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ABSTRACT

Two carbohydrates predominate in modern diets namely sucrose and
starch. They are metubolized by oral microorganisms to products
tmplicated 1in dental caries. The influence of sucrose and its
metabolites is well documented but starches have received less
attention. This study investigated the secretion of starch
hydrolysing enzymes by oral streptococci and the production of
sugars, acids and polysaccharides from the two components of
starch, amylose. and amylopectin. A stock strain ¥ 773 and a
furviier 20  strains of starch hydrolysing streptococe! from 7

subjects were studied. ' Eight iselates were obtained from cavious
debris and 12 from dental plague.

Most  cultures adapted well to growth on aiylose and amylopectin but

o required  time for enzyme induttion. This was seen as diauxic

o growth © in. some  cultyres. - The remaining strains possessed

oo constitetive  enzymes “and grew almost immediately. A1l isolates
et oreleasew o small amounts of glucose  and glucose oligomers and
e produced ” Tactie and  acetie acids. Wowever, jsplates from healthy
.o teeth did not grow more vigorously, produce z lower pH and more

- atids than straing from carious lesis. This shows that organisms
S e yious - Tagions and  healthy teeth are similar and suggests
Lo o thake diet andc ne%ooa@  characteristic flora may be primarily
oo oAmpliested in the carfous progess. - . . o

. Fiftesn. strains produced a - water insoluble polysaccharide from
amylopegtin, - The ‘most  active strain 5, sanguis 1 204 produced
-~ iwo. polysaccharidss. . Both polyseccherides “consisted of glucose
S units joined by alpha<i.4-1inkages with alpha-1,4,6-brenches. The
o fiest o palymer, | destgnated: amyloglucan  was adierent, highly

o~ insolublg ‘and resistant to enzyme attack which iwplies that it will
cou necumulate on  teeth,  Methylation analysis, infra-red spectroscopy

v unde enzymic  analysis - showed it was  chemically similar to
- emylopeckin: but -t was- Tess branched with  Tonger interior apd -
coexterjor . cheins. . The second polywer was a non-adherent soluble

. glucan - similar £o.-amyloglucan with Jong exterior chain lengths,
- Infra~red : spectroscopy, methylation and enzyrsc. analysis show

o amylegiucan - and - the soluble glucan are not synthesized - de nove -

- tha - products of the modification of the amyTopectin

’ [

. but are

natecule.

A1l isolates produced enzymes with alpha-amylase Tike properties.
Further investigation of §. sanguis MC 204 and §. mitis 101
showed they produce two ekErace?%uiar enzymes, The ability of
‘these enzymes to degrode amylose and amylopectin and to produce
dextran from sucrose was determined. Their action was similar to
alpha-amylase and glucosylitransferase.

This  investigation proves that acids and polysaccharides are
produced from starch., The production of these metabolites from
starch and sucrose supports the view that these carbohydrates are
complementary and additive 1in their cariogenic activities.
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THE DEGRADATION OF STARCH BY THE ORAL %./R&"YOCOCCI.

Reseérch into the r§1e of carbohydrates in dental caries dates back

td the Tlast ceutur& with the'; stulation of the acidogenic theory

. aof MiIler (1895).  He proposed that microorganisms produce acids
f_j_whic.h cause the destruction of teeth. He produced artificia]

'?-f fdenta1 caries ﬁy inﬂﬂhﬁtlﬁﬂ'a tﬁﬂt“ in bread, sugar and saiiva a“d_

"wa 'ab?e ta soften and décaiuify'enamal and dEntine,:E_; ___v___'f

' ;in an%ma!s,

Furthermore, after a starch_

RS j_-f"_de' ? iciﬁcat‘fan of énaézah B

; determinad %he type of aci‘s that weré prnduced and this indicated
that thare was a need to investigate acid production from starch.

'It s well known that there are 2 compnnents found in starch
nameTy, amy?ose and amy1opectin. ) Bifferent anounts. uf these
' constituents occur 1n di?ferent siarches. For example, wheat
starch contains mare amy1upect1n than pntato or rice starch, This

Nan& af these studies however, have o
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difference may be the reason why wheat starch appears to be uore
cariogenic than potate or rice starch {(Lanke, 1957). No studies
have been undertaken on the caries potential of purified amylose or

amylopectin for this reason these starches were investigated.

The uariogenicity of carbohydrates does not depend entirely upon
" the amaunt of titre Wale acids produced, but on the exposure of
.-;the "tanth 'surfaca te-'thase acids§:~This~can be influenced by the.
zi‘gfretanéion and ¢Iearanes of foodstuffs, fnr exampla, fnads that

i L_that 2 is retahol%zed to formt extraceiluzar
-paiysaccharides'which be¢0me* paft af the piaque matrﬁx;

”?foﬂjheg_abi?ity 'tn syntnessze these poxysanchar1das way - determine

S e

"fwhather ora} nrganisMS are nariogenic hecause they atd attachment.'

| ,ffand pramnta piaque formatinnf ~In additﬁon plaque
-;palysaccharides Iead to the creatinn of an.anaerabiu enyironment

~-ﬂ*_ﬁhicﬁ stimulates the production uf 1acttc acid, the most caries

' prnmating -of-_tha acids.;fuund in plague. - Plaque polysaccharides
also trap acids against the tooth and aid decalcification.

'_;Starch may contribute more actively to the carious process after it
hus beenemétabblizEd-infa-pulysapchar%des" In this regard a number
of starch- branching enzymes have been described (Greenwood and
Milne, 1968; French, 1975), If sﬁarcheﬁ are metabolized to
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polysaccharides in the mouth they would have a similar action to
sucrose because they could be metabolized to acids by bacteria and
they could create an environment which would contribute o the

carious process.

The main enzymes that degrade amylose and amyiqpéctin-are the
- alpha-amylases. There are 2=poSsibie spur¢es of these enzymes in |
'.tha  mou£h namaly, saliva and theforai'flora" .Atthdﬁgh-saii#ary .
- &1§h%~émy1ases' havé heen extensiveiy investigated, 1ittle work has

| :_'j; fheau undertaken on the ’tarch degrading enzymes produced by plague

-”__fymierourganiSMS. | Thase enzymes may be more 1n¢ertant +than sativary

”ﬁf :§nzymes,-he;&usg_théy”atcﬂ*:Q“'Pjaque'aﬁd hayé intiﬁate.comtact-with

- sites on the tooth uhere carles attack occurs.

A variety of starch hydro!ys1ng organisms occur in the mouth,

i  partieularly‘ tha streptacacci { :uchanan and aibhons, 1974; Fack]am,

| --iiflg??). These cﬁtci prednminate in the mouth and have been

"'”1mplicatéd in the car#ous prﬂcESS. Starch hydro1ysing streptococci

'“were-,studied._zq_.years ago but the degradatinn of amylose and
aﬁyiapectih by these organisms was not Investigated. An aim of the
present sfudy was to finvestigate the degradacion of amylose and
amylopaciin by the oral streptococci.

It is not known whether caries promoting organisms differ from the
__same organisms found in  healthy _subjects. The metabolites they
produce may differ.  Particular attention was paid to the
production of aclds and polysaccharides because these metabolites

may be important in the cartous process.
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Studles on the degradation of starch by the oral streptococes
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__y;;adhere' tn tseth (Gﬁhbons et a?
'aaekeranirks 1870 - ‘Staat” et al, 19755 Gibbons and van Houte,

INTRODUCTION

Dental caries 1is one of the oldest diseases known to mankind. A

Qreat deal of research -has besn undertaken into the aetiology of

'n;denﬁalf c&ries and in particuler into the role of carbohydrates such

'~ as sacrose. . Sﬁarth -has- aTsu been limpiicated as o¢ne of the

'mif,causative agenﬁs but has not recefved the same attention as

*°°se by S%rEbtnﬁeccuﬁ mutana | (aibhﬂn$ et aig 1966} This

_issqs,__ The ,pqssibﬁliﬁyg’&f=~_:,_ mutans - and vther micrunrganfsms-

f;_qtiIiiﬁﬁg{-;Vdﬁfbﬁhfdﬁatés uther than  sucrose to - produce
;pniysacchaﬁidésfTinaﬁdental p1aque has been suggested by Bowen et
Al -~ {1983) 'bpt has not been explored- This thesis describes such

a ‘study., It reports on the secretion of starch hydrolysing enzymes
by oral streptococci and the production of po.ysaccharides and
acids from the two cnmponants ‘of starch namely amylose and

_amyTopectin. This 1investigation shows the oral streptococci can
,produce:simi1ar~endvproducts from both sucrose and. starch.

-;:%56,-ngtgppeﬁa&r,.$an-Hnute~anﬁ B
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Difficulties encountered during the microbiological and biochemical
studies were associated with problems with the chemical analysis of
starch and 1its products, These problems and thetr solutions are
described 1in detail because they were responsible for the major

obstacIes in the progress of this study and in research undertaken

by other warkers in ph1s fleld.
B ' '*if:T7f¢§$BﬁH?BRﬁTES;AND_ﬁEN?ﬁL_QARxss Ll

“'fggﬂasearch 1nta the ro}e of carbohydrates. in denta) caries dates baek

y Eﬁ}ast century' hen Miiler {1880} pustulaﬁed hs acidngenic'_

invn1ve& 1n the_ i
He"produced& artificia? AEntat caries by fncuh&ting a tantﬁ 1n}

3 _;read, sﬁgar'ianﬁ sativa and fﬁund he was ab?a to stimuIate enaugh
”“f*ffh  ac1d praduatinn iu #8 honrs tn degaicify sound ehamel.- In 3 mnnths'

N “ he preduceﬂ snftening o? dentine ané enameT simiTar to denta1  -
”'buiiffiéarias,. Thus the ?ngestion af farmantab}é sarbﬁhydrats 15 ?btlnwaﬂ
by the praduction of aaiﬁ (anen 1969, Edgar g;_glm ?9?5) and the .
Tdecaicdficatian of teeth, e | B e

1.1 THE ROLE OF SUCKOSE

- L 1.Y Acid production fromESQCrQSe S

Sucrose has besn implicated %n=thé”#aripus;prqﬁess:fbr two reasons,

Firstly, the cariogenic bacterfs 5. mutans produce lactic, formic

and acetic acid from this carbohydrate (Duguid, 1985). Secondly,
lactic acid which 1is considered the most carfogenic acid

-‘He was the fﬁrst researcher to prnpose micrnurganisms arg
foductinn ot acids and the destructinn uf teeth, .
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predominates in plaque formed in assoctation with high sucrose
consumption and increases in significant quantity in plague
challenged with a rinse of this carbohydrate (Bowen, 1976; Distier
and Kroncke, 1983).

1.1.2 Polysaccharide production from sucrose
'Daﬁtai- plaque 1is the soft, tenaceous bacterial deposit which forms

| ﬁﬁ= tﬁe surface of the teeth (McHugh, 1970). Some plaque bacteria

:'SUch' as, for example, S, mutans, § _sanguls, S, mitis and §.

_sa11va_ius, form plague depostts in the form of polysaccharides in

vwvo cand  dn__yitro {(Walker and dJacques, 1987). These
~"p01ysacchar1des have been fdentified as glucans and fructans and

are : synthesized by the enzymes uncosy!transferases and

B  -?fructaay1transferases (Crltchlay et al, 1967; Guggenheim, 1970).

: Many studies haVe shown sucrose derfved polysaccharides contribute
to p]aque formation and enable microorganisms to adhere to teeth
'(Gibbnns gg;_gla 1966; Wood and Critchley, 1966; Gibbons and
Banghart, 1967; Guggenheim and Schroeder, 1967; Mc Cabe, Keyes and
Howell, 1967; Keyes, 1968; Gibbons and Fitzgerald, 1969},
Apparently glucosyitransferase in saliva 1is adsorbed onto
hydroxyapatite where 1t retains activity and produces glucans in
the presence of sucrose (Rolla et al, 1983). Glucosyltransferase
is not essentfal for the attachment of S. mutans to teeth but

glucan synthesis appears to promote the accumulation of S. mutans
cells {Gibbons, 1983).
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To date some of the most studied glucans are the extracellular
dextrans produced by S. mutans. They can be divided into water
soluble and insoluble fractions and may be recognised as 2
gelatinous residue which attaches readily to glass (Gibbons and
'ﬁygﬁard,' 1968; Sidebotham, Weigel and Bowen, 19713 Tosiki et al,
1976); Metnylation studies have shown there are two types of

cﬁains:'in' glucans with a brédominahce of éither alpha-1,3 or 1,6

| L iinkag§$. _(ﬂa?ker 'gt al, 1983). .

';;Hater sn1ub1e gTucans have many branches and contain a high per

"";5{gehtage of alpha-T,ﬁ ]inkages (Trautner, Birkhed and Syensson,

2”5~ 19§2J,. ‘In contrast water insoluble glucans are ma1n¥y Tinear
 consisting ypf :§ﬁ' alpha-1,6 backbone with side chains containing a

e _5i§hf'ﬂfsﬁﬁrffﬁﬁ’“ﬁTbha;¥'3¥1¥nkages' tNisizava et alg. 19763 Hare,

| _";_?Svéﬁssﬁﬁ*  anHl Vatker, 19?é§  Brooker, 1979} Trautner and
o ru1gennauer, 1979, ahassy, 19833 Ciardi, 1983; Walker et al,

1983). The chains pack into sheets with maximal intra- and
‘ 1ntersheet hydragen bonding which makes the giucan insoluble
fMarnhessauTt and DesTandes, 198?}.

There are at Teast two reasons to support the beldef that water
1nsolub1e g1ucans with a1pha—1 3~1inkages are 1mportant in the
.carious process, Firstly, carfogenic strains  of §&__mg§§g§
produce water insoluble glucans with & high proportion of these
linkages (Trautner, Gehring and Lohwan, 1978; wi1ker;ipu1kowhik and
Mﬁfrethdhés, !981); _SecdndIy; the :suﬁ;ression of these bonds
reéu?ts in a decrease 1in viscosity of the.polysaccharide and no
adherence to glass (Takehara and Inoua, 1981).
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Most of the microorganisms investigated for insoluble glucan
synthesis belong to the $S. mutans group. There are other species

including S. _sanguis, S. salivarius and $. mitis capabie of

producing insoluble dexirans but their role in dental caries is not
clear {gibbons and | Banghart, 1968; Ceska et al, 1972; Dewar and
Walker, 19?5; Hare, Svenson and Walker, 1978; Freedman et Al,
| 1979; Tsumuraya and Misaki, 1979; Bowen et al, 1983).

1.2 THE ROLE OF STARCH

';jfchangEs 1n starches . brought ahaut by chemica? and anzymic methods
"f.may-aantribute to the rarious grocess. '

'f=3&2n1l.ﬂﬂﬂif?kaﬁfthaf;starch :

'i   The modifinatian of’ starches, far example, hydrogenation and the

_'remova1 of barriers may change their susceptibilty to enzymic |

© degradatfon. I a study in 1978 _Tpors -and. Hertzog showed
hydrogenated . potato- étargh_is readily degraded by S. mutans . If
;th15 starch 1s hydrogenated furthef- it Toses i¢s potential to
produce acid and can be-useduas a sugar substitute (Frostell et
aly, 1974; Edwardson, Birkhed and Mejars, 1977; Frostell and
Birkhed, 1978; Birkhed et al, 1979),

Another e#amp1e of - starch modification is given by Snow and 0'Dea
(1981) who 1isolated an  alpha-amylase inhibitor from -unrefined
starch, 'This_ substance s destroyed when starch granules are
passed through a roller mill to produce refined flour. This
supports the {ideas of Fiehn and Moz {1983) who proposed substances
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in uprefined starch may inhibit alpha-amylase in plaque. The
barrter to alpha-amylase activity my be fibre because Snow and
0'Dea (1981} found fibre forms a physical barrier to enzyme
 hydrolysts. This system may operate in the mouth because Mormann,
o Srahnnd a_nd: Muhlemann (1983} have found alpha-amylase in“ibitors are

' successful in reducing the acidogenicity of plaque in rats and -

:{-f'_"as much-; acid f-‘ram sawhm starch as glucnsa*

duction from starch

;'_.'prnne patients pmduced ac-lti mara read‘w f‘han rar‘ies fr-ee subjects o

o (?ratnos Eﬁ aig 1979) ' Studies have shawn tﬁe ¢ritica1 pﬂ for
deca'(cifination of teeth Tes betwesn 5,2 and 5 7 (van Houte, o

| "1950). “Movimann and Muh‘lemann (198‘!) measured the pH nf 1nterdenta1 -'

o Pplague after the cansumption nf wheat; starch and fmirtd it drcpped._ |

to 4, 75. Simﬂar r-esuTts Were abtained whan nisﬂer “and his
coworkars (TBBZ) used 3 starch soiuticn ) 3 rinse whereas"
pretr.eafment “of starch with anylase enhanced acid production
{Bughrer and Milier, 1983). |

Fnﬁ:her‘mare, carieS' o
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.2 PROBLEMS ASSOCIATED WITH CHEMICAL ANALYSES OF STARCH

Most problems associat&d with chemical analyses of starch are

'_:, '__r&Tateé o fts variab1e and iasutuble natnra.= The basic reason is

Some haue bgen;--w= ‘
"died ﬂhEPE& 3nthews remain iTl ﬁefineﬂ. a_;--_:f;qﬂ;;Jf,{Jtit

“”if? Dns1st af 2 variety‘ ‘o cbmpqnentsa

"'f 5ahas the tanéenqy ta retrogradew ?hirdiy, it is heterogenous and'.

| ’fﬁherefﬂfe Vﬂ?fﬁbl&«- Fﬂuvth1y; starch- ‘possesses conplex. chemjca]f

_fcharacteristtcs that raq&irﬁ 2 variety of suphistiuated methads for .



|   i;fj$-autet}av$ng, _mechah}
\ f?)fyf}ﬂjsso1w1ng in either - eak
'”-:'7'_--'_1933 ﬁreenwaod, 19?0, 19‘?6, French 19341. D
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2,1 SOLUBILITY

Starch 1s insoluble in both the granular and refined forms. The

development of satisfactory methods to dissolve starch granules and

the components of starch was the firsu step in the study of these

| _pn!yme?s. .

EREARE 59-:1uhi-'-1'i£;v§f.'__gﬁ_._ff starch _g.,___ann';._g_g - o

'1_th§ swei?ing 15 reversib?e but hecomas {rreversibfe when.'- "

2a l”f;atémperatura is reached. ) Hith ge?atin1zatiau _

: L_"arge granuies ge]atinize at 2 1ower ;
granu]es. _ Granu}es may bﬁ dispersed by*“

~gmp2rature' than5 sma_;

x—ray diffractian studies haue shoun granu?as contain crystalline

'and amnrphous regions (Ahmed and Le]ievre, 1978). The crystailine

regions are more resistant to acid attack and enzyme hydrolysis
than the amorphaus areas (French 1934) Ear]y workers he]ieved

these regions were rich in amonse but more recent studies suggests

'they are caused by the formation of compact double helices between

chains in adjacent amylose molecules or betﬂeen ciusters of chains

from single or neighbouring amylopectin molecules (Manners, 1985a).

31'grinding; ﬁreatment with 1iqu%d ammonia andffj
_ alkm or dimethy’{ surfoxwe {ﬂsberg, .
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2.1.2 Solubility of unrefincd starch

: "rhe behaviaur a"‘ um*eﬁnad starch in so?utinn does mt i’aﬂow the'_'_ "._

. SolubiTity of the components of starch

Aswas aﬁﬂgﬁﬁnng@_; "pfé_'f;iafus}& uﬁféﬁr_ieﬁ& starch 15 a mixture of at

" least . two  comonents, amylose and amylopectin. When these
components  are separated they - differ in their solubility
characteristics, - |



b2
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2.1.3.1 "Solubility of amylose

Pure amylose Is insoTuble in cold water (Meyer, Bernfeld and Wolff,

1940)  but dissolves when heated because temperatures above 124°C
-fdestroy hydrogen ‘bonding {Protzman, Wagoner and Young, 1967) On
o -'s:nﬂﬁng bemw 65% partial crystallization o retrogradation occurs

""st'”r _and thnson, 1948 thstlev, 1953}. If a neutraT aquanus  ::-

o wee!cx, but preeautwns must be made to exclude water (r‘aster,

19651a Bespit& the develnpment of severai methods none is
comp1ete1y satisfactory.

“Amylose 1s insoluble because it i a lirnear mofecule with a uniform

*$ructure  that probably forms strong intermolecular bonding.,
InsoTuble moTecules usually form perfectly ordered arrays to
develop crystalline regtons that are firmly cross-liaked. They are

easily a#ssociated, form crystals, have extended ribbon-like
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- structures and contain either 1,3—anages or 1,4-1inkages and few.
- _T,G-Tmeses (Hh‘lstier, 1973) '
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2.2 RETROGRADATION

The tendency of starch to retrograde has complicated studies inte
| the - chemical stucture and enzymatic degradation of these
. *.pn1ysaccharides. Retragradation 15 the process oy which s%arch tn'

{ssa1ved or hydrateﬂ stata reverts te P water-insu?uble forml'

Insaiuhle amytosa is microcrystalfine and, f'_7

':fff’ara11al nhains whicﬁ interact bx-strnng; afj

| Tneighbauring mo1ecu1es,f

L }dqubaT.he11§a1 crystailine reqions 10 nn ?ong interSpersed with-,
. amorphous a‘egiurts.

- EJSeparate ﬂ 1ntn pa!ymar rich anﬁ deficient regians d _
""*“crystailizatjun ﬁccurs 1n the polym@r rich regions.. The amarphous
”regiuns are’ hyﬂro!yzgd by actd ang “alpha-amylase wheress the

. cnyst&lline regian_remains intact (Jane and Robyt, 1984).

Apparent1y, retrogradation 15 an ‘intermolecular process with the
Pate depending upon the amylose concentration. High wolecular
welght anylose retrogradss less readily than lower weight polymers.
Possibly high molecular weight preparations have intramolecular and

not intermolecular polymer-polymer {nteraction. The reaction is

?hydragen bnnds. Retrogradatiau iuvuTvesf;_j__
_mutual aTignmenti_'  _i
n 'erma:tecu'iar: fa es‘_'_. o

:Hﬂ}es et_a] (}9851 prupnsed amyﬂase so!utinns  .'
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characterised by & lag phase with the formation of nuclei of
suitable size and conformation and slow structural transformations
in the amylose mqu»uIes. After this phase the reaction rate
'1ncreases rap1d1y in an autocata?ytic fashton until pracipitation :
uccurs.d The rate 15 slow for aigh moTecu]ar welight amy!ase
.3.prnvide& the cancentration is lnw. Dur1.g the initial lag phase no

": i;increase in 1ight scatmering s chserved, often for a neriﬁd °f.;ff -

g;Thrcughoutl th15 PﬁVfﬁd physica1 1nvastig&t1ans can he o

.n':"-fQVarfaus 'sa ts and additiues nan af?ﬁct the rate of retrngradatinn.
| kf-?”ggits of mmnava1ent anions and catinns vetard the rate, The most
éﬁféc;i?e?bgnian-_is iadide whareas pgtassium is the-most effectiée |
aétinﬁ; A 'so1ution of.ﬁ,1ﬁ'pot8551um fodide can decrease the rate

of retrogradatiun 10 fo1d. In contrast, poTyvalent catfons such as
-squhata have an acce?erating gffect on retrogradation {Loewus and
Briggs, 1957. Co??ison, 1968)

The pH also affects the rate of retrogradatfon. At pH 4 a solution

of amylose remains relatively constant for a number of days whereas
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at pH 6,5 retrogradation is more rapid (Paschall and Foster, 1952).
An explanation 1is amylose may retain part of its helical character
‘when 1#"15‘ dissolved in- acids and alkali. Disruption of this

\ :~he1ica1 cnnfnrmatian which ocours at a neutral pH may be a slow and.
'*_fessentiai stap 1n the retrugradatinn process {Foster and Sterman, 2

| As_“was,méntiqnedsprgﬁfaQSIx-staféhes-&re haxérogenous_and vafiab?é;
| Starﬁﬁﬁj Qﬁﬁnu1a54 asf.“we11~-as =théx-camnoﬁeﬁts of - starch 'show
Cvariability which has mede the study of thelr structure and
behaviour difficult (4il14ams, 1968; Greenwood, 1970).
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2.3.1 Vartability of starch granule

2.3.1.1 -Size and shape of starch gramiles

| The size and shape of starch granu?es vary ﬁansiderabiy. Leaf“'

Ll jfastavch is- stared temporariTy as tiny granules 1 gm i &1ameter"

-aimastf'unifarm in. siz& %Griffin, }985}, Hewever, gvanu?ar size,may |
G f" __fiuennadi:by eﬁvirunmentat conditons such 48 the site of -
-‘-'.deva‘lnpment fSandstedi: &t st‘l2 3’962} or by genetic factars. Haxy

maize. For example, can prnduce granules which are either small and
f compound or long and butbous (Sandstedt and Abbott, 1965).

2:3.1.2 Amylose and amylopectin content of starch granules
The starch components present in a granule may vary. There are at

least 3 factors responsible for this variability, the sources of

the starch, the maturity of the plant and the presence of different
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starch components. Firstly, seed and fruit starch in unripe
apples, mangoes, green tomatoes, bananas, waxy maize, glutinous
rice and genetic variants of barley contain no amylose. In

- ~g¢cantrast genetic variants of‘the pea. and maize cantain more than 50 |

'3 el 'en- 'amylnse _whereas m&aze known as amy1amaiza may cnntaﬁﬂ 70

'f3¢cond1ys resaarﬁhers .have astah?ishad tha_ if ”

a2 Wm -af?_'stafcn..-l_{ |

'i'ginesearchers have found ﬁtarch 1s not.uniform but conststs of at

1_5 1gast 5 variabie cnmponents {Lansky, Kool and Schoch, 1949; Perlin, .
1953f5+-33“k3 and Greenwood, 1959; ' Whistler and Doane, 1961;
- Hontgomery, Sexsen and Senti, 1961).
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2.3.2.1 Fractions of starch

Early studies undertaken in 1915 by Tanret separated'thé ffacﬁiuns
of starch by gelatinizat1on, sedementétion and re-extraction in
| boiiing water ., He removed traces of amyiose WTth cotton and

'cnnc1uded starah contained two separate entities. Pacsu and ﬁulien.

o {194’.) mpraved on Tanret's f’racﬁanatian methuds and isaTatad a_'_' .

B 1”;;h1ué

'”taining companent caT1ed,alpha~amy1ose anﬂ a purpTe component-l'
""','beta-amy‘lose w!ﬁch m:er became knawn as amvaectin (Rad?ey,]

-Research perfmnmad hy Hawnvth and co-wurkars Tn IQZ& yie!ded dia5“j'

and. trimathﬂ ethers of Dvg‘luc:ase which suggested starah conf:a,inedz.:

e igh}y branehed maTacuTas*; Methy!atﬂon aualysis of the fractiens

| :f-:fiby ﬂayer, Hertheim and Bernfeiﬂ '?943} 31&1d5d 3 ? Per¢e“ﬁ |
B ,3.4 b—tetrw-emthy‘: n~91ucopmnose ﬂ*om amﬂapecﬁn and 0,32

o parcent frnm' amylnse,_ The tatramathy1 sugar was der1vad from the'

o nonwreducing chnin andﬁ which showed amy!os@ contains Tong Tinear

.chains wheveas amyiopectin -5 highly branched uﬁth many
non~reducing ends. |

Further evidence that starch consisted of two polymers was put
forward by HMeyer and co-workers in 1980 who showed methylated
amylose formed pliable and amylopectin brittle films. Later in
1943 Hassid and McCready performed an analysis on potato starch and
obta'ned 4,67 percent 2,3,4,6~tetra-0-methyl-D-glucopyranose from
amylenectin and 0,32 percent from amylose. They found the average
length of chains in the amylopectin molecule was 25 and amylose 350

D-glucopyranose units.
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__._-Starch may c§ i it
L | ntai |
e e T .n.:_._.more, ' than two ﬂompanents. ﬂ smaﬂ yie!d 1‘-‘ o
s ofa - .
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2.4 STRUCTURE AND CHEMICAL PROPERTIES OF STARCH

_' ,qnespita néarTy 60 years research into amylase and amy!upectin
FRC R 'rta1nties-; abaut their structures ramain barausa bath
? cnmp?exity has made 1t diffiauﬂt'

zy”'acharides Ar 'nomplexiig

:;_”my!ase 13 a'short«éhained m&1ecu1a with 8 D;P.'_?:

-:finf_;S?ﬁ and z_jchains on av&rage. , These average va!UBs prohahly

"__represent & mixture of gha1ns af different 1engths*
B 2;4.1;21 ﬁ#lecu]gr«weight o

Researchers do not agre2 about the molecular weight of amylose because
it s difficult to measure the number of giucose units in this starch.
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Chemical end-group assay methods cannot be used directly on amylose
because of the large molecular weight (Greenwood, 1970). Alternative
E _methods 1n¢1ude-osmct1c pressure reasuresents,. gnzymic.methods.and.the
of tﬁiacetate and triuarbaniiate derivat1ves (Greenvigod - and

| ff@_Greenwnodj _1963), Hamever, maasurement 0* ﬁﬁ*?fﬁ

) s ‘a ranga of moYecuIar weights between Isa,ﬂaﬂ to 700;000
~_tGreenwood, 1950) which 1s about four times Iarger than the values
_qh;aingqfqn&er ggrqbi:rcanﬂitiqns.

2.4.1.3 Fine structure of amylose

The linear nature of amylose also complifcates investigation into the

fine structure of the molecule. Manners (1989) believes most chains

?954* Jorgensen. and.dnrgensan, 1969; Burchard and Husemann,]f f”'
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are interlinked fto form a Tightly branched structure, However,
evidence 1s accumulating that some amyloses contain a few Tong
branches. The first evidence of Timited branching was the obszrvation

.amy1ose s not converféd compietely to maltose by beta-amy1ase (Cowie

”f-__;:;and Graenwnod, 195?),_ The barrier to heta-amyﬁase action however nas
"fbeen d!sputed but artificial harriars can be 1ntroducad by'nxfdatfﬂﬂj*

characterQSed hy”;'hydrogen hond between the ﬁ-ﬁ hydrnxy1 group nf ane '
_j__~ﬂ:”1u¢opyranasyl unxt an& tha hydroxy? at c—a of the fo}iouﬁng;

"a*,fffsﬂgar: unit (Sarko and Marchessauit, 1967)." The formatian of these -
g hbnnds was coufirmed by St-Jacques and cownrkers (1976) who undertook

nuclear ‘magnetic presorance studies on amylose chains in dimethyl
sulphoxide. According to Foster (1965) this bonding may help to

' preser#e- the helfcal structure and Tend rigidity to the coil.

Potential energy calculations indicate more than 6 units per turn is

~impossible (Rao et al, 71967).



AMYLOS.

The molecule noimally contuing 200-350 glucose units with o
limit of approximately 1000. The size of the molecule can
double during the growth of the piant. It also vares fom plant
to plant. The glucose units are [oined by alpha-1,4 linkages

whiie limited branching occuis ed by alpha-1,6 tinkages. In
solulicn it forms @ helix with 6 . se units for each turn of the
hetix.

a-D-givcoayl phosphate CHOH

MM O —

uilgosaccharlde

PHOSPHORYLASE (2.4.1.1)

Acts on amylopectin and amylose. This enzyme is also known as

alphao-giucan phosphowiass. It is found in animals, peda seed

“and polafo fubers. Prime imponance is. the degradation of

glycogen. Act ~n non rducing chain ends wilh o multi-chain
action. #f ferr  oligosascharides of 4410 glucose unlts and
alpha-D-glucosyl phosphate, Combined with amyloglucosidase
fransferase it -zauses complele degradation of polvsacchcride i

malioge

BETA-AMYLASE (3.24.2.) o

Acts on amylopectin and omylose,
Produced from bordey malt, soya beans,
wheat, and sweet polato. Altacks from the
nonteducing ohd of the chain and splits
the penultimate glucosidic linkage. 1t
aifacks a number of chains at the same
fime but does not split aipha-1,6 linkages.
Releases mattose.

-

has o stepwisa qaction,

- D= glucopyranoss units

ALPHA-AMYLASE (FC 3.24.1))

Acts on amwlopeciin and amyiose. Produced by Aspergiius
oryzae, Bacllius sublills, Bay us stearothermaophllus, Sir. bovis
and 8. equinus. It is also found In sc.wvq, porgine pencreas and
sorgurn malt. Bonds split by alpha-amylase are A, B, E F, X, Y.
With sallva, porcine pancreas and A.oryzae, X and Y bends are
protecied. With 8. subiifis BF and X bonds are protected. Salivary
alipha amylase and porcine poncleas amyiase produce
maltose, maltotiose ond alpho-imit dextins, sorgum mals
amylase produces maltose, maltotriose, maltotetraose,
maltopentaose, maltohexaose and maltooctaose, B subfilis
produces mattose, malioltiose and maltofetracse, A onzae
produces glucose and malfose, Sir. bowvis produces giucose,
maltose and moltohiose whereas Sit egquinus produces
glucose, maitose, maltotiose and maltotetroose.

aldfahyda
b {reducing end}

SCHARDINGER ENZYME (EC 2.4.1.49)

Acls on amylose. Produged fom Baciiius
macerans. Attacks the nontteducing end of
amylose. Produces rngs of 6§, 7 or moe
aipha-1.4 linked glucoese tesidues which fom
ciysials and precipitate out of solution.

adchardinger enzyme @

schardinger daxtrin
(cyclic dextrint
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apresentation o the structum of

enzymes. that atalyse the . :

. Information ada ted from. Hanes _

and Bernfeld (19&9, 441);. Hassid and. -
_.eanwood %1953 Rnhyt and Hhe’lan-.
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X-ray diffraction studies show the helices in amylose form complexes
to produce A, B, C and V forms of this starch {Wu and Sarko, 1978a).
A-starches are found in grains, B-starches in tuberous plants, whereas
C-starch is rare and occurs in peas and beans. The crystal structure
of A-amylose 1s based on parallel-stranded, right-handed doubie
heTices which are packed into hexagonal units. The B polymorph fnrms
'double-strénded right-handed six-fold helices. The helices are wound
pﬁra1!ui' around each other and are filled with water molecules.
} AeamY?dse coﬁtains Tess water than B-anylose but similarities between
._thesal tvo .typés suggest interconvérsion is possible {BTackwell, Sarko
' _and.3marchessau]t, ' 1969; Wu and Sarko, 1978a, 1978h)}. The V structure
- 1s “ound when amylose comp}exes with organic motecules (Whistier and
banfel, 1984). |

_Tﬁedhetic' naleulations show V-amylose is more stable in a left~handed
?th&n: a rightwhanded'helix (Rao et al, 1967). The easy conversion of
‘B to V-amylose implies 1ittle molecular reorganization is accompanied
by the reversal of cha.n chirality. Apparently amylose exists as a
1eft-hand helix in the solid state with six alpha-D-glucopyranosyl
units per turn (Senti and Witnauer, 1948). The amylose-KOH compiex is
 &_ distorted 'left-hand helix with six alpha~D~-glucopyranosyl units par
turn (Sarko and Biloski, 1980).

Measurements of the physical properties of amylose are not consistent,
which suggests random coils and aggregated helices are formed in
aqueous solutions (Paschall and Foster, 1952; Everett and Foster,
1959; Greenwood, 1960). Solutions of amylose probably contain an

equilibrium mixture of several conformations (Groenwood, 1956}, &
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deformed helix has the 1owesﬁ energy énd would predominate (Hollo and
Szejtli, 1958). A helixecﬁii transformation could not be found in
neutral and _g.'l-ka'_l_ihe aqueous solutfons of amylose by optical i-otat_ion
E ”diSpéréidn:-7(Néely;"'19613 but traasformation was obtained 'with

"J'£i 7amV*°*ﬁ*’°d1“E CDWPJEXES . in  aqueous  dimathyl-sulphoxide - solution

_co{as, 1933)* S .}   fa3”'

""e_._-..cﬂnf"rmatiun nf amy‘lese in snTuticm is a1su inf"iuenced by the pﬁ, _.ﬁ )
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2.4,2 Amylopectin

Amylopectin is the second component of starch that was discovered
nearly 50 years ago by Pacsu and Mullen (1941). They 1solated a

purp?a staining comgound betawamylose which later became known as

| amy1npect1n.

: _se units am emi grnups aml the same proport'ion araf ‘aned

E i;tm-n' i n pas*lhurtS 1, ¥ and 6 (see Section 251, There 1s no clanity

i bw‘b f:he Tength of tha branches which may a]ter with the ngturity of
+he fs&tat*ch €Gre&m¢ond, 19?0}

o ;.":__’fhe snﬂceptihmty af amympectin to hydro?ysis by. beta«amase is

" '."_:useﬂ wl»de‘-ly to artalyse the molaculs (see Section 2.5.4), This enzyme

o -.I__\'__i:'removes chg.ins. -axterior to the branch point and leaves a beta-limit
N .'_-daxtv'ln., '-'i‘fie * following table, adapted from Greenwood (1970), gives

the - average chain -Tength and beta-amylolysis Timit of a few
anyt epg_c-t ins, =
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2.4.2 Amylopectin

Amylopectin is the second component of starch that was discovered
;nearly 50 years ago by Pacsu and Mullen {1941). They isolated a
purp]a_ staining compoqnd beta-amylose which Tlater became known as
|  3@31opgc£in;__ o | | |

: 7&fi{élﬁ7é§i*ftﬁéiﬁiiéﬁItﬁ;¢f~amﬁ¢ﬂ99¢t?ﬁ'

-'_"__"';-;‘:Methylation aﬂﬂysis has shown that anMopactm is a higmy branched o

S through soaiﬁfansﬁ_
“7   hﬁ:;}f

*"-'j’ffm?ecu’te Ehibh corﬁ:ains chains qf “about 27 g!ucose uni*s aach

erminat ﬁ b.? a non-redueﬁng g‘iucuse unit. Approximately 4 percem, of
_'_"he___;-{;lucosa units are end groups ¢ 1 the same proportion are/ Vinked
ﬂ» and ﬁ (sea ‘;ection 2 ‘M}. Theree is no c'!ar-#ty: B
--thra !ength of‘ t’he brauches whicﬁ mey alter with the maturity af :

| f-_{?;giﬁthe starch_taraenwoad, 19?0)§3,3_

: -_"_:_':Th& susceptiimity nf amy’lnpect\n {:a hydroiysis by beta-anw‘lase is

_ hsaﬂ wﬁde}y to anai.vse the rﬂn‘iecule (see Section 2.5.4). This enzme-
| | "removes chains exterinr ‘to -the hraneh po‘int ami Teaves & beta~Timit

“.dextrinf The fb]lowing. tab]e. adapted from Greenwood (1970}, gives
the;- - average ~ chain -'_l-én'g:ﬁh-'- and  beta-amyToiysis Vimit of a few
amylopectins. |
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Table 1.1 The beta-amylolysis limit and chain length
: in glucose units of amy'opectins

Starch beta - Timit chain length
Barley 58 - 26
o oat ey o 20
wheat 87w

wpletel, w‘éthouh__soma mo'Iacmar degradation IFnstem 19653.

-_'_-ﬁpparenﬂy tha average molacular weight o amﬂapectin Tes between

' ___-.10 & to w I3 These figuras are not precise and tndicate the inability

'._of e‘itber chemical or -osmotic pressure mai.hods to analyse large

: ._.pe_‘ly{_m_grs_ .ﬁ__l de;tafil. L_ig_ht scattering studies however have yielded
- vesults 10 fold higher than the former methods (Foster, 1965).
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‘The following table adaptéd from Greenwood (1970} gives the degree of

poiymerization of a few naturally occurring amylopectins.

1.2, The degree.'-of'-' pia}ymerizaﬁon of amﬂopaz:tin T
_ isotate um"mturaﬁy curring starches L

L bk may camv one o m*e A anﬂ“ﬁ chains at one ¢ of their pﬁ:uary'

| ""-"fhydroxyi groups. Evary moTecule “contalns a single © chain,

- | o -.unsuﬁstituted at 1ts reducing end (Gunja~5mith e’?*' aly 167043 _.

N Starchas “W -contatn ”:-Ei;i"ff"_"ﬁ"'t_ nubers of A and B chains. Matze
- amylopectin has an A to B chatn ratfo of 1:1,22, potato of 1:1,06,
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wheat of 1:7,5 and baﬁana of 1:6. A comparisan of the distribution
patterns suggest that the Tength of B-chains from different sources
mﬁy yary acborﬂing to the plant source (Akai et al, 1971; Mercier,
_"19}3). Maize:aﬁylapectin has'éhaiﬁs with a 1ength-of 14 glucase units
'”T-which farm tightly_ packed ciusters connected hy iong unbranched B

A d1agramatic;: 

"ff:.tuica as many & ns B chains._

Bernteld {1945) aﬁd Harsh*‘if “9?5’ can be found in F'Igure 12

hemﬁ_,1 méthods exist ta distinguishing beﬁween the different_'
AT #9Vomnse,;ffstructurase; Hnwever’ . szm*ﬁ exPEﬁm@"ts support the
'”3Jf;f irragu1ar branched structure of Meyar and Bernteld (1940), Bathgate
:'1ixand Manners (1965} 1nvest1gated the action of puliulanase on
" ?'jbeta-11mit dextrins and obtaihed results consistent with the features
_:_'_ . the. Heyer and Bernfe]d mode1. Lee and Whelan (1966) used
|  'pu11u1anase and bataeamyiase and ubtained vesults that agreed with
'f«; paP10date oxidatinn studies. -
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& 1 of Bnzymes. that atalyse the
5 Stavch, . Information adapted from. Me;
| 941] Robyt and. H?g}gg}(lswa'_ 95'
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| . Freﬁczh' -[1’9?’3) 'proposed the 'c-l-uster- model of amylopectin to account
o __-For the f'eg'ibns of dense branchfng -and high viscosity. In 1974

. .o.mrkﬂrs suggested a similar modet based on studies-._.

o -:-j-._-._'__:'_.'__-_i-'support these resuits. ﬁccordwg t0 blhist‘ler and E!anie‘l (1&84), i .
L "-'-Z'I:f'_"_'_ﬁthese bnnds exist they probab]y farm & smai'f pementage of the L
e :total ﬂmnber nf hram:h po1nts and bava not been found,
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French (1973} proposed the cluster mode] of amylopectin to account
for the regions of dense branching and high viscostty. In 1974
Robin and his co-workers suggested a similar model based on studies
with -azymes. More recently this model has been supported by the
work of Manners and Matheson (1981), French (1984) and Manrars
f(IQBBaj; - Aocording to thése workers amylopectin consists of

- -_ c}ustars of chains arranged. in tasse?s. The tassels occur on a

 string. and are Tinked together by branch points, Thess branch

| ff,pqiuts arranged in tiers or clusters and. are . randomly
ﬁ.;{ﬁdistributed thvoughuut thﬁ ma1ecu1e. ~This  ork has Ted to the_'

o ] %9engpa1 acggptange af the cluster-aype odel uhich expla{ns the

~f¥;propertias nf amylopectin more accuwately than any other (Manners,

”’“h' presance ﬁf other branches 1n amyiapectin, for example,
aipha-!,z ar alpha-1,3 linkages has been sought (Wolfrom and
| ?hnmpson, 195&]. Sma]? amounts - f glucose have  been Found in
"_peribﬂafg_aﬁxidation- studies (Hatsall et al, 1947; Hirst, Jones
©and Roudier, 1948; Gibbons and Bofssonas, 1950; Mackt1liam and
"ﬁergj?aln:fissi- Greenwoad and Rabertson, 1954),  This has been
';_;idtéﬁhfét§& _as evidenca for the _presence of alpha-1,3 Vinked
~f§1u¢osef7-fuowaver,- a Tater Study hy.Bahl and Smith (1966) does rat
=$upboft these resﬁTtﬁ.' Aﬁcof&ihg tozuhist1er'and Daniel (1984), if

B ;;these bonds QXiSf they prubabTy‘ form a small percentage of the

- __ﬁ"_f_:totaT nunﬁer of branch points and have not been found.
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2.4.3 Comparison of amylose and amylopectin

Table 1.3 summarizes some of the properties of amylese and

amylopactin, This infcrmation was adapted from Williams (1968;.

Table 1.3 Comparison of the properties of amylose and amylopectin

. Aylose  Amylopectin

. Crystalline peamylase 7096 5080

. Woletule weight | 115 _ 108 107 - 108
Cha*in}ength h 3 s 19 -5

..:i .f}*g;rgygggalysié. s Amorphous |
_'i'i-:--:"f_"_"sd*-rh_b:ﬂ'ity in water o . Soluble

. Stabtlity fn vater - - Revroy.ace.  Stable
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2.5 STRUCTURAL ANALYSES OF STARCH

As mentioned previously, the components of starch are complex and
require complementary wethods for complete analysis. Thus
methyTation analysis provides an indication of sugar Tinkages and
infra=red spectrosccpy gives  information about the anomeric

configuration of sugars fin the molecule, Enzymic analyses and

pertodate oxidation yield infovmation.about the length of branches
and the Fine structure of starches. Finally, ‘odine staining
: ~ihd¥éaﬁe5jthe'presen¢e of ‘helices and branching tn starches.

- 2.5.1 Nethylation analysis

Evidence of the chemical structure of starch was first obtained

from early methylation studies. Analysis involved repssted

reaction of starch with dimethyl sulphate and sodium hydroxide.

~ This resulted 1in partially methylated products that were fully
-methylated by repested treament with silver oxide in boiling
~ fodomethane (Purdie and Irvine, 1903; Denham and Woodhouse, 1913;
- Haworth, 19153 Irvine and Macdonald, 1926; Haworth, Hirst and Webb,

19285,

The products of the methylation were a Targe group later identified

(85 2,8,6-tri-nethyl-D-glucose. This ‘compound findicated starch

consists of D«glucopyranose juined by 1,4-1inkages. The production
of a second small group 2,3,4,6-tetra~0-methyl-D-gTucose pruved the
chains were of finite Tength (Haworth, 1929; Hirst, Plant and
Wilkinson, 1932}, Later in 1940 Freudenberg and Boppel established
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2,3-di~0-methyl-D-glucose was also produced from hydrolysed starch

which showed starch contained branch points invelving 1,6-1inkages.

The ratio of the reducing end group 2,3,6-tri~-O-methyl~D-
glucopyranose to the non-reducing end 2,3,4,6-tetra~O-methyl-D-
glucopyranose gives an indication of the chain length of starch and
is referred to as end-group assay., End-group analysis of amylose
is difficult because there 1s a Tow yleld of tetramethyl gluccse.
HowéVer,' Hassid and McCready (1941) and Haworth, Heath and Peat
(1942) have shown amylose has an average chain Tength of 100

'g1Ucdse-’ residues. Methylation - of amylopectin followed by

methanolysis yields about 4 per cent 2,3,4,6-tetra-0-methyi-0-
glucopvranoside which proves the chains contain 27 glucose units.
Each 1¢ terminated by a reducing end (Meyer, Wertheim and Bernfeld,
1940; Hassid and McCready, 1943).

Early metnylatlion metheds have been improved by the one step
procedui-e devised by Hakomori (1964) and Sandford and Conrad
{1971)s  In this wmethod starch is methylated with sodium
methylsulphinytmethantde  in  dimethylsulphoxide followed by
fodomethane,  Thereafter the methylated product is hydrolysed to a

- mixture  of methylated monosaccharides are identified by

chromatographic techniques,

There are disadvantages with the above methods because the analysis
requires 100 my of sample and takes 2 to 3 days to complete. For
these reasons Harris and co-workers (1984) examined each step and

optimized experimental conditfons. They treated the carbohydrate
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with methylsulphinyl carbanion to form polyalkoxide ions. This
product was methylated, hydrolysed, reduced and finally acetylated.
The resultant alditel acetates were separated by gas chromatography
and fdentified by vetentlon times and mass spectra (Dutton, 1974;
Lindberg, 1981)., An advantage of this method 1is only § mg of
sample 1is required and the analysis can be completed in T working

dav.
2.5.2 Infra=red spectroscopy

‘The  dbsorbance of infra-red radiation by carbohydrates can be used

'-td -identify-- gpacitic structural Ffestures. This is achieved by
cﬁmparing- unknoyn spectra with spectra obtained from standard
reference compounds {White and Kennedy, 1986). A number of authors
4ncluding Samec (1953, 1954, 1957), Casu and Reggiani (1364, 1966,
1971) and Nisizawa et al, (1976) have studled the infra~red
spectrum of amyiose, d-glucose oligomers and dextrans, The
intensity of the band near 1150 to 1160 cm=' involves the
‘glucosidic bridge. Absorption below 650 cm-' has been assigned to
the ring vibration whereas the spectrum from 750 cm-' to 400 cm-'
maintaing characteristics of the anomeric linkages but appears to
be specific for each carbohydrate (Casu and Reggiani, 1971).

The fingerprint region for sugars 1ies between 1000 and 650 cm-'
(Nisizawa @t el , 1976). Absorption near 850 cm-' with peaks at
843 and 844 cm~' {is characteristic of alpha-anomers and bands near
890 cm-' with peaks at 890 and 891 cm-' with beta-Tinked gTucose

units (Barker et al, 1954). The intensity of the bands near 930,
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758, 605, 570 and 525 cm-' appears to be characteristic of
aipha-1,4-1inked polysaccharides. The absorption band at 793 cm~'
originates from alpha-1,3-1inkages whereas absorption at the
wavelengths of 917, 844 and 768 cm~' suggests the presence of
alpha-1,6-1inkages (Nisizawa et al, 1976}.

The . spectrum of starches indinates hydroxyl groups are extensively
- hydﬁpggn-hdnded (Samec, 1953). Absorption for oxygen-containing
groups  in maize starch {is stronger at 1680, 1055 to 952 and 855
cmet and - for potato starch at 926 cme' (Samec, 1957). When the
fwafer.'aoﬁﬁgat. of starch is altgred the band at 3335 cm-' undergoes
'.ﬁﬁangé which is charadteristic of a particular starch (Yovanovitch,
CyeEn.

2;5{3 Periadate oxidation

The use of perfodate oxidation for the analysis of carbohydrates
was. the first practical alternative fo methylation analysis
developed by Malagrada in 1934. Jackson and coworkers (1. 7, 1938)

applied this method to the amalysis of corn starch and found each
| BsgiucQSyl dnit consumed one mole of periodate. Hydrolysis of the
oxidized starch ylielded glyoxal and D-erythrose, Periodate
oxidized starches are unstable but they can be reduced to
erythritol and glycerel and separated by chromatography (Jackson
and Hudson, 1936; Jeannes and Hudson, 1955; Hamilten and Smith,
19564, 1956b; Whistler and Danfel, 1984),
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Periodate oxidized starches may also be oxidized to acids. Brown
et_al, (1945) suggested the formic acid produced from the reducing
and non-reducing terminals could be used to determine the molecuiar

waight. The observation that most of the formic acid produced by

the oxidation of amyTopectin would come from the non-reducing end

enabled Anderson, Greenwood and Hirst (1955) to measure the branch
Tengthss This method gave values for amylose comparable to osmotic
pressure values (Potter' and  Hassid, 1948a, 1948b). Periodate

‘nonreducing end group measurements agreed with resuTts obtained

with-;méthyiatibn analysis (Bates, French and Rundle, 1943; Halsall,
Hirst and Jonesy 1937; Brown ¢t &1, 19.8}.

'2.5.4 - Enzymic analysis

Enzymic analysis of polysaccharides can be used to supplement
chemlcal fechniques. This method provides quantiti:ive data and
'gfves information about the fine structure of polysaccharides after
gross  Features ﬁ&vé- been determined by nonenzymatic .lysis.

Recently 1its ‘use has become more widespread with the avaiability

of highly purified enzyme preparations {Marshall, 1574).

As -was--mentioned'=previous1y there are 3 types of chains in
amylopectin, namely - A, B and C-chains (Peat, Whelan and Thomas,
1956).' The glucose units in the A-chain are Tirked through
posittons 1 and 4 and do not carry any substituent chain, the
B-chains may have untts 1inked through positions 4 and 6 and carry
other chains linked to primary hydroxyl groups, whereas the C-chain

carries the only free non-reducing group in th molecule (Figure
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1,2), A property of amylopectin which is usually determined is the
ratio of A:B-chains. This s sometimes known as the degree of

muitiple branching {Manners, 1985a).

Beta-amylase is the most widely used enzyme for the analysis of
5my1npectin. " The action of beta~amylase on branched amylopectin
stops  in the region of the 1,6<D-glucosidic linkages. This feature
_ i§ Anvaluable because the enzyiie can be used to remove all #arts;qf
the maiécuié ‘exterior to- the branch-pofnts and leaves the inner
":'ﬁﬁﬁtiﬁﬂ-ﬂiﬂtactf.{Marshﬁ1lg 1974), The intact portion is known as
' éi£ha?s'bataﬂamyIaSe-limit~dextriﬁ or beta~Timit dextrin, Greehwood
_ {1970) suggests beta-Timit dextrins form about 40 percent of the
| __origina1 amk?apectiﬁ (See Section 2.4.2.1, Table 1,1).

- fﬂyyﬁﬁding{fto;Hﬁﬁnﬁr;;{lSBSb, 7989} betawamfiase Teaves & beta-Timit
_ _de2t&in-nw}th: 'stubs’ - containing an average of 2 glucose units per
=-. ¢§§#¢,: ‘The -A~chain stubs contain either two or three reésidues per
" '-chaiﬁ;rﬁheﬁéﬁs';therel-éfa one  to twa glucese units fn the B-chain
“7'=f$§QEss.ifif; §qua]“*namﬁéfsr“n?-jA ‘and Bechains are present, the
- exteriur : chain "_"1-én_gtit'_ ?_Ci"c:.l_._j._;: is _.'.t;h'e' nomber ‘of glucose units removed
'_'f %By5be%&§amy1aéeﬁplﬁsftﬁof@ndléan ha'caTcuiéﬁed;by the formula
ECLe{CLxg-Timit)s2
Thefcalculatian=fnﬂcthef1ntaribr-chain fength {ICL) 1s
- TCLACL-ECLAT - _
The :chaiﬁ-=1ength= (L -may-:ﬁa= determined by either methylation
analysis or periodste oxidation.
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Debranching enzymes may also be used for the investigation of
amylopectin, These enzymes are specific for 1,6-D-glucosidic
interchain linkages and increase the beta-amylolysts Tlimit of
amylopectin and beta-limit dextrin (Hobson, Whelan «nd ‘ast, 1951).
Reenzyme was one of the earliest enzymes used v+ this purpose
{Hobson, Whelan and Peat, 1957). It occurs in cereals but is
difficult -ﬁu‘;purify. For this veason. debranching enzymes from
 microorganisms have b .n ‘ysed in structural studies. Pullulanase

. was- oné-'nf-the fifst-successfulumicrobia1 debranching enzymes. Ii

© was: fsolated from .. bsialla serogenes and converts pullulan into

ﬂ':_ﬁaitnterSe»-buwignly partially debranches amylopectin (Manners,
T089), |

UIsqémvzﬁse,- a newer debranching énzyme was first isclated from
Pseudomgnas_ amylowe  3a by Yokobayashi, Misaki and Harada in
__]9§9n= 1t :iér more - useful . than pulluTanase because it debranches
amylopectin  completely (Akai et al, 1971), It hydrolyses all the
alpha-1.6-1inkages and provides a simple method for the
' ﬂg$eﬁminat1gh_ nf.vchain;;}engthe, This is achieved by the acourate
tmaésuréméﬁ£ f¢f ‘an increase - n reducing power after the action of
the-enzyie on the substrate (Qunja-Smith et al, 1970b).

A combination of beta-smylase s5d debranching enzyme can be used to
ﬂatérmine the averagé chatn length and the A to B chain ratio in
amylopectin, | The ,initin1_treatmant with beta-amylase will degrade
the -éxteriur B~chains {Manners, 1985c). The oligosaccharidas can
be estimated by column chromatography (Peat, Whelan and Thomas,
1956}, .aper ihrumatography (Bathgate and Manners, 1966), gel
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filtration chromatography {(Enevoldsen, 1980) and high performance
1iquid chromatography (Bender, Siebert and Stadler-Szoke, 1582).

In the second stage, the debranching enzyme is allowed to react
with the beta-1imit dextrin. The A:B chain ratio is determined by
measuring the amount of maltose and maltotriose released by the
-action. of thezenzyma (Peat, Whelan and Thomas, 1956). Originally a
_ﬁ]aﬁ@,jdghraﬁching enzyme was ﬁsed.but more recently this enzyme has
'_héén : féplaced, 'by .eithen-,hapteria} -pullulanase or isoamylase
.IBafhgafe: and - Manners, 1966; Enevoldsen, 1980; Eender, Siebert and
" Stadler-Szoke, 1982).. ' |

| An. altérnatiﬁq method with the debr&nchin§ enzyma involves the
digastiun of beta-dextrin with isoamylase. The Tiherated reducing
“groups  are equivalent to a1l the B~chains plus half the A~chafns,
..?hereafter. the mixture is treated with a mixture of iscamylase and
pullanase which will release all the A and B-chains. The
difference  n reducing power reprusents half the A~chains (Marshall
ﬁﬂduiﬁhgiang. 1974).  Manners (1985a; 1988c; 7989) has reservations
| @hnﬁtf this{,procedufgu,because it is sensitive to experimental
errors. |

in & further wodficatian of these methods bacterial iscamylase can
be - used to examiné_ the chain length of A and B-chains in
amyﬂopectin._ CQmﬁ?ete debrancﬁing of the molecule is followed by
fractionation of the mixture of linear chains usin, gel techniques
(Lee, Mercier and Yhelan, 1968;.Hizukuri, 1985; 1986). This method
resulis in 2 peaks representing chain Tengths of 20 and 50. The



44
first peak consists of A chains plus some shorter B-chains whereas

the second peak is the Tlonger B-chains (Manners, 1985a; 1985¢;
1989},

According to Mamners {1986¢c) the method of choice for investigating
the fine- structure of amylopectin is the complete debranching of

7 the ‘molecule wi‘ﬁh‘--a' baﬁteﬁaT isoamylase followad by measuring the

' _'.-"-'-Irehase of - reﬂucing groups. - In the method desnr?bed by Akat and

: "cnm:r’ker*s 1n 1971 any mfnrobial Asotmytase can be used. After

i_s_camy‘!a_sa ._is {nactivated, beta-amylase s added and -!:he released

. 'f:éh:&ins- '_ai're-""i_can\?ér-ted 4o maltose and small amounts of glucose.

2,55 lodine reaction

‘i‘hé “yeaction of $t’at€?ch-with %u_d-i.na was discovered during the early
parg of - the “Tast _t;_erituﬂry:.._ by Colin and -&e. Claubry in 1814 and
Stromeyer in 1815 (doilo and Szajt1, 1068).  Starch granules
becnme d‘ichroiq antl ahsorb ﬂifferent amounts of tht when they are

R . sﬁainad. The nafture af ‘h:diné himﬁnq uas- exp‘ta‘ined in 1937 whan

.iianes pvoposed amylﬁse has a ‘helical - structure with each turn
__ cuni_:_a_.i_.ning_. ..__si-x -.-g_iu;q.sg_ _u-n-_itga. In the formation of amylose-jodine

| :‘cbmpl'exas' one’ -mb‘l'ieicul’é“anf “foding g bound for every six molecules
~of . g1ucnse IBa’ldwin. B:aa?*' | and - Rundle, 1944). X ray diffraction

. studias “show . 1odiwe m'iec:uies are bound in the centre of the helix
- {Rund‘fe, 194?}.,

In contrast amylopectin binds ijodine by adsorption and the helix

plays a subordinate role because most side chains in this molecule
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are not long enough to form helices {Greenwood, 1970)}. The
presence of a few Tlong chains may account for the low binding
capacity of amylopectin which is between 0 2~d 0,7 per cent
(Larson, Gilles and Jenmness, 1953). Some authors dispute this
figure and suggest binding is caused by residual amylose {Hollo and
Szeftl, 1968).

“Optical, potsntiomstric ' and awperometric wethods have been

' developed 't determine the amount of fodine binding (Hollo and

_ §$&&§J$mffﬁ£qmmﬂ.mmﬁ'WWWﬁ mmwmgmwws
- ;stﬁfﬁh  solutions containing potassium iodide and fodine. The
| f-%riibdfﬂé= bbﬂg?éx-.ion_'farmeﬂ “frou io&iﬂe and iodide exhibits a
- hrﬁaﬁ* peak at.450 . Upnn'complaX'formation-with.amylose the peak
_ shﬁft§?~ta~“a 1ongéf.-ﬂﬁ»e#1én§th between 600-625 nm. Amylopectin
gives ‘4 swaller sulft with a peak near 550 nm. ‘The T3 and various
ﬁomnTexeﬁ’»Show_'twO:brbéd'bandS-1n-the'u1travio1et-with maxima near
: :.. 290 and 355 mme -

~ The colour of fodine compleses may vary, Anylose-lodine zomplexes

' _:;3_ﬁ§#éﬁ5§ﬁﬁ-iﬁt&nﬁéfﬁina‘G&TbhﬁgzamyTOpectin a purple colour, glycogen

g3~f@§&ishybr¢ﬁnfco1buhf~whé&eﬁs.§1ycogenfbataudéxtr1n~which'has few
axtéﬁnaﬁ”“thﬁﬁnsf“Stains's11§htly { {Bates, French and Rundle, 1943;
_Hass{ﬂ ~and _Hécreaﬂy, 1943; Meyer and Mark, 1950; Meyer, 1952;
'L'Grébﬁj;?319$8};;;'hofiodine;staining:is obtatned with dextrins up to
iB*igiﬂtuse-[unitég ‘dextring with 9 to 12 glucose units stain yellow
'brﬂwn“ to"bfnwn- whereas. from 12 to 15 glucose uhits the colour
changes from brown to reddish purple (Thoma and French, 1960).
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3 BACTERIAL METABOLISM

Metabolism can be divided into two mechanisms, the energy
generating or degrading pathuways called catabolism and the energy
consuming or biosynthetic pathways known as anabolism, Growth is
an intimate Tlinkage between catabolism and anabolism whereby part
of the énérgy derived from degradation 15 used to drive the process
" of synthesis (Stanier, Doudoroff and Adelberg, 1971).

3.1 METABOLIC PATHWAYS

Glycolysis 1s the major metabolic pathway for the generation of
enérgy by the streptococci. The fermentation of g 2 {s aiways
initiated by a phosphorylation at the expense of ATP to yield
glucose-b-phosphate (Stanier et al , 1971). Bacteria can utilize
4 ‘pathways to degrade this product, the Embden-Meyerhof-pathway,
the hexose wmonophosphate pathway, the Entner-Doudoroff pathway and
the bhasﬁhdk&to}ase pathway (Doelle, 1976). Many streptococci are
'.-noti -ab-le-';t-tp ~utilize the hexose monophosphate pathway because they
_do ot possess  glucose--phosphate. dehydrogenase (Doelle, 1975).
They “darive  thelr: Enefgy and regenerate ATP from the
Embden-Meyerhof pathway (Doelle, 1969).

Str. salivarius and Str. mutans utilize the Embden-Meyerhof

pathway but lack 'he oxidative portion of the hexose munophosphate
pathway and produce reduced nicotinamide adenine dinuclectide
phosphate (NADPH) via a glyceraldehyde-3-phosphate dehydrogenase

{(Burchall, MNiederman ard YWolin, 1964: Brown and Wittenberger,
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1971a,bs Yamada and Carlsson, 1973). The lactate dehydrogenase of

these streptococct - depends upon an  intermediate of the

Embden-Meyerhof.  pathway, fructose=1,6-bisphosphate for activity
(Walisi, 1964; Brown and ufttanberger, 1972).

19?1&,

h;_

nd _;_ttenbergar,

Joﬁk%ik; uﬂmu: and: _'
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4,7 ENZYMES THAT REGULATE SUCROSE METABOLISM

4.1.1 Tha production of acids frum sucrose
In the ectreptococci sugar transport is one of the most importan:

sites regulating the rate of glycolysis. The oral streptococc{_

possess the sucrose-phosphotransferase system (sucrose-PTS) which .

tranipnrtﬁ this sugar into the cell. However, studies hav¢: ? ?;f
revealed the giycolytic step catalysed by pyruvate kinase is amourg =~ -
the most important regulatory steps of the overall rate of the - =

Embden-Meyerhof pathway. In additlon the fermentation pattern my
shift . from lactic to mixed acid fermentation from the regulation ¢f

the activities of lactate dehydrogensse and pyruvate formate Tyasgﬁ'-_:

4.1.1.1 Sucrose-phosphotransferase system (Sucrose-PTS)

. The,_fjnst step In the fermentation of sucrose is transport into the.
cell . by sucrose-PTS.  This . enzyme system reacts with the =

diSs&ghﬁriﬂa ':to _ forn SQCFQSQ{STPPQ§phatE_ which 1s hydvolyse:

. 1ﬂtriqﬁiiafﬁ?1¥, by an 5inducibie jsuchosews—thSPhﬁfg hydrolase tn
'_glucasgﬁﬁaphaéﬁhate_' aﬁd  Fructose. | _G1dcose-6-phosphate is':
'metabélizgd_ via .the Embden-Meyerhof pathway, whereas fructose {s
phosphoryiateﬁ_ by an ATP-dependent  fructokmase  to _f.'

fructose-6-phosphate naa_intérmediate of the same pathway (St martin
and Wittenberger, 19793 Thompson and Chassy, 1981; Chassy and
Parter, 1982). Sucrose-PTS las been obsarved in S. mutans and
S. . Jactis (Slee and Tanzer,1979; Su Martin and Wittenberg, 1979;
LeBlanc, Crow and Lee, 1980; Thompson and Chassy, 1981).
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4,1.1.2 Lactate dehydrogenase

Lactate dehydrogenase 1is an enzyme that influences the products of
fErmentation The . streptococsi are characteristica1ly
-homofermentative organisms that produce mainIy Tactate and smaller
amqunts of acetate, furmate and ethyi a1cohol under dnaerobic

ccndifions E Hawever, the same argan1sms gromn under aerobic

"j__cunditinns con\cert appraximately 35 percent uf g’iucose to Tactate,

. ;10 parcent to avetata and 2 further 10 pevcent to carbon dioxide
f(micke1son, 1967, 1972, ‘Thomss, Ellwood and Longyear, 1979). This
?chanqe 1n fermentatian pattern suggests Iactate dehyﬂrOgenase which
:15 rESponsihle for 1acta+e prnduction is inhibited by oxygen in the
:sense Lhat axygan renxidises NADH and the system takes advantage of
fenergy ohtained from the canvarsion of pyruvate to actetate. .

'The ¢untro! mechanisms for the different and~product formation
:appaars to‘ centre around fructasew1,EvbisphOSphate which is

= 3fjnecessary for the activntiﬁn of lactate dehydrogenase (Hittenberger
';“*ffand AngeIﬁg 19704 Brown and gittenbgrger, 1972}, In the presence

'f“-";?,af excess

|  91ucbse, ;tt intraceTiular level of fructose
'=1,6ébisphosphata i high and Jactate dehydrogenase is fuily
"T"activated._ Pyruvate formataﬁiyase s strongly inhibited by a
_m%nute ameunt of gTy*era1dehyd¢ suphosphate or dihydroxyacetone
_;fphusphate» Leva1s of thnse g!ycn!ytic 1ntermsdiates are high in
’ 5 th presence uf exaess clucn4e (Yamada and Car1sson, 1976;
:Takahaehi Abbe and Yamada, T982).
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Under glucose limitation, the reduced Tevel of fructese
1 G-bisphOSphate, glyceraTdehyde 3-phosphate and dihydroxyacetone
~hnsphate deactivate lactate dehydrngenase and refease the
iinhib1t1on 'of pyruvate formate-]yase. Thus the fermentat1on
.'[pattern shifts from Iactic ta the wixed acld type. To keep the

f oxidat1nn-reduct1on ba!ance dur1ng anaerobic metabo1ism of g]ucose,
:Qg?streptocncci have . to produce formate, acetate and ethana1 (Yamada,

- 5 f:f 198?)y The 1nf1uenca of fructosa-! 6-bisph05phate appears to be a

';-f-:feature'»ammnn tn a11 streptococci (50&1185 19?5)’,:”.:

) :'“: 7&6%* a1T”oraI streptocucci are equa]ly sensitiVe to uxygen. Tanzer,
’ fr?i Krichevsky and Keyas (1969) studied aerated cells of Str. mutans

: ffand fnund thay produced mainly Tactate and smaller quantities of
 . r fbrmate, acetate, propionate anﬁ carbon dioxide‘. Later 1n 1975

“jfiwami, Yamada and Araya observed the 1ntrace11u1ar concentratiou of

:fructose-lgs-biSphosphate of Str. mutans was Iower under aerobic
”T;than anaerobic conditions, _but equal amounts of laiate were

‘°Pyruvata ‘kinase can regu?ate the Embden~ﬁeyerhof g ycolytic pathway
| (Iwam{ and Yamada, 198&). ~ The enzyme From S, salivarius is
-,activated by giucOse-ﬁwphosphate and that from S. witis and S,
:_“gggwﬂ by fructase~1 6*bisphn$phate (Twami and Yamada, 1980;
| Abbe, Takahashi and and Yamada, 1983). Furthermore, pyruvate

kinase of 55_mutans is regulated by both glucose-6-phosphate and
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-r1hose-5~phosphate (Yamada and Carlsson, 1975b; Abbe and Yamada,
1982). Phosphate stabi1izes pyruvate kinase and reactivates the

;nginactive enzyme In addit1qn the enzyme has a requiremﬁnt for the:
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4.1.2 The production of polysaccharides from sucrose

Two streptococal enzymes are responsible for the production of
-pu]ysaccharide from the disaccharide SUCrose. G1ucosy1transferases
o catalyse the synthes%s of glucose polymers known as g1ucans,

| '_whereas fructosyltransferases are resgonsib1e for the pruductian of

',jﬁf?uctans # 3:athe Frucﬁase mo{ety uf the molecu‘ea

21 aluosrwe (& 2.4, 1:4-51. |

"sﬁ“iosyltransferases are enzymss th&t act an sucrose to produce-'

R 5g1ucose pgtymers.: ﬁne uf the ma;ur grobiems with resaarch 1nto'

' 3‘;qif;§g1ucosy1transferases 1s their' ability to form Iarge aggregates

_wf;which can be divided into fraatinns that proﬁuca at least 4 types

,li;'f;]fxbf g1nvans (Nisizawa et 8l a1 19763 Kuramﬁtsu, 19?4, Mukasa and
o Slade, 1974, Russen, 197; Grahane and ﬁayers 1934 Tsm"“?
| *”fjf: fL5himamura and Mukasa; 1935) ane fvaction cata}yses the‘sﬁmthESis |
'f;f;af_.;_a;{. water-so1ub!e 1 6~aipha«dextran which may contatn

ff 1,3,~aIpba*hranches* Anuther fractian 4s involved 1 the

..: ij;prnduct1on oﬁ a_ wnterwinsu1ub1e gTucans with 8 1 G-aipha-dextran

| _ff_“?bankbana and hr&dched 1‘3-alpha»91ucan side chains (Hare, ‘Svenson

.’ﬁ"_]i?and Haiker, 1978' Montvi??e, Cooney and Sinskevg 1978; Chassy,

- l-fiaas, Ciardi, 1983’ Grahama and Mayérn ?984' Tsummri, Shimamura and
e _'Mukasa 1933}. B

:A third fraction was repovted frum cuitures of § sobrinus Qrown
"_1n _ tha' presence of Tweep 80. This cell-assoclated
_qucosyItransferase cata1ysed the formatior of a polymer that was
water-insoluble, in addition an enzyme from the culture filirate

praduced a glucan with alpha-1,6-Tinkages that stained strongly
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with periodic acid Schiff stain. The latter enzyme appears to be

similar to the crude glucosyltransferase produced by S. salivarius

(Shimamura, Tsumori and Mukasa, 1983 Wittenberger, Beaman and Lee.
1978). Mare recently VYamashita, Hanada and Takehara (7989)
" peported the purification of a Ffourth glucosyltransfersse produced
by 3. sobrinus which synthesizes a highly-branched water-solvete
glucan {Shimamura, Tsumori and Mukasa, 1982).

:'.Tﬁé;¥§hfi#féié$_ bf °eé§h-dfftﬁeééﬁfrattions'Caﬁ be further resolved
'iﬁ%h”i?ﬁ4'§iﬁle " fbfmﬁ' ‘ﬁﬁich"dif?a? lin size, net cngrge and
| 1_$S§1fééti?i._e' _' ﬁgfﬁts (Gaggenheim and Newbrun, 1969; Ciardi, Hageage
.:'hahﬂ iﬂﬁitanﬁefgbﬁ;:19?63. The major erxyma fractions camrot account
:'_ for %he~3mu1tip1é  éct%#ity"bands ‘observed when electrophoresis
_.aﬁaJySés;'ére'ﬁéffbrmad'bh crude enzyme extracts (Tsumori, Shimamura
~and Hdkas&; 19833 McCabe é;_*glg 1983). In addition they are
'ngithgr 'strictiy specific for the synthesis of dextran nor is
rsﬁcibse- their sole substfata ﬁhicﬁ suggesis thése bands may have
_ other activittes besides glucan formation.

| :'Hﬁq&hé_';nd"”Hamé1§k’”l1§83}“’deééribed an’ enzyme from S, mutans
&&fﬁl&§é§“ tHé'*£r€ﬁ§?éb‘6f-g1ucopyfénéside‘from isomaltosaccharides
t6 dextran to fbvm a branchad motecuTe, whereas Yamashita, Hanada
_and Takahara (1998) found an enzyme from §. sobrinus produces
| eligomaitosacaharides from sucrose ¢onsfsting of 15 glucose units.

Furthermnre, in the absenae of dextran, glucosyltransferases can
gétaTyéé '”exchange reactions between fructose and glucose and
transfer giuc05y1 residues from sucrose to either water or
oligosaccharide acceptors (Bourne, Peters and WNeigel, 1964;
Koepsell et al, 1953).
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4,1,2.1.1 Physical properties

Studies on the mutiple glucosyliransferases of the 5. mutans
group have yielded conflicting results. Clardi (1983) summarized
- the 'fihﬁing$glbf _eaETier"wﬁrker who reported they had ¥solated
1:éh2§ﬁé§' with deecu1éf**wéigﬁts which varied from 2,000,000 £o
45,000 Ga. Later in 1986 Mukasa described glucosyltransferases

¥‘  f”ﬂjthat. praduced” bath water-ssTuble and inso?uble g1ucans.- He fﬂuﬂﬂ
T these__anzymﬁs?bad mo1ecuiar wnights that VaV*Ed between 156, “00 wd

00 Ds. | In the same year Asem, Kenney and Cole isolrted bue
,giucasyitraﬂsfevases.. The fﬁrst had a molecuiar weight of 153,000
Da - and - sroduced . an 1nsa1nb1e glucan 4ith predqminantTy

| ;_fiffifalpha~1,3~linkages an& the second had a moTecutar veight of 162,000

farmed

_; ” so1uh1e giucan w1th predominantTy-

o :iﬂjﬁéﬁgf*fféeéﬁtiy in 1989 8amaﬂa and his cowurkers purified a

' 'L-:;sz1&¢g1uﬁau respettfvaty. In the-'

hhet ” Ll Most F : thé above
H?.ngmmwnmmhmwshw{ﬁp#wﬁwm%bﬂmmSJaMﬁaMan
o optimum tamparatura of 37°b,-_' ' IR

| Tﬁé’*§Tﬁ¢b§#itrans?éﬁaSES';ﬁroducéd by S. sanguis have also been
tﬁﬁeﬁtfg&%ﬁﬂ;'?"Lﬁzia;3 Graham and Mayer (1982) veported in a study
on  §._sanguis ATCC 10558 they could resolve the dextransucrase
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intoc 5 major bands with molecular weights of about 780,000,
682,000, 485,000, 333,000 and 231,000 Da and two minor bands of
260,000 and 280,000 Da. However, Grahame and Mayer {1984) showed
the mutiple forms consist of only 1 protein with a molecular weight
0€ ,]14,000 Da. They found the organism produces a protease that
"zébnﬁerts the native enzyme to a proteoiysed form with a molecular
- weighs of‘ 156,600. - Convertion did not proceed in the presence of
I DS Tha optimum pH of these enzymes  was 6,5 and the optimum

*_5::temparatura was 32°c.._

. 4,7.2,1.2. Mechanisns of action

: _f_ The ;biQSyntheéis of dextran is the simplest form of saccharide

:'-'jjéynthpsi*- in bacterfa. Toe enzymes responsible for thelr synthesis

'f‘éré extrace]Iu!ar ~and do’ not require sugar nucleotides or

| ;,Iipidwphosphnte sugars (Sutherland, 19793 Stoddart, 1984). The

) f;pggig;_meghanjsm-is dispreportionation in which fructose 1s released

. from. sucrose . and glucose s formed  into a polymer by

;-'3” i3ffpan5g1u¢0Sy1ﬁtiﬂna, Th& reaetﬁnn is vaversible and branching in
' ;¢ i1E éthe qmo1acule is cnmmon Istaddart, 198&3‘ Tha daxtranaucrase of S.
'*‘ j¥mutans i gonstftutive becauss 1% As presant in. cultures

| £ .snpp]Emgntgd_by sugars ather than sucrose. (Brooker, 1979).

",fIhsgjyyjéﬁfgjbhgéi;$é§§¢can,,1$~-synthesikadé'by {ngerting glucosyl
unit&:ff%nmashcr93g; 1nur1ngjsynthesi§~twd nucTeophilic sites at tha

| '_:&cti?a; §?t§_ af”_the”;gﬁzymg are bound cavalently through C1 to

g1ucosyl-.and;zdextranosyl units, The glucosyl unit is added to the
reducing end of the dextranosyl chain whsre the C3-0K of %he
tncoming glucosyl unit makes a nucleophilic attack onto C1 of the

dex¢ranosyl chain forming an alpha-1,3-linkage. The dextranosy}
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chain 1is thereby transferred to the glucosyl unit and its chain is
Tengthened by one glucose unit. A new ylucosyl unit is added Trom
sucrose to the free nucleophilic site on the enzyme and the process
repeats  itself with glucosyl and dextranosyl units alternating
between the two enzyme sites {Ro. t, 1983).

_7 . h de— nova synthesis gccurs. at the raducing end of a growing
'T'chain during autupalymerization (Ditson and Mayer, 1984). Low
erveis -of: dextranase, _maitose and low mo1ecu1ar weight dextrans

._,:sunpress the formatiun of nater insofuble gTucanss whereas maltose

. Eredutes the propnrtian of’ce!%s that adhere to glass (Gibbons and

..”Keyéss 1969- Koga aﬁd Inuue, 19?9; Miyaﬁaki and Hewbrun, 1983}, -
:':;&53’zé??7%ru§tq§y¥transfefﬁ$ﬁr{Ec 2,4,1,10)

”-Fructosyﬁtransfsrase is a constitutiv& enzyme that transfers the

. -..;._-'_-___'._f'_-fwuctasy’t mniaty of sucrosa to. a 2,]-bet&~fmctan chain and

fff” ucose {Barissans 1970}- ThTS is.2 hydrolysis. reaction

hich - frae - energy. _is.__-:_ derived from Sp'{_.i-__t_t'lng_- the
mt ”catai hem%»keta? bon& in sucrose.;_ SOIuhTE and‘ insoTuble

_”; f3fffu¢fHﬂ$ e fbrmed hut there- is no evidence thay contr1bute £0
"_q}cainnizatian of tha “teath o the-car os process (Chassy, 1983).

*nﬁany strains cf s¢ mutans pruauca fructans hut some strains of

'  fff'f5-* saqivaﬁ{us | are thg | most abundant producers of this
| '~i,p01y«accharide (ﬁiven, _Smiiey and Sherman, 1941; Garszczynski and

} Edwardaw_ 19?3, Ehrl%ch. at_a]a 1975; Hancock, Marshall and Weigel,
- 197&;-Yakushijig-lndue and Koga, 1984},
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4.2 ENZYMES THAT REGULATE STARCH METABOLISM

Researchers have discovered several enzymes involved in starch

metahoﬁsm'. They can be divided into 2 groups. Firstly, enzymes

_that aatalyse the degradation of starch and secondly those invoived.
| '-i-_p-,_._§__1;§rph_ :yn:thes'l Ss Most of the starch degrading enzymes yleid
_ ' products that may contr*bute to the carious process.

B H 15“2%5 fhatdegr&de ’star-i__:“h.'._..__'_.”. e

"""__Staf-ch deg\ zding enzymes are Rnnwn as amﬂases because thﬂ-" degﬁde

__.._;f._-tha Iatin name Fur starch, {Kneem 19503 Severson, 1950}, -

":'"_""---__._Anmasas' are defmed s exi:race‘nu'lar anm&s wlr’ich catalyse the
'-'_hydriﬂysis of starch maIecuIes to yleld dextrins and progressively

.-?sma'iler' pu'fmers campased of glucgse units, They may be divided
_ inﬁn 2 elassas, enduamy‘iasas and exoamy!ases. Endoamy’tases. act
B -'_;randam'lv on t‘xe ' a'lphavu‘l ﬁnﬁinkaga hut ~do nut attack the

ﬂlﬁtﬁ& the -

Hﬂ" class,

' breaks ear:h aiternate hond. to yield

a-anylase

_Atip'h_a—aﬁtﬂaseﬁ hydrp‘i.y'se the non-terminal 1,4-alpha-D-gTucosidic

1-irlk5a_gésf__ of WIGSG- and amylopectin by a partly random action to

Cyleld & m:;_ture of glucose, maltose and higher glucose oligomers

(Manners, 1989), They are designated alpha becanss they form
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peducing groups with an alpha-anomeric configuration. A1l
alpha-amylases are endoases because they are able to attack the
é : fnterior of starch chains as opposed to beta-amyiase which is an
s _ - iékoasé with an endwise form of attack (French, 1575). Studies
| "_ﬁéiﬁg"higﬁﬁy puriffed alpha-amylase suggest Tinear amylose and the
. '.;ﬁffhéér“f ‘portion of amylopectin are degraded by this enzyme

| "7f_ _tHa§g§ns,an¢ Bird, 1954; Whelan, 19605 Robyt and French, 1963},

-i-iﬁhaﬁaiﬁj‘iése' 2 'pf&dﬁées  maltose, maltotriose dnd
1t_;etraasa i the early  stages of the degradation ﬁfaamyiﬁée; ‘

. Wheress  anyloectin is degraded o mltose, mTtotrioss,
| - _fopentaose anﬁ Targer oTigosacchar%des. In'tﬁe'Tater‘stages the
'.;f“main products of both starches are maltose and maltotriose (Pazur,
| 'eneh ‘and Knapp, - 1950, ﬁopkins and Bird, 1954; Rokyt 1962),
. _;{”_;Q?Pnrc’ae pancreatic alpha-amyTase yie%ds ~the same products
'“<  = fIBernfe1d, 1951)‘  ;_3' |

'*?; ; df{ amy1opectin are ma1taériose,
The iatér prnducts ‘are most1y

' *i ?91ucase; maTtatetraosex _maqtﬁpeﬂtﬁGS& and maTtuheptaose (RObyt and
O French, - o3 Hotkins and ‘Bird, 1954}, alpha-anylase from
'ﬁ}f;;”?ﬂs"ar;311u5: "

| fgarwjae_:_ converts amy!ase to glucose and maltose
37,;:_wheraas, g1uc9$e is the~ main product of amylopectin hydrolysis
(Hanrahan and caidwall, 1853).

Alpa-amylase has also been observed in the streptococci. S. bovis
produces glucosa, maltose and maltotriose and S. equinus produces

glucose, meltosc, maltotriose and maltotetraose from starch
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(Walker, 1965a; 1965h; Boyer and Hartman, 1971), In 1983 Spandau
and kis coworkers identified an alpha-amylase from an oral strain

B of = Actinomyces viscosus wh'fch prod’uced maltetetraose, maltotriose

. __-,_and ma'!tose from starch but never glucose, However, none of these

__vestigated the ‘prodicts formed from amylose and

__’?__'a‘!pha-ﬁmit dextrins and ccmtafn a mixture_
ngss Tﬁey-'-‘rangg fmm pentasaz:charida to Targer
Iléﬁiﬂﬁs. ' wﬁich passess twg or  three
Hhe’lan amd Rﬁ‘berts, 1952; Rﬁberts and Hhéian,-

{Hughes, 1880 Hughes, Saith and

and Schramm, 1964},: Thése diffew +t

gy R it A et Pt b e el R0 S e Bl Tt e B Y ' o Bl b A gt St b e brcn, 3. e g s T T damren < g rate b o TR SRR B
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4.2.1.1.1 Physical properties

A1l alpha-amylases that have been fJnvestigated are calcium

metalloenzyes and require calcium metalloproteins as cofactors.

-They have at least one calcium ion per melecule and depend upon the
;netal group for cataiytic activity (VaT?ee gg_gla 1959; Fischer
.T-:and Sta?n, 1960) The strength of binding of the metal depends

| Tupon the source of tha enzyme and increases in the quYowtng order' :
ks '_'higher n?amts< mama‘%ian< bacterial < fungal (Greanwood #nd Milne,
S 1965}.

fca]cium 'may be remnved From the amylase molacule by

E-Tﬂiaiysis Iagainst ethy?ene diamine tetra agetate, ammonium salts or

.-_'-"-_'g]_ggtro@yalysis_,- (s.tein, Hsut “and .Fischer, 1964). Calcium Tree

:'_ §myIas§é?;are_ suscepfib1é;~£o-'denaturation by heat; acid, urea,

- ";ﬁvpﬁiﬂ;¥=chymotnypsinf;subtiiinyipepsin:andnpapains(vamamctn, 16583
o staiu and Fischer, 1958),

“fffﬂany mammaiian aipha~amy1ases are. acttvated by\monov&Tent anions
_H” _;j:e$ﬁecia1Iy chloride iﬁyrback, 192&). ﬁheu ‘chloride fons are
Vﬂffig,jremuved by diaiysis the enzyme IaSas activity, shows increased

oiuhi1ity and 1oss uf_ s:abﬁi%ty in ﬁhe presence of elevated
'temperatures and heavx metaTs (Myrhack, 1926, Muus, Brockett and

' . cannel1y, 195&), The optimum.caneentratimn for activity is 10 mM
| "sndium thioride (Mayer, Fjscher and lernfeld, 1947; Walker and
- ﬂhﬂ&’ﬂ, 1950}‘

fTﬁg'- physical  constants  of - salivary and . ® bacterial

alpha-amylases are given in Table 1.4 (Dunican and Seeley, 1962;
Robyt and Whelan, 1968; Boyer and Hartman, 1971).
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Table 1.4 Physici¥ constants of several alpha-amylases

Source Optimum p{ pH stability Optimum Molecular
: rangs temp weighi

Sativa . 69  4,8-1 40 55,200
e oryzae 4558 55-85 %0 51,000
B subtilds : '_G,-o AL 85 40 48,700
”fB. stearather 2h11u  5;9' | 2 66 :' 15,600

" ;“;s. bovis | '.t:",._ 73 . 1 37 7

‘. Alpha-amylase from B. subtilis usually exists as a dime: which

dissociates into & monomer with 2 molecular weight of 48,200 at high
dilutions ftisgmura, Kakiutht and Eto, 1960; Isemura and Kakiuchi,

~13 '1§52; Kak*.cht 1, - 19¢4). . Apparently the 2zinc atom in the
: .'*-.7-ma1ecu1e is r'espoas’zh'la for the monoier-dimer transformation {Stein,
"-TV.fﬁj 1957, Fishar st3l, ai 195%»_F15h¢r_ﬁnﬂ.Stﬁina~395ﬂl-r;~ g

4'2‘1 1&2 Effﬁct D‘F ﬂ.l

s '_‘-"'Gerié:ﬁai-.1y; mha—amﬂases . are. denatured by acid but are stable at ph
'ﬁa¥Ué§' betﬁeaﬁ':5' ahé '8;5, Tha &ffact of pH is usually ascribed to
--iunizatlon nf side chain groups in the protein. - The groups invelved
"1nc1uda the sub vrate binding.grpup:and the catalytic group. Maximum

_ctiwitf-_15.1n_the-ac1d.reginn between 4,5 and 7 but this may vary for
each individual enzyme (Robyt and Whelan, 1968a).
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4,2.1.1.3 Effect of temperaturs

The alpha-amylases with a full couplement of calcium are resistent
to heat inactivation and are Tess heat tabile than the
beta-amyTases (Robyt and Whelan, 1968a). The enzymes of B.

subtilis and B, stearothermophilus are particularly stable to

hext (Manning and Campbell, 1961), The activity of alpha-amylase
ingregsgs Stead{Ty from 0% to a maximum of 40°C in the majority of

cases. There is a rapid decrease of activity between 40°and 60%

sftEr whicﬁ.it:undergues denaturafibnstﬂabyt and Whelan, 1963&).
4.2,1,1.4 Kineties of action

Three modes of attack have been considered For alpha-amylase

~activity - ‘the single chain, milti-chain and multiple attack

- [Figure '1.3). The mechanism which is currently accepted is the
wiltiple attack (Robyt and Whelan, 1968.). Multiple attack may be

|  defined  as repedted attacks oa 3 long chain substrate mo1acu1§
___;f;aftér_ 355i“§3é enpaunter-pf~the-anz&me_éud sﬁbstrata (Kondo gt al,
'jigfai; -In'the muitip]é.attack méchanism the enzyme forms a coumplex
 ‘with the substrate and produces the first cleavage. After the

first -~ Gleavage the fragment with the new nonreducing end
dissociates from the active site while the fragment with the newly

_formed hemiacetal reducing end remains associated with the active

site and repositions itsé1f’ to glve another cleavage and the
formation of either maltose or maltotriuse. The enzyme remains
with one of the fragments of the original substrate and catalyses
the hydrolysis of several bonds before it dissociates and forms a

new active complex with another substrate molecule (Robyt, 1984).
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4.2.1.1.5 Measurement of kinetics

The measurement of alpha-amylase kinetics 1is accomplished by
determining either the disappearance of a substrate with time, or
the;.appearancé_nf products usually by measuring the increase in the
' reduc{nga_ﬁaiuef.of the digest (Bernfeld and Studer-Pecha, 19472,
_i?é?h§? s¢hw1@mer,. %9505._Yamamnto, 1955; van Dyk and Caldwell,
-TQSEQ;} IQQEB,' TQSth; The Tlatter method - 1s more aécurate than
megﬁﬂfinﬁf;tﬁe_disappeargﬁce of substrate.by fodine staining because
."_ mggéuréﬁan£3'.cah be related directly to the number of bonds broken.
-  fExi$ﬁi§9:jm§;ﬁads ~of measuring reducing groups are not completely
ﬁéﬁhrﬁ?#. babausé tﬁay_ &o” not differentiate between melecules of
__ﬁiffergnt degrees of polymerization (Robyt and Ehe]an,.lsﬁaa).

4,2.1.1,6 Mechanisms of actfon

'ffﬂéyér"and- ﬂgrnfaiﬂ;_{1941) and Meyer and Gonon (1951) proposed an

 hypothests for alpha-amylase action,  They considered the

| '5'_;aipha-amyiasa r&actinn as a random prccess An whi;h alpha-amylases

:1; 5Eshuw equal preferenaa for all alpha~1,4' linkiges except those
"F“,adjacent tq the Auo ends nf;thg_subggratg ;hain and in the vicinity

| the hranch points. Paper. chbbmatagraphy studies have shown

B nm?tndextrins spesific for. particular alpha-amylases are formed in

'the early and Tate stages of mapy amylase digests (Pazur, “rench
Cand Knappg _195Q;.,Hopk1ns, an Bird, 19543 Dube and Nordin, 1961;
Robyt, 1962; Robyt and French, 1963), French (1957b), Pazur,
French and Knapp (1960) and Robyt and French (1963} have developed
this hypothesis further to explain the non-random distribution of

products.
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4. 2 ] 1 - 2 Beta"aﬂly'l ase

_.Ear"ly; work  indicated “malt amylase"™ 1is composed of two starch
o 'spi’ft’t‘ing " enzymes. Both - enzymes are able to attack starch but
des ign‘ated

'-:_._::-’-v__-"-:thew mode 015 act‘ioii 'is"’di'f’l'-‘iet‘en%-; The f-ir‘st,"

ue 'with 1ndine‘ This enzmne | |

*Figue*b,, 1951* Meyer, Spahr-
Amagase, 1353]._

Mara racant‘ly -

and Nishira, 19{5&,197%). Enzymes
appe&r ta act simﬁaﬂy (hreenwaod and

sources
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4,2.1.2.1 Physical properties

Betaramylase 1is relatively stable to 2ecid. The pH cptimum fowv most
enzymes ' Ties in the range § to 6, whereas sweet potato beta-amylase

R _"'f-has an npﬁnm between pH 4 and 5 {Balls, YaTden and Thampson, )
o 1dey Figust and ‘Fischer, 1952» Meyer, Spahr and Fischer, 1958),

._.'__g!ﬂqgt__._._:_ __l_;gtag-amy_'i_agses are mm*e heai: 1abﬂe thart alpha—amﬂases .

_'.";___-_'by hatauamyma *is &irecﬂy pmpnrtianal to enzyme activity. There
 appears - to be o ‘standard method of measuring reducing power and

_ different subst-ra-tes have been used (Greenwood and Wilne, 1968),

When amylose is the substrate the rate of enzyme activity decreases




67
as the size of the amylose molecule increases {Pfanne Muller,
1967). This barrier to beta-amylolysis has been atiributed to the
prasence of limited branching in the molecule (Banks and Greenwood,
-_-1955).

zaﬁgéiiiiéé'*ﬁeﬁhanisﬁ#f of;*a¢tion~'"'“”:"'“"

‘"fthraat‘

_ _..-f..éXP?a"ll‘IS why i:he E!‘IZ.WIE cannot pragref,S past a b!‘anch Pﬂil’tt'_
' ;fi:§“ ﬁmyiﬂpect?n, i éﬁ when a’ 1 Buhond g encountared‘(Robyt and
Hhelan, Tsssb}. T P TRIEp ey

'-*'fﬁfffffaata“ﬂmyqﬂﬁﬂ was thﬁ first enzyme o shnw ‘a mu1tip1e attatk_ ”
*ﬁ:machanisma

Ths enzyme repeatedly'cleawes £ substrate ckain before
_ n f'dnm mniecuiar waight amyfaSe tﬁera are an
_aﬂerage"af e es__ut fith}larger muiecu?es the number s much
;h%ghev !Bai1ey and French, !956; Ffsnch and Yaungquistg 1963), The
:  ;;; ﬂ1rect1on ”of nttack 13 from the ﬂonuraducing to the ‘réducing end is
”“fnpposita to that of anha-amyTasa (Rdnyt, 1984}» Susceptib111ty to
L drn1ysis decreases when amy1ase retragrades but ‘the effect can be
. f-ff.;:;mndi ed’ 1 unﬂﬂr nnrmaﬁ conditions. The ‘nydrolysis of amylose by
"3 :beta~amy1asa has heen usad extensive!y to characterize amylose from
) dﬁf?arent: sqqrces ~i3anks, Greenwood and Thomson, 1959b; Banks and
'Gréenwﬁd&,-1967}; | |

th&t can admit tha nonvreduﬁiﬂg Eﬂd Df fhﬁ'_  B
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Perhaps the most important clue to the mechanism of bond splitting
is that beta-maltose 1is released following the splitting ofran
a?pha-gTucosidiﬁ_ bond {Robyt and Wuhelan, 1968b). Studies using

'8 Tabelled water have shoun the maltoss Formed by *he enzymic

:;“:degradatinn -of starch containad ﬂ- -bound o the- raaucing,

rvanamertc. earhun atqm. Thase studies 1ndicate betayamyIASe, 1ike -

because nf 1rregu1ar$ties in the structura of the starch {Marshall
and ﬂheian, 1973) Amyﬁnglucos%dase will trim off the more
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accessible glucose units from the non-reducing chain end of
branched oligosaccharides produced from amyTopectin by
alpha-amylase {Abdullah and French, 1970).

B _ﬁmylog1ucnsidase is prnduced by fungi and bacteria and occurs in
E _the mamma1ian. digestive tract: [Pazur and Okada, 1967; Pazur; 19785
s _: -y nd A' ers, 19?3, F]eming, 1968);- In 1981 Bender isolatﬁd an
”m“*~i5“5f{amyiag1ucosidase Fram a ?Tavobacterium Species whict. vas. able tO]:

" ﬂff7¥degrade cytlnamylnses to QT“CﬁSE» i
7=gf?n13g1$ﬁ§s§{§£¢}s;agteéll,,.2;,_---- |

*’Viﬁf"' enzyme pu11u1anase wﬁs"first'frecﬁghised by Bender and
_-?_jwaq1enfe1s in 1961, It 45 a 1,6-alpha-glucosidase which
_ 'f spec1fica11y attacks the a1pha-91ucan puIIulan. The substrate is

| 1fif5_hydroiysed at randum with the 1nitia1 production of hexd~ and
- Pullu se is
it

stadies hecausa

_!udrﬂ3ySEs

oo fmaqecgra__whiah meets thfs requiremant (Abduliah and French 19703
'ff;fﬂnrman, 19731'f_;--~ S

 ;} :1he nhain 1n:starch which ccntain up %o 6 to 10 units appear to be
':-fsusceptib}e to puIIuIanase action. It s still not clear why
amglﬁpg;tin_ andfhgtanamy}qse Iimit ¢extrins are partially resistant
tn‘-puliuianaﬁa aétion (Price, 1968). Reduction of the glucose unit
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to sorbitel at the reducing end of a branched oligosaccharide may
inhibit the hydrolytic activity of this enzyme (Abdullah and
French, 1970}

o  .;”'Pu}1u1anase i produced by & number uf bacteria Ancluding

- aerogenas;; {Pricey 1953* uhba and. . Ueda, 1975},

wers. Hober_ and whelan, 87, Eschemma |

F'um”'£hermohyﬁrﬁsulfyricum, {Hyun and'.'

this enzyme'has.been 1sa1atad frmm

N _ 1974 These raquirements make the enzyme highly
| specific.-_w The___en;ymgg ,_for example debranches glycogen and
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amyTopectin but is unable to act on pulluian, In addition the

 beta-limit dextrins of g1ycagen and amonpectin are not hydrolyzed
.;;-{Marsha11 19?4} '

1 amyiase' 15;fuunﬁ in yeasts, Cytophaga, Escherichia, Sfrgptonyces}';._- 

| ea._isoiatéd from potatues, brnad beans, bar1ey and
-  }j*anima1 tissua fﬁreenwoud and Hi1ne, 1958). According to Greemwood

. The anzye - has'

:-.tis?D) the R-enzyme activity of broad beans and malted barley may
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..he fractionated 1ntu 2 components, one acts on amw10pect1n whereas

o the second attacks sma?l aIphaaTimit,dextrins uf amy?opectin.
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4,2.1.8 MNewer microbial enzymes

4.2.1.9.7 Bacillus polymyxa amylase

_ ';Eacilius-_polgggﬁ;;- producés an enzyme capabije of convertiﬂg-starch
"'h,;primari?y into altose (Robyt and French, 1964}, The enzyme system

n' eg _des cyc11c Schardinger' dextrins, presumably hy the action of an
;ja]pha my3asa and produces 3 maTtose units per nyc%ama?tohexause.
| chrqmatography produced no branched

using . paper

) eatin suggesting the enzyma debranches this
¢es as a ﬁu?!ulaﬂase (Ffanch, 19?5)« o

2,1.8.2 Pseutononas stutseri amylase . .

S _ r produces an. amy?asa which converts starch into
£ f;1,f;maltotetraosa {Robyt and Ackerman* 19?1). The enzyme is similar to
”'_ :ffi:3béta-amy1ase becausa it acts from the. non-reducing end of the starch
.:.:}i:;ghﬁiﬂs--?ﬂﬂ; prqddqss,ma?tatetraosa in the beta~configuratfon. It acts
: E fiﬁﬁ.fﬁﬁklépéCfiﬁ_ ¥° QiQE. ﬂa1tptetranse and a Timit dextrin which
: -:._'.suggg'.sts- At is unab'le to bg,fpa;ss the branch points of the -suh.strate

O (French, 1978},

$.2.1.8.3 G6 enzyme

G6 enzyme is produced from Kl¢'siells aerogenes and converts amylose
to maltohexaose (Kainuma et al, 1972, 1975). Initial studfes
Indicated 1t was an exoase but it can bypass branch points to
incorporate branching into the oligosaccharide. The six-unit basic
chatn can include 2 fragment of an A chain, a 1,6-1inkage and the

reducing end of a B chain (French, 1975).



74
4.%.2 Enzynes that regulate acid production from starch

Tucose fd'maitotr;ose;: The Tatter{;”;;_L

'reptncoc::i | aduce'__' L
Further-mora,

tﬁese bart wia ’fs Sparse {see Sactfon uz,z).
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4.2.3 Enzymes that produce starch

| Thers. éfﬁ at east 3'ehzymes that can syntheslize starch. They are
- phnSpﬁoryTase,' stargh syntﬁetase and Q-enzyme, Phosphorylase has
i ”amgn'”teria whareaﬁ stavch synthmtase and quenzyMe .

____uﬂyluﬁpﬁéﬂ ZHHSPﬁﬁt@ 73556F;;%??ﬁaséh§ié §iﬂ’ﬁﬁ;i;f,'i:_'i Zi“f:d

f*'n-en i$ :anz alph? B~1,# iinkad ¢hain nf nagiucuse residues¢. The
_degradation of the pglymar occurs. when high conzentratiuns of

‘ inarayn!c phosphate are. presant and synthﬁsis occurs i Tevels of
DhgTucasyl phasphate are high (Greenwaod und Milne, 1968),

In the abt.ve eguation D-Gn, the primer for synthesis, may be a
linear maltodextrin or a branched polysaccharide. The smallest

primer for potato phosphorylase activity is the triose but larger
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.oligesaccharides are more effective ({(French and #ild, 1953},

Phosphofyiated f maltotetraose and maltohexaose are fnefficient

._primers (Postarnak, 195?} which suggests B—glucose res?dues are

ard‘ini {19571. o
oI A found: _n-fstarch granuies and has been preparad Frnm sweet' af -
'"T7f;corn, patato and Spinach 1eaves {Frydman and Earﬂini, 1964a,1964b,'
: '-noi, Dot and mkum, 1964; Ghosh and Preiss, 1965), This enzyme
| 'uses adenasine diphosphata glucuse (ADPG) or uridine diphosphate
g}ucose (UDPG) as & high-enargy donor (Rocondn and LaLoir, 1961;

Frydman 1963)
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The reaction proceeds as follows
m ADPG + Gn == G {n+m) + m ADP
primer - synthesized
| ﬁGTysaccharide-chain s

ABPH ar UDPG may ba invo?veﬂ n this FERCtiﬁns_ Accnrd%ag to. Rohyt____
i '{“'BPG is useﬁ o $ynthesiza amyﬂopectin and | ﬁnpﬁ amyﬁusek R

| tﬁﬁ faynthesis of‘a?phauﬂm? & branch Tfnkages. It is  “

_  }jifebwan¢hin9 aﬁtinn o*curs on amyTnse of sh&in iengtha 1ess thatt 35 to

'v'-?‘?féﬁ g?ucose unfts [whelan, IQ?TJ. | The:enzyme 1§ capable of
1;"fiﬁtroﬂuc?ng additionai branchas  §nto' amy1opecﬁin give
”-iglycngen-11ke po?ymers (ﬁreanWQod and Milne, 1968; Robyt, 1984),

?533} £n2§me : cata1y§e§ an interchain transfer rather than an
intrachain reaction.  The machanism for branching involves
1ntér4turn: transfer between the chains of a double helix, This
mechanfsm-'wou1d explsin the requirement for Tlong chains when
amyiose 1s the subsirate because short chains could not be expected
to form a double helix (French, 1975). Random attack of amylose by
Q-enzyme would give rise to an amylopectin having an elongated
structure contalning features of both the Tawinated and the comb

structure as first postuated in 1937 (Hall and Maaners, 1980).
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Q;enzyme is nrasent 1in all plants and was first isolated from

potate (Haworth, Peat and Bourne, 1944; Barker, Bourne and Peat,

“1849) . -  'it'”1s héat~s£able, stabi?ized by presence of substrate,

o 'activated by inarganic 1ons ad has a molecular weight of 85 000 :
**aj(Greenwood and nalne, 1958, Preiss and Ha]sh, 19311‘ |

acmp}imentahyf methnds nf ana1y3is. . ﬂﬁﬂé are entireTyf 

jda-not agree about the structure of these poiymers. o

'“if ;fé§Une of the. main fieids of starnh research has been enzymes that
”:'_-'maﬁafy these poiysaccharides. Two groups of enzymes have been
| lgiscuvered, namety, _Starch degrading enzymes called amylases and

starch producing enzymes also known as synthases, Both are

~identified by the products they form, Research has shown §. mitis

produces aipha-amylase, a debranching enzyme called pullutanase and
a branching enzyme which converts amylose and amylopectin to

glycogen {Walker, 1966, 1968; Walker and Builder, 1971). This

sutd Faatahy“ bacause: aftev naar!y—ﬁn.years Work. researchers st111:_,__*7
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* suggests many oral streptococci “could produce enzymes that modify
s '_-_-ﬁs_'_tar.nh-'-" %0 aeids _aﬁ_q___:-_pg_.g}ﬁacchari_des:.'__.__ _-\._Hi_:_we_‘_wa_r-,. the  problems .
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) 4 ENZYMEﬁ THAT RﬁGuLATE STARCH METABOLISM. sivevasn .,..,.‘..111
4 1 _Isalat'ian and_extraction nf enzymes..,...,...a.m..m..lll- :

QF eﬂzyﬂ[@'iautt«tmannu;wuynogs.-;wamuua].[z =
BNZYMe EXErACtSivieses s o T2
: degradation proc!uctsmw'

it fFigure 2-5 Iﬁﬂ:chromatagram of standard acidsﬁg,. ..u.;.*.,u104'.f R
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1 SELECTION AND CULTURE OF STARCH HYDROLYSING STREPTCCOCCI

" 1.1 Oral health of subjects

on. the ‘gingiva o

wfwmmLHWHWMWMmmmmwmmm 

7fp1aque index was campi?ad by divid%ng the sim of these scores by

75 'the number of surfaces examfned ‘The 1ndices ranged from 0.51 to

2, The former was obtained in a subject who was caries free and
the latter in a patient with dental caries (Figure 2,2),
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1.2 Isolation of streptococci

Samples of debris were obtained from either carious lasions or in
caries free subjects from dental plaque on the buccal aspect of the
smooth surface of the Jower incisors (Table 2,1). This site was
chosen because experimental animals developed dental caries in this
darea when challengaed by a high starch diet (Grenby, 1965; Frostell
and Baer, 1971b; Shaw and Ivimey, 1972; McDonald and Stookey, 1377;
 Kreftzman, 1978).

The wmaterial was placed 1n 1 ml of sterile phosphate buffered
saline pH 7,2 {Cruickshank, 1962) containing 80 mesh glass beads
(Merck). - The suspensions were agitated with a whirlimixer {Fisons)
and diluted in sterile saline by 10 fold dilutions ranging from

10 = to 10 ¥*, A sterile pipette was used to place 0,1 ml of each
diTution on a starch agar plate devised by Iverson and Mills in
. 1974 (see -Appendix)@ The inoculum was spread with a sterile glass
rod and  the piates were incubated at 37° for 48 hours in a candle

Jar = provide carbon dioxide.

|  f fh§f;p1§té$-igé?g'-gxamiﬁed and thqsé_iwiﬁh separate colonies were
‘chusen - for further investigation. Samples of o s with a
diffetant-7machoéé5ﬁic  ahPEQranca' wafe- stained with oram's stain
{Crﬂickéhank;;}igﬁﬁig.?céiontesanf;gram'ﬁaSitﬁve cocct that occurred
in.,;ha1n$ ;aad;;weré.caatgjgée).nggativé' were selected for further
study. Samples  of sthe:ce?ls from each colony were subcultured on
starch agar and nutrient agar {Oxotd) containing 5 per cent sterile
citrated horse blood and incubated at 379C for 48 hours to obtain

pure cultures.
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The starch agar plates were flooded with lLugol's iodine
{Cruickshank, 1962}. Colonies which hydrolysed starch were
surrounded by a clear halo in contrast to the remaining agar which

turned blue. These plates were discarded because 1lodine has

“antibacterial properties. The duplicate cultures on biood agar

were ‘tnoculated into various media to identify them by the code

proposed by -Godgan in 1986 which is a modification of the scheme

put fnraward"by Facklam (1977, 1984). Fresh cultures of these

' Starch'*hydroiysing straptococci were prepared on blood agar plates.

The c¢elis were removed froﬁ the plates and'suspended in horse serum

containing . 1 per cent glucose and sterile glass beads and stored at
-20° unti? required.

Twenty - strains of starch.—hyﬂro1ysing oral streptococci were

isolated, 8 from the subjects with dental caries and 12 from carfes

7 §free ”subjects.=' These' strains and a étuck strain FW 213 were used
“n the study (Table 2,11,

1.3 Anylose and amylopectin broths

"L Famition of dhe broths

ﬁ ;¢u1ture.medium'hédﬂto be-§5veloped which is suitabie for studying
starch hy rolysis. The medfum had to support the growth of
séreptucocci' and contain winimal amounts of carbohydrate. The
nresence of the Tatter would make it difftcult to distinguish
between the products of starch hydeolysis and the original

carbohydrates present in the medium.
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Table 2.1 Strains of 'viridans® streptococci used in this study

Subject . 1~ ] Tooth |} Code . Speries

ool M0 | ss mitis
A1) 22 .} Me.202 | S, sanguis I.
- | K03 S, sanguis 1T

w2 | s osamguis 1
wcas | osowws o | -

o

SosmguisTio )
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Initially a chemically defined medium devised by Carlsan {1970} for
the growth of S, sunguis was tested. It consisted of ammonium and
magnesium sulphate, vitamins and amino acids in phosphate buffered
saline pH 7,5 and potato amylopectin (Sigma No. AB515) at a
concentration of 0,5 per cent as a carbon source. Tre medium was
sterilizcd by filtration through a membrane filter with pore size
0,2um.

._Growth ~of the starch hydrolysiag streptococct on this medium was
dgténmined -by plating out 0,1 w1 of the inoculated brath on blood
agar before and after 24 hours incubation. An increase in the
number of . microorgantsms 1in the broth after 24 hours as indicated
by eolony counts on the pla.es showed growth had occurred. Three
starch hydrolysing streptococci S. mitis 101, S. sangeis 1 102 and

S, sanquis 11 103 were tested for their ability to grow in this

medium. One fJsolate §. mitis W1 did not grow even after the

sttt s

addition of glucose. For this reason the medium was abandoned.

Studles on S, mutans indicate a complex medium containing
proteins  and peptopes,'has;'ap;:§Qwantage_ygver g;sgﬁthetic mad $um
¢dpsisting,_;nf¢;;yitamins,__nu¢1e1e and amino acids becayse ft
stimlates more ,énzyme production §Cjardj,:31983). _.The:camglex
medium described by Boyer and Hartman,f}??T)'fqr aipha-aﬁyiasg and
transglucosyiase_ pkoductiqn_ by  §5. equinus was tested, It
consisted of 1 aar,geﬂtAgnyptqng;and 1.per cent yeast extract made
up in 0,03 M potassiumz'phosphate  buffér adjusted to pH 7,5.

Pmylopectin was - added to this medium at a final concentration of
0,6 per cent. §. mitis 101, S, sanguis } 102 and §, scnguis 11

103 a1l grew well on this mediua,
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The necessity of adding trypitone and yeast extract was investigated
further because a basal medium was needed that contained a minimal
amount of constituents which would interfere with starch metabolism
and chemical analyses. S.  mitis ‘ 101 was inoculated into 4
diffefeﬁé_“br@tﬁg"conia{ﬁfﬂg: either yeast extracf, teyptone, yeast
g;trac§_ p1qs__;myiopebtin or tryptone plus amylepectin. The broths

. were :1nqubatéd- st 37°C for 24 hours. Each broth was tested in

"'-fjjivipiih§;§; :tﬁé émﬁﬁnt.iﬁf groﬂth Was dEterminéd turbidimetriéal?y

“and a mean value was calculated,

":TﬁypﬁQﬂﬁ*'héd“ Tittle “influence on growth whereas 1 per cent yeast
-_iextraet' supported adequate growth {Table 2, 2), When amy1ﬁpect1n

,,;was added o the yeast extract there was a 17 fold increase in

P growth tTab1e 2 2!, It was cTaav the yeast extract pruvided
""-aﬂequate nutr1ents fﬁr growth whereas tryptona did not appear to
) _enhanae grawth and cou!d be exaiuded frﬁm the madium» SR

.Ij3{_; The starch broths ware modifieﬁ further,_ ﬂccorﬂing to Myrback.;_ |
Li-[:f:isﬁﬂ} and Robyt and Hha1an £1958a) nhtar?de inn5 enhance |

|  faTPha~&my1ase aativity; _ These ians must be presgnt at &

: cuncentration oF at 1east D,ﬁiM, Chioride ions were added to the

" -”_broths to achieve this Ievel. Tha #inal recipe for the medium used

For test ing growth, sugar ami ac‘ld prnduct.ion can be faund in the
-;Appendix. It cangistaﬁ- qfﬂ_phqsphate buffered saline, yeast
extract, sodium chloride and either amylopectin or amylose.



0

T%uhlﬂé:-qﬂ'..-_,f ﬁmwth of Str. witis 101 on tryptone, yeast extract
SRR aqﬁ awiapentin determmezl by calculating an mcmase

T‘ o U’ units 5

. Gmwth : 1“ ': | F. : !
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1.3.2 Preparation and steriiization

Amylopectin and amylose are adversely affected by temperatures
above 60°C (Greemnwood, 1970; Collison, 1968). For this reason the
broths in the study were sterilized with bacteriological filters.

Thrge ;IitreS' of yeast extract broth was pumped under pressure

' _ﬁhrbudhv & steﬁi¥e7'5avtarius 25 a mémbrane filter with a pore size

" of 0,2 ym and a diameter of 142 mm, A litre was distributed o 4
: st&ri?a hott?es using aseptic techniquas and retained fcr use as .

1 {the cantrul medium which did not. nontain starch. o

'_-'fbéf7§ﬁ§iabé¢t§ﬁ5'madium was -preparé&*hy'adding 5 g uf starch: £o 1
' ff1itr$ of tha buffered yeast extract broth to which chlorids fons

had beEn addedp ' Thex.hroth was heated to 50__cnta facilttate

|   ];'§jssq?utian__Qf -thepcarbohyﬂrate aad stariiized_hy.fi]tratign.' ™
”"".1hi£iéi'ib&tcﬁ” ﬁf“ amyfopectin dissﬁivéd' readily - at '50"0 but a
f _“~subseuuent bateh . was more. inso}uble and had to be dissolved hx the
_¥ i{;mw¢had of’ Mcﬁready and Hassid (19¢3}.,; A Titre. . of hroth was
- _-_-”__}'-‘;_'prepam& by m‘lstening 5 20 of. amylonectin mth 20w af ethanal, "

f  adjusteﬂ tn ?,5 -with 1& per cent dydrnch1aric anid and thp-broth
o jgmade up to: 1 1itre with the remaining ¥E%$u axiractu IETEEE R

} _fAmy1ase did not d%sguive readiiy, ﬁfﬁéb?”séﬁéﬁéT 'ansuccessful '
| attempts ‘the methad of Mccready and Hassid- {!943) described above

was adopted. In 4ddition a tissue hamogenizer {(Ultra turrax) was
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used to agitate the amylose suspension for 10 minutes to help the
starch dissolve. The medium was sterilized by passing the solution
through a series of filters with pore sizes of 8 ym, 0,8 pm, 0,45
pm . and. 0,2 um and ~distributing asepticaily into sterile glass
bottles. |

s xm and tncubation

d taminatinn had eccurred,

In.aﬂdition the inocu?atinn o

ﬁ“'*";}ugar p1ate with a pure cu1ture._ The pIate was ?ncubaﬁed overn1ght
’*and'~a~'}onp¥u1'7pf_ tha growth 'was inuculated into 20 m1 of Todd
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There were 2 reasons for aerating the cultures in a metabolic

shaker. Firstly, starch does not penetrate the deeper Tayers of

-~-p1aque {Grenby, 1961, Frosteil and Bauer,_ 1971a, Mormann and
an 1932) and would be metabo]ized on the__"_____ -
"__;are,_ prasent, Seconﬂy, Evans and'__} -
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1.3.5 Measurement of growth in broths

| _Tﬁe-'ﬁﬁadity: oF‘tHe tnoculated broth samples was weasured on a Hach

_fturbidumeter ﬂoda1 210ﬂﬁ.aga1nst Formazine turbidity unit standards

ccnrradz; ﬁ the-_npacity af a,bacteria1 suspension,- The amount nf= 1' -

1975}._ armh a-F the""-" ’ |
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2 ACID PRODUCTION FROM AMYLOSE AND AMYLOPECTIN

Two stages -in the production of acid from amylose and amylopectin
were studled. The -first was the degradation of starch to glucose

and g1ucose u?igomers and the second the. productian of agid from

'”t~} these sugars. et
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A standard graph of the absorbance of known concentrations of
glucose was drawn up using the Fehlings test (Figure 2,3). The
absorbance obtained from the yeast extract and starch broths was
cémpared to this graph to determine the amount of reducing sugars
in  the broths, Dupifcaté 50 mg glucose standards were included in

avery assay to ensure the r*esulftsl -He_i-e_ reproducible.

enzymatic ca-’i&r@i’m’etﬁc' "'t:':e$t~GOn-.-FAP: {Boehringer

”"-__Jhe: ;gﬁucnse

*used to ﬁ-kect giucosei Giucnée hxidase catafyzés

the ;oxiﬂatiﬂn oF glucose with the furmation of glucontc actd and
ydr_gen pernx‘ide. | ?he hydragen peroxlde fomed in thls reaction
-' reacts &baminophenazone and 2,4~dich1dmpheno1 in the presence of -

y ftsrm antipyry‘tch‘taroquim.n& imine. Accnrding to

éstf Sa'lutinm : The tubes |

_=-:-Nas read nn 3 Varian Techtron 635
'gf'he:WﬁV$1en§th.0f maximum ahsorh&nce.
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s
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d-?graph o'F knnwn concentratwns nf g'iucose :
Blue _sa ._as reduced wﬁ;h the F‘@thgs reagents -
n& he absarbance was read at 420 nm, the

| waveiength which gave 2 max Tmum r'ead‘ing. The
graph was abta’lned by plotting the concantration

- of glucose against absorbance.
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A standard graph of the absorbance of known concentrations of glucose
vas drawn up using the glucose oxidase test (Figure 2,4). The amount
of glucose in the yeast axtract, amylose and amylopectin broths was
Qetermined by comparing the absorhancg obtained from the broths with
't-h.e.' _-Sta‘nda’rﬁ graph. Duplica_tg 50 mg glucose par 100 mT standards were

'”'F €iﬁ¢T§dgd:%ﬁfé?ary_bafchztb eqsufé_accuratg re;ults were obtai@eﬂ;

'.'A mmparison of the resu1ts from the glucase ox!dase and Feh‘lings_'
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- mg Glucose per 100mt

¢4 Standard raph nf known concantrai:icns of glucosa,
- Biusgse was reacted with the GOD-PAP(Boehringer

. Mannheim) reagent. The absorbance of the dye
~antipyrylchloroguinons which is formed doring the

" reaction was read at 510 wm, the wavelength of

' maximan absorbance. The. graph was ohtained by
47 pletting the cnm:entration of g‘lucose against
ahsorhancen R _
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2.1.3 Ion chromatography.

Pure cultures of the oral isolates of streptococei that showed an
fncrease of more than 20 mg reducing sugar per 100 ml of amylose and
| amylopactin hrnth_after 24 hours incubation ware invest!gated further.
~ The. nrothé were analysed for the presence of glucose and glucose

aiigamers"ah - Didnex 20001 1dn chromatograph., The Qpecies were

';   separaxad on a HFLC-ﬂSG separator at 34°C with an eluent of 0,15 M
"VQ:QfNaBH and ﬂ 15 M NaOAc. The sugars were detected with a Trip?e-puise

" ;i_Pu1s&d AMpernmétric detector fitted with a gild working e1ectrade.

__.""Standards of chose, Vtotriose, faltotetraose,

_.-"__'mitupentaose, | mﬁ1tuhexaose were used to Cé] ihrate
L 'ﬁh& c&ium_ IF 1911"‘& 245):: 'The I ~g “0se _o?[-}g-gmers WAS

:.confirmed =byacompariabn of t&e retgnt; wF . in the samples
ose of the Ztan&ard chromatngram. .
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G3

IG4

G1

fiecordey rasponse -

“Time In minules

Figura 25 lon chromatogram of glucose oligomer standards
G, = glucose (3 mg%), G, = maltose (7 mg%)
’ G maltotriose (10 mg%) G, = maltotetraose (6 mg%)
G = maltopentaose (3 mg%), G malthohexoase (6 mg%)
C = maltoheptaose (3 mg%)
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2.2 Production of acids
2,2,1 Change in pd

The pH was measured on a Beckman Zeromatic S5 3 pH meter fitted
with a combination electrode. The instrument was calibrated with

two standard solutions at pH 5 and 7.
2.2.2 Identiffcation of acids

The ﬁéodudtiéﬁ' of acids was determined by testing 1 m1 samples of
"yéaﬁfi:exifact; &ﬁylasé.-anﬂ amyprectin broths before inoculation
and gftef' inoculation and 24 hours incubation. The aclds were
défaetéd5;by"gas chromatography and iou'axe!usidn'chromatography.

- heid pﬁodu¢£ion'waS”Cafcu1atéa by subtracting the amount of acid in
- théllbfﬁtHS'”befuré"inﬁubafidh' from the amount after 24 hours
Cincubation. |

5-_-5r;2;2;1ﬂ3&&5iiiq&jﬁ*chfématqgféphy'

fhe method described by Holdernan et a1, (1977) was used for
- détectiﬁg?'gqjﬁs@ _vaiatiie.aajds-were.extracted divectly with ether

.ﬁwhereas -nanvq?ati1$-ac1d$ were first methylated, A 1 pl sample was
injected into '-a__--ugﬁlett_;;sgc'kaw 5710 A g.s chromatograph fitted
with . a SPS 1oﬂﬁpco1ﬁmﬁ; The tewperature of the detector was set at
300°¢ and the Injector temperature at 200°C. The acids were
identified | by comparing their retention times with those of
authentic samples.  Their identity was confirmed by mass

spectrometry.
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- 2.2.2,2 1lon exclusion chromatography

The acids were also detected by ion exclusion chromatography with a

'_ﬁibnex 29001 ion chromatograph. Semples were diluted 10 fold in
E _' deionizeﬂ H&t&\" and 50 ;J were separated at room temperature ona
o __'__:HPICE-Aﬂ {9 by 200 m) Ian Exs‘!usiun separatar coTumn with Tkt Hc‘l"' o
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3 POLYSACCHARIDE PRODUCTION FROM STARCH

3.1 Production of polysaccharide

The production of polysaccharide was determined by examining the
cultures grown in yeast extract broth contairing either amylopectin
or emylose for production of a gelatinous residue which attached
. readily to glass. .

- égaf,Isaiatioﬁ:nf_extracaliuIar enzymes

i Mc 204 produced mora polysaacharide frum amy10pact1n '

- ; $§5 sa:ﬂuis;:

| chan the nther strains and for this resson was grown on a special

© medium to isolate the extracellular polysaccharide producing

:  ,enzymes‘ A 1¢ugfu1~n? Bacterial gfawth obtained from a blaod agar

..:?:::;p1aﬁé was iuocu?ated Anto 250 mt nf‘a chemical}y defined medium
5 o } }cJa“d& and Karumitsu, 19?&1, The broth was incubated at 379 for
”'“*“ 3if4a ihaurs, centrifugﬁn 8t 12 690 g and tha ca!ls wera saparﬂted from

' ”T7pora sfze. __ffo.z LES vemnue any remaining cells. The suspension

f“ﬂ_f%was mixed with 250 m? of steri?e phasphate bufferad saline pH 7,2
E _{.-{'_-_-'.;'_.cunmnmg I':"'percent amylnpecm aid. 0,01 1 snd'ium chloride. The
L cei? and anz&ma $Hspensions were 1nnubated‘1n a metabalic shaker at

o 37°t for ?2 hnurs and examﬁned far pa1ysaccharida productton
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3.3 1Isolation of polysaccharide

The insoluble polysaccharide produced from amylopectin by 3.
- sanquis 7 WC 204 was prepared from a cell free enzyme suspension
of the chemically defined medium of Janda and Karumitsu (1976)
_'- é¢nzain1ag- anylopectin (see Sectfon 3.2). The amylopectin broth
_ f-was dividgﬂ inta 100 . amounts, distrihuted 1nto stari?e Boston _

'-~ ;:ﬁ}ruund bott1es \and Efncuhate& a 37°n fnr 5 days nfter 1nnubatian |

| "”5';ﬁ?wnre,;prepar&dryusihg the meﬁhod described by Mstzawa et al

| phnspho?'sf pantoxida. This procedure uas repeated 6 timms on the |

e
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3.4 Chemical characteristics of polysaccharides
3.4.1 Solubility
The solubiTity of amySopectin, of the dnsoluble and soluble

poTysaccharides - from amylopectin and of mutan produced from sucrose

were tested in 5. pérceﬁt &orié-acid,-l N acetic

_.-a¢1d, T ou patassium hydroxide, ethyi alogh 7, dimethyl sulphoxide,.
-'fiﬁdimethyt farmamide,. o Methy1 pyrre?idon& and - d1ethy1 prupy1ene'

 ¢.-;;  f?h3 }1cdine staining Gharactaristics of mutsn, the 501”519 and the

'fﬁpaiysaccharides prnduced fron apectin were determined
appendix)“_and compared with those praduaed by amyTopectin and
& usin tha.--mgthpg___pf _ﬁpgraaqy_. and H_a_ssi_d_{ 1943).,

”_-ifATﬁﬂ 25175. The samplas ﬂere driad.over phosphorus pentoxide and
suspendad iﬁ a pntassium hrﬂmide pellet, - The spectra were read on
a Jasco A=202 Infra=red Spectrophotometer.



B

3.4.4 Methylation analysis

The water soluble and insoluble polysaccharides from S. sanguis 1

204, - amylopectin, amylose and maltose were dried in a desiccator

- fop 24 hours in the presence of phosphorus ‘pentoxide. Thg material
_: transférred to MCCartnay butt1es, methy1ated, hydraiysed ¥
" 3 Lif¥edu¢ed and acetyiateﬂ using the methad described hy ﬂarris et 3‘];

Micvomaz 16F . Mass

o yel  at 70 Tha spsctra sigre identified hy

R _' -compar1son with ﬁhe mass speetva in the HBS Library Search. The

molar_.percentages-ruf. the. glucitol. acetates were datermined by
comparing the areas of the peaks from the gas chromatographs.
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3.4.5 Enzymic analysis

3.4.5.1 Dissolving the polysaccharides

. _Mylopectin and the solubie po1ysaccharide produced from

. _'_amylnpecﬁn by sangui "1-204 were preparéd For enzyme ana!ysis
.:_";j_ﬁy moisténing 25 mg of the s»mp!a with 0,3 m1 ethyl a!cqho’! adding

o _-‘:___"1 nﬂ Tll percent patassium hydroxiﬂe and stirr‘ing wﬁ:h a magnetic'

| st'}rr‘ero Py eviws unpub’l'ished stud'ies by the author showed the
- amy}ag'lucan from Sa sangui 1204 did not dissnwa readﬂy,_ 1In |
o aﬂ eff‘ort 1o overcme this prob‘lem i:he po?ysacﬁharide was ground to
a ﬂng powder in 8 pestT& ‘and mortara ‘suspended 1n the alcohol

._ ""falkaﬁ mixture, héated tu 60°c for 1. hour -and’ stirred f'or T week.
'-g_._‘i‘his___f._:method wag not - entire!y satwfactar,y because” some of the _'
____og;ucan m nﬁt dissﬂw. Na sa?ution to th'is nrohlem cww be’

. .-'::'}"'_":;-adiusted---té 3,& w‘ith 18 M acetic acid and i:he soTutiun was made up
__'-__;ta 5wl with mn ml‘-"- aceta'ce ‘buffer pH 3, 6. 'fhe starches were
el '__{;-de,branchad with - 1,5 units ‘{soamylase from  Pseudomonas
| A_T&C 21262 (Haya_&hibara Biochenical -Laboratarie#)
- "'fm? 18 h'bui"s" at 37°%¢C. ‘The' debranched polysaccharides were

separated by chromatography on a Sephadex G-%0 column 100 cm by 1,5

cm -with degassed distiiled water as the eluent. Fractions of the
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eTuent were collected fn a fraction collector and analysed for

reducing sugars using phenol-sulphuric acid (Dubois et al, 1956).

© 3.4,5.% Digestion with amylases

mylopectin, | amylogTucan sﬁnd__ solub1e

he Feh?ingsT'reagﬂnt saé¥ﬂppand1x) The unﬂigasted
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4 ENZYMES THAT REGULATE STARCH METABOLISM

4.1 TISOLATION AND EXTRACTION

~ Crude enzyme extracts were prepared from each of the 21 strains of

.  ﬁtreptocoéci ustng a modificatiun'nf the method described by Walker
__and 3&11der RECTAVN A Toopfu1 of growth from & fresh blood agar

o  ~ p1ata was 1nocu1ated fhto 250 m1 of the chemically defined medium
"'“3;¢1_ﬁof Janda and KarumitSu (19761 which cantained 1,5 percent g1uc05e
-‘ff[and agnns M ¢&1cium chTaride. The cultures were incubated at 37“0

"¥°f3}fftﬁj, 2f hours An’ arder ‘%o ubtain ‘4 heavy suspension of enzyme
*"u_praduc?ng ceT?s. 3 Strains which produced minima1 amount$ of enzyme

o *'f:ware cuitmred an the sama brath with 0,5 ‘parcent amylopectin as the

e _];} oJe _carbon; source and 1ncubated at 37“? for § Hays. According 1o

these= amyTa!ytic enzyma .

; canditions increase

oo susper s altoved to tan_;?br one: haur and centrifuged at 27
-*’jf""-ann g for _.._Qminutas.
'” 5* *ammmn1um su!phate_ aﬂdﬂd to the supernatanﬁ to give 72 percent

“:§fsaturatinn

;Jhe'pracipitata Hiag d?scarde& and additional

- ‘Thé 'suSpenﬁion was aTiawEd,ta staﬂd fer 18 hours at 4°
'?';]c and aentrifugedfat 2? 000 g Fbr 10 m*nutes. “The precipitate was
 ﬂdissn1ved min 5 ml ﬁ,as M‘phﬁsphate buf?er pH 7,2 cantaining 0,005 M
caTcium chTori&e and diaiysed against the sama buffar For 24 hours

to remave the ammonium su1phata.
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4.2 IDENTIFICATION OF ENZYMES

4.2,1 Incubation of enzyme extracts
Gonditions that would accommodate most starch degrading enzymes

werg  selected.  The choice of buffer was crivical because

&Iﬁha~amyTase~-is' inhibited by citrate and phosphate buffers and

_ ',T pu?ul?anase by citrate; phosphate and Tris-buffer (Robyc and
o nfwhelan, IQ&BB, Mhrshaii, 1974}, These buffars are {inhib*%ory
| ' ¥;  } because théy binﬂ La2¥. required for enzyﬁe activity. In addition,
3]ﬁf;;f5fa§pha~amy1ase neads Bl"far activity (Robyt and Whelan, 1968a). To

mee these raqu1remants 9,08 M potassium ‘phosphate buffer
untaining_ﬂ aas H Cac1§ was used.

'-lﬁ;flg o,s__peraent solutian af amylase and amyiupecﬁ*n was prepared in
: :fj;f;u,oanjﬁ_pntassium phasahate buffer pH ? 2 containing 6,005 ¥ caletum

e,

"ﬁ'¢h1e dé:_RGCOPdiﬂg to the methads described by McCraady and Hassid
_;fFive m1 of tha cruda enzyme sxtract were gdded to 25 ml of

© these: starch so1utians. The enzymas were allowed to act for 10

winutes at 20°, Ten m1 of the solution were removed, inactivated

by plunging Into boiling water for one minute and stored at -207C.
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The r~ .ning solution was fincubated at 37°C for 24 hours,
similarly 1inactivated and frozen. The suspensions were hoated io
room temperature and centrifuged at 27 000 g to remove the enzymes
and retrograded starches. The supernatant which contained the

~oligosaccharides was freeze dried.

4;2;.2-'--_--_:,I:d_e_n_;-1ff' ication of the degradation products. =

'lThin]avet uﬁrﬁmﬁtagragh‘g_, ol

:._1-ayer chromatograph%c method of Hamsen {18757 was used for _
dent%ficatian of ol 1gosaccharides fmaed from starch. Siiica -
| | ' 254 H?TLﬂ pTa»es measur'lng‘ 10 ¢m by 10 o were activated at
S ms" (4 f‘or ane hour, “enmved an" stored S ziesicca"tar unt 1

nf‘ g’iucnseg ma‘ltase,
e TG TROLER _ S _...._-.ma.ltnpanﬁause, ma]tahexao&a ‘ad
‘o '”--"'--:-Ilf_mﬂﬂohetﬁanﬁ& :S‘Igma_.__: e‘z‘e 1nc1nded in sach p‘lataq R
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4.2.2,2 High performance liquid chromatography

High performance Tiquid chromatography was used to determine the
amount of oligosaccharides produced by the crude enzyme extract.
The freeze dried samples were dissoived in 1 ml distiiled water and
filtered “through a Millipore filter with a pore size of 0,45 pm.
__Thé;;pitQGSaccharides were  separated on a Vaters Sugar-pak column
_ ”usiﬁ§*“daga§sed-reageﬁt~qu51ity (RQ} water as the mobile phase. The
--isugars mers detncted with a Waters 401 refractometer. Standérds.nf
.g1ucnse, maTtose, ma!totr1ose, maltotetraose, maltopentaose,
_vmglgahaxQQSQ_and'maitqhaptaose viere used to calibrate the column.

E 4 ‘3 m LEcuLARHEIE H? ﬂF ﬁﬂzvﬂES R .

48 el electraphurests

3;;?1ncubat10n th& gg1 was stainad wiﬁh the pariodic acid Schiff stain

fThe_ ma1acu1arJ_w#ight af_ the enzyme were stadied using a crude

olyatrlyamidﬁt 9&1: e1actr haresis (SﬁSAFAEE)~ Moaecu1ar weight .

_"ii ' 5tPAS;.=_ So!a§1  g1u¢ans wiﬁh prednminantTy a?pha~1,6~liukages stain -
  ”ff:f§FUPP1a, watar insolubTa aﬁphaﬂl,s glucans are insensitive tu the
::3:[{stain ::whareas Fructans stain - pink {Mukasa, 1986).

--.Fructanusynthesizing -enzymes - were distinguished from

gluaanmproduning gnzymes.:by their ability to utilize raffinose and
_produce bands in the presence of this sugar (Russell, 1979).
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4.3.1.1 Sample preparation
tel electrophoresis was carried out on the enzymes which produced

the most oligosaccharides -from starch. S, mitis 107 and S.

sanquis ~ 1 204 were grown on the chemically defined medium of Janda

- and Kyramitsu - (1876) whicl contained glucose as the sole carboen
_ "éﬁqréa;?[ A fresh crude enzyme extract was grepaved from the broth
as deseribed in Section 4.1,

1443@3Qf"E1§ﬁtraph§rgsis*

SDS=PACE. Has”performad using the system described by Laewmli (1970)

H*vand mudified by “Russel (1976, 19?9) CARTT the solutions were
'?-g prapared lmmediateTy befare use ﬁecanse ‘enzyme activity was
. f'inhibited by su1utions that were a1lowed to stand for more than a
."ff'FlweEK,-- A 5 percent stacking ge1 and a separating geT containing &
- mf;zfperceng aggyfamide and 0,5 percaut amy?opeetfn werd used {vze
'i;-::f"_;_-_._-'-:'.;-_":ﬁﬁpﬂﬂd'l}ﬂ; DL e e . :

n ijhe amnunt ﬁf prbtein 1n the anzymm axtract was datermined by the
'f'3  methad nf Bradfard !19?6}¢ : Sampies were suspended in distilled
 ?;water to give B prutefn aoncsntratian of approximately *I0 yg per
'7_'h1m1‘ Forty pl nf thase suspensious were mixed with 40 1 of sawple
' fhu?fer (ﬁﬁé Appendixi and heated to 459 for go-minutes. These
-conditinns warn choﬁen because the activities of the enzymes were

destroyed abova~45¢c and heating for 90 minutes resulted in compact
protein bands. After ‘heating 40u1 of the samples were applied to

' the gels.
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‘ Molecular weight markers for the determination of polypeptides in
the range 20 000 to 340 000 Da {Combithek, Boehiringer Mannheim)

were prepared according to the manufacturers instructions. They

PRI u N TR YA S

 inéTuded *ajphaﬁz;maerog10bu1in (tr 170 000, reduced), phophorylase
1; (Mr 97 405), g‘lutamatve dehvdrogenase {#r 55 4011), "Eaetate
"'L'ffjdehydvogenaSe- lﬁr 367 '500) and ﬁrypsin inhibitor {Mr 20 100}, -

‘&er s‘!:andard corﬁ:aining ‘Bacillus subti1is al‘pha*-wim W "
"""-""__'inc_‘luded to ind'fi:ate am.yiopectin h&’drolyﬁs* _

.';,jphéﬁoi_bine;ran off the gel; ﬁfter eiectruphoresis-

' 'aking in sevara1 changes of 0,05 M-i

It wasf S
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5 STATISTICAL ANALYSIS

Growth, change 1in pH and the production of acids were compared in
cultures from subjects with healthy teeth and carious lesions. An

' anaTysfs of varlance was undertaken using an IBM 370/158 compu’er

_f';é,and the Statistical Ana1y51s Systeir (sas Institute, 1982). A
| -'-"_3.--_______._Ganera1 Linear féude'ls proce:fure fcr a nested analys:lc of variance :

ﬂas usad he use the"-‘streptccocci were treated as randomt,v chasen__

Hhen sfguiﬁcant_" |

. ere detected, they weref_
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1 GROWTH ON AMYLOSE AND AMYLOPECTIN

The streptococci were grown on amylose and amylopectin to test
their ability to produce enzymes that enabled them to utilize these
starches as. a source of nutrients. Growth was measured by
determining an ircrease  in furbidity of the broths after
_incuh&tfnn‘ A ccmparison of the turbidity readings of the
unihﬁéulaté&":broths witk the broths containing streptococci shuwed

| alt the cu?tures grew in yeast extract broth and broth containing
| ':amyIOpettiﬂ and amy?ose after 2 hours incubation (Figures 3.1,
".maaamaah |

”~ﬁ:§rfﬁﬁ#?ﬁ?tﬂtﬁ]““?@ﬁﬁﬁ?iS@ﬂ'fﬂSﬁﬁg:-a nested analysis of variance

-7?‘i§qﬁf§ﬁﬁeﬁ'fthgre-fwhs"no' difference between the growth of pure

cultures awd mixtures of these 1solates, Furthermore the analysis

53f3_shqﬂéﬁf.thérigrqwth"of ‘the mixed cultures did not depend upon the

- grouth of the individual 1solates mak'.g up these mixtures (Table

'5.-i_ﬁkf3¢11 Therafbra mixed cultures were treated as individual solates

'nﬂer gf the ana?ysis._.

;r':j;ﬁﬁn examiﬁatlen af the QFUWth curves after 24 hours incubation
_?.f'showed 5 d{ffepent patterns¢. Firstjy, S. Jdnterwadius 411 did not

?fj_ﬂgrow HeII in amy1opectin hroth and showed a decrease in turbidity

H:'“ffﬁshowad a gradua

“*'tincubation. Secondly, a third of the cultures

inncrease in grawth in yeast extract, amylopectin

.': I{j;and amylose broth With a3 maximum turbidity of 50 FTU. This pattern
- w;s_.prqﬁuced@.by 5. . anginusus 307, S. mitis 514 and 206, §,

"lfsaﬁhﬁis'fTTﬂ

. 309, the mixtures 3 and 5 and all the cultures from
-_”subjgct 6 (Figure 3.3 and 3.4},
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uninoculated control broths

bidity
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B |
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ool

- Figure 3.1 Changes in the turbidity of uninoculated yeast extract
- broth.  {&--a), yeast extract broth containing 0,5 percent
- amylopectin (m—c) and yeast . extract broth contalning 0,5 per

. cent amylose {(&~--0), The broths were incubated at 37 C For 24

. -hours.. Turbidity was measured in formazine units.

W stack strain
| S. sanguis | FW 213

. i il oy . .

3. i

“Timegin Hours

 Flgure - 3.2 . The growth of §. sanguis. 1 Fi 213 in yeast extract
broth . {a.--4&}, yeast extract broth containing ©,5 per cent
amylopectin - (@~—r) and yeast extract broth containing 0,5 per
cent amylose (®---<G}, The broths were incubated at 37 C for 24
hours.  Growth was determined by measuring an increase in
turbidity of the broths in formazine turbidity units.
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Tiwe in hioyrs

" Figure 3.3 . The growth of pure and mixed cultures of streptococc

from “healthy ‘teeth 1in yeast extracy broth (a..ca), yeast extr -t
broth containing 0,6 per cent amylopectin (E—-3) and y.. t
extract broth containing 0,5 per cent amylose (&--<G).

were fincubated at 37 C For 24 hours.

The broths

Growth was determined by

measuring an increase in turbidity of the broths in formazine

turbidity units.
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-  Figure 3.4 The growth of pure and mixed cultures of streptococci
i . from carious lesfons in yeast extract broth {a-..-a), yeast extract
1 ' broth containing 0,5 per cont amylopectin (&) and yeast
'3 L extract broth containing 0,5 ser cent amylose (&-~€), The broths
- were incubated at 37 C for 24 hours. Growth was determined by
measuring an ir- 2ase in turbidity of the broths in formazine
turbidity units.
Y
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Tahle 3.1

. fm - broth turbidity.

. broths at 37°C for 24 hours..

Nean growth values determined by calculating an increase -
Streptococet wera  groum in the

Turbidity readings ware

compared using a general Tinear nmda]s pme:lure for

o S

ted ana‘iysis of waﬁance.

;-'_T'Mean turbidity of Cumre broth

?éast *'cr'acf:
“broth plys

';' ,5% aralapectfn
o 2 (n)

Yeas% extrnct-'-_:_ -
br‘uth plus - |

*5% amy!ase: ) '_

X {n) .

L _7_:3; -tg}__- | o

?‘ ’22)
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A third pattern was characterized by a long lag phase of 6 to 8
hours followed by vigorous growth. $. mitis 101 showed this
pattern in all the iest media whereas 5. mitis 308 adapted to
growth -in amylose {Figure 3.3), The fourth pattern which s known
as diaxic growth was seen with 6 cultures. The isolates grew
vigorously 1initially followed by a lag phase of minimal change and
~ thereafter accelerated growth.  §, sanguis 11 412 showed diaxic

growth . in amylopectin, S. sanauis 1 102, §, sanguis 1 204, S,
| & mmosu .-513 iu amyTose and mixtures ¥ and 4 in anw]opectin and

| amy!oss lFigures 343 and 3.4}‘

| 'ngﬁﬁ; the”_Fifth;~pattenn ‘there was & gradual increase of growth in

o -aﬂi;u;he;-hfoths for the first & to 6 hquré_andzthereafter'a marked

o : 1ﬁ&réasé='for the -remaining 18 to 24 hours. Six ﬂultures produced

*f{_this type of growth in amy]opectin iae. the mixture 2, §. mitis
_205; S saqguis 103 and 720.and . angjnosu 719, 8.
| _mit‘ls 101. 308 and 416 grew ﬁgorously in amylose and S.sanguis 1

| :«'18 in .veast axwact brnth (Figures 3. 3 and 3.4)..- In the Fifth
'5:"'-pattar~n, the stm’fns gmw we‘n and dic{ ot r-equire time to adapt. .

-;=_;, 31$,;;

o '3-(F1gm~ev= 3.,2 ami 3.3). S

-;_._a __ _;ﬁs .:-___] F'd ' _213 ami mixture 4 adapted read'ﬂy to growth in

o _:_;buth starches f-fémemas S., saqggis 11 412 grew vapidly in amylase

o ﬁanmpai“'lsqn of _the grnwl:h of streptacouca'i strains. in yeast

""_24 hnurs showed on'ly § cultures were well

o 'i__adapted and reached & turbidit,v value of more than 50 FTU. They

incmdad __s‘__an”inosus ?19, S, mitis 101, S. sanguis 1 718 and
Fu 213 am:t the mixture from subject 7. The readings for the
remainder ranged from 6 to 40 FTU (Figures 3.2, 3.3 ard 3.4).
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The addition of amylopectin and amylose to the yeast extract broth
either dnhibited, had no effect or stimulated growth. At the one
extreme these starches inhibited the growth of 3. sanquis 1 718
but had no influence on a further 4 cultures. On the other hand
.Mfglamyﬁbéé 'ana-'amy1¢pecttn- stimulated the growth of six isolates.
Soine streptocacci grew well n the presence of amy]use and not
"-.""'f_"'anurlapect*ln and othews were st:mulated by amyiopectin and not
siylose [Tabl‘é 3,21 o |

east e cract Kmeaft = 21 FTUL These d1fferences wgre_ ’l_es.s._-

--.-':-;’_-?-'?'_.'f:d‘lffarence tt-:ean tha growth uf microarganisms isolated from

cari‘ou$ ‘iesinﬂs and healthy teeth after 24 hrs incubation (Table
.-3\}'”4 o S : :
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Table 3.2 . The effect of. anw‘iopectm and amylese on the growth
_ o . .of .Streptocosei, . Growth. was either inhibited {- )8
stim}ated (4-} or unaffected Io) .




137

2 ACID PRODUCTION FROM STARCH

Two stages of acid production were studied. Firstly, the release

‘of glucose and glucose oligomers from amylase and amylopectin and

secondly, the praduction'of;acids ffom these carbohydrates.

'3 in— glmnst ha?f the samples, . In cantrast 5.'

- "L__g.iﬁ_jgrity‘ n..cuitu?es;g,oWn'in amy?opectin and amyiose producad

'*fi_7 a 57ight - chanqe 1n the~91ucose ¢an&ant of the medium. S. sanguis
1818 and the mixture of strains isolated from subject 4 increased
_;the g1ucnse content of amylopectin and anylose broth by between 8
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Table 3.3 Changes in tie amount of glucose (A) and reducing
sugars (B) detected 1imn breths imoculated with
otreptococei and incubated at 37°C Tor 24 hours. The
ampunt of sugars either decreased (- or imcreased

(+).

mg sugar in 100 m¢ broth

Source Streptegoccal T —
code Yeast - | Yeast . Yeast

: | Extract - Extract - Extract
{ - broth broth broth

+ amylo- + amy-
- pectin ~ lose

7
CfCardous 7I9 . ] #2 M2 ]-3 426 +16 +1 .
lesions 7200 0 piwtiodm ol -1 428 +1 -9
_ mixture7 | 46 -2 | 0 +5 +7 -2
|Stock FW213 | -5 +4 0 +24 +2  +60
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and 16 mg per 100 mi. A similar increase was seen when the mixture

from subjg-ct ¥, S._ sanguis 1 718 and S, anginosus 719 were

' -grdm in -amylose and mixture 6, S. mitis 308 and $ anginosus
. 518 cultured in aw-opegm (Tble 3.3).

'____'Ig;_'-__:gggp'__‘_""hangé was seen in the reducmg sugars,_ Mmost haJ-F the

: amylapectm praduced more than 22 ng. reducfng'}_ |

bose, - ma‘itntriose, ma!tuhexaesa and'

____here was no significant
ose "'-amympectin. Iso‘latgs frum healthy-
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Table 3.4 Giucose and glucese oligomers detected in broths
- inoculated with Streptococci and incubated at 37°C
for 24 hours

G! ucose and glucose: a1i gomars |

{ente[ & Jefesfes[oo]r ealsafes

+




ff%ean' change ‘m mg- - the. amount. af glucose (A) and reducing sugars (B} detected in broths .
‘inocu‘la‘bed with streplococc and incebated at 37°C for 24 hours.

) The amowit of sugars
her: decreased (-} ov fincreased (+).

Changes vere cm:pared using a general hnear

_pmcedure fnr a nested anﬂ_vs-is of \mn ance.

Q

sugar

#éf*i

T~ Veast exirac

t

‘broth plus

W’Inpect‘i
X (n}

yeast extract
broth plus

amylose

i'{ﬂ) A

Siand_érd :
error

: - A" _

'ﬁ- 

Ta

Star;k : stram'

@

1 w2600
{2).

o
(2

#5950

| 6,60

- 15,96

o | .-....*233__.

N

(32)

42,94

(32)

1,66

3,99

(22

+4,68
(22)

+2,41
(22)

1,99

4,81

(56)

. (56)

+2,59
{56)

+4,75
(56)

1,25

3,02

R mean {ncrease

.___....*o s 0,1}5

B -"' = mean decrease

gL

P = ha
N B .

=




e ng ugaglfs":-'
v vigorous or poor]
changes*-ﬁa Y
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2.2 Production of acids

The production of acids was observed as a decrease in pH of the
broths. The acids that caused this lecrease ware identified by gas
Tiguid &nd jon chromatography, and their identity confirmed by mass
spectrascopy.

2.2.1 Change in H

__“ 'puf1hg};jﬁ¢gb§tia@_f%ﬁ31 9H.;§f,£he-uninoculated-yeast extract broth

- _:icﬁnﬂf"gh ‘bﬁ@%ﬁs"contaiﬁing amy1cpectin and amylose remained at 7,3.

| fMdst7?duiﬁuré§i grown in yeast extract decressed the pH to below 7
-'_after 24 hours 1ncubation with the exception of S. anginosus 307,
intermedius 411 and 817, S. mitis 103, 205, 206, 300 and 410,

s

-;an ujs.__i 204, $. sanguis 1T 103, 309 and 720 and mixture 4

o _(Fﬁgnrés'égﬁg“é;&“&nd 3.7},

 Over 80 pur cent of the cultures grow n amylose and amylopectin

. dedreasédf tﬁé M to 'hetwéen=6;5iand-6,9. Howevér, in half these

' lemfcuTturas thare as 9“13 s viight differenCe between the pH of

""f}t amy!osa and amy?onestin and yeast extract broth. They included S.

—-ﬁl-ﬁ--u-nn—_—-

- anginos osus 513, S intermedivs 411 and 617, S. mitls 206 and

“;514, :.. _ T 102 and 616, Ss Sangui 11 309 and 615 and

"~~"3_mixtures 3, 5 6 and 7 (Figures 3 § and 3. 7)o

?ﬁaﬂ ﬁdditihﬁf5bf'&myﬁopectiﬁ produced'a greater dacrease in pH than
amylose 1n the broths inoculated with S, anginosus 719, S. mitis
205, S, sangyiﬂ -1 718, S. sanguis 11 103 and 720 and the
mixtures 1, 2 and 4 whereas S. anginosus 307, S. mitis 107 and
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stock strain
8. sanyuis | FW 213

R T T TR A I

T4 8 12 16 20 24
o “Time in Hours ' -

149 Lhi n‘ges in the pH of‘ yeast extract broth (zw ./A),.-
ST yeast extract. broth-containing 0,5 percent amyiopactin (et} and
ISR ,____.-y»,ast extract containing 0,5 per- cent amy‘lnse GoenGY . The broths_
IR “ingeulated. with s

- xfnr 24 haurs, PO RS S

5. sanguls FH 213 and 1ncuhated at 37 C
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Figure 3.6  thanges in the pH of yeast extract broth {a.--4}),
yeast extract broth containing 0,5 percent amylopectin (2—@) and
yeast extract broth containing 0,6 per cent amylose (®---@). The
broths were finoculated with pure and mixed ¢ ltures of
streptocorct from healthy teeth and incubated at 37 C for 24

hours.
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Figure 3.7 ~Changes in the pH of yeast extract broth (&-«..a),
yeast extract broth containing 0,5 per cent amylnqect'irr ()
and yeast extract broth containing 0,5 per cent amylose {(©---@).
The broths were inoculated with pure and mixed cultures of
:treptﬁcocci from carious Tesions and incubated at 37 € for 24
OuUrs. .
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308 and 5. sanquis 1 204 produced more change in pH of the
amylose than the amylopectin broth., Three {solates grown on
amylose Towered the pH to below 6, S. sanguis I 204 decreased
the pH to 5,4, S. mitis 308 to 5,7 and §. sanguis Il 412 to 5,8

whereas the Iatter alse fermented amy10pect1n to 5,7 (F1gures 3.6

| :':_and 3, 7)

* The - isolates which exhibited diaxic growth, S. sanguis ] 204, §.

| 7_ ?¢¢£§£2§Q“ ' 513 aﬁd the'mixtures of'nrghni8m9*¥fom subjects 1 and 4

'.'3:f d1d not ﬁecrease the pH of amw1ase and amonpectin brath more

| * 3sTow1y than tha remaining cultures {Fégures 3'5 and 3.6)..

- fThere was a signifﬁcant di fferénde (p = 0,01) between yeast extract

. :._(mean = 6,95, anylose (mean = 6,73) and anylopectin (nean = 6,67)

i '-_--..‘-.,'__.'whan an ana‘lysis of variam:e was used to compare the mean decrease

'i:f'  :in pH after 24 haurs 1ncubation,_ There was a similar difference

'”-i:_whén 1auiates ‘that “grew vigorousiy were cOmpared (p =.0.00).

: *;fﬁowever, thﬁrﬁ was no significant difFErence between 1saiates From”

'“qf*_.ﬁ_.uheaithy teet~ and cariaus 1esions tTab?& 3.7).

L ‘2“ Identiﬁaaﬂ o ﬁf sotes

; Lact1¢ aeid was produced by atl tha culturas and predominated in 3

. 1” {0f the 4 1so?ates whiuh decreased the pH to be1ou 6. These

“5”;1ao?atas were

412 gruwn in amyTopectin and S,

san:uis__II

S.
| 'mitis 303 and  S. sanguis i 204 grewn in amylose. Lactic acid

aiso predominated _in 60 percent of the cultures grown in amylose
{Table 3.8).
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Kean n:hanges in pH of broth inoculated with Stmptvcam

" and incubated at,37°c for 24 hours. The pH was compared

. - using a general’ linear um:lels pmcedurn for a nested

Suurne Tk

o _--anﬂysis of var‘iance. R

Mean pﬁ of cu]ture brcths _

yeast extract :

broth plus

;}_2 U 5% %?yl%rectin |

yeast extract

1" broth plus |
0,5% amylose. |.
Xy,

5;50 (2y

f¥} 5;§%{£?)?}i?ii'

. . ’02 (321; _._. : _. _.

sm (32) |

e |
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Actds detected in broths inoculated with Streptosooof and incubated ai 37°C
for 24 hours

mmal asid per ljtre

broth

~ of yeast extract

emot acid per 1ftre
- of yeast extract

troth plus 0,52
amylopectin

eme) acid per litre

of yeast extract
broth plus 0,5%
amylose

1 Subject

Strain

lag=
tic

glgE-

e

suc-
cinic

.laci

ace-
kic | tic

Suc-

cinig |

Tac-| ace= | sSuc-

tig | tic |einic

ey
{besttny

oo | teeth

3i sanguis 1
8, sdnguis 1T
fmixtﬁhgli.i_ﬁ-}3:j“:;f L

1wt

1oz
103

3,6’3

=)
1,48
E(SEA18

330

5,10

1,26

1.45

wnee o |oss] e -

.00 " 3,821

4395 4,88 |
zli‘
1,211 7,0

1,43 |
L5 |
1300 ]

-~ #.18

3,90] 3,90 1,66
1,30} 2,0 | 1,70
LE0L 8,20 080

Tsramgid
[somits.
R COR

k| g0
208, .

383

D1

5]
4801
Buad!
.;3"_5#_3

” ':gflﬁ;jf
51

3,30 |
-41§0

2,13

f5;?1f7"1;0  *:
4,541 0,70 |
| tao:t

BNV
s

8,331 1as| L0}
2721 0,90
2,45 | 10,90

) Sqanginosus : | .
ealthy ¢ 5. mitds
seth- | 5. sanguis 11

wixtirs 3 -

113,06 1,80
IERTIER
{261 1,08

. 1,80
IT: ;;12?
' el 0480 |

'9115
Syi7 |

170 |

3»‘“ .' 1,701 150
-2t?ﬂ__'f
%20 -

20| 1051040 |
80

5 [ 190
s ||
1{402
120}

3,97

1,20 1,2

{2,381
iy : .
'0.395;

'I;i zaao
1.64

5.9
1,78

| ae
1,184
0,90,

nasfo

= 'Ziiq_” )
:;'4g=
1,57 | 1 L
f jlsES -

el aa] e |

Tz | 088
5;83. [ 0,804 -

That

L85

a0l
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Acetic was the major acid in three quarters of the cultures grown
in yeast extract, 40 per cent of those incubated in amylose and in
most ~ultures from carious lesions grown in amylopectin. Acetic
a_cfd_ was absent 1in amylopectin and amylose inoculated with S.
. y_l_i_t_‘.j_g 410,  S. sanguis II 412, an isolate that decreased the pH

below 6, produced more acetic than Tactic acid from amylose (Table

o 3 8)‘r " The. stock strain _S' séh’g’uis"'l 'FW 213 was the only culture

.. th&t produGEd s‘lgmf‘iﬁanﬂy mor& acetin acid fmm amy’hpectin than

B - from ygast extract and amy105e {p(ﬂ 901) (TabTe 3&9}. :

_from: healthy teath 5 fr-nm subaect 3»
307 ﬁu‘ltured 1n yeast extract ami amy'lose, 3.

It was preduced

-'fmm thia patient incubatad 111 amy?opectin.

‘fig | 63 mﬁ af:et1¢ and 3,4 - 1ac1:1c acid and amylose
- 1ess ma, 3,17 mﬁ 1act1c and 2,75 mt acetic. Small amounts of
3 _s_ur;cinic _acid Iﬂf&_rfe-- pvoduced_ from yeast extract, amylopectin and
amylose 1.¢, -1:,2 w 1.34 wM and 1,06 mM respectively. MNone of
these _diff—‘-erences were statiéticaﬂy significant {Table 3.9).



Table 3.9

ﬁaan. mmo) acids detected in broths inoculated with

- Streptocoeci and incubated at 37°C for 24 hours. Acid

produciion was compared using a gemeral iinear models
procedure for a nested analysis of variance.

- %f{ Streptﬂnbcc&T [

'solates“'“

B mean mmal ac1d per 1itre nf broth
Beid ] Yeas T Veast. *Yeast
Ctigebentraetoo extract extrant _

:Sténﬂéfa “i
errop . |
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Streptococci ~from healthy teeth produced significantly more
succinic acid (p + 0,02) from yeast extract, amylose and
*:__-amy‘{opectin than isolates from carious 1esions. “Furtheriore, these

& fisa’latgdf"--'?”"' 1actic agtd - From yeast extract and.

t'pduced more

jjsigmﬁcant {Teble: "3,9},

-me aarious ¥esians, However, none of‘:’_ -
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3 POLYSACCHARIDES FROM STARCH

Most strains of streptococei produced. polysaccharides from
iamy1opectin. They were designated glucans because they contained

chains with alpha-1,4-1inkages. Thelr structure was analysed using

- methods for amy?opectin because they were derived from this

'jfpolymar. Iodine staining 1nﬁicated, the presence of helices and

"-ﬁﬁffif ;tbranCh1ﬂQ in the mu1enuies* Infraupaﬂ spectrnscopy qanfirmed the

the sugars. Methy1ation analysisf

'*:' ;a soluble pulysaccharide from amylopectin. This polymer was called

a soluble glucan because 1t was soluble and contained chains with
alpha~1,4-1inkages {Table 3.13).
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Prasence of irsolubie polysaccharide and dextran
in broths inoculated with starch hydrolysing

streptocci

.SpeciES

- Code

| Insoluble |
polysaccharide

in amyTopectin

Dextran
in
sucrose
hroth

| ..';ﬁi.ﬁﬂgfﬁﬂ$u$3;?' 1

B
1_ ;1119_'-jﬁ. B

' broth -

d

 +
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Eight of the 13 strains that produced an insoluble polysaccharide
from amylopectin did not produce a detectable dextran from sucrose.
Furthermore, 25 per cent of the dextran producing strains di< Jot

produce polysaccharide from amylopectin (Table 3.10).
3.2 CHEMICAL CHARACTERISTICS OF THE GLUCANS
3.2‘3__Adhargncp and.SQIub111t¥

-ﬂ-Amy1egiucan and the mutan produceﬁ from sucrose by 3. mutans were

| 7'f-ﬁ3the on1y~ po?vmers ‘that adhered readily to glass. This indicates

;:lth§¥_§11j adhare to teeth‘

| '"-F{'°fThe so1ubie g1ucan produced from amylopectin by §. sanguis T MC

: 552Q§f

" 31ved raadily in tiost nf the solvents tested with the

'i:j”j;exce_ fon . of ethy1 aloshel. In contrast the amyloglucan was

| --J-simiiar' to am;‘ose because 1 vas insoTuble in water, boric and

) ' :;"aaaticf:acid, : Uniike amy1ose it Wy cnly slightly soluble in
_-__l; ;ﬁimathy1§_squh x‘da and ethyl ainohoi (TahTe 3. 11) and insoluble in

y Lﬁfnr amiﬂe; N-mathyipyrru11dane and di#thyTproperpa urea.

” 'fFurthermare, even though it was axposed to 10 percent potassium

o ] ~hyﬂraxide for 2 weeks it was onIy'siightTY soluble fn this solvent.

].f  fﬂ cnmparisan of the pu1ysac¢havﬁdes dar1Ved from amylopectin and

'-:ff'the insoTuble mutan prodaceﬂ frofi sucrose by ‘S, mutans shoved

'the mutan ﬁaﬁ simi?ar to amy1ﬁglucan hecause it did not dissolve in
water and: boric acid and was s1ight1y soTuble in acetic acid.
However, - the mutan was not as insolubTe as amylogTucan and

dissolved in the ramaining solvents (Table 3.17).



| ﬂdhamce to g‘iass, so'iubiﬁty and iodme sk:aining characteristms nf amy‘msa, my’lopectm, amy'fn—'."
glucan and - the  soluple glucan - p. oduce Trom anw‘lopectm b,v S., anguia r &4 am msu!ub'ﬂe mutan Lo
: .'- pmdm:ed fmm sucmse by 5 mutans, mc 25175, . _

S -"f*fﬁfft?iase b "'*_.5'..afiﬁy_ibbé-c'tfi-n:? T amytoglucan | solble ] mzan ]
e gluean s

_Adherence tn glass e B K I
1 SoTubitity - e : RS S o
. Water

1N Acetic md

SN g Potassium hydroxidel _' § o NE 4
~Pimethyl su]phuxade e ~sTightly - | oo+ 0 ¥
. 95% Alcohol. S ahght‘iy ' sTightly |  sligbtly _ +
-} lodine: solaur‘at‘iﬂn B _b'iue _ - purp“le - purple - blye 1 colourless
xma:c {nm) R IR RN - IR 549 | 560 570 0

-0
0

__ s ight_ly-
: .shghtty 4

* _-11_?:'7:._:_:;34-_-_: X O
++++

e + ol
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3.2.2 Iodine statning

The amyloglucan-iodine complex gave a purple stain with an E1% of 1
(1.e, the theoretical absorbance of a 1 percent solution of
amylogTucan) and a xmax of 550 nm. These figures indicate
amongTucan {s similar to amylopectin but binds iodine poorly. In
contrast the soluble glucan stained blue with fodine (Amax 570 nm
and ET% 17 8). In this respect it had a value between amyiopectin

' (Amax 540 n and E1% 14, 5) and amyTose (Mmax 620 nm and ET¢ 94,7,

Th1s 1s evidence that the soluble glucan is slight1y less branched

lthan amyIOpectin and contains tonger chains. The mutar Jid not

staiﬁ with io&ine {TahTe 3.11);

_ }3 2‘ Infra-red.spectrum

_Enffaﬂred analysis showed there was a similarity betwsen the

spectea  for  amylopectin, amyIGQTucan and the soluble glusan

" ]'espen1a11y in the fingerprint region fnr sugars which 1ies hetween
- 1000 and 650 e’ _(Nisizawak__gﬂgl&_ 19?6) - There was a peak fn
the -"&pe_gtna for awwmgiu_cfaﬁ and the soluble glucan at 844 and not
_.‘391'ﬂ#ﬁéf-ﬂhich-indie&teﬁ:the.g?ucuse units in these pd!ysacﬁharides
: ﬁére &léTpha - and  not  beta~linked. The absorbance peak for

1i¢¥1jnkage§__at 930 cm-' was stniler for amylopectin and the

__:saieETé giubaﬁ; -bﬂt"siigﬁtiy' larger for amyloglucan, The second
: peak fnr Al 4—11nkages at 783 chi~' wWas more. marked in the soluble

g?ucan than 1n amy%eg]ucan and amylopectin. The absorbance peaks
for 1 6»1inkages which occurs at 917 and 768 cm-' were present in
amyloglucan and the soluble glucan, but were difficult to interpret

beciuse they were close to the peaks for 1,4-1inkages. Furthermore
there were no marked pesks at 793 cm-', the absorbance region for

1 2. Vinkagees (Eldure 3.8).
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| ' Am iopectin
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= golubie glucan praducad from amytopactin by 8. sanguis 1
- 804, e daxtrin produced from suerose by 8, sanguis 1204

T Znsd??e mutal pradur.-ad fmm sucrosa 8, murans ATCC
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3.2.2 Iodine staining

The amyloglucan-iodine complex gave a purple stain with an E1% of 1
(i.e. the theoretical absorbance of a 1 percent solution of
amylogTucan) and a Amax of 550 mm. These figures indicate
amy1ogiucan is similar to amylopectin but binds iodine poorly. In
contrast the soluble glucan stained blue with fodine (Amax 570 nm
and E1% 17,8}, 1n this respect it had a value between amylopectin
* ( hwax 540 nm and ET% 14,5) and anylose {Amax 620 nm and ET% 96,7V,
This 1sh.ev3denca that the soltuble glucan'is sli!htly-less branched
ithan amyIOpectin and contains longer chains. The mutar Jdid not
stain with iodine {Tab1e 3.1,

- TS 2 3 nfra~red.spectrum

 znffg¥red énalysis showed there was a simiiarity  betwsen the
| Sﬁectrﬁff-far amylopectin, anyToglucan and the soluble glusan
' ]'aspen1a11y 1n the fingerprint. ragion far sugars which 1ies Letween
_JlQﬂQ,.and 650 e (Nisizawa 55#51& 1976) There was a peak in

Ifhe-'kpégtra ‘for anyloglucan and the solub1e_91uc§h at 844 and not
_“891-1§ﬁéf-which-indi¢atedzthe_giucosﬁ units in these pdlysatbharides
: wére ﬁ'é1pha ~and  not  beta-Vinked. The abéorbance peak for
: L 4-1inkages at 930 cm* was staller for amonpectin and the
-_15a1ub1e giucan, but slightly Targer for amyloglucan. The second
 'peak fop 1.4-31nkages Bt ?58 ci~' was move. marked in the soluble
"glucan than. in amyleglucan and amylopectin. The absorbance peaks
for 1 6—11nkages which oceurs at 917 and 768 cm=' were present in
amyloglucan and the soiuble glucan, but were difficult to interpret
beczuse they ware close to the peaks for 1,4-11nkages. Furthermore
there were no marked peaks at 793 cm-', the absorbance region for

1,3-1inkages (Figure 3.8).
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Soluble glucan ﬁ 'ld §
| i
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Fsgure 3t aag mmmatourapha bf lhB a'dntoi acatafas formad by the
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-Flgme 3,42 Mags spacira of alditol acatates formed Iy thas methylation
of maltose, glycogen. amylopactin, amyiose, amyloglucan
and sofuble glucan produced from amylapectin.

1, 1.5-d-O-toetyl-2,3,4,6-1stra-O-methyl-D-glucitol
2. 1,45-i-0-acaiyt-2,8,8<r-O-methyl-D-glucital,

8. 1,3,4,6-tetra:C)-aoetyl-2.6-di-O-methyl-O-ghucitol,
4. 1,4,0,5-tetra-O-anetyi-2,3 -d-0-mathyl-D-glurital.
5. myo-inosilol hexa-scatats (Intemal standard).

Ac anglate (CH,CO0-) GROUP

Ma methyt (CH,-) GROUP
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amylopectin. An  unexpected finding was the presence of
1,3,4,5-tetra-0~acetyi-2,6~-di-methyl-D-glucitol. Amyloglucan and
soluble glucan contained smaller amounts of this glucitol acetate

than amylopectin (Table 3,12},

In the methylation analysis of amylopectin undertaken by Kvernheim
in 1987 .np 1,3,4,5-tetra-0-acetyl-2,6-di-methy1-D-glucitols were
found, Furthermore, -infra-réd. anal, sis did not show the presence
of 1,3-linkages which occur at 793 cm~' (Figure 3.8). These
anervations sujgesﬁ the 1'3 &, 5~tetra-C-acetyl~2,6-di-methyl~D-
' g?ucituTs E1thew were produced from contaminants in the amylopectin

*f';or were artifacts formed during the methyiation analysis. They

7*'wer§_.ob:annedb during the analysis of glycogen as well as of

"'*’Efamy}opéﬁtin, =amy10g¥ucan and the solubie g1ucan which suggests they

;were not contaminants From amylapectin but were formed during the
| methy]ation analysis. '

' A further raason tu suspect  the 1,3,4,5~tetra-0-acetyl-2, 6~di-
methyl-ﬂ-g1ucitals were artifacts was the short chain length of 2)
: obtﬁined fgr _amy]apegtin, This is Tess than the 24 obtatned in

| '-'_P?éviaES__-studiﬁs: {Greenwood, 19703 Manners, 1985a). If the

percéntage of 1;3;4,$ftetra40~acetyqu;64¢1-mathy1-n-g1uc1to1s was
_aﬂded to },4g5~tri-ﬂ%acaty1~2.3,Gftri~mathy1-ﬂag1ucito1s the figure
,ﬁ¢u1d 'ber g;gggr;'to .the_'pubT1shé& re#ults. This suggests the
1:3,4,5-tetra-O-acetyl-2,6-d1-nethyl-D-glucitols vere formed from
a¥pha?1,4~ﬁ~§1ucd§e units hecausé there was underﬁethyTation. This
proposal 1s"supported by Manners (1989) who states other isomers
may be formed under these conditions. The same glucitols were

present amyloglucan and the soluble glucan which indicates similar
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Table 3.12  Wolar percentages of partially wmethylated glecitol
_ - Tdeetates - {Glc) - obtained  during wethylation analysis
- oo of  amylopectine amyloglucam amd the soluble glucan.
Retenion (R} times are veTative o  myv-inositol

exaacetate vhich was used as an internzl standard
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adjustments should be made for these polymers. Therefore, the
chain length for amyloglucar was adjusted from 32 to 33 and the
soluble glucan from 30 to 31 {Table 3.13).

Apparenily from the woove information che chains in amyToglucan and
the soluble glucan consist of glucose units joined by 1,4-Tinkages.

In addition there are 1,4,6~1inkages present in these polymers.




Tablz 3,13

t:mmarisnn of the clmlcal ‘“;';,P}”‘g,f: of w’lnsng amylpectin. wlag:ucan and the solab’le glu:an produced i

fron amylopestin

. Inforestion on amylose and acirlopectin |

g danners (1966), Mndm*, Stebart and Stadier-Szoke (197} and Fanners 19353}4

s obtained from Bathgate

fiwre foy
sigtopectin in bﬁckgts tare the results abtaimed. fm tm pregent study
Property - Aiyioss - Amymper;tin- ﬂmyloglucah Soluble
: : - dlucan
Seneral structlire - - egsentially unbranched - branehed - tess branched lesk branched
" bhvevage chrin Tength appr ximately 107 24 (g3} R a
Exterior chain lenglh ' - 15 (18) 19 2
"] Intarior ehain:length ({7 13 9
- 1 % Comversion tomiltose ! ., :
| with.pamylase. ' appreximately 70 - approxtimtely 55 (66) §2 - 89
Wil a-amylase - approximately 110 approximataly 90 (92} Bg 6
| Bonds chatns L4 1.4 1L 4 1,9
| . branches r 4, 6 {fou) b 4, 6 1, 4, 6 L4 6
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3.2.5 Enzymic analysis

Debranching of amyloglucan and soluble glucan by isoamylase
indicated the Tength of A and B-chains whereas digestion by

beta-amylase determined the exterior and interior chain lengths.
3.2.5.1 Debranching with isoamylase
Examination nf the chain profila by debranching with isoamylase and

L fractiauation o? the debranched polysaccharides by gel permeation
chrumatagraphy showed A bimoda1 distribution of chains. The two

".'ijadnr peaks corresponded ‘to chain Tengths of approximate1y 20 and

49}.- Chains with Tengths of 20 glucose units had a partition
cbefficignt;_(&a) of 0,75 _and..consisted of A-chains and short
: Bﬁéhﬁ%ﬁé ﬁhEPEQS.'the' ?ongek chains hed a Ka of approkimate]y 0,3
“and - répraS&nted 1§ng"iBﬁcﬁains fﬁigure 3,13). The partition
cbéfficient-was-déterﬁinéd from the following formula

Ka = Ye-Vo

" VYo
Where Vo = void volue
e
Ve

%

plution volume

total volume

fne _cﬁain- profiles for amyiqpectin, amyloglucan and the soluble
giucan- were similar buﬁ the second peak was Targer in samples of
amy1691ucan and the soluble glucan than in amylopectin. This
.conf1rmed the glucans contained more of the long B-chains than

their parent polymer.
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3.2.5.2 Digestion with amylases

Both --amyloglucan and the soluble giucan were slightly Tess
gaéﬁsdépﬁiﬁie'*ta 'hyd?oiys15~by #lpha-amylase than amylopectin. Thus

ey parceut. nf the amy?ng?ucan and 86 peraent of the soluble gTucan
.'anverted to: maitnse E.Tab'ie 3 m, ot -
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3.3 Conclusion

The above results show amylogiucan is a highly insoluble
polysaccharide that adheres readily to glavs. Furthermore it

;cﬁﬂﬁ31n$ﬁvlonger exterior and interior chains than amyIapectin. In

'a-ﬁ‘éﬁﬁtfgst;,the snluble g?ucan 1s non-adherent. The 1engths of the

r3', }{h£griﬁr;-chains are simi1ar to amyiopectin and the exterior chatns
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4 ENZYMES THAT REGULATE STARCH METABOLISM

In the fourth part of this study the enzymes responsible for the
degradation of amylose and amylemeciin and the production of

polysaccharides were studied.

_4.1::;B£3TIF1CAIIQN orfsuzvnzs

" j;Tha":sdentity of the enzymes was determined inttially by 1soTating

a}”ducts o‘ enzymic degradatfan, Further 1nformabion.ahout

_:ffenzymes;,hyjﬁgeI a1etrophuresis.

e "E fThe enzymes from S mjtfs Mc ot and S, sangui 1 He 204 were

" 'f:lﬁii{ﬁjthe only extracts that ﬂegraded amylnpentin t0 glucose and glucose
S en 'Llfﬁ detectable by high performance Haquid chrc itography.

_ "?f_foT?After '1aa.mfnutas incubatiom s mitis Mg 131 prudutﬁd g?ucose»
”__'J tctriose, f maitotatranse, ) maitopént&osé - .and
..   ?mn1tohexaqsa. Further 1nnubation 1ncreased the concentration'of |
:'5: fthese sugarsf with the exceptinn of maItopentanse which uas absent.

. _ Mﬁ _aa4 producad g1ueuse, maitose and maltotriose
'w-;aftar 13 minutas7”bu

jno sugars after 24 hours {ncubation. Tan

'”5'-;3*_fpercent nf the ava11ab1a amy1apest1n Was digested by the enzyme
fextcact from - mitis HC 107 and 3 percent by S. sanguis 1 MC
il (Tab1e 3.14)« |

The production of dextrans From.
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High performance 1iquid chromatography of the remaining digests did
not show the presence of glucose oligomers even though they were
concentrated tenfold by freeze drying. However thin Tlayer
chromatography showed they produced a variety of oligomers from
amylopectin, They rangad from maltose to maltoheptacse but were
present at a concentra.ion of less than 0,1 mg percent which is

':be10w the Timit of detect1on by high performance liquid

o jchromatography tTab1e 3. 14).

A 1__ge'_peak ident1fied as soTub1e dextrins consisting of 12 to 15

'“'-3 ig1ucuse 'units was present fn some of the samples analysed by high

7f;pgrfgpmance 11quid cﬁrnmatagraphy, 1he amount varied from $ mg for

ta npproximatﬁ ,[y aaa “g ‘Fﬁl“ Ss

san uis - 1.MC 294 and Mc 61..

& 2Pr°ductsﬁfw1°*e .ﬁesf‘-ad_aﬂm

1 ﬁQAmy1¢se ﬂigests were tested for gTucose and g!ncosa oligomers after

S0 wingtes and - 24 hours, Sugars were produced but their

'af~concentratinn was Iess than 0,1 mg per 00 ml amylose broth. This

| l”_was beTau the Timit fﬁr the detection by high performance Tiguid

;:¢hramatogr§phy. - Thin  layer chromatagraphy however, shoued the
 extracts from S, sanguis 1 WC 204 produced glucose, $. mitis WC
-;1&1"mﬁ1t6$e:xghd'm&Ttonahaose,' S. mitis MC 205 and $. sanguis 1

MG 718 maltotetrsose end S, mitls MC 410 maltooctaose. The

7remaining enzymes prnduced a variety of glucose oligomers but not
_'glucose {TabTe 3. 15),



ST 0

";iahié:s;15; : ElucoSe—and glucOse o11gumnrs produaed frnm,amy1ose by streptococcal enzymes

e = present, 0= not ﬁetected)

codej;fffj*

-;.fﬁiﬂdﬂ;@_éﬁ&;giﬂpbséﬁqiigqﬁérsﬂprﬁdﬁcqﬁ_ffﬁm am&lasg |

Ll |

P |
e

ﬁ%éptagaggailéﬁ#¢1es.

1;;mi*§ﬂ
ey

'_ﬁ._'_ﬁsri

#+rlioes|
NS P

P S
o s |

IR -1 7 SR
_fmﬁ;ﬁﬁ
YL
 “9 .

cosoo+ fos | osw]
ovocostol oo | oo |

oo+ F 4 |

+rocooc oo lace |

N

_j}g;ﬁﬁmgijﬂ

Wﬂ3
S (1.4
. 616

204

8

+O+++ | OrO+F+ ]

O+ + + |

_”;_-s;jsﬁﬁgﬁisgil_;f |

03
Caz |
615 |
w9

| ovopo|oroda | oodobaleslanal

4O OO+ + ]

OO0 | O+ ¢ +

D+o0+ | 0D+ ++ | SoDOGY o+ vad

ELEE e - T I E- A -

(=20 20 B A
+ 4+ F

oDoOoD | QOO+

cocooo |ooo+o coroon | oolacal]

89l




170
The products obtained from the digestion of amylopectin and amylose
suggest the enzyme extracts contained alpha-amylases that were rot

as active as similar enzymes frow other sources.

4.1.3 Molecular weight of Lhe enzyme

As was mencioned previously the molecular weight of the amylopectin
~ hydrolysing enzyme was-ﬂetermiﬁed.hy separating the enzymes on SDS
ﬂolyac?iygmiﬂe. gé}--containing amy109ectin:'and comparing their

"migratidn distance with melecular weight markers, In addition the-
f [pPodﬂct1an of dextran From sucrose was studied by incubating these
'f;ge1s ia a huffar with sucroe‘.e° -

| Thé“'éfﬁﬂé enzymie. eﬁtraets frdm” 8 éanguis 1 “C'204 and .S; mitis
:_Mc 101 buth cnntained starch hydrolysing enzymes. The ar*ract from
sanggiﬂ 1.MC 204 was more autive than from S.mitis MC 101,
. An ;amyiapgctin .gé1-¢¢antaining these enzynes stainad pink after
severa] hours  treatment with periodic acid Schiff stain.
Hydrolysis of amylopectin was observed as-c1éar1ng of the gel in
"the_ region of 120 000 Pa. Possible dextran production appeared as
blue  bands in the centre of this clearing (Figures 3,74 and 3,18).
A SingTe__starch hydro1ysing. enzyme was present in the extracts

because only one area of ¢icaring was observad.

The production of dextrans by glucosyltransferases appeared as ona
major band of 186 000 Da and several minor bands. Imitially this
'areg did not stain with periodic acid Schiff stain but developad a
dark blue colour overnight. Dextran production by tF- major band
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was prolific so that it projected above the surface of the gel
after staining (Figures 3.14 and 3.15). The dextran producing
enzymes 1in the gel did not produce polysaccharides when they were

- incubated in the presence of raffinose which proves they were
| g!ugﬁsy}transfarases and not fructosyltransferases (Russe11; 1879).
_ Li'kewzise, | the amy]opectin hydro‘iysing enz.)anes in the gel did nat
_;j;produce visib!& glucans ‘when chey were incubated in. buffer-
'j_ containing amy1opa¢t1n. Furthermare, the preSence af dextran T iO;
( the huffes an"mnca g1ucan praductiﬁn,_,_- o

“1“”71:_ES-and g1ucosy1transfarases that Draduoai7”

amy!o$1ucan and so1ubie pntysacaharide frum amyTopectin. o

;jdextran from SuﬁrGSE» _ The gTucnsyTtransferases may . aisn produca-;



172 Enzyme extract

Figure 3,15 : '

High aagnification ofst:s gelstafned :
 with periodic atid Schiff stain,

Hydrolysia of amylopectinshows &
-adearareamhmdextmsappear '
’ asbluubands. '

5 g R
& _.-_3 204 . separa‘ted m\_ns hercent.
percent _Afer

perdodic acid Schif'}‘..stc‘l-m. ﬁmﬂo ec‘l:in;.-_'_
4 "'hydra'!.jz_ 5 f am;ﬁopectin appeared as clear areas in", .
d- _extran oduitir -blug bands. Wolecular weight -
ver stain. Lane A shows lactate = =
] pho;:hor?!asa b {Hr 97 400}, Tame .
170 000), lana D cleaping: of
A{Mr -48:-000) and lane E clearing of -
b : nzm i: ract " with minor’ dextran produsing
: 3 000 and T.tn D00 within the clear ares, The major

dextran pmﬂucing-ﬁand stainedr;darkw @ﬁth an ﬂr of 156 000,

“"e."i a]eutrnphoresis nfa z;rudei T
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1 GROWTH OF BACTERIA

Growth of bacteria can be measured by observing an increase in
bacterial numbers. If the logarithm of the number of bacteria in a
culture is plotted against time a growth curve wiil be obtained.
The curve can be divided into 4 phases, the Tag phase, the
togarithmic phase, the phase of statiorary growth and the phase of
decline {Wilson & Miles, 1975).

1.1 Growth on amylose and amylopectin

The streptococci produced 4 different growth curves on amylose and
amylopectin. Théy either showed poor adaptation, required time to
adapt but grew vigorously, exhibited disuxic growth or adapted well
and grew vigorously (Chapter 3, Figures 3.2, 3.3 and 3.4).

Strains may have adapted poorly because. there was a Tow
corcentration of nuclectides in the broths and streptocecci have a‘
specific requirement for these substances (Doelle, 1969). Another
reason may be the glucose concentration, because strains grown in
Todd Hewitt bDroth  which contains 0,2 percent glucose were
transferred te starch broths with Tess than 0,01 percent glucose
{Chapter 3, Section 2.1). Cells from Todd Hewitt would have Tow
lavals - of glucose-phosphoenolpyruvate phosphotransferase and
glyceraldeiyde-3-phosphate dehydrogenase and low concentrations of
metabolites produced by these enzymes. When they were transfered

to the starch broths they would require time to imcrease these
intracellular metabolites.
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Another reaction of isolates was a Jong lag phase followed by a
period of growth. This may be caused by many factors including the
need to produce energy to activate sugar transport systems. A
glucose sugar transport system Involving a phosphoenolpyruvate
phosphotransferase system has been described in S. mutans and §.
salivarius (Kanapka and Hamilton, 1971; Schachte'!* :rd Msyo, 1973;
Schachtele, 1975; Schachtein and Leung, 1975). A simiiar system
probably operates tn the starch hydrolysing streptococci.

A further reaction of some strains was diauxic growth. These
- isolates probably possessed corstitutive enzymes that enabled them
‘to utilize glucose and other simple constituents in the medium,

Once this source was exhausted, growth slowed down until they
risynthesize new inducible enzymes For the ut11ization of amy1ose and
anylopectin, ATT strains that exhibited diauxic growth grew
vigorously sfter the induction of starch hydrolysing enzymes which
f;ﬁﬁﬁsiéﬁzymﬂ igdugtinn:wasfhighiy successful. :

”;}Tha remainiug 40 percent of 1saTates grew vigorously, Vigorous

::'ffisoiates were ubtained from aIT subjects with the exception of
w;;patient 6, The rapid growth may be the resuIt af ‘downhiii flow

as distincﬁ frnm activg transnort which requires the expenditure of
'aenergy linder thess canditions the system beccvies uncoupled From
:the enargy’Supply and functions as 3 passive transport system which

'° zf=enah¥es sugars to dfffuse into tha cell {Dbavis gt gl , 1980},
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1,2 Stimulation and inhibittion

Some isolates were stimulated by amylose and others by amylopectin
{Chapter 3, Table 3.2). This reaction suggests the streptococci
possessed different enzymes for the utilization of starches. If
amylose stimulated ogrowth they possessed enzymes for the
degradation of long chains of glucose units. 0On the other hand if

-amylopectin stimulated growth, they have enzymes that act in the
vicinity of either branches or end groups because amylopectin is
highty bramched with & ;arcent of the glucose units avai.abTe as

end groups and another 4 percent as branch points (Wi1liams, 1968).

Some 1solates were inhibited by the presence of starch (Chapter 3,
Table 3.2). This inhibition may be caused by many Ffactors
including ‘amyTose and amy!oéectin competing for enzymes in the
sugar transport system or catabolite repression by cyclic adenosine
 monophosphate (Stent and Calender, 1971; Adams et al. 1981).

s Gﬁﬂéﬁuéigh.“f‘ff
f ;The present study has shown soma streptonocci adapted nore readiTy
”-than others to grawth an starch. These differences could either be
caused by facﬁors present in the grnwth medium, by transport
_1'systems 1n the celTs or by enzymes produced by these {solates.

| Almast ha1f the isu?ates pussessed constitutive enzymes that
"'ﬁegraded Both amylose and amyiopectin. " Others exhibited dauxic
grcwth which indicated ‘thelr starch degrading enzymes were
fnducible. :However. the growth patterns in these starches were not
similar which suggests different enzymes are involved in the
hydrolysis of amylose and amylopectin.
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2 ACID PRODUCTION FRw$ STARCH

The production of acids from starch was preceeded by the
degradation of amylose and amylopectin to glucose and reducting

SUgars.
2.1 Production of glucose and reducing sugars

Cultures grown in yeast extract, amy1ose‘and amylopectin produced a
slight change In the glucose content oF the medium (Chapter 3,
Tabie 3.3). Howsver, vigorous strains either reduced the level of
glucose or released small amounts of this sugar into the broths.

Furthermore, strains that grew poorly allowed glucose to
accumylate. These changes suggest that glucose was either utilized
.immadiatGIy for growth -and "acid preduction or it accumulated and
growth was poor because the streptococci were unable to metabolize

this sugar.

Hore reducing sugars were released fr- . amylovectin than amylose
CChapter 3, Tah]e 3.3). This difference may have been caused by
the ayai1ah11ity nf “end groups in tha starch molecule. There zre
.approximateTy 7000 ends in an amylopectin molecule whereas amylose
contains nniy_s end groups {Greenwood, 1970: Takeda gt al , 1984).
-Stéépthcbécai' enzyﬁes probably attacked these ends and released
gTucase and c1igoracchar1des$j Many of these sugars accumulated

-_ (chapter 3, 3.4) which suggests that several isolates were unable

ta--nti!izé~-011g05acchariﬂes‘ - This finding was not unexpected
because Glor, Mi1Ter and Spandau {1988) showed almost half the oral
streptococci they studied were unable to utilize all the
oligosaccharides they tested.
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2.2 Acid production

The production of acids was studied by measuring a change in pH and

identifying acids present in the broths.
2.2.1 change in pH

Only three isolates Towered the pH of starch broth to between 5,4
and 5.7 (~hapter 3, Figures 3.5, 3.6 and 3.7) which is within the
limits for the decalcification of teeth (van Houte, 1980).

Houever, these strains were grown in pure culture whereas all
communities in the mouth are mixed. A more accurate reflection of
their caries potential couid be gained from the mixtures containing
these 1solates. They Towered the pH to betwesn 6,5 and 7,1
(Chapter 35 Figure 3.6). None of these values are within the
critical pH which suggests in vivo demineralization of enamel by

A

these streptococc! would be slow.
2.2,2 Lactic acid production

Lac;i;ﬂ scid waS' producad hy all the cultures and predominated in
aim#st“ na1f the. cuixuras and in most isolates which decreased the
CBH to beluw ﬁ (Chapter 3, Table 3.8). Lactate may have
predominated hecause thg cultures grew vigorously and an
 &TP“en?*91zed system generating a proton motive force would have
funcﬁnned durmg the transport -of sugars {(Ellwood and Hamilton,
'19&2;;ﬂamithn”and\St._Martin,.19331._
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2.2.3 MAcetic acid production

Most isolates produced a mixture of lactic, acetic and succinic
acids whereas acetic was the major acid in almost half these
cultures (Chapter 3, Tahle 3.8). This change to acetic acid
production may have been caused by the incubation atmosphere and
glucose concentration. The cultures were aerated and an aerobic
atmosphere charges the products of fermertation from mainly lactic
to acetic acid (Gottscha1k, 1979; Stamer and Stoyla, 1967} by
inhibiting lactcte dehydrogenase (Mickeison 1969,1972; Thomas,
CEN hod ~and . Langyear, 1979). Some isolates did not produce much
a;?ﬁig,Tagiﬂfhwhjcha_squeﬂts;_they.-possessgd Tactate dehydrogenase
 that was insensitive tn o3§gsa.

':} Th§,-a;£iyity of Iagtata-dehydébganase-may_also be iandenced by the
glutose -content. of the broths. With glucose limitation a mixture

. of ’acidé s _produced whereas -under conditions of excess lactate

7\”f;prednminates [ETIwnod, Hunter “and Longyear, 1974; Carlsson and-

- Griffiths, 19743 Hamilton, Ph‘lpps and Ellwood, 1979; Kemp - gt a1 ,
'1%ﬂ‘.mw mnwu w&mwuwduwmtowwmemwlwﬂs

| -f¥a ’g}ucﬁse and changed their acid prnductian from mainly acstic to

 1act1c acid ﬂhan they were grown in starch as opposed to yeast
| 'extrant (Chaptar 3, Table. 3*3)';;,;.

'f?Some §trains\ may have pruduced acetic acid Jecause they formed

"'”J_hydrngen pernxideg | Tha ‘streptococed contain peroxidases which

cata1yse the nxidatfon of organjc compounds or NADH with hydrogen
-perqﬁjq§,=§.ﬂhgp:QNQDH__is _ogidized with oxygen, pyruvate can be
coh?erted_-tu._acetyi-goenzyme_n and additional ATP can be tormed by

the acetats kinase reaction (Carlson, Iwami and Yamada, 1983). A
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further source of acetate may be via a phophoclastic reaction.
According tc Doelle (1975) Acetyi-Coenzyme A (CoA) s formed in the
presence of acetyl trunsferase which transfers the C2 unit from the
pyruvate formate exchange system to the acreptor. A phosphate
acetyltransferase and acetate kinase converts acetyl-CoA via acetyl
phospkate to acetate with a concomitant synthesic of ATP {Figure
4.7).

2.2.4 Succinic gcid production

_Succinic acid was found in small amounts in most cultures but was
the major acid produced by 3 strains from subject 3 (Chapter 3,
_ _Tab}e 3. 8), This metabolic diversion from pyruvate which has not
. been described in the streptococci could be caused by the
”'_functianing of pyruvate carbux&ﬂase which converts pyruvate to
axaiacetate (er11e, 19753,

"-_~1[  Lactate 15 bxidxzed to. pyruvate in bacteria in a reaction requiring

e ”7°’a~ffjaynpratein as hydrngen~ accepfor. Bxaiacetate fs formed from

¢ ’“f_Taﬁtranscarboxyiatian R reactiou . with
S:£mﬁthylmalnny1-cnenzyme A as carhon dioxide dunor and biotin as

N *fﬁuarbon dioxidﬁ carrier ofufthe enzymm pyruvate carboxylase. The

;"-subsequent actinn nn nxalﬁacetate of malate dehydrogenase and

| "“?}fffumarase ytetds fUmarate which 1s'reduced to succinate by fumarate

:; reﬂuctase {Figure 411}. Reduct*on is.coupied to ATP formation by
~ elevtron tranSport phosphory1ation (Gottshalk, 1979).  The

-”mechanism would be similar to the production of succinate in the

Erniipnibacteriag::_v1a; enzymes of the tricarboxylic acid cycie

working in reverse {Doelle, 1975).
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2.3 Acids and dental caries

In the present study cultures from caricus lesions did not produce
mora lactic or acetic acid than isolates from healthy teeth {Part
11, Chapter 3, Table 3.5). This fmplies there is no difference
between organisms from carious lesions and healthy teeth, an
;ﬁbservation- supported by Drucker and Melville {1968), Neverthelass

E _-caries prbne ‘subJects produce more acid than caries free patients

: -_.:'___{Watnos et a'[ s 1978).  An increase in acid producticn could be

s -"__":'_'-._baused, . for exam;ﬂe, by the consumptinn of a high starch diet. .

-'r' “dut: ;ia . xﬁ“ ‘Iactic acfd wnu!d foﬂow. Th'is acﬁi':-f -
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3 GLUCANS PMODUCED FROM STARCH

Two glucans were produced from amylopectin by starch hydrolysing
streptococe!. The first, a soluble polymer did not adhere to glass

and the second anyloglucan was insoluble and adherent.
3.1 Production and adheyence of amyloglucan

The present study has shown most starch hydrolysing strains
nroduced an insoluble amyloglucan (Chapter 3, Table 13.10} that
adhered to glass  ({Chapter 2, Section 3.1'. The ability to attach
td{,glassj~is-ﬁpr¢uf;_that « polysaccharide will attach to teeth and
aé@umuiaia;gjn- p3§qu§ {¥ood and ,Criichiey, 1966; Guggenheim and
_  Schrpgdér,-'iaﬁ?l.  Severa1_ workers have reported the presence of
_ 'jguiysa;qharide:-with=_ﬁ high glucose_cahient in plaque and pellicle
-l h{euggénheim-Iénd_SchréedEr, 198?; Heubrun, Lacey sad Christie, 1971;
: fﬂalbandian gg___a_l_a_ 1974; Somju gt al, 1975; Johnson et al,
- LfIS??). ﬁna of these groducts could be amyloglucan tecause it

':Vf { attach¢$ to glass and consists of g1ucose units,

':;?}fﬂﬁy1ag1uean did ﬁat dissaive 1n any of the solvents tested {Chapter
o Tad W'_' . %ﬁ,which suggests it will accumulate on teeth. The
'-f}"palymﬁr was a1sn resistant %o attack by alpha-amylase (Chapter 3,

':Tahie 3 i?j therefore, it wuu!d not be . degraded;by this enzyme in
sa}iva ‘and . p1aque (Fisher and Stein, 1960, 1961; Ruby and

-ngenpser, lH?@);-.ln this respect it may be similar to mutan which
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accumulates in pi-. 2 and enables §. mutans to attach to teeth
(Rolla et _al, 1983). Furthermore, amyloglucan is less soluble
than mutan (Chapter 3, Table 3.11) which suggests it would

accumulate more readily.

Amyiog1ucan may be insolTuble for the same reasons that amylose and
mutan do not dissolve readily. For example, amylose is a linear
molecuie with a uniform structure {hat forms strong inte wlecular
bonding, has extended ribbon<like structures and co.tains few
branches (Whistler, 1973). Mutan has similar characteristics, it
1s a Tinear molecule consisting of alpha~1,3-Tinkages fhat form
ribbon-Tike molecules that are nearly fully extended. The ch.ins
pick readily into dense, ‘completely water-insoluble microfilms with
| extéﬂsive intraa' and intersheet hydrogen bonding (Marchessault and
Deslandes, 1981}, _E1oh§atiénfof the chains in amyloglucan may have
enabled  them tﬁ*"fbrm ribbon~-1ike = structures with strong
.Z;Tnfermmigénlar.bonding, | | |

g 3#3j Synthesis“_

:ﬁﬁﬁ?ﬁgﬁucéni-éﬁd?ﬁhé”éaiuBIa:gfﬁcan-Euu1d be synthesized either from
-tﬁé_ ﬂegka&&tiéﬁ" prodﬁctg”ﬁf dmyﬁqpectin or by modification of this
'ﬁﬁieculﬁ;;””Therg' ar¢ several reasons fo support the fdea they are
_E_m§dified'iﬁhy]dﬁecﬁihﬂImd1écn1e55- Firstly, the infra-red spectrum
_fé?‘tamyibgiﬁéaﬁT”ahd‘-ihé5301ub?é:§1ucah produced by S. sanguis 1
1204“fwas~5simiiar th3_am31dpectin and not the dextran produced from
giicrose and the mutan produced by S, mutans. Secondly, all three
polymers contained alpha-1,4-Tinked glucose units (Chapter 3,
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Figure 3.8). Thirdly, the methylation 2nalysis showed the glucose
units in the three poiymers were alpha-1,4~linked with
alpha-1,4,6-branches (Chapfer 3, Table 3.13), Fourthly, digestion
of amylopectin, amyloglucan and the soluble glucan with isoamylase

yielded simiTar chain profiles {Chapter 3, Figure 3,13},
3.4 Changas in chaln length

An important finding in this study was the increase in chain

- Tengths._ -The first tndication was optained_from_debrgnching with

~ isoamylase. Thgn.péak for the longer B-chains cqnsjstiné of 40
'Qluégsg units was. larger for amyloglucan and the soluble giucan
" _tﬁan fbr' amylopectin {chapter 3, Figure 3,13). These results were
'_cnnfirmed hy the methyiation analysis which showed there was an
ffovera?l incrense in_the chain length in both amyloglucan and the
_:_iso1uh1e glucan tchaptar 3, Table 3.13)s Furtherwore, there was a

| _;_.,s1ight 1ncrease in the 1md1ne binding .capacity of the soluble
"f”fi;g1ugangﬂh9n.qqmparsd;with_amminpectin110hapteta3, Table 3.11).

-”{.A mnra; ﬂeta11ed study using anzymas showad the exterfor chain

-_Tengths 1ncreased . thu so‘iub‘ler glucan whereas both the exterior

and’ 1nterior ch?%n 1engths were 1onger in amylogtucan (Chapter 3,
fTab?e 3.13) These changas cotld be caused by the removal of side
 chains fram the amy!opentin moTenu?a to form anyloglucan. The

 f_}Tfnrmation ‘of snIub?e g1ncan cou1d be the first stage in this

fprocass wherehy siﬂe chains in the exterior part of the molecule
: are rambved. This wauid 1ncreasa the Tength of the remaining
extarior chains. Thereaftgr, further side chatns could be removed
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from the interior part of the moelecule. This would result in an
increase in the length of interior and exterior chains and lead to
the formation of amyloglucan. Some of the released side chafins
could be added to the ends of the remaining chains to increase

their Tength even further.
3.5 Conclusion

' 'ji fThe prasent study has shown amy1opect1n can Sa modified by the oral
”'strept

acﬁwi___:tb 'Furm 8 h%gtﬂy adnerent’ insoTuble-a.:Toglucan and

'nadherent ' sa‘fubie g1‘ucan. They are bath prnduced by mdifieatinn
-'.:of' 'tha mﬁap&ctin mn!ecuia and cantain g‘tucosa units that are--
"____'_nkedi'" with branch pair}ts *!nvu’fﬁrﬁg a‘ipha—l,&,ﬁ-ﬁnkages,. |
The -~ soluble 'glucan' rﬁth_ ’iorig exteriur chains binds 1odine readily.

88 _'las*‘b' the

ould be caused by an inen&nse in tha | m&p’{axity of ther- _
anyToglucan molarule, S |

In - cottrast amﬂbgmcan has. _emngated 1nterior and extar'}or chatns
sbility to bindfodine;  This decreass in lodine
binding capaoit may_'nct be associated with f:hanges n r:ham length--_ |
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4 ENZYMES THAT REGULATE STARCH METABOLISM

The identity of the starch hydrolysing enzymes produced by the oral
streptococci was determined by studying the products of enzyme
activity. Further properties of these enzymes were examined by cel

electrophoresis.
&.1 Enzyme production

Both cells and the ccl1 free extract produced amyloglucan (Chapter
3, Section 3.1} which 1is proof the enzymes responsible for
amylog1ﬁcxn* production are extraceliular. If they were produced in
the mouth some would attach to plaque bacteria and others would be
released and occur tn aliva,

: aﬁyTﬁgiuﬁaﬁ- accumuTated..un- the surface of the bottles (Chapter 3,
- $ectﬂﬁﬁFﬁ3§1),-pnbhabﬁy‘.bmcausé ‘the palymer producing enzymes were
. :#ttﬁch#d'ltufﬁhefQTassw 'Th13:5uggest5'they may:ibsorb to enamel and
-T;pfbduné;jfﬁédlubléfyadherént;aﬁﬁyibgiucan vau-theptouth surface.. In

S f;thiéjQr#éﬁﬁ#tQ-they:fmaﬁfbg'ﬁimiiar;tavthe;giycpsyIﬁransferase-frnm
i' 7;ﬂ}ig;JEE§EE§{f ﬁh¥Gh;ﬂrﬁffﬁund in ;aiiva and adsorb to the teeth where

~ they produce an finsoluble alpha-1,3-glucan that accumilates and
contributes tn,gtha..fﬁrmﬂgign of dental plaque (Rolla et al
s,

?hé' 'ﬂ&xtr§ni' producinq ghzymes ih the ge! did not produce
polysaccharides when they were incubated in the presence of
raffinose which proves they were glucosyltransferases and not

fructosyltransferases (Russell, 1979}, However, the amylopectin
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hydrolysing enzymes did not produce visible amyloglucans when they
were incubated in buffer with amylopectin solution. Furthermore,
the presence of dextran T 10 in the buffer did not influence
amyloglucan production. This does not necessarily mean amyloglucan
production did not occur in the gel. There may be two reasons for
the non-detection. First, the production of this polymer is not as
prolific as dextran production and second, amyloglucan does not
stain with the periodic acid Schiff stain

4.2 laantification of the enzymes

'*Tﬁé’ieﬁ£¥ﬁ957éxtrﬁcts- producad glucose and gidcose oligomers from
~ both amylopectin and amylose (Tables 3.14 and 3.18). These
'_'-'j'-pru-dué%s Care” simtlar 0 the oligomers produced by the

alpha-anylases of s bovis “and 5. equipus (Walker, 1965,

. fviﬂﬁﬁb, Boyer and Hartman, 1971). Howaver, the digest also contained

7-53*a sn1ubie glucan ahd an insa1uh1e amyloglucan (Chapte> *. Section

"1ﬂf3¢1}: Tﬁis action suggests the starch  metabolish.: ora’

o _:‘fﬁreate_

"“Zst_"tncocai produme an unusual a1pha~amy1ase that releases a

o .:_ariety nf pruducts than-has nreviausly been ascrfhed to
“';.;[thesﬁ en:ymes. SRR

~ A reason .}f@ri".’?'éii?‘**_ﬁ_g‘t}iésé- enzymes are not previously identified
. ipha-asiylases “is -their: molecular wetght. Saltvary and bacterfal

- “aiphesanylases have welghts that vary from 15 000 to 55 000 Da. In

'_fcontrast tﬁe enzymas from S. _mitis 107 and S. sanquis 1 204
' 'naﬂsisted of 2 bands with a moTecuTar weight of 123 000 and 120 000
Da (Chaptsr 3,-F19ures 3.14 and 3.15).
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The enzymes in the present study are not glycogen
synthase-branching enzymes for two reasons. Firstly, they are
extraceilular fn contrast to the 1{intracellular glycogen
synthase-branching enzyme of S. mitis (Builder and Walker, 1970;
Hamilton, 1976; Tanzer et al, 19765 Dewar, 1977; Birkhed and
Tanzer, 1979). Secondly, they produced amyloglucan which is less
branched than amylopectin and their action would have decreased
rather than increased the number of alpha-1,6-linkages in the

melecule.

The most likely possibTity s .that these enzymes are
glucositransferases = with hydrolytic  function because the
amylopectin did not stain fnitially where dextrans were produced in
the 156 000 Da regjon (Chapter  3,. Section 4.2). The basic
mechanism .fqr-glucusyltransfefa$ecactivity is disproportionation in
whick . fructose 1s'ra1easgq,from'sucrose andwgihcpse is formed into
-a-.pQIyman_ cpnsisting=;qf_;aipha-l,s-linkages {Ditson and Mayer,
1984), : Gjucqsyieranéferases acts on the alpha-1,6-Tinkages in
9lucans (ﬁbassy,'_1883)-awhich suggests they will hydrolyse these
Mnkages in amylopectin. |

‘The methylation studies have 'shnwn'amWIOQTucan has Tonger chains
‘than  amylopectin (Chapter 3, Table 3.13) and fewer

. aipaa5124;551;ﬁkgges, jjThagdegrgasa in the number of 1,4,5-1inkages

.:_fNQYf;ha% ¢5“§§§*-b¥fthé feﬁﬂfﬁiiﬁfLAﬁchains and the ends of B-chains

by the hydrolysis of 1,6-linkages by the 156 000 Da
gluﬁns?lfraﬁsferaséa  Hydrolysis may occur in *wo stages. During
the first stage A and the ends of B-chains ia the exterior part of

the molecule may be removed at random to form a soluble glucan with
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elongated B-chains. Thereafter the same enzyme could remove
interior A-chains to form finsoluble amyloglucan with elongated
B-chatns that carry fewer A~-chains in both the exterior and
jnterior part of the molecule (Chapter 3, Table 3.13). This
proposa’  is stpported by the increased y.eld of the Tonger B-chains
when -amylogTucan . b& digested by - isoamylase (Chapter 3, Figure
O ABL

ff; ﬁIucaSe\_and athar sma]l n1igosaccharides were a!so formed from
Topect e, JORS S“Qars muld not. . be re1eased by

”ff;f 'sf becausa this enzyme ﬂil] nct act o the |
in amylopeetfn IChassy, TQBS) HoweVer, tha starch
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§ CONCLUSION

It 45 apparent that the starch hydrolyzing oral viridans
streptococci can adapt to growth on amylose and amylopectin.
However, some isolates adapted more readily than others. These
differences could be caused by factors in the growth medium,
transport systems in the cells and different enzymes produced by
these ‘fsolates. Almost half the icolates possessed constitutive
enzymes that degraded both amylose and » ylopectin. However, the
growth - patterns in these -two starches varied which suggests that
different enzymes were finvolved in the hydrolysis of amylose and
amyTopectin,

AJI':cuithrés-produced a slight change in the gTucose content of the
~ broths.  These changes suggesé that glucose was utilized for growth
:as*“ébun- &S"if*wa$ yﬁoduééd;~*1n coittrast aTmost half the isolates
'produced\ mare thﬁn 22 mg gTucose nligomer‘ in 24 hours, This
accumulation . of n!igosaccharides 5uggests sese  isolates were

"- J'fnnnﬁle to dégradad thesa sugars. _

7.yffha fina1 pH of amw1ose and amyiopectin broths w=s significantly

| _10%&? thaﬂ yeast axtract, ‘but there was no difference when
 organ1sms;-from:-caripns. lesions -and healthy teeth were compared.
The Tlowast pH-*ﬁas“[5;4fbﬁf iost caTtures did not reduce the oH to
f-bﬁ?ﬁﬂf”ﬁ*Vwﬁfth-;?ﬁ’:aBDVéItﬁéspH for the decalcification of teeth,
Thé' fﬁha?.pa‘6F'thé'mtxturés%waé_even'higher; the Towest being 6,4.
This gives a éiearer'indication of the situation In the mouth in so
far as all microbial communities in the oral cavity are mixed.

Plaque containing a mixture of starch hydrolysing streptococci



192
would probably not decrease the pH of plaque sufficently to

decalcify enamel,

Acetic actd predominated i. 60 percent of the cultures grown on
yeast extract, Acid production was probably influenced by the
Vimited amount of carbohydrate in the medium because Tactic acid
was produced by most of these isolates when amylose and amylopectin
was added. Lactic acid was also produced by isolates which grew
;vigurousiy.' This was probably the result of efficient sugar

‘transport into the cell.

.Sncciﬁic ~&cid was detected in small amounts in most cultures but it
:prédo@jnated,_in_”3ﬂ_cu1ture§_frpm subject 3 who had healthy teeth,

Néae,ﬁqf' ihé;ﬂu?ture; produced formic acid, The reason is that the
b??thﬁj}?e?3.~¥9”?FEd during -incubatiqn and the presence of oxygen

grﬂﬁﬁh}&;;iﬁhibiﬁed _thgjzenzyma pyruvate  formate-lyase which is

Wjjm@@ﬂﬂgﬁf@ép@%ﬂ@ﬁf&mmaﬁm.

" ;The main-contribution of the prasent.study has been ‘the observation

| ::_ [that;L;tw¢ gTucans are produced by the modification of the
' L'-?ﬁm?Topﬁctfn malacule. . Ihe: first~*5;§_“ﬂnfﬁdherﬁﬂt soluble glucan

fwﬁpge ,_gxteginr;_yghain. ;}ehgths _ have increased. The second
§m¥1§§3ﬁ¢§n,_.13 ;a;hiqh1$_1nso1ub1e.golymer that adheres readily to
_fgiass;’_'It'islhas'#ﬂterior'and exterioi chajns that are Tonger than
:amy1npect1n. _;ﬁTh “glucose units in both polysaccharides are
aalphar ,4~11nked‘ﬁith branch points 1nvo1ving alpha~1,4,6-1inkages.

'These glucans were produced by enzymes that have been 1solated from

S._sanguis 1 204 and S. mitis 7101. The enzymes are capable of
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metaoolising starch, produsing glucose, oligosacchars les,
amyloglucan and soluble glucan from amylopectin and dextran from
sucrose. At least two enzymes are finvolved, one is a

glucosyltransferase-Tike enzyme and the other an al~ha-amylase.

This investigation has shown that strains of oral streptococci can
degrade starch to acids. Furthermore, they can use this
carbohydrate for the produciion of poiysaccharides. Thus starch is
similar to sucrose because both carbohydrates are metabolized to
acids and polysaccharides. Both these products may be implicated

in the carious process.

Finally, a comparison of organisms from carious Tesions with
1soIates From heaithy tee@h showed they did not grow wore
vigorous!y, produce a Tlower pH and more aclds. Nor was there a
diffarence in g!ucan production. These findings are similar to a
study reported by Drucker and Meiville (1968) who found there was
no d1fferences betﬂ@en cariogenic and non-cariogenic streptococe!
-when fermentation eﬂd—products and actd production were compared,
:The simiIarity bﬁtween organisms from carious Tesions and isclates
frnm hea?thy teeth - suggests that diet and not a characteristic

F?ara may “ba pr:mari1y impTicated on the carifous process. This
.-hypothesis is summad up by Levine who stated in 1977 that *Thus it
. wouid appear that & cariugenic flora is encouraged by a cariogenic
ﬁiet. . The 1daa that caries susceptihle peopie are those who a»~
smitten with a particularly viru1ent organism 1s baseless and ' m;
no part of the present problem!.
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APPENDIX

ATl the glassware in this study was cleaned thoroughly
before use by soaking overnight in Extran MA 02 Neutral,
then rinsing in running tap water followed by distilled
water,

MEDIA USED IN THIS STUDY
HYDROLYSIS OF STARCH
Basal medtum

259 nutrient broth Neo. 2 (Oxoid)
3q yeast extract

129 agar

870 m1 distilled water.

The ‘agar was melted in the distilled water. Nutrient
broth and yeast extract were added,

Starch solution

50g starch
1000 m1 distilled water

The starch was dissolved in distilled water and 130 ml was
added to 870 ml1 -of basa] medium. The mixture was
autoclaved at 115°C for 20 minutes.

smca MEDIUM

10 g yeast extract _
B £ g stdium chlopide _
8 4. starch {anylose or amy?opactin)
: ‘iUﬂO Wl phnsphate huffer-ed saline adju*ted 0 pH? 6.

" The stapches that were used were amylose tyqe 111 {Sigma
'NotaegﬁﬁTZ) and: amy1opact1n {Stgma No A-8515) both from
po o

TOBD HEHITT BROTH

10 g nutrient broth {Oxoid)
zn tryptone (Dxuid L42)
dextrose (Merck).

'_ sodtum chioride {Merck)

. sodium bicarbonate (Merck)

& g  sodium phosphate (Na2 HPO4)

000 m7 distililed water

The ingredients were dissolved in distilled water and
autoclaved at 1159C for 20 minutes.

ab

-ﬁtﬁ‘!ﬂlﬂ
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CHEMICALLY DEFIHED MEDIUM (Jandra and Kuramitsu, 1976}

Salts and bases

ammonium sulphate
5 ¢ adenine

5 g ferrous suiphate
guanine

5 g manganous sulphate
25 g trisodium citrate
g sodium acetate
5
7
2
5

CHw w» % w w

g sodium chloride

5 ¢ disodium hydrogen phosphate

5 ¢ sodium dihydrogen phosphate

g uracil

g potassium dihydrogen phosphate
g dipotassium hydrogen phosphate

P =t PO (D =t =i (0 S =1 D2 OO D

g casein hydrolysate
5000 m1 distilled water

The salts and bases were dissoived fn the distilied water
and autoclaved at 115°C for 20 mins.

Vitamins

4 mg ribofiavin

0,5 mg biotin

9,1 mg folic acid

8 mg . pantothenate

G, 1 mg para amino benzoic acid
4 mg thiamine

20 mg nicotinamide

8 mg pyridoxamine

20 ml distilled water

The vitamins were dissolved in the distiiled er and
auteclaved at 1159C for 20 minutes. The sol. on was
stored at 4°C. \ -

Final medfun

1000 w1 salts and bases

1ml  yitamins

0 ml 50 % glucose

Tml 20 % magnesium sulphate
0,25 g cysteine HC1

2,2 g sodiwr carbonate

The final wedium was prepared by mixing the above
solutions = under . sterile conditions. The glucose and
magnesium suiphate were praparad separately and autoclaved
at 1159C for 20 minutes, The cysteine hydrochioride and
sodium carbonate were prepared fresh before use. They
were mixed in a swall quantity of distilled water and
gt;ri]1zed by passing through a fiiter with a pore stze of
24 Il
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REAGE&TS USED FOR CHEMICAL TVESTS,
ELECTROPHORESIS
Reagents for one dimentional sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE)
BUFFERS

1.5 K Tris buffer pH 8.7

46 g Tris was dissolved 1n 200 ml distilled water, the pH
was adjusted to 8,7 with HC1 and made up to 250 ml with
distilled water.

Running bﬁffer {concentrated)

144 g glycine

10 g SDS

30 g Tris _

 The 1ngredients were dissolved in 1 1itre of distilled
water, . The buffer was diTuted 1 in 10 in distilled water
bafore use, :

_ -Samp1e buffer =

| $p5

. -_w m'l glycerol

o heta—marta 'éfhano]
D, 7& g Tris - e

5’Tha 1ngradiﬂﬂt$ w@re dissaiued in 30 ml of distilled watar

'.1“ iand adJusted - to p 6.8 with HCl. A 0;2 per cent solution

o brﬁmaphenn& “blue ‘was. made  up 1n ethandl, 0,6 m) was
eadaad the suspe;l1on and the 5n1ution was made up to

”-*flncubation buffer fbr g1ucusy1transferases

14 Tritan x~1ou

10 mg dextran TI0

‘T mg ampicitltn.

50 pg nystatin -

--1au m1 0,05 M phosphate buffer H E.

The carbohydrates were added to this buffer 1.e. efther &
g sucrose or raffinose
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Incubation buffer for amylolytic enzymes

0,5 g amylopectin

2 m1 ethanol .
2 ml 10 percent sodium hydroxide

1 g Triton X-100

10 mg dextran T1I0

10 mg ampicillin

50 pg nystatin

100 m1 0,05 M phosphate buffered saline

The amylopectin was moistened with the ethanol and sodium
hydroxide and 10 ml of the buffey was added. The mixture
was stirred until the amylopectin dissolved. The
remajnder of . buffer was added and the pH was adjusted
to 6,4 with 10 percent hydrochloric acid. the remaining
ingredients were dissoived in this solution.

GELS
Stacking gel

10 acrylamide
€ g bisacrylamide
ml TEMED

The 1indreai.ats were dissolved in 150 ml water and
adjusted to pH 6.8 with HCI. The solution was made up to
200 ml with water. To prepare the gel 4 ml of the
solution was mixed with 20 o1 70 per cent ammoniun
‘persulphate

0,128 g TH'éﬁtin
' 'Q:& m} --_gthl_;gul-?; i

0,5 w] 10 per cent sodium hydroxide
6,2 m] 1.5 M Tris pH 8.7 -

6,6 ml distilled water

6,7 w] 30 per cent acrylamide

2,2 m1 1 per cent bisacrylamide

250 u1 10 per cent SDS.

10 ui Temed '

100 p1 10 par cént ammenium persulphate

The amylopectin was moistened with the ethanol. Sodium
hydroxide and 2,5 ml of the buffer was added and the
mixture was stirred until the amylopectin dissolved, The
remaining 3,7 ml buffer was added, the pH adjusted to 8.7
with 10 per cent HCT and the solution made up to 13,8 ml
with dist?lled water. Acrylamide and bisacrylamide were
adda:  aad the solutton was degassed. SDS, Temed and
ammonium persulphate were added and the gel was poured.
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GEL STAINING SOLUTIONS

Stlver stain
Stain

0,8 g silver nitrate in 4 ml distilled water
1,89 m1 1 M ~odium hydroxide
1,4 ml concentrated ammonium hydroxide

The sodium hydroxide and ammonium hydroxide were mixed and
the silver nitrate solutton was added dropwise while
stirring, The mixture was diluted to 100 ml with
distilled water and used within 5 minutes.

Developer

0,025 g citric acid
0,25 mi concentrated formaldehyde
500 ml distilled water

The citric acid and formaldehyde were dissclved in the
water., This solution wae made up fresh bhefore use.

The gel was soaked in a few changes of 30 per cent
ethanol, left overnight in this solution, stained with the
silver solution for 15 wminutes and washed in distilied
water for § minutes with constant gentle agitation. The
silver stain was developed for 10 to 16 minutes by soaking
the gel in the developer until tha bands appeared. The
‘gel was washed 1in distillad water and placed in 50 per
cent methanol to stop stain development.

Pertodic Actd SohIFe statn
Schiff's reagent”

1g. hasic fueksin .
2 9 - sodium metabisulphite
2 concentrated HCI

0.2 g activated charcval
200 ml distilled water

The water was boiled and the basic fuchsin was added. The
mixture was cooled to 50°C and the metabisulphite was
addeds -The solution was gooled to room temperature, the
HCT was added and  the solutton was allowed o stand
overnight in the derk. The charcoal was added and the
solution was mixed and filtered. The soTution was stored
in the dark at 49C. The reagent was d. uted 1 in 20 in
distiiled water before use,

Periodic acid solutton

0.7 ? periodic acid
LY glacial acetic acid
86 m1 distilled water
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Matabisulphite solution

0,2 g sodtum metabisulphite
14 m1 glacial acetic acid
86 ml distilled water

The amyiopectin gel was fixed in 75 per cent alcohol for
30 minutes. The gel was stained by agitation in periodic
acid solution for 1 hour, shaken for a further hour in
metabisulphite solution with several changes and placed in
Schiffs reagent diluted 1 1in 20 for 30 seconds. After
staining the gel was placed in acetic
acid:ethanol:water::10:45:46 to remove the excess stain
and allowed to stand overnight to allow the colour to
develop.

PROTEIN DETERMINATION

Reagant

100. fig Coomassie Brilliant Blue G

50 m] 95 per cent ethanol

100 m1 85 par cent phosphoric acid

The" CooﬁésSié B1ue'was dissolved in ethanol and phosphoric
acid was added to the solution. The mixture was made up
to 250 ml with water and diluted 7 in 4 before use.
Sfaﬁﬂard; o |

0,50 mg per m1 serum albumin )

A - protein assay was performed by qipatting 5-50 ug protein
inte a final volume of 0,1 ml and adding 2.5 ml of
reagent. The solution was mixed and read after 2 amd
within 60 minutes at 595 mm against a reagent blank.
 FERLINGS TEST

- Reagent A

6,93 g Copper suiphate
1000 %I dggti11edpwatar.

The copper sulphate was dissolved in distilled water and
thg solution was made up to 1 Titre.

Reagent. B

204 sodium hydroxide
350 potassium sodium tartprate
100 m1 distilled water

The sodium hydroxide was dissolved in one third of the
water. The potassium sodium tartrate was added and the
soTution was made up to 100 ml.
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Phasphomolybdic acid

70 g ammonium heptamolybdate

10 g sodium tungstate

400 m1 10 per cent sodium hydroxide
400 m1 distilled water.

The ingredients were bolled in a beaker for 40 mins to
remove the ammpnia, The mixture was cooled, transfered to
a 1 titre vuolumetric flask and the volume was made up to
approximately 600 wmi. 250 ml of an 89 per cent solution
of orthophosphoric acid was added and the solution was
made up to 1 litre.

IODINE STAINING

10 mg starch

1,1 m1 ethanol

1 m1 distilled water

0.2 m1 10 per cent sodium hydroxide

The starch was moistened with ethanol and the water and
sodium hydroxide were added. The mixture was stirred
until the starch dissolved. The solution was diluted in
20 ml discilled water and 1 drop of 6 N hydrochloric acid
was added, OCne ml of a 0,2 per cent solution of fodine in
2 per cent potassium fodide was added. A tenfold dilution
of the starch fJodine mixture was read on a
spectrophotometer at wavelengths from 250 mp to 600 my.
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