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SJMMARY 
Baaterial dextranaao has been Mobilieed on tiroonla 

ooated alkylamine &are through the procees of glutaraldehyde 
ooupllng. The lmmobilieed enzyme preparation exhibited 62% 
of the initial enzyme activity w%th a oonjugatlon yield of 
18 mg/g support. Km of the immobilized en-me exhibited a 
deollne in it6 value ae oompared to the aoluble enzyme while 
vm 

‘us 
remained unaltered. 

con u&ion. 
E, of the enzyme was deorezt: ;pon 

‘Ehe soluble enzyme had its o$timd 
while the alkylamlne oonjugated dextransee wan op l-malls* r 
aotive in the pR range 5.2-6.2. The immoblllaed eneyme has 
aleo been &ara&erired through Ate p1 by a new method. The 
induetrial importance of this work is disweeed. 

IRTRODUCT IOR 

Many etudiea have been reported on the preparation of 

immobilieed ensymee to organlo eupporta (1-4). Great interest 

in the use of water-lneoluble enzyme6 has been shown lately 

In lnduatry ae theee enzymes can be readily reoovered from 

the reaction mixture. In reoent years, studies have been 

reported un the immobllieation of enzymes to inorganic 

carrier8 (5-7). Shier paper desorlbes the immobllleation of 

baaterial dextranaee to an inorganio carrier i.e. sirooni,a 

coated alkyhnlne glass by a elmple method of glutaraldehyde 

ooup1ing. Immobllieed dextranase has potential for application 

in food industry a8 well as in the preparation of glucoee 

eJrruP8 and it iB al.80 an enzyme of biomedical importance (8). 
Communioatlon 190.2822 from the Central Drug Reaearoh 
Inetitute, tuokno~-226001, India. 

779 

0006-291x/a0/220779-0a~0~.00/0 
Copyright 0 1980 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 



Vol. 97, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Inorganic oarrlere, in general, are not subject to mlorobial 

attaak and the uarrier doee not change oonflguratlon over 

an extensive @i range or under various solvent aondltions 

and 18 therefore easier to use In oontinuous systems and 

the ensymio preparations thus obtained are inexpensive, 

easy to manufacture and poseeae a long working life span, 

MATBHIAM AND METHODS 

Baaterlal dextranaee and siroonia coated eitkylamine 
glass of pore eise 35OAo were gifts from Be&man Zabe. and 
Corning Class Works, USA respectively. Glutaraldehyde and 
dextran were purohaeed iram BAerk, W. Germany end Sigma 
Chemical Co., USA, reepeotlvely. All the other uhemioale 
and reagents used were of analytical grade. 

Soluble dextranaee assay:- It was assayed aocordlng to the 
method of Janeon and Porath (9) employing 50 pg of enzyme 
proteirr in acetate burrer of pH 5.4 (0.05 M) for 20 minute8 
with 29 dextran as substrate at 37OC in a retabollo shaker 
and the gluoose releat8ed was measured ueing 1 ml of I$ 
dinitroeallcyllc aold reagent (DKS) and the red oolour was 
read at 525 nm. 

Immobllleatfon of dextranaee to alkylamlne glass:- It was 
done acaordlng to Yeetall (10). 1 g of elroonla ooated 
alkylamine glass wae activated by the addition of 10 ml of 
a 2.5s glutraladehyde with ocoasional shaking for one hour 
and the exoees glutaraldehyde was washed off with water. 
100 mg of bacterial dextranaee wae added in phosphate 
buffer of pH 7.0 (0.05 M) to 1 g of the activated eupport 
and kept overnight at 4oC for coupling. At the end, the 
unbound en me was washed off with aoetate buffer of pH 
5.4 (0.05 M until no more enzyme activfty could be detected 7 
and the immobllieed enzyme was stored in the came buffer 
at 4oC. The lmmobilieed enzyme was air dried and used for 
further experlnente. 

Immobllieed dextranaee aeeeyr- 20 mg of alkylamine conjugated 
dextranaee (on a dry weight basis) was employed/reaotlon 
mixture and the eneyme was assayed Using d dextran ae 
substrate at 37oC in acetate buffer of pH 5.4 (0.05 M) for 
20 minutes in a metabollo shaker and the glueoee released 
was measured using DIW reagent. 

Determination of h, Vmar 8nd E 
oaloulated from the 

t- Km and V 

(12) by plotting l$g V ve l/?E. 

f&k plots (m gr;lotting LIneweaver- 
1 v v8 l/S while B wa8 determined frm the Arrhenlus plots 

Determination of ieoeleutrie point (PI):- p1 was determined 
by the method of Wllle (13) employing eur&, a (poly)tioniC 
oompound as the inhibitor for both soluble and alkylamine 
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conjugated dextranaee6. The mid point on the pH range where 
the $ inhibition varied from 0 to lOti was taken aa the p1 
of the enzyme. Acetate buffer of 0.05 M in the pH range of 
3.6-5.6 wae employed for pH effect etudiea. Protein estlmat- 
Ion was tmrried out aocording to Lowry et al (14). 

BESUITS AND DISCUSSION 

It may be seen from Table 1 that a high conjugation 

yield of 18 mg/g eupport has been obtained for the lmmoblli- 

eatlon of dextranase on eirconla coated alkylamine glass, 

while the enayme retained 62% of its initial activity upon 

conjugation, the $ activity lost being 38s. Thus, the three 

parameters mentioned above Indicate that eircoula coated 

alkylamlne glass wa6 an acceptable eupport for dextranase, 

Table 1 gives a comparative data on the kinetic para- 

meter8 of both soluble and alkylamine conjugated dextranase. 

It may be 8een from thie that there occured en alteration in 

the kinetics of the bound dextranaee as expected for encymea 

upon immobilieation (15). The Michaelis constant, Km, for 

the alkylamine conjugated enzyme wa8 decreaeed from 0.6(yk, 

to 0.40$ indicating a eignlflcant increase in the affinitg 

of the bound dextranaee for its substrate i.e. dextren, while 

no alteration In the Vmax wa8 observed (Fig.1). When an 

ensyme ie attached to a solid support, the kinetic pattern of 

reaction &mges oonslderably leading to changea in the value6 

of grP and Vmx (15). The changes in the kinetic6 of immo- 

bilieed eneymee are controlled by four factors I.e. change in 

enzyme conformation, steric effects, mioroenvlronmental effects 

and bulk and diffusional effects (15). In the present case, 

Pa (energy of activation) of the alkylamlne conjugated 

dextr-ace exhibited a deoline 88 compared to the eoluble 

enWme (9COO to 6500 calorlee) Indicating an increase in 

etability and effloienoy of the enzyme upon conjugation 
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ZABIB 1 
Akinetic parameters of soluble and al&ylamine aonjugated 

Parameter 

1. Ccuju&ptloa yield 

2. Loss in speoifio 
aotivity upon 
eon jugatioll 

4* g. 

5* 'rnax 
bp~~yuoose/ 

. 

6. Optimal pH 

7. E, (on.Lorics) 

a. Optimal 
te5perature 

9. Thermal 
stability 

10. Stability 

11, Half-life 

12. p1 (eure.min) 

Soluble 
af2atim 

0.6G 

620 

5.4 

90(10 

35Oc 

Stable upto 
5oOC for one 
hour 

4.3 

Alkylamlm3 00njugat.6 

18 rig/g eupport 

38+ 

0.4ti 

616 

5.2-6.2 (platemu) 

6500 

5o"c 

Sttbl&u 
B 

to 60'C 
OUF 

Fully aotive if 
stored at 4O even 
after 20 daye. 
Complete lot36 of 
aotirity occur8 
at 37O in 8 days. 

5 deys at 77'C 

4.3 

Ir,-v were determined from the Mneweawr-BWk plot 
by plottin%- YB l/9 while Ea was determlned frm the 
Arrhenius plote by plotting log V VI 1B. p1 was deter&m3 
aooording to Wille aa deeerlbed under Material8 and Hethods. 
Zhe two buffera used for pH effeat studies were acetate (0,s M) 
(pif 3.6-5.6) and pho%phnts (0.05 M) (pR 5.7-6.6). Brperlseatd 
condltl~s are given in the text under Materials end Plsthods. 

(Plg.2) (Table 1). The apparent aotivation enemy of an 

immobllieed enzyme differs frorP that of the soluble enzmne~ 

IO reported In the oa8e of anlnoaoylaee (16), ohymotrypein 
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12.0 8.0 4.0 4.0 8.0 12.0 

l/~*/.dcxtron- 

LinWaavar-Burk plot far the determination of 
&A aad V-; soluble dextrmmes ( w ) &I 
aZkslamlne aonjugated dertranaee ( a-o ). 

(17) and sweet potato @-mylame (7), dextrenase also eXhIbited 

lower Ba values upon oonjugatlon to alkylamine glass. 

Acoording to Melroae (18), thle may be attributed to: 

*I the Introduction of a strain in the enzyme, substrate 

or carrier 

b) favourable eleotron flow between the reaatante end 

polymer. 

0) favourable ehangee of polarity or ionia etrength In 

the viuinlty of the active site. 

'&is was aonfirmed by our reeulte obtained on the 

inoreaeed thermal atability of the al4lamlne conjugated 

dextreuaeee The increased thermal etabillty probably reeulte 

from the prevention of conformational inaotlvation of the 

eneyme and the eterle shielding that minimiaee attack by 

reaotive eolutee. 
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1 0 2 2.0 4.0 6.0 8.0 10.0 

I/T°Kr103 

I 1 1 I 1 
4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.0 7.; 

0 3 PH 

-henWe plot for the detemlnatioa of B.1 
soluble dextranaeo ( o-0 ) end alkylarSne 
oaujogatod dextrmaee ( W ). 
H-w!tirit~ 

P 
profiles for soluble dextrenaato 

e-b ) and alkylamine oonjugated 
dextrnnaso ( - ). 

Baaterial dextrauase 18 optimally aotive at pR 5.4 

(pig.?) while the alkylemine conjugated encyme exhibited Its 

optimal pH in the range of 5.2-6.2 (plateau) whiah in turn 

may be attributed to the lose of amino group8 from the crawme 

upon oonjugation to alkylamine glaee &me glutaraldehyde 

coupling involves the amino group8 of the enzyme ior oovalent 

bonding. The immobillaed enqme derivative ehowed optimum 

activity at higher pH oaluee than the soluble enme indioat- 

ing that the pH of the eurface of the carrier warn more aoidia 

than would be erpeoted due to the presenoe of the positively 

or neutrally oharged ciroonia residuea. The pH-etabllifg of 

an immobilieed enzyme seema to depend primarily upon the 

nature of the eurraoe of the carrier. (Poly-)anionlo aarrierr 

tend to improve the e&ability of the enzyme conjugated In 

the alkaline region and enhanoed &ability is obtained wilh 

(pow-)oatlonlc oarriere on the aold Bide (15). Theee 
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ohangee are ranifeetations of alteration8 In the microenvir- 

onnent . Ae may be 8een from Table 1, the leoelectric point 

(PI) of dextranaee remained unaltered upcm it8 Conjugation 

to fslkylamine glas8. This in part may be explained by the 

fact that uneubatituted amino groups in the sirconia ooated 

alkylamine glaee la the immediate environment of the fixed 

enzyme preeumably maintain'the p1 of the immobilised enzyme 

to that of the soluble one. 

The thermal etabillty of the alkylamine oonjugated 

dextranase also was increased as it aould withstand heat 

treatments upto 60'~ for one hour while the soluble enz,yme 

oould withstand heat treatment8 only upto 50°C for one hour. 

The alkylamine conjugated dextranase was stable if stored 

at 4'0 even after 20 day8 while complete lose of aotivity 

oooured in 8 day8 at 37'C with a half life of 5 days which 

in turn may be attributed to heat denaturation. 

To sum up, the most salient feature of the present 

communioation ooneiets in the aharaoterisation of the immobl- 

lieed dextrauaee through it8 isoelectric point a8 no method 

i8 available in the literature for the p1 determinatia of 

lmmobilised enzyme8 due to their insoluble nature. This 

paper alao report8 an inorganic support i.e. alkylamine glaea 

whloh 18 new for deXtrant%8e and which would facilitate the 

we of the immobilieed enzyme in continuous syateme aa inorganic 

eupporte are not eubjeot to microbial attack and the carrier 

does not ohange oonflguration over an extensive pH range. 
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