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Cloning and expression of cellulase gene from a strain of cellulose
degrading actinomycete
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Abstract: [Background] Cellulose is abundant in the nature, but difficult for natural cellulase to degrade,
which is a barrier to the extensive application of cellulose resources. In recent years, the degradation of
cellulose by microorganisms has become a hot research topic. [Objective] A strain of actinomycete Lbl
with cellulose degradation ability was screened and isolated. The key cellulase producing gene 5676 was
determined by whole genome sequencing, and the gene 5676 was cloned and transformed to be expressed
in Escherichia coli. [Methods] The cellulose producing gene was connected to the expression plasmid and
transferred into the expression strain by genetic engineering technology to investigate its ability to degrade
cellulose. [Results] 16S rRNA gene of the strain Lb1 was sequenced, which was determined that the strain
Lbl belonged to genus Streptomyces and was named Streptomyces sp. Lbl. The expression vector of
cellulose producing gene was successfully constructed, and the expression strain Escherichia coli
BL21(DE3) was introduced, and its cellulase production capacity was higher than that of the wild-type
strain. [Conclusion] Cellulase gene was successfully cloned and produced by genetic engineering
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technology to express cellulase, providing reference for large-scale application of microorganisms to

degrade cellulose in future.

Keywords: Cellulose, Actinomycete, Cellulase gene, Heterologous expression
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KGR, BRAIEST| A —SRF T4 4
ZREM I S A SR AR T H 35
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FH o 1A W) R A 2 4 3R OGS AE T L RE 15 7 AR 27 4
R, HEON T2 4 R B R F s i 2 02 ith
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J&, F Nde 11 Kpn 1XUEEY], 2hifblalfich B, 4R
J5 4% pETDuet-1 25 SOk [RIFE (A B, 2k [a]
WoUR SRS 20 R BE i . S8 AL E. coli
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7 At $2 OO D5 UE AR AR B9 T 4 3 UORL
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BELZS w7 4
125 HHEMEAREFROLE
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T LB WiiARE S 3k, 37 °C. 180 r/min B35 %
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i, IR M TCRE KRR 2 IR G A 1.5 mL 1iiv%
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B 100 pL EEZ MMM A 5 pl =4 kL
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RIBEG 1. AWF5CR A DNS Bl dAbE, o
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Table 1 Colony and degradation cycle size

AR PR A P AR WK ERE R ER R B
Strain ~ Degradation circle Colony Degradation circle/
name diameter (cm) diameter (cm)Colony diameter

D1 2.6 1.75 1.49

D3 2.7 1.90 1.42

D4 22 1.50 1.47

H1 2.3 1.16 1.44

H2 1.8 1.15 1.57

Lbl 1.4 0.45 3.10

KNl J2 35 B P A R /NS e A 3R TR Rk 1Y B i B
77, LUK 3 I B EAR S TR T BRI
TEARFRTHER I ERERE T o TRIPR Lb1 1Y AR HUE A
R 3.10, WIS TR Lol AR AR RE ) ik ,
R ERE AR Lol 10 H bR MR TR 225500
22 BEMBIETE

W HIRR Lol MIF 50 16S rRNA LR P A48
% NCBI 1 GenBank (4% £ L) &z EzTaxon 23 % 3t
TEERT, S5 FRBBRME Lbl 5 Streptomyces J& M
¥k Streptomyces thermoviolaceus subsp. apingens
(DSM41392) 45 S R AR (R 2), 999.93%. fiiH
MEGA 5 ARG L ER, MR ] LIE
H, FRE Lbl SRR Streptomyces thermoviolaceus
subsp. apingens (DSM41392)1E[A]—4r 3 H (K 1),
K, M4 16S rRNA BT RGEAb 54T I
JESFHE, #E WK Lbl 28 Streptomyces J&, 44
N Streptomyces sp. Lbl .
2.3 Lbl & EREEAF D
2.3.1 Lbl BYEFEBFFE

WP P25 5 K, Lbl WeREHE h—5%
2 184 066 bp HYSEREIRYL AR BT, BEHR/ A
6 275 290, PFiE%L 284, (G+CO)mol% & i /5 H
72.45%, itITHECE 5 806 4, KEGG AR
28201, COG HEPRITHRAE N 4 285 1>,
2.3.2 Lbl H GO Thie %

Lbl # GO IhRETERASRME 2 Fis, A
2 STAANSER A BRI Re e X, k15 T 12 956 1
GO IhAETERE. TEFTA GO VERH, A 3 84710
SrFIIRe, 4 28.5%; A 3068 NNAEAE, &
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£ 2 HEH Lbl 5HMEHRE 16S rRNA ERF LT
Table 2

16S rRNA gene similarity between strain Lb1 and other strains

ThlE 44 Ffhnis) BRT ARALLEE JERESE
Hit taxon name Hit strain name  Accession No. Similarity (%)  Completeness (%)
Streptomyces thermoviolaceus subsp. apingens DSM41392 768095 99.93 100.0
Streptomyces thermoviolaceus subsp. thermoviolaceus DSM40443 768096 99.41 100.0
Streptomyces mexicanus CH-M-1035 AF441168 99.12 100.0
Streptomyces chiangmaiensis TA4-1 ABS562507 98.81 100.0
Streptomyces chromofuscus NBRC12851 AB184194 98.60 99.8
Streptomyces bullii C2 HES91384 98.59 99.2
Streptomyces glomeratus LMG19903 AJ781754 98.38 100.0
Streptomyces thermoalcalitolerans NBRC16322 AB249909 98.38 100.0
Streptomyces thermocarboxydovorans DSM44296 U94489 89.29 100.0
Streptomyces thermodiastaticus DSM40573 768101 88.59 100.0
72 Streptomyces chromofuscus NBRC 12851 (AB184194)
469|£ Streptomyces bullii C2 (HE591384)
Streptomyces chiangmaiensis TA4-1 (AB562507)

65 —I:Streptomyces thermodiastaticus DSM 40573 (268101)
72 y ] y

Streptomyces thermocarboxydovorans DSM 44296 (U94489)

Streptomyces glomeratus LMG 19903 (AJ781754)

Streptomyces thermoviolaceus subsp. thermoviolaceus DSM 40443 (Z268096)
l Streptomyces mexicanus CH-M-1035 (AF441168)

57 Streptomyces thermoalcalitolerans NBRC 16322 (AB249909)
‘—SIE Streptomyces sp. Lbl (MN545439)
77 1 j

Streptomyces thermoviolaceus subsp. apingens DSM 41392 (268095)

1 B¥k Lbl T 16S rRNA EFEME I R G kvt

Figure 1 Phylogenetic tree of strain Lb1 based on 16S rRNA gene sequence
T ARADE 1000 WERIBFAEA D S BRIk HERE P KERT 50%.

Note: Bootstrap values (expressed as percentages of 1 000 replications) are shown at branch points; Only bootstrap values>50% are showed.

29.2%; 6041 AW AE, 15 46.6%. Frfi GO
HERE AT R 40 A5, 540 HHOCHY 3L
W2, N 44.3%. HEALTE M (catalytic activity)FlZ
M 454 (binding) HH ¢ LR 8 i fe 22, L)
71.6%H1 56.0%, - HA 178 AFe N 55 i
(transporter activity)f &, A 165 IR 5 IRES
A 5 I (nucleic acid binding transcription factor
activityyG 5%, A 30 NEER 50 T2 (molecular
transducer activity)f &, 157K 8 I 16 P (nutrient
reservoir activity) g X5, HA 114,
2.3.3 Bk Lbl BRRK L S48 MR RF

KA & W TEAR 2 A2 W2 D e vh HLAA B S i
7, 385 AR K AL G P AE G AT DA 2R A
BAEYAR S, CAZy BHEFEL =T bk
LGV IE R . S5 A Y58 . Xt
CAZy ¥#& )% (Carbohydrate Active Enzymes Database)
FRAS B KAk A W 15 P R v A O I AT &

Tho aniEl 3 Fran, FERPR Lbl A, Eo e 0 02
JK i B (glycoside hydrolases), i 40.81%; &
W ILAL RS [ (glycosyltransferases), i 24.66%.
2.3.4 Tk Lbl B9 KEGG {R5HER o 47

i3 KEGG MR AN, ARAFE R Lbl £
KEGG {F R (F 4). /n%ﬁﬁﬁgllﬂ 52t

. WEERALIR . R E RALIE . AP
%T%ﬁlﬁﬁﬂi%ﬁK%wﬁ 6 KA K, FEAHE
HRIA 394 SRR KRR A R SER, X
FER AT 2] 5 4~ KEGG pathway 8 # |, Ui
XL W DIFEIX 5 M@ B AR, X
SRR A S R A OC, TE I — > & 2R X
T MM N IR AE KR L Y B fIRE i, REHF
RS T A0 M A/ AR R A S i A B AR, KA

J A2 2RI A g A AR, X SERE D E A A A
[F) 14 T 2 A2 W R R R FRR 2K E’x‘ifﬂ%g*ﬁﬂ**ﬁ
V2 i i ) 1) P ) B R A 2o A PR A PR PR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1735

P . N N N
TR T —RRREARLT A 2 R (107 2T 4 3R AR A vg e 5 30k
M Biological process 41 800
30+ M Cellular component
M Molecular function
-1 600
25+
= -1 400
<
Qo
o B =t
2 20k 1200 g
o0 .ob
B =
g 71000 =
S 15 °
= 5]
= 1800 =2
3 =
° z
& 10l 41600
—1400
5k
I -200
0_ L .-’-___’__’ Il-_,N Il-----_ ‘_0
G355 53 85 oG5S S iSRS SRes 8t a2
Jooogo;“:é’ﬁ;oosoooogok“’ﬁ.oxlqg LGS RS T s S A e R e RS sR/
S S S 8 S 858y 558855 5857555555558
/S DIFTE LTSS o~ < I OUSS L§FZF SVIE S POl e -
[SSELTELOSFTLLTELS RE T5CF5TF |8 5555885545/
S8~ .9 ST LHEE L = ] S
55535725 855535525 |8 §F 8F )5 S5EEs5EsEs 5
/& O ~ S, ) / s ~ g 5 §=°S5%8
|2C5SS 8§ 0§85 £55&3 : £ /O S§ES288558 £
/ 2 .24 & -y o s w 5a / 5 Jas; / S5FSSS5<s 5/
% O x g ) S5 & IS / g ES5FTTE 3 .9/
/ & = 34 L = & S S / S5 S5L 5 5/
/ &5 .8 £0 Q5 5§55 I 5 g s5.99 5 5
/ st N g il / = F 599 L 5/
/ s 5 5 3 / §555° 5 7
/ s 5 F B F 5 /
/ %3 2 < < 8 s /
/ 1<l ) 13) > S /
/ S 2 2 B S /
/ ™ s 5 g g /
/ g & 3 g 8 /
5 S / / T g
/ S / =z = /
Cellular component Molecular function

Biological process

B2 E#k Lbl 89 GO &R
Figure 2 GO function annotation of strain Lb1

Carbohydrate esterases: 16.14%

Carbohydrate-binding modules: 8.52%

Polysaccharide lyases: 2.69%

Glycosyltransferases: 24.66%

B3 EH Lbl MK EY S HBEE EEN
Figure 3
9 TR ] 20 - A R AT TR M A3 o e g K
F, T A B BRI AT R o 4 B B S A
aORH A AR A, AT 40 A 0 aed e

MR .
MEFE Lbl () KEGG g hal A, Amss

PR K IIRAE , S 2T 4 R B AT G S

Auxiliary activities: 7.17%

Glycoside hydrolases: 40.81%

The carbohydrate synthase gene composition of strain Lb1

A 34, WE 4 PR, FgERETUIHEERE(3.2.1.4)
FE kAT JERIRS (cellodextrin), 5 H1 A-HIHE T i
(3.2.1.21) 43 fif U I HE , AT DL 218 (3.2.1.91)
I AT 4E Ml (cellobiose), Tt il w2 0 5
2 o ot ] LA R JE IR (3.2.1.9 1) Bl E N VI R
W (3.2.1.4) /0 AT i~ , 22 Ji T A At Pl
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3 s, Sy qERA CHEREA 31,
HAAT A LR O 29w 24 0 bglB Fl cbhA, AW
FEAEH S I B A B 24 1 HARECH 5676 (1%
DR A 7 v B HAE R T B h 3 31305 .

24 AHERMFRIEHARIEE

WA pETDuet-1 214k K i f 4 Kk A
pETDuet-1-5676, ¥ ALF KW DH5a, #kikse
Ve 7E2 W5 B R DU R LG SR i, il
RiFFOIRELS R 5 s, EATR 20T Nde 1
I Kpn 1 WYV, 48 1% B ARRE A i Tk 4t S

x3 SrEA%HRBAEXHNER

Table 3 Genes involved in cellulase production

NSRBI S BER 2R 5366 bp Fil 1 044 bp, ifid
X EE A RIR ORI Y, BIE B B AR L
H IR —2, 3 Rk B A ) o
25 AURMRIEEREE

VAR BT () 27 4 22 3R A% A\ BL21(DE3),
THEIFRIRR R BL21(5676), #4235 J5oki pETDuet-1 5%
A BL21(DE3){55%} B itk BL21(pETDuet-1), £
TWARRE TR TR DI S0 UE, 25 S anlEl 6 s, Hil
PEEATREMT, B BSHREHE -,
T AR BRI AL B A o

FEA SEN AR FEPIC FERBRIR TR 53 5676 HHLE
Gene Gene name Geng long (bp) Gene ID Defination Similar to gene 5676 (%)
32.14 = 1 044 Gene5676 Engoglucanase 100.00
3.2.1.21 bglB 1359 Gene0220 Beta-glucosidase 48.09
3.2.1.91 cbhA 1341 Genel 760 Cellose 1,4-beta-cellobiosidase 46.97
TE: - RgAMEERE 4.
Note: —: The name of the unnamed gene.
1 2 M kb

"
|

| —
—
e .
_—
—t
—
—
—
——
—

i
.

5 F|HFRIARKK pETDuet-1-5676 B3 iF

Figure 5 Restriction analysis of expression plasmid
pETDuet-1-5676

W 1 EAUTRL; 2: 4 Nde 1 F Kpn 1 AUEEYI G B LLT0RE 5
M: 1 kb plus DNA ladder.

Note: 1: Recombinant plasmid; 2: Recombinant plasmid digested
by Nde I and Kpn 1; M: 1 kb plus DNA ladder.

B 6 RiAE kiR ERFKEEYIWNIE
Figure 6 Restriction analysis of expression vector in
expression of strain

T: M: 1 kb plus DNA ladder; 1: ZHAREIGHEH R 2.
2 Nde 1 F1 Kpn 1 WEED)E I TELUTRL; 3: SRV 173 BTk
Note: M: 1 kb plus DNA ladder; 1: Recombinant plasmid

digested by Nde I and Kpn I; 2: Recombinant plasmid digested by
Nde 1; 3: Empty plasmid digested by Nde 1.
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2.6 RiXFEIRAHEEEF RN E

BC IR TS FEIZE 0-1.6 mg/mL FO 47 BbR e
W, A DNS 5 A S WK 10 min,
AR 2 HEAE 540 nm B9 WOGAE i VE s vz h
&, WM L E LR AR
y=2.150x-0.057, HIEZREL R°=0.972 13, 435IHF
TR TR R & TR 25 2R PR R & BRI R CMC 22 e
Wb, A DNS Zeb ik A R nsE, S
XA 3 APATES, BOFIME, 458
Kl 7 iR

A LUE BN TR e R B A s b, Rk
PRI MR AR 45 28 R AR A B B 8 (P<0.001) Y AIE HF
SRYE R A AR VE DR AT DRI S 3k
B AR B 2T 4 K il
3 Wig

H i Ir & BRI 5% 1) R gt 27 4 R 10 i = 9 &
BN, FL AR ER AN E e, (AR
P RS 5 i & B R) e K, T DA v e L T
Hh e 2 2 28 il DR ol LA SR A i i K A R v
AT At PG ST P20, S AR SR AT 2R N
T -1 R B A P R e T 4 22 A LU IR R4 1400 25

0.151 JRecombinant strains
= Control
skokok
20
E o0.10F
5
=
S
Q
8
5 0.05F
&)
0.00

Strain

E7 EHERBAFHEZEENYE

Figure 7 Cellulase activity of recombinant strain

T rARRZERIR 3 DAY B A, 4% P<0.001.

Note: All error bars indicate the SE of the three biological repeats.
***: P<0.001.

FEPT AR 43 1 05 0 — ok AT R AR 7 i R A
PRI, IE A 21 2 R S L R TE R A i
Fik o XTI A BT 4k K R L R A pT Y R
TETIEH bglB RS cbhA, AW E WRHIE T
FEH 5676 72T Yk R ) S RE I AR A e Hh 3R
K, AT W G A 2 A 2R R 3 R P R AT Y
USTE
s s

AWRGE T Sk o B ) — bR A R R AT 4E R
DIREM AR Lbl, SEiklls FRHEIR, W
1 Streptomyces sp. Lbl. @I X) Lbl 4R 4
WF5rdr, RBHA 3 N SagERMRIAAHEH
BN, SEHUEE R 5676, th AT 4E R RN HUA
SO T L4 R BEAE R AT TR BL21(DE3) R
IR o X R TR AR A TR R VA ik 2T 4 3R 5 X H ™
WA BTN GE . R LT 4 R e ) 40
1o TS JHURE R R A TR o AR FL Y 5 B 5 AT
W AUTE LB T 20, (75 21 4 3= il 78 7 Pk
R B E R RS, A HAE Tl R R 4T T
R U B A
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