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I.A.CTIC ACiD UTILIZÂTICi'J BY STP,IF1'OC0CC;IL STR¡-IIJ AHT

Under conditì ons of a high cell concentre.li on anci ¿ 'l cvr glucose

substrate level-, l-a.ctic acid was forrned ¿ni then Cenracled bl,'Streptococcus

AïI. The lactic acid r'ras converted to acetic acid: ethanol and carbon

d.ioxide.

Lactic acii util-ization v;a.s grea.tly suppressed br. anaerobic incuba-

ti on indicating Nh.at o>X'gen was requirei for the nrocess. The end pro-

ducts of glucose fermentation under anaerobic incubatj-oll 'ÞIere Ìaetic,

,enpt.ie. hui'.r¡--in. ¡.¡]111f.rm'ir. nr.onionie er:ids- et,henol and cafbon cüOXiie.4uci- 4v
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Cii.,iPl1ç" I

I I.J,J]F"O Ðij C TI O I.J

Preseni on no-et, hruran tooth surfa^ces a-rîe concentratei rnasses of

'oacter* e. tùri ch, i,o¡el:her r.i tL an ir'te:'-bp.c-,eri ar nairix, n:J.e '.1-n cerlal

p}aque" The 6¡1¿Ì-sy'ì ,?. in the plaque ceìL l:eedj-l¡' convert man¡r ca::bohlrdrates

lo acid-, eerrsing a:'epid fall in i;he pH oÍ lhe plaque. Subsecluentl-¡.' the

pH sl or,,r};r !'ises again to fastiri leve-r.s (Stephan, 1-9LJ+i lileinbers, l-9ólå

Kle:'nberg e-rd Jerlrins, l-96À)" lreni,p-l- ca:":res ìs ienera'r-l¡r acce^tcd to l¡e

inij;'ie,tecJ b¡r di,ssol-uij-on of +-l'r e rnoi'can'ì c eonpcnents of lh-' enamel of the

tooth su.rfece r,¡h--n lhe p1-a.oue nt{ d-r<-.ps bel-or.¡ sone cri-ti-ca.r letrel knot^m

as ihertcriiice..l pH" (E::g-l-ande:: ef e.], L956)" Felow this pH the concen-

trati-ons of ca]-ei-u,rl;trd phosphale in the placrte and in ihe sel-iva are

i,hought to be j.nsu.ffj-ci ent to r¡r'event the solubili z¿.tion of 1,he enarnel .

A n¡ominent po:r'uior of the pla.r:rre .ni-crofl ora consi sts of the

Str.eptococci. l'lstinr¡,tes of ihej-:l mrmber ¡¡a.r:t¡ -rron 27 t'o 98 per eent of t,he

total- fl-ora (Stral-fors, I95O: Gibbons t l96he l{cCa.r:i;li¡r, fqó5), It is Pen-

erall:r a-cce-ptecj that cnl¡¡ strel 1;occcci produce a"cj-d at a. sr:.ffi ci ent ra"te

e.nd occu.r in sufficj-ent mrnbers in cien+,e.I cI_aq,ue to hê.\¡e a,n¡r major ir+por-

tance in procÌucir-ig the pH fa.l-l r.fnieh occurs in clentel- Ðlaoìle if, Vi.¡q

(RilU;¡, l/olle::¡ and Van T{es|eren, L9t+\ $'irns, fcì65)" Thj-s sugeests that

stud.ies of lhe car.l-.oh¡ri::e.te neiabol-isn oî sl¡eptococcl are inj:o:rtant -uo

prcvicìe a gr.eaier uniersiandin¡ of the denr,al ee-ries Ðrocess"

fnvesti-gali-ons of ca.rbohl'drate rnei,a.bo-,isn'i n streptococci- a.r'e

r¡srrpl I r¡ earri eC o¡t, usi np I or.t concen'b::e.tions cf cel-l-s and fevels of
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carboh¡rd¡ate substraies that are tco high tc be co-mn1etell¡ uÌ;ili zed

rìr¡r'ìnr i.he exnerimenj:a-l- period. Under zuch cond.itions of incubat,ion-

strenf.oeoeci c,a:.:-\r out, ¡ ivnjeal honolactic fernentation of glucose withve¿ ePvvvv

onl]¡ snall arnounts of proclucis formed oi;h*-r than }actie ecid (e.E,s Her'ritt,

I q??" tltr*rrm ¡nrì Poi ê¡q^n 'ì q? ql
1/¿¿-9 vv\/:uv¡¿9 :.,¡///e

Tn L9l+7, Stepha.n and. Henmens Ðointed out thai these cultuz'al condi-

tions have onì-¡¡ h-nit,ed rel-evance to the situatìon occurring in j:he human

oraJ- cavit¡', v,'here strentococci anC ot,her ¡nicroorganisl'ls exist as dense

masses of cel] sr l.'hich are only inter'-nittentl¡r sun¡lied rrith carboh¡rdrate.

!',.ihen these r¡orkers investigated 1,he pl{ chenqe nroduced in vilrg r.ihen a

hish eoneentratinn nf r nrrFê efr¿i¡ Of Stf..--ntoCOCcUS iSO-lated ffOm a hrf¡nan

mouth utilized a l-or.¡ leve'l of glucose, the¡,'observed thet the nl{ initi-al_i_¡r

fell ranidly, but '"hen rcached ¡- minimurn end, surorisingl¡r, su'bseouently

r.ose b¡r nearJ-¡r one nH unit . l¡¡hen the)- 'i-ncubated the cei I susÞension l.¡i-th

an equ'ivalent anount of lactic aci-d instead of gluccse, the pl-I again rose"

The ex¿enl of 1;he aH rise lras eÐrro-'ri:ratell¡ ec,ual to tha-t occurring.rlith

glucose 
"

0n the basÍs of these findinps, Stephan end l{e¡nnens sìrqgesteci the,.t

the pH rise resulted from the consumption of }act-ic aci<J" However, lhej-r

ovnorìnan'l-c .lirl nojl ìnC.l_Uie Inees¡fenentS Of laCtic ¡eìrì. non ri'ìd +h^.'u:u v.rv-f

rrrle orrf. t.he nns^;r^.i-r;{--- +L^+ +Le nH rise rniqh_i, har¡e:.eSUl_ted. ffOff Otheff, u!ç vqu ulrs ,/?ÈÐIU¿rrv.Y urlc u uriv I/r¡

factors, such a*s frorn the fornation of ba.se b¡z the breal¡d-ot'¡n of nitro-

gellou-s rnateriai, such as anino a.cicls (Ca.le, 1-9L6)"

To the preseni;, research into clenta.l ca,r'ies has been almost en-

f i¡o-lr¡ Äìron*oÀ o{ *ì.ra frl'lìr'- r I^ u 'vvv ou u'u rca-J-r-r,6, loftioT'ì. of the Stephan Curve in Cental

plactrue. ;l.lmost no atiention has been paid to the rising portj-on of the
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curve ar"o to the fact thai dentar caries night be averted if the organisms

on the teeth shoul-i. cåuse a pH ri-se b;r a nechanis:n such as the consumntion

of iactic acid. ïf nan¡r streptococci are able to ¡3ise the n]acue pH bl¡

r'+ili-ì-* lcn*in 5pj¡l 'rhar¡ niøht. noni.rjlrlri- ei a-ifinrrr*ìr¡ In i1"'uLir l-z r n¿q l-ectrc ..-_*.,

The ob.ject of lhe Þresent stud¡r r.re-s to cletermi.ne ihe corz'ectness

of Stephan and- Hen:'rlensr h¡roothesis the,i som.e s'breptocossi, l,'hich are

genera.]i-¡ accepted to be homolacticr cAn utilize lactic a.cj-cJ and. thereb¡r

cause a plì ::ise" Additional sturlj-es r+ere unCertaken to clp-rif¡' ¿¡o fate

of the uli lizsd Êlucose and I a.ctic acid- e,xd to Ceterrnine sonle of the

conclilions that nd-eht affect that nrocess,

The nain strel:tococcal stra.in sLudied. in this tìlesis, Å.HT, 
',,ras

orisin¿llv isol¡ted from hu¡na,n cientâi caries lesìons bv Zinner a.nd hisv¿ itiÀ¡J\!À¿

co-rn¡orker" (fçó4). It is of sone interest tha,t of nurrerous strains of

oral streÞtococci ther. testeo in hansters, ÁHT ha.d lhe greatest act,ivify

in n¡nrìrrnina nrriogo The l¡st 'letters of the ¡¿rne of the or-sani o- IrrP

si øni frr i,he sollreê of t.he 6¡o¡nì s¡ hr-'rnpn t.pcf,h l.¡hi-1 e .4 iS +he ofdef ofv¿ 
<..v.11- 

v¡.1,

isolation"

iLiost of the experiments reported in the thes.is urere carriecÌ out

rsino ¿ hip'h cell concentra-Lion and. e. lov¡ initie.-Ì s'lr:eose ìevel fs

duplicate ås neârll/ as possibl e the situa+-ion occurring in Lhe cìenLal

prl aoue in vivo.

Outline of the Rema.inder of the Thesis

Chapte:' fI is a, review of 'uhe lj-'r,erature ebout le-cti c acj d nro-

duciion anC subseouent desrîada.tion in both mixed cu-l-tr,r::es and nure cul-

tures of mj-croo¡ganisms. Chanter IfI "¡d,11 descr"ibe the mate::ia--l-s and



roe'r,hocl.s used- in thi.s stl:-d--. fn Chapter IV, +-he exnerirnentei t¡r:rk wil-] be

reported. e-:rcl ihe results discussed. Ä surIs'"ar';r of the findings of ihe

-+r,Àr¡ .*.1 ¡n¡n] ., ci nne r,rì'l I hp oi rren i rr Ch¡ ni,er 1/ìiL, llLl-V cl..1:LI UUIIUIfÐ:vilu rJr:r vL €i:vÇ¿r ¿i¡ vrrLl'eur 7 o



CHTIP'I]T]F, II

LIT.llRÄ?iJF]Î N...VIEi,,I



CÌ]AFTNR, iI

T,ITEj],,1TU Aq PË¡¡IÐJ

Cral nicroorganisns 1.'ere first observed by /'.nton;' fian l-eeu'¡¡enhoeck

in 1ó83 (cited b¡r Fitzger"al-C, 1963)¡ ,.flC r^¡ere nostulated to have a.n j-m-

porta.nf role in the initia-tion of iental- cari.es b¡r l-iller in 1-ÊÇ0, in his

trChemo-?arasitic Theor;rrt. The theor'¡.r s'r,ated that the decalciflj-calion of

teeth results from the acti on of acicls produced from the breakdovm of

dietary carbohyCra.tes by pl-aque bacteria"

l''cid fonration b¡r the ora.l microfl-ora 'ra.s subseo-uently stucìied by

l',ieuvrirth ano Klosteï'nen (fç¿O), rrrho obsen¡ed f-he rapicl fornation of

l-actic aci d fro¡n carbohydrate b¡r mi croorganisms in saliva, hrcth in vivo

and iI! :i3;æ". They established thai; bacterie. were the responsibl-e agents

j-n the sal-iva luhen the¡. shor,¡ed that saliva in¡hich haci been pa.ssed tlrrough

a Sej-tz filter failed to produce aeici Írorn glucose. Ï,ater, Ìler¡.r.¡ir'lh and

Sum¡nerson (l-9L+2) found. that lactic acid accountccl for no rnore than l0

per cent of the total- acj,ci formei, ancÌ. that I actic aci-i. r^¡a.s rani.dly

netabolizert b¡¡ lhe bacterie. in sal iva with lhe prod-uction of other uniden-

tified acids" Simil-ar observations r¡ere rna,ô.e I'rith oJ-aque þ- Èt.Lq b¡'

i,iuniz (,L9t+3), r,iho obser.ved tha.t,l.act,j-c acici v¡as -f.,;rmecl and then degre.oecì,

r¡hile ihe concenì;rat:lon of other acicls i:rogressivel .r rnse" äe rjenon-

stratecl thet the destruct,ion of l-actic acid occurred ¡¡ost ¡¿¡id'l ¡i at

norl.z":lif.r¡ ¡nri u.ncer aerobic conditions" llhen p.l-a.qrJe l,ras incrjbated under

a.naerobic conditions" the lactic acid ccncentr¡tj-on cì.id nct fal}.

Later, |Jsur,,¡iy*-h ancì. Sunmerson (-1-951 ) observed that r,,¡hen naraffin-

stimulated saliva r.¡a.s incuba.ted '.,¡ith a lov¡ ccncentralion of glucose,
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lactic acid accur:rul ated. on'lv e.s l-ong e-s gluc:'se rilâs Ðresent in the medium.

'.,Ìen i,he ølltnnse Ì_.rps p'one- ¡,he l^^+; ^ -n.ìrt t-^-^* t.n rli spnnepr_ Cn t,he'rrr\/rf U--\, ¿"-rsvL!u ï CÐ ðv¡¡uJ U::U :C..UU:V OVI-\j !ç¿ O'l! U\/ u!or'lrju\jri:r 6

basis of thejr experinents r'¡ith saliva, the;- p""¿j-ci,ed that the repid pro-

d.uction of lactic acid in dental pl-aqu-e woul-d account for ihe rapid fe-Ll

in pll prerriousl]¡ reportecJ. b¡r Sienha"n (t940).

The oxiCat,'ion o-f lactie acid hes been reporied in renJ,'diverse

t¡rpes of microorganisns such :s lscher&hi-a. coli (ltau,¿arrd, f-959), lIïco-

ÞÊ-"'-SIii, (Cous1ns, l-95ó), lsqudcnonas (-lal-ter e-ncr raEon, 196l+) ar'.c l¡ea.st

(/r"pplgby and lÍorton, 1-951+). La.ctoba.cilL.i have a-l-so been shor¿: to util-ize

I¡ctr c acid; Peterson et ¡1.(fçZO) founci. that Ltcloþecil}æ c.en!rr5!;çqq,

a heterola-ct-ì c fernenter, coul-ii stoichiometr-jcal-ly conr¡ert laetic acio to

acetic acid.

I,iore recentl¡¡. even tv¡o homolacti-c fermenLors" ia,ctobacill-us

cÌeJþ,rq-eçki*i and La.ctobaciIJ-us areb-þgqus, urere found- to contain laclic
/ --o*i6¡scs ILIAp,ê?- Ge]ler pnd f,inr"=n 'lg5¿: Snosvell lq5q)- these l-acticu !\4dÐçÐ \.¡oð.ctJ t \/\.rr(.r .-1¡L t/J+9 t Lt tr/ø

oxiciases ¡¡rere l'.jAll-indepenoent. Snosr,¡el1 (\963) founci. that Ir. p.-r.abinosus

++
conta.ins t-rro pairs of lactic dehydrogena.ses, !{ÀÐ-depenient and },lÁD:inde-

pender,t pai-rs" The ío::mer pair of enzyrì1es were involvecJ r,¡ith the pro-

duction of D(-)- and ].(+)- lactate Í'ron p¡rrur.ate r"¡hi-le r-he -latter pair

r^¡ere invo-lvert v¡itl'r t-he oxi-dation of D(-)- ano L(+)- le,ctate back to

Þynrvate.

Às reported in the p::ev"ou-s chanler, +.he ut,ilization of -l-actic acid

in oral- strentococc'i r¡¡as first sugeestecl b..¡ Stephan a.nci He¡rirnens lgtZ)

'-,rhen f.he¡¡ innrh¡f,r¡rJ p hio'h e-oncentra.tion of e- Þure srrain of an uiridenti-

fied. ora-l- streptococcus r.¡iih l-o¡. initial. concenfra*tion of gJ-ucose" They

found the.t the pH in the mediu:n feli rapidl¡r and then rose sloi^J¡r, anrl



-^-+,.r ^+^^ +r"^+ the pII r.ise occurr"ed because of the clisappearance of
-UUÐUU.IdUYU U]IC

ìa.ctic acici. Lamanne (1965, p. óç8) trad. reporteC that åtrentococcus

la,ctis had. been found io exc::ete lErctate into the ncdi um r"lni-l e gJucose

wds being neta.bolizec, e.ncl then utilizedit after the gl-ucose had, disappeareci

from the mec'iun' ilivirÌence of lactic ecic degrace'tion b¡r stre¡tococci- v¡as

also provì-ced by London ancì trppleman (19ót), r^.'ho renoried that SU:eptQ-

coccus faecium strain I.JCTC ?1?1 possessed- a snecific flavin-l-i¡rÌed l,(+)-

l¿ctic dehydrogenase v¡hich ccnvertedL(+)-Iactic acid to acet'ic a.cid and

carbon dioxiCe. Thj-s enzlrre sJrstemruiis capable of oxidiz-.ing lactic aci-d

r,ilran oi*hor nv-ro---",c,€rr or en approçriate d¡¡e øirs proviCed p-s a.n electron

a.cceÐtor 
"

l.ore recently, i,ondon (fç¿S) investi¿a.ted the regiation of the

s.yirihesis and íunction of the L.(-¡)-lactic dehvdrosenase. Fie found -that

*l¡o n¡ inr;irr ^f t.he ê.nv.trmp ¡et.ivif.r. ¡nnê,¡-erì drlrinq ihe last hOUf' ofu1lç r-rl,Jvr r u.y vl Ú! tç ç!la'!!tLç ov u! v: u,' -i I rr\,.;-

exnonential groi,rbh, r..'hen the glucose in the mediun r¡¡ås reârl-y exhausted.

This enz;,ne s¡rsi-ern ene-blei. the organisn io fÌ"Jl,rr åt the exnense of :(+)-
'la.ctai,e anc to survive in a nediu-irì devoici of ca.rbohydrate substrate"

Presu:,a.bll: es postulated b;r Snoswetl- (l-959) for L. arabinosus, the

oxiCation of lactate l^Ias counled to .4.?P produc-r,ion, providing a source

of energ¡r r.'¡hen the prirnar"r' enerÐ¡ source in th.c Rediu:rr, glucose, lIas
J-

used up, In addition, th,e presence of an ¡trÀÜ'-independ-ent, lactic

deh.;rdrogenase could conceivabJ-y enabl-e the bac'r,eria. to regenerate

pyruvate r.'hich coulci be used for s¡mthetic purposesthroush iåe eonvers-ion

*n ¡¡o*r¡'l -lìnAs.Ì+ vv-ro

Since l.ittle is kno",rn about la.ctic acicl degrp-dation by ba.cteria

in ihe oral ca,vitr..., the irnpor'fance of *.ch c.er_g:'aciation to dental caries



is not well understoocì, It v¡as because of this lack of infornnti.on that

the nresent investigation r^ras ca.rried out"



CHAFTNR III

I"iATtrF,IALS AIN }[.TIÌOI-S



TÌ:I.I¿PIEII. ÏIT

liJATElì.iÁLS Ai',Ð 1,'11?ii0DS

Cultures end GrovrLh lifediq,

The AHT streptoeocce-¡- str"ain (ilinner, 1a6J) u.secl in this stud;r

v¡ere obtained fron ]h'" J. Ðonohus rr-f Colgat,e-Pa.lno-live Comnan¡¡, Itler'r

Jerser. and f:"orn Dr." j. üol-Cner, l'p-cultrt of :jentistr.-'r, linivers:'tI'of

To::onto" ,ridditional strentocoeeal st::ains, Bl-iTj eHT, HHt (Zi-rne::, Ú65)¡

-t-1,9t Flf-l, 2 2, GF-71, ils-lO, ?.1i2 (FiLzqerp.-l-d isol-ates); a:nd rK---l- and

GS-5 (Gibbons i-so]aÌ;es) were al,so obtained fz"om Lrt"" lonohue. Slrains oí

sareiltocoçsì of Laneefie.l-d grouns;i, C, Ûr:1, F, G, H, and li r¡ere ob-

ta¡ne6 -from t,he Labora.lor;,- of li¡r¡iene o-Í'lhe l)enarfrrent r.f N:.f-'! ona.l- Ileal-th

and ì,''el-fare in OrNta¡¡a..

Al-l cult'.ures were ¡¡ainta'ì ned at O-i+oC in fr."-¡piice.se a,ga:r

(Jorcian q! al., f9ó0) ha,ving '¿he fcrl-ot'dng eonps5ilion per -l-i-t:re:

tr,¡rpticase (gaftj-¡nore Biological Labora-tor-J¡), 1O Sn; ".¡eest exfract, 1-O gn;

K^HPO,, 1O g:ri salt so-l-lition, l- nJ-; sllclrose, J,0 gn; and agar', -ì-0 gJrn. The
¿4'

salt soluiion cons-ìsted of i'l SO,.7H^Ou O.B grn; FeC1."6H.O, 0.04 gn; andg 4 ) ¿'
I'inçt^ O"OL2 gn; in -l-OO ríl- oí dj-still-ecl uater" Cultu:'es l.Ieïe tz'a"nsferred

1

ê¡¡êriìr si v r¿eeks " Al-:l cul tures excenl the Laneefiel c st:'p'i ns rrelie e-"1-so

freeze-dri ed e-,s soon â.s ¡'ecei-ved "

lrçp-ane-,i:tp¡"-gI-JlçuÞe!:gr_li:&uæ-q

Fo¡' al-l e:..Ðerirqents in the invesii,safion¡ cell-s l^Ier^e 8iîo1",n'l

:-n tr¡rpticase soy bro*'h (Bal+-inore Riol ogiç¿l- T,:ì:o:ai;orr/r Bal'r.imo:-e,

tD.) in e-n atmosr:here of 95 ?ev cent nitrosen a¡"d, ! per cent



l_0

carbon d,ioxide a"t 3?oc for. lB hours, at rçhich time the¡r r^re?e in the

exponential gro',,rt,h f;hase" Thel¡ r..¡ere harvested b¡r cenfr.ifuga+-icn e.t, TTLO x

g for 2C ¡linutes" The supe:'naf,ani was car.efr-rlly noured off and the pellet

r'¡ashed tl'¡ice trith approxitilatel¡r 10 rî1 of sterile colcÌ trvcticase neCi¿n,

b;r centrifuging at l-i¿70 x g for 20 n-inut--s, and decanting the supernatanL.

pi¡¿flrr {,he cells rJere resuspend,ed in sufficient ster.ile co-]-cì trrrcticase
m^rlìrrn l-n oirro fþa desired final- ce'lI concentration_ in r,rost, eprvrr,i uçÐrr çu j_tir€f uË_L_L uullu,jrtUl'dL___.¡ _ _*SeS,

1/ n¿, ttr¡ /=.\J.o, (-/o \V,/V/.

fncubation mi;<tures were Þrel:ared by cornbining the cel-l suspension

and the substrate to make a. fine-] voturne cf J nù. The e:l_ucose used as

substrate was introd"u.ceo at, zero time of each exnerinent, Jil-l_ Ðrena.ration

anC handling of Lhe insuþation mixtures prio:. to incubation were carz.ied

orit at 0-À"C in an i ce-packed beaker to limit cellul e.r netal-.oli sn"

I n cub at i o n F r g c e du re_ ¡l d_ _på llee-s-\!Leq9 n t

Al'l 1n"lroa.ti ons -r¡ere cal.ï'ied cuf aL 37Ôc tn ?,J x 55 :nm tes*ç iul:es

fitteri '."'¡ith ruì:ber stopners with a, hole throu.qh i,,rnich a glass e-l-ectr.ocle

'¿as inserted." The ¡n:-xtures weï'e incuba.ted in a. Dui:noff net¿bolic shaking

incu.bator' (Frecision scientific co., chicago, r1-1.) tor four hours"

The pH of the incubatj-on rni-xtu:'es hrä.s mea.surecj, at regular intervals

using a nodel- ,òH1"1 4c Racliometer pll r".reter. Sanples foz. other. chemical

anal¡rsss r,,'ere ÞIaceci in LO x 75 nm test tubes in ice to stop ¡.ietabolisn.

lìhar¡i n¡J lnrì r¡oo..,...'--.' --S

i n;" b. -t" t
+eS!X__q"c:d__qlal*fq.ig. For lactic acrd. anal;rsis, 25 ¡tL oÍn îrr.rture

'¡J'û's rêlrtor"red. anrj. delj-ve:'ed. into l-0 x 75 r,Ìn test tr:bes r,¡hi-ch contai necl



t_t-

the volutne of cold distil,l-ed r,yater reouired to Eir¡e ihe correct dijution

for anar¡/sis. The ni:<tures r^rere vib:'ated on a. mixer (Vo::t,ex Jr") and

alcentrifuged et 1/r.70 x g fo:: l-O nìnutes ai; 4-C. ;\,ì-iouots of 200 pJ- con-

tain¡nE O-l -5 m1,i la.ct:ic acid r^¡-ere remo..red- fr.o¡n the Suþernatant and

fz'ansferred to LO x 75 mn test tubes. lach tube r,¡as canlec¡-'nrith para-

filn ancl the contents fr"ozen untll- assa\red for lactie acid b¡r the rnethod

of Horn a-r'rcj. Brun (tç56), as rnod.ified b¡r Cohen and Noel (fç¿O), ïn thi-s

nei-,horì. f,he enz\/r4e 'lectre clehr¡cl-^ ì^ ^^'l^^. f.opl,-t.h.¡r, ',.if.h niCO--1rçU¡:uug Ul-ç çll¿¿\,jrr ç- vrl-l:aÐç !Ð du\r=U9 vvFUw:i.:! li-LU:

t'ìnamice adenine Cinucleotide (til¡-l) tc the sanpl-e containir.g lact,ic e,.eid.

The enz¡zme ca+.a1 yz-es the oxiclati on oÍ -ractic aeid i,o n.,tr¡ur.ic acid b¡¡ llllD.

The t'lA]J,{, folredøasf.e,rsqreci sneetrophotonetricall¡r af 366 np (fir. f )"

Total acid" To determìne to'uel : ¡i rì ) tr t¡1 nf q:mnl ê T¡rêpê ramn:ro.leu4u9 a/ làJ- v! OL-'rlr--r- trç¡ v ¿v.,I\JvgU

anC del'ivered. into 2ffi i.:-1 of di-si;illed r^¡ater'" The rîir:Lut'e was then

ti-trated r'rith O.Ol- Ì.1 ilaOH usin¡ phenot btue (pií 8.9) as indicator.

Titration values obtainecl- for ihe mix,tures a.t zero hou,r r.n¡ere subtracted

froin the values for each time noint to gii¡s the value of the tote,'l acid

pz'ociuced.

Gll]_co_s-q_Ê_Calgtlq. Foi' slucose ana'l¡rsi-s, 100 ¡1 of cult,.rre r,¡as

rernoved and de.l-i-vered inlo LO x '/5 mm test tubes rrhich contai-ned Ç00 7:1

of distilled r¡rat,er. The rnixtures r','ere vibra.teCì on a ¡'rixer (Vorter Jr")

and inc'¿bated for 30 niinutes aL 3JoC. i:.riouots of 2CO ¡:Ì containing

t.0-300 irg/r"'il- glucose i,.¡ere transferred to l0 x 75 rffi test tubes and the

confen-,,s assa¡r-eC for glucose usi.ng the 't@lucostatt' reagent (',lo:rthinrt,on

Biochemical Cr:rn., FreehoJ-c1 , 1''i"J, ). The a.ssa.¡T 'r{?..,s .'}'Ì\cc-s u re¿L soectro-
f 

-. ^\-onolor:1errr-calll¡ at )uu np \¡rg. ¿.).
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Ithanol analysis. For the deterlninati on of ethanol, the culture

suÞernatant rsas fìrst Ì;r'eaied r¡;ith zinc sul-fate ancl ihen titre--teC. r"rith

sodiu-¡r hy<iroxide to nH 7,6-7"8. The mix.r,uies weîe cenlrifuged at, i_4?O x g

fo:: I O ilinutes, anci the suÐernatant r.emoved and steam distil-led. b,'r the

meihod of ileish (lg5Oo p. lj)" The ethanol in the ctistil_Ie.te t"ras deter,_

mined b¡r Coni.rayrs method (Corr,.,ray, Lg6e)" Â ty_cical standa,rd. cu.rve is
shown in Figure J"

cerÞon dioåide__trom _Êrucose ?Bd l_ac!_ic a.ci4" carbon dioxide pro-

duced snecj-ficall;r froin glucose and from l-actic acid was d-etermined by

rneasuring the raci-ioactìviil.- found- in the carbon dioxide when the qlucose

Or l_aCtic ¿çid 1.ra-na ,rni fnrm].' '1 3.þsl _t sd. i,¡ith Ca::bcn_l4. The Ca.fbon djOxide

was collected in an aoueous sc-ru-tion of sodiur h;rcìroxiCe (Sandhan, Ig67)

conta:ined in 6 x 30 rr¡t test tubes r¡,'hich¡leced-ìns'icl.e the incuba.tion tu.bes"

The incubation tubes 1.,'ere sea.led id_th serun stop¡s¡s. Separate incubation

tubes ''¡¡rere set un for each iime interva-l " Åt each time inierval 1î.,nr,¡r--r^rlruquÕ-

tion iu-b-'s l^rere removecl from ihe l,r¿ter baùh, l-OO F]- of O,1 ü h.-¡drochloric

a.cid æ injected thrcug-h ùheiz' serum ston¡ers, ancÌ the trrbes i"rere kept

overni-ghf et 0-4oC to ensure the com¡lete diffusion of a1l, carbon clioxide

from the meriirun into the sodi-urn h¡¡rÌroxirie- l:,fï.qy that tine, the sodiu_¡l

hydruride 1"¿5 pipetted into liquid scintil-l-a.t,'ion vi-al-" containins 1O rnl

of a r¿ixture of 2L9 g. of Fluorallg¡' ¡X¿ scinti llation ÏiyuieL

(Beck'nar Instrurnent, Tn"., FuJ-lerton, Calìf.) in 2]-. of d.ioxane {J"T.

Baker, :"ea.gent grac.Ìe). .4,11 deterriri-nations of r.acJj-cactivit¡,r renorbed in
this thesj-s r¡ere then caruied. out usin.g either a Beckman ÐPi'f-l-gp o:: a

Beckman i.S-l-50 j-iqui-d scintill-a.tion counter,
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Radioactivitl¡ of celIs. To esiinaì;e the re-dioe^ctivitl'of cellsr the

cells '¡¡ere first r";ashed tr¿ice '.,¡ith 50 per cent ethanol , and- then s¿srended

in 2ì\i sorìirrm hvriro.¡ir-e- Thcrr rnrel.e then heated e.t SOoC for en hour o:: until-¿j¡ Á-:r ovv-lwrr

the solution ,,rras clea.r. The mi:cbu:'e uas then ne¡-tra.lizei ¡¡ith Bl-O-sblv

Solubilizer (ggS-2, Beckrtar. Instrument -inc,) to oH ? ¿nd eounted in vials

containinï 5 nL of a mi:,:bure of 32"2 g of Fluorali-c¡r ltr¿ scintillatìon

cocktail mi.x (Beckman Instrument Inc") in l ga"J-. of reagent grad.e toluene,

and 5 nl cf rneth anol .

Ð e p areli-o-g a4É. -aqqqli! gt lon *o { Ç 

lt:lgþs}}çg

Ferinentation- Products by Filicic llcio Lolu-mn Chronuto4r'aphl'

Tniì;iall5r, fernentation pr.oducts in the su¡ernata.nt r¡ere se¡rara.ted

using a mocification of the siricic acio. column descri-bed' b¡r smith (tç56)

¡s r:sed bv Ìrjc enri Hpmi'ltcn lr:ersonal con-'mrnication). The fines '.'iere@9 qJUU

removed frcn lOo-nesh silicic ac:-o b]. reneateC susÞension in water; the

silicic acicl r,¡as then d.ried at 160oC or¡ernÍght" and'mainta.ined at th¿t

temperature until used.

To make up the columlr, apnroxirnateJ-y I g of the dri-ed silicic acid

I,rås suspendecl in excess chloroforn r¡hi-ch had been r,¡ashecj- rd-th 0,J i'l sulfur-

ic acid. Å sufficient a-mount of 0,1- li su]furic acio. r^¡as then nixed into

the slurry to conver.f it to a. fine r+hite susnensi on. Thi-s reoui recl

ennr.oxim¿.te-lv 5 nI of sulfuric acid, The slu.ru.rr¡ 1'Ias then carefully/

nou-r.ecì into a 5 rm i.cì. coh:-rnn approxim:-LeL-v 52 rur long, necie frorn 8lass

trrlrina r"'h-inh h¡rì h-en t.¡ner.erÌ pt the lot'¡er enC" The tin coniaj-ned au uvJir¿-

ài øhrlr¡ i"i+.iari r4¿j_ of llhatnan t{3 fil-ter pa.pelr" h'OÐroximat,ely ì-.J g ofv¿Ê1¡r urJ/

silicic acid- in chlorofor:n, to'rrhich no sulfuric aci-d. had been added-t
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i,rä.s aCdecl to ihe top of ihe col-'Jnn"

Sa.mpjes, a.ciC'ifi-ecl'r.o pH 2"0 or less 
"¡jti-: 

a I itl su'lfui'-ic aci-cl,

.!.Iere ådderl i;o the iop of the colrruin. The colu-rnn "¡¡as developed- rr"iLh

a gsadient of 'outa.nol in chloroforrn created as fo-l-1o'r,'¡sl L5ß b¿t'a"nol- in

sulfuric acicl - r^rashed, chlor"oform'ri,ras 'Þâssed into a mi:r-inp r¡essel içl:ich

conieined 25 nL of a.cicl-r^¡a.shed chloroforn. Sinee the rni>:ing vessel ioras

stoppereC anC air-tight, the volurne in the inixing vessel remaj-ned con-

stani at ?5 yù. /rfter 50 ynt of butano'l in chl-or"oform h¿ld eriiered the nix-

ing vessel , 'Lhe concentï"4'r,j-on of butanol entering the nixing vessel was

switched, fron I J t,o t+5/" +-o accele::ate +;he reno'¡al of s"l oi,r-novi nS colllpon-

entsfr"ornthecc.¡lu.nn.:'',solr¡entfl-owra.teof30dropsperrninuteÌ"las

maintained at a-'l--¡ ì;iräes v¡ith a. po]-j¡st,al-'i;ic punp (Buchler Instrrrments,

Foyt, lee, I'i.i.)" Frac'uions 0,5 xù in volume r^¡e::e col-J-ected., and I0 ul

from eaeh r.'¡as removed to be counted b.-¡ l-iculC scintitlation. llracti ons

containing the radioactive neaks v¡ere then nool-ed a¡rC counteC" lJhen

stancìard ClÀ acids propionic, e-celi c and lactic l{eï'e run (Fis' 4), tne

reccverJ¡ from the ccl-umn wa"s Bó*90 per cent- for the knovrn acj-d- standa.rds"

Sepa¡4!:q¡¡-

{e rr¡çL-t at ion Pr oclu-c t s b.-L-ÇAp*!bg941q't ligÊIþI

Investigations of nicrcbi al ferrnentat:i-on reer.li:'e nrecj-se a.ncl

rapi-d methods of c,ua.ntita.tive e.nal;rsis oí the end nroC-ucts thai a"re

excr"eted into the nÌed'iuro. inilialllr in ihese st''-rCj-es, silicic aciC

cohunns r.¡ere useC for. the sena:lat'ìon cf fer¡nentation prorìucts, brrt fhi's

methorl i¡a.s found to be ver..¡ time consunin¡: " LaLer, e- 8ås chrorna'tograph

becar:e ar¡a.il-a.bl e anC- j-t x,.¡F,,s possj-b-r-e to u-se ìt -r'o:: dj-rect orrantita.ti'¡e
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seþê,.ration of the voiatile fernentation products using the ¡'ethod of

F-ogcse. e-nd Lcve (.igi,t).

Samples frrcre incuba,t:lon nixLures r.rere centrifuÊeci for 20 min"rtes

at l lyJO x g. The supernaiants uere renoved and e-cioified to aÞpro>rinatel-l

pH 2"0 r'¿th conceitre.+.ei h¡'droch'ìcric aci-d. Fir.e pl of the :cidifiei

s:rnle.q rirere iniên+n¡l'in*n +L'^. ^pg shror,r¡+-oqr.pnh r,rith a. ]jeri.ì.ton lO rrlc.. " ç --.jr__:-'-uvti :\/ ¡À!

/,, . \rnicros¡'ringe (ila:l11ton Co., l'hittier, Ca.lifornia).

The .ops chron¡t,o oranh I'¡âs a -riewl.eti;-Paclcari. ciua.l- eol um¡ irrc*rrrrnonf.l4Llv j: U 9

iIoCel 5751+, ec'uippecì r.d-th cìual- hyr'Ìi"ocen f-l-ane detec'Lors. The Sargent SFG

recorder used. had a sensitivit.r¡ of L rn'¡, end a chart str¿n cí 1O ìnches,

The ca.lrier" Fa.s'.rseci in fhe ch:'ornrtogre¡h v¡as 99.99 per cent nrj-nimum

/.. \ --.purii;y heli'.;-n (Ì.Íatlreson Co,, -r1¿1 ¡nte, Ga " ) " itlhe dua-'l- gla ss columns

(t i". by ó ft.,l r,rere oackeC ri.th P1r-lì #l (uncoaLeò. 
^O/L2.0 

nesh, Flevrlett

Þ^n'ì'¡pri F Í' ìi qcienti-fic ïli'¡ision. Pelo,,rito. Calif^)" .l',+ieh eonsisted.rGvr:o-f,u-, I \\ i- LrÇJçliUl-J-Mr¿vf,Ðlui!, : C-L(, J:.ILJUg VcJ-LLø./, ,vl:¿(/11 çU

of beads of a !ol-.-¡e"rome.tic resin. riith this t¡pe of col-urn¡ nackinfl, no

lio.ui<j phase is necessp^yrr, âì1d'rhe instabilities caused b¡r colu:nn bleed

are r.her:eb;r ¿v6i¿u,i, Before the n¡c)-inf rras nlrt in the co] ulyrs, ii was

fi::st i,;asheC r¡ilh distill ed trrater: and then v¡i-th acetone fol]-or*ed b¡¡ four

vor:urTr€s of eiher, e-s l'ecornendeC b¡' F,ogosa. inC lo¡¡e (fçee )" The h¡rCr.o-

phobic orop-erties of fhe resin anpeared to make the effecti-veness cf

the tr,¡ater itash ver;,r doubLf,-:l ¡ since the i:or,.¡cjer couj-,-d not be '¡¡etted.

The folloi,,'inE orerating ¡a-r'a-¡rete:'s v¡e:e ch-oscn: c¡rrier gas f--l-o'r,'.,

5O ml nep min: n¡esslr.e setl',itrrs rnn ha] irr-r (l-ì f6r þr¡¡l¡6cs¡. 20 anclv¡¡¡L'v/"9

r 
^,i rr / . - ^^O^e.ír, 3tì lbs/sq. in; J-or'rer li-mjt, 100-C; ncst-i:r;ect-;cn hold, r nin! rate

of temcer¿ture rj-se, 2OoC per nin; unper l-i-:nite 2OOoCi upper l-init
i-+^--,^l 'll 

--i*" ^*¡ ^^^l .,'*^ À-.ì ^^., j'r -r1--^+.r ^- *^-; ^^ r'1 - -r* Ïhgr¡rUer vc,4J -L+ rriÀ1I, G:lL Vvv¿ltl¿\ -itU Ç(/-UI-LIU¿ (lUaVlMl jVV., Mlflllo
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total ti-me for a c¡.cle lras 2J nin" Âttenue.t'i ons used were 80 and 8OO.

The f.crnner.rf..'te or the inieet.i on Ðori ,fies 262oc- a.nc that, oÍ the fla:rreu:vrt lva u Ii(¿o É-9< v g

' ^'^c'-l..1êtênf-^F -/Ê\f ì f :

StanCard anount,s of methanol, ethero'ì , eceti c, propi o11i s, but;'ric,

and'¡aleric acids rd€re ïun to det,errine reterrtion ti:nes (Fi,"ì" 5) a.nct to

deternine the :rel-ati onship bett'een pee.k arleas and ouantiti-es of sann-l e

-".-¡^^+^,1 /¡.¡^^ ¡ , t¡ \rnJecr,eLr \¡r cs. ba etd 6bJ, l'eak arees t.¡ere eeJ-culated b;' apnlÊn¡r l;he

fnr-m¡r'l= Å : l''l -. tl) r.¡lrara f, ic f,:-1p neak r¡¡.p H is tl^e peal,: height,\,-., ,,/_o Grvo,

and l^¡ is the Þeak húdth at one-half oÍ i;he peak he-Lght. These stande.rd

curves L'ere usei to cal.culate the a::iounts of encl T-rroducis in incr.rbat'ion

nedi a"
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CH,Á,PIiIF. IV

EliPüRI]{El,,iTl"],

A. TIfi EFIECT CF CËiI,i, COi,lClll:iTR;:"TIûll 0l( nH tHAl{GïS DUPI}.ç IÌ'JCUB}TI0I,T

lïhen S*'-ephan aird Henrnens (lq*l) studied the effect of cell concen-

trêti on on pH chan¡:e r,¡ith pure cultirres of ora.l mici'oorga.nisrcs in yi.t_æ.,

the¡¡ fourrcl th¡t onl-y at high cell- concentrptions of Ió and )] per cent

(Vft) v¡ere the pH cha.nges as ranid as tho-"e wh'ìch occut'in Cental plaque

iq yivq" f.rith most species of microorganisrns thet ihe¡' tested, r'¡hether or

not they observed a, plï rise depencìed cn the concentra-lion of cells v¡hich

i+as usecl.; onh' at high concent:'afionu (t6-31Í,, \Iff) did the¡r observe

rises. The¡'¡sllerted. no results for" the ef,fect of cel-l concentration of

streÞtocr:cci on pH, eJthou¡JT 'Uhe¡' reporteC tha,t',',.lnen a 33 per cent suspen-

si on of one uni-dentified Þlaque streÞtococcus l're-s incuba-ted r.¡ith a l-ow

concentration of glucose, the pH of the incrrbation mixLure cÌropped to a

rrinimum of 4"5 v¡ithin 5 nrinutes a.no. then rose b¡r 0.8 unit over a subse-

r:uent 2! hour incubafion periocl . In the present, stucÌ-,;r because of our

particular interest j-n strentocoe.ca.l st:raj-n AITT, r^re vd-shed to determine

the effect of alte:"ing cell concentration on the pl-l curves obta.ined, and

hor^¡ the effects r,,¡ould compal.e t,ith those obtained b¡r Stephan and Henräiens

for other microorga.nisns "

Procedure

ïncubation ni;:Lures h'ere Ì:renared

Ðuplica.te mixtures l'¡ere used for each of

lor 8, 16"?t e,.nd 33"j per cent {tf/V). The

as ciesc:"ibed in Ohapter IÏI.

the cell- concentrations 0, 1, ? 2

conceniration of gl-ucose used
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i/ras 13.9 lxlj (O"25 Fer cent, t:;/\I). The conditions of incubation,,¡ere

similar to those used br¡ stephen and Hern¡nen" (rç4?), in thai no specific
attenpt r'¡as made to excrude oxl,¡gen. Árthough the tubes rrere capped r¡ith
rubber stoppers, the stoppers vrere rernoved. at reg¡Iar intervais to enab1e

eccess to the cult'¿re for pH neasuren:ient . The pH 1/,¡as r¡ieesured at regrlar
i nterval-s over a f our hour period of incuba.tiorr"

Rqsults a+d DiscuÞsio4

The results frorn d-uplicate incuba.tj-on mj:cLures at each of the seven

cell concentrations were averaged ancì. the results a.re sho'rr¡n in Fig.ure ?.

The pH cul"ves obtained in .the nresent strrd¡i resembl_ed both those

reported b;r st,ephan ancl. I-lenmens (lçlnz) for. pur.e cul-tures of oral micro_

organisms anc those of Kreinberc (1967) ror sarivary sedi¡nent, i-n that
pz'ogressive increases in cell concentration 'brere associated r^rith progres-

sive increases in both the rate of pì{ fall and the rate of subseo,uent pH

rise" The rates of fall- and v'ise of the pH with 33"3/, celIs suggest tha.t,
at the even hi$ler cel-l- concentrations nresent in cental plaque, strep¡o-
cocci coufd cont,ribute substantially to the pH changes oecur.ring in the
plaque.

A slight difference betv¡een the resurts of th-is stud¡, a,nd those

of the previous studies r,rras that in the present sr-ud).¡ an inerease in
cel-l conceniration fr"o¡r.l-ó.? to 33"3% resulted in a l_ov¡er pll ninirnrurn,

whereas in the 'Previous studies +-he pH mininir,im iras higher r¡¡ith 33J tna,n

w-ith 16"7Íä cell-s" x- fesser fall- urould be uncÌer.standable beca.use a-large

oroportion of the buffering canacit¡¡ in these s¡.sterns v¡ould be nrovided

by the high concen|ration of cells nresent. -An increase in the cet-l con-
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centrati on from 1ó to jjft ttou\a ¡roduce ¿.n ecuivalent increase in

buf ferì ns epnae'ì f.¡' i n f.h¡ cr¡qt.c'n - r.'h'i eh eolrl r-l resu-ì-t in e. decrea.sei nH¿J-i: v(-rrL,vJ-u¡. e.r uvv:'r,

fa.tt. 0n lhe other hand, trvo expl-anati ons night be offered. for fhe 1o1",'er

pII nrinirml.r,t.zLh.33,lií cells in the present siudy, i.e., (f) tne cells

used in the ìncubation might contain substrates which coulcl be degracied

to forrn acids Ín e,ddj-tion to ihose forned froro the brea.kdot^m of the

supa'lieci giucose, or (p-) r,rhen the cell concen'r,ration is higher, p'Jucose

might be broken dorm to forn more acicÌic prod.ucts. These possibil-ities

u'ilI be discussed. rnore fully in subsequent sections"

B " TIfr EFFJ1CT OF HTGH Äi.]Ü ],OI'J COT'iC.EIiTF.ATICI'JS OF GLi.ICOSE OI'I OH-{ï'¡G]I,S

Il.i pH AliD I,,I.CTIC ACIII COliCEl'Jl'RIÎIOll

Stephan and liern"nens (fç4?) first demonstrafeci, r,iith pure eultures

of o::al :"licroorganismsrthut the nature of the nH curve obtainecì ouring

incubation depend-eci on the concen+-ration of glucose proviied as su.bstrate"

'ilith lov¡ levels of glucose the pH fell- to a minimum and then slor"l]¡ rose.

fn contrast, at þigher g,luccse concentrations the pH curve fell contin-

uously during ineubation r'rithout an)¡ r'ising phase. The effect of different

concentrati ons of glucose on pl{ change has also been exemined i"'ith plaque

1n viv_q (Kleinberg, 19ó1) and v.'i-ih salivar¡r sedin--nt iI vj-trc (K1ei-nberg,

tg67; Sancìharn, L967) ,

The object of the next se:"ies cf e-tneriments v¡as to stud¡r the

Ci ffer"ences between Ll:e effecl,s of hig-h p-nC l-ov,' ¡'J-ucose concentrations

on the pH changes oecurring in incubation mixtrrres containing streptoco-

ccal strain ¡lHT. In a,ddition, la.ctic ac-i d anal¡¡ses hlere earried out to

p;ssess r¡¡hethe:: rhe rise in pFI rrtas, in fact, due to the utilizatj.on of



I ¡ci.i n ¡ei d. ¡nri to deter.mine

to the organi sns affected the

P¡"ocedur"e

^,ñ¿(

hol+ the initia-L ievel of ,gl¿sese sunnlieC

ler¡e1 of lactic acicl present in the medj.um.

Duplicate incubation rni>ctures l.¡ere r:seC for each of the glucose

concenirations O, 13.9, ani 278 tt: (O, O"25, and J!,, resnecti''¡efy). The

glucose r¡as intr"oduced at ze::o tirne for each exne:.iment. The nixtu::es

l.¡ere incubated ar 37oC for for:ir hours r'.r-th nH readings taken and cl.r¡"1-ica.te

sartples re¡lovtrJ Íor" e.nal-¡rsis at, r'e¿¡uì-a¡ ii-rne inler"¡pl-S" The ¡.ethorjs used

fo:: pli neasr-i:'ernent, sanp'l.ing anc ana.Iysj-s of l¡.ctic a-cid in these e:."neri-

ments have been rìescz'ibecl in Chapte:" III, Throughou',, this se:"ies of

experinents, the cell concenirati on r^,'as 16.7 Fer cent. .After a series of

n:.el irrlin¡-w exne-;na¡*o *r.n avnç:uinentS t.re1"e eêr';.i ed o'rf,_ i,he reSUltS Cfrl'.w vsug urr., r

t¡¡hich are reÞorted here 6

Results +Jid _Pis cussion

The resrrlts are shorv,¡Tr in Fi$rre 8, where each va.lue is the rnean

value of the le.st t',¡o expei'i-rnents condrrctecl. The results from Ìri'el-iminarr,'

exnerinents brere sinilar to those sho'¡n.

i¡iithout glucose, no la-ctate i¡as p¡odrrced th: oughout the four houi.

in¡,rhcf in¡ rìaøn¡1gf,¡4.ti¡s f,he neeessit,r. Of pllleOSe fOf I aC+.-ìC e-C.d

accu-.nilation, The pI{ of the nedir:n clronnei b¡r onllr 0.22 unl+-S dur.ing the

fiv'st 45 rinutes of incr:ba.ti-on, apnarentl;r the resul-t cf the accu¡nu-'l-ation

of s:-nall a¡rounts of acicis other ihan iactic. for-ned frorn the snall amoun+,,

of cieg::e-d¿b'le ca,rbohvclrate initialì-;' nresent in the cells anð/or rnecliiun.

This observation is consisteni ¡d-ih ihe,t in the ¡recedinE section of this
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ehanter- r,lrat f owe:' pH rrininnrnsl,¡ere observed l,tith higher eel-l eoncentra.-

*innc" innra=.o.r. concentrations of cells .þ.rotrli. 'bri nR r,¡ith the¡ incr.ea.sed! ;:jv;

concentrations of rìegrei,able carbohlrd¡3tru. The pil :"ise that occurred in

the later lro::Nion of -ohe experiuænt cânnot be aítz'ibr-rteC to I ¿.ci;i c acid

degrad.ation sir:ce none l,ras cresentíit r"¡as no:'e Iikel .¡ due to base rro-

ducNion"

'ïJith 13"9 r-ùj glucose, +-he l-aciate concentraiion rose to reach a

raaxjr.ru::r at L5 minutes; th-- pll sirnul-taneously fell- to reach a, mi-nrmum,

cluz'ing the sane tine interval. "t"ft,er 45 núnuies, tire arnouni of "l-actj-c

acid decreased, :"anidl¡r et fi::st p.nd then more sl-e1¿l-rr ¿nlil it he.d com-

pl sls'l;.' cisa.n¡eareci at the end of four hours " The iisapnearance of the

la.ctic acid r¿a.s accomÞanieci b¡r a gradual rise of pH o-1 one unit, The

fact the.t at the enC, of four hours the pH uas stil l- one unj-t belor,¡ its 0

hour".¿alue, indicateci that acid.ic prorhrcts other than l¡.ci-ic acid r,¡ere

stili present in the meclium at the enC. of the incubation.

Geneyafl)., the l:FI was a sensitirre::eflection of l-a.ctic acid le.¡els

'in the i.ncubation mixtures! +-he pï-T fa.It, l',ras reversed, as soon as the lacti-c

acici in the med-i'¡a besan No fall. The s'jtuation here is in contrast to

th¿i; in salivar¡,- sedinent ($andhan, 1967), r,rher-o the i:H can continue to

fel I f or un i.o 30 ninutes afLer the ]-acti c acid concenlraiion hes trep'un

to fell" ?his inci.i-eates that unoer the conditi,ons described here,

sf..r.ent,ocoee¡'l sf,:-ain ,¿HT" t:nl ik-o s¡'1 ì1¡p-1; sod'i r"nnf. does nn*, h:rrg guffl-U:q¿rI r-. l¿,

r.<iÞr-i¿.L
¡ian* nrr'Ìrnhr¡¡n".te siorS.gg,lo nroìong the oH fail Oast the tine r..rhen theot\

la"ctic acicl concentra.t-ìon has be,zun to falI.

lIith the higþest glucose concentra+-ion testeC, 2.78 rlú, the -l-e-ctic

¿.cid le''¡et did not tend to fall at anv tine cìurinq t]:e incub¿tion. This
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suggesis tha't i¡ith lov¡ concentrati-ons of gJucose, the cisacnearance of

Iactic acid occurred as the result of the exhaustion of gl¡sose f::om the

r¡eoiu-m"

Thus, lactic acid concentraiion in the present stuci¡,rl.ras a function

of gJucose concentr.ation and of the length of tirre the incut¡ation had

Þrogresseci. IJso, r.,'hen the initiel glucose concentraiion wa.s l-cnr, lacti-c

pe.ìri r,¡ps elepr-lr¡ an intermediaie and not ¿n end. product of glucose cata-

boli-sn in streplococcal- slrein AHT.

C. EF¡ECT OF IJSIIÛ FHCSPH.ÅTE B'UF'F.Ì]ì-5D S,I!LT}"-ì :1TS A J"'iIi-DIU}'i

The compl exi t]' of the i;r;rpticase med'i um useci as an incirba-tion

medirrra in the Drevious e-xperjmenis did not perrnit the conclusion {. h

& that the observed changes in pH and lactic ac-id concentration v,'ere

solel;r the results of ba.cterial action on the g]-rrcose substrate. It

thereforeseenedapproprlatetocarr]routaseriesofexnerimentsinithich

t.he c.omnlex i,y'r.nLica.se mediu.m,.riâs substituteC b¡,'a. much W simplerrlediu-ltt
ulrç vvrxP4

conprised onLy of phospha-te buffered saline. This would uutr¿þIi sh whether

any comÐonents of the trlrpt'i case mediura could. have been resÞonsibl-e for,

nF nê.Þqq.:¡rr f¡)r^. t,he ri se in oH
--'9 U¡iç I:rjv rl¡ -vr¡ô

Frocedure

Pa::all-el incubati ons were caryied out i n tr¡'¡ti c:.se mecìiurn and

phospha'Le buffered saline (fgS). The concentra.tion of the phosFhete in

the PBS r¿'as adjusted to harre the sane buíferi ng g¿paci t¡r o'v-er the rånge

of pH fall fron ? to 5 a,s that of the tr¡rpti-case ned.ium" Chances in nH

tLese

and. tactate concentrafion in^iwo media were deiermi-ned i"nth ciuplicate



tubes ai ea.ch of thr"ee glucose levels, 0,

experi-rnents were ¡.un and the results l¡ere

studied" in this serìes of exnerinents Ì^ias

&esults and Discussiol

Chanses in p!{ p-ni lactate in the

9e- and pb respectivel.)¡. Each point on

four Ceterninati ons in tr,¡o ex.oeriments.

3L

13"9 and 278 ñJ" Two identica.l

averaged" The cell concentration

a5¡ain 1ó"7 per cent.

ti¡o media ere comÐared in Figures

-oach curve reÐresents the rnea.n of

The results from these erteri¡rents shcrwed that there t¡ere no ob_

vious differ.ences in the chanees that occrr::r,ed in ei_ther J,H or lactic
aci d concentrations as a result of substitutine nhosphete brrfferecl sal-.i ne

for the more complex t,r,-¡pticase mediu¡r. obvi ous]_y the components in the
compl-ex +.r;rÞticase rnedium dic not contribute to either the pH rise or
l-actic acici utilization bJ¡ streptococcal strain AllT"

Do COI]ìELé.TrCIJ 0F pH, LÂCTIC .!.Cï0, TO?i'd- ACID j{t'û GLUCOS DfS¿rrF1.1ir.¡.RAl,JCE

Previ ous sections in +-his che.pier have cle.monstrated 6drç d
the effect' that the initiaf- concentrat,ion of gl-ucose harl on the cha.nges

in l-actic acid and nH that occurred during incu_bation. Fa::ricurar
interest for denlal research resicl.es in the resurts of incubatj-ons 

'sing
lcnrr levers of glucose; the cha.nges in their pl{ mÍmic the me;or comnonents.

the fe.Il anC rise, of the"St"ph*r, pH curve'l

Stuciies of the relai.ionshins betr¡¡een pH, l_aetic acid, total acid.,
and gl-ucose util-izp-tion can often suggest the presence of adcìiticnal
substrates a'nd/or rnetabolic Ðrocesses that othençise :iright be uns¡spected..

!'or exanrple, lfuntz (L9t+3), using hea.rqr, susÞensions of Fta.cue nat_^ria,l
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incubaLeci i'r:l-th €il-ucose uncier a-e::ob-ic coni-iticns in r¡itro, fcuncJ" that the

total titr"a-fable acid Ín the meciium ccntinueci to rjse after a-l-t l¿s11s

aci-ct had iisaì''pea.¡'ed. Íz'om the ned.j-um, Thi-s contrnueci inc:-ease in to-r,¿f

acid- sugeested eit,her filriher cìegraiati,on af glucose (r"iithout a-n essoc-
'iated accurnu]-¡¡tion of ]-aciic acid)* ôr a sr¡¡j-tch in subsr-rate fr.oin rfucose

tc stor:ed nol_¡lsa.cchar.j cle (-sandhan, Lg67) 
"

Ano''her exanþle is the lEork of lieu'¡,.trth a.nd sium,nerson {1s51 )r,,.,ho
i-ncubated saliva p-erobical_l]':,.iÌ;h a. l_or¡t ler¡e-l- of glr.rcose, ancì. shcx+ed ilret
l;.ctic acicl eecurnuleted onJ-;r as long as $-lrcose lre.s prlesent in the mec1ii1m,

ani beqan to disai:pear F-s socn as 1;he gJ-ueo,"e hacj- cÌi-sa.prlea.::ed. Sandharn

(lgt7, \967) carried oui: si,"nil-a:: b'il morie conllr.ehensive e::¡erinenjls -with

a hrgh ccncenì;ra'iion of sal i-r¡a:"J¡ seciì-r:ent¡ anC lrr¿s e.bt-e to show ihit
lacíj-c acicl accumt-r1at-:-on ¡,¡¡.s defr:llrjent on fhe p::e-.ence al p:-u-ease in the

lnediun e"ni also thai, ¿ecr:nu.l-e.tion of cther. ac-ics af-Ler g-iu-eose h;cl cü,s-

ê"¡TleÊrecir :^esulted frcn the ie,Sra.dation ol¡ carboh¡lrCz'a-ie stor-orj in the

serliment. It l"¡¡'s therefc::e felt the.i rnore nr-eeise inforrna.tion, i.e,e
tiie che-,nges in glucose concenïraticn in -.he necliirrn'rd.th tj.me. shoul,d '¡e

obtained in the pr.esenN slu_C;;.

liddi.tiona.l-l¡r, nlì curues m th a row gÌ,ricose concenl::ati_on (r;.ç ryg)

had been si: or,,ryl not to retu-z.n to neut::al r.,a.l_ues¡ a.l_thougå a-l-l the,L¡.ctic

aciri ha,d <J.isa.ppearec. frl¡n j,he media, ?his oi:-oervar-,i_on indic¿.Led. that
acids other than laciic r,¡e:"e siill p:'ese:rt j,n the nedir.y.l at,Lhet tine.
Since lgH is a. fi,rnci-i,on of bo,l,h fhe qirantities of acirjs presenl ancl the

sf:"engths o,i tl-,ese acids¡ if- tr.¡âs fel_t tha-. .:fuz.fhe:: infon::ation shourd, be

obia.ined about the toial tit:.atable ac.ii-r to L,,e fol_ior,.¿eC in la.te¡.

SeCli Ons bw i rlênt.i fi nrf i nn ¡-d ær ¡n*i +.+; ¡n ^+' + L^ -^\J\r(-iiu_ u.r u_vlt uJ. U.r-(jS|j
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acicls i-ndivi cluall}'.

Prgj.Êggg

IncubatÍors -r¡JêT.f set u.n in çhich the g,lucose concelilraticn was

r-3.9 rni'{" Samojes r¡.rere rc-thd:'a;çn at r"e6q-ì-ar tine inte::val's fo:' nlJ

measu.renent and for d.e--ernination of gLucose, -r-actic a:'.ld total- acid, as

Cescrih:eC in Chapter ÏîI.

Results and Ðiscuss'ì on

As prerrious-l-y, the tine of f-he pH minitn-rn, /: 5 minutes, correspond'ecl

i,'ith the tin¡e cí the n¿xirmim lactj-c acid concentration anrj subsequent-r;'

the pli rose r.òi'le the -l-actic acicÌ ccncentration fell (Fig" l-O). The

titrata.ble acid.it¡i in the incubati on nrixtures eJ-so reached a rnaximum

aL t+5 ¡rinutes and- then Ì:egan a subsiantia.l but not con¡l-ete fall. This

is in contrast, to the resu-lts in sal-ivar¡.'sedi:rent (Sancih¿m, 1967) nhere

no fall- in titr.atable a,ci.dit¡.' ç""ntrecl unCer si¡rilar cond"itions.

Obviousl¡r in ih-i s s¡,'sten the conversion of I actic ac j-C to r¡eaker

acicjs only partial_]-.-,¡ e>:Flains the ri.se in pH; the conr¡ersion of aci-ds to

non-acidic prcducts or the prcduction of base a]-so occurrecJ.. illhe re.te

of ciecrease of the tota]- tit¡ai;a.bl-e p.cidit-,'r¡as consi.derabl¡r l-ess than

the raie of c.ecrease of laciic acid in the ned1uir, so that after four

hours of incubati-on" the lactic a.ci.d ¡ras ccnÞl-etelv tone¡ bu-t ¿ substa"n-

iial a:lount of titra-iabie acid. sÌ;il.-i- rema:,ned. llhis confirnirec tha,t laci,.ìc

a.cid. rr'as bejng conve:'ted, at Least 'in pari, to other a'ciCs"

The glucose concentra.tj-on 'i n the nediu:l dec::ea,sed rapirl"l"¡r in the

first thirt¡¡ ninLrtes and he,d ::eacherl zero b¡r one horrr. Tt, ma.-,¡ be signi-
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ficart that, the pH miniin'rrn end the l:-ctic acic concentration ¡naxi,r¡rltt r,:ere

consis+uenil¡r leached sJ-ightlr¡ before the gi,uccse in the ¡aedi.r¿ï,, 1.,¡a.s used

ull. Lact'ic acrc ut-;-'rizatìon oceu:"rei- at a subsr,anti-a-r- r.e,ie even befcre

',he glucose he.d enii::el¡' disapnear.erj from fhe nedj-uin" This r,¡ouìd l:e

consistent r,rj+.h the obserrration b¡r J-.onrìo¡ (r-gós) i,he,t in g!:gÉqçgqqq,?

Jagc;Lqg lhe s¡'nthesis of _l_p-ctic oxrrj.ase increasecl_ nyeat"L:¡ r.,¡hen 1¡fucose

r.^¡as almost e:.Jrausted íro¡n fhe rrecli,¡n.

E. LÅiiTlrc Å0rÐ LiTr.l.,rzATro¡i ïi\i srliEFt.rf,À linltrrl-ollll- srnAïls or srp:rFTo00ccus

Tc gain so¡ire i_dea. o,f hov¡ coryîon the abil_j_t¡r to util-ize laetj-c acid
is åmong slrej-'tococei, in l'a..r+-icular o:^a-l- str.entococci, a.ncl t,o deternine

thr: r"elat; onship of this phenomenon to ân)/ pl{ ri_se, a nr.t:nber of other.

strains cf sirentococc'¿s t"rel:e exâ;'[inec]. These inel-uCecl, one fr.om e¡ch of
l,ancefi-e-jdts c]:"ouos, Á, c, f-t, tr, F, G, FI a.nd K, ar:i severa-r- st,:.ains

origirall)r isolatecl from the rnouths of human, rats ancl ha^nst-e::sr including
srreptccoccal stra,in ilH?r BHTe CHit, ri,!T (Zinner., l965; Ja.blon anC Zi¡¡s¡,
L966)i E-ì+9, F/r-1, 2¡'2j GF-ZI, ils*lO, 2ili2, (F-tzeer¿.trJ ¿r-.,d leyes, 1.960;

Fitzger:ald e.Þ, gL l-9ó0); GS-5 ancÌ FK-l- lcibbons , t_966),

f'ro"Sd"î.

The ce-l-ls r¡rÉìtl€ flror.,;t'l f'or tiì'hours, r.ra.shed, and .i,¡ç¡-þated¡.+ith

)-3"9 r4 gJ-ucr:se, as described in chapier. rrr. lach. sfrept,ococca,J- s,¿rain

r¡as 'incubated in dripl j-ç¡1u ni-xì.ures for eacl-r experinent, îr..¡o exnerinents

l¡Iere cârried out, a.nO il^ie resu_l-t,s âveï.Agecj-.
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Changes in pH a¡d, lactic a.cid concentration have been njotted

against tirce for each of the sireptoccccal- stra.ins'in Figures lla and ll-b.

The testeo streptococci fetl into iit¡o distinct clâsses (te¡fe t)" îhe

first, r"¡hlch iS Teferred to as Class,'',, nrcduced. a pH fal-l fol.l-o'red by

a piì rise anA utilized all .l-act'ic p^c'id -fron the mediu:n during -rhe l8

hour incub¿fi on period. This cl-ass wa.s comnosed of streptococcal strain

AHT ancì the sirains from lencefieldrs Groups C, F, G and K. A1i the

rena-ining streptococca-l- strains tested (Ctass B) neither proC,uceC a

sig-nificant p!{ r"ise nor utilizect }a-ctic acid.
-kÁÊ

A, nroninent por.iion of oral rnicrofl ora consists ofn3tre¡tococcì;

esti-ma.tes of their nu:nber varl¡ froTl1 27 Lo'98 rrei' cent of the fota-1, flo:ra

lGìhhon= l9Á/,: l.eC¡rlhv- l9ó5)" Tf nanv of these oral streptococci are

able to util-ize ]a^ctic a.ciC, the¡¡ coulcì eontribute signi.ficantl¡'to the

lactic acid utilization by the oraf- microflora that has been observed by

,¡rnr¡ i nrrcqt.i ø,at.or.s (ij¡tntz. I Ç/,?: ltTerrr.¡i rt,h pnd Stltnmerson I q5l : .S¡ncihnrn.r)\qL¡J f-uv.ra o \r"ul¿u/J, :/+) 9

L967). It is of sorrre inte::esi that strentoeoccj- of Lancefiefdts Grouns

fl - G ¡nd K- sf.rains of '¡,'hich r.¿ere observed to uti-lize lactic a.cid in this

series of exnerirrenljs, are freqrrently found alnong the oral microflora

(Cran, t964; Zinner, 1966) 
"

F" TltE F"[T,E 0Ï' UTIIIZED LliOTiC r:iCIÐ

The presen*,, siud"r¡ has shot,¡n that r,'ù.en a hig.h eoncentration of

sireptococcal strain ,¿,HT ti'as incubat,eC wj-th a- lorrr concentrati on of

gJucose, lactic acid accumulat--d a.nd then disappeareci fron the roedi-urn,

at r.drich ti¡re the rnajor nor'fion of the total titratable aciditlr still
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renãr nec o

The purpcse of this ser:ies of exnerimenfs v¡as to clai"iflr lhe fafe

of the utilizeC 1-actic aci.i b;z iCent,iÍyj-ng a: C crrcntiie-ting as i:n¿nl¡ of

the nroducts for"mecl fron la,ct,ic acid as possibl-e.

r.ry-ç.ç.d'¿rg.

The v.'or'll -r.ej:,ortei in ¡r,cvious secij-ons shor+ed- that l^¡i-th concentra,fj-on

of L3.9 nÌ'i g.Iucose ihe maxj:mrm l-aciic acid eoncenira'ri-on occurred a'r' l+5

ninutes in inc'.rbafion mircr,ures conl.aining l-6"7Î: si-r"en'l,oeoccal strain ÄHT"

i"fter. that i;fure the l¡c*u-ìc aci-cî coi:centra-tion -ì:'egan to fal.l " 'lhe l+5-

t/,
;linute ti-ne was therefo::-^ chosen to add e" t,race amount of l-aclaie*U-C--

to ihe incubation mir.tu-res. Since litt,le a<icìitional la.cii-c ac:-d -l'¡culd be

for.necl e-fte:: ih¿l tirne, lhe sÞecì iic acti-vi-t¡i of ihe -l-aefì-c acj-d i'¡oul'd re-

inain relat-r.¡e-ì y constant iÌ-rereafier. This v,.ou.l-d be esse:rtia.-l- for obtain'ing

an e-cculrete estimation of the quanti*ties oÍ prorlucts for-ned from the l¿cti-c

acid.

The technioues useri for deternining radioacti-vit',' in tbe ceJ'ls,

supernatant ¡.ncl capbon Cio>licie have been cì escribed' in Chapter TfI . ;!

sa:lple of L-hour supelrnatart i,ra.s a.cidj-ii"ed .Lo pH 2"5 vr]-t'!: h¡/drochloric

acid e.nc the conients separ.alec. on a sil.icic a,cj-i. column a.s described in

Cha.ptez' III. The radj-oactivitr- in the effluent l,Ias nea.su:reC b:¡ liouid

scinti'l La¡ion ccuntinq: .

Results a¡rd lìiscussion

The najor port'i on cf ihe 1¡-die¡ç+-'ivit¡¡ fron the

::ena.ined- i-n the supernaia,nt afì,er 4 hours (¡'ig" fZ) "

the labe-l- u 2"6L raì"I, a"ç'nearcri in ihe cel.l f racf ion p'nd'
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in the carbon Cioxide"

.4,ft,er coh¡-'nn chronatograph¡r of the 4-hour supe::natant, tr.ro rêd.io_
active peal;s appeared in the effluent (Fig. i3), ttre position of the
second ¡eak cor:restonding +-o that of acetic acid. lÌo.l ¿r_s¿iç or formic
acici peaks å.ppeared. The seconcJ. peakr titra+-ed. iq.ith standarcjized sooium

hyd'roxide, conta'ined an aciditr- or Lo.jP- neq./L of iner-rbation mixb*re.
The anount of rad-ioactivit;r in the peak inclica.tecl that it contaj-ned 20.ó
tnill-igran-atoms of carbon per literr,,ihieh.ìs consisf-ent r.¡ith Lhe peak

being rne,rie up entire.ly c-f e"ceiic acid.. the first peak, hcr¡¡everp contained
no titr-a"t,able aciciit.:-r'" l.',,rhen it r+as steam Cistilled *nd anal¡rsed for
etheno'l b;,'conwayrs rqicrodiffusion method (r.,reish, Lg52) as c.escribecj. in
chanter rrr' i-t r"'as founi to conta.in 3^j6 r¡14 ethanol"

These ?esults establ-isheci that after. "four hours i-ncubation, the
l actic ac,i-d. for:'ned fronr gl-ucose r;as in turn ccrnve:.ted to acetic aci d,
ethanol- and earbon d-ioxid-e. ?he pH rise obser¡¡ed jn +_he nedium r,¡as clue

both 'r,o tÌle con."'ersi¡n of 1ac''ic aci'd to a. r^¡ee.I¡e¡ acid., anci to i¿.s

conversicn to the neulral n::oducts ethanol- a,nd, eor_, This a-l-so i¿ientified
the aciù ::esponsibl-e for the substa.:rtial- tit:.atable acid.it;r :,emaining

in the incubatj-on míxtures ¿fter. /r hou::s.

G" TIni HFI-,ECT üF "4ltA:IItr.jlSICSIS ijli :l.,,4.tT]-c ricl.rr lJTfr.IZ¡.Trol,J

In orcier'lo h¿¡¡e conditions comÐarê,'}rle to those cf Stepha.n and
-ü^-,-^.- 

- /t at o\ierì"r,nens \-Lvr+'l )¡ al-l ex¡e:.iilents per"for.¡.aed up to this no-ì_nt includ-ed no

sÞec-jfic nttempi to exc-r-ucle oxygen clu:"in-c i_ncuba.tion. That oxrrgen is
inporta.nt 'bo rhe s¡rstern night be expecteC fron ùhe fact that ce.t I ex_

trecis of anr:ther str.ain of streptcccccus, er_p!gç_g-çgg fe.eg:ili¿¿], have
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been :"eporteo. to corte'i n an I,(-) -specifi c I e-ct j.c oxid.ase l¡hich can uti-r ize

oz¡.rp's¡ as ê.r-r e.l-eciron accertor. (LonCon and -tlplì-erran, i!61). llo'¡¡el'er¡

lh e¡' 61¿ not z'eÞo:"t the Ie¡¡el of enz¡rr.e ac-L' vit-. exhj-biied l..rhen ox_:rgen cr

c ¡:'a ¡¡¡ar| ^F r.rrq nnt nrnr¡i¡-d ¡ll'lyì ag, iì"e p-Ss¡r¡ of -i.,he è7-,?:r1? ,,^ÈiCh iSv: u1jç vJ .LJ-.tc,

tnore LlertinenL to the conrjitrons Ìrreva;ling in denta'l pÌacue _in v! o, if

one accenfs the s':ggesti-on of Gibbors: Soeransk¡,, de Ara,ujo and l,ran Iioute

/1^/ 
' 

\1,L96/+) tli¿,1 the oxl/,sen fenslon in cjenlel- i'leoue ìs l_clir. lecerrse the

ellzl,Tne â.ssår,¡s b.-r'l,ondon enû i-nnlena.rr (t9é,f) ani i,cnclcn (f-9óÊ) r,¡e:-e car.r"ied.

out rli¿h cel] *fz'ee Ðx'i,f^âcis in phosphete bufiers, their e>:rer.iments di-C

not deier:line r^¡hethez'an;r of ì;he substances ¡::esent in a nole comËl_ex

nÊdir"ùn coul,d. act a.s electron acceÌllors in lieu oÍ ox;rgerr cr aicìecÌ. d¡re.

The pr:-::Þose of the exrerimenis reportecl in th:'-s c}:aptei r¿rås ro

dete::rnine rthe'Lher str"ettococce.l sl:.ai-n ¿]i'l r¡,.ou.1..d ciç¡ronstrale a si,cnificant

abll-i''.¡' to utilize -l-eclic a.cid a¡ci ic raise r,he plJ in the con¡lex mediu.n

(r,r;,pt:case) used in thrs stud.r. urie:: e:ae:"obic conditions,

ll------r--rl'uceurJ'e

The methods for nH at-ic lactic a,ciC detet:ninå"tions l,rere fhe sa,.rle as

those previousl..r ciescribeci, a.ni a- glnccse concen+ut"ation of 1;?.9 nil,.{ l"¡as again

used" 1¡,na.erobic conditicns 1re3'e p¡roi.uced in +-he incubati-on tubes by sealing

the tubes r'd-fh serun sNonners and flrrshing"i,he contents r,¡ith a mixlu:"e of

95î; niLroqen and 5o./, carbon cioxìd.e for 20 ninu-tes pr-ic:: to the iner.rbat-ion.

The fl-ushing r'ras a.chievec bf inl::oducir*: +-r.¡o h..noder"=ic s'ringes rhr.oush

the seru;r stcpr:er" One o-f these, llnich'..¡a.s used for ini;rod'rcinfl ihe

gas ni:rt-*re, r.ras forced into fhe rn*-diur¡1, so tha,t the rnecjiur bubbled

¡¡iqorouslv, 'l'he gases'r,hen jeft ihe tuhe vie rhe seconcl- need--le" r¡hÍch
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d.icl nct extend intc the ned.iun. Åfter the jl-ushi-ng r+as finished, the

needl-es T'reïe renoved from the tubes, and the incubation begun.

Iiuring the incubation, v¡hich r.¡as c¿.rrjei out for 18 hou:"s, samÐles

Ï,'ere asepticalì_¡r removed r^ifh h¡rpoden:lic s¡rringes for cletermin¡-tion of

their pH ani fheir. I act j_c acici content.

Resuft,s ancl Discussi on

Changes in pi{ and lactic e.cid concentratj-on har¡e been nlotted

aga-inst tine (Fig, 14). Each crìrve is the ynean of two duplica.Ne exneri-

ments condr:.cted unri-er anaerobic conclitions; each erperinent contained

duolicate tubes.

?ìre results showecì onì-y a ver¡.'snatl- rise in pH anc- a ver¡¡ smal 1

crrop in lactic acìd- concenira-tion riuring the 1Ê; hour incubation, inclicat-

ing tha.t oxlrgen Ì¿rås êss€Tr,tia.I to both processes, ani t,hat noth|ns in the

ccinnlex rnediun cou'l o'. a.ct as an a,lternate el-ectron accentor,

H" TIII Ei,iD P?,OILICTS 0F GLTiCCìSî F;tu,}iiiTi'iTiûÌrî

l{any workers he-ve repcrted. that un<j.er some cond:-tions, i-ncreased

alllounts of end nrodueis other than le.ctic acid are for.med b'r streptococci

during the degracation of gì-uccse, for exarn¡le, i,."ùen the nil of the medi-um

is high (Gunsal.us anC iiliven, I9l+3; Flati; encì Foster, 1-958)" ruhen irnnair-

ment oÍ $.ucose uai;al:e or utìl-j-2.-.t;on exi sfs (pierce u Lg5T ), ar:d dur"ing

the exconentie.l grcr.rLh phase (Forrest ç!. aI Lg6T). The Ðuï'Þose o_f the

present st,.lcÌr'l¡es to conÐâre the relaLive amounts of la.ctic a,cid and

other products foüned by strentococcal stz'e_in Al{T from glucose under tr,.¡o

ph¡'siological- concj.ifions: (a) during the ex-¡onenti-ai ,gror.rbh phase of the
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baclerial gror'.th curve, anC (b) during the utilizat-ion of a l-o'ø initial

concentration of f,lucose b¡¡ a high concenllation of cells.

Proeedure

Ceils of strentococcal strain,AHT '','rere f;ro'¡"¡11. as describeo in Cha.nÌ;er

f II. iif i,er the I f-ì hour gro,..,'bh perioo, total t j-trat,abl-e acÍd- and lactic

acicl r¡¡ere reeasured in 't he groL,rLh rredir¡r ir_-.,rrticase so)/ broth"

?he cells l¡ere then harr¿es'Lecl-. v,'ashed, anci. ìncube,-ted fcr 4. hours

using a hig.h concentra.i,-ìon of cells (l-6"2f') end a low initiar Rrucose

concentrat:on (13.9 nr¡j) under an atmcsnhe:'e of g5 fer cent ni-tro¡.en and

5 FÆr c--nt carbcn dioxice, The ::adi-oacti-vil¡,',in the cel ,-l_s a"td. in the

supernatant were deterrnined as iescr"i'ced Ð:l:er¡iousl,-'¡ i-n Chaot,er III .

Carbon dioxide v¡ê.s neåstrreC b¡r label-ling the ¡rl¿s6se used as substrate
ìl

r'¡ith a trace arnount of gl-rrcose-U-Cta, trapping the er¡r:lved ce.rbon di-oxide

in sodirlrn hycù"o;ride, anC counti-ng it b¡r l-iouid scintil-la.tion, as clescribed.

in Chapter IIf"

The volatile ac1ds and al-cohol s þresent in the sunerna+uê-nt r^,'ere

a.nal¡rsed by gas chrometosraphy, The sann-l-es r.rere pl.ep.r1s¡l a.s follor.¡s:

Dulrlica+'e sam¡les r¡r¡ere l"iithdrav"'n rd.th a s¡n:'inøe pioet'r,e a.t 0 hour, 45

minutes, and l; hours for" pll anc. lacti.c ¿cj-d deterninali ons" lupl-icat,e

sa¡r¡les of the su¡e:'na.tanir (5 7:l ) rrere also :'e,'noved at 0 p.nd 4 hour.s,

e.cidified anc then in;ec+-ed dj-rectly j-nto the ga.s chrorn:toø¡p-pþ.

P.e_su,l-ù s -and Discussion

r',^nalvsi-s cf the l8 hour groi.rbh meCiun showecl.'r,hat uncer'l,hose

condilions, streniococce-l- s¿rein ./rllT '¡¡as hi¡:h-r-¡ hornofenneniaii-ve, in that
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Ç7 -6 n¿.y, ¡enl, of the +"oial_ titr.at,able ê,ciditr¡ in the broth tras attribu-/ | øv ¿vt

'r,abl-e to la.ctic acic"

Hor'¡ever - -,..,ùen the cel -l_s were incrrba.ì;ed r,¡j-th a h-i rth eel I eoncentra.-

ti on anô a l-or',¡ initiar gJ-ucose concentra'L:-on, l-actic ecio accounted for'

orù],66.9 per cent of the pz'ocucts fcrred froi:r fllucose (le.¡le tl), Other

nrÐducts such as ace+.ic, but¡,ric, i-sobut¡rì-c, r,ronionic, and etl^anol

",.rer"e er so forneci (ta.¡l-e II; Figs, L5a anC l-50). .l]ea:l-r' al-ì the radio-

pci.i wii.-¡ f¡',c¡rn o]ucose-U-Ct4 renainei. in t,he sunernatani after four hours

of incubaiiong only a snal-l ernount of 'Lhe le*bel anþearecj in the ca-r'bon

dioxide, ancl. none in the cells (Fif " 16) "

À maierial balance for the a,nael:obic dissi¡irilation of glgcose b;r

sireptoccccal strein riliT was ca.l-culatei. (fa¡fe ff )" 'lhe vâhr-es :rsed

were those obtainec. a+- À hours. n-inus the r¡al ues a.t 0 hour. The ca'¡'bcn

recovefàr¡ v¡es IOO.3 ¡er ceni anc the oxic¡tìon recìuct,ion ratj-o, 1.05"

The present stuii-,' shov,'ed thaf r¡.rrth streÞtococca--L- strain LHT, like

severa"l other oz'sanisns. the relative amor.lnts of l-actic acid- and other

¡roducts iori::ed ourirrß the b:"eekior,.rn of glucose can be al-terecl bl. chenf'es

in the condit'ions of incubation¡'¡ith less lactic ac-i-cì being formed du::ing

øror.¡f,h f,lan ilrr.i nr a short i nerbpt,i on pi, h j nh eel I concentrp-tion (resiins

cell cond.itions ) ,

l,hile i,his nanuscriþi r,,ras in nrepa,r'ation. lJmcker and I'felrrille
/-^/-+\ ,(196¡l) reported +-jrat r^.rhen-Lher'gï'er¡r fitreptococcal strain hHT for 72 hours

in gJ-ucose broth in an at::osnheu'e of 95i; ni+-rogen e-'rd 5,4 ce.rbon diorirìe,

+L ^r- €^,.*/: +tr^-+ aor^rr-j c ¡ naf.i e ¡rfl hllt.¡¡ri e ¡ni rls Ant". ethe.f,O'l I1,e1.e nf6-ul:ç -' I\/ullu utt<.u tv]¡.tf_uJ duriurv Gr_u vu_u,ra _LU cv:uu o:11. çu:l<r.1 :ul 1(9r

rì"norl .nrì *h ¡i onl r¡ áo -1, nn? cent, Õ' t,he ol ¡eose l.raS fe:'nenì:ei tO :aCÌ;iCuuçÇuJ dJIu urrc,u vlrIJ 9).¿+ t)r.L r,ç¡-u \/-. u¡ru f¿uv\/u

acid. The :'eason uh;r -,|,e¡i obiained a Lov¡e:: ¡iei-i cf ]a-ctic ecid. in a
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i:-l,lD lPCIÐlrCTS OF GïIJCOSSI lffiT.qËOl,-LS': By sTnnFT0cOccÁL SiltPirii ÁtîT

Product

mi;i nf nrnÀrr¡* -^¡rÉ uL |Jt'|.Juuuu l:er
l-OC nrl'{ of glucose
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gror.iinC ctìrtu-re than r.;as obser.vecl -in

Lhe p;:esent tine"

the ¡resent sluci.¡¡ is nct clear at

I" CûF.Pfl,itTi0îf rJF VOi:,llt{rl, ÐF"y ./r:tTl lmT t',ËllG]-jTsr Â1.Ð

irr-iTROGET': Ctlt',ìTllìlT OF C.IU,L lÊï?ijRtl.TIOt\TS

as previousl¡r Ceseriberi, the anount of cell s present in inculration

:ni:rbures ?,¡as nea,sureC in terns of '¡olune of pacl¡:eci. ce] |s . The se cel_l-s

l'.¡€r'e 8roI'ill ancl prena:"eC in an identical narurer for e\îer:I exnerinenf in
orrie:: i;hat, the cell prepara-tì. ons rcorrld not differ significa.ntl -¡ between

evnc r.i r¡an f q Li,

r¡¡et t^¡eiElht: d.r¡¡ i,reight, or ni+-rogen, en exner.inieni was cer¡ied oui; to
aea.sure ihese -na:"amete:rs in nrena:"ations of str.eptococca.-'l- strain ,{}iT used
-i n the present sturiies ¡.ncl to correlate th.ern l.ath packed cel'l vo-lume.

Procedure

?he ce-]-Is used r¡¡ere ihose in an incube..ticn ni>çbure containing a

L6"7fr sus-nension of celJs (V,/V) suppljsd r^.ith _l_3,g q glucoser before

ancì after four hours of ìncubation. The incubati on nixtu.res r¡¡ere centri,-

fugec. at 2000 x g for" -!-J rninutes, ihe sr-r¡erna.ta.nts removed. and discardecj-,

anri. the cells t'¡ashed tr¿.ice in i-ce-co1d rlisti-l-l-ed r.¡ater. Theirr,,et lrei-ghts

vrere then cieter¡rined on a:r anal-¡rtical- bala.nce (I'Ìett,ler. nodel). Dr:3r r.çsjg¡¡

v¡as cleterminei after i.'ing'ihe saepres overnig,ht in an oven at g5f c

{Pelcza,r, L957, î)" J-?z). tiitrogen anai¡rses r¡rere ce::ri-ed ou.t using

l'iess-l er t s 'tìea.gent (Har'l eco Stab-l-e -1;r..v-Fe-cÌ< j,lessj-er"r s Bea.Eent -- Folin ancJ.

viu-, Iierlrnan-Ledd,on Co., Philarjel phia.).



55

Resul-ts ani_ Dis cussion

One ¡l of na-clçeC cel Is r¡ras fo';ncì t,o have a. i^¡et weight betr.¡een I O1 ó

anrl J,o2J pÊr a <ir¡¡ r.reight betr'¡een 44 and 116 Fg,, ani a nitrc¡en content

between 12.S and f3"0 ]ig" There l¡ere no clíffer.ences betr,¡een cleternina.tions

carri-ed- out on ceil-s Íron O hou-r a.nci from L-horrr incuba.tion ¡njxturesô
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lr.hen a dense suspension (16,7i1, v/v) of str.eptococcar- strain Âlf

r+as incubai,ed '.¡iih a lov¡'revel of glucose (Ì3.9 nrlj), ihe nFi fell renifll-1r,

reached a nini:num, ini then sl o',tl;r rose again. These findings were

sinilar to those previousl v obtaj-nec b¡r stepha.n and Herrrnens (rgAZ) with

a ciense suspension of a pure sfrai-n of an unidentified oral stre.Ðtococcus.

Those l^¡orkers had rrostulatei that the nH r.osb in their sj¡sten because

lactic acid was being consuned. This sti.nulateC and initiated our inves-

tiga.tion into the netabol-ic pl'ocesses associe-tet] r,rj-th the pll rise r,¡i+-h

streptococcal st::a.in AHT"

tr'jhen cell concentrations of AHT rrrere p"og::essively increased fr.om

O to jj"3 per cent, ¿.nd the iniiial- glucose concent::a,tion kept constant

at l-3 "9 4, nrogressive increases occur'::ed in both the ra.te of nH fall

and the subsequent rate of pH rise. At the highest cell concent:rations

the rates of fall and :.ise in plJ anproached those v¡hich hanlr 1^¡6"tr ers ìrave

shoi,¡n to occur in ciental plaque _lr viy_o" That the exLent of the pH fall

also progressively increasecj r,-ith increasing cel'l concenirations sup-eested

two possibil-ities: (f ) tnat son:e clegraCable poì-ysaccharides r^rere present

in the cells used for prenaring the incrrbation mi;rLrrres, or (Z) the pro-

ducts for.recl fron 1J"9 lTìU gJ-ucose ',^rere more acidie at high *.ha.n a.t 1or^¡

ceU concentra.tions. In a- subsecluent exÞerinent, a sliÊht pH fall occurreC.

r"hen no glucose was Þrovj-dec t,o the cells, sugÊesting that (l) r'ra.s the

more proba-ble" l'ihen no cells l.¡ere included in the incubation ni:rtures"

no change in pH occurred CurirE incubation, cìenonstrating thrt bacteria
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r/¿'ere resÐonsible for i,he nH changes that occurred.

Subseouently, i-n e. sinilar series of experinents, changes in pH and

in le.ctic acirÌ concentration '¡,'ere fol-Lor.¡ecÌ'".,¡hen the celf concentr¡-tion

r"¡as kept constant at 16,7 per cent (il/V), a-ncì the gJ-ucose concentrati on

l.'es varied (0, L3"9, and 278 ml'i)" These qlucose concentre.tions ¡roviCed

*h¡oo Ìrcci n *rmoq of feSuliS. The fif.St OCCUf1.ecJ r"tlren no slucose wasvJ.l/vrr 1/J. r.rruu vuuur r:./u rrr ¿-.rr/_\/!JU

supplied to the cell susnension; no lactic ê.ciC forned a.nd the pH fell- b¡r

approximatel¡r 0"22 unit. ll,s nent'ioned a,bove, this pH falI Drobeb-lJ¡ l.e-

sulted fro¡r the degraciation of a small a¡nount of carbohydrate in ihe cells,

The -"econd t¡rpe of result occurred l^¡ith ¿ lov¡ initial glucose eoncentra-

i;ion (13.9 *I),'.^rhen the pH fp.ll and subseouert, piJ ri-se thet occur:.ed

1,rel'e acconr¡.niecÌ b¡r a ri se and fa-ll , resnecii.-¡el-¡r, in lactic a.cii concen-

tration. Both the ,,'raximu:a -lactic acii concentrat'ion ¿nd the pFI mi-nimum

occurred at the s¿ne tine, 45 minutes, inCic¡"ting fhat pll t+as a sensi'tive

reflection of factic acicì concentration" The le,ctic acìd coneent::ation

subsecuently decreaseci to zero b¡/ four hours, demonstrating that l-actic

acid r"¡a.s an intel¡nediate and not an encL product of 51'1 11¿ç5e cate-bolism in

streptococcal strain J'llT" The thiro t¡4qe of res'-r1t occurred i,.r,th v¡hat

I¡rPS â11n,â1-enì-.ì .¡ ¡ nnn-l imit.i no ol\¿:!ur-(, ¿ -Ìrecse concentrati on, 2?g r:ní. j,Iith thet

glucose leveÌ, the concentration of lactic aci.d rose continnor:.s1-¡r *tr¿ tn*

pli fe}l continuousl¡r ¿¡tonghout the incubat,ion period" The changes in pH

that occurred r.tith 13.9 nri'l glucose were similar to those occuri:ing in

dental- Þlaque in vil,o (Stephe.n, t9l+4; Tleinberg, l-96L, \96L); rnor.e de-

tailect exaninations +íere therefore carried out on incubation rni:.Jures

containing that level of gl-ucose.

Ïn these exneri.nents, fhe changes in pll, -l-actic acicl , tot,a.l- aei.d
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ând Sl-ucose iurint the iour ho,rr incubation, t.¡eï'e correle.tei. The r.e-

sul-ts consìstentll¡ shoured that the dj-saprreê.rance of glucose fz.c¡n the

medium occurred al-roxj-mafell¡ -l-5 ninutes af-r,er the concent::e,tion of

la-ctic acid in the mecliun had sta.rted to fall" llhis observation r.as

consistent ',+ith that of London (1968) r,rho repor.terì that st,rentoccecus

faecirq] strain l'rcTC 7l7l- s¡,zrthesiz-^cJ la.ctic oxicia..ce at br¡ fe:" "r,he

greatest v'aie ¡¡'ùen glueose r'¡as al-rncst gone fron the rreclir:::r"

The total acid r-ose '¡¡i-th the I a cti c acici. ::eaehed. a. maximurn s j:riul-

r¡-¡onrrc'lt"''i+h +.hô l:of.ir noi.r e.ncr then felr d.ur.'ìnÉ: the renaj nder of the-Lc\,utu cL iq, -r:\: !! jgf . _. (:f-_!_ uL

ex¡erirnent. nhe ra.te of fall of tl¡e tota_L a_cicL r..¡as mu.ch l_ess then t,hat

oÍ the l-aetic acid, so ihai an a'l:preciabl.e a,¡nount, an¡rc::imately 50 ner

ceni, oÍ the tota-l acid s'Uil'l ::e¡raineC in the meclirrrn after the lactj-c

acii had iisap;oeared. Tf s.rch a sitr:ation nl.eva:ileC in the d,enlal nla.cu-e.

acids olher than l-¡cti-c a-cicl r¡ould be of great imltorluarìce in tb dental

ca"ri-es (Sanilha.m, Lq67) 
"

To find out rr'hether anJ¡ collrÞonents of the cont:lex medium pla¡red a

role in the obser:¡¡ecl chanFes in pH ani lact'ìe aei.ri eoncentr-etion" a.

sei'ies of experi:nents '¡¡ere car::ied out in ¡.çhi-ch <1ense sr:sÐensj-ons of

stre¡:tococca.l- stz'ain Äl'iT r¡,¡ere incuba.ted in both i,:.-l,lltj_case anC, in phos-

phaNe t'u,fÍered medium. Incubai;i-ons ca.rried cut I'rith O" -l-3"9 a.ncl 278 Wi

gluccs-- ga.ve identica-ì-:"esu-l-ts in both the sinnle arrcl ihe conn.iex meCia,

demonstrating thaf components oÍ the connl-e;r neai'.ul r,¡e::e neither necessar¡,

for, nor eontlj-buted io, the n:rccesses.

To ezæl ore v¡hether sirentccoccå:l- st::ains othe:: than ;iHT coulcl.

utiiì ze ia.ctrc acici, l,t-hour ce] l-s of se¡¡et:al othe:" st:"ains i^rere tesfei.

strains f:'on e¡-ch of LanceÍj-elcrs Groups lì: F, G, and K rr,s.e:mbleci ¡i}-ir
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in that the¡'sþe,.¡ed a. pi{ rise acconparriec b¡r a connleie utilizaì;i-on ol

l-ac'tic ac-iC. before j-8 hour"s of ìncubati-on. /L-l-l ot,her strains testei

ciid not exhibi| these prcne:t'ies" ähese s+-r¿ins nev have been non-

reactive because the conditions of stud..'- r¡ere not cptional for. d.erron-

stt'ati-on of reactilri+-y þrr those parfi-culai' o¡:qenisns. For exannle,

recentr, un¡rrblished resu-ì-ts in th'is }abora.tor-.' have shorrr^: tbet;tTi?, in the

stat'jona.r;,- phase oÍ the ¡ror','th crrrvê¡ raniCl-r¡ loses its e.bilitl' to de-

grade lactic acj-d" Si¡ni-lar factors nar¡ have Ìreen oneratj-ve in the pz'esen+,

stud;', The nu:nber of strains that did util-ize la.ctic acici, d.id so

despite the fact that'these str"ains hed all been rnainiained unc'ler'la.bor-

at.or¡¡ con¡iif.i ons foi nr ol ongerl neri ocis of iine " l,"ihether l_¿.ctic a.cicì,

utilizatj-on is more comnon å,nron€{ freshi-;r-'isolated slreptocoeci rema,ins

tc be d--terlnined"

iinother series of exrerinents 1'rere cårrîiei' out i,¡ith st,rentocoecal

strai-n AHT, to deterrnine'Lhe proCucl:,s to v¡hich l-actic ac-ìd --'"¡as being

convertei, using lactate-U-Cf&. The gJ-ucose con.centra.iion used r^¡a-s

again 13,9 41.í. 'llhe results c-ienonstra.tei +.hat liïr deg::aded l-actic acid

to forr¿ acetic acicl , carbon diox¡lCe: enri. eiha:r.ol" 'fhe aceiic acid. er-

Flained the ti-i-:'atabj-e aciditl¡ tha.l renained i-n the mecl.i'rn after four

hours of incubafion.

In all the erneriments descrihcd ¿.bove, no s-ceci fic atternp:t, rras

nade to excl-udÞ, ox:rg.ert durir'g incubati-on" l'hei-r exlerinenLs r+ere cariied

out j-n l+h-ich l-actic acid d.e,qracla-fion r,,'as ä-ssesser'i uncler both aerobie and

anaerobic condit'ions. l-acì,ic acj-d r'¡as found to be rrtilizecj in fhe nre-

sênce. hrli. not. in 'l'.hc phscnee 6f nørnan :rivic srlnsesi.s i,h¡t, in Cl.enta-l-9 v¿u ¡lvu rf : L vt vr vr\¡y¿'Çr. rr{¡.Ívr

plao¡e _i¡ vivo, sireptococci cor:ld" on.t-.'utilize -re.clic acid, as 'long as



60

olr-r¡fr€t i".rere rresent. Cn the othe:- harC, the utilizÞ-tion oi o4'gen b¡r

stre¡tccocci during fhe cÌeg:'adatj-on of l-aclic .rc-; C could be a )-arg,e fac',-or

in i:he production of the Atr?eì'óbj-c state erisiing in rìenta.} pleque.

In a.nother seÌ.ies of exner:-rnents, the encl Þroducts of .{ucose

fernentati-on v¡ere determineci both in l-Íì-hour gro'.rf,h nediurn ani after a

l, hour incubation a'L a hish cel-l concen¡raiion under ¿na.erobic conditi ons "

The results showeo that le.ctic ¿"cid ¡¡as the chief end-nroiuctu consisi;ing

of 91 -á ncr. cent of -uhe tota-ì- acicjity in tJre r¡edj-i¡'n after 18 hours of/ | ov iJv!

growth, and óó.! pe:^ cent of ihe nroducis for'¡ned fron glucose after 4

hours of incubation a,t a high cel-f conceni-l'ati on. ,¡Lceti c, oroni oni c,

hirt.rn^'i e ¡nri i sohr¡f.rmi c, :e-i rJs - c.e.rbon dioxi cle anci eilLa.nc] 't¡ere nrcd,ucecj in

snalÌer arnounis" ilhen a r¡ate::i-aJ- balance table r'¿as calculated froin the

clat,a - f,he ea¡ho'n r:rcôrr^rr¡ r^râq 'ì nn-? ner cenf. er.d fþg OXiCatlOn feCuCti on
': 

rI Lr u

rati o¡ 1.05"

The present stu-cL-i-es heve atte¡rnted to increase oulr unCerstandi-ng of

pn 'inf,ercsf.inc rsncct. of r-lìre()sc eet,¡hor'is-¡- l¡e+-ic e-cid uti.Liz:.f.; nn in:í:Lv*\J¿]9

sl,rentococca'l sirain.¿JiT und.er a våriel.,¡ of ph¡rsio'logical cond,itions. The

Þresence of large nl]-mhers of stren-r,ococci in dentel Flaque sr.tggests that

this chemical activitrr mar¡ be of consüerabl-e ou.antitative i-nporiance in

the metabo--li-sm cf clenNal n-La.crue"
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