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Abstract- Urease f EC. 3. 5. 1. 5 1 uas inmobilized I'nto photrylraphic ~latifl-~~y(~~l~j~) sets l7f uging 
chr~i~(llI)acetate 8s cresstinker. The effect of crosslinker cwcentratim , enzyme toading, pil, tempereture, sqqxas 

cotnposition and reuse en&~ on activity were studied. The suitable cmditims for ran operative end stable system wre 
investigated. 

INTRODUCTION 

Chemical, medical and waste-processing industries are now Using enzymes. 

Immobilized enzyme usage reduces production expences due to repeated 

applicability. In recent years semiartificial enzyme systems have been 

constructed to produce more than one compound' 

Determination of urea in physiological fluids is of great interest in 

medicine. Urea is a major metabolic end product, and the removal of its 

excess has been a major problem' for the patients suffering from renal 

failures.One of the major applications of immobilized urease is the direct 

removal of urea from blood for detoxification3, or in the dialysate 

regeneration systems of the artificial kidney machines'. Introduction of 

urease to the artificial kidney systems reduced the sizes of these 

machines l.Piskin et al5 immobilized ureas@ in bead shaped polymeric gels 

with radiation technique for use in clinical applications. 

Different kinds of solid supports have been used, depending on the 

method chosen for the attachment of urease, but covalent bonding and 

microencapsulation techniques have been usually preferred6. Because of the 

existence of reactive groups, hydrophilic polymers were chosen to provide 

functional groups for coupling with urease. The number of reactive groups 

can be considerably increased and controlled with such systems'. 

In a previous study of the authors, urease was immobilized into 

photographic gelatin (PG)', on the other hand polyfacrylamide) (pAam) is a 

well known support material in urease immobilization. In the present work, 

the mixtures of these two supports with different ratios have been 

investigated. Chromium(III)acetate (CA) was used as crosslinker. 
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RESULTS END DISCUSSION 

Chromium(III)sulfate was the second tested crosslinker for urease 

immobilization. However satisfactory results could not be obtained and 

further experiments were not performed for this cross linker. 

Percent relative activity is plotted versus reuse number for 

three different support compositions (Figure 1). Weight ratios of 

poly(acrylamide)/photographic gelatin were 5 for D; 4.2 and 2.5 for C 

and B respectively. In all compositions, a maximum activity in the range 

of 75-80% was obtained at the beginning of reuse experiments. After 20 

uses, for higher poly(acrylamide) ratios, a decrease in relative activity 

was observed. This decrease was ca. 50% for D and ca. 40% for C. Maximum 

enzymatic activity was achieved for the lowest poly(acrylamide) 

concentration (Figure 1 curve B) of 71% after 20 uses. In all 

immobilizations, CA concentration was kept constant as O.OBM. 
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Figure 1 The effect of support ratio on free and imobilized urease activity; poly(acrylarnide)/gelatin ratios are 2.5, 4.2 

and 5.0 for 6, C, and D respectively(A: Free urease relative activity:lOO; Chromiun acetate concentration: 0.08w ) 

In all immobilization procedures, a decrease in enzymatic activity is 

seen. In general, immobilization decreases transient time' or increases 

steady-state rate: also enhances the feed-back inhibition by the end 

productl'. 

% Relative activities were calculated according to foilowing forrmla; 

ra:tactivity of cmplex/(total activity of free enzyme used for cwpling - activity loss by enrynw leakage)] 

mamaximun valw of ra in series of experiments 

9: Relative activity: ra x 100 % Hairrun activity: PB x 100 / ma 
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In order to observe the effect of urease loading on maximum activity 

during immobilization, enzyme - poly(acrylamide) / gelatin films were 

prepared with different urease concentrations (4-20 U/ml ). It was 

observed that with the increasing enzyme concentrations, the activities 

increased, however maximum activities decreased. The high enzyme 

concentration in the immobilization mixture favors such inter and 

intramolecular reactions of the protein which block the active sites of 

enzyme resulting in a decline of the relative activity. 

Slightly higher maximum activities were obtained with CA concentration 

of 0.05M than 0.08M as enzyme concentration increased (Figure 2). Since 

% maximum activity decreased with both CA concentrations other cross 

linker concentrations were not studied. 

UREA% CONCENTRAT1DH (U/ml) 

Figure 2 Yhe effect of enzyme Loading on imobilized wea'a activity; polyCacry(ami&)/gelatin ratio: 2.5; chraniua 

acetate cmcentfotions we 0 0.0&+4 and * 0.0% 

The effect of pH on free and immobilized ureas-e is given on Figure 3. 

The maximum enzymatic activities of free and immobilized ureases were 

detected at about PH 8, and immobilization improved pH stability 

considerably. 

Optimum temperatures for urea hydrolysis were investigated by changing 

the incubation temperature from 15' C to 85O C (Figure 4). Maximum 

activity was obtained at 52o C for immobilized urease. The thermal 

stability of immobilized enzyme did not differ much from native enzyme. 
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Figure 3 The effect of pH on free and immbilized weme activity; poly(acrylamide/gelatln ratio: 2.5; 0 0.0&4 chrcmiun 

acetate type urease; v free urease 
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Figure 4 The effect of temperature on free and imobiLized enzyme activity; poly(acrylamide/gelatin ratio: 2.5; 0 free 

urease; V 0.0% chromium acetate cross linked urease 

In order to determine the effect of 

concentrations of CA (0.05M and 

immobilization steps for 2 different 

4.2 and 2.5 (Figure 5). 

reuse number on activity , different 

0.08M) were used during the 

poly(acrylamide)/gelatin ratios of 

and 58% relative activities were As seen in Figure 5 curve A, 48 

obtained for 0.05M and 0.08M CA crosslinked ureases for 4.2 support 

composition after 20 uses. The highest relative activities were achieved 

for a pAam/PG ratio of 2.5 with 0.08M CA, as 71%, after 20 uses 

(Figure 5 curve B). For the same support composition when crosslinker 

concentration was used as O.O5M, relative activity was determined as 52%. 
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Figure 5 The effect of chrmiun acetate concentration and mqport ratio ~1 relative activity of reused samples; 

poly(acrylamide)/gelatin ratios ate 4.2 end 2.5 for A and s respectively; chranim acetate cowmrstiona are @ 0.058 ati 

cf O.G&: free ufease relative activity: 100 

Conclusion- This study shows that CA crosslinked photographic gelatin and 

poly(acrylamide) can successfully be used for the immobilization of 

urease. Being an inexpensive inert material, PG is an advisable new 

support which gave good immobilization percentages when used together with 

a conventional support, pAam. When the results obtained in this work were 

compared with our previous study* addition of PG to pAam significantly 

increases the activity of immobilized urease. 

The procedures applied during immobilization were cheap and easy to 

apply and as much as 71% of enzyme activity was retained after two months 

and 20 uses.This acceptable loss of activity can be attributed to 

structural changes in the enzyme during immobilization and possible 

decrease of reaction rate due to increased concentration of product within 

the pores. The stability of urease at low pH values was improved by 

immobilization but thermal stability was not effected considerably. 

Haterials- Uresse wm obtained fra Merck (lyophilized;5u,m@. PolyWxylmide) WBB supplied frcfn Aldrich having an werage 

molecular weight of (Ibout 5-6 million. Granule type of photographic gttetin was obteined frca Croda Gelatin Co. Polyester 
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films were purchased from Du Pant and had a thickness of O.lmn which were precoated with a thin layer of photographic 

gelatin. 

The substrate and the chemicals used to prepare reagents, buffer solutions,and the crosslinkers were obtained from Merck 

which were in analytical grade. 

Awaratus- A Spectronic 20 0 Milton Roy model spectrophotometer was used to determine the absorbance of the blue dye, 

indoohenol. 

InmobiLization of Urease- Before the inmobilization step, stock solutions of photographic gelatin (7.5%) and 

poly(acrylamide) (3.0%) were prepared in phosphate/EDT1 buffer (pti 6.5) with mild heating (32-35O C) and vortexing. 

According to the type of inmobiLization, different proportions of these supports uere taken and mixed thoroughly for 5 min. 

After, 0.5 ml of urease solution (40 mg/ml) was ad&d and stirred again at 32O C. Different crosstinkers (CA and CS) 

with changing concentrations (O.O2M-O.OBN) were added to the imnobilization gel, wth vigorous stirring. Then, portions of 

O.lml of the gel were transferred onto polyester fiLm strips (lx2Ocm) according to our earlier studies11,12. Enzyme leakage 

tests were realized by washing the strips with phosphate-EDTA buffer. 

Determination of Urease Activity-Native and immobilized enzyme activities were detected by Berthelot method13.1.5ml of 

Phosphate/EDTA buffer (pH 6.5) uas added into the test tubes end enzyme strips were put inside the solution. After 

waiting at 37O C for 2 minutes (preincubation), by the addition of 0.2ml of urea (0.3g/L),the enzymatic reaction 

started. The incubation continued far 15 minutes with good mixing. Phenol-sodiumitroprusside (5ml) and NaDH-hypachlorite 

(5ml) solutions were added at the end of the time to stop incubation and start color reaction. The solutions were rested for 

30 minutes at 37O C. The absorbances were reed at 555rxm against the blank, after cooling. 

ACKNDULEDGENENTS 

The authors are grateful to A.U. Research Fund (Project No. 90050409.) and N.E.T.U. Research Fund (Project No. 

91010305.). 

REFERENCES 

I' KraJewska, 8.; 2abarska.W. Biocyb. Bicmed. Eng. 1989,9,113. 

2 Krajewska, 6.; Leszko, H.; Zaborska, W. J.Chem. Tech. Biotechnol. 1990, 48, 337. 

3 Chang, T.H.S. Artificial Organs, 1980, 4, 264. 

4 Drukker, u.; Persons. F.H.; Gordon, A. In Replacement of Renal Function by Dialysis; Drukker, U.; Parsons, 

F.H.;Haher,J.F.; Nijhoff, M., Ed.; 1979; 244-258. 

5 Piskin, K.; Arca, E.; Piskin, E. Applied. Biochem. Biotechnol. 1984, 10, 73. 

6 Dunitriu, s.; Bulacovski, v.; Baton, L.; Simionescu, Cr. Acta Polym. 1984, 35, 383. 

7 Hsiue, G.H.;Wang, C.C.;Chen,C.Y.; Chang, C.J. Ang. Macrwnol. Chem. 1990, 179, 149. 

* sungur, s.; Etqin, Y.M.; Akbulut, U. Bicmaterials, 1992 (in press). 

' Hattiason, B.; Mosbach, K. Biochim. Biophys. Acta, 1971, 235, 253. 

'0 Koch-Schmidt, A:C.; Matteson, 8.; Mosbach, K. Eur. J. Biochem. 1977, 81, 71. 

" ELcin, Y.H.; Akbulut, U. Biomaterials, 1991 (in press). 

I2 Akixlut, U.; Sungur, S.; Pekyardircci, S. Hacromol. Rep. lWl.Vol.A2B<supp.3>,239-247. 

I3 Methods of Enzymatic Analysis; Bergmeyer, H.U., Ed.;Ac. Press. N.Y. 1974. 


