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AAbAE 0.0017, Sfb4S 0.002, -LKAREREE 0.3,
B 18.0, pH = 9.5,
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10.0, pH{E1H% 9.5,
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H 20.0, FRHIEELFYEZ4h 20.0, b4 5.0, LK
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FI| 50 mL Y fif A s g dk v, 7 37 °C. 150 r/min
PR iE% 48 h, # KR ATE 4 °C. 5000 r/min (%%
HNELG 30 min, R R R . 4408
N 1.3 £ 2 2R RS A R I A5 T AR I R
7 Wi 1 o
1.3 HERBHENE

SR F DNS 355010 2 e v R e g, R
Be il )7 w218 QB2583-2003 [ B, FrfiSE
Mk A 0.05 mol/L . pH 9.5 Ay H % fZ-NaOH 2% i
W P B RIE SR 3 IER, ik 3
11528, BOFIE. BRESRAIE X 7E pH 9.5,
(50.0£0.1) °C W4 N, B8 AL 1 pmol #2 H
BEEFYEZ AN A A A B SR 1 ARG
F1HAL, AU ER
14 RIEHAENIREE

FIF 22 QY B 58 T = tE PR T R Q5 [F]

I EATIE A5 o %ok v T 0 0 T T R A 7
V-P RS | A A IR R LT LT S R
ity 52 9 A5 A FRAE AL SE TG, BAL RS I (R I
HMTH ARG E T ) A CIAZR [ %58 T )
FEHUAH T R RN ZH DL K2 16S rDNA (4 4B 2 B8
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FHIEYI N 1.0%52 H LT 4 R (5 T s pH
2 Wl R ) SR A T 4 i S %o o A T O M 1
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1 10 mmol K4 JEES F(Na" . K*, ca. Fe™.
Mg2+\ Zn2+\ Cu2+\ Pb2+\ ng+\ Mn2+), 1E s
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Table1. Orthogonal test and optimization expression of the extracellular recombinant cellulases
Factors l.n duction PTG . Conce_ntra‘cion of Induction temperature/°C En.zy.me
time/h concentration/(mmol/L)  bacteria/Asno activity/(U/mL)
Experiment 1 8 0.8 0.6 30 2.92
Experiment 2 8 0.8 0.6 37 1.49
Experiment 3 8 1.0 0.8 30 3.33
Experiment 4 8 1.0 0.8 37 3.01
Experiment 5 16 0.8 0.8 30 3.49
Experiment 6 16 0.8 0.8 37 1.98
Experiment 7 16 1.0 0.6 30 4.99
Experiment 8 16 1.0 0.6 37 3.05
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JId s (AR SCHR G , TR £F 4 R W )
{1 g I T SRS AR 4 /K A L 5 T AR 1 ER R

IINFAE S ME— 1) R B R SR AN TS 2 R
XTI IRERTRIG 3 R Il 2T 4 SR W) BRI 7
FEAREE Ty . S5 2. ik 2 LA

B, WER L1 EERE s, R bRk
TR A4 Q5, BEEEX MR TS ZLMiF5E .
2.2 SrESHIBR Q5 MK E

AN Q5 IMEIRA, G, WkENM, W,
9 B 2= AFR, K/D R (0.4-1.0) pumx
ZrA R (1 2),

ANFEW
(1.2-2.3) um,

Bl BEHALERKBERR
Figurel. Cellulose hydrolysis photos of strains.

* 2. BEMALERKBEEZIEGENMKER
Table2. The diameter of cellulose hydrolysis circle for each strain and enzyme activity test results

Number Colony diameter/cm  Hydrolytic circle/cm Hydrolytic circle/Colony diameter Enzyme activity/(U/mL)
11 0.187 1.996 10.67 2.05
12 0.413 2.469 5.98 151
21 0.222 1.147 5.17 1.48

ﬁ

E 2. E# Q5 HFASFEHHE
Morphological characterizations of strain Q5. A: colony morphology; B: cell morphology.

Figure 2.
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o CE LA RELEE TN ) & (AKRIK
B SE T ) X 2R AT R R R A, R4
SIS FIFIE, 2R Q5 1 E 4 27 AT I s
Pk Q5 HYAE BA: AL SRR 45 R AN 3 Bz

Xk Q5 [ 16S rRNA F AT 40T, 45
RIER Q5 Pk [m] 5 14 i e 1 A FP L8 IR T 24
P Bacillus methylotrophicus, k%1 100%; 1E#
P H A 99%Ey B s R JEvERY 8 bk, 1t
#% Bacillus atrophaeus /i 4MiE, fdi il MEGA 6.0
BHERGEREW, 4R ILE 3, Witk Q5 5
Bacillus methylotrophicus J& T [Fl—14~4> 3. M4
16S rRNA L[ [F] PR M LU AL, JF4s & Wbk IE A2
MLEEFNA FRA AL RRAE , AR QB e oy H L E SR Al
A
2.3 BBk Q5 44 REEE R W T e KT 5 A

i AT QB TR AR JE I 2H DNA A At ,
it PCRYIGLFYE R EL N o AT 12935 i A
BERCHIK AT ). G55RM, 78 15 kb £
—FES PR A (K 4, #i kPR line 3), %
DNA R B RN SR /h—3 . ¥ PCR ™1 5
pMDI18-T #fkik ik, RIFHALTIRIAFF A IM109
o, FIHE PCR A AL AT 00k,

84 Qs

bl (R A R RN 1 L AP UR @ 1 I A EE s
R0 G0 W] 15 Y SR PR HUTORE , % B 2 SR %
F LRI EAR A R TINY
W45 5 B8, 1% DNA F Bl 1500 bp,

ity 499 MEIERR, TR H A4 N egab, FHE
IS A E] GenBank $#i JEH, LA ARTSHE
K5 KRO67575.1, #4 v b 1) 55 K P 51) 5 5000 P
g RS AT T AT, S5 R BOR
REEERIT I GATEFRME P B-1,4-M 1
5 B i L K (AFX 88666.1)F 98%f1 [l 542k ;

& 3. Qb EHRAVEIRE WLHFE
Table 3. Physiological and biochemica characteristics
of strain Q5

Physiology biochemistry o5 Physiology biochemistry o5
experiment experiment

Catalase + [Glucose produced acid +
Methyl red test + |Gas production fromglucose —
V-Ptest + [Mannitol produces acid +
Hydrogen sulfidegas  — |Fructose produce acid +
Mobility + |[Nitrate reduction +
Casein hydrolysis + [Theurea -
Indole reaction — |Dihydroxy acetone -
Starch hydrolization + [10% NaCl

Gelatin hydrolization — [50°C -

+: indicates that the substance is available or has this feature; —
indicates that the substance is not available or does not have this
feature.

Bacillus methylotrophicus CBMB2035 (NR 116240)

68
%—E Bacillus subtilis QY W-1 (1X524224)
100 Bacillus amyloliquefaciens 1.x-11 (HQ179100)

79 Bacillus velezensis 1S650 (KX 129854)

79— Bacillus mojavensis (AB021191)
L—— Bacillus tequilensis 10b (HQ223107)

99— Bacillus aerius 24K (AJ831843)
" Bacillus haikouensis C-89 (KJ868191)

Bacillus atrophaeus (AB021181)

3. {&#E 16SrRNA FHIMZE Q5 ALK L B R
Figure 3. Neighbour-joining tree based on nearly completed 16S rRNA sequences. The numbers at each branch
points indicate the percentage supported by bootstrap. Numbers in parentheses are accession numbers of sequence

in GenBank.
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bp M 1 2 3

[l 4. PCR #1847 kM R

Figure 4. Electrophoresis analysis of PCR amplification
products. M: marker; lines 1-3 are amplified bands for
different reaction systems. Where line 3 indicates the
same size as the expected size.

SEEATEE M LM 4-2 BT s B-1,4- 1 V) 4
5 W il i R (AK E23721.1) 45 98%!1 [a] Yk . &

BS54 [R] P P e e 1 ok IR T AS [ 4 B A
11 NIRRT Y, i MEGA6.0 F bk T
LR Egab ARG LB W, WK 5 iR,
P L barpr g L, mr A0 A R R T 2 A AT
B Q5 i 2 () Egab J& T — N Ak i Py 8

Fgas

R W
24 HHEFRHRNRE egas W FIERE

KA BamH | Fil Hind TR S EI 5o 44 22 1 T 4
IR TR pET-egab AT HF VI B IE , %8 45 R an &
6 Fin, ¥Ab+F 11 3 Frig iy kil i 1500 bp

OB, SIS R80T 2 AR
BOEE R, U 3 L Bk 7 5
Wk

V4 HE 2 ks pET-egab 4 4b KA AT B T 45 (0
b+, BV RImFFIE BL-Ega5, #Rh T 50 pg/mL
R ZEM PTG (19 CMC 5532550, [Mmb# e
S pET32a J5UkL A R M AT B BL 21 A A B A X
FERTEMOTAR |, 37 °C 3537 5 R BRAE g B Mt R
20 K T AT TR T YR R A BB W R (A
7-A-2), T RMHFE BL-Egab 7% il il ™Ak 1 4%
/NI (B 7-A-1), BEITE R BL21
P B-1,4- 9 D) SRR SR RN RB R, R, 4b
T B-l A- PN U] 7] 5RO Tl DR E R A v v A g

. BIRFIR MK BARAE BT 7 1 B HLA — 2 1
Eﬁrﬁ'r o

Endoglucanase from Bacillus subtilis (WP 049140160)

Endoglucanase from Bacillus tequilensis (A1127554)

Alkali tolerable cellulase from Bacillus sp. LM 4-2 (AKE23721)

Endoglucanase from Bacillus sp. LM 4-2 (WP 046381055)

Endoglucanase from Bacillus subtilis (WP 070549070)

Endo-14-beta-glucanase from uncultured bacterium (AFX88666)

Endo-14-beta glucanase from Bacillus subtilis subsp. subtilis str. 168 (CAA97610)
Endoglucanase from Bacillus (WP 003231540)

Endo-beta-14-glucanasefrom Bacillus amyloliquefaciens (AGW99978)

Endoglucanase Cel3a from Bacillus Agaradherans (1A3H_A)
Cellulase Cel5g from Pseudoalteromonas Haloplanktis (1 TVN_A)

5. ETHEMFIINMELTH R Egab NARZGELER
Figure 5. Phylogenetic tree of cellulase Ega5 based on amino acid sequence. The numbers of nodes indicate
bootstrap values and represent the percentages of 1000 bootstrap replications in which the taxa to the right are
placed together. Accession number for each enzyme is showed in bracket behind the bacterial name.
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6. EHFRIAFAKI pET-egab HINEGLI L IE

Figure 6. The recombinant expression plasmid
pET-ega5 was verified by double digestion. M: marker;
1-3 are verification results of extractive plasmid
double enzyme digestion for 3 transformants.

(A)

(B) kbDa M
150—
100—

70—

50—
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Figure 7. Ega5 induced expression assay. A: plate
assay; B: expression product SDS-PAGE analysis. M:
marker, 1 is the expression product containing the
empty prokaryotic expression vector pET32a, 2—4 isan
expression product containing prokaryotic expression
recombinant plasmid pET-egab.
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Figure 8. Determination of enzymatic properties. A: The optimum reaction pH of endoglucanase; B: Effect of pH
on enzyme stability; C: The optimum reaction temperature of endoglucanase; D: The effect of temperature on the

stability of the enzyme.
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Table 4. Effect of metal ions on endoglucanase
activities
Relative enzyme activit
Metal ion id d
1 mmol 10 mmol
Na" 102 102
K* 99 101
ca?* 101 121
Fe?* 98 105
Mg** 105 116
zn? 99 99
cu? 96 97
Pb?* 95 60
Hg** 96 73
Mn?* 99 109
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040 ORI s BARGIHIATIRHEELE KB R
g 0.30 Table 5. The inhibitory effect of the recombinant
§ g.gg / enzyme Ega5 on mycelial growth of V. dahliae
E 015 Trestment Diameter of V. Inhibition
5010 dahilia/cm rate/%
Oﬂg , . . . , . Recombinant enzyme Ega5 1.5 55.88
0 0.2 04 0.6 0.8 1.0 1.2 Control 34 -
|S]AmL/mol)
9. E4AfE Egab RINUEI Bz 3 W@

Figure 9. The Lineweaver-Burk graph of recombinant
Egab.
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Figure 10. The activities of the recombinant enzyme
Ega5 inhibited V. dahlia. A: negative control; B:
enzyme Egab.
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Cloning, expression and function of an alkaline resistance
endo-glucanase geneisolated from guts of earwig

Junmei Chen, Wenpeng Li, Suya Zhao, Bingfen Huang, Bowen Wang, Fengli Hui,
Xiaoyan Yin, Qiuhong Niu’
College of Life Science and Technology, Nanyang Normal University, Nanyang 473061, Henan Province, China

Abstract: [Objective] To provide some theoretical references for further research and development of alkaline
cellulase via obtaining a novel alkaline resistance cellulase in bacteria from intestines of earwig, and heterologously
express, characterize the functions of the enzyme. [M ethods] First, we isolated the bacterial strains from earwig gut
samples in Nanyang Baotianman National Reserve Area, Henan province, China by primarily screening according
to Congo red plate methods. Then, we obtained and identified the bacterial strains with high akaline cellulase
activities by phenotypic and genotypic characteristics. We designed degenerate primes according to the known
endoglucanase gene sequences in GenBank to carry out PCR, analyzed the cloned sequence, and expressed the
enzyme in Escherichia coli BL21. [Results] We obtained one bacterial strain with high alkaline cellulase activities
named strain Q5. The bacterium was classified to be Bacillus methylotrophicus. The full length of a cellulase gene
cDNA (1500 bp) (GenBank KRO067575) coding region was successfully cloned. The homogeneous analysis
demonstrated that the deduced amino acid of the gene showed 98% similarities with the alkaline B-1,4 endoglycosidase
from Bacillus sp. 2190 (ALE32753.1). The activity of the recombined endoglucanase was 3.46 U/mL, which was
1.69 times higher than that of the wild Bacillus methylotrophicus Q5 (2.05 U/mL). The highest cellulase activity
reached 4.99 U/mL after orthogonal experiment. The properties of the recombined enzyme were determined. The
optimum temperature and pH value were 50 °C and pH 8.5, respectively. The enzyme maintained over 80% of the
origina enzyme activity at pH 8.0 and pH 9.0 after incubated at 50 °C for 48 h. The enzyme was stable below 50 °C and
the activity decreased sharply above 60 °C. The activity of this enzyme was activated by 10 mmol/L Ca?*F1 Mg?*. The
values of Ky, and Ve were 2.217 mol/mL and 9.606 pmol/(min-L), respectively. The enzyme showed obviously
inhibiting the growth of the cotton pathogenic fungi Verticillum dahliae. [Conclusion] It was the first time we got
an akaline resistance endoglucanasegene from Bacillus methylotrophicus isolated from guts of earwig. Our
findings will lay atheoretical foundation for the application in alkaline environments.

Keywords: earwig guts, dkaline endoglucanase, gene clone, heterogeneous expression, enzyme characteristics and functions
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