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ABSTRACT 

A simple assay procedure for /3-u-mannanase enzyme has been developed which 
employs carob D-galacto-D-mannan dyed wth Remazolbr~lhant Blue Addltlonally, 

the procedure IS quantltatwe, relatively sensltwe, and highly specific for D-D- 

mannanase enzyme It can be readily used for the determmatlon of /i’-D-mannanase 
actwlty m crude enzyme preparations and column-chromatography eluates 

IVTRODUCTIOV 

The enzymes which hydrolyze D-galacto-D-mannan, /?-D-mannanase’ (EC 
3 2 1 78) and x-D-galactosldase2 (EC 3 2 1 23) are useful m the analysis of the fine 

structure of these polysacchandes But. nhereas simple assay systems that use 
mtrophenyl a-D-galactopyranoslde substrates are avaliable to ald m the purlficatlon 

of a-D-~alaCtOSldaSe enzymes, at present the assay systems for /3-D-mannanase 

enzymes are, m general, tedious and quite often employ nonspecIfic substrates 
Perhaps the most specific assay for p-D-mannanase employs the substrate 

/3-D-mannan extracted from palm seeds, and momtors the reactlon by Increased 
reducmg power3-’ However, /?-D-mannan IS Insoluble, which can lead to s~gmficant 

varlatlons m different assays, and mcubatmns need to be performed m a shnkmf 

water-bath Also, this substrate 1s susceptible to hydrolysis by /)-D-mannosldase 

Other assay procedures based on the decrease m wscoslty of D-salact-o-D-mannan or 
D-ghlco-D-mannan solutions due to e&o-depolymensatIon by /2-D-mannannse6 ’ are 

also quite specific, but do not readily lend themselves to the routme analysis of large 

numbers of samples 
Some of the IimItatIons Of the JUSt mentIoned assay procedures can be overcome 

by use of either soIuble D-galacto-D-mannans wth low D-galactose contents (e 9, 

carob D-galacto-D-mannan, 33% Gz# or soluble D-gluco-u-mannans” as sub- 

strates, wth determmatlon of mcreased reducing sugar levels Houever, both of these 
substrates can be hydrolyzed by other glycosldase or glycanase actwmes that also 

increase reducmg sugar levels 1n view of the present madequscles m assay procedures 

for /?-D-mannanase enzymes, the aim of the current \+ork was to develop a simple and 

rehable alternatwe 
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EYPERIUENTAL 

Extractron and pwrficatron of D-galacto-D-mannans and D-nrannan - Lucerne 

D-galacto-D-mannan was extracted and purified from seed material as prewously 

described”” Guar and carob D-galacto-D-mannans were prepared from commercially 
available flours (Sigma Chemical Co , St LOUIS, MO 63 178, U S A ) The flours were 

suspended m water at 60” (20 g/l) and stirred wgorously with a Sorvall Ommmlrer 
until the solutions became kery VISCOUS These solutions were centrifuged at 3 000 9 
for 30 mm and the galactomannans precipitated from the supernatant \\Ith ethanol 

washed with ethanol, acetone, and ether, and dried 

D-Mannan was extracted from seeds of Lmrstona amtt-alts by a method smular 

to that prewously used for the extractIon of Bangalow palm D-mannan’ Some of the 

purified mannan was reduced with NaBH, (0 1 ,/, = = mannan), after dlssolutlon of the 

polymer m 10% NaOH, to decrease background color when this polysaccharlde was 
used as substrate m assays \\ here reducmg sugar levels were determined 

Prepar gtton of soluble D-maman - Reduced mannan (0 2 g) was dissolved In 
NaOH (2 ml, 10% w/v), and the solution was diluted five fold and neutrahzed wth 

hi HCl The volume was lmmedlately adJusted wth 0 lhi acetate buffer (pH 5) to the 
desired concentration At a concentration of 0 l%, the polymer remalned In solution 
for at least one week at -I’ 

PI epai anon qf c/l ed D-galacto-D-manrlarls - The method of Rmderknecht 

et al ’ I \xas modified Galactomannan (20 g) was suspended In \\ater (2 1) wth 
wgorous stn-rmg at 60” with a Sorvall Ommmlxer Stu-rm, a was contmued until the 

polymer dissolved (30 mln) and then Remazolbrllhant Blue R (RBB) (4 or 10 g) and 

Na,SO, (200 g) were added After 45 mm, Na,PO, (10 g) m \\ater (20 ml) was added 

and stlrrrng contmued for a further 75 mm The solution \\\as then cooled and 
dialyzed overnight agamst flo\\ mg tap-water The gelatmous, dyed galactomannan 
was recovered by preclprtatlon wth ethanol, followed by either centrlfugatlon at 

1 5OOg or filtratlo,l through cheesecloth Free dye was removed by washmg the 

polymer \\ith aq ethanol When devoid of free dye the polymer was washed with 
acetone and dried The dye content of the polymer was controlled by vaqing the 
amount of RBB used Under the condltlons described, 4 g of RBB per 20 g of carob 

galactomannan ga\e a dyed polymer \\ith an RBB to anhydrohexose ratio of - 1 50, 

and 10 g of RBB per 20 g of carob galactomannan gave a ratlo of - 1 1.5 For 
slmphclty, the shorthand notation, RBB-carob galactomannan (1 50) 1s employed to 
denote a dyed carob galactomannan sample havm g one RBB molecule per 50 
anhydrohexose molecules 

For use as substrates, the polysaccharldes (0 86 g) were dissolved In water 

(100 ml) at 60” with wgorous stlrrmg for 30 mm, followed by blendmg wth an 
Ultraturrax Before use, 2 3~ acetate buffer (I5 ml, pH 5) was added to give a final 
buffer concentration of 0 3~ and a substrate concentration of 0 75% When this 

solution was stored at low temperatures, the polymers preclpltated, but RBB-carob 
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galactomannan (1 50) could be redissolved by heating the substrate to 40” and 
blendmg 

This substrate can be used directly or, altematwely, the wscoslty can be greatly 

decreased by pre-mcubatlon of the solution (115 ml) wth the equivalent of 6 mg of 
Cellulase C-7502 (I e , ,“2 U of /3-mannanase, Sigma) for 20 mm at 40” with termlna- 
tlon of the reaction by heating to 100” This treatment gwes a dramatlc decrease of the 

wscoslty wth an mslgnlficant Increase m the blank absorbance-value 
Prepatattott of dyed D-ttlatmatt - D-Mannan (5 g) was dlssoived In NaOH 

(50 ml, 10% w/v), neutralized wth XI HCI, adJusted to one htre wth H,O, and dyed 

as for galactomannans The dyed polymer was centrifuged off, washed wth aq 
ethanol to remove free dye, and then washed with acetone and dried For use as 
substrate, dyed mannan (1 5 g) \\as homogemzed 11 0 lu acetate buKer (100 ml, 

pH 5) wth an c711-glass Term-Broeck homogenizer All lncubatlons nere performed 

at 40” m a shahmg water-bath 
RBB to atlit1 ch ohevcse rutros of do ed polo met s - Dyed polysacchartdes \\ ere 

hydrolyzed by lncubatlon for 3 h at 100” In the presence of 0 75~ HISO, The 
solutions were diluted and centnfuged RBB \ias determined directly from the 

absorbance values (at 590 nm) by reference to RBB standards subjected to the same 

treatment The absorbance characteristics of RBB appeared to be unaffected by this 
acid hydrolyw step Carbohydrate concentration m the acid hydrolyzate \ias 
determmed wth the anthrone method” Complete h>drolysls of the dyed poly- 

saccharide was confirmed by comparison nlth the results of the reducing sugar level 
by the PAHBAH method (see later) and of the anthrone total carbohydrate 

Pt epat atron of /3-mt~attttanase BJ ottl her tte - /I-D-Mannanase B of lucerne 
was prepared from 1 1, g of germmated seed as prewously described* by column 

chromatography on DEAE-cellulose, Sephadex GIOO, and CM-cellulose wrth the 
modlficatlon that the filtrate of the crude extract through mushn ~as mcubated for 
1 h at 40” (pH 5) to alloit hydrolysis of residual galactomannan Also, a second 
DEAE-cellulose chromatography step \x as Included after the first DEAE-cellulose 
step Recently, this enqme has also been purified by substrate-affimty chrol;l‘Ito- 
graphy Details of this purlficatlon procedure ~111 appear m a separate commumca- 

tion 
Assal of redacrtlg wgar IeL els (PA HBAH tttethod) - The method of Lever* 3 ’ L 

was shghtly modified Stock solutions were (a) 0 5~ p-hydroxybenzolc acid hydrazlde 

m 0 5x1 HCl and (b) 0 511 NaOH plus 0 01~ CaCI, m 0 05x1 trlsodnun citrate Before 
use, solutton “a” (10 ml) and solution “b” (90 ml) were ml\ed to gwe the PAHBAH 
reagent solution Phosphate buffer, which \\as found to Interfere with color delelop- 

ment, was avolded 

Assal of /II-D-matmattase - (a> BJ me of a soluble-tnatutatt sohtwtt TIlC 

enzyme preparation (0 1 ml) was Incubated wth soluble mannan (0 5 ml 0 1%) 111 
0 1~ acetate buffer (pH 5) for 2-10 mm at 40” The reactlon was stopped by adding 

PAHBAH reagent solution (5 ml), and the color was developed by mcubatlng the 
tubes for 6 mm at 100” 
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(6) By use of dyed substrates The enzyme preparation (0 5 ml) was incubated 
with dyed galactomannan (1 ml, 0 75%) or mannan (1 ml, 1 5%) for 5-20 mm at 40” 
The reaction was stopped by the addltlon of ethanol (3 ml), and the mixture was 
stirred and centnfuged at 2 000 9 for 5 mm The enzyme reactlon was momtored by 
increased absorbance (590 nm) of the supematant solution The reducing sugar 
equivalent of the supernatant solution (talc as D-mannose) was determmed by 
evaporating the solution to dryness m a bolhng water-bath, &ssolvmg the residue m 
water (4 ml), and removmg ahquots (0 1 ml) for determmatlon by the PAHBAH 
method With RBB-carob galactomarman (1 15) and RBB-mannan, all mcubatlons 
were performed m an osclllatmg mcubatlon-bath 

Detet nmatron of the effect of prehJ do olyzmng, mth cr-mgalactosmdase, RBB-carob 

galactomamam on the actron of /I-D-mannanase on these substrates - RBB-carob 
galactomannan (1 50) (10 ml, 0 75%) was Incubated with various amounts of 
purified lucerne r-galactosldase A (0 l-10 ml, 1 5 U/ml on lucerne galactomannan) 
for 20 h The reactlon was stopped and the polysaccharlde precipitated by the 
addltlon of ethanol (2 vol ) Absorbance (at 590 run) of the supernatant solution was 
determmed after centrlfugatlon The ethanohc supematant solutron was concen- 
trated to dryness and the residue redissolved m water The galactose content was 
determmed on an ahquot with the galactose dehydrogenase method and the reducing 
sugar produced with the PAHBAH method The preclpltated polysaccharlde 
fraction was redissolved In water heated In a bolhng-water bath for 2 mm to remove 
ethanol, and the volume adJusted to the origmal volume (10 ml) with 2x1 acetate buffer 
(pH 5) to gl\e a final buffer concentration of 0 3xr Ahquots (1 ml) of each of the 
solutions were used as substrates m the standard /3-mannanase assay The level of 
lucerne-seed /3-mannanase B, which was Incubated w-rth each of these substrates, was 
selected to give -50% release of RBB-dyed fragments from the RBB-carob 
galactomannan substrate which had not been pretreated with x-galactosldase 
Ahquots (I ml) of each of the substrates were hydrolyzed with acid for o-galactose 
determmatlon by the galactose dehydrogenase method” 

Preparairotz and assnj of x-mgalactosra’ase A errq me of lrrcenre - Thus enzyme 
was assayed at 40” and prepared essentially as previously described”, with the 
modlficatlon that the mitral chromatograpluc step on DEAE-cellulose was performed 
at pH 8 0 (Tns), and the second at pH 5 0 (acetate buffer) At pH 8, a-galactosldase A 
bound to DEAE-cellulose and was eluted at a KC1 concentration of 0 15~ This gave 
x-galactosldase A free of /3-mannanase A (which did not bmd) and essentially devoid 
of P-mannanase B At pH 5, r-galactosrdase A did not bmd to DEAE-cellulose, 
whereas the last traces of B-mannanase B did Chromatography of the enzyme on 
Sephadex G-100 removed all remammg /I-mannosldase actlvlty 

RESULTS AND DISCLSSIOh 

Purrt_i ad Jome proper tte5 of the /I-D-rnannanahe enq ine etnploJ ed - The 

/I-mannanase enzyme employed m the present studies was punfied /?-mannanase B 
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from luceme’ In the present studies, the enzyme was purified 3315-fold from the 

crude extract with an overall recovery of 27% and a final specific actwty of 66 3 u 
on soluble mannan at 40” and pH 5 0 It gave a single band on polyacrylamlde gel 
disc-electrophoresls, but on rsoelectrlc focusing two bands of protein (PI’S 4 4 and 

4 5) were detected One of these (PI 4 5) was by far the major component The enzyme 
preparation was devoid of cc-D-galactosidase and P-D-mannosidase activities, and had 
an optimal pH for actlvlty on carob galactomannan and soluble mannan of 4 4-4 5 

At pH 5, with an mcubatlon time of 5 mm, the temperature for optimal actlvlty was 

55" and the ener_q of activation on both substrates was 36 4 kJ/mol m the temperature 

range of 20-35” At temperatures of 40-55”, an ener,T of actlvatlon value of 21 S kJ/ 
mol was obtamed At 40”, the enzyme was relatrvely unstable In the pH range of 
3 5-4 0 At pH 4 5, 30% of the enzyme actlwty was lost after a 5-h mcubatlon, and at 

pH 5-6 the enzyme \vas quite stable during an extended mcubation The enzyme had 
d molecular weight by gel filtration of 28 000 (ref S) and a value of 41 000 by SDS- 

polyacrylamlde gel disc-electrophoresls (cf ref 15) 
Detelopmetlt of a smple assay p~ocerhte fog /I-D-tuarmatta~e - The method 

developed employs carob galactomannan dyed with Remazolbnlhant Blue (RBB) 

The use of msoluble, dyed polysaccharldes m assay procedures fol a range of e&o- 

hydrolase enzymes has previously been described by others ’ ’ 1 ’ ’ 7 IMore speclfically, 
McCleary et al I* brlefly described the use of Remazolbrllhant Blue (RBB)-dyed 
mannan in the assay of P-mannanase However, although this technique \\as simple 

It lacked sensitivity In the present study, sensitivity has been greatly increased by 
employmg dyed carob galactomannan In place of dyed mannans The assay system 

measures the hydrolysis of RBB-carob galactomannan in terms of the rate of release 
of fractions soluble m 66% (v/v) aq ethanol 

The rate of release of dyed fragments on hydrolysis of RBB-carob galacto- 
mannan was found to be a function of both the dye to anhydroheuose ratlo .md the 
concentration of buffer salt m the assay mixture For ma~nnal sensltlvlty in the assay 

system, the optunal dye to anhydrohexose ratios m RBB-carob galactomannan were 

m the range of 1 I5 to 1 50 
Solutlon propertles of RBB-carob galactomannan (1 15) are greatly affected by 

buffer saIt concentration At salt concentrations above IOm% the polymer coagulated 

and rapldly precipitated from solution RBB-carob galactomannan (I 50) also 

precipitated m the presence of high buffer salt concentrations, but even at 300mxI 

salt concentration, settling took several hours, obvlatmg the necessity to use an 

osclllatmg incubator-bath For this reason, the latter substrate was chosen for 
further studies 

/J-Mannanase had highest actlvlty on RBB-carob galactomannan (I 50) at salt 
concentrations of IOmxr Actlvlty decreased markedly (about 45%) between lo- 
200mhr but was relatively unchanged from 200-300m;\r salt concentration Con- 
sequently, buffer salt concentrations of 0 31 were used m substrate solutions glvmg a 
concentration of at least 0 2&1 m the final assay mixture The rate of hydrolysis of 

soluble mannan was unaffected by salt concentration 
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Standard curves for the conversIon of absorbance values (at 590 nm) to enzyme 
umts, on soluble mannan at 40”, are presented m Fig 1 Standard assay con&tions 

were employed with an mcubatlon tune of 10 mm Release of dyed fragments 

corresponded &rectly to increased reducmg power The rate of release of dyed 

fragments from RBB-carob galactomannan was much greater than that from RBB- 
mannan, or RBB-guar, or luceme galactomannans The low relative rate of hydrol- 
ysls of RBB-mannan IS consldered to be due to the hghly msoluble nature of this 
substrate RBB-carob galactomannan (1 50), m contrast, 1s a gelatmuous suspension 

The low actlvlty on RBB-guar and lucerne galactomannans IS due to the high 

degrees of D-galactose substltutlon of these galactomannans (33-38 and 45-47%, 
respectively) 1 ’ m compamson to carob galactomannans’* (33% Gal) 

lo- lo- 
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FIN 1 Standard curxes rclatmg p-D-mannan~e cnqme umts on soluble o-mannnn to absorbance 
mcrease (at 590 nm) on h\droI\s s of RBB-carob galactomannan (1 50) (x) RBB-guar gal xto- 
mannan (I 30) fO), RBB-Iucernc galactomannan (1 50) (A). and RBB-mnnnan (1 35) (0) 

FIN Z Release ofdled frqmcnts on b>droI>sls of RBB-carob galactomannan b> z-D-gaiactos~dase 
(m), and on h!drol>sls of z-D-galxrosidase-prehydroI>zed substrate by fl-o-mannanase (0) 

The usefulness of RBB-carob galactomannan as a substrate for the assay of 

p-mannanase actxvlty m crude enzyme mixtures depends on Its speclficlty One 
enzyme whch might Interfere birth this assay IS a-D-galactosidase TNO possible 
mecharusms by wruch cr-galactosidase might Increase the rate of release of dyed 
fragments from RBB-carob galactomannan were consldered the enzyme either 
might release D-galactosyl uruts dyed with RBB or, by releasmg galactosyl residues, 
might make the stibstrate more susceptible to /3-mannanase hydrolysis Figure 2 shows 
the effect that the release of D-gaktCtOSe (by punfied lucerne sc-,oalactosldase A) from 

RBB-carob galactomannan (I 50) had on absorbance Increase at 590 MI, and the 
effect It had on the susceptlblhty of the substrate to B-mannanase hydrolysis Smce 
70% of the D-,oalactosyl residues were removed with no release of ethanol-soluble, 
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dyed fragments, It can be concluded that r-galactosldase IS unable to remove D- 

galactosyl residues substituted with Remazolbrllhant Blue dye FUI thermore, removal 

of up to 70% of the D-galactosyl residues gave only a very slight (N”4%) increase in 

the susceptlblhty of the substrate to /?-mannanase hydrolysis In agreement with this, 
Marshalllg has shown that although the exohydrolase, amyloglucosldase, can 
remove D-glucose from Clbachron Blue-dyed amylose, it cannot concurrently release 
Clbachron Blue-dyed fragments 

fl-Mannosldase, like amyloglucosldase’“, IS an exo-hydrolase, which se- 

quentlally removes D-mannosyl residues from the nonreducmg end of manno- 
ohgosaccharldes and manno-polysacchandes, and IS blocked by D-galactose branch- 
pomts I8 Since amyloglucosldase IS unable to reIease dyed fragments from Clbacron 

Blue-dyed amylose, It might be reasonably concluded that /Lmannosldase Lrould be 

unable to release dyed fragments from RBB-carob galactomannan In the current 

mvestlgatlons, however, the author was unable to purify sufficlcnt levels of /;- 
mannosldase activity, devoid of /I-mannanase and a-galactosldase actlvlty to obtain 
du-ect experimental verification of this assumption 

The Just described assay procedure has been found to be bery useful In the 

measurement of p-mannanase actlvlty m crude enzyme preparations of both microblnl 

(e 9 , comrnerclal Drlselase preparation) and pldnt ongm such as nn extract from 
germmatmg legume seeds It 1s also of suficlent sensltl\lty for use m the routme 
an‘llysls of fractions being eluted from chromatography columns Figure 3 shons the 

Elutlon volume ml 

Fig 3 Chromatography on DEAE-csIIulosc of dn enzlme extract from 500 g 01 luwrnc df three da\s 
dfter germmatlon Parameters momtorcd ~cerc j-mannsnase clctlrtt? on soluble mannJn (0) .~nd on 
RBB-carob galactomannan (A), y-galactosldtie actl\lt\ on p-nttrophen\l a-D-s dactop~rano~lde 

CO), and protean (x) Column 3 5 x 15 cm gradwnt ZOmv sodium acetate (pH 5) to ZOmv sodrum 
Acetate (pH 5)-400mhr KC1 Actt\It> of /I-mannanase on RBB-carob galactomann&n U& ASS&L~ 

under standard condIrtons on 0 5-ml afrquors of column eluate for dn mcubatlon fime of 10 mm 
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chromatograpluc separation on DEAE-cellulose of two of the four /I-mannanase 
fractions present m lucerne-seed extracts’ /I-Mannanase actlvlty was quantltatlvely 

detected with both soluble-mannan substrate and RBB-carob galactomannan 

Recently, Vlllarroya and Petek’ ’ reported that they could detect only one fraction 
contammg p-mannanase actlvlty m chromatography-column eluates of an extract 
from germmated luceme Possible reasons for the different results are that these 
authors (a) extracted at a different time after germmatlon, (b) employed an assay 

techruque relate ely msensltlve (I e , - l/l0 the sensltlvlty of the mlcroferrlcyamde 

method, and (c) had an enzyme recovery at each chromatography step that was low, 

and thus the overall enzyme recovery was low 

Attempts to determme the K, of luceme /I-mannanase B for RBB-carob 
galactomannan (1 SO), by measurmg the rate of release of dyed fragments, were 
unsuccessful due to the fact that m dilute substrate solutions (I e , NNO 05%) the bulk 

of the polymer has to be hydrolyzed to release measurable levels of 66% ethanol- 

soluble dye Thus, the substrate concentration becomes In-mtmg In previous euperl- 

ments, a K,,* value For luceme P-mannanase B on carob galactomannan of 4 4rt1\1 

anhydro-o-mannose (0 095%) was reported ’ In the present expenments, a slmllar 
value was obtamed for RBB-carob galactomannan by determmmg the reducmg sugar 
reIease with the PAHBAH reducmg sugar method 

Thus, m conclusion, a simple, rehable, relatively sensltlve, and highly specific 
assay procedure for /I-mannanase has been developed by use of carob ,oalactomannnn 
dyed with Remazolbrllhant Blue as substrate 
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