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Fig. 1 The evolution of TCs and the structure of CesA(Maodified from ref [5, 17])
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Fig. 2 The schematic representation for crystalline cellulose ultrastructure and microfibre
twist (Modified from ref [18, 31, 33])
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3 ZmAUZRHNERUBERENE

AT AR AT 4E R L AL AL B SR, 2
EEEZL DN IR NS % N R r e b SR LT PN AR
PERAL 0k 5 A 09 W B A S L R AR
HOKL IR BRARER . B TRASE, EESERIA
I e B TR, SN A GUR/NI A T
1T B /N H SEAETRET 22 £L B A R 2 s B
WL, AT 3 e FL AR IR 2T 22 R S B R 45 ()L
B WA R AT R SRR RIS L 2
MIBR ], E TR RN AR5t R R A 45 R

B, SEU NI FEA G I 8k % T2 mRA R & .
AWV T 5 B RS 2% A A ) B A, 25 R X Ui RS9,
A= 5 32 BRI P B A A AN A AR R 4T 4 35 250
I KB R AT v T ORR AT 4 R EE =
FIEER IR, DK R EE B T A Be % = 3L
VBRI 2 K S AT, R R SN
WA A AE L EE R AN R, X PR AE A B
fig 3k FEAS G 0% {68 435 o 2T 448 3 (10 405 5 FEE ) S PRI
3.1 BRAUAIEERTHE

KEM TR, PR KGR AE 08 B 3K 247 4k
B P gERMARRNENES, it — DaiR 4



2016; 43 (8)

RE, ¥ RAGRAEZNEYERREERLEE *751-

i £ Y8 2R 1 A 1 S B DX 24 LA A Sy O e TR 4
M(EAE SRS, AF4E R 5 TR A B2 4F T K
fiRben. W AT A BUFKF, ReBETETIET 2205
(AR HEE DS RA B By #, SR RmA
FFHES B 45 dn a5 i R e e Ak, iRt — P 4R
RS H i — B N AT 2 v 2R, Rk
ANZREERNTR, B4R R JE SN, ff
AR HEF R JE0E 2 (R S BERR, f313 BEAR T 2 22
IR RE, TR E B R R . e E
Hn KR W B (3R 2), HY W LAk — 2D 3k 2 B- bl
HHEM O Ji 1, AHILRENLINTRL, f 208 il i 1t
P SEPE BT R ) AR D, BEIERE, IoRER
)R P B 5 S AR R PR B, AT DA g it 41 4
FAKMRE S, ROARTE R BN H W
WP, Ja vl LABG I H By S8 AR B ) L
. IERMEALT 4 REK s B B ) 4 8 ) A
e, RIRARISFE S AWD: HRE R T
R Y T, BRI W RIE A1 A B- AR
AT AN A B R 0 s 5 o 2 e 9
1A o- B & FEAR R 1. AR RN RN
[CH ;0] + H:O" = CH,,04 + [CH,,04], + H' + H,0,
Fr i TG AL RE A 136.5 kI/mol.

WRERER . IR AT/ N ER AR 25 S 4 4 32 25 b
(R, I8 5 R AR = 0 1) B P R BT 5 e
PUBK RS A 4 2 P AR VA R SR, e T
g A MR E L. X EBER AR 8,
H i T & 2R e, MBS AE H lTA
ACRE M T il o 21 22 1) ' %55 HERRUTE J 1Y) DY 20 485 s &
¥y, RSB IE I NTRET 22 930 IER — 2 2 TR 1
SUBEIN L, [ B DT AR R A e R B R A
WEGKR 2), TR T H R FIREAR, —HE5M
FSCFR B B SR BB R, DRI 32 % o i Y 4F
ek, FIHBR ISR M 4RI, KMEHA
EAMASACHE. (IR P 8m. ARSI
R ERRE AR KR S A I SRS e, (H R A
WK B BIVE R BEff R 2 X PR 8 LR, 3 4k
TR SIS &5t Bk, 7EK
fil it R R D R (1 &, JEFE T Aspen-plus i A%
TR AT AR SR B 57 22 s g v Lo 1) J2 AR
B X e,

32 BFRAMGERAEZNERLITE

BT (ionic liquids, ILs)&—FHHLEEEY
B, AR — A 2 R R, n DAEHE
RAEF AR, A RS R BB B FE B 7,

AV A, MUR A N R BRI, ILs A
P5Sk EARBR TG R BN RS BTG 5, XA 24T
SRR I B, ILs IR TONAS, (HE 7 Is
TR NN 8T R8T A KE,
A DAHENTAT 22 9 S04 R SR 4 b 4 4 3 TR AL,
H 54k 1 = S5 MR K R T R AE 53 AR AR A
T SR A IR AR 4 R 2 1A AR
%, LI ILs 0 CI el 5 47 4k R 11 —O0H
TE R, IR REEE P RE I S 4, DR gg 3R]
DL R4 2R e /K T R AR 5 s KA BAE L, 3
C-2 {7 it v 9 55 i A B AR 5 0 B e Jik
RAEAE F s ),

R RAERNCMO B EHESEN
100~2 000 Jo& R A4 RATAEY), U5 A L
VRS HERKPAAER™ MW, TlkAE
;= CMC B R ILs 7R Vs, 5 sk
ik AY, S B R AR PR AR R IGE . 54 G IR K R A
b, DL ILs A L Ol R s s . faoe, Bt
BrE i — . B R ARG, TTH TR
IR CMC A e,

BT ILs @R RS R 45 fb A 4E R M RE 1R 2),
WS AR AT, HEAa4ERNE
XTRABEAT K. (HR 28 ILs XF 44 R B R 755
VER, AEREIETETE kv, JEF A %0E, Ttk
AP I SE A LR s MERERR, RNIX 75 EE A
KEMK RIEFINFAUERERRRS. £H
fRIAREFYER L RE R, RN E LS
AL FERE, (HEZ ILs RBEIRE I B 4T 4E R
HIAReR FH 27 4 2 By B A AT B, DR e — L2t
FEWIT T TE ILs fF7E TR E AR E S0
R, MIHEHT ILs FIBEEAEF, SRAS m 1078 &) M 5%
RS, S8k, BT EEE BRI A ILs 12
ARG AT Y R B AR T 7 1)

33 EMEEKBERAES

BARER . TLs AEf% 58 45 M 4F 4 &% 10 & ik,
I HEA PO R, AR EOR 134 B R
=) 2 S5 A AN R G B A A A AR P BT
TR, DR H A4 A 4 R PR A R S )
MR T2, & EER A YIBGILS 689 [H
TR AN ILs FEfR &5 AT g R A RN = EY,
YRR T UK IR EA TR 45, WFsF
RN R FYIR IR 4RSS, GEAM Ko s

RS



«752¢ £ FESEYYNIEHE Prog. Biochem. Biophys. 2016; 43 (8)
Table 2 The influence of crystalline cellulose conversion under chemical treatments
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Fig. 3 The cotton fibre space arrangement and the mode of diffusion barrier
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Clostridium-derived multi-functional enzyme complexes for

Biosynthesis of Natural Crystal Cellulose and Its Decrystallization®

CHEN Yu, ZHANG Huai-Qiang, ZHAO Yue, GAO Pei-Ji, WANG Lu-Shan™
(The State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)

Abstract Crystal cellulose that biosynthesized by the cellulose synthetase (CesA), is the structural framework
and the most important components of the cell wall of higher plants. During the process of biological evolution,
CesA aggregates on the plasma membrane and forms super-molecular terminal complexes (TCs) which have the
two types of arrangement: TCs and rosettes TCs, synthesizing [ « and [ B crystal cellulose, respectively. Due to
the unbranched structure, the adjacent cellulose chains can quickly stack side by side to form microfibre under the
hydrogen bonds and Van der Waals' force (VDW). As a result, tightly crystal super-molecular structure of
microfibre work as a natural barrier and makes it become an obstacle to the degradation which is known as
biomass recalcitrance. However, concentrated acids and ionic liquids can diffuse among the microfibre efficiently
and break B-1, 4-glucosidic bonds and hydrogen bonds, and eventually destroy the crystal structure of cellulose.
Crystal cellulose can also be degraded by biological enzymes, which is quite different from chemical treatments
which both require extremely acting conditions. Cellulases can hydrolysis crystal cellulose at room temperature,
but only the certain surface of microfibre can be interacted with celluases, so the accessibility of cellulose surface
further reduce the efficiency of hydrolysis. Therefore, the combination of physical and chemical pretreatments can
break the biomass recalcitrance and then cellulases can spread into microfibre which resulting in the specific
binding rates of enzyme-substrate increased. Finally, it can realize the degradation and conversion of natural crystal

cellulose with low-cost and green high-efficiency.

Key words cellulose-synthesizing enzyme complexes, biomass recalcitrance, crystal cellulose, decrystallization,
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