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An e\tracellular cndo dektranase has been isolated from Srrzprococcrrs mmans 

Kl-R Incubauon of cell-free culture Hued \\tth sucrose permtcted the removal of a 

large proporuon of the e\tracellular r+glucosyltransferases by trrevsrstble adsorptton 

onto the tnsoluble glucans that these enzymes synthestze from sucrose The rematmng 

D-glucosyltransferases irere separated from dextranase by prectptratton \vtth 

ammootum sulphate, chromatography on hydroxylapattte and DEAE-cellulose, 

followed by filtratton on Ultrogel The major products of actton of the punfied 

dewaoase on (~+6)-~-D-g~U~nS were tsomaltotrtose (IM,). rsomaltotetraose (Ihl,), 

and rsomaltopentaose [ihI,) Fur&x h>drolysls of IhI, and Ihl, occurred after 

nrolooged tncubatton u~th excess of enzyme, to gtve D-glUCOSC. IRI,. and TM, The 
relatrbe rate of hydrolysis of tsomaltose saccharides fe,l sharply wrh decreasing 

chatnlength from Ibf , 2 to Ihi, The hydrolyses of dextranq contarmng 96% or more 

of (I-+6)-sl-D-giU~oSld1C h&ages, expmsed as apparent cowerston into Ih13. has 

vtrtuaily complete, and substrates such as Strepploroccrrs sangurs gJucan. contatmng 

sequences of (I -+6)-z-D-glucosidlc hnkages, Lvere also effecuvely hydrolyzed 

Dcutranase activity towards the soluble glucan of Sfrcptococcu_~ mu/anr ws ltmtted 

and there was no actlon on the Insoluble glucao synthesized by S mutms sttcrose 

2-D-glucosyltransferase 

INTRODLICl-ION 

The stgnificance of devtran as a factor tn dental canes arises from ILS role In the 

adherence and colomsatton of Slreprocorcus twrtans on tooth surface’ Ccrtaro 

reacuons of S ~~rucarrs are greatly rnfhtenced by extremely small amounts of de\trsn 

Addttron of trace amounts of dextran to the gro\\th medium promotes cA-associated 

D-glucosyltransferase acuvity of S mrrrCnls’. and the dextran-btndtng capacity oi the 

cells IS increased A few nanograms of dexuan of high molecular wwght IS suffictent 

to agglutmate the cells’, and the same effect has been demonstrated between S 
na~~ans dextran and AcfitzomJces ziscosus cells ’ Synthesis of glucans by the extra- 
cellular D-glucosyluansferases of S. mutuns IS greatly accelerated by a few micrograms 
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of dextran, wlvcb oat only acts a a pnmrr for the reaction’. hut also prevents 
sdsorptlon of the enzyme to the newly synthesized. Insoluble glucanh 

IO wew of these dflerent efkcts produced by deutmn, a better understandlng 
of the role of dextranases released from some micro-organlbms found In dental 

plaque, p3rtlculsrly S /zurans. 1s required hlost. tf not all, straips of S outran7 

produce extracellular de\ tranase’-‘. but the Isolation of this cnqme free from 

D-glucosyitransfcrase hss not been reported The pattern of glucan synthesis b) 

strcptococcal cells lo and b> their Isolated D-gluco~~Itrr?nsferases’ ’ IS altered both b> 

added dextranase and b> the reachon products of dexlranssc. funbermore, adherence 

of S tttttratts to various surfaces 1s strongly mhlb:ted by delrranase’ ’ None of these 
experiments W-IS carried out wth the Indigenous devtranase ofS WI~!U/IS The effect of 

v;?r1a1100 In growh condltlon, on the relotlw proportlon of dextranase and D- 
gluco~~ltransf~rases produced b> S mutam IS not hnown. but when dertrnnaze 1s 

relea>ed. some modttiwtlon of the sequelae of D-glucosyltransferase activity must 
follow In parucular, the reacrlons that are medldted b:l trace amounts of devtran 
would be secs~t~vc to IOU levels of dextranase 

Guggenheim and Burchbardt’ commented on the close association of a 
D-glucosylcransfer~se wrth S nwfa?zA dertrana>e, and on the difficulty of ~tj remora: 
from dektranase by absorption or gel chromatography Yet the separation oi these 

tHo enz)rmes IS essential, for D-glucosyliransferase cannot be assayed correctly In the 
pre>ence of dcxtranase, nor can tne effects of thrs dcitranase on o-glucosyltransferases 
be studied uole~s the deitranase luelf IS free from D-gtucosy~transfera~e ncuwty 

We nob repcrt a procedure for the isolation of endo-dektranase from the 

cell-free filtrate of S :~IUIWS KI-R. IQ which the complete remwal of D-glucosyl- 
transferase from the dexirynase has aeen actueved 

MATEXIALS AND hlETHODS 

Subsirales - Dew-en 3000 (mol wt 2 x lObI uas purchased from Sigma 
Chemxal Co, St LOUIS hlo, US 4 A chermcall) synthesized, linear devtran 
(d p LOO-1 58) was a gft from Professor C Schucrch ’ 3 This dextran !\as synthesized 
at State Uni\erslt) Colle,., n-r of Forestry under research grant Ghl06IGF from rhe 
DIvi>ion of General IvIed:c,4 Sciences, kauonal lnslitutes of Health Dextrans from 
Lzzm~~osro~ nwsr?n~ermfes jtralns NRRL B-512(F) and NRRL B1355 (TracLlon L) 
were Lndly probided by Dr A Jeanes The streptococcal glucans nere sqntheslzed 

by Iucubatlng sucrose (4%) for 24 h wth (2) crude, culture fluId of Srrepfococcre 

Jwlgurs SW. (b) ;! D-&.tcos~ltransferase I4 Isolated from the culture fluid of S mufans 

OhlZ I76 by fractionatjon wth ammomum sulphnte follo\ied by chromatography on 
hldro\ylapatlte: (c) comblaed fracLions of S mufans KI-R D-glucosyltransferase 
eluted filth pomsswm phosphate buffer (0 25~) from the hydroxylapaute column 
described 10 tis paper (FIN I ) The three giucz~s were synthesized under deutranase- 
free condlfions The insoluble glucans from (u) and (c) i&ere washed with water (X 61. 
and then freeze-c’rled The soluble gluc;!~~ from (b) was prenpltated and washed wth 
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60% ethanol, dissolved IIYI Hater. then rcprectpltsted and uxsbed w1t.h 759/o ethanol, 

and a soluhon in \iater was freeze-dned 

FIN I Chromrlrograph) oi Xl-80’ D CNH4):S04 iracuon on hydroqlapcrtw Frxtlon> zontammg 

dextlanxsz actl\Ity (55-72) t&err combmed Fracuon: lb&IS@ \Lere aJ:o combined and u,ed to 
preoare KI-R Insoluble glucan -, phoJph3fe gradrenl. -@- deurranz~e ncrlwly -A- 

sucrose-ur~bslng OC~IVII~~ - - - -, E:.,,,,, 

Oligosaccbandes of the lsomaltose serlej were isolated from a partral. acid 

hydroljsate of CIJUJC~I dcxtran Isomaltose (Ihl,) and hgber ohgosaccharides up to 

Isomalto-octaose (Ihl,) ibert: separated by chromnto_grar>hy on charcoal-Cellte’ 5r 

and IhI,-Ihf I z u.ere separated by gel filtration I6 on BIO-Gel P2 at 50’ The ol~go- 

saccbandes were further punfied by preparauve paper chromatography” 
Ma/eria/s - The followng chromatographic supports were used. BIO-Gel 

HTP (hjdrouylapatlte) and Blo-Gel P3. from Blo-Rad Cot-p, Calri : Whatman 

DEAE-ceUulose, DE 52. Ultrogel AcX34 (polyacrylamJde-a&arose gel), from LKB 

Produktcr. AB, Bromma Sweden The supports liere prepared for use III accordance 

wtb the manufacturers Instrucllons Ammomum sulpbate was n BDH lahorator) 

reagent especially low In heavy metals for enzyme work AlI other chrmlcals itere 

analyfxal reagent grade 

Organrsms andgrouvh condlrroru - S mulam strain K 1 -R was obtallled from 

Dr R G Fitzgerald. S rnuians OhlZ I76 from Professor B Guggenberm, and 

S saqurs 804 from Professor J Carlsson The orgamsms were groun In a medium 

contaimnng 2% of Trqptxase (BBL), 0 5% of yeast extract (Dlfco). 0 $70 of alpotas- 

slum hydrogen phosphate, 0 I % of potassium dlhjdrogen phosphate, 0 2% of sodium 

chloride, ana 2% of D-glucose The growth iv% performed under anaerobic condwoos 

(Nl+C02, 95.5) for I6 b at 37” rn a fermenter (MF-I II. New Brunswck ScwMic 
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Co. Inc. New Brunswck, NJ, U.S.A ) The pH of the final growth-me&urn MS 

adjusted to pH 6 0 filth lactic acid pnor ro inoculation and mruotnlned at this value 

throughout the gro\\th period by autotnatlc addlrlon of NaOH 
-1~~alytrcai nietil0d-s - Total carbohydrate was dekrmlned by cytelne- 

sulphurtc acid reagcnr ” Reducing sugars werr” determined bq Nelson’s method” 

on one-fifth the recommended scale, the extlnctlon belog read ar 510 nm In elpsrr- 

ments wrth rsomslrose oh~osscchande substrates. determrnatlons \iere performed on 

one-tenth sca!e a;ld euunctton values were read at 570 nin D-GIUCOSC itas determined 

by .I ~-glucose oudase-peroudnse reagent’” 

Ohgosacihandss wrc xparared by dcscendlng chromatography on Whatman 

No 3~~1 paper, \\lrh rutromethanl-ethanol-\$arer” (Ai 36.23) and detection by 

aikahne sll\er nitrate’ I Where newssap. solutions \iere detomzcd wth Amberlrte 

hl B-? resin (cxbonate form) prior to chromatographv 

Pr>kln was determIned b> Hartree’s rnodrficn~~on” of the Fol~n-C~owlteu 

procedure. using bovine serum albumln (Fraction V, Sigma Chemlcsl Co ) as ;1 

standard. protein In column fracuons ws monrtored by measunog the e\tlnctlon at 

250 nm inorgamc phosphate ~\dh determrned by the method of Allen’“, and sodtum 

chlonde by tltratron with 0 lar silver mrrsre. wth potassium chromate as Lhe rndlcaror 

Exynle assal:) - An tncubatlon remperatwe of 35’ ivas used throughout 

Drvtrannse acuklty was determined by the release of reducing >ugars In a digest 

contalmng Sigma 2000 devtran (I4 m s/ml). sodium citrate bufTer (35 mhf, pH 6 01, 

and an approprlatz volume of enz:fme The dlgejt> lrere ssmpkd at Intervals, and the 

enz) me was Innct~\a~eil by bolllng (2 min. 100’) or by the addltlon of copper reagent 

One unit (U) of actl\lty 1s defined as the amount of enzyme that cau,ed the release of 

I PrnJ of reducing po\+er per mln, under the condlttons of assay 

.\ctiviries of the poljsacchande-synt heslong enz} mes. D-plucosjVirran~fera5e 

and D-frUCtOs} ltransferase. rsere derermlned by measunng the rate of sucro>e 

utlll7arion In the prrzence of dexuan M i-uch has been reported to stimulate D-gluco~) I- 

transiera\e aczibltp 5B0 The act~vlty digest contained sucrose (0 CO), Stgma devtran 

2000 (160 jlg,‘mi), sodium citrate bu,Fl’er (Zmsr, pH 6 5), and rlnzlme Sucrose 

remslmng in the dge.sts was determined In ahquots (005 ml. withdrawn 3t vxrtous 

Intervals) by a modlticauon of tie nnrhrone method” When the contrlbubon by the 

indJ\ldual transferases was required. rhe poljsacchznde rn the digests \C~S preclpltated 

by rhe addition of ethanol (2 bol.) and Hashed wth 75OL aqueous ethanol The 

poiysacchnnde was dissolved rn 36?b sulphurtc acid. and Its glucose and fructose 
consents {lure determined by the *‘hot”” and ‘cold”‘6 anthrone methods 

Invertase actlkity \\as also detected by thus absng To establish whether the 

swrose In the digest MS hydrolyscd b) rnvermse to t@ucose and o-fructose, or used 

for polysaccharlde synthesis by rhe transfe:ase(s), the release of reducing sugar> was 

compared on a molar basis wth the disappearance of wcrose m the digest The 

presence oflnbrrtase \\as rndlczted if the ratio ~freduclng sugars to hucrose consumed 

was greater than unity A ratlo of t!\o, togsthcr wth the absence of polysaccharlde 

fortnation tn the digest, rmphed that rhe sucrose hydrolysts was due solely to Invertase 
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Or_r’tw pr~~pararron - Culture fluid \vaj obtarncd from each ceil growth (5 I) 

b> cwtnfugatlon (IO mln, 12,OOOg) All subsequent operations \iere carried out at 

O-3’ unless otherwse specified The culture fluld frow S mrrtans Kl-R \ias dlslysed 

agamst drsulled water (IO vol ). then concentrated to 3?b of the onglnal volume by 
uitraiiltranon cn a Fhl-IO membrane (Amlcon Corp. Leungton, hlass , CJ S A 1. and 

dlalysed spalnst 50mar sodium citrate buffer (pH 6 0) SolId sucrose \\a3 then added 

to gve a final concentration of 10” r) (W/L), and rhe ml\ture was Incubated at 35” for 

2 h The insoluble marerlal \~as removed by centnfwsrlon (30 min. 1.8OOy). and the 

wpcrnatant solution I%L~S dlalysed agamsr 50mhr sodium cltrnte buffer (pH 6 0) for 

3 dajs to remove ihe remnlnlng sucrose 

The dAysed jxepararlon \fas fractionated with solId (NH,),SO,. the frsctlon 

precrpltatmg betireen 30 and SO’!0 sdturatlon of salt uas dlsjol\ed III 5Omhr sodium 
cltratc bufier (pH 6 0) to one-tenth of the ongnsl volume. and dralqacd ag-.lnst the 

same buffer to remove the salt 

HI dro ~~~lapatrte chomatograph I -- The mnterlal obtained by (N t:A)lSO, 

fractlotlauon was dlaljsed against IOmnr potnsslum phosphate buffer (FH 6 5) and 

applied LO a column (43 x 3 cm) oi hydroxylapstlte prepared rn the same buEr The 

enzyme w;13 :vashed on with 35 ml of rhe buffer, and the elutlon gradient wds set up 

with !Omv potassrum phosphate bulTer (PI-J 6 5) In the rnlklng vessel (500 ml) and 

0 2%~ potassium phosphate buffer (pH 6 5) In rhe re>er\olr Fractions (6 ml) wx 

collected at the rate of 23 ml/h When the phosphate concentrallon of the eluate 

reached 0 1 I hf. the rejenoolr bufk was changed [o 0 -ihf porasslum phosph;lte 

(pH 6 5) and the elutlon \ias continued 

DErl E-c~ihrlosc clrrotnarograpl~ I’ - Combined iractlons conlalnlng dcktranabe 

actlvlty from the h>droxylapatrte column \iere dlalysed sgalnbt 5m.\r sodfum citrate 

bulk (pH 6 0) and applied IO a column (30 Y I 5 cm) of DEAE-cellulose prepxed 

III the same bu!Ter The column was then i\ashed wlrh Smnr sodium citrate buffer 

(pH 6 0) until the e\tlnctlon at 280 nm of the eluate \\a; negllglble (200 ml) Gradient 

elutlon with Smu sodium cttratc buffer (pH 60) In rhr miung iesjel (230 nil) and 

0 ISxr NaCl In the same buffer In thz rcservolr I~LIS then begun Fractions (6 ml) \\ere 

collected at the rate of 35 ml/h M’hen rhe chloride conccntrallon of the eluate 

reached 0 075x1, ;he rtservolr buffer \\as changed to i) ?u NnCl In 5rntl sodium citrate 

buffer @H 6 0) The elurlon \\a3 continued until the eluate bufGer \\as 0 24x1 NaCI. 

t\ hen the reservoir bufler WLIS changed to 0 SV NsCI In Smhr sodium citrate bufk 

(PH 6 0) 
Ultrogel filtratrorr - Frscuons contalnln_e dextranase from the DEAE- 

cellulose column Here pooled and dlalyssd asalnst 5GmM sodium citrate buffer 

(pH 6 0) The pool was then concentrated to one-fifth of the volume h) ultrafiltration 

on U 111 20-E membrane 4 portion (5 ml) of this cnz:, me was aoplled to a column of 

Ultrogel (70 x 2 5 cm) prepared In 5Ombr sodrum citrate buffer IpH 6 0) The column 
t+gj cluted with the same buffer at the rste of 27 ml/h, 3-ml fractions \%ere collected 

Fracllons contalnlng deltranase !!tw combined. and concentrated to IO ml by 

tiltratiltratlon on Uhl 20-E membrane 



24’ A PULKOWMK, G. J. WALKER 

RESULTS 

P~~r~ficarron of dertnmase - Several enzyrmc activltles apart from the 

dettranase nere detected IKI the crude, culture fiuld These included inveriase, dextnn- 

giucosidase. and giucao- and fmctan-syntbetases Apprcumateiy 26% of the total 
ceil dextran-giucostdase \vaj present III the culture fiutd. Thus enzyme lost actlW5 
rapldiy unless the cell-free culture fiuid HIS dlslysed against citrate buffer soon after 
hzuv+sbo,u Became the culture fluId remaIned un&aiyscd for a conslderable penod 
during concentration. the deWan-giucosldase actlvlty was absent from the con- 
centrated matcnal 

A 10~s of %“o rn the sucrose-utlilzlng actl\lty \\as also detected after the 
coocentrauon step It WZ.IS not establrsbcd whether this was due to the loss of mverme 
or poi, sacchande sgtbetase actI\ltles In contrast, the loss in dextranase activity was 
negilgl3le (Table r) The apparent decrease In protein content after uitrsfiitrauon was 
probsbij due to the remobai of pcpbdes of reiatlbeiq low mot wt. present III the 
liredlum and not of the bactenal protein, smce the cur-oif of Phi-10 membrane was 
?t Ill01 wt 10,000 

TABLE i 

PURI-lCATlCs4 OF s t7lllf~N DL-NASE 

Toral Sptqic PuTlJicorron Yield 
pwrern ocl~crr) ( qo t;n (:a) 

(m:) frmrls/mg) 

I Cullure ldrr3le (5 I) :19-l 8250 0 01-l - IOC 
2 Coesentrmd Wltrdte II6 3 I706 007 5 97 
3 After sucrose mcubarlon 70 3 8Pi 0 05 6 .i9 
1 X-80’!; (NH,),SO, 61 3 348 0 18 13 5, 
5 H>droxjlaparlu iraLtlon> 30 b 17 6 I 83 131 41. 
6 DEAE-CeUdo:e frzcuoos ?-! b 3.i 9 88 706 29 
7 Lllrrogcl frsmoni ‘3 1 09 26 0 1x57 20 

The next srep In punkanon made use of the fact that D-giucosyitnnsferases 
;ire adsorbed easily on the polysaccbarldcs obey synthesrze Prebmmary, smali-bca!e 
s\prnTenrs sho\ted that the proportloo of synrhetae removed b> mcubaun_p culture 

supernatant-flurd \tlth sucrose far exceeded the amount adsorbed irhen cell-free 
filtrate was treated directly \\Itb S IIIUC~IIS Ki-R lnsoiubie glucan D-Giucosqi- 

:ransferzses were therefore exposed to the copious quantlhes of msoiuble poly- 
saccba_-F-lde that the> syntheszed from sucrose m stttl The enzyme that syntbeslzed 
soluble giucan, the D-giucosyitransfzrase that was most difficult to remove from 
dextrana:c by any other procedure, wan preferenhally adsorbed Provrded the In- 

cubauon time was shorr (2 b). losses m devtranase acuv~ty Here neggigbic. However, 
when a more-punfied preparation (contammg less D-giucosyltransferase) was used, 
losses of up to 4O”L of the dextranase actlvlty were encountered The tilgh loss after 
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PC ah Sucrosr USC-d PrOdlICIS 
(pnrol) 

GlUCOSe Rcdurrng Glucan Frucran 
(jImor) srrgIlr_t (as pmol ojgkco.re) (OS ,umoiof irrrrrosc) 

I 140 195 39 4 0.5 OS 
II 54 56 117 09 07 
III 74 15 80 40 13 

5ucro:e ULIIIZ~IIO~ assays were czrrlcd our 2s described m Enr)me asssys The dlge+j II ml), 

contunIng 3 urnpie (0-l ml) lrom each frac[lon. Here mcub;r:ed at 35’ ior 16 h. 

D-fructoh} I-tranbferases The amount of syntbetase removed from dextranaise by tks 
chromstcgraphy was difficult to derermme because Its acrlvity could only be detected 
after Incubarlon for 15 h 

Gel filtrarton of the dexktnase peal\ obramed from DEAE-cellulose column on 
a column of Ultlogel resulted tn complete separauon of the two actwues The 
transterase pesk was eluted in 0 4 bed-volume, while devtranase was elured In 0 7 bed- 
volume Ttus does not Imply that the DEAE-cellulose step was unnec+xary. since 
fractlonauoo of hqdroxylnpsbte frocuoos on Ultrogel resulted in elution of Invertabe 

together wtb de\trannse 
This puniication scheme resulted m ISO@-fold punficatlon of dextransse 

uctIvtty and in the complete removal of contamlnstlng enzymes, locludtng D-glucosyl- 

tranaferase There was no release of reduclns groups in actlvlt) dqe,ts t\hen dextran 

~3s replaced 131th glqcogen or frucfan 

Propmres of de.\ rranase - The condrtlons for opbmal actwty of the enzyme 
were nr pH 5 5 and 35’ (Fogs 3 and 4, rzspechvoly) The enqme was rapldly In- 

activated at temperatures above -!O’ (FI,. 0 4) The acuv~ty was linear wtth ttme up to 
JO-mln Incubation. and v;lth the volume of enzyme, provided the drgest contcuned 
less than 0 I7 l-r/ml Addltlon of bovine serum albumin (80 or 200 &ml of drgest) 
Increased the actt\~ty by 17% Euhausbvz dtalysts of the enq’mc against lOmar 
EDT.4 folio\\cd by dialysis In 50mxr sodium citrate buffer @H 6 0) did not alter the 
actiklty Treatment of the deNtran solution in a smtlar ~ay did not make tt a more- 
sultable substrate The enzyme lost sctlvlty at the rate of 196 per wee4 when stored 
at 3’ 

Subslrate specrficrl; - The hkhaehs constant (K,J of the devtranase for 
Stpma dckttran determIned from a Ltneweaver-Burk plot (F1.g 5). was 29 mg/ml or 
I Ix IO-‘ht The K, value for Ihl,. deterrmned from activttles obtzuned writh a 
range of substrate concentrauons (0 Z-1 Smnr), was I8mhr. 

Thz actIon on devtran was also studled by obserwng the order of appearance of 
products over a penod of reactlon The mitral action of the enqme \+as to hydrolqse 
Sigma devtran to a certes 01 higher tsomaltose saccharides,,“› the lowebt member of 
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Fig 3. The efk: of pH on rhe XLIVII~ of dewanae ACIIVII~ dlgzsrs contammg Sigma dewan 
I IS mg/ml), enzyme (16 mu/ml), and cltbcr 35mM sodwm citrate bulk f@) or 30mrI >odwm 
phosphalr_Smv so&urn cltrzte bufkr (0) were mcubaled for 30 mm at 35 

FIN 4 The effect 01 Iemperaure on the acLiv11y of dcruanase 4c11ray dIgebb ccnlammg Sigma 

tiewan (I4 m/ml). enzyme (64 mu/ml). and 2imc sodwn atrate buffer (pH 6 0) Herr: mabated 
Ior I5 mm (8)) and 30 rmn (0) 

FIN 5 Llneuea\er-Burk plot oi the actIon of dexiranase on SI~~IJ dextran 2OOU Standard dlgtits 
conramed 0 16 U of enzyme per ml 
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whxh was Ihl, Thrs sugar remalned pro,rrunent throughout rhe course of the reactton, 

while the txgher saccharides nere apparerltly fully coc!crted Into Ihl,. Ihl,, and, to 

a Ies,er extent. lsomslto5e end D-,olucose The apparent converslon rnto Ihf, 

(dererrmned from the release of reducln9: porker rn the dto,esr) ~3s 0 3 5, 239t. 

0 7 h (36%) I h (399b). i 5 h (46%). 2 h (49%) 3 h (6-1:;). 6 h (70Y0). 24 h (95%) 

Afrer reactlon for 23 h. low amounts of sugars of molecular iteIght higher than JM5 

sppezred to cozmsl most11 of branched sacihnnd~> Thrb \bds rndrczttcd by spots at 

posluons in between rhosr corresponding to rhomaltose saccharides On nddluon of 

more enzyme to thz deitran dlgw, ihI, was further hydroljsed, ~-glucose and IM, 

became more promrneot, and the apparent conversion Into Jhl, rose from 9j”b to 

loo?, Varrous other glucans. vrhcn treated under ~hc same condluons. were 
considered to be hydrolysed to the Irmlt, the secord lncubatlon with dew-anase glvlns 
srmllar, small Increases In convcrslon values The hydrolyjls of devtmns (Sigma XXJO. 

B-513, and synthehr) rhat contain 96”; or more of( I--+ 6)-r-D-glucosldlc Ilnkges lc’as 

larpely complete. uhereas dc~tran (fraction L) from L ttwsettraodcv NRRL B-:355 

kvlth ‘JS?; of (I -+6)-x-D-plucDsldlc Imksgej”, !\a~ hydrollsed to the z\tcnt of 84’b 

The produLts ranged from D-glucose to Jhl,, whlic the dclrtrans char conraIn branch 

I~nLnpes albo yielded brsnchrd saccharides of d p >4 The syntbetlc dexrrsn. beIn 

csscntmlly hnex. was hjdrolysed completel_v to Isomal!ox saccharides 

The Gr~ptococcal glucsns sho\\ed considerable drfferences m product dlstn- 
butlon The actlou of the enzyme on the soluble $ucnn synthesized bj a purified 

D-_eluc3syltransferase of S mrr/a~rs OMZ 176 was llmrtrd (179/o conlerslon Into IM,) 

as shown by rhr relatl\c lath of products smaller than ihl,. by the presence of 

SW branched products * of hIsher d p . and by the large quantrtles of saccharides claw 

to the orlpln of the chromarogram. Another S ttutians glucan, the Insoluble polb- 

sacchande 5) nthebired by a punfied D-glucos~ltransfera~e of strain KI-R, \\a~ 

to,ally resistant to the dektrannse In contrast to the S n:~rans glucans. the lnsolubls 

plucari from S sarrgrrrs 80-I wds solublhzcd and hydrolyzed 10 rhe extent of 5596 and 

730/b, rcspectrvrly 

These results Indicated Lhat the rate of action of dextranase on Isomallosz 

sacchander \vas dependent on rhe cham-length The members of the series \\ere 

rhercfore compared as substrates for the enzyme at equlmolnr concentraclons (FIN 6) 

Because the saccharides themselves had finite reducing-power. the rate of reactron \\as 

determrned as the percentage Increase m reducing powr per hour X IOOO; Increase 

per hour thub dcscnbes a s.uat!on lkhere every molecule of substrate has been 

cleaved once. The rates ~erc determlned dunng a period when the release of reducing 

power was hcear, the time Interval ranged from 5 h for Ihf, to IO mln for ihf Iz It 

was observed ~hni the rates of rcncrlon robe sharply \\~cb IncreasIng chain-length 

(FIN 6). there belog a JO-fold difference between the rates for IM, and Ihl, 2 To 

compare the rate of reaction of S~,rrma dextran 2000 under the same conditions, the 
co1wxntratlon of drltran In the digest would need to have been I 1 g/ml As this was 

expcnmentnlly lmpo>srbIz, sqothet~ dexrran tias wed instead Drtermtoatlons of 

reducing power IP exb rsomalcosacchande digest were contmued until there was no 



iurrher Increase, and the producrs i\ere rhen beparared by paper chromarography. 

The main prcducts from each substrate \icre Ih14, Ihl,, Ihl,. and ~-glucose No 

ewdence of transglucosylarlon \vas ob :slned from any of the chromatograms There 

was no acr~v~tj toirdrds Ihl, and Ihl, under the condltlon; used In this e\perlment 

However, when rhe concenrratlon of the enqme III the digest was Increased ten-fold, 

rhe rare ol‘acr:on on Ih14 ~a> 6% per h. I r’ , approumatrly rhe same as that for Ihl5 
III the presence of one-tenth the actrvlty The maJor products from this reaction wrt 

shohn by paper chromatography IO be Ihl, and ~-glucose, \rlth lower dmoun[s of 

lsomaltose I~omaltorrlose was not a subhtrare even l!ILh the hqher corxenwauon 01‘ 
enzyme 

jC3 - 

r 

I - 

DlSCLISSlOh 

Several srudles habe shoibn that S mrrtan.r produces deutranase’-‘, and 
Guggenheim and Burchhardrh concluded thar almost all strains covering serologcal 

group> a-e rekase an endo-deitranabe Into Ihe mcdlum, s\lth a proportlon of the 

enqme belnp cell-bound Some strains also produce an elo-dextranase’, and ths 

enzyme 1s iound rn cell extracts % ~tzll A In the mcd~um Ncvertkeless. mvestigauons 

Into dextran metabolism by S nutram ha\e centered malnlv on bynLhe%, and reports 

of expcnmenrs ~lth D-plucosyltrsn~ferase~ ha\c not generally lndlcsted the Ie~el ot‘ 

dextranase ac[IvILj accompdnyln, 0 the 51 ntheswng enzymes ProLlded that S twrlarr~ 

IS grows under condlrlons sultable for the survlvsl of ewxellular enzymes. 

deutranases and o-glucosvl(rdns~ersses ~111 be present rogerher In the medium, and a 
simple irxtlonstlorl n1t11 ammonium sulphare does not sepdraw these enzymes The 

procedure me hake described ror the purlhcarion of eI?do-drxlranasr allows the 

complete remcbal of all traces of o-glucos)llranzferase sct~wry The enzyme IS also 
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free from euo-dextrxnase acuvrtj, as shoun by INS Iwblhty to hydrolyze lsomaltose 

and ~somaltot~~ose 

The endo-dextranase of strnln KI-R IS ch;iractenzed by rts hqh affinlly for 

dextrrrn The value (1 4 x IO- 5~~) for K;,, IS smaller by almost IWO orders of msgmtude 
than that (097 Y IO-jw) of S nzu!ar~s strs~n OhlZ 176 deutranase’ The maJor 
products of the KI-R enzyme on se\erai deltrans were shown by paper chromato- 
graphy to be IRl,, IMA, and Ihl, Small amounts of D-glUCO;c and IM,, togerher 
ultb hqher oLgosaccharldes contarung one or more hnkages other than ( I+~))-+D. 
i\ere also observed Since both Ihl, and IMS were slowly further hydrolyzed to 
D-glucose, Ih12, and IM;, the extent of hydroiyjls of the dewans was evprssscd as 
theit con\erswn into apparent IM, 

The K, value for iM8, I 8 x IO- ‘~1, belog a thousand-fold higher ihan the 

value for dextran, Illustrates the reduced a@irufy ofthe dextranase fc;r ohgosacchartdes 
The rate of hydrolysis 01 Izomalrose saccharides fell rapldly (Fig 6) v.hen the C~-~III 

length decreased from 7 to 5, and rbe hydrolysis of ihl, was eitremelv slow These 

results may be corrpared \+ltj, those reported28 for a dextranase (Di) 0; P.wzdon~o~~~ 
UQM733 The mltra1 rates of degradation of tsomaltosaccharldes by enzyme DI also 
decreased wth d p from I hl, to I hl 5, and only traces of products Here Seen from I M_, 

and Ihl, Althou-h the two enzymes gave simdar, early products of dextran 
b>droljsls. dexrranase-DI finally produced equr\aleor amounts of IM,, IILl,, and 

IM,, and traces of D-glucose were released from Ihl,-IN,, only after prolonged 
lncubatlon. In rtus paper, \le have not gr:en the dewled account of the hydrolysis of 
v;lnous ohgosacchandes rhnt hns been presented for dextranase DI. because rhe 
tiqal dlstnbubon of producis depends on the enzyme concentrarJon and the duration 
of rncubatlon. and the results do not ,rve precise InformatIon on hnhngc hydroljsls 
4 study of the acuon pattern of S nwuns devtranase on two series of ‘T-~omalto- 
sacchmdes, labelled at opposite ends, IS nobr II-I progress 

S mrfuns dexuanasc hydrolyzed (I-)6)-a-D-glucans contaming 6% or less of 
anomalous linkages to give an appaent conversron mto Ih4, of 99-1000,~. but the 
eneme had httle action on the glucans s)ntheslzed from sucrose by the Isolated 
o-glucosylrransfera\es of S .WIIIUHS 7%~ resuft IS conswent wth the hnohn specs- 
ficliy of endo-deuuanases Hydrolysis of Lruconormc dcwans by Penrcdhutn 

dex:rdna>es wds markedly lowered wtb Increasing degree of branchmg2’. and a 
bacterlal undo-deutranase” Cl3 (Calblochen) would not act on S mu!,711s (I -+3)--t-~- 

g!ucnn Furthermore. dewanase CB did not hydrolyze the crude gluca~,~~ synthesized 
from sucrose by the cultare filrrates of S muam strnlns KI-R and I313 The Insoluble 
plucan synthesized by a punfied D-glucosyltransferase of S. HIIIIGIIS KI-R (see 
hiethods) IS a (I +3)-hnked cz-D-glucan as shown by the extent of it, hydrolysis (9194) 
by a specific (I -*3)-8x-t@ucanast3 ‘, and thus It IS completely resIstant to dexrranase 
Devtraoase can Infublt” or alter the sycthes~s of Insoluble glucan by S nur/urrs 
D-glucosjltransfernses only when the eoz)mes ze present together Dextranasc 
lnhlbluon of (I-+3)-z-o-gluwn synthesis IS partly due to the high primer actlritjlJ of 
small amounis of de\tran for sucrose (I +3)4-D -plucan 3*-D-glucosyltransferase; the 
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1 hl,, secondi>, S rw~~ns endo-deutranasr releases D-gluco>e only from the reducing 

end of Iill A nnd lM533, thus prowng that e\o-ds~tranase. which attacks from the 

non-reduclng end, could not have been rebponslble for the appearance of D-glucose 

Stoat and Schachrelc”. N ho studxd the dextranase actl\?tj of ccl1 extracts 01‘ 

S tmrlanr B2, could not detect the bbcrstlon of reducing groups from cllnlml dextran. 

but foucd some ollgosaccharrdes by gel chromstopraphy of the products from 

dektran-t The absence of D-glucose-f among the products from rhls end-labellcd 

dcktran i!as cited as swdencc that ~-glucose was not a product of the rcnctlon In 

“agreement” wth this result, the fact that S nrttratts did not produce acid from 

deitrzn under rhe condluons employed for carbobldrare-fermentation rests3’ was 

cited as lndlcnting that 011s orgamsm might not utilize dextran Although the con- 

dltloos for opumd dexrraoase Froducnon b> S ~IUICIIS have not been defined. It 15 

already‘i\nown that the cnqme IC. not stable belolr pH 5, and acsordlnplg may nor 

surwre unless the pH 15 suitably controlled Therefore. ncltner the apparent absence 

of ~-glucose during the early stages ofdettran degradation. nor the characterlsucs of 

gro\\th dlsPiaj=d III uncontrolled batch-culture. nor even the result of n fermentation 

test proves that de\,tran cannot be utlllzed by S PIUUWS We have conslsrentlj 

obsenrsd that \rnshed suspensions of S tttttians cells rcadII> hydrolyse cllnlcal deltran, 

and that cells oi S mttians strains thar produce exe-dextraoase, as \+ell as endo- 

dextraoase, g~\r: D-glucose as rhe man end-product 

It seems clear, therefore, that S tnufanj can realm Its potmtlal to utlllzc 

e:t_racelltJar de\trsns that are sujc<ptlble to hydrolysis by endo-deutranase The 

most-prebalenr species of streptococcus In dental plaque, S jangrrrs, IS also the best 

producer of devtran from sucrose The proportion and arrangement of the (I --+6)- 

z-D-giucosidic hnkagss III S songuts dcvtran and in some regions of certain S nzufans 

glucans. account for their hydrol>sls by endo-deurranabes Degradation of the 

dextrans by the Indigenous dewanases oi plaque micro-organisms can explain the 

prr>crxe of ohgosaccharldes and D-glucose In dental plaque3’ 

This v ork was supported bq a grant from rhe Dental Board of PI S W. 
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