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GLOSSARY OF TERMS

CARIES - A localized, progressively destructive disease of the teeth
" that starts at the external surface with the apparent dis~
solution of the enamel by organlc acids.

DENTAL CALCULUS - Dental plaque that has undergone mineralization of
the matrix and microorganisms.

DENTAL PLAQUE - Microorganisms embedded in an extrace}lular méttix
con51st1ng of products of bacterial metabolism and substances
from serum, saliva and diet.

~ DENTINE - The'substance forming the mass of the tooth. About 207 is
organic matrix, the inorganic fraction is mainly hydroxy-

apatite,

ENAMEL -~ The hard substance.covering the exposed portion of the tooth.
It is composed chiefly of hydroxyapatlte, with an organic
matrix comprlslng 0.5%. ’

..MATERIA‘ALBA - An accumulation of microorganisms, dead exfoliated
epithelial‘cells and food debris loosely adhereing to teeth.

PELLICLE - A film or scum on:the surface of teeth.

- SMOOTH SURFACE CARIES - Occurs on the non-biting surfaces of the teeth.



I.  INTRODUCTION

A. Statement of the Problem

-

Dental caries is a;muitifactorial diééase that can be found_iﬁ
human skulls déting back to 1é,OOO'B.C. It is currently believed
that dental plaque, a substance consisting of mic?oorganisms and their
byproduéts, salivary debris and dietary components, isla precursor to
dental caries énd that caries is an infectious disease which'réquires
a susceptiﬂle'tooth, a diet conducive toiéa;ies formation, a cario-
genic microbiota which excretes_lactic.acid, and time for these inter-
actions to occur (White, 1975). It has been stated by Page (1974) .
‘that dental plaque is intimately related tq_the'induction and progres=
sion of dental caries, and inflammatory giﬁgival and periodontal
-disease. Previous studies haﬁe demonstrated. that dietary 1ipids
decrease cafies activity in animals, and that éome free.fétty acids
can reduce'plaqué fdrmatiop ig_zigzg;wﬁthéuﬁ conﬁomitant inhibition
of microbial'grdwth. The present study examines Ehe effects of several
free fatty acids and triglycerides on a cariég;nic bacterium designatéd

Streptococcus mutans. 6715 and on plaque produced in the presence 6f

this organism. It seeks to- determine if there is a relationship between
bacterial fatty acid content and plaque formation. By providing inf9r¥
mation on the effects of fatty acids on the chemical composition of the

organism and on the formation of the bacterial component of dental



plaque, it is hoped that insigﬁt will be provided into the mechanisms

of formatioh'ef,thié bacterial byproduct.

B. Review of the Literature-

1., Theories of Caries Production

Dental caries is ofteﬁ considered to be a"disease of modern
society;.however, Mummery in 1869; Von Lenhossek in 1919; and Leigh
in 1935 demonstrated the presence of caries in human skulls'frbm’
.ancient timesvand the middle ages, as well as-mddern times (White,
'£975). From(these observations they concluded that dental caries was
present in the human population of Europe between 12,000 and 3, 000
B.C. (Whlte, 1976) Mhmmery was further able to show that’ the.amount
of caries in the ancient population of -Britain increased ﬁith the
developmentAof eiviiization beginning With:the Neolithic Age.(12,000 -
3,000 B.C.) and extending to.the Iron Age (1,000 — 500 B.C.). The study
by Leigh indicated that caries occurred in Egyptlan populatlons during
this perlod and that the dlsease was more prevalent among those eatlng
refined diets.

Aristotle in 350 B.C..was possibly tﬁe first‘to notiee the 'effect
of host diet on caries (Gﬁerini, 1969). He recbgnized'that figs‘caused
damage to the teeth and susﬁected that the effect’was'causea by their
aBility to adhere te:the tooth, thus alio&ing “putrificatien" to take
'place on the tooth surface and cause decay.~ The effect of v1scous,

‘'sweet foods on dental decay was again noted in the 14th century by Guy

de Chaulic, the leading surgeon of his time, and by Pieter von Forest



in the 16th century (Guerini, 1969). At present there is a vast amount
of information, both scientific and non—écientific which attests to the
harmful. effects of sugar containing foods on teeth. The scientific in-
formation on this subject is more fully reviewed'by Gustafsson, et al.
(1954) ;3 Grenby (1967); Newbrun (1967, 1974a, b); Makinen (1972); Nizel
(1972) ; White (1975); and Bibby (1976). The offshoot of this scientific
information can be observed in the increased iﬁterest and advertising
for chewing gums and candies containing sucrose substitutes and the
increased awareness by the consumer of the hidden sugar content of
products. |

'Many theories have béeh'put forth to explain'the cause and pro-
gression of dentai decay, ranging from the seventh century B.C.
Assyrian legend that decay was caused by worms, a theory that was
still supported in the l4£h century A.D. by Guy de Chaulic to the
chemo-parasitic = theory of Miller in 1883 (White, 1975). Miller's
theory has been modified only slightly over the years and is still
considered to best explain the cause of tooth decay.

In 1683, van Leeuwénhoek pfovided the first clue that microorgan-
isms might be involved in decay when he reﬁorted the presence of
"animalicules" in scrapings from teeth (White, 1975). In 1819, Parmly
revolted against the prevailing theories andbproposed that caries began
on the tboth surfaces where food putrified and eventually gained suffi-
cient chemical ﬁower to dissolve the tooth (Newbrun,.1974). Support
for Parmly's theory was supplied by Robertson in 1835 and by Regnarf
" in 1838 (Newbrun, 1974). They experimented with dilute inorganic acids

and were able to show that nitric and sulfuric acid "corrode" the



tooth's enamel and deﬁtine. In 1847, Ficinus observed micfoérganismé
in carious teeth Which_he termed "denticolae" (White, 1975). He wés
able to show'that they grew iq the enamel and destroyed the connection
between the énamel prisms, and thus could penetfate to the'déntin,
where, he said, théy caused decay. In the early 1860's Péstéur was
‘able to show that microorganisms convert sugars to lactic acid by,tﬁé.
process of fermentation. Emii Magitot in 1867,expanded this wbrk.by |
shbwing that acids producéd during fermentation can caﬁse the dissolu-
vtion of to&th material (Newbrun, 1974). 1In 1867 Lebef and_RotteﬁStein
regarded initial tooth decalcification as a cﬁemiqal'process (White,
1975). Onée decalcification had occurred, they were able to show tha£

\

the microorganism "Leptothrix buccalis" penetrated the dentinal tubule.

Thus, by 1880 most of tﬁe gleﬁenté fequired fof productioﬁ of Aentali
caries had been described in the'literatﬁre;‘ in 1881 Milles and
Underwood provided Fhe.final link‘by showing_that#an-acid—producipg
micfocogtus was présent in céfious dentiﬁ, a finding which led them to
propose tha£‘decay in hard tooth'structure was due to the action.of |
acias and miérdorganisms (White,.1975). Milier.in'1883 was ablé'to .
exten& the finding of Milles and Underwood and show: 1) that different
foods mixed with saliva and inéubatéd at‘37°C'cou1d decaléify fhe'cfown
of a tooth; 2)‘several tjpes'of ora1.bacteria cduld produce enough
acid to be of significance in dental caries; 3) lactic acid was a pro-
duét of carbqhydrate-saliﬁa incubation mixtures and 4) several micro-
organisms,of different types invaded carious dentine (White, 19755.
From his work and'that'of'ﬁhe other'investigatbrs, Miller proposed his

chemo-parasitic theory of dental decay. This stated that "dental decay



is a chemo—parasiticvprocess consisting of two stages, decalcification
or softening of the tissues and dissolution of the softened residue"
(Newbrun, 1974). Miller also proposed that no single épecies of micro~
organism caused caries but rather that the process was mediated by oral
microorganisms capable of acid production and protein digestion.
Miller's theory was debated for the next 70 years until Orland. showed
in 1954 that germfree rats fed a highly cariogenic sucrose containing
diet do not develop caries but that gnotobiétic rats on the same diet
infected with combinations of enterococci and a proteolytic bacillus

or an enterococcus and a pleomorphic bacterium do develop caries, thus
" demonstrating that caries is caused bj‘bacteria and is an infectious
process. Orland's work has since been confirmed by several independent
studies, and the transmissability of cafiogenic organisms has been
shown by others (Fitzgérald‘and Kéyés, 1960; Keyes, 1960; and Orland
et al., 1954, 1955). Thus dental caries today is thought of as an in-
fectious disease which demands a susceptible tooth, a diet conducive

£o caries formation, a cafiogenic microbiota which excretes lactic acid

and time for these factors to interact (White, 1975).

‘2. Dental Plaque

Soft deposits that tightly adhere to teeth have been reqognizéd

since 1683 when van Leeuwenhoek first used his microscope to examine

tooth scrapings (White, 1975). These microbial deposits have been
called by different terms by several authors: Buhlmann's fibers
(Buhlménn, 1840); slime coating of denticolae (Ficinus, 1847); coat~

ing of leptofhrix (Lé%er and Rottenstein, 1867); feltlike moss



(Williams, 1897); gelatinous plaque (Black, 1898) and several others
(Newbrun, 1974; White, 1975). Today they are commonly referred to as
dental plaque. In 1883 when Miller proposed his chemo-parasitic theory
of dental caries it was thought that caries initiated in naturally
retentive areas of teeth. This méchanism did nof adequatély éxplain
smooth surface caries and thus Williams in 1897 proposed that smooth
dental caries was caused by microorganisms enclosed in a gelatin-like
substance on smopth enamel (Whige, 1975). Black in 1898 expanded this
view by proposing that the gelatinous microbial plaque‘was formed by
the action of arfungus acting on sucrose td produce an adhesive sub-
stance that held the organisms in place (White, 1975).

It isvnow knéwh that plaque is a specific but variable structure
resulting from colonization and growth of microorganismé on the surface
of teeth, soft tissues and oral appliances (Bége; 1974). It can be
distinguished from the other dental deposits; acquired pellicle,
matéria alba, dental calculus and food debris by its structure and mor-
phology. .Dental plaque is an organized community of several specieé
and strains of microorganisms. of which Gram positive cocci are most
gomﬁoﬁ (Socransky and Manganeiello, 1971; Loesche, 1972). These micro-
organisms arerembedded in an extracellular matrix of pfoducts of bac~
terial metabolism and substances from serum, saliva andldiet.‘,The extra-
cellular matrix has been shown to alter the diffusion of substances in
and out of the matrix, to serve as a storage site for fermentable car-
bohydrate, and to contain ﬁumeroqs inflammation-inducing and toxic sub-

stances (Page, 1974).



The “characteristics of acquire&rpeiliéle, materia alba, dental
calculus, food débris and other bommoﬁ aental deposits. follow. AAéquired
pellicle is a structureless glycoprotein film, usually less than 1um
thick and free of bacterith This film ig'thought to be of salivary
Qrigin and it coats the tooth surface &ithin minutes'aftef é thqrough
mechanical cléaning. Materia alba is compésed of miCroorganisms; dead

Léxfoliated epithelial cells and food debris. ,It hés littlé orgaﬁiza—
tion and loosely adheres to the teétﬁ.l.Materia‘alba is an accumulation
6f_the:subs;ance rather than bacterial growth. Dental_calculﬁs is
plaqﬁe:that has undergone-mineralization'of’the matrix énd microor-
ganisms; howévei, its exposed‘sﬁfface is usﬁally covered with viable
Qrganisms; Food debris are the residual food particies that fémaiﬁ in
the mouth after eating. | |

The supragingival formation of plaque is éhought to occur in two
major steps: "1) the bacterial.coldﬁization 6f the tooth surface_and
2) bacteriai growth-and maturation>wi£hin £he plaéue matrix. The first
step involves three genefal»intgractions. iFirst the acquired pellicle
is formed by a process of selecéive absorﬁtion of Saiivary‘coﬁstif—
uents to thé tooth surféce.:VThérerare three compo#eﬁts to this aé—,
quired peilicle based on their locationm. The first is a,SubSurface
pelliclé Whiéh extends "1-3 microns into defécts in‘the enamel,-next is
surface pelliéle and thié cOvers_thé tooth and is apprbximately 0.2
microns thick.h The final~compoﬁeht is.étained pellicle. -This_iayer
is 1 to 10 mic:ons thiéf (Néﬁbpﬁn,‘1975);“ The:éxéqi role QfAthe ac-

quired pellicle in colonization is not clear. In most: cases the



pellicle enhancss the aggregatinn of.plaqﬁe forming Bacteria.and pio—
vides some csmponents as substrates for these bacteria; However, there
are instances in which colonization dées'not occur after tﬁe pellicle
is depositéd (Newaun,‘l975) and.still othsr cases.where éqlonizafion
occurs without pellicle being deposited (Fitzgerald;’1968){

The second step in plaque formation is‘thé absorpfioq of oral
bacteria to the acquired pellicle;- This process is very rapid and
highly selestive as shown by. the differsﬁt'efficiencies with which
strains 6f bacteria adhersvto the peilicle. Once this has occgfred,‘
the bacteria Fhét have adhsred to fhe pellicle can form distinct
colonies.. The outgrowth.of.these colonies, accﬁmulation of'salivary
constituehts, and extracellular bacterial'polfmers leads to the forma-
_tion\of the plaguefmatrix and thus ﬁotthe third stéée of colonization,
" the interbscterial interaction which serves to biﬁd‘one_ofganism t6A
another to form a cshesive mass sn the ﬁooth.surface (White, 1975).

This iﬁtetécfio# can QcCur‘airestiy‘betwesn'ofganiSﬁs or it'csn
-occur by organisms being held is close proximity to each other ;y the
‘matrix. The progression'of;tﬁis third ssage leads ts the secoﬁd msjor
area of plaque»formation, bacteiiaiigrqwth'and,matufétiqﬁfwithin the
plaqus’matrix. The plaque.matrix conﬁains-ssbstances from the saliva,

products.released by the bacteria, food debris and the microérgaﬁisms.

It serves as a framework for the microorganisms, as a storage site for
- fermentable carbohydrate, it alters diffusion in and out of the struc-
ture and it contains inflammatory and toxic substances (Newbrun, 1975).

The maturation of plaque brings about a change in its microbiology5

thus early plaque contains mostly Gram positive cocci, short rods,



Neisseria and Nocardia. By the fourth day after'initiation of plaque

formation on a clean tooth, the number of cocci have decteased and

organisms of the geﬁera Leptothrix and Fusobacterium héve increased.
ﬁy day 10, vibrios and spirochetes can be detected and there is a
general rise in the Gram negative popﬂlation;’ The increase in:the Gram
negative population‘shoﬁld ﬁét be taken to’mean'tﬁat the streptococci
hévg lost their imporfanée; sihcettﬁey stili cémprise well ovef'l/j of
thé qrganisms_present and thus form the largest single group present:
S. mutans is a major constituent of this group.' |

Thus, déptal‘céfies is best théught ofas a diseése that can be
associated with but noﬁ direc£ly caused by ﬁlaqué. Tﬁe plaque provides
an‘enVifonﬁentsin,which teeth and miéroofganism are held iﬁ ciose con—

tact, The normal‘metabolism.of.thévbacteiia,'especially §;Jmutans and

species of Lactobacillus,'pioduce Qrgéﬁic acids;és énd prqducts of car-
“bohydrate ﬁetabolism._ These organiC‘acids,‘especially lactic acid, are
strong enqugh'to dissoive ;he'tooth enamel if contact is ﬁaintainedlfor
a sufficient amount of time.. The plaque matrix with its altered diffu-
' sion_properties favors the réténfion of the acid. Thevbréakdown of
‘the énamel’is a slow process and~£eéins with 6n1y a sma11 1esion in it.
This lesion is then‘gradually-enlarged until it eveﬁtually reaches. the
tooth dentine. Once fhe breakdown of enamel begins, thé tootﬁ ié cén—
sidered to have a carious lesion. With:the exposure of the dentine,
bacteria can invade more'rapidly,'eventually'destfoying the.deﬁtine.
When the gariogénic pfocesé~reache5'this stage, thé too;h is subjected
to attack from both inside anﬁ7out.‘ These qériogenic lesions, if allow-

ed to continue, will eventually Hestroy the tooth.
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" In summary, it is currently believed that dental plaque is a pre-
cursor to dental caries and that caries is an infectious disease which
requires a susceptible tooth, a diet condicive to caries formation, a

cariogenic microbiota and time for these interactions to occur.

3. Role of Streptococci in Caries

Streptococci are the most abundant oral bacteria (Drucker, 1971)
and in 1924 Clarke was able to isolate a streptococcus:from carious

dentine. Clarke named this organism Streptococcus mutans because of

its varying morphology. A desqription of this S. mutans appears in the
6th edition of Bergey?s Manual (Breed et al., 1948) but was dropped from
the 7th (Breed et al., 1957) and 8th editions (Buchanan and Gibbons,
1974). ‘There has always been an interest in the role of streptococci

in dental caries_aﬁd the investigation into their role has greatly in-
creased since Orland et al. (1955) demonstrated the role of streptococci
in dental caries. The classification of oral streptococci has always
been somewhat unsatisfactory because they do not eésily fit into the
four classical divisions of streptococci; pyogenic, viridans, entero-
coccal and the lactic groups. Becéuse of this, they usually have been
placed with the Viridaps gfoup for lack of a better ﬁlace. In 1960,
Bisset and DaviS-eﬁphasized the need for a method of classifying oral
streptococci when they stated, '"the oral flora contains many unclassi-
fiable strains of ... streptococci'. This need was also emphasized by
Guggenheim in 1968. 1In an effort to better classify the oral strepto-
cocci, Carlsson (1968) proposed grouping cariogenic strains solely on

bacteriological characteristics, and Drucker and Melville (1969, 1971)
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proposed an Adamsbnian classification (numeriéal analysis of phenotypic
characteristics) of the oral streptococci using‘27 characters, Drucker
and Melville (1969, 1971) examined 252 strains of streptococci of oral
origin. This group contained both cariogenic and non-cariogenic organ—
isms. Their findings indicated that there were three well defined
species which corresponded to organisﬁs previously classified as S.
mitis, S. salivarius, and §S. sanguis.

A fourth species termed ng mutans by Edwardsson (1968) and
Guggenheim (1968) was shown to be distinct from the other three. S.
mutans are -those streptococci expressing the following phenotypic Ehar—
acFeristics: 1) the ability to ferment mannitol and sorbitol; 2) syn-
thesis of an insoluble polysaccharide from sucrose; and 3) homofer-—
mentive lactic acid producfion (Newbrun, 1974). In 1970 Bratthall de-
scribed five serotypes (a,b,c,d,e) of S. mutans.  These serotypes did
not correspond to any members of the Lancefield's serotypic groups.

In 1974 Perch et al. confirmed Bratthall's findings and proposed two
additional serotypes (f and g); |

The S. mutans that comprise these seven serotypes are quite diverse
at the moleéular level. Thus members of any one serotype ﬁay contain
differences in any of several enzymes (aldolases, invertases, glucosyl-
transférases), cell wall carbohydrates, a few biochemical reactions,
fatty acid content and even morphology (Coykendail; 1976). Lamﬁert and
Moss (1976) determined the fatty acid content of 18 different strains
of S. mutans that represent serotypes a,b,c,d,e and two that were not
typed. They also deterﬁined the fatty acid content of five cultures of

S. salivarius, five cultures of S. sanguis, three cultures of S. uberis,
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two cultures each of S. mitis and unspecified Streptococcus species.

Their data indicate that the fatty acid content of the bacteria divided
the organisms studied into two distinct groups. The first group in-
cluded S. mutans and S. salivarius; and the other‘group, S. sanguis,
S. mitis, S. uberis and a Lancefield group C streptococcus. Lance-
field group E streptococci.did not fit either group. Thus, while they
were able to show that the fatty acid content of_§; mutans strains were
similar to each other, the& could not show that they were diséinct from
- all other oral streptococci.

The guanine plus cytosine (G+C) ratio of fhe organisms classified
as §L.muténs is quite diverse ranging from 36 to 46%. When the S. mutans
group is separated by G+C ratio, five distinct subspecies are present.
However, only three of these subspecies contain organisms from a single
serotype (Coykendall, 1976).

The phenotypic evidence derived since.Clarke first reported the
existence of S. mutans in 1954 seems to warrant the élassificatioh of

S. mutans as a separate group in the genus Streptococcus. The classif-

icatipn.of the individual strains of S. mutans into subspecies is more
of a problem because of the great diversity within this group of organ-
isms. Lambert and Moss (1976) sum up this dilemma by suggesting that

" the work of Bratthall (1970) (serotypes) and Coykendéll (1976) (base
‘composition) indicate that there are four major subspecies of S. mutans
and that this separation is helpful to those interested in thé genetic,
metabolic, serological and epidemiology of S. mutans, while those inter-
ested in taxonomy or clinical aspeéts of S. mutans cannot justify this

subdivision and favor the numerical classification of Carlsson (1968)



and Drucker and Melville (1969, 1971) which.indiCate §;'muténs is a
very homogeneous ‘group.

As previously stated, Clarke isolated a streptococcus from carious -

 dentine in 1924 which he termed Streptococcﬁs'mutans. - This organism
‘was not adequately described and interest iﬁ itg role invdéntal éaries
: droppéd. In 1955, Orland et al. Weré‘able to démonstrate that caries
in gnotobiotic rats could bevinitiafed-by aﬁ enterogoccué éombined witﬁ
.either a‘proteolytic bacferium,or a ﬁleomorphic bacferiumL .Orlaﬁd_and
co-workers (1959) were later able to:prodﬁce caries in similar rats
‘using only an entérbcoccus. in 1960, Fitzgerald ét.al. were able to

. produce carious-lesions'in gnotobiotic rats using a strain of oral
strep;oéocéus; The:orgaﬁisﬁ‘they used was not an enteropobcus or ah&
currently (1§6Q) reﬁoéﬁized species pfvstfeptococcus (s. mutans»ha&

' been dfopped from the.l957 édition of Bergey's Manual); This strépto—
coccus was élso'antigenically«disﬁinct froﬁvallzof Langéfield's groups.
The organism they used produced. carious lesions in the fafs' teeth |
thét-were_very‘similér to those lesions .observed in norﬁélllabératory-:
rats fed a.cariogénic diet. ﬁiochemical~Studies‘of this cariogenic
Qréanisﬁ indicatedxthat it was aéidbgénic’apd homofermeﬁtiﬁe and thus
was similar, if not identical, to the'qrganism isdlated by,Clarke.in

1924, Because. of these similarities, this organism was called Strepto-

coccus mutans. Since theée initiallobsgrvafidns others (Fitzgerald and
"Keyes; ¥960;' Fitzgerald and'Fitzgeﬁald, 1965; and ﬁowen, l966)>hqve
been able tb'?roducé carious lesions infanimals using S. mﬁtans.' Epié
'demiblogical studies on-humans havejindicatedﬁL mufansjoccurs more

frequently and in higher relative numbers in mouths with high caries
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levels of carious sites within the mouth (Hardie and Bowden, 1976).
These studies pro&ide evidence for the strong association between S.
mutans and dental caries. .Other oral streptococci; S. faecalis, S.
~sanguis, S. salivarius and streptocci not identified as to species,.
have élso Been shown to prodﬁce caries in rats and hamsters maintained
on cariogenic diets (Burnett et al., 1976).. These organisms produce
caries less frequehtly and less extensively in.animals than do S.
mutans. J

The greater fathogenic potential of S. mutans has been attributed
to its ability to produce high molecular weight extracellular dextrans
thét allow it to adhere tightly to the enamel on tooth suffaces (Vah
Houte et al., 1971) and to its ability to produce large amounts of
lactic acid which can demineralize the todth and thus lead to decay
(Charlton et al., 197la, b). S. sanguis and _§; salivarius are also
acidogenic producing terminal pH's similar to S. mutans (pH 4.1). These
organismé can also produce extracellular glucans (dextran or levan) but
these are much less adherent than that produced by S. mutans and is a
major reason for their decreased cariogenic potéﬁtial (Burnet£ et al.,’
1976) .-

The importance of adherence to the cariOgénic potential of S. mutans
has been demonstrated by Michalek et al., (1975). These investigators
were able to show that a mutant: of §;_ﬁutans 6715 that exhibited approx—
imately 87% less glucosyltransferase activity and 90% less adherence in
vitro than the parental strain, produced significantly fewer smooth
surface lesions in mono infected gnotobiotic rats than wild type 6715.

Results analogous to these were obtained using mutants of S. mutans PS14
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with similar‘chafacteristics.v They were further able to demonstrate

. that: other mutanté of wild»;ype 6715 that had'gfeater glgc03yltrans—
fefase,activity.gnd inéreaéed.igvvitro> adhefence ﬁaused more smooth
'.surface carious'lesions in mono infected gnotobiofié rats than the
ﬁarehtal 6715; Ail of tﬁe ﬁutanfé‘used.fprtheselexperiments were iden-
- tical to thé parental strain with respect to streptomycin ?esistanée,
fermentation of mahﬁitol and sorbitol(and serotype. These findings
demonstrate that a correlationvexists between.§L mutans.péthogénesis

in gnotobiotic rats, adherence and insoluble glucan synthesis.

-The adherence of S. mutans to a smooth éurfaée~and the concurrent
production of extracellulér glucans serveslas a base fof formation and
subsequent enlargement of thé plaque matrix. The plaque matrix con-
'sists of saliva coﬁponeﬁts, products reiéased by bacteria, food debris.
and microbrganisﬁs. The plaque matrix providés an eﬁviroﬁmenﬁ in which
thevmicroofganisﬁs and.teeth.are held in close'proximity:to each other.
This situatidn allows the organic écids produced by organisms such as
§#_mutans to remain in contact for sufficient timé to:dissolve the too;h
enamei, expose the dentine thus provi&ing the bacteria an opportunity
to atﬁack'thé dentiﬁe'and dés;foy-it;.

In suﬁmary,_§L mutans possess'seﬁeral'characteristics that give it
enhanced cariogenic potential. ‘This cariogenic potential is manifested
as S, mutans' abilify.to adhere to smooth suffaées better-than other |
oral stréppococci,»to produce large amounts of laétic aéid and‘to prq—

duce extracellular glucans which contribute to plaque formation.
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4. Relation of Dietary Lipids to Caries

In 1935 Rosébu#y aﬁd Karshan reﬁarted that the préﬁalenée éf fis—~

'sure,caries iﬁ rats being fed a ground rice diet waslsigpificantly
reduced wheﬁ corn oil was added to their diet. They'expanded the ori-
ginal work in 1939.énd Wefe ablé to show that paraffin oil, olive oil,
Wesson oil, Crisco gnd lard are as effective in reducing caries in the
rat as corn oil. Ffom their results,'they postulaﬁéd that fhe‘effects
of the corn o0il and the otﬂer oils were due to their fat #ontenf-rather
than any specific>ingrédient or characteristic and that the_effect of
tﬁese substances én céries is exerted by freé fat. Rosebury and Karshan
(1939) proposed that the oils reduced.cariés by interferingfwith fhe
impaction of food or by coating the tooth and food particle with an éily
film thét protectedAthe tooth enamel against the acid products of féf-
mentation or by preventing oral or bécterial enzymes ‘from attracting the
pafticles. Box (1940) Wés able to add credibility to part of the théory
propqsed'by Rosebury and Kérshan by showing that teeth suspended in ‘
dilute acid solutions and buffere& at pH 5 Wéfe protected.against deQ
caléification by the addition of a small«aﬁountvof'sédium'oleate t§ the
acid solution. He was élsq able to demonstrate fhét-teeth coated with

a fine film of oleic acid wereAprotected from decalcificgfion when.plac—
ed ip dilute acid solutioms.

| By 1959 éeverai reports had appeared in the literatﬁre showing the
reduction of caries invanimals by fats and oils: fhesé included‘studieé
in various types of rats (Sghweigert et ai., 1946  Shaw, 1950§' Wynnﬁ
et al., 1953; Constant et al., i§54; McClure et él., 1956; Bavétta,

1959) and hamsters (Granados et al.,>1949; ‘Gustafson et al., 1953,
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1955). Thé data obtained in several of these studies (Schweigert et
al., 1946; Granados et al., 1949; Shaw, 1950; Bavetta, 1959) was
unintentionally biased by the fact that the added fat or oil was sub-
stituted for an equal amount of carbohydrate, usually sucrose, which is
now known to be highly cariogenic. These studies did show; however, =
that certain fats and oils can reduce cariés, although probably not to
the degree\indicated; and that the amount or lack of unsaturation does
not seem to be related to caries—inhibition (Gustafson et al., 1953;
McClure et al., 1956). Thesé'authors also agreed that free fats or
oils worked better than those found in food and that these fats and oils
exerted their effect by preventing or lessening the adherence of food
to the tooth and/or by protecting the tooth enamel from acid attack
caused by fermentation of food in the mouth. It should be noted that
none of the authors propbsed that the fats and oils might reduce caries

by affecting the bacterial flora of the mouth.

5. Bacteria and Lipids

Research examining the relationships between bacteria and fatty
acids can be divided into four major areas: 1) the effect of fatty acids
on the growth of bacteria and bacterial préducts; 2) the use of fatty
acid content to aid in identifying bacteria; 3) the effect of environ-
mental changes on fatty acid content and the manipulation of fatty‘écid
content for membrane studies and 4) fatty acid synthesis and degrada-
tion.

a. Effects 6f Fatty Acids on Bacterial Growth and Products: "The

effect of fatty acids on bacteria was reported by Strong and Carpenter
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(1942) who observed that low levels of linoleic acid stimuléted the

growth of Lactobacillus helveticus but that high concen;rations.inhib—
»itgd growth.‘ Kodicék and Worden (1945) expanded the findings of Strong
and Carpenter to‘ghow that éleic,,linoleic; ana 1inolenic-acids; or
their sodium éalts, inhibited the growth of L;_heivetidus'and tﬁat
Stéaric andipalmitic‘aciﬁs stimulated growth. They Wefe'also able to

show that linoleic acid exefted’an inhibitory effect on the following

Gram positive organisms: Streptococcus.agalactiae,' Staphylococéus '

albus, Bacillis anthracis, Listeria monocytogenes ahd. Erysipelothrix

rhusiopathiae. No inhibitory effect could be demonstrated -on the Gram

negative bacteria Escherichia coli ~‘or Proteus vulgaris. 1In 1959,

Stephan reported the inhibition of 25 strains of Lactobacillus, éndv

strains of: Stfeptococcus and - Staphylococcus, all of oral origin,

and .of mixed oral flora from'plaéue and saiiva by,alkaline salts of.
-oleic and linoleic acids.. Tﬁese bacteria Were'also‘inhibi;éd b? straight
chain saturated fatty acids‘betweén six and twelve carboné_in length.

In 1954, Neiman reﬁortéd the inhibitiOn by long chain fatty acids
of‘sevefal Gram positive organisms; among them pneumococci, strépto;
" cocci, stéthlococci, lactoBééiiligt cbrjnebacteria, 1isteria,'
© bacilli, ciostfidia and .mycobacte:ia ~and the Gram negéﬁive orggnisms,
EL_Eglio(some stiéing) and Haem&ﬁhilﬁs. Hg conclﬁded frqm this that |
genetaliy onlyAGréﬁ pééitiﬁe bacteriéére éﬁsceptibie to the action of
fafty acids'in small amoﬁnts althdugh ianuences on Gram”negatives have
been obser&ed., ,
Kodiéek (1956, 1958) éummarized the work on the effects éf fafty t

acids on bacteria and listed these general conclusions: The greater the
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inhibition, the more unsaturated the fatty acid; cis unsaturated fatty
acids are more effective thgn their tréns isomers; esterification of
unsaturated fatty acids destroys their inhibitory ability; low concen-
trations.are bécteriostatic while high concentrations cause lysis.

In a more recent work, Kabara et al. (1972) have investigated the
effect of 15 fatty acids ranging from C-6 to C-20:4 on 12‘ Gram
positive organisms and 8 Gram negative organisms. Their data indi-
cated that lauric acid was the most inhibitory saturated fatty acid
against a vafiety of organisms, while linoleic was the most inhibitory
unsaturated fatty acid. Oleic acid Waé shown to be inhibitory toward
group A streptocoé¢ci. None of the fatty acids tested were effective

against the Gram negative organisms (Proteus species, E. coli, Seratia

marcescens, Klebsiella, Pseudomonas aeruginosa and Salmonella typhi-

murium) .

Kabara et al. (1977) were further aBle to demonstrate the dode-
canoyl moﬁoglyceride was more active against a similar spectrum of Gram
positive organisms than was lauric acid. Gram negative bacteria were

not affected. Butcher et al. (1976) using Staphylococcus aureus recon—

firmed Kodicek's analysis and McChesney et al. (1977) have obtained

results similar to Kabara et al. (1972) with Streptococcus mutans 6715.
Miller et al. (1977) have reported that saturated fatty acids up to
palmitic and unsaturated fatty acids between C-16 and C-20 inhibit

the growth of Neisseria gonorrhoeae.

In summary, fatty acids have been shown to inhibit a large variety
of Gram positive organisms and a few Gram negative types (Neisseria,

‘Haemophilus, some strains of E. coli and Pasteurella pestis). The
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effectiveness of inhibition by a fatty acid aﬁpeéré to depend upon its
chain léngth; degree of unsatqration; the.isomefic form of the double
bond; and whether the fattyvéci& iS'free orvesterified (Kodicek, 1956,
1958), the fofﬁér'being mo;e-inhibiﬁoryﬁ .‘

In 1945 Kodicek and Wérden.postulaﬁed that unsaturétédAfatty acids
might exerﬁ their effect oﬁ‘bactéria;in‘eifﬁer othwo wéjs. The first
involved a direct chémigal agtion gponkthelmepabolism Qf ;he baéteria
or upon the availability‘of‘somé metaboiitéupresent in ﬁhe médium. They
had no évidencebfor this mechanisﬁ. The second explanation, based on
the finding of‘Adaﬁ (1941);£hat the monolayer formed by unsaturated fatty
acids is different from that formed by saturatédvfatty acidé, postulated
a physicochemical mechanism in which the unsatu;ated fagty acids formed
a monolayér around the bacteria and changed the permeability of the
adjécent surfaces, exerted_somé chemical,iﬁfluence or altéféd the surs
face ténsion, thus interfering with bacté:ial division.

In 1972 Singe# and Nicolsdn postulated that unsaturated fatty acids
may affect bacteria by becoming incprporated into the membraqe during
its-synthesié and thus altering its 'fluidity'. ‘Kabara and cé-wofkers
(1972) who had.just completgd'surveying the effects of 15 fétty'acids
on a variety of Gram positive and Gram negative.baéte;ia stated that
the modé of.action of the fétty acids:canhot be wholly‘explained in
physicochemical terms, i.ei surface—tensién activity, and fhat the ek— Co
planation probaBlf resided»in a ﬁore complex meqhanism-\ They suggested
that interrelationships between fatty agid and carbohydrate metabolism B
might offér.an éxplanatiop; tShéu et al. (1972, 1973) and Freese et al.

(1973) were able to demonstraté that the inhibition of E. coli and B.
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subtilis by,fatty acids was caused by the uncoﬁpliﬁg of substrate trans-
port and 6Xida£ivé phosphotylation from fhe electron transport s&stem.
Miller et al. (1977) have concluded that the uncoupllng of oxidative
phosphorylatlon ‘and the blocklng of electron transport or both are

major mechanisms by which fatty agids inhibit N. gonorrhoeae. Thgy_weré
not able to-rule out the possibie effect of.the fatty gcids on membrane
fluidity.

Butcher et al. (1976) propoééd that the'growtﬁ inhibitionAof Staph.
aureus by externallyVAPpiied‘unsaturated fatty acids?might occur because
these fatty acids were being incérporated into the membrane; upsetting
those systems that are sénsitivé to mémbfane’fiuidity. 'They further
postulated that the unsatu;ated fatty acids may act in a mannér similar
to certain memhrane‘fusing_agents such as lysolecithin (Lucy, 1970)

Altenbern (1977) also working with Staph. aureus, was able to show

that the production Qf‘StaphylococcUs~enterotoxih B (SEB) Was'increaséd
when the organism was grown‘in.the presence 6f~satu:ated fatty acids at
pHv8-and decreased whenbgrown in the presence of unsaturated fatﬁy'acids,
To explain these findings, Altenbern fostulated that if an optimal}ratio
of saturated to unsatﬁrated fatty acids of membrané_lipids prOmbted max-=
imum SEB formation, then it might be expected that higher than optimal
ratios would showvincreased suppreésiou 6f fhe enterotoxin produétion.

In an attempt to validate this hypothesis, the Staph. aureus was grown

in the presence of 2-adamantanone, a compound known to increase the

fluidity of Pseudomonas phaseolicola membranes; The study Showédvthat'
S. aureus grown"in the presence of this compound imitates the effect of

unsaturated fattyvacids on both growth and SEB formatiom. The concept‘
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of altered control of SEB secretion by fatty acid composition and mem—
brane fluidity is being investigated (Alténbern, 1977).

Initial studies'by McChesney et al. (1977) on the effect of lauric,
oleic and linoleic acid on S. mutans 6715 have indicated that oleic and
linoleic acid cause an increase in the total unsaturated fatty acid con-
tent of this bacterium and that all three of the fatty acids reduce the
amount of dental plaque formed in vitro. These studies have also indi-
cated that the amount of total extracellulér glucosyltransferase is in-
creased when S. mutans 6715 is grown in either the presenée of lauric-
or linoleic acid. Oleic acid was not tested. They have also been able
to show that non-plaque forming mutants of 6715 have an increased per-
centage of unsaturated fatty acids and in this respect are similar to
S. mutans 6715,grown in the presence of either oleic or linoleic acid.
They postulated that the decrease in dental plaque formation observed
when S. mutans 6715 is grownrin the presence of fatty acids may result
from an alteration in the membrane due to the incorporation of the fatty
acids thus changing the ratio of saturated to unsaturated fatty acids,
resultiqg in an alteration in the membrane's ability to control or regu-
late the glucosyltransferases that are released or associgted with the
cell surface. A decrease in cell bound glucosyltransferase has been
shown by Spinell and Gibbons (1974) to decrease the amount of glucan,

a major component of dental plaque, to which the S. mutans cells can
b&nd.

An increase in the amount of extracellular glucosyltransferase
(GIF) activity present has also been shown to occur when S. mutans

OMZ 176 or S. salivarius is grown in the presence of Tween 80 (poly-
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ethylene glycol sorbitan mpndoleaté)‘(UmeSakiAetval., 1977 and
Wittenbergef et al., 1978). Both groups proposed that the increasé in
extracellular GTF activity was dué fo eiﬁher a direct or indirect effect
on enzyme synthesis or indiregtly by prompting secretion of the ‘enzyme.
‘ Tﬁe extracellulér GTF acfivity of S. mutaﬁs 6715 hés also been shown
to Be'étimulated by 1ysophbsphatidyiﬁcholin¢ (LPC) but not by lauric
acid (Harlander and Schachtele, 1978). Their last finding differs from
thét of McChesnef et al. (1977). vThis difference may be related to the
medium used. Preiiminary studieé By McChesney and Bulkacz (unpublished
data) have indicéted that mediuﬁ composition can aiter the response of
GTF to fatty acid stimulation. ‘Harlander and Schachtele (1978) propose
- that the increased éxﬁracéllular GTF aétiﬁity resﬁits from a étabili-,
zation of the GTFlenzyme by LPC; and that LPC coﬁid associate with the
enzyme eithér‘during or after eXretion ffom the §;;mutans cell,

‘ In‘summary,;baqtérial growth and some bacterial properties are
ﬁnbwn.to be aItered by fatty égids but how they exert their effect is

largely unknown.

b. Use of Fatty Acids in Baéterial'Taxonomy: 'The use of gas~liquid
chromatographf as‘an aid>in the cﬁemotaanomy was proposed by Abel et al.
in 1963 from their.studiésgdf.ehtérObacteria. In‘1964,'KateS was able
) éo show a éofrelétidn betweenzbécterial family and'lipid composition for
Enterobacterioceae, 'Actobééteriéceaé,v Rhiéobiageae, ‘Pseudomgnadaceae,
Lactébacillaceae, Baéillageae,:.ﬁicropoccéceaéz' Corynebacteriaceae,
and -Mycobacteriacéaé. Siﬁce-thége initial étudies,_several iﬁvestigaQ'
tors have exémined the fatty'acid content of é variety of organisms

including‘streptocoéci (Drucker,. 1972); Bacillus (Kaneda, 1967);
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Clostridium (Moss and Lewis, 1967); Vibrio (Brian and Gardner, 1968);

Neisseriae and Moroxella (Jantzen et al., 1974); Corynebacterium

(Moss and Cherry, 1968); Listeria (Rainer et al., 1968); Pseudomonas

(Moss and Dees, 1976) and Peptococcus -and Peptostreptococcus (Moss

et al., 1977).

Four groups; Drucker et al. (1973, 1974); Sharma and Newbrun
(1975) ; Lambert and Moss (1976): and Szabo et al. (1978) have published
data pertinent to this dissertation on the fatty acid composition of
various strains of S. mutans including 6715. The data of Szabo et al.
(1978) and Lambert and Moss. (1976) agrees closely with each other and‘

:differ from the others in that no polyunsaturated or branched chain
fatty acids were present., Preliminary data on the fatty acid content
of WT. 6715 presented.by McChesney et al. (1977) agrees with that of
Szabo et al. <1978) and Lambert and Moss (1976). The major fatty acids
present in all cases wefe palmitic, octadecenoic and eic&senoic. The
relationship between S. mutans fatty acid content and the Aiyision of
S. mutans into four subspecies has been discussed inrmore detail else-
whefe; The felationship between 1lipid composition and the-classifica-
tion of bacteria is perhaps best summed up by Shaw's (1974) statement
that, "assuming no previous knowledge of bacterial élassification,
except perhpas the Gram stain, the classification of bacteria solely on
lipid composition would ... produce a scheme ... very similar to the
one presently accepted."”

c. Effects of Environment on Bacterial Fatty Acids: The third

area examines the effect of environmental changes on the fatty acid con-

tent of bacteria and its manipulation for membrane studies. The work in
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this area can be divided into sections: in the first section, the
effects of different environmental conditions on the organism have been
studied. Before looking more clqsely at some of these changes, it
should be stated that virtually all of the lipids in Gram positive
bacteria are associéted with the cytoplasmic membrane or its append-
ages. Gram negative bacteria follow the same pattern as Gram positive
bacteria; however, they also contain lipids outside the cell membrane
in the cell wall structure. A lipid moiety is also associated with
cell wall protein and polysaccharide. Neither class of bacteria store
lipids in the form of triglycerides (fats) to any great extent andlthose
bacteria that do store lipid; store it as poly-B-hydroxybutyate.

The most widely studied environmental condition has been the éffects
of temperature on fatty acid content (Farrell and Rose, 1967). However,
medium composition (Farshtchi and McClung, 1970), age of the culture
growth pﬁase (Kates et al., 1964), and pH (Drucker et al., 1975) have
also been studied: All of these parameters have been shown to alter
the fatty acid confent of organisms (Davies et al., 1970). The changes
that these environmental alterations cause are consistent for all organ-
isms studied, although, the particular changes are different from organ-
ism to organism.. Thus, when the normal growth temperature of an organ-
ism is lowered, the amount of unsaturated fatty acids present is in-
creased. At higher than normal temperatures, the amount of unsaturated
fatty acids is decreased and the saturated fatty acids increased
(Farrell and Rose, 1967). This difference in fatty acid content is also
seen when organisms that normally grow at elevated temperatures, and

thus have more saturated fatty acids are compared to organisms that



normally grow at ioﬁ temperatures, and thus have increased amounts of
:unsaturated fatty acids.

The effect of medium composition on fatty acid content has been
studied by several investigators, among them are Marr and Ingraham
(1962) (E. coli); Farshtchi and McClung (1970) (N. asteroides);
Drucker et al (1974) (S. mutans); and Dharwal et al. (1977) (Myco-

bacterium phlei). They were all able to show that éhangeS'in medium

26

composition caused a change in the fatty acid profile; however, changes

that occurred in the four organisms were not similar. The changes in
fatty acid composition caused.by.a change in medium composition seen
to depend on two things. First, the organism involvediand second, the
actual nutritional change (i.e., limiting Ny will have a different
effect than 1imiting the carbon source) (Marr and Ingraham, 1962).
The effect 'of pH on bacterial fatty acid composition has been
studied by Drucker et al. (1975). He was able to show that if the en—

vironmental pH was held constant and the organism (S. mutans 10832)

allowed to grow, then a definite difference in fatty acid content could

be observed for the various pH's. They concluded from this study that
for S. mutans, vafiation in pH is not an important factor as long as
it is grown on a fermentable carbohydrate because the organism lowers
its environmental pH with its normal production of lactic acid. This
study indicates that While pﬁ does effect fatty apid content of a bac-

terium, the extent and type of effect is 1likely to depend largely upon

the bacterium and its environment.
The age of bacterial cultures(growfh phase) has been shown to ef-

fect the fatty acid content of bacteria by Marr and Ingraham (1962);
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Law et al. (1963) and Szabo et al. (1978).. The change that occurred
in all cases was a decrease in the mono-unsaturated fatty acids and
an increase in the appearance of cyclopropane fa;ty aqids. ‘Davis’ et
al., (1970) postulated that this change may "toughen'" the membrane
thus increasing fhe chance of cell survival.

The manipulation of the fatty acid content of Acheoleplasma

laidlawii B, and E. coli either by growing them in the presence of
an exogenous fatty acid or by using a fatty acid auxotrophic mutant
has enabled several investigators to study the composition and func-
tioning of bacterial membranes and has added insight into the nature
of eucaryotic membranes. Reviews of this area of work have beeﬁ pro- .
vided by éalton (l971); Razin (1975); Cronan and Gelmann (1975) and
the works of Silvert et al. (1968); Rodwell (1971); Chapman and
Urbina (1971); Esfahani (1971); Roesen and Hackette (1972); Bayer et
al. (1977) and Saito and McElhany (1977) are representative of the -
current research in the field, and all have extensive biéliographies
that provide an excellent starting point for further investigation of
this area. Work conducted in this area by Rodwell (1971) and Saito and
McElhany (1977) enabled us to postulaté that S. mutans 6715 grown in
the presence of exogenous fatty acids could incorporate them inFo
their lipids.

d. TFatty Acid Synthesis and Degradation: The final area in which

the association of fatty acids and bacteria have been examined is the
determination of the enzymes and pathways involved in the synthesis and
degradation of fatty acids. The work in this area is not directly re-

lated to the main thrust of this dissertation and thus will not be
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covered in this review.

The information provided here reviews the literature pertinent to
understanding the interrelationships between dental caries, dental
pléque, oral microorganisms and lipids. It is my hope that the in-
formation provided will allow thése unfamiliar with this area to
better understand the problem presented by‘dental caries and the
importance of determining the’effeéts-of éubstances that decrease the
formation of an important precursor of dental caries; dental plaque.

In summary, it has been shown that dental caries, oral microor-
gaﬁisms and their products are related. Furthermore, dental plaque,

a substance consisting of microorganisms, their byproducts, salrvary
debris and dietary components is a precursor of dental caries ahd in
particular S. mutans and its products appear to be most intimately re-
lated to caries production. Studies have demonstrated that dietary
lipids decrease caries aétivity in animals and that some free fatty
acids reduce plaque formation in vitro without concomitant inhibition
of microbial growth. The data that will be presented in this disser-
tation seeks to determine if there is a relationship between the fatty

acid content of’S. mutans and its ability to form plaque.



II. MATERTIALS AND METHODS

A. Propagation of Streptococcus Mutans 6715 and Mutants of 6715

Streptococcus mutans was obtained from Dr. Rachel Larson at the

National Institute fof Dental Research, Bethesda, Maryland. Non-plaque
forming mutants of this strain, designated 19; 23 and 24A, were obtain-
ed from Dr. J. Bulkacz, Department of Oral Biology, School of Dentistry,
Medical College of Georgia.

The cultures were grown in a growth médium (GM) which contained
trypticase peptone, (BBL, Cockeysville, MD.) 5 grams/liter; yeast'eg—
tract (Difco, Detroit, MI.) 5 grams/liter; K, HPO, 0.029M; MgSO0,
0.2mM; FeClg:6Hy0 0.004mM; MnCly*4H,0 0.003mM and 2% w/v glucose
(Jordan et al. 1960). The pH was ‘adjusted to 7.1 with 6 normal HCI.
When plaque production was required, 5% w/v sucrose was substituted
for glucose. Cultures were incubated at 36°C in an atmosphere of
95% N2 - 5% Co, for 22 hours gnd then harvested by centrifugation
at 10,000 x g at 4°C. Cells not used immediately were lyophilized and
stored at -20°C. When required by the experimental protocol, S. mutans
6715 was grown in the same medium éupplemented with the indicated con-
centrations of lauric acid, linoleic acid, oleic acid, palmitic acid,
eicosadienoic acid, trilaurin or trilinolein (Supéico, Inc., Bellefonte,
PA.). Stock solutions of these compounds containing 5,000 pug/ml Wére
prepared in 100% ethanol and added to the medium to yield the appropri-
ate final concentration.

29
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B. Determination of Minimal Inhibitory Concentration and

Minimal Bactericidal Concentration-

The minimal inhibitory (bacteriostatic) concentration (MIC) and -
the minimal bactericidal concentration (MBC)‘was determined for the
foliowingvfatty acids and triglycerides; lauric acid, 1inoleic'acid,
eicosadienoic acid, trilaurin and trilinolein. The 5,000 pug/ml stock
solutions, pfepared in ethanol, were dilutéd with medium to.an initial
concentration of SOOng/ml: serial two-fold dilutians of this were
made with the medium. The first assay tube contained 500 ug/ml of the
compound being tested.

Two tenths of a milliliter of growth medium containing 27 w/v
glucose was delivered to all assay tubes. To each of these tubes was
added 0.1 ml of a S. mutans 6715 culture containing 105 organisms per
milliliter,‘as determined by optical density, and 0.2 ml of the appro-
priate drug dilution. The positive controi contained 0.4 ml medium and
0.1 ml of organisms. The negative control was 0.5 ml of media and né
inoculum. The cultures were incubated at 36°C in an atmosphere of
95% Ny - 5% CO, for 48 hours, at which time the MIC was determined.
The MIC of each compound forl&L mutans 6715 is. defined as the lowest
concentration of compound at thch there is - no macroscopic evidence of
growth after 48 hours of incubation. At the end of this incubatioﬁ'per—
iod, the MBC for éagh compound Wéé determined by taking samples from the
MIC tube,. the tube one concentration lower and the tubes two concentra-
tions higher and plating these samples on petri dishes containing Todd
Hewitt agar. The plates were incubated for 48 hours under the previous-

1y stated conditions and examined for growth. The MBC ds defined as the
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lowest concentration of compound at which no growth is detected.

C. In Vitro Plaque Production and the Effect of

Free Fatty Acids and Triglycerides

In order to determine the effects of lauric acid, linoleic acid,
oleic acid, eicosadienoic acid, trilaurin and trilinolein on in vitro
plaque production, plaque was produced by a modification of the proce-
dure of McCabe et al. (1967). Culture tubes (18x150 mm) containing
10 ml of growth medium that was 5% w/v in_sucrose and the appropriate
dilution of test égent were inoculated with 108_ S. mutans 6715 per
milliliter as determined by optical demsity. An identical tube without
test agent was used as a positive control Sterile 20 gauge nichrome
steel wires 15 cm in length were mounted in rubber stoppers covered
with aluminum foil and suspended in the medium in the cultufe tubes.
The cultures were incubated ét 36°C in an atmosphere of 95%.N2 - 5% 002
for 48 hours. The wires were transferred to fresh medium and inocu~
lum every other day for 14 days. At the end of this time, the wires
were transferred to tubes containing sterile 0.85% NaCl for scoring.
The amount of plaque produced was compared to the positive control and
.scored on a scale of 0 to 4+. Zero represented no plaque'production
and 4+ very heavy plaque production. |

To validate the visual scoring,.dry Weights of plaque produced in
the presence of differing concentrations of'lauric acid were determined
and correlated with the visual scoring. The plaque covered wires were
removed from the tubes containing cuiture~medium, organisms and the

fatty acid and rinsed once in distilled water, once in 10% formalin and
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again in distilléd water. Tﬁe plaque coated Wireé were placed in
18x150 mm test tubes and dried 18 hours at 70°C. They were then
weighed and dried for another 8 hours and-reweighed. The piaque wires
and test tubes reached a constant weight after the initial 18 hours of
drying. Upon completion of the second weighing, the plaqﬁe wires were
suspended in distilled water for one hour to soften.the plaque. The
plaque was then scraped and washed from the wires. The wires were re-—
turned to their original test tubes and the drying schedule repeated
until a constant weight was achieved. The.difference in the weight of

the plaque wire and test tube, with and without plaque, was considered

to be the weight of the plaque.

D. Lipid Extraction

In order to ensure that any excess of the exogenously'added fatty
acids or triglycerides were not loosely adhering to S. mutans 6715, it
was necessary to determine the adequacy of the washing procedure used
durihg the harvesting of the cellsﬂ It was-alSO'neceséary to determine
the completeness of the lipid extraction procedure to ensure the accu-
rate determination of the lipids present, to enable the quantitation of
the individual lipids of the glycolipid and phosbholipid classes and to
allow accurate determination of the weight percent contribution the
neutral, glycolipid and phospholipid fractions made to the total. The
above were determined by two series of experiments.

The first set of,experiﬁents was deéigned to determine the optimum
amount of washing between'hafvesting and extraction and also whether

0.85% saline or 0.15M phosphate buffered saline (pH 8.2) made from (.15M
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monopotassium phésphate and 0.15M disodium phosphate dissolved in 0.8?%
saline was better for this procedure.

Two 50 ml cultures each of WT. §; mutans 6715, WT. 6715 + 2.5
pg/ml linoleic acid and WT. 6715 + 10 ug/ml of lauric acid were grown
in the mediuﬁ under‘;he conditions préviously described. The cells
were harvested by centrifugation at 10,000 x g fér 10 minuﬁes and the
sgpernatant removed. One culture of each was then washed with 10 ml
of 0.85% saline, the other with 10 ml of the phosphate buffered saline.
The cells were harvested by centfifugation as described and each wash ‘
was collected separately, lyophilized and stored for analyéis of fatty
acid contentvby gas chromatography. This procedure was used to colléct
eaéh of the fiﬁe washes.

The first, secqnd, third and fifth Wéshes'ﬁrom each sample were
analyzed for fatty acid éontent by gas chromatography. The first three
-washes with saline and phosphatevbuffered saline appeared to be equally
effective. The first wash for each sample with either solution was the
only wash of the first three to contain measurable fatty acid peaks.
The second and third washes did not contain such peaks. By the fifth
wash with either plain saline or buffered saline, the control cultﬁfes
(WT. 6715) showed a slight‘increaée in detectable fatty acids suggest-
ing possible disruption of the cells. This'iﬁcrease was larger with the
phosphate buffered saline. An increase of a similar magnitude was éb—
served with thé fatty acid supplemented cultures. It should be pointed
out that the total area occupied by the fatty acid peaks in each sample
of the wash was never greater than 100 units, while the total peak area

for a bacterial fatty acid profile is normally between 7,000 and 10,000
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units. It is unlikely that even the largesf peak (20 units) observed
in these experiments would be observed in a lipid extract analyzed at
normal attenuations.

The second set of expefiments determined the -adequacy of the lipid
extraction from WI. S. mutans 6715 by the procedure of Vorbeck and
Marinetti (1965). A 50 ml culture of WT. 6715 was incubated under the
previously stated conditions iﬁ growth medium containing 2% glucose
and 0.5qui/ml of 1714C acetate. The cells were harvested by centri-
fugation (10,000 x g at 49C for 10 minutes), washed twice with saline
and then extracted by the procedure of Vorbeck.and Marinetti (1965).
lThe extraction mixture was filtered and made 20% in 0.857 saline. The
‘cellular residug was re-extracted with 15% EDTA in NaOH at pH 7.5. The
supernatant from this extraction was filtefed, evaporated to dr&ness and
resuspended in CHClg;MEOH (2:1) and made 207 in 0.85% saline. The
cellular residue was re-extracted with CHCl3;MEOH; conc. HC1 (20:10:
0.1). The supernatant was filtered and made 20% in 0.85% saline.

The aqueous and organic phases from the above were allowed to
.separate and the aqueous layer femoved. The interface of each was wash-
ed twice with 0.85%7 saline and the aqueous layer removed after each
washing. Sufficient methanol was added to make the phases hdmogeneous.
A poftion of each organic layer was counted to determine the amount of
radioagtivity presént. -The procedure of Vorbeck and Mariﬁettir(l965)
removes 91.6% of the radioactive lipids while the EDTA'extract removes
less than 0.17% of the lipids. However, the acid extraction yields an
additional 8.4% of labeled lipids and é&gnificantly increases the total

yield of radioactive lipids over the procedure of Vorbeck and Marinetti
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(1965). Subsequent analysis of the organic extracts determined that the
lipids extracted by the Vorbeck and Marinetti procedure yield 8.75 ug
of phospholipid phosphorus and the acid extract, 2.55 ug. The EDTA
extract did not contain detectable levels of pﬁospholipid phosphorus.
To ensure that the adcid extraction had not caused the breakdown or
hydrolysis of the additional lipids extracted, a sample from the
Vorbeck and Marinetti extract and the acid extracﬁ were subjected to
paper chromatog?aphy.and the‘radioactive lipids detected by autoradio-
graphy. Both extracts were similar and no evidence of breakdown or
hydrolysis of the lipids could be detected on the neutral or polar lipid
chromatograms of the extrécted sample.

The two preceding series of experimenté resulted in development of
the following procedure which was used for the extraction of lipid
from S. mutans 67i5 in the present studies. Cells were harvested by
centrifugation at 10,000 x g at 4°C and washed twice with 0.85% NaCl.
Lipids were extracted by a modification of the procedure of Vorbeck
and Marinetti (1965). If lyophilized bacteria were extracted, they were
first ground into a fine powder with a mortar and pestle. 7Extraction
was done by adding absolute methanol to the cells and then heating at
65°C for 15 minutes. Afﬁer cooling to room tempefature, sufficient
chloroform was added to give a final chloroforﬁ;methanol ratio of 2:1.
The ratio of solvent to the wet weight of bacteria was 1 ml/10 mg. The
resulting mixture was stirred for one hour. Cellular residue was re-
moved by filtering through Whatman #41 filter paper. The residue was
then re-extracted by stirfing>with fresh chloroform;methanol;concen-

trated HC1 in a ratio of 20:10:0.1 (Wells and Dittmer, 1965) for 40
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minutes and refiltering. The bacterial fesidue on the filter paper

was washed with several volumes of chloroform:methanol "2:1. Sufficient
0.85% NaCl was then added to the combined extracts to make the final
volume 20% saline (Folch, Lees and Stamley, 1957).

The organic and aqueous phases from the above procedure were
allowed to separate and the aqueous layer removed; The interface was
washed twice with 0.85% NaCl and the aqueous layer removed after each
washing. Sufficient methanol was added to make the two phéses homogen-—-
eous. The extract was evaporated under vacuum at 37°C and dryness assur-
ed by two successive evaporations in the presence of benzene; absolute
ethanol 4:1. The resulting residue was dissolved in chloroform and
filtered through a sintered glass funnel. If the extrécted lipids were
to Be stored, the chloroform was evaporated under nitrogen and replaced
with hexane and stored at -20°C.

'All the solvents. used were reagent grade and were obtained from
Fisher Scientific Products, Atlanta, GA. The chloroform, methanol and

hexane were redistilled in an all glass apparatus before use.

E. Paper Chromatography and Quantitation of Individual

" Glycolipid and Phospholipid Classes

To separate and quantitate individual glycolipid and phospholipid
classes, Whatman SGSl silica-gel impregnated paper was spotted with a
lipid solution containing not more than 15 ug of phospholipid phosphorus
(Marinetti, 1962). The solvent system for neutral lipids Wés N—hepténe;
diisobutyl ketone; glacial acetic acid 85:15:1 (HDA); for polar lipids
chloroform; methanol; 5N émmonium hydroxide 64:34:4 for the first di-

mension; and chloroform; diisobutyl ketone; pyridine; methanol; acetic
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acid; formic acid; water 33:10:25:20:8:2:2 for the second dimension
‘(Wuthier, 1976).

Lipids were visualized by dipping the dried chromatograms in 0.015%
Rhodamine 6-G and then examining them under ultraviolet light. Those
lipids containing free amino groups were detected by spraying the dried
chromatograms with 0.5% Ninhydrin and those coﬁtaining choline by im-
mersing dried unstained chromatograms in 27 phosphomolybdic acid and
22 aqueous stannous chloride in 27 HCI. Phpsphate contaiﬁing lipids
were visualized with Phosphay (Supelco, Inc;, Bellefonte, PA.). Lyso-
‘phospholipids were detected by ‘immersing dried unstained chromatograms
in 0.05% aqueous malachite green. The procedure for all of thg above
‘tests were .those described by Ansel (1964). Vicinal glycols and glyco-
lipids were detected using Schiff's reagent accoﬁdiné'to the procedure
of Sastry and Kates (1964). -

Individual lipid ciasses were identified by comparing them to known
standards run in the same solvent systems, té,published Rf values and by
their reactions with the above color tests.

The individual phospholipid classes in the phospholipid fraction
derived from column chromatography (see below) werévseparated using
paper chromatography and the solvent‘systéms previously described. The
individual phospholipid classes were visualizéd with 0.015% Rhodamine
6-G, as previously described, fhe spot;Acircledg cut out and placed in
18x150 mm test tubes. The phospholipids in each-spot were extracted
according to the method of Marinetti et al. (1959). The recovery of
'known amounts of phospholipid standards by this method was approximately

94%. The amount of phosphorus in eaéh spot was determined by the method
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of Marinetti (19625. Spots of'fhe same size Eut not containing phos-
phplipids wereéEubjeéted tb the samé pfocedure in order to determine the
phoSphorus.coﬁtent of-the paper. The résﬁits were exﬁréssed éé'a per-
centage of the total phospholipid phosphorus Whiéh the individual phos-
pholipid class contained. B

The ipdividual<glycoliﬁid classes'in.the glycolibid fraction deriv-
ed from golumn chrqmatography~were»separatéd, visualized and themépots
vremoved from the chromatogram as péeviouély described. - The indiVidpal
paper spots were placed in seﬁarafe polyallemer tubes which ha& several
small holes puﬁched in the bottom.. These tubeg were suspended in 15 ml
conical.centrifuée tubes. To remové»the'glycolipids, the paper spots
were saturated with chloroform; methanol; water 64:32:4 ”and centri-
fugéd for 5 minutes:in an:IEC,table‘top ceqtrifﬁge af the number 6
setting. This procedure was repeated until eacﬂvspot hgd been washed
with 4 ml of solvent. The solvent-was evaporated to dryness under N2’
and tﬂe anthréne'positive materialvin the residue'determined.accordiné
to the method of R;diﬁ, Lavin and Brown*(l9§5);  Spots of baper‘the
same sizé butrnot containing glycolipids Wegé subjected to the same
procedufe in order to.detefminé.content of the anthrone pogitive mater-
ial in the paper. The résults weré expressed as a pefcentage of the
total anﬁﬂroqe poéitive'glucbse material the individUai'glycolipid élaés

contained.

F. CblumnVChromatOgraphy
Lipids werevseparated by column.chrbmatogfaphih méthodslfor quan—

titation qf"the'individual”glycolipid and phospholipid élasses and for
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détermininé the fatty acid profiles of these classes as well as that

of the neutrgl'lipid class, A slurry of 5 grams of Unisil silicic acid
100-200 ﬁesh (Clarkson Chemical Co., Williamsport, PA.) in 30 ml of
chloroform was poured iﬁto a glass column 1.25 cm i.d. The finatheight
of the column was 12 cm. ihe column was washed with 100 ml of CHClB,
50 ml CH013 that was 20% in methanol, 50 ml‘of‘chloroform containiﬁg
.2 ml of 2,2 dimethoxy propane and 50 ml of chloroform. A sample con-
taining 500115 of phospholipid phosphorus was applied.to the column

and washed in with two 3 ml aliquots of chloroform. The flow of the
column was 3 ;l/miﬁute. Neutral lipids were élutéd first with 180 ml

of chloroférm. Glycolipids were eluted next with 700 ml.of acetone.
Phosphate containing lipids were eluted last with 180 ml of methanol.

Ten milliliter fréctions were coliected,withvan automatic fréction
collector (ISCO; Lincoln, NE.). The elution of the column follows the -
précedure used by Rouser, Kritchevsky and Yamamoto (1976).

Aliquots of each column fraction were assayed for carbohydrate using
the anthrone reaction and the pgocedure of Radin, Lavin and Brown (1955).
Phosphorus was determined by the procedure of Harris and Popat .(1954)
as modified'by Marinetti (1962).

The individual lipid élésses in each fraction were determined us+
ing paper chromatography. Thelmethods used in this determination are
described elsewhere.

The weight percentdge of each fraction (neutral 1ipid, glycolipid
and phospholipid) contributed was determined for a11 samples. The weight

percentage was determined by collecting the solvent with which each frac-

tion was eluted, evaporating the solvent under vacuum at 379C and

N
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weighing the collection vessel containing the lipid. The‘lipideas
removed from the‘veSSel with chloroform; the vessel drieﬂ and reweigh-
ed. The differenoeiiq the two weightslwas cdnsidered-the'weight of the.
lipid for that fraction, which was then expressed as a percentage of

the total lipid applied to the column.

G.  Determination of Hexosés Present in the Glycolipid

Fraction of S. mutans 6715 Lipids

To determlne which sugar or sugars were present in the glycollpld‘
fraetlon of S. mutans 6715 thln layer plates coated Wlth silica gel H.}
without blnder (Applled Sc1ence Labs, State- College ‘PA. ) were spotted”
with 250 ug of 11p1d from the glycollpld fractlon of S. mutans 6715

The solvent system was chloxoform; methapol; water 65:24;4 ;(Renkonen
and Lﬁukkonen,'1976)."Lioids wete detected With‘iodine vapor and out-
lined. Individoal lipid epots from the thin layet'pietes were eeraped
into separate glase colﬁmns containing a 5mm plug of.giass wool and'the
lipids eiuted with~lOOvmi of chlotoform; methanol‘ 2:‘1.~ The ehloroform;
methenol was evapofated to dryness. under  N2 and the>residue resuspeﬁde&
in hexane fOr_étoraée,» A‘ZO to 30bug»sample of>tﬁe 1ipid/was‘aﬁel§zed
for the presence of hexoses. -Ttimethylsiletev(TMS) derivetives of‘the>
hexoses-were ﬁa&é eocording‘to the procedure ofiDaWSoh (1972) - The meth-
anolic-HCl and the Slt-PrepB kit for making the TMS derlvatlves of the
hexoses were obtalned from Applled»Sc1ence Laboratorles. The TMS deri-.
vatives were eeoarated on a glass coluﬁn 182 cm in length:and‘z ﬁﬁ i.d.
The columnvﬁae packed with Chromosorb W and the liquid phase Wae 3% S.E.‘

30 (Applied Science'Laboratory,'Stete College, PA.). The carrier“gae
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was purified N, ata flow rate‘éf 30‘m1/minute, fhe flow rate of H,
was 25 ml/minute and that of air'wasv250 ml/minute. Thebcélumﬁ temper-
ature was 175°C and the temperatureAqf‘fhé ‘detector was 230°C.- The
hexoses were identified by comparing their‘retention times to known

standards.

H. Radioactive Labeling of Bacterial Lipids

\ Bacﬁerial lipidsAwere labeled with 1-14C sodium acetate to aid in
the detection and identification of the lipids present in S. mutans
6715 and to determine the éfficiency of the lipid extraction procedure
for this organism. Fifty>ml of growth medium containing 2% glucose’
was inoculated with 0.6 ml of an 18 hour culture of S. mutans 6715.
Radioactive 1-14C sodium acetate (55.7 mCi/mmol) was then added to the
medium (0.5 uCi/ml) and the organisms grown anaerobicaily in an atmos—‘
phere of 952 N, - 5% CO, at 36°C for 22 hours. At the‘end of the 22
hours, the cells were harvested by centrifugation'at 10,000 x g at 4°C
for 10 miﬁhtes and washed -twice ﬁith saline. The saline was removed
and 7 ml of abgolute methanol was added to the pelleted organisms and
the mixture heated at 65°C in a water bath for 15 minutes, then allowed
to cool. Fourteen ml of chloroform was added to the tubes and the sus-
pension stirred for oﬁe hour. Tﬁe supernatant was filtered through
Whatman #41 filter paper to femove any cellular residue (Vorbeck and
Marinetti, 1965). Tﬁe cellular residue remaining in the tube was re-
extracted with chloroform; methanol; conc. HC1l 20:10:0.1 (Wells and_
Dawson, 1965). The suspension was stirred for 40 minﬁtes and theﬁ'

filtered to remove the cellular residue. The extraction of lipid was
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continued according tq the procedure outlined in the Lipid Extraction
section of Materials and Methods. -

Approximately 8 ug of phospholipid phosphorﬁs was spotted on
Whatman SG81 silica-gel impregnated chromatography paper. Neutral lipids
were developed with N-hep&ane; diisobutyl ketone; glacial acetic acid
85:15:1 and polar lipids with chloroform; methéngl; 5N ammonium hydro-
xide 64:34:4 for fhe first dimension énd chloroform;.diiSObutyl ketone;
pyridine; methanol; ‘acetic acid; formic acid; water 33:10:25:20:8:2:2
for the second dimensionv(Wuthier, 1976).

~Radioéctive lipids were visualized by autoradiography using Kodak
X-omat RP film XRP-1 (Kodak, Rochestef, N.Y.). The amount of radio-
activity in each visualized lipid was determined by cutting the spot
from the original chromatogram and counting the radioactivity iﬁ.a Beck-
man LS 330 liquid scintillation spectrometer (Beckman Instruments,
Fullerton, CA.) using Aquasol (New England Nucléar, Boston, MA.) as the

cocktail.

I. Preparation of Fatty Acid Methyl Esters for Gas Chromarography

Two procedures wefe used to form methyl esters for gas chromatography.
In procedure No. 1, lyophilized bacteria, or non-lyophilized bacteria
- were used without prior extractioﬁ of the liﬁid., In~procédure No. 2,
the lipids'ﬁeré extracted first and tﬁen‘methylated. Method No. 1 was
preferred because it was'faster{ required leés'sample and the results
were comparable with those of procedure No. 2. Proéedure No, 1 was used
for the total fatty acid profiles of S. mutans 67%5 grown in the preseﬁce

or absence of fatty acids or triglycerides and for the non-plaque forming
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mutants, SM19, SMZB, and SM24A. Procedure No. 2 was used fér the fatty
acid profiles of the neutral, glycolipid and bhosﬁhélipid classes‘of
the above organiém and additives.:

In procedure No.‘l, 10 to'40 mé of bacteria were mixed with 5 ml
of 5% NaOH in 50% methanol in{sgrew cap test tuBes With'teflon lined
caps ana héated'forl15:mihutesAat.100°C in a water bath. The.tubes were
removed, allowed.to'cool and the pH adjusﬁed to 2’with'6N HC1. ;Four

milliliters Qf BF,-MeOH (Supelco, Inc., Bellefonte, PA.) were added, the

3
tubes aﬁd their contents flushed witﬁ‘ Né,%reéealéd and heated forle
minutes‘at.lOOOC.‘ They were then allowed to cooi before adding,lO ml

of saturated NéCl and mixing, Ten milliliters of chlofof&rm; hexane

1:4 were than added to fhe tubes, the phases’éliowed'to sepérate and

the organic layef removed and saved. The aqueous layer was re—egfracted
with lQ ml of chloroform; hexane 1:4 and the two orgaﬁic.layers'combin*
ed and evaporated to dryness under N,. The residue was fesuspended in
hexane for storagé and analyéis by_gas chromatogfaphy;‘jihis procedﬁre

is method B of Moss, Lamberﬁ apd Mervin (1974) with‘an‘increase in the
vamount-of timg from 5 minutes to 10 minutes used'in the mefhylation
step.-

In procedure 2, the lipids were first extracteﬁ from the bacteria
according to the_meth;ds previoﬁsly outlined. The lipid extract was
evaporated to dryness and miied with 2 ml of BFBﬁMeOH~(Supelco, Inc..
Bellefonte; PA.) din screw'cap fést‘tubésfwith téflon lined caps. .Thé

tubes Weré flushed with N, and heated for 45 minutes at 100°C in a

2

Wafer bath. The tubes were cooled and 2 ml of water and 4 ml of hexane

were added and mixed. The phases were allowed to separate and the .
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organic layer removed and evaporated’to dryness. The residue was re-
suspended in hexane for storage,or analysis by gas chromatography.

?rocedure 2 is the method used‘by Morrison and Smith (1964).

J. Gas Chromatography of Fatty Acid Methyl Esters

A Packard 420 gas chromatograph (Packard, Downers Grove, IL.) nﬁﬂ
.equippéd with a flame ionization detector was used for analysis of the
samples.A Sampies were analyzed on a 182 cm metal column witﬁ a 2 mm i.d.
that was packed with Chromosorb W (Supelcd, Inc., Bellefonte, PA.). The
liquid phase was Hi Eff. 2BP (ethylene glycol succinate) that was 15%
by weight (Applied Science Labofatory, State College, PA.). The carrier

gas was purified N, at a flow rate of 30 ml/minute, the flow rate of

2
H, was 25 ml/minute and that of air 250 ml/minute. The columh tempera-
ture was 183°C and the temperature of the detector 2300C. Tﬁe solvent
was hexane. A speedomax recorder'(Leeds‘and Northrup, Milano, Italy)

was used at a chart speed of 2.5 cm/minute to trace the shapé, height

and rélative retention time of each peak. Assignmeﬁts for each peak
were obtained from a semilogarithmic plot of relative retentién time
versus chain length and degree of unsaturation of standard miktures of
fatty acid methyl esters. The relative retention times of standard mix-
tures of the methyl esters of iso and anteiso branched chain fatty acids,
of cyclic fatty acids containing 17, 19 or 21 carbons and of hydroxy
fatty acids of 14, 16 or 18 carbons were also determined and plotted |
against chain length. Peak areas were obtained by multiplying the height
by the width at half height. The felative percent of each fatty acid

methyl ester was determined by dividing the area under each peak by the



total peak areas. The accuracy of the record reéponse was insured by
-comparing the measured values obtained for fatty acid standard mix-

tures -with their stated percent composition.
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III. RESULTS

[

A, Determination of Minimal Inhibitory Concentration

and Minimal Bactericidal Concentration

The minimélvinhibitory-(bacteriostatic)_cbncentration'(MIC) and
the minimal bactericidal concéntration (MBC)‘against §;;mﬁtans‘6715
was determined for the following compounds: lauric aciﬁ, linoleic
acid, oleic acid, eicosédienoic aéid, trilauriﬁ’apd trilinolein. Theif
inhibitory ability was ekamined over the rénge oﬁ 500 ug/ml to 1.95
ng/ml by.use of serial two-fold dilutions in growth medium.

The MIC of each compound for S, mutans 6715 was defined as the
.lowest concentration of compound at which nb macroscopic evidence
:of‘growth Was_obéerVed after 48 hours ofvincubation. At the end of

this incubation period, the MBC for eachvcompound:wasAdeterminedvby

centrifuging the organisms out of the assay medium aﬁd_streaéing

them on Todd Héwitt agar plates. The MBC was - defined as the loﬁest:'

cqncentratiog.of compdgnd at which no gfdwth Wasbdetected dn'thévplateé~

"éfter 48 hour incubation. . |
Tbe results of thesé experiments are presented in Table l..rFor

all the compounds tested, there was never more than oné dilution

g .

difference between the bactericidal and bacteriostatic concentrations.
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Table 1.

BACTERIOSTATIC AND BACTERICIDAL CONCENTRATIONS FOR S. MUTANS 6715.

v

Stock solutions of the compounds listed were prepared in ethanol
at a concentration of 5000 ug/ml for addition to the medium.
‘"The MIC was determined using two-fold dilutions in test tubes.
The MBC was determined by plating samples from the MIC tube,

the tube one concentration lower and the tubes two concentra-
_tions higher on Todd-Hewitt agar plates,and determining at
which concentration no growth occurred.. Cultures were incu-
bated at 36°C in 95% Ny - 5% COp for 48 hours. All experiments
were performed in triplicate and each experiment contained
duplicate tubes for each concentration.

a. Minimal Inhibitory Concentration

b. Minimal Bactericidal Concentration



Table 1

BACTERTOSTATTC AND BACTERTCIDAL CONCENTRATIONS FOR S. MUTANS 6715

Lipid | MIca MBCP
. ug/ml
" Lauric Acid - | 62.5 S 12
| Linolei¢ Acid 31.25 31,25
Oleic Acid : B 62.5 o 62.5
Eicosadienoic Acia ( 31;25 o o 62.5
Trilaurin- . . 250 250

Trilinolein o 250 ° 250




They demonstrate that free fatty acids and ﬁriglycerides can bé;both
bacteriostatic and bactericidal and that’fof the compoundé tested,
the free fatty acids are bactericidal af concentrations at least

50% below those of the triglycerides and tha; linoleic acid, which
contains two cis double bonds, is ﬁhe most potent bacteriostatic

and bactericidal agent. The difference in the MICs and MBCs ob-
served between free fatty acids and the triglycerides caﬁ most
likely be attributed to the greater ease with which the free acids

can enter the bacteria and be utilized by them.

B. In Vitro Plaque Production and the Effect of

. Free Fatty Acids and Triglycerides

To determine the effects of lauric acid, linoleic acid, oleic
acid, eicosadienoic acid, trilaurin and trilinolein on in vitro
pléque production, plaque was produced and scored by a modifica-
tion of the procedure of McCabe et al. (1967). These procedures
are described in detail(in Materials and Methods.

The amount of plaque produced was dompared to the posifive
control and_scored'onxa scale of 0 to 4+, zero representinglno
pléque production and 4+ very heavy plaque production. A test
ageﬁtlwas considered to be effective when it reduced‘the amount
of plaque formed, as compared to the control, to the 1+ level
or less at ‘a concentration of test agent at least 50% ;ore dilute
thén the MIC concentration. The concentration of test agent that

produced a 1+ 1level or less of plaque was considered the plaque

inhibitory concentration (PIC).
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Figure 1 shows the reiationship between visual score and plaque
dry Wéight when S. mutans was grown over a range of 0 to 62.5
ﬁg/ml of lauric acid. The difference between the plaque dry weight
of 1+ plaque and - 3+ or 4+ piaque is significant at a level
P < .001. Figures 2 and 3 are examples of plaque scored visually
as 1+ and 4+ respectively. Figure 4 is an example of plaque
produce& in eithér the absence of lauric acid '(4+) or in the
presence of varioué concentrations of lauric acid; scored as 0
througﬁ 3+,

Table 2 presents the results of the plaque inhibition studies.
It shows that the free fatty acids are more efficient’in.reducing
plaque than are the triglycerides and that linoleic acid is the
most efficient of those free fatty acids tested.

Table 3 is a gqmposite of Tables 1 and 2 an& more clearly
shows thé relatioﬁship between the MIC, the MBC and the PIC for the
fatty acids and triglycerides. The data in the table show that
only free fatty acids reduced plaque to the desired level at

concentrations substantially below the MIC and MBC.
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Figure 1.

VISUAL PLAQUE SCORE VERSUS PLAQUE DRY WEIGHT IN THE PRESENCE
OF VARYING CONCENTRATIONS OF LAURIC ACID. "

In vitro plaque was produced by a modification of the method
of McCabe et al. (1967). At the end of two weeks, the wires
containing plaque were rinsed in distilled water, scored
visually, fixed in formalln, rinsed again id distilled
water. and dried to a constant weight. The plaque wires
were then suspended in distilled water the the plaque
removed from the wires. The wires were dried to a con-
stant weight. The difference in .the two weights was
considered to be the weight of the plaque. The differ-

ence between plaque -dry weight of 1+ plaque and 3+

or 4+ plaque is significant at a level P < .001. The
amount of lauric acid used ranged from Oug/ml for the

4+ plaque to 62.5 pg/ml for the O plaque score.
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Figures 2 and 3.

VISUAL PLAQUE SCORE.

In vitro plaque was produced by a modification of the
method of McCabe-et al. (1967). At .the end of two
weeks, the'wires containing plaque were r¥nsed in dis-
tilled water and scored visually. The plaque in Figure
2 scored 1+ and was produced in the preserice of

35 ug/ml of lauric acid. -The plaque in Figure 3

scored 4+ and was produced in the absence of

lauric acid.
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Figure 4.

VISUAL PLAQUE SCORED 0, 1+, 2+, 3+ and 4+,

In vitro plaque was produced by a modification of the
method of McCabe et al. (1967). At the end of two

weeks, the wires containing plaque were rinsed in dis-
tilled water and scored visually. From left to right,

the plaque was scored; 0, 1+, 2+, 3+ and 4+. The
lauric acid concentration in ‘the respective tubes was;
62.5 ug/ml, 35ug/ml, 20ug/ml, 15ug/ml and O ug/ml.



52

Figure 4.

Visual Plaque Score 1+, 2+, 3+, 4+



Table 2.

PLAQUE INHIBITORY CONCENTRATION OF VARIOUS FATTY ACIDS AND
TRIGLYCERIDES. ‘

In vitro plaque was produced by a modification of the
procedure of McCabe et al. (1967). Culture tubes con-
taining 10 ml of growth medium that was 5% w/v in sucrose
and the appropriate dilution of test agent were inoculated
with 108 S. mutans 6715. Identical tubes without a test
agent were used as positive controls. Sterile nichrome
steel wires were suspended in the medium and incubated

at 36°C in 95% Np- 5% COp for 48 hours. The wires were
transferred to fresh medium and inoculum every other day
for two weeks. At the end of this time, the wires were
transferred to tubes containing sterile 0.85% saline for
scoring. :.Each experiment was performed in triplicate and
each experiment had duplicate tubes for each concentration.

a. Concentration that reduced the amount of plaque
formed, compared to the control, to the I+ level
or less.



Table 2

PLAQUE INHIBITORY CONCENTRATIONS (PIC) OF
- VARIOUS FATTY ACIDS AND TRIGLYCERIDES

PICa_ug/ml
Laufic Acid ”.. 31.25
‘Linoleic Acid 7.8
Oleic Acid | 31.25
Eicosadienoic Acid' 31.25
Trilaurin : > 200

Trilinolein ‘ > 200




Table 3.

BACTERIOSTATIC, BACTERICIDAL AND PLAQUE INHIBITORY CONCENTRATION
OF FATTY ACIDS AND TRIGLYCERIDES FOR S. MUTANS 6715.

Stock solutions of the compounds were prepared in ethanol at
a conentration of 5000 pg/ml for addition to the medium.
The MIC was determined using the two-fold tube dilution
method, the MBC was.determined by plating samples from
tubes used for the MIC determination and determining at
which concentration no growth occurred. Plaque was
produced by a modification of the method of McCabe et al.
(1967). The plaque wires were transferred to fresh medium
containing 5% w/v .sucrose and inoculum every other day for
two weeks. At the end of this time, the wires were trans-
ferred to tubes containing sterile 0.85% saline for scor-
ing. Each experiment was performed in triplicate and
each had duplicate tubes for each concentration.

a. Minimal Inhibitory Concentration
b. Minimal Bactericidal Concentration

¢. Plaque Inhibitory Concentration
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Table 3

BACTERIOSTATIC, BACTERICIDAL AND PLAQUE INHIBITORY
CONCENTRATIONS OF FATTY ACIDS AND TRIGLYCERIDES
FOR S. MUTANS 6715

Lipid ,: : MIC2 MBCP - PICC
ug/ml .

Lauric Acid - 62.5 125 ' 31.25

Linoleic Acid ' © 31.25 | 31.25 7.8

Oleic Acid 2.5 62.5 31.25

Eicosadienoic Acid 31.25 62.5 31.25

Trilaurin | 250 250 > 200

Trilinolein . 250 250 > 200
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C. Quantitation of the Neutral Lipid, Glycblipid and

Phospholipid Fractions from Column Chromatography.

The extracted lipids from six liter cultures of S. mutans 6715 °
grown in the presence or absence of exogenous fatty acids or triglycer;’
ides or from cultures of the non-plaque forming mutants SM19, SM 23
“and SM24A were separated into neutral, glycblipid and phospholipid
fractions by silicic acid column chfomatography. Ten ml fractions of
the neutral lipid, glycolipid and phospholipid fractions were initially
assayed for phosphorus and glucose iq order to insure the purity of tﬁe
fraction. Figure 5 shows graphically the:results obtained from the
fractidns of the parental 6715 aﬁd is represenﬁative of ;esults ob-
tained when 6715 plus free fatty acids or triglycerideé or the non-
plaque forming mutants were fractionated. 1In all cases, the glyco-
lipids were eluted with the first 500 ml of acetone. No phospholiéid
phosphorus was detectable in the glycolipid fraction. The phaspholipid
fraction was eluted with 180 ml of methaﬁol and contained all of the re-
coverable phospholipid phosphorusL Recovery of the phosphorus was great-
er than 98%. This fraction contained leés than 8% of the total anthrone
positive material, due presumably to the non-specific reaction of the
anthréne réagent with -the glycerol moieties.of phosphatidyl glycerol
and diphosphatidyl glycerol. (Diphosphatidyl glycerol (500 ug) givesr
an absorbance reading equivalent to .58 ug of-anthrone positive mat-
erial and 250 ug of free glycerol.gives a similar value.) The weight
percentage each fraction contributed was determined by weighing the lipid
contained in ‘each fractioniéﬁd then expressing this as a percentage of
the total lipid applied to the column. The percentages for each prepara-

tion are shown in Table 4.



Figure 5.

COLUMN CHROMATOGRAPHIC SEPARATION OF GLYCOLIPIDS AND
PHOSPHOLIPIDS.

500 pg of phospholipid phosphorus was added to a column
containing 100-200 mesh silicic acid. Neutral lipids
(not shown) were eluted with 180 ml CHCl4, glycolipids
with 700 ml of acetone and phospholipids with 180 ml of
MEOH. Ten ml fractions of the neutral, glycolipid and
phospholipid fractions were assayed for phosphorus and
glucose. The graph is representative of results obtain-
ed when S. mutans 6715, S. mutans 6715 + free fatty |
acids or triglycerides or the non-plaque forming mutants
were fractionated. ’



o: 00l 06 08 OL om 05 OF 3 0z o

56

Amsowmv S | EQSV o 1wy
HO3W .3NOLIDV o m_o:&

V‘

SO IR F— - I SO

O
R I
- pusbn

| snioydsoyd — | | oy
| plepw ealisod suosyuy =--|

AN

06

4 €01



Table 4.

PERCENT OF TOTAL LIPID COMPRISING THE NEUTRAL LIPID,
GLYCOLIPID AND PHOSPHOLIPID FRACTIONS. )

The weight percentage each fraction contributed to
the total was determined by weighing the lipid in
each major fraction from the column and then express-
ing this as a percentage of the total lipid applied
to the column. The results are the averages from
three separate determinations and are expressed *
standard deviation.
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Table 4

PERCENT OF TOTAL LIPID COMPRISING THE NEUTRAL LIPID,
GLYCOLIPID AND PHOSPHOLIPID FRACTIONS

Percent of Total Lipid by Weight

Organism
+ Lipid Neutral Lipid Glycolipid Phospholipid
6715 3.7 £.15 67.2 + 2.84 29.1 + 2.37
6715 + 10 pg/ml 13.1 + .92 64.3 £ 2.42 22.5 + 1.42
Lauric Acid '
6715 + 2.5 ug/ml 10 + .53 70.4 £ 2.81  19.6 + 1.47
Linoleic Acid o
6715 + 10 ug/ml 10.5 + .85 61.2 + 2.46 28.2 + 1.47
Oleic Acid ’ : '
6715 + 10 ug/ml ' 2.8 £+ .26 66.4 + 2.46 30.8 + 1.56
Trilaurin
6715 + 10 ug/ml 4.1 £ .26 49.2 + 1.99 46.7 £ 2.31
Trilinolein
SM 19 2.3+ .17 56.9 = 1.87 40.8 +-1.97
SM 23 1.6 £ .1 60.9 + 3.37 37.5 + 2.55
SM 24A 3.6 * + 1.71. 28.6 + 2.2

.25 67.7




Table 5.

PERCENT OF TOTAL GLUCOSE IN INDIVIDUAL LIPIDS OF THE
GLYCOLIPID FRACTION.

The individual glycolipid classes in the glycolipid
fraction derived from column chromatography were
separated by paper chromatography. They were
visualized with Rhodamine G, cut from the paper
and removed from the paper with CHC13; MEOH; H50
(64:32:4). The glucose present was determined by
the anthrone reaction, and is expressed as a
percentage of the total glucose present. The
values presented are the averages from three
separate determinations and are expressed *.
standard deviation.

a. monoglucosyl diglyceride

b. diglucosyl diglyceride



Table 5

PERCENT OF TOTAL GLUCOSE IN INDIVIDUAL LIPIDS

OF THE GLYCOLIPID FRACTION

Percent of Total Glucose

Organism + Lipid MGDG2 DGDGP”
6715 28.4 + 2.4 71.6 + 2.82
6715 + 10 pg/ml 36.7 + 1.25 63.3 + 2.05
Lauric Acid .
6715 + 2.5 ug/ml 40 -+ 2,31 60 £ 2.57
Linoleic Acid
6715 + 10 ng/ml 26.6 + 1.74 73.4 + 1,74
Oleic Acid '
6715 + 10 pg/ml 21.4 + 1,80 78.4 * 2.33
Trilaurin
6715 + 10 pg/ml 36 £ 1 64+ 1.5
Trilinolein
M 19 42,2 + 2.26 57.2 + 1.90
SM 23 30.8 + 1.76 69.2 + 1.62
SM 24A 25.2 + 1,56 74.8 + 1,73
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are expressed as a percentage of the total glucose which the individual
glycolipid classes contain.

Lauric and lineleic acid, the two most effective antiplaque agents
of those tested, reduce the amount of the diglucosyl-diglyceride (DGDG)
present and increase the monoglucosyl-diglyceride (MGDG) present in
' 6715. This trend is also observed with trilinolein which does not
reduce plaque to the 1+ léyel at a concentration SOZ more dilute
than the MIC concentrations and also for thé non-plaque forming mutant
SM19. Oleic acid, a moderately effective antiplaque agent, has no
effect on the DGDG or MGDG concentration of 6715 anﬁ the non-plaque
forming mutanté SM23 and SM24A have DGDG and MGDG amounts that do
not differ substantially from the parental 6715. §S. mutans 6715 grown
in the presence of trilaurin, Which is not an effective antiplaque
agent, differs from the others in that a marked increase in the amount
of DGDG present and a decrease in the MGDG is observed.

Table 6 reports the results of the quantitation of individual phos-
pholipid’classes in the organisms. The results are expressed as a per-
centage of the total phospholipid phosphorus that the individual phos-
pholipid classes contaiﬁ. The data in this taBle indicate that those
fatty acids which were shown to reduce plaque accumulation also reduced
the amount of diphosphatidyl glycerol present and increased the amount
of lysophosphatidyl choline present. Changes in the phosphatidyl choline
and phosphatidyl glycerol classes were also observed when these fatty
acidé were present but the'chénges were not cgnsistant. This suggests
that each fatty acid may effect these classes differently. 1In contrast

to this, trilaurin had virtually no effect on the percentage of each



Table 6.
PERCENT OF TOTAL PHOSPHORUS IN INDIVIDUAL LIPIDS OF THE
PHOSPHOLIPID FRACTION.

"The individual phospholipids classes in the phospholipid
fraction derived from column chromatography were separated
by paper chromatography. They were visualized with Rhodamine
G, cut from the paper and extracted from the paper by the
method of Marinetti et al. (1959). The phospholipid
phosphorus present in each spot was determined by the
method of Marinetti (1962). The recovery of known amounts
of phospholipid standards by this method was approximately
947%. The values presented are the averages from three '
separate determinations and are expressed * standard
deviation.

a. lysophosphatidyl choline
b. phésphatidic acid

c. phosphatidyl choline

d. phosphatidyl glycerol

e. diphosphatidyl glycerol

T=< 1%




Table 6

—
O
PERCENT OF TOTAL PHOSPHORUS IN INDIVIDUAL LIPIDS OF THE PHOSPHOLIPID FRACTION
j Percent of Total. Phospholipid Phosphorus
Organism + Lipid ___ Lec@ _mab Pt pcd | DPGe
6715 6 o+ .12 - 22.2 + 1.82 3.8 + .2 68  + 2.44
6715 + 10 ug/ml C1l4.4 + .62 : T 7.4 + .53 26 + 2.35 51.9 + 3.49
Lauric Acid ) ‘ .
6715 + 2.5 pg/ml 14 + .51 | o= 16.6:i 46 16.7 + 1.22 52.7 + 2.75
Linoleic Acid ‘ ‘ '
6715 + 10 ug/ml - 13.5 + .35 L2+ .1 25.2 + .95 5.1 + .31 55 + 1.85
Oleic Acid ' ‘
6715 + 10 ug/ml 5.9 + .15 - - 20.8 + .55 4.1+ .36 69.2 + 1.31
Trilaurin - ) : A
6715 + 10 ug/ml - . -
Trilinolein 9 4+ .47 - 17.1 + 1.35 9 + .46 64.9 + 2.67
SM 19 8.5 + .55 : - 23.8 + 1.41 6.2 + .35 . 61.5 + 2.36
SM. .23 4.6 + .15 S 6.7 + .44 8.9 + .61 79.1 + 1.80
SM 24A 3.8 + .20 2.1+ .06 11.2 j—_‘ .62 12.5 +

.80 70.4 + 2.08
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class present. Trilinolein.altered.the percentages of each class rn
a manner similar to that - of the free:fatty acids; but'the magnitude of
the change was greatly reduced. - The percentages"of‘tbe phdspholipidi
Aclasses-compbsing‘the phospholipid fraction of the non-plaque forming
mutants were different from those of the:parental.type but were not
_consistanc among the mntents.f The phospholipid ciass percentaées 6f
SMéS and SM24A do not resemble those of 6715 groWn.in'the presence,
of freeﬂfatty acids. ’SMi9 sboWs‘a aecreese‘in the dipbosphatidyl
glycerol’and an increase in lysophosphatldyl choline. These.changes
in. SM19 are .in the same” dlrectlon as those observed When WT. 6715'1s
grown:in_rhe presence of lauric, linoleic or oleic¢ acid, but are much

smaller..

E. Determination of Fatty Acid Profiles for S. mutans 6715,

6715 in the Presence of Free Fatty Acids or Triglycerides

and for Non—PIaque Forming Muﬁenbs of‘67l5 i”'

To determine if thére was a rele;ronshlp between the‘organlsm s
fatty acid content and. 1ts ablllty to form plaque, a series of experi-
ments were performed‘in_which the'fattylacid_profile for §;_mutansb
;6715 érown in the presence of absence of free fatty.acids and tri- .
glycerides wes determined. The fatty acid proflles of non—plaque
formlng mutants of 6715 (sm19, SM23 SM24A) grown in ‘the presence or
absence of free fatty acids was also determinedT

The fatty acid-profiles forLgl'mutans 6715,,and'rhe nonjplaque
forming mutants, SM19, SM23 and SM24A, are presented in TebleA7. The

data in the table show that all of the non—plaque_forming mutants have»



Table 7

FATTY ACID COMPOSITION OF S. MUTANS 6715 AND NON-PLAQUE
FORMING MUTANTS. .

2

The total cellular. fatty acid profile for S. mutans 6715
and non-plaque forming mutants of 6715 was determined by
gas chromatography. Fatty acid methyl esters were pre-
pared as described in Materials and Methods. The values
for each fatty acid are expressed as a percentage of the
total fatty acid content and are the averages of values
obtained from six separate cultures. T =< 1%.

a. vaccenic and oleic acid
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Table 7

FATTY ACID COMPCSITION OF 8. MUTANS 6715 AND NON-PLAQUE FORMING MUTANTS -

Percent of Total Fatty Acid Content

12 14 . 15 16 16:1 17 18 18:12  18:2 19 20 20:1 . 20:2 22 _ Sat. __ Unsat,
Bacterial . . : ’ j ’
Strain
6715 - 137 .32 4Ll 49 - 5.6 22.6 - - - 8.5 - - 1 63.6 36 -
sM19 - - 4.3 42 32 53 - . 6.3  3L5 - - 1.3 42 .- - 48.1 . 51
8M 23 - 41 - 35 3.8 - 7.8 31.8 - - - % - - - 46,9 51.6

SM 24A - 5.4 42 319 3.3 . - 8.6 3L1 - - .= 14.8 - - 50,1 49,2
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a greater percent of fatty acids in the unsaturated form than does the
plaque forming wild type. The mufants also have an increase in'the per-
cent of octadecenoic and eicosenoic acid present and a decrease in the
percents of myristic'and palmitic acid present.” The percentage of_
pentadecanoic acid is increased in SM19 and SM24A. This fatty acid was
not detected in the total fatty aecid profile of SM23. These data sug-
gest that the ability of S. mutans 6715 to form plaque and the inability
of the mutants to form plaque may be related to .the total pefceﬁtage of
unsaﬁurated fatty acids present or to the amount or ratio of specific
fatty écidé.

Before determininé if the decrease in the_plaque forming ability
of the organism could be directly related to its fatty acid composi-
tion, it was neceésary to determine what effect the various concentra-
tions of fattyAacidé had on thé total fattyvacid content of S. mutans
6715. The experiments that generated the data in the next two?tables
Wére iﬁtended to anéwer this question.

The data in Table 8 is from an-experiment designed to determine if
the‘degfeé of change observed in an organism's fatty acid content wés
strictly concentration dependent or if after a cert;in concentration
of exogenously added fatty aéid was achieved, the.rate at which ﬁhe
changes occurred decreased. Eicosadienoic acid was chosen for this
study because it is a long chain polyunsaturated fatty acid that is
not a normalvconstituent of S. mutans 6715 and has a retention time as
determined by.gas chromatography that permitted its peak to be easily
detected and measured. Because of this property, if an increase in the

percentage of incorporation occurred by increasing the concentration of



Table- 8.

FATTY ACID COMPOSITION OF S. MUTANS 6715 GROWN IN INCREASING
CONCENTRATIONS OF EICOSADIENOIC ACID.

The total cellular fatty acid profile for §;_mutans/67l5
grown in increasing concentrations of eicosadienoic acid
was determined by gas chromatography. TFatty acid methyl
esters were prepared as described in Materials and Methods.
The values for each fatty acid are expressed as a percentage
of the total fatty acid content and are the averages of
values obtained from three separate cultures for each
concentration tested.” T = < 1%.

a. vaccenic and oleic acid.
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Table 8

FATTY ACID COMPOSITION OF S§. MUTANS 6715 GROWN IN INCREASING CONCENTRATIONS OF EICOSADIENOIC ACID

Percent of Total Fatty Acid Content
N

12 14 15 16 16:1 . 17 . 18 18:L 18:2 19 20 20:1 20:2 22 Sat. Unsat.
Bacteria ) - . S ]

+ Lipid

6715 : . _ - ‘
“+ 2.5 ug/ml - 5.2 3.6 38.6 T - 4.9 24,7 - - T 11.6 10.8 - 52.3 47.1
Eicosadienoic . o : : : . . . .

Acid -

6715 ‘| o : o : : : _
+ 10 pg/ml - 4,2 T 35.4 T - ’ 6.2 20.3 - - : - - 10.8 21.9 - 45,8 53
Eicosadienoic : - . ’ . . . .

Acid -

6715 ‘ . . »
+ 15 ug/ml . - 3.6 2.8 34.4 T - 4.3 19.4 - - T 8.6 25.8 - - 45,1 . 53,8
Eicosadlenoic C ' ’ .

Acid

6715 . - ) . .
+ 20 ug/ml - 4.8 1.9 33.8 T - . ‘5.1 18.6 - - T 8.6 26,2 T . 45.6 53.4
Eicosadienoic : E

Acid’

6715 : : , . ,
+ 31,25 ug/ml - 4.3 T 32.6 T - 4 16.3 - - - 6.7 34,7 - 7 40.9 57.7
Eicosadienoic . : Bl - .

Acid : :
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eicosadeinoic acid, this increase could be easily followed. Eicosadie-

noic acid

also had a MBC and PIC that were larger than linoleic acid

and thus allowed a greater range of concentrations to be studied.

The data in the table indicate that once an exogenous concentration

of 10 wg/ml of eicosadienoic acid is reached there is no change in the

saturated

to unsaturated fatty acid ratio until the bacteriostatic and

plaque inhibitory concentrations of 31.25 ug/ml are reached, and that

a large majority of this change is brought about by an increase in

the exogenously added eicosadienoic acid. The data indicated that the

changes occurring in the fatty acid content slowed considerably when

the exogenous fatty acid concentration was 30% or more of the plaque

inhibitory concentration.

To determine if this observation was valid for fatty acids that

inhibited plaque at concentrations below the bacteriostatic concentra-

tion, experiments were conducted in which the fatty acid content of 6715

was determined at an exogenous fatty acid concentration at or above the

plaque inhibitory concentration and at a concentration of exogenous

fatty acid at least 30% below this. The data from these experiments

are presented in Table 9 and show,that there is only a slight difference

in the percentage of saturated and unsaturated fatty acids present for

the high and low concentration of both lauric and oleic acid. The-

change in
noic acid
crease in
indicated

this area

the percentage for the high and low concentration of eicosadie-
is less than 57 and can be accqunted for largély by the in-

the percentage of eicosadienoic acid present. These findings
that we could conduct the remainder Qf the experiments in

at concentrations of exogenous fatty acidé approximately ‘30%



Table 9.

FATTY ACID COMPOSITION OF S. MUTANS 6715 AT A HIGH AND LOW
CON%FNTRATION OF SPECIFIC FATTY ACIDS.

The total cellular fatty acid profile for S. mutans 6715
grown in the presence of a high and low concentration of
the indicated fatty acids was determined by gas chromato-
graphy. Fatty acid methyl esters were prepared as de-
scribed in Materials and Methods. The values for each
fatty acid are expressed as a percentage of the total
fatty acid content and are the ‘averages of values ob-
tained from four separate cultures for each concentra-
tion tested. T = < 1Z%.

a. vaccenic and oleic acid



67

- (‘ N e .
Table 9
FATTY ACID COMPOSITION OF-S. MUTANS 6715 AT A -HIGH AND LOW CONCENTRATION OF SPECIFIC-FATTY AGIDS
Percent of Total Fatty Acid Content

. 12 14 15 16 16:1 17 - 18 18:1%  18:2 19 . 20 20:1 . 20:2 22 Sat. Unsat.
Bacteria + Lipid . : :
6715 + 10 yg/ml : : . . :
Lauric Acid 12,1 .. 8.9 - 444 . L2~ 8.1 16,2 - - - 8.4 - - 73.5 25.8
6715 + 40 ug/ml 5 . o ) ‘ . ) :
Laurlc Acid 9.4- 11 - 42.9 - 1,5 . = 9 6.8 - = T 8.4 - - 72,3 26.7
6715 + 10 pg/ml - L - , ‘ A
Oleic Acid - 2.9 - 21,4 2.9 - - 3.1 55.9 - - - 13.5 - - - 27.4 - 72.3
6715 + 35 pg/ml - ' ' : ,
Oleic Acid - 34 - 17,7 2.5 - 3. 66.4 - - - 6.6 . - - 24,2 75.5
6715 + 10 ug/ml : - ) ) .
Eicosadienoic - 4,2 T 35.4 T C - 6.2 . 20.3 - - - - 10.8 21.9 - 45,8 53

" Acid

6715 + 31,25 ug/ml . ) ) S c . : : ’ )
Eicosadienoic - 4.3 . T 32.6 T - 4 2 16.3 - - - 6.7 34,7 - 40.9 - 57.7
Acid ’ . .
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below the plaque inhibitory concentration. TFor the fatty acids and
triglycérides.that did not inhibit plaque, é concentration‘of 10 pg/ml
of test agent was used:. These concentrations of free fatty acids and
triglycerides permitted all the éulfures of 6715; regardless of the
fatty acid or the added triglyceride, to reach a similar optical
density reading after 22 hours of growth. The non-plaque forming mut-
ants, SM19, SM23 and SM24A, were grown in the same concentrations of
the fatty acid as the wild type.

In ordér to determine if the lack of plaque forming ability observ-
ed in SM19, SM23 and SM24A could be directly relaged‘to fatty acid con-
teﬁt, experiments were performed in which separate cultures of S.
mutans 6715 were grown in the presence of léuric, linoleic or oleic
acid. The purpose of these experiments Was‘to determine if the incor-
poration of any of these fatty acids into WI. 6715 would cause this
organism's fatty acid profile to resemble that‘ofvthe mutants. These
three fatty ac¢ids had been previously shown to be effective plaque re-
ducing agents (see Table 2). S. mutans 6715 was also grown in the pre-

°

sence of either eicosadienoic or palmitic acid, both of which had been
shown not thbe effective as plaque reducing agents. Tﬁese fatty acids
were used to determine if their'effects on the fatty acid content of
WT. 6715 would be éimilar to fhose that were effective plaque reducers
and because preliminary data had suggested that appearance of eicosad-
ienoic acidlmight be responsible for the antiplajue activity of linoleic
acid. However, Table 2 shows that the concentration of eicosadienoic
acid required to inhibit plaque production is more than 4 times greater

than the concentration of linoleic acid required. The triglycerides,

»
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trilaurin and trilinolein were used in order to determine if their
effects on fatty acid content were similar to that of lauric and
linoleic acid. The non-plaque forming mutants, SM19, SM23 and SM24A,
were grown- in the presence of palmitic .and linoleic acid to insure

that they retained the ability to incorporate exogenous fatty acids and
to determine if the level of incorporation was similar to that of the
wild type.

The data in Table 10 shows the percentages:iof the individual fatty
acids that are present in 6715 and 6715 grown in fhe presence of the
various free fatty acids and triglycerides. The daté demonstrates that
wild type 6715 can incorporate all of the exogenous fatty a¢ids tested
into its lipids as well as the fatty acids from the triglycerides. The
data also shows that wild type 6715 is capable of elongating linoleié
acid (a fatty acid that is not normally present in the baétérium) by
two carbons. The incorporation of a fatty acid is reflected either‘by
its appearance in the profile or by an inc;éase in the percéntage pre-
sent; The exogenous. fatty acid also causeé an alteration in the per-
centages of the other fatty acids present and also in total percentages
of saturated and unsaturated fatty acids present. This last manifesta-
tion of change could be the most significant because a change in the
ratio of saturated to unsaturated could lead to an alteration in bacter-
ial properties thaf might be expressedrphengﬁypically. One of the
possible phenotypic expressions observed for 6715-grown in.the presence
of lauric, linoleig or oleic acid could be'decreased plaque production.
The data in Table 10 does not permit a statement to be made about the

relationship between bacterial fatty acid content and plaque production,



Table 10.

FATTY ACID COMPOSITION OF S. MUTANS 6715 AND S. MUTANS 6715
GROWN IN THE PRESENCE OF FATTY ACIDS OR TRIGLYCERIDES.

‘

The total cellular fatty acid profile for S. mutans 6715
grown in the presence of fatty acids or triglycerides
was determined by gas chromatography. Fatty acid methyl
esters were prepared as described in Materials and
Methods. The values for each fatty acid are expressed
as a percentage of the total fatty acid content and

are the averages of values obtained from six separate
cultures for each fatty acid. T =< 1%.

a. vaccenic and oleic acid
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Table 10

<

FATTY ACID' COMPOSITION OF §. MUTANS 6715 AND S. MUTANS 6715 GROWN IN THE PRESENCE OF FATTY ACIDS OR TRIGLYCERIDES

Percent of Total ?atty Acid Content

12 .14 15 16 16:1 17 18 18:1%  18:2 19 20 20:1 20:2 22 Sat. __ VUnsat.
Bacteria + Lipid . ' o
6715 - 1.7 3.2 4LY 49 - 5.6  22.6. - - - 8.5 - - . 63.6 36
6715 + 10 ug/ml . ) . . : . : :
Lauric Acid . 12.1 8.9 - b4.4- 1.2 - 8.1 16.2 - - - 8.4 - - . 735 25.8
6715 + 2.5 yg/ml : : . _ o :
Linoleic Acid - 8.1 - 3 39.9 2.7 - 6.8 19.7 8.2 - - 9 2.3 - 57.8 . 41,9
6715 + 10 ug/ml . R o
Oleic Actd - 2.9 - 21.4 2.8 - © 3.L.  55.9 - - - 13,5 - - 27.4 72.3
6715 + 10 pg/ml : ' I _ :
Eicosadienoic - 4.2 T 35.4 T @ - 6.2 120.3 - - : - 10.8 21.9 - 45.8 53
Acid : : : ' »
6715 + 10 ug/ml . . . 4
Palmitic Acid - 8.8 1.2 66.1 9.6 - 1.8 10.1 - - - 2.3, - - 77.9 22
6715 + 10 ug/ml - : - o . : -
“Trilaurin 3.2 5.4 1.6 36.4 4.5 - 5.5 311 - - = 12.2 - - 52.1 47.8

6715 + 10 ug/ml : ‘ . . .
Trilinolein - 6.3 1.1 36,71 4.8 = 4 29.8 6.2 - - 10.7 - - 48.1 51.5
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but one cannot help but observe that the mutants that do not form plaque
have a fatty acid content that is quite different from the plaque form-
ing parental type. (Table 7). ~

Table 11 presents data from a series of experiments designed to de-
termine if the fatty acids from trilaurin and trilinolein are incorpor-
ated into 6715 to the same degree as free’forms of the fatty acid. The
data indicate that the incorﬁoration of free lauric acid into 6715 is
approximately 4 times greater than the fatty acids from trilaurin, eVen
though the fatty acid concentrations are similar (49.9 uM for lauric acid
and 46.8 uM for the fatty acids in trilaurin). Free linoleic acid is in-
corporated into 6715 only 1.3 times greater than the fatty acids from
triliﬁolein; however, the fatty acid content of linoieic acid (8.9 uM) is
approximately 4 times less than the'fatty acid content of trilinolein
(33.%M). This data indicates that the free fatty acids are much mbre
easily incorporated into the bacterial fatty acids. This difference in
ease of incorporétion may partially explain why the MIC and MBC and the
plaque inhibitory concentration for the free fatty acid is a minimum of
50% less than the values for the triglycerides. The lack of eicosadienoic
acid in tfilinoiein grown culture's‘suggests that there may have to be
a certain amount of linoleic acid present in the bacterial cell before
.it can be elongated to eicosadienoic acid; If this is the case, then
elongation of linoleic acid may serve as a way of de&reasing the amount
of linoleic acid present and thus reducing its effects on the organism.

Tables 12 and 13 contain the results from experiments conducted to
determine if the noﬁ-plaque:forming mutants of S. mutans 6715, SM19,

SM23 and SM24A retained the ability to incorporate éxogenous fatty acids.



Table 11.

COMPARISON OF THE FATTY -‘ACID COMPOSITION OF S. MUTANS
6715 GROWN IN THE PRESENCE OF TRIGLYCERIDES OR THEIR
COMPONENT FATTY ACID.

The fatty acid profile of S. mutans 6715 grown in the
presence of a triglyceride or their component fatty
acid was determined by gas chromatography. Fatty acid
methyl esters wére formed as described in Materials

and Methods. The values for each fatty acid are ex-
pressed as a percentage of the total fatty acid content
and are the averages of values obtained from six sepa-
rate cultures for each concentration.

a. vaccenic and oleic acid
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Table 11

COMPARISON OF THE FATTY ACID COMPOSITION OF 5. MUTANS 6715 GROWN IN THE PRESENCE OF TRIGLYCERIDES OR THEIR COMPONENT FATTY ACID

Percent of Total Fatty Acid Content

12 14 15 - 16 16:1 17 18 18:12  18:2 19 20 20:1 20:2 22 sat, Unsat,
Bacteria + Lipid o . ) . . s R .

6715 - 137 3.2 4L.1 49 - 5.6 22,6 . - - - 8.5 - = - 63.6 36
6715 + 2.5 pg/ml - ' : : ' v .
‘Linoleic Acid - - 8.1 3 399 2.7 - 6.8 19.7 8.2 - - 9 ©2.3 - 57.8 41.9
6715 + 10 ug/ml . N ‘ i

Trilinclein - 6.3 1.1  36.7 = 4.8 = 4 29.8 6.2 - - 10,7 - - 4811 51.5
6715 + 10 pg/ml C - , . -
Lauric Acid 12.1 8.9 - 44,4 S 1.2 - 8.1 16.2 - = - 8.4 - - 73.5 25.8

6715 + 10 ug/ml : _ ) ’ _ . .
Trilaurin 3.2 ~ 5.4 1.6 36.4 4.5 - 5.5 31.1 - - - 12,27 - -’ 52,1 47.8 -
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'

and if the level of incorporatién was similar to’that of the wild type.
Table 12 presents the data obfained when 6715 or the mutants were gfown
in the presence of 10 ug/ﬁl of palﬁitic acid. The increése in the per-
centage of palmitic acid present in the orgénisms ranged from 25 to 27%
and in all cases resulted in the lowering of the percentages of octade-
cenoic and eicosenoic acids. The pércentagévof pentadecanoic acid was

also lowered when WI. 6715, SM19 or SM24A was grown in the presence of

palmitic acid.

This result was similar to that observed when WT. 6715 was grown
in the presence of léuric acid, oleic éci@, tfilaurip or trilinolein
(Table 10). Peﬁtadecénoic was ‘not detecfed in.SM23. These data show -
that the non-plaque fprming mutants retaiq their ability to incofpoféte
palmitic acid, a represeﬁtétive long chain saturated fatty acid and
that the incorporation results in a greater percentage of the total
fatty acids being in the saturated form.

Table 13 reports the results from a series.of similar experiments
in which linoleic acid was substituted for palmitic acid. All of the
mutants are able to incorporate linoleic acid. SM19 and SM24A incorpor-
ate the fatty acid to a degree similar to that of the wild type, while
SM23- incorporates more than 3 times as much.: The increased incorpor—-
ation of linoleic acid by SM23 markedly 1owérs the palmitic acid con-
tent of the organism. Two of the mutants, SM23 and SM24A, have retained
the ability of the wild type to elongate linoleic acid to eicosaﬁienoic
acid. The third mutant, SM19, shows no evidence of being able to elong-
ate linoleic acid. The pércentage of pentadecanoic acid present was

!

lowered when WT. 6715, SM19 or SM24A was grown in theé presence of linoleic



"Table 12.

FATTY ACID COMPOSITION OF S. MUTANS 6715 AND NON-PLAQUE -
FORMING MUTANTS OF 6715 GROWN IN THE PRESENCE OF PALMITIC
ACID.

The fatty acid composition of 6715 and of the non-plaque
forming mutants of 6715 grown in the presence of palmitic
acid was determined by gas chromatography. Fatty acid
methyl esters were prepared as described in Materials

and Methods. The values for each fatty acid are ex-
pressed as a percentage of the total fatty acid con-

tent and are the averages of values obtained from three
separate cultures for each organism. T =< 17.

a. vaccenic and oleic acid
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Table 12

FATTY ACID COMPOSITION OF S. MUTANS 6715 AND NON—PLAQUE FORMING MUTANTS OF 6715 GROWN IN THE PRESENCE OF PALMITIC ACID

Percent of Total Fatty Acid Content

- 12 14 15 16 16:1 17 18 18:12  18:2 19 20 - 20:1 20:2 22 Sat. Unsat.
Bacteria + Lipid R - ) : ) -
6715 - 13.7 3.2 4L1 49 - 5.6 22,6 =~ - - 8.5 - - - 63.6 36
6715 + 10 ug/ml s , : 7 o _
Palmitic Acid C - 8.8 . 1.2 66.1 9.6 = L8 10.1 - - - 2.3 - - - 77.9 22
SM. 19 - 43 42 32 5.3 - 6.3 3L5 - - 1.3 7 142 - - 48.1 51
SM 19 + 10 pg/ml o : . . _
Palmitic Acid - 1.8 - T. 58.8 - 5.2 - 3.6 19.8 - - - 10 - - 642 35
SM 23 ' - 4 - 35 3.8 - 7.8  3L.8 - - - 16 - - 46.9 51.6
SM 23 + 10 pg/ml o » S : ] B
Palmitic Acld - 4.8 - 58 6.6 - - 3.6 19.6 - - - 7.4 - - 66.4 33.6
SM 244 - 5.4 4.2 31.9 3.3 . - 8.6 - 31.1 - - - 14.8 - - 50,1 49.2

SM 244+ 10 ug/ml - - ' , -
Palmitic Acid - . 7.5 3.2 57.6 6.4 - - . 5.2 4.2 - - - 5.8 - - 73.5 26.4




Table 13.

FATTY ACID COMPOSITION OF S. MUTANS 6715 AND NON-PLAQUE
FORMING MUTANTS OF 6715 GROWN IN THE PRESENCE OF
LINOLEIC ACID.

The fatty acid composition of 6715 and of the non-plaque
forming mutants of 6715 grown in the presence of linoleic
acid was determined by gas chromatography. Fatty acid
methyl esters were prepared as described in Materials and
Methods. The values for each fatty acid are expressed as
a percentage of the total fatty acid content and are the.
averages of values obtained from three separate cultures
for each organism. T = < 1%.

_a. vaccenic and oleic acid
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Table 13

FATTY ACID COMPOSITION OF §. MUTANS 6715 AND NON-PLAQUE FORMING MUTANTS OF 6715 GROWN IN THE PRESENCE OF LINOLEIC ACID

Percent of Total Fatty Acid Content

, 12 14 15 16 16:1 17 18 18:128  18:2 19 20 20:1  20:2 22 Sat.  Unsat.’
Bacteria + Lipid : :
6715 - 13.7 2 41 49 - 5.6 22,6 . - - - 85 —— 63.6 - 36
6715 ' S : ‘ : o
+ 2.5 pg/ml - 8.1 3 39.9 2.7 - 6.8 19.7 8.2 = - - 9 2.3 - 57.8 41.9
Linolelc Acid .
SM 19 - 4.3 4.2 32 5.3 - 6.3 31.5 - - 1.3 14.2 - - 48.1 51
SM 19 2 ‘ _ ‘ _ v ‘ .
+ 2.5 pg/ml - 2.1 . T 30.2 6.9 - 7.8 24,8 . 7.8 - . T 19.4 - - 4.1 589
Linoleic Acid - ’ . . . .
SM 23 - 41 - 35 3.8 - 7.8 318 - - - i6 - - 146.9 51.6
M 23 , : . ‘ } , .
42,5 pg/ml - 1.2 - 245 5.4 - 3.9 23.5  25.7 - - 11.6 41 - 29.6 70.3
Linoleic Acid ' : . : .
SM 244 - 5.6 42 31.9 3.3 - 8.6 31 - - - 14.8 - - 50.1 49.2
SM 24A i} S : o
+ 2.5 ug/ml - 2.6 3.3 3.1 5.4 - 6.4 23.2 6.1 - - 14.3 4.5 - 46.4 53.5

Linolelic Acid




76

o

acid. The decrease in the percentage was not as great as when these
organisms were grown in the presence of palmitic acid. Therdata in
this table show that the non-plaque forming mutants have retained their
ability to incorporate linoleic acid, a long chain unsaturated fatty
acid and that two of the mutants have retained the ability to elongate
fhis fatty acid. Thé percentage of fatty acid éppeariﬁg in the unsat-
~urated form wés increased in the 4 organismé tested.

The total fatty acid profiles of WT. 6715, 6715 grown in the pre-
sence of free fatty aci&s or triglycerides and of the non-plaque form-
ing mutants, showed that certain free fatty acids (liﬁoleic and oleic
acid) can alter the fatty acid profiles of 6715 so that they are similar
in some respects (increased percentage of total unsaturation, increased
percentage of eicosenoic acid and a decreased percentage of myristic
and palmi#ic acid) to the profiles of the non-plaque forming mutants.
These same fatty acids have been shown to reduce plaque accumulation in
Xi;gg,'hbwever, the total fatty acid profile data are not sufficient to
adequately support the hypothesis that the fatty acid profiles and de-
creased ﬁlaéue accumulation are directly related. |

In order to further investigate if.a relationship exists between
fatty aéid profiles and plaque accumulation, the profiles of the_neutral,
glycolipid and phospholiﬁid fractions were detefmined individually. The
profiles of the individual fractions were analyzed to determine if subtle
changes in a particular lipid fraction were responsible for the reduction
in plaque accumulation. The results of these determinations are reported

in the following six tables.



Table 14.

FATTY ACID CONTENT OF THE NEUTRAL LIPID FRACTION OF
S. MUTANS 6715 GROWN IN THE PRESENCE OR ABSENCE OF
FATTY ACIDS OR TRIGLYCERIDES.

The fatty acid content of the neutral lipid fraction
from column chromatography of S. mutans 6715 grown

in the presence or absence of fatty acids or tri-
glycerides was determined by.gas chromatography.
Fatty acid methyl esters were prepared as described
in Materials and Methods. The values for each fatty
acid are expressed as a percentage of the total fatty
acid content and are the average values obtained from
three separate preparations. Each preparation was
analyzed in duplicate. T = < 1%.

a. vaccenic and oleic acid



Table 14

FATTY ACID CONTENT OF THE NEUTRAL ﬁIPiD FRACTION OF S. MUTANS'6715 GROWN IN THE PRESENCE OR - ABSENGE - OF FATTY ‘ACIDS OR TRIGLYCERIDES

. Pexcent of Total Fatty Acid Content

Trilinolein .

' . 12 14 15 16 17 18 18:18  18:2 19 20:2 22 sat.
Bacteria + Lipid '
. ) ‘ : . )
6715 - 10.8 3.5 47.7 277 2 5.9 . 22 - 1.3 2 1.9 - T 73.2 26.6
6715 + 10 pg/ml e _ : ‘
Lauric Acid 48.5 11.4 . 4.8 19.8 T - 10.9 2.1 - - T - - - 95.4 2.1
6715+ 2.5 jg/ul : A :
.Linoleic Acid - o2 9 32 5.8 - 5.2 21.6  15.7 - - 2.6 - - 53.4 45.7
6715 + 10 u g/ml ‘ , ‘
Oleic Acid = 8.9 2 12.7 1.1 - 6.3 64.7 - - T 3.2 - - 29.9 69.4
6715 + 10 g/ml ' :
Trilaurin 1.5 6.8 6.2 36.8. 2 12.6 3.7 19.8 - 3.9 1.4 3.4 - 1.4 74.3 © 25.2
6715 + 10 pg/ml : ‘ , :
- 6.4 5.5 41.4 1.4 4.5 9.2 8.6 T 1.6 3 - 4 66 32.2
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in the presence of trilaurin or trilinolein. The change in the percent-
age..of total sapurated and unsaturated fatty acids present is partially
a feflection bf the change in the percentage of the added fatty acdid

or fatty acid from the triglyceride and partially to adjustments in

the other fatty acid percentages to accommodate the incoréoration or
increases in a specific fatty acid.

" The large increases detected by gas chromatography in the lauric,
linoleic and the octadecenoic fatty acids is also reflected as a sub-
stantial increase in the fotal weight percent of the neutral fraction
when 6715 is grown in their preéence (see Table.4).

Table 15 shows the fatty acid profiles for the neutral lipid
fraction of W.T. 6715 and for the non-plaque forming mutants, SM19, SM23
and SM24A . Two of the mutants, SM19 and SM23, have percentages of total
saturated and unsaturated fatty acids that are quite different from the
parental 6715 but that are very similar to each other. SM19 achieves
these percentages by using a greater spectrum of fatty‘agids (C-17 and
. C-22) than does SM23. The higher levels of total unsaturated fatty acids
observed in these two mutants is also seen when WT. 6715 is grown in the’
presence of linoleic or oleic acid (Table 4). SM24A has a total saturated
and unsaturated fatty acid percentage nearly identical to 6715 but has
done so By using different percentagé of myristic, pentadecanoic, palmitic,
heptadecanoic, nonadecanoic, eicosanoic and eicosenoic acid. Nonadecaﬁ—
oic is preéent in the neutral fraction of WT. 6715, 6715 grown ih the
presence of trilaurin or trilinolein and in all three non-plaque forming
mutants. This fatty acid does not apbear in their glycolipid or phospho-

lipid fraction nor is it present in the neutral, glycolipid or phospho-



Table 15.

FATTY ACID CONTENT OF THE NEUTRAL LIPID FRACTION OF
S. MUTANS 6715 AND OF ITS NON-PLAQUE FORMING MUTANTS.

The fatty acid content of the neutral lipid fraction
from column chromatography of S. mutans 6715 and its
non-plaque forming mutants was determined by gas
chromatography. Fatty acid methyl esters were pre-
pared as described in Materials and Methods. The
values for each fatty acid are expressed as a per-—
centage of the total fatty acid content and are

the average values obtained from three separate
preparations. Each preparation was analyzed in
duplicate. T = < 1Z. A

a. vaccenic and oleic acid
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FATTY ACID CONTENT OF THE NEUTRAL LIPID FRACTION OF S.

16:1

Table 15

MUTARS Q S

Percent of Total Fatty Acid Content

I 6715 AND OF ITS NON-PLAQUE FORMING MUTANT:

~ 12 14 15, 16 17 18 18:12  18:2 19 20 20:1  20:2 22 Sat. Unsat,
Bacterial Strain C : : ’

_67i5 - 10.8 3.5 47.7 2.7 2 © 5.9 22 - 1.3 2 1.9 - - 73.2 26.6

SMA~19 - 17.3 13.6 13.9 6.8 3.2 6.5 14,6 - 1.8 5.2 15.1 - T 61.5 36.5

SM 23 - 8.6 1.6 41.6 2.6 - 5.1 .27.6 - 2.6 4.9 5.é - - 64.4 35.4

SM 24A - 3 12.6 ‘38.4_ 4.2 6.2 21.5 - a1 5 4.8 - - 71.5 27.3
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lipid fractions of 6715 grown in the presence of free fatty acids.

The fafty acid compositions of the glycolipid fractions of WT. 6715;
and 6715 grown in the presence of lauric, linoleic, oleic acid, tri-
laurin or triiinoiein are presented in Table 16. The most striking
differenée between thesé fractions and the neutral lipid fractions are
the large decreaées'in the percentages of the particular exogenous fatty
acids that are incorporated into the glycolipids. This !decrease is most
marked when'6715 is grown in the presence of lauric acid. The percent-
age of lauric acid in the neutral fraction was 48.57% while the glyco-
lipid fraction was only 2.97%. Similar decreases, although not as great,
are seen with both linoleic and oleic acid. Lauric acid and linoleic
acid which were detectable in the neutral fraction when 6715 was grown
in the presence of trilaurin and trilinolein, are not detected in the
~glycolipid fraction when 6715 is grown in their preséncé. The remain-
der of the changes that occur when 6715 is grown in the presence of
lauric, linoleic or oleic acid are quite diverse and do not appear to
follow any obvious pattern. Tﬁe only apparent link that these changes
have is that the shifts in the percentages df the fatty acids occur to
accommodate the incorporafion of the fatty acid in whose présence WT.
6715 is grown. The changes in the individual fatty acid percentages
for 6715 grown in the persence of trilaurin or trilinolein varied less
than 27 in moét cases from the wild type. Thése changes are not con-
sidered to be significant.

The data presented in Table 17 is the fatty acid composition of the
glycolipid fraction of the‘three non-plaque formiﬁg mutants of S. mutans

6715. These mutants all differ from the wild type by having a lower



Table 16.

FATTY ACID CONTENT OF THE GLYCOLIPID FRACTION OF S. MUTANS
6715 GROWN IN THE PRESENCE AND ABSENCE OF FATTY ACIDS- OR
TRIGLYCERIDES. |

"

The fatty acid content of the glycolipid fraction from
column chromatography of S. mutans 6715 grown in the
presence or absence of fatty acids or triglycerides

was determined by gas chromatography. Fatty acid methyl
esters were prepared as described in Materials and Methods.
The values for each fatty acid are expressed as a percent-
age of the total fatty acid content and are the average
values obtained from three separate preparations. Each
preparation was analyzed in duplicate. T = < 1%.

a. vaccenic and oleic acid
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Table 16

FATTY ACID CONTENT OF TUE CLYCOLIPID FRACTION OF $. MUTANS 6715 GROWN IN THE PRESENCE AND ABSENCE OF FATTY ACIDS OR TRIGLYCERIDES

i7

* Percent of. Total Fatty Acid Content

_ 12 14 15 16 1631 18 18:1%  18:2 19 20 20:1 22 Sat. Unsat.
Bacteria + Lipid ) . : . .
6715 - 16.6 1.2 40.5 1.2 - 4,6 242 : ‘ T 10.2 - - 62.9 35.6
6715 + 10 ug/ml
Lauric Acid 2.9 28.9 T 39.8 3.9 - 3.3 14.1 - = - 6.5 - - 74.5 24.5
6715 + 2.5 pg/ml . . : .
Linoleic Acid - 17.2 1.4 38.3 3.7 - 4 18 7.4 0 - - 7.8 2.1 - 60.9 39.0
6715 + 10 pg/ml , : L :
Oleic Acid - 7.9 T 31.7 2.8 - 4.5 " 34,9 - - T 16.9 - - 44,1 54,6
6715 + .10 ug/ml . - E '
Trilaurin - 15.4 1.6 38.6 T - 3.8 28.2 - - - 12 - - 59.4 40,2
6715 + 10 pg/ml .
Trilinolein - 15.6 T 40 - 4.4 26 - - T 11 - - 60 37




Table 17.

FATTY ACID CONTENT OF THE GLYCOLIPID FRACTION OF
S. MUTANS 6715 AND ITS NON-PLAQUE FORMING MUTANTS.

The fatty acid content of the glycolipid fraction
from column chromatography of S. mutans 6715 and
its non-plaque forming mutants was determined by
gas chromatography. Fatty acid methyl esters were
prepared as described in Materials and Methods.

The values for each fatty acid are expressed as

a percentage of the total fatty acid content and
are the average values obtained from three separate
preparations. Each preparation was analyzed in
duplicate. T = < 1%. \

a. vaccenic and. oleic acid
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v

Table 17

FATTY ACID CONTENT OF THE GLYCOLIPID FRACTION OF S, MUTANS 6715 AND ITS NON-PLAQUE FORMING MUTANTS

14,

16:1 . -

Percent of Total Fatty Acid Content

a

20:1

- 12 15 16 17 18 . 18:1 18:2 19 20 .20:2 22 Sat, Unsat.
Bacterial Strain - . B
Ce71s - 16.6 1.2 40.5 L2 - 46 24.2 - - T 10.2 - - 62.9 35.6
sM 19 - 5.8 2.2 2.4 1.7 - 5.4 35 - - 17.8 - - 45.8 53.9.
sM 23 - 10.5 - iz T - 42 30 E T 13.4 - - 55.9 43.4
sMo26a - 8.6 3.3 35.4 T T 7 2.1 - - T - 54,3 44l

18

Il
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percentage ofvmyristic acid, and highef percentage of octadecenoic and
eicosenoic acid. The mutants also héve a ‘higher percentage of total
uﬁsaturated-fatty acids than the parental strain. When WT: 6715 is
grown in either the preéence of linoleic or oleic acid, thé glyco-

lipid fraction has a larger percent of unsaturated fatty acids than does
the wild type (Table 16). However, only when 6715 is grawn in the
presence of oleic acid does 'its glycolipid ifraction follow the same
trend observed with the non-plaque forming mutants; decreased myristic
acid and increased octadecenoic and eicosenoic acid.

Table 18 contains the data for fatty acid composition of the phos-
pholipid fraction for parental 6715, and 6715 grown in the presence of
the free fatty acids or triglycerides. ihe perceﬁtage of the exogenous-
ly supplied lauric, linoleic or oleic in the neutral lipid fraction is
greater than that observed in the.glycolipid or phospﬁolipid fraction.
The petcentages of the exogenously supplied fatty acids are very simi-
lar in these two fractioné. The changes observed in the phéspholipid
fraction when 6715'is grown 'in the presence of lauric, linoleic Sr"
oleic acid are quite varied, with the greatest amount of change occurr-
ing when lauric acid is used. The changes observed in individualeatty
écid percentages when 6715 is grown in the presence of trilaurin or
trilinolein are quite small and differ only marginally from the wild
type.

Two changes of interest are seen to occur in the glycolipid énd
phospholipid fractions, one involving parental 6715 grown in lauric
acid and the other when it is grown in the presénce of linoleic acid.

When cultures of. 6715 are supplemented with lauric acid only low levels



Table 18. ‘ :

FATTY ACID COMPOSITION OF THE PHOSPHOLIPID FRACTION OF
S. MUTANS 6715 GROWN IN THE PRESENCE OR ABSENCE OF FATTY
ACIDS OR TRIGLYCERIDES.

The fatty acid content-of'the phospholipid fraction from
column chromatography of S. mutans 6715 grown in- the
presence or absence of fatty acids or triglycerides was’
determined by gas chromatography. Fatty acid methyl
esters were prepared as described in Materials and -
Methods. The values for each fatty acid are expressed
as a percentage of the total fatty acid content and

are the average values obtained from three separate
preparations. Each preparation was analyzed in -
duplicate. T =< 1%. . . . - D .-

a. vaccenic and oleic aecid
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Table 18

FATTY ACID COMPOSITION OF THE PHOSPHOLIPID FRACTION OF S, MUTANS 6715 GROWN IN THE PRESENCE OR ABSENCE OF FATTY ACIDS OR TRIGLYCERID_ES.

Percent of Total .Fatty Acid Content

20:1

Sat.

Trilinolein

1.4

12 14 15 16 16:1 17 18 18:1% " 18:2 20 20:2 22 Unsat.
Bacteria + Lipid X ) ) :
6715 - " 15.5 2.4 36.8 1 - 4 v 28.6 - T 11 - - 58.7 40.6
6715 + 10 yug/ml, '
~ Lauric Acid 2.4 24.5 T 42,2 4.3 - 3.3 17.5 - - 5 - - 72.4 26.8
6715 + 2.5 pg.ml C . . .
Linoleic Acid - 16 1.1 38 4.3 - 3.8 20 ‘8.1 - 6.6 . 1.8 - ) 58.9 40.8
6715 + 10 ug/ml .
Oleic Acid - 7.4 T 27.8 . 3.5 - 4,8 42,5 - T 13 - - 40 59
6715 + 10 pg/ml v :
Trilaurin T 16.1 2,7 38.2 T T 3.8 27.8 - - 9.8 - - 60.8 37.6
6715 + 10 pg/ml ) )
- 13.1 42 . T - 4,2 28.6 T T 9.6 - - 60.7 38.2.
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(< 3%) of incorporation are observed in the glycolipid and phospholipid
fractions. These lower levels of lauric acid are accompanied by approx-
imately gin% increase in the myristic acid present. This fiﬁding
suggests that the exogenbusly added lauric acid is being elongated
before its incorporation into the individuai lipids in these fractions.

The other change of interest occurs when 6715 is grown in the
presence of linoleic acid. This change involves the appearancé of
eicosadienoic acid in the phospholipid and glyéélipid fractions. Thié
fatty acid is also detected in the total fatty acid profile of WT. 6715
grown in the presence of linoleic acid. If does not appear in the
non-plaque forming mutants SM19, SM23 and SM24A of‘§i_mﬁtans 6715, .
_As indicated previously, it was initially thought that eicosadienoic
acid might be related to the antiplaque activity of limoleic acid, but
‘this does not appear to be the case.

The date in Table 19 show the fatty acid compositioh of the phospho-
lipid fraction of the mutants, SM19, SM23 and SM24A. A pattern analogous
to that observed in the mutant's glycolipid fraction occurs in the phos-
Pholipid fractibn; a decrease in the percentage of myristic acid present
and an increase in theApercentage of octadecenoic and eicoseﬁoic acid
present. As in the glycolipid fraction, the mutants' phospholipid frac-
tion has a greater percentage of unsaturated fatty acids. The phospho-
lipid fraction from 6715 grown in the presence of oleic acid follows a
similar pattern with respect to the aforementioned fatty acids.

The data in Tables 20, 21 and 22 are summarieé of the data from the
previous six tables. These tables (20, 21 and 22) combine the neutral,

glycolipid and phospholipid fraction fatty acid profiles so that these



Table 19. ‘ -

FATTY ACID COMPOSITION OF THE PHOSPHOLIPID FRACTION OF
S. MUTANS 6715 AND ITS NON~PLAQUE FORMING MUTANTS.

The fatty acid content of the phospholipid fraction
from column chromatography of S. mutans 6715 and its
non-plaque forming mutants was determined by gas
chromatography. Fatty acid methyl esters were pre-
pared as described in Materials and Methods. The
values for each fatty acid are expressed as a per-
centage of the total fatty acid content and are

the average values obtained from three separate
preparations. Each preparation was analyzed in
duplicate. T = < 17Z. '

a. vaccenic and oleic acid
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Table 19

TATTY ACID COMPOSITION OF THE PHOSPHOLIPID FRACTION OF 5. MUTANS 6715 AND TS NON-PLAQUE FORMING MUTANTS

Percent of Total Fatty Acid Content

12 W . 15 16 16:1  i7 18 18P 18:2 19 20 20:1 202 22 Sat. . Unsat.
Bacterial Strain ‘ ’
6715 . - 155 2.4 36.8 ! - 4 '28.6 - - R S - 587 40.6
sM 19 - 61 3.4 2 - b 37 - - - EETR IR - 48.2 514
sM23 - 89 - w21 - 3.9 35.2 - il r 1.8 - - 53 46

©SM 24A ~ 6.6 21 %2 . T T 8 9.8 - - T 5.7 - - 52.9 45.5




Table 20.

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPID AND
PHOSPHOLIPID FRACTIONS OF S. MUTANS 6715 GROWN IN THE
PRESENCE OR ABSENCE OF TRIGLYCERIDES.

The fatty acid composition of the neutral lipid, glycolipid
and phospholipid fractions from column chromatography of
S. mutans 6715 grown in the presence or absence of tri-
glycerides was determined by gas chromatography. Fatty
.acid methyl esters were prepared as described in Materials
and Methods. The values for each fatty acid are expressed
as a percentage of the total fatty acid content and are the
average values obtained from three separate preparations.
Each preparation was analyzed in duplicate. T = < 1%.

a. vaccenic and oleic acid
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Table 20

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPIb AND PHOSPHOLIPID FRACTIONS OF S. MUTANS 6715 GROWN IN THE PRESENCE OR ABSENCE OF TRIGLYCERIDES

Percent of Total Fatty Acid Content

12 14 15 16 16:1 17 18, 18:18  18:2 19 20 20:1 - 20:2 22 sat. _ Unsat,
- Bacteria + Lipid j -
6715 Neutral - 10,8 3.5 477 2.7 2 5.9 22 - - 1.3 2 L9 - T 73.2 26.6
6715 Glycolipid -  16.6 ° 1.2 40.5 1.2 - 4.6 242 - - T 10.2 - = 62,9 . "35.6
6715 o , A ' - » 4 I
Phospholipid - - 15.5 - 2.4 36.8 - 1 - b4 28.6 - - T 11 - . - 58.7 . 40.6
6715 + 10 pg/ul _ » _ S ‘ o
Trilaurin 1.5 6.8 6.2 36.8 2 12,6 © 3.7-  19.8 . - . 3.9 1.4 34 - 1.4 74,3 - 25.2
Neutral o . ' : : . . C :

Glycolipid - 154 1.6 386 - T - 3.8 28.2 - - - 12 - - 59.4 40.2
Phospholipld T 16.1 - 2.7 38.2 ‘r T 3.8  27.8 - - - 9.8 . = - . 60.8 . 37.6
6715 + 10 yg/ml ) ) ] o . : o

Trilinolein - 6.4 5.5 &4 1.4 1,8 4.5 19.2 8.6 T 1.6 A 66 32.2

Neutral . ; : i e . : i

Glycolipid = - 15.6 T 40 T - bt 26 - -t ou - - 60 37

Phospholipid - 13.1 L4 42 T -~ . 42 28.6 T - T 9.6 - - 60.7  38.2




Table 21.

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPID
AND PHOSPHOLIPID FRACTIONS OF S. MUTANS 6715 GROWN
IN THE PRESENCE OF FATTY ACIDS.

The fatty acid content of the neutral lipid, glycodlipid
and phospholipid fractions from column chromatography

of S. mutans 6715 grown in the presence of fatty acids
was determined by gas chromatography. Fatty acid methyl
esters were prepared as described in Materials and
Methods. The values. for each fatty acid are expressed
as a percentage of the total fatty acid content and are
the average values obtained from three separate prepara-
tions. Each preparation was analyzed in duplicate.

T =< 1%. :

a. vaccenic and oleic acid
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Table 21

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPID

14

AND PHOSPHOLIPID FRACTIONS OF S. MUTANS 6715 GROWN IN THE

Percent of Total Fatty Acid Content.

26:1

PRESENCE OF

20:2

FATTY ACIDS

22

27.8

: . 12 15 16 i6:l  17- 18 - 18:18 1812 Sat.. .. Unsat.
Bacteria + Lipid S . T : . '
- Lauric Acid 48.5 . 11.4 4.8 19.8 . T - 10.9 2.1 - - - - 95.4 - . 2.1
.., "Neutral : . o o o . o
" Glycolipid =~ 2.9 ©  28.9 T o39.8 3.9 - 33 141 - 6.5 - - 74.5. 24.5
" Phospholipid 2.4 345 T 422 &3 = 33 . 175 - 5 - - 72.4 26.8
6715 + 2.5 pg/ml S - o _ o
" Linoleic Acid - 7.2 9 32, 5.8 - - 5.2 21.6 15,7 2.6 - - 53.4 45.7
Neutral : - : o : o i ] . -
Glycolipid - 17.2. 1.4 383 37 = 4 18 7.4 7.8 2.1 = 60.9 39.0
Phosphiolipid - - 16 01 38 . 4.3 - 3.8. 20 8.1 6.6 1.8 - 58.9 40.8
6715 + 10 pg/ml " - , , _
- Oleic Acid - - 8.9 2 12.7 .1 . = 6.3 64.7 - 3.2 - - 29.9 69.4
Neutral . » - . .
Glyeolipid - 7.9 T 37 2.8 - 45 36,9 - 16.9 - - 44.1 546
Phospholipid - 7.4 T - 4.8 42,5 - 13 - - 40 59°




Table 22.

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPID
AND PHOSPHOLIPID FRACTIONS OF THE NON-PLAQUE FORMING
MUTANTS OF S. MUTANS 6715.

The fatty acid content of the neutral lipid, glycolipid
and phospholipid fractions from column chromatography
of the non-plaque forming mutants was determined by

gas chromatography. Fatty acid methyl esters were
prepared as described in Materials and Methods. The
values for each fatty acid are expressed as a percent-
age of the total fatty acid content and are the average
values obtained from three separate preparations. Each
preparation was analyzed in duplicate. T = < 17.

a. vaccenic and oleic acid
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Table 22 -

Phospholipid

52.9

45.5

FATTY ACID CONTENT OF THE NEUTRAL LIPID, GLYCOLIPID AND PHOSPHOLIPTD FRACTIONS OF THE NON-PLAQUE FORMING MUTANTS OF §. MUTANS 6715
i}?eréent of Tofal Fatty Acid Content ‘
L 12 14 15 16 1631 17 - 18 - 18:1% 182 19 | 20 20:1  20:2 22 Sat. Unsat.
Bacteria + Lipid e : : : : i Co : : i
©SM 19 Reutral - 17.3 . 13.6  13.9 - 6.8 3.2 6.5 146 -~ 1.8 5.2 15.1 - T 615 36.5 .
Glycolipid - 5.8 2.2 32,4 .7 - s B - - - 17.8 - - 45.8 53.9
" Phospholipid - 6 1 36,4 2 - 4.8 35.7 0 - - - 13.7 - - 48.2 - Sl.4
'SM 23 Neutral - 8.6 1.6~ 4L 2.6 - 5.1 27.6 - 2.6 4.9 5.2 - - 64.4 35.4
' Glycolipid - 10,5 - 41.2 T - 4.2 0 - - T 13.4 - - 55.9 43.4
* - Phospholipid - 8.9 - 40,2 T - 3.9 35.2. - - T 10.8 - - 53 46
SM 24A Neutral = - 3 12.6 38.4 1 4.2 . 6.2 21,5 . - 2.1 5 4.8 - - 71.5 27.3.
. Glycolipid - 8.6 3.3, 35.4 T T 7 26.1 - - T 18 - - 54,3 4.1
- 6.6 2.1 36.2 T T 8 29.8° - - T 15.7 - -




91

fractions may be compared more readily to eachvother for the WT. 6715,
6715 grown in the presence of free fatty ac1ds'or triglycerldes ‘or for
SM19, SM23 and .SM24A. In all cases in Wthh'6%15 was grown in the
presence of either the free fatty acids of the triéiycerides, the’
percentage of the particular tattw acid or'the“fatty acid from the tri- .
glyceride'was greatest in,thehneutrai lipid fraction.and hetween 2 and-
20 timesvlessiin the glycolipid and phospholipid fractions;"if'present
at all.  The percentages in these two fractions were similar. In those
organlsms (6715, SM19, SM23 and SM24A) not grown in the presence of

free fatty acids or triglycerides, the neutral lipid fraction contained
the highest percentage of saturated fatty acids. The phospholipid
fraction contalns a greater percentage of unsaturated fatty acids than
d1d the glycollpld fractlon except for SMl9 and for 6715 grown in the.
presence of .trilaurin.. The three fractlons of SM19, SM23 and SM24A all
contain a higher percentage of unsaturated'fatty acids than do the
corresponding fractions of the parental 6715.‘ This snggests_thatthe~

. changes:occurringgin these mutants that”haye resnitea_in,the loss of
itheir abilityoto;form plaqqeteiso;hawe'éftected their‘fatt;_acidicom—’
[position. |

| ‘While these changesrin'the.fatty acid.composition of the fractions -
cannot be directly 1inkeditofplaqne;reduction,‘it is not ﬁnreasohable

to expectvthat“the'changes in the fatty‘acidvcomposition oi these
fractions may alter or effect bacterial structnresAor functions in which
the individual lipids of the fractions are involved and this.may in—‘ |

' directly effect plaque production. .



IV, DISCUSSION

The ability of free fatty agidg to‘inhibit'the‘growth of various
bacteria has been known for several years (Strong and Carpenfer, 1942;
Kodicek and Worden, 1945; Stephan, léSO; Neiman, 1954; Kabara eﬁval.,
1972; Sheu et al., 1972, 1973; Freese et al., 1973; Butcher et al.,
1976; and Miller et al., 1977). Kodicek and Worden (1945) proposed
that unsaturated fatty acids might inhibit bacteria in either of two
ways. The first proposed a direct chemical action upon the metabolism
of the bacteria or upon the availability of some métabolite present in
the medium. Their:second explanation postulated a physicochemical
mechanism in which unsaturated fatty acids formed a monolayer around
the bacteria and changed the permeability of the adjacent surfacés,
exerted some chemical influence or aitered the surface tension, thus
interfering_with bacterial division. Since Kodicek and Worden's ini-
tial proposal, several studies have attempted to determine the hechénism
of fatty acid inhibition of bacteria.

The works of Sheu et al. (1972, 1973) and Freese et al. (1972) have ~
‘demonstrated that the inhibition of E. coli and B. subtilis by fatty
acids is caused by the uncoqpling of substrate transport and oxidative
phosphorylation.froﬁ the electron trénsport system; Miller et al. (1977)
have concluded that the uncoupling of oxidative phosphorylation and the

blocking of electron transport or both, are major mechanisms by which

92
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fatty acids inhibitig; gonorrhoeae. Other inVestigationsv(Kabara et al.,
1972 and Butcher et al., 1976) have not yielded such definitive answers.
The lack of a clear cut mechanism for fatty acid inhibition in the 30
bacteria (including several streptococci) studied by Kabaré et al. (1972)
led them to state that the mode of action of the fatty acids.cannot be.

- wholly explained in physicochemical terms, i.e. surface tension'activity,

and that the explanation probably resides in a more complex mechanism.

Butcher et al. (1976) have proposed that the .inhibition of Staph. aureus
vby externally applied unsaturated fatty acids might occur because the
incorporatiqn of these fatty acids into the membrane migﬁt upset‘those
systems that are sensifive to membrane fluidity. The mechanism of fatty
acid inhibition is perhaps best summarized by Kabara's statement; "More
quantitative data are needed before,ény hypothesis concerning the mech-
anism of fatty acid actioﬁ against microorganisms can be put‘forward,“
The data presented here show that lauric, linoleic, oleic, and
eicosadienoic acid and trilaurin and trilinolein.can be both bacteri-
cidal and bacteriostatic for §; mutans 6715 and that the free fatty
acids are more inhibitory than the triglycerides. vThese findings are
in agreement with reports that éhow free fatty acids are more inhibitory
than their esterified derivatives (Kabéra et al., 1972). Lauric, lin-
oleic and oleic acid ﬁere chosen for this stﬁdy because unpublished
studies by Schuster, Lankford, Keayée and McChesney indicated that
these fatty aci&s redﬁced déntal plaqﬁé'formétiqn in vitro as.well as
in vivo while palmitic and myristic acid did not. Palmitic and myristic
acid are normal constituents of S. mutans 6715 lipids while lauric and

linoleic acid are not (Lambert and Moss, 1976). Oleic acid has been
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shown to comprise less than 19% of ;hexoctadecenoic acid.present in S.
putans 6715 (Szabo et al., 1978). Eicosadienoic acid Wes chosen be-
cause initial studies ehowed the presence of a fatty acid containing
twenty carbons and two double bonds when WT. 6715 was gro@n in the
presence of linoleic acid. It was postulated ;hat this fatty acid might
arise from the elongation of linoleic acid and might be related to the
antiplaque‘activity of linoleic acid. - The .data presented in»Table 2
does not confirm this role for eicoeadienoic acid. Trileurinvend tri-
.linolein‘were used to aetermine if.their effects onefatty acid eonteﬁt
were similar  to that of free lauric and linoleic acid..

Anticaries acitivity in animals by fats and oils has been reported
" by severai authors kSchweigert et al., 19463 Granados et al., 1949;
" Shaw, 1950; Wynn et al., 19533 Gustafson et al.,°1953; 1955; Constant
et al., 1954; McClure et al., 1956; Bavetta, 1959).» The acitivity of
these faté and oils was thought to occur by coating either the bactefia
or the surface to which they adhere (Kodicek and Worden, 1945). The
data repo#ted here demonstrates that free lauric, linoleic or oleic acid
can reduce the amount of plaque forﬁed in vitro by S. mutans 6715 at
concentrations that are well below their respective bacteriostatic con-
centrations and suggests that reduction of plaque formation in vivo
might account for some of the anticaries activity seen.

In order to determine if a direct relationship exists between bac-
terial fatty acid content and plaque production, a series of experimeﬁts
Vwas'performed which showe& that the fatty aeid profile of wild type S.

mutans 6715 and non-plaque forming mutants of. this parental strain are

quite different from each other and that both the wild type -and mutants
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retain the ability to incorporate exogenously added fatty acids into
their bacterial lipids (Tables 7, 12 and 13).

The total fatty acid profiles presented here for WT. 6715 are like
~those reported by Lambert and'Moss kl976) ahd;are very similar to those
‘of Szabo et al. (1978). However; the results of Szabo et al. (1978)
differ from ours and Lambert and Moss' in that Szabo and co-workers
reported the presence bf trace amounts (less than 2%, no values given)
of cyclic fatty acids and laurié acid in WT. 6715:"The small amounts
of lauric acid present are probably from either breakdown producﬁs of
longer chain fatty acids or from the uptake of pfefOrmed fatty acids
from the medium.

Cyclic fatty acids in bacteria have been reported by Law et al.
(1963) to aCCumuléte in the stationary phase of growth, thus the pre-
sence of cyclic fatty acidé in S. mutans 6715, as reported by Szébo et

.al. (1978) has been attributed by these investigétors to the use of a
longer growth period. The length of time the organisms were allowed to
grow was not stated, only that cells were harvested from the stationary
phase of growth. .bur'studies"did not réveal the preéeﬁce of cyclic
fatty acias in theitétal or fraction fatty acid profilés of §. mutans
6715. | -

Neither Lambert and Moss‘(1976) , Szabo et al. (1978), nor our own
data confirm the presénce of polyunsaturated fatty acids as reported by
Sharma and Newbrun (l975)‘6r of significant amounts of branched chain
fatty acids as feported by Drucker et él. (1973, 1974) and Drucker and
Veazey (1977) in S. mutans. Polyunsaturated fétty acids are ﬁot common

in bacteria (Lehninger, 1975). The presence of the polyunsaturated
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fatty acids in §;_mﬁtahs B-14, as repbrted byVSharﬁa and Newbrun
‘(1975); is most likely thé result of the uptéke aﬁd incorporation by
the bacteria of these;preformed‘fatty.acids from tﬁe‘medium;

The présence-of-significant'amounts of branch chain fatty acids
in S. mﬁtané reported by Drucker (1973, 1974) and Drucker and Veazey
(19?7)‘h§$ not been qonfirmed‘by either Szabd et al; (1978; or the |
' éreséntAétudy. Lémberfand;Mosst61976)>reported ﬁheqpfeseﬁée of trace
1am§un£s (less than:22) of branched>chéin*fatty acids in S. mutans,"
But'no~iﬁdicétiéh Was-éiven'aé<to Wﬁichlsfféins of the 18 strains of
§;_mutans'they analyzeﬁvpontéined‘them;u Drucker et a1.~{1§73,11974)
and Dfucker and Veazey (1977) reéorted the presence oflthese branched
chain fatty acids in only three stfains'of §;_mutané~(JCZ,AD282 and
NCIC 10832). The presence of such fatty acids in S. mutans may be the
fésult either‘ofluptake andrincorporation by the bacteria of -these
fatty écids from the medium or tﬁey‘ﬁay Be,present énly in certain
. strains of S. mutans. “

We also have been éblé to demonstrate thaf when parental 6715 is
'gfown in the presénce of any of the thfee plaque reGQCing fatty acids,
the total fatty acid profile as well ‘as -the ihdividuél‘fatty acid pro-
files of the neutral, glycolipid and phospholibid ffactionsvare changed
and that some of these chanées mimic thé‘patte;ns of the non;plaque '
forming mutants, i.e. an increased total percentage of unsaturated fatt&‘
acids is presenf in the neutral, gl&colipid'and pﬁospholipid fraétions
as Well as the total profile when WI. 6715 is grown in the presgﬁce of
1iﬁoleic Qr:oleicbacid.’ Increaséé in octadénenoic and eicosenoic écid

in these fractions and in the total fatty acid profile are also observed
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‘When WT. 6715‘is grown‘in the presence of oleio acin.—'The'incorporation
of these free fatty acids into the haoterial iipids has_been reported
by Sinensky, (1971), Goldfine et al. (1976) and‘Umesaki et al. (1977).
The particnlar alteratiOns(that the'incorporation of:laurio, linoleic
or oleic acid hrought-about were'not totally expeetedvand appeared'to
be partlally a reflection. of the change ‘in the- percentage.of the exo-
genously added fatty acid and partially- an adJustment by the bacterla
in the other fatty acid percentagessln order to'accommodate the incor-
ﬁporation or increases‘in a snecific fatty‘aoidf |

The most pronOUncéd:changefpocnrre&sinﬂthe nentral lipid fraction
When>6715 was grown'inlthe presence‘of;fatty'acids‘or;trigiycerides j
and was expressed as a: large 1ncrease in the.percent of the particular
exogenously a&ééd fatty acid |

The neutral 11p1d fractlon of WT S. mutans 6715 and WI. 6715 grown
in the presence of trilaurin or trlllno;elnhand the non*plaque forming
mntants, SM19, ‘SM23 an& SM24A.jall contain'nonadecanoic acid.ﬂ Nonad-
_ecan01o ac1d was absent from the neutral 11p1d fractlon of WI. 6715
grown in the presence of laurlc,-llnolelc or olelc acid. ThlS fatty
acid was not- detected in the glycollpld or phOSphOllpld fractlons nor
in the total fatty ac1d profile of WT. 6715 WT. 6715 grown in the
presence of free fatty acids or triglycerldes, or in the nonfplaque.
forming mutants.

The ahsenee of nonadeCanoio'acin-from.the‘total‘fatty acid profiles
is most likely due to an inability.tojdetect the small~amonnts of this
fatty acid present.‘ The_neutrai lipid‘fraction"of’all‘the organisms

tested contained less than 4% of the total 1lipid present and of this 4%,
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only approximately 2% was nonadecanoic acid (.08% of thevtotal cellular
lipid). The only e#ceptions to this occurred when WT. 6715 was grown
in the presence of free fatty acids. The neutral 1lipid fractions of
these cultures contained'approximately 12% of the total cellular lipid,
a large portion of which is most likely due to the high leyels of the
exogenously added fatty acids present (Table 14); The high concentra-
tions of these eXoéenously added fatty acids may either mask the pre-.
sence of nonadecanoic acid or those organisms grown in the presence of
lauric, linoleic or oleic acid ééy not eloﬁgate pentedecano;c acid.
The absence of heptadecanoic acid from the total fatty acid profile as
well as from the fraction fatty acid‘profilesvfromAWI. 6715 gro%n in
the presence of lauric? linoleic or oleic acid.add»support to the second‘
possibility. o

The lack of nonadecanoic acid from all of the gi&colipid and phos-
pholipid fractions would seem to indicate that this fatty acid occurs
mainly as the free fatty acid and not as an esterfied deriﬁetive. The
failure to detect the incorporation of this saturated fatty acid into
all the glycolipid and phospholipie.fractions may be‘due toyeither its
. very lo& intracellular concentration and/or to the general trend of de-
creased incorporation of saturated fatty acids into the'glycolipid and
, phqspholipid fraetions. |

Neither the total fatty ac1d proflle of S. mutans 6715 grown in the -
presence of plaque reducing fatty ac1ds nor the fatty acid proflles of
the individual neutral, glycolipid and phospholipid fractions showed
patterns with>characteristics consistent enough to demonstrate a direct

- relationship between the fatty acid content of 6715 and its .ability to



99

form plaque. Tﬁe.data.does, however, suggeét thatitﬁe fétfyvacid con-
;eﬁt might‘inflﬁepce plaque production indirectly. The evidence for
tﬁis is as»ﬁollows: - The non—plaque,fbrﬁing.mutants have fatty acid
profiles that arg similar to each other bﬁt‘dﬁiteléifferentvfrom the -
parentalr6715. (Ail of the non—plaque‘forming mutants'have.a greater
. percent Qf fatty acids in the uﬁsaturated form than do_thé ﬁlaque
forming wild type. The three nohfplaque'forming mutanfs élso haVe an
increased percentage of octadecenoic~and-eiéosénoic acid present and a
‘decréase in‘thé percentage of myristic and palmitic acid ﬁreéent.)
‘Lauric, linoleic and 6leic‘écid all‘reduce‘thé7accumula£ion of plaque
'1E_ji££g_ét coﬁcentratiéns that are well belbW‘éheir:bacteriostatié.
concentrations an& faéty acid changes iﬁ major lipid fractiqns (leco-
lipids and phosphoiipids) do occur when 6715 isvgpdwn>in thé presénce
.of the’piaqué_reducing fatty acids. -

Prelimina;y evidéncé to éupport the indireéE invOlvemegt.of fatty
acids in rédﬁcing pladue prodpction was proVided:By Mthesﬁey et al,,;
(1977) . They were able to show an inc}ease iﬁ ;he'ﬁdtal extraceilular
glucosyltransférasé activity, an enzyme réquired fo:”@laque-productioﬁ;
present in culture medium when gulturés‘of 6715 were grown in.either
the presence of,laﬁric-orAliholeié acid. Oiéic acid Wés nof‘tested.5
They postu;atéd that the incfeaSg in total éxtracellular giucosyltrénsf_
ferase activity could ‘be due to an aiteration in the'membréne'é abiiity
to control or régulaﬁe the reiéase of glucbsyltfanéférase; or £hat’whi¢ﬂ-

"becomes associated with the cell surfaﬁe; They further state that a.
decréaée in bound enzyme”could reduce the organism's'ability to form

plaque.
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Harlander and Schachtele (1978) have reported the lysophosphatidyl
choline (LPC) stimulates the activity of the glucosyltransferase enzyme
and increases gluqan férmation.‘ They proposed that>£he high affinity
‘of LPC for glucosyltransferase may be dué to a physical property of
phosphoglycerides (a polar:hydrophilic-head‘and a non—polaf hydrophobic
tail) and that thisvpﬁysical property may give rise to.the multiple forms
of the enzyme isolated during purificétion, variations in the forms of
the enzyme produced under various growth conditipns and the ability of
partially purified enzyme to attach specifically to S. mutans cell
surface. It was further proposed that the enzyme could associate with
phospholipids during or after releage_from the cell. The increased
1evels of glucosyltransferase aetivity they report ﬁlso were'observed
by McChesney- et al, (1977) for 6715 grown in the preéence of either
lauric or lingleic acid and by Wittenberger et al. (1978) when'WT. 6715
was grown in the presence of Tween 80.

The growth of S. mutans 6715 in the medium of Jordan ét al. (1960)
containing 2% w/v glucose, produces 'a final extracellular pH of between -
5 and 5.5.v The internal pH of WT. 6715 is postulated to be higher than
the external pH (Kashket and Wong, '1969). At these pHé, a large portion
of the exogenously added fatty aeid has both a polar and a non-polar end,
and ip'this fespegt is similar to one of the physical prdpertieslof
phosphoglycerides. If Harlander and Schachtele's (1978) proposal that
LPC can bind to glucosyitransferase because of a polar head and non-
polar tail and thus activate the enzyme is correct, then it is possible
that fatfy acids with a polar and a non-polar end may be able to bind

to these same sites on the enzyme. The binding of the fatty acids to
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the enzyme is postulate to pfevent or decrease the amoun£ of bindiﬁg of
LPC to the gluccsyltransferase, This postuiafed decrease‘in binding Q
of LPC may relate to laﬁric, linoleic and oleié‘agids;’ability'to'feduce
plaque formation in vitro.

The asséciation of fatty acid with enzyme may reduce the enzyme's
ability to associate with the S. mutans 6715‘celi. This céuld maﬁifest
itself as an increase in total extracellular glucosyltfansferase when in
: iact it was decreased attgchmgnt. Spinell and Gibbons (1974) have shown
that a decrease in cell bound gluéosyltfénsferasé décreases the amount
of glucan, a major éomponent of dgntaliplaque, which the S. mutans cells
can bind and fhﬁs indirecfly reduces plaque;.;A reduction in thé‘activity
of glucdsYltrénsferaée}éiso‘ﬁoﬁldiredﬁce*the amsunt‘bf'glucan formed and
be manifest as decreésed dental plaque"produpfion. .

The explanation of the‘ability,of laufic’acid, linoieig acid and
oleic acid to reduce:plaqﬁe formation at céncentrations 50% ér more
below their MBC Whiie eicosadienoic acid and the triglycerides tri-
laurin and trilinolein do not, may be related to their configuration as
well as to tﬁeir being present within'§;_muténs 6715 in'a‘large exceés
(see Table 145. .The .configuration of‘linoléic acid (the most effective
plaque reduciﬁg fatty acid) with its two Cis'double_boﬁds and lauric
acid (the next most effective fatty acid) with its twélve carbon éhain
are completely different from.any fatty‘acid normally présent in.WT;
6715. Oleic acid, the leaét effective éntiplaque_fatty acid of the
thrge,‘differs from vacceﬁic‘acid‘(the“majaf‘octadecenoic acid of S.

" mutans (Szabo et al., 1978)) in onlj the position of the double boﬁd,

cis 9 versus cis 11. ‘Thus; it may be that the configuration of these
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three fatty acids Which>are different from the fatty acids normally
present in S. mutans 6%15 allows them to more readily associate with
the glucosyltransferase enzyme and that the presence of excess amounts
of them in the free form favors this association.

It is further suggested that eicosadienoic acid, (which has a
configuration around the'doubie bonds similar to that of linoleic acid
but is two carbpns longer) is not as effective an aﬁtiplaque agent be-
cause the increased carbon chain length hinders its association with
the glucosyltransferase enzyme. Trilaurin and trilinolein may not bé
as effective as lauric and linoleic acid because of their failure to
obtain sufficiently high intracellular concentrations to favor their
association with the gluéosyltransferase enzyme.

This explanation of how fatty acids might reduce dental plaque is
consistent with the dafa in Tables 3, 8 and 9 that indicate that once
a fatty acid concentration of less than 30% below the PIC is reéched,
there is little éhange in the fatty'acid profile until the PIC concen-
tration or higher is reached, and any change ‘that does occur is mainl;
in the exogenqusly added fatty acid.

Using the above theory to explain the data in these tables would
suggest that the exogenously supplied fatty acids are readily incor-
porated info bacterial structures until an exogenous fatty acid concen-
tration 30% below the PIC is reached. At this point the bacterial cell
begins accumulating an excess of the exogenously added free fatty acid
until a level is feached at which the excess is able to associate with
nearly all the intracellular glucosyltransferase enzymes- (the PIC con-

centration) and thus reduce their activity. These enzymes are then
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released from the bacterial cell with‘the fatty acldststill*aseociated,
or free enzyme may’associate‘with extracellular;fatty'acid. Such5an'
association with fatty acld may prevent actlvatlon of the ehzyme by
either 1ntracellular or extracellular LPC (Harlander and Schachtele,
‘_l978). The dlfference in a-fatty(acld's abrlrty~tc hecqme aSSoclated
- with the enzyme,or;to‘reach specific.ihtracellular levelSVCOuld accoﬁnt
fcr the differences in PIC's. | |
.The'abcve»assumesbthat fatty acids, or for that matter LPC,‘dc,hpt
_directly»affect the‘synthesis of the‘glucosyltraneferase ehzyme:hut';l
that they merelyvact on prétormed‘enzyme. Wittenberger‘et‘al. (1978)
‘and Umesaki etlal, (1977) have suggeste& that - Tween 80 (polycxyethylene
sorbitan monocleate) stiﬁulates'the synthesis ofﬁélucdeyltransferaée
either directl& or ihdirectly.l'To accept this hypotheéis,‘oheAmuSt
also be Willing to-consider'that the gluCOSYltraneferase enzyme produced
by cral streptdcocci is not a constitutive‘enzyme‘as suggested.by '
‘Glbbons and Nygaard (1968),4 Guggenheim'and’Newbrun4(l969) and Carlsson
;et al. (1969)( There is ev1dence to support the contentlon that the
glucosyltransferase enzymejis not a constitutive‘enzyme (Carlsson and -
| Elahder, 1973; Janda and Kuramitsu, 1976} -Schachtele‘et al., 1976)
and thus its synthesia‘might be regulated in scme_unrecognlaed mannerl
by the fatty acids.‘ S o
| Wlttenberger et al. (1978) have been able to show that  Tween 80
which 1ncreased extracellular glucosyltransferase (Wlttenberger et al.,
11978;: Umesakl et al.; 1977) does ot act dlrectly on the enzyme to
stimulate catalytic'activityﬁnor,does‘it appear to act on‘§;_salivariusA

exclusively by altering cell permeability. Théy‘alSO'shcwed that Tween
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80 enhanced the rate of glucosyltransferase synthesis to a greater’

extent than fructoéyltransfe;ase andtthat the stimulatidn-by Tween 80
was not aggenéralveffect on all proteiﬁ synthesié. Tweeﬁ!ZO (polyéxyﬁ‘
ethylene séfbitaﬁ monblauraté) also‘inéreased_extracellulérjgluéosyl—’
<transfefase'levéls.-.So&ium‘oleate (lO]Jg/ﬁl):waslfeported not to
stimulate g}uéosyltrapsferase'levels>but_nogactual data we%e given.
They concluded from ghése‘fiﬁdiﬁgs tﬁat:TWéeﬁ°80 either directly or
indirec£ly affected the’synthesis10f1g1ﬁcosyltransfefésé,in'é;_EEAQ;.
varius. However, tﬁey could not totallytéxciﬁde a direct effect‘of )
Tween 80 on the membrane and thus rule out that Twéen~80‘might facil-
itate the release ofiintréceliular glucosyltransferase, pféventing:the
enzyme_from regdlating.its own synthesis.._ ’

Like Tween 80, TWeen 20 also iﬁcfeases»extraCeliula; iévels'bf"
glucosyltransferase (Wittenberger et él., 19785. Siﬁce'a'majOr compon~= -
ent of Tween 80 and TweenVZO’is;their fatty écid (oleic and laurié"acid
resﬁectively) and préliminary findings by‘McChesney,et'a1§'(1977)~indi-
.cated that linoleic and lauric acid Bbth stimulaté~extré§éllﬁlar gluco-
'syltrahsfergée levels,'it-is reasonéble to postuléte‘;hat;the faft? acid
moiétiés may be'fespopsiblé'for the increase in élucosyltranéferése’_'
levéls obser&ed'wifhltﬁe Tweens. . If>this is the case; then. it isleéually
likely that the free fatty aCids'céuld incréésé,extfaceilular glucosyl-
transférase‘lévéls byia'simiiar mechanism.‘~Neithef Wittenﬁérger efval.
(1978) nor ﬁmeséki epual;r(l977)‘ha§g been gble to link the'incréaééd
vlevels of glucésyltransferase,produced>By.§L mutans in the présencg of
TwéeanO to incréased‘plaque‘production eifher.iglyiggg or.ig'gizg.

Similarly, McChesney et al. (1977) showed'thét-fwo of fhe.most‘effective
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antiplaque fatty acids also incréase the level of extfacellular glucosyl-
transferase.

The explanétion of this apﬁarent-contradiction may be related to
a particulaf fatty acid's*ability to stimulate or prevenﬁ the régulgtion
of the enzyme's synthesis, thereby allowing more enzyme to be produced,
and/or facilitate its release from the cell. Effective.antiplaque fatty
acids (lauric, linoleic and oleic écid) may alter the enzyme whose pro-
duction it stimulates and b?{so doing decrease the glucosyltransfer—
ase's ability to adhere to the bacterial cell. Those lipids which are
not effective antiplaque agents (eicosédienoic-aéid, trilaurin and tri-
linolein) may not effectively alter giucosyltranéferase levels because
of configuration or chain length‘(eiﬁosadienoig acid) or because they
do not reach sufficiently high intracellular levels (trilaurin gnd tri-
linolein). It is unlikely that any fatty acid normally found in S.
mutans would affect glucosyltransferase levels aﬁd plaque forming abil-
ity in this manner unless it was involved in the control of the synthesis
of glucosyltransferase. A control mechanism of this type has not been
found.

Another possible explanation of how fatty acids reduce plaque ac-
cumulation could be that those thaf reduce plaque formation have a
greater ability than non-inhibitory ones to bin& or associate with sites
on the bacterial cell Fhat are adjacent to the glucosyltransferase
binding sites, thus impairing binding of the giucosyltraﬁéferase enZyme,
possibly th;ough steric hindrance. The result of this would be iess
bound enzyme which Spinnell and Gibbéns (1974) have shown leads to less

giucan formation and less plaque. The functioning of lauric, linoleic



106

and oleic acid in this manner would be consistent with the ﬁrelimin—
ary data of McChesney et al. (1977), and it is not in conflict with the
data of Harlander and Schachtele (1978) which suggests that LPC binds
to the enzyme and not the bacterial cell.

- It appears that free fatty acids do not inhibit plaque formétion
by producing an altered lipid profile in WT. 6715, although it does
appear that there is an increased level of unsaturated fatty acids
present in WT. 6715 under plaque reducing conditions and in non-plaque
formiﬁg mutaﬁts. Possible explanations fo; the methanisﬁ by which
fatty acids reduce plaque formation are; 1) specific free fatty acids .
could bind to the.enzyme and reduce thé enzYme'é ability to associate
with the S. muﬁaqs 6715 cell; 2) particular'freeffatty acids may stim-
ulate or pfevent the regulation of the synthesis of glucosyltransferase
thereby allowing more enzyme to be produced, and/or facilitate its
release from the cell; effective antiplaque fatty acids may alter the
’enzyme and by so doing, decrease its ability to adhere to the bacterial
cell; 3) fatty acids that réduce plaque accumulation could have a greatef
ability than non-inhibitory ones to bind or aséociaté with sites on the
bactérial cell that are adjacent toAthe glucosyltransferase binding
sites, thus impairing binding of the enzyme by steric hindrance. These
possible explanations\are not inconsisteﬁt with our data and thebfind—

ings of others.
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V. SUMMARY

Lauric, linoleic, oleic and eicosadienoic acid and the trigly-
cerides, trilaurin and trilinolein can be both bactericidal and

bacteriostatic for S. mutans 6715.

Free fatty acids are bactericidal and bacteriostatic at lower

concentrations than their esterified derivatives.

Visual plaque score and plaque dry weight can be correlated,

validating the visual scoring method.

Lauric, linoleic and oleic acid reduce the amount of plaque formed
in vitro by S. mutans 6715 at concentrations that are below their -

respective bacteriostatic concentrations.

The fatty acid profile of S. mutans 6715 was determined and is in

agreement with published data.

The fatty acid profiles of non-plaque forming mutants of WT. 6715

are quite differént from the profile of WT. 6715.

Exogenously added lauric, linoleic, oleic, palmitic and eicosadie-

noic acid and the triglycerides, trilaurin and trilinolein all

3

alter the fatty acid content of WT. 6715.
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Exogenously added linoleic acid results in the production of a
fatty acid containing twenty carbons and two double bonds. This

fatty acid is not normally present in WT. 6715.

Exogenously added palmitic and linoleic acid both alter the fatty
acid profile on the non-plaque forming mutants (SM19, SM23 and

SM24A) of WT. 6715,

Incorporation of exogenous fatty acids into S. mutans 6715 rises
rapidly until a concentration of fatty acid'approximately 30% -
below the plaque inhibitory concentration is reached. At this

point, the amount of incorporation slows and most of the subse-

‘quent changes are reflected as an increase in the percentage of

the exogenously'added fatty acid.

Free fatty acids are incorporated into S. mutans in greater amounts

than are the fatty acids from the comparable triglycerides.

Quantitatively lipids of the glycolipid class account for the

majority of the lipids present in WT. 6715, in the non-plaque
forming mutants, SM19, SM23.and SM24A, and in WT. 6715‘grownAin
the presence of either lauric acid, linoleic acid, oleic acid,
trilaurin or trilinoleip. Phospholiﬁids comprise the ﬁext most

abundant class followed by the neutral lipids.

Glucose is the only sﬁgar pxééent in lipids of the glycolipid class

for the organisms and additives mentioned in #12.
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The glyéblipid fraction cdntains two lipids and quantitatively
diglucqsyl‘diglyceride ié the most abundant lipid in this fraction

for the organisms and additives mentioned in #12.

The phospholipid fraction contéins'five phospholipids. Quantita-
tively diphosphétidyl,glyberol is the most abundant, comprising
52 to 79% of the phospholipid fraction for tﬁe organisms and

additives mentioned in #12.

Lauric, 1inoleic'or_oleic acid and the fatty acids from trilaurin

and trilinolein appear as a higher percentage in the neutral

fraction than in the glycolipid or phospholipid fractions.

The neutral lipid fraction of ‘the noneplaque forming mutants of

WT. 6715 is different from that of the pafental 6715.

Laﬁric, linoleic and oleic acid are'inéorporated.into the glyco-
lipid and phospholipid fractions of S. mutans 6715 when the organ-—

ism is grown in their presence.

S. mutans 6715 incorporates less than 1% of the fatty acids from
eipher trilaurin or trilinolein into either its glycolipid or

phospholipidvfractions.

The glycdliﬁid and phospholipid fractions of the non-plaque form—
ing mutants of WI. 6715 have a higher percentage of total unsat-

urated fafty.acids than do the parental 6715.° ' N
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Neither the totalbfatty acid'profile of S. mutans 6715 growﬁ in
the presence of plaque reducing fatty'acids nor the fatty acid
profiles of the individual neutral, gl&colipid and phosphoiipid
fractions could demonstrate that an‘obvious direct relationship
existed between the fatty acid content of S. mutans 6715 and its-

ability to form plaque.

The data does, however, suggest that the fatty acid content might

influence plaque production by this organism indirectly.
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