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Improvement of enzyme stability via non-covalent complex formation with

dextran against temperature and storage lifetime
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The optimal methodology to prepare the novel modified enzyme, polymer-enzyme complex, was developed

to give a high catalytic activity in aqueous solution. The non-covalent complexes of two different enzymes

(horseradish peroxidase and glucose oxidase) were prepared with various molar ratios (n
D
/n

E
 0,05; 0,1; 1;

5; 10; 15; 20) by using 75kDa dextran. The thermal stabilities of the obtained complexes were evaluated

with the activities determined at different temperatures (25, 30, 35, 40, 50, 60, 70, 80
o
C) applying 60 minutes

incubation time for pH 7. The complexes with the molar ratio n
D
/n

HRP
: 10 and n

D
/n

GOD
: 5 showed the highest

thermal stability. Its activity was very high (ca. 1,5-fold higher activity than pure enzyme for HRP-dextran

complexes) and almost the same between applying one hour incubation time and without incubation, and

could also be measured at high temperatures (70, 80 °C). We finally succeeded in preparing dextran-enzyme

complexes which showed higher activity than pure enzyme in aqueos solution at all temperatures for pH 7.

In addition, the mentioned complexes at pH 7 had very long storage lifetime compared to purified enzyme

at +4 
o
C; which is considered as a good feature for the usage in practice.
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INTRODUCTION

Protein-polysaccharide complexes are also important in

industrial applications such as micro- and nano-encapsu-

lation processes
1 – 4

, the design of multi-layers structures,

the formation and the stabilization of food emulsions
6
, the

formation of new food gels
12

 and the recovery of proteins

from industrial by-products
8 – 10

. Supra-molecular struc-

tures formed by non-covalent interactions between pro-

tein and polysaccharides (complexes, aggregated complexes

and coacervates) have represented a very active research

area in the last 3 – 4 years. The formation of complexes

between neutral biopolymers is less studied, but the curi-

osity of scientists should modify this situation in the next

few years
11, 12

.

Depending on biopolymer pairs considered, the thermal

stability of enzymes can be improved or impaired. It was

supposed that such stabilization could be due to the for-

mation of a network of aggregated proteins with the

polysaccharides trapped inside
13, 14

. The chemical modi-

fication with polymers using laborious procedures leads

to the loss of enzyme activity. On the other hand, the non-

covalently-formed complex of an enzyme with polymers

such as alkylated poly(ethyleneimine)
15

, sugar-based poly-

mers
16

, polystyrene
17

, poly(ethylene glycol) (PEG) with a

high molecular weight (30 – 100 kDa) has been proposed

as an alternative modified enzyme
18

.

Dextran is a complex, branched polysaccharide that can

be synthesized from sucrose by enzymes or can also be

produced by bacteria and yeast. Dextran has been used as

blood plasma substitute, packing material in column chro-

matography, and delivery vehicle of drugs due to its good

biocompatibility (Fig. 1)
19, 20, 21

.

Horseradish peroxidase is used as a reagent for organic

synthesis and biotransformation as well as in coupled

enzyme assays, chemiluminescent assays, immunoassays

and the treatment of waste waters. Improvements to desir-

Figure 1. Structure of dextran

able qualities of the enzyme such as its relatively good sta-

bility in aqueous and non-aqueous solvent systems are ac-

tively sought as an outcome of chemical modification, site-

directed mutagenesis and directed evolution studies
22, 23

.

GOD is used in large scale technological applications,

which includes removing of residual glucose and oxygen

from beverages, wine and foodstuff, in bleaching cellulose

fibres, production of gluconic acid and also used as a food

preservative
13, 15, 16

. However, the most significant GOD

application is in biosensors for the monitoring of glucose

levels in body fluids, during the fermentation of beverages

or in miniaturized biofuel cells
24 – 26

.

The advantages of employing high temperature are as

follows: higher process rates (reaction temperature in-

crease from 25 to 75 °C will result in about a 100-fold

increase in the process rate), fewer diffusional limitations

and lower viscosity of the medium, decreased bacterial

contamination (which is of paramount importance in food

and pharmaceutical industry) and a shift in thermody-

namic equilibrium in case of endothermic reactions. Thus,

there is always a need for enzymes active in extremes of

temperature
27

.

Non-covalent enzyme-dextran complexes have been re-

ported by de la Casa et al.
28, 29

. They have been analyzed
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as the effect of the modification by dextrans of the

microenvironment of Candida rugosa lipase. In this study,

the non-covalently-formed complexes of HRP and GOD

with dextran have been proposed as an alternative modi-

fied enzyme towards industrial application and storage

stability. We found that the molar ratio of the polymer/

enzyme in the preparation stage governed the activity of

the polymer-enzyme complex. The stabilities of the com-

plexes towards temperature were evaluated with the ac-

tivities determined at different temperatures using one

hour incubation time. In addition, storage lifetimes of

purified enzymes and the complexes with n
D

/n
HRP

:10;

n
D

/n
GOD

:5, respectively, were studied.

MATERIAL AND METHODS

Materials

Horseradish Peroxidase (E.C. 1.11.1.7) (Mw ~ 40.000

Da) and o-dianisidine were purchased from Fluka. Con-

canavalin A-Sepharose 4B column material and dextran

from Leuconostoc mesenteroides (M
w
 75.000 Da) were

obtained from Sigma Chemical Co. (St. Louis, MO). The

regenerated Cellulose membrane was purchased from

Millipore (Dia 25mm, NMWL 10.000). All other chemi-

cals used were of analytical grade. The ultra pure water

was obtained from Millipore MilliQ Gradient system.

Enzyme purification procedure

 HPLC chromatograms of the purchased HRP (Fluka)

and GOD (Fluka) showed that there were impurities in

this type of commercial enzymes. In order to synthesize

the complexes, it was decided that using purified enzymes

would be better for this study. The purchased HRP was

purified by Affinity Chromatography using Concanavalin

A-Sepharose 4B (con A-Sepharose 4B) as column mate-

rial. In order to remove all the unbound impurities, the

column was washed with 0.1M acetate buffer, pH 6 con-

taining 0.1M NaCl, 1mM CaCl
2
 and 1mM MnCl

2
. To

elute the enzyme which was bound to the column mate-

rial, the column was washed with 0.1M acetate buffer, pH

6 containing 0.1M methyl-α-D-mannopyranoside and the

fractions were collected
31, 32

. Absorbances at 280 and 403

nm were measured with UV spectrophotometer and the

RZ values (A
460

 / A
280

) for the purified and commercial

enzymes were calculated. The RZ value for the purified

HRP was 2.1 whereas the RZ value of the purchased

enzyme was only 0.85. The purified enzyme was concen-

trated in the ultra-filtration cell with the Regenerated

Cellulose membrane (Dia 25mm, Mw 10.000) by washing

2 times with distilled water and 2 times with 0.01M PBS

and pH 7 buffer.  The RZ value of the enzyme was deter-

mined as 2.24.

The purchased GOD was purified by Gel-permeation

Chromatography using Sephadex G-50 column. For the

elution, the column was washed with PBS and the frac-

tions were collected in tubes. The absorbances at 280 nm

were measured with a UV spectrophotometer and appro-

priate fractions were pooled for the complex synthesis.

Preparation of HRP-Dextran aldehyde conjugates

For synthesizing enzyme-polymer complexes, an appro-

priate amount of dextran was calculated by making en-

zyme amount (0.1 mg/ml for HRP and 0.2 mg/ml for

GOD) constant according to the formula given below:

The calculated amounts of dextran for the mentioned

ratios were dissolved in the phosphate buffer, pH 7 as well

as the purified enzyme. The reaction was initiated by

mixing enzyme (2 ml) and dextran (2 ml) solutions to-

gether and incubation continued for 16 hours at 25
o
C.

Activity assay of HRP

The test tubes containing 885 μl PBS buffer were incu-

bated in stirred water baths at working temperatures in

order to adjust the temperatures. The reaction was started

by adding 20 μl o-dianisidine, 10 μl enzyme solution and

finally 10 μl hydrogen peroxide as the initiator to the test

tube respectively. After 10 minutes, the reaction was

stopped by adding 75 μl 1M NaOH to reaction media and

A
460

 values were recorded.  The total activity in the units

was calculated with these absorbance values
33

.

ε: Molar absorption coefficient of o-dianisidine (11.300

M
-1

 cm
-1

)

t: Incubation time (10 minute)

C
HRP

: HRP concentration (0.0025 mg/ml)

A
460

: Absorbance at 460 nm

Thermal and storage stabilities of pure enzyme and

complexes were evaluated with the activities determined

according to the procedure described above. But in the

thermal stability procedure enzyme and complex solu-

tions were kept at different working temperatures for 60

minutes in water baths and activity determination was

performed afterwards at pH 7. The storage stability (life-

times) of the purified enzyme and the complex with

n
D

/n
HRP

 10 were studied for +4
o
C at pH 7.

Activity assay of GOD

The test tubes containing 780 μl PBS buffer were incu-

bated in stirred water baths at working temperatures for

5 minutes. The reaction was started at working tempera-

tures (25, 30, 35, 40, 50, 60, 70 °C) by adding respectively

50 μl glucose (%25 w/v), 25 μl o-dianisidin (10 mM), 15

μl HRP (0.005 mg/ml) and 30 μl GOD solution (0.0025

mg/ml)  as the initiator of this reaction. After 10 minutes,

the reaction was stopped with the 100 μl 2 M H
2
SO

4

solution and in the meantime the total volume was com-

pleted to 1 ml
23, 27

. Afterwards the UV spectra of these

reaction-products were taken and the A400 values of the

products were recorded. The activities in the units were

calculated with these absorbance values according to the

formula given below.

U/mg = A
400

x10
6
 /εtc

GOD

ε : Molar absorption coefficient of o-dianisidine at 400

nm (17.500 M
-1

 cm
-1

)

t : Incubation time (10 minute)

c
GOD

 : GOD concentration (0.0025 mg/ml)

A
400

 : Absorbance at 400 nm

The stabilities of the complexes and the purified GOD

were determined according to the same procedure for the
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activity determination described above. But in this proce-

dure enzyme and complex solutions were kept at different

working temperatures for one hour in water baths and the

activity determination was performed afterwards at pH 7.

The storage stability (lifetimes) of the purified enzyme

and the complex with n
D

/n
GOD

 5 were studied for +4
o
C

at pH 7.

Characterization of the complex with GPC (Gel-Permea-
tion Chromatography)

The molecular weight distributions of dextran, purified

enzyme and complexes with the ratio n
D

/n
HRP

: 10 and n
D

/

n
GOD

: 5  were determined by gel-permeation chromatog-

raphy (Viscotek GPCmax VE2001 GPC Solvent/sample

module) on a 7,9mm x 50 cm Shim-Pack Diol 300 col-

umn with UV detector. The fractions were eluated at 1

ml.min
-1

 with 0,1 M PBS buffer (pH 7) containing  0,15

M NaCl and 7,5 mM NaN
3
.

RESULTS AND DISCUSSION

We obtained several complexes composed of  two dif-

ferent enzymes (HRP and GOD) and dextrans with dif-

ferent enzyme/dextran (w/w) ratios. Gel permeating chro-

matography has been a widely used technique for estimat-

ing these characteristics of proteins, polysaccharides, pro-

tein-polymer conjugates in their native forms based on

their elution positions
34, 35

. The size exclusion

chromatograms of the enzyme-dextran complexes

(n
D

/n
HRP

 10 and n
D

/n
GOD

 5), purified enzyme and dextran

recorded by using ultraviolet (UV) detectors (Fig.2). The

eluation position of the complexes which was placed in

front of enzyme and dextran, relates the formation of

macromolecules with higher molecular weight than the

constituents.

In order to improve the activity of enzymes, dextran-

HRP and dextran-GOD complexes using different molar

ratios (n
D

/n
E
 0.05; 0.1; 1; 5; 10; 15; 20) were prepared.

Figure 3 and 4 present the dependence of the activity of

the dextran-HRP and dextran-GOD mixtures, respectively,

on the amount of added polymer at the constant concen-

tration of the enzyme. The complexes n
D

/n
HRP

:10 and n
D

/

n
GOD

: 5 showed higher activity than other complexes and

pure enzyme.

To reveal the thermal stabilities of the complexes more

clearly, the activities of the complexes and the purified

enzyme were determined applying a one-hour incubation

time (the solutions were kept at different working tem-

peratures for 60 minutes in water baths) and without in-

cubation at different temperatures for pH 7 (Figure 5 and

6). Figure 5 demonstrates that the complexes of dextran-

HRP showed much higher activity than the purified en-

zyme at all temperatures. The complexes with the ratio

n
D

/n
HRP

= 1; 5; 10 only had activities at 80
o
C. As it is

shown in Figure 4B, the activity decline of the purified

enzyme was very fast with the increase in temperature

when 60 minutes of incubation were applied. Whereas the

Figure 4. The activities of GOD and complexes as a func-

tion of coupling ratio at pH 7; 25°C; c
HRP

=0,1mg/

ml (0 point is pure enzyme)

Figure 2. The chromatograms of dextran-enzyme complex

and purified enzyme with UV detector: (A) Dex-

tran-HRP complex (n
D

/n
HRP

 10) and purified HRP,

(B) Dextran-GOD complex (n
D

/n
GOD

 5) and puri-

fied GOD

Figure 3. The activities of HRP and complexes as a function

of coupling ratio at pH 7; 25°C; c
HRP

=0,1mg/ml

(0 point is pure enzyme)
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Figure 6. Thermal stabilities of dextran-GOD complex and

purified GOD at pH 7; activity determination  with

60 minutes incubation at working temperature

Figure 5. Thermal stabilities of dextran-HRP complexes with

different molar ratios at pH 7: (A) activity deter-

mination without incubation, (B) activity determi-

nation  with 60 minutes incubation at working

temperature

complexes had higher resistance against the temperature.

Especially, the activities of the complexes with the ratio

n
D

/n
HRP

= 5; 10 were not changed significantly with and

without the incubation at different temperatures.(the com-

plex n
D

/n
HRP

 :10 showed highest activity all temperatures.)

As demonstrated in Figure 6, complex n
D

/n
GOD

:5

showed much higher activity than the purified GOD at all

temperatures, which demonstrates activity also at 70°C,

when 60 minutes of incubation were applied.

Figure 7 and 8 show the storage lifetimes of dextran-

HRP (n
D

/n
HRP

:10)  and dextran-GOD (n
D

/n
GOD

:5) com-

plexes at pH 7, respectively. The purified HRP lost its

activity after 14 days at +4
o
C.  However, complex

(n
D

/n
HRP

:10)  was stable, showing good activity values for

80 days at +4
o
C (Figure 7). Similarly,  the complex with

the ratio n
D

/n
GOD

: 5 was stable, showing good activity

values for 83 days at +4
o
C (Figure 8). As a result, these

complexes had both higher activity and a longer storage

lifetime compared to the purified at +4
o
C; which is con-

sidered as a good feature for usage in practice.

Figure 7. Storage lifetimes of the purified HRP and the

complex with n
D

/n
HRP

:10 at +4oC. (Three con-

secutive activity measurements were carried out

for each day and were averaged)

Figure 8. Storage lifetimes of the purified GOD and the

complex with n
D

/n
GOD

:5 at +4oC. (Three consecu-

tive activity measurements were carried out for

each day and were averaged)

CONCLUSION

The possibility to stabilize enzyme-polysaccharide com-

plexes by physical treatments is really important from an

industrial application point of view. The treatment itself

was very easy and low-cost in terms of activity and pro-

vides enormous advantages for the enzymes that are going

to be used in long-storage required systems. The prepara-

tion of complexes dextran-enzyme provided an enhanced

stability for the two enzymes against temperature and

storage. In fact, although it was not thoroughly investi-

gated, the non-covalent bonding of the HRP and GOD

with dextran showed quite higher activity than the puri-

fied enzyme at all temperatures and seemed to be stabi-

lizing related to time. These results should be of general

applicability to other enzymes or polymers interaction,

and solve an important problem in any system where
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long-time storing, low enzyme concentration, high

temperation, etc. may be necessary. This study will de-

velop along several lines, namely further elaboration of

theoretical concepts of polyreactions, biomodelling and

construction of stable polyenzyme preparations.
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