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ABSTRACT

Endoglucanase is one of the three forms of cebulszymes, widely used in different
industries, and has been synthesized by animastgphnd microorganismB-glucanase is one
of the feed enhancing enzymes, so addinf-glucanase to the feed originated from plants, it
can not only enhance their nutritional quality gecbut also resolve the digestion problems of
chickens/pigs due to high amountfsglucan in these kinds of feed.

In this work, B-glucanase gene frols. nigerwas ligated in expression vector pESC-His
and expressed i8. cerevisia&KY117.

EgIB gene was cloned in pCR2.1 vector, then ligategxipression vector pESC-His using
T4 ligase enzyme after cleaving both recombinarRpC/EgIB and pESC-His bganH| and
Xhd. Using protoplast fusion method, recombinant pHBS/EQIB was transformed into
competentS. cerevisiaeKY117 strains. Transformants were verifyed by P@ng specific
primers GAL10 for pESC-His plasmid.

Recombinan®. cerevisia&kY117 was cultured in SC-His and induced by galset Total
protein was subjected to SDS-PAGE and the obtamesdilt showed that after 60 hours
incubation, the protein with molecular weight abdukDa was induced, corresponding with
theoretical EgIB.

Biological activity of the expressed protein wastéel based on CMC-ase activity of
recombinant KY117. The strains without recombinaigsmid did not digest CMC in the
medium, meanwhile recombina cerevisiaeKY117 made clearly unstained circular zone
around the wells after staining CMC plates with Goned.
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1. INTRODUCTION

Endoglucanase is one of the three forms of cebubazymes, which randomly hydrolyzes
the B-1,4-glucosidic bonds in cellulose, and other samfl-glucan subtances. As a result, the
polymer rapidly decreases in length, and the canagon of the reducing sugar increases
slowly. Endo-glucanase can strongly hydrolyze ashous cellulose [1].
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Endof-1,4-glucanase has been widely used in the pulgapdr industry, waste treatment
industry, and microbial fertilizer production. Thendof-1,4-glucanase is synthesized from
different sources including animals (mollusk, gigicken); plants (sprouts of cereals like barley,
oats, wheat, rye); and microorganismsgergillus niger, A. oryzae, A. aculeatus, Trichimda
viride andBacillusstrains) [2, 3, 4].

Cereals and soybean meal are mainly traditionahalnfeed diets, i.e. pigs and chickens,
and other alternative products such as peas, beares!| by-products have been used widely in
recent years. But thg-glucan in these types of feed can give problemgHe digestion of the
chicken and pigs.

B-glucanase is one of the feed enhancing enzymésntpeove feed digestibility, resulting
in increasing the efficiency of the feed utilizatidBy adding off-glucanase to the feed, the
nutritional quality of soybean and other cerealrggraan be greatly enhanced dhd digestion
problems of chickens/pigs can be resolved.

Most enzyme products for feed purposes are prodogddngi rather than bacteria. Fungi
prefer a low pH for their growth and produce anyemz spectrum with the desired lower pH
preference. Recently, the use of genetically nmedifiorganisms (GMOs) for production of
industrial enzymes have received increasing intefé® advantage of GMO's as applied to feed
enzymes has been the capacity to achieve highdugtion levels of specific enzymes.

In this paper, th@-glucanase gene fromnigerwas cloned in expression vector pESC-His
and expressed in the ye&stccharomyces cerevisiae

2. MATERIALS AND METHODS

All the instruments used were sterilized with DEPC.

The common chemicals used in molecular biology wenmehased from Sigma, Bio-Rad,
Pharmacia-Biotech. The restriction enzyrBesrHI, Xhd, the ligation enzyme T4 DNA ligase,
Taq DNA polymerase were from Fermentas. The exjmesgector pESC-His (Stratagen);
cloning vector pCR2.1 andE.coli DH5a (Invitrogen). Saccharomyces cerevisi&¥'117 yeast
strain was a gift from Genetic engineering Labstitate of Biotechnology, VAST.

Culture mediaLB; YPD; SD (Bacto-yeast extract 1%; Bacto-pept@do; D-glucose 2%);
SC-his(Yeast Nitrogen base without amino acids,c®if0.67%; adenine, uracil, arginine,
cysteine, lysine, threonine 0.01% each; aspartidd, atsoleucine, leucine, methionine,
phenylalanine, proline, serine, tryptophan, tyresialine 0.005% each).

Other chemicatsSorbitol, EDTA, DTT, Sorbitol, Sodium citrat daf, Tris buffer pH
7.5; Zymolyase, Lyticase, CaCIPEG/Tris pH 7.5.

Primers for partial sequenceBigB gene:

Forward primer: 5 — GGGATCC TGT GCC CAC CAG CCA TTGRanH]I)

Reverse primer: 5’ - GCTCGAG CTC GAG TGT TCC ATC TGXhd)

Extraction of total RNA

Total ARN was extracted frorA.niger biomass by using Trizol reagent. After 24 hours
culture, the mycelium was collected and washedfallyeoy sterilized water, then the biomass
was ground in liquid nitrogen. Transfering groundnbass to a tube and adding 1ml trizol,
pipetting 2-3 times till the mixture becomes traargmt. Added 0.3 ml chloroform, inverting the
tube gently 2-3 times and keeping about 10 minatesom temperature. Centrifuged 5 minutes
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at 10000 rpm; the supernatant was collected andcatdpropanol, keept at room temperature
10 minutes and centrifuged at 10000 rpm, collechesdys, washed by ethanol 70 % twice and
then stored in sterilized water.

Cloning of ElgB gene

PCR product was cloned into the ptRL vector. Recombinant plasmid was transformed
into competenE.coli Top10, isolated and verified on agarose 1 % [5].

Construction of pESCHis/EgIB

Cloning vector pCR2.1 and pESCHis both were digested witiol andBanHI. The PCR
product and the opened pESCHis were purified fro# &garose gel using QiaQuick kit. The
ligation was carried out using T4 ligase with fellag components: 0.7kl T4-ligase buffer,

3 ul pESCHis (about 250 ng), 3.5 ul PCR product (about 60ngl), 0.25ul T4 ligase. The
ligation mixture was desalted and then transfornmmeal E.coli DH5a. After recovery in SOC
medium, the transformation mixture was plated onpl&tes containing 4(g/ml kanamycine.
Plasmids were isolated from liquid culture suppleted with kanamycin and were screened by
restriction digestion. The sequence was verifieddioleoxynucleotide chain-termination DNA
sequencing, using ABI 310-PRISM Genetic Analyzearkih EImer).

Transformation pESCHIs/EQIB into S. cerevisidgy protoplast fusion method
(Zymolyasé protocols; www.amsbio.com)

ExpressiorEgIB in S.cerevisiae

S.cerevisiaestrain carrying pESCHIEBQIB plasmid was grown in SC-His medium
supplemented with leucine for 12 hours with shakittten galactose was added at final
concentration 2 % as gene inductor. The incubatias continued and the same amount of
inductor was added into induction medium after eadhhours. At 60 hours, the culture was
centrifuged at 6000 rpm and the pellet and supanhdtactions were separately collected. The
pellet was subjected to ultrasonication and celiraex was collected by centrifugation.
Fermantation broth and cell extract were incubaaédl00°C in 10 minutes for protein
degeneration, then the samples were centrifugd@GQ rpm for 5 minutes and the supernatants
were subjected to SDS-PAGE electrophoresis folepraxpression assessment.

3. RESULTS
3.1. Cloning EgIB gene

cDNA was synthesized by reverse transcriptaséreatith following components: 1
5X RT buffer, 2ul random primer — hexamer (60 ngj, 5 ul DTT — dithio threitol (0.1 M), 8
Ml dNTPs (2.5 mM), 0.5 Rnasin (40 U/ul), 2 yl enzyme reverse trancriptase — MMLV
reverse transcriptase (200 ), 18.5pl sterilized distilled water and @l total RNA (250 ng/
ul). The reaction cycle was: Z& in 5 minutes, 42C in 60 minutes, 76C in 5 minutes. Then
the product (cDNA synthesized) was diluted 10 timmgslistilled water and stored at 22D
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The PCR reaction (10l sterilized water; 2.5l 10 x Pfu buffer; 2ul dNTPs-2.5 mM,;
8 ul RT product deluted 10 x; il each primer-10pmol and QBpolymerase-0.5 W) was
carried using synthesized cDNA as the templatariplify the ElgB gene. The PCR cycle was

optimized as denaturate at % for 2 minutes, 94C - 45 seconds, 5€ - 45 seconds and 7€
- 2 minutes with 35 cycles; ending at°@for 10 minutes.

The PCR product was verified on 1 % agarose gel (Bi The result showed that the PCR
product was specific with about 500 bp in size.

1 2

Figure 1 PCR product oEgIB gene
Lane 1: DNA marker 1 kb plus
Lane 2: PCR produ

The PCR product was ligated into pCR 2.1 vectoviflogen) by standard method of
Sambrook et al. (2001). The recombinant plasmideeviensformed into competefit coli
Topl0 and transformed clones were screened basedlony colour. Plasmids were isolated
from liquid culture grown overnight at 3T of blue and white colonies picked from the LB
supplemented with kanamycin plates and verifiecagarose 1 % (Fig 2). For ascertaining of

PCR product insertion into pCR2.1, the choosingipids were used as template for PCR
reaction with designed primers (Fig. 3).

12 3 4 5 6 7 8 9 10

Figure 2 Agarose gel analysis of plasmids
isolated from the white colonies (1-9) and
blue colony (10)

Figure 3.PCR products from white colonies
(2-9); 1- DNA marker
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It was obviously from Fig. 3 that, the clones 49harboring exotic gene about 500 bp in
size. The clone 7 was picked out and grown ovetnighliquid LB medium containing
kanamycin. Plasmid DNA was isolated using MiniPképmand sequencing. The deduced protein
from the sequence was compared with other glucanas&enBank by BLASTx and it was
98 % identified withA.nigerEgIB (Assession RIXP001391969.1) .

3.2. Construction pESCHis/EgIB

After the EIgB gene was ligated into pESCHis vector, and recoatiplasmids were
transformed intoE. coli, the efficiency of the reactions was checked bitiray of isolated
plasmids withBarmrHI andXhd (Fig. 4).

Figure 4.Agarose gel analysis of pESCHigIB cutting
with BanH| andXhd; Lane 1: pESCHis

Lane 2: PCR product &gIB gene
Lane 3: pESCHi&glIB after cutting

3.3. Expression of EgIB irS. cerevisiae

By protoplast fusion method, the pESCHigIB plasmid was transformed int8.
cerevisiaeK117 (10 ng pESCHI&QIB plasmid was incubated with 100 8! cerevisia&117
protoplasts for 10 minutes at RT). After washingwii ml Sorbitol 1 M , the transformants were
cultured on SC-His medium and incubated at@Gfor one week.

1 2 3

Figure 5.Picture of PCR products with GAL
primers and template were plasmids isolated
from transformeds. cerevisiaén 1.5 %
agarose gel;

Lanes 1, 2: PCR products

200 bp
Lane 3: Marker 1kb plus (Invitrogen)
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The plasmids were isolated from liquid cultureSofcerevisia&117 colonies picked from
SC-His plates and used as template for PCR reagtitin the GAL10 primers specific for
pPESCHis plasmid. This step was done for verifying present of pESCHEgIB plasmid inS.
cerevisiaeK117. The expected band is about 220 bp (Fig. 5).

The recombinant yeast strain was grown in SC-Hidinme with 2 % inoculum and the
culture was induced as described in method. Afégederation, the presence of induced protein
was tested by SDS-PAGE (Fig. 6).

1 2 3 4
- —FdtDa
| - —
e - — G74Da
# -~ Figure 6.Analysis of protein expression on SDS-
— =Y _ 4lDa PAGE gel
- Lane 1: Non-induced stral. cerevisia&K117
> Lane 2: Fermentation broth of inducBdcerevisiae
& — 30i0e K117 at 60 hours
i — T
Lane 3: Cell lysate of induce®l cerevisia&117 at
60 hours
Lane 4: Protein marker
» —0iDa

— ——————

The expressed protein with expected molecular ragssit 17 kDa (arrow) and it was
obviously on SDS-PAGE gel (Fig 6) that tBgIB from A.nigerwas expressed i8. cerevisiae
K117. The protein was secreted into culture mediame 2) as well as in cells (lane 3).

3.4. Protein activity assay

Expressed protein activity was assayed based on a&klCactivity of recombinant
S. cerevisiaeThe transformant after 12 hours culture in SD4misdium was induced with
galactose and continuing it's growth for followiB¢ hours. The 10Ql culture aliquotes were
put into holes of 1.5 % CMC plates and incubatin@&’C for 3 days. Staining the plates with
Congo red for identifying the enzymes activity bgans of unstained circular zone around the
wells in which the enzyme has degraded CMC tordgsts dye affinity. This contrasts strongly
with the purple background of undigested substféitg 7).

Figure 7.CMCase activity ofSaccharomyces cerevisiae
1. S. cerevisiagavithout pESCHid£gIB
2 and 3.S. cerevisiaavith pESCHisEgIB
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4. DISCUSSION

Cellulase and hemicellulase have different appboat in animal feed, food, textile,
laundry, pulp and paper industries. These enzymesnastly from filamentous fungi such as
TrichodermaandAspergillusand account for approximately 20 % of the worldyene market
[6]. There are 3 classes of cellulase: (i) endaghase of3-1,4-endoglucanase EC 3.2.1.4,
randomly cleaving3-1,4-glucosidic bonds in cellulose molecules; @igllobiohydrolases EC
3.2.1.91, degrading celluloses from non-reductiomise releasing cellobiose; and (ii@-
glucosidases EC 3.1.2.21, hydrolysing cellobiosesaellodextrins with low molecular weight,
releasing glucose. Carboxymethyl cellulose (CM@ hydrolysed by endoglucanase, so this
property can be used for determination of enzyntigigcin vitro [1].

The endoglucanase gene from different microorgariiess been cloned and expressed in
E.coli[7, 8, 9, 10, 11, 12], in yeast [13, 14, 15, 16, dnd in other systems [2§].

Some scientists suggested thatinnigerthere are 3 endoglucanase genes, two of them,
eglAandeglBlack a CBD and the associated linker regieglC is unique among thA. niger
endoglucanasdsecause it exhibits its greatest activity towardeglucan, meanwhil&glA and
EgIB exhibit the greatest activity towarg@sglucan [3, 6]. The yeas$.cerevisiags a simple
unicellular eukaryote and has been utilized fordrads of years in making food and beverages.
Metabolomics and molecular methods have been apfdieyeast, thus it become the model
eukaryote in cell and molecular biology and is afulstool in studying other eukaryote genes.
Several fungal endoglucanases have been cloneéxqmdssed irS.cerevisiae Salohaimoret
al., (1997) expresseegl4 gene with endoglucanase activity Sncerevisiaesf750-14Da [14].
Hong et al, (2001) had cloned a highly stable erfidb;4-glucanaseegll) gene fromA.niger
[5]. The deduced amino acid sequence encodeadbly showed high homology with that
encoded byeglB. By Congo red staining method on agar plates,athitbors noticed that the
recombinant enzyme was secreted by the y@asrevisiaeQin et al, (2008) expessed wild-
type Cel5A cDNA carrying the native Cel5A signatisence ofT.reeseiin S.cerevisiadH158
[19]. Although our egIB protein expressed $cerevisiaewas only 158 amino acid, but it
possessed CMCase acivity. Result of comparingniisleotide sequense and deduced amino
acid sequence lets us to conclusion that the clgead was endoglucanase.

5. CONCLUSION

The EgIB gene fromA. niger was cloned into pCR2.1 and the expression ved&8(
His/EgIB was successfully created. By protoplast fusiorhoetthe recombinant plasmids were
transformed int&. cerevisiai&KY117 and PCR was confirmed the presence of pB&EgIB
in the yeast. Recombinant KY117 was induced byages® and the expressed protein with MW
of 17 kDa was corresponded with theoretical EglBtgin. Based on CMC-ase activity of
recombinant KY117 and results of BLASTn and BLASIiEpyas obviously that the cloned gene
was endoglucanase.
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APPENDIX

Alignment of deduced amino acid sequence of cldegi® gene inS.cerevisiagQuery 1)

with t

Lo

hat in database (98% identity)

ef | XP_001391969. 1| endogl ucanase B egl B- Aspergi | | us ni ger

Query

Shj ct
Query

Shj ct
Query

Shj ct

1 YYDVDQDLVLNLNQAAI NGl RAAGASQYI FVEGNSWIGAWNAWDVNDNVKNLTDPEDKI V' 180
YYDVDQDLVLNLNQAAI NG| RAAGASQY! FVEGNSWI GAWNAWDVNDNVKNL TDPEDKI V

161  YYDVDQDLVLNLNQAAI NGl RAAGASQYI FVEGNSWI GAWNWDVNDNVKNLTDPEDKI V' 220

181 YEMYQYLDSDGSGTSETCVSGTI GKERI TDATQW.KDNKKVGFI GEYAGGSNDVCRSAVS 360
YEM+QYLDSDGSGTSETCVSGTI GKERI TDATQW.KDNKKVGFI GEYAGGSNDVCRSAVS

221 YEMHQYLDSDGSGTSETCVSGTI GKERI TDATQALKDNKKVGFI GEYAGGSNDVCRSAVS 280

361 GVLENMANNTDVukgaswaagpwagDYl FSLEPPDGT 474
GMLE MANNTDVWKGASWAAAGPVWAGDY! FSLEPPDGT

281 GVLEYMANNTDVWKGASWAAAGPWAGDY! FSLEPPDGT 318
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TACH DONG GEN ENDO$ -1,4 GLUCANASE TV ASPERGILLUS NIGERA BIEU HIEN
GEN TRONGSACCHAROMYCES CEREVISIAE

Pim Viét Cuong”’, Quyén Binh Th¥, Vil Thi Quyért, Nguyén Thi Kim Cac'

Vi¢n Hoa sinh bin, Vien KHCNVN, 18 Hoang Qie Viét, Cau Giay, Ha Nsi
2\/ign Codng nghi sinh hvc, Vien KHCNVN, 18 Hoang Qie Viét, Cau Gidy, Ha Ni
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Endoglucanase laghtrong ba dng aia enzyme cellulase v@rgc r dung rong rai trong
nhiéu nganh céng ngép khac nhauduoc tong hop boi dong vat, thuc vat va vi sinh vt.

B-glucanase la 6t trong nlirng enzyme lamang khi nang tiéu hoa thc an aia dong Vat
va vi \y, khi bd sung enzyme nay vaoithin ngwn gic thrc vat, ngoai véc 1am ting gia ti
dinh drdng aia ching ma con ji quyétdugc van dé tiéu héa aa ga héc lon do hamong f-
glucan cao trong cacdothuc an nay.

Trong bai bao nay, gefirglucanasett chung rim mbc A.niger da duoc nhan dong trong
vector béu hign pESC-His va [gu hién trong cliing S.cerevisia&Y117.

GenEgIB trudc tiénduoc tach dong ing vector pCR2.1, satb sr dung enzymes @i han
BarrHI va Xhad dé gin gen vao vector Bii hign pESC-His. Bng phrong phap dungdp % bao
tran, plasmid tai & hop pESC-HisEgIB da dugc bién map vao ching S. cerevisiaekY117,
chang bén rap dugc kiém tra ing phrong phap PCRi cip mdi dic hiéu caa plasmid.

Ching rim men tai & hop dugc nudi trong méi weong SC-His vaduoc cim ung bing
galactose. Protein &i hién duoc kiém tra trén gel SDS-PAGE vétkqua nhan duoc cho thy,
sau 60 gi nudi Gy da nhin dugc protein Wi khdi luong phani khoang 17 kDa, tong tng Wi
protein gia genEgIB theo Ii thuyt.

Hoat tinh aia protein biu hién ding da dugc kiém tra dra trén hat tinh CMC-ase @a
chang S. cerevisiagdi © hop. Ching fim men khéng mang plasmid téitiop khdng 40 vong
phéan gii cia CMC trén méi trong thr nghiém, trong khidé ching S. cerevisiagnang plasmid
pESCEQIB tao vong phan gi rét ro.

Tir khoa biéu hien, EglIB, glucanS. cerevisiagach dong gen.
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