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Advance in research on degradation of crystalline cellulose
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(1.College of Life Science, Yangtze University. Jingzhou 434025, China;
2.Faculty of Life Science &.Chemical Engineering, Huaiyin Institute of Technology, Huai’an 223003, China)

Abstract: Due to increased consumption of fossil energy and its pollution to the environment seeking renewable
and clean energy has become the focus of attention in many countries. Lignocellulose is the most organic poly-
mer on the earth, which has great potential for solving the energy crisis, but it has not been effectively used,
the existence of the crystalline region of cellulose is a major problem hindering its degradation. This paper in-
troduces the structure of crystalline cellulose, decrystallization method and potent degradation strain; the
structure and function of cellulase; degradation mechanism of crystalline cellulose; genetic engineering and en-
zyme engineering modification of cellulase. It is underlined that should increase to excavate for the excellent,
thermostable cellulose-degratdaion strains and thorough study of related function mechanism of carbohydrate
binding module, it is of great significance for the efficient degradation of crystalline cellulose.

Key words: crystalline cellulose; cellulase; mechanism of degradation; carbohydrate binding module; cellulo-
some; swollenin; renewable energy
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VENRE IR TT % A BRI B R 5
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Bt K Ar T Ak R R £F 4 2K R AR A TG i i
A B EF2E NS L B T 22 16 6 0 = 10 8 3 - xfE DA
REEMACAERSY . N, A 8% L RAR T4 5
14 S B A T R o PR A IR R SR 2 4 2R 1 3k o S0 1) 45
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9B A BE R HEAE FH . I 2841, [ N A0 X 45 b 2F 4
RSP R CBUS TE ORRY R A SCEE S AT 2
RN SEHE 2T AE 2R T A 5 ik AL | ik A TR R R ek
G AT LR AT H R R R,

1 AEZENEREHARERERER

L1 SFYERM SN

YRR F R R ZNAIR Y. W4
B I B-1 . A-H T R O 1 A TR KB T
TSI 10 R BT A 4 4 AL A BT A SR
MR AR S 2 AR N L e R 2R T
O SCHY BRI 73 1 10 10 5 £ 2 3R 2 bk b R
TR A F A R TP A S 5 AR R
SEIE U | Rl BN (EL A A T [R] — 27 4 3R 2 Hl B
TR LA AE T R4 B0 21 4 3R 22 M BE 22 ), stk A R i
SHEIE LA P 28 S5 A (A KR R L derp i 2
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1.2 R4S 5 BRI S5 b

£ 4l KB S5 hERAR 2F 4R R P B0 R X RV
FRA B 0 L 5 25 24 3R 04 40 B 2 PR T DD AR G JE
REAERB Y THMNELSH Y, FRXHEIET
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PO B R E S A 45 5 S R e 0 B Rk U T R
IR AT Ak 28 205 W 2 2 418 o B TR R 30 1) — S B 19 T vk
AT B 3 AV 0 25 5t 4T 4 3R I Rt . ST AR R 45 T
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MASI3C-NMR J7 i %219 fif 25 iy 07 1547 HLBOR
TR L 28 VAR T LA R T I L B P I TR L R AR ) Ak 3
SELl YRR BN B R S Fenton 3 5 Bk G X
Tl it 2T 4 2% oAb B S HE AT AR L 00 SRR 9 7 R R Ak
22.9 g+ 100 g ', XFEFYER WAL T AR 2, SR
SEAF Y A W) 5 1 B B G R I A S5 1 X T 4 R
17 WAL BRAE IR L2 A 45 48 31X 0 T 45 i 2T 46 3% 1 1 it
AEEEL,
1.3 &5 21 4 3 00 P it v

AT E R R R PR B LU i B A 2 R
B Caldicellulosiruptor J& 7= & 4k /MK ) AT 1 W &
(Clostridium) . F= MK F KRB JE (Trichoderma)
LA 240 i 45 5 75 e ik AL T 79 e TG e 2F 4 T8 (Coyzo pha-
ga hutchinsonii) %5 fg g WA, fy 0 R T A Siig 1B
T Y £ 4 Rl B FE MELF R K T X 4
2F A AT AR SR Y R AR AR ) SO AR PEDS L 2 i i g
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2.1 LFYERNG S TR S5 R hE

EIPNEZA G TN N i S B SN DR
P45 #9358 Ccatalytic domain, CD) FI¥E A 1615 F 1 Bk
KA W) 45 5 45 49 38 (carbohydrate binding module,
CBMD) FI%E # Ik (Linker) ; 8027 4 R [ AN B % CBM
ZER LNk B AL acidocaldarius . T. maritima W
P PIEF4E 2 W Cel9A Fl Cel5 A
2.1.1 MBS CD XF£F 4t 2 oK fig B i AL
PR B AT R . B XTS5 0 i Clos-
tridium thermocellum W) £F 4k % fiff CDVY s} & B, £F
Y R W5 G W) R DD M AL T — S KRR ETIE L
B BEE L e R AT 4k B 0 AR 8 I R i D) T 41 4
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Table 1 Excavation of thermostable cellulose-degratdaion strains in recent five years all over the world
g e it B AR 4K TR B
P Temperature of TR ke YR % 2% Sk
Strain name optimum enzyme Strain sources Reference
activity or growth
KE SW-04 Trichoderma SW-04 70 C 2 HEAN Cow dung compost [20]
NG PRBR ZFf AT LY7 Alicyclobacillus 1.Y7 )
) 65 C iR Hot spri 21
+ ZEHATE LYS Geobacillus LY8 fhi ¢ Hot spring [21]
+ &\ XM5 Aspergillus terreus XM5 65 C 4L 15 R Paper mill sludge [22]
WM E DY3 Thermobi fida fusca DY3 65 C T FLFE 5 Rice straw sample [23]
W R L HC .
okt P ) . 65 °C 2% Horse manure [19]
Thermoananaero bacterium aotearoense HCp
i 5 ZE AT I NP29 65 C JE& 2 5 F 0 4 [24]
Bacillus subtilis NP29 Rotten straw and humus
Wi 2 HFT I (BY-3 Rl BY-1) 60 VU JECH 1) 38 S 36 HF Gastrointestinal r25-26]
Bacillus subtilis (BY-3 and BY-4) tract and faecal samples of Tibetan pigs 7
TR (CST, CS8) X
) 60 C RS C st s 1 27
Clostridium thermocellum (CS7,CS8) HER#E i Compost sample [27]
B 24 FF 8 (ISO1, 1S02) ‘
60 C 2% Goat ma 28
Clostridium bacteria (1S01,1802) 3¢ Goat manure 28]
FKEFHATHE MGT 65 C LL A ARITR [29]
o
Paenibacillus barcinonensis MG7 Sediment samples of mangrove forest
IEFR T S14 A
i 70 °C 74 Agricult sidues 30
Clostridium thermocellum S14 AL B 5] Agriculture residues [s0]
7 R AR EL:SY il
TR AE R B 79 N [ S e e 2 (317

Seven Caldicellulosiruptor sp. strains

Different soil, mud and compostsamples

B4

2.1.2 KM EY ik CBM & & A ik ih
1 A0 U Z 0 BE 1 I AT LLUE Ak 25 0 S8 T Y
B BT B o T 4 2R i O R B R R 2 — T il IR
HERY N sl C i, A ECh T i), Jl g iE kS CD
A0 SR S IR BRE R 20 R BE K it i 1Y) CBM g
e R b 41 3 o AN R I OE AE AR TE DT AR
2 2 22 W TG PR A AL S B AR R AT 1] AR T LA A
TIg- ., RS — 2L B 5T R CBM 2 — i i ik A
B IR SR R B 46 A 2T 4k 2R 00 A SRR B A
R R 3 AN [ T B R R Y CBML I Bk R
FALEE & B CBM BE B 4 = £F 2k 3 i Al 0 L o e
BTG . B CBM B B fE W1 5E 7. Reyes-Or-
tiz Z57 4 CBM B A B CBM /Y U 4F 4t 2 il b
KB P T 3 A%, CBM AR A BEf% 45 5 2T 4k & il 7%
2T 42K A AR B L I BE B R G XS AT 4 R A DT RE )
T2 5 CD BYHEALRLR . A HE AR F 2F 48 R i 5 S
(92 BF  CBM $i 5 21 24 2R It 1l % 1% AL o B n 52 2% i i

— BT
2.1.3 GEEIK Z4EREER CD 5 CBM ZIadid —

BRI Lo BB AL 19 38 B2 IR (Linker) ¥ 4% HU £F
4 Z WA Linker %2 1 K& 1) Pro.Ser Ml Thr # &
H %, g1 B ¥ Linker W) & 4 Pro Ml Thet*Y, 41 & Lin-
ker i) Pro it B EAZ AWM WS 2 B2 H DK
O—WisE . X Linker & 1fi ol DL 28 21 4k 2 il 1% . (2
J& Linker TN REAE AT 2k — B 05,
2.2 BESEHLE
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R e 4 T ) D 5 T A4 2 Tl 4 IR ] 6 foe ML o) AR R ST 1Y
LR /IME (2T R 2 52 5 80 B BIL I AT AT 5T
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PR S BP9 BI-B-1, 4% 2 b5 B Cendo-B-1, 4-glu-
canase, EG) ., #M YI-B-1, 4-% B B¥ i (exo-B-1, 4-glu-
canase, CBH) F1 3-#ij % #% 11 i (3-glucosidases, BG) Z
6] A Bip I L £F 4k Z 5 CBM Z [t 772 7 B IRl /R FHE
2.2.2 LRYE/NKBEMEBLE] L7 4R /NS K A 45 5 2R
Y 2R FIRE ) 20 P BE 220 ) RS R 2B SR, X
Z WG G VRN & 45 Tl 41 4 25 R0 2F 4k R 1% g il T
PL—F i 2 A 19 7 sCHR S o D 7 21 2 3R K 2 2 4
F YRR B = B E RAE L A Y iR
HI TP O A, — R S R A M SR E A
(scaffoldin) , [T A £ 1> i% B Bt (cohesin) , BB 5
il 73 1 B 4T 3 M e (dockerin) B 50k 45 &5 95 — 3 4>
A TS PR 25 R . 2R 4E/MASE S g ) CD iE

IR
Cohesin domain

CBM&544
Cellulose-binding domain

HHHEREE

Dockerin domain

TR AN B e A B D S T AW
(E D ZEW Ry R CD [a) B[R] 4R F 58 500 25 5 21
i T N (E R 2 S IR GBI N i £ R (= KL
AN

2.2.3  HHAEES A R AR S5 2 /N R 1 25 2 2R R L
Wilson""™ & B, I 40 04 ey [ Wk 2F 24 71 R DR A1 7™ 3% 3
W2 22 IR AT H (F . succinogenes) X} €1 4 2 0y & WL 5
IR TP RN ARE 3 T A R 2T AE K R i AOR T
X T AE 2R 0 LR A, HML AN LT B0A 38 JEORE Y 77 A
BRI AR 45 fi 2T 4 38 9047 = RO At . T 4t 7 DR A
G300 JE MU S 1 £F 4 3R LS 7 AR A e /NR L E AT
P 2T 45 2 il 5 200 1 25 D AH O, 38 300 7T BB A7 AE — T BT 0
YR BEMALE A T — B,

itk

Catalytic domain

-

\‘~ . ’,-"
&>

b 4
X P \. il
e:‘-(:?::atiw:,_ﬂw: ol A AATE I,

P A AN
Ll Il Il A e A A A A A
AN AN AN ONAD O AN AT ONATI O AN O ONAD
i

-

#74 Z i Cellulose chains

B FNMExFEZNELNEEY

Fig.1 Catalytic mechanism of cellosome acting on cellulose

224 KN TR B IEIK K (swollenin)
W Saloheimo 7E £F 4 2 [ fift B 18 B [C AR B (Tri-
choderma reesei) W1 & BIEY , L H M fE#F S+ W
& ik % Cexpansin) Ml . # swollenin & [ Jit 45 #4) i)
N-dii & — D BE 5 £F 4E R v Wi P45 5 1) 5 1 CBM 4%
F 0 C-ii 45 48 S AE W) I Ik R &R A S5 i L, AR
W, swollenin BE R AIK 18 40 19 58 B2, g i AR 2F 4k 25 14
Y Jry PR IR s ELAS 77 A ik Al . PRI B swollenin
AT B TR 4 i 41 4 R %) AU X 45 4540 L T T 4R 4 K 4F
A3 HE AT, BT IE & L, swollenin i 7] L 5
PN )T 4 2 il D13 ) 1 P e e 45 ot 21 4 3K i d 4 0 7
A 1 34 DO 1) R R B oK € B 20 AT swollenin 1Y R ZK i
PERM ARG 10 BRI SE & B, swollenin X £F 4E %
WA AL T PR U1 4T 4 2% it R 2T A A K it il 174 7K fie
TP,

2.2.5 4R AAFEMALE L AE 1965 4. Halli-
well " &I, Fenton [N 77 A 52 3k [ il B X0 4F 2 3%
RSB REfERE 1 IR 8] T BRI IE. E X

[38]

AWEFE R R AL 1 b B R A 27 2 K A K i YIS
JECVE R B IR 7R — 2 B B b BN 2 4 3R 1 [ ) B
BER A AW BONAR ZR v SR A ) R AR A B A ML AR
IR 5 B — B 5

3 FRAHRBHOERNTIEMEBIRE

KR ET Y 2 W5 3 06 P R 5 O FL 7 AIC, B 4
T R DR TR ORI K R L Ry £ 4E R WO
PAROIINE Sh:(1 5= 5 A 3 S OE €2 EE 7/ L 1 DO i
H o HL A RE R A LT 4E R B N ] B SR TR
ME AR A5 DRI TR B Y £ A 2% O TR A AN v
AT 5 U5 R 0B A 1 A7) B ) e A ) R [ K B 4T 4
TRHEOK ARG TCcoh ) KL, ST AR KW A e b i 3R
Ko T YRR G R B R GK RG] LUK 2T 2 R e
AL R GRS AELTAE R SRRy AR P i Ft b Al T
TR AR T K i AR BE LA, I Tang 585
TR R R R T 95K H S. fibuligera JA. ni-
ger Nip35 Hl T. reesei QM9414 ) BG, %Rk H S.
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fibuligera W) BG A LL4r Wb B ML A0, 55957 72 h B0 Gk
5.2 U« mL ', W Z 1 438 2 /9 Y G 2SR £,
[7i) IR 5 P i B3k A R 7 s % 72 A5 BOR T BERE 8 1 72 41 4
ZE it v 0 A B DR A DR L A ke B R R ) 5 B AE
7208 C. hutchinsonii 19 chu-2103 Bl , 5 B 4 A&l
HRRST FEAS I % B chu-2103 2 C. hutchinsonii [ f#
L1 4R 2 B R B YA dE R, (AR I R G Bl
AL LT HE R B IF H A3 i chu-2103 4% 7T RE 53 A
T C. hutchinsonii W HIEFEMH .

A BT AR S A5 2T 4 2R Ak L 1) ol Al A
M — AR EEIRAR B REEARE . D & 2 AR AR E
it A% rp i Ty Al M 2R R L gk BT 5E i # #E chu-
2103 RIEMRE M AE M R I chu-2103 W B £F 4k 2 1A
LR S P e it 19 O B 2B TR Oy W97 5 2) T 58 Tl 1Y 72
P 0 30 G R R R A R TR R
Bl XynAS9 (1 #FRE 1 5 3) 1 80 5l 18 1 1l 4 ) i
5, Reyes-Ortiz Z£B2 Hl Crouch 217 i CBM
FbA I AR AR 5 DL M Sammond 281 Linker
A6 i 1 30 25 910 3 o 7 T 24 2R T ) T

4 FROTEREROAREE

55 A 2T YE R A BUR S5 MY T BT i B9 K A8 R
W, BELASF T 00 RT K M S O SRRl
VAR R . DRI O i 405 T 2T 4 3 1 G B AE TR
ik 140 R B P B R e Tl A 2T 4 R LA R L AT
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