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The immobilized mercuric reductase covalently cou­
pled to porous glass was prepared and its properties 
were investigated. Mercuric reductase immobilized on 
arylamino and carboxyl derivatives exhibited high rela­
tive activities about 20-30% compared with soluble en­
zymes. The optimum pH of mercuric reductase immobi­
lized on these derivatives was 7.5, slightly higher than 
that of soluble state (7.0-7.2) . The stability of mercur­
ic reductase increased with immobilization onto 
arylamino derivative and the immobilized enzyme main­
tained at 30°C for 29 days showed 80-90% of initial ac­
tivity. As the application of immobilized enzyme, mer­
curic ion sensor was prepared and it was found that 
mercuric ion higher than 0.5 I'M was detectable with 
this sensor. 

Key-words .- Mercuric reductase, Porous glass, Immobilized 
enzyme, Camer, Activity, pH profile, Stability, Mereun'c ion 
sensor 

1. Introduction 
Enzymes are useful as catalysts and analytical rea­

gents because of their high catalytic reaction rate 
and substrate selectivity. Most of enzymes are em­
ployed in solution. In these cases, enzymes are wast­
ed after reaction and never reused. Thus, immobiliza­
tion techniques on insoluble carriers are important 
for effective utilization of enzymes. So far, many suc­
cessful attempts have been made for immobilization 
of enzymes using cellulose, polyacrylamide as carri­
er materials. Porous glass is considered as one of the 
most useful carrier materials because of its chemical 
durability and controlled micro-structure. Currently, 
porous glass beads called "CPG" are available for car­
riers of enzymes. This type of porous glass is usually 
prepared from sodium borosilicate glass with high sil­
ica content (ca. 60 wt%) . Hammel et al. 1) reported 
another type of porous glass which is made of rela­
tively low silica content (ca. 40 wt%) sodium 
borosilicate glass. As this porous glass has large pore 
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volume up to 0.6 cm3/g, it is suitable for carrier 
material. Thus, we studied the possibili ty of the 
porous glass made of low silica content sodium 
borosilicate glass as carrier of enzyme immobiliza­
tion. 

In this investigation, the mercuric reductase was 
immobilized on the porous glass and its properties 
were studied. As application of this immobilized mer­
curic reductase, mercuric ion sensor was also investi­
gated . Mercury and its derivatives are highly toxic 
for human body. Thus development of highly sensi­
tive and rapid measurement of mercury in environ­
ment is important. 
In this paper, following abbreviations are used 

room temperature: R. T . 
mercuric reductase: MR 
immobilized mercuric reductase: IMR 
sodium phosphate buffer: Na-P buffer 
Trishydroxymethylaminomethane: Tris 

2. Materials and methods 
Mercuric reductase 
The mercuric reductase (NADPH-Hg ([) ox­

idoreductase; ECI.16.I. !) was purified by Fox's 
method2) from Escherichia coli that was transformed 
by pM609 (containing mercuric reductase gene from 
transposon Tn50l) . The overall reaction catalyzed 
with the mercuric reductase is as follows: 

NADPH + RS-Hg-SR + H+ 
= NADP ++ HgO + 2RSH (1) 

In this reaction, dimercaptide of mercuric ion (Hg2+) 
is reduced by NADPH and NADPH itself is oxidized 
to NADP +. Thus the concentration of mercuric ion 
can be estimated by concentration change of 
NADPH. 

Preparation of porous glass 
The porous glass was prepared by heat-treating 

and leaching Na20 · 49B20 3 · 39Si02· 2NaCl (wt%) 
glasses. Sodium chloride was added to sodium 
borosilicate system as the accelerator of phase sepa-
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Table 1. Properties of porous glasses. 

Pore di ameter : 350A-2000A 
Speci fic surface area: 20nf/g-70nf/ g 
Pore voiulle : 55%-56% 

ration and leaching treatment. 3) Properties of the 
porous glasses are shown in Table 1. All samples 
were crushed into small pieces and fractions be­
tween 0.044 mm to 0.105 mm in particle diameter 
were supplied for the following surface treatments. 

Preparation of glass derivatives 
For enzyme immobilization, surface treatments of 

porous glasses were carried out as follows. In order 
to prepare alkylamine glasses, the porous glass sam­
ples were refluxed overnight in toluene containing 5 
% solution of 3-aminopropyltriethoxysilane at SO°C 
and washed with toluene and dried. The following 
four kinds of derivatives were prepared for enzyme 
immobilization' ) 

(1) Glutaraldehyde bound glass 
5 % solution of glutaraldehyde in 0.1 M Na-P, pH 

7.0 buffer was added to 10 mg of alkylamine glass 
and the mixture was shaken for 1 h at R. T. and 
washed with distilled water. 

(2) Arylamino derivative 
1 g of alkylamine glass was refluxed in chloroform 

containing 5 % of p-nitrobenzoylchloride and 10% of 
triethylamine solution at 6SoC for 24 h. The product 
was filtered and washed with chloroform and dried. 
0.5 M NaHC03 + O.1 M Na,S,O, solution (pH S.5, 
10 ml) was added to arylnitro glass and reacted at 
37°C for 1 h. And the product was refluxed in 5 % 
Na,S,O, solution at 100°C for 20 min and washed 
with distilled water and dried. 10 mg of the aryla­
mine glass was diazotized by adding 1 ml of 4 N HCI 
and 10 mg of NaNO, at 4T for 1 h. After diazotiza­
tion, the glass was washed with distilled water. 

(3) Carboxyl derivative 
0.2 g of succinic anhydride solution (7 ml) was ad­

justed to pH 6.0 with 20% of NaOH solution. 1 g of 
alkylamine glass was treated in this solution at 4°C 
for 5 h. The product was filtered and washed with 
distilled water and dried. 10 mg of this carboxyl 
derivative was immersed in distilled water for MR 
immobilization. 

(4) Lysine bound glass 
0.2 ml of 1 11M dl-lysine (pH 5.0 by HC!) and 2 mg 

of carbodiimide were added to 10 mg of alkylamine 
glass and held at 4°C for 3 h and washed with dis­
tilled water. 

Immobilization of mercuric reductase 
MR containing 0.1 M Na-P buffer solution 

(pH = 7.0) was prepared to be 10 11M of MR in con­
centration. 0.1 ml of this solution was added to 10 
mg of porous glass derivatives. These samples were 
maintained overnight at 4°C for MR immobilization. 
After immobilization treatment, glass samples and 
supernatants were separated. Immobilized amount 
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Fig. 1. Flow system of mercuric ion sensor. 

of MR was calculated by amount of residual MR in 
supernatant. The amount of residual MR was deter­
mined with absorbance of supernatant at 455 nm. 

Immobilized enzyme assays 
The assays of immobilized enzymes were carried 

out at 30T in 0.1 M Na-P, pH 7.0 buffer containing 
200 11M NADPH, 100 11M HgCl, and 1 mM 2-mer­
captoethanol. The reaction rates of mercuric reduc­
tion as Eq. (1 ) were estimated by decrease in 
NADPH concentration in 5 min. The activities of im­
mobilized mercuric reductase were estimated with 
these reaction rate by comparison with soluble mer­
curic reductase. 

Preparation of mercuric ion sensor 
The mercuric ion sensor system was designed by a 

flow analysis system as shown in Fig. 1. Arylamino 
derivative of porous glass (particle diameter: 0.212 
mm to 0.3 mm, pore diameter: 1300 A) was used as 
carrier. 6 x 10- 9 mol of MR was immobilized on 
0.17 g of porous glass carrier by azo coupling and the 
IMR was filled in column (3 mm in diameter and 50 
mm in length) . Temperarure of the column was 
maintained at 30°C. The 0.5 M Tris-H,SO, buffer so­
lutions (pH = S.O) containing 10 mM cysteamine, 
0.1 mM NADPHand 5 mM EDTAand aqueous solu­
tion containing various contents of HgCl, were car­
ried with peristaltic pump in flow rates of O.S mil min 
and 0.2 ml/min, respectively. These solutions were 
mixed and supplied into the IMR column. Concentra­
tion of NADPH was determined by fluorometry (ex­
citation wavelength was 340 nm and emission 
wavelength was 470 nm) . 

3. Results and discussion 
3.1 Immobilization rate and relative activity of 

IMR 
Figure 2 shows the immobilization rate of MR 

with various immobilization methods. Immobiliza­
tion rate was calculated from amount of immobilized 
MR by comparing with amount of initially added MR 
in the immobilization process. The immobilization 
rate was mainly affected by the immobilization 
method and most of MR was immobilized on glutaral­
dehyde bound glass and arylamino glass and it was in­
dependent of the pore diameter of porous glass carri-
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Immobilization methods 

Fig. 2 . Effects of immobilization methods and pore diameters of 
porous glass carriers on immobilization rate of MR. 

f:]: 350;" ~: 400;" §§: 800A 1m: 2000;" 

Immobilizotion methods 

Fig. 3. Effects of immobilization methods and pore diameters of 
porous glass carriers on relative activity of IMR. 

er. 
Figure 3 shows the effects of immobilization 

methods and pore diameters of porous glass carriers 
on relative activity of IMR. The relative activity was 
estimated by immobilized amount of MR. High rela­
tive activities were observed for the IMR on arylami­
no derivatives and carboxyl derivatives comparing 
with that on other derivatives and the activities were 
ranging from about 20% to 30% comparing with 
soluble MR. Considering amounts of immobilized 
MR, immobilization onto arylamino derivative is use­
ful to prepare an IMR of high activity. Relative activi­
ty of IMR tends to increase with increasing pore di­
ameter of porous glass carrier. 

3.2 pH profile of IMR 
The pH profiles of IMR on arylamino and carboxyl 

derivatives were determined. The pH was varied 
from 5.5 to 9.2 with Na-P and Tris-HCI buffer. The 
pH profiles are shown in Fig . 4 and optimum pH of 
immobilized MR were determined as pH = 7.5. The 
optimum pH of soluble MR is about 7.0-7.2, thus op­
timum pH was slightly shifted to higher pH with im­
mobilization. The same effect was reported by Mas­
on et al.s) for immobilized invertase. As a cause of 
this shift of the optimum pH, Mason et al. suggested 
that the pH of surface of the carrier was more acidic 
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Fig . 5. Stability of IMR maintained at 30°C. 

than that of bulk solution because of residues as 
alkylamine group. 

3.3 Stability of IMR 
The stabilities of IMR was estimated by change in 

activity. IMR was maintained at 30°C for 29 days. As 
shown in Fig. 5, the activity of IMR on carboxyl 
derivative was disappeared in 8 days whilst the activi­
ty of IMR on arylamine derivative was slightly 
decreased to 80-90% of the initial value on 29 days 
after immobilization. In case that soluble MR is main­
tained at 30°C fOf 29 days, its activity decreased to 
half of the initial value. Thus, the MR became more 
stable by the immobilization at around R.T. 

3.4 Application to mercuric ion sensor 
Figure 6 shown the relationship between HgCl, 

concentration and decrease in NADPH concentra­
tion. A linear relation was observed between 0.5,uM 
to 8,uM in HgCl, concentration. The line in Fig. 6 
shows decrease in NADPH concentration when 
HgCl, is reduced completely. In this experiment, 
most of mercuric ion was reduced in low HgCl, con­
centration range below 5,uM. 

Thus, it was found that mercuric ion higher than 
0.5,uM (0.1 ppm Hg) was detectable with this mer­
curic ion sensor. Since this mercuric ion sensor is 
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Fig. 6. Relationship between HgC12 concentration and decrease 
in NADPH concentration. 

designed with simple flow analysis system and con­
tinuous measurement is possible without any sample 
pre-treatment, this sensor considered useful for mer­
cury analysis. 

4. Conclusions 
The immobilized mercuric reductase covalently 

coupled to porous glass was prepared and its proper­
ties were investigated. Immobilized mercuric reduc­
tase on arylamino and carboxyl derivatives exhibited 
high relative activity of about 20% to 30% compar­
ing with soluble enzyme. Relative activity increased 
with increasing pore diameter of porous glass carri-

er. The optimum pH of mercuric reductase immobi­
lized on these derivatives were 7.5 and slightly shift­
ed to higher pH with respect to that in soluble state 
(7.0-7.2) . The stability of mercuric reductase was 
changed with immobilization. The activity of mercur­
ic reductase immobilized on carboxyl derivative dis­
appeared in one week. Contrarily to this, that on 
arylamino derivative maintained at 30°C for 29 days 
exhibited 80-90% of the initial activity showing that 
the immobilization of MR increases the stability. Us­
ing the immobilized mercuric reductase on arylami­
no derivative of porous glass, the mercuric ion sen­
sor was assembled with flow analysis system. With 
this sensor, it was found that mercuric ion higher 
than 0.5 pM (0.1 ppm Hg) is detectable. 
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