hwoavy flocoulont precipiiate appesreds; this was romoved

by centrifugrbion, washed thrice in acetons and dyicd over
Fgﬁﬁs Before use the capounlar m@%a&i&l wan redisgolved in

spline ab o concentration of 200 ugms per ml. w/v,

Prepuration of capsular meterinl from the deut atraings

Tomd streing were cultuped for 3 hrs in 1 wl, anounts of
anbiserun 0 the capsule-stiripping enmyme diluted 1 dn 3 with
huffepred broth as doscribed. The cultures were cendrifuged,
the cells resuspended dn bHulfersd anline, pl 7.9, hested for
A min. in o woberbath at 100°¢ ond aocnled in running tapuator.
To sach suspension was added 0,85 mls of enzymo diluted with
Wifer, ol T.5, 0 contain L wnlite por wl. The nixbures wore
inoubgtod for 1 hr., gonteifuged, aud ‘the supernatent Lluid
heated ol 60% in a webserbath 0 dentbtroy ensyme sotivity.

Gontyrol sultures of the test shrain in broth end in sorunm
Trom wnimminised rabbity wore similarly trosted.

Wells 8 mme in dizmeter wore out in platen sontaining
1.5 per cent w/v agor dissolved in saline conbadning 1 in
16,000 "Thiomswsal®s  The supermastent fluids from culiures of

the btest shrains in anii-enzymo serum bofore and sfler treabhent
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with ensyme were placed in the wells and allowed to dAiffuue
agolnet antiserum b0 strain Hoeris zhsorbed with the best
abrain. Az a control, a preporation of Morrls oapsular
mpberial dissolved In seline to & concenbration of 200 pg.
por wh., (w/v) wos. included in each tenb, The plates were
incubatod for 18 he, then sealed sad stored ol ggﬂq Yhey

worg oxamined dally for 3 weeks before beiny discardod.
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UESULTS

Houtralisation of capsule~gbrivoine esasyme by rabbit ceras
] . 2y ST

Sora from rabblte injected with alum-precipitaited capsulem
stripping enzyme tenbraliced the action of enzyme on both live
and heat-killed cells, i.0. after incubstion with serum the oazyme
did not decapsulate live or heat=lkilled cells and did not lyse Live
aells,  The dmminised rabbits differad in the apecd and axtony of
their antibody response: in goneral thelr seras did not neytrnlise
onzyno undor the conditions of tomt until each had roceived three
injeotions of enzyme (oquivalent to o total dose of 4O units or
15 ml. of the wost active culture superotonts of etrain LY.

The onzyme-nouniralising bitves of the seva fyowm thres rebbitg

belora, during and after inmuieation sre shown in Table ITI.2.

Pable II1.2

The engyme-noutrelicine sebivity of scra from rabbits
iajoctad with alum-precipitated cay@uiewwﬁwi@ping

angyae
Rabbit nunbors Heutraliolne titro of sorums
‘ Humbey of injoctiongs
Hong L 2 2 b
209 Lifn Lfp Lyfz 1/16  1/32
221 L1/ Li/s /2 /16 1/ze
e K1y/e Life Lafe 1/8 1/16
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Mhese titres represent considerable soutralising potential.
Thug, under the conditions of test 0.5 wl. of the final serum
from pabblt number 202, when diluted 1 in 32, neuitralised § units
of engymos 1 ml, of the same serum was thug eble to neutiralise

512 wnita, the amount present in 32 mls of tho wost sobive

miporaatants of gabrain IS,

L]

x

The formation of capsules by consulase-positive shaphylocovel

aulturod in antlsorum 4o the copsule-sivipning engymas

As  Copsule formation by é#xain n (the derived nonw~capsulated
ariant of atraln Morrig):

After 30 to 60 min, incudbation in anﬁisarumdbuffer~brnth‘
miztures small uwastalned blebs were visiblae owtside but in
contact with individual cocei. Small uwastained arens were also
pregent in the centre of columps of socel,

Afber 60 to 90 mine incuhotion smears of the cultures
contained many cocel oubside of which wore ungbained somilunoy
arenn, Tormed epparently by coalescence or enlarvgement of the
vagtalned DLlebs geen in younger cultures, In smcars nade {rom
2 hre culburesn amy of the eocod or sluwps of coccel were onclosed
by distinet and often wide unstained zonee morphologically
reseubling capsules. Thoese surroundaed single coccl, pains and
clumps although not always completelys many of the smones showed

indentatilons, often level with and on the some axis ag the common
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collennll betwoon two cocel (Migure II1,1).

After % hr, incubation the number of coccel in the oultures
had increased considerablys Wesyly all the colls or oell clumps
were surrounded by wide capsulesy tho outer edgen of wmost of
these were irvvemilar and breaks in them wore atill to be seen
(Pioare TIT.2).

Dupdng incubation for tho wnext 1% hr. the auwber of c¢apoulated
cocel aud the glze of Individunl capsules desrensed ps the total
nunber of nonwgapsulated cosei incrossed,

Capoules were also ceon in smoars of the ocultures stuined by
the mathed of Bubt, Donynge and Joyeo (1938) (Figure IIT.h).

The appearshce of cepeulated cosel correleied directly with
the pvesonce in the culiures of serum able o noutrelise the
cppanle=gtripping engynes  Oapsules waye not seen in the
following prepavationss

ae  (ultures conteining serum from wmimmnised »abblts
(PMiguros TIT.3 and IIT,5)3

be  Culfures from which ongyme-neuwtralising serum ves
omitteds

Ge  Culiures conbeining anti~enzyme sorum which had boen
nentralised by proevious lncubstion with onzymos

do  Culiturves containing engymo-noutralising sorum ot a
non=neutralising dilution,; cege 1 in Ghs

¢s  Suepengions of heab-killad dells of strain D incubabed

in onpyme-neutralising sorum}
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FIGURES I11.1-3

Capsule formation by strain D (the noncapsulated variant of
strain Morris) cultured in antiserum to the capsule-stripping
enzyme

6 »"
I11.1 111.2
after 2 hr. incubation after 5 hr. incubation
(nigrosin and rose-bengal, (nigrosin and rose-bengal,
X 1500) X 1500)
111.3

Control culture after 4 hr. incubation
in serum from an unimmunised rabbit
(nigrosin and rose-bengal, x I500)



FIGURE I11.4

Capsule formation by strain D cultured for 3 hr. in
antiserum to the capsule-stripping enzyme and stained
by the method of Butt, Bonynge and Joyce (1936)*

(x 1500)

FIGURE III.5

Cells of strain D cultured for 3 hr. in serum from a
non-immunised rabbit and stained by the method of
Butt, Bonynge and Joyce (1936)*

(x 1500)



£, Suspensions of live or hoat-killed cells of sbraln D

ingubated in o speelfic agelutinativng serum,.

Those vesulis show that the development of cmpaules by gbtrain
D i a specific vesponse of live cells fo the preseonce of engymos
goutrolising serun.

Surprisingly, capsules wewe not seen when the sang oultures
wore cxamined wiewougcoplcally suspended in wet indis ink films.
However, mony of the cells wore cnmashed dn cluwps of wngtained
mabexdal, usually irregular in outline, and most of the romeinder
were surrounded by e noprow olear sone, distinctly but not
measurably wider thon the diffeaction halo normally seon aboud all
callg in such suspensions,

The speed with which copsules appopryedy the size vo which they
develaopod, and the speed with which -’alg%r disappeared from cultures
were not affecoted by Tirst absorbing %hg engymnae-nouteal Lniong sorum
vith cells of gbroin D bul worve modified cither by lowering the
concenteation of enzyme-noutrelising serunm present in the culbures,
or by ingreasing the nuwdber of cells added to each ouliure at the
boglaning of incubsitlon. Tor ingimncs, using serun with an ensyme-
nevtralioing titre of 1 in 16, copsules appesred al the same time,
developed o the same dogree msud persisted for the same time whether
the seruam wes proaent in tho ovlture diluvbed 1 in 2, L dn 4 o 1 in 8,
Whon the serum was diluted 1 in 16 or 1 in 32, fewer cells doveloped
sepsules, the cepsules Yool longer o opponr, wore smaller when fully

doveloped, and diseppesred nove rapidly when duncubation was
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continued, Copsulated cocod wore not seen in culituvres contelning
serun diludbed 1 dn &L, Simllerly, in cultures contelning cngymem
neutralising serum diluted L in 3 hut dnoculobed with 1 l(im
couwl per mi. op rore (l.0. one fhousend Gimes more then tho
maber usuelly erlezr}),», aw cocced hovame capsulatod, the copeuleg

were smallor; took longer to appear end disoppesrved wors repidly

foom bho cultures,

Bs  Copsule forvmation by otrain Lis

A with otrein Dy capanles appeared aboud celly of strain LS
when cultured in spiisemun 0 the Yoapoule-stripping” onsyme.
Cortain diifferences were nobiced; howevors
1, Blobs of unstoined metorial were slover 0 appéan 2t the

porlphory of the Gells ond in goneral wore not vielble wnbil

incubation had been continued for 90 mine, not altor 30 to

60 wine o8 with shrain De
2o The ppood with which capmules developod thoreultor snd thelr

mamimm $hickaegs did not differ from atrain D bud the

gapsulon were less yoguler in outliney 1like the capsulom
about oells of strein D they showed indentations along the
aels of commoen cellewnlls,

3o The fovmaltion of copsules wag occomponied by the agaresotion
of the cells into large clumps contedning £ 20 o 30 or
powe coccly onclosed in o common capoule, Pigure ITT.6,

Although cell olumps eppesyad in cultures of strain D in

(110)




FIGURES III.6 and 7.

Capsule formation by coagulase-positive staphylococci

cultured in antiserum to the capsule-stripping enzyme

O
0

I11.6 Strain LS, after 4 hr. incubation
(nigrosin and rose-bengal, x Ig0O0)

I11.7 Strain 0957, after 3 hr. incubation

(nigrosin and rose-bengal, x I500)



brotheondioerun mixtures sad in euliures of strain 19 in
broth, thoy Aid not resch this sizes Nelther the olumping
of agolls of stealn L8, now the sppearsice of capsulen veg
affertod by ohuoebing the aundiserum with homologous cells
before culturgs.

L  The most eirdking difference wen in the longth of time fop
vhich capsulos persisted in the two oulturess  Afber 18 hre
ineubatlon mony cells of gpirain D were ¢6ill capsulated, By
contrast,; ouldures of strain L8 aftor 12 hes contained fow
szpeulatod cells and the capoules which remsined wore emally
mpsutated cella vore not seen in suliures of sireain I

jnecubosed for 18 hpe or Longon,

Go  The formation of capoules Wy other anasulasceposliive airaing

of ztophyloconod,

Like otrain D and ebradn 18, congmlasesposiitive mﬁ&@h;&@aomi
from huwmon infectlong devaloped onpsules whon oultuved in sudlsorum
w0 tho copoule~gtripping ongyme. fhe appoarancos of ono strain,
09%7, ave shows in Miure TIVTe o S

When dnoculo of the samo sise were oultured in the mome volume
of o single ongyme-noutralising servum diluted with buffored brodh
Pive verieblos were nobed in iho regponse of the strolnes either
capsules A1d not develop at all dvelog 24 hve inoubation, or in the
page of thome obraivs wvhich did dovelop enparlos, thore vere

difforences in the epeed with which onpoules firet appeorads the

piso o vhieh ﬁhéy dovolopeds the numbexr of colly in cach culture

(121)




ikl

becoming capsulated, and the leagih of time Loy which cepsules
pergioted on conbinned Iacubation.

the reemponse b0 enzyre-neuvtralising serum ol 11 coagulases
vositive sbraing Trom human lulectiong was cowspared by gerading
the degres of capsulation of cech af woasured intervels during

inoubatlon, as followss

« s appeavances he gome ag thoge in contrel culiures in

o

bufferod broth without antisevung
¢ ¢ smell semiluner wastained aress or small uugtained
blebe abt the porvipheny oF less than hell the coocd

axomined

+
5

-
v

ow

somilunar unetained avens, larger than in () ahove, ob

The pardphery of more then hall the cosold exauinedg

w8 wide capsules sboult most of the cocci or groupn of eom@i
exanined.

Using this mothod of grading, tho response 1o engyno-
nentralising serxunm of 11 coagulase-positive ataphylocosei from
hupan dafections, and of atwains I and LS were asseased duwming the
Tivet % hwe of culture and afber 18 hr. The raesulis ave shown in
Tahle LILe3.

Of @ %otal of 13 straine tested, straivns D, 18 and 7 of the 11
ateaing from human Infechions developsd capsules whon culiured in
anbigeram o the capsule~strippiog cosyme. The ability to produce
copsules was not apparently related 0 the phage-itype of the sitraius.

The opeed with whlch capsules sppoared; the exbont So which thoy
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developod mud thelyr persisdence on contimied incubabion algo
varied,

s, cultures of seven strains (strainsg D, 18 and % buman
shening) contained copsulated cocei afer 1 hr, incubationg all
of thoge except gtraln LS and ahrain 1357 showsd wmeximnl
capsulation efter 2 he., persisting for the nexdt thiree houra,
and. gopsulatod coceld were still preseat in smears wade from
18 nr. cultures, Asg alveady noted capmulated cocel were not
geent in 18 hr, ocultures of streain 19, Sone coocl of atrain 1357
wore capsulated alber 1 hr., and wmost after 2 hre, bub the copanles
rapddly discppenred and capsulated cocel were nod present in 5 hrs
culiuras .

fwo of the humon straing showed o different pattern of responsde
o antleeruw,  Btralan 1748 did not produce capmules wntil incubation
had been eontinuoﬂ for 3 hys vhen capsuwles did enpoar they wore
gmall and ealibough more than hall the cells exaninod weve capsulated
the cepsules 4id not porsist for 16 hoy he developnont of coprulas
by shrain 1346 vas also delayed, cepsulated eells apponring only afben
2 hre inoubatlong thereafter the oopsules develeped quickly do o
moxlmun and aome capsulated cooci woeve a6ill $o bo geen in 18 hx,
culburag,

These redsulis substentiate the hypothesie that the presence of
vigible abaphylococcal capsulos ropresents a predomingace of capsulaor
gyntheats ovey desbroobion. The fact thet differont ghraing

reaponded in differeont ways end at differont dimen Ho o single

(113)
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apntisgerum can also be inderpreted ag demonstrabing that individual
sbraing differ in the speed with whileh they synthesise cavsulap
matordal; or in the amovnt of cepunle~desbroying engmyme wiich bhey
PLrodico s

The shaining roschions of the copsules formed by strain L8
and the leohoratory straing Lreom humon Infectlons wore the same ag.
thoso fovmed by sbralun D3 i.e. capondes wers seon In smoars oioined
with oigrowin and vose-~beagal, or by the dvy indis ink method of
Budt, Bonynge and Joyee (1936) but definite capsules wors nobh seen
when cocel from the same culbures wore suspended in bthin, webt india
Ink suspensions. As with sbvain Dy however, some coccei in thin
india dnk sugpensions were enmeshed In irvesular clumps of unstainod

moberial and the roemainder were surrounded by a narrvow unsbainod

gonsy wider than the normal diffraction halo,

The effect of repegibed washing and of capsule-stripping ensyme on

the cepeuled Tormed by staphylocdcel awvown with ensyue~inhibitlog

ol 3

Unlike the copaules of sbrein Hoprig the capsules fommed by
gbrain D, shrvain 18 and 7 of 11 laboratory straing of comgulasc—
posisive glaphylococcl fyom buman infecvions vere removed by washing
in distilled wober. Phe sise of the capsules as soon 1u smeary
sbalned with nigrosin and rose-bengal was diminished by washing bhe
celle onocesy threse o four washes were necesusary to romove visible

capsular material complebolye

(11%)



Incubobion of hested cppsulated cells with capmule-abvipping

engyme for 30 b0 60 min. also rawmoved visille capsulos from them.

Pluorencend anbibody studles:

Pable TII.4 shoys she recults of culturing etaphyiceoccel in
anviseram Lo the capaule-gtripping ontyme aad mxpaging them
o fluoresceineconjugated anti~rebbllt globulin with or without
fivet btreatiog them with aatlseran o strain Norevig,

Capsulated cooal expogod Tiral 4o snbisorvm fo abrain Horris
and then to flusroscein=lobelled anii-vabbld globulin were
fluoresconty  the intensiby of {Inorescense was grentenst with strain
Morria, less with etrain D end less sbill with siraln 0957, The
invsonality of fluorvescence wvas ot affected by abrorbing the
anbiseran B0 steain Movrds with the test ohrain, oxcept in the
case of straln Morvis ligedd, whon sboorption vemoved fiuorescenco.

Gapsulated cocel euposed directly to flvorescoin~labelled

snhi-prabbit globulin dld not TluGrosse,

(126)
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The fluoresconce of giepbylococcl oultured v anbloerum to the

capsule=-gtrinniug enpymo and exposed to antiserom o sirain
sopris (AES) and/or £luozencoin-conjugeted chicken onbi~palbit
chobulin (PARG),

Hoprag of

Tont abroing xnased tos
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dearegal diffuglon shudiess

& byoad single band of precipitabe developed lmmodindely
outaide the well containing Horris cepsulsr material when diffused
agalinet antisorun to streln dorsis in agavs  This precipiiote,
belisved lo zepresont the intervacbion of Howrris cspsular materia
and homologous asilibody, did nob appear L¥ the antizorum was
abaorhed with cella of strain Horyis or with the prepsration of

espgulor materialsy  absowption of the andiscrum with cells of
agirvaln I 4did not affect its developmenie

Ho precipitate was seen when the eupermatanits of culiures
of gbrein ¥ and strain 0957 in antiserum to the capsulessiripping
engyme vere nllowed %o veast with eptiserum to sbvoin Horris nop
did a precipiitate develop when Tiuild obidained by treating the colls
feam these ouldures with capsule-stripping engyme was oxamined in

$he sane wayve




When cultured in antlsebum to the capsule-wiripRing ensyne.
3 of 13 congulage-positive sbaphylococel exewmined developed
cepeules,  In smears siained with nigrvesin and vose-bengal, or Dy
the mothod of Bubh, ﬁamyﬁ§&~aﬁ& Joyee (1936), the norphologicnld
evidencss of capsulation was often gtriking but capsuleon were not soen
when the same gultures wers examined suspended in $hin india ink
£ilms.

(xpoules appearved only in oulbures contrining ensyme-aseubralising
sntloorun,  Thoy 4id not appoar vhen the mame sivaing were ouliured
in verum feon walommised rebbite, in nop-inhibitory dilutions of

3

antl=onzyne serag, or in anbtigerum sbsorbed with ecapsule-gtpipping
anzyne, nor #ere they seen when siraln B (the vonecupsulated vaniond
of sbrain Horris) was ouldured in o specific ogglubinsbing corum.
Live vells were necessary for oapsnlos to appsars they did nod
agpear when gells of siwvain D, killed by hesiting, were inoubated in
anti~gnoyme seman for up o 84 hours,

For these reasons 1% ig holisved that the cspsules represent a
gpaelfic wa@pﬁmaé on the part of live colls to antiserum neniralleing
the capeule-sbripplig engyme, While theve is no dirveol experimsnial
aevidoncge to explain why they are vigible in dried smeswys i not in

Fuid suspensions of indla ink, thelr Levegularity in stained emesrs

end the Finding that they can be pemoved from the aells by ropeatad

(119)




woashing in diefilled walter suggest that thelr physicald charactars
nay be more altin bto thope of loome slime thoan to bhose of hrue
basgtorial capsyulcs,

The diffeventiation of basterial capsules {rom looze sliwo
and olime lgyore is based lawvgely upon moyphological cxdterls
vhich are arbiirazy to the exbend that they con be affected
greatly by the exact condiitions under which colls are proparsd
for exawlnation. Whus, if the polyumer is sson 10 bo aygregotbod
about the cells in o pegular Teshion aud vemnins atbtached 4o dthem
when the eolls ave washed or guspended in distilloed waler, 3% ig
reforred to sa & capsules  Loose slime, on the other hend, although
often aggresahed sbout the cells i culdures on aolid media ave
oxanined, is lrregular in onitline and arvangoment and disperses if the
cells are susponded in flulds., Uliwe loyews oceupy an intevonetdiobe
position.  Althoungh 1% has beon clalimed that capsules and slime
differ morphologleally and biochemically (Kleinebarger-ilobel, 1948)
it de elear that in cowme iﬁm%ansaw the wmorphologleal diiference mughd
refloct differences in phyesicel chapacters rathor than chemical

composliion. Wilkinson, Dugnid snd Hdmands (1954), for instence,

desoclbod a giradn of Acyobaobter serogoncs which produced both

cappules and slime, sad & variant which produced slime onlys oll
thies polyhers wore, howgver, serologically identical.

It dn possible thervefore that the espsules fozmad by
stapbylocoaci in response to engyme-pevtveliging eudiserum baveo

physical charxeoters move akin to those of loose slime or slime
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layers thawt frue capsules, remasinlog sggregeted about the cocgd
and visible in dried siained swmears, bul dispersing or being
infiltrated by carbon parbicles whon the cells were suspsnded

Por coaminotion in web indis ink films,

Flaorescent antibody studies showed that the capmulen Lormed
by etraln D were entlgenicolly simdlar to those of the parant

steain Norvin, L.0. cells of asbrain U culidured in antiservum to tho
7

2,

capsule-gtripping onsyme and trested with anti-capsular antibody

(prepared by sbsorbing enti~Morris serum with cellg of strain D)
flaoresced streongly when axzgosad subsaguently o Lluoresceine
sonjugated antil-vabblt globulin. The sowe culiture exposed et
bo enbi-loreds serum absorbed wlth straln Horeis eells did notb
flucrence although it 25111 gontained agplutinins for strain D,
Tn siuiler experimonts with other congulase-positive sitaphylocosoed,
capsules alzo developed aboud the cells bulb they did not fluovsezcs
whan examined in a similar way, 1.0, the capoulsr moborisl wag
anbigenioally distincet.

The bypothesis on which this work is based postulntos thad

ordinazy staphyloococcl are not capsulssed docsuse they elther
destroy capsulay meiseriel or provent 14s agoregablon as o visible
gimoture ot the cell surface, and os o corollory, Thab inhibition
£ e anbiccapsular mechanism will resuld in ampaulwg appesring
about the calls. While 1% way be valid to exbend the hypothesie

aad asame thot the capsule-destroying enzyme of wost atraineg is

sorologically ddentical, 1t is nob nscesserily velid to asouoe thatb

(1)




ite inhibition will fosnlt in different siraing producing sero~
logioally identicel materlal.

Recont exporiments with Bhigells flewnerns, (Siwwons, 19617)

have shown that roush mubants of different servoiypos cannob
cowplete the formation of the mpecifilc Ceantigen side-chaln because
thoy lack the enpyme UlPegalactose-h-eplnerase. If the ensywe
deficlongy is by-pagsed by supplying the navessaly sugar the

matants complete the O-antigen, which noturally differs from mitent

to mutant depending on the serotype from which each was originally

Lt

-

derlvad, In this instance, reverssl of a single enpyme defect
taads to the production of a aumber of different antigeng.

fven if o single opr serologically identlcal engymo is
vasponsible for prevenbing the formation of vigible capsules by
difPerent strains of staphylococei, ity inhibidion need nob
thovafore result in compledte serological idontity off the capoular
material formed. If this reazoning is esorvect, it might explain
the observed diffsrences ian fluoresgence sean when ataphylocecenl
sopeudes produced by owliure in ergyme-peutraslising cerum woroe
exposad 0 antigerim to etrain dorrls capsules and fluorescoine
conjugated anbi-rabblt globuling

Four ptrains of staphylococei falled to develop capoules when
culbured iﬂ'@nmymewm@uﬁraliﬁimg enblnerm, Their failure nny
raflect a verological difference in thele capsule~destroying enmyme,
go that it was not inhibited by snbiserum to the ensywme produced by

ghepdn L8 On the other hand it may reflect the fact that thase
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siraing ave intrinsieally wnable to gynthesise capsular neierisl,
Fvidenoe hos wslready been preomonted ond discussed for the
view thot there are ot least Shree kinds of capsulabod
gtaphyloconel {Secbion I, pages 49 bo 5173 the vore mucoid streing
produclag largs awonnis of capesular material in vivo and in vibxos

the "Suith-like" stralns whiech produce capsulnr waberial in vitzo
Wt which readily produce non-capsulabed varisubs Indisgbinguishable
Frowm wodal pathogenic steainsy and (Ao the majority) oxdinamy
vathoponic gtrains wiloh, it has beon sugzsested {Hbgarsg 1§§2}3 way
produce eepmiler aaterdsl in vivo only.  The demonstreation thad

some of laost group can form capsules in vitro wnder cortain condlilons
make 16 wore likely that these thres bypes ropresent parts of a
sontinuous and not disconbinuouns seriss, The four cosgulase-positive

girains which falled fo form capsules may represent ona oxbdrome of

such g saries.
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Wino of 13 coagulase-positive staphylocosel exomined
doveloped caopsules when eultured in entiserim 0 the capsulo-
ahripping ONBYNG,

The capsvles diffored in some woupects from thoso of +tho
noturally-copenlated mivaln Horrlo

The sopsules formed by strain D (the nov-copsulated variont of
Steain Norrin) wore serclogloally similer to those of tho pgraﬁﬁ
agtralie

Four girvedns did not forn capsules when oultured in enpymew
newsrolising semme  Thoy may producs o gerelogiceally distinet
capsulo-destroying engyme or be lntrinesicelly unadle to syathesiso

gapsular moberiale
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SRCTION Ty

A A A

THE BERRCT OF WOS=CAPSULATED COAGULASH-POSTPTVE STAPHYLOCOCOHT

.

ON THR GAPSULES OF STRATH HORRIS T CULTURES AUD SUSPRIBIONS

MAYERTALS AD IRTHODS

Blradn 18, dosoribed in Sgetion IX (Qag@w 69 to Thi produces sn
enpymae, one aotlon of which ig o decapsulabe heonl~killed cells of
shrain Howela.  Odher soaspgulase-positive stephylococed wer

exomined fo debormine LI any hed the same decapaulabing sobilon.

Pive huagdpod otrodns of staphylococold fron human infeatiops
were token af vendom from those sond Loy exeminaiion 40 the
Fange-typing Loboratory et the Westem Inllvmavy, Glasgow., ALl wera
coagulapse-posiiive whon tested by olther or both the metheds of Figk
(1940) and Cadnoss-Graves, Williams, Hevpow and Miles (194.35)

Throe nobhods were used in serivs o detepmine 1P tho sdrains
wore nble to doonpsulate sells of adrvain Morrise In tho fivst
placey booeuss the decapsulating strein L8 Inhibitod The growth of
atrain Mozels on 80lid medin, all the gbrolng weve tosted fov tholr
ability fo inhibit abesin Morrio on molid wmedis. Soven gstreins
which did inhibit the graﬁth of ghrain Horria (reforrved fo au

inhibitory stvaine), slx copgulasa-pogitive non-inhibitory stvaing,
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nad shrain D (the nou~cepsulstod verisnt of strein Morris) were
examined in wore debail by the sceond and bhird mathpaﬁ for thair
effect on the capsules of strain Horelo in muapensions pnd L£luid

anliures,

Hothod Tr  To demongirabe inhibltion by test abraing on solid

yedias

hovm platos of strain Hoyrls were shob-inoculated with
the dest streing, locubobed end exemined for ixhibition, as followas
Futrient agur platesy dPied in asn ineubobor, were Tloodod with an
overnight broth culiure of sirain Movels, (In prelimina
axporinembts the concendration of stmin Morris colls in the aulture
wne varied within the range 1&9 o 10ﬁ aolls por nl, by opoeity: o
eoncontration of 106 cells per ml. was £inally used).,  The oxcoess
fludd wag romoved, the plates dwled for 1 hr. in on ineuhator and
stab-inooculated with materisl from on ovornizght broth euliure of
each test straln. Ab first, the concentration of tesd strvaln cells
inooulated war slpo varied by arylying cells from overnight broth

10

cultures resuspended in broth ot concentrations bedweon 1077 and 10&

cells per wl, Undilubted overaight broth culturss, containing

-
approximately lﬂf 6olls por ml.y wore finally used,

Fia

The dnoculated plotes were inoubzaied for thioe days and

examined daily.
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Hothod 2 Wo dotewming the effect of culture supernstants on

the turbidity ond copeules of ousponsions of celle of

shrain Borrio:

Sulture supsymsdants of steain I8 deonpesulztod hoabt-killed
eells of sbvain Moerds and voduged the durbldity of livewcell
puspensions,  Culture supernstents of the best sbraine were
eramined for siwmilar effecis as followes

To & wl, volumes of standard live and heat<-killed aell
suspennions of ghrein Horris (susponded in phonphote Wuifer, pH
65 20d 745) wero added volumes of 1 ml, of difforent culiure
supernastents of the bost steaing,  The turbidity of the
gusponsions wag compared st messured Inbervals duming incubstion
with that of control siwmpencions in which seline replaced the
anliure supernatonts. Alber incubation for 24 hye all the
suapensions wore centrifuged and the oell deposit oxamined
mloroscopicslly dn dhin indlp iuk fims and afber stainiang wibth
Gram¥e abaln,

In some experiments “"Thiemersal” at o condenbyabtion of 1 in
10,000 wfvg or aystoine hydrochloride at » concentration of 1 =
1@“5ﬁ ware nddod.

The followlng pvepurabtions wore tesbeds
{a) Tuplicate sulitures of the tosht shraine propared by incculsiting
1wl of an overnight broth culbure into 100 ml. of aubrlont broth
warmed G0 3?Q¢¢ One culdure was Incubated on sn ovrbital aheloewr,
the other fncubsied withoud sholking. At messuved inbervals

(nourly for the fivet 8 he,, Lehourly from & to 24 hr., ond daily
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shoreafier up 40 7 days) sanples weve venoved, centrifuged and
tosted ag desoribed aboves

{b) Attompis wers made o induce the formation of capsulaow
m%@ippiag engyme by growing the Yent sfraing in the same why in
broth contaiuning live or heat-lillad gells of strein Movris added
st an lulilal sonsentretion of 1 x 3@9 salls per ml. by opncliy, op
copsulay metewrial frow strain Boprie {prepared a5 described in
Sectlon TIT, page 103) at o concontration of 10 pgms per mle

{s) Duplicate culiures, insubabed with end withoud sheking, and
including or omidding 1ive or heatelillod sells of strain Horrie

or gtraln Horris enpsulay matowinl, prepored In nudrdent broth
containdng 10 vey cond w/v sterils humen somum,

(4) Shske oulduves in wubrient broth, propured ns doscribed

in pavageerh (a) above, ivcubnted for 6 hv., and stored ab @ﬁcg
somplog of the mupsrastant flvid wews tested dally.

(e} The cells from chalke sultures in nuiriont broth, volume 500 mle
wore washed theioe, suspended dn 50 wl, of sierile buffeved snline,
pH 7.2, and ddeindonrated by shalting with Chancee Wo. 12 ballokind in
o Braun disglotvegrator cooled wilth gaseous 3ﬂ?q The oell Yaap™ and
eadlswalls wore sopuvated by ceontrifegation before hesting.

{(£) fupswnatonis from culbures of the Sost stvaing, propared an
dosoribed nbove, wers concenbrated. by prociplistion with elther B0
per dent w/v awmonium sulphate st poom tenperature, or with 3
volumes of obhanol ab &QG§ rolinsclving the preeipitoté in Wmffeved

saling, o¥ T8, 0 one tonth of the volume of cullurve dventod,
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Propapations annaeg%x&ﬁaa by ammonium sulphsie wers dialyaed
overalzht egeingt buffered a@liﬂﬁ, PH Tee

(g) Oultures of the fowst stvalns grows in seniselld (04 pur
cont w/v) nutrient agar inoubated for 48 hr.s in an atmosphervo of
80 por cont aip end 20 por cont CQ?'(erﬁﬂﬁ, 1930), Tuid
azpressed from the ager by freezing and thawing once wan
centrifuged and the cells discandad,

Abtompts wore sleo uade to demonstrate capsule-stripping
ongyme o oculbure supernatents of the test stralne by increasing
the concontration of supernatant and decreasing the concentraltlion
off capoulated cells euposed to them, as followss

To B wl, of 18-honr broth cullure supermabants of the besh
abrains, mixed with 2 ml., of phosphate buffer ot pll 6,5 or 7.5,
was added 0.0L wl, of o saline suspension of head-killed cells of
strain Movris contaluing h x 101Q colls per ml, by opaoity,
(giving e finel concontrabion of 1.6 x 1@6 celly ver uwl., abouk
ope-gizth of the cell concentration fives used, suspenied in elghd
timos moze culture supevaatant).,  "Phlomersnl' was added to a
final concentration of 1 in 10,000 w/v. fhe mixbures wero
inoubsted and theilr durbldity compared with that of control
suspensions conbaining the sawe ouliure supernatents hoabed b
IGGOG Tor 5 min. Afbor 24 hre incubation the suspensiens wore
cenbrifuged md the cell deposit exemined in thin India ink £ilms

and afber staining with Gran's sbaln,
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Propovotions which lowered the turbidity of heat-killed cells
of sbrain Morris or altercd the number of capsulabed cells presond
after 2L by incubation woere votested in the presonce of wnbiserum
ahle 0 neubrsllse the capsule~gtrivping engyme of strain L8, A
pingle watisorun with an enpyme-neubralicing titre of 1 in 32 wao
used throughoubs this was added to the test suspensions o give
final conconbrotion of L in 16 or 1 dn 128,  Serum frow

unimmunlsed rabbits served ad o control,

Hethod % To demonstirate the eoffcct of 1live cultures of <he Logh

shraine on the capsulos of strein Horriss

Overnlght broth culbures of each teost strain and of sirain Rorrls
wore condeifumed, the cells washed thrice and resuspended In buiflerad
galine, pH 7.2, st a conoowbeation of 1010 eolls pew als by opnelily.
Half of ench suspension was hested in a wolerbath ot 1007 for 5 mitte
e suspensions were dilubed tenfold in sterile broth. The live o
heat~lllled sveponsgions of olraln Morris cells veore mized with equoal
volumes (1 #l,) of the Live susponsions of the towl sbtrains and the
mixtures incubateds the heat-ltilled suspensions of the fest ebrains
gorved ag controls.  Ab measured intervals during incubation, which
was continned for 24 hy,, somples were renoved and examined
mioroscopically in thin indls Ink svepenciong efber gisiaing with
voao=hangal ¢

Similay experimonts were carried oud in which anblzervm 1o sbrein

18 copsule-sivipping ensyme (inhibitory Hitre 1 in 32) wos added fo
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vi'
the mixtures ot concentrations of from 1 in 4 to 1 4n 84, Sewmum
from nalbnnanised rahbits served ag o conbrol.

()




RESULTS

1
Erettntiyenatl

Iahibition of strain Vorrls on solid medins

Geven {1.& per cont) of the Pive hundred coagulaso-ponitive
staphylococel oxamined inhiblted the growth of strain Horris whon
culiured with 1% on mubriont agor (Piguve IVL1).  %he &i&mgtqr of
the pones of inhibitlon produced variad from stroin to gobrein and
was affectad by the size of the ineculun of stroain Hoerls uned to
goed the plates (Pable IV.1), Within the range l@h o 109 solls
poy ml, the sone sizes were not affectod by the size of {the
fimoonlun of the test stralne.

The zones of inhibidtion produced by the soven gtralns
differed Trom fthat produced by strain LS undor ldontical conditions
in thad the Jletter cansed complete inhibition altor 24 hr.
incubadion ond, in addition, on counbinued incubatlon a halo of
loszened density becawe avparent in the bagberisl growth oubaide
3t (Piguro I1.2, poge T1)s  Shig gecondary helo 4id nod develop
outzide the zone produced by the soven other inhibitery sbrains,
pyon afbter 5 or 6 dayst incubstion, As with glrain L8, the
inhibitory effact of these straing wos not due to bacteriophogos
1% eonld be roproduced by tvangferring colla from the inhibitonry

coloniea but not with material From the zones of inhibition,

(1.32)




FIGURE 1V.1

The inhibitory effect of seven coagulase-positive
staphylococci on the growth of strain Morris on

nutrient agar after 48 hr. incubation. % 1)



CTable QLV‘-,;L

Iohibition of styein Horwis by seven

conpulese-pogitive siaphylococed

Stmadn Phoge Grpes Disweteor. ia s 0L
Hoz ' ) Jnhibitory mones in the
2 1000 7TD preaence of Horris colln b o
concontration of (ver nle)s
) \f §
1‘ w0 10?0’ 10® 10
ek net typable 30w/ Tiw T, WIL 1 b b
6230 not typable  A0wm/Thw WL OWIL 1 & 6
G256 W1/%3/ 5k - WIh  HIL  NIL 3485 345
6258 not typeble  30w/Tlw WIL  HIL 3 bS50
(6065 i WL WIL 1 G 6
G266 not typehle  She WIL o ¥EL WIL 2 2
6307 aob typable  20u/Tlw BIh  HIL 1.5 7T 145

The effect of euliture supernstonts of inhibitory and non-dnhibitony

phroing op the tuvbidity, Gream roaclion and copsules of sbynin

HMopris collss

Wone of the culture proparebions bested reduced bthe turbldity
of standard suspensions of live cello,.

Culture astupernntands of the moven nhibitory streing growa in
ghale cultures for 6 hr, and stored ab 4°C for 2 days bafore testing
{(tho mothod uveed by Relston, Lieborman, Beer snd Krouger (1957) to

propave shaphylocoser) "autolysin") reduced slightly the turbidity

(133)




of heat-killed colly ot a concenbvration of 1 x m@g delle por ml,
duping incubabtion zt pil 6.5 and T+5 for § hes  Conbinued
incubnticn did not greatly inerease thely effect, WPable IV.2
shows the rosults of one oxperimond ab pH 645,

Whaon tho ¢ell doposit from those guapensions was ogamined
afbar 2k T, inenbation the morphology of the gallﬁ differed
dopending on tho pHe A6 pH 6.5 mosd of the coocel pressab wone
sbill copsulataed, but Grame-qegative, At pH Tab the coool wors
nipo Grame-nogative bud fow capsulated cogel wore present in
suspenaiong incubated with supernatants from five of the soven
siraing. OFf the two memsining straing one (sltrain 6236)
desapsulatod less than haelf the cells added ab pH 7.5 snd the
other (strein 6266) did not decopsulato any.

Siwilar results,; shown in Table IV.3; wero obiainad vhon larger
amovnts of 18-houn byroth eulbure supernatants of the soms straing,
and of the non-inhibitory stralns, wore inoubsited with smaller
mabars of heatb~killed cells of stvain Horrise

An shown in Teble IV.3, culture ﬁug@wamﬁants of 5 of 7
inhibitory stroing, % of 6 non-inhibitory etraine avud etrain D
decapmulated heat-ltilled colle of simain Horris at pH Ts%s all the
shraineg feshed alterad the Gram resotion of heat-killed oelly atb
i 645

Dacapsulation, but not the alberation in turbidity or Gram
roaction, wse prevented by onblserom able bo neutralise nireln LE

cappalo-stripoing engymo, ot o finsl dilution of 1 in 16, Ander

(13h)




Table IV.2
MR U L s LA W

Tho offoct of supornatents Tyom 0 hr. antmieont broth shole
oultuees (gtored ab 10 for 2 daye) on the turbidity of
hoat~killod cells of siraln Morpds in buffered saline, ph 638

Pimes Nephelometor roading:
Biratn Nos

tonyrol 6223 6230 6236 0258 6265 8266 6307

0 min, 100 ah o¢ My gl Gk ah oh
10 mina a7 ae B4 G, a0 a0 o 89
2% ming a3 90 a8 a8 39 a8 a1 89
2 hary 88 Bl 11 8, 81, 83 86 B,
Bk hae 88 8, Bo 83 81 g2 & B
T e a8 872 T4 ge 78 11 oy 76
24 s 86 76 62 Tl Gl 65 76 6y
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e effeot of 189-hour broth cullupy supemstonts of cossmlaga~

mi‘*i $ive shaphviococol on the capsulen and éﬁ:z*&mm wehlon of

» uss v
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Lled colls of shraln Horrlo.

% oapmiatad

gatly aitor

18 hours

A RV

mmiagﬁz o

90100
5 i
G100
wo

Inbibitory abrains

6223 )
6030
6258
5265
6307

G200
.

Q0= G
5060
100
106

Non~-inhibltory sbraing

i
o

5 )

)
L4
2
&

5eS
Ffﬁﬁ

645
b

GO 106

G100
GO=100

(zf&%ﬁ

lmw‘aawm

rasoblon

AT R

negatiive
negative
nogabive
negative

negnhive
negetive

nagative
negniive

nagetive

nogative

nawative
nogakive

Blfeeh on
decapruistion of
snayne=nonvalising

Y

Tahibidted by anbisorum

il d

R I

Inhdvited by ondiiserusm

ki
Tnhibited by snbiserun

bl o

welens il

Sy

(13

6)




engymo sorum b a non-noutralising ailution (e, 1 in 228)

and somum Trom unimmunised rabbits did not provent docapsnlation.

Docapsutation of strain Horris gells in growing oultures of

the test strelings

Steaing, culture supernstante of which docopoulated hoate
killed colle of strain Horris as deseribed sbove, nlso
dooapsulated henld~killed colls whon grovn with them. Ta cultures
%o which hoot-iilled cells bad beon ndded approximately equal
nwabers of oapsulated and nonwcapsuleted cells were prosont
tmedieiely hofore inoubation (Plgure IV.2).  The saws oulbures
afbor L hre inocubzbion sontainod fewoer cspouloted cocel; after
8 We, dncubadion most of the capsulebod covel had disappoureds
those remaining wers surrounded by thin and incosguler cepsules
(Fimnre I¥3)s

Many of the Cilwme oxamined coabteined emall unetsined blebs,
seomingly dotached pieces of copovlor maderial (Figure IV.3).

Am with coll-free oulture supovnutunbds, sirain 6266, strain 6 and
gbrain Moprls ibtaelf 4id not decapsulete heat-killod colla.
heaspaulation 4id not take ploce in any of tho oultures
couwtndning live celln of shrain Horris, 02 heat-killed cells of
the temt strains. Devapsulation by live euliures was abolished
by addibe B0 the eulturss sobdiserum sbie o neuntralise styrein L8
copmalo-abripping onzyme in concentrations of from 1 in b to 1

in 165 entisorvwm nt lover concentrations and sepum from
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FIGURE 1V ,2

Mixed culture of heat-killed cells of strain Morris (capsulated)
and live cells of strain 6)07 (noncapsulated) before incubation.
(India ink and rose-bengal x 1700)

FIGURE IV.3

The same culture after incubation for 8 hours.

(India ink and rose-bengal x 1700)

A cell with a thin irregular capsule (large arrow) and a
detached piece of capsular material (small arrow) are present.
(The unstained area about the remaining cells is the

diffraction halo normally seen in wet india ink preparations).



undamsnised rabbite wers without offect.

The mopsholoay of the inhibitory aad non-dohibitony stieings

The eolonial wmorphology of ull the inhibitory and wone

»

inhibitory straing was thet of modal etraine of Staphylacououg

auwieuse  Yhe finding thet stroln 6266 wmd straln &, like strain
Hopeds 1bself, consisitondly failed 4o decapsulaie heat-killaed cells
roguived oxplsaetlions  Posslble reasons for their fnilurve ave
disoussed latory onoe oxplunation ie that thoy Teil to produce
capsulo-airipplag ennyme, and arve ipso faobo capmulnbed.
treninadion reveuled that sirvain 6266, like strain Morrisn, woo
hoavily copsulated (Wigure IV.h) although 1% 4id not produce
solonies of an obviously mueold conglotonay, Hone of the othey

sireing vas capaulated,

The rasulto pregentod in this Secbion show thetd live ouliuros
and cell-fyse culbure supernatanits of nou-capsulabtod cobpulngoe
positive staphylococel vere ablo o decapsulate heabe-lilled cells
of gbrain Howrle. Docapsulabion vas provented by sowvum
newtmalising the capsulewstripping engyme produced by strain LE,
Gella dangpsuloded by culiurs suwpemnnbants were also rondered

’ Gramenagativey  this offeot wes not provented by anidiwonsyme worun,




FIGURE 1V .4

24-hour blood agar culture of strain 6266
suspended in india ink after staining with
rose-bengal (x 1500)



DIHOUES 'Y(?’*Y

Taolve {ﬁl &ﬁ-per'ﬁmmﬁﬁ of 1k enagulase-posilive
£ 'hz;aphylé}mcmi danded docapsuiatod healt~killed cells of avrain
Howpls added %o both culbure supsmedants and Live auliunes.
Inlike sdralin LS aone of these sbralng was ghown 0 preduce
large amounts of cspovio-sbripplng onzyme, bul decspsulation by
Thom was Inhilbidod by gerun which also noutenlised steein L8

P

sapuulo«atrinoing oREIQ.e |

Ta genoral, these rosults substanbiate the hypothesis thot
ondinary congulasewpogitive sdnphyloaonet are nod capsulaled
vecouse they produce a copusulesdestroying enzyimo which desbroys
opr removen capsulur noderiel o that 4% caonnot form o wigiblo
agerogate ab the cell surloce. Tn particular, the domonnitration
that guliure superastonts and live onliuvres of gbrain D {(the non
capoulated varient of steain Horrls) were sble to depopsulate
strain Hoveds cells ond that culiuve suporabanbs of strain Movrls
Iteself bad ao such offect, offers a possible explanation for tho
ashoenoe of vigible copsules from cells of the waviant,

Two of the coagulase~posiiive siraine exenmined (atrains 6266
and 6), Like mtrain Moreis Ltwelf, wors unablo 40 decapsulato hopfe

killed cells. Theve are; on hynothosi, thveo oxplhinstions fop

thelr foilurer  that they cennod fowvn both capsulo-dosbroying
engyne ond capsulor maberdals  thet thoy form o copsule~deshroying

oawyne vhich cannot destroy stosian Horels capsulesn, or that they
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ave inteinsleally uasble to Torm eny copsule~desbroying onpync.
I4 1o believed dhat the oot explanstion ig valid for sinain
Yorris whiech & capsulated snd uneble to decapsulste homolegous
gella, The relbrospestive recogaition of capsmles sbowt cells
of shopin 6266, confirms the velidity of this avgument in o
asbpiking manﬂaﬁn

The failurve of momo cowsulave-poniiive siveins do form
cepaulos whexn eulbturzed du subiserun 0 the capsulo-abripning
ennyine {discussed dn Section ITX, pages 122 to 323) has boon
intevpreted s lwplying that edaphylocooei can be placed in p
continuons sories according 4o the amount of cepsular meborial
which they produce, The finding of non-copsuleved strains which
produce lomge amounts of cnpaule-shriveing casyme (strein 18) o
vhich are wable {(otvein 6) op only pawtly sble (siraln 6236) to
donnpsulote copsulated cellp mpy dmply a second series of
ataphylocoocl, greeded aceording to the amount of capiunloe
destroying ensyme which they producs., This sugrosbion ig
shrongthoned by the finding (Seotlon ITT, page 113) that steaine
which do form oupoules whon owliured dn a fized amount of ongyme-
newdralising sorum logse thelr capsvles et Aifferont bimos
suggoating thot the cmount of copsulo-destroying tneyuns which they
produce oy the speed wilth whileh they produce 44, dlffoxs foom
sirolin Lo gtraln,

The aosguloco-positive stophyloseceld described in Shis seoition

k3

soted on sbraia Horele in three wayes Soven (1.4 por cond) of 500

{(11,0)




stralns exanined inhibited the growih of steain Morels when
culdured with 44 on s01id wedic, Culiture supswmintonds of all

of these steaing, of oll of & non-inhibliory stealns testod and
of strain D altored the Gram rosgtion of heat-killed cello of
whrain MHorvels ob pH 6.9 and 7.5, and supernotonis of 9 of the
Inhibitory ahraing, 9 of the non~inhibitory streains and of strain
I decspoulebed hoat-illod colls.

These three actiong veve aleoarly digbinet. ALL the
iohibitory and noas-inhibitory stroine tested aldered the (wronm
resotion of hont-ltilled gells bul only sone docapsulatod them,
Bocepsulation and alderation of the Urawm rewotion ook pleoe nb
pil T¢% and the lattor alpo at pH H.5 but only decapsuledtion vap
tnhiblted by antieongyme serums  Tho faet that thig diffew@ﬁms
did not depend on pil ie ewouplified by the nounsinhibitory atrain
6 which did not decupmulate heat-killed colls ab oither pi Tk
did aller their Gram rosction.

The agbivity of gpllefyoo culdure oupernwbants on the
tushidity and Gram vosetion of hoat-killod cella of stesin Hovris im
rodndocont of {and belioved o bhe due $0) a stephylococond
subolyain sinliay 40 thet deseribad by Belsbon, Licborman, Bacn and
Brouger (3997)s  Those workers found that superabants of G<hour
shalke culiures stored at Qﬂﬁ befors oxaminstion conbnined an ovmyne

with p plf optimun of 6.5 which aobed uwpon hent-killed ox atrossed

shaphylecocel 0 reduce their durbidity and which wes wusual in




that although its speadd of actlon was relubed logarithmically
4o the amount of cnpyme presond, only o oconstont pevcenlage of
oella was aliacked by 1te  The sative culture supesnnbants
doscribed in thio section had o similar actlion in thal although
thoy reduced the turbidity of heat-lllled cells of shroain Moryis
dopring inoubation for 8 hw. conbinuved incubstion 4id not incroase
their ofTeots

It 48 likely, therofore, that the bthree aotions were due Go
separate substencos: a growth inbiblitor demongtroble on solid
modiag o decupsulating ensymo actlve ab pH T.% and slons
phibited by anbtiserum inhibiting strain LY eneyue, and aubolyain,
motive ot Pl 645 én& 7.5, wosponaible for aliering the Gwawn

ronation of heat-killed collse

{1n2)




SUSHART

AT R AT e

Paelve (gires 8% pow gamnk) of Ah conpulneo-ponitive
staphylocosel tectod Ascapsulatod hoal-RALIOA caells of plenin
Horris added S0 eoll-froo oulbure swpornsisite op live growing
suldturans  Unlike etraln LE nong produced lavge awmownds of
gapsulo=siripning enryng s decapsulatlon was prevented hy

L)

sapum sghle fo nentealise shrain LD dnmyme.

Of the dwo siraing wileh 44 vot decapsulsto heoit-lilled
colle one wag Ltoeld capsuletods

goven (1.4 por cent) of 500 congulnge-positive shuphylooosed
oxsained lobldbitod +the growth of strein Horeis when culiurad with
it on s0lld medics The ability to inhibdt wee aot diveotly
apsocinted with the abillty of -the steeing 4o docapsulnie honte

billed oolls,
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GENERAL DISCUSIION

()

The pprity of franlddy capsulated ebtraine of Blophylococeus

aurens con Do explalned by postulabting that non-capsulated model
abtralne are incopablo of syonthesising cspruler materind. This
stabement ip finol and experviwentslly sterile. The finding of
o nonp-capsulatod strain (pdeoin 18) produeing an onsyme which
romoves the capsulas from cells of the naturally eapsalated

sbradn Horrie suggested ot alterotive and experiventally

Pondsiud hypothesisy  that nen-copsulated gtrains of Biaph. anrous

are able o pynthesise capoulsy matorisl but that thoy do nol bhave
vigible capotlen becouse this materiol is degtroyed, o romoved
from the oell ourfeac

Two appumpbions are impliclid in this bhypothesis, Fivet,
that non-copoulated wmodald edrains con ronova op destroy existing
capovlor malerialy ond socond, thad non-capaulnted modal straing
will Yorm visible cepsules i€ thoir copsule-dostroying mochenism is
inhibited.

Brperimonts have shown (Bootion IV) that non-cupsulated
shaphylococel are able to desdtroy or vemove exisbting copsular
moborinl.  Other expariments (Sestion IIT) confirned the second
asswnptlons  non-cepsulatod modal stvains do form capoules whon
culiured in antiserum which neultralises the vapsule-ateipping

ongyme of strain 13,
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Hok all the steains tegted Toxmed copsulos whon grown in
cngyae-nowtralising sorun.  The strains which feiled to do oo
wey oither he genobically unable o nynthesise capsulary material,
or else the eawyms vospongible Loy thelir belng non-capmulated is
anbigenically ddatinet from that producod by atrain I8,

Wot all the strains fesbted wove able %0 renove exinting
gopoular materinl. fho falluve of one sbrain (stroin 6266)

s 4o go adds welght Ho the velidity of the hypothesis bpoouse
this strain is Lteelf copoulsbted snd, like straln Horris, san be
congidopsd o hoe dovoid of a cansuloestripolng eusyinse  The other
non~capoulated strain vhich failed 4o decapsulnte strain Noreis
cells {wirain §) mpy produce an onpyme which doos nob obback dho
aapsule of gbreian wﬂrximg it mey, of gourse, yroduce noither
enayme nor cepsular maberial,

Pheso roenlis do not Invalidate She hypobhesls but thoy do
imply that the druth 38 leess inclusive and that tho hypothosis
he sodified, T4 can be restated as follows: HMoat strains of

Stavhylocoocos aureus are not copmileted hecavse, althongh thoy

produce éapoular materiol wmost of thom olso produge sn ennyme
which provents dhe forpation of visible cepoules Ly destroying
o romoving copsulay materiale

Bvidenosa har alveady beoon presented and discussed for the
view thot ebtophylocoscel can be arrvonged in o sories depending on
the soount of copsuler meterinl which they synthesice, and thet a

necond series existe in which sireing con bo ranked according o
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thedr nroduetion of capmule-destroying onmyme. I ayonthosis ond
degtiuction of capsulay nmatordel can very indepondently, each strain
will bolops o one of four guellitobive types and produce both
subatances, olther substonsy or nolthers

Bhraiy Horels and ebdraln 6266 zepresent oune bype and can bo
sonsiderad to produge sapoular mebtorial but not capoule-dontroying
oneymes  Phere should exist stesing (not as yoit isolsied) which
.ﬁféﬁﬁﬂﬂ gapsulo-deatroying ongyrne b wot capsular naterial. In
praotice, hocause of the limits iwpoped by convondionsld light
wmioroseopys only two coll dypes will be vecognieoed - copsulabed and
nonecapsulated., Ton the former synthonis oxcoeds destruction snd
in the latbor lagy behind,

The comaon nonecapsiloted bypo should cubinde sivatns in vhieh
synthesis anly oo fav exceoeds dagtruction that subnlersscoplo
anoninta of capsular meterisl avo present ot the ¢oll oueface, I
is posnible that theso strains ave alrendy belng identilied by
detalleod serologionl typlug mothods, such ao thed olaboratoed by
Opding (1952, 1960) end that soms of the surface ontigons which he

deseribog nre in fact capsulor anbigeng.

I% will be recolled that the capsulated stroin MHorrls is aboud
ope hundred Hdimen wmore vivulent for mice than the derived nonmw
gepsuloted variont, Uuless the lose of the capsule i associatod
with the loge of another subsbonco or properby conferring vizulonce,

1% ls Jushlfisble do liok incrossed viralence with the presence of g
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gapsule, ab least in this experitentol modol.

The fact theld pathomonic stephylocoeci are not oopswlabod
whon isolatod in the Jebovatory dosg not mean that capsules ave
ierelevant to sbaphylocosenl vimulence, Az Bubos has pointed
oulh YTt peoms posasible thet the ebophylococcsi that inisiote the
digoone procoss oy becous profoundly sléered in some of thely
chamecteriotios during sequestrasion la 2o sbecess” (Dubos, 1956).
Pho some loss of characteristios way well bake place whon
abaphylocnced Lrom any infeotion ave sultured on laboratory wedila,
which peproduce crudely, Lf ab oll, the envivomsent at the albe
off an infeotione

Thin work hag besn concerned with the phenomenon of
capsulatlion in staphylococci. TDepplie the rocosmnised peagoiation
betwoen bagborial copsudes and vizulance no olbeupt has ez yov hoon
made 40 prplova the offecits of stophylosocenl capsular antigens on
he laitiation or couwse of infection in wan and enlmedg, I ig
bolioved, however, that tho hypobthesis constructed and depted here
allows o fresh ezeminetion of the hosle of viwulence and

y

pethogenicity in Staphylocooous surous,
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Sheiniag m"‘izﬁa«c‘m Pop denonatrating bavterlal cepsulen oo loglong

vory weber ludicstes dhet no siagle mothod is entlrely
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Postorys  Meandd (1951) hee roviewoed the moed satlefachor

mebhods

The dedalls of soven wmothods avo glven bolow. Pour of thoem

formad the beale for reports that pathogonie stophylocbasd exo

pansnlated the remsining three hove boon used during the present work,
Lyons® conoule ataing

(4)

Oeipdnel method (Lyons, 19 50

2o Dzahh )gmii'lzmma;s

Smoars ars dxiod in the lgeubator oy 30 winntes and vever
Flamed, The Tized slide lo coverod wlih wudiluted carbol
Fughudn and the exeons decanided alier 9 soconds zo thed only
B oohin layor of gieln remaing, tmb dhis ghould nobt be ollowed
o deve  Aftor 1 mbasie the slide dg quickly sdnsed in
amning wober oud coversd with o sonoous solubtion of 2 por
searh poteseivs hydeondde for 10 eccondss This ig decondoed
end withowd winsing Loofilapts nlkaline wethylensd blug I

o

added,  AfPer 10 mogonds the alide 1n zinsed in vober ond

Whotind diye

(1.1,8)




e aoodd oboia Dlus oud bhe eopoules plulee Phe ospoude
do wond readily seen vhen the swoer is ouweninoed dv o padugod
Tioh%e  Phe stolning do souelly bosd ob the wepgine of B
saorwy A fades g keopin

be  Fup and blood awonsti

w .Jn

133den are propesed and edained with davliod fuohedn ns
abovae  The allde o aulohly rlueed So mwondng vater and thon
Azk “:&»mrﬁ” ailunhed 1 in 80 with ALa0illed wotawre  Eh da waoheld
5 ,za‘-g dn walar and stolned foe 10 poconds wATh epvetol violet.
The Myaal? f&ﬂ%&&i\fﬁé’i demodovring the -;gm:'fa::a:l;;e:Wr:w;m;i seras md
mastsh b adoptad bo bho Yhickaoms of ho ompads

The soood chudn Bine ond the oapewlos pioldoheotmndo

ey
=
L

o~

%?-"{é’:‘ai'i:é od nndhed (fpinbk, 19 %)

drosrn off Deedh cullures aug ..m.& 1 Fhe Encahehor wlthond
hemdngs  Too sweoes ave shedned for 1 odo 3 nlsulcs oith enrbol
fuchsin solubion (soo Delowls the shudn o doconted sud the puoaw
goverat fop 0 ssconds with 2 oer gend aguetws potassivm hydvozidos
Thin lo decoaded, the swoar Blobbtold dwy end shained with Loefflor's
plivcting wothylens blue for 10 soooiadse  Tho swmeny du whuisd dn
watar and Wlobted dive

Corbod Duoheln solublon:  O.085 gue of busle dacheln is odded

f0 5 wle of defyidnaboed aﬂiamﬁmﬁfﬁm& 22 wils of B poe cond vheaol dn

{1

Eovd

Aletiiled wetor, shiked wolly oud Tibtored bofom: uno.
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Redugewslcd's capsule staing (Knlugewaki, 195h)

(141) Mothod I3

RS0 LY

A loopful of condenapblon water from an ogy wedium slope
eulture is placed st the odae of a él@&ﬂg gronse~free olido, One
doop of im&i& ink is added and smonded ae for o blaod Film with the
odge of another slide, The oneay io dried st voow fomperatvve end

stained for 1 minute with Vigtorie 4R, thon rinsed and dpled,

(iv) Hewhod ITs

A ehin even film is maﬁa on » grease~free 8lide, deled in piw
agad Fixed by heatimgq T i stained for i miantes with diluie
oarbol fuchein (Cran counterstain); washed and drieds Two dvops
of nigrosin ﬁaluﬁi@n {moa volow) dilubed 1 in 5 with disbilled
wahier are placed ah the edge of o wecond slides  The swoor is
waraed gently (To ensure that the nigvosin dvrics lmmediately) ond
the nigrosin-careying nlide woved over it at an ahgla‘Qf %ﬁﬁa

Organismes siain vod, bthe aaﬁamlm ig pink op unsbeined and tho
backeground ig davly groy.

Wigrosin solubtions 6 ga, of nigrosin srye dissolved in 60 ml.
of digtilled weter, stirved snd boiled for 1% minvwtew, avd filtered
while #6311 hote  The vﬁlmmw o adjusted Ho B0 wl. and the wiedn
boiled again Lo 10 minuies, Lilitoriug sgaln whilo hots  One wly of
LO pay cent Tormaldohyde i added, The stain ig diluted 1 in 5

gith dlatlilled water before use, and should be kept tightly atoppered,
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(v) Het indis ink method (Buguid, 19%1)

Dugnidte description of this methed iz pe followss
%ihe ink should ho dehse, honogensous apd free from lavge ga@%éei@&
or clunps of pavticlen, Thin ink wmey be lmpeoved i concenbrated
gomewhat by &w&pa&a%i@m@ A lavge loopful of the wadiluied ink is
placed on & elobn 8lides Indo dhie s mized either o small porticn
of 2 golony opr o amall loopful of the centrifuged deposiy of a
Tiauld cultucds o lavge number of bacbewdn wmuwt be added tub the
inke should be dllubed as 1ittle s pospible. A olsan covorgloas
im plaged on the dvop and prasssd down with a pad of Dlowiing poper.
Several gibenpis noy be necsusary do schiove 2 £ilm of the pyoper
thickanesss,  The ink it shonld bo about the seve thickness sy the
capsuleted baatorie so that vhess avo Just Miohily avippod bebweon the
nlide ond coverglmss. The capsule appeave am a dlosw light sone
bebween the vefractile sell oulline and the dark ink background®,

Grogter condraat botweon the cells and backgrsuwnd hog Yoon
a@hi@veﬁ‘ﬁm the present work by fived phaining the orponleme with
rosg-bongal.  To svoid diluting the i, this dis bewt socomplished
by sddlng the vose-bengal dirveotly %o the ink to give a final

concontratlon of 2 to 3 per cent u/vs

(vi) Doy indie ok method (Dubt, Bowynge snd Joyoo, 1936)

HPoliken” Andla duk in gpun B0 removo woarse pavticles. A

thin susponsion of ovgenisms from an sgee culiure s made 36 o drop

of & poy oend soueons dewbrose golubion. A sogond dzop of judis




ink s mixed with this and spread with the edpe oFf o second wlide

ag for o blovd $lme  The smosr is dpied in aiv, stalned with

aleoholic methylene blue, weshed, and dried in aly without hesbing,

(vit) Wigrowin and rese-benzel sboln (Browning and Mackie, 1949)

Das loopful of mﬁﬁdnﬁag fluid oulture o broth sumpension
of o supldl portion of a‘calmny iz wized with one loopful of 1 per
cent aquecus rose~beagal and 1 per cend agueous aigronin, spr@ad
o thinly os poesibleoy snd allowed G0 dry.
Cooci staln pink and $he background groy-pink. Yhe cnpoules

ave seen as clesy wosialned holoos,
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