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Abstract

A novel immobilizing method developed previously by ourselves was successfully used to entrap epdo-dligzanases (laminarinases)
separated from marine bivalvigpisula sacchalinensis (glucanase b)) and Chlamys albidus (glucanase }) into hybrid polysaccharide-silica
nanocomposite materials by means of the sol-gel processing. Its main advantage over the current immobilizing procedures is that the en
ment conditions are dictated by the enzymes, but not the processing. It was shown that bothphedly8anases retained or even had
sometimes an increased activity after the immobilization. At the same time, their characteristics (optimal pH, temperature and ionic streng
noticeably were not changed. They provided a depth of hydrolysis of laminaran comparable with that caused by free enzymes in solutions. |
thermore, glucanase,lretained its glucanosyl transferase activity, affording an enzymatic synthesis of biologically active @;8:fl6can,
called translam, from the initially inactive laminaran. It was also demonstrated that the laminarinase entrapment into the hybrid nanoco
posites led to a prominent increase of thermal and long-term stability that was particular striking in a case of such a labile enzyme
the glucanase J. By varying the nanomaterial composition, its influence on the glucanase activity was found that differed for the studiec
enzymes.
© 2006 Published by Elsevier B.V.

Keywords: Laminaran; Glucanase; Immobilization; Sol—gel technology; Silica nanocomposite; Biocatalyst

1. Introduction and zirconia, the entrapment of enzymes is usually performed
by using silica because of its better biocompatibility. For the gel
The sol-gel technology is presently believed to be one of théabrication, a starting compound is needed that is called a pre-
most promising approaches for the immobilization of enzymesursor. The silica-based materials are usually synthesized with
[1-10] Its main advantage lies in the fact that the entrapmenthe help of tetramethoxy- or tetraethoxysilane. Because of their
of proteins proceeds without formation of covalent linkagespoor solubility in water, an organic solvent is added and, in addi-
between biomolecules and matrix. As a result, the enzymes at@n, alcohol is evolved in the course of hydrolysis. To triggers
in their intact state after the immobilization. This is the reasorthe sol-gel processes, a catalyst — acid or alkaline — is intre-
why they hold functionality that is supplemented by a substantiatiuced in the reaction mixtufé1,12] The organic solvent(s) and 2
increase in their long-term and thermal stability. acidification or alkalization may account for a denaturation of:
Although the sol-gel derived materials can be fabricated omnzymes that sets considerable restrictions on their immobiliza-
the base of oxides of various metals including alumina, titanidgion [2,5,7-9] Generally, the sol-gel technology is applicables
with success to stable enzymes such as for instance lipases

—_— [6,10,13,14] 2
Tl ?f;riszpszngﬂagff?;; E?jzggugifgggzzao, 690022 Viadivostok, Russia. - A nartial decrease of the negative effect of sol-gel pras
E-mail address: YA,S@i.ch.dvo.ru (YuA. éhchipunov). cesses is attained when they are performed through two stages

1381-1177/$ — see front matter © 2006 Published by Elsevier B.V.
doi:10.1016/j.molcath.2006.02.002
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[2,4,15,16] A precursor is initially hydrolyzed in acidic media that is extracted from yeasts. The latter possesses side effect
in which a sol is formed. Then a pH of solution is shifted in on patients that is related to its high molecular weight. The
acidic region and an enzyme is added. A following jellificationtranslam, as a low molecular weight polysaccharide, has been
provides an entrapment of protein macromolecules into a thredeund to be more suited for the same biomedical applications

dimensional silica network. [29,30] 89
Gill and Ballesterog17] to improve the compatibility of

sol—gel technique to entrapped proteins performed a transesté:.- Experimental %

ification of initially prepared oligosilicates by various polyols.

The authors also used two-stage procedure that was complicated. Materials o

by the chemical treatment of intermediate silica sol. Enzymes
were introduced into a prejelled system. Then it was transferred Tetrakis(2-hydroxyethyl) orthosilicate was synthesized as
toagelatnear neutral pH region even in the absence of a catalysiescribed in Ref[31]. Xanthan and locust bean gum (LBG)
The detrimental effect of an alcohol evolved during thewere obtained from Fluka, cationic derivative of hydro-.
tetraethoxysilane hydrolysis and condensation is suggested hyethylcellulose (cat-HEC), from Hoechst AG. The lattess
Ref. [18] to eliminate through ethanol removal by gentle contains glycidyl-trimethylammonium chloride (-GKHCHOH- o
vacuum evaporation from initially prepared silica sol. WhenCH,-N*(CHz)3Cl™) as a cationic group. Laminaran was sepsr
horseradish peroxidase was entrapped into an alcohol-free galrated from the brown seaweedaminaria cichorioides in o
it demonstrated an increased enzymatic activity in compariaccordance with the method in R82]. 1,33-p-Glucanases
son with an enzyme immobilized by the common route. Herd jy and Ly, hereinafter mentioned as glucanasg ar Ly, from 100
the two-stage procedure was also complicated with alcohaharine bivalviaS. sacchalinensis andCh. albidus, respectively, 1

removal. were separated and purified ag33,34] 102
We demonstrated in our recent artidiE9] that the neg-
ative effect of the sol-gel processing on the immobilized2.2. Enzyme immobilization 103

enzyme was reduced to minimum when a novel silica pre-

cursor, tetrakis(2-hydroxyethyl) orthosilicate (THEOS) was The entrapment of enzymes in the hybrid polysaccharide-
applied. THEOS has a decided advantage over current prailica nanocomposites was performed in accordance with the
cursors that is in its complete water solubilf30]. In addi- procedure detailed in RdfL9]. 0.5 ml of a buffered solution of 16
tion, the hydrolysis occurs with the evolution of ethylene enzyme was thoroughly admixed with a prejelled aqueous solt-
glycol instead of an alcohol that is better compatible withtion (2.5 ml) containing THEOS and one of the three polysaccha-
proteins than the latter. An important point is also that werides. Before and after the admixing, the solutions were placed
applied hybrid polysaccharide-silica hanocomposite materialat 3—5°C in a refrigerator. Fabricated hydrogels with entrapped
developed in Refs[21-23] The polysaccharides fulfill the enzymes were notdried. They were used without any additional

dual function of catalyzing the sol—gel processes and sentreatment. 112
ing as a template for silica generated in situ. Their catalytic
effect provided an opportunity to perform processing at any2.3. Main analytical procedures 113

desired pH value of aqueous solution through one stage.
When THEOS was used as the precursor, an enzyme, but not The total and reducing sugars were assayed by phenel-
the sol—gel processes dictated the immobilization conditionsulfuric acid[35] and Nelson’§36] methods, respectively. Theus
[19]. molecular weight of polysaccharides was determined by a get-
The aim of this study was to extend our method for the immo-permeation FPLC on a column (1.5 ctrB0 cm) with Superdex 1
bilization of a highly labile enzymes, endo-133p-glucanases 75 HR 10/30 (Amersham Pharmacia Biotech AB). The elutiam
(laminarinases). Their properties and specificity in the immo-was carried out with 0.1 M sodium phosphate buffer (pH 7.4}
bilized state as well as effect of matrix composition on theircontaining 0.15 M NaCl at the rate of 0.4 ml/h. Dextrans of varz

activity are detailed in this article. ious molecular weight (10, 20, 40 and 80kDa) were used as
The endo-1,3-p-glucanases (EC3.2.1.6) from marine mol- standards. 122
lusksSpisula sacchalinensis andChlamys albidus belonging to The liquid chromatography of sugars was performee

O-glycoside hydrolyses (EC3.2.1) is of great interest to biotechby means of a JEOL-JLC-6AH automatic analyzer. Aw
nological application§24—26] These enzymes, known first as solution with pH 5.2 containing 0.05M sodium acetates
hydrolases, catalyze, along with hydrolytic, also transglycoaand 0.2M sodium chloride was passed through a cals
sylation and glucanosyl transferase reactions running simukdmn (0.9 cmx 90cm) filled by biogel P-2 at the rate ofiwx
taneously and practically with almost equal efficiency. Their7—9 ml/h. The sugars were determined by orcin-sulfuric acid
transglycosylation activity provides synthesis of poorly avail-reagent. 129
able 1,3- and 1,3;1,8-p-glucooligosaccharides and glycosides  13C NMR spectra were obtained ipD at 60°C at 62.9 MHz 10
as well as a branched 1,3;16p-glucans. One of th@-p- by a Bruker WM-250 spectrometer. The analyzed aqueous saku-
glucans, called translam, in contrast to the initial laminarartions were freeze-dried or evaporated under vacuum a€C40:z.
possesses documented immonostimulating and anticancer actand then the dried polysaccharides were dissolvedb@.The 133
ities [26—-28] It is an analog of well-known schizophillan amount of3-1,3- and3-1,6-glycosidic linkages was found fromz.
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integral intensities of resonances at 61.4 and 69.4, 70.3 and 68.€ I s
as well as 103 and 83 ppm, respectively.

2.4. Enzyme activity determination

1,
&

The reaction mixture was prepared by adding L06f the I
enzyme solution or 100 mg of gel with the immobilized enzyme s
as well as 1 ml of substrate (laminaran) solution (5mgm! P
into a solution buffered by 0.05 M sodium succinate. It was incu- I &
bated for 1 h at 25C or 37°C in a case of glucanaseg bor Ly, 17K A Y g
respectively. Where the immobilized enzymes were examined, \ P QJ
the incubation time wasincreased up to 4 h. The hydrolytic activ- ’
ity was estimated by determining the concentration of reducing
sugars released from substrate by means of the Nelson’s methoc
[36]. The enzyme unit (U) corresponded to the enzyme quantity

that catalyzed the formation ofpdM of glucose for 1 min. Fig. 1. An initial hydrolysis rate by 1,B-p-glucanase frons. sachalinensis
vs. the concentration of laminaran from cichorioides. The plot is used to
determine the Michaelis—Menten constanKgvalue).

2
T

0,0 0,5 1.0 1,5 2,0
1/S  (mg/ml)

L
-0,5

2.5. Characterization of products of the enzymatic reaction
An aliquot taken from the mixture within definite time inter- 2.9, Thermal stability e
vals was boiled to stop the reaction and then analyzed b . . .
the JEOL-JLC-6AH quu?d chromatograph. In parallel W)i/th the y An gll!quot c:f enzyme squtllz)n (1940 or 100 mg of ?]el With 167
product analysis, their total yield was determined by determinimmobilized glucanasedwas keptat 12, 25 or 3T. The time o
ing the concentration of reducing sugars. of exposure varied from 10 min to 6 h. A solution contam!ng;g
1 mg of laminaran, 0.05M succinate buffer and 0.1 M sodium
chloride (pH 5.2) was then added. The mixture was incubated
2.6. Characterization of enzymes at 25°C for 1 or 4 h to determine residual enzymatic activity fof
the enzyme, respectively, in the solution or immobilized statezs
The results are summarizedTable 1
2.10. Michaelis—Menten constant (K,) 174
2.7. Optimum pH Value It was determined for the immobilized glucanasg The i
gnzymatic reaction was carried out in the above-described reac-

The enzymatic reaction was performed as described in th . ) . .
previous section, but the reaction media contained 0.2 M Suca%‘on mixture with a substrate concentration varied from 0.5 te

nate and phosphate buffers. It allowed changing pH in the ran O mg/ml at 25C for 4 and 6 h. AR, value was calculated by
between 4.4 and 7.4. e method Lineweaver—Burk. Itis illustrated Big. 1in which 17

the initial transformation rate is given as a function of substrate
concentration. 181
2.8. Optimum temperature

2.11. Synthesis of translam 182
One of the studied enzymes was incubated with laminaran

as described above at a temperature ranging from 20%€70 | aminaran (3 g) was dissolved in 300 ml of aqueous solutian
Then the concentration of reducing sugars was determined. (pH 5.2) containing 0.05 M sodium succinate and 0.1 M sodium

Table 1
Characteristics of endo-13-b-glucanases in solution and immobilized state
Enzyme source Type of hydrolyzing bond Mw (kDa) Location Ky (mg/ml) Optimum conditions
pH T(°C) NacCl (M)
Glucanase k. Ch. albidus Glc.g-1— 3 207%/38° Solutiorf 0.7 4.6 <30 0.1-0.25
Gel 4.0 4.6 37
Glucanase ly . S. sachalinensis Glc.g-1— 3 22/39P Solutiorf 0.25 5.6 45 0.01-0.3
Gel 3.0 5.6 50

a Determined by the gel filtration (SDS-PAGE).
b Determined by the electrophoresis.
¢ Data from Refs[33,34]
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chloride. Then 30g of a gel with immobilized glucanasg L and then the produced sylanol (Si-OH) groups are involvedia

was added. It was synthesized by mixing 10 wt.% THEOS andondensation reactions: 220
0.3 wt.% xanthan. The laminaran solution with the immobilized ]
enzyme was left at 28C for 5 days. After the incubation, the 2(HO-),Si(-ORu—, 2

gel was separated from the supernatant by the centrifugation _, (OH),_;(RO-)_, Si-O-Si(-OR)}_,(OH),_1+H20  (2) 22
and washed three times by a Na succinate buffer. The combined

supernatant and washing solutions were passed trough a colurafi 223
(3cmx 20 cm) with Polychrome-1 (polytetraftorethylene). The . ,

elution was made first by water and then by water containing 2.5 (O} + (HO-): Si(-OR):— 22¢
and 5% ethanol so long as a negative reaction toward the sugar. (RO-)3Si-O-Si(-OR})_,(OH),_1 + HO-R, () s
presence was not obtained in each case. This allowed eluting _ _ .
salts, glucose and glucooligosaccharides. Fractions of 1,3- adhere R is a hydrocarbon radical amet 4. The sol—-gel transi- 2z
1,6-3-p-glucans having the molecular weight of 3-8 kDa weretion takes place if a catalyst is introduced into the reaction media
eluted with the help of 7.5 and 10% ethanol, respectively, as well11,12] This role in systems with THEOS is taken by polysaczs
as translam, with 15% ethanol. The every elution was accomgharides. As shownin Ref21-23] their macromolecules servezzs
plished when the negative reaction toward the sugar presen@ nucleating centers for precipitated silica owing to a formatiea
was obtained. To regenerate the column, a 11 of 70% ethan@lf hydrogen bonds between hydroxyl groups and sylanols. The

and water were passed successively through it. silica templating by polysaccharides has a great consequengce
that consists in regulating the structure of hybrid nanocompas-

ites.Fig. 2demonstrates the pictures of gels obtained by a SEb.
2.12. Scanning electron microscopy (SEM) One may see a network from crossed fibrils. They represent
carbohydrate macromolecules covered by silica. The observed
Micrographs were taken by means of a FE-SEM Leo 153Gtructure is typical of these hybrid materials fabricated by the
electron microscope. To prepare samples for observations, sbl-gel processing in polysaccharide solutifits21,22] 238
polysaccharide-silica gel was frozen by the liquid nitrogen, then It is noteworthy that the network inside the polysaccharides
it was cleft and a platinum layer was evaporated on the fresh galilica nanocomposites is not dense. Its density is dependenten
surface to cover it. the carbohydrate concentration. As seen from comparison.of
Fig. 2A and B, a decrease of the content of cat-HEC resultsn
a looser network. However, its mesh size is much as sevesal
3. Results and discussion microns even at the largest carbohydrate concentration used
) ) - ) in our experimentsKig. 2B). This allows the penetration Of 24
The hybrid polysaccharide-silica nanocomposites represefirge macromolecules into the hybrid nanocomposites. It is af
anovel type_oyc _immpbilizing materials thgt demgpstr.ated exce"great importance to enzymatic processes with the end@-h3- 2«
lent compatibility with enzymepL9]. The immobilization pro-  giycanases because laminarans have a molecular weight ranged
ceeds through entrapment of protein macromolecules into fom 3 to 20 kDa, and other 18-p-glucans, e.g., from yeastas
network created by silica that synthesized as the result of sol-ggb, pe as much as 200-800 kDa. Our study demonstrated that

processes. The processing is started where a precursor (silafghinarans could easily access the immobilized enzymes. 2
is broughtinto contact with water. This leads firstto a hydrolysis  Results on the enzymatic activity glucanasesdnd Ly =

in accordance with a reaction: determined with different time are presentedables 2 and 3 2
_ _ respectively. It is immediately apparent from their examinatiot
Si(-ORk +nH20 — (HO-),Si(-OR}—, +nHO-R, (1) that (i) both enzymes retained the activity after the immobilizas

Fig. 2. SEM micrographs of gel synthesized in an aqueous solution containing 10 wt.% THEOS and (A) 0.5 or (B) 1.8 wt.% of cat-HEC.
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Table 2
Enzymatic activity of 1,33-p-glucanase b.from Chlamys albidus in different polysaccharide-silica matrices examined at various intervals after the immobilization
# Gel composition (wt.%) Activity U< 10-2/0.1 g of gel
THEOS concentration Polysaccharide Storage time (days)
Name Concentration 1 50 90 120
1 10% LBG 1.3 31 4.1 4.6 0.3
2 1.0 3.0 4.8 2.9 1.0
3 0.3 4.7 5.1 2.8 2.2
4 Xanthan 1.7 2.8 2.8 2.1 2.0
5 1.0 2.8 2.3 1.7 24
6 0.3 6.2 3.3 2.9 3.2
7 Cat-HEC 13 0.5 0 0 nd
8 1.0 4.0 25 1.7 1.9
9 0.3 7.4 7.6 2.7 31
10 20% LBG 1.0 2.3 3.6 3.0 0.4
11 Xanthan 1.0 3.0 1.6 2.2 1.9
12 Cat-HEC 1.0 43 3.9 2.6 2.6
Control (in solution) - - - 0 nd nd nd

tion and (ii) the entrapment into the nanocomposite matrix led talecrease towards the end of the examination may be seen in.the
a substantial increase of the long-term stability. They were activeample with 1.3 wt.% of xanthan (#4). 218
within 120 days of their testing. The effect is most obvious for One conceivable reason for the decrease in the enzymatic
glucanase b because it lost its activity in solution within one activity with increasing polysaccharide contentinside the hybrigd
hour. Though free glucanasgyLhas a longer/better stability, nanocomposite is the increase of network density. This is illus-
nevertheless the stabilizing effect of immobilization is also intrated inFig. 2A and B. The decrease of mesh size can causesa
evidence when one compares the enzyme life times in the fremass-transfer limitation for the substrate and reaction produgts
and immobilized states. in pores. This explanation, however, does not provide an insight
A further examination of the results makes it apparent thainto the decrease in the stability of enzymes when the polysae-
the enzymatic activity of glucanase, I(Table 2 depends on charide concentration inside the silica matrix is increased. s
the hybrid material composition. One may see a high sensi- A correlation of the initial activity of glucanaseglin 2
tivity to the concentration and nature of polysaccharide insidénybrid nanocomposites fabricated with various polysaccharides
the nanocomposite. The concentration effect is most obvifTable 2 reveals that it is maximal in the presence of 0.3 wt.%s
ous in a case of cat-HEC. An increase of its content in af cat-HEC (#9). There is an activity decrease as one passesdo
silica matrix from 0.3 to 1.3wt.% (#7-9) led to a decreasematerials with the same content of xanthan (#6) and LBG (#3).
in the enzymatic activity by a factor of ca. 15. Similar, but Over the testing period the yield of products decreased in mast
less expressed changes take place in the nanocomposites wiiises to half of its value. It seems reasonable to mention thatthe
LBG (#1-3) and xanthan (#4—6). In addition, the glucanase iractivity levels for hybrid materials with various polysaccharides:
matrices with increased amount of polysaccharides are not 9&3, 6, 9) approached each other at the end of the examina-
stable. No activity, for instance, was found in the nanocompostion period. This fact means that the polysaccharides play likeby
ite with 1.3 wt.% of cat-HEC (#7) after 50 days and its sharpa notable role at the stage of the enzyme entrapment. In due

Table 3
Enzymatic activity of 1,33-p-glucanase |y from Chlamys albidus in different polysaccharide-silica matrices examined at various intervals after the immobilization
# Gel composition (wt.%) Activity U< 1072/0.1 g get

THEOS concentration Polysaccharide Time of storage (days)

Name Concentration 5 10 50 90 120
13 10 LBG 1.5 34.6 36.6 28.1 25.6 26.4
14 0.28 31.9 27.8 28.2 23.7 21.2
Control (in solution) - - - 31 24 5.5 nd nd
18P 10 LBG 0.25 9.4 14.5 12.2 7.6 9.8
Control (in solution) - - - 10 3 1 nd nd
a wmol Glc/h.

b Concentration of enzyme is three times smaller then that in the gels of #13 and 14.
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Fig. 3. (A) Residual enzymatic activity of glucanasgih the immobilized state (1) and solution (2) vs. the time of incubation &C3The dashed lines show as a
half-life time of enzyme was determined. (B) Half-life times of glucanas@lthe immobilized state (1) and solution (2) vs. the incubation temperature.

course, there are restructuring processes in the sol—gel derived A further study of glucanases was performed to charags
materials causing their maturatifii,12]that can attenuate the terize some details of their functioning in the immobilizedo
carbohydrate influence on the immobilized enzyme. state. Results are presentedrable 1 There are optimal tem- s
Table 2includes also data on glucanasg éntrapped into  perature and pH values for both glucanases. When comparing
hybrid nanocomposites containing the doubled silica amounthem with similar parameters determined for the free enzymgs
(#10-12). Their comparison with the above-considered resulti® solution, one does not find notable differences. This signix
reveals that the variation of content of inorganic component didies that the glucanase entrapment into the hybrid matrix diel
not have a notable effect on the enzymatic activity. This is valichot lead to a significant change in the conditions at which

for all the studied polysaccharides. they demonstrate the maximum activity. It is only necessasy
The data on glucanasenL examination are presented in to add that there was extending of temperature and pH optimal
Table 3 They allow one to assume that the enzyme wagegions. a9

entrapped only into LBG-silica hanocomposites. This is based The immobilization gave prominent rise to the temperatute
on a previous study that was described ydil@. It was found  stability of glucanase 4.in comparison with that in the solution. ss
that the LBG-containing silica matrix was most convenient forThis is illustrated byFig. 3A and B. The former demonstratess:
the enzyme functioning, but the effect of the polysaccharide cora time dependence of the concentration of sugars releaseesin
centration was not revealed. This point was under study in thithe course of an enzymatic hydrolysis at°® The latter rep- sss
work. resents the half-life timess»; of enzyme at various tempera-ss
It is significant that the glucanaseLin our previous study tures. It was determined as shownFig. 3A on the example sse
[19] was taken for the entrapment in small concentrations comef enzymatic reaction performed at 32Z. The presented datass:
parabletoits contentinthe living cells. Nevertheless, the enzymmakes it apparent that the immobilized enzyme possesses a het-
even at the minute concentration held its activity over more thater stability than that being in the solution at the same condis
5 months. In this workTable 3 the 1,38-p-glucanase |y was  tions. 360
taken in the concentration which was 20 times greater than that This result is in line with observations of other researchess
in our previous study. Here, it demonstrated the activity over 4see, e.g., Refd2,4,37). The entrapment of protein macro-s:
months for which it was examined. molecules with the help of sol-gel technique provides theis
It may be seen fronTable 3that the polysaccharide inside stabilization because of close fit into silica matrix that restricis
the silica matrix had only minor effect on the enzyme activity.their unfolding and denaturation. ass
There is asmallincrease in the activity when increasing the LBG  Kinetics of the product build-up in the course of enzymatigs
concentration (#13-14) that is opposite to the trend mentionerkaction was examined in a case of glucanagérhmobilizedin s
for glucanase §.(Table 2. various hybrid nanocomposites (#13—TI&ble 3 results are not zes
The comparison of both glucanases functioning in the immoshown). It was found that the laminaran hydrolysis proceeded
bilized state makes it obvious that they exhibit various sensitivityup to ca. 50%. This is comparable with the hydrolytic activo
to the composition of hybrid nanocomposites. The glucanasiy of free enzyme in solutio38]. Furthermore, there wasan
Lv demonstrated the most activity in LBG-silica mater[a], also close similarity in product composition. All these facts:
whereas it was the worst matrix for glucanagé#1—-3,Table 2. demonstrate that the activity of glucanase was not changed sig-
With increasing the concentration of polysaccharide inside thaificantly after the entrapment into the polysaccharide-silica
nanocomposite, one can observe also the differences in thainatrix. ars
behavior. This implies the enzyme specificity to the matrix com- Michaelis—Menten constant values are giveTable 1 As a6
position inwhich they were entrapped. Itis particular remarkableseen Ky, are equal to 3 and 4 mg/ml, respectively, for the immar
that the differences are obvious even in the case of such rathbilized glucanases {x and Ly, These values are noticeablyss
similar enzymes as those considered in the article. greater thark,, found for the free enzymes in solutiof5]. a79
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Fig. 4. Degree of hydrolysis of laminaran by 183s-glucanase fromCh. V. (ml)
Albidus vs. the time of treatment. The plot was used to determine the rate of
polysaccharide transformation. Fig. 5. Gel permeation chromatography of a product obtained after the incuba-

tion of laminaran with glucanasgl(1) and initial laminaran from. cichorioides
(2). Details are given in Sectich
Of great importance is the question whether the glucanase L

retained its ability to catalyze the glucanosyl transferase rea 3
tion after the immobilization. To elucidate it, we performed ~ C-Spectra were taken by NMR spectroscopy. The results ate

the enzymatic process resulting in the synthesis of branche¥d¢mmarized infable 4 which also contains data on the ini-ws
1,3:1,68-p-glucan, called translam, at conditions which werelial laminaran. As followed from a comparison, the producee

previously determined in Rel26]. It was found that maximum polysaccharide is more branched than the initial laminaran. lis
yield was reached when a degree of laminaran conversion Wg@aracteristics are close to that of translam described in Ref.

7-10%. This was taken into account where immobilized qu-[26]- a07
canase L was examined. The enzymatic reaction was accom-

plished when about 7% of laminaran was hydrolyzed. It is4. Conclusions 408
obvious fromFig. 4 One may see there a dependence of the

substrate hydrolysis on the time of solution treatment. The results presented in the article demonstrated that the

The gel permeation chromatography was used to examing 3-p-glucanases were successfully immobilized in the noved
the reaction products. Results are giverFig. 5as curve 1. hybrid polysaccharide-silica nanocomposite materials. They
There is also a dashed curve 2 demonstrating the result of exarhad the maximal activity at conditions (pH, temperature and
ination of the initial laminaran. It is apparent that the productsonic strength) that were optimal for them in solutions before:
of the enzymatic reaction contain increased amounts of highthe entrapment. Furthermore, they provided an analogous cem-
molecular weight derivatives. Their average molecular weight igletion of hydrolysis of substrate (laminaran) and synthesis (gl
equal to 8 kDa, while the laminaran was of 5kDa ($able 4.  canase k) of whatis assumed to be biologically active, brancheg
This means that the immobilized glucanasgdatalyzed the 1,3;1,68-p-glucan, called translam. At the same time they-
transglycosylation reaction, providing a growth of carbohydrateetained or even had sometimes an increased activity, became
macromolecule. To decide which kind of reaction took placemore thermally stable and demonstrated prolonged long-tesm

Table 4
Characteristics of laminaran and product (translam) synthesized by means of immobilified-gj8canase b (details are given in Sectid?)
Glucan Yield (%%} Mw (kDa) Bond Chemical shifts in thEC NMR-spectra
Type Content (%) Carbon atom of the monosaccharide residue
(o} c2 C3 C4a C5 C6 C6 (mannitol)
Laminaran - 5 -3 90 103.6 74.4 85.8 69.4 76.8 62.0 64.4
86.1
1-6 10 103.9 74.4 76.8 70.8 75.7 70.0 -
Translam 10 8 3 75 103.4 74.4 85.6 69.4 76.8 62.0 -
85.9
86.1
1-6 25 103.7 74.4 76.8 70.8 75.7 70.1 -

76.0

2 Yield in reference to the initial amount of laminaran.
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stability. These facts give evidence that the suggested immobijté] P. Johnson, T.L. Whateley, J. Colloid Interface Sci. 37 (19714

lizing method is ideally suited for the entrapment of enzymesand _ 557 455
development of biocatalyst for biotechnological applications. [171 - Gill. A. Ballesteros, J. Am. Chem. Soc. 120 (1998) 8587. 456
[18] M.L. Ferrer, F. Del Monte, D. Levy, Chem. Mater. 14 (2002)s7

3619. 458
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