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. '_ An. atteﬁupt has been made to punfy aud 1s-alate Ah starch endo-hydrolase enzymc produced by

- Szrep:acoccus sanguw, an orgamsm that may be 1mp11cated in dental canes.

."

’ In order m ’soiate ﬂm ﬂﬂzyme o by ﬁfﬁmb’ bmdmg. 3 chetmcaﬂy mod:ﬁed amYIOPemn was

-prepared, smnlar to the prepm*atlon of chromogemc substrate for the assay of a—amyiase, but ] -'

e _' __mthaut dye The amylopacun Was treated w1th 10 peruent ammomum sulphate at SS‘C for_': o B

Acrade anzyme extract was propared from concentrated culture medium and by pfegipitaﬁqn -
with 60 percent a:mnomum sulphate. The coﬁém&ate_a_ culture medium was added to the
modiﬁéd-amylbpééﬁn suﬁsfraté aﬁd thé. mlxture Was- incﬁbate' 'for 30 niinuteé at. 3?"0 and '
csnmfuged. The preclpltate was resuspended in 20 mM hepes buffer pI—I 6 5 w]:uch contamed.' |
0.02 M KCi to release the enzyme from the enzyme-»substrate c0mp1ex The suspenmon was
tested for enzyme actlvxty and the presence of protems
_ More than' 50 perr'ent of the yxeld of the eneyme was achzeved by th!S process, aﬂer three '
._ assays, ﬁ'om both crude enzyme extra::ts and enzyme serum samples A 5.2 fold punﬁcatxon
was obta.uzad from the extmctmn process of the crude enzyme extract and a protecnve enzyme - :
: ._actmty eﬁ'ect was notlced in the presuce of ammonium sulphate : |

The analytlcal methods selected for- the actmty assay were mamly used for the actmty o

-evaluatlan of o- amylases and carbohyd:ate hydrolysmg enzymes The result shQWed '_ .

carbohydrate mterfarence - | |
' The isolation miethiod proved sensitive and highly specific for the isolation of a starch

| fﬂctaboﬁzing.'enzyme produced from Streptococcus sanguis 1 MC 204, .



B -:-nmmng qlear bands

.y . . .

R ’I'he punﬁcatxon of the snzyme -’oy gel ﬁltxatmn aud 1ts charactenzatmn by sadmm dodecyl

L giycopmtgm SDSaPAGE was parfonned w:th muom and hepaxm in the presence of other

_pm:tems as matkers, and stamed mth the penodw ac:d— alman prestamzd s:lver meﬂmd. This

gave one transparent*band amf-a::d ihc phosphorylase b marker aad four other more slozwly

A

R '=-'-_su1phate~palyacrylanﬂde gel electrophoresls (SDSaPAGE) showed 'that ﬂus enzyme was i - '

L _/f;""“'-“x,.. '

L Fm:ther, the companson of scans af seveml protema and glycopmtems mth e soan af the Cel

- eIuted samplgofthe amylopecun extracted enzyme showed a mnulanty wuh theUV scan of B S

g | 'mucm and conﬂnned that the enzyme was a glycopmtem

.;1'.-\ .

g It may be ﬁlrﬂmr charactenzed by selectmg melhods that'iake mto account the: aavbohydrate o |

o content nf the protem and by elunmatmg the carhohydrate mterference in the assays
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L Figure 13 _ '.Elution proﬁfe of 2 ml amylopccnn extracted sampla mxed W1th
R Sodmm Bodecyl Sulphate befoi'e loadmg |
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S Fxgmre 15_. S Gel sli‘omng enzyme clearance actxvity on the top of the R
3 S .gel . _ : _ NS S

o Iﬂgure 16"' - Gel shﬁwmg protems bands stamed sﬂver sta:mng method. Gel
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7 pretreated with Sodium metabisulfie bzform?m staining .

. Figwe 17 Gol was 7.5% acrylamide gel stained as abfjve and loaded it -
~ .+ markers, saniple phenol-ether concemra / nm:mal sampie& and
o poiycﬂxylen ycol coucentrated ) .'.\. :

| Fxgurc 18 " ‘Gel was 7 5 % acxylannde gel contammg 0. 25% amylopecun,

* stained as above and loaded with markers, normal samplﬂs ’besxde SRR

sample phenol-ether concentrated Al and Bl

: ’ Figme 19':'-:_' Gel was 7.5 % acryladee gel stamed with Coomasme bine staxn

“and loaded with BSA as markers, 20ul of 0.1 mg/mi m—a.,.x_-,rlase from -

' -Bac:llus subtz!w and amylopectm extracfted enzyme



CHAPTER L

~ INTRODUCTION

LRy

. DENTAL CARIES

o Dental caues m the s:mplest berms is thc sluw destructnon of teeth resultmg from the foss of o

_ the hydroxyapaﬁte crystals w]mh results i m the rednced structural mtegnty of the teeth It . :: ) .

I

- is omof the oldest drsaases knoWnto manand is stxll thhomaremedy It affacts an_- )

xmportant part of the world popul.anon mespecuve of social class, Current understandmg IR

- suppor,t;s the theo:y that deﬁﬂal caries has a bacteria euology wtnch depends upon mteracuon - B

| .bsatween host defense systems\dlewry factors and time. Dental c:anes, which is selecnvc and "

ki

relatwely stow, requ:res tlm’e

dcfense system mh1b1ts the development of caries through the removal of bactena Thls has
_- ‘been supported hy obsetvmg the cffect of hyposa.llvauon on the mduct‘lon of. dental caries
'- (Wolonsky, 1988; Ha.rdle 1992; Ooslsmia ei al,,1992). Tn addition the dental anatomical

_'contﬂurs and arch form may favour the devalﬁpment of deutal caries in man, ©

Aithough iﬁierest in"the diagndﬁis aétiologj;i\ prévention, and treﬁtment of the dental' -éariés

has mcreased dramaucally over the past two deuadzs, the problems undellymg ﬁle dlsease'

process are not clearly understood. For example, the relanonshtp betwc;en root carxes and

" coronal_ _can_es needs to be st_udl_ed (Bﬂlmgs et_al., 1993).

Numerous stud1es unclertaken mto the d:fferent factom show clearly thc lngh complex;ty of

the problem of dental canes “The tlwexszty of spec:es of the oral mlcroﬂm-a combmed thh

for mductlon and progmsmn thmugh the enamel 'The host R




=

fhe multlfactnml aspects of dental d;seases has led to problems understandmg of the Qon;plex

. Prﬂm caﬂsmg thls dlsease For ‘this. rcastm the conn*ol of dental canes has not bcen

o

: successf:ﬂ

2o



o Marthalm-. 1990)

- 'A i SUGARS ™ FOOD AND DENTAL cmmo

R 1993)

-
P

B 11. A) DIETARY FACTORS

| Initlally researchers mvcstlgated carmgemo aod acxdogenm sngars wmch may he used as a__' o

L Research Wm"k in ﬂns area was focusod mainly 011 the rcﬂe of carbohydrates as a s&bst:ate.. L

- subsu'ate by the oral ﬂota. Most studzes md;osxe that suorose' hydrolysahlc starch ami ptlre o

':'fmono and polysaochar:dea are canogemc ‘and. acldogenm (Edgar, 1993 Imfe:ld, 1993 o

i

'_'»

' 'I‘he accumulated ewdence whlch shOWs a relanonshp bonﬁreen ﬂwtary sugar oonsumptlon and
j .

 caries in ammals seems unclear in human studxos In spite of the effer‘—‘;of ﬂuondos oncaries | . s

B mductxon, therc isa poor correlauon bz mﬁensugar mtake and dcntal oarxes in humans (Burt, :
| 1993) Nevertheless, sucrose has betn shown 5 play a more dommam role in the
| devolopment of smooth surface canes than in ﬁssures caries (Burt, 1993 Marthaler 1990) .
a 'Several studies snggest that the metabohsm of suorose by the Srreprooocc: leads to thel_. -I

o :S}'nﬂIBSIS of polysacchandes ‘These carbohydratcs morease the aﬂherence of these bactcna

o the smooth enamel surfaoe of thc tooth: nnd thereby mphcates them in deutal caries (Burt " _. -

| : 1993 Newbmn 1992b Rolla et a1., 1985)

_A.Z SUGARS SUBSTITUTES S o B

. Most Stlldles on the canogomc potennai of pu:e mong- and drsacchmdos mdxcate that the

-'ma]or food sugars, glucose, ﬁ'uciaose, and maltose are almost s;mxlar to sucrose (Edpar,. R

13



i'_;_g 63

‘&

l_\

(Vacea-Smlth and Bewen, 1995) o f/ i _ﬁ_& S

o ._stmmlanon of sahva ﬂow in the absence of s1gmﬁcant ac1d productlon an lead to the? | o

-ﬁ-\‘ o‘

Best aud Brown, 1987' Schele, 1989; Rogers et al 1991, Newbrun, 1992) _

| _Dietary factors, wmch play an unpoxta.ut role i11 the develnpment of the' microbxal populanon .

o .

[

o Lacmse however less carxogemc A smdy tm mﬂk shows that it reduces the adsorpnon 0f

B glmmmferm outo the t""“‘ m‘” ’35 é“ ﬂlﬁ BxPrestn of the adsorbed enzyme:, e

g
% I Sl g

o Smdxes on, suga: substltutes were undertaken © smdy theu: bactmostanc aspec,ts The o

ﬁon of cnamel (Marsh, 1993) on viie ha:ud where as the selecuve cffects can -
fice the composmon ofthn oral mim‘oﬂora on the other hand (G:enby and Saldanha, ST

55

B

' of thc oral cavny have been conmdered the seconct most nnportant agent in the mductmn of R .



.o

'L B) MICROBIAL FACTORS <~

" --Bl BENTAL PLAQUE | | .
_- Smce dental canes L wcll as dentai dxseéses have been shown 0 be a mulﬁfactonal etnology, o | |
several cluncal longltudmal studles have shown that dental plaquehas a clear relat:onsh:p thh o |

- dental canes and permdontal disease (Sanz 1988)
) COMPOS_ITIQN

Dental plaquu oonszists predonunanﬂy of bactena rather than food remnants (Sanz, - "

1988 Socransky et al., 1963) Baotma make up appwxnnaﬁmy 70 to 80% of the B “
plaque matenal m an extremﬂly complex amugement and prollferaung
m:cmérganmms along mﬂz & scattermg of eplthehal cails, leucocytes and. )
macrophages in adherent mterceI]ular matnx form the rest of dental plaque
Mgmorgamsms like mycnplasma, fung:, prntozoa and w{'uses may be found in dcntal :

plaque

* b) FORMA LION _ |
” On basis of the gmgwal margm, dental piaque is dlffemntlated into Supragmgival'._ _

(plaque_formmg abovg gmgwal)_ and subgmgwal plaques.-- In hgth.types, _tl_:e pellit_:lc. .

| constitut&s-thé‘ first 'layer df organic mai'ei:ials that adsorb on the tooth {pufacc _

The importam part of these ma( als are prov1ded by

- ' Salwa Tucin Whlch partlmpates in the formanon of the protectwe pelhcle = |

'covers tooth enamel and consxsts mamly of large glucoprotems (Slom:any et
o al 1993 1986 and 1987b; Sanz, 1988}

e _Polymers secreted by bacteria of the Mutans streptocor.cz group whlch are



BT 1988)

| .rcnzymatically ar*twe in the extracellular medlmn even when aggfég‘ated hy the ))
L 'sahva giucoprotems (Vacca-SmJth and Bowen, 1995, Sanng and. Buwen,
" | - - The synthes;s of polysact;handes from the actmty of thls enzyme on sucrose
| __ '__-_-'I'he polysacchmdes hava stlcky properﬁas and are thought to partake 111 the
B ':_-celi adherence on thc tooth surface (Coogan, 1“90 Knga et al,, 1986 Monsah
"et al,, 1986 Shaclunan et al., 1986 aml Wahnsky 1988). |

The further development of dental plaque de"ﬁnds on defarﬁnt factors such as bactena,
bacterxal pmducts mterhactenal matrix, host and dlet in whlch clectmstatlc farces and :

hydrophebxc mteractlons are assocxai:ed

B. z ’THE CARIOGENICI’I‘Y ﬂF A COML*IUNITY’

S!reptacoccus mutans and othar Sb‘epfococcal strams have been sirongiy 1mphcated as the

- main agents in the 1mttahon and mductmn of humas and ammal dental carxes

| The abihty of nucroorgamsms to grow and sumve in an acldlc envlronment, to fennent _; o

rhetar-y carbohydrates- and to lower the. pH, suggests they may- bc conmdered canngemc

g nuc:roorgamsms (Hamada and Slade, 1980* Hamada, 1986) However. ﬂlls assumptmn is no.

s

conuept of ’The canogeniclty 01‘ a commnmty’

Thzs theory suggests that the mteractmn of the oral mxcroﬂora may play an xmportant role m

dt'ntml uanes rather than the dmrect effect of any- smgle spernes or type: (Hardse, 1992' |

. \\__..‘
B . N

Wolmsky, 1988) ‘I‘he presence of. Lacrobacdh and Me ‘tans .s'treptococci speclﬁcally



- 'Strepzocaccus sabnnm whxch is strongly actduﬂc, togethor w,tth Strep:acoccm mu.tans m

o dentai Plaque aﬂd 011 the toeth of car.las prone Sub_]ects strongly supports tlns assumpnon _. __ o

"(Hangren et al,, 1992 Van Houte 1930 Almedyctal., 1993; Loeche, 1935‘ Bratthall, -

1991 Lmdqulst ef‘al 1991a) Nevertheless, &reptococmmutm and other Streprococcz: F .

_are oonmderod the most canogenm bactena

B. 3 UNDERSTAND]NG THE ROLE OF MIITANS smzwocaccr
A, CLASSIFICA’I‘ION S L

" Studios on thie Mutans ° srreprocacc: showed they were . an hetorogenous group of

. _:?_ir‘ )

- moroorgamsm In ordorto classify these orgamsms, serologxcal spomficnty of the ceIl wall S |

| carbohydrate ant:gens and DNA homology methods were used and revealed e1ght sorotypo '_

- strains and ﬂve groups in the Mutans streptoooccz Serotype ¢,e and f form .S‘treptocaccus_
murans strair and sorotypo dand g belong to Streptooaccus sobnnus strain (Saarela etal,

_ :1%3) Scrotype c contamS the most common strius found in’ dental plaque of man and 5_ -

Srreptococcm muram and Si‘repmoocws sobnnus are regulatly molatod from humans (Hardie, E S

| 1992) - L
.Restricéioﬁ ondonuoieaSe digestion aﬁd agaroSe gel oloofroohofosis- metﬁodo havé shown that
genetlc dwersnty emsts betWeen serotype as well as among isolated strams of the same”
N serotype (Saasela et al., 1993). The Mutans strep;‘acacc: can be divided in two subgroups
| based.on ortrace!luar polysaccharldes synthes:s However the alnhty to pmd'o.coa part:lw\ar ,' _
polysacchande i ot associated w1.h a specific serotype h
. Extracelluar glucosyltransferasens is assoclatod with the producnon of water soluhle glucans

and gluoosyltransferaso-I with msoluble glucans synthesis. Furthermoro an msolu‘hlo glucan, o

B



S

| . ” "‘w gmmccal cells (Coogan, 1990) has alsabeen observed B ‘ | ._ ':_ |

'f;' ;.

. 1) SALWA El\zxﬂsms B T

A,

by Fe removal mpemvely (Simmany 199%; Wohnsky, 1088; Sanz, 1988)
: '_-'I‘he passwe role ;s ﬁ:lﬁlled as bfuifer m. . )

» R neutrahzation of lacnc anti acetlc aclds produced by bactena and reductlon gf o

| e}eamel daxmnerahzanon (huffer system blcarbﬂnnte carbnnate)

the tormatmn of the pe]hclc protecnng tooth enamel and soft mncosa, . -

_ - and m the promotmn nf bacterial aggregatlon and clearance from the oral
- : cawty thmugh muws glacoprgfems and host protecnon through sahvary |

1988 Slomlany, 1993) |

. ij‘

L des:gnated amyloglucan, wh:ch may paruclpate in ﬂental plaque fo:manon and the adherencc ) - E

S Sa‘lwa is the mam host factor that aft‘ect canesammdmce 1 play an actwe and passnre sole - - -y
" in the host defence system The active m‘,{e is fulfilled by the ensymes Tike lysozyme,". o
' ..lactapemxxdase and lacmferrm wh:ch are mvalved in tho cell wall lysm of types n‘f gram ':_ -

T . posltwe bactena and thc m}nbmon of ,S&reptococcal glycolyuc enzymes and hactenal growm. L o

. :.ammunoglobulm (IgA) which acts a8 speciﬁc agglutmm {Wolmaky . 1988 | m | ._ -



2 S’I‘REP'I‘OCOCCALENZYMES o

- _.'--A)-CELL ASSOCIATED AND EXTRACELLUAR- ENZYMES PRODUCTION

- 'Smdle@ on tﬁe celbwails of the &reptaoaccx have. revealod that in addmon to mochamcal N o

" shape and protecnve ﬁmcuons, they also have nutntwe aud n'ansport funcuons (ChOckman o

. et al., 1986) Some of the poiymers that are secreted hecome part of the extracelluar modm

| whereas others may remam loosely or txghtly assoc:ated wmh the oell wall ‘itself. 'Ihese - o

polymcrs, whxch are composed. mamlv of oarbohy., . ns, protems glyoosylproteoglucan '
B 11pote1c]1mc acids aud some glycopephdes, have enzymo aotwl,ty and are thought |V ho |
involved in the oell adherence procosses ancl__loads_ to the hypothesis of dcntal plaque .
'- _fOrmaﬁoo. _(C_oog_ao; .19_96; Wolinsky, 1988; Kogé et al,, 198.6-;_Moris.aki}'¥t al, 1986 and |

Chockman et al., '19'86)'.

'B.4 ENZYME ACTIVITIES

~ A)INTRODUCTION

 Several studies on the role of enzymatic activity on initiating as well as inducing'.ﬁentol cories.'
show that glycolytic activity, enzymatic poljrsaoohal_fide hydrolyois and glucan synthesis are

the most Mplicoted in this process (Walker, 196__6; Coqgan,_ 1990; Boyer et al., 1991; .‘I'a_oaka_
el 1993). e - -
| Resedrch into sugar ond "starch-hydrolysis By-Mafans streﬁtbcacci has sﬁown that the activity N

| : .- of extemal cell associated enzymes and extracelluar enzymes on these carbohydrates leads o
- _.the synthesis of polysacchandea (Ciardi, 1976; Russell, 1979; Boyer 1971; Coogan, 1992

 and Mukassa, 1989).

19



B) SUCROSE and S‘I‘ARCZH METABOLISM

3 Itis Well estabhshed that thp action of glucosyltransferase (GTF EC 2 4 1 5) on suct os6 leads | | i

fo the ﬂmnaucn of msoluble glucan (Chassy, 1983) and the endo-hydrolase actmty of Ol ."

o amylase on the staroh leads to egcolytnc hydrolymng actmt:es {Coogan and Russell 1992

:sznkm 1988; De Cordts, 19933 Tharefare the expmssmn of glucasylh'ansfsrase, o

. transglucosylasa and glut:oss?lu-ansferase in mﬂerent studws on 1dant1ﬁcauon a.nd p“nﬁcanon .

o of these cnzyme(s) show that they were ressponsxble for the pmducnon of glucans For salce
. of clanty tha word glucosyltransferase wﬂl ‘be used for the enzymes wlnch synthcs:ze = -

: polysacchandes fmm sucrose whereas a-amylase wﬂl be used for the enzymes that hydfﬂlyse .

carbohydrates

1] Sucrose Matabbhsm '

Indeed, work by C[ﬂl’dl et al (1976) on Sb-epraaaccus ivtans G 715 has shown that the .

enzymes that produce watm‘ soluble and msaiuble glucaras can be stamed for pmt@g,u and
glucoProtmn respectwely “The enzyme, extract of the water msolubIe glucan gwes a Iarge. =
aumber of protein bands on 6% SDS-PAGB.- The results of this 'study'sugg_est that the

 ghicosyltransferases are glycoproteins and can occur in multimolecular forms (Ciardi et al.,

1976),

Russell (1979) in his work bn. identifying and purifying the enzyme 'respomible for the

productxon of mutans from Streptacoccus mittans stram Ingbntt, found that glycosyltransferase

o enzymes Wthh 1ynthesxze polymers from sucrose may:

- exist in mu_ltlform accordmg to their difference in c_hérg’e,- 'moleculéf siie_ or

‘antigenic structure,

np



B : - have a marked tendency to form hlgh molecular wezght aggregates wﬂh the '

resu]j; that most of the acuwty faﬂs ﬁo enter even. low eonoentrataon gels : |

B Alfhough the SDS-PAGB separatlon gave fom protems bands only the 200 kDa enzyme E P

assoclated haod was separated by gel ﬁ}.tratlon and assayed for enzy) ':

- of u-emylase actmty was not undertaken m ﬂns paper (Russe]l 19’?9)

.- Mukasea in 1989 has shm wﬂh the same stram of Strepzococm mutan.sf, thnt most
glucosy,ltransfemse (GTF) synﬂmsmng msoluble glucan was ceﬂ-assoclatad and probably may
conm"bute o their colomzatlon of the human tooth, surface The enzyme was extraCted mth
SDS and punﬁed by usmg a (I—B)oL—D glucan geI column Although the amount o*’ GTF~I

N actmty in cell assoclated and supematm:t fract:ons varied greatly, the total actmty however

| '_ remazned constant and thc molecular Walght of hoth surface and extraoelluar GTF-I 'were -_: :

' smular suggestmg that the enzymes are 1dentmal (Mukasea et aI 1989)

2) Starch Metabohsm )

o

- Boyer (1971), in his wq;k with Streptocacct..s' equmu.s' 109} nohoed that the extracelivar o -

. amylase (BC 3.2.1.1. ( and transglycosylaee had an hydroiysmg activity on amylose ,'I‘he
. \'\

transglycosylase may synthesxze large maltodextrms in the culture medmm ni”the presence of i -_ -

” maltose whereas a-amylase producee maltose, maltotnoso maltotetroose and glucose at the '_

eorly stage of amylose hydroaysns 'Ihe acnvzty assay was undertaken by measurmg the colour
- reduouon of both staroh blue value in 10 min at pH 7 and 37°C for tra;osglycosylase and

: _amylose blue value in the presenco of gluoose (Boyer and He.rtman, 1971)

”

'\actlwty The study _



R
T,

.--=synthet1c actmty resultmg m amylngl‘ic_an pmdumon when amylopectm wss present
o -(Coogan, 1990 and Coegan et sl 1992} 'Ihe cndonhydrolase from Streptocaccxw sangaw .

o culmre ﬁltratc was separated on SDS PAGE ccntmmng amylopectm and shown 1:0 havc a "

‘denvatxves showsd thst the s.myloglucan as Well ss the suluble glucan ongmsted from
| enzyme' actawty (Coogan, 1991 and Wo!msky 19%8) Laiaer studles suggested that the large o

B " hydrolase rcacuon nf o amylase (Cncgan et al 1994}

-il;

- because they fOI.l‘.l‘ld they had dlfﬁcnlty in obtammg a pure enzyme exti'act whlch was hlghly
: active The ﬁndmg that a polysacchsnde amyluglucan wh:ch is synthssmed by Mutam g

| Streptacacc: stlcks to glass surfaces, was seenasa means to elumdate metabohc path\Nays and |

- and soluble glucan a8 well as research mso the degradanon of starch and its denVauves Thls _
_ .mfonnauon was consldered valuablc in understandmg caries 1mtianon and the aclherence of 3
| | bactenal t:ells to the tooth surface (Manners, 1985 Coogan 1990, (;.‘oogan et al., 1991 1992-
~ and 1994) |
| Although some spemﬁmty has been detectcd m enzyme activity, - the mechamsm of

carbﬁhydrate hydrolysis on the ane hancl and the pathway ofamyioglucan synthesxs by Mutans

a3

o "I'he extracelluar prcmems fmmi Streptacacacs sangu:s 1 MC 284 and .S‘treptococsm m#&;ﬂﬂlc - “

. appeared at the reglon of‘iSG R:Da (Cnogan, 1990) I‘urthcr work by Coogan (1991) ona. -

- to gain an undemtam‘img of enzymanc: actlvxty ThlS 1ed to stmctural studies on amyloglucan o

o

- dor have 111511 glymsmm hydrolysmg acthty when mcubated with amylapectm mgh S
clsa:ance actw:lty at fhe regmn af 120 KDs Meanwhﬂe the glycssyltransferase acnwtles o

starch degradmg cnzyme. and strucmral stodies on the polymcr produced from starch and 1ts o
- polysacchande can be formad from the smaller oligesacchandes, prowded by the first endo— -

o Msiny Wurkci's were not succsssfiﬁ"in charactenzmgthese en'zy:nes and elucidaﬁng pathWays e
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'__-A- SEPARATION AND Pﬁnmmﬂorq 01«* EXTRACEILUAR ENZ‘YMES

o fStudxes undertaken‘en the puriﬁcatmn of wam;rlases frem other Streptacoccal strams nr on o

ey

i

¥ _' '.-_enzyme actmty mdlcates that the enzyme has a great afﬁnity for ity substrate (Huaru L1 .

" 1992 Barry, 1980; El Hassan, 1992) Mlzokam (1988) punﬁed mone step a-amylase from -

-"an exu‘aeelluar crude protem extract of Streptacoccus bav:s by usmg :ts afﬁmty for seluble |
: and raw starch (MJZokaml 1988)* Most of the chmmogemc eubstrate, used for carbohyﬂ.rate R

-metabohzmg enzyme punﬁcauonmethods or for quantltanve acnvny assay 1 of endo-hydrolase, -

) exploit the adsorption principle of the enzyme to the substrate (De Cordts, 1993 MCCIeary S

1980 Mlzokaml 1988 Rmderknecht. 1967‘ Ban'y 1980)

B Many substrate that were developed were prepared by chemcally mod:fymg the carbohydrate _

stmcthe befere treaiment witir'a dye This modlfit:at;on npen__s the macrostructure and

mcreases the salubzlity of the polysacchande

N . _A chemmally mod:ﬁed amylopecnn without dye can be prepared smn!ar to the. chromogemc X

' substrate for the assay of a—amylase, by treatmg amylopectm with ammemum sulphate, This

can be used for the 1solat10n of a starch metabeiizing enzyme produced from Smpz‘acaccus R

'sangms 1 MC 2@4 on a ehemleai deﬁned metha (Ianda and Kuramltsu 19'?6)

B- CHARAC'ITERIZA’I‘ION OF TI:IE ENZYME

The punﬁcd enzyme extrac’ts Were tested Tor the presence of protem and enzym., actw:ty ' |

In additmn the molecular wexght was determmate by gel filtratmn chromatogmphy and SD3S-

Polyaerylaxmde Gel Electmpheresxs

- Researeh on bactenal ae—amylases and on glycoprotems leads to anomalous behawour of these



' bxomolecules an SDS-PAGE mcﬁmds and that were encmmtered durmg the protem assay, 3 |

| B ‘EDS-PAGE was cxtended ﬁu'ther by nsmg meﬂ:wds for glycoprotem detﬁcﬁon

For example, Bac:llus subal:s a—amylase, whzch had a molecular WBlght of 48 kDa by

; 'ﬂkaocnmfugauan or gel elecirophoresm yxeldzd an apparem moIeculaJ: Wenght over 150 kDa . .

wnth SDS-PAGE This behamour was assocmted w1th the iesser capaclty of the enzyme w0

o bmd Dodecyl Sulphate (Muchen et al, 1973) Furtihermore the enzyme, produccd by

| Bacxl!us .s*ubtzhs NA—64 ‘has shown to contain. about 7 % glucosamme and about 2‘% neutral '

o :caxbnhydrate (Yamane et al 1973)

| -Because of its bahav:uur on polyacrylarmde gel electrnphoresm in the. preeence of dndecyl B
| sulphatc, Aspergzllus arysae a—amylase was chosen to study the ab:hty of dodecyl sulphate__ -
) to dcnature proteins (Ktibo and Takagl 1995). . | -

y A posﬂ:lve axplmmnon of t!:us behaviour was undertaken by Pszkemucs (1995) when he used ' .
| sodium dodecyl sulphate-polyacrylamde gel electrophoresls as preparatwe mcthod to Jmprove 3

- the punty m porcme gastnc mucin, -

Much research ShDWS anomalous behavmur of bactenal a- amylases and 1ycoprotems when .

punﬁcanon was undertaken or when molecular weight detennmatmn were performed usmg |

. Sodmm Dodecyl Sulphate PoiyAcrylam:de Gc} Electrophores:s Tius mdwated that the

behavmur was partly assoclated with the reduced capaclty of the enzyme to bind ot to resist
~ dodecyl sulpllatc attack (M:tchell etal,, 1973; Kubo et al., 1995) Othérs factors mc‘lude the

' large size of the molecule the propomon of snahc ac.xd resndues and. the hydrodynaml

R behavmur of the glycoprotem—SDS com,plex rPaszluewwz- Gadek et al 1995 Meller at al., S

T :25_. -



: .- : 1993 Strayet st al 1980 Segrest et ai 3971) The glyoosy]ate& protems charges and shape

| 2k mny also mtarfere with the fOrmahon of the dye complex and. y}eld the pnssxbla cxplanahon

o '.__'_;'_:of poor bindmg of Conmasme blue or others dye used m classm protem stmmng methods e "-' S

-'(M"H"r’ 1993 and 1995) AT E .

In addmon, work on glucosyltransferase ﬁ:om Streptocaccus mm‘an.s- has shown that the

“ enyyme is a glycuprotem. . The molecular we1ght of major protam ba.nds decreased mth an

L intcresse in. fhe gaI concentratmn of acrylamlde 'because carbahydrates n the mzyme
. :prcparahon are not tightly assomated or ccva:ienﬂy hnked to the protem (Cmrdx at al., 19’?6

- Paaur, 1972 Segrest et al, 1971) Although t]ns hypothems cannot explam fully alI the -

.,'o

_ anomalous behavxour encountered m. molecular walght determmauon hy SDS-PAGE it gwas _. e

1| o L-'

some explanatl,on of the multlple protem bands seen on SDS-PA,GE However the

L hydrodynauuc bcl'favmur of the glycopephda«SDS compiex could not be corre;ated w1th the '

'l

| _ amount of carbohydrate in the glycoPmtcm (Strayer ot al, 1980)

| '_c- THE AIM
The aim of this. study was | | |
1' Lt 1solate an’ amylopecnn hydrolysmg éﬁzymc, ﬁ-om a crude cxtract of
| 'extraceﬁhar proteins, by complemng the enzyme with 2 chcnucally mod1ﬁed o
__.amylopectm substrate. o | N R
2- .to punfy and to charactense tlns enzyme by gal ﬁltratmn B
' chromatography and sodlum dedecyi sulphate-polyacrylamde gel

.,', .
A

U elemu'ophoresls
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| MATERIALS AND METHODS
| »4' N _' A crude extracelluar protem exti'act ﬁ'om culturﬂ medla af . . '
: | N Streptocaccus ngms Typc 1 stram MC 204 was used as source of the =
N unknown protein. . _ | - _
- | A chezmcallymomﬁedmedmm (Janda, 1976) was usedasculture medmm wath._; ._ -
| a change in cascm content and v:tamm composmon (Casem hydrolysate _ . .. .
” : .contentwasrﬂducedto S%andwtamms Werereplacedby 0. 1% yeastextract)
- A pure grade comm amylopecnn was used fora chemwaily mod:ﬁed
_' amylopecnn preparatlon (Slgma) I
- Dye labelled amylopectm (Slgma) was used as chromogemc substrate for the
- assay of a-ramylase acnvity a—Amylase from Bacmus subtilis (Boehnnger)
- Puse bovme serum albmmn fract:onV and phosphurylase b from rabbit muscle |
- andblue dextran were used s protein markers for SDS-PAGE and gel .
S | _permeation chromatography T

' CHAPTERE

Purified gastric Mucm from porcine stomach (BDH) and heparm

soltion SQUO Umt!ml (Flow I.aboratones) were used as glycoprotems o

. standards _ _ _
. -UV~spet,trophot0meter Shlmadzu 160 was used for protem evaluatlon nt 280 |

o and protein scanmng_ he_tween 200 and- 3_-20 nim,

oo



oL s Sephadex G-zs, Sephadex G—?S and Ultrogel AcA 34 were nsed as separaong

CHEMCALLY I)EFINED MEDIUM

.' _. Salts and bases-

" matBnals for gel ﬁltrat:on chromatography

; 'and autoclaved at 115°C for 20 mifi,

3 g mnmonum:. sulph«te 015 L ademne, 005 g ferrous o
) '-'sulphate* 01 g -guanine; 0,05 g manganous sulphate

1 125g tnsodmm cm:ate, 300 g sodmm aeetate 005 E soduim I
o chlonde, 15 75 g dlsodmm hydrogen phosphate 10 25 g sodmm
.hydrogen phosphate 0 15 g uracﬂ 2, z g potassmm dﬂiydrogen )
o phosphate' 1,5 g dxpotassmm hydrozen phosphate, 15 0 g caéem

- hy(}rolysatc* 5g yeast extract were dissoxved in 5009 ml dnstllled watex

| Fmal medn.um In 1000 ml of salts é%:ud bases soluuon add 10 ml 50% gluoosot 1~m1 20%

- magnosmm sulphate; 0,25 g of cystcme I{f‘l and 228 of sodfum carbonaie,

| The glucose and the magnesmm sulphate were prepared scparotely and autoclaved at 115’(:

forZOmm

s

The cystome I-IC: and sodlum carbonate were fresh prepared respecnvely ‘ocfore ﬁse and

mixed under stenle condmons They were dlssolved in small quant:ty of dlsnlled v?ater and

stenlmed by passmg through a ﬁlter membrane with a pore szze of 8,2 mxcron

‘Note: The modified chenmical defined medivm is similar to the ehemical defined medinm of |

v

R



Janda and I(aramuau (19‘76) however the v1tam1n solutxon is replaced hy yeast extract (0.1 %)
and the casem content is reduced to 3 gll

PREPARATION OF MODIFIED AMYLOPECT]N | o
. Amjrlopecun is one of the mam components of starch Amylose and amylopectm ) ex:st m L
- Sfafch gramﬂcs. Research uxtde.rtaken mto amylose and amylopectm about their strucmres

. remain complex and has made the smdy thepmpertxes of the starch dﬂﬁcult L1 splte of ﬂns, }\I
amylose has been shown to Be & long unbranched chain of (1~4)a~d—g1ucopyranose uuirk oA
| wluch is rap:dly and extenmvely degmded by botit - asid - an:"'lase | SN
) The ﬁne structm‘c of amylose has bsen shown to be hehcal struomrc ’Wlth each turn contammg _
: ._ | six glucose umts The hchcal strucuu'e aTe characterlsed by ahydrogen bond between the C-»2 L
| '. hydroxyl groups of one o-D- glucopyranosyl unit and the. hydroxyl at C-; of the followmg .
- sugar umt into a lmcar amylose structure (Hanes 193'? Sarko an.d Marchessault 1967 and |
] | Coogan, 1990) | - |
fén -tlie other hand 'amylopectin has been shown to be a highly branohéo-carbcihydtate -
| | | molecule which oontmns chains of about 27 glucose units each termmated by a non—reducmg - |
glucose unit. The mvestxgaﬁon of overall molecnlar structure of amylopectm proposes several .
models 'Ihc results of pamal debranchmg of amylopecnn W1th pullulanase suggest fhata
Cluster model was a more accurate representatlon of the macromolecule (Prench 1973 and' |

-1984 Maners, 1985a and Coogan, 1990)

.Refernng to the Clustcr model of the amylopectm macromoleclﬂe {Malmers, 198“), _

o  chemically mochﬁed amonpectm could havc a shghtly 0pened branch structure, The opaned' '



e

o structure may prowde both the bmding sites of the enzymc on the substrate and allow a

| . number of enzymes to act at the same time
A proposcd stmcture may be as bclow {th 1) N |
'_ 'I'he prepara.twn of chenucally modxfied amyloyectin was nbtmned by treatmg the cmde

o

h \amylepecﬁn with 10% ammomum sulphate, 5% Trw base at 55 c and wasl-nng sevaral tlmes - N

=3

. with dtstxlled watcr and alcohol before drymg

FgT

- Fxgﬂxe 1 Structures of nonnal (Cluster model} and modified amylopectm The modified
", .+ amylopéetin shows a structure. opening between the chains after a chetmcal '
., treatment of the nonnal a.mylopecun '
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'. "'Protoml.
I-Welgh 15 g of amylupecnn and suspend :t in 100 ml of dlstﬂled water
2-St!f at SD‘C for 45 mmutes | _ | | | |
3 Cool and sIowly add 10% alﬁmomum sulphate and stxr to complete dlSSDIt!thI‘I
_ 4~Add 5% of sohd 'I'ns to brmg pH to 9 and stir for 30 more m:nutes _3 -
" _IIS-Centnfuge at 3000 8 for 10 mmutes and d;scard the eupematant. |
| h &Wash the pellet thce wrth 100 ml Of a nnxture of water-ethanoi( 1 3} ) to prec:p:tate
- partially gelaumzed amylopectm R ’ | |

| . 7-'Wash 1t agam WIth 96% ethano] and dry it m vacuum des:ocator
Note: - A small portzon of alcohol in the amviopecun suspensmn lea:}s to the gel at_'- '

| __;55 C even if ammonium | sulphate is omltted |

" Ifthe temperature 1s not mamtmned at SO—SS‘C the gelatlmzatmn process of
. amylopecnn starts immedxately at the temperature over SS‘C w1th ammonium

_ sulphate ' | | | ' | ]1

'~ ‘The drying temperature can gelatinize the modified ar_h;ﬁloliectin if over 36(:

- 3 NOCULATION AND INCUBATION
a) Inoculum preparatmn |
A blood agar pIate was inoculated with a pure culture and mcubated for 24 hours at 37°C. _' |

under CO2 The colomes were harvested from the plate and placed m 2 ml sterxle PBS (pH

7.2). One percent' qf this suspensmn_ wa_s used to mocnlate_ the _culmre broths.

3



o b) Culturmg

" Two hundred ml of final medmm was pmxred o a 500 ml hotﬂe momllated wnh' o

) .&reptocaccz and placed mto candie jar for mcubatxon under CO2 The m:lmre was mcubated o :

. nder CO, for 24 hours at 3‘? °C and aerobxcally for ﬁxrthcr 48 hours. After the mcubatlon .

N cnltures were shaken wgorously, pom'ed into 250 ml centnfuge tube and centrifuged at 12000 S

- -g fm- 30 mmutes SupEmatants werc collected placed 111 a ﬁlalysxs tube and concentrated .

E _agamst polyethylene—glycol (60 % volume concenttatmn) A small ahquot of this com;entmted |

| cultured medmm was retamed for analysxs. Half of the concen\:zated medlum was stored at '.
'4*'(3 for enzyme 1solatlon The remainder was prec1p1tatecl w1th 60% ammonjum sulphate and

. - cenmfuged at 14000 g for 30 nunutes The pellet was resuspended in 'I‘rls~HCl buffer and __

: stomd at 4-°C fur enzyme lsolatmn
4) ENZYME ISOLATION

T a) ISOLATIGN

1 Acrude enzyme extract was addcdto 1% modxﬁcd amylopectin thsmtxture e

_ Was mct_lbatcd for 30 minutes ai 37°C and centrifaged at-3000 g fox_' 10 .

- minutes.

2- - '. .The sﬂpematant was removed and used for the next extractmn step The pell&t -

was resuspended in hepcs buffer pH 6 contammg 0 02 M KCl A0 2% §DS

- Tns-HCi buffer 0 release the enzyme by denatmmg

- The amvlnpectm was removed by cenmﬁxganon and the supematant was

- 'concentrated agmnst polyethylene«glycol prec:pltated Wlﬂl 60% ammomum '

sulphate, desalted and t:stac__i for enzyme acnvxty a1_1d the -pr_e_senoe of protem. B
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_-__-_There may be an mtcractmn between SDS and modxﬁed amylopectm bEcause the mm .

L _substraﬁe complex remmnsd in suspensmn and reduced the possihﬂ:ty of separanon hy

o -_cenmﬁlgauon The enzyms extracnon coatmued as be!ow (See page 35)



| MODIFIED AMYLOPECTIN

) DULT{ ﬁEBIﬁM].f fr3_ _  cﬁupEprbTé1N :1¢f
S U EXTRACT

~

. TINCUBATION WITH . -
© - AMYLOPEGTIN FOR 185 min.

S _.*._.'ll4
i _ AR

" CENTRIFUGE
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O | ammon
1 sulph
| 80% .
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.|+ salts
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conen |  Hepes bur

| conicentr.|

. SAWPLES A1/ B1  SAMPLE B2 SAMPLE A2 -
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- b) PROTE]N PRESENCE ANn ENZYME ASSAY a B

R «'_- Protam was detemunmg by Lowry ancl UV-u.travmlet methods,

| e e .
""“H—-‘ v -
T, S

. ; Th:ee analytml methods were . selected for the evaluatwn of the erl.Z}'mei -

actmty of the smn;ples ' Iodme: sbmnmg substrate Uornple,x and methods L

measunng thc reducmg cnd sugar of Somogoyl and Bermfeld (Street 1989} 3 N o

1- Measurement of amylase activity by starchJadme complex method
A) Substrate soiuﬁon (1%) |
) Welght 2. 5 g amylopccnn |
AddSm]ofemanolandsur e |
Add 8 ml of 10% NaOH and étand for 30 nnnutes
© AJd20ml of distlled water
.;:‘.:Addﬁ'TSgofCaClzandsnrforlhour | | |
» Stand for 10 mmutes and stir and add huffer gradually unt11 a complete
- dlSsolutlon qf the amylopcctm : | |
| AdJuSt the pH with HCl andabnng the volume to 250 ml.
) - Autoclave and keep it at 37‘(:
B) Iodme solutwn stock _. | _ N |
| _Welght 2 g KI and dissolve in 100 ml of d.lstlﬂed wate.r, |
add09 goflodine Y
E Stir at the room températuxe tilt complcte dissolutlon and add H2804 S mM ta. o |

- 'make up- to 1 11tre Keep the solutlon in a dark bott}e -
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C) Hydt‘olysmg enzyme assay .
" Propare numbsred test tubes -' o o
| Put 1 m] of amylopcctm substrate mto each tube, __ - o
add 50 mxcmlitre cnzyme Sollltl()'ll to each tube sequcntlally and vortex o ) E

R 'hacubate these tubes at 3’1 °C overmght

: 'Ihsreafter prepare new- numberad test tubes, | :-  ; j o
o .'._;?il’ \}?dme solution stock ( 20 fold) | _. o | -
fvouf“: fal of tlus dﬂuted Iomne solut:hn in cach tube a:nd adcl 0.1 ml of rhe L <
dlgest samPle to each tubes and vortcx | |

- Wait for 15 1mnutes and read the absorbency at 650 mn.
L

- The activity of the _enzyrhe_ @vas._-céi;:u]ahéd from the formulas -

‘Units of amylase= n (Do?D_S)ID& .

(Y

"~ 'Where Do:- Absorbcncy of the substrate-lndme cumplex in the- absence of the enzyme ;» '. :

]’f

Ds: Absorhency of t_he digest sam‘ple B

.m . dilution factor of the enzyme.

| - Note: For a rap!d enzyme assay the mcubation tlme was reduced to 15 mmuu-.s and the assay
was camed as below: N o | |
: Aftcr 15 minutes incubation of the d:gest sam;ﬂa remove - 100 pl of the digested
- _ mlxtm-e and add it to the Iodme solutwn and yortex. Wa.\t for 15- nunutes and read _

g tha absorbency at 534 nim, -
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| If the enzyme jp'ﬁcentratxon was low, 250 |.|1 of enzyme soluuon was used fur the dxgesuon. _;:_.. .
Rt 'Volumeactmty - 1G4, - A)lA,,_,*K*l/t*v*n M
| '._Whé-;ré A., : Absorbency of the substrate-Iodme complex in the
o ‘ : o abscncc of the enzymc L '
| -' A Absorbency of the d1gest sample B -. |
L :'t - -mcubatwn tlme of the d1gest ‘mixture .: - , 'I
v - total dlgekt volume -
n.___"'_dﬂuuonfactorofﬂleenzymm _
K= m aubstrathW glucose * 0. 1 m] dlgest usedfv

| = 6.3_16 pmpl_e_ :

' 2- NELSON SOMOGOYI METHOD (Sireet 1989)
. Copper rcagents _

-r.eagent A. . '5 g anhydrous sodmm carbonate, 5 g sodmm potassmm taxtate 4g sodnnn' -
: -bxcarbonate and. 40 g anhydrous sodzum Slllphate dissolved in 200 ml dlstﬂled |

'water : o R .

t:a’ge.nt B ) .dzssolve 6 g cupnc "’ulphate pentahydrate m 40 ml of acldulated water (one _

o drop HQSO,‘) . : : . |

i-cagei_it_ c ) | chssolve 5 g ammumurr mlybdate in 90 mi dmulled water to whlch 4 ml of

| suiphunc acid was added, dlSSO]VE 0.6 g of sodlum arseuate heptahydrate'

| separately in 5 mi of water‘ This was added slowly to-the above solutlon mth

* constant stlmng The whole was made up to 100 ml and warmed carefully for

30 mmutes m f water bath at 55°C



. ReagentD:  mix 1 ml reagent B with 25 ml of reagent A,

Assay procedure s

.To 0. 2’5 ml of tha subsl:rahe add 0 25 ml of the enzyme solutmn and mcubate for 10 mmutcs ..

-

oat 3’?"(3 Add D 5 ml of s\ frexh magcnt D boil it for 10 mmutes and oca]! S cold mnmng S

- water. Add 1 m! of reagent C and shake untﬁ CQz is no longer evolved. W:ut 10 mmutes -

. and add 3 ml of waterﬂ Rﬂad thc absarbency at 520 nm

: Ab]ankwas madeupbyusmgﬁzsnﬂofthesuhstrateandﬁZSmlofwater Rcada,gmnst -

a standard curve fm‘ cnl.'bratmn. -
Units of amylase (U) = micromols of maltose/t0 min.
3.1 BERNFELD METHOD (Street, 08 i
'Measure of sugar hbera.*c;. .mrmg the. amylopectin hydrslysxs B
o amylopectm +1 Hzo = (11 + 1)~ X) fragment + X maltose
| 1) Buffer substrate solutmn (1% amyIOpechn solutmn) : _
To 1 g amylopectin add 2 ml ethanol 4 m1 10% NaOH and stand for 30 mm Add

: 20 ml of buffer and stir tn complete dissolut:on, adjust the pH at 72 with HCI 10%

and bring the volume to IOP ml This solution must be prepared fresh or prepared sod "

autoclaved and kept at 37°C,

2) Standard solution ( 7 pmure maltose/ m])

Weight 63, 06 mg of maltose and chsso}ve in 25 ml’ thshlled water and filter it Wlth 02

_ pm ﬁl__ter..

W . e : L VT
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3) Cofour rcagent - | | | __
nght 1g3,3- dmhosahcyhc ac1d, 30 g sndmm potasmmm tartrate and d:ssolve m
mu ml 1M NaOH solutmn | | | e |

-.w'

- 'Enzyma assay | | L
g _Put 0, zs il subsurate e in each tube and mcubated at 37°C for 3 mmutes

Add O 25 ml 01‘ erlzyme (smally) and mcubate for 15 rmnutes

&dd 0,5 ml of colaur reagent to aIl wst tubes and m:x

. absorbency at 540 mn against blank

o Unit of enzyme acuvxty =1 pmole maltaselmm at 25°C

& ENZYME AaSAY wm; CEROMOGENI(‘ SUBSTRA’I‘E (Wahlefeld, 1939)
_ Assav procadure

A- Make up i lltre of phosPhate huffer 0.02 M pI-I 7.0 ..
| "solutmn A 3. 58 g Na,HPO, 12 H,0 in 500 ml of water -
'. _ 'solutlon B‘ 138 g NaHzPO4 HQO i 560 ml of wate_r
_ rmx 39 m! of A with 61 ml of B and add 20 mg of l‘sTa*{'«l’3 and 0,292 g of NaCl,

B- Pmparc freSh 1% of amylopectm dye labelled thh buffer solutmn,

C-  Prpare L2 M sodmm hydroxlde o
D; N stsolve 1 mg of purc o~ amylase in 10 ml of buffer (solution A), dllute 1 100 Wlth
the same buffer before use
- Act= 1 pg/ml = 18 U/ml. -

0

Place | 1t in the boﬂing water vath for 5 mit; moxe, cool and add 5 ml dlstilled water. Read the "



ﬁctwity aesay

Plpetto 2 ml \t‘Jf bufforeii substrate {in tnphcate) mto test. tube, add 0} ml of samplo or ._ o

standard enzyme mto two tubes and 0 1 ml of d!shlled water to tho last tube
sz and mcubato for 10 nnnutes at 37°C and add 0 :‘i ml of NaOI-I.
n | Scan between 620 570 mn ancl take the manmum readmg (ABQ at 595 nm)

. Act (ABS samp!e{ABS standarﬂ)* 18 Ulml

_-’I'otal caxbohydra*e detemunatmn (Du‘t?( s, 1956)

e -Qua,htamre detenmnation of RNA (oromol method) and DNA mnphenylﬁMe method)_ .

 (Robyt, 1984)

5 CHROMATOGRAPHY

Beceause of their complementanty Gel filtration and Sodium Dodecyl Sulphate—Polyacrylannde -

- Gel Electrophoresls were selected in this stady.
a) GEL FIT..’I‘RA’I‘ION
' 'Gel filtratlon is. placed at the top of the techniques - used in the punﬁcanon of

blomolecules becauso 1t 1irotocts blological and onzymatw activities of protems

The d1scovery of new gei beads makes the ‘method acoeptable for protein separation'

and for molecular welght deternnnatlon of a large range of molecular snzes (Scopes, '

'1988 Wol, 1969).

-Gel filtration chromatography columns were performed with Sephadex G-25 (1 1%x30m)
and Sephadex G-75 (1.1 x 70 ml) according to the ‘method desonhed by Stenesh (Ste_nesh, |
1984), and Ultrogel AcA 34 (1.1 x 30 ml), Samples was eluted with 0.05 M Tris-HCI buffer

41
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o cantaming 0,15 M KCI in the cold room. :

| Thfb absorbency of i‘ractlon was rcad at 280 nm. in UV«Spectmphotomete:. o

. s Y [P i R
I .. o . : -
7 .

y ,;"’"

Je T
pH‘?ScontammgOiSMKﬂ.

o 'Before column pachng, the Sephadex G—’TS (G-ZS) was suspeﬂded in 0, ns M Trxs—HC} buffer_-._ -

N p{ 7. 5 was degassed usmg water aspxratur far cme hour An othe.r r-olumn was pﬂckﬁd w1th L
temperature for two hunrs. The ﬁl!mg of the column was undertakezn thmugh plagtm tubmg : :

"_;ofﬂxe mbe was uaderﬂhe buffer surface dm-mg the procéss 1 avmd ﬁ'ﬂPng air b“bbies Th". )
_packcd colu:mn was c.quﬂibrated for 24 hours by elunng wuh MHCI buffef pI-I 7- L

A feedmg tank- was used for the addmon af buffer. : The pnsmon of thzs tank was not
"mocﬁﬁed becausc a change m tha hydxostanc pressm*e may affect the. column . E e

: Samples of 1. 5 ml of the elute were cullecmd automatmally usmg a fraction coliector at 4"C

. Scphaci'ex G—”ZS whicﬂl was washad Wlth repel sﬂane first The repel si}aue was used. under_‘_ o
o -'a hooﬂ *the gel was slurred w:th (1,05 M Tns—HCI buffer and degassed at the room

" A third ofthe colurin was flled with uffe contaimng 0.15M Kel and the gel was delivered

s contmuous}y into the r-olumn and the e‘:cess was ehzmnated b:.r overﬂow. The delivery head o

- Protems markers and b!ue dextran soluucm were mixﬂd with equal volume buffer ‘I‘he cmde - o
- snzyme cxtract Was not rmxed w:th thc buffer besause of there bemg a hlgh aoncentratlon of .. -

- salts in the cnncentratad culturc nwdmm and the ammamum suiphaw prm,ip;tated samples. -

T W p



B b) __ ';'

ELECTROPHORESIS! SDS-PAGE! . | “
Many researchers cunmder SDS PAG;E 2. sn m:lpoxtant snd powerful teol fer I:ugh~_ .

resoluuon protem separauon method It facilntates the study of cemplex mlxtures of - ':_"

| . - pretems as well as mter~ and intra~ spec.lf' ¢ protems homologres, phymoioglcal roles - |

and pcst-n'anslauonal modlﬁcauons of polypeptxdes and glycosylated protems (Prussak

| _'et al 1989‘ Aﬂore et al.; 1984 Sandn et al 1993 and Paszkelwms et aI 1995) ._

Recent mlpmvement in the gel stalmng method aiso optlmmes the detect:on of o

e protems as: well as pmteoglucans and glycoanunoglucan usmg Coomassm blue (Mssller _ :

o et al., 1993 ancl 1995; Femandez—Patron et a] 1995). Thns last 1mprovement makes_'_: o

o SDS-PAGE highly sensitive a“d sletive.

| - ' SDS—Polyacrylamde Gei Elechnphoresxs was performed accordmg te Laenmah
| ~ one dunenslonal ﬁ‘DSnPAGE method ('Laemmh, 1970), o )
- T The modlfied Russell method (Russell, 19’76 and 1979) and gradlent gel of 5- - T-
| L 25 method-(Garﬁn, 1990) for-proﬂems,..enzyme hydrolysmg _scuwty and |
| .protem moleculax welght determmanou was aiso used. EI

The mod:fied Gel e}ectrophoresxs method to detect enzymes that modnfy amylopecnn (Russeli N

':_'19?6 and 1979) used the methed of Laemmh svith the Incorporauon of 0 5% arnylopecun o

_ the ge}s Gfadlent gel ef Sto 25% was performe:i in a platc gel apparatus and the SEparatmg- |

| gel hes a total volume of 25 ml.

&



. Experimental information

: Solutmn stockof o o f' SRR : B . . )‘; ”

.

_' 'aud 1 6 g bwacryla:mde m 100 m] dxsﬂl!ed water

R Acrylamde aad stacrylmmde were prepared by dlssolvmg 60 g Acrylatmdc ..

' EY

__1 5 M T:ns~HCi buffer was preparad by dlssolvmg 45 g Tns in 200 ml and pH S -

o __.88wasad3usted with. 2MHCisolutmn. -

) 10% Sodium Dodecyl Sulphate (10 gin 100 il dastﬂled walor),

10% ammomum persulphate was p:epamd frcshiy befcme the gel preparanon ;

| '.A- Preparation ofthe gels

'1) SDS-PAGE contammg amylop.,ctm o T L -

-

g Welght 125 mg mylopectm in 2 Buckner ﬂask, add 10 ml dlstllled water and

- boﬂ 1t wlule stm‘xng w1th a magnenc stirrer unt11 complete dxssolutlon. |
| Aﬁter coolmg, add 3 mi of Acryla:mdt: and Blsacry}amldc sulutlon, 9 ml Tns«
B -HCl pH 8.8 and 2.5 ml dlstxlled wates, e

'Degas and then add 250 pl 10% SIDS‘ 10 l.ll Temed and 100 [.ll 16%

S ammorniym persu!phate

' Pnur the rmxture hetwcen the glass plates prepared accordmg to Laemmh

- | (1970) and overlay it Wlth water (O 5 cm)

Allow the gel to polymsnse and dram off the water.

o

'Pour 4 ml Stackmg gel soluuon prepamd by mixmg 4 ml SDS stacking.

R . soluuon (Laemmh, 1970) with 20 p.l IO% ammomum persu]phate

. "{llk'

_Insert the sample comb, over, Ay v.uth water and allow the gcl to polymense, o

 'The ch was pmpared one day before use and kept in the cold room, -



: 2) SDS-PAGE gradlent gel ) |
o Two mlxtures were made up for separanng gel preparatmn | T
. ’L;ght“ mxuue(ﬁ% 'I‘) _' mix. 0 97 ml Acrylamatde—Bisacrylamlde solutmn, 4 5 ml Tns- |

'1' » I-ﬂ;[ buffer, 5 i 0 25% amqupectm solution and 3 ml dlstllled o

SN -.___waten -

':“EHeaVS'" mlxhll’e(ﬁﬁ%T) mix 4 87 ml AcrylamsdenBlsacrylannde salutldn 4«’3\1311 Tns-«. L

- oo e HC] buffer, 3 ml 025% amylopecun solutmn

| Degas these nuxtures, plpette the "heavy" mixmxe into the rear r.hamber and the "hght" mto o

o the front chamber of the gmdlent mtxmg "555‘31 Unde.r contmuous snmng, add 120 pl 10%

_ Sodmrn Dodecyl Sulphate. 10. p!\\rerned in hoth chambers and 100 pl 10% ammomum__ L
| persulphate in the front c:hamber and 50 pl 10% ammomum parsulphate into the rear chambar ¥
E Opsn the hnk between the two chamhets and ]et the nnxmne ﬂows grawtat:onally betWeen'- :

o the ge] plates. After 2 mmutes wsﬁ Fy the gel with 0,5 ml watea: and allow it to polymense. B

K the ge! was mada up w1tl10ut 'a'mylopegﬁn, the pmpgmon of amyl opectm Was repl accd by' o

o wate_r n tha two ml_xtures.- | The-stackm-g geli is made up accordmg-m Laemmli (I-Q?G_)-.

- Nomsdl smagles

Preparatwn af ihe sanwles.

In an effort to mlpm‘-e. Jie analysns with SDS-PAGE notmal samples were prepared usmg o "

genera]l of am-eptad methods as well as conccntratcd samples usmg TnChlaroacctlc, phenol— .

'ether and polyethylenc-glyccl - e (}

o
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| . 'Protmns markers were prepared by mrxmg 5 p1 of each of the protem solunon w:th 30 ul of | _' - h
- . the saniple buffer The remmmug protems samples of 25 and 30 |.!1 were m1xed w1th 25 and S
20 pl of the samlale buffer respechvcly : N '_ | S |
B Sample for detectmg GTF actmty w{h-e moubaled at 45"(3 watex' bath for 2 hours beforo the | _ L
_ ioadmg of the gel. Othor proto:n samples were heated to 95 IOO’C for 5 mmutes and cooled _

. __"to room tomperature before Ioading

. Concentrated samples

'_ 1- 'I'he TnChloroacetxc concentrate samples Were prepared as bclow

1 m] samp!e are proclpltated Wlth 10% TCA inal5 mi mlcrofugo tubo, oentrifuged

at 5000 g and the supematant wos: dlscarded The pellet was dzssolved mto 25 pl :

samplo buffer, neutrojmed 01 M NaOH heated 2 95 - 1oo°c for 5 n'unutes and

| cooled to f00m iaemperature before loatﬂng

ok,
‘\\Qt _

2- The phe.nol ether concentratlon was perfomled by followmg the procedurc below“ |

-

| zmx 0. 5 ml water-saturate phenol wnth 1 nﬂ protem sample, vortex fo;r 20 :-
__ second at maxlmum speed oentnfuge at 12000 g for 5 nuoa‘tes and discard thc _
N .upper phase L | | |
_a.dd 1 mil ether to the phenol phase, vortex and centnfuge as above, |
' dlscard the upper phase aod repeat thls step,

dry the lower aqueous phase by centnfugatlon under reduced pressure

The dned samples were dxssolved in 30 ul smnple buffer, heated at 95 100° C for 5 mmutes

and cooled to room temperaturo beforo loading (Sauvé 1995)

%6 |



L 3 Tha polyethy!ene—giycol concentrated sampie were plased ina dlﬂlYSlS tube and

o conoentrated agamst polyethylenc—giycoi S .

.C- Electrophoresis

. _ ElectrOphoresm was (:amer.l uut at ronrm tcmperamre at 150 volt (+)'~ 20 mA) for 4 hom's

_'TD detect anyﬂla modlfyjng m}’lﬂpﬁﬂhﬂ, ﬂ'lﬂ geIs WBI‘E Washe d extenswely b}' Shak‘lng m. - o

. 0. 05 M Tns—Hel pH 7 5 and thcn mcubated for 1 day at 3‘7‘0 in 0 05 M phosphate buffer pH o
. -6 \5 contalmng 0 5% amyiopecw 2 5% sucmse, 1% Tnton X—IOG 0 01% Dextran TlO and iR

) 1% Nystatm to preVent the growth of mcroorgamsms. |

' D- Stmmng pmceﬂm‘es ) o o |
" Immechately after electrophorems, thc geis were fixcd m 75% ethanol (w'v) for 30 o
_. minutes or immerse for 2 hour in Coo&“asme bnlhant blue G»ZSO solutlon, and" .

) _transferred_to. -destain;llg solut:on. B - | .

1) The ﬁxed gel was stained with Periodic aci&-séﬁiff stain as describé-d selow;
- inmerse the gel for 1 hour in O, '?% periodlc amd 5% acctlc acld SOlllthI'l,
- replace this solution by O; 2% soc..mm metabisulfite, 5% acetlc acld solution and |
' ghake for 1 hour (scvcral changcs) | | - |
- place the gel in 5% dllutc solution of Schnff rcagent for 30 seconde’ and stop
| R thmreacnon W1th 0. 5% sodlum metablsulﬁte solunnn-_consistmg of a mxxture,'

of acetlc acxd ethanol; water (10; 45 45) o | |

The gel stamed pmk and clear zones mchcatad enzyme hydrolysmg actmty

4’?_. '



| 2) For sﬂver stammg, tho fixed gel was OXIdlzcd with penodlc acxd and sodlum
: metabmulpluto as above and | | ' B
o - wash tmce in dlstll]ed water - | | o
| T '. - transfer to AgNO, (1 gll), 1,5 ml 37% I—ICOH!ht:o solutlon for 30 mmutes
B _*_.. ' _.-_develop vnth NaQCO, (30 g[l), 1 5 ml 37% HCOH/h‘.:re, Nagsz(),,s Hzo (2
. B mgll) solutmn f”r '? 5 minutes
" - * | -'stop the wact'on wﬁh 10% acotxc acid in wator, . ‘
¥ glycoprotems ate prcsent, the mtense protem bands appear in 2 mrutes When
alc:an blue is used the gel was prestaxned with 0.125% alcian blue, 10%‘u:hanol 5% |
_' acetlc aczd in water for 15 mmutes and washed three hmes with water bﬁfore szlver |

__ .staxmng

- c)'@OSE:GBL o o
- ~Agarose gol'Wabi u’s‘éd for determination of RNA confa;lﬁnation.' .
-The agasose gel was prepared as follows | | R
% Dissolve 03 g agarose in eloctrophorcms buifer to 2  total volume of 30 ml.
Meit 1t in the microwave for about 3 minutes and ensure that 1t is complete]y.
_ '.melted Check that the volume is stﬂl 30 mi .and add hot wator if necessary.
~ Add oth:dmm brormde to a final concentratlon of 0.5 pg/m. N |
ok | Allow the agarose to reach 55°C before pourmg it onto the gel platform
*#  Seal the gel platfonn at both cnds, pour in the agaross and insert the: comb- k

- ensunng that there are no air bubbles

L3 After the _g'el has se_t remove the tape and withdraw tb_e comb, taking care not

48



o . to tea: the sample w;alla

_ *. : -_piace the gel castmg platform mto the eler’tmphnresm tank and acld

. electmphorems buffer to a depth of about 1 mm. Release any air that may S

o become nfappedm thé wells _ L .
' * _Load the RNA mto the wells tr,;mg a plpet Do not overload the wells and \
3 avmd rmxing between wells B

Load molecular wenght marker

R -__:"After nmmng thc electrophamsns the agamse gel was’ placed under UV hght. 'I‘he S

L fluerescence of ethldmm hronnde mdlcated protems or nucle:c acids bands which can be ' .

9,

o '___photograyhed. o
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) ENZYMBEXTRACTION
2) ACTIVTI‘Y ASSAY -

- ;. a) Iodme substmte complex stammg method

b} Bremfeld method

c) Ne!son Som0g0y1 method V.

- 3) CI-IROMATOGRAPHY

A) ENZYME AMYLOPECT]N EX'I'RACI‘ED

1) GEL FILTRATION
2) AGAROSE GEL

‘B) CRUDE PRO'I'E]N EXTRALT

C) CHARAC'I'ERISA"‘ION OF THE EN!ZYME o

I)Protem estrmatlon

2) Enzyme assay thh chromogemc substrate (Table 4)
) 3) Molecuiar Wexght deternnnauan

4) SODIUM DODECYL SUIPHATE-POLYACRYLA]\/ID)E GEL

ELECTROPHORESIS
a) Normal Samples

b) Concentrated Samples.
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B

Cultures were g:rown and the foliowmg preparatmns stud:ed.

' 'So-‘

3:1_.._

B2

Concentrated cultured medmm

:Cmde protem eximct p*‘ecxpﬁated thh 60 percent ammoqtum sulphate
. -‘Protem extracted w1th amylopectm fmm cuIture medmm oy
_ : pl-otem remalnmg in culture medlum aﬁer amylopectm extnibt:o,r, preelpttated

'Wxth ammomum sulphate .

Protem fmm crude protem extract, extracted w1th amylopectin. e,
R

- \\

-Protem mmmmng in crude protem extract afhcr amylopectm extractwn.

These -axtracts were added to modxﬁcd amylopectm for enzyme extracuon as shown in the -

diagram (sce page ).

51



oy ENZYMEEXTRAC’I‘ION Y

The evaluatxon of th;u;escnce uf prn'tem by Lotwry methnd showad that 29%&‘ cnzyms-wcrc i

o -_pracxpltated thh 60% ammonium sulphate (B) {(front range P;g 2) The tast fnr emyme N

II.RESULTS

LN

o _actw:ty of thc above sarnples showed otherwisc that 88. 5% enzyme hydrolysmg actiwty were_

: --recorded thh Al and 67% ﬁ‘mn Bl rcspcctweiy (near rauge Fxg 2)

CeemomNt . |“ ISP AR pEncENT
4 “Tvor PROTEIN. ®
A e s © . Mhor Acrm‘nr '
109_/._‘_. N I VI (B

r: .
.

. ‘Bz
-

80|
- B0
40 |

20

.. -

 SAMPLE

‘ !
- e

_ Flgure 2'Protem determmatlon (Lowry methocl) and aumty assay (Somogoy; method)
' By considering that total protein of extract A and B correspond to the total amount of protein
from Al and A2, and from Bl and B2 respectwcly, the percentage of each frachon can be
calculate ‘hy Al%- Al!(A1+A2) Diito for the acthty assay, '

5 'i;" |

B extractcd from conccntrated cu.'ltured medmm (A) aud 18% from crudev protem gmgt S

g b e Y




g zmmw ASSAY

\'- L
G

the evaluatmn of the enzyme actmy of the samplcs.

Iy

a) Iodme substrate complexsta:mng method (Table 1) L ﬁf

L

o -

L SO o

143% and ‘76% of acuvity wzre recorded for samples Al and Bl after ovem:ght mcubat:on

at37C A punficatlon of 26 fold was recorded for Al whereas BI extract gave 1.2 fold. '_

| 'tulun ol ;mtem | 'n'ulmmumy rntal aetivity ﬂpe:ifie mtivltj
LR L _.:{Wﬂ) . W

. ’field - Eold prifnetion

X

Tahle 1

b) Bremfeld method (Table 5 ﬁ -
The Bremfeld method gaw a x‘ecovery o actmty of 282% for Al and 178% for Bl thh

purificatioh of 5.2 fotd for Al and 1.9 for Bl.

[ & w2 me  omE W
T T R

B = o= =

4 - [
=3

B R R
i " T * T R |

o

Al values are average of three experimental results. Volume activity=n(Do - -

Three aualytlcal metha‘ds wzdely used in oc-amylase actmty assay, were selacted for 3

[ L2 W W W 2.21_-(\ o

Dg)/Do; Total activity=U/ml* voiume; specific activity= tof. act/tot. protein;

~ Yield= total activity fraction/total activity So, Fold pdnficatmn— Spec act:lvxty
g fractmn/Spec actmty So. _ _ '

A
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‘Table 2:  All values are the average of three experimental results, Vqlﬁme activity=
' standard curve reading/15; Total activity= U/mi* volume; specific activity= tot,
act/tot, protein; Yield= total activity fraction/total ~activity So, Fold
punflcatton“ Spec. actlwty fractlonfSpec acnwty So, .
c) Ne.]son Somogoyi method (table 3)
The Somogoyi method gave a recovery of act;vxty of 466% for Al and 85% for Bl wnh 8 4_
~ fold and 2.9 foid mspecnvaly (see table 3). . S
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'_-'Allvaluesaretheaverageof' b IR,

| _ ﬂ"ﬂ@imentalvalues I N / e

wlme Tt gnt,  olwe ativty ot wtiity  welfle actiity

_ STANARD cuRvE
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- Table 3:
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~ All values are the avérage of thi-eé experiniental results, Volume activity=

standard curve readmg/io Total activity=U/ml* volume; specific activity= tot.

|  dob/tot. protein; Yieldw total activity fraction/total activity So, -Fold

purification= Spec. activity fractmn!Spec activity So.



oo eluted pmtein am:l a mammum absorptwn peak at 260 nm for the Sccond eluted protem Rnth C ‘

T R s F

g

peaks when desalted on Sephadex G25 collmm ’I‘he UV soar L of these eluted fractmns*"

-' between 200 a:nd 300 nm. ga‘ve no sp&cxﬁc protem absarptmn peak at 280 nm for the ﬁrst_-

psaks were cunfirmcd by the Lowry mcthod (result not shown)

'?"0 1mprove the sample purificatxon, a column W1th Sephadex G-75 was set up an& i eaded
} Wlth 2 ml 1Pf mylopacnn enzyme extract (sample A 1) . R _

A sampla of I 5 ml was cdilected (O 2“m1!nun) and the elunon proﬁle gave two peaks (see .

AN



s 1
X

BElut idn vn"l umegmid)

Figure 5: Elunon profile of enzyme sample extracted ‘with “amylopectin through"'_
' Sephadex G-75 column and Sephadex G-75 repel sﬂane treated column_' "
respectlvely

_ "The eluted protem was evaiuated by uv spectrophatometry at 280 nm and scanned bctWeen :
200 and 300 nm for protein characterization. The other scanned protems were bovine serum
~ albumin (BSA), ﬂvphosphorylase, alcohol dehydrbgenase, m—-amylase from Bacillm subtdw, .
and Blue dextran heparm and mucin from bovme gastnc |
The result showed that pure protein absorb at 280 nm Blue dextran and inucin absorb at 2‘63
~ ‘and 260 nm resyecnvely, and heparin had a hyperbohc curve. The sample. prcsentmg hxgh

:absorbency at 280 nm gave i scarmmg graph thh a maxiznum at 260 nm bes:des 2 huge peak |

at 220 nnL There was 2 snmlanty between the U’V sean of mucm and amylupectm extracted '
.enzyme (see Flg. 6} |
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Figure 6: - Scanmng graphs of protein, enzymes and egcoprotems compared w;th the
_ - eluted a:mylopectm extracted sample (fracnon 2y,



E) AGAROSE G@ ﬁ |
- An aga:csa gal w]:uch is very sensihve for nuclem acxds, showed only protam bands (see F1g
7) Tlus result suggestad the presencc of glycoprotems '

Figure 7: - Iparformed with eluted sample ' |

' ' -.Al (fr. on]I} Lane 1: DNA Molecular
weight markers. number I range from
21,226 to- 125 (Boehringer -Mannheim);

Lanes 2, 3, 4 Protein hands of enzyme |

amylopectin  extracted  after - elotion |

~ chromatography. ]

N

B) CRUI)E PRDTEIN EX'I'RACT
The elution profile. of erther the .,rude profein extract, preczpnaxed thh 60% ammonium

sulphate the amylop' sctin extracted anzyme and the supernatant that remained (sample. A2) |
| .as seen below showed that the protem eluted in the amylopectin. m.*?*asted aampla was the
© main an‘nnomum sulphate extracted protem from tbe concentrated culture medmm (See Fxg.

| 35.
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 Figure 8: Elution .profile of crude protein extract, _'amiélopgctin' eﬁzythe_' extract and
' ~ protein remaining in crude protein extract after amylopectin extraction,
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' C} CHARACTERISATION OF THE ENZYME =~ e

| The companson of protem esnmatxon by absorbency at 280 nm and usmg the cnrrecuon

' _-_I)Protein asﬁmatmn Lo

-formulae of protcm cancentratmn (Layne 195'?) showed ihat (Flg 9) the. sstlmated B

o 'absorbency was ten txmes higher than the result obtamed with thc corrected formula

’ S'EPHADE)(G‘JSmmm :
'?D mi of ra!slnl' 2 l'M af Mle ma:lad -

mgzmlcaan nm) e _mq‘f_mlé@aumateu;. ' -

mnmm . _. .

0.2 |

04—

J D. Us o

+——f—jo.005
\ . 3.%'nnl.l.n : .
T .

H ' . L 5
0 4p . 20 3 40 SO B0 70 €0 0 80 - 7
| o * Elution volume cm[j'

'}:tgu'l_"e 9: Graphs comparing protein estunated by. absorbancy at 280 nm (+++) and by |
S protem concentratlon formulae (1 45*Am - 0.74%A) ().

| 2) Enzyme assay with chromogemc substrate ('I‘able &) (Wahlefeld 1989)
' A cumparisnn of the xodme complex stammg methad and the chromogemc substrate metbod

| -for the assay of m—arnylase actmty on the eluted sarnples showed thére was synthesszm\g

-11



\ thanthehlank. B

4

- _'The absorbency of the frnctmn s1, sz ancl $3 were higher at 490 m than wﬁh the mdmc

. stammg niethod whereas hydro!ymng actmty was dmpIaycd when the: chromogesmc substrate

wasused,
- o
Cowpe | 'ODINE STAINING METHOD | CHROMOGENIC METHOD™,
S TS ] <ABSs  <ACTal/mi - | «ABSs . <ACTW/m)
. Blank . joEsr o - - = ‘
_.'fstahdarﬂ .;j { _'-.._I ;_%.ff " _.':;: Ui?{? B _.. ..ia  .§
C s |paoa o pem |o.2a8 - 23
4t {oaz 8 ib.oaz B.97
A2 .. | 0.458 e . looso 8.47
81 | a.54p N | bore B3B8
s2 . (0.468 0 lowoss 7 283
s |oam g {ooie 148
oA Jomes oo Cjoass . oapee
A o2 g,581 | D,238 Y eE.s4

Table 4:  Activity evalvation ~with iodine substrate complexing ~ and

'  chromogenic substrate methods respectively. Samples $1, 52 and 83 are from.
" So after elution on a G-75 column and concentration, Samples Ala and Atlb. -

* are from Al after elution and concentration. Standard used 0.01 mg/ml of a.
- pure solution of oa—amylase from Bacellu.r subtilm '

3 Molecular wexght determmahpn _
| The molecuiar weight drterrmnanon of this enzyme was also measured by companson wuh.
the profile of molecular weight markers wh:ch were eiuted first (F1g IO) These results
| _ suggest that the sample had a small molecular Wexght. A c.ompanson of the separatmn of thc -
enzyme on Sephadfsx G-?S and Ultrogt,} AcA 34 showed that although the amount af the |
_ *obem callectcd froxn thc tfeated Gw75 column wWas conslderably hxgher than Wlth normal\ S

_ o }‘ :



L sephadex (}75 column, ﬁle profiie rcmamed the same,

. The UV scan of the sampies cgllected after the elﬁﬁcn of the crude protem extract throﬁgh
| l’ Ultmgel column dxd not give a max:mum proto(p ahsorbency at 280 nm The elutmn-_

o _proﬁle howwer gavc the same resujt thh the crude protem extract (sce Figs.; 11 and 12)

S mlﬂirtﬁ-)s dovwmy -

L Elutlon pr-ofila of AW.IopactIn extractad protelnf piot.ien wkem

U wmicsmwiey T nwmeres
. 3-5 “‘;s_lanpl“ Yl T — o - T __ — = .'2-;5: S
, T Phprosplioryiasefo. .

@ n 20 30 40 (SO B0 -7 En
o . oo L9 '_Elutioh\?dluﬁé Cmiy

. .\"'- .
£,

anure IG- Elutmn profile of amylope*.ctm extracted sample, BSA phasPhorylase b and"
' blue dextran and c.opper su!phate as cahbration scale, - -

et

A second column was prepawd wzth Im:rogel AcA 34 The amylopacun extracted sas:ggc

was applied to these column, eluaed and the fractmns were collectcﬂ (see Flg 11).




' E'{ut_ ibn-'vo'lumeftrhi_j

-
1

- anure 11: Elutmn proﬁle companson of amylopectm extracted samﬂe rm a normal and
- A repsl sllane treated G-73 column . _ AR

sy 80 dpm
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' Figere 12: Biution profile of-crude protein extract throug”ﬂ U’Itroge]_\ polu‘r;_m='(3_0_. ml).

! . .

' Thc mvcst:gatmn Wlth SDS was performed on Sephadex G“?S column The norma}
' amylopectm extracted sample and sampie treated wﬂ.h 1% soluuon SDS was loadsd The.re
v : Was no dlfference betweem thc eluuon profxlc nf the nomlal sampla and the sample treated .
o ..-WIthSDS(sceFxg @ |

%

., Vo I
SR Y




o : Sephadex ‘75 cn!umn
s ‘7I:l ‘ml . of: raslnl aml of &n5 sample loac!ad '_ o
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8 o \ _'Elutl-’cn‘ voiume _cm@j

Cay

Fignre 13. Elutnon proflle of 2 ,r}ii amylopactm extmcte.d sample mnced mtb 1% aodxum
B dodecyl sulphréer@’fow Ioadmg -
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4) SODIUM DODECYL SULPHATE POLYACR’YLAMIDE GEL | -
EIECTROPHORESIS

E A prehmmary study of the enzymc from a cruda protem extract mcubated mth dlfferent o

: caxbohydratc substrate gave sumlar bands on. Laemmh SDS—PAGE and cIearance at ths top N
\ F

s
e

of ﬂla 1anes on & Russell gal (Flg. 14)

A Rz AL BL W A A AL BN

Flgure 14' Gel showmg protein bands of d:rude enzyme extragt Gane 1, remaining in -
crade extract after amylopectin extraction (lane 2), protein exiracted with
* amylopectin (lane 3; 4) and protein markers bands (phosphorylase b and BSA)
and hydrolysmg clearance actmty of amylopectin hydrolysing enzyme (1 and
4),

- 6T



Bxpefiment with the enzyms extracted with amylopectin also showed hydroijrsin'g. activity at |

' __the. ﬁop of th» Ianes (Flg 15). The same gcl stmned with Coomassxe blua gave pxotem band

around BSA band for the oruds enzyme exttact and protem remwed Any Coomassm blua TR

E stam band was seen: v?iath amylopectm extxacted anzyma a this zone. (lane 6). Tha protem A
_ amed 1eft in the suﬁ:ematant as Wcll as the extracﬁed prote:p(gave sumlar clear bands w1th.,__ _
. SDS-PAGE. | R |

| 1234506789 1o 1213}

‘Figure 15: Gel showmg enzyme - clearance activity on. the top of the gal
: Coomassie blue staining gave protein bands around BSA band for crudé
- epzyme extract and protem remaining after the exu-actmn, but amylopecl:m

extracted cnzyme dld not give protem bana e 6).

e

A

8



Sxmﬂar gels smmed wﬁh the mod:fied sﬂvsr staimng mmhod gave rhe result below (Fig iﬁ)

| 'I‘he gel was a 7.5% acrylamlde gel cantainmg 0 25% amylapecﬁn and pretveated wuh sodmm_"--_- , ';_.' . .

T

o metabxsulﬁte before sﬂver stammg. The protem marke:s m-macroglobu]m {Ianes 1 2 13), R

supernatant (2 3 4 and 10,11 12), crude protams exlract (lanes 6 anﬁ‘ B) and lancs 5 and 9'_:_':' R

N showed multi protein bands Lsamples amylc)pectm extracnsd). L = o

1 2 3 4 b 6 7.8 910 o1 3

_- Figure 16- Gel showing protems banda stamed sﬂVer sts.mmg methad. Thc gal was 2 j T
7.5% nerylamide gel containing 0 25% a;nylopectm and pretreated with sodivm = -
" ‘metabisulfite before silver staining. The. protein markers o-macroglobulin
~ (lanes 1, 7, 13); supematant (2, 3, 4 snd 10,11,12); crude proteins extract .-
* (lanes 6 and 8) and lanes 5 a.ud 9 shows multl protem bands (Samples .

'amylopectm extracted)

-'_’b) Cmoemrggeu Samples ' : . »
. --.'A ’?,5% gel performed W1th these e]uiaed samPles (Si sz and S3) showed no prol;em bands

y... ..‘_\”_. -

n



o _mathod (Sauvé at al 1995) A s]:gh;dy band w;é seen wﬂh Coomassze blua sba.tmng i

'\\

o mth Cnomassie blue stmnmg The tnchloroacetm ('I‘CA) &Eﬁaﬂﬁ'ated saanple cm tha gel gave '
. a strmght bluc Imc mthout speciﬁc band (J{heﬁal-eﬂaer conoentrated samples gave 8 band at |

68 kDa and a heav:ly stamed band at tha ﬁont u‘f the gel Wlﬂl the panodm ac1d~311ver stammg

N B

::arbohydrate was mcorpomted m the gel {{* REAETa I
aamples concen&ar&'d agamst polyeﬁlylena-glyml aud dxalysed against f m‘M 'I'ns~I-I€:1 bﬁffer B U

gavc sharpm 'otem bands ﬂbove 78 kDa and ancther at 68. kDa w1th peno(ﬁc acxd— siPVer

._stathlgmg : . o | Lo
. Samples ﬂtattWe;e mqghated for 2 hours at 45 C before bcing Ioaded onto the ge\l, gave bands o

fF

abch 9’1 kDa and at 75 kPa respecuvely usmg the periodic acid alc1a.n biue prestaxmng sﬂver
method (F:g 18) L A |

[

1 2345 's' 789 101 .1_2.’_

Figure iT: Gel was 7.5% acz‘ylamzde gel - stained . as abow and Ioaid W1th
*‘markers (1 and 2), sample phenol-ether concentrated (3 and 4), normal samples _
- and polyethylenc—glycol conccnh’ated (5,6 7, B, 9 and 10) :

om0
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| mgure 18. Gel was 7. 5 o acrylamide gel contammg 0 25% amylopactm, stainetl as abovc o |

and loaded with matkers (7 and 8),normal samples beside satople phenol-gﬁthrbr
concenttamd Al and Bl (3 4 and 5, 6 am‘i 9,10 11°and 12) B

Al

The gel perfonned with same sample 111 the present‘:e of m—amylase from Baczl!us .mbt:lw (2 -

_ Hg) and stmned Wlth Coomassie blue stam did not show any ‘bands for the samPle. but bands L

‘were seen for oc-amylase Stammg was only at :,he fmnt of the pel (see Fig 19y, The gel was

a5 % acrylamide gel staied with Coomasme biue. stam and loaded w1th BSA as markers e

.(4 and 8, 20 pl of 0.1 mglml u—amylase from Bacillus subulis (2 pg) (I 2, and 3) and_

' amylopec:tin extracted enzyme (5,6 and 7.

g

w0
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Flgure 19- Gel was &7 5 % aerylamida gal stmned thh Coumassw blue srmn and Iaaded
with BSA as markers (4 and 8), 20ui of 0.1 mig/mi a—amylaséz from Bacillus

* subtilis 2 Hg) (1 2 and 3} and amylopectm extmcted mzyma..(s,&and 7)
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CHAPTER VI ’
DISCUSSION

- 1) ENZYME Exmcnom

{_‘.

. _'These results show that protem extxacted from culture medmm and from crude protei:n ext:aet" L
: _were spec:ﬁcally the amylopectm hydrolysmg enzyme 'I'he remdual enzyme activity in ﬁ:e o :

o supematant shOWed that the extractlon process must be repeated at Ieast three tlmes to extract' o

3 80% of the enzyme in the presenee of ammomum sulphate

2 ACTMTY AS‘SA&V

: Together, these ;ables showed & recovery - of enzyme actmty ﬁom the protem samplcs 3
g extracted w1th amylopectm No correlation was found between the three analyt:eal methods o |
| _ _Even 11" the xodme substrate complex method dxd not correlate w1th the reducmg end sugar )
| metheds, because of the dlfference of the process, the redumng end sugar methods should ._ '_

present correlatiun Some explanation may be found, however, by conmdenng that the'

' reagents of Somogoyl method can react with neutrai carbohydrate whxch is present in enzyme

alitpmt used

‘ - co e i
\ - H

' Although this pmblem requires a *:art:cular attention for determ:mng the limit ot‘ each methoct o

. the coﬂeeted results contain a lot of mformatmn that is worthy of Lote:’

- Both methods showed that the amylopecnn bydrolysmg enzyme fmm Streptacaccus

'sangms ces[t be 1sclated from concentrated culture medmm or crude’ protem extract by

| usmg a chemxcally modxfied amylopectin Wlth the three analytxcal methods




| puriﬁéaﬁon' of ox&aot'A'l was several -times higher tba‘n BI ex{ract' ':Thism'ayi’se' |

: understood by conmdenng that tho presence of some - salt in the mﬂture medlum R

: extract re.duco its actmty t

i

'-_ T However the oxtractlon from crude enzyme extract nught be Ihe most sultable method | '_ "
"-_for tho enzyme recovery 'I‘Ius may be due to the presence of salt in the amylopectm St

cxtracted enzyme beoause the onzymo m ﬂns samp]e may remain actwe for a long _ |

: pctlod 1f 1t is not dcsalted afier the o}tfhetton process

. The or cxtra.ctlon rosult of crude/'nzyme extract may be explamed by the tendcncy |

1

'of Ot—ahlylase or glycoprotem to aggtegate in the concentrahe; solutlon

Tie eﬁZynie isolation method proved se_nsi'ti'vo' and highly specific for the endo-hydroluse and

could facilitate the high degres of purification if conibined with a chromatography roethods.

Otherwise, the odine complex staining method, which is widely used for the o-amylase

actmty assay, could not bo selccted for tlns enzymc acimty assay because of its overmght_ |

- period of mcubatlon

A comparat.we study wnh this method whon the 1ncubat10n time was reduced to 15 mimtes .

N showed that:

- 50yl of 001 mglml puxe u—amylasv hydrolysed 05 ml of 1% amyiopectm in 13 -

minutes (no iodine sta.mmg Was observed) Whllo with the -same amount of

amylopectm extracted enzyme hlgh mdme blue stalmng absorbency are observed (see

. table 4), This rmgh__t_ come from a synthcms enzyme activity as well as from the

 carbohydrate part of the enzyime (Yamane et al,, 1973).. But as tho.enzyine-amonnt o

oo
- R

75

_.__enhancc the actmty of thé enzyme whﬂe ammomum sulphate used in crude cnzyme :



I

_. - W
: Ao 8 )

&g is 100 times smll than the substrate this inter{2tence could be.insignificant.

5 CHROMATOGRAPHY .~

. | 4 ENZYME AMYLOPECTIN EXTRACTED
Do @mnom

- The companson of the scans of protcms, g]ycoprotems Wlth the amylopcctm cnzyma gxtract_

_ suggests that th:s nzyme isnota pure protem (Flg 6)

The sca of amylupecun sxtracted enzyme was seen w1th nuclem acid conta:mnated samples N

Tests for nuclelc aclc] ,ﬁundertakﬂn on thcse eluteri Sﬁmples gave a negaﬂve answer for orcmol )

whmh as Spﬁoi:ﬁ\{ for RNA and a. posmve answer with dlphenylalanune, wluch 1s uaad o L

dctect thc presence of DNA or reducing sugar as deoxypentose An agarose gcl whmh is
. veu'y sensmve for nucleuc aclds, showed protem bands only (see Fxg ‘?) This rrsnlt led one

to; suspsct tha presence of glycopmtcms

: B) CRU])E PRO’I‘EIN EXTI{ACT

The s¢ans of the Smnple from thc main pﬂaks of the crude protﬂm extract and the protem that_

'rcmamed n the supematant were s:mllar to th;)se obtamed w:th the amylopectm cnzyme |

ex!ract, shown on fig. 6 above.

-'I‘hls result wgs posmbly explamed by comparing thc scans of several protems The result QA

showed ﬁ:sﬂy tbat the carbohydrate part of the glycoprotsm interfered w1th protem abso:phon

76 -
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'- and shlfted the maxmmm absorptmn to 260 mn* seeondlyp theqscanmug curve of the eluted .:-: o -

sample of the amylopechn exlxacted enzyme was sm:ular to mucin and thls suggeets that it

may be a glycopmtem (see Fig. 6)

- C) CHARACTERISATION OF THE ENZYME

I)Protem estlmatmn

o Protem esst;matmn ‘by fomlula usmg absorbency at 280 nm and 260 nm had to be modsfied' Sy
__ fer glycoprotems and glycoamnoglucans 'I’he ‘comparison of pmtem esnmatmn by

' absorbency at 280 e and usmg the correctmn formula of protein concentratlon (Layne, 1957) .

| -_sho_wed that (Fig. 9) the estlmated absorbency was ten times h_lgher. than the re_suIt obtau_ied

with ﬂle-'coﬁected formula. For thay ":coefﬁciehts fbr tﬁe above formlila contd be iecelculate_ -
by selecting a pure glycoprotew sample WhICh can prowde the spemﬁc absorptmn coefﬁcients
| '_ at the wavelengths speclﬁed (Manchester, 19963, 'I‘he absurhency readmg also, se::med high L

when these results were comparcd to those that were obtamed when the Lowr)nmethod fer g

protem determmanon was used

2) Enzyme assay Wlth chromogemc substrate (Table 4)
A compamon of the 1odme complex stmmng method and the chromogemc substrate method

~ For the ‘assay of a—amyl:ase -activity o_n the elu_ted samples showed; there was syntheglzmg

activity when the iodine étaining ﬁlethod vras used becanse the sample ﬁb’sﬁrbehcy was 'h,ighe_r' .

than the blank. Furthermore, hydrolysing activity was o present when the chromogenic

substrate was mcubated with the same enzyme - sample‘ | o
3 'rms may be explmned by wnmdenng the mterferenee of the ca:bahydra.te moiety of the

glycopwtem with mdme complex formaﬁon
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. The method usmg chromogemc substrate may be more su:table for measunng reducmg sugars
 than 10dme soluhon becanse carbohydrates mterferences is ellmmmed f/ S . _
- The presence of carbohydra;te in ﬁ'actmn Sl S2 and SS was cg)nﬁrmed by determimng the

fotal barbnhydrate present in these ﬁ'actmns usmg the phenol-sulphunc acad assay (Dubms et \

al.,, 1956 Spiro, 1966 and Chaphn, 1986) The result was hjgher absorbency at 490 nm
Hcomparedtothestandard . ' P U

- 3) Molecular welght detemunanon  : ” _:_: S

- The moleeular welght detemunatlon of tlus enzylne was dlso measured by cOmpanson mth -
:the pmﬁle of molecular welght markers whnch were eluted ﬁrst (Fig. 10) These results L

suggest that the sarﬂple has a small molecular welght. However, the enzyme was preclpltated a "

with 60?% atmmonium su]phate and precmltatmn only oceurred when a relatwely hlgh

'molecul{ f WEIght prolaem or an, aggregate of profems was present (Scopes, 1988‘ The next c |

step in tlhs study was ‘pmpare the separatmn of the enzyme on Sephadex G-75 and -

: lﬂtrogel Sephadex G—'?S was treated with reprl sﬂane and packed into the column

' Although the amount of the protem collected fmm the ireated G-75 column was cons:derably |

.' hlgher than vnth notmeal Sephadex G-75 column the profile remamed the same.

~The UV scan of the samples collected after the 81111:1011 of the crude protem extract through
the Ultrogel column gave the same result w1th crude protem extract (see Fig. 12)

From tins feSulE it can be concledw that.

Although the enzyme affimty was detectlble when Sephadex G-75 was used, the

pOSlthD of the peaks dld not- l:hange whlch suggests that there wers ne other enz\zme

_ present which adscrbed to the coluran, o - [

s



SRR :: *I‘:ms suggests that the study shoul& be expanded in erder to characterize the eluted | .

_ 'Iagﬁft‘-gatien en gel filtration cohmms (Clardl et al., 1976' Pazur, 1972 and Segrest et aI ST

- enzyme The pmtem amylopectm extract gave miaense bands sumIar o t‘mse of the protem

. - F o
Cy A s e
- 1 N =
o
- 4

u . . . L |

-_\_-pretems L

. e S . F A
X E R - . L . \\.f_‘_

-' -qm workers suggest that SDS may bce used to so!ve the pfoblem °f Ijm'tein ca“b"hYd’atei.' o |

1971) Hewever m the present mesuganen wuh SDS there was no d:fference between the IE

o elutmn proﬁle of‘tile nennal sample and the eample treated Wlth SDS '(eee :Exgs 11 a:nd 13) - o

- f.-' :::'
) .

o The preeence of detergent up to a coneentmtmn ef 1% durmg the exttactzon proeess was L

' tolerated by the enzy:me. Auy concentratlon above thls Ievel destmyed*ihe aetmty of the -

crude exn'act obtained from the supematant This may be the effect of SDS'complex @

o fomatmn on protems (Sandn o al., 1993) because at Jow coneentratmn and pH around 7 SDS e
| © can bmd part:a]ly tq protems SDS can be mmo%d by prepanng a nuxture of SDS and
o sam;:le, IOadmg the r?xmre ento a gel ﬁltrau:m column and elutmg it with Tns-HCI elut:on'-: . .. :
| buffer centaming 015 M KCI Tl:ns enables IG)S to precxp:tate and releaaae the denetured'-
o protem (Sandri et al,, 1993) - : -
In a further study a smnple of amylopecnn exn-acte;i enzyme was eluted ona Sephaclex G-75

| column, after 1t wa.s concentrated against pelyethy'lene-glyc:ol and loaded into SDS-PAGE

o The bands that were obtamed did not d:ffer from the ongmal sample (Flg. 13) i i
- -\w - _. 3
1 | '

e



4 Sodium Dodecyl Sulphate-PolyAcrylawide Gel Electrophoresls

a) NarmaI Samp_le

'I‘he above sugges&ed SDS-PAGE can be. used for detenmmng the molecular wexght an d S

| _ studymg hydrolysmg acthty whmh was assmnated W1th the snzyme. .

'_ Expenment thh thc enzyme extracted Wlth amylopectm also showed hydrolysmg actmty at :

 the top of the lanes (Fag 15). 'I'he same gel stamed Wlth Ccomasme blue gave protem bands .

.r:v .

'around BSA band for cmde enzyme ‘extiact and the xemaimng protem Any Coomasme b}ue . IR

B _ stain band was seen wath amqupccun exttacter,l enzymeﬂat thls zone (lane 6) The protem_

that was- lcff in the supematant as well asg the extracted pmtem gave sumlar SDS-PAGE B

-clearance hands whlch suggests that the enzZyitie :was large

. For this reason an experlment with gradlent gel was undertaken. o

 'The bands showed that the extractad enzyme may have a iugher molccular wexght than bcmne .

© . serum albnmm (Flg 15). Thls Iesult d1d not agree wﬂh the data obtamed from gel ﬁltranon i

' study which gave results that suggest a mnall mo]w;lar welght

The: same gels stamed with the modlﬁed snlver stalmng metbod gave tha result seett on -

| Figure. 16.

(%o

b) Concentrated samples S r

ot
s

A 7,5% gel performed with these ohuted samples (81, 5% and $3) showed 1o protein bands

with Coornas_sie_blue,' stainiﬁg. The triéhloro'acetic (TCA) concéhtrated{\;arﬁplé on the gel -gave N
a.straight blule' line ﬁn .-.ut spécific i)and - Phenol-ethcr é,oncentrated sarhples g‘ﬁvé a.baﬁ:&at -

_ 68 kDa and a heavﬂy stained band at the front of the gel with the penﬂodm acid—s:lver stammg _' .

method (Sauvé et al, 1995) A shght band was seen Wlth Co*bmassie blue staimng if -

80



;carbohydrate was mcorporated in the gcl | _ . _
: Samples conoentrated agamst poiyethylene-glycoi and dxalysed agamst ‘5 mM Tné»HCi bx)ffer -
gave sha:per pmtein bands abovc 78 kDa and auother at 68 kDa wu;h penndw acld- sxlver:._ o
stain (Flg, 17) o . N - - .

Sa:mples that were mcubated for 2 hours at 45"0 before bemg loaded onto the gel aisa gave e

: bands Fig. 18)

Although the pmtem contents of these samples were evaluated by UV and confrmed by the
Lowry m.cthod, the presence ot heavy protems bands in these concentrated samples suggested : -
- protem aggregates or glycoprotems However the result from protem scanmng ahove (Fig.

_' 6) suggested that ths enzyme was a glycopmtem {Clardl et al, 19’?6)

L Furthennorc, SDS-PAGE was pe.rfo'r:ﬁe'd with mucmand heparin in the presence of others
proteins and stained With the penodzc acid- alcian prestained sitver method. This gave é,high |

) molecular we:ght band for mucm and h.,awly stamed band at the elut:on frant for heparm'
wlule clear bands mdxcated the posmon of the pure: protems . |
This shows that the method is mgrc sensitive to the presence of giyéobfoteiﬁs than 'ta. pﬁfe |
proteiné and can be used for s fﬁp‘id -.evaiuation' of the 'nsitﬁre of the proteins fMﬁll&r et al,,

' 1995) The punfied sarnple obtmncd from the amylopectm extracted ehzyme yleldcd one".

| salver stamed band amund phospho;ylase b clear band and 4 clear bands Two were betWeen

phosphorylase b and BSA clear bands one at 68 kDa and the last at 35 kDa. 'I'he gel

performed wuh same sample in the presence of or.-amylase from Bacillus subtilis (2 pg) and
| stmned wuh Coomassie biug stain dld tiot show any bauds for the sample but bands ere Seett

for m—amyiase Stmnmg was only at the fmnt of the gel (see F:g 19)
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5 ENZYME PROPERTY o ) | |

At thls stage of punﬁcatlon, analys:s fer detemunmg the optlmum pH and the action nf some
. salts such as KCl NaCl, CaCI2 and ammomum sulphaée was stuched These salts were useu

: m the mcubatlon buffer in Russeli method (Russem 1976) Anunomum sulphate has showu, :
| on this paper fo play a roIe in enzyme actmty The optunum pH of the amylopectm

- hyd:olysing enzyme coul% not be deﬁned at thxs stage of purlficauon becauSe of mterference |

by the carbohydrate monety of the glycoprotem Salts tested had amhﬂ:mng effe;;t on the

enzyme The enzyme was kept in the buffet and 1ts actmty may be 1educed by the lack of

_\actlvatmg catlons

| The condmons of the act1v1ty protection of the extracted enzyme shpuld therefore be

established and the enzyme characierisation shonld contmue. o T

)
it .

6) FONCLUSION _ o
ThJs study showed that 2 modlﬁed amylopectm can be used for the 1sn1at1011 of 4 starch
metaboimmg enzyme from a crude. extract of extracelluan protein of Streprococcus sanguw |
1 MC 204 a stram of oral Streptococcl | |
| This method appears to work for the 1solat10ti 'of a starch mewboh,zmg enzyme preducec.. am
| Streptococcus sanguu. ._More than 50 percent of the yleld of enz,ym.e.wes a_chleved by tl_us
."'-prbcess;s eft_er.t_pree aséays, .from buthcrude eniynie extrac._:ts and .enzyme sefum- senmles. _
o M@ﬁyvfold puriﬁce.tion was obtained from the exira_e'_ti_on process of the crude enzyn;e extrac_f. N
and w protective enzjﬁhe act-ivity'-effect.: was ﬁotided.in' "%t\e_presenee of ﬂie-ammOnium :
: sulphate The extmctlon from crude enzvme extract prepared by pewent ‘anunomum
prec:pqtatlon from cultured medmm was ﬂsu most su:ta’ble method for the enzyme recovery. _

f
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N _-5'111 dental canes and solve problems caused by thxs d;saase

. 'I‘he resuit of a cﬁmbmatmn of amylopechn extract:lon method thh gel ﬁltrat:on |
s -Ghm!nﬂlogrﬁphy and SDS-PAGE suggests that a starch metabolmng enzymc moiated from [
Strepmcoccus sangms is 2 glycaprotem el T E '

ﬁy companng the scans of several protems, glycoprotmns wath thc scan oi\the eiuted Sampl o

L A
L ot thé amylopegztm axtracted enzyme thﬁ result suggests that it may be a gl‘ycoprotem

} ‘\\ .

b

o 'Ifhc recogmdon that the statch nwtabahzmg enzyme isolated fmm Stmptacac}w sangms 1s '

‘a glycoproﬁam may open up new ﬂvenues and lead to an understandmg of the: mlc of enzymes :

. _i_l. -

' Cousequently, protem esnmancm usmg absorbency at 2’7@ nm and 260 nm may have to be S |

B adapted for glycaprotcms and actmty assay could be esumated by a methoé whnch would not

B intérfere w1th the carbohydratc moxety of the glycoprotem In the present study the method o .

. using chmmogemc substrate was more smtabie for measunng reducing sugars than mdme

solutiony bacause carbohydralas mterference is ehmmatsd

iy

LA

-~ The Similaﬁty foutic'ii:betwce'n the UV scan of t‘riucin and amyluliectin extra.cted ehzyme (See |

"Fi'g.-&), y answer some of the questum about caries xmtlatlon as well ag adhemon of

\ nucroorgamsm to the tooth surface because

P

F-irstly. saIiva.ry mucm may occur m two fonm As a large and hxghly glycosylated_ -
: _glycoprotem 1t may parucipate in the formatlon of a pmtectwe peihcle co*srcnng tooth _

B _.enamel As a low molecular ‘weight glycoprotem it may aggrsgate ba;ctcna thus .

: _assmtmg wmh their clearancs from the mouth (Slomiany et ai., 1993- 1935 1987b)
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. &

- exampl.:, pept:doglucan extubxt a vanety of mmunologxcal actwities, the stamﬁ

d

- _' 'the mucm prctecuve pellxc‘le where 1? would be en?ymatlcally actlve (V acca~Snnth ami

Bl :_"_Bowen 1995 Schﬂlmg and Bowe.n, 1933 Ha.mada etal, 1986. Coogan etal 1992)

RS

. G_.'

D Secqhdly, the knowledge that. Mutms sl'reptacoca: cell walls and its components, fog\

B metabulisinE enzyme whxch isa glycopronein could aggregate bacfena aud attach to e

| Th1s aggregated foml of the enzyme was observed as a clear zone at the tnp uf th

| rcached the saparat;ng gel and hydrolysed the amylopectm that was preseut m the gel

| '_ | Tl‘lﬂ knowledge that hactenal ou-amylases may have g’lucosalwne and ngutral carbahydtate m_

covalently lmk to polypeptldeﬂ may cxp}am the presence of muitl protem bands seen ofn SDS~

| polyacrylamidc gel
e _
; :; . ; - )
Lo
R

' amylopecnn contammg gei (Fxg 14). mm.fm?ec; it dots 11k&aglycoprotem because most _'; o
- of tbe enzyms ramams at the iop of fane Wﬁérea&sa fsw d:ssocnated anzymns may haVe _ o

e thenr structurﬁ (Yamana et ‘2l 1973) and thax the samie carho ydrates are txghtly and
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