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ABSTRACT

The fotiy ocid composifion of fwenty-seven bocteriol stroins,

including seventeen different species of Corynebqcterium hove been studied.

Fo¡1y ocids were extrocted directly from whole woshed cells qnd exomined

os mefhyl esters by gos liquid chromotogrophy. The most obundont ocid in

four corynebocteriq species wcrs o C15-soturoted bronched-choin ocid. The

fotiy ocid profiles of ihese four plonf pothogens strongly resemble fhose of

cerfqin species of Propionibocferium ond on thïs bosis it wos felt thot these

four species could be reclossified. The mosf obundont fotty qcids of the

remoining corynebocterio were hexqdeconoic ond octodecenoic ocid'

Visuol ond quontitotive comporisons of the chromotogroms for the

presence ond relofive omounfs of lorge moior peoks ollowed ropïd differ-

entiofion of corynebocterio into two moior groups. Differences within eoch

group were not os greot, but sîgnificont enough to distinguish most species

from eoch other.

The experimentol method wos evoluoted ond discussed os regords

medium, period of bocteriol growth, horvesting method, extroction solvent

ond onolyficol technique.
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INTRO DUCT IO N

The mystery of bocteriol evolution hos resulted in fhe foilure fo pro-

duce o universolly occepf ed noturol clossificotion of bocferio. An otfempt of o

phylogenetic clossifícotion wos published by Bergey (.l2) in 1723, inorder fo stimu-

lofe efforfs to perfeci ihe clossifícqfion of bqcferio into orders, fomilies, ond genero

os hod been suggested eorlier by o Commítfee of the Sociefy of Amerícon Bocterio-

logisls' However, fhis clqssifícofion wos never entirely sotisfactory fo oufhorifies,

os con be noted by comporing the sixth (1948) edition of Bergey,s ,,Monuolof

Deferminotive Bocteriology" wíth the seventh (195n edíiion (lZ). The sixth edition

grouped bqcterio into six orders conf oining 3ó fomilies while the lofier hosfen

orders and 47 fomilies. This revision wos probobly duerin porf, to fhe focf thqt Ìhe

chqrocferisfics of micro-orgonisms,upon whích clqssificqfion is bosed, ore relotively

few.

Eorly clossificqtions were bqsed on sfructurql chorocferístics, porti-

culorly fhe shope of the cells. This hqd been found useful in drowíng up noturol

clossificotions of higher plonts qnd onimols. However, os fhe number of known

bocferiol species increosed, íf wos no longer odequotefo know whoi fhe cells looked

líke, so it be cqme necessqry to consider whot they did. Even ihís often foiledto

differentiote bef ween cerfqin species qnd so they were subgrouped occordíngfo

fheir hobitot or isolotÍcn source reloiíonships ond pothogenicity towords fhe hosf.

This eventuolly led to fhe present mode of c loss í f icof ion which is bosed on fhe

following properties:

(o) Morphology:

Gross qppeoronce of the culture.
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Fine sfrucfure of the cell,

Stoining properties

(b) Bíochem icol chqrocferisfics:

Optimol growfh conditions

Fermentotion ond oerobic oxidqtion producfs

Reductions

Light obsorption ond emission

Exoenz)rme productíon.

(c) Serology:

Specífíc ontigen-ontibody reoctions.

(d) ToxÍgenic properties:

Exofoxin producfion

Endofoxin production.

Very often ii wos difficult to ossígnacerfoin orgonism. fo o definile

cofegory on this bosis, since fhe cell shope míght nof be significontly differenf qnd

the reocfionsrthot it tokes port in very limited. As o result, fhe seorch for befter

meons of clqssificotion continued.

ln 1956, Cummins qnd Horris (31) suggesied ihqt differences in com-

posifion of bocterio cell wqlls might be used fo clossify fhis form of life. ln the

some year' Jomes ond Morfin (42) published o reporf describing the use of q new

technique, gos-liquid chromotogrophyoto defermine fotty ocids found in fhe culture

medio upon which bocferio hod been grown. ln 1961, AsselinÈou (f suggested

thot GLC could be opplied io the dererminqfion of bqcteriol fotfy ocids. Abel et

gJ (tl in 1963, using gos-liquid chromofogrophy, showed fhot differenf fqmilies of
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o n e order h o v e distinguishobly differenf cellulor fotty ocid composiTion. Brown

ond Cosenza Q0),in 1964, used lipids to distinguish befween genero of bocterio,

while Yomokowo qnd Uefo (8ó)rin 196+ used cqrbohydrofe,os well os GLC onolysis

of cellulor fotty ocids, fo disfinguish befween spécies of Neisserio.

Reseorch of bocferiol I ip ids using gos-liquid chromotogrophy, up

to fhe present time hqs employed severol opprooches: some workers hove onolyzed

chemicol compounds exkqcfed direcfly f rom cells (37r ó8), others hoveseporoted

oui the membrone components qnd worked with these (79), some hove confined

themselves to the metqbolic producfs of bocteriol growfh left in fhe medio (63169,

l9), workers hove thermolly decomposed the orgonisms ond hqve sfudied the pro-

ducts of pyrolysis (77r78r36) while ofhers hove sfudied the bocferio by chromoto-

grophing fhe heod-spoce vopors from milk (10).

Despite the omount of work done in this field, no one hos offempted

to differeniiote oll the species wíthin o sïngle genus. lt is f herefore our oÏmto

sfudy one genus in detoil, wïth the hope fhot o simple ond uniform technique might

be developed for clossificotion.

The genus Çgrygþg:lgrym wcrs se I e c f e d for this sfudy since, ot

the presenf fime, clossîcql bocteriologicol techniques hove nof been oble to closs-

îfy this genus odequotely. This isproboblydue to the fqct thot,excepf for C. tE!_

therice, fhese orgonisms ore quîte inoctive, hence hord fo tell oporf ond relotively

unimportonf from o medicql point of view, due fo their low pofhogenicity. ln

severol instonces, ihe differenfiotion hos been bosed upon isolotion source, rother

thon upon biochemicol or morphologicol properties.

Thus, our sfudy tokes on the following obiectives:
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(o) to use fhe fechnique of gos-liquid chromotogrophy io disiinguish

one species of Corynebocterium from qnofher on the bqsis of fofiy ocid compositíon.

(b) to onolyze the cellulqr f of ty ocid composifion of one genus os

complefely os possible ot this fime.

(c) to shed some light on fhe confroversy wh¡ch enshrouds the clqss-

ificotion of this genus.

This thesis is divided into four sections. The first section íncludes

o review of bosic m icrobio logy os well qs o literoture survey. The conceptsof

microbiology presenfed here ore elementory to o bocreriologisi but provide bqsic

informotion to o chemist without o bockground of microbiology. The secondsection

lists the sources of the moteriols used ond describes fhe mefhod employed. The third

secfion discusses fhe method os well os the experímenfol findings. The fourthond

finql section summorizes the work done ond presents ihe conclusions.



HISTORICAL

LITERATURE
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SOME BASIC CONCEPTS OF MICROBIOLOGY

The hisfory of microbiology con be froced bock to Antony von

Leeuwenhoek (1632'1723) whose greotest clqim to fome wqs not the invenlion

of the microscope but rother the discovery of fhe microbiol world (82). When

scientists were oble fo see thís "vosf world of microscopic creotures" wifh

their own eyes, lhe science of microbiology begon fo develop. Scieniists

soon wondered where these vorious forms originoted. Some believed thof

microorgonisms were formed spontoneously from the nonliving moteriols

present in infusions, while others believed thoi the "seeds" or "germs" of

these microscopic creotures were olwoys presenf in the oir, from which they

could enfer ond grow under suitoble growth conditions.

From numerous scientific reports if begon to become opporenf

fhot sponfoneous generofion in plonts qnd onimqls does nof occur. However,

it took fhe experiments of Posteur ond Tyndoll, which showed fhot living

mqtter does nof orisele novo on our plonet, to finolly discredit the doclrine

of spontoneous generotion.
sc re nt ific

The second maior/odvonce which occurred in the lgfh century

wos fhe recognition of biologicol evolufion. ln I859 Dorwin published his

book "The Origin of Species", ond for the firsi time mon sqw life qs o hisioricol

process which begon with the evolution of our plonet, ond groduolly developed

more complex orgonisms to yield the vorious kinds we hove fodoy.

Meonwhile the quest for scienfific clues leoding fo the primory

origin of life on eqrth continued. Two scientific hypotheses to occounf for this

exísted. The firsf suggested fhoÌ spores tronsported ihrough spqce from some other
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cosm¡c hobitqtion infecfed fhe eorth. This hypothesis hos losf significonce os o re-

sult of our increosing knowledge of outer spqce. The second hypothesis expressed

fhe belief, thoi living motter orose from the mutofion of non-livíng mofter on the

eorfh itself. This qlso seemed hord to occept since even the simplesf microorgqnism

is very complex ín orgonizotion ond chemicol sfructure. Not unfil foirly recenfly

hove men been oble to show fhof ihe lotfer proposol is o possibilify. Hqldone qnd

Oporin (82) poinfedout fhotbefore onymicroorgonism exisfed on eorth, ony orgonic

chemicols fhot might hqve beenformed by chemícol meons would hove possessed for

greoter stobility thon of presentsince therewere no microorgonisms to destroy fhem.

They suggested fhqt ot on eorly time in the eorfh's history, o mossive synthesis ond

occumulofion of orgonic mqffer fookploce by photochemicqlreoctions in fhe primi-

tive otmosphere. Thismotterqccumulofed in the primifíve oceonswhere it underwent

subsequenf chemicol chonge to produce molecules of on increosed complexiiy. Thus

chemicol evolution led to self reproducfion whích resulted in fhe formofion of cell-

ulor orgonisms ond eventuolly biologicqlevolution. lf one occepfs fhis explonofion

ond opplies fhese ideos to microorgonisms, it is to be expected ihof no cleor cut

disfínction between mony of the bocferiol speciesT&9ttlt' Uut o greof overlop in

sfrucrurol chorocrerírr¡"/î"tï11 . lr ís not hord to see where the difficulty lies in

oftempts to clossify bqcterio by reloting orgonisms to their evolutionqry stoge (phy-

logenef ic clqssificotion) especiolly since until only recenf ly, no supporting evidence

hqs been obtoÍned from fossilizotion.

Unfil obouf 1830, the living worldcould be reqdilydivided into two

different kinds of orgonisns: plonfs qnd onimols. As explorof ions of fhe microbiol

world become more intensive, it become evidenf fhot mony microbiol groups were
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difficult to fit into either of rhe two froditionolgroups. ln ihe light of evolutionory

ideos of todoyr ihis con be undersfood by thinking of the microbiql groups os hoving

brqnched off the pothwoy before the two other biologicol linesleqdÍng fo plonts ond

onímols oppeored.

To ovoid the orbitrory ossignment of fronsifionol groups fo one or fhe

olher kingdom, Hoeckel, in 1866, proposed fhe estoblishmenf of q fhird kíngdom,

t"f lS. He disfinguished members of this kingdom from frue plonts ond onimols, on

the bosis of their simple biologicol orgoniætion: ihey ore unicellulor, or if multi-

cellulor, do nof show chqrqcferisficqlly differenf regions of tissue. The finer de-

fqils of their cellulor strucfure could nof be reveoled by scíentisfs unfil the elecfron

microscope hqd been developed. This showed fhe exisfence of fwo dífferenf kinds

of cells omong orgonisms: o highly e vo lve d fype colled fhe eucoryotic cell found

in oll plonfs, onimols ond in severql groups of protísfs, ond q simple fype, fhe pro-

coryofic cell. On this bosis, fhe protisfs were divided into two groups (o) hÍgher

protists (with on eucoryofic cell sfrucfure) consisfíng of fungi, profozoo qnd mosf

olgoe; (b) lower protists(wíth procoryotic cell strucfure) confoining oll bocferio ond

Ìhe blue-green olgoe.

The bosic difference between the fwo fypes of cells lies in fhe focf

fhot the eucoryotÍc cell nucleus is seporofed from fhe cyfoplosm by o nucleor mem-

brqne ond contoins highly orgonízed sub-unÍts colled chromosomes, whíle fhe pro-

coryoÌic cell does not hove its nucleus ond cytoplqsm cleorly differentiqted qnd is

less highly orgonized. The sub-dívisions of the Protisfqore shown in Fig. I on the

next poge.

The lower protisfs con reodily be súbdivided into blue-green olgoe
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l. Phosynihefic Eubqcferio

2. Chemolithotropic Eubocterio

3. Chemoorgonofrophic Pseudomonqds

4. Chemoorgonofrophic vibrios ond spirillo

5. Acefic ocid bocterio

6. Azobocter Group

7. Coliform Bocteriq

8. Loctic ocid Bocterio

9. Propionic Acid ond Corynebocferio

10. Spore Formers

I I . Mefhone-form ing Bqcterio

"f P'çIfg.

Prof isto

Profozoo

Fig. l. Subdivisíons
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ond bocferio on fhe bosÍs of cerfoin distinctive chqrocteristicscommon to the olgoe.

The bocterio meonwhíle cqn be furfher split into mp<obocferio, spirochefes ond eu-

bocferio (or true bocierio) by considering theirmechqnism of movemenf ond cell wqll

chorocfer. This brings us finolly fo fhe eubocferio whích consfÍtutes fhe lorgesf ond

mosf diversífied group of lowerprofisfs. Some of the bosic structurol chorqcterisfics

in relofion fo chemicol composilion will be considered here, io provide some of fhe

bockground upon which this reseorch is bqsed.

The presence of eubocterio wos originolly demonstrqted by o differ-

entiol stoining procedure developed by Christion Grom in t884 whereby bocterio

ore treofed with crysfol violei qnd iodine, followed by o woshing in either qcetone

or olcohol. On fhis bqsis fhe "grom-positive" eubqcterio turn violet ond remoín

so qfter woshing' while "Grom-negofive" eubocterio become colorless offer fhe

solvent wosh. While thiswos developedoriginolly on onempirícol bosis, if becqme

evidenf fhot fhe stoining properties ore correloted fo some bosic chemicol difference

of the cell. The difference wos found fo be in the cell wqll: Grom-negofive eu-

bocterio hove q high lipid content, while thof of Grom-positíve eubqcterio is low

(82). The cellwall, which is oprotective structuredesigned fo prevent fhe uptoke

of woter in hypof onic solution fo couse the cell fo swell ond burst, is moínly o

mocromoleculor mesh composed of polysocchorides. ln fhe lower protists, these

polysocchorides ore Iong choinpolymers of simple sugors or omino sugors. procory-

ofic orgonisms qlso hqve ofher chemicol consfifuenfs in their cell wolls such os

lipids ond profeins.

lf one removes the cell woll enzymoticolly from Grom-positive

bocferio, fhe existence of a cytop losm ic membrone moy be demonsfrofed. lts
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chemicol compositíon is quife different f rom fhoi of the cellwoll, consisf ing

moinly of profein ond lipids wífh smqller omounts of RNA (82, 79). No membrone

hos been isoloted from Grom-negofive bocterio so for, due to difficulty in

dissocioting it from the cell woll.

The cytoplosm itself consists moinly of RNA found in the ribosomes.

lf moy olso contoin reserve moteriol such os poly-p-hydroxþutyric ocidr polymer-

ized inorgonic mefophosphote or elemenfol sulphur.

The nucleus contoining DNA hqs been discovered only recently,

since nucleic ocid stoining resulfed in fhe RNA of cytoplosm mosking the DNA of

fhe nucleus. Other ports of fhe bocteriol cell ore: (o) flogello -- long sfrqnds of

fibrous profein olwoys qssocioled wifh "motility"; (b) copsules qnd slime loyers --

orgonic polymers occumulofed on fhe outer surfoce of some bqcteriol cell wolls

ond usuolly composed of polysocchorides of vqried composition; (c) endospores --

highly resistont bodies formed by some bocterio. The chemicol structure is

different from fhof of the origínol cell.

As con be seen from Fig. l, poge 9, eubocterio moy be subdivided

ínto mony grouPs bosed upon o combinotion of shope, physiology ond/or biochem-

icol qcfivities. This roises o difficult question Ín setfing up foxonomic divisions,

nomely, which of these chorocteristics should be of primory imporfonce. Should

o group be estoblished on fhe bosis of similor physiologicol (or biochemicol)

octivities while confoining o voriety of cell shopes, or should similor cell shopes

be grouped contoining o voriety of physiologicol octivities ?

This hos cqused o greof confusion of
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clossificotior¡to qppeor in ihe posf (25) but wos resolved to on exfenf by Bergey's

publicofion in Tg23 oî, "The Mqnuol of Determinofive Bocferiology" (12).The

monuol hos groduolly goined generol occeptonce in succeeding editions. Bergey

offempfed to estqblish o nofurol or phylogenefic clqssíficofion in which orgonisms

were grouped os much os possible occording fo the supposed degree of evolufionory

relotedness. The order of precedence (in decreosing ronk) os opplied to fhe clossi-

ficofion sysfem is qs follows:

Kingdom - Profisto

Division - Lower profisfs

C loss

Order

- Bocterio

- Eubqcterio

Fomily - Corynebocteriocece

Genus -Corynebocterium

Species - (o) díphtheriæ

(b) xerosis

(c) pseudodiphtheriticum, efc.

A "species" hqs been defíned os ony primory subdivisíon of o genus

ond isconsideredbyCowonondSteel (30) os o bosol unif. lf o number of bqsol unifs

contoining similqr chorocterisfics qre combined, we get fhe nexf higher unit, fhe

genus; groups of genero combine to form o fomilp etc.

LITERATURE SURVEY

The fomily of bocterio we ore moinly concerned

ore fhe Propionic qcid ond Corynebocterio (os Stonier (82) colls

(17) Fomily Xll, the Corynebocteriocece.

with in this sfudy

fhem) or Bergey's
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Sfonier ef gl (82) give them fhis heoding since propionic ocid is pro-

duced in fheir mef obolic products (os well qs ocetic ocid, corbon dioxide ond

occosionolly succinic ocid). The corynebocterio con be dísf ínguished from propionic

ocid bocterioby o physíologicoldifference os moy beshownby o comporisonof their

reocfions (especiollytooxygen) in Fig.2, poge 14 . Theyore club-shoped rodsfrom

which they derive their nome: the Greek word (koryne) meoning o club ond fhe

Lofin (Bocferion) o little sfoff (25). They ore Grom-positive, rod-shoped bocteriq

fhof usuolly occur in polisode, V-form or cuneiform orrongements, os o resulf of

lheir f oilure to seporote complefely during divísion. This peculior mode of cell

division is known os "snopping-fission".

The corynebqcferio ore o group of microorgonisms chqrocferised by

their opporenf lock of pothogenicity for mqn except for C. diphtheriece which is

notorious for ils humon poThogenicify. As o result, olmosf oll the inrerest in the

post hos been concenfrqfedon it while iheremoining specíes of this genus hove been

leff olmosf unfouched. The diseose. d iphtherio wos recognizedby Brefonneou (18)

in 1826 but its couse wqs unknown. Two yeors lqfer Trousseou (84) confirmed qnd

extended Brefonnequ's work. ln 1883 Klebs (51) described the orgonism under ihe

nomeof Microsporondiphthericum. However, he odmitted hoving problems in

obtoining pure cultures from diphtherific membrones. Finolly, however, in 1883

Löffler (58) showed thot he could isolqte the orgonisms in their chorqcferistic orronge-

menf from vicfims' o¡'gons, grow fhem on solidified blood serum ond reproduce fhe

diseose experimentolly in guineo pigs. The bocferio were given o specific ronk by

Trevison between 
.l842 

ond 1890, buf if wosnof until 189ó ihof Lehmqnn

qnd Neumonn (54) elevqfed fhe species of diphfherío ond diphrherio-like orgonísms
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fo the generic ronk ond nomed th"t C:Zlubo"*"r'y. Since then, mony orgonisms

hove furned up which f it this description in o generol woy ond hove been included

in fhe genus C:2""b""t"t-m for lock of o bef f er ploce. As q resulf of these in-

clusions fhe genus os o whole begon to resemble fhe originol less ond lessond begon

to developchorocterisfics of ifs own. The firsf edition of Bergey's Monuol (12) splii

the genus info fwo groups of species: (o) the frue diphtherio orgonísm ond (b) the

"díphfheroid" group (non-foxigenic, porosific, corynebocferio). To the lotfer cote-

gory H. L. Jensen (44, 45) odded o number of orgonisms found in soils of Austrqlio

ond, worsf of oll (occording fo bqcteriol toxonomisfs), o plont pofhogen. Soon other

plont pothogens found their woy into fhis genus until it wos sobrood ond ill-defined

thoi ídenfíficofion in mony cqses hod to be bosed on isolotion source. Five sources

qre now recogn ized: (l) humon (2) domesfic ond loborofory onímols (3) insects

(4) plonts ond (fl soîl ond wofer.

ln 1947 H.J. Conn (29) pointed ouf thot with fhis tendency to in-

clude o greoter ond greoter voriefy of orgonisms fhere would soon be no reoson for

excluding olmost ony Grom-posifive, non-spore forming rod. He suggesfed thoifhe

genus be re-defined to excludesome of the microorgonisms, especiollyfhe plonf ond

soil orgonisms, whose chorocteristics did not ogree very well with fhe resf. Clork

(27) ond Murroy (15) voiced fheir ogreement ond orgued thof lim itotions for fhe genus

should be esfoblished. With this in mind, Murroy ond Clevelond (25, 161 26) set

out fo obtqin qs complef e o collecfion of çorynebocterio species os possible ond,

with q stondord method, record fhe octivities of the orgonisms fo define fhe limits

of the genus. By morphologp corbohydrofe fermentof Íons ond biochemicsl reoctions
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they showed thot o clossificqtion nof entirely dependent upon source informqtion

could be mode. However, the reocf ions of the ploni ond soil orgonisms did not

differ enough from the others to suggesf thot fhey be ploced ín onofher genus.

Meonwhile in ofher oreos of reseorch, new qpprooches were being

ínvesfigofed for possible use in bocferiol toxonomy. Chemicol compounds werebe-

ginning fo be extrocfed from cells w h ic h were port of the cell sfrucfure, wíth the

hope fhof ihese mighf provide o clue fo fhe relofionship between species. ln 1955,

Hof monn (47) used column chromotogrophy fo show voriotions in fofty ocid contenf

of Lqctobocilli, while Cummins ond Horris (31) o yeor lofer, using poperchromqfo-

grophy fo determine omino ocids, omino pepfides ond sugors, showed thot cellwoll

composition could be used to distinguish befween certqin fomilies of Grom-posifíve

bocferio. Wolochow (85) feltthqt exfrqction ond ideniificotion of structurol elements

could be used to differentiofebetween individuolspecies bosed on the foct thof these

differencesweregovernedbynofurol or evolutionoryrelotionships. Almosf o decode

lqter Boone ond Pine (t4) refined the mef hod ond were oble fo seporote certoin

species of the genus Actinomyces on fhis bosis. Loter, omino oc id onolysis qlone

wos found useful in differentiofing onoerobic corynebocferio from cerfoin oerobic

members of the genus (48). Other opprooches hqve been developed recently whích

include polyocrylomide gel electrophoresis (76), DNA bose composifion of cells

(38) ond nucleic ocid hybridízofion (9).

The most exfensive ond rewording work hos been concerned wifh

lipid defermÍnotion of bocteriol cells or cellwqlls. The event moinly responsíble

For fhis wos the infroduction of the gos chromotogroph by Jomes ond Morf in in 1952
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(41). Here, finolly wos on ínsfrumenf thof would perm if developmenf of mefhods

fhot were relofively simple ond yet so sensitive thof only extremely sm o I I somples

were requíred. Four yeors offer its introducfion, fhey were oble fo use GLC to

defermine fhefoffy ocidsfound inculture medioupon which pseudomonos ry:g
hod been grown (42). Fol lowing f his, f he oppl icof ion of gos- | iquid chromotogrophy

( CLC ) ' fo microbiology begon fo grow. Coson ond Tqvs (21) srudied fotty ocíd

compositíon of Mycobocterium fuberculosis, while Asselineou (f suggesfed thot

Ç.!f. could be opplied io deferminotion of ony bocteriol foffy ocids.

with gos chromotogrophy o very promising new f ool, o number of

opprooches to lipid onolysis were underfqken by workers ín fhe field. Whole boc-

teriol cells were pyrolyzed ond fhe producfs onolysed by GLc (7 r 77, 7g, 37,

3ó)' with conflicfing reports qs to fhe usefulness of rhis method. Using q modifíco-

fion of fhe Dqvison mef hod (32), Reiner (77) wos oble fo produce unique "pyro,

groms" for vorious stroins of E. colíwhich he felf were reproducible. WhÍle Gorner

ond Gennoro (37) ogreed with Reiner ond felf fhof this method could be opplied to

foxonomy of microorgonisms, Fontonges et ol (3ó) disogreed. Following osysfemo-

f ic study f hey ogreed thot olthough certoin species could be identified by this meons,

neverfheless most of them showed o similor pyrogromoronevery close fo fhot of the

culture mediq.. Hence they felt thof fhis fechnique could nof be used forbocferiol

toxonomy.

Stoining procedures, especiolly the Grsmsfoin, indicofedthot boc-

feriol cell wolls hod o considerqble lipidcontenf so severol workers isoloted bocter-

iol membrones or "envelopes" ond defermined fhe foffy ocid composition of these

(24, 18, 13). However, none of fhese doto were opplied fo clossificotion.
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ln o follow-up to eorlier work of Jomes ond Morli n (42) lipid extrocts

of growfh medium were checked by the following men, who used GLC to defermine

metobolic products. Bosseff ond Cloydon (T0) chromotogrophed fhe heod spoce vopors

of milk in on ottempt to chorocterize the bocterio presenf. Lewis, Moss ond Jones (5ó)

identified fhe volofile fotty ocids of Clostridium using the conditions for gos

chromotogrophy os described by Henis, Gould ond Alexonder (39) . O'Brien (ó9)

opplied fhe technique of Miturko qnd Alexonder (ó3) to metqbolic products of

glucose mefobolism, while Bowden ond Bossette (l ì) used volotile metobolic

products to distinguish between E. coli ond .iaerobocter oerogenes.

Becouse of its simplicity ond opporenf potentiol in chorocterizotÍon

of bocferíol species, the most populor opprooch to lipid onolysis hos been the GLC

onolysis of cellulor fotty qcids. The whole cells ore woshed, hydrolyzed, fotty

ocids exfrocfed, mefhyloted ond determíned by gos chromofogrophy. Using this

method in 1963, Abel, deSchmerizing ond Peferson (l) exomined fhe fotty ocid

composition of o wide ronge of bocterio ond ottempted to correlote lipid composition

of these bqcterio with their toxonomic clossificotion. They concluded thot the ideo

hod potentiol feosibilitp os fhey were oble to demonstrofe differences of the

fom ily level .

The following yeor, 1964, Brown qnd Cosenzq (20) in o similor study

were qble to disfinguish between the genero Goffkyo qnd Micrococcus of the

fomily Micrococcoceqe. In fhe same yeor, Yomokowo qnd Ueto (8ó) weni one step

fqrther ond, using GLC onolysis of cellulqr foity ocids plus corbohydrote studies,

showed thof they could differentiofe bqcterio ot the species level: they were oble to

distinguish Neísserio hoemolysons from other Neisseriq species.
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Since fhof time, severol workers hove used GLC for onolysis of foffy

ocid mefhyl esfers of microorgonisms ond hove estoblished some foxonomic relotion-

ships by comporing their profiles (49, 68, 67, 57r 75, 66). For exomple, Konedo

(49) wos oble fo disfinguish Bqcilluscereus from nine other BocÏllus species on fhe

bosis of iso C15 contenf.

Moss ond Lewis (ó8), in the firsf of q series of reporfs, stotedthof fhey

were oble fo distinguish three species of Closiridium from eqch other ond from other

species. Loter, however, in ninfpecies of Neisserio they found o foirly homogeneous

group of fofty ocids, none of which were disfincf for fhis genus. They nexf turned

fheir otfention fo the "onoerobic diphtheroids" followíng o recommendofion by the

Americqn Socieiy for Microbiology thoi fhe onoerobic species of corynebocferío

be ploced in fhe genus Propionibocferium (ASM News, poge 29-30, August 1966).

They evenfuolly showed thof the seven species of Propioníbqcterium could be split
-tt

info two groups bosed on fheir C15 soturofed bronched choin fotty ocid confent.

Group l, whose predominonf fofty ocid wos fhe onTe iso C15 isomer, contoinedP.

freudenreichii ond P. shermonii while group ll, which hod iso C1, Predominofing,

confoined P. orobinosum, P. iensen ii, P. pentosoceum, P. fheoníi ond P. zece.

Six onqerobic corynebocterio species were found fo hove pofferns very much olike

ond somewhqi similor to the pofferns of the Group ll Propionibocferium. However,

they could eosily be distinguished from Group I Pt"pioltþo"tut'uT species. An in-

vestigolion of Lisferio monocyfogenes (75) reveoledofotty ocid profile, olso similor

to fhot of Propionibqcterium, but the species of Lisferio were nof consistenf omong

themselves. They hod either onte iso Ci5 ot iso C15 osihemoior foftyocÏdpresent,

olthough fhe former wos present in omounfs four fimes thof of the lofter. As o resulf
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of this work they considered recommending, in ogreemenf with Douglos ond Gunter

(33) ond Moore ond coto (64), the chonge of L_g!!gl fo p. qcnes, ond in ony cose

designofion of 9: ,:!:s os fhe onlyonoerobicspeciesof thegenusCorynebocferium.

The mosf recent odvonce in mefhodology olongfheselíneswos intro-

duced by Forshtchi qnd Moss (3Q in 1969. Af ter ihe opplicofion of Trimefhysilyl

(TMS) derivofives for chromofogrophic ídenfificofion of m on y orgonic compounds

(8,l) ir wos successfully opplied ro biologicolmoteriol (83). ForshrchiondMoss (3fl

opplied fhis fechnique to th{TMS derivofives of whole cell hemolysotes ond found

it fo hove good pofentiol qs q mefhod for differenf iofÍon of bocterio.

The chemicql nqfure of bocteriol lipids hos been summqrized in o

number of good reviews (72, 70, 50,55, B, 59). Some of fhese oufhors (g) hove

poinfed ouf fhot bqcferiol lipids dîffer from fhose of higher forms of life in severol

respecfs: fhe presence of lorge proporfions of free foftyocids, the frequenf presence

of unusuol fotfy ocids not seen in ofher orgonisms, ond the obse nce of sterols os

well os clossicol lecithins ond cepholins.

Eorly studies were confined moinly fo lipid deferm inqf ions os percen-

toge of totol weight, howeve r they did show thof ín most bocferiol species lipid

contenfs ronge between one ond ten percenf of dry cell weight (70). Of the fotol

lipid, free fotty ocids frequenfly moke up less thon ten percent but of fofol f oity
ocids more thon fwenfy percenf offen occurred os free foffy ocids (70). ln one

orgonism, Solmonellq typhimurium, fhe lipid frocfion hqs been reporfed fo consisf

olmosf enfirely of free fofty ocids (8).

ln generol, the choin lengfh of vorious free foffy ocid types ronges

from c14to c2g F5). Polmitíc (c16) ocid is fhe mosf frequent ondrusuolly, mosr
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obundonf of ony sqturoted stroighf choin fofty ocid found.* Clg fo C2g sqturoted

sfroighf choin fotfy ocids occur only in o few species. Themosicommon unsoturofed

fofty ocids ore cis, 9, l0 - hexodecenoic (Clo,¡) ond cis, 9, I0- ond Il, l2'ocfo-

decenoiþcids with ihe lof ter fwo the mosf frequenfly encountered. Unsoturqfed

fotty ocids longer fhqn C1g hove been reported in ç-gip!Ib""* (3, 3o, 2, 4, 74).

The lofter three unsofurqfed foffy ocids hove been shown to be precursorsof thecor-

responding cyclopropone foffy ocids, cís 9, T0-meihylenehexodelonoic ocid, cis

9, l0 - ond I l, l2-mefhylene-ocfodecqnoic ocíd. The mosf commonlyencounfered

brqnched choin fotfy ocids ore 72- or l3-methyltefrodeconoic ocids (onfeiso C15

qnd iso C15) ond ï5-mefhylhexodeconoic (iso Cg)acîd (65, 49). Occosionol re-

ports of hydroxy qcÍds con be found (70) but f he ir significonce is unknown. Some

complex hydroxy ocids peculior ro çrjflil5tt= were reporred by Asselineou (5,

8) nomed corynemycolic ocid (CSZH 
O+O3)r 

cor/nemycolenic ocid (C32H62O3) ond

corynine (CSZH rc¿O+) o dÍhydroxy compound.

A cleor-cut disfinction be twe e n fhe fotiy ocids of Grom-positive

ond Grom-negofive bocferio oppeors fo exisf (55). Procficolly oll the Grom-posi-

f ive orgonisms contoin bronched chqin fofty ocÍds; often fhey ore iis moior componenf .

On the other hond, little or no bronched choin ocids hove been found in Grom-nego-

tive orgonisms, w h ic h fypicolly confoin sofurofed, unsoturofed ond cyclopropone

fotfy ocids. Morr ond lngrohom (ól) pointed ouf thqt bocteriol growth fime should

be kept consfqnt in moking comporisons like this since fhey found thecyclopropone
melhylene/

fotty ocids, þexodeconoic ond methyleneoctodeconoic, to be formed only

offer lhe cessotion of exponenfiol growfh.

Other lipid frocfions found in bocferiq hove not been esfoblishedto

* Nomencloture: See poge 80.
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fhe exlenf of the foffy ocids. Mono-li- ond iriglycerides hove been

reporfed in bocterio (8) but mony species opporently confoin none of qll. ln eorly

sfudies, Chorgoff (24 23) showed rhot C.¡þh:thg1þ confqined obouf five percent

free lipids, eighty percent of which wos triglycerides; fhe remoinder consisted of

rrv¡q¡s5" ond smoll omounfs of phosphofides. Woxes oppeor fo be uncommon fo bqc-

feriq excepf for mycobocferío ond corynebocferio (8) where fhey oppeor in very smoll

omounts. Phospholipids (or phosphorides) ore widespreod inbocferio, frequenfly re-

presenfing moior porfions of ihe fofol lipid confeni buf fhey hove not been invesfi-

gofed with modern onolyticol techniques (ó0). Glycolípids ore well known omong

bocferiol constituenfs (53). The corbohydrofes isoloted from glycolipids ore: gluc-

ose, golocfose, orobinose, monnose, rhomnose, freholose, os well qs omino sugqrs.

Lipopolysocchqrides ore merely complex glycol ipid polymers.

Mosf of the lipid onolysis done in f he genus corynebocferium were

concerned wifh one species, C:_d¡e!I!gS, which hos by now received o fhorough

"going-over" (8, 22, 23, 5, 3, 3o, 2, 4, 74). Arecent sfudy "f lile.ht!"r$
cel ls wol ls (62) found ifs componenfs fo be of fhree fypes: 27.7%gl ycosom inopeptÍdes,

20.6/o free lipids, ond 40.6o/o polysocchorides of pentose qnd hexose. No inferest

hqs been shown in ofher members of this fomily unfil recenfly. We hoveolreody re-

ferred to fhe work of Moss qnd Lewis (67) on the onqerobic corynebqcferiq. Lípíd

studies on oerobic corynebocterio hove b e e n lim ited fo corotenoids of 9: fo*iont

(73), lipids of þvis (52) ond electronmicroscopestudiesof cellwollsof C. seped-

onicum (80).
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MATER IALS

Mediq:

Trypric Soy Brorh Lot f443709

Trypticose Soy Brofh Lot. # 8æ675

Mueller-Hinfon Medium Lot #øOZOSS

Loeffler Medium Lot f706325

Trypficose Soy Agor Lor # 810676

Blood Agor (25cc blood/500cc Trypfi-

cose Soy {gor Lor. #810676)

Reogenfs:

Hexone (Redistilled) - Certified ACS

Grode

Pofqssium Hydroxide - Reogenf ACS

Grode

Methyl Alcohol (obsolute) 'Boker

Anolyzed' R eogent

Hydrochloric Acid - ASP Grode

1 47" w /v Boron Trifl uoride-Mefhonol

Lot #784-2s Lor # oo48

Efhyl Ether USP

Chromofogrqph ic Moteriols

SE-30 Sílícone Gum Rubber (Merhyl)

Gos Chrom Q (100-120 mesh) Lot 749/28

Bolfimore Biologicol Lqborofories

F. I
Frsher )crenftttc Co.

Anochemiq Chem. Ltd.

J.T. Bqker Chem. Co.

Con. lndust. Ltd.

Appl ied Science Lqborofories

E. R. Squibb & Sons, Ltd.

Wilkens lnsfrumenf & Res. lnc.

Applied Science Lob. lnc.,

Stoie College, Po.

Difco Loborotories,

Boltimore Biologicol

Bolfímore Biologicol

Bolfimore Biologicol

Bolfimore Biologicol

lnc.

Loborqtories

Lqborofories

Loborqforíes

Loborofor ies
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Chromotogrophic Moferíols cont'd

6o/" LAc'728 on Diqfoporf S (80-100 mesh) Hewlett-pockord, Toronfo, ont.

Silico Gel G (Merck) Kensingfon Scieniific Corp. Ooklond

Colif.

Thin Loyer Chromotogrophy Spreoder

(Kensco) Kensingfon Scienfific Corp.

Reference Sfondords:

Notionol lnsfitute of Heolth Type Mixture Kifs: Applied Science Loborotories.

Mixfure C: Cg, C lO,C12,rrn ,rU, Clg, C20.

Mixfure D: Clq CIO CIó,.¡, Clg Ctg,t

Mixture F: CW Cl6, Clg C2O, C22, C24.

BC Mix L: îCU Mefhyl l2-Methyltrídeconoofe

nCl4 Methyl Myrisfote

oCls Methyl l2-methylfetrodeconoofe

nCls Mefhyl Pentqdeconoofe

iClO Mefhyl l4-mefhylpentodeconoofe

nC ló Mef hyl polmirore

oC17 Mefhyl l4-mefhylhexodeconoofe

BC Mix l:

iClS Methyl ló-Methylheprodeconoofe

nCtg Mefhyl Ocfodeconoofe

oClg Mefhyl ló-Mefhyloctqdecqnoofe

íCZO Methyl l8-Methylnonodeconoofe

nC2O Methyl Eicosonoote

aC21 Mefhyl I B-Mefhyleicosonoqfe



Mix Hl03:

Mix 1205:

cts

cr¿

ctz

cta

cta

clB,l

clB,2

c18,3
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Methyl Penfodeconoofe

Methyl Polmitote

Mefhyl Heptodeconoofe

Mefhyl Steorote (Ocfodeconoote)

Mefhyl Steorqfe

Mefhyl Oleoie

Mefhyl Linoleofe

Methyl Lînolineote

Cu lfures

All cultures used in fhis sfudy were obfoined from fhe colleclionsof Dr.

E.M. D. Clevelond (25). The nomenclofure used fo describe fhe vorious species

sholl be thof ouflined in Bergey's Monuol (17), unless ofherwise sfofed in fhe fext.

The orígin of fhese culfures is defoiled below:

Number Genus ond species Origin

c'69 Nocordio corollinq Dr. o. Khoiref, u. of Mqnitobo

DL78l3 C. xerosís Deer Lodge Hospitol lsolqfe

DL2IOB c:-dÞblbgt¡* Deer Lodge Hospirol lsolqte

6981 C. pseudodiphtheriricum ATCC

Mc97 L. monocytogenes Dr. E. G. D. Murroy, U. ofMcGill

3224 C. bovis NCTC

NCTC

Dr. W. H. Burckholder, Cornell

University

1621 C. equi

CF- l C. foscions



Cultures cont'd

Number Genus ond spêèies

cM-l C. michigonense

2A C. insidiosum
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C. diphtherice

C. diphtherice

C. hoogii

C. xerosis

C. xerosis

C. creofinovorons

6ow Arfhro6qcfer ureofociens)

C. ulcerons

c. r'Qu

C. pseudotuberculosis

C. enzymicum

C. renole

C. segmenfosum

C. flqccumfociens

C. poinfsetfice

C. pseudodiphtheriticum

C. pseudodiphiheriticum

E. coli

Origin

Dr. W. H. Burckholder, Cornell

University

Dr. W. H. Burckholder, Cornell

Universify

Uníversity of Monitobo lsolofe

University of Monitobq lsolqte

ATCC

ATCC

ATCC

ATCC

NCTC

Dr. M.O. Pollock, Lister Insf.

NCTC

ATCC

NCTC

NCTC

Dr. W.H. Burckholder, Cornell U.

Dr. W.H. Burckholder, Cornell U.

ATCC

ATCC

Deer Lodge lsolqfe

UóIA

UóIB

7005

373

7711

7562

7906

149

r 033

Br55

6451

934

CF-3

cP-2

r0700

1070r

DL.I
** *** **** *

NCTC - Nofionol Culture Type Colleciion

ATCC - Americon Type Culfure Collection



METHOD.

The corynebocferio used for ihis study were lyophilized culfures

from fhe collection of Dr. E. M. D. Clevelond. These cultures were reqctivofed

on slonts of Loeffler's medium, qnd incuboted of 37oC or 25oCr$epending upon

fheir demonds, until growth wos estoblished. They were fhen checked by him

os regords purity ond culturol chqrqcteristics using stondord microscopic,

culfurol, biochemicol ond toxigenic tests.

All orgonisms were subculfured info l0 ml. of low fof medium,

Trypfic Soy Broth (Difco), ond ollowed fo grow ror 96 hours. The sqme lot of

medium wos used throughout fhis siudy. They were fhen subcultured info q second

contoined of TSB, ond ollowed fo incubote for q further g6 hour period. This

procedure eliminofed ony differences in fotty ocid pottern which moy hove been

cqused by fhe medium of originol isolofÍon.

The bocterio were then horvesfed in iotol by centrifugofion ss o

precipitote from the medium. The medium wos ospiroted off, qnd Ìhe bocterio

wqshed three times with distilled wofer. This step removed ony odherent medium

which might confomínqte the onolysis. The woshed bocferio were then subiected

to chemicql freqtmenf. This involved soponificotion ond qcidifícotion to free the

fotty ocids, followed by extroction of fhese info hexone. The fotty ocids were

then esferifieð ond fhe solvenf evoporoted to dryness.

The fotty ocid methyl esters were seporoted on two different columns

using the technique of gos liquid chromofogrophy. The resulting chromotogrom

wos then exomíned. The disfinctive peoks were locoted qnd the relqfive percenf

of the totol o,fi eoch cqlculoied.
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Detoils of the procedure qre presenfed in fhe following secf ion.

A. Growfh Condifions

¡) Medium:

Ïo insure uniformity ond growth in o low fotenvironmenf oll orgonisms

were subculfured into o tube (20 x l00mm) confoiningTrypticSoyBroth(TSB, l0 ml)

using o sferile wire loop. TSB (pH 7.3) confoins l.7o/oTryptose (Difco), 0.3%Soy-

rone (Difco), 0.257o dextrose (Difco), o.5o/o Nqcl qnd 0.3s% K2Hpo4. Allmediq

wos oufocloved ot l5 lbs psi (l21oC) for 20 minutes immediotely following prepqro-

fion ond sfored ot 4oC in o refrigerofor until required.

") lnitiol Growfh:

The cultures were fhen ollowed fo grow for gíhoursqt 37oC(or 2SoC

if growfh wos prohibifed of fhe higher femperofure). The choice of femperoture wos

bosed upon previous knowledge of fhe growfh requiremenfs.

b) Secondory Growth:

The culfures were then subcultured oncemore intoo flof-botfom gloss

ior (150 ml) confoining TSB (10 ml) usingosterilePosfeurpipetteondollowedfogrow

for o f urther 9ó hours. ln coses where growfh following this wos nof of sufficient

quonf ify for onolysis, fhe procedure wos repeofedwith o lorger initiolgrowth somple,

qnd subculfured into qn Erlenmeyer flosk (250 ml) conioining TSB (100 ml).

$,. Horvesf ing:

At the end of precisely 9ó hours incubofion, the culfures were cen-

trifuged ond the medium ospiroted off. The residue of bocieriolbodiesthusobtqined

wos woshed 3 times with distilled wofer ondsuspended in olcoholic KOH@O ml, 75o/o

(*/u) KOH in 50To (v/v) mefhonol.)
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C. Chemicol Preporotion

The mef hod used wos thof of MossondLewis (ó8) wirh some minor

modificofíons. These ore dÎscussed in fhe following secfion, "Anolysis of Experi-

menfol Mefhod"- The mefhonolic-KOH suspension wos subiected f o soponifícotion

at70oC for 4 hours in o flosk (f00 ml) connected f o o reflux condenser. After

cooling, thenon-soponifioble moferiol wos extroctedwifhredistilledhexone

(3 x l0ml). The residue (oqueous loyer) wos ocidified to pH 2 w ith concenfrofed

HCI ond fhe free fotty ocids exfrocfed into redisfÍlled hexone (3 x lOml). Thefhree

extrqcf s were combined info o centrifuge tube (50 ml) ond evoporofed fo dryness

underoo"ru'nþhile shoking with o mechonicol shoker. Finol drying wos focilitqted

by o streom of nitrogen of room femperofure. The fotfy ocid residue wcrs mixed with

Boron' Trifluoride-Methonol reogenf (2 ml, 147" w/v) ond heofed for 5 minutes inqn

80oC woter bofh fo focilifqte methylotion. The flosk wos ihen cooled ond distilled

wofer (10 ml) odded. The foify ocid methyl esfers were exfrocfed by shoking f or I

minufe with hexone (3 x l0 ml). The hexone wos evoporqfed fo dryness os before,

fronsferred fo o microcenfrifuge tube wíth two hexqne rinses ond evoporoted underq

nítrogen streom. The fubes were stoppered using on oluminum foil lÍner fo prevenf

ony confoct wíth orgoníc mqfter ond stored of -lOoC under nifrogen untíl reody for

onolysis. The fotfy ocid methyl ester res idue wos fhen redissolved in l0 - 15

microl ifres of redisfil led hexqne.

D. Gos Liquíd Chromotogrophy

All gos chromofogrophÍc onolyses were performed on duol column F

ond M Scienfific Model 402GosChromotogroph (Hewleff-Pockord, Toronfo) equipped

wirh duql hydrogen flome ionizqtion defecfors.
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All somples were onolyzed with both polor ond non-polor líquid phose

coqted supports, in ó foot U-shoped gloss columns hoving l/4",ø;',d.ond 1/8" i.d.

The non-polor phose wos l.5o/o methyl silÍcone rubber gum (SE-30) on Gos Chrom Q

(.I00-120 mesh). This column wos prepored qs described by Hoqhii (4ó), detoils of

which ore given in the following secfion. This column wos operoted ot o pressure of

40 psi (ó0 ml/min) using helium os corrier gos ond wos temperoture progrommed

from 95oC to275oC ot 30 per minute with the somple iniected when the temperoture

reoched l00oC. Other poromefers were: Flosh-heoter temperofure l80oC, detector

temperoture 230oC, hydrogen I5 psï(35 ml/min), oir20 psi(300ml/min), recorder

speed 15" per hour.

The polor column used wos 6o/" LAC-728 on Diotoporf S (80-.l00 mesh)

prepored commerciolly ond purchosed from Hewlett-Pockord, Toronto. (This

column is o DEGS, diethyleneglycol succinote type, used commonly in fotty ocid

work. Howeverrcompony specificofions indicoted LAC-728 to hove better stobiliiy).

The operofing porometers were the some os sfafed obove excepf for fhe following

chonges: the column wos operoted isothermolly ot l80oC, flosh-heoter femperoture

220oC, defector femperoTure 260oC.

For roufine onolysis two or fhree mícrolitres of the methyl ester

solution were iniected directly into the corrier gos streom.

The peoks were idenf ified by coreful comporison of reÌention fimes

reloted fo those for highly purified sfondords of fotty ocid methyl esters obtoined

from Applied Science Lob., Stofe College. Po. The peoks oreos were colculoted

by multiplying peok height by peok width at 1/2 fhe peok height. The evoluofion

wos shown to be qs occurofe os the methods of peok wt. ond plonimefry. After peok
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oreos hod been determined, the percentoge of the totq I represented by eoch peok

wos colculofed. This wos done fo converf fhe quonfifofive omount of eoch fotty

ocid enfity to o relofive bosis, fo eliminqfe fhe problem of peok size difference in-

froduced by onolysing dífferent omounfs of bocterio. (See Fig. 3 ond Fig. 4).

E. Miscelloneous

i. Preporofion of .l.5% 
SE-30 on Gqs Chrom Q

One volume of siliconized supporf (Gos Chrom Q) wos suspended in

4 volumes of o I .5o/" soluf ion of stof ionoryphos{SE-30) in toluene. Airwos removed

f rom fhe support wiih vocuum ond the mixfure shqken vigorously. The support wos

seporoted by meons of o Buchner-fype funnel using o coqrse fílter poper ond the

cooting solufion drown off under reduced pressure, until the solvenf flow or fooming

wos over. The supporf wos spreod on filter poper in o thin loyer onddriedinonoven

qi I lOoC.

This cooting procedure wos reporfed (4ó) to be reproducible ond con-

venienf . ln generol, n%o (w/v) cooting solution gove opproximofely n"/" (w/w) cooted

porous support.

i¡. GLC somple iniecfion fechnique

The "solvenf flush" Íniectíon fechnique wqs found fo give good re-

producibility for iniecfion of smoll somples. The plunger of ocleon, drysyrinç wos

wqshed with solvenf ond wiped with fissue poper or fowel. The plungerwosfhen in-

serted info fhe syringe toking core not to touch fhe plunger body with the fingers.

The syringe wos repeotedly filled with solvent to wet rhe borrel ond plunger. For two

microlitres of flush, the needle wos dipped info solvent ond theplungerpulledbock

to o reodinq6f 1.2 microlitres, keeping in mind fhot the needle volume is opproxi-
I



Fig.3. An exomple of o chromotogrom ond orbitrory peok identificofion'.
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Peqk Ht. (mm)

Totol

Relqtive 70

10.2
t. t
t.l
9.7

51. I
t.0
3.9
12.4
8. I
1.4

ï00.0

34
3

3

27
211

2

l3
41

27
5

I
2
3
4
5
6

7o
7b
8
9

W. (mm)

2.5
3.0
3.0
3.0
2.0
4.0
2.5
2.5
2.5
2.5

Areo

85.0
9.0
9.0

81.0
422.0

8.0
32.5
t03.0
67.5
12.5

824.5

Fig.4o. Exomple of the relotive peok colculotion.

Fig. 4b. Exomple of the grophicol represenfotion of dqto.
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mofely 0.8 microlifres. The needle wos fhen removed from the solveni ond the

plunger pulled bock unril on oírspoce wos visible of the needle end of ihe syiinge

(see fig.A ). The needle wos now imnrersed in fhe somple qnd the desired qmounf

drown into fhe syringe. ln fig.B , 0.ó microlifres somple size is shown. The

needle wos removed from fhe solution, fhe plunger pulled bock until the somple

size could be reod ond iniecfed info fhe chromotogroph.

I A.

B.

ii¡. Preporofion of microcentrifuge tubes

The fine end of q Posfeur pipetfe wos cut off qnd seqled by heoting,

so fhot o fopered length of opproximofely I inch wos obtoined. Thepipettewoscut

with q file, ot o point l" obove fhe fopered porfion, ond this cuf firepolished. tn

fhis woy we obtoined o cenfrífuge tube, 2" in lengfh,which would ollowtheneedle

of q Homílfon syringe fo go right to fhe bottom. Foffy ocïd somples could be dis-

solved in o volume of 10-15 microlifres ond o somple of 24 mÍcrolitres eosily re-

moved.

iv. Thin loyer chromotogrophy

Stondord plotes 2" x S Pyrex gloss were used os the support for T.

L.C. The spreoder gofe wos odiusfed io give o 250¡r film fhickness. 25 groms of

Silico Gel G wqs odded io 50 ml woter in o 250 mlErlenmeyerflosk, sioppered, ond

shoken Ímmediorely for I minute. The slurry wqs fhen poured intothespreoderond

nr'l:tJ
ua¡r alr soivent

Preporof ion of microcentrifuge tubes
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fhe plofes coofed. After ollowing the ploies fo sef, fhey were octivofed ot I lOoC

for one hour, then sf ored in q dessicofor cobinet over indicoting Silico Gel unfil

used. Plofes were not ocfivofed ogoin before use buf were used only í f notmore

fhqn one week old.

lmmediofely before use, the sides of eoch plofe wereevenedbyrun-

ning o fingernoil olong eoch side. The movemenf of fhe solvent fronf wos sfopped

by scoring fhe plofe with o shorp pencil of fhe poinf des ired (usuolly l0 cm from

somple opplicofion point). The somple wos spoffed with o Posfeur pipetfe drown fo

q fine fip or ultimotely with o Homilton syringe.

The fonk confoining fresh solvenf wqs lined with o poper fowel ond

fhe solvenf ollowed lo rise to ihe top indicofing fhe otmosphere wos sofuroted. The

solvenf used in this cose wos hexqne:ether:glociolocefic ocid in proporfions of 85:

l5:2 respectively. After ihe plote wqs developed it wos removed from fhe tonk,

dried under on oir current ond sproyed wifh 50% sulphuric ocid. Theplofewosfhen

heofed on o hof plote ot l50oc unfil fuming ceosed.

When this method wos used for preporotivework, fheplotewoseíther

sproyed with distílled woter fo locote fhe spofs or onofher plofe run under idenficol

condifíons ond spots developed. The fofty ocid esters could be recovered byscrop-

ing fhe oreo desired into o cenfrifuge tube qnd eluiing with hexone.



RESULTS

AND

DISCUSSION



ANALYSIS OF EXPERIMENTAL METHOD

A. Generql Discussion.

ln choosing o medium for bqcteriol growih we were concerned wiih fwo

fhíngs: providÎng nourishment for the bocterio, ond ovoidíng fotty qcíd contominotion

by medium lipids. Obviously, the ideol medium would contoÍn no fafty ocid. However,

since corynebocterio ore very demonding ond require o certoín qmount of fofty ocids

we were forced to use fhe lowest fotty ocid contoining medium which stlll supported

growth. Vqrious medïo were checked qnd the one selected wos Tryptic Soy Brofh.

It hod been observed thot the some bocterio grown on different medio

would exhibit slighily differenf foffy ocid pofterns. We were qble to show thot íf o

culture wos plofed onto Loeffler's medium ond Blood ogor medium, two slightly

different potterns orose. lf fhe two cultures were inoculqfed into TSB the fotty ocid

potterns becqme quife similor. lf subcultured twice into TSB, fhe pofferns become

identicol. Thus, two successive subculfures in TSB elíminofed dífferences due to

fhe medium of originol isolotion.

We observed thof the fotfy ocid content of the bocterio voried somewhof

wiih the length of time they were qllowed to grow. We therefore determined o "growfh

curve" usíng spectroturbidimetric techniques ond onolyzed the fofiy ocid composition

of vorious poinfs on the curve. This demonstrqted thot the composítion wos quite

consistent of points ín fhe some region of the curve but differenf of points more widely

seporoted on fhe curve. Since we hod decided, for fhe soke of convenience, to

horvesf of the end of 9ó hours incubotion, we sef obouf fo determine how much

voriotion in fofty ocid pottern would occur from 72 to I24 hours.
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Porollel cultures were esfblished ond horvesfed qt 72, Y2, 96, 100, 124hours.

It wos seen fhof fhe fofty ocid potfern chonged only slightly over this period ond

fhof the fhree culfures onolyzed on fhe fourfh doy were in c lose ogreemenf. This

showed fhof fhe f ime for horvesting bocferio wos not obsolufely criticol but, i f hor-

vested of 9ó hours, no problem due fo time chonge should interfere.

A I iquid mediúm rofher thqn o solid mediüm wos decided on. Brofh

cultures con be horvesfed by cenfrifugotion ond ospirofion -- solid medio cultures

by surfoce woshing. Therefore, Tryptic Soy Brofh wos selecfed becouse it provided

on eosier, more uniform, ond more complefe mefhod of horvesfing fhe bocterio.

The woshing fechnique wos nexf exomined. A series of cultureswos

grown ond eoch wos woshed q d if f e re n f number of tÍmes. lf wos shown thoi fhe

pottern chonged with successive woshing. ThÍs wos probobly due fo removol of od-

herent medium.lt wos seen thof by the third wosh f he pottern remoined stoble, (no

more medium being removed). Thus, three woshes wos deemed sufficient fo re-

move mediut'oniominqtion. As o furfher verificqfion of fhe efficiencyof fhewosh-

Íng procedure, fhe woter woshes were run on o thin loyer chromofogrophy plote.

This demonstrofed ihot much moteriolwos removed in the f irsf wosh, o smoll

omount removed in rte second wosh, qnd no detectqble moferiql ín the third wosh.

Thus, once ogoin, three woshings were shown fo be sufficient.

A f riol wos sef up fo defermine fhe besf solvent for extrocfion from

the soponificotion mixfure. lt wos seen fhot pure hexone wos more efficient thqn

fhe previously suggesfed hexone-ether mixture. A further triol demonsfrofed fhoifhe

chemÏcql preporotion technique produced o chromofogrophic pottern enÌirely mode

up of foffy ocid methyl esters qnd wqs fherefore deemed volid.
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Using vorious occepted methods for determiníng the relotive peok

omounts' we concl uded t hot the quickes t, most eff icient ond mos f occurote

iechnique wos thot of meosuring fhe peok height ond mul t ipl ying by t he peok

width qi one holf peok height to defermine the oreo.

The reproducibility of fhe entire procedure wos determined by onol-

yzing fhe fofty ocid pottern of l5 identicol cultüres. lt wos shown thot on o

quolitotive bqsis the runs ogreed with lO0o/" occurocy. On o quontitotive bosis

it wos shown ihot ony run using our fechnique would hove o 99o/o probobility thot

fhe peoks lie within 4.2o/o of the determined volue. The prociicol implicotion of

this result wos thot, io differenfiqte between the peoks of different bocterio, there

musf be o dífference of 8.4/"/

Detoils of the procedure ouflíned obove will now be considered.

B. Growth Condifions.

i. Medium.

It wos observed by Fontonges ef g.! (3ó), ond confirmed by ourselves

thot fhe some bocterio grown on differenf medio would exhibit different fofty ocid

composition when onolyzed (Fig.5, poge 4l). This wos due fo three possible

foctors: (l) thot horvesting ond woshing techniques ollowed o cerfoin omount of the

medium fo be corried over into the soponificotion mixture; (2) thoi q certqin omounf of

medium wos odsorbed onto or included Ín the bocterio qnd wos nof removed during

fhe woshing process ; (3) thot different nutríent moteriol in differenf mediq would

force fhe bocterio to use different row mqteriols, ond thus possibly chonge the

fotty ocíd content of the bocterio. For fhis reoson qn ideql medium would

confoin no foffy ocids. Buf corynebqcferío ore generqlly veiy demonding in
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fheir growfh requirements ond o fof-free medium wos fhoughf to be impossible.

ln focf, if wos shown by Pollock ond co-workers (71) thot fotty ocíds, noiobly

oleic, qre essentiql for ihe growth of Corynebocterium "Q". With this knowledge

ovoiloble it wqs felt thqt ihe only olfernofive would be to use o medíum which would

support oll species ond yef demonsfrote a very low fotty ocid contenf. Thus, voricus

medio were onolyzed for fhe foffy ocid content ond the chromotogrom shown on poge

89. ln qll coses fhís represents fhe fotql fotty ocids obtoíned from l0 ml of medio.

From fhese results it moy be seen thoi either Tryptic Soy Broth or

Trypticose Soy Broth could be used. These mediq ore bosicqlly the some, but monufoct-

ured by two differenf componies. Trypfic Soy Broth (Difco) wos chosen ond the sqme

lof used throughout the study to qvoid ony chonge thot fhe medium might cquse.

This would eliminqte fhe problems due fo the fhree oforementioned couses for differ-

enfiol medio growth, nomely: (l) sínce the fotty ocid content of the entire medium

wos insignificont when compqred fo fhe fotty ocid content of the bocterio, it wos

ínconceivqble fhoi corry-over of smoll omounts of medium could qlter the fotty ocid

pottern; (2) ot horvest, ofter centrifugotion, the volume of bocferiol bodies wqs

usuolly qbouf 0.5 ml. lt is obvious thot if the entire medium (10 ml) would not

produce signíficont inferference then l/20th of this omount wqs of no concern.

Furfhermorereven if the bocferio hod included enough medium to completely fill

their bodies(which, of course, fhey connot do) they could nof include more thon

0.5 ml, on insignificont omount. Thus the problem of medium odsorption and/or

inclusion wos iustifíobly ignoroble. (3) lf we ossume thof nutrienf moferiol in fhe

medium could qffect the fotfy ocid content of the bocterio, we musf stondordize

the culture procedure to equolize the process. For this reqson, the bocterio

were subcultured twice in TrypiÍc Soy Broth.
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By doing ihis fhe bqcferio would fully odopi fo ihis environmenf ond would show no

difference due fo the medio from whence they originoted.

To study fhis, o C. pseudodíphtheriticum species wos culfured on o

Blood Agor Plofe ond on o Loeffler'sslont. After T2hoursfheywere eoch subcultured

info l0 ml of Trypfic Soy Brofh. The bocferio from fhe Blood ogor ondfhe Loeffler's

were fhen onolyzed for foffy ocid confenf. The resulfs moybe seen in Fíg. ó. After

fhe firsf subculfures hqd been incubofed for 96 hours fhey were subculturedosecond

time into TSB ond fhe remqining bocferio onolyzed. lt is seenthoto slíght

difference still existed. The second subculture wos ollowed fo incubofe forgóhours

qnd the bocferio onolyzed. The fotty ocid pofterns ore now identicol. Thus, byfwo

successive culfures, in o stondordized medirrra ony differences due io the originol

isolof Íon medi,¡*were nullified.

Thus, it could be shown fhof olfhough growfh on different medio

duced chonges in fhe foffy ocid potterns, fhese differences could be eliminofed

subculture fhrough Two mediq.

ii. Lengfh of Bocferiol Growfh.

We observed in preliminory triols fhot f he fotfy ocid content of the

bocferio vorîed somewhot with the lengfh of time they were ollowed togrow. lf wos

decided fo observe fhe chonge in fotfy ocid composition ot differenf sf oges of the

bqcteriol growfh curve. This wos done by setting up fwo triols. ln one fhe growfh

curve wos ploffed ond folfy ocid onolysis mode ot fhree different poinfs. ln fhe

second triol, five onolyses were corried out of culfure oges ronging from 3-5 doys.

(o) Growfh Curve

tn-

by

Thirfy culfure fubes were obtoined ond l0 ml of Trypfíc Soy Broth
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q" Growfh on Loeffler's slonf.

b. Growth on Blood Agor þlotè.

Fig. ó. Fotty ocid composition of c. pseudodiphtherifícum ofter
vorious subcultures from fum
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c. Growth on Loeffler's slont . subcultured cnce into TSB.

d. Growfh on Blood Agor plote subculfured once into TSB.
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e" Growih on Loeffler's slont subcultured twice info TSB.

r, i r., r.t i.' ,.r l

,.-i..8*iì-:.

f. Growth on Blood Agor ploÌe subculfured twice inlo TSB.
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ploced ín eoch. The tubes were colibroted in o filterphotometerof 580m¡,rondeoch

fube inoculoted wíth two drops of o liquid medivnconfoining o vioble growrh of C

michigonense. Two fubes were nof inoculofed ond served os o medium blonk. Cul-

tures were incuboted ot 23oC which is slíghtly lower f hon the opfimum

growing femperoture for Ìhis orgonism. This provided o slow growth which enobled

us to defermine the growth curve mosf occurofely. At frequenf infervols the fubes

were ploced in the specfrophofomefer qnd the iurbidify reod in opticol densíty unifs.

For greofer precision of leosf l0 tubes were onolyzed. At vorious poinfs olong the

curve' cultures were hqrvested ond onolyzed for fheirifutty ocid content. tig. 7

shows the growfh curve ond the points ot which bqcteriqwerehqrvestedwhile Fig.

I shows fotfy ocid pofterns obtqined. lf is seen fhqtsomedifferencesexist. Fig. 8b

lond 8c ore quite similor, but Fîg.8o is different. From fhis if con be seen thot

the fofiy ocíd potfern does nof differ of poÍnts which ore in fhe some region of the
but

.uru.r/do differ qt more remofe poinfs. The growth curve doto ore shown in Toble l,

poge84. Thus, it wos necessory io defermíne precisely how much chonge could be

expecfed neqr lhe 96 hour perÍod we chose for growth.

þ) Deiqiled Anolys¡a ôVér 124 hóui þeriod.

Becouse it wos obvíous fhof such qn exfensÍve growth periodwosnot

expedient, it wos decided fo use condifions which would speed upfhegrowth. Thus

blood culture botf les providing o surfoce oreo of medium meosuring 3 x ó cms were

used. This ollowed o horvesfoble quonf ify to be produced in three doys.

A four doy growth period wos decíded upon to ensure growfh of qll

species. This time period would olso be of reqsonoble length forpossible futureuse

in o roufine mefhod for bocferiol differenfiotion. A triql wos sef up to defermine
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Fig. 7. Growfh Curve.

, "",3_Q
sl

--f,--..--<.t-----:

geo
rO

': , l-

,,. tl0-

:

l

11
I

': \',..1'
' a. i

'1 1

..' :! t,Ij

,, 2', '3, 4', g B: '.10, l

Fig. 8o. Foffy ocid onolysis ofrcr 7 doys of growth.
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Peqk number

Fig.8b. Fotty ocid onolysis ofter l4 doys of growth.

,6' g.
Peok number ,

8c. Fofty ocid onolysis qfter 17 doys of growfh.Fig.
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how much voriofion in fhe bocteriol fofty ocid pottern could be expected in this

four doy period.

Thus, five cultures of C. foscions were set up. At fhe end of exoclly

fhree doys (72 hours) one of fhe culiures wos removed, horvested ond anolyzed.

The remqining tubes were left for 20 further hours (92 hours) ond onother specimen

removed. Four hours loier (9ó hours) q fhird specimen wos removed ond four hours

lofer (100 hours) o fourth specimen wqs removed. The finol specimen wos removed

ofter five doys of growth (124hours). The resulfs ore shown in Fig. 9, poge 51.

It con be seen ihof fhere is very Iíttle chonge over thÍs period of

time. Thus, fime is noÌ obsolutely crifícol. However, for precision, horvesfing

should be mode of 9ó hours.

C. Hqrvesting.

i. Choice of medium.

The choice of liquíd medium rofher thqn solid ogor wos bosed upon

the eqse of horvesting. With solíd ogor, o surfqce woshing technique wos needed

which did not lend itself to uniformiiy. On fhe other hond, the culture grown in

liquid medium wos eosily hqrvesfed by centrifugotion ond ospirotion of the medium.

ii. Woshing Technique.

Three woshings with dísiilled wqfer were performed.

of woshings wos shown to be odequote by Fonfonges et ol (3ó) ond

This number

confirmed by

ourselves using fhe folläwing fechnique:

A series of five specimens of one bocteriol culture wos grown, sub-

cultured ond horvesfed in idenficql foshion. The first specimen wos onolyzed with-
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out woshing. The second wo{,,øshed once, ond onolyzed. The rhird wos woshed

twice ond fhen onolyzed. The fourth received fhree woshings prior fo onolysis

ond the fifth received four. lf wqs ossumed thof ihe woshing process removed od-

herenf moferiol on the bocferiol surfoces. Therefore, odequote woshing would pro-

duce o stoge in which the bqcterÍo no longer hod odherent mqferiol. Consequenfly

ony, furfher woshing would nof chonge fhe fofiy ocid poftern. The dofq exhibiied

in Fig.l0show fhqi with no woshings o porticulor fofty ocid pottern wos obtoined;

followíng one wosh o slightly differenf fotty ocidT4l&tfr""t&. We concluded rhot o

single woshing olters fhe foffy ocid poftern by removol of odsorbed moteriol. Next,

fhe bocterio were woshed once more. Once ogoin, o difference wos evident, ond

once ogoin moteriol must hove been woshed owoy. Similor conclusions con be

mode with regord to fhree woshings. However, when fhe bocferiq were woshed four

fimes, essentiolly no difference in peoks wqs seen. Thus, fhe fourfh wosh did not

remove ony moferiol. Fig. I0 shows fhot ihe peoks "level ouÌ" between three ond

four woshíngs. Thus, it wos demonstrofed fhof three woshings were odequqte to

remove the odsorbed moferiol.

A further friol wos cqrried out to defermine fhe efficiency of the

woshing procedure. The woshings of the bqcferiol culfure were soved, extrocfed

info hexone, concenfroted ond run on q thin loyer chromotogrophy plofe. (Fig. ll).

Equol omounfs were ufilized in every cose. lf moy be seen fhot the firsf wosh con-

foined o lorge omount of moteriol, the second wosh contqined o smoll omounf of

moferiol, ond lhe ihird wosh confoins no observoble omount of moteriol. Thus,

fhree woshings were suffícient fo remove confominotíng moffer.
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Fig. 10. Fofty ocid composition of bocterio offer vorious woshes.
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Fi g. I I . Thi n Loyer Chromofogrom of bocf eri ol woshi ngs .

Pl ofes: 0.25 mm. Si licq Gel G on gl oss plofes.

Solvent: Chloroform:Methonol:Woter (65:25:4)

Color Dev. : 50% Sulphuric qcid ond heoting.
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Fi g. I I . Thi n Loyer Chromofogrom of bqct eri ol woshi ngs .

Plotes: 0.25 mm. Si lico Gel G on gl oss pl otes.

Solvent: Chloroform:Methonol:Woter (65:25:4)

Color Dev.: 50% Sulphuric ocid ond heofing.
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D. Chemicol Preporqtion Technique.

i. Solvenf Extrocf ion Efficiency.

Moss ond Lewis (ó8) suggested fhe use of hexone-efher mixfure os o

solvent for extrqcfion. By fhe following triql it wos demonstroted thof hexone olone

is q befter solvenf, (see Fig. 12).

Two idenficol oliquofs of o soponificofion mixfure (from step I of the

mefhod) were woshed in fhe normql fqshion. One specimen wos wqshed with pure

hexone, fhe other with hexone-ether mixture. The woshings were concenirofed fo

dryness by evoporofion under vocuum, fhen redissolved in 0. T ml of pure hexone

ond run on o thin loyer chromotogrophy plofe.

It is seen thof by ihe fhird wosh fhe hexone hod removed the non-scrp-

onifioble moferiol, where the mixfure wos siill in the process of removing fhe moteriol.

ii. Purifyof fhe Finol product,

To determine the purity of the finol product of the chemicol preporo-

fion fechnique, on olíquot of the finol producf wos run on o thin loyer plofe. If wqs

seen thof olthough fhe finol product wos qlmosf enfirely fotfy ocid mefhyl esfer, fhere

wos o trqce of other mqferiols with smqller Rf volues. To defermine whether or not

fhese frqce compounds would qffect fhe finol chromofogrqm, o subsequent triol wqs

undertoken.

Here, o porf of ihe finol producf wqs introduced directly info fhe

chromoiogrophy ond o potfern obtoined. Next, fhe finol product wos run on o TLC

plote ond fhe foffy ocid methyl esfers seporofed from fhe troce components ond eluted

info hexone. They were run fhrough the chromotogroph ond potferns of fhese fwo

runs compored. See Chromofogroms No24 ondS . Toble lf poS/SSfhows thot fhey
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o. b.

Fig. 12. Thin Loyer Chromotogroms of o) hexone,

extroctions.

Plotes: 0.25 mm. Silico Gel G on gloss plotes.

Solvent: Hexone:efher:qcetic ocid (85:15:2)

Color Dev. : 50% Sulphuric ocid ond heoiing.

b) hexone:ether ( l: l)
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differ to o very slight degree (overoge

Thus, fhe troce componenfs

grophic pottern. The chemicol preporofion

fhe squores;

The Resulfs:

peok difference 0. 58o/o, o, of 0. 8) .

hove no effect on the finol chromqfo-

fechnique ís volid.

E. Peok Colculqfíon Technique

The chromofogrophic run wos onolyzed by fhree techniques:

Ï. Trocing on fo groph poper qnd colculoting the oreo by counfing

2.

3.

Weighing ouf the peoks *h¡"hrÄ? cut from fhe chorf;

Using formulo: Areo = height x wídrh (ot 1/2 fhe peok heighr).

ll
ll

Weishins Techll
('g) ll

A colculqfion shows fhof frocing ond formulo fechniques differ by on

overoge of 0.5% per peok (S. D. 0.ó3)rwhereos. frocing ond weighf differ by2.3%

(S.D. 3.4. Obviously fhe formulo technique is fhe quickest qnd mosf occurofe.

lrocrng lech.
(No. of squores
eoch I sq. mm)

ergnrng
('g)

Formu
(Areo

lo Teqh..1,rnmm )

I 20 4.Vo/" i 0.72 2.3o/o l8 4.2o/"

2 30 6.9o/" I r.u 3.5/o 27 6.2o/o

3 l5 3.4o/"
II z,oo 6.3o/o t5 1 Èot9.J /O

4 225 51.30/" 14.9;O 47.3o/" 226 52.4o/"

5 3 0.7o/o 0.02 0.,1o/o 2.5 0.6%

6 50 11 .5o/o s.4t 17-æ/" 53 12.3a/o

7 l0 2.3o/" 0.98 3. lo/o 7 1 .60/"

8 4 0.9o/" 0.45 | .4o/o 3 0.7%

9 80 18.3o/" 5.92 18.8o/o 80 18.5o/o



-62-

weighing is nof occurote due fo the smoll size of the cuf-ouf peoks.

F. Reproducibility.

To evqluote fhe reproducibílity of fhe fechnicol procedure we inocu-

lofed l5 medio wirh o species of c.orynebocferiq (DL 3l78). Afier four doys these

were furfher subculfured info fhe some medio, os outlined eorlier. Thesewere horves-

ted, ond run through the chemicol preporofion fechnîque ond then onolyzed wifhfhe

Gos Chromofogroph. The results ore fobuloied on þqge 8ó (s,ee Toble lll ).

The overoge volue for eoch peok wos fhen colculofed, ond the stondord deviofíon

from this crveroge wos olso defermined (see Fig. l3).

It is seen thof on o quolitofive bosistherunsagreewith T00%occurocy.

On o quontifqfive bosis it is defermined thqf,ony run using our technique wÍll hove

o 99"/o probobilíty thot the peoks will lie within 4.2o/o of the defermined volue. The

procticol implicofion of this resulf wos fhofrfo differenfiofe befween fwo peoks of

differenf bocferio on o quonfifofive bosis, fhere must be o difference of B.4o/obe-

fween fwo peoks.

G. Blonks.

(o) RedÍsfilled hexone (90 ml) wos evoporofed under vqcu,um ond re-

consfifuted fo l0 microlifres. Two ¡rl. were iniecfed into the chromotogroph

ond the somple femperoture progrc¡mmed to 250oC. Chromofogrom No.Ç pageg2,

shows the resulf ing srroighf bose line with no interferences.

(b) A reogent blonk wos determîned using t0 ml disfilled wqfer. The

wqter blonk wos freoted exocf Iy like o bocteriol somple ond corried through the whole

procedure. The resulting chromofogrom is shownon poge92, Chromofogrom No. Z .
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Areq of 99 Y"
.

Confidence Limit.

31 .4

9,, , l0' 
: Peok number

Fig. 13. Grophicol representofion of fotty ocid composition showing

the oreo of confidence limits.

Averoge Stondord Devíotion: 1.0 ( from Toble lll )
0.4
2.0
2.2
1.5

Totol --7T-

Av. Std. Deviqfion = 7.1/5-- 1.4

997o Confidence Limits for the fechnique: 1.4 X 3 = J 4.2o/"

Ronge of 99"/o Confídence Limits = 8.4/o
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H. Colibrofion qnd ldenfificotion.

It is well known fhof o lineor relotionship exisfs between fhe logo-

rithm of the refention volume ond the number of corbon ofoms of o homologous series

of fofty ocids (40). ln femperoture progromming, however, if is more convenienf fo

determÌne ond plof elufion femperotures rofher thon refenlion volume. The some

lineqr relofionship is found when plofting the logoríthm of relotive elufíon fempero-

fure versus fhe corbon number (34). As with refenfion volume, eoch homologous

series will hove o differenf slope. The fofty ocids described here were chorocferized

by gos chromofogrophic elufion doto determíned on fwo columns, SE-30 cind LAC-728.

The meosured relofive elufion temperotures were compored with figures obïoined

under the sqme condifíons with highly purified fotty ocid mefhyl esters obtoined

from Applied Science Loborotories. They supplied the Notionql lnsfifute of Heqlth

kits of methyl ester stqndords. Fig. 14, shows o iypicol corbon number versus elution

femperoture plof ond fhe following toble gives on exomple of the method of colculo-

of ion.

Compound

Cl5:0
Cló:0
Cl7:0
C18:0
C l9;0
C20:0
C22;0

Abs.Elut. Temp oC Rel. Elut. Temp. Los(Rel. Elut.Temp)

1.978
0.000
0.02 I
0.045
0.0ó8
0.090
0.127

142
t50
158
167
175
r85
202

0.95
1.00
1.05
r.il
1 .17
1.23
1.34

With iemperofure progrommed runs using fhe SE-30 column, fhedoto

reproduced very well from doy fo doy. However, when o new column wos prepored

fhe dofo usuolly chonged somewhof from fhot of the old column ond so eoch new

column wos initiolly colibrofed ond fhen re-colibrofed ot infervqls for fhe Iifefime
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of the column. Colibrotion wcrs corried out by running o mixfure of fofty ocid

stondords, e.g. sid. Mix 2, Chromofogrom #15 
rond eoch peok identified by

comporíng it with the chromotogrophic dofq of fhe individuol componentsof the

mixture (Std. M¡x BC-L ond BC-l). A cleor plostic sheef wos used fo prepore

o iemplofe, on which the elution femperofure ond peok locqfions of fhe ston-

dords were morked. This templofe could then be ploced on o somple chromofo-

grom' lined up with the corresponding elution temperoture ond the peoks ropidly

idenf ified.

The LAC'728 column wos used isothermolly since fhis cooting de-

composed of high temperofures. Since temperoture wos consfont, refenfion fime

wqs used in colibrofion dofo rofher fhon elufion temperofure. A plot of the logo-

ríthm of reienfion time versus cqrbon number ogoin produced o lineqr relotionship.

Since fhe refention fime vqries significontly with femperofure, o column recoli-

brotion run wqs corried ouf every doy fhot the LAC-728 column wos used, to

nullify ony influence due fo temperoture vqriotions. The idenfificofion procedure

used wos the some os described obove. A fotty ocid sfondord mixture wos run (eoch

componenf of which hod been eorlier ídentified) ond o plosfic templote mode from

fhot doy's resulf . The iniecfion poinf wos recorded ond then fhe locotion of eoch

sfondord peok morked on fhe templofe. Somple peoks were fhen ropidly idenfified

by plocing the femplote on fhe somple chromofogrom, lining up the poÍnt of iniec-

fion qnd mofching locofion of unknown peoks with the peoks of the previously run

sfondord somple.

Two chromotogroms ore shown in which on infernol sfondord wos qdded

to the somple. Oleic ocid wos qdded to Tryptic Soy Broth (Chromotogro # 2).
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Comporison of this chromofogrom wífh the originol for Trypfic Soy ( Chromqto-

grot # I ) shows peok 13 only fo be greotly increosed, confirming our eorlier

ídentificotion of peok 13 os octodecenoic ocid. Chromofogro # 9 shows fhe

results of the fotty ocid onolysis of N:gor9'o corqllino with Mixture D odded os

iniernol stqndord. Comporison with the originol ( Chromotogrom #70 ¡ shows fhqt

the relqfive sizes of five components in somple Có9 ore increosed following fhe

qddition of Mixiure D. The five elevofed peoks correspond to peoks 2, 7,9, 13

ond 14, os identified in fhe originol somple chromotogrom. Mixfure D ís known

fo confoin CW Cl6, Cl6:l,Clgr ond Clg,l (peoks No. 2, 7, 8, 'l3, ond 14.)

Since no new peoks oppeoned buf merely on elevotion of peoks 2, 7, B, .l3, 
ond

14 occurred, the five peoks of ihe somple musf be the some os the five peoks of the

sfqndord ond fhus identificofion of these peoks qs shown is confirmed.

An oftenuofion chonge wcrs mode qt th"r,ffi¡Påd by on osterisk(Chromofo-

gro # 70.¡. For qll peoks to be on the some scole , peok 2 should be

reduced to l/4 of the height shown.

Due to fhe reduction ín size of the originol chromotogrom fo fit

fhe thesis poge, the elevotion of peoks 2, 7, ond 8 is more difficult fo see

fhon in ihe originol. However, peoks I3 ond 14 are cleorly elevofed.
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ANALYSIS OF RESULTS.

Abel, deSchmertzing ond Peferson (l) were oble to show thqt

fofty ocid onolysis by GLC could differenliote between bocferiol fomilies.We

substontioted this by onolyzing the cellulor fotfy ocids of NgSgrdþ corqllinq,

Escherichio coli ond ihree differenf genero of the fomily Corynebocterioceoe.

The chromotogrophic pofterns ore shown on pqge 135 These bqcteriol culfures

represenf two differenf Orders, ihree different fomilies ond five different genero.

Ngggldlg c!ry.!]¡gbelongs to Clqss ll, Order V, Fomily ll; Er"bgl"hio 
"L!i

ís in Closs ll, Order lV, Fomily lV, while C. xerosís, L.monccytogenes ond

A. ureofolciens qre in Clqss ll, Order lV, FomilyXll (14. on the genus level,

fhe three different generq of Corynebocterioceqe ore Corynebocterium xerosis

( Genus

( Genus

lqbelled

Listerio monocytogenes ( Genus ll ) ond Arthrobqcter ureofoliens

The chromofogrom of A. ureofolciens is shown on poge 99

. creotinovorqns, which is its old nome.

Obvious differences in fotty ocid profiles con be seen if the

pofterns ore compored. E. coli ond \: =gro.!_lrn! differ în o number of peoks--

2, 4, 13, 15; this represenls o difference between Orders. The obsence of peoks

9qndT5(unidentifiedfoftyocids)inihethreegene'oof@,

distínguish them from Nocordio or Escherichio; thís represenis o difference betvrrcen

fomilies. Visuol comporison of the fotty ocid profiles of C.xerosis, L. monocytogenes

ond A. ureofoiciens shows significont differences; o difference between genero.

The work reported in fhis thesis concerns the differenfiotion of vorious

species of Genus l, @þ:jg1þ, of fhe fomily Corynebocteriqceoe. The foffy
97-114.

ocid potterns ore shown on pog"t/ Sevenfeen species (includíng q number of sfroins

of some species) were successfully onolyzed. C. sepedonicum fqiled to grow

r),

vt ).

qsC
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in sufficient omounts for onolysis. lf probobly required fhe presence of one or more

fotfy ocids in fhe mediu*for growth. One of ihe orgonisms, Coryn"bo"t"riu, ,,e,,i,

on exceedingly rore orgonism which we were forfunofe enough fo obfqín from Dr.

Clevelond. He hqs one of the few cultures of fhis orgonism in fhe world, obfoined

o number of yeors ogo from the originol isolofoç Dr. Pollock. While fhis orgonism ís

very demondíng, requiring either oleic qcid or o long choin unsoturqted fotfy ocidos

o growfh foctor (71), we did monoge to grow it on our medi',nrin sufficienf quontify

for onolysis.

Two sfrqins of eoch 9: "9ror,, 
(ATCC #373 and 77ll) ond 9:_p=:go:

diphtheriticum (ATcc #lozoo ond I0701) were run. For fhe purposes of our work we

define os "strqín" on isolqfe whose chorocteristics resemble fhose of on originol type

species described in Bergey's monuol (lf . These stroins were oríginolly obfqined

from the Americqn Type Culture Collection. ln oddition, we ron o number of stroins

ísoloted locolly by Dr. Clevelond. The pofferns of the locol isolqtes ogreed wellwíth

fhe others' We were olso oble to onolyse on orqnge pigmenfed sfroin of C. pseudo-

diptheriticum obtoined oríginolly from fhe ATCC (No. ó9Bl) buf which is no longer

lisfed with them. Our onolysis showed this sfroin fo hove one more foffy ocid peok

thon fhe ofher fwo ATCC stroíns of c. pseudodiphtheriticum. one ofher s¡gqn¡5rn

ovoilqble fo us wqs fhe plonf pofhogen Arfhrobocter ureofolciens. This orgonism wos

originolly obtoined from rhe ATcc or g:_g=grirgygroï by Dr. clevelond. since ir

wos originolly ihroughi to be o member of the genus corynebocferium if wos íncluded

in our sfudy of corynebocferío. A seorch through the literqture since complefion of

our experimenfol work foiled fo produce ony informqtion on c-_gggûgyggs until

if wos suddenly discovered thot it hos been renomed to Arfhrobocfer ureqfqsciens comb.
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nov. (1ó). The reqctions of ihis orgonism opporently fif more closely the genus

Arthrobqcter ond it hos fhus been reclqssified os such*. We will thus include it in

our tqble of doro crs qn exsmple of o different genus of the fomily c:ryþg1,""":.

A locol isolote of C. xerosis wos used in our reproducibility study ond wos subcul-

fured info fífteen individuol tubes of medio. The resulfs hove been presented eorlier.

fypes while

ocid profile

in this study

Three somples of c. diphiheriæ were grown, two were conventionol

one (DL 210 B) wos on unusuol, opporently otoxigenic voriont. lfs fofty

will be discussed lofer.

The principol fotfy ocid composifion of the bocferiol cells exomined

ore shown in ToblelV. The fofty ocids detecfed fell in fhe ronge between

C14 ond C2lwith soturoted, unsofurofed ond brqnched choin ocids represented. Three

ofher components which were not identified of fhis time occurred rorely or in troce

omounfs. These could possibly be cyclopropone type fotfy ocids, however we were

unqble fo obfoin sfondqrds for fhese qnd so were unoble fo compore fhe refention

times fo provide fenfqfive identificqtion. Cyclopropone ocids ore known to occur

in bocferio (70, l'9) olthough Morr ond lngrohom (ót) reported fhot they found fhem

fo be formed only ofter cessotion of exponentiol growth. The first one reported wos.

C¡9 cycloPropane ocid (loctobocillic ocid) now known fo be cis-.Il, 12-mefhylene-

octodeconoic ocid. Others reporfed ore C1 , cyclopropone ocÍd (cis-9, I0-mefhy-

lenehexodeconoic ocid) ond C* cyclopropone ocid. The unidenfified ocids fqll

roughly in the oreos where fhe Cl5, C g ond Crn cyclopropone ocids might be

expected to occur.

*Arthrobocfer is onother genus of the some fomily Corynebqcferiqcce. The genero

"f ih ir fo'fi ore c jlxleÉgglgllgtn, !gú, Ityr ¡paÉrn¡ç;-@robocte r i um,
Cel lulomonos, ond Arfhrobqcfer.



-70-

Both even- ond odd-numbered stroight choïn soturofed fotty ocids

from Ct, fo CIg were represenfed. However, the odd-corbon number ocids were

found in much smqller omounts thon the even-numbered ocids. Only C16 ond C6

unsoturoted fotfy ocids were found, wifh mere troces of C1g,2. A number of species

were found fo hove o high percenioge of bronched choin fotty ocids, indeed, in

some species these were the moior components.

The four predominonf fotty ocids fo occur were sqturoted ocids, Cï5

bronched choin ( Cls.obr), C' bronched choin (C17,0b, ), Clu stroight choin ( Cló,0,

hexodeconoic) ocid, ond Clg-monoenoic (Clg,l, o.fodecenoic) ocid.The lorge

percentoges of Cl5:gbr ond C 17:Obr ocids were chorocterisfic of the four plonf pothogens

fested, olthough differences were observed in relofive omounts of these ocids omong

species. These four species ( C. insidiosum, C. pointseitise, C.michigonse, C. floccum-

fociens ) hod the lost-nomed fwo ocids in much higher concentrotion thon ony of the

other species tesfed. Hexqdeconoic ond ocfodecenoic qcids were commonly found bul

in widely voryíng omounts. Hexodeconoic qcid wos found in every somple tested qnd

ronged ín concenfrotion from 3" 60/o in C. insidiosum to 55.4o/" in C. equi. lt wos the

moior constituenf in o number of species. Octodecenoic ocid, on fhe ofher hqnd, wos

olso found in oll somples but in much smoller concentrotions; if ronged from 1.37o

in the plont pothogen C. insidiosum lo 49.1o/o in the onimql porosite C.renole.

lf, too, wos the moior fofty ocid found in o number of species. The remoining folty

ocids werer os o rule, found in low ond vqrioble concentrotion . Of the remoining

fofiy ocids the one oppeoring mosf consistently, but in low concenfrotion, wos

C14,0 ( myristic ) ocid. The three unidenfified fotiy ocids, if presenf, were so in

omounfs less thon 3.5% except for three species where ihey ronged from 5.8 to 9.3o/o.
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A number of unusuol, long choín fotty ocids hove been reported in

C. diphtherío, in eorly work by Asselinou (ó) ond AIímovo (3, 3o, 2). These lipids

were obtoined from the whole cells by solvenf extrqcfions ond froctionofed by o

series of solvenf seporofions. The lipids were chorocferized by clossícol biochemicol

fechniques such os lodine number, melting point, moleculor weights by neutrolizotion

number, efc. ' ln our sfudy no evidence of these complex lipids wos found even though

two somplet of 9. 
glPfhî¡* were femperqfure progrommed to275oC ond fhen kept

isoihermqlly ot this temperofure for 255 minufes. The possibility exisfs ihof fhese

lipids did nof exfroct in our mefhod or moy hove broken down when the cells were

subiected to qlcoholic hydrolysis. lt moy be poinfed out fhot no lipids of fhis fype

hove been recorded in ony of the numerous bocieriol lipid onolyses corried oui using

GLC. Since g:{g[h"fu wos not of primory ínferesf fo us in fhís sfudy, we did

nof follow fhis up ony furfher, however, o gos chromofogrophic investigorion of fhe

lipids exfrocted by fhe obove mefhod on 9. iiphfhrb could well be worfhwhile in

providing more up-to-dofe informofion.

Visuol comporison of gos chromofogrophy meihyl ester profiles of fotfy

ocids extrocted from l7 species of corynebqcferio permiffed o ropid seporofion info

distincf groups. One of fhese groups could be further subdivided info fhree secfions

so fhof in oll, o possibility of four groups exists. The firsf seporofion could be mode

on the bosis of presence or obsence of moior peoks, while fhe second subdivision

inlo fhree furfher secfions, on fhe bosis of relofive sizes of moior peoks.

lf we ottempt io group the chromqfogroms of the 17 corynebqcterio

species by visuol comporison, two disfinguishoble "londmqrks'r con firsf be estoblished.

They ore fwo poirs of foffy ocid peoks found throughouf, olthough in widely ronging

quonfities. The firsf poir oppeoring in fhe vicinífy of l50oC corresponds io C16.1
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ond c16, while fhe second poir eluted ot obouf l7ooC corresponds to Clg,l ond

Clg. A distincfion between the firsf qnd second group con be mode on the bosis

of Group I hoving neífher one of fhese two poirs os ífs moior peok while Group 2

hqs eifher one or more of fhese peoks qs its lorgesf foffy ocid froction. The moior

peoks of Group I ore fwo odd-numbered bronched-choin foify ocíds (ClS,0b,

ond C lTr'br), while Group 2hos both of fhese ocids in only minor omounts or

completely obseni. Cìs,00,. is the predominont fotty qcid in Group I ronging in

concentrotion from 33.3/o lo 69.5o/o , with C',r'b' nu*t highesf; its concentrotion

ronging from 15.0o/o to31.60/". Group 2, on fhe other hond,hos fhese fwo qcids

ín moximum concentrofions of only 2.0% ond&,Á,"/" respectively. On fhe bosis of

cellulor fotty ocid content, o distincf difference between fhe corynebqcterio of

Group ì qnd fhe resf of the genus con be seen. lnterestingly enough, fhe Group I

bqcterio qre oll plont pothogens or porosifes, fhe very ones thot bocteríologists

hove for r/eqrs suspected belonging fo onother bocteriql group buf hove so for

been unoble fo chonge, due to their close resemblqnce in morphology ond

biochemicql reoctions to other members of the genus! lt would qppeor thot,on the

bosis of cellulor fofty ocids, o wqy of differenfiofion hos qf lost been found.

Group 2rwhich includes fhe moiority of corynebocterio checked in

this study, qll contoin qt leqst one fotty ocid of eqch "lqndmork" poir os its moior

component. This lorge group con be subdivided into three sections by o consider-

ofion of fhe hexodeconoic (ClO,O) ocid ond octodecenoic (C1g.1) ccid contenf.

The groupings ore os follows:
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Group I

C. insidiosum

C. pointseffioe

C. michigonense

C. floccumfocíens

A. ureofqciens*

Group 2

o. C._:l=yr1grt

C. diphtherioe

C. hoogii

C. equí

C. ulcerons

b. C. ptuudotrb"r"rl*it

C. bovis

C. pseudodíphtheriticum

c. uQil

C. fos:ei¡ons

C. segmenfosum

c. C. xerosis

C. renole

* Originolly onolyzed os C- creofinovorqns.
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Group 2o con be distinguished from the other two groups

by the presence of o lorge hexodeconoic ocid (cl¿,0 ) peok, its mojor

componenf. lfs secondory peok wos octqdecenoíc ocid ( C1r.r) with

vorying omounfs of other smoller peoks. Group 2c, on the other hond, hod

hexodeconoic ond ocfodecenoic ocids in concenfrof ions reversed to Group 2o.

ocfodecenoic ocid (Clg,.¡ ) is its mojor peok while hexodeconoic ocid (Clo,o)

is secondorp with only troce omounfs of ony shorter choin fotly ocid. Group 2b

oppeors to be on infermediofe; its members hqve lorge ond roughly equol

omounts of bolh hexodeconoic ( Cló,0 ) ond ocfodecenoic (Clg,1) ocid.

It would oppeqr thot, occording fo foity ocid onolysis, o distinct seporotion

of species does not exist in this group but rother o specfrum of species wifh

C. pseudodiphtheriticum centred befween C. dípltherioe ond C. xerosis.

Two sfroins of eoch, C. diphtheriqe (U ólA ond U ólB ),

c. xerosis (7711 ond 373 ), ond c. pseudodiphtherificum ( 10200 ond

10701 ) were checked ond the resulfs, os shown in Toble lV, poge 8Z

ogree very well with eqch other. The unusuol isolote of C. diphtherioe

(DL210B ) wos nof differentiofed very well from the olher fwo. A locql

isolqte of c. xerosis ( DL z8l3 ), while vorying somewhqt in its minor

components, could reodily be identified qs belonging
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to 9:_":lt'r. The strqin of @ which, for some reoson, is

no longer lisfed wifh ATCC (originolly#dgAD bore sfrong resemblqnces to fhe ATCC

sfroins #IOZOO ond 1070t excepf for one relofively lorge peok; on unidenfified fotfy

ocid which mode up 9.3% of its totol fotfy ocids.

The work presented here confirms or supplemenfs o number of sfote-

menfs in fhe work of Murroy qnd Clevelond os poinfed ouf in Clevelond's fhesis (25).

He mentions fhof C. equi is "on unusuql orgonism omongst onimol ond humon potho-

genic porositic corynebocterio, yef eosily recognÍzed by its pink growth". However,

9j3:g¡¡ which olso forms o pink pigmenr,wos indisringuíshoble from C. equi in their

siudy. He wos fhus leod fo believe fhof "the C- hoogii culfure wos mistokenly iden-

iified". Cellulor foffy ocid onolysis of fhese two orgonisms show procficolly idenfi-

col composífion, confirmíng fhe eorlier suspicions.

Anofher inferesfing poinf wos fhe observotion thqf oll the plonf potho-

gens fesfed except C. fqsciqns "split esculin ond orbufín or of leosÌ esculin". ln our

work qll the plont pothogens except t f"t"-T could be seporoted from the resf of

fhe ccrynebocterio ínfo Group I on fhe bosis of o hígh confenf of crs,ob,. ond c v;[br
fotfy ocids. Thus, in two independent investigotions, C. fosciqns hos been observed

fo be differenf thon the ofher plonf pothogens of rhe genus Corynebocterium.

The only orgonism which we fqiled fo onolyze successfully wos C.

sepedonicum, ond perhops fhe qnswer con be found in on observofion mode by

Clevelond (25) when discussing his vorious specíes. "9. ,"!Íoftrr is on exfremely

slow growing orgonism, the cullure exomined foking from 5 doys to o week fo pro-

duce colonies only 0.2 mm ín diqmefer ond becoming deeply yellow pigmented.,,

Our growfh period of four doys wos probobly not of sufficienf lengfh fo produce

enough mqferiol fo work wiih.

It should perhops be pointed ouf fhof, in this discussion,we mention
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"odd-numbered brqnched chqin'r fotty ocids o number of fÍmes in referring fo

Cl5,0b, ond CrZ,gb, o"ids wifhout moking ony reference fo fheir possible configu-

rofion. However, in ToblelV, we specify o configurotíon qnd coll them oC.,, ond

oClT represenfing onteiso C15 ond onfeiso C1, os idenfified from refenfion dqfo of

our sfondords. Since we could nof obtoin iC* ond íCVsfondords, we were unqble

fo show fhe difference in retention time thot exisfs between fhe "iso" ond "onteiso"

isomers. Moss (ó5) qnd Kqned" (49) hove qlreqdy shown fhqt fhese isomers do

seporofe on columns very similor to fhe ones we were using. Since we found only

one peok in our somples, which corresponded exocfly fo the "onfeiso" sfondord, we

feel fhot our "odd-numbered bronched chqin" fotfy ocids ore probobly of "onteiso',

configurof ion.

While we hove been oble fo onolyze only one culture of most

çorynebocterio speciesr some suggesfions, bosed on our experimenfol resultsrcon

be mode regording foxonomy. Moss ef ql (óó) hove recently published o description

of the culturol chorqcferisfics qnd fofiy ocid composition of species belonging fo the

genus ProPionibqcterium whích relotes fo our work. They were oble fo seporofe fhe

fofty ocid potterns of seven Propionibqcferium specïes into fwo groups. Group I

confoined onfeiso c15 (oc15) in greofesf obundonce, wíth cvrob, the nexf highest

in concentrotion. Group ll, on the ofher hond, hod rhe isoCrU (iCl5) isomer os the

most obundonf ocid, followed by o smoller omount of the oC* isomer ond only

smoll qmounfs of Cl1r1br. The four plonf polhogensrfhof we onolyzed ond were oble

fo seporofe from fhe rest of fhe corynebocterio, hove the some chqroclerísfic peoks

os Grourp I p:g!'.1íb""f-g of Moss ond co-workers. Bofh hod oCl5 o, their moior

componenf with CtZ,gbr nexf in qbundonce. On fhis bosis we feel thot these four
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orgonisms mighf well fii info fhe genus Propionibqcferíum. The onoerobic species

of Corynebqcferium hqve olreody been shown (67, 65), fo be very símilor to certoin

members of the genus p:gþ$""tr$. lndeed, on the bosis of biochemicol ond

morphologicol chorocferistics one of fhe onoerobic corynebocterio, !. o"n"r, hot

been tenfofively reclqssified to Propionibocferium by some workers (33, 64).,Moss

ef ql (óó) found oll of the onoerobic corynebocferio fhey fested- fo fif inio their

Group ll Propionibocferium. On fhe bosis of our work ond fhof of Mosse.t ol (óó) the

genus C.tZf:þ:t"lym could possibly be split into three froctions. The four plont

ond soil orgonisms C. insidiosum, C: j9'nisgll'o", C_:_.1"!þglgn5l ond C. floccum-

þgiunt could be ploced intoGoup t plgei*'bg"blym olong *irh p: jg!d"*=ifii,

qnd P. shermonii. The onqerobic corynebocferio could fit inio Group ll olongside

P. orobinosum, P._iensen¡¡, P. penigsoæg, P. iheo¡ii, ond p. zeoe while the

remoining oerobic corynebocterio (our'Group 2) would remoin ín fhe genus Coryne-

bocterium.

This would remove fhe four plont qnd soil orgonisms from fhe genus

Ç:rygb""f9rium, something thot some bqcteriol foxonomists feel should hove hoppened

long ogo except fhot no good reoson for doing so could be found.

Anofher possibilify exists, olthough more remofe qf this time. Eorlier

in fhis discussion we mqde menfion of the foct thqf C:_:i:gi,"gy"r* hod been re-

cIqssifiedt"@.ThefourmembersofourGrouplhodstriking

resemblqnces fo fhe pottern of this orgonism. lf we consider the fofty ocid profile of

A. ureqfociens (olios C. creofinovorons) fo be representotíve of the genus Arthro-

bocter, we could well consider suggesfing ihof fhe four members (Group l) could be

cqndidqtes for odmiffonce to fhe genus Arthrobocfer. Alternqtely, A,. ureofociens
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could be reclossified os Group I Propionibocferium .

Arthrobocter culture we hod, ihe fotty ocid dofo on

worronf ony defínite sfotement ot this iime regording

Since this wqs ihe only

it were too limited to

ifs reclossificotion.
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KEY TO PEAK NUMBERING.

oc21

clB,2

clB'3

Foity ocid

ic r4 (c r4:obr)

C14,0 Myristic ocid

Unidentified

oc l5

c l5,o

( cls,obr)

iC lo (C l¿,0 br)

Cló,1

Cló'o

Unídenf ified

Hexodecenoic qcid

HexodeconoÍc qcid

ocIT (clz,obr)

crTro

icrg ( clg,obr)

C l g,l Octodecenoic ocid

Cl g,0 Octodeconoic ocid

Unidentified

oclg (clç,0b, )

ctg'o

iczo (czo,ob, )

c2o,o

I

2

3

4

5

6

7

I

9

t0

1l

12

l3

14

t5

16

17

l8

19

20

21

22

Linoleic ocid

Linolenic ocid

( cz r,obr)
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Number Fqtfy Acid

23 C22,0

24 C24:o

25 Unidenrifíed

Number to left of colon refers fo number of corbon ofoms; number fo

righf refers to number of double bonds; br bronched choin;

o = onfeiso; i= iso
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KEY tO NAMING Of SPECIES

Code Number Genus qnd Species

Nocordio corol lino

C. xerosis

C. diphtherioe

C. pseudodiphtheriticum

L. monocytogenes

C. bovis

C. equi

Ç.lgsþ"'
C. michigonense

C. insidiosum

C. diphtherioe

C. diphtherioe

C. hoogii

C. xerosis

C. xerosis

C. creotinovorons

C. ulcerons

c. "Q"

C. pseudotuberculosis

C. enzymicum

c69

p¡ 7813

DL 2IOB

69Bl

Mc 97

3224

l62l

cF-t

cM-l

2A

UóIA

UóIB

7005

373

77ll

7562

7906

149

1033

8155

6451 C. renole
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Code Number

934

cF-3

cP-2

10700

10701

DL.I

Genus ond Species

C. segmentosum

C. floccumfocíens

C. pointseftioe

C. pseudodiphfheritícum

C. pseudodiphtheriticum

E. coli



DAY 24

001 .025

000 .028

009 .032

6

lt0

140

lt0

100

ll0

100

100

120

004

012

002

005

010

7

130

170

037

030

023

035

028

B

150

ló0

Meon O. D"

Std.

lt0

130

lt0

t0

140

170

180

150

150

200

170

130

190017

007

007

005
l)c vicrlior

150

150

140

170

ló0

ló0

lB0032

030

03c

00+

l3

100

130

150

.230

.200

.230

.170

.200

.230

.2Á,0

.210

.200

.240

.220

,022

ih

l4

.200

100

il0

t5

2t0

2t0

270

220

2t0

240

230

220

230130

lt0

130

020

240

lB0

2t0

200

2t0

230

220

il0

004

TABLE I O¡:f icol Density recrcJincs dr,:

l7

.220

.230

.220

.260

.220

.2t0

.240

.2t0

ls0

ló0

0ló

20

190

190

200

190

IBO

170

190

190

170

170

21

. 190

. 190

. lB0

.200

.lga

. 180

. 190

.200

.190

02i

240

220

2',¿0

a20

ìng glor''

260

230

017

230

260

230

019

lB0

200

190

009

lB0

190

007



F.A. PEAK

2

5

7

8

l0

lt

l3

l4

l5

l6

BEFORE

TLC

2.3

3.9

18.5

28.7

3.4

3ó.8

0.8

4.t

1.7

- 85-

AFTER

TLC A A"
2.0

4.3

17.2

29.5

3.5

0.7

35.2

1.0

4.3

2.0

0.3

0.4

1.3

0.8

0.1

0.7

1.6

0.2

0.2

0.3

0.09

0. tó

1.69

0.64

0.01

0.49

2.56

0.04

0.04

0.09

_T:EJ-

¡
d:: +0.8

Toble ll. Anolysis of somple before ond offer Thin Loyer

Chromofogrophy.

5.\t/e



Peok #7 Peok #8

-8ó-

Peok # l0 Peok #13 Peok # 14

%

I 4.s

2 4.6

3 3.ó

4 3.7

5 t.7

6 2"5

7 2.3

I 2.6

9 3.1

t0 4.t

il t.8

t2 t.9

t3 2.3

t4 3.3

t5 t"7

TOTAL 43.7

Averoge 2.9
Std. DevJ.0

1.6

t.7

0.7

0.8

1.2

0.4

0.ó

0.3

0.2

1.2

t.t

I.0

0"ó

0"4

1.2

o//o

29.9

28.8

30. ó

29.9

33.7

3t.4

32.2

33. B

34.1

28.3

30.2

30.4

31.2

33.2

34.0

471.7

31.4
2.0

t.5

2.6

0.8

I.5

a.)

0.0

0.8

2.4

2"7

3. 1

1.2

1.0

0.2

1.8

2"6

o/o

l.r

1.3

1.6

t.4

0.9

l.l

0.4

0"8

t.4

t.2

0.8

0"6

0.8

1.6

0.8

15.8

l.l
0"4

0.0

0.2

0.4

0.3

0.2

0.0

0.7

0.3

0"3

0. I

0.3

0.5

0.3

0.5

0.3

%

57.8

59.4

57.0

57.7

ó0.3

5ó. 8

ó0.3

s9.9

56.2

62.9

6t.7

62.9

6t"7

57 "2

ó0.0

891. I
59.3
2.2

1.5

0. I

2.3

l.ó

1.0

2.5

1.0

0.ó

3.1

3.ó

2.4

3.ó

2.4

2.1

0.7

o//o

6.7

5.9

7.2

7.3

3.4

oôa). /-

4.8

2.9

5.2

2Ã

5.5

Á.)

4.0

4.7

77.0

5. I

I.s

1.6

0.8

2.t

))

t.3

3. I

0.3

2.2

0.1

1.6

0.4

0.9

I.t

0.4

1.6

TABLE III REPRODUCIBILITY



Culture #

2A

cP-2 2.0

cM-t 1.6

cF-3 3. I

7562 o.û 1.4

6451 0.5

7711

373

cF- I 3.9

149 3. I

10700 1.3

r070r I .5

1033 3. I

,clr un ocrs crsicr¿ cr¿ cró,r

1.9 69.5

45.5 0.3

r.3 33.3

40.4 1 .7

50.0 1.5

0.3

Toble lV.
Percentoge composition of the principol fotty ocids of

representotive stroins of Co:ynebqcferium species.

8.7 3.6

4.6 r0.0 t. 8

12.4 ló.3 2.4

2.7 12.1 0.7

12.7 12.2 0.7

18. ó 1.2

28.1 3.ó

25.9 2.6

25.8 17.7

31.7 4.7

47.9 2.6

48.8 4.5

0.5 32.4 4.1

Un oCV Cll iCle CIS Cl8,t

15.0

29.8

19.9

3t. ó

14.1

0.5

1.3

0.3

2.9

2.9

4.5

1.9

2.0

2.3

2.9

r .3 0.7 27.8

2.6 0. ó 14.3

0.9 0.3 21.8

0. ó 1.2

0.8 8.2

5.6

3.ó

t. I 9.0

2.2

3.0

1.3

3.8

9.1 0.7

2.5 2.9

2.4 t.3

49.1

Un Clg,2 oClg crp

48.8

48.2

3r. ó 5. I 3.8 2.2

34.8 7.6

42.6

41.6

30. I 2.0 7,92.4

o.f

2.53
1. 84

2.01
2.7



Culture #

é9€l

3224

ctt

8155

UóIA

UóI B

7005

0.4

t. e 2.3

5.5

Un oCt5 CIS iCl¿

5.3

2.8

12.7

10.2

8. I

3.41 ó.8

2.3

t.8

0.7 t. I

0.4

1621

7906

DL2IOB

DL78r3

934

cro

2.4 0.5

1.4

0.8

7.3

s.4

43.4 t.3

29.4 7.2 2.8

45.8 3.4 0.7 t. I

53.ó 8. I 0.7

54.7 il.5 'I.0

51.9 9.7 2.4

55.4 12.9 1.6

50.8 26.5

42.5 7.4

27.1 2.9 2.0

26.4 4.9 1.5

ctó, t un

Toble lV. (cont'd).

Footnotes:

2.sI s.6

o. Numbers refer to percentoges of totol ocids.
b. Code numbers of bocteriol culfures refer to ATCC oTNCTC Stroin numbers. See poge g2
c. Re fotfy ocid noming: Number to the left of the colon refers to number of corbon oio.r;of double bonds; br = bronched choin; Un = Unidentified; o = onteiso; i= iso.

ocv clz iclg c1s

2.6

t. t

5. 1 40.5

1.0 9.4 23.4

9.0 t5. I1.0

0.9

0.8

0.8

clBrl un

14 s = r\.29

t.0

3.8 12.3

0.8 3.ó 19.5

13. ó

12.1

2.0 8.3

1.7 13.0 t 8. I

29.3 33.2

9.0 21.4

9.3

4.7 9.8

3.4

12.1

4.1

9.1

2.3

1.6

2.4

4.33

2.21
2.4c

4.3

ó.0

for key fo nqmes of specíes.
number to right refers tofhe number

2.1

20.9 3.33
2.94
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ilo 130 t50 170

Chromotogro^ # 2.

Medio fofty ocids onolyzed on SE-30.

oc.



-90-

Chromotogro* # 3.

ilo t30 t50

Chromofog ro^ # 4.

Medio fotty ocids onolyzed on SE-30.
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Mueller- Hinton

lto t30 150 t70

Chromotogror # 5.

Medio fotty ocids onolyzed on SE-30.

t90 zto
oc.



Blonk I

-92-

t70

sE-30.# 6. Hexone blonk run on

# 7. Ruog"nf blqnk run on SE-30.

v^230 L.
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C. fosciens of ter TLC

ilo t30 t50 t70 t90 zto

# 8. Fotty ocids of C. fosciens ofter TLC purificqtion.

zio oc.

( sE-30 )

9. Fotty ocids of N. corqllinq with Std.Mix D qdded os
internql stondord. ( SE-30 )

r30 t50 t70
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# ll.

Fotty ocid stondords run on SE-30.
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Std. Mix. BC-L

ão oc.

# rs.

Fotiy ocid sfondords run on SE-30.



-95o-

Chromotogror # 10. An oftenuotion chonge wos mode ot the

poinf morked wifh on osferisk("). For qll peoks fo be on the

some scole reduce peok 2 height by 1/2.

Chromotogror # ll. For oll peoks to be on fhe some scole

reduce the height of peoks 2, 8, ond 14 by l/2.

Chromotogror # 13. For qll peoks to be on the some scole

reduce ihe height of peok 12 by l/2.



ilo

#U.

-96-

ilo t30 t50 t70

# ls.

Fotty ocid sfondords run on SE-30.

oc.

t90 230 oc.
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C. insidiosum 2 A

# ld.

C. pointsettioe CP-2

Fotty ocid onolysis on SE-30 column.

oc.



ilo t20 t30

# rg.

ilo t20 t30 t40 t50 t60

19.

Fotfy ocid onolysis on 5E-30.

- 98-

r4o t5o t6o t7o teo l9o zoo zto oc.

rzo rgo r9o zoo zto zzo oc.
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C. creotinovorons 7562

# zl.

Fotty ocid onolysis on SE-30.



- t00-

Fofty ocid onolysis on SE-30.



-l0t-

ão oc.

# z¿.

Følty ocid onolysis on SE-30.
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llo 130 r50 t70

# zs.

Fofty ocid onolysis on SE-30.



- 103-

ilo t30 t50

# zz.

Fotfy ocid onolysis on

150 t70 230 0c.

t90170

sE-30.

2to 230 0c.



-104-

C. pseudotuberculosis

to33

28.

Fotty ocid onqlysis on 5E-30.

oc.
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ilo t30

# zg.

t50 t70 t90

Fotty ocid onolysis on SE-30.

zto 230 0C.
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# so.

Foffy ocid onolysis on SE-30.

t3



-107-

Cr_e..Vrl.yg'
Bt55

t3

2 E4Ì 7 \sro r¡

rro t30 t50

# ¡1.

Fotty ocid onolysis on SE-30.

14 ro

t70 t90



- t0B-

230 0c.

ilo r30 t50 t70
**

# gs.

Fotfy ocid onolysis on SE-30.



- l08o-

Chromoiog.or # 33. Two ottenuotion chqnges were mode os

mqrked by on qsterisk (*). For oll peoks to be on the some

scole reduce peok 2 to 1/4 fhe height shown, peok Z to

1/2 rhe height shown. The remoining peoks fhen oppeor

in the proper heights.



- 109-

Fotfy ocíd onolysis on SE-30.

230 0c.

cr_lgggi 7o0s
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z3o oc.

Fotty ocid onolysis on 5E-30.



- I I t-

u lc ero ns

il0

# so.

t30 t50 r70 zto z¡o oC.

Fofty ocid onolysis on SE-30.



-|2-

Foffy ocid onolysis on SE-30.
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ilo t30 t50 170

# ga.

Fotly ocid onolysis on SE-30.

DL 7BI3

C. xeros is



-114-

C. segmentosum 934

t3

2t

ilo r30 r50 t70

# sg.

Fotty ocid onolysis on SE-30.

r90 230 0c.



- il5-

M in.

# ¿2.

Fotty ocid stondords run on

B

M in.

# ¿9.

LAC-728 column.



# 44.

Fotty ocid sfondqrds run on LAC-728 column.

# rs.

I

o.
I



- 1 lóo-

Std. Mix 3 contoins:

Std. Mix BC-L

SId. M¡X BC-I

Std. Mix L-205

It moy be nofed thot not oll the individuol peoks oppeor in

Chromotogror # 44, This is due fo o number of peoks not being

seporoted on fhís fype of column. The overlopping poirs ore:

peoks 7 c:,nd 
.l0; 

peoks 13 ond Tó; peoks 18 qnd 2l; peoks 20

ond 22.

For convenience, eoch peok wos morked with only

one number.

Chromotogro # 40. Due to on oflenuofion chonge (*) reduce

the height of peok 2 by 1/2.
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OB
Min.

# tz.

Fotty ocid onolysis on LAC-728 column.
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# la.

oBt6
Min.

# ¿ç.

Fofty ocid onolysis on LAC-728.



-lï9-

4.t220
Min.

# sl.

Fotty ocid onolysis on LAC-728,

l2
Min.

# so.



-120-

81624
Min.

# sz.

Fofty ocid onolysis on LAC-728.



-121-

I
# sg.

Min.
# st.

Fotfy ocid onolysís on LAC-728.

Min.



-122-

Min.
# ss.

Fotty ocid onolysis on LAC-728.



-123-

Min.
# so.

Fotty ocid onolysis on LAC-728.



-124-

B

Min.
# sz.

8t6
M in.

# sg.

Fotly ocid onolysis on LAC-728.



-125-

# sç.

Fofty ocid onolysis on LAC-728.



-126-

Fotty ocid onolysís on LAC-728.

(") reduce the heìght of peoks 2 ond 5by 1/a to keep

oll peoks on ihe some scole.

,kB

# oo.



-127-

# ot.

# oz.

Fotty ocid onolysis on LAC-728.



(*) oftenuof ion chonge.

-t2B-

iB16
Min.

# ¿s.

Fotty ocid onolysis on LAC-728.

Multiply the peok heighr of ll 2,5, ond gby 2.
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# ¿¿.

Foity ocid onolysis on LAC-728.



- 130-

I

# ds.

Fotty ocíd onolysis on LAC-728.

Min.



-l3t-

# oo.

Fotþ, ocid onolysís on LAC - 728.
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8t624
. Min.

# dz.

Fofty ocid onolysis on LAC-728.



(*) ottenuotion chonge.

- 133-

*81624
Min.

# dg.

Fotty ocid onolysis on LAC-728.

Reduce ihe peok heights oî ll 2,4, ond 5
by 1/2.



-134-

8t624
Min.

# oç.

Fotty ocid onolysis on LAC-728.

DL7813



L. monocytogenes

t4

N. corollino

ilo r30

Chromotog ro # 70.

r70 t90 ?to

Fotfy ocid onolysis of different fomilies qnd genero of bqcterio. ( SE-30 )

\-. ilo t30 t50

I

(¡)
C¡¡
I

zto oc.
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SUMMARY AND CONCLUSIONS.

The noture of the fofty ocids of fwenty-seven bocteriol strqins in-

cluding sevenieen different corynebocterio hove been sfudied by gos-liquid

chromotogrophy. ln some coses o number of different sfrqins of eqch Coryne-

bocferium species were onolyzed. Relotive percenfoge composition of eoch fotfy

ocid constituenf wos defermined qnd tobulofed. Fotty ocids were found fo ronge

from C Uto C2, in corbon number, with sqturofed, unsoturoted ond brqnched chqin

ocids represenfed. The most frequently encountered ocids were C14 (myristic), Cl¿

(hexodeconoíc), CIó,1 (hexodecenoic), C1g (octodeconoic) ond C1g.1 (octodecenoíc) .

Two bronched choin fotty ocids oppeoring in o number of species were identified os

Cl5,0b,. ond C 17:Obr. These fwo fotty ocids were the moior frqcfions in q number of

plont polhogens.

The experimentol method wos thoroughly checked for validity before beíng

used. The followíng conclusions were reqched regording our method:

i) The growfh medium, Tryptic soy Broth, confqined minor trqces of

foity ocids but not in omounts to introduce confominqtion.

ii) Two successive subcultures in fhe sqme medium eliminqted differences

due fo the medium of originol isolotion.

iii) The voriotion of fotty ocid confent with length of growfh period, wos

found to be smoll within the some portion of the growth curve, but vqried significanfly

of more widely seporoted points on the curve.

iv) Over fhe period of time which we selecfed for growth ( 9ó hours ) the

fotfy ocid poftern díd not vory significonfly ond therefore time wos not o criticol

foctor.
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v) The choice of liquid mediunr rother thon solid, wos mode on the bosis of

its providing on eosier, more uniform, qnd more complefe method of horvesfing.

vi) Three woshings of the live bocterio were sufficient to remove oll

qdherent mediu¡conlom i nont.

vii) Hexone wos the most efficient extroction solvenf.

viii) The purity of the finol product wos ossured os estoblished by TLC.

i*) The formulo method of cqlculoting fhe relotive peok oreos wos the

fostest, mosf efficient, most occurote fechnique ovoiloble to us.

x) No interfering subsfqnces were introduced during the chemicol

monipulotions, os shown by our reogenf blqnk.

xi) Reproducibility wos 100% quolitotively ond ollowed o99o/" probobility

thof o peok will lie within 4.2% of the determined vqlue.

On the bosis of fotty ocid mefhyl ester, onolysis of sevenfeen species of

corynebocterio we were oble to conclude fhot:

í) The corynebocterio species tested could eosily be divided into two moin

groups: Group I contoining four ploni pothogens, C. insidiosum, C. pointsettÍoe,

C. michigqnense ond C. floccumfociens. The ofher species fell into Grovp2.

ii) Group 2 could be subdívided ínio three secfions on the bosis of relotive

omounts of CtU (hexodeconoic) ond Clg,l (octodecenoic) ocids.

Section ,(o)- (hexcdecqnoic qcid the moior peok)- contoíned C. enzymicum,

C. diphtherioe, C. hgogii, C. equi ond C. ulcerons.

Section (c)- (ocfodecenoic ocid the moior peok)- contoined C. xerosis qnd

C. renole.

Section (b)-(hexodecqnoic ond ocfodecenoic in roughly equol omounts)-

contoined C. bou¡+ C. pgggggtgþglg"l.tit, C. pseudodiphtheriiicum, C. "Q"'



- t39-

C. foscions, ond C. segmentosum.

¡i¡). Group I showed simílorities in its foffy ocid poftern fo Group

I Propíonibqcterium of Moss e"t ol (óó)rthus it wos felt fhof Ìhe four ploni pofhogens

could possibly be reclossified os such.

i,r). A.ureofoliens, o member of onofher genus showed fhe some

fotfy ocid pottern os our group I members.

v). Corynebocterio of Group 2 could nof be differentioted from one

onofher os cleorly buf ot besf could be divided info three secfions. Three species,

however, eoch represenfing q different sectîon of Group 2 could quife reodily be

disfinguished from eqch ofher.

The moin obiectives of this sfudy hove been reolized:

(o) the technique of gos liquid chromofogrophy for onolysis of boc-

feriol cellulor fotty ocids hos been successfully opplied to fhe dîfferentioiion of

species of corynebocteriq.

(b) the cellulor fotty ocíds of fhese species hove been determined.

(c) os o resulf of being oble to moke o concrefe suggesfion os regords

fhe clossificqtion of the plonf pofhogens, we hove been oble fo shed some light on

fhe confroversy which enshrouds the clossificqf ion of this genus.
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