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ANTRODUCTION
In my review of the Literature I shall discuss the texonomy

bl

QL

the famdly Micrococgacoap. Unfortunately, ian the literature
the words "tazonouy® and Yelasesifilcatlon® are freguently. cou~ -

i

sldered to be synoaymous. i, however, am not of this 6pinimg.
I define taxonomy as the sclence of the arrvangement, the nawing,
and the identifylng of living things, and classlfication as %he
arraggemenﬁ‘ef liviag things 1&%@ groups or classom, I
conslder, therefore, like ﬁ@waﬂ (1965), that btaxonomy can be
divided into 3 parts (1) cla&aifi&atiaﬂ,'(a) aamennlatnrgg

and (3) ildentification. (laseification is the mant inportant
part of taxonomy, since without a‘pragar claaai§i¢atien schene,
neither the naming nor the identilying of an organism can be
carried out amtiﬁﬁactarily;-uﬁfcrﬁunately the earlier
tagonowists éid not realise the laporitanec Of a cla-m ic:igo&
scheome based on valid anﬁ'wepyeﬁuggb}ba criteria and this has
led to the considerable caﬂfmsiénvef the taxnnﬁmy of the Tomily

Microgogcaceas in the literature.

iach of the 3 eomymnemt& 01 taz oaomy has 1vs own particunlay

- problems, but it is not alwayﬁ posplble to éeal with the probléwns

S

of classi® ﬁdﬁtﬂﬂ, nomenclature, or ¢ﬁenthic ation in isolation
from one anethe?J‘ Thisg is why, ta}tn@ bacteriologist’ ia
cgeneral, clagssifieation, ﬂﬁ@&ﬂélﬁtur aﬂﬁ idﬁﬂ%iffc&tlﬁﬁ often
apyeér to be fnSQﬁ togetheyr. The ¢riti "‘1 %@xanam&@%ﬁs there-

fore must try and separate these 3 componenbs when he reviews



the literature, and also presents his own contyibution o

FY

the selence of Lalonony.

1. Glogelflcation

(o) There must he a purpose for classifying strodins of

bacteria. My roason Toy clabelfying strains of the family

E:-‘

Migcrocovencens is to chow, vhether, within this lavee group of

organd.amng, strainscan bho rogarded en?y as & part of o contlauvous

o3, .

serles with pathogenic, blochemically sctive coamulasce pogitive

1

strains ob one oxtreme and saprophytic, bhiochemilcally weol o

N

inactive, cmaguiaae nege Bive stralne at uhe other, or wheiler any
natural groupiogs exiat.

{B) & large variely of characters must be used. ALl
classiflcation schemes of baé%erim arce based onvﬁh@ comparison of
certaln charschers L\h&blv@& by strodians of thoese baciteria. In
any taxonomic study, thereforve, it is luportant to oxamine as

many charpacters as possible in ordoer Lo shovw r&laﬁionsﬁiys

q

between strains. T have used ﬁOk)halﬁ gol and physiological
chavaciers, o both of these have been ghown to tbe the most
v@luﬂbio in previous taxonomic studios for the elessification of

m&cvccooe and svaphylocoegily I have also used charactoers

\

F

detected by elecivophoretle mothods, o.8. dloosyres of cell
disvintegrates, which have not been used in previous classlile
gatlous of this group of orpganisns. Gall couposition

gharvaciers, e.g. DA base ratios, ave well worth exomianlng

hut they ave a study in thenselvos and
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were not used in this classification. I have not used
serological characters as a means of division of the aecrobilc

menbers ol the Hicrococcaceas, since previous work has shown

that these have been found to bhe of limited use only in one

proul, the Staphylocogcus anrens group, withln this femily.

The btaxonomic signiflcance of eceologlcal characters, such

(0]

hebitat, in the Micrococgaceae, however, has not, up till now,

&

been fully studied. Therefove, habitat charactors have been
examined to see if Lh&y correlate well with any other set of
gﬂavﬁcter

(¢) Uelghting of characters

ODnce bthe characters of straing have been examined there are

Ctwo ways to try to elassify the strains.

(1) E@e tgéﬁitianal pproach to, classl icatiﬁn‘m In the

traditional approach to claa3¢£LcatLan y ¢ dudividual texonomists

ct cortain characters they believe to be i@partant, as
eriterdia for the srouping of strains into éefined families, genera,
specles of?groups. These arbitxérily chosen divisions may suib
thé’inéividﬁal tarxonomists and Lhoae interes Lcﬁ in their approach
ftc classification, but this appro ach does not show a true
r&latioﬁa&ip‘betweem strainsg.

(a) The Adan%onﬁan ﬂnpvuach to ciass&ficatson -~ Since little

informatiqn is known about the lamportance of characters, one

character should not be emphasised more than anotheyr for the
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arrangement of giraing inﬁb fomllies, gonera, specles 0 groups,
and thus in an Adonsonian classification each character ig given
equal welght, I have adoptéﬁ the Adansonian approach to my
classliication schemes, pince it iz the only way natural
grouplngs can be detected,

2« HNomgnelature.

As arrasnlt of any taxounomic atudy, namaahare apgli@& Lo
each taxonomic unit to give precise, although Limited,
information about each unlt so that communication can be
readlly mﬁdé‘bgﬁweeﬁ.péogle vihen referring to thaae‘uﬁits. The
liﬁermture, hmwéve?, ie burdened with many binomial namﬁg which
are elther Bynenyme,. or convey, by definition, very liitle

inforaat

ion so that the nature of bhe taxonomic unit iz vague.

Many taxonomilsts have rajécteﬁ ﬁh@ ldea o using nanes,
wvhich only confuée the reader and they prefer to use thai? oun
group and subgroup numbers; Cowan (1965) has aeﬁually advocated
the complete abandonment of names and he recommends theluse,af 8
code foy all bacteria consisting of numbers or letters. 1 have
used binowlial and otha@ names to desighate strains only when T
have ﬁﬁfined th@ﬂ firet, and for cortain natural groupings I use
my owun group or subgroup number.

3. ldentifigation

Tdentificatlon of bacteria is, of necessily, dependent on an
parlier clasgification, and 1t Iis important thal identification

is a rapid and relatlvely simnple standayrd procedure, sinco many
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@éople who wish to identify bacteria are not taxcnamiﬁtﬁ.,;ﬁnﬁ'
éf the best wéyﬁ.tb identify bactéria is to gxe@ér@ & key'haséd;
qﬁ aQ féw sél&ctéﬂ characters which are ﬁyﬁigal ef the naturél

groups found by classification schemes, The problem of

idenﬁifyinglaﬁraiﬁs of the famlly H@gfocéchceae is that fow
natural ér@upm~have b@eﬁ'discovaraﬁ,jané th@éefmre typleal
characters do not exist, vhich nakes thé»bﬁnﬁtrndtion of a siuple
diggnogtic key impossible. At th@'mcmenﬂ,-withinlthis group of
bacteria, identification has to be carvied uuﬁ by following
nlasﬂifiaaﬁioﬁfﬁchemeé whinh_degﬁﬁé;gn many tests for the
eﬁaminaﬁicﬂ a§v¢haracﬁér$“ I have discussed, wii@iﬁ thi$
ﬁhesiéé the ﬂﬁ@éulﬁeés 0f an identifieation.schém@ based on my
| 3y$tem’af‘alaéﬁifiaéﬁién‘ |

.The following review deals wiﬁh; first,‘the atéﬁé of
‘confusion exlsting in the taxononmy of miarueocgé}_amd_stmghyloﬁ
coceal strains; secondly, the usefulness af-chaéactgrﬁ.aﬂﬁ
tosonomi.c eriteria for arbitrary ci&aéificaiiqn schemes; ond
thiy&ly, the aﬁ?agt&g&s,_if any, of‘fhe-ﬁdamsani&h.approécﬁ to
classiflcation over the %raﬂitiﬁn&i}éébitréry onatin the

micrococcus~staphylococens grougp.



TR _FAKILY HMICROCOCCACEAR

Goodsir had‘récaréed the presence of coceal forms of
bacteria from stamach‘canteﬁﬁﬂ‘in lﬁﬂa_but‘it was ﬁhirty.years.
lator before any taxonomic study of coccl was attempied, .Gahn
(1872) was the first person to place spherical -bacteria, which

he had isolated from & variety of habitats including slime end

wonnd secretions, into a genus - Micrococeus. It is clear from
Cohnts description, however, that some of his lsolates weve

diptherolds and streptococci. Six years later Hagnin (1878) -

included both the genera Mierocpccus and Sarcina in a bacterial
classification scheme, but -he did neot make clear the velallon-
ship bétween the two genera, and it was not until 1883 that a

true classification of spherical bacteria was madey Zopf (1883)

put the genus Migrococcus and the genus gareina with three other

genera, Streptococcus, Merisuwopodia, and Ageogoeeuns, dnto one

fanlly, the Cogcaceag, the original definition of which was as

follows: "sphevical elements, nakﬁpqrea,'&ivisian in one or
sevarél glanegﬂ {Zopf - 1883, 3rd sdition of Pergey's Hanuval,
19730} . The é@herical ergaﬁiémg vere classiflied Into five
genexra aceefding'tn thelr mieiﬁﬁcopic morphological arrangement,
l.0. vayious plaﬁea’ei divigion and zooglen Fformation; the gonus

Migrococeus was defined as spherical elements occurring in irpre

ogular masses, and the genus PBarclna was defined az spherical
elements occurring In packebs.

The word staphylocoecous was first used by Opston in 1882 in
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describing cocel presenﬁ'in moptic woundsy he also showed that
these coacl were pathogenic to mice %nﬁ gulnea plgs, Ogston,
however, used the wofé as a common namc and not as a sciontific

"~ one and it was Rosenbach (188%) who introduced Staphylococeus as

a generdc neaue into vacteriological nomenclature. The genus
ggikaé’w&sAcremted by Trevisan in lﬁgﬁ_in a little knewn
classification scheme to cover tetrad‘fﬁrming‘microceéci; this
generic'name'wms Ignored by contemporary taxonomists and was not
used for another 48 years (Prévat,'1933}- | In 1886, the

tazonomlc work of Iuecppe resulited in the: carliest. record of the

throo geacra, Mlcerocoscus, Sarvcina and Staphylococecus being placed
in the same fanily - the Coccaceae, bat.in fact 1% wag 3L years
later before these three genera wereCenc@ more under the sana
faily name (Buchanan, 1917). Althéugh a few more baclterial
classificatlon schemes were evolved in-the next Lh yoars (€.g.
Flugge, 1886, Lehmann & Neuwmann, 1896; tigula, 1900), the number

tAl

of chavacters used for classifying the Qgggggggg into genera was
not ex%endeﬂ neeh beyond the few sorvhological ones of Fopf (1883)
from the years 1836 to 1908,

It was of gredh signifgcancé, tﬁér@fnre, vhen Winslow &
Winslow in 1908 mehmﬁiﬁéd for the fifat:time the dmportance of
Gram stain, pigmentaﬁion, the breakdown 6£~sugars aﬁd the ability

to cause dimeagse as characters for the classification of the

Goceageae -Into genera. - They delined the genus Hicrogcoecun as

being vgencrally. Gram negativey drregularly grouped cells, usually
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yellow plgnentod, gsaprophytic and not able to produce acid
Cfrom suga?$4“'thé definition of Sarecina ﬁiifers f?em thiat of

Hﬁcxacacbup oniy in that ¢611M in ggreina ocour in Qa@k@t&.

The defanlm&oﬁ by Win low & Winslow (1938) of two other

g@mera, G&ffuximg ley Lﬁ pi@muntatnan, vas given as f@ilswszw

or&ugmnpmgmgntm& &uraeaccua and wh&tg~aj=megteé Albococeus -
ugually @r&m'pa iﬁive irregujﬁxly grouped cells, parasitic
anﬁ abﬂe ta yra&ucc acid fram BUEOPS. In the. lL?ﬁb of. gvcnon%

know]mdwa it is pmﬁhab”ﬁ that the two pgencra ﬂuracecﬁua and

A]bococcuﬂ covv@spond tm the genus Staphylogoecus Eomonbach.

Althmugh aoyx hnd dxsacvered a red plgmoented coccus Uhinn

he n¢mcd Rhnaocoecu« Ln 18@1 it was Winslow & Winslow (2.008)

K

who int*ﬂuucea thia gﬁnﬁ% for the fivst time into a alnm f dome
caﬁian_ach@mg of ﬁh@ Goccacene, and they aiffarantjat@a it

from. the gonus Micrmceccu& solely on the @?Qduﬁhiﬁﬁ Gf a ved

;pigmenﬁiiu Thé onur Rhaéocaeeur wans rvcsgnimad by Eerg@y in

'ﬁﬁ@ ?ifﬁt'f&&r editions of ﬁ@fgay’s Manual (1923, 192%, 1970

' ‘and 1934) and by & few taxomamzﬁtv bmaco Befl o Klﬁyv&r'u

- van Nie? ! Qjﬁ), Rahn (l? ?}3 but mast o dorn t&xan@misﬁs nov
_reggﬁd ?ix big &Gﬂuﬂd miewaravGJ as being species in the genus

ﬁic@ecoch§.

The 25 yqaf ?0?3awing the work of the Winslows (1908)
havo “hsan that the ta%enomiﬁﬁ of thelt time were not ceortain

af the rellabglgty af %hp Gran sta aln, at least within the famil 1y

Cogcaceng.,  Fox whereas ﬁgchanan in 1917 and lator in 1930
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agreed with the resulis of Winslow & Winslow (1908), in that

species of the genus Staplhylogoceus are wasnally Graw positlve

and_that specics of the genus Microeoccusm are usually Grom

negative, Hucker (1L924a,b.) found that when he stained. 3.6

strains of the genus Micrococcus by five different methods
(21l called Grom stain) he obtained completely dlfferent

reelis. Bergey in his Manual (3rd Edition, 1930) and Janke

(1930) concidered that both the genera Staphylococcus and

Micrococeus could be defined as generally Gram positive.
Rahn (1937) pdsed the guestion that these varying opiplons
might be brought about by a chenge in the composition of the

dyes since LI08,

Tn 1929 Pribrom replaced the family name Gcccaceae'hy a

REW Neme Nicrocancaé&ae becaune he ﬁtated;thmtlﬂrtiale 2L of
the code of ﬁetmﬁical ﬁom@ﬁ@iﬁture-ﬁp&cified that fgmily fi i gots]
are Lo ﬁ@ Qdeéignmtad“ by the namne of one of thelr. genera or
"ancient g@neria»nameaﬁ(Cbmmittaa of tho Scciety of American

Bacteriologists, 1917) and hence he considered that the name

Coccaceae was illegitimatle. TFour years later the significance
of the Gram stein in this group of orgenlsus was ended once and

for all when Pribrom (1933) completely ré-defined the Tamlly

Micrococcacease to include Gram poslitive coccl, oceurring singly,
in p&irﬁ, tetrads, packeots, dirregular masses or even in short

ghains, Although thie definition iz a broad one in present



day knowledge, he did resteict the family to iﬁcluﬁe only Gram

powitive twu!y gphmricﬂﬁ coceh thc genus tropbacoacur was ot

.1a$t:e$aluﬁeé frcm'%he<£amily,f' From 1053 unt&% tha'prb& nt aay

the fomlly ﬁicrmcoccaceae'ha@ ehaﬁgeﬁ litﬁla in definitian, the

only e:cgphannw hcinu in %h¢ clq&m¢f4catjoﬂm of Kluyver & van
ﬂiel»(l?ﬁﬁ); Prevot (1940, 1948), Tesic (L957) anﬁ-Kra$silﬂikav
(1959) vho hava‘revérted te"ﬁha‘pré¢193§ conception of the family and

inelude the gen@ra'ﬁtreﬁtagmﬁeug and Yelsseria. Dven the number

and names of geunera éf c¢ogel within th@ Micrococeacsag have

alterod cons Lﬂcrably in the ]ﬁ%b two dccade 3y thus édd 7b to t@e,‘
already ez t&n? GOnfﬁd}Qﬁ of the: tawonomy of the f“mlly.\ Table 1
shovs Ehe generic names of Gram nmthive, truly-sﬁheriaallﬁaeéi 55&5 3
also the numhor of &peciem, mlﬁar groupﬁ and muerOﬁﬁb W¢th:n cachﬂ-LgE
genus as use@ by V&rl0uﬁ taxonomists in the last 25 year5.=‘1t~
can be seen from the table thab wh@rema eantrwbutarﬂ Lm Borgey*g
Manual, (6th Laltion 19h8, Pth Bdition 1957) classified utrqctly
Aaﬁrobig,-f&gﬂl%atively.aa&a&ic and strictly anmerobic coccd within

the femily Microcogcacene, none of the more recent tazonomic

studies of str&iﬁﬁ include the anacrobic coccl within thie femily.’
Indeed, the strietly anﬁ@robsc coccl: nr@ tha Least clas ﬂifieﬁ ot

all the mambers of the Egcr@cgacaceae and require,QVQH more than

the strictly aerobic and faculiatively acwoblc mtrains,ex austive <
taxonomic studies. The strictly aerobic and f&sultaﬁivaly

aerchbic members of The family ﬁivrocareacaaa have not bven ful?y
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classified in rcownt yaéru, desplie many atienpis to ﬁo 80,

© Most 0of the classifica¥ion é chemes publisghed in the last
gixteen yearvrs have invmlveé only a snall number of sbtrains,

e.8. the 49 of Hill (1959) and the 37 of Rosypal et al. {(1.966),
or have made use of a Limited numbeyr of 0havaatér$, Cefe the
four characters of “haw et al. (19;1), o have been devised feam
straing isolated mainly from one habitat, e.g. fermented neat -
Pohja (LO€0), hunan mouth - Pike (1962), sca water - Anderson
(1962) and bacon - Baird-Parker (196%). Although contribuitors
{(Pable 1) to Bergey's Henual (19%7) classified this group of
orgenlsus thoroughly, thelr scheme is artificially coustructed,
being based dﬂ dichotomous keys of a Tew characters, ond is
nuch closer bto an ddentification scheme then a classification
schene, Thus, there is 2 real need for en Adansonlien classifi-
cation scheme based on the ohsevvatlion of a largé selection of

characters exhibited by many aecrobic and faculiatively aesrobic

straing of the femily Micrococcaceae, lsolated from a variety

ofFf habitats,.
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GENERA WITHIN THE FAMILY MICROCOCCACEAR
. A A RTINS RO AT A

Ty e e AP0 4 ‘ .
The genera Microcogous and S Stoapbylococcus

There has been, and stlll is, confus sion over hhe nomen-
clmture and classification of micrococei and staphylococel.
The main problen in nomenclature of these genera arose as early

ag 1372 when Cohn used the gencrle name Mlerococcus, because he

worked with a mixed cultur&, and unfortunately hlﬁ type EPQOIQH

Micrmcéccus luteus hag so far not been re-isolated ~ that is to
say that no orvganism has been found to fit his oviginal
deseription (Gikmoa,1953§ Evanﬂ et g&.,~l§5§). The bacterial
taxaﬁémiata of the late lgth_and.@arly_aﬁth centuiries, howoever,
were not concerned with the tgchnic&liti@s of the naming of
bacteria, since there was po code for the guldance of
“bacterioclogists until 1917, Uniil the carly 104018 taxonomists

were loss interested in ﬁlFtLﬂgul shing between the genera

ﬁiaraeaeaus and Staphylococeus than they were in &i&tinguiﬁhing
the pathogenic from the saprophytic Gram pos jtivc cocel, and
there was 1ittle attempt to look for differential criteria for
the two geénera or to establish ﬁhalr correct nomenclature

Belween l?@ﬁ and 1959, however, there was considerable controm
versy regardlng the dividing and naning of truly spherical. cocci.

"The opinlon of Abdwel*ﬁalak'& Gibson (L9L8) was that "the

distinction between Staphylococecus and Micrococcus is at present
: p

gqulte indeflinite®, although thelr own work showed that the



Staphylococcus~Micrococens complex appeared ©0 be in a Linear
sopries with the pathogenic staphylococcus at one exireme and the
thermodurvic saprophyte at the other, In their contributions

to the 6th edition of Bergey's Manual (L948), Hucker (1943)

and Hall (Lon4) deperted from the taxonomic position taken Ey all
previous editloneg of Bergey's Manwal (1923, 1925, 1930, 193k, 1939)

that Staphylococcus vas separable from Micrococcus, when they

wpressed the view, withowl giving a reason, that all Gram

positive truly spherical cocel, excluding telrad- and packet-

formers, were 2ll members of the genus Microcoeccus.  Shaw ot al.
(1951) differed little from Hucker (1L943) and Hall's (Lohy) point
of view as far as classificalion was concerned, when they
considered that all aerobic, Gram positive, catalase positive
cocel shonld be placed into one genus, but since Cohn's (1372)

type specios of Microgoccus, does not, and did not, exist, in

the opinion of Shaw et al. (19%1) the neme Micrococeus is

illegitinate. Instead they chose the name Staphylococcus for

this one genus and, therefore, so far as nomenclature is
concerned, Shaw et al. (1951) differ from all previous
taxonomistes studying this group of bacteria.

From a classification wpoint of view, Van Eseltine (195%5)
vas in agreement wilth the opinions of Hucker {(1943), Hall (1oal)
and Shav et al. 1951) wvhen he come to the conclusion that there

was insufficient evidence 1n the lliterature to support the
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separation of the two geneora, bhut he was less dogmatic about

the naming of the genus "although Micrococcus Cohn 1872

clearly has priorvity and would appear to be the name of choice
provided only thalt a suitable culture can be found to conform
to the description of the type speciesh, Blek (1959),
however, completoly agreed with Shaw et al. (1951) as far as
both classifigaticn and nomenclature were concerned.

The uncertainties in the minds of taxonomists concerning
the nomenclature and classification of micrococel and

staphylococciwere partly resolved by Evans ot al. (1955) when

-]

they separated the two genera, Mlcrocogeus and Staphylococcus
on the basiz of fermentation of glucose with production of acid

under mnaeroblc conditions; those strains which did so he

confined to the genus Slaphyloecogcns, lthome that did not, or
produced acid only in aerobic conditiouns, he putl in the genus

Mlerococeus. Differentistion between the two genera by this one

erlterion - as far as classification aand ldentificatlon ave
concerned - has been accepted by Breed (1955) in the 7th

editdon of Bergey's Mamual (1957), Mossel (1962), Buird-Parker
(1963, 196%a) and the :Subecommitiee on Taxonomy of Staphylococel
and Miecrococeld (L9650,

Although the work of Bvans et al. (1955) was an important

gtep Forward in the taxonony of the famlly Migrococcaceae,

matyiy diagrams of simllayity coefflclients in the Adansonia
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clasaificatlion schemes of Hill (1959), Pohja (1960) and
~Rosypal &b sl. (L966) do not indicete the existence of two
clearly defined natural groups which correspond to the geanera

Micrococeous and Staphylocoecus, In the words of Silvestrl &

Hill (1965%5a) "atfempits to find @& single charvactey which,

. BN RN

independently, can separate two groups such as staphylococel
and micrococel are ,.. bound te fail', Thus it may be, that

the state of fiux in the taxonomy of the genera Milcrococcun

and Staphyloecocgens which haw existed sinee the late 19tk

century will countinue for some years lto come.

The genus § na Goodsir 1842

The genus Sarcina is'necogniﬁaa by some modern authorities
(Smit, 1949, and Breed, 1955, in the ?th edition of gergey's
Manual, 19573 Krassilnikov, 1959; PFike,1962; Baird-Parker,
1963), but other microbial taxonomisbs arve of the opinjon that

the dividing line between the genus Micrococeous and the genus

farcina is obscure (Abd-el-Malek & Glbson, 1948; Shaw ¢t al.
19513 Koecur & Martinee, 1962; BairdeParker, 196%a), and in
fact Kocur & Martinee {1962) and Baird-Parker (196%a) considerad

that the name Migrococeus luteus im synonomous with the name

Sarcina lutea. Although Breed (1943) and Sumit (L949) in the

e

6th and 7th editions of Bergey's Manual vespoctively stated that
the gonus Sarcina contains both acroblce and anmerobic specles,

Shaw gt al. (L951) and Cowan (L962) were of the opinion that
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the name Sarcinag should be resiricted Yo anaerobic, packete
forming cocci, since the species on which the genus was

founded, tyve species Sarcina ventricull Goodsir 1842, is a

strict anasrobe. Since there has been no Adansonian elagsie
ficatlon of scrobiec and anaeroblce species of Sarvelna, 1t is
not possible to know how many natural grouplngs cccup in this
genus. Obviously more taxonomie studles arce necessary before
any definitlive pogition can be taken on the tazonomy of the

genus Sarcinn.

The genus Gafilys Trevison 1883

Gaffkye was reinstated as a genus by Prévet (1933) to
contaln Gram positive coceld occurriug in clusters of tetrads
lying in one planc. This same genus was recogunised by Bergey
(1934) 1n the 4th edition of Bergey's Mamial, Kluyver & van
Niel (19%6), Bergey (1937) and Hucker (1943) in the 5th and
6th editions of Bergey's Mamual respectively, Prévot (1948),
Breed (195%), in the Ptk aﬁition ef Bergey's Manual, and
Pike in 1962, The opinion of tammnomists, on the whele, in
recent yeavrs, however, ls that the genus Salilys should be
abandoned; Abdwel-Malek & Gibson (19480), Shaw et al. (1951),
Mossel (1962), Baird-Parker (1963, 1865a) and Rosypal et al.
(1966) do not use the generic name at all. It is worth
noting, however, that taxonomists who do nol accept the

generlc name Gaffkya, have not, in fact, examined strains from



- 17 -

the human mouth, and the only species of Gaffkye likely %o

beﬂalasSified‘by these tazonomists is Gafilya tebrapmena,
which is found ﬁolﬁiy in the humean reépiratary tracﬁs‘(fhe-
other apecles apo E&rély encountered, and are found in Little
studled habltats, l.o. Gaffkys homari occurs in diseased

lobeters, and Gafflkya snaerobia occurs in thoe lorge intestine

af:the horse and human femal@”g@nital tract). It is
unlikely, thorefore, that any of these tavonomists studied
sbrains which were tetrad formers, and for this feasgn they
would not be justified in excluding the gemns from the

family Micrococcaceac. Nevertheless, Pike (1962), who

certainly examined styalungs of Gram positive, catalase
positive coccl . from the human mouth, used fow charéeﬁeyg
to sepavate Gofflya from other genera (Table 4).

In coné¢lusion, tﬁ@refore, there seems to be Little

evidence of thﬁ'exiahamca of a natural group in the family

ﬁiérqpaccaceae, a group that could be given generic status
“bhaged on %he;ééfinitiﬂnﬁ of Breed (19%59) ang Pike {1962) and
m&@@d Galfkya, hﬁﬁ-there ié.@learly seope for an Adansonlan
Lelasﬁificatimn of Gran positlve, caﬁalage positive coccl
from human and ahimal mouths, which would setile, once and

for all, the questlion of the ewistence of the genus, Gaffkya,

within the Mlerococcaceae.



The gerus qveraﬁﬂrcln& Ovlachnaen !ﬁQQ
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Thm inte fQ%LLng na&uv@ @f q‘rciﬂﬁ urcae (hcmjov¢1ck)
Lohnjs, oh@ uﬂly rcpre antaﬁiv of. ﬁhe cocecld that is matl3e

ané pradma@a‘@ndcmpore; was nobeﬁ by Orlawd cnson (1009) and.
’ s .

h& placed the. “ﬁﬁclﬁf in 2 new ganum, chras&rejn - The

ganericznam@ aﬁcraaarcmna waﬁ iny useﬁ onge 1gamn in o
clnu3¢fmcatiﬁn Gh?ﬂﬁ, thmf of kluywx*& wvan Nlci {1936) .
ALl Other ta xanoniste have, untLl v&cwntly, conaiderao thv

spocies to ue an dnomQEQu& mcmb@r cf tn@ g@nu&xmarczn; 1&

 thﬁ family Wﬁcracaccae&aew _ ﬂthonn d (1968), Kocur &

Ma rtiﬂcc (196gb)and Mﬂﬂanus et a . (196%), cn ﬁne s»hcr hand,

vejccncd 1t from tho chﬂccoucacooe an thé evﬁdence of

maraholegianl, phyasolc&ical &n& c031 eomna Lﬁmaa stuﬂiem.
~Thﬁbe Lﬂxencmi L cana&deraﬂ txmt bhb r@era ﬁbyuc&urv anﬂ
611¢ﬁsuidal n%&arc of the cellm éxcludad them from h%ing
truly Epn&riealwcagqi na the abeveaucntinﬂe& authorg ﬂaciacﬁ

that the geﬁﬁs‘Spdﬁosﬁrclna,waﬁwmmre'clage}y related to-the

fomily Bacillamcoae ‘than to the Tomily Microgoccacene. It

gcemﬂ, théréfare, thatygﬁoragarciﬁ&fufaaé is not & membor.of

- Lhe fam;ly Hicycaaccaeena.

The ana¢voh1c ponara

The. 7th &d¢tlﬁﬂ mf Eﬁrgcv ) Manual €195?) pr*ﬂonté

claaswfidaﬁia ruhcme ol thu 1jttl .wtudiaé anaar@blc

genur& MG&MQQQGQCCH& (Bﬂrkey, iOﬁB) and Peptocaecus (Oauglam,

lggh), bub no tmymﬂan¢c %tuﬁled Qt Lhns greuyﬁnmﬁ Qrganlﬁms

have becn ca*rLG& oub n;aco Lhun, -nor‘has any taxononle

S
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attention been paid to the anaerobic species of the genus
Sarcina, since their classlfication in the same ediltion of
Bergey's Manual (195?7) by Smit (1949). Clearly the only

authoritative classifleation so far of strictly ancerobic.

specics within the famlly Micrococecaceae is to be found in the
7th edition of Bergey's Manual (1957).

The species of the genera Micrococous and Staphylococcus

UL T oY W T P B o S LI I 0 2 N ok 7 P b3 B b 2

There are many problems concerned with the nomenclature

and ldentification of Micrococecus and Staphylococcus speciles,
but these problems have srisen because no standard classifie
cation scheme of these specles has been universally accepted,

The followlng sectlon of the review of the literature desling

- with the taxonomy of the specles of Migrococcus and

Staphylococcus shows the lack of agreement among taxonomists

in defining these species, and this has led in turn to the
considerable confusion of nomenclature and identification of

these speecics in the literature.

i re
S e

The species of the gonus Microcoecous
- reser Can s £ 575

Micrococeus luteus (Schroeter 1872) Cohn 1872

»

Although Micrococeus luteus is not now considered the

#ype speclies of thse genus by some authovities, e.g. Shaw et g;.
(1951), other taxaﬁomista acgept this organi=m to be the true
type species (Bvans et al., 1955; Hucker 195k, in the 7th
edition of Bergey'S‘Manual, 19%?? Kocur & Martinec 1962).

 Rucker (1954), Kocur & Martinee (1962) and Baird-Parker (1965a)
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arvead that Microcogeus luteus contains biochemically

inaecilve Qtrminﬁ,,ﬁhich produce a yellow pigment, butb
Hucker (1954) defined.his gpaecles as baing able. to produce
acld from glucose, SUCTOSC and manndtal, whereas Kocur &
Martinee (1962) considered that &train$ of this specices did
not utilise any mono~ or di-saccharides. In fact, mano-

motrie studies on straine of Micrococcus lutous by

Nunheiﬁér & TFabian (1942) and Rosypal & KocurA(196§) have
shown that thisAayeciaﬂ is copeble of utilising a variely
“cf carbon gcm?vunds, iﬁcluéin@ théﬁsu&ara: glucose, sucrose
and maltosp, bhut it s@eﬁa thaﬁ 1ittle acld is produced and
is not easlly detected in a complex medium, Baird-Parker

{1.965a) game to the conclusmion that Micrococcus lutons was

wealtly glucosec-oxidising, or unable to utilise glucose at all.

Micrococcus roseus Flugpe 1886

The name MIcrogoecus rogeus appears to have universal

acceptence al the present time, except that Shaw ei al. (1951)
referred 1t to the genus Staphylococcus, for reasons given on
pvage {3, hut definitions of this apecles vary considerably.

Shaw ot al. (E9§i) conaidaréﬂlth@ essential charmcfers to be,
coagulase not ﬁr@@uce&, acid bﬁ%ﬁho acetoln produced fr@m
glucose and pinlt colonles éﬁ ééér media. Hucker (1?5@) in
Bergey's Manua1~(l9ﬁ?) dkd not mention that glucose is
uvtilised but le stated thal appParently glycerol and mannitol

are. I glycerel end mannitol arc utilised, however, then
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glucose must be also, unless strains of Micrococcus rosous

possess a hitherto undiscovered and uvanlque carbohydrate
metabolic pathway. Kocur & Martinec (1962) stated that

growth of Micrococcus roseus stralns in peptone water

containing carbohydrates produced no acid from 17 carbo=-
hydrates tested, including glucose, glycerol and mennitol,
Baird-Parker (1965a) came to the concluslon that whercas

some stralns of NMicrococecus rogeus may be able to oxidise

glucoge weakly, the detecltion of small omounts o0f acid
released into a complex medium is not always poseible by
observing the chaange of colour of a pll indicator.

Other Micrococcus specles

ALl other specific micrococcal names are not unlversally
accepted at prosent. The number of specles listed within the

genus Micrococcus has varlied greatly ln recent classlfication

schemesy the numbers range from the preponderance of 609
named "speclest collated by Hucker (L943) and Hall (1944) in
the Gth edition of Bergeyt!s Manual (1948), and of 60 species
classified by Krassilnikov (1959), to the modest selection of
6 species of Kocur & Martinec (1962).

Micrococcal strains, however, have been classified into
groups oy subgroups, rather than lato species, by other
taxonomists in rcecent years, o.g. Pohja (L960), Pike (1962),

Baird-Parker (1963) and Rosypal et al. (1966), and these ave
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L ldsted in Table 1.

The speecles of the gehus Staphgloco&cuﬁ

gtaphylococeus avrcus Rosenbach 1684

Controversy has arisen around the neming of the type

specices of the genus Staphylococcus. Breed (1956) and Blek

(1L959) were of the opinion that the name originally given by

Romenbach (1884) to the type species was Staphylococcus

byogenes, but Cowan (1955, 1956) malntained that $tapbylococcus

gggggg,was the first corxrect binomlal name, used by Rosenbach
(1884) to name orange pus-forming staphylocoececl, the type
Specieé of the genus. In fact, the latter name was docided
npqn by the Judical Comwission of the International Committee
fof'Bécterial Nomenclature (1958) for the type speecies of

the genns Stophylococcus. As far as classification and

Sddentificabtion are concerned, all stralus of Staphylococcus

which produce ¢oagulase are generally recogniscd as belonging

- to the spocies Staphylococcus aureus.

In recent years when some taxonomists have preferred to
glve numbers or letters rather than generlc and speclfic
names to theilr classliiied groups or subgroups of strains of
micrococcl and staphylococel, the definition of one group or

subgroup always corresponds to that of Stavhylococeus aurous
A ?

e.g. subgroup Ia of Pike (1962), subgroup I of Balrd-Parker

(1963, 1965a), group 7 of Rosypal et al. (1966); (Mables 1,



Table 2

Classification scheme of Abd-~el-Malek & Gibson (1948)

Differential characters of the stuphiylococes and meicrococes of malls™

1 It
Saphylococeus group 8] Dairy micrococed
- : —  Intermediate ——*——-—
d I ¢ D group A n
Acid from glucose +- + - + - +
NH; from arginine +- + - - - _ -
Acetoin formation + + —or —or - - -
wealk woeak
Coagulase production + - - — - - _
Acid from mannitol + - - \% \Y - - -
Survival in milk at 60 ¢, - - - - V + 5-
30 mint
Acid from glycerol v \Y \' \% - - +
| S — - J
Pigment on agar Yellow, orange, fawn or none Greenish Greenish Pale
vellow or yellow wreenish
' none yellow or
noune
“ N J AN —, -/
Principle source Animal body Dairy cquipment

V =variable,
* Uneommon exceptions are mentioned in the text,
T Strains showing slight survival, as indicated by the oceasional production of a small number ol colonies
(< 10) when the heated suspension is plated, are regarded as being killed (- ).

.



Table 3

Clagsification scheme of Shaw

et al (1951) for coagulase negative staphylococci

Glucose
| : 1
+ T -
V.P. Subgroup 5
| l |
+ L
Subgroup 2 Pink pllgment
| |
+

Subgroup 4 Subgroup 3

Subgroup 1 Staphylococcus aureus

f

(coagulase positive strains)

Subgroup 2 = S. saprophyticus

Subgroup 3 = S. lactis

b N

W
€7}
*

Subgroup roseus

Subgroup 5 = S. afermentans




Table 4

Classification scheme of Pike (1962)

Typical characters of group I (Staphylococous) sirains and
a comparison of this group with the remaintng groups
Teat No. of strains and reactions* of groups

“Ya Ib To Id I IIs IIb IV
(40) (102) (57) (83) (30) (7) (6) (31)

Coagulaset )

Mannitol, anaerobiot

Phosphataset

Haemolysist

Egg yolk reactiont

Acsetoin}

Glucose, anaerobict

(old-white smooth
colony}

159, NaCl brotht

‘Clump’ morphology}

Hi}')opuratot

Tributyrin}

Glucose, aerobio}

Optimum temp.

. 28°-37°%

* Reactions: +, displayed by 76-1009, of strains; +, 26-76%; —, 0-256%,.

+ Distinguishing characters of group I strains. } General characters of group I
atrains,

+ +++++ + 444+
+ +4++++ + H++HH
+ +++++ A+ FF 00
+ F+FH+FF T
+ 410 R
+ +HH L ITHET
I 223 0 18- R T O
+ 1+ 0 0 b

Typical tharacters of groups 11 (G. tetragena), 111 (miscellaneous
Micrococous spp.) and IV (Sarc. lutea), and a comparison
of these groups with group 1 _
Teat, No. of strains and reactions* of groups

—
]

“fTa Ib fo Ia I IIs IIb IV

(40) (102) (5T) (83) (30) (7)) (8) (31)
Colonies white, conical - - - — + — — -
*Tetrad' morphology - - - — + + + -
Acetoin 4+ + + — + 4 + -
Nitrate reduction + + + 4+ + + + —
Glucose, aerobic + + + + + + + —
gt tem. ~ - - - - -k -
Tributyrin + + + 4+ - * £ +
% NaCl broth -+ + + + - + + +
1095 NaCl broth + + + + - + + +
Starch — — — — — + + +
Casein + + —_ - —_ - + +
‘Packet’ morphotogy - - - —_ — — - 1



Table 5

Classification scheme of Baird-Parker (1963, 1965a)

Main characters of subgroups within Group 1 (Staphylococeus
Rosenbach emend. Evans)

Subgroups
F s N
Characteristic 1 11 111 v v VI
Coagulase + - - - - -
Phosphatase + -+ + - - -
Mannitol (aerobic) + - - - - +
{usually)
Mannitol (anaerobic)} + - - - - -
{usually) (usually)
Acctoin + + — + + +
Lactose + + v — + v
(usually) (usually)
Maltose + + - v + v
Growth at 10° + - —_ —_ - -
(usually) {usually)
No. of isolates 24 854 24 53 19 06
v=variable
Main characters of subgroups within Group 2 (Micrococcus
Cohn emend. Evans)
Subgroups
s —
Characteristic 1 2 8 4 5 6 v
Acid from glucose -+ + + 4 + + -
(aerobic)
Phosphatase - — — —_ - + —_
Acetein + + + + - - -
Average end pH 4-8 51 . 50 52 55 53 65
value in 29,
w/v glucose
broth
Arabinose - - - + v + -
Lactose - + v + + + -
(usually)
Maltose v + + + + + -~
(usually) (usually)
Mannitol - - + + + + -
. (usually)
Lipolysis v + + - - + v
pows (usually) (usually)
Tween - - v - - + v
hydrolysis {usually) .
Growth at 10° - + + + + + +
(usually) (usually) (usually) (usually) (usually)
No. of isclates 17 8 75 10 544 4 10
v==variable

Strains which have similar characteristies

to those in Microgcoccus subgroup T, bui are

red pigmented, are placed in Micrococcus

subgroup 8.



2y 3, by 5, 12 and 13).

Other Staphylococcus specles

[ SRR 1 b —veirin e o S8 e o e £ ISP

Other specific eplihets of the genus Staphylococcus

are often used without reference to the oviginal definitions,
which are given below, e.g. Loeb gt al. (1950), Jacobs et al.
(1o6k).

Stophylococcus albus -~ staphylococed other than Stavhylocecus

apreus, the twvo species belng distinguished only by pigmeats
Romenbach (1884).

Staphylococcus citreus ~ lemon pigmented cocel; Passet (1335).

Stavhylococcus epldeormidins ~ white pignented cocel; Winslow

& Winslow (1908).

Staphylococens goprophylticus - coagulase negative strains of

human and animal oxiging Fairbrother (1940), The species was
re-defined by Shaw et al. (1951) to include coagulase negative
strains, which produce aclid and acetoln from glucose.

taphylococcus lactis - coagulase negatlive strains vhich

produce aclid but not acoboin from glucose and whose colonles

are nolt pilnk; Shaw et al. (1951).

Stovhylococcus afermentans « coagulase negative strains which
do not produce acid oy acctoin from glucose; Shaw et al. (1951).

Comments on the definitions of specific neames of the pgenuvs
Stanhigocoecum by subsequent taxonomists

et

fvans (1955), in his contribution to the 7th edition of

Bergey'ts Manual (1957), included only two species in the genus
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Staphylococcus = aureus and epldermidis, and he deilned the

latter speclies as coagul&ée.nagative, giucose but not
mannitol fermentative. Hill (l959)vnoticed a rescmblance

between Staphylococeus gpidermidis, as re-defined by Lvans

(1955), and a group of 3 strains, which he called

Sﬁaphylococcus saprophyticus, according to the definition

- of Shaw et al., 1951 (page)? ). Jones et al. (1963) also
noticed this resemblance ané they considered that the two
gpecific names wer Synonomous. In my opinion, however,
they could hardly be described as such for the following

reasonsi= Hill's (1959) description of his 3 Staphylococcus

gaprophyticus strains is '"mannitol often positive", when
incubation was carried out under aerobic conditions, but

true fermentation was not investigated, According to

Evané (1955), Staphylococcus epidermidis produces acid from
mannitol nelther under aerobic nor anaerobic conditilons.

If acrobic or anaeroblc productlon of acid from mannitol is
an important taxonomic criterion, it follows that the two
specles cannop be the saune. Baird-Parker (1963) also noted
this'diécrepaﬁcy and his own btaxonomic work showed that the
. 2 specles wéfe not the same.

In 1963 Jones et al. expanded Evans' (1955) definition

of Staphylococeus cpidermidis to be the abilily of the species
to grow anaeroblcally in a defined complex mediuvm with glucose

- oy pyruvate as the energy source, the abililty to ferment serine
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as an enoergy SGH?CQ;:th&'rQqﬁifeéﬁnﬁ for blotin and uracil
as vitamine under anacvoble conditlons in a seml-synthetle
mediu, and the inablility ﬁe‘roﬁﬁée nitrate to nlteite or-tan
produce caagulaaé,"ﬁsing diffaréat mdrghqlogieal and
physiologicol char&nterg;as taidnémic cfit@ria, Pikel(l@éa),-
Baipd=-Pavker (19635, 196%a) an@xﬁ0$y§d1~gg al. (1966) have
dalvided stroeins of staynylogpcei inte groups and subgroups
(Pables L, 5 and 20),  Pike (1962) and Balrd-Parker (1963)
could not correiate thelr subgroups of’ccagulaﬁa‘ﬁegéhivé

staphylococel with the definition given by Evans (1955) of

Staphylococeus epidermidia or the deflnitions piven by Show

et al. (1951) of Staphylococeus paprophyticus, Staphylocaccus -

lactis and Staphylococcus afermentans, (page 1D ).

« o
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CHARACTERS USED TN TAYXONOMIC STUDIES OF MICROCOCCT AND
STAFHYLOCOCCY |

CIn the fcllcwjnb uccbgon, the citractérs'that have been,
and are used for claﬁsifyimg snenbers of the famlly

Micrococeaceag, in particular micrccacci anﬁ staphylococei, ave

féviawe&. The term "cha *cter" 1 Lahen to be a property
exhibited hy & hacte?mgl ﬂtr&im%'th@ character may be the
‘prage?ty of tuv moﬂhhaloyy 0f the cells, GuB. cell shape or
colonmal ize, cr mt may be the property of the ﬂhy jclogy of
the cells, Ce By pxgment pruﬁucﬁnan or hvuralymis of camexn, or
Lt may bt the- yroporty of the chenical structure of pqrt of
bacterial - c&??s, Caffe eell wall.ar DA boge composition
charactergw"

Thére arevgiqueatiohs concerning this section tﬁat the
'r&ade im 1ike1§ to Agk-
(1) uhxch char&cbcra have been used for classifying micrococel
-and staphylococed?
(2) Mifferent taﬁbnﬂmists, éﬁmmining the same characters
exhibited by micrococei. and staphylococel, often obtain conm
flicting resulis; wh& éhould there be such discrepanciest
(3) Have the taxonomiét§ used: these characters in an uﬁbia@ed’
vay for cl&&éifying these bacteria?

1. The vse of characters

The earlier taxonomlets used whau intormaticn was avallablo

about the bactoeria, i.e. thelr morpholegy and simple vhysliology,
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“as characters for taxonomic studlies. As the knowledge
of bacteria increased, through advancds in chemleal and

biochenical tucnnnques, more informalion became avallable
for tazonomic purposes, e.g. cell wall analysis charvacters.
Cunaequeﬁtly;:at present, there are ﬁany chavacters which
can be used foz clasaifﬁing microcogel aund ataphylocécdi.

L)

Very feﬁ‘taxonamlstm, h&wever, have compared classifi-
“cabtlon schiemes based om morphological and physioiogical
characters, with those schemes, for instance, based on HNA
base- ccmgo sition characters, and therefore, in this review

1t ha& been a@irfficuli to compare the\rasults of‘one tagononlst
with the results of another. | In fact, no t&xcnomist has, so
far, used all known characters vos senped by thcsa bacteria in
o Glassifleation schemeé.

2. Disercpancics between results of di fferont tazonomists
examining the some chargcters

This is a more difficult nuos»aan to answer. There are,
hovever, probably three main reasoins for these disere 1an01es
() t;xanomi$tm throughout the years have used sirailns
normal-y Lcolat@d.by them&élveﬁ for ﬁheif’studies,‘anﬁ the
classification of the some namied culture coliectlon strains by
diff@#@nt tarononlc wethods and different tazonomists is
gomparatively new.  The sourees of the strains ave hound to
influence the propveriies of the straina, and so micrococcal

and staphylocoge cal Bt?@inﬂ L&Oldted, for instance, from milk
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or nilk products arc Tlxe]y to have differcnt chacvacteristlcs

3

from straing isolated from huwman or animal skin., AlL taxonomists

should use at least some of their oun isclates In thelr classie

ication schemes, otherwise new specles or subgroups cte, wonld

never be discovered, but hot to the excluslon of culfure
cmllebtien atrainﬁ. | |
{h) discrepancies in résmlts also may be due to the variatlons
in experimental conditlons, e.g. variation in the length of
timae of. incubation, temperature of incuhﬁtian, egmpesi%ion of
medin, and sensilivity of test feaﬁeuts.
(a) the confusion in the nomendature of these organleous over
the last Eo'yeaxs must contribute largely to the discrepanciecs
in th@'résulta. For without a universally recognised systen
of nomennlature the tavonomist must defiine the ovganisms he
names; thls in mevy casos he has falled to do. Tor ingrance,
sOmE suthors roefer to “gtaphylococei® without defiuingfthem -
1t is possible that some of these orgenisms are micrdcacci,
i,e;_thﬁy do not fermenlt glucose.

My ihmbility, however, to onswer this quogtiﬁﬂ comﬁletely
ham led me Lo repeat, with my owa stralans, ﬂany'df the tests
used by previous tamanominta for chqrwcte ..... sing thor9 bactoriae

3. The use of eharactoers for clasmmfylug in on unbaa od way

The answoyr to this guestion must in many cases bef"ncﬂ,
although to Cénilfm my opinien, I have had to c*ﬂtxcﬂlly

exanine many of the characters, which have been used as criterd

&



for classifying micrococel and stophyloedeci, and I shall

Y

discus

Y

{‘}‘\
e

he slgoiflcance of the use of mwain charactera in
claspification schemes later in this thesis (pageiSYT ).

Most of this mectlon is devoted to a dimcussion of the
characters ume@ for the c¢lesgification of micrococel and
staphylococei, but after the discussion of the physiological
characters thevre is & brief comparison of the wmaln morpho-
logical and physlological classificatlon schemes produced in
the last 20 years; %heae scheémes are the ones nmost widely used
by bacteriologists for classifying ﬁicrOGGCGi and staphyloecoccl,

and knowledge of theme schemes le an cssential background in

reading this thesis.
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MORPHOTLOGICAL  CHARACTERS

Shape of the Cells

By definitlon all micrococci and staphylococci are spherical
in shape (Mlgula, 19003 Breed, 1955, in Bergey's Manual, 7th
edition, 1957). However, differentliation between a alightly
ellipsoldal cocéus and a very short rod is by no means easy;
% Hational Collection of Type Culiures (R.C.T.C.) strains of

Micrococcus and Stophylococeus species were rejected from a

schene of classification by Shaw gb al. (1951) on the grounds
that, under cortain conditlions, theme organisms developed
into branching rods or hecawe definliely ellipsoidal in shepe.
Balrd-Parker (1963) found that some of the Gram positive,
gatalase pns tive cocel he studied were slightly ellipsoidal
in shape, but he did not reject them from his classification
scheme., It seems from the literature that if cells of these
bacteria possosse o slight degree of ellipticity and not a
cocgo~bacillus shape, they can be elassified with the tvuly
spherical cocecd, |

Size of the Celle

Great variabtion has been founnd in the sise of cells within the

fTonily ﬁicrooacc&cgme ag Table 6 shows. Abdwel-falol &

Gibson (1o48), Pike (1962) and Baird-Parker (1963) coasidered that
the eells of micrococel glving wealk blochemical reactions are
layrger than the cells of fermentatlive staphylococci. Hill

{1959) observed that his micrococei were pleonorphic, but



Micrococeacese as found

by various authors

Authors

Diametexr of cells in‘}L

Abdmel-ilalek & Gibgon (1948)
Shaw gﬁ,g&é (1951)

min (1959)

Anderson (1962)

fike (1962)

Kocur & Hartinec (1962)

Baivd-Parker (1963)

0.7 to largér gizes

0,75 to 2.0

0.6 to 143

045 to 3.0

0.7 to 1.2 & laxrgexr coccl
1.0 4o l.6'(micrococ¢i only) |-

Lieas than 1.0 to 1,5
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Anderson (1962) noticed that his fermentalive organisms were
~more irregnlar in shape then him non-Termentative ones,

Hotility of the Cells

Motile strains of truly spherical cocel are rarely encountered.
Contributors (Wable 1) to the 6th editlion of Bergey's Manual
(1948) stated that 5 of 34 specles within the family

Micrococecaceae vere motile, and contributors (Table 1) to

the 7th edition of Bovgey's Memual (1957) found that 5 of
their 43 species were also mobtile.  Shaw et al. (1951) Found
that only 35 of 432 étr&ins_were motile, and the motlle straine
peésemsed 1 flageliwa per cell, Balrvd-Parker (1967), however,
‘could'find no motile strains in the 1,250 sitrains he studied.

Colonlal Torm of the Celle

Tazononists gen&fally agree that colonial morphology is of
limited use for él&saifying micrococel and staphylococei, and
consequently there is little reference bo thie character in
tagonomic publications.. C&haw et al. (19%51) and Baird-Parker
(1963), howevor, recorded their obsefvations., Shaw et al.
(19&15 noted that their cmloniaé'were low, round, convex,

_smooth énd entire, élthougﬁ BOME Were rough and sone were
crenulates  BalrdeParker (1963), considered most of his
golonies to be 0,5~2 mu. in diémater, convex, and usually smooth,
although some were crenuvlate. -Any large gramtar, natt,

colonies were composed of packet-Torming coccl.



Appearance ‘of Cells in Broth Culture

Shaw ¢t

t al. (1951) and Baird-Pavker (1963) found that
ﬁtaphylaﬁmcci usuélly grov as an easily suspendible fino
soddnent dn brotvh cnlture,yhut that other strailue (soue
micerococel, according to Baird-Parker, 1963) produced a.ﬁere
mucoid oy grana@ar deposit, which ves difficnlt to disperse
in the broth, | Although Shaw gt al. (1951) and Baird-
PQ?RGT;(1963) é@r@ed in ﬁheir findings on the growith of Gram
pomitive, caﬁalase positive eocei in hroth, they did not place

. any téﬁonomgs'sigmificanée on thelir ohservations.

Grom's Resetion of Cells 1n Stained Smears

AWhe confusion of the early taxonomists concerﬁing the Gramts

i
reaction ol cells of wmicrococcl and gtaphylococci has becn
revieved on page 8 . In 196,"5,' Ba‘l:r:*c%.é}?a{rl';ﬁfr gtated thati al‘il
wiecrococel and'staphylacécci.gre'deiinéd as belng Gream positive,

and conseguently he considered that seversl of the establiched

Microcoeccus specles were not true membors of the family ,

Micrococeacone, Gell wall gtudies of 2 Gram neégative

Microgcocens specles - M, dendiirificans (Balrd-Parker, un-

published work) and Y. halodenitrificans (Smithies gt al.,

1955), and of 1 Gram positive species M. ra@iddmranq_{Wark,

1964), have shown that these species possess characteristic
Gram negative cell wall componenis. These species, according
to Baird-Parker (1L965a), should beo re-classified with the CGrawm

nogative genera.
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i

The Grem reaction, therefore, s one of the fivel characters

B2y

that a toazonomlst shouvld exawine, vhen he is trying to classify
mlerococel and ﬁtaﬁhyl@caaai and 1% ils duteresting to fiand

that Abdecl«lalel & Gibson (1948), Pohja (1060}, Hoszel (1962)
and Pike {1?68) did not mentlion the Géamﬁﬁ vencbion of the
%tyains"thgy ciaaaiﬁi@ﬁ;\i% is probable that %h@ﬂe-aﬁtherm

assumed that all the stralas they examined were Gram posbive,

PRYSTOLOGLCAL CHARACTERS

The Q@timﬁm ?eméeratuwe foy Tucubablon of Gu&tﬂ;éﬁ

The temperatures for the ﬁﬁcmhaﬁien bf euliures of microéocci
and staphylocoecl aré sometimes arblirorily chosen, as vhen the
Subcomaitiee on Nomenclavvre and Taxonony of Staphylococcl and
Mileroecocod (196§h) chone 3?Qﬂ, Badrd-farkey (1963)33698, Fvons
et al. (195%) and Anderson (1962) EQGG, although the last
author was workiug wiﬁh‘mea water microcoecl, which have low
optimun temperatures for growih (18ﬂc - 22% ZoBell, 1OL6).
Shaw gt gl. (1951), Hill (1959), Pohje (1960} and Pike (1962),
howevey, found the optinum temperature of growth of theln atrainm
hefore emﬁaﬁking on & series of cxitlcal expeviments; while
engaged on a gtudy of the tazoucny of mlcerococcl and staphyloe
coccl.  Shavw gt al. (L951) found that all of their L32 stralus
grew av 220 and most stralns had their optlmum tempersture at

50% ox 37°C.
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The Use of Temverature Growth Range in Classifieation

Hueker (1954), Kocur & Mariinec (196R), Jones gb al. (1962)
and Baird-Parker (1963, 1965a) are the only tamonomilsts to use
temperature growth range ag a criterion in classiiicotion.

Macker (1954 7;.7th edition of Bergey's Manual, 1957) and

Kocur & Mariinee (1962) definéﬂ a new spoecies of icrogocens
{(named cryophilne) on the basis of 1ts low temperature range -
400 to 2360, wilth the owplinmun at 1000, and thus demnonsirated
the vee of temperature growith range as a mnain Loxonomlc
critefioa. |

Jones ok ﬁl. (LO62) and Baird-Yarker (1963%) usaé growth at

®¢ as chavacters in their respective classiflications,

1096 and 45
Thelr resulis arve recorded in Table 7.  Jones gt al. (1962)
made no comment on the usefulnesa of growth at elther
tenperature, Sut Bodrd-Parker (1963%) recorded that “growuth
at Qﬁcc vas & more vaviable character? than growth at lOOG;
_Balrd-Parker (1963) used growih at 10°¢ as a main character
in his elassification scheme (Table 5).

K]

Besietonee of Organismns Vo Heat

Abdegl-laolck £ Gibson (1948) were the first taxouomists to

characterise a group of micrococel and staphylococei on the

basle of resistance to heat, Their Staphylococcus groun T
+ pe . 3 . . - - 1, . [ » C}
(Table 2) sirains falled to survive in milk heated at 60°C

for 30 minutes, while strains of thelr Dairy Micrococci group



The growsh of atrains of mierococel. gbaphylodoaci

Table 7

end saxcinas ab 400G snd 4500

<<<<<<<

wtraing growing at

saroing

Auabhoxs Straing examined - |
Lm s o . 1000 4500'
Jones gt al. 15 ptroing of
(1963) Stahylocosous 6T 607
epidemnidis
Balni~Paricer 24 streing of
(1963) coagulase +ve 80% 100%
Clagsification o vt -
Scheme =~ Table 5 staphylococel
371 straing of
coagulase ~ve 5% 9295
‘gbaphylococel '
352 s*bmiha of
glucose oxidising 9% 119
microcoeci
9 straing of
micrococei uneble 78% 78%
to utilise glusose '
2 gbreing of 1005 ok
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S AIT (Peble 2) wvere resistant to such tve atments Thism

interesting finding has not yet been confivwed bHy any other

.

bazononiet. ﬁill {1950) alzo Gned haa&_ﬁeuaxnjvity 2 8
‘\A},;mmz;z*m e *L Lon by heating enliures at :3(5; 3 and
axamiﬂimg!themfmﬁkar B, W3, 20 and 20 wianbtos for viable

avglu$" ' %mt‘ha did pot msta u hig v ﬁ%ttﬂ.

'mn‘!“t w:: msmg de :E’%ai:g;azi,m'é:;.nm@

&n *. “

Since T ny Gren ﬁ@ qiGive @y cabtalase gﬂaitivo caceld can he

ieolated §Vﬁh an anvlrnmspno wiih o high oold eoncam%ﬂaﬁiﬁm,
it wes ﬂatur&l for saue authors &@lue tha effc ot of

sodinm ahiehgao on the mwawﬁh of these orgonisms.  An rogent

yeavs, ﬁill (1§§9); Fohja (196&), Pike (1062} and BairdePorkop

3

{1963%) ﬂ&velﬁﬁeﬁ dlatlngulehing tepin, based. on sodlun

3, n: X

ehiloride vesl '1nc@a fox @hu clagmification of stralns into

.

g GUPE . - By QQA 3&%;? ﬂébﬁi?- and resulis are ﬁiven_ia Table
3 “@hia (1u¢ ﬂ), vha Lantk@ @nly’ﬁmx@nﬁmiﬁt L0 u@e sodiug
_chlawié& rewls “nsa & d &ﬁiﬂ ehava Gnv, &?‘&ﬂmbd wis stroains
into 5 gvonpss ? ﬁﬁﬁd hh A VT “h&ﬂouaiowaﬁ““ for sireine
that grew on eonm@n§ratiﬁam'mf ﬁadiumAahlor}QG up o 5%, and
“ﬂﬁﬁwhalwtbleﬁaﬁﬁﬁ for m;a ua‘gist 314 not BP0V 0 goncentite
ﬁi@ns as hi&n as 19% ﬁ$dimm~¢hlé@;ﬂe; HStroine whieh ERow on
15% sodium chloxd de agteg bt né% ﬁﬂ.ﬁ%;$0ﬁiuﬁ chitoride agar

were given Lﬁm nEme ihnlophillic®,



Toble 8

The - effect of vanions goncentirations of .godivm ehlowide
on the growih of Grom positive eatalase positive cocoi

" T NSOt o
Mathons o oifgiiﬁng st :fa;:n B clgigés . Resulbs
Nall gzum P exomine
Pl e D R I B SRR : 'eaf A A T 02 S S . ibspvm—
Pohja Meat 0%, 5% | 97% stwains grew on 0% Na®l
(1960) extract 171 10%, 157 99% ntrains grev on 5% HaCl
’ glucose 965 mbmaing grow on 10% Nall
agar 86% strains grew on 15% Wall
Hill Wutrient 49 | 9%, 12% | wesulis not given
(1959) agar 15%
Pike Hudkvient 336 5%y 0% | T6~100% of strains in all
(1962) broth 155% Pike's (1962) groups grew
in 5 & 10% Nall, except
Clagsificabion for 30 Gaffloya strains
Sceheme - Tghlel (g‘rcup ¥T), none of vhich
4 grev in eny % NaCl tested,
and for group IIIh of
which only 26=75% of
straing grew in 0% NaCl
Ouly strains in geoup I
grew in 5% NaCl
Ba:é.,:%.gg};:)m:er Yeast 1250 | 0%, 55 | 9947 stralns grew on 0%
flacl
‘o extraot 45¢% 100% strains grew on 5% Nall
gihz;;f:‘z%;i% glucoae 86460 slrains grew on
bhroth 15% Wall :




cobroph Activity - Geoulth in Slucose Ammonium Fhowphato HMedimy

ﬁucker, in his clasgiflcstion monographs {(192ha,b) and in his

Lale,

contributions bo the 6th (1947) and #ith (L95Y) cditions

;';

O

Bergeyls e ﬂual epphiasises the charpeter of protoitroph activity,

»

by the ability ox i3 wb&li%y of mlevogecel and atophylococed 6o

grov. in glucose ammonivm phosphate medivm. thaw gk al. (1.951)
and Evans ¢t al. (1955) stated that growth on o sinimal wedivn
1o depondend upon the carryling over of reguired viteming, and

thie

T

La probably the reason thal the prototroph rosulis of

Show gb gle (1951) vere found to be variable. Mooy

ucﬁ‘

vaxononiats have used glucome auwmoninvg phosphote medium but
have not eongldered growth Jo i (o be an important criiterion
Ja thelr tazononic sitndies (Thatcher & Simén, 9}? Pohje,
19603 Andevson, L9623 Peird-Parkor, 1963).

The econtribubors (Table 1) to both cditilons of Borgey's
Hoapual (1008, 195?) recorded that 20 « 31% of the spocles in

th@ Temdly Migrogcogoaceas were probotrophic, and Pohja (1960)

“auﬂﬁ that 5% of his 191 stvaling vere able | B grav in

ginpose smmonivm yh&mrh te median. Bolrd-Yorker (1963),
hovover, noted that only 194 of his 1,250 ﬂu?\inﬁ_gr@w 0N
thils protvotroph medivm. Tt sceus, from the resulis of these
auwthorg, that the maﬁmr&ty of awgaﬂiam& able to grow on
glucose cupannlom rho%nbaue mediug are nicrococol with veak,

oF no, blochomleal activity.
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Pismenvation

Moany straing of cocel produce strikiag yollow, orange,
golden and red pipmeats, Thia eapily-observable fact
yrnhahiy led the early bacteprlal tazgonomiste to put great
enphasis on the character of plomentation for thelr classie
fication schemes (Cohn, 18723 Winslov & Rogers, 1906
Winglow & Wiuﬁlowgllgﬁﬁs Hucker, 192ha,bh). Later research
vark, however, is ¢xitlcal of the assumption that pigmentation
ig o conslstent eharneter and can be relied upon as a
satisfactory tazonomic criterion. (Rahn, 1929; Abd-cl-Malek
& Gibson, 190483 Van Bselitine, 1953%).

Piguont producition by bocteria le dependent upon the
conposition of the nmedia uweed and the incubating conditlons,
2.8, bemperature and lighti Table 9 shows the medis and
dngrbeting condltions for plguont productlon of mieracoccl
ad staplhylocoeel used by warious suthors in recont years.

Aspesegment of colouy

wa
RUTHITI Neniorhy

Since sasesament of colour g subjectlve, comparison of

4

pignent with a systen of colouxr chayrite vas proposed and used
ag Long ago as 1608 by Winslow & Winalow. This syatem vas
vecomzended by Lenning (1954) and Pacly (1958); and used opod
nore, dn a clagsilfleation of marine wicrococci by Anderson
(1968). It scons strange, nevertheless, that Anderson (1962)

does not mention the colouyr of any pigaent, after he had itaken



Demom“tr‘, tion of pn.ﬁmen‘mtion Ty Gram pogitive eatal ase pamt:we cocc:.
: B8 muo:e:ch,a bv authors in, :xreccn& vears

o e d;‘iwn

b Jlﬁcubai; i’ng

bt

- Authoxs eonditiong . |- -ements
Huekex (1943) . " |Vnite
from 6t edi.tion Pototo Not mentioned { Yellow
of Bergey's Mama:ﬂ ' g : © | Orange
(1948) , A Pink, Red
Abd~el-Molek & anam exhraet agur, Not mantioneda'Yeliewy ;
Gibson, (1948) pota Lo, 5-?.0-30p . {Greenish
Clogssificabion -mllc age Yellow,
Scheme - Table 2 . Orange,Mawm

Shaxr et al. (1 951) Nuji:fcient agem. o OPE.:.mmn uomp@:cm .
3, oo ,@Lure fox -24hra | Gold
giﬁinéfi‘c,;;ﬁﬁ 3 PO‘_&E’TLG & then kept for Lemnion
s ~ e | o week dt yoom |Pink
: uempe.r:atufe :Ln
i, ‘ e 1 .. diffused 1idk _—
1L (1959) 30% milk agax 37% for 24 hrse | Vhite
] S and then kept | Gold
Poxr 3 days =t |Yellow
' Toom tempexabure | Pinlk
R e C‘lucc o Toah Gxbrant S o

P yeast: agé:n:'vcdntammg Ononys . . | Grey
Fohja (1960) _ various quﬁnuluie% 25 Cfon T deys 1:’4115.'%@.
e} OF WAl A i Yol 00
Mderson (1962) 107 cremn in o 'basal Room ﬁempembime Coloux
- . medn.mn for marine for 14 -days dn | anot :
. : nicrocosei diffuged Light Imentioned -
Pike (1962) 330 skin milk eior | Opbimum temper= | White

(Gh.rwt:x.g & Keogh a:tixﬁe for 2 days| Gold
Classification 1940) < & then Kept for |Yellow
Scheme - Table 4 5 days ab room | Buff

: tenporature in
7 : o dl.t‘i‘tmed dight | .
Kooun & Marbinee Glueose yeast extract | 30CFow 4-Gdeys |Violet,

(1962) 1 agan o ([ Yellow .
Orenge ,Pink
Yellowish

Mo seel (1962)

fi'umwfcol sa:LL pheno’i |

redarar

37% fox 48 hza.

A Green, White

thite,

1 go1g




| 2‘3&11}_9,__2 ('égbxiti,iiue;})"

Vel .f.-‘sirthoié"" )

Me&iu‘m

.Lmubaum o
(}031(1.1. } iong

Willis & fumner
(1962)

1k C‘lyceml 11_onoace1.me
'V'agm:- A :

‘_,T Cin ’r.he da::lc :
’ “o:p Aa }:mu:rs

' 'Whi‘b e

Yellow |
Orange

Buff

Bﬂ w&-—l’aa*‘"ex
(1963)

Qlagsificntion

‘ :‘.;Etaemb try*p'bo‘ize bgor
“containing 201‘3
“pmill
Sch'emegé_' G’Lﬂﬂe S5

akin

| 30% 501 7 ey

Whii%é :

Orange

T Yellow

:-Rofsypal eu ‘,.l. :
" (1)(6)

:'O‘lasumi‘a eab:.on

t.;ehome - ‘”i‘able 20 R

Gluicoise yoast exizact

30 T ,"f‘ov:q:;

46 daya

o eYellow Tl
o RPink

Wy
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tho ynuhie to use a colour charb. ' Hosb authors, hovever,
coniing thely charagterisation to @ few yz;nemvu GOLOUYS,

and oh LEEIC

C

can be seen listed in Table 9.

Vazlation ai’gm'mﬁzi oroduetion

Abdedlelalel & Gibzon (1948), Shaw &t ol. (L951) and Baipde
Parker (1963) agveed that plgac nnaiimn is not .a stable

a2

- ¢chapacter, ginee 1t i 6e)eﬁ@an 031 Lh@ condivlons of gowth
- 0f orgonisns. The variation of plgnent produotion bJ

Stophylococens purens hags heen kunown for oons tim@. Andpeyon

2 Gowdon (190%), day {1902), Momsel (1962) end BodideParkor
(1963 &h@ﬂbé mhw plemented strain a‘(yellaw'aRQAQrauge) of
il crocosel an& st 1&100&@31 often give pipe to physlologically
Identical wRA»O vavrianis.

Within strveing of the fowmily Hiorogoccacene, Cowan (1962)

T

and Kocuy & dertinece {19062) recogniscd only 2 glhﬂ?ﬂb - Pod

angd yollow - and Bl dmfﬂv“ e (1965a) only 1 pigwhent = vad,

$o be atoble; both tk ene plgaaats werve produced by stroins of

@lerocoecl. riilis & Turner (1962), vﬁtng a8 glycerol nonoe

>, a

acotate mediuvm, cloimed, hovwever, that they could separate

X

the saprophytie, congulase negotive a%ﬁ shiylocogel fyom the

A,

bathoponic, econgulose positive steains on the basls of

=

plemenvotion and the coagulase positive group counld bhe
further subdivided into $hree mtable colour varlebtlen -

J

yvellow, ovange and buid,



DR DS R o

i -t:sf,l}“.namm of Carhohydrates

the nge mr_ba?hohyﬁga%es.ul “ﬁﬂg‘tmﬂﬁﬁﬁ“iﬂﬂﬁiﬁﬂ mehonos
Andreves & Goxdon (1L807) oni midgeon (J“DH)W%$@ %he et
taﬁoné»3«t Lo née %hé ﬁfbﬁaa“iﬁm of acid froh- fﬁvhmhy lratvos

by micrococcal and staphylocaceal gtva&ﬁ eXid clo@ ificﬁuian
parposes. - From tﬁ@ mat@rialﬁ avallable and the kaowledge of

e ¥ L3 &

- hactoerial huagﬂaninury at that time, it is not surpris 3

“h&t'ﬁumminm & ﬁu&ming (1.915) conoldered that the teste of

the former anthors werce waveliable. 1n ?ce%,;ﬁhei? own vesults
ghowed thad the pro&ﬁcﬁién'aé agid from cnrbahyﬂuduou Ve
va@ia&ie snd they cénaludé&_auch fosts wove A1flculh to

wse for gﬁbzrmug&n% cocn..

ﬁ?mdw#“man o; aekd from !1“&9‘@

i

AL the recoent gttemyiﬁ at elagodd tica ion have an?udo& acld
swndugmi p from glucose as an ﬁmﬁmfuﬂmt erﬁmwimn? Gefle
Abd-olmitalol & Ghbdon ':'19;.,;3' }, Shaw ok gke (1951), 1021 (1959) ;
Pohje (1960) and Balyd-Yayker {19@55@ Ah@«almualek

L hoon ﬂLQ&ﬁ} and &haw‘a% ag.~519§1) imm&@& 0 Gl“vcnuﬁin

bpmuasn foﬁmvnmaﬁwou bﬁé avsq of Uonpgares® in thelr
raspective classification sﬁhémem, ag had all previous

t&xomgmi&%a, and this vos peointed out Ey‘&vmmﬁ,gﬁ gn. ( L0550

who & LPd that aamonia producsd fram i 3 njuwagenoum‘
constitnents of~the moediag under ¢ Qrmb¢c eaaaﬁﬁvsa& ean

wask aold ¥ *uﬁuunlun ﬁf@m glﬁﬁﬁm
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A

Tvans g pl. {195%5) chevacterised

27y

rains ln the genus
Staphylococeunn by their ability to grov and produece acid

frow glucose under onacrobilc condilions, and stveins of the

genus Microgogeus by thelw lnability to produce acid from

glucose under ansevobic conditlons. Thus strains belongiag
to elvher of the 2 genera could be s QE'LLcé by an
ol dation- fevmentation btest.

The work of Bilchardson (1936), Gretier gt al. (19%5),

Brana ot al. (L95%) and Jones gt al. (1963) has shovn that
the witamins uracil and b&@hLﬁ are necsesoary for the growth
of ptaphylococcl under anaerobic condlilons, and thus a

conplenr mediuvm wust be used to demonstratce the fermentotion

of glucose and other Ygugnes® by mombors oF the fo

1Tl eroceecareat.

T TR

One of the maln problomng in teating bacteria for thelwr
femonvative hbluﬁty Le the naintainance of anacrobie

conditions. Tagonomiste hove differed in thelr approach

».

o achieve annoroblosls,. and Fable 10 llsts the meodia uwsoed

EN

for the demongtratlon of oxldation and fermentation of glucose

and the methods for oblalanlug onaeroble conditiouns by various

CRANONOMILETE.
Covan & 8te {336&) gompared the medie and nethods of
dgifforent autk@?g and fﬁmna there was considerable variotion

in the resuldts obliained wlth the gene strains. The bhest

agreoment was obialned vhen anaeroble fermentation of glucesc
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Utilisetion of glucone by mierococci

aidisbaphylococel os demonsteated by vexious suthorg

Differention

Method of

T
Pl

and.

staphylococed

(1965D)

" 1“?‘_‘?(1%“‘31 ' (}ondfn:'mons betweon oxid echieving

Anthozs eontaining of ation end | anaerobic

: glugose - ncubatlon | formentation conditions
~Abd-ol-lialek| Pepbone wabex . 7 deys &b o .
& Gibson - opbimam Ho. -
- $1948) e o EOUDS
“Show et gl. | Peptone watox |14 deys ab 37 C
, ox .
(1951) 21 days ab 300(} No. -
ox: o
, . 28 doys ab 2270
Bvens et al. | Tripbicase yeast | 10 days at veq | VesDRr
(49555 extract broth . 2090C s cover on
o ' _ ' subes
Thateher & | Tripticese yeowb 10 dayu ab Vospax
5:&.11103:'_1r) extract hroth 20°¢ Yes cover on
1907 tubes and
o - .. Brewer Jjers|
Pohja (1960) | Casitone agow 10 deys ab _ Vaspar
opLimum Yo cover on
_ : (TSHT tubes
Mossel (19624 Tripbicase yeost | 4 deys ab Aeid
extract agax 36°%C Yes produced
(marmitol as in lowex
sugar) half of
- o Japanr deeps
Mnderson Sea~trater bogo . -« s
(1962) agae medium with. 4 days a% Ll%l“’.z:

: pepbone and yeask 20°0 Yen paxaiiin
i | extTact | cover
Pike (1962) | Peptone wober A deys ab . Ineubated

: opbinmm bempe 68 under
| I - | hydrogen
- Baird-Paxker | Mineral salt 10 days ab - Aliquid
(1963) veost extract 30° Yes pazaffin
; ‘ - 'E;t a0 acan - cover
Jowan & Hlheel . ot Incubated
(19653 Not mentioned mentioned Tes in |
page 53) eneerobic
Subeconmitiee | Triptone yeass 5 deys ab Paraffin
on texonony | extract sgaw 37% Yos oil
of mierococol ' coven
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vag tested by Balrd-Parkerts (1D63) method, by Lvans!

{1959) mothod when a finel Pl of lemes thaa 9.0 was

reguired, and by peptone waters contalaiang the carbohydrates
in an anaerobic atmosphere of hydrogen gas (gee Table L0

for deteils of media and exporimontol conditions).

Hany microgoccl appavently do not breck dovn glucone,
oven under acroblc conditions, ond these ave classiiied into
o group by thomoelves, Yhe ehmrmgtewﬁ*”iea of the group
being based malnly on negativo blochenical reactions =

Staphylococeus afermentans (Shav ot gl., 1951),

e

Mriocellaneons nicrocosel® (HiLl, 1959), sroup IV op

Sarcing luntea (Pike, 1968), and Hicrocogens group 7 (Taivd-

Pavker, 19063). In ny opinion, stralns which eve
blochenically dnactive and have malaly uegative yeagiilona
in common are not necegsnrily closely related, and should
not be placed inte o vell-defined grovy as has been done by
Shaw gt k. (1951), Pike (1962), and Boled-Parker (1963).
tans (1988) dn the Ph editlon of Bevgey's Hannal {(1057),

1902), Pike (1962), Bolrd-Parker (1063, 1965a) mﬂd

5
Ty
o
&
o
&
o
-~

Rogypal gt al. (L966) uvse the charncters of feomentation

aad oxidation of glucose in a compler nedivn as erlieria

for placing strolng in the genera Stavhylococeus and

L5

Hierocoecus, Pohija {(1960), howevor, defines his

Microgocous straing as belng both foxmentavive and cxidatlve.




The utilisation nf otherp ﬂvhanvaﬂs' 1]

The number of cﬂvhaﬂydfdueﬁ, viidch con be uzed In a
clapgification schane of micvococel aud staphylmcacci,
appears to bo iimiteﬂ, Shaw et al. {LO5LY investiligated
the action of ﬁhéir straing on 15 Yougars® but Jound thad
apart from glucose only o few 0f these "mugorse® weye of ony
taxonomic use. A;tvr having tried 28 covbohydratos, Galpde
Paiker (L9635 yeaemw ended. vhe use of only glucose, napnliol,
iactome, starch and aesculin, the lazt 2 belang udilised by a
very fovw strains. Apayt fron gluceose, momnliol is the one
Q&ugmy‘%w be uaed by mony taxononists, and some considow
formentation of nmanwitol o be an imporitant diagnostiec Lest

Yor pathogenic op coagulase posiitive staphylocoeel (Fwvans,

1o87Y, Lo48; Vo 1962; DadrdePorker, 1963), vhorcns oithers

do noet recognlse any signlficance i

t""

in iis utiligation
“(Colwsll, 1939; Shaw et al. 195&; Thatcher & Simon, 1957).

The omidation of carbohydvates by washed respiving orsenisng

The oxidavion of cavhnon compounds by washed, rosplring is
of mierogoecy, @? staphylocooel han not been siudled to a

large extent, but Nunbheimer & Fablad (L942), usiug manomcitric

echuniques, found that Mievosocoup lutous, ﬁ. Llavva,

H. curontiacun, M. cinnabavens end M. frevdenrelchll, oxidinsed

glucose, maltose and suerose. Rosypal & Roour (L963); aleo

uslng manonetyrle technloues, found that washed cells of 13



shrains of Hlerogpoens Inbens oxidised plucese, Iructose,

maliose, suorose and galeactose.

Although those Lwo resulis shoy elearly that the

Migrococens speclos, M. luteus, g.)fweqﬁeuﬁeigh%%, and

)

He Suzantiacus do whillse glucosc, ﬁairdmﬁaﬁ sor {(196%5a)

(31 e

‘Placed them into his | alarwqupvs subgroup ¥, vhilch ho defined
ag a group contolning otrains whieh agither Wdo net prelense
deboctable &dia ﬁhem.carhohyéxateﬁ‘&r@ nitilised, or produge

only small smonats of sedd {rom thesc subsntvatom©.

Sinco Pailmd-farker (LO6Sa) admitiod that the composlbion

of tho basal nollia used for deteching ca*bﬂhydramo 2ELL L
patlon, l.o. by acld production, is imyor%anﬁﬁ ond different
nedis can glve different resulis (G@wam & Btech, 1O6h), 3%
may well be that acid productlon from “sugovrst by backeria
ies »wot the host vay to -debect AF the OTEHanLen cmn uiilise the
carbohydeate. Thevefore, 1% 1o possible that too greab an
@mphaa&a ig placed on the charaetbey oFf acid producgtion fyonm

gincose in a compler nediun under ancoerobic conditions,

conaldoring that thie reactlon 1z, ot present, the golo

hﬂ

?-..','t

criteprion 20y sepoyating stvains of Htophylocoesus freom

obraing of Higrogooons,
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Productlon of Acetoin

Voges & Proskaucr (1898} observed that zome bactorinl
culinrves growliang in o glucese meddunm vhen made allkaline
with potassiva hydvonlde, develo pod & red colouration on
ptoanding. lar en"ilgﬁé) Found that cectoln vwas produced
'mnﬂ this pubsbonce tould glve a rod eolowr with alkald in
the presenco oF poptone, Tho &eﬁecﬁieﬁ.@f acetoln vas
considered a useful temb (the V.P. venction) iw the
identlflcation of corbtdin groups of bacteria, and‘impravaa
ments in carpying out the tent wero mades the nethods of
Borelt (1936) and Batty-Suith (L94L) ove bhogse uped toddy.
Abdm~clm-ifalele & Glbson (A940), Shav gt al. {19%1), Pike
(1L962) ond Balpde-Yorlker {1965, léﬁﬁm} nged'agaﬁﬁiﬁ-péaﬂucﬁien
a3 a wein erlierion iln tholr rospective c¢lassdfleation schenoes

of mlerococel and stapbylocoeel. Shaw gt al. (19%51) pointed

Lo 0y

&2 A

out that 4f o very sengltive nehhen vas need, as that of
Batty-Snith (LO4L), the reaction could lose its dliforontial
valug, Theme authors oloo noted that more posliive presulis
were obtaincd from av nabuffered medivm than from a phaw@hate'
mEfored one, o poilnt alzo noted by Ea$rﬁ»?&xkg@'(l@6§). fie
regémmemd@d that cultures shonld e incubatod Tor ot least

1h dayn before westlng for th@,@ﬁééence'af acetoin. nddy
(1961), novertheloss, steted thab wlth somo bactoeria the V.F.
ronction muay wealcn with prolongoed dncubailon aud with othors

nmay even become: nagwuuve. This e probably due to the paytial
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or toteld convorsion of scotoln into compounds vhich do nob

glve o positlve V,P. reaction, l.o. 215 butanodiol. In the

"

case of Stavhylococeus aurens; however, Vatt & Workoan (L951)

el

point oub that 3 vimes as nmeh agebtoln isproduced as 213
bﬂtamédiai, and thereifore it acoas uali&e&y that all the
acetuln will be convepted to obher compounds, at least within
the gtaphylocooots grou. |

Desplic thoe findlngs ﬁha% {a) difforeant modia for agctoln
productlon and differents acet@iﬂ»aaﬁe@ting nethods nay resuli
in a greater op %essay pupber ég posliive rosulis iﬁ one batch
of siraine (Shaw gb gl. 39513 Bddy, 1961; Daivd-Paskor, 1067
that (b) tho poseibilisy of "Ialsce nogativosy, ouing Lo tho
converaion of agotoin to 213 butanbdiol, may ogeur (Bddy, 1961);
and that () acetoin may be produced by tuo different
blochonical pathveys (De Loy, 10959), whieh would constliute
ﬁtwo dgistinet #axamﬁmic~§emtugea irrd&&&cﬁivm of the ddentivy
of the end produet? @dady, 1961},.%&@ ﬁmnénaﬁioﬁ of aeccteln

From glucose is sHlL) used as a maln character for clessifying

nlgrogocel ond sbaphylococcl.
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Bitrove Redugiion

The uiﬁyaﬁc reduetlion teat hap boen used by practically all

R

%aﬁonam%ﬁhs ia she classiflication of mievocoeel and

£,

7mttphy1@coec Ly ana 3t im gonerally apgreed that most Lommonw
tative staphylococcal strains, and some oxidetive microcoeceal

troding, roduce mﬁﬁxﬂk@; only a fov of bthe migrococed unable

@ v wm(} abhle o reduace niwy Gb(“ {C--G- Bhav

&
<]
o
k’-‘w
;..:
i’!
{,"3

ok & l.g l@j& ﬁhja, 106U Bﬂi rePasiier, 1962 Unfortunately,
pitrate "edugt40n has pravcu o be of 1dttle value as a main
gharaater o ela}ci {ying strains lato groups or subgroups,
.vanu tazonomls ate 4 tend vo dgnore the yesulis when ﬁhéy are

chavagterlsing thelr ?@m@@ﬂﬁi*@ EROUPINET .

} ﬁ@o‘i&;ﬂ Eroduetion

Icatmlmaa activiﬁy was pecorded in bacteria in 1903 by
iLGwemﬁ%@in and iﬁ‘l@&ﬁ by MelLeod & Gopdon. Yet 1% vas not

l'lﬁnﬁﬁl LOAS tha 1% Lh? catalase peaobtlon of wicrogoecel aund
_gta@hylﬁeaaai wvas foupd o he bazonowically sigoificont. in

o

thie year Tsaacs & Scouller veported that 46 strains of

-Beaphylococous. Mierogageur and Sareias vove all ¢atalase
posivive and 116 qc?alnﬂ 0f streptococdl wore all catalase

nogative, and alwheu@h Show gt ok. (L951) Qid not guote thos

.t

A,

@vuh@*gg the clapgiiicatlon schene of Shav @b al. {L951)
wvelvpﬁ iny Hacroble gatalase~pogltiveo Gran=wposivlve cocel®h,

tweker {1 A54) and {VAﬂ& {1958), in the ¥th odition of Bergey'e

Naﬁuei {1957) s montion that species in the goneva Siaphyviococeng
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ond Micrococeun ere catalase posdtive, but the catalase

aeviviey of specles in the geneva. ﬁa"":gg and Sﬂﬁﬁlﬂ s also

E T

in the family Mlerogcoecaceso, is nob mam%ianmé.

Kocur & Maptinco (1962), Pobje (1963}, Auderson (1962},
Hosscel (1962) and Balvd-Parker (1963, 10650) agroed that
catalane actlvivy im a fendemental criberion of Sb?diﬂ% in
the nderocogous-otaphylococomn group; bu%—ﬂill)(l?ﬁQ) and
Pike (19G2) do not meatlion the posmemslon of this onmymo es
a chapraeter in thelyr voupoegtlve glaxtﬁ?ﬁanu§aﬂ ?&ﬂom0$.

Suaw gt ok. (1951) noted o feobly cabelase positive Eroup

of Gromn-posilitive CocCl, which pas later hﬁsacﬁermaed and

given the nome Aorocogcus %y Willdems ot ol.(1955%3, bt this

group s counsldered soparate fron the mﬁewme@cﬁmg -
staphylococeus groun, although it may heve gome affinity.
touarda the gonue Gafilya (Delbel & Wiven, 1960).

Oxidane Activity

The ability of a bacterial species {gﬁamaammnagimyéeyanea)‘

o produce an oxldose onmyne was Jleab rocorded by Hovaecs in

1956. Pohja (1960) found that 1M of his mlewococcal and

stapbylococenl stroling oxldised Kovacs' »eagont, tetramethyln
pe-phonylonedionine, and Steel (3961) obhv? od that ?y mnc

of 97 staphylococcal siralns were owléase pos iﬁiﬁ&a Eady
{(porsonal compunication o H.d. Steel, L062b) voporbed thak

a negatlve oxidase xoncilon was teharacb eristic o of Btaph.



enzous and Stoph. saprophyticus and o #low pomitive reaction

LB S e

Qoo &aﬂ with some obtraing of étqmﬁ;-afé@mcnt aby, Biaph. logkis

and g&g"g, 2oHeRE" (N@m@ﬁﬁTGnmvo o ﬁh@w et pley LOULYY Rady

] ~

‘B;an of 0.1% ascorble acid to Hovaes!

".3

1 so rocommended the addd

¢ A

iattor

reagont da ordor o retayd the autooxidation of the
gompound. Uming Bddy'e moddfication of Kovacs! (1956)
maethod, Stecl (1L962DL) cond flrnod Gddyts origingl findings,

that Suaphylococeus ouprcus end S, saprohyilieus were oxidase

ok

nagmuch, and that sone sireine am Be doctis, S. aformentons

and £, voseus {m&moaclawvra of Shaw gt al., 1951) were

exidmae posiiive, .

Stecl (1962b), one of the fev taxe oagmlists who czanined
wierococel ang staphyloeocel foxr amjéame @?&ﬁ@@ ion, could not
find any correlation betwean @xiﬂame-activity and othey
biochanical reactlons.  Although Steel {(L962b) sta ted that
he-eou}ﬂ:ﬁst comment on the %aﬁonamic aignmzicanc@ of oxidase
aetivity in wmicrococel and ab 1§hy3009GeL, kc shoved that with
referonece Lo ﬁiuco 0 metanbolism Yoivalian qhowiﬁg oxidasc
activity generally appeared o be xiéﬁ&ewg pasher than
fﬁwmentoys“.

Anderson (1962) used Kovaos? (19%&} @@thaﬁ_ﬁoy testlng the

oxidaso peaction of 20% strvelns of marine microcvaeci, ot he

-

found that all hle etyralng wvore oxldose negatlve - thia finding

- L ]

eonld be attribnied to the fact that rpesults with the origlinal



w DO
‘method are loss caoy o inbterpyet than vemlvs Lrom tho
nodifleabion {uu@@l, 196207,

Pr@ﬁ@@ly%&ﬁ Aetion

3

he @m%&ﬁia dogradation of vapious %yﬁaa of @éﬁt&iﬁ'hag Eean
regarded as an imparﬁanﬁkchar wber dn the taxovomny of
staphylo cuaow and mlevogoeced from some of “hoe Qaflmc.m Dok,
C T Aadwcwan & flordon, 190%7) tmléhe:ele miaicaﬁian aschenens
of oaaug (0. o R Mypal ek a,., 1966). The mont yldely |

Tras

shtudied mub;tvxaea £0r pPoY caiymﬁu ava mi! O” gaseln and
aclavin.
Wilk cleaydng and . caﬁeg‘ nvﬁ?aly sxi:]
Nastings (L904), Abdeol«ltalck & Glbsmon (1L908), Puke (1963)
and Paipd-Porker (1963); have ”hﬂ@?ﬁﬁd cloaring of n31k in
il agay plates as aynonymous wlbth caseln hydra ysw&,
provided tﬁe plotos a“a ‘ﬂamaea with aeldie meranric'eﬁloride
(Fyrazier, 1920) to distinguwish between tyuo wretealy i of
cagein and gleariap of the mi&k;ﬂaw&ng 1o th@ éi&gu!viﬂ of
the milk proteln by alkaline ond products of movabolisamy Lhie
vas first pointed out by Hastings (1904).  Andersmon (1962)

did ot add any acidic nereouric chlorlde o precipliate out the
rosidual protoin, and thevefore his resnlis cannot be compared
with those of tho aha?@ anehors,

Abdegl-iialol & a% son (L948) and Pike (LO62) censi&are&
that nost micrococeal and staphylococeal gtraine (Ineluding

those of Staphylogoscus augcus) were unablo 0 hydrolyse casoin.
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Anderaon {1962) Pound that only 6% of ii straing were able

e

S0 cleéf glils and that‘leaﬁ than a third of these stralns wore
able to forment glucosc, bairdeParken {L86%)  howevoer,
noticed thot most of his glucege fermenting stralns produced
clearing dn wllk agar. Tn vecout yeavrs, neliier clearing of
milk nowr cameinAhyd?aly s bas proved to he oF any walue in
classlfying micyroeoesd and staphylococed,

Breghhdoun of selatin

Yieible liguefaction of gelatin in tubes has boen uged by neny
taxonomists in the classlfleatlon of milevocoeed ond stophyloe

cocel (Andvevcs & Gordon, 1907: Hucker, 102La,b: Abdeclelalcl

o

% Gibson, 19hG; Shaw ot al., 1951; Hill, 1959; Pohja, 1960).
- The papors of AbdwcleMalel & Gibson (L948) and shaw gt ol.,
{1.951) point ou%iﬁha% they had difficulty in deciding how
10ng‘%0 iucubate tubes before veecording negative reactions

Bydwolysla of gelatin can alme he detected in an agay
plate; when this im dore the modification of Frasier (1926)
(page 4#1} 1o invariabiy nazed. Many soronomnlsts prefer the
pinte method which glves & c¢lear-cut pocitive or noegative
vesult (Momoel, 19623 Anderson, 196235 Kocur & Hortinese, MQﬁug
Paird-Paricer, 1965).

Mont copgulosc-positlve stavhylococed break dovn gelatin
{Cowan, 1938; Rcmyﬂnpmfkey, 1963), but nany other Grom positive,

-
<

catalnee pogitive -cocel including microcoeot and mtayhylocoecd



o 31 -

wef

do wo also (Gowen, 19333 Shaw ef nl., 19913 Koour &
Martinee, k?Ge balyd-Parkey, 19035). Althouph it is

fvﬁquantly used ag & chavector dn elaseiflcation scheues,

& A

gele ﬁr.sa produetion cannot he corvelated with auwy other

cha@aé%e& (Blcl, 39593

»

Ryﬁra yode of {irea

»

Shaw. b gl., (19591) prefevved the foobly buffered but sensitive
m&emumedium of Christensen (L946) to the highly buffercd medium
of Stuart ot al. (A945).  Pohja (1960) and Mosmel (L962) also
woed Christensen's ( 191;.6) medium,

Uinglow gb ad. (1920), Utzino gt gl. (1938) and HiLY & White

(Lond) heve shown that the majority of StamhylsaoacuswgypeuQ

stralns bhydrolyee wrea, and wore veoently the porcentapge ax
positive results recovded by Bhaw gb al. in 1981 (89,
ff?&ﬁﬁi 2% gl. in 1962 (867) and Mosmsel in 1962 (80%) support
this statonont. ﬁmny coagnlase nogative micrococei ang
aﬁmphyiac@csf aleo hydrelyse urea but the y@fcémtqﬁum of
posliive rosulis by the followlag subhovs are not in close
agrecmont = Shaw gt al. 1951 (bgb)s Fasillo & Jaffors, 1955 (374
Pohja, 1960 (LE%) and Wossel, 1962 (61%).

Shay gt al. (l@"&i, P@hja {1960) and Mosscl (1962} awxe the

only mwv@nomlaﬁw in reeeont years vwho have usced hydeolysis of
urea as & characier in uhuﬂr ﬁ@ﬂpocuivc clappifications of

mleroaoced amd'ﬁﬁayhyl$cmesis but these workers found that there

vas w0 eoyrelatlon between ureasoe producitlon and any other



*
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u.

harvacter showva by the bacteria.

Lipepe fAcbivity.

Tdpase activity has not beon genperally coneidored to be a
Cvery important epiteorion dn the vaxonomy of wicrococcdl &ﬂé
staphyloeocci, aaﬁ the Lmyaﬁam.aca’who hoave vsed this
cnaracter in classlifying this group of bacteria ave listed in
- Table 1i. Agﬁv media contaluing 11 diffeorent fats wvere

chozen by the ¥ cuthors o domonairate Lipase acbivivy by
strodus of wicrocoeeld égé astaphylococed {(Abhdwel-Malelr &
Gibegon, 1948 &ld not give the constitucnis of thelw

P hrtyrint u@ﬂlum).

It dg luverestiag te note vhat ﬂn&rﬁwi arker (L963) used an
esq yﬁ}k mediwa for ﬂe$®n$LW%mea proveolyasis, but nakes no
mention of opague zones, which caﬁld iﬁ@iﬂ?bb Lipase actilvity
néx does Pike (]9@?) gompare the repulis he obhialned fyom
\tﬂibu%yrin agar WitL those froa Ggg yollz. Yot in L9528

e & Aldey thought that egg yoll opacity was causcd by

3

a lipase, ond dn 1959 Jeasen i al. found a close coryespons
dence beatucen a r@n.‘ive @gg‘yalk‘waacﬁiam and the abilm ty to
“hydrolyse Tween 80, It soems frowm Yhe rﬁﬁuttg of %he anvhors
listed in Tﬁbl@JJ.that for a widoe range of staphylococcal and
nlcvwcu@uci ﬁtraiﬁa the breslrdown of Bributyrln ocours wore

readlly than the lipolyslis of other fats or the opaciileation

of egs yolk. Breshdova of fat by stephylococel and micpo-

-,

gocel i not montionad in the 6th oy Pth editions {contributors
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Gibson (19118) )
Clensifiontion

Scheme - ’”i?czb’i.e 2

1) ,)‘}u fot in

Lt L

swbriond
agny

2} sxthutywin

+4y il

Stradng gove the same
ropults on the Suo nedia
in theiv grovpe XL eng ITX,
bt mowe oy wene xeconded

man (4 1959)

R RV u,?‘.,.i.‘ll

Con wrdbutyuin dn group L.

Yot mentioned

. fi-‘ CA
iﬁhg& (1960) '11y, asoohis 20555 (4? out: of 171) of
oLl in megk straing lipolytic. Hig

exbroot ogaw

subgroupa oy By Ky & L were
non~lipolytics -the othew

snbgmmm mmable.

Madexmon (1962)

' 1@ 5 omesm in
- hasal ik

mediun

WS il

,10}.} (}x 11( £ ’r*),inm Tene

Lin0dybice

Pilee ;(}l%ﬁi‘; ‘

Clagaioiation
Sohomd «» Toble 4

1

-4) eibubyzin

A

2} Brge yoll

TG,

His grovps T, TTL, IV all

broke dowm *ss::’i.buﬁmin.
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in Table 1) of Bergoy's Henuel (L048:19%%) or dn the papers
of Shaw gt ol. (1951) ond Mossel (1962).

Coapmiase Froduebion

?m. Quﬁﬂbiﬁﬂ

Althovgh Loeb (1903) vocorded that goome plosma was clotied

by Stapbylococous aurons, Much (1908) was the flrst porson %o

notice vhe unigueness of coagulase. His concluslions weve
shat ouly pathogenic staphylocoeti produce the engyme, & fact
that subgeguent yescarch vworkers not only confivmed bt used
dan a test that could differantiate pathopenic Gram positive

goeal, Staphylococeus auvous, frem movpholegleally similew

organisns (Cruidwshanle, 1937; Chopnen et al.,1938; Gillcspie
et 2l.,1939; Christic & Reogh, 1840).

Mueh (1908) noted that staphylococei which clotted plasma
were also cluaped by 4%,  Imthie (195La,b) ecalled the
fagtor cansing the clumplng "bound® coagulaose ¥o differentiate
it from the cletting factoy which he called ¥iree® coapgulase,
The productilon of “iree? coaspulase can be deternined by the
tube test (Fisk, 1940). The clumplng property of "hound?
coapnlase Bas beon used by Caducas-tra vw%_gﬁ ale {LOK3) dn
thelr slide test, which can be used Toxr the rapild identd {le
gablon of "free® coagnlase positive staphylococcl. Despite
the fact that Cadness-Graves et al. {(LO43) found a close

correlation bobween the resulis of the tube teet ond the sllde
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vent, Swith (1962), exaniming strains fvom dogs, found thet
2lide tosts gave fewer positivoes than aid tubo tostey boih
ek (L9%0) and Novvison (1962) considered bhat 0% of
wealtly coagulase positive (tube temt) strodas arve nov
detectable by the =lide tost.

Tazononleots classlfying microcoscl and staphylococel in
recont yoeovs appear bo hoave ugéé,ﬁainly the tube moethod of
Fiele (1940) (Shaw ot al.,] 9;1* Pohja %966, BadydmParker L963) .
The slide test is o vory useinl tool fov a ym@id‘rautine

dlagnogis of coagulase pogltive $iophyiococons ourous, bubt in

criftionl tozonomic mbtudics tho tube tépt 1o & move accurate
metvhod of ﬁ@t@@%&ﬂg congulase prodneing orghnlemes

The asssociation of cosasulmse with pathogenicity

Alshough tueh (1908), Daranyi (1927), Chapman q$ ale (3938,
frudckshank (L937) and Pairybrothor (igg@) all claimed that
congrlose production e associated wilih pathogenlcily, Hlaolk
(1959) consldered that this stetemnent is o generalisation and
Yolearly o posivive Lindlng only roveals & povontiality for

3

pathogenicity®. - Postor (1062) stated thait although congulas
iz associated with strains fvom leslous, the enzyme does not
play any part in stephylococcal infectiong,

In addivion, a very Tew coagulase nepative staphylococcd

and mieroecoeccl have bein reporicd as pathogonic. Cuplisfe

oL &

Lo
e

ake. {1913} discoverad a congulase negabtive staphylotocous
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that coaused bacterial cudocordivis ond recently 2 new specles
‘of pathogenic micrococel, which d@ not produee copgulase,

have been dlscovered, Mlcorococeus hyiens, causative Organl.omns

of coptaglous impeblige in plgs (Sompalinshy, 19931, and

Micracogeus violopebricllac, an organlocn responsible fow a4

hvman chronic alhin dnfectlon {Castellanl, 1955).
Therefore, whe . claim made by cavly wnodienld bactoriologists

that all pathogenic strains of the Hicroeoccageae must be

“eongulase positive ds no longey Truc,

Phogphatasge: Prodiction

Barbor & Ruper (L9SL) found that o eertain degroe of covyelailon
xis%eﬁ batwoen ph@ﬂﬂzxtaue and eaﬂﬁulaao producvion of
staphylogocel, ond %bvﬂ thoy consldered that phosphatase
grmﬂuoz&an,ny - Gran positive coeeus was iandieatlve of the

organisn belng a coagulase produeclng Siophylococens qureus.

These anthors gr~w thelr orgoavnlens on auirl agay plates
-caﬁtainiﬁg phonolphthaleln diphosphave at 3?06 fox 18 hours,
and then oxposed the plates to smmonia wvopowsrns) phosphainse
producing coloulen turnod doed pink on expoonye to thoe mmuonia.
HA11L €1959), Pike (1962} and Koour & Mertinee {19062) uscd
thio phosphotase test in thoir elapsificablons of nicrococes
anid otaphylecocel, bt Roour & Martisee (1962) prolonged the
tiﬁ@ of incubatvion to 48 hours before oxposing plates vo tho
BMAONLO . thon Jacobs ob gl. (L964), howover, oxemined 333

1

ahrains a” gtaphylococed for phosphatese preductlon aftexr
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inecubatlon of the culiures atb E?GG for 18 hours, they Zound
that phosphataso activity was of no value iln discriminating
between coagulazo pooliive staphylocorel and coagulase anogativa
staphyiococel mlnce many of the lavter also produced phoow
rhatanc.

Baird=-Parker (L96Y) used the phosphatase reaction as one of
the crltoria for his grou@ division, but he lenpgbthened the
dacubation time 0 3«5 days and maintained the teuperature at
30@6. Baivd=-Fazker (LO63} found that all coagulase pomitive
igolates vere strongly phosphatase poslitive, and 402 of 570
coagulase noegative staphylococcl wore also phosphatase
.3amiﬁive;_a very row strains of mieyococci shoved phosphatase
activity, but tho reactlon vas ofton wesk, Classifications
provious to 1951, of couwrse, meke no montlon of thim teat, butb
some later suthors lnvolved in tho tawonony of staphylococcl
&nd nievecoecei aled do not refer to 1t (Folla, 19603 Andoreon
19623 Mossel 19623 Jones g gl.,1963). Thero ie no doubl
that the longth of incubatlon timo Influcnces the nusber of
positive reactions, and this time factor must be teloen into
congideration vhen phosphatase producilon is used asg a

exrlierion dn any tazonomic schemnc.

Hacpolysin Production

Practically all coagulose posiiive stophylococel ave haown to
produce hacmolysing but there is little agreement cmong
tasononiets concerning kaemelyain.@ycduatian.by coapnlase

negative staphylococel or micxecocci,
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Goasulose vosliive stpalng

Throee serologlicelly distinet haemolysing arce produced by
stralns of ﬁéaéﬂl&@@ p&éi%iva staphylococed; the st-hacnolysin,
acting on rabblt &ﬂd;.%O o lespey extont, on shoep, hunan and
horse red celils, (Qlenny & Stovens, 1935} the hotegeld g?-w
haenolysin, acting on sheop and huwgan, but not rabbit ped
gells (Glenny & Sbevens, 1035), amd'muafF%aemalysin acting on
shoop, vabblt, busan and horse rod cells (Williams & Harpor,
1O87) . Blek Lowy (1950b) considored that ﬁhﬁfgna&emsly$ia
of Smith & Price (1928dh) was :%.é@zxézi.eal %0 the { ~haenplyein,.
Blek & ﬁevx-(l@ﬁ@b}, weing a @1aﬁe"meﬁhma with oheop ond
rabblt red colls, found that ome of the 3 haemolysine,of, -
tm?&% wan producoed by all coagulase positive etraine and voxry
ofben all % were nroduced, On the other hoand, Thatcher &
Simon (1957) could aot find ony complete coxpclation between
coagulose produetion ond K- @rffmhaemolysin production op
phage suscepvibility. Abdecl Malek & Glbson (1LO48)
mémt&oned that 321 out of 328 coagulage posliitive staphylocosci
wore "ﬁa@mﬁlytic” anad ayﬁmremkl§, although this 1s not c¢learly
atated, produced Tdavkened Zones™ on sghecp aad ox blood agér
aftey 48 hourstinenbation at the atrains' optinun temporveture
and then left overnlght in a refpigoeraior. from this

information 1t 1o poselble that these 321 stvalns were ,Q"m

haenolytic, Pike (1962) cxanined %26 stralns of milerococed and
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$§a7hy1@c@¢ci onr 0P human bhlood apgar for hacmolysis aftop
ineubation for 18 hours abt the sivainst optipum tonporabturo
and fﬁuﬁd that all his 40 copgulase positive siralns voro,
in fact, “haemal§%i@“, but he glves no move detalls about
fhe type of haemolysin produced.

Conpmlone nogative sirales
ﬁoagulaﬁa negative staphylogocei and mierococel do nob
produco e, B o & --~haezzmly:z;:i.m$, and when investigated for
ha@mglyﬁiﬁ prodquetion have been found to be negative
(Ghapmam.g& 2ke, 19343 Covan,l938; Willlisns & Horpow, LOAT).
Abdwolefialele B &iﬁgﬂn in L9480 however showved that 12 oul of
113 coaguliase negative staphylococcl were "haemolytie®, bub
none of these s*?aiﬁm pxbﬁuceé.ﬁh@ presence of Ydarikoned
Azqaom" on Sheed agﬂ ex blood agav, unlike the coagulaso
zzes;itkzt.vé stiains {(page £7. It i probable that thegse 12
stralneg ﬁ@xg.m@t}3+hm@melytig.

‘ v ,

CWLel & Levy {1990b) stated that 95% of all the 77 cocgulase
wegative wleroeoeccol and stephylocoecol ntrains they lnvestle
gated produced a haewolysin wnpeutralised hyct—,}3~ @rajw
snbimtonine and hacolytic for all specles of red bleood eella.
Yhey dé&ignm%eﬁ %hié haenelysin g. JERALNS (195?) inecluded
the produciion of olw, ]3-,5' ~ ond £ -haenolysins as critoria
for his Adansonian classification of stephylococel, but hoe

did not dloecuwss the rosulic. fids only cowaent is that
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Shaphylococous surens uswally produces f=-lyoin, whereas

i)

Staphylococenn saprophyilceus and Mlerocogcus roscus do not.

Pike (1.962) found that 102 out of 206 coagulase noegabive
gtraing WQ?@ ﬁﬁ&@m@lyﬁicﬁ, but does not describe the
hucmolvwla produced. hevefore, theve die sVvilll relatively
tEle kanvn aboud the natuve o:laaﬁanomie significance
0% g ~hacnolysin,
¥ia ny %@&Gnﬁmi sbe &Q not uwoe the hacmolysis of vlood as a
chiaractor in the classification ;& stophylococed and mlero=
gocel (Shovw gb @;.;19513 Homsel, 19625 Koenr & Martince, 1962;
Andezson, jjé Eairﬂ;Fa?k@n, 1963; Rooypal gt al., 1966).
Jome of thome that do, forget to montlon the type of blood in
their oxperiments (Von Eso Ttiné, 19%5s Pohjn, 19603 Kocﬁw &
Martinec, 19650), an omlssion eritisised strongly by Blek &

§

Lovy (L“€Jh) apd Covmn (1&& Y o
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Thls comparison 38 restyict ted to noo-Adansondon ¢lassiflcatlon
sehemaes, in which gertoin selected charocters are used asn eriteria
for placing straing of microcoged and mﬁaphylaeoeci into syecies,
SrouDNs o ﬂbgr upe - the Adansonian classiflcation scheues are
roviewed on page ‘

Before 1055, a ié aﬂacri&n from gluecome by Grom positive,
catalase positive cocei had been uwsed ag & charvacgier Lop
gl&sgifﬂingAthese hacterda, but no nenblon had boeon made as o
whether the glucose hoad becn oxidised opr Termented. After
thls dote, glucose fermentasion was the gtendard eviterion in

movghaﬂogicnl and physliolopgical classidtlication schomes fop

dividing the genus Mlerococens from the gonus Stophylecocens

2, -

(pape \Q). Conmequently, it ig dliflculy to compare the remulis
of tamononicte before and after thls dete; the comparisgon e
made eoven more dlfficult by khe faect that the only charactoers

gharod ln all the eclossification scheaes before and afier 1955
AN ()

are acld ond aectoein produciion from gluense, ond nibrate

Yication

U~

reduction, I will couwparc, therefore, the 3 elasg

g 3

schomes previous To 1955 ageparately fyvow those published afier

Pro~1995 claoolficatlion schemes (Tobles 1, 2, % and 12)

The elosgificablon schemes of Hucher (1943) and Hall (1044) in

the 6th editlon of Borzeyles Maousl (1958), AbdwelwMalak & Gibson
¥ 2



Comparison of norphological and -plmsiclcgicai classification

gchenmes of micxoebocd and sbaphylocoeed between 1948 and 1951

1 Hucker (1943) and |

¢ Abd-el-liglel &.

Shasr ¢% al.

e

e

Hall (1944) in 6ih Gibson: (1948) (1951)

odition of Bergey's ' ' :

Manual (1948)

Hiozoovoeus pyogenes | Staplylocoseus | Suberoup 1
2RSS . ) Group TA ‘ (Stapl;gflocgadas

aurveus)

Staphylososeus

Migxocoecns epidermidisg

Groups IB, ¥C
and ID

N St;bgrbup 2

(8. gaprophybicus)

Dadxry Ieyococeus.

Bubasoup 3

Group 1T

? 1 Guoups ITIA and Beloctis)
| TR |
? Mbermediobe Gronpt | Subsroup 5

(§.afemmontang)

Micrococons Boseus

o oo Fadia

-

Subgroup 4
(.MS!' xogeus)
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(1968); and Shavy ot =N {1951} faave the fellowing charvacters
=¥ cyit&éia for grouping « pigmont productlon, acid and
acaetoln production Ifrom glucose, and cospgulasc @r@ducti@ﬂ.
he a@éeiea, groups and gubgroups ave compsred in Table 12.

Popt=1955 clapsifiecation schones (Tebles 1, &, % and 13)

~Aadepson (1L962) did not tvy o classify kis styaine of marine
micrococel, although he arvanged $hem in 16 wndefined growvos:
Mossael (1962) was nadunly loterested in distinguishing betveen

Staphylococens auvous end Stophylococons saprovhyileus, and ho

fonnd thet coagulase production was the only chavactor of use
in soperating the 2 épeci&&. - Ly therefore, do nét inaluda
the classification schomee of Andergon (1962) md Voswel (L962)
1a this comparison {Pable 13).

The classificatlion schenges of contributors (Table 1) %o
7ih editiﬁn of Bergey (L957), Pike (L962) end Emiyﬁﬂpé@ke:
(1965&} used tho some f@llewiﬂg characters as criteria for

& Mo

grouping - plgaent produgtlion, gingese and maunnitold

Iy

L OTT e G
ation, oxldotion of glucose and coagulame productlon. Kocuw

& Mortinee (1962) vho classiflced only ¥Microgocous epecles,

ﬁatnfallﬁ ¢id not cxamine strains for the charvacters of
carhahyé&a%@ formentation oy corpvlase produciion, bub thely
sehens uéed vlgmoent production aad oxidotlion of glucose as
mpain chayacteors for grouping.

Tt is worth noting hove that Beird-Pavker (L06%a) examined

pone of AbdecleMalek & Gibsonls (1943) group TIT stralns, and



5chemes. of mic:vococc.n. a;rld mml‘

Table g
Gompﬂmsa 1. of morﬁmlom;:.cal and vhygiologienl clw*mnm Lion

1000(:01 between ,

and 1965

Contributory

Koeum &

(Toble 1) im | Martinee Pike Baird~Parler
Tth edition of (1962) (1962) (1963, 1965a)
Bergey's Menual
(1957
Staphylogoccus - Staphyloeoccus | Shaphyloegecus
auneug Group LA Subgroup I
- Btaphylocoecus _ | Staphylococeus | Staphylococcus
epidermidis Group Ib Subgroup LI
Stavhylocoecus - L’:uplgylocoeous staphylococeus
epidermidisg Group LG Subgroup IV on V
o ~ " Shaphylococeus
: Subgroup 111 and VI
Miexrosoecus Mierocosous Stap_lwlocuceus Mierococous
caseolyticus 7 va:c Lani Group Id and Subgroup 5
o Mierocoeous
) Group IIIb
3 ? ? Mierocogcus
Subgyoup 6
? 7 Micrococcus Mierocoscus
Group Illg, Subgroups 1, 24 3
ov 4
saveina Jubtes | Micmosoccus Sareina Micrococcus
Iuteus Grouvp IV Subgroup 7
Micxococeus Micrococcus - Micxocoecus
roseus roseus Subgroup 8
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&=

adrdeParker {1965a) considercd that group I1XA was the

seme ae Dalrd-Povker's (1963, 19065a) Microgoccus subgroup S,
but that otralns of Abdecl-Malok & Gibzonls (1948) @raug
TiTH, becauso of thely wnusuel movphologlcal aad physio
legleal charmcter$; vere not dlaciunded in the femily

Hioroencehotad,

From the junformation p?eaenucﬂ in Tables 12 and 13, the
only grouplugs that ave sinilar in all these clasalfication
sehomes are (L) the cosgulase poslitive, glucose Lovmenbting

staphylococel (ﬁ%aphyi&eoccuz aurens), (2) the yellow

pigmented microcogel unabie to oxidise glucose {(Microcogens

Jutons), and (5) the red pigmented micrececcl vnable te

oxidise glucose {Microgogous roscus).

There lm, however, uo agrecment concernlag the cazxoncmle

» a

position of the other groupiangs, 1 considoer that this lack

ol agreement ds duce to the sclegtlon by these tavpuomiets of

hnd

mpain characters for clasmifylng theso azxainw into groups,

-

before the taronomiets found 1 these charvacters wore typical
of the groups thoy had Just creavoed. As thoeme malin characters
wepe -elected by the arbitvery cholce of the taxonomists, 4%

is notv surprising that thewe ig little apresnent between the

groupings in thoe elasgiflication s¢henes,

2

in my opindon, 1% is essential tha

v'

an Adansonian &g proach

- [ b,

$o clacosificantion should bo adopted, andbhen sce 1T any
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SFROLOGTGAT, CUARACTERS

hin the femdly Micvoecoegngeag

I Limlted to coagulase pogitive orgonilsms and even here fthe

A

antigenle properiies of Slaphylocoecns auens have heon

eousldered diffiocult o euplove, Methods which were usod

L

wlth success on other bacteria fellod with stoyhylocoeci,

Tuere has been o geaeral Feelding that the anvigenie sirucinee

of this orgondem s a0 eouplew that a gystonlce closgifleation

-

'éan,hardly bo achieved. ! (Oeding, 1H60).

The different methods of seyvlopical typing gnd the famulﬁm
obitalned are 11@&&& in Table b, DRarly worlk, boped on
'agglu*inaligum and agglutinin abaorptlon, could do lititle
move than diiferentiate betwveon the pathogenic and the saprophe
yile strelins with eny conmistoney (Kolle & Otto, 1802: Uine,
1922%. The precipitation btests of Julipunelle & wiaghmrd'
(19%5) , Thonpeon & Khorazo (1937) and Cowen (1938) showed

:.

%

[

nat there were 2 naln proups among the eoagulase posibive

prophytic stralns,

agtraians and 2 nela groups alse among the oo

nov he pero~ityped. Tne work of Cowan (LO3G), Chyistic &
teogh {(1OKD) and Bobhe (LOLE) produced 3 saln and 10 subiypes

end allewed serologleal typlng of Blovhylocogens cuveus to be

porforned op o vorlde-wide seale bub, although Drodie (L957)
vefoerrad Yo thess 13 subitypes as Wntorpnbtlonal Typost,

Cowan {1962) stated thot "no internntionald body ls aunthorised



Table 14

Different teohmiques of serologieal typing

end the’ result& dbbaaned by yvoarioug antharv

Methods of sefoloEical

Authows typlng Results
Kolle & Ofto ~aggmutﬁnqmlan | Pathogenie stephylococci
- (1902) - diffepent from saprophytie
’ _ . _ ones ' '
- Julisnelle Agglutinin ohaorption ' | 3 serological goups among
’ (1922)“' ' S 25 atrn,ns of . gureus

“Hine {4922)

Agglutinin ébscrptian

2 groups? 1) S.pyogeneg with
. 3 types
2) S,epidermidig
albug with
2 Lbypeg

'oeedorf (1924)

'Complement flxailon

13 types of Szurens

vJullanelle &
Wieghard.
(1935)

Zﬁreciplbaulan of
carbohydrate antigens -

2 gwau@as 1) A "appavently
virulent
»'LI’&InS" -
- B.enreus
2} B "Avirulent"
straing ~
m.albus

Thompgon &
Khorazo

(1937)

Pxedipiﬁaﬁiaﬁ of
carbohydrate antigens

(1935) among ‘the

a&ditiunal grﬁup to thoge
of Julianelle & Wieghard -

sa@rophytic straing

Cowan (1938)

Preciﬁitamian<0f

cavhohydzabes euntigens

additional group to those
of Julimclle & Wiephard
(1935) suiong the coagulase
Ve atveqna

Cowan (1939)

Slide agglutxnaﬁian of

‘boiled organismy

group amajgno.aureus strains

3 typens and an"“amyplcal"

Christie& Keogh
(1940)

Slide agbluujnaulon'of
boiled Orgnnlsma

9 %ype~ among u.aureus
{strainsg ]

Hobbs (1948)

- Blide augmubvngtzon of
boiled orgqnlsm&

13 dypes among S.gureus
shrains

{ Mexreien-eb al.
(1950) _

.-n33ac aﬁwiuiinwtlon of -
boiled strains

| St‘&iﬂﬂ (Cowan types

3 typoea omong y.aureus




Table‘14‘(cﬁntinned)

Mathors

Methods. oﬁ’ ﬁomlogmal
o hyplag

Results

-

| Andemsen (1943)

Ag, g‘?.nbmlui 'zbﬁomptlon of
heat treated and btxypsin
digested organisms

enbigeng detected

a; heat steble
b) txypsin steble & heat
labile

e) bxypain labile & heat
labile
Oeding uer{n‘n p::éln:ﬁéd from 9 types among 540 gtraing
(1952b) formelin-killed stwains; | of 5. aureus
S slide sgelu“l.tnamon vith B
1:we surﬁmm
Qeding .Ax“gluﬁm_n abuwpti on 10 antigens demonstrated
(1953e) of live ond heat killed =~ (z:,--k: excluding j) ond used
straing. Lo for o typing scheme of
S.ggg;eas
Oeding & Companigon of serologicel| Broad cormelabion between
Wi, 11;&111@ types based on anbigens gsevological typing end
- (1958) a~lt- and phage type vhege typing

Cowan (1938)

Aaimol straing.
ps,ec.;.p'v tation of
,cmbo}mlmte mat::.gmm ‘

Coagiulage +ve strains
belong mainly to Group A&
of Julienclle & Wieghaxd
(1935)

Wh:t te
(1962)

\-.}(Q
i
2

s N et rw

fadmal stvaing -

dgglotinin absorpbion

end Hobba

J swoups ABC oul; of 502
sbraing (coapulase +ve)
digtinet Lfrom the 13
serotypes of Cowan (1939),
Christie & Keogh (1940),
(1948)
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were thus ablo o myho L8 of hos p¢h¢L coaguinge positive

o

;C

¢

3
WS
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Although Ggwaﬁ iﬂ’“) gonld pﬁacﬁ c& prlese positive siralns

-

Lrom aniwals iat > dw t anel&a & Wie ghardte (L938) CGroup ﬂ,

White g al. {1962) found thot evagulase positive onimal

WD il

atrains were gronped muﬁpvatciy (?&h}e 1&) feon the Bw BEPOw
ypea of G@wan‘(iﬁgﬂj, Dax& e & feogh {WWQu) ang ﬁobh (194£8),

Oeding (1960) emngid@r&ﬂ thet the apsigenic differences
observed in animal and hugan etralns may be related

3

il

BRECLES. 1% may well be @hma eriagzea? charocters con
change with eaviyoanenti.
The serology of cvagulase ﬂ@gacmvo staphylococel and

mieroeocel hen not yebt been fully lavestigated.

PHAGE WYPING Qﬂ&&ﬂﬁ@@&ﬁ,

T TR

Dovelopaent of §§§§h:1mcne£u phage typ& 18
e . . DAk Y b 3 g RO

X

Awn imﬁQW“ wmt developuent ogcuryed in tho Layonowny of

bE ‘JT}caccus surous when Fish (uﬁémb)'foﬁn& that post strainsz

-

of thi’ organiem were lysogenic, From this oboervation, he

;

Degan a @ruﬂ@ @h&gm tyving systen by eroos euliburing many

straluse and 10ah¢ag for lysis. - Wilson & Atkinson {L9h5)

daolated o ﬁari&@ of phages fox @h&ge tygingg

a

aphylococens

R IRTLR.

aureuns stralas vere typed by patierns of lyeis @cewrx_z@ whon

AT VAR

13 phﬁgea wore placed on a lawn of ar eowbh of cach whwviﬂ.
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N

Willlame & Ripon {(19%2) oxbtended uk@ range of ph 1”0‘ need
in typing aud elso poeved that wcak Wmﬁﬁtiﬂhu 0f vhage on

culinres would have bte be taken imﬁm_mccauﬁﬁ.,

Logprlaze pondlive straivg

Over 90% of finphyloeoecus sureus straing ave phege Lya"b1L

aaad © W0y can he pl Laa ed into one of the fouy_ﬁhage.gr@uyﬁ,-

Other stralns of fiavhylococeusn purcus that ade lysod by

phages belonging. to 2 or wmoré groups canﬂa%‘heiglaceé into

any of the phage groups {?ﬁwhou, 1962 ).

k) r-.».&- )

Phage groups-T, I¥ and LI§ corrvespond appr simated

<
cr
O

GmwmﬁimAﬁﬁrﬂlag* 31 g?@u*ﬂ‘,, IL unf-ii, (Hobhm,. OGS Parker,
196%); ®é§img & ¥ 13 iems (1O58) mlﬂ' found & clemc 00??61 hf 111
betwegn phage typ@$ agﬁ @Q&ih§'$ (l§ﬁ2h,'l§§§¢) uroie leald
Ly 0'~:o ‘.
Within The mhagﬁ groups, lyeis by.certéin vhageg Lo
agsogiatod uiib thae abillty of tha stralny ﬁﬁ‘give riee %o
r@ar%imxlar aliniﬁ&l conditions, ¢.g. the 52, 524, 80, 81
gonplew ol hag@ tyoe vithin aw@n I cauaem govere sopsls dn

hoespltol pationta (91Whaq, 3@%&}.

Staphyloeogoun ourcus strains lesolated frow eows or mill arve
very eﬁbew lysed by ouly one phage (L2 &0), uwhilch would place the

gvralne An the mlscellancous g?em@, otherulse hnovmn as Group

l""

(Vacbonald, M@!G, szhh, gﬁﬁaj.ﬂ Huaan stralns pavely
belong to Group IV (Pﬁ%kcr 1?6&). This mey be e uwgeful

c¢haracter din differenclating bﬁbwﬁ@1 hQVaﬂG and human types.
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Staphylocoveusn auvens strolns fvom sheep appear o be mostly

untypable with hunan phages but may be subhdivided with phages
ioolated from ovine staphylocoaci (Swlth, 19hER). Thus,

theve ¢an be relatlons bebtween the phage pattern of o gtrain

B

anditg environnent.

»

Cogpnliase nemative atraing

Although there are phages which agt on coagulase aegative

a

atyolns of micrococel and staprhyloeocel, these phages seem,

- R s

80 far, to be of Little uee in distinguishing specles within
3 2 &

this group (Covan, 1962). & yet, hovever, phage typing of
coagulase e getive micrococel and stophylococed hoo not been

fnlly examined.
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ECOTOGTCAL CHARACTIRS

A,

whefﬁgiemea of aeology van be dofl ned as the study of orgonioas .
1w volation %o thelr aeroundings. Stralns of the.
mlcracaacvuu staphylococeus group of @Q@amiamavhavg'hoaﬁ

'Gﬁmdi@a from a ﬁaﬁigﬁy of habltats and meny of the"?eaent
clasglilieation mahameg of this &rmup WG?é iﬂ faaﬁ 9v0$ved fati

the rosult '-Qvl&ﬁitgﬁ Tuowledge ﬁf mierocoeel and ﬁﬁaphylacac@i~.
from o particnlor habitab. Foxtinmﬁagsas éefﬁwn“ﬁhey
w&eaéﬁtmi hoix almﬁ.i”icmtién ﬁﬁﬁ@&@, Abd-oleMalelk & Glbson
‘(39h5) aauaﬂ that "ﬂLHNMLuJLLea UOPQ inmediately &ncounterad
vhen attoapis vere mmﬂe‘to Jdoentlly staphyl @é@eei and
nicrogoeei dpolated from midkt, and o di ROUHE] ng ﬁﬁwﬂina af
Gram poslvive, cotalase ﬁdﬂjuiVG caars pRresens in the human
mouth, Pike (3962} fouad thaﬁ\"nﬂ xeﬁmntvtaﬁaﬂomienstu&y of the

Qxra 38.*"’ s &t ADDORYS TO HAave HeeR Nade and Thin ma 3G -
oral [figrogocgacene appears o have been made and T Y be

a.‘.‘

"

the caunpe of dnacouralte a@x@actatupw, common dn dentol
1&%@?&*&@@, wiich impedes compa: iéan.af aimi@r@nt aunthors?
findings®,  Plke (19062) then wont shead ang peesonted hilo ouRn
ﬁléﬁaificaﬁién Bpehome for d?al &téphylcﬁaeaﬁ and mdcrococai,
Although Shov gb at. (&9§1)_diﬂua0% Vhink that thu'm@urce éf

&

a ¢ulture ghould have any place in a baetovial elospificatlon

i

X

sehemo, Shoy and all the btawonomists Llsted in tnkﬂc'wﬁ'

(o

mémtiﬁme@ 2% Leost sone detalle of the mources of hc?* Sernluse.

Heol wgaa 21 inforaa Li'a of strains wlthin the fanily

Microgogeageae da shown In Table 15, 1 have Summarn'c@ Lfﬁ



informatlon end this, with gome additional material, ig
given Bolowdx

a

(1) Copsplase ponitive stavhylocogedte

Gmmgﬁl&me positive @%ayLylﬁﬁaeL; ave found in the hunan mouth,
buman and aninal ok whiz, and are often assoglated with dinfeetions
1 man and naimamn. Gongnlase poglitive aﬁayﬁylaﬂesﬁi T@om

‘ hWumen SOVLEDS CAR U uﬂijy he distloguished from those on
anlmal sources by the haenolysing produged and Bhdgﬁ Cyping.

(2) cnaru&a%@ negative stonhylococad t-

&cart we pnegative staphylocoecd ave frequently ¢ounu An the
homen month 8ad humen and animal sklnand nay occaslonally occuy
HQ dalry products. There ie Aitile ovidente for asgeclating
coagnloss neg gativo staphyl Lococed with disease, but precontly

o Glfferant infoctions vere found Yo be goused by two

congulase aegative glucone formentovs. One styain, Hlerocoeons
hyicug wag respongible for an outbreek of contaglous lunpetlgo

H

ol swine Qﬁ@m@a&;m&k§ 1953y and the @Lho lderecoceug

viglaﬁobvte g, for a chronic human qhﬁn infeetlon (Casbellanl,
1955).

(5) H ROyt telep R T

Micrococel ave the proedominant members of the Mlerococenceae in

muich hnbitate as alr, moll, vater, cured and fermented meat

pioducts, and millk and daixy produce. Mlerocooens speclos,
as defined by bvans, 1955, in Yok edltlon Bergey's Mamnal 1957,

Aave not koown B0 canvge disoase



Table 15

feologleal findings of auvthers gince 1948 who have studied

the Laxonomy of micpocei and staphylogoced.

Authors

Main sources investigobted

Leological resulis

Abdmel-talek
& Gibson (1948)

Classlfication
Scheme « Table 2

cows'! udders, raw milk s
pasteurised milk, sheep
slcin, human skin and
infections

Sbrains from human

and animel bodies belong
to thelr Staphylococcug
group L. Straiuns from
milk and dairy equipment
belong to their heat
resiglant dairy
micrococci group Ill.

Flek & LQW
(19506)

Human and aniwmal skin
and infections.

Coamlage 4~ ve gtrains:

o~ and §~ haemolysing
occurred very fLrequently
in human strains, [3-
haemolygins chayacieristic
of animal bub not hivman
sbrains.
Coagulase = ve strains:
hurman and animal skin
sbrains either produce
haemolysgin or are non-
haemolytic.

Shaw gk al..
(1951)
Classification
Schone = Table 3

Humen, dogs, sheep, cowa,
milk, ice~cream, dairy
utensils, food, aiy, water,
soll end sewage.

t5ource of a culture
shouwld not have a place
in any bacterial
classification scheme',
Most strains fell into
Shaw et al. (1951)
subgroupings 1, 2 and 3.
Sources of all subgroup
) gtrains not kaowm and
sources of only a few of
subgroup 5 strains knowm. |

Thatcher &
Simon.

(1956)

Glinical sources and
cheese and butber

Coasnlage 4 ve strainess
straing from clinical
gources ~ phage group LII|
common, L2D rarc. 2trains
from dairy products =
mostly 42D group IV of
bovine origine

Coagulase -~ ve strains:

more mierococcl. 1
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Table 15 (contimied)

Authors

Join sources iuvestigated,
Main sources investigated

Teologlcal resulis

Pike (1962)

Human and anlmal mouths,

galiva and carious teeth.

Staphylococel dominant
members of licrocgoec=
ageae in human mouth.

S+ dactis found
occagionally in carious
teeth but not saliva,. .
Sarcing Jubcea occaslonally
in saliva but not in
carious teeth,
Micrococeus spp. not ,
found in human mouth.
Gaifloye tetragens found
only in muan saliva and
carious teeth.

Anderson

(1962)

North Sea soubhweasht of
Aberdeen at 10 n.

lost strains "fermentabive!
and many proteolytic. No -
conclusions drawn beliteom
environeht and Anderson's
subgroupings.

Baird-
Parker

(39658)

Human nose and slin,
fermented meals, bacon,
brine, pork, air, soil
and sed.

Coagulage - ve strains -
only: Staphylocoeced
predominant in human nose -
and gkin, eapecially
Baird~Poarker (1963,19653)
subgroups II and V1.
Mierocoeel predominant

in the gir (especially
Micrococcus subgroup: 3),
goll, meal aud deiry -
Produce,




o PO e

a Apeclosi-

fhva tevragens 1o Anvariably fovad only in the hukon soygth

and roeplravory bract. Gofihyo homeri occurs in. dlecased
lobaters, but was thought by fosmter & White (LOGK) %o be an

Aevogcogeus speclesn, and thorefore outwith the family

ML er0eneeacent.s
(5) Zarelan spoclost-
-Saveinos are huown to oceur lu hablitats sinmliar o Lhose in
which micrococol live.
Although some duformation le hoown akont the ceology of

, [} Y

Gran poodtive, catalase gocliive ﬂocci; evidenée has not boon
put forward by aay taymnomiat‘ﬁbaﬁggiar &n%ﬁmn&@,gmic&aceeei
found in uill and wilk Praéuctg may be more likaly vo ubtilise
1&@%0%@ than.mieégeécci found 1n goil or water. In o@haxA
waragg“na.fe$oé$§ﬁfwmrk has been done té Bee iﬁ any phyﬁidé

logloal chavacter con be associabed with the oceurrence of en

x,

erganisn in a payxitioular }_xa’bi%m."



L ?1‘ L

T USH 0T BXERACTAR 20 CELY, CONVORINTS AS CHARMGRTRG
! pz‘ DABEIVICATYON

SRR

A welotively new apbronch to Ry io solve the peoblon of

!

glarslﬁy.nﬁ>. veEaing of microcogel and svaphylogoeed is that
of the study of the chenledl ﬁ&buvé 6f coll componeats « neld
hydrolysia products of ell Wallm; BUgarn, owinoe sugore, end
sniue aclde {Cupmying & Harri&, 19580, bs Plke, 1068: Dairde
Pagkaw, 96;&} lysopyre hydvolysis producta of cell walls;
amdine aglds {Salton & Pavlilk, 1960): aeld exbractoble bolchoic
aclds from cell walls and vhole colle (Dovison - & Baddiloy,
1963; Losmegand & Qoding, LO0ka,b; Bolrd-Pavker, 1965a):

nedd extractable onine aclds fron vhole cells {Grogory &

Mabbit, 1957; Delwde-Poyker, 1965a).

Call Wall §uﬁag§,,ﬁmimm Sugors and Andno Agide
wmnineg b Horedes (1956b) enomined ascid hydwolysotes 0f edll

.

vall preparations of

o
A

) stralng of Gram pocsliive bastenla,
ineluding 10 stratne of catalaso powitive coedl, by the
techaigque of paper chromatopraphy. Thoy anélgm&d hese
hydr&lymm%@m £ax whae presenco of sugavs, G%Lnﬁ *mg&wmg and
aRino aflsmg and @iviéeﬂ~th@‘16:r ralos 9? gran poglilive,
watalase p@miﬁive ¢&c¢i into % groups on their cell wall
conpoaliion, |

into group 3 they placed 9 etralng of the oygounlame

J

eug, Mierocoseus lukeug

Staphylocncers aurens, S, olbuo, 8, iy

h=3

and Soveing luteas ccll walls of these gtrvalns contalped the




. P8 -
poRe amino agiag, @miﬂa ﬁuragb and sugarn thm the excepivion of
& gon 1tu®anﬁ@ §“ﬂﬁﬂﬂn amq rinﬁ (Wahl% 16}, but Cemminge £

flaceis (2 Jﬁ&) aous&ﬁ&feé tﬁéﬁ'fur“heu divislon within this

&

gEoun waE not gmgy o gu“*i;y aﬂ Pho hosle of the resulbs thoy

Tobtalnod.

«

Into @ra&y'a *hwy alﬂ&uﬁ 3 n%&)&% 08 M crue@ccam

-

19. Jummdnn

L
e b

Gﬁﬁlcmeyabua &né -y o raiau GT Aewmaocﬁm' vmwi%

_& fax i“ {M}gog} &szﬁﬁ shja'grau@ ng dlobinet fr@ﬁ gsavg 3,
plnce the auvasmm Lﬂ gfau% P’cemﬁﬁiﬁ@d galma%a&amin@ but nob
‘giysine in he&w ceuw smtlm {Tabl a 1&}. 'i find thig gravw¢n
QALLTEeRlt to 4 95?&0 wlvh 41n$@,.€ir$t, when T lobked at %he%°
'réﬁultﬁ (GﬁmmiﬂﬁA&'ﬁa 36y 1956a) 1. found thad oﬁly £ of those

g“raixs {2 Aﬁ uaﬁcenm my ' had iéon»mcml cell wall componition

and, seaanﬁ ¥ bgcy do not digtinguleh betveon the catalase

nafau Lve oy waak_&er@ﬂeacgg spe ARd the strongly catalase

posiiive Migrogoooun &,

Sinco the uh!&ﬁ group consisted of 8,&&&@@ ameci's af

Ii;zmcaﬁﬂu =11 which were 11 foct diphiheroide, oo uh@y alrondy

Pusk

lﬁcw (ahaw Dﬁ ak e s 1951 ) and adnivted (hﬁﬁmia. & Havrism, 195Ca),
BalpdwParlon i? 5}, grilie amﬂxmctly, “.J%e%@& it from Aoy
_%m&mnGM¢a ﬁvﬁa‘lmvﬂlving‘Gﬁamiyamiﬁiveg cntalase positive coccl.
Pilke (?%69) @ud ﬁaﬁvﬁ»Pm r {1965a) &leo ogmtined some of their
gtraing of mieﬁacwﬁci &ﬂ@ staphylococel by the cell wall
.mnélvaia.ﬁ@nhniqug @ffﬁﬂmminsv&“ﬂarpi$ {i195Ga). ‘Tho y'em?”a

sl

0% the E'p NGRS avg wummn“’nod ¢ﬂ Table Jb. . On the vhole,
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The results of cell wall analvsis of gtwvains of the family Microgoccageae

e

Principal components used
for classification

No of
Authoxs strains - :
examined Groupings Gl fon= G%yh Galacto=
cogse {ine | cine| samine
Group %
Staphylococcus - ]
aureus (3) S Bl -
Cummnings §;§;Qgg (3) . s e _
‘ & = .
Harris 9 Segitreus (1) S + -
(1856a) '
Micrococcus
Jutens (1) -t e + -~
Sarcina 1utea (1) o - -+ -
Group 2 |
WHeorococeus
5 conglomeratug (1) + . - Ty
Aerococcus
vixidans (4) e e - -
Group Ta (3 NyLe §} T | - Neliy -
Pike (1962) P ( ) A SO :
logical a ( 3§ 1N L. | = N La
Elagsification 19 : :
see Table 4? Groups IT (5) and
: IIIn (2) NeLae | + - Nk,
| Group IV (6) Nela | = - NoL,
1T Subgroup L {3) B s o -
Bajrd-Parker - : : ‘
(1965a) (for Subgroup IL (6) o+ - o -
phySiow Subgroups LIL (3)
logical 46 r:; ,pV 2 ..:. o+ o o4
Clagsificatin and VI (6) - -
see Table 5)
_ Subgroups 1 (3),
2(3), 3 (3 .
4 (1), 5 (3) and o+ o+ o+ +
6 (2) |

* Numbers in brackets =

straing




Table 16 (continued)

1Principal. components used
Ho ofxﬂ 1. Ffoxr clasgification
. oy e -
Aukhons strains Groupings Glu | Sex G}yh Galacto-
examinad coge {ine |cine |somine
subgzowp 7 (3)* |+ | & |+ | +
Baird-Pazker e
46 Subgroup 8 (3) % - - +
(1965a) I |
Subgroup ,
Soxeing (2) R R ¥

Numbers i brackets = gtrains T» = trvace N.L. = not looked
fox

1

+ = presend ¥ = present i emall amownts - = abgent




E?"'l “

a

Pike (L962) and Laiﬁﬂnb vleor {1965a) confiza the work m§
cummdng & Hopes (1056a), but §rﬁdePm§Lﬁw (196%a) found that
galactosamine vas preocent in »he ucll valls of all mlcrococed,

a rosuld t&&ﬁ Cunming &»ﬂarfim (1956@) did ﬂnﬁ'shaw.'

Tt meems that calﬁ wall nnalywiw im of dem graatamt

.P

arononic value, within the Gren posiitive, cavalasie poviilve

coecl, in the separatlon of members 0f the {lorogoecaceng

from othen aaecn,~¢a%mrnp proupr 0 bacternia. fithin the

wicroeoccuawstaphylococeun group, howevoer, claseiflcablion by

thig technligue s ldmited Dy the homogonclty of the CORPO

[}

ition of the gell walls (Pike, 19623 Halogel nrker, La6%a) ,
although it is pondlble to distingrish beﬁwee& 2 groups of

-

ovgonisas within tho i y@cmse&c@&& on aha hasie of the

presense or absence of serine in the cell wallsy the red and
yeliow pigmenteﬁ‘miey@aoac$.nnhﬁla Lo utilisa glucose, do nob
have seRine, vhoerens 03&03 mloroeoeecd and ﬂbﬁﬂh?}ﬁ&@ﬂﬁ& eontoaln

’ hh“ﬁ omino aeid ia thoir celd wells. Similarly, strains of

ggcrccacgu@'ﬁaseﬁm do not have cell wall glyelne, wherons

othor Grom pasiti%ap catalase positive, cocel pomscess this

L

?

m&ﬂm acld in Shelyr ooll W3L1$

Bedative ﬁe‘? geular P;k?ﬁlj&@i“?&:i,(mﬁ of Cell Wall Amino feids
Balton & Faﬁ%lk (EQ(G) Lﬁeaheé coll wall preparations of strains
of Gram positive bacteria with cgg white lymozyne, and they

X

examined the reswliant cell wall hydrolysis peoducts. Table 17

r. *

shova the resulis that thoy obtoined for 12 steraing 0f Grah



Relative moleculay

Tobio A7
roportions of the principal awino acids in cell

valle of pizaing within the aexobic lMlorocoggaceae

Balixds ; .
$ a4 Paxken . . Glubamie} .. 4. . o
Oxgani.sm “(1965a) | Lysine ceid Glycine| Serine| Alanine
subgroup
S—képlwloooccus}
albug NeColele unknown 1 el - 4.8 0.8 2.9
7942 |
8 nupous wnknown. 1 1.1 |7 4.8 | 0.9 | 3.0
8. citvens 'ur.l.knm#n‘ 1 1 4 1 3.l
| Segaprophyticus unknown 1 1 446 1.2 3e3
Miowococcus » '
cilrens N.C.%.C4 unknown 1 3 0.8 0 2.1
1731
Melysodeikticus | ?igﬁgglc:gc\;s 1 1 1 0 5.6
NeCeToCo 2665 EFOR o
Mobebragenus Jiorogoecus ,
. oubazoup 7 1 1.2 1.2 0 23
: Meuvesa unknowi 1 Lol 1 0 243
Saveina flava Micrococcus |
——— e — 1 1.4 1 0 2.2
Saroing lubea | Micrococous B
— P p——— 1 1.6 1 0 2.0
Mexopeusg 11 opocooeus r.
Sporogareing : . : -
upeae unkx}mm i l.‘? 1 0 240

# = Nomenclatuze of Salton"é Paviik (1960)




- Th ‘
%Qﬁftiva, cnbaLaﬁb fagiﬁi%g cocod. lebwﬁ & Paviilk (LOEO)
éld nov amﬁmemﬁgen ho tamaaamm ﬁ&gnl leance a@ thedr resulie.
Enua&éi éﬂg mhe‘méurce@ of iny'% Qf“the stralng vere glvean-

by Salton & ?a.lih'{l@ﬁﬁ},=anﬁ‘aﬁnﬂe Ahey 4dd nob ey o

S * T

clarrzuy thole Sﬁ?&iﬂb LJ ﬂhyddﬁ Logi @;L %@&ﬁs, haly veonlie

0

eannet be pivictly comparcd with the ”amu?ar af other

%aﬁommuimﬁa. Geritainly Bad fu«ﬂﬁrkew €195Ja} U S not Justlfied

in aselgpdng 5 of the lP‘rycaivm of Salton & Povisk {(LO60)

*nﬁa ﬁaixﬁ«?ayhé: (iuﬁ;m) “fauﬁngs, flmgo he merely deduged

»

the Qenéféﬂ mﬂd upcaw¢w¢_ﬁamem whe m}yrad Lave ~ﬁmvﬂwn”s

me? ?}. Never Luaﬂ s, 16 i possdbloe to say, from uh@

w@ﬁugga of Selton & Paviil (1060), thet 7imbt, tho .coll wallo

0f theip E*q@@y&gaa&ﬁu& speclos @Qn%miﬁ aboudt 4 Cimen ao much

glyeine a8 the 011 valia of “hog ﬂgcwasaa@um, Baveinn and
" -nmwwm.,m?,:

ﬁwmrg,,EGSHﬁ rmaa&osg m?ﬁ@ﬂﬁiy o0y Ehe fny hy@peoevnm sheclon
contal i sepine iﬂ th &Qﬁm Wa“1$ agau 72373 7~ and unmxé,y,

A,

%he ¢ell walle of Ghedw ﬁ\*racaevva ropeus spocies differ Trom

i

those of other Mi

3 .;zmgnqa ne ﬁ@&ﬁiuﬁ in hhap uhey gentalin no

slyeine {(poge 73 } anﬂ ‘wi&e.aa Mﬁfﬂ plapinc.
Hreom uh@ ve&uiau ﬁv@mrmtwﬂ n Bebi e L7, Efind & emaao

caxyciauion thWOQﬂ vhe relative malecul&ﬁ proport iﬁﬁ“ £ iﬁe

five emipno acids af é@@vmtaw; na uwea@, and those of oll tﬁ@

obhar M&ewvcecen mpoclon, wlwh the o3 coa»iaﬁ ox Mieraeeacvw

Q\::'l"ﬂ'i

=ag¢um. Yot other information Mdk@b 1t more probable bh{L the

-

genue Spovoparcing is jmerc closely related to the famd J

?




Baglllogeae than to the famiiy'ﬁicrméﬁﬂgaﬁeae (MacDonald, 1962;
Kocur & Martinec, 1963b, maﬂolfi). Thus, din wy opinion,

more work will have to be done before any definite conclusion
can be dyravn aboui the wagﬁh af ?e&a%ﬁve molecular proporiions

"

af cell wall emino acids in taronomic studies of the family

Microgoeeaceas.

Teichoie Acids

Telchole acids ave found intracellularly in all microcoeel aud
staphylococed, hut are only present in the cell walls of some
of these ovganisme (Davison & Beddlley, 1963). These

smthors emn&ideraﬁ that a classification of staphylococcl could
be evolved ou the basls of telchole agld ccmpo&iﬁien, and
proposed a divisglon of é%waima into 5 SYOuUps,; one group
can%éiniﬁg strains with pibitol telchole acid in their cell
wglls, aunother group c&nﬁm¢ning sty &n@ with glycerol teichoic
acld dln thelr nei& walls, and a third grouwp containing gtraine
with no tedichole acld in bhe&& ¢ell valla,. Further work by
Losnegard & Oeding (L9630,b), Davison et al.,(1964) and

Davison & Baddiley {(LO064) on the tolchoic acld comvositlion

of staphylococcal coll walls by éhemicml, enzymnicy and AOL0-
1o g&cﬂﬁ Heans has ertended the nunber of recognisable groups
from 3 vo 6, the characters of vhich are summarised in Table 18,
RairdeFParker (196%a) reporited that variable amounts of telchoic

aolde were present in bhe‘ rell walls of most strains, bui were

not detectod in walles of sirains wlithin the blochemically



Table 18

Composition and characters of the teichoic acids obtained from

some stophylococed according to Davison & Baddiley (1964),

Davidson eb al. (1964) and Losnegard & Ocding (1963a, b).

Heichoie acid

“Composition of wall

et s | g ® o 1 o Serological
JLralng Intyra~ | Wall teicchm.c seas carbohydrate |
celluleyp Polyol Sugay antigens - !
- Staphylococeus G R Ribitol | mixture of linkage copr- |
aurous both o= & B+ | esponds to poly-
. tomany 4 Ne~acetyl saccharlde A of
most strains
(most strains) glucosamine | Wieghard &
— . . . | Julianelle.
" 10
Staphylococcus (1935)
aureusg
(few strains) G R ‘Ribitol { only one
type of
linkage of
Neacetylglu-
cosamine
either(or
intermediate
straing At e .. .
between Sa G R Ribitol ?féﬁy 5“)
aureus and P :
5. opidernidis et polygsccharide
(coagulasa=ve) 5 A COSAILNC
Se epidermidis-l)] G G Glycerol | of~glucosyl probably poly-
saprophyticus residue saccharide B
group 2% G G Glycerol ,3« glucosyl, unkmown
regidue
) - - - -

G= glycerol telchoic acid

R = »ibitol telchoic acid



w 6w
inactive miawqqge@ﬂ ; oubgroups 7 and § (Table 5 Yo Eb
.:ﬁﬁGMS o me that-dn eoll wall hydrolysat c:'uhu absence of :
tedehole acida corrolatos well with the abmgnce oF merine

L
{ﬁaga‘/3).

Aertic Pe&ﬁ w Tarbpeg ahio ﬁmmnu Aeoids and Peptides fram Wholo
Qell ’}..Q.H : : ' B

mau tiok ot ald. {19§6} wére the fivael taﬁaﬂami3t$.ta showr that
Idhyaméﬁog?nmhmg anglysleo of aeebid acld exitrocis of whole cells
were of use in classliying bagteria. Ualng the some teehﬁiqmﬁ,
Grogovy & Mabéiu (1§5?) ozanined re@reaaatat$ve syécies of

cocel, classliied acco ®ﬂ¢n@ to Bhe hcheﬁc of ﬁﬁaw gﬁ,gg., 1951

(mable 3 ), Ajyhougﬁ Gregorwy & Habbi& (?9 57) fovnd thab

ﬁﬁa@hylocmeaaﬁ aurﬁng vas dlstingulehod from S, maqughytigrg

\

by patﬁe?xm‘af.nﬁahydfin~m%ainﬁn@ snino aolds and pepildes,

they were unablo o ﬁiifewemﬁi&%e between §, laetls, S. roscuy

iumis.ﬁaﬂ“manbn,m, ﬁamr&wﬁ o (19&%&), uning the same

-bOGﬂBLOHC, euamined &6593 his mierococeal mna h?@by @coceal

1

stralugy he found & main patteras. One @mﬁta@g vias typleal

of "moah staphylococel®, membors of Mlorogscousn eubgroups de

end BONG members of Mierococens sulbgroups 5 and 6 (Tablo 5).

The obkher patiom wam @huwn by the majorliy of stralns of
) ) * Lh ) ) i L* |

3

Micracocausn subgronp 5 aﬁﬁ all oho streins boeloaging to

Mlicroenseus thLQ a ¥ and 8. Although the use of this

technlque, ?mho that of eell wall enplysis {wﬂm@ 7[) BeCRS

EY 3

to be a liwited one for the clesslfication of & ”“aunn wivhin

“bhe Microgogoogens, it may be useful for rojectiang ovgenisns



from the fanily, as vhen Grogory & Mabbidt (1L957) found that the

diiforeonce bebween vhe pattern of amine aclds and pepvldes of

5 v

gtrains of AbdeclsMalel & Gibson {1988) groups TITA and TITB

iy

{Table 2 )} vae groaver than bebween the type stralns o

Staphylodocous aureus ond 8. soprophytlcus. TPaking iuto
ageount those resulis and his otm findings, PalrdePorher (L965a)
congidered vhat group TITD ovpanisms of Abdwel«Malek & Glbson

{1968} are not members of Yhe Mlorococcacceag.
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fﬁne of the mogt important and recont developments in the
tazonowle field is the use*mf the strueture of the bocterial
DNA molecule as o ¢rlidrion for classificatlon - the use of
the murmﬁhugc of hacterdal - INA er taRonomic purposes is

3

ealled the molocular bi@imgieal &awrawch to classitication.
At present the bvagonomie dnterest lles with (&) the zatio of
graniae o ayta@iﬁ@, 2 bages on the DNA moieeula, Kox
difforent bac&ﬁr@& (b) the base soguence of dliforent
hagterial and viral. DNA nozochwam& and (o) the degree of

homology betweon INA moloculed of ALfferent straing.
€3

A Dase Batlos

- The texononde slewlflcance ﬂs DA basge ratvios dn the Fomily
M*e @cueeacwaﬁ o

PEEnRA T SR S su-r_xw-m..n

3

Lee gt nl. (1956) were the flvst people ¥o S"uﬁy=ﬂNA hasc

pation of ovgonleme as o basis for elaseifying them.  Thoy

ad@nwﬂe 2 vhynine
guaiine + eyuaran&

S salovloted the ratio for DiAs of 60 sirains

of baeterla, inaludimé;w membors 08 the ;amily g&g&eeuceaeeme,

and m&ih&tghﬁ%eéﬂgg oi. (19560) aa nmb voRls on’ uhc moles ¢
_gnaninea% cytosine in tolal TNA basos (% GC ratios), uwhich
subseguent taﬁanemiﬁﬁs atudylng WA base vavlios of miorocccal
aﬂé saphyl @ea@cﬂ have dﬁﬁﬂ 1 couldd easily caloulate % GO
ravioe frow th@m? tobuloted resulis.

B@héeak Qg‘@&. {lgéﬁjzamﬁ Auletia & Konnedy (1966) have also

-

senined MNA bose rabios of Gram positive coccl and compared



»

thelr % GC resulis with physiological classliiecatiomwof the
pame straing.

The resulte of all thepe authors arve summerised in Table

19. Bohacel gb al. (1965) and Auletia & Rennedy (1966)

have confirmed the earlier work of Lee gt._al. (1996) on the

% GC ratios of straling of %he penera Siaphylococeus,

Higrocoeaus snd farccing, and have aleo shown that most

gtrains of Gram pogitive coccld £t dnto 2 large but distincet
groups of % GC ratiosi- pne group containg straine which have
a low % a0 ratio (F0-39) and this corregponds to the gonus

Staphylococouns as re~defined by Bvens (L955); the athé?‘gyoup

containg straing vhlch have a hiph % GC ratic (50«75,5) and

this corremponds vo the genus Micrococcus (Huckeyr, 195L, Breed,

1954) and Sorging (Smii, 1949).

The small anonslons groups, shown in Table 19, of Lohaecck
et al. (196H) ond Auletia & Kennedy (1966}, contaln strains,

which aye no longor congldered o boe menbors of the

Miecrecocsaceoaer Podlogoccus (Breed, 195%5), Sporogoreina unreae

(Machonald, 1962, Mazmanec gt al. 1965).
Silvestyrd & WALl (196%5a) were the firvst itazonomists to

compare a classificantion of Gram positive catalang posltive

coeold by numerical taxzonomie (or in Silvestrd & Hill's, 1965a,

]

terminology -~ Rtaxometric¥) moethods wlih a2 ¢lasaliiecation o



The relabtionshipn betweeon DNA base rabtio classificabions and

morphological. and physiological. classification schemes as

found by wvarious auvbthors.

Authors

1 Sarcina flava sbrain with
a 00 ratio of 63.6, and

L Sareina Lubtea with a

GG ratio of 63.9

Stralns (flagsification Results
examined. sichemes compared

ee ob 8 strains None 5 Staphylococcus aupeus

bl (1956) of Staphylo- jeompared gtrains with ,,‘GG ravios 30.7.
COCCUS - 3l '
Microcogoua: 1 Micrococous lysodelliicus -
and sbrain With & 9GC ratio
sareins.. 719

s

il

I1)19 straing
with GC values 59 - 72%
did not ferment dextrogse =
Hierococcus & Sarcina group
L small anomalous group:=
1 strain Jporosarcing urecac
with GO values 43% -

-

Bohacelt, 31 strains The movrphologlcal. { 2 main groups:~ 1) 6 strains
ot 8l of Stophylo~ }and physilologicel | with GC values 30.2 = 35.6 &
(1935) COCEUS, clasgification of | fermented glucose belong to
Micrococeus | Kocur & Martineo the genus Jtaphylococcus
and (1962) and DNA 2) 23 strain
Pediococeus | base ratios with GC values 65.5 -~ T5.5¢
did not femnent glucose 'md.
belong o the genus
Mierococcus
L gsmall anomalous groups-
: contained 1 strain -
Heorgophilus and 1 strain of
Pediococcus with GO values
| Ofhle3 = Ll %

Auletia & 37 strains | A morphogical 2 main groupsse= L)17 straing
" Kennedy of Staphylol & physiological with GC values 30 -~ 397
{1966) COCEUS classification fermented dextrose = '

Hicrococcud, and DNA base Staphylococcug aureusg -
Gotfkysd and rabios gpidermidis~violagabricllac
garclna groun

excluded from }Micro@oecaces



the sane strains on the basis of A base ratios. Silvestrd

& HiLYL (196 pa} oxomined 13 stroins of Slophvlococouns
(nonenclature 0fF Shew gk gl. 1951), vhich had bheen previously
clappified by 11l (1959) and Will o4 o1, (L965) hy tamometrle

nethods (vage (1{), and come vo the conclumion that the

l\'.

divielon of Grom pogitive, catalase posiitlve coceld into 2
giroups by % GO raitlios could be corolated with the div.mjcn of
the eome strains into 2 wain groups by tavomobtyla methods
{Pable 20).

Rosypal. b al. (19@6} alee compered a classificatlon schome
of stralas of wicrococel and stephyloeocel based on % GG ratios
with a numerical tayonomlc method of clossliying the pome
RTEains. Thoy dlvidod 37 strains Lnito ¥ THA base ratio
groupings, vhleh Rosypal gt al. (L966) then fumthor diﬁid@d
into 10 subgroups by elmilority values coleulated fzom the

N

resulives of the pumerdical taxonomic mevhod of classification

n)

(Table 20). One other subgroup (3¢) contalned 1 strain of the

gpeeles Mlerocpacunn denited ficang, and on:the ovidence of

ol

Baivd-Porker {1965a), wvho congiderod that the gpecles vas more
glosely reloted Yo "Gram negatilve gonera? thown vo the

Mierococsacenq, Resypal i gpd. (L966) rojocied it from thelr

A he_—.:zvu.mm

» b

classificatlon schome of micrococel and gtaphylococed.
Vhereas the zesulis of Silvestrd & HLLL (L06%a) aré in
agrecnent with those of Dohacolr gk al. (1965) and Aulettia &

Kennedy (1966) in that micrococul and staphylocosei can be



Table 20

The relationshin bebween DHA base ratio owm,mmnmwomﬁwgm and rwrmgmgﬁ.mﬁ elassifications

‘of Stapbylo-

COCCUS,
Micrococcus, .
and Sarcins

method of
mmmwwmwm of
morphological
and phaysic-
logical
chiracters and
DHA © . base A
ratics

1

divided up on oﬁm.u.m.ﬁ.m% values om.wnﬁm. ted from
the Acansonian mwnu&,

Aubhors Strains. mwnmmwwvnmdwon Resulis
, examined . sghemes :
_comnared ,
Silvestri 13 strzins Texonmetbric 2 main groups: 1) & strains.with low % GC ratic |
& Hild oo of Staphvlo- | metheds of _ {30.8 - 36.5) belong to the
. {1965a) goccus - analysis of ‘Staphylococcus aureus-
- .Nmoq clature .30&18“_‘0@5& seorophybicus-lactis &muwamdm,.x_
of Zhaw gt ali and- aw%muba groun- M.Eu.nw corresponds to the
1951) o) Jogiesl genue
- charschers 2) 5 mﬁm.m,u.m.m With hizh % ac’ rotio
and DL base (69~ 75) belong to the -
ratios Staphylococeus hdmmﬁmfmmmw..ﬂmsfmﬁm
taxometric group which -
correspends Lo the genus
»ﬁo&aaonnmm 9
_, (.uamu_.mww mc 37 sbvrains m.m. ..\.m tric 7 groups divided up on & Gc ﬂm‘ﬁo - 10 subgroupd

group 1 (70.8 = 73.3 2 mﬁ_ naﬁ«&ﬁ&ﬁﬁm 2 subgroups
la (16 mwwmu.bm,w and 1k {L strains).

i

Group 2 {67.5 = 69.5 & GG} containing 3 subgroupse
22 { 5 mwdmpwm»u 2b and 2¢ ezch with
1 stre

group 3 (66.3 - 67 5
32, 3b, and 3¢ each with 1 sbrain.

3G} coniaining 3 subgroups =
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divided lnto 2 maln groups, thoe clasel
Rosypal gi al. (1966) is substanbially different in thabt it
Gﬂﬂud?ﬂﬂ 7 Bmain gronps.

Although T conslder Roasypel ob alds. (1966) divislon into
groups and subgroups oo fine {rom the rosults thab thmy
obtainod {see criticiom of vesnlis bolow) they claﬁnlthmﬁ whelp

P

schene ropenbles that of Dalrd-Parker (196%a) - Wable § -« at

least dn the Microgcocous groupings.

Very Eaceaﬁly 111 (1966) producod an index of % 0C railos
of many baco@ﬁzaﬁ specles from enlitupre collections. He has
bﬂbﬂ?ﬂbad the % GG yatlo rosulis of varlouns authors of 69
nomed speoeles 0f 3 generd In the Mlepogoceacese and these
resulis are expressed graphically in Table 2l.  Will (L966)

aid not diseuss or comment on these resulis. The nomes of the

gpeecies llsted uwnder Migrocoeous are an Iollowsniw

. afermentong (5)*, M, aguivives (L), M. asacchavolyiicus (1),

u, conglonevatys (3), M. ceyophiius (1), M. dendirificens (2),

4

M, euciuetne (2), H, halodenlipiflcans (2), M. Mitowalis (1),

Mo Autous (8), M. Jygodeilsticus (3), M. rzadiodurans (3),

AR RO AL

H. yoseus (7), and 2 unkunoun Mlcrococoun speclos,

Bven i¥ the specgiles, which are no Longer consideved to be

nenhers 0f the genus gicyoeaacu@, M a*yupkmjvr (hohacdg et al.,
4

19653 ‘page S4 ), M, denliriilcans (Vos choovon, 19573 1 DNt e

e

Parlor, 1965a; (vage32), M, helodepitrificans (Robluson &

Dtz

Gibbons, 19525 ‘pege 32 ), . radlodurans (Worlk, 1964: page 3 )

are removed from the above list, the corvesponding % GC ratios

@ Nunbers ian brackebs o stroins



Table 21

Milts (1266} BNA bage rahio nesultq fon the 3 menera, in the
oK 3o expressad g}aphlealgx

Molesf%Eggauine + oytosine (#GC) in total MA bases|
25 30. 35 40 45 50 55 60 65 7075

41 JMlorogocous sSppe

10 Saxeing spps - o ————

24 Staphylococcus spp-




-

- 82 -

oxpresaed An &able 2L ave 1intlo alvered, and strains of
Microgoccus can be aQHﬁﬂ with ¥ GC ravion of 3Bl, 40«51, 55.5=

58.5 and 63.5-75.5. Whuag‘ﬁml 6) has nhaﬁn ﬁhat Lhe

gonus ] ﬁic&acoceun contalns &uvﬁlnﬂ wlth o much w1d0ﬂ range oF

% G¢ ratios then had previously been thought (Tables 19, 20 &

Thecnames of the listed Sarcina specles (ﬁﬁlm, 1966) axve as

soliowni= S. cuvanbiaca (L)%, 8. flave (2), 8. luton (),
8. ureac (3).

If garcipa (Sporosarcina) wreae ie removed fvom the gonus

Sargina on the evidence of MacBonald (1962}, Focur & Mariinec
(LOG3HL) ond Mamenes o ode {1965) (mag,ox:; \8&7@), the other
Listed Sercina speeles contaln a relatively narrow ronge of
% GC ravios of Oh-7h,

?

The retulis of % GO ratios of Sarcine mpeﬁje shown by Hill

2]

(1.9606), therciore, ag&e@ with those of the btaxononists listed
ﬁn Tablo 19, in that the vange of Sarcine % G¢ vatios falls

13

2Ly,

wﬁthwﬁ the °an@0 or Hi&“OGQ@bUﬂ : QG ?atia& and that th¢aa ui G

K

n vhe genus §¢ “elna caunot bo Alzti 1guimﬂed bJ DA bqa@ ration

e

from strains wj h¢n the genus Microcogens (moe alﬁa ﬁmgo 14 ).

Although magt haxmaom a8te, o.g. Shav gt al. (1951), Ll
(1959), Pike {LO62) anﬂ 11l v al. {1968), rocognise the

TR R

ppoeelos Listed by L1l (LO66) under Staphylogogens =~ 8, onyous

(L7)#, 8. leebis (3) and 8. saprophyticus (A) » as belonging to

that gonus, Pohja (1960) and Balwd-Parker (7963&3 consideraed

A,

& Wambers in brackois = atraing.



t-u
Q
’;'_.

that sbrains of f, ] & should be placed lan the gonus

‘t.?l‘mm

lerococcus. Whichever tazomomic vwiewpolnt is talen over the

" .1

" generde position of 8, lacitis, all buit one of the straing

(8. lactic W.C.T.C. 7564) Listod by HILL (L966) fall into a
relatively narrvow % GC rabtic (30-40).

It does moom, however, from the repulis prosented by Hill
(1966) since thoe 3 straine listed have 32, 36.5 aad 69 % @C
ravlos regpectively, that 8, lactis could be a heterogeneous
goup, a view held by Grogovy & Mabbit (1L957), WAL (1.959),
PohJa (L960) and Balprd-Parker (1963), and, in additlon, Hill
et al. (L965) showed that this enomalous stvain of §, lactls

is more xelated to the Microgogeus rosous - afermentans group

of organisms than o cthe Staphylocogous aurous - gaprophyblcns

= lagtisn groun by mumerdesl Tayonomlc mothods (Table 22).

Therefore 18 the DHA base »atio remml%e of vhis one strain:

{(N.C.T.Co 76560) are oxeluded £rom tthe % GC vatio wresulis of %She

Staphylococeus sp. presented by Hill (Lo66), the resulis arve in

agreanent with those of the taxonomists listed in Tables L9 and

20y dn that strains of Stavhyloecocens sp. have a low porcentage

of guanine and cgytosine in theiyr DNA,

Thus ip reviewing ell the results of DNA baso rabio situdics
of microeocel and staphylogocel, I find thet theve is evideace
at present o puggest that stralns can belong o one of two
groups dopending on their % 60 base ratlios, but the amount of

york does not Justify a finer dlvislion, snd cerviainly the % GC
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ratios of strains of Mlerocogeus specles must be oxonlped

further before any true classificatlon scheme can be devised

e

for the Micrococcascae oa the basis of DHA base ratios. I

o

ip possible that as more strains of Gram pAlel ﬁi'ivag gavalas

oslvive cocol are exonin eﬂp some shreins will be found o
have A base vatios Llutermediabe hetween thome of ptaphyko-
Ccocel (0«00 % GO) aaé,miéyaceeﬁi (6573 ¢h GGY.

Critietsn of wemulis

z’\

There are two polunts of ceitleisa I would Levol ag 3t the
iﬂma&laasifiéatien schenes llsted in Tables 19,20, & 2k,

(L) Tn all these schemes palabively fow sirains veore examined.
'8y say, 200 stralne were bo be exeamined by the grouping &and
subgrouplng avrongenent of Rosypal et al. (L966), it is

- hlghly Bikely that meny more groups and subgroupes wounld have
to be created o classliy all the stradns which would poscoess
o wide range of DNA base ratlos and nany ALfferving physice
dogical characters. Roaypel g 2. (L966) found that only onec
of thelr subgroups cénﬁaﬂmad moro than 5 sbtval ump and in fact
7.out ¢f thelir 12 groupings aund subgrouplngs contalaed 01?3
One reprosentativeo. Many wowre n spadns will have to he
investigated before 1t ip possible to say that o TUA baso
retio classification is a considerable advence in tho fleld
of miczococcal and ﬁtmpﬁ&l&aacéml LARONORY »

(2) The source of siraing for all thome taronomic studics is,

in proctically every casng, culiure GOL}‘GbLQﬂﬁ. Stradns {rom
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culture collectlions are not alvays typleal of the specien
they represent, and also strains cultured for a long time may

GO vatbtlos munt

Ci-
s

lone cevealn ﬁh&?lﬁbevh and thig means tho

altewr; in fact, AV has boon shown by Geuse o al. (1964)

that o gtrain of a svaphylococcus, with a INA base composléion

<
B}
Ao
b
[ ]
s
®R
£
L 3
2
2
=
fwd
o0
s
541]
3

“wholet dlepadiation produveced goveral
nutant straing cach with a INA base composiitlon of 69.2«71.0-
% GC, Therefore, because regcently leolated stralns may have
sufficlently different base ratlos not to £t duto eny of thoe
groupings llgted in Tables 19, 20 and 2L, in the fature at
loast some of recedt lsolates shonld be cxomined in any
taxononde study by DA base ratlos.

I em eleo eprivical of the undue cophagls thait has been
placed on UNA base vatlos in recent yeaprs fopr the classificatlon

of boactoria. The compoaliion of WA of sireins from the

&0

hacterial fomilios so fay exemined way vary Trom about 25%

guanine + cytosine %o 131 hoges o about 754 GC {(8llvestzri &
0111, 1965B).  Alwost tho complete range of these &CGY values

can be: found in the aovobic members of the Mlowvocogecaceae alone.
Tt wouvdd be reasonable Yo assume that a classification scheme,
hasod on A base ratios alone, of all bacvorlal specles,

would differ fundamentolly from .all rocopgnised classliication

BERORCR oR dlnstance, Atreptomnyees, Hymocotcus, and nany

strains of Mieroooceus have a navrow GG % base rablo range of

LEpAy hifhntea ot

65,5 B0 73.5 (311, 1966). Dees this mean that straing of
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these 3 genera should all be placed Ln one grounp or family?
Very few taxonomists vould & greg wlth this arrangoucnt.

A basce ratvios, therefore, can glve only a limlited amount
of dIndormablon since they are aot rolatod direcetly to the
'suﬁcbjona of Gfgath@u.

When more Informabtion akout the DVA of micrococei and
atapﬁylﬁeacci~beéomew remég&y avali,ulep the noleculave
- biological epproach Lo elased.ficatlon nay hecome dmportant

in thely tasxonomy.

Noarast Nelehbour Dege Sequence Analypis of DHA

1AL

S%aﬂi@s of nearest neighbour base soquences in DNA by Josse

f’:"

et al. (1961) and Swarts ot al. (1962) showed that 16 times

iy

£
&

mich informatlon could be obtaiaed about ithe baze seguonces

o
o

A of colis by this bochnlque as by N4 base vabio
Canglysis. Thiep information 1s likely to be naeld in futvre

#

classifleations, and therefore neavest noighbour base
pseguenco onalysis way open the way for many nevw taxonomic
applications,  Cortainly Morrison gt al. (1967) have used
this onalysis to dotexmine the extent of rescablance of DA
of ) ﬁammaliém TLRUSES to the DNA of theiw hoest cells, and
these suthors ab the moment are oxamining the relatednoss of
atralos éf bacteria by the same {echulquo.

DA_Nonology

in 1963, MeCarthy & Bolton determined thé degred of DA

homology of an I, goli strain with sitrains of other Grem
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negabive bacterla by o INA hybrldlszation method, Thoy toolk
2 knovn welght of shearced and denatured B. eoll MNA and

vrapped

% in an agar gel. The YA was unagble to renaturo
but was still available Tow ceanOmeﬁba“y'ﬁnuo&meﬁioﬂ v th

£roe nuceleie acld woleeulos, Radiocaetively labelled A

y

feom othey sitralng were alego shenred so that the DA moleculos
were ahle o penetwabe the agar gel and react with the

trapped TNA. Bxoess DVA was washed off and then Melanthy &
ﬁaltén {2 96;} caléulated the pergentege of labolled INA bound

to tho . eelz DA and vherefore detovained the degrec of DNA

homology. They found, for ingbance, that Salmonolla

Lyphimuziem (1)* ond Suieello, dysonteriane (L)} are moro

related vo I, goli thon Agrobacter acrogones (2) or Xlehsiella

bPoomuonlae (1) by thisz DVA hybeldd zatlon method of clossifl-
cation.

De Loy (1 965) exanined straias of Pacudononag ond

Xanthomonag by the same method.

Although De Loy (L965) does not glve much informntion on

Wls Pmendemonas DA hybridization pesults, ho does menition thab

*

YONA homolopgy corroboratos spoclesw-dlfferentiation in this

gouusi, fle also ccn%mdmﬂed that kﬂ&uhsnoaam shonld conto ain

only one specdces and that since atyvaing of the 2 genera

Pocedomonas and Janthononas "share 45-80% of thelr DNAY there

should be only one genus, Psoudomonas, which would contain

' Numbors in brackets = straing



girains for both groups of organisns.

In addition, he avemdined WA baseo 0nuwaaiuﬁan of the

-

straing and found that, sluce % GC ratlos of sivains of

3

a,

Pooudomopas overdapped comsiderably the % G€ ratios of

?*o

Jonthomonas stralns, the base ratio resulis mpported the
above conclusions haged on DNA homology, that styains ab

bresent in the genera Poeudomonas and Xonthomownas shovld nob

Lot

be separate genera but he contalned in one group under the

senarle nanoe Psondononsnd.

It seoas to me That INA hybaidization expeviments would be

well worth cavrylug out iun the Microecoceus~Stavhylococcus

A

group of @fganimmm. T¢ i interesting Yo note that I De hLey
(1.565) compared similavity values of strains anolysed by a
pumerical tagonomidc pothod with DA honology roesulis of the
some stralng, and he deduged Lrom this conpenison that all

INA is wsed, at least in the quvaomaﬂa ge-Janthomonan group,

e

for phenotyplc expresslon. T wvonld ezpect, therefore, a

classification of stralns of the fomlly Micrococeacene, hased

BT R TT R T TIY tt srm e B

e

s

r

on DEA hybevidizatica experlments, to be sinilar o clapsiii
catlon schomes based on Adansonion analysis of morphologleal

aad physiological chavacters (Table 22).
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UHE ABAISONIAN APPROAGH 10 CTLASSIFICATION

Lntroducelon

Vory little is hunown, at present, about the blochemlsiry of
the mevabolic pathways uescd by bactewia to pive pomitlve
reactlons in physiological tosts, andit ds not posglible, fLox

lastance, 0 ecaleulatetho number of oumymes that are dnvolved

F.s
e A

Tuls

in the domonstration of one character. Therelorve,
reagy nable to assumo that, untll nove knowledge is aveilable,
every charpcter sliounld be glven euual dnpordance Loz clasgsiii-
CatLOn IPHOSCB. This concept should apply not only o
vhysiclogical characters but to all other characiers, ©.5.
morphologlical, TNA baso composi'tion serological and olegiyo-
whorotie charactero, The firvast taxonomist wvhoe considered
uelng every charecter dnpartially and vith caval welght ves
Michel Adonson (L7063); classificntlon cchomes based on such

a concepy are referred to as Adansonlan {(Sneath, 1957a).

Buneath (L957a,b,; 1902) advocated the Adansonian approach to
kacterial classificatlon, in which each of the equally welghted
chavacters vionld be handled matvhenavically to caleulato
affnities between strains. This method of anglysing

resuliés ia now called numerical baxonomy {(Sueabth & Sckal,
1062), and the analysis 1o nonb rapldly and officiently carzied
out by computer, as fivet proposed by Sneath (1O57b), The

procedure for using ouneriedl, tazonomy and ivs applieatlons

-y

ave dlscussed by Sokal & Sncath (1963), but a brief ontline o
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the nethod is prepented hoere.

Tirst of all, a lavge number of characters must be choesen,

‘l

n:sre::r?owxb:?y over 60, which are reprogentative of as many
aspects as popalble of the siralns to be clessified.
Socondly, the Qeaﬁu?e of afiinlty bobweon 2 atralns is
dotermined by ¢ ' mparing chavactors ghaved and not sharods

vorious coeffloients of &iﬁilayity gan be used Lo measure
this affinity. The roange of similarliy coefficlents exbends
from wniby Yor complete agreement ©o Zero o No agrocnenty
vhatsoever, Tho agtuel calevlabliono of the goefficieonts of

o~

{...

i

=

lapity arve tedlobs and time-consuning if caryled ovt by
hand; and thevefore a computer should be used if it is
available, Thirdly, the coefficlents of similarity ave
tobulated din o mately foram for overy pair of stralns, so that

&

“npatural groznxnga or clusters can casily be obgerved, and

L1

from This matriz diagrom a vaxonomle hierachy of the atralag
can be designed; usnally in the foxi of o deondvogram. The
elustering from the matrix dlegramn can be carzlced out manvally,
o by an avtonatie mebhod with the use of a compuL ey,

¥f an ddentiflication schome is demired, vhis cean be
constructed from the Adangonlan classilication scheae hy the
aelection of cevtaln chavacters thabt aye typical of all the
gtrains claseifled, and alsn vhome that ave uvypical of

naturally occuwving clusters. %hese chavracters are used to

il

form o gimple dichotomouns hey.



Table 22

Adansoninn ¢lassifieabion schemes of microcgoeci and staohylococei

Authors

Charactens

Straines Resuﬁm
‘ - 1 compared '
I(%%;Ql 49 80 tophyl ococmw ‘aunens, (20),
' S.sap'm}g y;bn.cmm (B), & Se zTonoug
(7) formed na tumel toxonomic groups.
Se lagiig (19) and é-@.ii.@.m@.&é@m
(5) aid nobe
E(’gg"g‘g) 191 62 S. lagtin (164) could be divided
Cinto 10 Adansondian groups, which
ware subdivided by tolerancs to
0 & 15 % NaCl. S« auncua (3),
S.saprophyticus (12), &
Mi.erococcus roseus (4) formed
notueal taxonomic groups.
Pohje & 2 test  Halophiles (3) foxmed o Alstinet
%g%é@nw W;’Q;p.?:t) 62 - group hub S.saprophytions (5) not
(1962) cach of a distinct gwoup by itself.
62 Nonslialatolewand streins (13) in
& heterogencous. groupw
Non~fexmentative stdaing (2) also
haoterogencoug. 6 _xélatecl suhgroups
within halotolerant S. lactis.
group (62).
Rooypol - 7 mlerococeus and 3 atophylococous
| %565%“ 31 97 subg *éups. Bach subgroup comprised

the stoains with opproximately the
oame DA base comvoswion and a high
% mmlumity of physiological and

hiochemical characborn.

Nose in brackebs

= pgbtraing
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Fhe Adaweonlan opproach ve the tompnomy of micrococed and
staphylococal

The »esulits of 4 papers relatiang vo Adensonian classification
seheanes of mie?acéaei and staphylococel are listved in Table 22.
The vooulis of 8Ll (1959) and Pohja (1960), both usiag the
sene cocfficient of similarit by show opreement in thabt strains

of Btaphylococcus aureus, S Sopyophyticus and n.'xea@uﬁ

(nomenclature of Shaw gy gl., 1951; (page 23) ‘fall into 3

diptinet growpluge corvesponding to the 3 spegiesm.  HILL (1959),

hodever, found that stroins oF

fa.doctls end B, afevmenbtang
(nomenclature of Bhaw gt al., 1951; (poge 23 ) did nob all
dnto natural tozonomi.e groups, andhe consldered that these 2
iS@GGiGB vere avtificially @mo edﬂ since Shaw et aL.~(19§l)
had‘d@finad‘tnem larpely on ﬂ@&&LLVG crlioria. Gmgg01J'w
Mabbis (1?5?5 an@kﬁairaumrkey'(1965a) algd congidered that

Se dactis is a heuéregencova sponp of strains, aad Polja (1960)

TR

é

éivideé gtrains of this sye:ies into 10 groupings by numewical
LaNONONLG means. P@hj& & 31 @nbevg (1962) usced 3 di;ferenb
ecoefficlents of simllopity to eoxemiuve some of Pohja's (1L960)
ﬁ*gﬁnal straine; the resulve vere the same for the 3
coefficlents - that mtrains of B Apctls con be placed into 1
of B Buhg@avp @f'inﬁa a.miﬁeoliane 5 ppoup of he ogenuaua

suvpaing. ﬂume”wcﬁl tam nomy, therefore, hosg shoun that

- B, dactis andlS, mzeam@aumua ave, in fach, hetercgoaoous groups
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{111 et gl. (L965) wore more intercoted in comparing

differcent techalaues Yor anslysing data by numerical
tazonomie means than in producing on actual classificatlon
sehemey these authors exemined the strains of BALL (1959) by
2 coefficients of similarvity, and also coaparcd manual and
anvomatlic mothods of clusterlag. The wosulis obltalned with
the 2 coefficlients of sinilarity were ecssentially the soame,
and the antomatic method of ¢lustering was found vo be
guicker, moxe objective and also allowoed an casiey pecoge

nition of tasonomiecally dmportant charagters bvhan the mapual
rebhod,

Rosypel ot al. (1966) went oune stage further and compared

e

a nunerded toaononic method of ¢laspification with o INA

bhase composliiion classificatlion, and thoy found that the 2
classification schones were complenentary to coch othor (for
ay eritlcism of the publicatlon of Rosypal eb al., 1066 see
page 9 L:» 2.

Attenpts bave been made by Hill (1959) and Pohja &
Gylienberg (LO62) to devise idenvificabtion schemes based on

respective Adansonian clagsilicatlons, but ag far as

EM
{el

thelr

v

am avare, thege identliicatlon schemes have been Little used

by bectoriologists, who wish to ldentify & micrococeus o¥ a
stophylococcun, T thvink the main reason for the neglect of
these ldentiflcation schemes i that mony of the groups

created by these auvthors ugling numerlcal tai noplc means are



not gonerally. recognised by bacterlal tamonoul voday.
ihe Adangonlan approach to the tononomny of microcoocd
and staphylogocel gives similar resulits Yo the tradlitional
approach to clasaification {(poge 3 Y. and numerical
taxonony has been proved useful, for instance, in shoving

1

that Stapvhyiococcug lactis ir a heberogenecous grouwp of

SLrains. Hovertieloess, so fap only morphologleal aund
Physlologlical chavaciers have beoen used to classlfy
micrococeal and geaphylococeal stralng by numerleal Laxoe
aonle meons, and in addition the stralns classified have boeen
relatvively fow in number, I think that sthere lg an urgenty
need for a tamonomic gtudy of several hundred Gram posibtlve,
casalase pogliive ¢oceld, obtained fyom a wide specirum of
sources, and I consider that these svralns showld be
oxanined for not only morphological and physiologlcal
characters, but also for eothor characters, ©.g. WA base
composition, c¢ell wall compositlon, and electrophoretvie

characters - from thils bhroad selection of characters 16 shouvld

be posasible o construct a first claps Adanconlan classili-

catlion schane acceptable to all ftaxonomlsts.
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MATERIALS AND METHODS

TUTRODTCTTON TO_ BXPERTUEYTAL WORK

X

In view of the confuslion oFf the taxonony at preseoant

tele

Pl
o
[
N
=
fole
b

i

the family Microgcogeacens, T will deflne vhe followlng

)
2
&l
fule
2
<8
g

genowlce, and speelfic nomes T dntend Yo upe in the oxperie
mental part of this thoesis, The Jollowing defindbtions ave
based on the generally agreed opivions of contcmporary

vamm nomists, which havo boen presented in the preceding
veview of the Literaturc,.

33

T consider that the fomily Mleroeogeageae should consizi

s

of tiram posivive, catoalase positive coced, and this fom

Tl

=4 3—;3F
:an be divided into 2 major groups based on the oxygen
roguirenents of these coceliw

{1) there are the strlietly ancerobic stralns ~ the anacroblce

nonbers of the Microcoggaceas, and

{2) there are the acrable and faculiatively anaeroble stralng -
the acrobic menbers of the Mlgrogoceacesae, Only the second

groun is studied in this thesis.

The aerobic nembers of the Jamlly Mherocggeaceae shall bo

divided inbo 2 goners, Hicrogoceus and Jtaphylogoccus, which

i

arve defiaed as Followss The genus Mickocuccus consisis of

straing wnable to grow oy produce acld from glucose unader

a

anacrobic conditions in a complen medium — non-fermentative strains.

I recoguise ounly %wo specles of the genus Microe

=

gocoug which shall be defined as followss



The speeific name Micrococeuns lunteus refers to packet

Forming and non=packoes Yomning, yellow pigmonted
micrococel unable to uwiilise glucose,

The specliic nane Mierococous roseus refers to packet

forming and non-packet forming, red pigmonted
microcoecd unable to vwtilise gluceso.

I do not rvecognise any other Yierpcogous specles.

The geauws Sbaphylocogeus conslsts of stralns able to produce

aeid frowm glucose under snaeroblic conditlons in a conplexn

medlum - fermentative strains.

I rocognlse only one spegles of the genua Btaphylocooous,

namely the type spoclos Btaphylocoeceus avreuns, which

is defined ag being coagulase posliive.  Stralas
other than this spgciem shall be rofovred o as
cagulase negative staplylococed, and are not given
gpeelilc names. Oocaclonally, however, T use the

gpecies nome S, opldermidis, wvhen T op comparing my

resulis with those of other tavonomiats who have
deseribed bocteria with thig speclilfic name. K

define S, epldermldls as belng coagnlaae negablve,

nsnally acetolin and phosphatase produging, but not able
to vwellise mannitol uwnder acroble condliions.

I do not recognlise the genera Galflye, Laveina nop

uﬂGE@‘&fQ?ﬂn

16 should be noted that theme definivions only apply to the
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preriman%al seetlons of this thenls, In the classlficavion

section (page H0S), hnvc zovised the tasonomy of the

o

aeroblc neabers of the family i ecﬂcéae&agg and T do not

accept the goac"ﬂe'amﬂ eeliic names of the fonily as

defined on tha Toregaing. ‘page.

P MICROGQOCT AWD SEAPHETGCOGOT

.

Orimin oFf Stralng

2!
oy

Over o period of : years, 297 strains of Grom positive cocel
vere obtained iwos a vewlety of sources and, in addition, 109
named mierﬁaaﬁcal and abta hyleaaacoi stralne vere supplied

from culiture collectlons., - The toval auuber of sitralus,

therefore, studied in this theslis is L06. Table 23 shows.

e

+

the orlgin of the cultures, and also The dsolation media used,

Ioolabtlon of stvaias B
The 207 stralap were ?so veed an foilmws:m
181 stroians were imolalted by d v?ect plating of the pource

paterigl on selectdve nedia, o by streaking o dand suab,

the

¢

wizieh had besn. thovonphly rubhed over, on soeakod A3

souree materlal, over the suvioce of. seloctive nedia. Ono

qI

oL Lhe‘@@ab&emg.i@volvad_im a s%u@y of Grom posdidivo coccl

. A 2

is the iszolatlon of these orgonions Sron o oviacﬁ vh&ch nay

0

AR

convola & mwaod populabion of dlfferent types of hoacterla and

L3, SLa

~fangds T found LJMG Bonnltod Salt Agor {(Ozodd), contoining
785 sodlum chloride and 1 mannitol in a beef outeoet =

. «

peptone agar, was .a cnnwewient ucﬁwum 2o the isolation of
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em positive, enbalasze positive coock, since the salt

A,

conconvratd

?..?i

on is nob high enough to prevent the grovth of

aost of these organisns, but ls suiflcient to lnhibil othey
bocterda from the Dome onvivonacnt. T algso used Blood Apgar
Page Wol.2 (Dxoid), contoining 200 sodium chiowide, to lsolate
a few strelas of fram positive, cabalame positive coeel, which

ere growing in eﬂ@l“@ﬁﬁCﬂu of high salt conceatration.

01 stralns were dgolated by direct plabing on 0 nonwe

gedlestive nedia of swmples of elinieal ﬂatevwai feom humen
infections (supplicd to the bacteiiclogical labowmatory of the

Vestern Infirnary, Glasgov). Sinee thore wepe pelatively fev

ta® -

Qf@vum of bacteria present ln the spamples; T was ablo te pick

o

up single colonles of the organlems ¥ desived, afior platiag
the shoginens  on the standard noneselective aedin used in the
laborvatory - Bleood Agar Bage No.2 {(Oxgoid} without the blood,
Cand alge Dlood Agar Base No.2 coataining 0% horse Hlood. .

25 styaing vere obtained asm puve cultures ouv nutrleat agow
slopes from laborabtories comnceled with varlongs hosplials,. .

The 109 naned culbtures vere supplied from 5 culiuro
collectlions as FoLlowms

5 sbrains vere obtained ag puve cult *vo on agar slopes
from the Mieroblology Dbepartment, University of Glasgow.

20& straing were recelved freose-dried ln ampovles Trom
various culiturve collections (Table 23).

-

ALL the LO6 strains were checked foy purity by plating on
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LRNLE 23

Phe sources of the sbraing

Salt Agar

catb skihs

:NO. Of
straing | Isolation Geographioal
isolabed | medium Source Jlocation
84 10% howse | Human infections of Wegtern Infixmaxy, Glasgow
blood agan humen bodies
%8 mlnown skin lesiong Nexmatology Dept.y University
of humans of Glasgow
%6 mknown urinary infect- | Hospitals, Bristol
iong of humons
o wknown infedtions of Vale of Leven Hospital,
human bodies Dumbartonshixe.
. unlknovwn wound sepsis Hospital, Bizningham
in baby -
66 Manmnibol healthy human 8 persons in one family,
Salt Agaxr gkin Glasgow
8 unknown healthy human Dermatology Depte, University
glkin of Glaggow
3 Manniltol healthy humen 2 gnimel handlers, Micro-
Salt Agar gkin biology Depbe, University
of Glasgow.
1 Mamnitol healthy humen Scotbish tourist in Sitges,
Salt Agar skin spain
1 Monnitol Mammals nose of Mnimel House, Microbiology
Salt Apar diseasced rebbit | Dept., University of Glasgow
6 Marmitol 5 healthy Aunimal House, Microbiology
Salt Agar rabbit skines Dept., University of Glasgow
6 Hannitol 5 healthy Anima) House, Microbiology
Balt Agan guinea pig skins { Dept., University of Glasgow
7 Maxmitol 5 healthy Animal House, Microbiology
Salt Agax mouse gkins Deptes, University of Glasgow
19 Maxmnitol 11 healthy Slaughter House, G-lasgow
Salt Agax cow sliinsg
3 Manmibol 2 healthy Beargden, Dumberbonshire




Table 23 (eontinued)

No. of | )
glxoias | Isolation Pouxee Con EE-QhWC&l
Lselaﬁea nﬁﬁlum loc imon
a Monniltol 2 healthy Igle of Oxonsay, Colonsay,
Sall Agap, sheep skins Anpydl
1 Honnitol gkin of a Beawaden, Dubartonshixe.
Salt Aga heolthy wild
hedgehog
2 Hanmitaol Bizds 2 healthy pot Bearaden, Dumbartonshire
Salt Agaw budgernigox
skinsg
2 Monnitol 2 heallhy Glenghee, Perthshixe
valt Agar grouse erops
1 Meopaisol glein of o Bearsden, Dunbartonghive
Salt Agox healthy mP&?LGW
2 ¥ HeG1 Wigh decomposing Pichmongoxng,y Glasgows
Agar figh slkin
2 Mamitol euts of & | Isle of Or@neay, Colonnay,
Solt Agaw froghly caught | Awayld
healthy lyihe
(Gadug
polizchius)
2 Mamitol guts of 2 Tsle of Omonsey, Colonsey,
Salt Agox Treshly caught Angyll
healthy saithe
(Codvs, vizens)
2 Mannitol Ciumto- mouth and anug Igle of Ovonsey, Colonsay,
oalt Agar | ceans of 2 £xeshly Agryld
caught healthy
live lobsiers
1 Henmitol Trisécts £aocces of M¢crabeolegy Deptay
ﬁa:m Agan | - healthy University of Glasgaw.
Gau&“pillax
(Plerls

braﬁswcmv)

(YT MRt




Table 23 (continued)

IR A R

No. of
gtraing | Isolation Geographical
igolated] medium Souxee Joeation
1 Mannitol Food way milk Isle of Ovonsay, Colonsay,
pall hger | soureces Aveyll
1 20% NpGa, blue cheese _ Denmaxk, but bought in
: Ri¥eah Glasgow
1 Mammitol Vliazdoam cheese Bal gium
Salt Agawm
41 Mamitold 24 ossoxted Tarice
Salt dgar gheesen
1 Mannitol breod Sitges, Bpain
Balt Agar
1 Menndbol spénge cake Sitgen, Spain
walt Agar »
1 Moxmd told crean coke Pitges, Spain
- Balt Agaw
2 Hanmitol 2 hlocks of Jought in Glasgow
Salt Agar ice eream
1 20% NaCl Tacuum paeked Denmaxk, but bovght in
Agaz bagon Glasgow
9 Meannitol Othen gea watewn, Tgle of Ovonsay, Colongay,
Balt Agar | sources sunface of sea, | Angyll
& mile from
showe
1 Mapmitold wiver mad River Kelvin, Dunmbaxrbtonshire
Balt Agax
2 10% howso 2 10/~ notes Miewobiology Deph.,
blood agaw University of Glesgow
5 Blood agax 5 aerial Wertorm Tnfizmexy and

hase No.2

contaminants

N&e:}:ﬁ?}i@i@g}? Dﬂpﬁ *y
University of Glasgow




Table 23 (continued)

Noe of
gbrains
igolated

Igolation

madium

Source

Geographical
- Jocation

unknown

wnknowil

unknown

unknown

unknown
unknown

unkinovm

mknovn

unknovi

unknowm

unknown

Culture

,colleetione

staphylococeus
saprophyhicus

7292

wihaphylococensg -
citreus T415

Staphyviococcus
aférmeontang
2665

Staphylogoccus
ilavocyaneus.
7011

Stophylococcus
Juteus 8512

Staphylococous
rogeus 7523 ‘

Staphylococous
lactis 189,

7564 and 7617

. Microgocens

violagabricllae
9865 A

Sarcina ureae

4819

BSbaphylococous

epidernidig

8558

Ificrococous

candiane 8610 :

NeCoTeCo

NeCuTaCe

NeCeT oG

WeCoTale

:mUC.T'c.

NeCoTela

WaCaTeCe

NeCa®olo

WeCueTuCa

WeCoT B

MeCoToBe




Toble 23 (continved)

No. of
gtreing
igolabed

Tgolation
medium

Lonree

Leoeslion

e
-
-

(9
o

A

443

24
'1\5

T BRI ke S

mknowm

unlmowmn

unlgown

unknowin

unknorm

unknown

unknowm

mmknown

unknowm

mmlmown

Cultuse
Collcotw-
iong

Eﬁagoeoce&s
godonensus 8854

Miciococcus
radio&u*an& 0274

Mierococous
congdomeratug
740, 636

Micrococous
xogeug, 146,
239y 560, 758
aad 837

Miexococous
Jduteus 248, 291,
310, 352, 354,
365, 370, 410,
4435 531, C58,
810 and 855

Staphylocoecus
goldexmidis
1407, 1412 and
1413

gggxlococcuﬂ
1ac ;ig 02, 36
409 417 - and
1577

Mierocoecug
rogens

Micrococens
auggpﬁiamus

liecrococcus
Iysodeilticus

L BRR I LR

KQ‘:‘ C-Q I'Q.’Bl

NeCoToeBe

G-. G'l IVI.

C« OnI’s’a

Ca G,

Czo C v E\QL

c-c C - I¥Iﬂ

Geographicsl

Microbivlogy Depi..,
University of Glasgovs

hicvcbialOQy'Depu.,
University of Glasgow

liierobiclogy Depta.,
University of Glasgow
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Teble 23 (eontinued)

Wo, of

3

#G

.
LT
‘-.,‘41

" 4

b AT S S (RN

salt agax

TR R R T T e

gtiaing | Isolabtion Gaographieal
Jisolated medium - Souree Llocation
] o Culbure Iicxocoocus Hierobiology Dopba.,
‘ " cullect~ cinvaboreus University of Glasgow
fong '
g vnknown Saxcing Julen Micxoblology Depta,
: Univexsity of Glasgow
W Badud- gubguoup L ~
- Paxlver homan skin
1 (1963) |
11 subgroup  subgroup IL -
straing humon skin &
' mouth, plgskin
and. dust
w3 - gubgroup IIL -
#hLlood! pigakin
- | agar and : _ :
g taypbone subgroup IV = Dxs de O Balzd=Paxken,
yeagt huaen gkin Bedfordahire
Hlucose " '

subgroup V =~
hunan gkin

subgioup VI =
homen and pig
gkin, dust
ond. food

subgroup- 1 ~

. dugt

sﬁbg:mup 2 -
bagon

subgnoup 3 =
dust; bacon

subgroup 47
hacon

subgroup 5 ~

20 VTV e B R TR ORI VIR L A O T e T R Y e




Teble 23 (eontinued)

- No.. of o
~glraing | Tsolation Geographical
igolated ] medium Sourae Loeation”
- ' 1 Baixnd- gubgroup 5 ox 6
Parken ~ dust
(1963} .
%3 subgroup dubgroup 6 -
i : straine pigskin and
#hloog" : humen mouth
agar and
1) by pbone gubgroup 7 = D Ao O Bgind-Farkon
‘ yeast pleskin - Bedfowdsghize ‘
glucoge : ‘
] salt agar subgioup
bacon .
w3 ' wielaggifioble
' - dugs
406
Tobal X

N.CoeCo = Habional Collection of Type Culiuxes, London.

HeColeBs = Nabional Collection of Indugtiial Bacleria, Abendeen.
C.Celle = Cgechoglovek Collegtion of Micuoorganisms, Bimo.

= obvained as a purve eulbuve.
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Dlood Agexr Pose Wo.2, without any added blood, sinee T found
shat this aamégal@eﬁive modlum was excﬂlzeﬁt‘fmr she growth of
érém wogitive cocel. Slugle eolony iszolates vere nade on to
slopoes of vhe seme mediva.  As the strolns were isolated,
and before any eﬁaewmmenxs designed to £ind out thelw
optimun temperature could be carxled oub, I @hasé‘aq arbiirary
t@mgewatuwa of ipcubation for tho groweh of the gbrains. X

doeided bo imcmhmﬁe hc giralns isoloted from hoaspl wai aources

e

2 - -{3 Y Ay VWl o K [ PP o L) .. N, v
at 3570, singe this is a temperatuve ab vhieh staphylococed

»

(the wopt Likcly group of the Gram pomlilve, catalase posiblve
gacel o be present iu humoan iﬁfeet&@ﬂa) grov well, and all

. X e C}- L . 5
her stealns at 307¢, since this de a toaperature which

i

0
baxonomlets, c.g. Koour & Martinee (1962), Baird<Parlker (1963)
have found o bo the most suliable for the grouth of both
smilerococel and staphylococol.

Hainbtenance of sulibures

feom the pure cultures of theme 406 siraius, subenltures were
nade on to slopes Blood Agar Dase No.2, and these wvere

" x I o b4 . - A g« . o ey
lnocubated ot ;QLQ for 3 days. Inltdelly thoe incculated agow

s

plopes vere plugged with cotion wool, and to prevent dosoi-
cation, liguid paraffin was pourved over the puriace ¢f the
alopes; vhen abt o loater stage mebal saps replaced cotbton wool
pluge, the agor slopes did not doy out o quickly, and slace

subguliburing from slopes covered with Liquld parafiin ls

inconvenlient, time-consunilng and Liable te contaminatlon, the
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A,

use of ligulid pava Pein wae d&ne@nﬁim&ed. instoad Twtrdont

vroth {Onolid) was Pl mecnu aseht ica? y on to the.slopes unbil

all the bacterial grovth and agar vas caweseé“ the tubes vere

asepvleally capped and stored at j & Tngae sbook GMlﬁUwa

weve subenliuvved overy 5 montha.

B

ﬂhﬂi T i GE'WW} L0 Gﬂfs(ﬂIAQﬁﬁfﬁﬁﬂ

Smears Uere nade frowm CoLORLGD Srowing @n 0% hgf o blood

>

agar, ov Blood Agayr Rase We.2, aﬁc@; an Lnaubanlml QC Lﬁﬂ of
2 houwva ay SQOG, and shal zeﬁ by :ram‘ nenh&é. Smears vore
aleo wade from naiﬁmoan br@tﬁ euliures QELL inguhati@mﬂat

e €3 ¥ ) o E ot ot gy B ' “ > T
2070 fov 24 hourg, an@ LHene BRoears vere umainem with .

Y

EARLYC Qb o?vaudaﬂﬂ an ﬁeil o

nethylone Lﬁ@, ¢ell shope and

cell avrangenents oF -11 ne h06 sﬁrains vore made on the

methylone hl,ﬁ stained snears, ﬁinﬁe-it vas notlced that

ﬁywm? foagonu“@ gryatal wﬁoiob and iedlmae wcoa@ﬂ %o

+

Cenlarpe the sizne 0f the coceld in .qemam much more than sho
methylene blue, and thoerefore the latter stain allowed more
aecourave mem&uwem&ﬁ%a of eelle %o bhoe made. Cell dlometors

prore neaourod uish a &ie Gm@we éy&~pie&e»a%f& mapmi?&cﬁ Lo

of 1&&&: on indlvideal eclls, vhere this vas pomes lblc ho

)

noasurenent of the dismeters of lundividual col

-

le vas strelght
forward fox the majority of strains, but BORO strains
exhibitoed paaﬁct and cluster formatlon with few individual
gellis, The latter group of siralne davarlably gén%aﬁncé
p?cameyﬁhic thiﬂ of & yalativ&ly‘la@ge mlze and these yoere

ﬂixgiﬁu?b to measure accurat ely. An-average of five diameter
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measurcnents gf the coeel were ta&;n in order o reduce the
measurcments of the cocel were taken in ovder to reduce the
colonles growing on agay and the type of growth in broth
_ ) :

gulture were also netod,.

Pisvéaliyit

ERAMINATION OF PRUSTOLORTCAL CHARACTIRS

The ontinus temnerature of incubabion

gBtroak éuiuur@s of all 406 straius wers dpcubated on Blood

=9

Agar Base Ho.2 at 107 Gy 257°C, Jﬁ ¢ and &0 G, nnd examined

»

EaY
&

ber 24 hours, &2 hours, 66 hours, D days, 9 doys, 21 days,

o

ond finally 28 dayat iancubabion. . The %empe?atura of the

Lucubators did 2ot flueiuate BOFE | than < 1.0°C, Adshough

mmay shrainsg grow arfter 24 hours av ﬁ ¢ ox bﬁ Cp, some gtrains

O
G

wook moye thon two weeks to show any sigas 0f growth at 10
The optimum temperatnre of Incubatlion of stralns was
debernined wlowelly feon the examination of the awmount of

growth appearing after % daye at the above ugﬂ@ﬁﬁﬂuuxom.

ﬂtfﬁeﬂhmliﬂﬂ

2

The abllity of all strains te produce plgnents vas examined
Lioy

<53

on the following medinmis 1ﬁﬁ3i§) gltdm 1millk dn Pleood Agar Rase

9

+

R o - . " ¥ - e Q
Woedla Inoéulated @?ﬂ*ﬂs were incuhated for B days at Z0°C,
and the shades of the plguents dotermined from the coloples
without reference Lo colour gharts,.

resistance

Maadaann

The ability of all nnra¢g o grow on varying concentratlions

of sodium chloride (WaCl) was oxenined on the followlng



hasal modium e

(_‘S{s‘%! in distilled rmLcav) :}}Ga.ut exbract, 0.3; peptone, 0.3;
glucose, D.dy agar, L.5i ﬁadgvm ehloride Iapurity, 0.073

to this base vas xéé“d‘vavﬁaua conce iati@na of sodium
Ghlnéiéc (%% ds 5y amﬁflﬁa ﬂtwank'cultu?as of all tho

stralas wvere made on the bamw~ mediva contailniag O, 5, 10 and

L84 modinm chlopide. Phe plotos wore incubated for L0 doys

W

ab Eﬁaﬁs and tho ?1&%3?&%-%3?& GaRe ﬁiﬁﬁﬂ for grouth after 2,

& and 10 daye' Iacubabion. Most strains shoved growth aibew

& ﬂayﬁg wul some bilmlﬂc ook alt ieast & days to ghovw auy
vigible sigas o "growih ﬂﬂ'?g% VaGl agar.

e faﬁ.&“r&iﬁ& what grew on & aaﬁ@emtratién inﬁ but nos

109 soddun chla?iﬁe iﬁ é@aﬁ wave plated on Mannivol Salb Agsw

'

{Oxoid), whiegh cantdiﬁg @ concentration of 7.50% sodiuvam chloride,
aad the culinroes Uops oﬁﬁmzucd feX ﬁ” h after 2, 6 and 10

I T T s dee e T e
days at 307¢. 0 Stralaes able o geow on both B% and 0%

sodlium chlovide agay vere assuned to be able o grow on 7.%%

Mannibtol galt Ag&39'663@BL&11y as-mony of theme strolas veve

.
b
n
63
i“
o
o’
48]
2
<
f..’:e
b=t
4
bt
o]
et
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ol
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[
Eﬂl
9
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ALl

The abliity of

o

produce the casyme ﬂﬂ alase,
wae determined by addiag 5% ¢ } hydrogen peroride o eolonios
seowiag on Blood Agar Dase No.2 afier 5 dayst dncubation.
Effervogcence fvowm the colonies, bub abt from sthe surrounding

mediug, was counsldored to be an ¢ad¢an oF taloge production,
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e ahility of all strains ié wroduce the dnayme éxidéme—w&s
d@termiméd hy ad@igg & drops of thg Tollowlng reagent on t@
& day and L0 d@g ol von -0 ‘growing oa Plood v@SP‘EmSG
No.2 and on 1@“ Nﬂﬁf Gf“’ medium {page \0) ) iz eub&»od ab
30°¢.
Reamé?t*u 1%:§3_t0 eranethylepephenyl emefiﬂmann dibydros
chloride (D.D.0,) and O. ,p&¥5 ageorble acld in distilled
wbuaf_ Steal, 1%6&&. A strong ﬁﬂﬂﬁio blue ea10a ﬂﬁyeﬂrin
within ﬁﬂk&aéond$“am uhh cm?unic zo UL not on vhe woedia, is
characiveris 21&_&? gzidase activity. The roangent 2O
xiagcar to the puewple colous within a‘few'dayg, despita the

presence of the reducing agent, ascorble acid, 'and thorelfove

2

0

&

vas always uged dmumediately after its peparation.

Production of scma rrom eavbohydeates

Fluocane ﬁno Hls) wwibni

Yhe ﬁb..ny 0¥ azv §1w to produce acld from cavbohydvates vas

o

exomine din the aailewuna MEALE s -

Glucope Asap Hedlum, No.l - (” in dletilled %@uo“) Wi, 1 B0,
Q.43 BOL, 0.083 M‘S 5 gﬁcﬂg 0.02; yeamt extract (I zsa)g ﬂ.lg
Elucose, L3 bronocrozol purple, 0.0003 agor, 0.2 pH 7.0

(RairémFmrkeyg 19@?};

,ﬁneaﬁa Broth ﬁlzg ﬁa.m - as Glucose Agoy ledium Wo.l, bue

without auny wgar,

ch@#o Agazn Vo .lww'mn.n w {5




Tt j,ﬁ S8 -
(Difeo)y 1.05 yeast exbract (Difce), 0.13 glucose, 1.0j
bromoeresol purple, 0,004 agar, 0.235 o 7.2 (Mediuwm of

1 X,

CBubeomaitbee on Tanonomy of Staphylococed end Microcoecd,
19650).

Glucose Broth Weﬁ¢vn WoeP = a8 ﬁivcarb Apar Woedivm No.2

without aay ager.
The following media verce prepared in the sane vay as those

listed abava o3 ce@t That 10 nanuliol was arbetituted for 19

£INCosoe
Hepuliol Apar Meduumnwm,é .ﬁaﬂﬂl vl Apar Meddum No.g

*

Hannitold Droth Medinm Wo,d  Moundiol Aot R Medivm Wo.2

L

The basal constituonbs of all the above mnedia were steri-

¢

lised at 10 lb.!m@.iﬁ. Tor 20 winntes lﬂ%.eashahydrate
solutlons, sterilised by Seity filt?s‘ iony vere added asepile
cally %o the sterilo basal Ld&& o glve a fiual concentration
o7 Pawho warate in the media of 1%, Phe still-molton nedia

wore asepbically dispoused in 8 mi. swounts into stowile

= -

(1'3
iy}

¥ g An. sest tubes which were thon sveaned For 15 minnd

[ O S 0 03 . b = > & 0 Ja,tE

to deive off diesolved omygen, and finally kopt at 5 ¢ uwabil
meb. (A9 the modlvm contained agar), or uatil eool (L2 there

van no agoar ln the medial).
Daplicate tubes were stab incenlated throuwghout tholp
H ? R
Lennth with ipocula Lfrom glope cultures, One tube vas

iacubated under acoroble conditlons v allow oxidation of %the

carbohydrate by the orgenlisne bo take place; the othoer tubhe
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pag incebated wndow ﬂnagwﬁhi& conditions

g
L
e
k)

7
4
LW

'y
2
:

Fermentotlon to toke plada.

o

methods of obtaiwing anserobic e@nﬁgtsaag VOERe NHede

Lo
o
=4

(L)} covering the surfdce of the inoculated media in ﬁhe tube

S ulth le2 dinches of sterile liguid pavaffin, r

(’) placiag the tubes of lnoculated media in an atmosphore of

hydeogen in o wodified ﬁilmmﬂumi Mednvosh & Tildes ansexoblic
Jaz.

»

Ueilisatlon of the carbohydeates was detvermmined by acid
production and & corresponding lovering of the pi which

o
Gy

changed the c¢olowvre ¢f the dndicatorn, bromocresol purple, fvom
purple to ersuge or yellow ia-a pH of 6.8 or less,.
ALl the dnoculated media were eganined for growth and acid

‘ \]

production aftor ¥y 14, 2L and 20 days? incubatlon ai

fu

o
T
.

The growth and productlon of acld from monunliel by steains
dnder asroble conditions

yas oileo ﬁbsmevoﬂ on Maaaltol Balt

Agax {page \Q\} Ther B, ¥, 14, 21 and 28 ﬂaya' dtucubation ab

)

EOGG. Monuitol Saldt Agay convalns phenol »od ang a @i
iadlecatos le a pH range of G.8 « 8.b, whefem all, the athe&
ligted ¢ ,1?@bed=&h nedia gontain br@mﬁcl amol purple as o pil
inddeator with a pE range 0F 5.2 - é.@g hath Pl landicators

turn yellow in the scld pHa ﬁ&‘ﬁhema ﬁagmectxve PEnLes.

The abllity of all strains Lo produce acld {rom lactose vas

zamined in the followiug mediwms~ (% }%'&1 digtllled water)



e.mg,m

laetose, l;@; peptone, L.5; Andrades indicator, 1L.0.

Wi mwd&ums dispensed dn % ml. gnovants dnto & x % in. teat

o7

1iged by stemming for 3 consecublve éﬂyw.

-

 $&§9&,.wa9 syeri
@uhhm'uce@ eranined for acid preduction, indicaved by a pink
ééléﬁy in the me ium, after 24 4, 6 and 1% dayp? incubation
at 20, | Although the mojoriiy of strains vhich wiilised
loctose showed o positive reactlon afier 2 da&m, a fey
_ﬁ‘ru LS Wore Mate laetoﬂ@.uﬁim&aers and did nov show any
slgn of dedd production vrtil a perded of 1k days had
eiaﬂsea;

..n a2 N M

ﬁ LA 5&&&6 activity

Towe {(1062) diﬁﬂ@ﬁ@?&@ by means of thoe (UPG test that coli-
X ﬂ%illmo lactos @ in 2 stages « firat of all a peoermease
is rcqumﬁm& vo enable the lactome to Pb1et ate the cclls,
and segondly a P“&&jm cosidase 1 required to hydvelyse the
A&aaﬁa@e.‘ Towe (1968) also fauﬁ& by means of the OWPY tegb

that sonc ealiaavm‘a%rmin$‘dﬂ ot aeve the abiliily to produce

f-u.'

‘2 permease, but appareatly produce a Begalactosidas A
year Tateor %eﬁlm&hy % Rosenblwh (LO63) found, agaln by neans

of the OWPG test, bthat Stophylococous aupyeus utilises lacbome

ia the mane way as the colifovis.

3

The ability of strains to uwtilise lactose without the

o
o]
ﬂn.d

'ﬁiﬁ&“@n ¢ of o permeasse engyne wae oxamined dn the following
nedivn {(Lapage & Jayovanan, LO64) 1

Q. Eam w nitrephemyi'w B w D« galactopyrancside (ONPE) wa
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- dieselved 1n 100 ml. of 0,01 M Ndﬁ ﬁk@ buffer at il P.5, at

w

room tenperature. Thils gsolubtion was mte&iii&ed hy Seits

Siltration and 1 paxt of ONPR solution w;w.médeﬁ ameptically

b0 3 pavts 1% () peptone water at 7.5 pH, ond dispensod in

. 3wk, amounnts In b wm % lﬁ.r'egt.ﬁuheg. The yellow colour,

b o

L—u

due Yo the liberetion @‘ o - nitvophenol by the'?mgalaaﬁo«

plidase engyme, 1e Lh@”&@ﬁﬂvi shde 0f a positive reaction,

A

A r,

Inocnlated tubos were oxomined fop posiitive yenstione afie

:«~

e N " 0 71
2y 5 and 7 days? iﬂcubatien at Z07C.

ol iw APoLs s‘::

e abiliﬁy of 2ll straine %o hydrel&ae stareh vas examined
Canm bbﬂ followlug i medivns- 154 Qi) soluble starck iy Dloed Agar
Base Hoe2s |

Poitrl dishes ¢ ;thn&&g this medlion, after inoculation and
dncubation at ﬁ%éﬁ.far 5 days, wore floade& with @ram*s
iodinc. . The idﬁiné reacted w:vl the stareh in uhé mediun to

give & blue blacm colour, and storch hyvrmiy&zm wa%mﬁcnceteﬁ

by non-stalning zones aronand the bu@noﬁiai coloni.es.

~§y0wuh In_glugase amman&um §h0$$h§§G medlum

7,

Gxéwth of gtraing af hmc»c?m& KA hugloﬂ* (7@3basﬁ) PPOE0o-
vroph wedivm s an indieator of the abi& Lby ax %hoa& stealns
o ntflisé gmmonium phoaphate as &mlc ponree of nlirogen.

This nedivm e@ntaina‘{%b 1. gluc@sos Oa Lo ﬂmmougum phosphate,

G.02% potassinn ca?@ﬁ&d@, Q Orﬂ;mpgnou¢u sulphate, 0,004%

‘promocresol puwple {pH indieator) and 1.“% vashed agor ia



, 3_{}‘? (=]
@ietilled watew Huclrer (A0208,bh) used the agor medlum

n

in @lopes, but T uped the sgoe mediuvm in & wl. decps. The

ability of thoe 406 strains to grow lu this prototroph mediunm
vas examined in the following vay:= for cach sitrain, a small
amoent of colonial growth was omalsified in isotonie saline
W oglve a fo int apalesconce. A needle point of this svee
pension wags stabbed into & tube of the proiotroph mediuvm,
wvhich was then iuncubated at 295 ¢ {the optimum bemperature
of prototwophic Gram positlve eoccl) for a period of 6
Wooks. I growth oceurred, o needle point of this grouth
vas susbended la ﬂélime and annther tube of prototroph

medun vas incculated,. This growth transfer procedure vas

© ropoated for & botal of & vlmes, or less 1€ growth ceased to
coceny before the 6Fh tranefer. - I growth of a strain was

vecorded after the 6th and final transfer, the straln vas
congidered vo be prototrophlc and able teo utililise ammonium
@hemwaﬁ e as & sole source of nitrogen.

Acetoln nproduction

~The ability of all strains o produce acetoin was oxamined

?u the following medinte

Acotoln ¥Medium Wo.l 1 Glucose phosphate mediuvn (Mackic &
MeCartney, 1960; page 218).

Acetoln Medlwn Ho.2 3 Unbuffeved glucose broth (Dalrd-Parker,

1063,

‘fuaboa containing 5 ml. of these wedis were daoculated and



w 108 -
incubatoed for & and 1i days. | The presence of accetoln vas
detocted by Barelise? (L036) method: 1.5 ml. of a 5% solution

pl-rispithol in absolute aleohol followed by 0.5 ml. of a.

s}

G
0% potassiwg hydroxide solutdon was added to 5 ml. of the
broth culbures. A yaﬂihwvs roactlon,; indlcatiang the presence

)

G

s

acetoln, vas recoguised by.a bright pink colour appearing
at the surface of the cultur@_axﬁer a time of 30 ninuvtes Yo
5 houyrs.

Coagulase bproduction

& ~ .

The ability of all otralus to produvce coagulase vas exomined

A

The type of plasma used iu the test seems to be eritical, bub

opinlons vayy as to which 1s the best., Fisk's mebbod (1940),

q

the tube. tesd with humon or rabbit plasma, secas to be the

- most widely accepiod and was used by Mossel (1 062), Bike (1962)
awmd Relrd=Parker (1963). Chopuan gb al, (L938) found that
hmmqn plasma vas nuch noye efgec ve vhan cow's plosms ond tha

Lo

clots fvom human plasma lasted longer than clots from the

rabbit plasma. Shaw ob-al. (L9%51) oxpoerimented wlth humon,
rabbit, horse and ghoep plasma; the flrst two gave the greatest

numbor of positive results. | Smith (L062), working with strains

of cocel isolated from. dogs, nobiced that a greater numbor oF

nositive reosults were obtainod from rabblt oy shoep plaspa than

. 1.

able plasma foy the test nay

X,

from human plasmfe The most. swiv
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vell depend oun the source of the atralnp to be examilacd.

Sinee a large » 1?G§G§L¢Gﬂ of my stralas vere lsolated from
Chueman skin, T uwsed human plasma and tube Stost 1 was carried

QUL
Tube test 1L ¢ 0.5 nl. of cibtrated fresh humon plasaa, diluted
/10 in dsovonlc malinc, vas added to 0.5 ml. of an overnight

nubrient hroth culiture of each strain in a tube. The tuhes

-ﬁJ
bzﬂ
‘(-.l
- )
':'.a
2
<3

were exesined fox clot formation affter 1, &, 6 ¢
S,

',,1..

tacnbation at 37

Tube tost 2

&

The standord temperature of incubation ig ? G, but Chopmen
o (1928) and Bisher (1936) obtained tho some nuiber of
positive rosulis ab room touperature as ab 3?00. Lominshki

ot al. (1953) potnt gut that o clot will ogeur at roon

e

semperature dn plasma, provided vhat cogpulase i preformed,
hefore congulas 0mda&ewayumg ensymes, which are known to be
produced by staphylococel (Lominskd ot gl. 1953) becomne actlve.

R

Tabe test 2, therofore, was covried out, in vhich the incubation
venperature was lover and the plasma in o greater conconiration,
Bhon In tube best 1.

Tube test 2 ¢ 0.8 ml. of citrated fresh undiluted human plasma
vas added to 0.2 ml. 0of an overnight @utmiemt‘bwath ¢udture of

each sieoin. Thesoe tubos weve iuncnbated ot room tomperaiure

Tor & days and omamined abt intervals For clot formatliou.
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Tube best 7

%

Mthough clirated plaspa will only be clotied by staphyloe-

pl vy

goced, some othey bacteria will uwtililse the clirvate, alfier an

A incuhaﬁiaq.@@ﬁiod of 18=25 hours at 37°C, and allow the normal
GlOb%!ﬂﬁ mcehmnmmm to talke place (avper & Convay, 1.948)

The addition of heparin, vhich is actlve apgaiunst thrombin in

™a

wiamwag and inhlbits the noxmal blood clottlag action even 1w

2, *

whe presonce of calcolum dons, to eitrated plamma was

vecommended by uammusk. & Grossfield dn 1948 provent the
posglbllity of such false pomitive pesulis. Tube test 3 vas,

ihg?e m”@, carvied ouv.

N

the Euﬂb 5 ¢ Ghtvated frosh human ploasws contalnlng hepariu

.

{310 lﬂucrul‘loaal punit

Bfml.) was substltuted for the e¢itratoed

frosh human placna dn tube btest 2.

The ability of all X 6 3%1 iae o produce coagnlase was also

3,

examined by the slide tegt, A plide test Tor the rapld

+ 5

&denu;xmca%icﬂ of cosgulase positive stog 131 goocel was

developed by CadnesoeGraves b al., 1943 (page $3 ) in which a

W2 A

heavy mus 3 englon of staphylocoeel is mized with a dvop of

L
'

wiaoua or ib@ﬁnopoa 2 iution on a mlerosecone glide aud L
plunpiaog occouys ia uaoow a minnte then the ataphylococeal

sbtrain io couneslderod o be coagulase positvive.

3

Slide test ¢ A loopiul of an overnight zlope culiture on Dlood

Agar Bose ¥o.2 vas enulsified in o dvop of saline or uater o



»

which was added a loopil of wndliiuted eltrpted ﬁroﬂﬁ human

Sy

plasma, if no emulzification of the organdem was poseible,

oy 1% -spontanecus gy 1ﬁu7ﬁblﬂﬂ ov clumpling took -place In saline
or water alone, it uas not ﬁﬂﬁu&bje to examine this steain by
the slide coapgulsac te&%. A posdtive reavtion woag lundicated
by a clumping of the o ovgenien in the plasme in 15 to €O

BOECONGE,

Phosbhatase produebion

in the folloviag med&vm*m 1k, of a 1P (¥) Seite filtered
golution of sodiva phsnelphithalein diphosphote (L. Tdght & Co.

Lhdad dn 99 wl. of Bleod Agar BPase No.2.  Incevnlated plates
wore iaguhatod at 30°¢ for -5 deys; the nlates wewe then
?eoseé Lo anmonia vapownrs anﬁ~%he bg,ﬁhauamc.@faducing
colqnigs Were ﬂ@éec%eﬂ g&mée they turned deep pink within 15
geconda, Thip @iﬂk.emlcvp is dne %0 the reaction of apmowia
with fvee nhonalihuh¢ eiﬂ;arsieased~mvﬁn Phenolphthaleln di-

vhosphate by bﬁO phosphatane ONIYLEe.

Provepiyals

1,

The abilivy of @11~ﬂﬁ?ﬂin$ o bhreak dovwn protelin was exanined

»

by the follo wing meth@ds'

(1) Stvains wéya-ime nlatad on TO Plu@d A&QL Base No.2

5

s : - oo 2 ~ 5 La 0 £ m
containing 10% (%) sterile dliim mllk, and incubated gt %0°¢ for

5 days. THe %Lauaw vere thon flooded with acidie mereuydc
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chioride {(Frazier, 1926) to distinguish %e%waen‘twao
droteclysis and the clesping of milk, owing o the dissolviag
of millk proteln by alkaline and prodocts of metabollsnm

4

ing were inoculated on Yo Blood Agar Base No.2

7y
P
Tt
e
s
=1
e
jl
N

conbtoining 1% ($é gelaotin nod incubatod for O days at 20°C.

*

Gedatin hydeolyals vas detected by the above mnenbioned method

i

of Frasior (1926Y.

rate
.

'i?"'c:m hydeolys ,z.s,

-

Theo ablliity of all stralng Yo bresk down wrea vas exenined in
Christensents {1046) meddwnm. Afbor the stralns were incubated

a . 4 1 Q W : 7 N - N
on this mediuvm for 3 doys atl 507¢, thoe. culiures vere exemlned

WA

"

for their abllity to hydvolyse ures, dludicated by a purple

5

colouyr developi 1, iy

o

the medinm.

e

The ability of il gtrains to break down fat was oxomined on

{
[y

vribu

>
[

yrin agay and egg yolk agar as followsm:

ralng were inoculated on to Tributyrin Ager (Ozoid) and

{-"

(L) &%
inenbated for 3 days at Eﬁgﬂ. Lipolysis was detected by cleaw
oreas developing avound colowles on tho opague mediur,

{(2) steaias were incculated on to Blood Ager Dase No.2 ¢one
taining 0% i%ﬂ egs yolk eaulﬂman {0 wid)e ILipolysis was
detected by avrcas of @paléseencﬁ around colounles after aun

incubation period of 3 days at 50%0. Opnlescence is thought
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\,%

to be caused by a lipase {(Gillesple & Aldev, 1952).

Ha .ﬂoly&¢n 3wuﬂv39:@n

fhe ability of strains o produce haepolysins vns oxominoed

w«!
,—e
i* i)

by the followling methodste

‘ﬁaeaﬁlygin Moethod Nol.l ¢ 260 randonly chosen stralng werce
aked across plates of Blgod Apaw Em;@ Nol.2 containing

104 (%) defibrinated horse blood {(Oroidd. The plates were

incubated aevobleally atb #%¢ and observed for hacnolysie

after 20 and 72 bhoura. Arb@w 7e houra plates woere left

&

59 overnight o detect the presence of Photecoldh QS'B“

hacnolysin,.

6‘3

Hacaodyein Method Ho.2 1 This mothod differs fyrom that of
Lomdionekil & Arbulhnots (1962) only in that an atmosphere of
ain was ueed dnstead of an atunosphere of 0% amé and 207
garbon dioxiéekﬁa? the culbuving of the stralins.

& vendom selectlon of 18 of the stra ving, which were
oxanined %y Haewolysin Yothod Nol.d, vere grown on sloppy agay
plates, compamaﬁ of O5% {3) agar dn ¥utelont Broth {(Ozold)
for GO hours. | The plates vere %h&a.éeegmfﬁaﬁgn and thavoed.
following this prodedure, the bactexrial ¢ells and agar vere
sepavated by low speed cemtyifugation from the supernatant
ﬁéntaining the hocmolysing thip latter portion vwas rotained.
Dllutions of 1!1, 1}23 Sy xu vere prepared from cagh

supernatant in a diluent containing 75% wms 248 Wutrient

iﬂwuhemuim£ of f(K)ﬂ tintlon of thionergals At this
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stape, & suspensiouns of vwashed red bloed cells of horse,
(Ox0idy, humen (expived blood, Western inﬁirgmrﬁa FLOSEOW)
rabbit (Dept. of Bacterlology-Tumunology, Glasgow University).
BOuSS (Eapﬁ.Aaf Bagterlology-Iununology, Glmagew Uﬁiverﬁity),
and sheep (Oxoid) weve prepared, ond 0.5 nl. of each hacmol?ain
d