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Abstract

Ten different almon@-glucosidases, from eight commercial sources, were compared for their capacity to produce octyl glucoside by dire
condensation from glucose and octanol, with and without added dimethyl formamide (DMF) in the octanol media. All the preparations test
catalyzed the synthesis of octyl glucoside, at rates ranging from 0.002 ton@dlzh, per added unit of enzyme, one unit being defined as the
amount of enzyme catalyzing the hydrolysis qfrhol of p-nitrophenylg-p-glucopyranosidep-NPG) per minute at 50C at pH 4.8. However,
none of the preparations showed strong activation by DMF, contrary to what has been previously observed. Some preparations were slig
activated (two-fold maximum) by 10% DMF. It appears that the enzymes with the lowest specific activity for the hydropy$i®Gf were
activated more strongly by DMF than the most active preparations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction glucopyranoside final concentration from 40 to 100 mM with
an eight-fold increase of the reaction rate at a water activity of
Medium-chain alkylglucosides, such as octyl glucoside, ar®.53[4]. Moreover, almon@-glucosidase was the only tested
mild non-ionic surfactants, difficult and expensive to produce byenzyme not inhibited by glucog8], which is an asset from
chemical means because of the number of protection and depra-process development point of view. During the year 2001, a
tection steps required. This has limited their use to researchast number of reactions were performed in our laboratory with
laboratories where they are utilized to dissolve cellular memthe same almon@-glucosidase sold by Sigma (catalogue no.
branes without affecting proteins. Due to the high regio-, stereo0395, lot no. 128H4027), always leading to the same con-
and anomeric selectivity of glycosidases, an enzymatic approadiusions (activating effect of DMF on almorgtglucosidase
for the synthesis of such products has attracted considerabéetivity). On the basis of these encouraging results, we tried
interest for several years in the context of green chemistry antb develop a process. Surprisingly, during the scale-up, which
sustainable developmefit,2]. In the past few years, our team was performed with a different lot number, we did not observe
has studied the enzymatic production of octyl glucoside usinghe activating effect of DMF on the reaction rates. Faced with
B-glucosidases either by transglycosylatif#j or by direct the problem of being unable to reproduce our previous results
condensatiorj4]. We reported that the presence of dimethylwith a different lot of Sigma enzyme, we decided to investigate
formamide (DMF) greatly improved conversion rates and prodthe behavior of various almong@-glucosidases from different
uct yield. In particular, when performing condensation usingdistributors in the synthesis of octyl glucoside.
B-glucosidase extracted from almon®@ygnus amygdalus), the
addition of 20% DMF to 1-octanol can increase ogBb- 2. Materials and methods

The origin of all almond3-glucosidases used is specified in
* Corresponding author. Tel.: +1 514 496 6158; fax: +1 514 496 6144, Table 1 They were provided either by Sigma-Aldrich (Oakville,
E-mail address: robert.lortie@cnrc-nrc.gc.ca (R. Lortie). Ont., Canada), Worthington Biochemical Corporation (Lake-
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Table 1 as described previously: reversed-phase column CSC-Inertsil
Characteristics of almon@-glucosidases from various origins (one unit of 150A/0DS2 5um, 25cmx 0.46 cm (CSC, Montreal, Que.,
enzyme hydrolyzes imol of p-NPG per minute at 50C at pH 4.8) Canada) maintained at 26; solvent system, 60:40 (v/v) ace-

Company Cat no. Lot no. Name  Activity tonitrile/water; flow rate, 1 mL/min; peaks detected by a Waters
(unit/ 410 refractive index detectd®].
mg powder)
Sigma G0395 128H4027 A Z8 3. Results and discussion
Sigma G0395 120K4089 B 27.2
Sigma G0395 73K4079 C 9.5 - . .
Worthington 2108 J1K697) D 59 The acpwty of each enzyme preparation for the hydrolysis
Worthington 2198 J1K701LP E 56 of p—NPG in buffer has begn measured S0 that tr_]e same number
Seikagaku America 100-590-1 NB121855AM F 6.0 of units could be added in the synthesis reaction assays. The
Biozyme GSA2 272RB G 29.7 purity of the powders varies, leading to a wide range of specific
Toyobo BGH-201 36250 H 53.6

Kikkoman 60126 BOAOLT | 110 activities, _f_rom 2.8t0 54 U/mg, as shownTab_Ie 1These va_ri_-
Oriental Yeast Co. Lid. 46360903 34593303 J 374 ous lyophilized enzyme_preparat_mns have dlfferen_t c_apacmes to
USBiological G3059 L4020503 K 5.6 catalyze the condensation reaction, as can be sd€g.it. The
@ Measured in 2000 when performing all experiments previously publishecp’mSt active ones can lead to initial reaction rates of O,2l/h
3.4] perp-NPG unit of added enzyme, while the less active one leads
to 0.002umol/h, per added unit.

We then performed, for each lyophilized enzyme preparation,
wood, NJ, USA), Seikagaku America distributed by BioLynx the synthesis of octyl glucoside in octanol in the presence of vari-
(Brockville, Ont., Canada), Biozyme Laboratories (San Diegoous concentrations of DMF, up to 20% (v/v). Not all the enzymes
CA, USA), Toyobo Enzymes distributed by Shinko Americantested behaved alike, and they have been classified depending
Inc. (New York, NY, USA), Kikkoman Corporation (Noda-city, on three different trends we observed. For four enzymes (C, D,
Japan), Oriental Yeast Co. Ltd. (Andover, MA, USA), or United E, K), the addition of DMF in the media up to 10% increases
States Biological distributed by TeckniScience Inc. (Terrebonnethe initial rate slightly (around two-fold), and more DMF in the
Que., Canada). media induces a decrease in the r&ig.(2a). For enzymes B, F

n-Octyl-B-p-glucopyranoside  and p-nitrophenyl-p-  and I, no major change in activity was observed, except a com-
glucopyranoside/f-NPG) were purchased from Sigma-Aldrich. plete loss of activity in the presence of 20% DMF for enzyme
Glucose and Amberlite XAD-4 resin were purchased fromB (Fig. 2b). A last category of enzyme (G, H, J) seems to be
BDH (Montreal, Que., Canada). All solvents used were alwaywsery sensitive to the presence of DMF with a continuous loss
from the highest grade available and were used without furthesf activity as the concentration of DMF increases in the media
purification. (Fig. 2c). Unfortunately, we have not observed the previously

Immobilization of almond B-glucosidase on Amberlite
XAD-4 was performed as described previougty.

Enzymatic synthesis of octyl glucoside in octanol was per- 0.014

formed as previously describgt]. Before starting the reactions,

the enzyme and reaction media (300 mg glucose and 2 mL of 0.012— T & ]

1-octanol or a mixture of 1-octanol/DMF) were equilibrated ]

separately in chambers containing saturated NaCl solutions to ooto- .1

preset the water activity at 0.75. S I
Reactions were initiated by the addition of 70 unitsofalmond = |

B-glucosidase either under lyophilized form or immobilized on g T 1

XAD-4 resin, and reactions were performed in closed vessels at = Z 1

50°C. % 0.006 — I .
Enzymatic hydrolysis op-NPG in octanol was performed g ]

as follows. Before starting the reactions, the enzyme and reac- £ %0947 7

tion media p-NPG 35mM in 2 mL of 1-octanol or a mixture ! b

of 1-octanol/DMF) were equilibrated separately in chambers 0.0024 B é

containing saturated NaCl solutions to preset the water activity é

at 0.75. Reactions were initiated by the addition of 35 units of Goan = ‘ B B ! N

lyophilized almon@-glucosidase and reactions were performed
in closed vials at 50C.
One activity unit was defined as the enzyme quantity require&ig. 1. Initial rates for the synthesis of octyl glucoside catalyzed by almond
to hydrolyze ]Mmo| Ofp—NPG per minute at 5¢C at pH 4.8. B-glucosidases from various origins (300 mg@lucose, 2 mL 1-octanol, water
. . activity preset at 0.75, 5CC). Open bars, lyophilized enzyme; hatched bars,
HPLC analyses ofn-octyI-B-D-gIucopyran05|de,p-p|tro'- enzyme adsorbed on XAD-4 resin. In the case of enzyme A, the enzyme immo-
phenol and 1-octanol were performed on a Waters MilleRfUm pilized on XAD-4 and stored for 3 years at@ was desorbed, re-lyophilized

liquid chromatography system with the following conditions and tested. The initial rate for immobilized enzyme A was measured in 2000.

Sample
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0.5+ > Fig. 4. Variation of the relative synthetic activity in the presence of 10 and 20%
DMF, as a function of the specific activity of the commercial sample. The relative
0.0 activity was calculated by dividing the rate of reaction in the presence of DMF

o5 by the rate without DMF for the same enzyme.

Fig. 2. Effect of DMF on the initial enzyme activity in synthesis for lyophilised same DMF activation was observed, shown by the increase of

almond p-glucosidases from various origins (panel a, G-(), D (-—), E thg initial rate by six times in the presence of 20% of DMF

(=), K (—); panel b, B (=—-), F (=), | (—); panel ¢, G (—), H (—), 3 (Fig. 3.

9. It seems there is a correlation between the purity of the
enzyme powder and the activating effect of DMF for the synthe-

reported activating effect of DMF on the synthesis of octyl glu-SiS Of octyl glucoside, as seen big. 4. It is known that crude

coside[4], for any of the enzymes. extracts of almond contain magyglucosidasefs,6]; however,

To evaluate the effect of immobilization on the behavior of 1€S€ €nzymes have not been characterized, apart from the fact
the enzyme in the presence of DMF, we immobilized the mos[hat at least one of them belongs to family 1 of glycosidggps
tolerant enzyme preparations on XAD-4 resin. We tested ther] another member of therunus genus Prunus serotina (black
for the synthesis of octyl glucoside in the presence of variou§NeMY) it has been shown that the seeds contain up to seven
concentrations of DMF. The initial rates obtained are slightly®-9lucosidases, and that the level of expression of some of these
less than those obtained for the free enzyme, as shofigi, ~ €N'ZYMeS caneven vary from seed to §8dThis heterogeneity
but trends shown ifFig. 3 are similar to those obtained with could explain the results on solvent activation. It could be possi-
the lyophilized enzymesF{g. 2). Again, we did not retrieve ble that when the mixtu_re of enzym(.as.is purified, the enzyme(s)
the activating effect obtained with A in 2000. As we still had MOre tolérant to DMF is (or are) eliminated. Another possible
some immobilized preparation of A stored &t@ since 2000, explanat'|0n is that some §ma|| molecule (peptide or'segondary
we decided to test it under the same conditions. More than F'€tabolite), interacting with the enzyme and protecting it from

years later, the immobilized enzyme kept its activity and théD€ Solvent, is lost upon purification. This would also explain the
fact that we did not recover the solvent activation in the original

lot from Sigma (enzyme A) after desorption from XAD-4 and

7 freeze-drying Fig. 5).
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Fig. 3. Effect of DMF on the initial enzyme activity in synthesis for almond 10 20 30
B-glucosidases from various origins immobilized on XAD-4 resin (A-&), B DMF (%)

(x),C(——),D(=—=-),E(.), I (=), K(—)). For enzyme A, the results

were published earlig@] and are given for comparison. The circl®) was Fig. 5. Effect of DMF on the initial rate gf-NPG hydrolysis in 1-octanol for
obtained using this same immobilized enzyme preparation, storedCatot 3 lyophilized almond3-glucosidases from various origins. O, B (v), C (),
years. D (O), E@), K(a).
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We also measured the effect of DMF on the hydrolysis ofthe understanding of the behavior of the enzyme quite difficult,
p-NPG in octanol atzyy=0.75 for some lyophilized enzyme and this limits our capacity to design a process based on the use
preparations. Because of the number of different preparationsf this enzyme.
and conditions, complete kinetic determinations were not per-
formed, but only initial rate measurements at 35 mNIPG.  References
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