Influence of the cellobiase enzyme activity by miawave radiation
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ABSTRACT

Our research aim was to enhance the activitg-glucosidase enzyme in connection to the
2nd generation bio-ethanol production by using gotlysical methods. In order to study the
non-thermal effect of microwave treatment samplesevheated with the same parameters as
microwave heating by conventional conductive metfioat plate) as standard. The enzyme
activity changes were followed by the increasecgbg concentration. Based on the results
the produced glucose of the microwave treated isolwas 26% higher than in the solution
heated up on a hot-plate. After treatment in eaa$e csolution were supplemented into
enzyme-substrate-buffer system. The treating dmybuffer solution after treatment with the
enzyme activity was an average 16% compared toctmrol sample. If the substrate
(cellobiose) and buffer were treated together dtat this treatment the enzyme was added to
the solution. In this case there was not differesoenpared with the aforementioned
measurements. In the next test series, the enzuffe-bsuspension was heated in a
microwave and hot plate and then was added toubstste. In this case, in the solution that
was heated by microwave the enzyme activity waawvanage 18% higher that the hot plate
heated solution. Hence, it can be concluded tharawave affected not only the buffer
solution but the enzyme, too. Supplementary measemes were carried out in which the
change of enzyme activity was investigated direafttgr treatment, and 48 and 96 hours later.
Based on our results the microwave-treated enzyamebtoken the cellobiose 20% more
effectively 48 hours and 96 hours after treatmieantin the hot-treated enzyme.
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1. INTRODUCTION

In the Earth approximately 4x{dtons cellulose produced each year, the total velum
of 7x10" tons, so the most abundant carbohydrates front pi@mass source. Secondary
sources of biomass, such as agricultural and industastes also contain huge amounts of
cellulose (Coughlan and Mayer, 1992). In recenty@acreasingly has grown the interest of
industrial use of cellulose. This will be the rawaterial of constantly renewable energy
source to the chemical industry, food industry amud it least can be the basis for the
preparation of bio-ethanol (Laszlo et al., 200he Tatter are particularly important area for
the second generation, hemicellulose — lignocedleidoo according to some authors (Chen
and Qiu, 2010; Balat 2011) - based targeting efficy of bioethanol processing research. As
a first step in the production of ethanol cellulds®s converted to glucose. A break down
happen at high temperature and high acid pressuryg wsing enzymes (Réczey et al., 1996).
The latter method has increasing role on the bafsisnvironmental and energy concerns.
During the process the cellulose enzyme systenpjdiesl, which avoid the side-product
formation and higher glucose yields are achievedh ttonventional acid hydrolysis process.
The successful of the cellulosic ethanol productiepends on largely of the lignocellulose
pretreatment (Zhu et al 2006; Xu et al 2011..; tuake2011) and the efficient cellulase
enzyme complex applications, too.

In the cellulose enzyme system (endoglucanasaftelydrolase, cellobiase) the role
of thep-glucosidase (cellobiase) is the breakdown of tibermediate cellobiose, which is the
inhibitor of the rest of the enzyme system. In théy the role of-glucosidase non-negligible
in the enzymatic breakdown of cellulose (Gaszt@amg Lasztity 1992; Jager, 2003).
According to references to the change of enzymeipctused successfully low-power
microwave radiation (Szabo et al. 1998; Parkel.e1396; Lin and Lin 1998;. Bradoo et al,
2002; Nogueira et al. 201@Bpsed on these results we tried to answer theigudstthe low-
power microwave radiation impact the function o hglucosidase / cellobiase enzyme. Our
aim was to elaborate a treatment protocol, whichwaated to achieve higher glucose by
increasing the activity through enzyme used. Dutimg hydrolysis released from glucose
entering into the alcoholic fermentation processesbe source of nutrients for the yeast. The
hydrolysis and fermentation individually and in ea®f sufficient glucose together

(simultaneously) can be realized.



Despite the fact that the simultaneous processtdube participant enzymes and micro-
organisms involved requires a more complex systéme and cost-effective ethanol
production can be achieved (Zhu et al 2005; Niketial 2009).

2. MATERIALS AND METHODS

During the experiments sodium-acetate acetic-agffitbsolution (0.1 M, pH 4.6) was
used. In a solution suspended 4 g of D - (+) -obaédise substrate and 2 ml of 1,4- (1,3: 1,4) —
B-D-Glucan-4glucano-hydrolase (Sigma-Aldrich, ATQE921) enzymes. The measurements
were performed six replicates

The treatments performed with Panasonic NNF 653Weérawave oven (Quebec,
Canada) completed with FISO fiber optic. During timcrowave irradiation of enzyme
suspension we want to realize even homogeneousbdigin, so we tried to adjust the
uniformly prevail of microwaves effect, therefotgettreatment was carried out using water
traps. The center of the rotating plate paced 60mgin and 85 mm diameter Teflon sample
vessel whatever it takes 200 ml enzyme suspen8imuind the sample vessels we spent 90 g
of tap water in four pieces 10 mm high, 38 mm di@neessels, which therefore formed a
water trap. A significant part of the irradiatedesgy (submitted magnetron power 50W)
absorbed~ 83%) of the water trapped in (Lakatos et al., 3086 in spite of the 25-minute
exposure time increased the test samples only t&€4&8mperature (heating rate v=1.8°C/
min, the material dissipated 42.5 mW / mL). In orttewe can compare it microwave and
through conventional hot plate heating effect (isato microwaves does not consider the
thermal effect), as a control the same enzyme-mthssuspension is heated type Yellowline
Mst basic C hot plate magnetic stirrer, similarthrepparameters (initial temperature, time of
heat treatment, heating rate) used.

The change of enzyme activity was monitored byctienge of glucose concentration
in the solutions. In preliminary experiments wasdistandard glucose solutions and glucose
GOD / PAP stable liquid (Diagnosticum Ltd.) We setthe linear relationship between the
glucose concentration in the standard solutionsthadneasured absorbance of solutions in
505 nm (R = 0.998) in a spectrophotometer (Hitachi UV / \piSotometers).

Cg = 3.6099ABS — 0.2232 1)

Cg: emerging amount of glucose (g/L)



ABS: absorbance value of the solution at 505 nm

During the experiments immediately after the treatta were taken from 1 ml sample from
the microwave and hot-plate heated samples, tohwdatided 10 ml of glucose GOD / PAP
reagent. The resulting solution was incubated &t water bath for 10 minutes and then
the absorbance of the solutions at 505 nm was meghsihe obtained absorbance value
substituting to the calibration line (1) we detammithe equation of glucose content of
solutions.

The microwave and hot plate heat-treated samples stered at 37 ° C water bath.
During the storage and after 30, 60, 120 and 18D ware taken from 1 ml sample and as
described above were determined the glucose conmbénthe samples. During the
measurements the statistical analysis was cartiedith 95% significance level.

3. RESULTS AND DISCUSSION

After microwave and hot plate treatment were samgplior enzyme suspension
immediately (O min) and after the incubation at°3Z for 30, 60, 120 and 180 minutes and
the glucose concentration was calculated usin@liserbance values of the solutions. Fig. 1
shows the average results. The microwave effectappsoximately 26% more intense on the
enzyme activity than the same conditions, but énadhse of a hotplate heated samples.

In the following experiments we measured the déifee between the two heating
modes (microwave, hot plate), when we treated witly the buffer solution, and after the
heating added the substrate and the enzyme. Theumeaents were carried out in this case
six replicates, too (Figure 2). It is visible thiabnly the buffer solution was heated and then
added the enzyme and the substrate, there is #fecedce in glucose content between the
microwaves and the hot plate heated samples. la chshe microwave irradiated sample
which was added enzyme produced average 16% maoesg than the hotplate heated
sample. It should be noted that this series of oreasents after 180 minutes of treatment had
no measurable difference between the samples pecesf glucose content. Based on these
results it can be stated that the non-thermal eéfemicrowave prevail on the buffer, too. (In
order to clarify the impact of electromagnetic editin on buffer more measurements are
necessary.) We investigated the effect of combhrest-treatment of buffer and the substrate
as well. These results showed similar values ag aitér treatment the buffer measurements
(mean difference even at 16%). The reason liehan the microwave radiation can not to
brake down the substrate chemical bonds used ortreatment microwave power (Datta

Anantheswaran 2001), in other words microwave batter down cellobiose, so there was no



difference between the two series of measuremdirtis. following were examined the
changing of together heat treated buffer and enzgengples. The heat treatments were made
as above to previously describe. In this case #fteheat treatment was added the substrate to
the solutions and measuring the glucose concemtraduring this measurements we could
detected difference between the various ways hesdetples. We measured average 18%
more glucose content in case of microwave treadetptes. The measurements were carried
out in this case six replicates, but in this casecan’t detected difference after 30 minutes of
treatments, however the enzyme activity was mebkurafter 180 minutes the treatment
(Figure 3).

In the last series of measurements we comparetitr®wave treated and hot plate
heated, that after treatment at 48 and 96 hour 986 $cubated enzyme suspension activity
with recently treated samples. Fig. 4 illustrateel performed average six repetitions results.

In this case we taken samples after 60, 120, addhiiButes from the solutions (after
30 minutes the insertion of the substrate, there m@ameasurable difference in the glucose
content of the solutions concerned). The statisggaluation of the measurement results the
t-test was applied. We could demonstrate significhfiierences between the microwave and
the hot plate heated samples (p=5%). Based on themdts it can be stated that the
microwave heated cellobiase enzyme activity ina@daafter 96 hours in compared to the
hotplate treated cellobiase enzyme suspension.rdteeof increasing both after 48 and 96
hours approximately 20%.

Based on our results the low-power electromagnedttiation alter the enzyme
activity. In our case during the studies we havieiea@d higher glucose concentration the
microwave-treated samples than the conductiveplaté treatments. The formed glucose is
potential nutrient source for in the fermentatialogess participant yeast, this is enable a
higher concentration for faster and / or more @fit ethanol production.

The buffer and enzyme treatment without substtageimportant, that if it is possible
to increase the activity of enzymes with microwanr@diation, can be prepared enzyme

formulations which can be stored even after trediation, and the using is later possible, too.
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Figure 1 The activity changes of cellulase enzyme, sulsstiat— (+) - cellobiose) in buffer

suspension treated by microwaw®)(and conventional heat treatmell)(
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Figure 2 The change of glucose content only buffer solufter anicrowave #) and

conventional heat treatmer]
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Figure 3 The change of glucose content only enzyme-bufflerteo after microwave4) and

conventional heat treatmerl}
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Figure 4 The change of enzymeactivity microwave (1) and conventional heat treatdll)(

enzyme suspension direct after treatment, 48, &ritb@rs later
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