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ABSTRACT 

Ciadosporzunz resznae (I +3)-x-D-glucanase has been characterized as an endo- 
cglucanase capable of completely hydrolysng msoluble (l-~3)-a-D-glucans Isolated 

from fungal cell-walls D-Glucose was the major product, but a small amount of 
nrgerose was also produced The enzyme was specific for the hydrolysis of (1+3) 
bonds that occur m sequence, and mgerotetraose was the smallest substrate that was 
rapldly attacked Isolated (l-+3)-a-D-glucosidic linkages that occur m mycodextran, 
lsohchenm, dextrans, and ohgosacchandes denved from dextran were not hydrolysed 
Insoluble glucans syntheslsed from sucrose by culture filtrates of Srreptococczrs spp 
were all hydrolysed to various hmlts, the range was 1 l-61% A soluble glucan, 
synthesised by an extracellular D -glucosyltransferase of S mutans 0MZ176, was not 
a substrate, whereas msoluble glucans syntheslsed by a different D-glucosyltransferase, 
isolated from S mutans strains 0MZ176 and Kl-R, were extensively hydrolysed 
(84 and 92%, respectively) It IS suggested that dextranase-CB, a bacterial endo- 
(l-,6)-cr-D-glucanase that does not release D-glucose from any substrate, could be 
used together with C resmae (1+3)-a-D-glucanase to determine the relative propor- 
tions of (l-,6)-linked to (1+3)-lmked sequences of D-glucose residues m the msoluble 
glucans produced by oral streptococci The simultaneous action of the two D-gluca- 
nases was highly effective m solublhzmg the glucans 

INTRODUCTION 

(1+3)-cr-D-Glucar1ases’-~ (EC 3 2 1 59) are capable of hydrolysmg (1+3)-a-D- 

glucans that are components of the cell wall of several species of fung5-lo Some 

(l-+3)-a-D-glucanases? 4 ’ ’ ’ + can also partially degrade the extraccllular glucans 

*For Part I, see Ref 11 

*n&e Dewar 
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produced by Streptococcus muta?zs and Streptococcus sanguzs, and by some strams of 
Streptococczzs salztarzus These polysaccharldes are syntheslsed from sucrose by D- 
glucosyltransferases that are released mto the culture flurds of D-glucose-grown 
streptococci 1 Iwf8 A glucan Isolated m this way from S mutans OMZ176 was shown 
by methylation analysis’ 6 to contam N 50% of (l-+3) hnkages The polysaccharlde 
was designated as “mutan”” 18, so as to dlstmgulsh It from dextran, hitherto 
defined as a polysacchande composed of a substantial, if not a major, proportlon of 
(l-+6)-linked cr-D-glucopyranosyl residues 

Enzymes specific for the hydrolysis of (1+3)-cc-D-glucowdlc hnkages In poly- 
saccharides were first isolated’ from culture filtrates of Trzclzoderma vrrzde QM6a and 
Penzczllrum fztlzzculosum that had grown m a medium contammg (1-+3)-a-D-glucan 
(pseudomgeran) Isolated from the cell walls of Aspergzlhs nzger Punfied T tizrzde 

(I +3)-cr-D-gIucanase’ was characterized as an endo-glucanase, and the enzyme 
displayed a broad speaficrty, hydrolysmg such hnear glucans as lsohchenm and 
mycodextran, where (1+3)-a-~- and (1 +4)-x-D-glucosidic linkages alternate, in 
addltlon to pseudomgeran, where (1 +3)-a-D-glucosldic hnkages occur in sequence’ 3 3 
T tztrde QM6a @own on medium supplemented with mutan did not produce an 
enzyme capable of hydrolysmg mutan , I7 but Trzchoderma harzzanum 0MZ779 

grown under the same condmons produced a “mutanase” that, even after extensive 
purification, was able to hydrolyse mutan completely3 

A survey” of over 200 rmcro-orgamsms revealed seven fun9 that produced up 
to IO-fold higher jlelds of (1+3)-cc-D-glucanase than could be obtamed from either 
T tzrzde, or T Izarzza>zzrnz, when the cultures were grown m a sunple salts medium” 
with (l-+3)-cw-D-glucan from Polyporzcs betulznus tramal tissue as carbon source 
Among the 1most active producers of extracellular (l-+3)-cr-D-glucanase was one 
orgamsm, Cladosporzum resztzae QM7998, that was umque m its ablhty to produce 
(1+3)-a-D-glucanase m the absence of (l-+3)-cr-D-glucan Equivalent amounts of 
enzyme were produced whether C resznae was grown on starch, D-glucose, or (1+3)- 
sc-D-glucan Partially punfied C resznae (1 +3)--D-glucanase was without actlon on 
mycodextran 20, but was repo rted4 to hydrolyse mutan to the extent of 24% after 
prolonged mcubatlon 

A punfied preparation of C resznae (I -+3)-cc-D-glucanase was subsequently 
Incubated with glucans” produced from sucrose by twelve strains of Streptococcus 
spp Isolated from human dental plaque The hnut of hydrolysis of the msoluble 
S mzrtans glucans was m the range 2747% Giucans from strams resembling S 
sanguzs were more resistant to attack (9-18% hydrolyses), but then de.gradatlon 
resuhed m greatly mcreased solublhzatlon These results might be more easily 
mterpreted If more were known about the mode of action and specific@ of C resznae 

(I +3)-cr-D-glucanase The lm-ut of hydrolysis of pseudomgeran by endo-(l-,3)-rx-D- 
glucanases has not been reported 

In tlus paper, we present a method for isolating C resznae (1+3)-a-D-glucanase 
that IS electrophoretlcally homogeneous The use of polysacchandes and ohgosac- 
chandes havmg a known proportion and dlstnbution of (l-+3)-a-D-glucosidlc 
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hnkages has enabled the speclficlty of the enzyme to be defined The condltlons 
necessary to hydrolyse fungal (l-+3)-cc-D-glucans to the hmlt have been estabhshed 
Under these condltlons, the action of the enzyme has been tested on the glucans 
synthesised from sucrose by puniied D-glucosyltransferases isolated from culture 
fluids of S mutans 

MATERIALS AND hlETHODS 

Carbohydrates - (1+3)-a-D-Glucan (pseudomgeran) was Isolated from the 
myceha of Aspergrlhs urger NRRL326 as described by Hasegawa et al 2 The fungus 
was grown m submerged culture In a IO-htre fermentor at the Umverslty of New 
South Wales, by courtesy of Professor B J Ralph Samples of pseudorugeran and 
PoZyporus betulmrrs glucan were kindly supphed by Dr E T Reese (1+3)-r-D- 
Glucan from Polyporus tumuioxd was provided by Dr V J Bender and by Dr D C 
Ellwood, and Hytophora mjiestans glucan8 was a gft from Dr T Mlyozakl Mutan” 
was syntheslsed from sucrose by the mixture of o-glucosyltransferases present m 
culture flmds of Streptococcus mutans 0MZ176 A sample of mutan was also 
generously provided by Professor B Guggenheim Insoltible glucans” from other 
strains of S mutans, Streptococcus sangurs, and Stt eptococcus sahtarrus were 
smularly prepared by mcubatm, = cell-free filtrates with sucrose (4%) Isohchemn was 
a generous gift from Dr J R Turvey, and mycodextran was purchased from Sturge 
Co Ltd Streptococcus mutans ICI-R (1+3)-r-D-glucan was prepared by the action 
on sucrose of a punfied D-glucosyltransferase” Isolated from culture filtrates 
S nzlltans OMZ176 (l-+3)-r-D-glucan and S mutan 0MZ176 soluble glucan were 
similarly synthesised from sucrose by the action of D-glucosyltransferase-I and D- 

glucosyltransferase-S, respectively The separation of these two D-glucosyltransferases 
1s described below A mixed-hnhage, msoluble glucan was also syntheslsed from 
sucrose by the combined actIon of D-glucosyltransferase-S (0 043 I u ) and D-gluco- 

syltransferase-I (0 004 I u ) 
Nlgerose (N2) and mgerose ohgosacchandes (N, and NS) were isolated from 

a partial, acid hydrolysate of pseudomgeran The polysaccharlde (500 mg) was 
heated with 90% formic acid (7 ml) for 10 mm at 100” Water (7 ml) was then added, 
and heatmg was contmued for 3 h Formic acid was removed by evaporation, and 
the residue was heated with 0 25&i H,SO, (12 ml) for 1.5 mm at 100” After neutrahza- 
tlon with BaCO, , and removal of BaS04, the supematant solution was concentrated, 
and the products were separated by preparative chromatography on Whatman 
No ~MM paper A plot of the loganthm of the partition function against chain length 
was linear, showing that the ohgosacchandes formed a homologous senes Authentic 
samples of mgerose and mgerotrlose were also kmdly provided by Dr I R Johnston 

Dextrans from Leuconostoc mesenterordes strains NRRL B-5 12(F) and 
B-1355 (fractions S and L) were gfts from Dr A Jeanes The tetrasaccharlde O-X- 
glucopyranosyl-( I +3)-0-a-D-glucopyranosyl-( 1 +6)-0-or-D-glucopyranosyl-(1 +6)-a- 

D-glucopyranose (33-fx-D-glUCOSyllsOmaltOtnOse) and the branched heptasacchande 
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33-c+~-glucosyI~somaltohexaose (B,), which was possibly III adrmxture wth 3j-r- 
~somaltosyhsomaltopentaose, were Isolated 22 from the reactlon products of PenJcr/- 
Zzum funzctr/osum dextranase on dextran B-5 12(F) 

Total carbohydrate was e&mated with a cysteme-sulphunc acid reagentt3 
Reducing sugars were determmed by the method of Nelson24, and D-glucose was 
assayed with the D-glucose oxldase reagent as modified by Dahlqvlst2’ Separations 
of glucose, Isomaltosacchandes, rugerosacchandes, and branched olrgosacchandes 
were made by paper chromatography on Whatman No 3m1 paper with ethyl 
acetate-pyndme-water (IO 4 3)) detectlon was effected with alkalme slver mtrate26 

Bacferra - Streptococcus mutans strams OMZ176, Kl-R, and B13 were 
obtained from Professor B Guggenheim, Dr R J Fitzgerald, and Dr S Edwardsson, 
respectively, and Stveptococcrrs sanguzs 804 was from Professor J Carlsson The 
micro-orgamsms were grown ovemlght m a Mlcroferm fermentor (New Brunswick 
Sclentlfic Co ), wrth the pH controlled at 6 0, under the condltlons described 
previously’ 1 

Separatron of D-ghzcosyltransferase-S and D-glucosyltransferase-I from cultrct e 
j&izds of S mutans OMZI76 - After removmg the bactena by cenmfugation at 2” 
for 10 mm at 4,000 g, the celi-free supematant solution (2 1) was concentrated to 
38 ml m a hollow-fibre device (DC2, Armcon Corp Lexmgton, Mass, U S A) 
The concentrate was dlalysed against 50mM sodium citrate buffer (pH 6 5), and then 
ammomum sulphate was added to gve 50% saturation The preclpltated protein 
was dissolved m 50 m&i potassium phosphate buffer @H 6 5), dlalysed overnIght 
agamst the same buffer, and then applied to a column (42 x 3 cm) of hydroxyl- 
apatlte (Blo-Gel HTP) prepared m the same buffer The column was eluted with a 
hnear gradlent of potassium phosphate (pH 6 5), and the peak fractions of D-gluco- 
syltransferase-S, dextranase, and D-glucosyltransferase-I were eluted with 0 07, 
0 095, and 0 40&f buffer, respectively The combmed fractions of D-glucosyltransferase- 
S were then readsorbed onto hydroxylapatlte m 50rnbr buffer, and by elutlon with a 
shallower gradlent, the enzyme was obtamed free from dextranase The combmed 
fractions of the two D-glucosyltransferases were dlalysed agamst 50mM sodium 
crtrate buffer &H 6 5) Incubation of D-ghIcosyhransferase-S with sucrose produced 
a soluble glucan, whereas glucosyltransferase-I syntheslsed an msoluble glucan, 
later shown to be a (1+3)-r-D-glucan The soluble glucan was preclpltated and 
washed with 60% ethanol, dissolved m water, repreclpltated and washed with 75% 
ethanol, and dlssoIved m water, and the solution was then freeze-dned The msoluble 
glucan was washed (x 6) with water, and freeze-dned 

Fungz - Cultures of Cladosporzzzm resznae QM7998 and Trzchoderma vzrzde 

QM9123, and acetone preclpltates of (I +3)-a-D-glucanase from culture filtrates of the 
fung, were kmdly provided by Dr E T Reese 

Grarr th of C resmae and T vlrlde - The culture condltlons that provided 
optlmal yields of fungal (1+3)+D-glucanase were thoroughly exammed by Reese et 

al 4, and our growth con&tlons were based on their recommendations C reszzzae 
QM7998 spores (10-l 5 x 106) were inoculated into Trrchaderma vzrrde salts mechum lv 
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(100 ml) contammg a carbon source (0 5 g) and Tween 80 (0 1%) Production of 
extracellular enzyme capable of hydrolysmg mutan was not increased when starch 
as carbon source was replaced with mutan, or with msoluble glucans from other 

strains” of streptococci isolated from human dental plaque Either starch or P 

betulznus glucan was therefore provided, and the flasks (500 ml) were shaken at 

90 strokes/mm m a New Brunswick incubator-shaker at 29” The pH rose to 6 5 

wlclun 5 days, and remamed steady thereafter The myceha were harvested after 

14 days, when enzyme actlvlty m the medmm was usually at a maxlmum 
T tizrzde was grown under slmllar condltlons, wrth P betuhus glucan as 

carbon source 
Purzficatzon of C resmae (I+_?)-r-D-ghfcanase - All operations were carried 

out at I-4” Mycehum and cell debris were removed by centrlfugatlon at 34,000g 
for 20 mm 

Step I Cold acetone (1 volume) was added dropwlse to the cell-free filtrate 

(150 ml), and, after 1 h, the preclpltate was removed by centrlfugatlon for 10 mm 
at 34,000g A second volume of acetone was added to the supernatant solution, 
and the precipitate was likewise collected after 1 h The two preclpltates were dissolved 

m 5 ml of 20mM solum phosphate buffer (pH 6 0), and dlalysed agamst the same 

buffer 

Step 2 The enzyme, which was mamly recovered m the 50-66% acetone 
fraction, was apphed to a column (50 x 3 cm) packed with DEAE-Sephadex (A-50) 

that had been washed with the same buffer The column was eluted with a lmear 

gradlent of sodium chloride at I1 ml/h (143)~cc-D-Glucanase actlvlty was eluted 

with 0 11~ sodmm chloride Enzymes havm, = actlvlty towards mycodextran and 

mgerose ohgosacchandes were removed m this step, bemg eluted with 0 22 and 

0 26~ sodmm chloride, respectively (Fig 1) 

Fro&on numher 

Fig 1 Chromatography of C reslnae (l-+3)-z-D-glucanase on DEAE-Sephadex (A-SO) The frac- 
tlon (@, 6 ml) contammg peak actlvlty was prepared for lsoelectrlc focusing 9, (1-+3)-z-o-glucanase 
A, mycodextranase, q , (l-+3)-rx-D-glucosldase, -, sodmm chloride gradlent B-D-Glucanase, 
active towards lammann, was eluted m fractions 58-75 and 95-105. amyloglucosrdase with actwity 
towards glycogen and maltose, was eluted In fractions 56-62 and 72-82 (not shown) 
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Step 3 Traces of amyloglucoszdase havmg actlvzty towards glycogen, pulluian, 
and rsomaltosacchandes were removed by lsoelectnc focumg In an LKB column 
(110 ml) \wth a density gradzent of glycerol and a pIi gradlent of 3-6 Peak fractions 
of (I+3)-cr-D-glucanase from step 2 were dzalysed agamst 2&f urea contammg glycme 
(I%), and then focused for 96 h wzth a termznal voltage of 600 V The column was 
then dramed, and fractions devoid of amyloglucoszdase were combined A small 
peak of (1+3)-/I-D-glucanase was also separated from (1+3)-a-D-glucanase m thus 
step 

Srep 4 The enzyme was separated from ampholytes, glycerol, urea, and glycme 
by gel filtration on BIo-Gel P-10 m 5Om~ sodmm citrate buffer (pH 6 0) A summary 
of the punficatlon IS Bven m Table I 

The Isoelectric poznt of (ids)-ar-D-ghzcanase was at pH 4 2 The enzyme was 
homogeneous by the cnterlon of disc gel-electrophorem2’ 

TABLE I 
PURIFICATION OF (i-t?+_-&D-GLUCANASE 

Purzficatzon step Enzyme recover) 

(Uzlzts) (76) 

Speczfic acfzvzty 
(UnztsJmg of profezn) 

Purzfiicarzon 

Cell-free filtrate 300 100 71 
Acetone fractlonatlon 210 70 110 16 
DEAE-Sephadex chromatograpl-y 171 57 28 5 40 
IsoeIectnL focusm@ 43 14b 102 144 

“Only the peak fractions from the prewous step (51 umts specdic actlwty, 45) were taken for ISO- 
electrtc focusmg bRecovery m this step was 84% 

Determznat.on of (Z+S)-a-D-glzrcanase actzuzty - The actlvlty digest (1 0 ml) 
contamed mutan (7 mg), lOmM sodium c&rate buffer (pH 4 5), and enzyme After 
mcubatzon at 50” for 15 mm and 30 mm, samples were wlthdrawn mto Ice-cold 
centnfuge tubes, and centrzfuged in a cold room at 2,000 B for 5 mm D-Glucose 
oxldase reagent (0 7.5 ml) was added to a portlon (0 05 ml) of the supernatant solu- 
tlon, and the rmxture (1 0 ml) was mcubated for 1 h at 35” One umt of enzyme IS 
defined as the amount that hberates 1 prnol of D-glucose per mm m the actrvzty 
dzgest The rate of the reaction was not Increased by sh&ng the digests 

Derermznatzozz of mJlcodextrana.se actzvzty - The achvlty dzgest (I 0 ml) 
contamed mycodextran (5 m,@, lOmM sodmm citrate buffer (pH 4 5), and enzyme 
After incubation for 2 hat 40”, a samp!e was centnfuged at 2”, and a potion (0 25 ml) 
of the supernatant solution was wrthdrawn mto copper reagent for the determmatlon 
of reducmg power 

Determmatzotz of actzvzty tozLards zzzgerose tnzd zsomaltotrzose - The activzty 
chgests (0 25 ml) contamed mgerose (50 pg) or lsomaltotiose (250 pg), 1OmM sodmm 
citrate @H 4 5), and enzyme After 30 mm at 50”, portions were mthdrawn for the 
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determmahon of D-glucose wth D-glucose oxldase reagent Isomaltotrlose digests 

were also Incubated at pH 6 0 and 35” for 5 days when It was necessary to ensure 
that (1+3)-c+D-glucanase was free from enzymes havmg actlvlty towards the products 
of dextranase 

Dextratzases - Penzczllzum f~mzcuiosunz QM474 dextranase was mduced by 
shaking the organism for 12 days at 30” m T vzrzde salts medium, supplemented with 
oral dextrans” The mycehum was removed by centnfugatlon, and the clear, super- 
natant solution was lalysed agamst 5mM sodium citrate buffer @H 6 0) and then 
freeze-dned 

Dextranase-CB, a product of Calblochem, Los Angeles, was described 
prevlouslyzg Thus bactenal dextranase required the presence of at least five con- 
secutlve (1+6)-a-r~glucos~dlc lmkages before rapid attack could occur The main 
products from dextran B-512(F) were lsomaltotrlose and Isomaltotetraose, with a 
smaller amount of lsomaltopentaose and traces of lsomaltose Isomaltose ohgosac- 
charides havmg d p > 5 were hydrolysed mam!y at lmkages 3 and 4 (counting from 
the reducmg end) D-Glucose was not a product of hydrolysis of ohgosaccharldes 
or dextran The enzyme had no action on pseudomgeran 

Lzmzt of enzymzc hydrolyszs and sohzbzlzzatzon of zzzsoluble ghtcarzs - Because 
of the insoluble nature of the substrates and the consequent dSiculty of obtammg 
a true ahquot, severaf digests for each glucan were prepared m centrifuge tubes, and 

each digest was sampled only once A aetermmatlon of total carbohydrate m the 
supernatant solutions gave the extent of solublhzatlon of the substrates by each 
enzyme, the glucans did not dissolve when controls were incubated without enzyme 
Toluene was added to all digests m order to prevent the growth of bacteria 

(a) C resznae (1+3)-a-D-glucanase (0 23 umt) was incubated for a total of 
10 days with polysacchande (1 mg) m 50mM sodmm citrate buffer (pH 6 0, 0 29 ml) 
at 35” At each time-interval, one digest from each set was centrifuged, and portions 
of the supernatant solution were wIthdrawn for the determmatlon of D-gh.Kose, 

reducing sugars, and total carbohydrate More enzyme (0 12 umt) was added after 
5 days 

(b) Dextranase-CB (0 022 umt) was incubated for 5 days with polysaccharlde 
(1 mg) as m (a) The release of reducing sugars was expressed as apparent conversion 
into lsomaltotnose Under these condltlons, the hydrolysis of dextran B-512(F) was 
94%, and S sangzzzs 804 msoluble glucan was degraded to the hmlt (62%) A higher 
concentration (up to 20-fold) of enzyme produced no further hydrolysis 

(c) The combmed action of C resznae (1 -+3)-a-D-glucanase (0 23 unit) and 
dextranase-CB (0 022 umt) was followed m digests (0 29 ml) incubated under the 
same condltlons as for (a) and (b) Duphcate digests were incubated for 5 and 10 days, 
respectively Reducing sugar not accounted for as D-glucose and mgerose, was 
expressed as Isomaltotriose, and the hydrolysis (%) was calculated from the sum of 
D-glUCO% mgerose, and apparent isomaltotriose 
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RESULTS 

The ablhty of C reszme (143)~r-r)-glucanase to hydrolyse mutan &d not alter 
durmg the various steps m the punficatxon of the enzyme Cell-free filtrate, eluate 
from DEAE-Sephadex, and the final pool of enzyme from the lsoelectnc focusmg 
step all hydrolysed mutan to the same hmlt (40% as giucose), and the extent of 
solublhzatlon was 50% Therefore, C reszme Id not produce extracellular enzymes 
that supplemented the actlon of (1 +3)-a-D-gkcanase on mutan Addition of a 
F’ejzzcrlZllNn fz~~nrc~~os~m dextranase-preparation to a digest m which mutan had been 
hydrolysed to the hmlt with C resume cell-free filtrate (Fig 2) resulted 1x1 a lapId 
Increase m hydrolysis Enzyme precqltated from culture filtrates of T vzrzde QM9123 
wxth acetone (1 voI ) hydrolysed mutan to a hnut of 53%, and Its solublhzatlon was 
70% This orgamsm does not produce dextranase when grown with P betrrlrnus &can 
as carbon source4 

The rate of hydrolysis of mutan by punfied C resume (l-+3)-a-D-glucanase 
was compared with that of the essentially hnear (1+3)+x-~glucan, pseudomgeran 
Dunng the mmal stages of the reactIon, the relative activity towards pseudomgeran 
was 6-fold greater than that towards mutan (Fig 3) Frnally, pseudorugeran was 
completely hydrolysed and solubked The mcubatlon condmons (pH 6 0 and 35”), 
which were different from those used for actlvlty digests of short duration, provided 
for optlmal stablhty of the enzyme over the long penod necessary to hydrolyse (l-+3)- 
a-D-glucans There was no loss m soluble-enzyme activity after mcubatlon for 4 days, 
showing that adsorptron to the msoluble substrate drd not occur Incubation wth 
higher concentrations of enzyme did not accelerate the reactlon 

I I 

0 20 40 60 80 100 ix) l40 160 

Time (h) 

Fig 2 Hydrolysis of mutan with culture filtrate of C resuzae, followed by that of P fumcuiosum 
Each digest (0 5 ml) contamed mutan (1 mg), sodmm citrate bufFer (PH 6, SO mu), and dlalysed 
C resuzae cell-free filtrate contamIng 0 5 umt of (1+3)-a-n-glucanase actlvlty, more enzyme (0 25 umt) 
was added at 70 h (4) After I25 h ($), freeze-dned cell-free filtrate of P funrculosum (33 pg, contammg 
0 07 umt of dextranase and 0 05 ml!humt of (1+3)-a-D-glucanase) was added to the remammg 
digests Incubation was at 35” 
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Tme (h) 

F1.q 3 Lrnxt of hydrolysis of pseudonlgeran (&I) and mutan (@) by a purthed preparation of C 
res~nae (1+3)-z-D-glucanase Digests (0 5 ml) contammg substrate (1 mg), sodnun c*traie buffer 
IpH 6, 3Om~), and enzyme (0 23 umt) were Incubated at 357, and more enzyme (0 12 umt) was adaea 
at 22 h, 66 h, and 160 h Several digests were sampled dunng the first hour (not shown) so as to 
compare the relative rates of hydrolysis 

Llmrt of hydrolysa of D-ghcans from jimngr, sea-u eed, and tnoss - The glucans 
were Incubated for 5 and 10 days under the standard condrtrons for hydrolyses 
Although, m most cases, the hydrolysis was completed wlthm 5 days, more enzyme 
was routmely added at 5 days, and the mcubatron contmued for a total of 10 days 
The results (Table II) showed that only the glucans that contamed (l-+3)-X-D- 
glucosrdtc hnkages exclusively were hydrolysed The release of reducing sugar wds 
shghtly mgher than that of D-glucose, and analysrs of the products by paper chro- 
matography showed that mgerose (RGlc 0 85) was present m addrtron to the maJor 
product, D-glucose The extra reducmg-power was therefore expressed as dlsacchande, 
and the hnnt of hydrolyses m Table II was obtained from the sum of D-glucose and 
nigerose 

TABLE II 

ACllON OF (133)-C+D-GLUCANASE ON VARIOUS D-CLUCANS OF KNOWU Sl-RUCTtJRE 

Source Mam I&age(s) L1mrt of 
hydra Iysrs (%) 

_ 

Aspergrllrrs mger (pseudomgeran) 
Aspergcllus mger (mycodextran) 
Iceland moss (lsokhenm) 
Lammxwza drgltata (lammann) 
Polvporus tuinulosus 
phytopitora rnfestans 

a-(1-+3) 100 
a-(1+3) and a-(1-+4) 0 
a-(1-+3) and a-(1+4) 0 
B-(1+3) 0 
a-(1&3) 93 
C414.3) 100 

Llmtt of hJdro1ysl.s of bacterral cc-D-gkans - Ghrcans from Leuconostoc 
mesenterordes and Streptococcus spy were incubated with C resmae (1-,3)-r-D- 
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glucanase under the same condltlons as the fungal cell-wall (1+3)-a-D-giucans 

The streptococcal glucans were all hydrolysed to various extents, and the values for 
the hmlt of hyaroIysls of glucans from S mutans 0MZ176 and S sangurs 804 were 
m agreement with their known content3’ of (l-+3)-lmked cw-D-glucose residues 
(Table III) The leuconostoc dextrans, on the other hand, were totally reslstant to 
hydrolys.s, despite the presence of 40% of (l-+3)-hnked a-D-glucose residues m one 
sample (stram B-1355, fraction S) 

TABLE III 

ACTION OF (1”s)~Z-D-GLUCANASE ON BACTERIAL a-D-GLUCANSa 

Afuzro-organurn Straw (1+3)-hkagesb Lmlr of hydrolym 
(%I (%I 

Leaconosroc mesenterordes B-512(F) 0 0 
B-1355(S) 40 0 
B-l 355(L) - 0 

Srreptococcas mafans OMZ176 49 40 
KI-R - 49 
B13 - 61 

Streptococcus sangm 804 I8 16 

Streptococcus saharras ATCC13419 - 40 

“SynthesIsed from sucrose by cell-free filtrates 
analysls30 

“Detennmatlon of 2,4,6-tn-O-Me-Glc by methylatlon 

TABLE IV 

ACTION OF DEXTRAbASE-CB AND (I-+3)-a-D-GLUCANASE ON s mutanS U-D-GLUCANS 

Swam Ear) me Ghrcan Lunrt of hydroIysu and solubdtzatlon” (%) 

C resmae Dextranase-CB (h+~t-D- 

(k+r%-D- Glucanase + 

glucatlase dextranase 

OMZ176 CFFb Mutan 4.0 (51) 22 (46) 51 (92) 
GTF’-I (I-+3)-a-D-Glucan 84 (100) 4 (7) 96 (100) 
GTF-S Soluble glucan 0 15 22 
GTF-I + S Mlxed glucan 31 (39) 11 (62) 39 (86) 

KI-R CFF Crude glucan 49 (54) 5 (21) 65 (94) 
GTF-I (I--+-m-D-Ghcan 92 (100) 4 (17) 96 (100) 

B13 CFF Crude glucan 61 (81) 3 (20 68 (93) 

“Values m parentheses refer to solub~hzatron bCFF, cell-free filtrate =GTF, D-ghIcosykansferase 

Lrmrt of hi drolysu of glucatu sytztheslsed by Isolated D-glucosyitransferaes and 
cell-free filtrates of S mutans - The actlon of C re.smae (1+3)-a-~glucanase on 
the msoluble glucans synthesised by o-giucosyltransferases-I of S mutans KI-R and 
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OMZ176 was compared with that on msoluble glucans syntheslsed by untreated 
cell-free filtrates of S mutans strams (Table IV) The extent of hydrolysis of the 
former was hgh (92 and 84%, respectively) and their solublhzatlon was complete, 
thus mchcatmg that they were essentially (143)~a-D-glucans Glucose and a trace of 
mgerose were the products seen from both glucans By contrast, S mutans 0MZ176 
soluble glusan was compIetely reslstant to hydrolysis, the “mlxed” glucan gave an 
mtermedlate result, similar to that of mutan 

The extent of hydrolysis by dextranase-CB also showed marked differences, 
bemg very low (~4%) for insoluble glucans of strains KI-R and B13, and for (l-+3)- 
a-D-glucans of Kl-R and 0MZ176, whereas the hydrolysis of soluble glucan, 
“mixed glucan”, and mutan from strain OMZ176 was m the range 1 l-22% The 
simultaneous actlon of dextranase-CB and (l-+3)-a-D-glucanase resulted in extensive 
solublhzatlon of all the insoluble glucans Analysis by paper chromatography 
Indicated that the extent of hydrolysis by dextranase-CB was bemg underestimated 
when calculated as lsomaltotnose, for the soluble glucan gave small spots, and most 
of the crude glucans (mutans) gave large spots, correspondmg to branched tetra- 
and penta-saccharides (Ro,, 0 25 and 0 13, respectively), as well as lsomaltotrlose 
(R,,, 0 35) and lsomaltotetraose (I?,,, 0 19) The evcept*on were S mzltans B13 and 
Kl-R crude glucans, hydrolysis of these glucans by the two glucanases, actmg 
together, gave slmllar products to those seen on paper chromatograms of digests 
contalmng (l-+3)-a-D-glucanase alone Glucose was the major product, with traces 
of mgerose, lsomaltosaccharldes were not vlslble 

Mechamsm of actzon of (1 + 3)-a-D-ghcanase - S mrttans KI-R (1-+3)-r-D- 
glucan, synthesised from sucrose with D-glucosyltransferase-I, was selected as the 
substrate for a study of the action of purified C resrnae (l-+3)-z-D-glucanase on a 

S mzitans (143)-a-D-gIucan 
The configuratron of D-glucose released by (1 -+3)-r-D-glucanase was determmed 

with D-glucose oxrdase (/?-D-glucose oxygen I-oxldoreductase) (l-3)-a-D-Glucan 
(7 mg) was incubated with enzyme (0 016 umt) at pH 6 and room temperature for 
7 5 mm The digest was centnfuged, and then one portion of the supernatant solution 
was mcubated with D-glucose oxldase reagent, and another portlon was treated with 
4% aqueous sodmm carbonate before addition of D-glUCOSe oxldase The rate of 
oxldatlon at room temperature was followed on the spectrophotometer (Fig 4) 
The mutarotated sample was oxldlzed more slowly than the untreated sample 
mdlcatmg that the enzyme had released /3-D-glucose 

The degree of polymenzatlon of the soluble products of the reaction was 
determined dunng the very early stages of the hydrolysis When the extent of hydrol- 
ysis of (143)-a-D-glucan was 0 7%, 1 4%, and 2 7%, the d p of the products, 
calcufated from the ratio of soIublhzed carbohydrate reducing equ1vaIents31, was 
1 9, 1 2, and 1 1, respectively 

(143)-a-D-Glucans of S mrctans strams OMZ 176 and Kl-R were treated with 
penodate and borohydnde, so as to modify the D-glucose residue at the non-reducmg 
end of the chams32 The rate of hydrolysis of the modified glucans, determined m 
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Fig 4 Deterzrxn&!on of the configkratIon of D-glucose released by (1-+3)-z-D-ghxanase The rate 
of oxldatlon of an untreated sample (E!) was compared wXh that of a digest sample that had been 
mutaroiated (0) before addltlon of D-glucose oxldase 

standard act?vlty digests, was N-85% of that of the untreated glucans The hmlt of 
hydrolysis of the mod&d glucans from strams 0MZ176 and KI-R WAS 87 and 93%, 
respectively 

The afKmty of C resznae (1+3)-LY-D-glucanase for ICI-R (1+3)-c+D-glucan and 
for mutan was compared by mcubatmg the enzyme with a range of substrate con- 
centratlons (1 5 to 30 mg per ml) Lmeweaver-Burk plots gave a K, value cf 33 g/l 
for mutan and 2 4 g/l for (1 +3)-a-D-glucan 

WJ drol_wzs of olzgosaccharzdes - Digests (0 5 ml) contammg mgerose ohgo- 
saccharides and lsomaltose ohgosacchandes (0 7.5 pmol) were Incubated with enzyme 
(0 4 umt) at pH 4 5 and 40” The rate of release of D-&COSe from mgerotetraose was 
m1t1aI1y high, but later became closer to that of mgerotflose (Fig 5) IsomaI:ose, 

T,me (h) 

Fig 5 Relative rate of hydrolysrs of rugerose (e)), ntgerotnose (I), and mgerotetraose (A) by 
( I+3)-z-o-glucanase 
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rsomaltotrlose, 33-a-D-glucosyhsomaItotnose, and the branched heptasacchande B, 
were not hydrolysed durmg mcubatlon under these condltlons for 24 h Ntgerose was 
hydrolysed at the rate of 1% per hour m G-us expenment, and the dlsacchande should 
therefore not have perslsted among the prodticts of dlgestlon of (l-+3)-a-D-glucans 
InIubltlon of its hydrolysis m the presence of a large excess of D-glucose could explam 
the survtval of small amounts of mgerose after exhaustive hydrolysis of (1+3)+x-~- 
glucans 

The value of K,, for mgerotetraose was 0 64 x 1O-3hi (Fig 6) This low value 
illustrates the affinity of the enzyme for soluble ohgosaccharldes of the mgerose 
series, and explatns why these products were never observed In samples taken for p c 
durmg the hydrolysis of (1+3)-z-D-glucans 

cl3- 

02- 

1/V 

l7 -2 -i 0 1 2 3 4 5 6 

l/S (rnM)‘1 

Fig 6 Lmeweaver-Burk plot of the actlon of (1-+3)-a-D-glucanase on mgerotetraose Digests 
(0 25 ml) contammg enzyme (0 008 umt), sodmm citrate buffer (20mw) and a range of substrate 
concentrations were mcubated at 40” After 15 mm samples were wlthdrawn for the specific 
determmation of D-glucose 

DISCUSSION 

Investlgations3 3 Into the structure of A nzger NRRL326 (l-+3)-a-D-glucan 
(pseudomgeran) by the techmques of penodate oxrdatlon, Srmth degradation, 
methylahon analysts, and p-al hydrolysis with acid, mdlcated that pseudomgeran 
IS a linear glucan contaimng at least 98% of a-(l-,3)-hnked D-glucose residues 
The remmng 2% were a-(1-*4)-hnked D-glucose residues, possibly denved from 
traces of mgeran (mycodextran) whuzh 1s associated with (1+3)-a-D-glucan m fungal 
cell-walls Snmlar studies6 revealed that an alkah-soluble a-D-glucan from Polyporrrs 

tumulosus cell-wall IS also an essentially unbranched polymer of (l-*3)-linked D- 
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glucose residues The d p of native pseudomgeran was reported* to be 700, whereas 
pseudomgeran, punfied by an addItIona acetylatlon step, had33 a d p of 330 Our 
preparation of pseudomgeran was compIetely converted mto D-glucose and mgerose 
by the punfied (1+3)-ar-D-glucanase from CIadosporzum resznae (1+3)-a-D-Glucans 
extracted from cell walls of Pol~porus ~UIIIU~OSUS, PoZyporuv betuhnus, and Phvtc+ 
plzora ztzfestajzs were also extensively hydrolysed (Table II) 

Chromatography on DEAE-Sephadex pernutted the separation of three 
C rcr7ae enzymes havmg actlvlty towards substrates containing (l-3)-a-D-gluco- 
sldlc hnkages (Fig 1) The three enzymes were spectic. for the hydrolysis of (1+3)-c+ 
D-ghCan, mycodextran, 2nd mgerose ohgosacchandes, respectwely The (1+3)-a-~- 
glucansse was further punfied by lsoelectnc focusmg, and Its actron was then tested 
on various glucans and ollgosacchandes under the same conditions of enzyme 

concentration and reachon time that were required to a&eve complete hydrolysis 
Of ( ~~3)-r-D-@XUlS 

Nlgerotetraose (N4) was the smallest mgerose ohgosacchande that was raprdly 
attacked by (l-+3)-r-D-glucanase The nutlal products of the reaction, D-glucose and 
mgerotrlose (R,,, 0 72) seen on paper chromatogams, indicated that the mner 
Imkage m N4 was not hydrolysed, and that mgerose IS produced later from secondary 
attack on mgerotnose The rate of reaction with N4 fell sharply after the release of 
one molar proportion of glucose Nigerotnose was more slowly attacked, and the 
hydrolysis of mgerose was extremely slow (Fig 5)) some preparations of (1 +3)-c+D- 
alucanase were without detectable actlon on mgerose” 

The results with mgerose ohgosaccharldes mdlcated that C resznae (1-*3)-a-D- 
glucanase required substrates havmg two or more consecutive (l-3)-a-D-glucosldlc 
hnkages In accord with this view was the mablhty of the enzyme to hydrolyse 
mycodextran, m which (1+3)-hnked c+D-glucose residues alternate with (l-4)- 
lmked r-D-glucose residues, or to have any actlon on L mesenterozdes NRRL B-1355 
dextran (fraction S, with 40% of (l-+3)-a-D-glucosidic linkages), m which the (l-+3)- 
x-lmkages alternate with (1 -+6)-a-D-glucosldlc lmkages Isohchemn, a hnear glucan 
uhlch consists of sequences where either one or two (1+3)-cr-linked D-glucose 
residues alternate wrth adjacent (1+4)-r-hnked residues, was also totally resistant 
to C ~essnme (1+3)-a-D-glucanase The enzyme had no action on the single (l-+3)+ 
D-glucosldic hnkage at the non-reducmg end of 33-Cr-D-glucosyhsomaltotnose, or 
on the (I -+3)-r-D-glucosldic branch-hnkage m 33-c+D-glucosyhsomaltohexaose L 
meserzterordes NRRL B-512(F) dextran [urlth 5% of (143)-a-D-glucosxchc branch- 
linkages] and L mesenterodes NRRL B-1355 [fraction L, with 12% of (1+3)+x-~- 
glucos~d~c branch-linkages] -were totally resistant to (1-+3)-a-D-glucanase (Table IQ 
These results show that the enzyme was free from all traces of enzymes, e g , amylo- 
glucosldase, whch have a hrmted ablhty to attack (l-+6)-cx-D-glucosldlc hnkages m 
ohgosacchandes and dextran 

The complete hydrolysis of lmear (1 +3)-or-D-glucans of fungal ongm, and the 
total resistance of dextrans contammg (1 43)-cr-D-glucosidlc branch linkages or 
isolated ( !+3)-cr bonds withm the mam cham, indicated the sultab&y of C resmae 
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(t + 3)-a-D-glucanase for reveahng consecutive (1 -t3)-a-D-gIucosldlc linkages m 

glucans The polysaccharlde defined as mutan, synthesised by culture filtrates of 
S mutans OMZl76, was already known to be hydrolysed to the limit of -4O%, as 
glucose”’ 2o Direct adsorption of protein from cell-free filtrates of S mutans 

0MZ176 on to hydroxylapatlte had previously” led to the elutlon of two peaks of 
D-gIucosyItransferases, each of which yleIded muItipIe D-gIucosyItransferase peaks on 

subsequent lsoelectnc focusmg All of these D-glucosyltransferases synthesised 
msoluble glucan In the present work, where chromatography on hydroxylapatlte 

was preceded by ammomum sulphate fractlonatlon two D-glucosyltransferases were 
also obtained The first of these, D-glucosyltransferase-S, converted sucrose mto a 
soluble glucan which was not a substrate for C resztzae (l-,3)-r-D-glucanase The 
second D-glucosyltransferase syntheslsed an msoluble glucan which was 84% hydrol- 

ysed by the (I *3)-a-D-giucanase (Table IV) A D-glucosyltransferase of S ntutaus 

Kl-R, isolated by a similar procedure, syntheslsed an insoluble glucan which was 
hydrolysed to the extent of 92% These two msoluble polysaccharjdes can therefore 
be designated as (l-+3)-r-D-glucans The hrlut of hydrolysis t3f the msoluble glucans 

from both strams of S muran~ was raised to 96% when C resrnae (l-+3)-r-D-glucanase 
acted m concert with a bacterial dextranase (Calblochem) Dextranase-CB, when 
acting alone, gave 4% hydrolysis of each insoluble glucan, and small amounts of 
IM, and IM, were seen on paper chromatograms of the reaction products Thrs 
resuIt indicates the presence of consecutive (1 -+6)-a-linked D-glucose residues 
(perhaps an average of I6 per molecule of mol wt ’ 6 - 70,000), wluch could represent 
the ongmal primer within each molecule Stlmulatlon of synthesis of S rnutcuzs 

6715 glucan was reported34 to occur with lsomaltosaccharldes of d p > 8 and primer 
efficiency increased with cham length, the saccharlde with d p 23 being as effective 
as dextran 

Further studies on (l-3)-r-D-glucanase were carried out with S mumus 

Kl-R (I-,3)-a-D-glucan Thus substrate was chosen because of Its extensive hydrol- 
ys~s and its low K, value, furthermore, the glucan originates from a well-stadled 
canogemc strain of S mutmzs The enzyme was considered to be an endo-glucanase 
according to two cnterla Modification of the glucose residue at the non-reducing 
terminal by periodate oxldatron, followed by borohydrlde reductlon32, had little 
Influence on the rate of attack and did not alter the limit of hydrolysis of (1 -+3)-SD- 
glucan In addltlon, use was made of a sensltlve technique3 1 that can dlstmgmsh 
between the action of exo- and endo-glucanases on msoluble substrates A concave 
curve, mdlcatlve of an endo-glucanase, was obtamed by plotting the average d p of 
the products m the reaction mixture against the release of glucose The average d p 
(I 9) at 0 7% hydrolysis quickly fell to 1 1, and thereafter the extent of hydroIysls 
determmed by reducing power (expressed as D-glucose) was ciose to that determmed 
with D-&ICOSe oxldase Clearly, the concentration of enzyme used to degrade the 
msoluble polysacchande rapidly hydrolysed the solublllzed fragments to glucose 
No ohgosacchandes other than small spots of mgerose were ever seen m samples 
taken for aralysls by p c at various stages m the hydrolysis of bacterial or fungal 
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(I +3)-x-D-glucans The endo-actlon of C reslnae (1+3)-cr-D-glucanase IS thus 
supported by the same evidence that finally characterized T vzrzde (l-+3)-cr-D- 
glucanase” as an endo-glucanase 

Eblsu et al 35 proposed that mutan IS a highly branched o-glucan havrng a 
main chain contammg long sequences of (I +3)-r-linked D-glucose residues, possibly 
flanked by (1+6) linkages, but with most of the (1+6)-lmked D-glucose residues 
located in side chains An endo-mechanism would permit C resmae (1+3)-z-~- 

glucanase to hydrolyse sequences of (l-+3)-cr-D-glucosidlc linkages m mutan, whether 
they occur within the molecule or as external chains Since no evidence was found 
for (l-+3)-hnked D-glucose residues at the non-reducing termmals of the side chain 

in mutan 35, the polysacc h a ride would be reslstant to hydrolysis by an exo-(l~3)-cr- 
D-glucanase 

Dextranase-CB, an endo-( 1+6)-cx-D-glucanase, should hydrolyse unbranched 
chains of (l-+6)-cx-hnked D-glucose residues, regardless of their posltlon However, 
the msoluble glucans that were not fully hydrolysed by C resznae (l-+3)-a-D-glucanase 
were still not completely hydrolysed when dextranase-CB was also present, although 
all the glucaqs were solublhzed to the extent of 86% or more (Table Iv) The mcom- 
plete hydrolysis could be explained by a ranufied structure of (1+3)-C+D-ghCan 
chains intersected by (l-+6)-linked glucan chains The requirement of dextranase-CB 

for S consecutive (1-6)~hnked D-glucose residues*’ was not a hrnltmg factor, for 
P f~r~~zczrlo;rztrn deutranase, which will hydroIyse isomaltotnose, hydrolysed mutan 
to the same extent’” (20-22%) Short side-chains conslstmg of only one or two 
(I -+6)-hnhea D-glucose residues would not be hydrolysed by endo-dextranases 

We can assume that soluble glucan does not contam long sequences of (1+3)- 
hnhed D-glucose residues The hmlted hydrolysis by dextranase-CB (15X), and by 
S nzzttazzs endo-dextranase’ ’ (17%), mdlcates the presence of branch points or 
isolated (1+3) bonds m the mam chain, soluble glucan was totally resistant to exo- 
devtranases36 A chemical and enzymlc analysis of the structure of soluble glucan xs 
now m progress 

The value of the particular combmation of endo-glucanases, dextranase-CB 

with C resznae (l-+3)-~-~glucanase, chosen for this work, hes m the ease of dlstm- 
guishmg between their reaction products A specific determmatlon of D-glucose 
lqdlcates the hydrolysis of (l-+3) bonds, with an accuracy of > 90% Addition of 
a speafic ( l-+3)-r-D-glucosldaseZo would be necessary to hydrolyse the minor product 
mgerose, and so give a complete conversion into D-glucose The release of other 
reducing sugars would then represent the hydrolysis of (1-+6)-c+D-glucosidic linkages 
by dextranase-CB Since dextranase-CB has no action on pseudomgeran, and C 
resznae (l-+3)-a-D-glucanase does not hydrolyse (I 46)-a-D-glucans, the two glu- 
canases can contnbute to the structural analysis of polysaccharldes by provldmg 
values for the relative proportions of (1 43)- and (l-+6)-a-hnked sequences of D- 

glucose residues The results m Table III indicate that msoluble glucans from five 
strams of Streptococcus spp contam different proportlons of sequential (1-+3)-a- 
hnked D-glucose residues When combined with earlier results’ ’ obtamed with 
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C resmae (I +3)-a-D-glucanase, the enzymlc hydrolyses reveal a range of 1 l-61 % of 
susceptible (l-+3)-a-D-glucosldic hnkages m the insoluble glucans synthesised from 
sucrose by Streptococcus spp The proportlon of (1 +3)-sc-linked D-glucosyl residues 
m each glucan will depend on the relative actwltles of the D-glucosyltransferases 
involved, and although these actlvltles ~111 change with the condltlons of growth 
of each orgamsm, the results Illustrate the existence of stram and species differences, 
because each micro-orgamsm was grown m the same way Mutan preparations from 

two laboratones were hydrolysed to the same extent (40%) by C resmae (1 +3)-r-~- 
glucanase Thus, the synthesrs of a particular msoluble glucan can be reproduced 
when the S mutans stram IS grown under standard condltlons 

T twzde (l-+3)-or-D-glucanase’ has a wider speclficlty than C resznae (1+3)-a- 
D-glucanase, and also degrades mutan more extensively The T vrrrde enzyme may 
hydrolyse certain Isolated (I-3) bonds, or those adJacent to (I +6) bonds, that are 
reslstant to the C resmae enzyme The (143)~a-D-glucanase of T Jiarzlanzun3, 
another mduclble endo-ghtcanase, was reported to solublhze and hydrolyse mutan 

completely An enzyme of such broad speclficlty could not be used to dlstmgulsh 
between the different cx-D-glucosldlc hnkages m S mrrtans glucan Other mduclble 
glucanases, produced for example by Pemcrllrutn blacmutn, P fzmrrculosrttn, and 
Spzcarla vzolacea, are also unsuitable for explormg the structure of streptococcal 

glucans that contam substantial amounts of both (l-+3)- and (l-+6)-(x-hnhed D- 

glucose residues This 1s because these fungi produce (l-+3)- and (1-+6)-a-D- 
glucanases together, their proportlons bemg dependent on the growth condlhons, 
m particular the nature of the mducer Therefore, unpunfied, commercial dextranases 
of unspecified orlgm should not be used m attempts to dlstmgulsh between the various 
@cans syntheslsed by o-glucosyltransferases of S mutans strams The confhctmg 
results published for the hnut of hydrolysis and solublhzatlon of mutan by glucano- 
hydrolase preparations from P _ficn~crdosutn* 2 I7 37 and T harzlannm3 I2 could be 
due to the difficulty of lsolatmg specific glucanases from these orgamsms Con- 
stltutlve enzymes havmg narrow speclficmes could provide more consistent results 
Recently, another constltutlve (1 -+3)-cr-D-glucanase, from FIatobacterntm sp EK- 
1438, was reported to give a limited, specific degradation of mutan, the products of 
the hydrolysis (I I%, as glucose) bemg ohgosaccharldes of the mgerose senes The 
extent of solublhzatlon of mutan (- 50%) was smular to that reported here for the 
constltutlve endo-( l-+3)-a-D-glucanase of C resznae 
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