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CMC-Na, AJMETER IR 2 B- 7 5%, R M pH 6.5, pH 5.0-10.0%45E H-4EFF60% ) _F ARG .
GluE1 ) Wi iR 55 °C, 737 °C PR . 7E55 °C pH 6.5, GluEl Xt KFZp-H#jRBEIK,, |
Viax Flk oo 351 48.58 mg/mL . 416.67 U/mg #1280.90 s ', GluE1%ZAg . Hg™ M SDSHIH|, B-#isk s,
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WG 2P A R W R E NS, EEENT
AR, FEVUKMRE LR 0T AR B-1,4- 517
i, LR REEATIY, XTREA LR 2R R B R 2
ZREEMMER . NIRRT, T2
M, B, YRR S AR
SRR Z2 WU REBR I T 1Y), HRE &
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RETERE, XERELAT 2 2R Ml 5L R T NCB LA A HL it
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FE XT3 5145 I BLAS Tn HIBLASTYp (http://blast.ncbi.
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TK Y 432508 FHdbCAN (http://csbl.bmb.uga.edu/
dbCAN/annotate.php); £ 741 L3 FIMEGA 6™
gL

1.4 FREEHEBL21(DE3)/gluEl

HYEA. tengchongensis CGMCC15043E [K 21 T
REUERE . gluE IR P 5 e MRS Bt 5 14
Dgh5SF/Dgh5R, MR YA E6 .

WY # R EEGIuELS| ¥ . DghSF: 5'-
ATGTCTGGCGTCAACCTTGG-3'; Dgh5R: 5'-
GCGGGCGCTTACGATGCGAACTAATTC-3',,

I FH 35 R 4 B G 7 G $E B PR AR A teng chon -
gensis CGMCC 150413 241 (5 5 B & il
BH4). LAA. tengchongensis CGMCC1504%& K 2H 4
iR, FHSI¥IDghSF/DghSRY 14, 34 &4 H .
94 °C 5 min; 95°C 30s, 70-56 °C 30 s (B MEH
[%0.5°C), 72 °C 2 min, 28MEFF; 95°C 30 s,
56°C30s, 72°C2min, 7/ME¥; 72 °C 10 min,
P PCRI“WIEHpEASY -E28 K, Ak Kt
Trans1-T1/a(FES IR S ULHE), ITA
BE: 7 B T (TR A ok (O 12 IO & B )
RIG T A gluE I B TR pEASY-E2-gluEl . ¥
R K IAATEBL21(DE3) i, #RASE 4K
AT B BL21(DE3) gluE 1, F13% 3R H 4
DU FE LoD A T35 0E o
1.5 BRERB54ML

B 2 K AT # #RBL2 1(DE3)/gluEl, LA
0.1% 1M A TLB(#% 0.1 mg/mL Amp)}i5¢
Wb, 37 cCHUEPRF 16 ho SRR UL TG 1LY B
DA T % 42 P it 422 b 2 97 6 9 LB (7% 0.1 mg/mL
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Amp)IEFRIE T, PRIk IR 292-3 h (ODgopik
£0.6-1.0))5, MMAZHRE0.7 mmol/LIIPTGHEFT
W, T20 CHZHRZEF 2120 h, 8500 r/minfZL>
5 min, WEEFMAK., HiEmEMpH 7.0 Mcllvaine
bufferZ V7 E ARG, FARIRAKE T 5 I
T DL M P 4 ) B 2212000 r/min &0
10 min, W F 3% FHNickel-NTAR g 2li4k H 1
EH . A F T 12%09 SDS- 3 A 4 B e e
JBZ L K (SDS-PAGE) 43 # i Bradford ¥ #E47 25 1
FEI

1.6 EEEFRES T

21 DA B R GIUE 135 00 1 T 1%
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W E N0.7% (W/V); FRARZR 5100 nLF
BB, 900 pLJIEHY) s JECHAE BN I B Tk
5 min/a, AR W10 min, ZRJ5H01.5 mL
DNSZ 1k, ¥H 2B 25 16540 nmil K
EODIH ; 1A BHE BANL(U)E SN B4 T &
Iy R PR AR T umo iR OB T (O Bl i . 4%
MWK . 0.2 mol/L Mcllvaine buffer (pH 2.0-8.0) .
0.1 mol/L Tris-HCI (pH 8.0-9.0)#10.2 mol/L
glycine-NaOH (pH 9.0-12.0),

B0 IR S . B 4B R GIUE 17E50 °CTF
FIpH 5.001% 75 0.7% A [F]I H0 22 vh i Hh a4 7 A1 S5
o PR o pHIAE : K4k GIUELTES0 °CF
HIpH 2.0-12.00% 22 il h FEAT R S o T %) i
TERENE . 7EpH 6.5 ZZ v+, F10-80 °C
FHEATEE RN . i pHARE I K alifb i
FHRE FpH 2.0-12.0/Z s, 7837 °CTFAbEE
1 h, $RJG7EpH 6.51255 °)C R IATREE SN, LA
AL IR B 6 BRI R AR E MR - (]
FERHE F B E 37, 55. 60°CH1, AbFH0-60 min
J&, FEpH 6.5 855 °CF# AT e b, LhARAL
P B VRVE X R R B 1 S B e . H
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0.05%—1.5% K2 - Kb MIIEY), TEpH 6.5F155 °C
T, #HELineweaver-Burk 7 A EK , « Vipax 1
keato T4 R BT AE HLERIPTHENE « 7EREAE
FNE AR Z& HIn A ZEHe B R 1 mmol/LAT10 mmol/Li
CaCl,. CuSO,. NiSO,. CoCl,, MgS0O,. KCI,
ZnSO,. FeCly. Pb(CH;COO0),. MnSOy,.
FeSO,. HgCl,. AgNO3. NaCl, EDTA. B-
Mercaptoethanol, SDS, LI ZHE 435 41.0%
(V/V)FN0.5% (V/V) Tween-80 A1 Triton X-100, 7£
pH 6.5F155 °CE A NI E MG, DIAE &8 E
S A BLITR Y SO AR R AR IR iR NaCldt
SRV AP o ) VA N A | WNEZ 37 -
3%-30%HINaCl, fEpH 6.5F155 °C4AF il & i
TEPE, DA S NaCliy S A & A4 % BE il 1Y)
NaClES & P E « R a4k I R E T 3%-30% 1Y
NaCUK#, 7837 °C T AHE60 min, #Af57EpH 6.5
J55 °CF #EATEEAE )N, PAARIINaCYHAE3T °C
T ORIER60 minf B A AT B
1.7 EE@=Y45

FEYI AT R NAR 2 4.5 mL 0.7% (W/V)IIR
A B-HIRME, 0.5 mLik BRI . 7EpH 651255 °C
T, WRKAERHE A1 hy 3 hN & kR 30T
K 7=, bR B R DR 22 B4 RO A < 1% 110
FRBER(100 °C R ALFES min), =950 % 2
EHTE
1.8 RTINS

BFIFED-1/916S rRNAZE P N A 1) 4 584 i 2
K gluE W% TF GenBank B4 5, & 525430k
DQ351931F1KP289284

2 HRAGA

2.1 ERETIEMFST
FIHBE TS [ #IPCR, 3RA5D- 11 P U Rk

B R 4 K (gluE1), $£1020 bp, AIEHL TN
ATG, &I T NTAA, GCHEH50.5%, %
339 MRA N Z K, GEIREFESIK,
B> T H40.45 kDa, H{EZ5EHL 5 oN6.14,
BLASTp45 EM . GluE15NCBIE
GHS5 11 A U3 R MR 0 e o — B M 97%, S5 H
Y E I —FME<60%; 5B MGHS Kk
() VIR SR B Y 22 S5 91 LE XTI & L, N Glu36
NGE ARSI,
2.2 gluEINRFEFIE

PCRY 3 B gluE 1 235 12 5 45 315 D) A
R IE R g luE 1) 5 4 iR pEASY-E2-gluEl
T E A BIEIr T8 h40.45 kDa, FRIGAEHL &SN
6.14, BRI pEASY-E2-gluE 1 AL KT
BBL21(DE3).  BHM: v B 748 Iy 536 Uk 1E A -7
R P IR B R ) 24 L 3 VAR e R 38 R ) e SR
FiEE, W14 TpH 7.0, 50 °Co& 4T I ML B HE
1%°450.82 Umg, ZNickel-NTAWHE4lML, HEkkde
A, BEHWEH0.62mg/mL, [FEIFETpH 7.0, 50°C
254 I E BB AY LT 106.20 U/mg. bk &
H AT 12% 1 SDS - 5 P4 4 19k iz 5 e HL UK (SD'S -
PAGE)/HT, 453 Won & R/NS #e /7 & A
—&(E2), FHIREMALDI-TOP/MS/MHT, iZ&EH
2501 0 % 5 GIuE 19 13 4 Ik BE o T 8 AH DT T
PLHTZE A1 DN GIuET (F3).
2.3 GEIRE§EH:R
231 JEYIERAE: 1EpH 5.0M150 °CA&F T, GluEl
X0.7% (W/V)CMC-Na, RIEMETER . KEB-HHR
WA LETE 23 91 4 (5.9040.33) U/mg, (6.36+0.33)
U/mgH(130.66+0.69) U/mg, XTELAIZHE . e A
SOBHRNTH2T 2 2 TC G
2.3.2 BOERMpHEpHAEEY:: GIuEIfF A
HEpHIE6.5 (Kl4-A); ZpH 5.0-10.009 22 i AL T h
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COG2730 QRGINIGNALES...PKDFPWDVKMSNKF[FDDIKDA[EFDTVIAIPVRFSDYTSDSDNFKID
EU379561 GTSESGAEFGNQNIPGVLGTDYIWPDTSA|IQTLRNA[EMNIFIIVAFLMERLVPTTLTSTPD
HQ706361 NRGINLGGFLSQ.CEHSKEHYQTFITQEDINRIAGWEFDHVEILPIDCEAVEH. .ADGTDN
NUC00762 GVNEAGGEFGDGIFPGRWGTEFTFPDTNT|IQTLRSQ[YYNIFPRIVGFAMERLVPNTLTSSFD
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EU379561 INKQFAS .NDKVI
HQ706361 )INKAYGN . LEHVA
NUC00762 INAKFAS.NSKVI

DTN YHDMDQDLVLN.|LINQAAIINGPSAAAGATSQY|I[FVEIGNISWTGA
ELL PKENLSSQLLNE|YIEEAIKIPSAKTNPKRTI|I[VGPIYNFYQ. .
DTN FNTEDQTLVL LINQAATIINAPSAAAGATSQY|IIFVEGN|[SWSGA
ELL VVEEENAEGW, KLIART KAPSAE TAPHRVI|I[YG.|GI|QWN. .
DTN YNTMDQTLVL LINQAAIDGERAAGATSQY[IIFVEGNJQWTGA

ELM VVD .ATSERW, LAHRAIEAIRAIDPERIII JGNHYN. .
I

n2 B6 a7 ad B7

GluEl 200000 — Q000Q 200000Q —-> Q0

180 190 200 210 220 230
GluE1 ...SIDELRHIELVPHDERMIYTFEIFMKPHLFTHQKANWSEVTKLYNHTISYPGRFPGLS
AB055433 WTWVDVNDNMKNLTDPEDKMMVYEMEQMLDSDGSGTSETCVSETIGKERVTEATQWLKDNK
COG2730  ....IDYLNELN.VPKDSNMVVSFEYMEPNDFAFQGNTIYHNG . « v v v v v v v veeeannn
EU379561 WTWTSVNTNLVSLTDPNNKpVYEMEOMLDSDGSGTSDTCVSSTIGQERVQSATEWLKSNG
HQ706361 ...SVKTLKLLE.APQDDNMLFTFRILMEPLIFTHQKAYWVEG.MDFEEEIYYPESMEYYN

NUC00762 WSWNVTNTNLAALTDPENKpJVYEMEIQP{LDSDSSGTSTACVSSEIGVQRIVGATAWLRANG

a9 n3 [’ al0 B9
GluE1l 20000 2000 -> ,Q_SLQ.Q.O_Q_Q.Q.Q.Q.Q.QO_.OJLO_Q_Q _> TT
240 250 260 270
GluEl EFLDGHPEF|GGGENDLANTFMDKALLERYLKPAAEF EQSGRKLYCGEYGVID PLTSR
AB055433 KVGFIGEYA[GGSNDVCRSAVSGMLEYMANNTDVWKG/A[SWWAAGPWW[EDYIFSME[P)IDGTA
COG2730 v e v e e .. FEHLSNITWEGTNEQMDYLKKRFDIVENWANKNKVKIFL[EEFGVTKERAIJEASR
EU379561 KLGFLGEFA|GGANSVCQSAVTGMLDYMQANSDVWLGAISWWAAGPWW[TYIYSIEP)YSGTA
HQ706361 EKSKMIGFKGDMVINAKTSLMGKAFIEEMVQEAIDAAKKAGVNLYC[EHEFGVIDRAJIIQDT
NUC00762 KKGVLGEFA|GGANSVCKAAVTGLLEHLKANTDVWEGRALWWAAGPWW[EDYMYSFEPP}JSGTG

& 1. GE1S5#EE KRB ESZ XAV AR F TR AR EE X 47

Figure 1. Partial amino acid sequence alignment of GluE1 with glycosyl hydrolase family 5 endoglucanase.
Sequence names are shown with accession numbers except GluE1, as follows: AB055433, Aspergillus kawachii
endoglucanase”"; COG2730, Peptoclostridium difficile BI1 endoglucanase[zs] EU379561, Penicillium
2% HQ706361, uncultured bacterium endoglucanase™”; NUC00762, Neurospora crassa
endoglucanase™; The asterisks show the putative catalytic residues. The symbols above the sequences indicate the
secondary structure.

brasilianumendoglucanase
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& 2. B4t GIuE18ISDS-PAGE# i

Figure 2. SDS-PAGE analyses of GIuE1l. Lane 1: the
crude pEASY-E2; Lane 2: the crude GluE1; Lane 3:
low-molecular weight markers; Lane 4: GIuE1 purified
by Ni’ -NTA chelating affinity chromatography.
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2.3.6 ALERFIBIEM . 1 mmol/LFN10 mmol/LI7
Hg’ . Ag FMISDSH LISE & MH GluE 17 #E; 1
mmol/LF110 mmol/LIYB-FiE 2B, Pb™", Mg™" .
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Figure 3. Identification of the band cut from the SDS-PAGE gel of the purified enzyme by mass spectrometry
analysis. Mass spectrogram results of GluE1, have 13 matched peptides.
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4. B GEIRIEEF S
Figure 4. Characterization of the purified GIuE1. A: effect of pH on GIuE1l. B: pH stability of GIuE1l; C: effect of
temperature on GluE1; D: thermostability of GIuE1. E: the effect of NaCl on the purified GluE1 determined at pH 6.5
and 55 °C. F: stability of in NaCl. After pre-incubation of the enzyme in 3%-30% (W/V) NaCl at 37 °C for 60 min,
the residual enzyme activity more than 93%. See materials and methods, enzyme characterization for details.
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Table 1. Effect of metal ions and organic reagents on
the activity of purified GluE1

Relative activity/%"

Reagents 10 mmol/L 1 mmol/L
None 100.0+0.7 100.0+1.1
-Mercaptoethanol 109.9+0.8 103.1+0.9
CaCl, 108.0+1.0 100.4+0.5
PbAc 104.4£1.1 102.3+£2.1
MgSO, 101.8+1.9 100.9+1.3
NacCl 100.7+1.3 100.4+1.0
Tween-80 99.4+0.9" 97.9+0.3°
ZnS0O, 99.2+1.8 97.3+0.1
Triton-100 98.9+1.0° 88.31.3°
FeCl; 95.9+1.5 98.0+1.2
KCl 95.742.2 99.5+1.6
NiSO, 94.7+1.6 96.5+0.9
EDTA 93.7+1.8 99.84+2.0
CoCl, 85.3+2.3 99.3+0.6
CuSO, 80.8+1.1 85.840.6
FeSO, 72.94+0.6 89.8+1.4
MnSO, 71.4+0.8 99.8+0.8
HgCl, 0.0 0.0
AgNO; 0.0 0.0

SDS 0.0 0.0

a: values represent the means+SD (n=3) relative to the
untreated control samples. b: the final concentration of Triton
X-100 or Tween 80 is 1.0% (V/V). c: the final concentration of
Triton X-100 or Tween 80 is 0.5% (V/V).
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Figure 5. Thin layer chromatography (TLC) of the
hydrolysis products of 0.7% (W/V) barley-p-glucan.
Lane 1: glucose (G1), cellobiose (G2), cellotriose (G3),
cellotetraose (G4) and cellopentaose (G5) marker; Lane
2: barley-B-glucan with inactivated (100 °C for 5 min)
purified GluE1; Lane 3: barley-B-glucan hydrolyzed by
the purified GIuE1 for 1 h (1.0 U/mL reaction system, 55 °C,
pH 6.5, 1 h); Lane 4: barley-B-glucan hydrolyzed by the
purified GluE1 for 3 h (1.0 U/mL reaction system, 55 °C,
pH 6.5, 3 h).
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Gene cloning, heterologous expression and enzyme characterizations
of halo-tolerant endoglucanase from Alicyclobacillus D-1

Mingjie Dong, Yunjuan Yang, Xianghua Tang, Junjun Li, Zunxi Huang

Engineering Research Center of Sustainable Development and Utilization of Biomass Energy, Ministry of Education, Key
Laboratory of Yunnan for Biomass Energy and Biotechnology of Environment, Key Laboratory of Enzyme Engineering, College

of Life Sciences, Yunnan Normal University, Kunming 650500, Yunnan Province, China

Abstract: [Objective] An endoglucanase gene (g/uFE1) was cloned from a thermalacidophilus (Alicyclobacillus
tengchongensis CGMCC1504) isolated from a hot spring, and the sequence and biochemical characterization of
enzyme were analyzed. [Methods] The full-length g/luEl was obtained based on genome sequencing, analysis of
amino acid sequence of GIuE1l. gluF1 was ligated into pEASY-E2 vector and expressed in Escherichia coli BL21
(DE3) cells. GluE1 was purified to electrophoretic homogeneity by Ni’'-NTA metal chelating affinity
chromatography, and then the enzyme characterizations were determined. [Results] The 1020 bp full-length gl/uE1l
(50.5% GC content) encodes a 339 residues polypeptide (GluE1: 40.45 kDa). GluE1 showed the highest identity of
97% with endoglucanase in public databases, and <60% identities with other endoglucanase. GIuE1 efficiently
hydrolyzed CMC-Na, soluble starch and barley-B-glucan, which showed apparent optimal at pH 6.5 and 55 °C. GIuE1
was stable and active (>60%) at pH 5.0-10.0, and had a high stability at 37 °C; and it exhibited K., V.« and kg
values of 8.58 mg/mL, 416.67 U/mg and 280.90 s ' respectively. GIuE1 was strongly inhibited by Ag’, Hg’" and SDS,
partial promoted by p-Mercaptoethanol, Pb”", Mg’", Ca’" and Na', 30% NaCl still retains more than 64% of the
activity. The residual enzyme activity kept 93% after pre-incubation of the enzyme in 30% NaCl. [Conclusion]
Endoglucanase gene gluE 1 from Alicyclobacillus was first reported, and GluE1 showed a good pH stability and strong
halo-tolerant property. GIuE1 might have greater potential applications.

Keywords: cellulose, endoglucanase, heterologous expression, enzyme characterizations
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