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Abstract: Biomass, including agricultural and forestry waste, energy plants, and microalgae, possesses both “energy”
and “substance” properties, making it a promising renewable resource that can potentially replace fossil fuels. The
efficient lignocellulose bioconversion relies on the development of effective biocatalysts. Clostridium thermocellum
(also known as Ruminiclostridium thermocellum, Hungateiclostridium thermocellum, and Acetivibrio thermocellus) is a

thermophilic anaerobic bacterium that can efficiently degrade lignocellulosic biomass. Over the past two decades,
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extensive research and development have led to the potential of using C. thermocellum as a cell factory to produce
various energy and chemicals from lignocellulose. C. thermocellum has been used to produce ethanol, butanol,
isobutanol, hydrogen, lactic acid, medium/short-chain fatty acid esters, and fermentable sugars from lignocellulosic
biomass. The degradation and utilization process of lignocellulosic biomass by C. thermocellum mainly involves
substrate recognition and hydrolysis through the cellulosome, hydrolysate uptake through ABC transporters, and
intracellular metabolism via atypical glycolytic pathways. C. thermocellum possesses dynamic regulation of
cellulosome production adapting extracellular substrates, which enables the high capability of degrading various
lignocellulosic substrates. The cellulosome consists of non-catalytic scaffoldins and multiple enzymatic subunits with
distinct catalytic activities and has broad applications in synthetic biology as well as lignocellulose degradation. In
addition to lignocellulose refinery, the thermophilic C. thermocellum also has great potential in synthetic biology
research under high-temperature conditions. Several genetic manipulation tools have been developed for C.
thermocellum, although greater challenges have been encountered compared to model organisms such as Escherichia
coli. The genetic tools include homologous recombination technology, Thermotargetron technology, and CRISPR/Cas
systems, which enable gene knockout, insertion, replacement, mutation, and expression regulation of target genes in the
strain. C. thermocellum has been used as the whole-cell biocatalyst for lignocellulose bioconversion through
consolidated bioprocessing (CBP) and consolidated bio-saccharification (CBS). CBS follows the concept of sugar
platform construction and shows great potential in real-world applications. The synthetic biology research targeting the
CBS strategy still requires future development. For example, we need to explore new genetic tools and thermophilic
functional elements for C. thermocellum and improve the efficiency of gene editing. We need to strengthen research on
the genetic, physiological, and metabolic aspects of C. thermocellum, and the molecular mechanisms underlying
lignocellulose degradation. It is noteworthy that, as a strict anaerobe, C. thermocellum cannot be used as the chassis for
catalyzing oxygen-involved reactions. Selecting suitable metabolic pathways and target products will be the focus in
future developments of synthetic biology based on C. thermocellum. Therefore, we need to investigate additional target
pathways and products for synthetic biology development. In recent years, automation methods and artificial
intelligence (Al) technologies are being developed rapidly and have been applied in various synthetic biology research

fields. Such technologies may also be employed to promote research on thermophilic and anaerobic microorganisms.

1. Biomass 2. Cell factory
e — Cellulose

™,

Anaerobic tank

4. Biofuel molecules 3. Biomass bioconversion by
and chemicals Clostridium thermocellum

Keywords: bioenergy; Clostridium thermocellum; cellulose; biofuels; cellulosome
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Fig. 1 The whole process of substrate degradation, sugar uptake, and cellular metabolism by C. thermocellum
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FESERGER I  B, RE R AR  RE AN G R
AW B T SR . B B A R AL
&, B 5 AR S L 5T A LT[R ISR AN TR
WL T R . 2005 4, 8 E 5 e BB Tl K&
Zverlov 25 BT X B Fk ATCC27405 (1) 3 [R] 20 5 &)
177500, RILIRA R o R 2 b g i 1 22 /0 71
NP NI Sy, Hor 47 NS R Z AT R R
MAS T RETAL ar, MATT — RR FRET AR B I AT 4

T TEARAS S, e T SEREN 134N
oy, QFEIFPZFTA Y S E RS 45 . 20074,
5 [ AG b 04[] 5% S 56 5 () Brown 25 100 15 ki 08 2
ST B RIEES] (microarray) 7 V4R T IV AR
B ATCC27405 F 5 F 0F 7T . 2015 3 [F 476 T
K £ Chou 25 10 i) F % 56 4H i i AL o 4 ) 7
T TR B (e B AT 0, TR T 2590 4
B ron, HAa4% B2 AR, X481 N
IAET 4 TR TR 3 R 4 R 3 S R I T e R T
et LR B A LT SO AO S, 2014 4835
B SR 5 50 Wi 2 B 1) Lynd BRARZH " 15 KR IE T LT
2 B DSM 1313 £ 5 258 I T 1 i 2K 6 25 75
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B, 2020 4 3¢ B AR 0 [ 5K S5 = 1 Jacobson
S5 BT E YGRS T TR B R AR BT A

3.2 HEEKRICREAZFHG

AR A 4 ME M RIE 5 R VA %,
IF) B G JE 40 e i A e DA B i T e AR JEC 47 B AR
PRI AR O, DR Uk i B A AT R R A& R
O 2E 22 K, T DAY ON J i R 2T T 1) JEE D o At
LIS RS, 487 T A 5 B0k e T B A o B
TR 2, #2800 s AR 20 R H
fE LAl . 2007 400 EE K R dd oK 4 1 Glod A
Martin " %f FEF AR B ATCC 27405 15 £ 4 — 4 Al £F
Yok LKA MA Y MR ST T EEEN
R M, FERIE T NG NMEER, K
BL£T 4k 2 41 U B A GHO 5 (1) 3 V) Bl £E 27 4 %k
() FE S 0, GHS S 1) P DB FD 2 £ 4 &
il (1) = B ) S8 2 BRI . 2011 48, 95 [ B M B AR K
A S 3 3D 43 RS Fox URAZL ) W 72 1 49 1) LA 2T 4
RN £ 4 — W N e R 25 1% % i AT R T ) A o
M, 1E3189 AHE A HH A Il £ 2846 4, 4r#T 1 IKY)
R R IE AL, 2017 4F, £ EAEHHIE E X
S56 % ) Poudel 55 ) 1B T FAET R 1R 7E s 1R TR A
BN EAKKARFEEET, %3R4, &0
R A FNAC U 2 = PP 2 = s L, b 1 AR R A B
fige Ao A v A ) A 3 R PR AR AR AL o O AT AR TR I
B R S A OB NI 7/ L AR T
Fotor o Rl A R A A R A K B B T S
S ARG 2 AN E GRS T R %
it bE e 4 24 IF 90 o I S8 LA 2 2R T T IR TN R
2T MR T 1 2T 4 /N A 2k AR T 8 9% 1 B R, AR IR
JES 0 B4 R0 = ) A Rt AR P R SR BRI BT, AR AT
PR T A s AN 2 HF R SRt 1 At .

3.3 REHRTEFRRIAZFHAR

B T EFAE R AR H AT, AR E
Ie] 2 A B U8 BB AR & SRR T VR 2 BT AR RE
) SR AR TR B, 0 I L TR B R A 2 B TR R T I ER
R B AR R 7> 7L . 5% [ 408 KA
R U [ 58 S 36 & O T 7 N B3 B 20 R ARAS — FR T
LA 52 47 188 7 A VL) £ 1R B R AR B A 775 AT

Xt % AR A B AE R AR AT T R SR AL A AT E A
KDL 32 1 1 5 T 245 2 T AR R 2 AL T
AN B2 B RN i, 1 A A2 ORI A X R E
IK A P A IR B2 S L 5K RT AR R Y S
B BIBTICN R T AT AR T 0 2 R AT 4 /N 1
JZR AR B bR R ARk, E R SR AN A R
BT 1 £F Y/ AR S FL A I R A I 2RI O, R B
IRIEZSER MNUANER PR NI E-Y P e ki
7R T LT A/ NR 5 AT R AR B 2 TR R
MR R R 7 SR AR IS [H] 5K 5206 % T 9L
N GO 24 I SR R R OE B 4R B B PR
LL 1210 BEAT 1 e AR AW 7T, 700 7 AEA
A pH A& &5 55 77 T AR ) A0 2k (R 3Rk A8tk Dyt
— D BRI R S AL TR RS A Y. SR [E KT
P REVR SE I8 = IO SN AR T — B AT R RO
(AR B R R AR KIC 355 %, B 204 1% 1A
PR AE AR R 2T 4 A D B R i e SR A 2 R
HoR T ARRE I I8 5 AU S S B DA R I LT IR
Fal 5 B A IR R R AR AL 7. X TR
PR LL AL AT, dRos TR T R RN
FEDR R P R 2%, oy it — oD ) B RRIE AT R R At
THIITT I .

3.4 KBHEEEAR

BETARPERARERWERGE T —4
A A I i AR S SE,  FE B ) R H e (1 ST
Mo JE I E X —BERY, AT DL SR AR R T
5E S AF TN AREHAT A I T, 38 G — e oy b vk
RSO E Hbr (AR SRS T,
20104, SE[E 3075 Je B K S ) Fong i A4 1)
U R LT AR AR R T ) ik R AR A AR Y
iSR432, GE T 577 MW L. 525 Fh i py AR
Y. 432 /NEEH, R A X — ) R 4 1) 27
ANEEEHIAT THR, ST REHR DR
(AR s B2, FHEI 7 B A i DR B AR 2% A1 A A,
AR R B AT ORI, 25, BE
X AT AR TR AR AR T AT R AT RN DA K 2R
SRR IR R, LT AR B T A TR 2 AR AR Y
AN B T N, R I — AN 2 2023 4E 5 AR R
1) iCTH669, L& T 913 MM vl 837 FhAR i
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Y. 669 MR, BEAIP RS T ERD
T4,

IR R AN B AR A R O R S A, B
U 22 At AT AIF 50 3 T AR 20 BT 9 FA AT AR 1 T
R B )7 3R . 2017 4 B 47 5 J8 TN 57 K 2%
(PIRIF 70 25 7E 32 37 3 TR A ROPBE AR IS Y iCthd46 1) 5t
fith b, FUEE T ARET AR B PO AR A O AR B) 7
A k-ctherm 118 7, iZ A AL T 118 4N e bE
FTO3 FHAR U P . 2022 - WF 7t & 10— 2D FH AR
O3 BT R0 S AR A AR o AT B, A T 138
AR S L 1) A% o0 AR 3 B ) 2 B R k-ctherm 138,
R X — 180 2 58 T BR ) WA 72 (1) 67 Fi R4
AKFHIHINLE], A JE S TR oG SR AL 7R
B SRR T

4 BIETHRITK

T 0 P 38 A 50 4 R S B RO P 2 T R )
Betilie AR BEAE TG A% KA 5 22 KGR
PEAN B, AL B AR AN T K A R A R AR )
KUCE A M. i = HFEmRE, Hirdik
T8 1) AT T A AR T R 38 AT 45 1 R 0 455 ] R
i A . Thermotargetron 7 A . 2T CRISPR/Cas
RGN TR R g 48 1R S5, W] DL S BE 2 IR 1)
MR WAL B, RE, REHABEESMS T
Eef B

4.1 BUEARSTHiIEIRC

AR B A% W) R 10 4 L P ) A3 N S B BB A
RIS, AR E R B BE AR, W AR B
PEHE ARG Dl o 56 [ A 5 5 2 Bt Lee R. Lynd
HRL R AL 2004 58 15 ARIE 1 IR AR 1A 1 L AL
TR, HAzbz — 2 AE AT 58 = B 1) L%
A, X T B AR 2 A () At 5 EAA Lynd —
AU e S BL AT A I R g . N T
X — BRZE W i AL, ACSCHIE TR B 8 R A
TR, S G HRE SO B T
SE il A B KRB BERR L CKIONT [) B I 1), AT
DLBH X A0l 2 40 F4) A4 L B A A 3 A Al 190 ok o i L
SO0, I T 2013 LB 7 INEAR R 1B AL AL .

BT RS, A ZRH RSB SE.
Guss % " 18 T R Dam. Dem H L& 5
AL RORAT 6, DR 3 2 (4 R A As 1 T LA T
AL RBTh R . A R Ik AR e R AT R R R A
I DR 2 9 4 1R 0 BE SR, H AT SARGE I AT BLAE
AR P R e bR ICH FIRE R R
WE A 8 A2 S B ] pyrF 1) 7 3% AR AT hpe A1
tdk BV

4.2 BETEFEANERARERA

(7] 5 B 2H BOR E — B & I B s AR R AR BOR
ML BT [ X O T AR i B, T RASEI
FEHE TR 2H bOo) S8 5 PR ) e IR AR R AR L RS AR N
0 o 6 5 (R G AR B A (EI3) . 2010 4, S [E 27
FFHS A 7] Tripathi 25 B B HRIE T 76 FAEFA2 1 H 2
TR W FRERE T (ApyrF) (1) [E) YR EE 20 FE R
BROTHE, BRDIRBR 1 PEFAR T 1o IR e £ Tk ik Il
(phosphotransacetylase, Pta). 3¢[EZZHiFEHE2A
] Argyros 2 7 i F [R] Y8 5 2H 7 VR R bR T OIREF AR
B R % MR SR L R (Pra) « LR M 2L 26 4]
(lactate dehydrogenase, Ldh) Hl cel48S Z:[Hl . AR
RRZE R AR U g Sl i R R B A R SEEL T A
F2 B DSM 1313 B Ak pyrF S5 R i Bk, 3RAS 7 %2
()5 75 B B M I B AN M Apyr F 9878 0K, R SRR I
BT AL B R AR B 22 #: (allele-coupled exchange,
ACB) SRBSSEIL T R H T s g, B I 1%
FEARAE B R AH R 8 AL mUHE N SN B R . 3X — TE o
[) Y5 B 2H 5 AR AE A SCUR JEAH 1) g SRt 5 v 2 I fd
F s UE B2 AR AT DL S B R 41 (A e il 7+,
AR 2 T LT 7T 5 S AR T K
€ 1 =il

4.3 Thermotargetron &%t

IRAS - REAHELIIERRNE T,
MR RNA 52l AR SN & 7 RiD
EREREGHE, BN ETRNAFAR G R 6
R E A, @it sk, SEILAE H AR N
i 4l N — BUDNA 5 41, A H 2 B R .
Targetron RAEIE 2T I & FHIXFh “ 95”7
i S R IR R3S U7 v PO, Targetron & 4t H
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AR MRS, SN TREMIIT G2 A g i
RS IR, ANREAERE ABZEY) TR

AT RE W R G U, SR, H AT Targetron %

(37~42 °C) A RIER I

% g I Ly
tdk cat
N— N
pHK-HR-rargef
Step 1:
Tm
ApyrF
Step 2:
FUDR and
MJ medium ApyrF::pyrF::target "
4' HR-up q pyrF ' . Gene target | HR-down I_
!_._..}__...__.........__J i
Step 3: i __2recombination ___ |
FOA and
GS-2 medium ApyrF:target
! HR-up | Gene target | HR-down I—
(a) FRATLLE B R AIET FFE AN LERE R EH AR
(a) Seamless genome editing system based on homologous recombination technology from our lab
PAMG258-Atarget
HR-up HR-down

Step 1:

Tm

Step 2:

Tm and

FUDR

2" recombination
Step 3:
$AZH HR-down |
Atarget
| HR-up | HR-down I

(b) Lynd3E 56 2% J Ay 2T R EL 4 i Toys B R SR iE H AR
(b) Markerless gene deletion based on homologous recombination technology from Lynd’s lab
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[ Gene inactivation system based on thermotargetron technology ]

EBS2 BsiWl

—L | |

; ; EBSI1
Mutation primer w (
T

Step 1: J |

o

Tel3C Intron
Generate Spel IBS2 IBS1
b ‘t’. gg:;m BS2  IBSI EBS2  EBSI
o 1 | |
SR, | | N
W -~
Step 2: S I) \ // BsiWI
Construct pHK- P b
targetron plasmid La~ BS[W]

\
Spel \
,p—{' Intron encoded farget gene

pHEK-targetron

lﬂf\

Plasmid curmg

DR
gene
C(J.f
—| Gene target
Inserted intron
[ i
(c) A58 %= FF & thermotargetron B [ S5 15 HE A
(c) Gene inactivation system based on thermotargetron technology
B3 AR B s R
(EBS1, EBSI12, IBS1#1IBS2ADNA R 5; Spel, BsiWIABVINL A car AR TR BB IEIE R, 2 5% KA RE R Pk

B edict 1T FUDR R I8 36 8 M ARIC s hpt 21 T 8AZH K T AIFRIC: HR-up s H A2 Bl F 515 HR-down 22 H 92 X T il
51; HR-short f& H R K L3 8 41 int 2 #70 H 3D

Fig. 3 Genetic modification technology of C. thermocellum
(EBSI1, EBS12, IBSland IBS2 are DNA recognition sequences; Spel, BsiWI are restriction cleavage sites; cat is the resistance gene to
chloramphenicol and thiamphenicol; tdk is the marker used for counterselection with FUDR; Apt is the marker used for counterselection with 8AZH;

HR-up is the upstream sequence of target gene; HR-down is the downstream sequence of target gene; HR-short is the upstream or downstream

sequence of target gene; int is partial sequence of target gene.)

A SCUR A 2H 8 I 5 S8 [ AT v 5 T OR A BT A R
Alan M. Lambowitz [t = ¥R 4H & 1F, F F wg #iE
B (Thermosynechococcus elongatus BP-1) K
BB N 21, DA T W #4 Targetron 4[] 2
K296 24t (FRON Thermotargetron) (] 3), J&[K
FT B X% G5 3 67%~100% ' Thermotargetron 7]
DAL 2R 3G — A 2 e 7 B 2 A2, HRA
S PTG R 3 R BB 4 s 73 B 1, Thermotargetron
FRWARAE —E AL, @771 400 bp ) EE K 7
HUAE BT I BT e A AR B A& 4 AN AL, B

4\¥Tﬁ%/z‘:\ﬁﬁ)\r£ DRI ZH AR BB bR R Y, 5 22
i Southern blot 75 ¥4 i i Hi L4 N B ik o

4.4 CRISPR/CasZEREARERS

CRISPR/Cas 7 %t /& Ji A% A= W) L b AR AL )
JRENAR 1) — Fh % % R 45 . CRISPR/Cas & 45 1 11
Cas £ [ 7] LUK #E & 47 75 #8457 51 33E 17 DNA BY 1],
M6 F 05 ) DNA B R et FEHEA, Kk
I FH 3 — AL AT DA $R vy (] Y0 2B 4 O 0k PH P A T
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PRI, 3T 3 v 5 DR 2 g 6 2 R 0

AR B T A7 AE T80 6 28 CRISPR/Cas & 4t
(I 1-B A 45 1o, HPAM 331 &Ml 1, T
HBHRE R I-BRE GV C A5 T RS E I
A FEMLEEAL B, BLE R £ K% Carrie A.
Eckert {57 U @ 21 (1) Walker &5 2 37 7 N 5 I-B 24 Al
AU 11 24 CRISPR/Cas 2: R 2H 9 4 R 40, (H2IX
PR G A2 BRI T FIYE EH PR . T R LT
A2 TR [ B 2H R OX — I3, Walker 25 Y
RERRBRAT I (Acidithiobacillus caldus) 1% 3 it
A H 2H B exo/beta [F] R %) Redo Al RedB, I 1E #LF
RE AT RIS, K ILWIE1-B AL CRISPR/Cas %
23 110 22 IR G 48 AR N 40% F2E = 21 70%, AR T A
GeoCas9 % 4t [ 5k K 4 % 20 %6 M\ 12.5% 12 = 3
94%, SRIMZEA P & B A, ANHA AR
e, far 22 LR T AR K2 Ganguly 25 “Y it — B K T
AJ T I AR AR B L R 3R IA 5 Y CRISPRI R 40, 5E
LT ARMARE (Ldh) AIBERRH: 2Bt (Pta) MR
KR, FRIC T IR TR & . JR1f, CRISPRI
RGN E VAR — AN A AR R i e

5 LT INEF MR I A W BES K 4 e T
J A

51 HF#HRIE

AR 2 T LA S €0 T R R AT B AR R
AR N A Ak B8 YR B AR R BR i 16 AR, B kb
X B S e MR HE UL 3, C @ AR E K )
RIBWIERRE MR Xz — . B —REWRE 2
B LK R UR I VE R i A I RHAE 72, 2R “ 5 A
MR R . 5 AR WL 4B DR T 2T 4
RRWIEFNER, Hik, REGY4%EEROERZ
R = 7 o 51 = 5o LTI 1 B N5
W E A AT, SR 4E R R
AL DA 4 A i o IR A CHE B A B 115%
TR R (19%~48% e M, MKz
RIEKRE, KIE_AREVBE RN E K E
W RS R SR

WMARBEAN e = B ERA4E R, ERAH
FECREMRE ST . SR, BT AR BUIRET AR 1R I O

WEMT 15 gL, mRAGHREREKNME (1 mold
BE P~ 422 mol ZBE) (1 30%, 7E 10 g/L L BEAF1E
T, RERENAEKZBIE], 20 g/L I L REAFAE
W, RAREARAEK ™, ZBEATHFEERE
D40 /L3 FE AN 90% I8 e KAE A A Tk B
IargE s TR B AR I R AR IR T S BEE
B, L. PR, a5, ERBR (FEL
HRMMARAR ML CBFENFR. 3
REsh. EEMIBMTETED, X~ =
ESNAN s Ik Sl AR

N R, RN BT RE T KRR
W LRRME AT, R RFRE T OB
FREAEER, AR RREIFFYSESIRE. W
EJFE SRSy . WS EE AR T R 2
B, 5% [ 22 W RE S 23 =] Tripathi 25 58 i m B o
R TR SE I (pra) WD TR G, SR ZE T
FHI A 7] Argyros 55 73 I wi B 2L R i S 2 B
(dh) 25 LR A i, 25 ERE A 08 B X 5L 50 =
Rydzak 55 "' 3@ I @ B P4 B R IR 22 At il R
(pfD THFR R, XL T AR @b AR
A=A, P QI A e 1T . EEIA R
W7 Bt Deng 25 U J@ I 51\ AMIE A B BR VLR, 5
T RE R A g R, EERM IS E XKL=
Rydzak %5 "' 08 I @ B 2 & W e & gk
(gind), AR T BIERRINI, XKLL 5T HBAS R FE
WRm T OEERPE R EIE S GBS R E
BRE, W EREAEERN (hdG . mKREE
A S A B P BT R IA B E IR B . NADR
IR JFEREFE R (Rnf) DA i AT A2 18 R (38 IR
fibgh el AT DR S SRR R AN, i gl
N AR 2 B S 5l i R B IR &
i i S B 1 B TR T, tRE A AR LR T A R
Ry e g

AL, S 56 5 0E B P A A1 B IE BE O
B AR T 2 PR R S s A T B
fEm AR Y& B, LS R R, TR
J2 AT AR B T 7R A B A ) A2 R i 52 R T A
RIS BRI . AT LT AR T 1) — S8 5B R AE 40 g/L 11
LR RREAERK P Y, BRETERIAS0 gL L
B AEVE 1o BRI, I 52 I B PR R
ARG AT, LB 52 M A R AT R T
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NEENF AT CBP L FE R E A Y R 42,
Br 7 OB, TALERAT A LR B AR AU A mT
Be 7= AR A HE B . 32 I 2R T K % Janet
Westpheling Z($% U 4, Kim 25 U7 & BLAME 7 i IE
A JHe T DA 5 A AT AR TR DSM. 1313 308 16k s 1t % 1)
i 52 P, ik 2k IR RS I A R mT BUAE AN TS
TSIV Jeig B8 15 450 7T 185 0 T R X Tk PR R P ) T 322
e, ol ERE 1265,

AR T AR T AR A B i AP 4 &=
(AR & ERI30% 4D, EARFHAKREA
RIEAAC, FEAEDBIERMHEA . @il
N A0 Y S DR 3G 0 AR A1 2 B 0] - £ 4 2R b OB 1 R
F T H2 i £ B = 2 (R et BAS 1 — LSt Fidk g
52 5] [F 5 AT {4 Re PR SR 50 & Xiong 25 ok E g A
KA 4B A (Thermoanaerobacter ethanolicus)
A B S A4 Bl B DR (xopld) R0 A R B 35 ity 3 A
(xylB) SN HR B DSM1313, S2HL T iZ AT iR
LR A RN SR A B R 2~ 7 (R S AR () [R) 20 R A
WL R IZ R B A FP R ORRE . M &, 4
Yt BRI AR Y W AR RE 77, T HORA H LR AR
WP IE I 5, 1% B [F] I R R BE A1 4 4E &= 1), H,
MW 77 T R A 4E =N B 2 £ . Bk 151
N IRBEA AL 2 A8, 53— Pl g ) e 47 4k R %
fifi 7 4 L R 1R 7 3 2 5 At B R FE R ) IR
AomiR IR TR, MRS Ol R EIRIKEA
AT R A 4 R AR RBE, ILRER A4 —
PEL EIE R ORHE. HERME L LR AR R A R
&, ATLAEAE 70 g/L I L EE Y Rk, andfar R
W& B PR SR B R AL 35 it — 20 MG SR AR AT R TR 1Y) & B
;R R 2 AR, AR EAEAS B A T 1A
2 1 2 W R A | 1 Argyros & U Z K g #HR
AN S AR LR TR, R BE W A AR
B AR E AT B LR M R G g R, FFRIEAT
72000 h [ B PR SE5G 5O N PR R4, 8 L S
1) B A AR B RH o DR ST T S 355 97 % 92 o/ L I 41 4
F, ME146 h =L T 38 gL LI, AR
KAE I 80%, 1M H R 1 FA LR 18 T 52 £ B 1 A%
B XEERF AR, AR E S LA 4R KB
MRALEE TR LR S R A H 2 s n o i e &
P4y T A 1 a5 IR 450 Xy 4 v AR W) 5T o 2
R T W B 5T T R

SEBG = 3 M A SR I, R AT BASRAS
i OIET 32 W IR bk, HHEAE Clg = L
FEA RS, XUl B AR B £ B FE 92 = A7
1E H A B A I . B A = R OE 1n) 3R 3 B B
RRIME, WRHAFE. RIREATE. 830K
MM (Zymomonas mobilis) FIERE L)L, HA
WA OB E (rAlh40 /Ly 70 g/L. 86 g/L
F194.8 /L) 1126 12300 S [ g i B B K 2 2 ki 7y
1% Daniel Amador-Noguez #5241 55 & AF & 1
FLR I, BT HR BN T A () 38 2 R B a0
30 ok T B (1 i s R 0 R Y A T A G AN S
=AW T IR, I 4R E
RS 40 478 T2 At X 2 ) ] e 2 H B & R RE R )
BLFR B e e 5 4735 e TN ST K EE A v A AR
Costas D. Maranas #{ 4% Uit @ 41 Foster 25 ™ p#71 T
AT R B DA £F 4 0% R A 00 20 B A AR E &,
It TR AR I B 1A, VAL TR I A
N Gl N R, BT R T AR 2% b A
TEIT 67 FhnT B FR ) 2B A 7= 1 A F I ML)

ZE LRIk, SR A CBP S 0E DL AF AR B A N IS
AR EREERA RSSO R CE AR
20 5, BARG T T ORE A TS,
H 2 B8 ] DL S bR A 7= A0S A5 A A 2 i R
HoA i) — AR 2 CBP g A H —Fh ik, 1M
TEF= W BEAGAT B R e IX — 4 2k 0 AR i A
AN 25 TR B PR 1 A B AR R W] BB AEAE — 5 P
J&, IXAE CBP HMS [ [ 47 5k [ . Xt CBP S 1
XM NLESRRG, AR SCEFE L EIRH 7 CBS %,
MR A B 2 9 0T 7 Bl 5 0 A R BR 1
1M AT e B 5 S Br B 3 71, W10 i Ee R
By, CBS HARIRAG B 0] A B 0w LLA T BRI 1% B
() CRE R W, DRI A B T #4142 B d T CBP 3R
W& BT Re Ak B SBREW R, MMHESI A 4% &
B 1) Tk AL S

5.2 &YTE. RTE

TR VIBREE, BA MR (RE K
AR B vh e, 10 HL G 5 S5k B SR & mT
DLEEZ R 2IH AT IE, R siR e ™ T
BRI IRIE R, AT TR ARG T BRI T
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T2 BT 0 Tl 356 TR A PR Do S [k 4 5 4 B Lee
R. Lynd Z4% U J 20 (1) Tian 25 U 38 i 78 2T 48
gl NHARG B T RS RS R EE, 8 UE S
R PETRR B 7T LU A 88 mg/L (T W%, 2 Jm b okt
BAEMSETEAR LEMRMK, TEHERS T
2215, BEESRINGERE LERIRFREF, A
K15 T 357 mg/L (0 T B . AT AR T B A 1 AT DL
%5 g/LWTRE, &M, w52 15 g/L
TEEN SR, OSSR T T AR
G, HED BSOS 5 AR T T I iR FE AR 0 JiR B8 AT g
& LR A B LT BB A (X — PRI B,
T — AR ] B2 L EE PR A 08 R ) NADPH 1
e ETHFE Y

B T 3T CBP 560 6 #8447 4% B 3 17 &2 4 AR
W ER UG, PR RE ST BB
R SE —Fh 7 AT AT 0 53, AT LAA T AR
AEFE TR Y, 7R 5 K %% Shunichi Nakayama
20 Kiyoshi 25 ™78 J4 4748 B NBRC 103400 Al
=T BEAR W (Clostridium saccharoperbutylacetonicum
N1-4, 30°CH;: 7)) HATWEBREE, FEfif 40 g/L
B AL B S R AT, 3RA3 5.5 g/L I T B, BN
B100 U/g A=W I AF A 25, vl T B P 4 2
6.9 g/Lo Wil K= &5 W 412 1 ATCC
27405 (60 °CH:3%) 5 FH KR W (Clostridium
beijerinckii NCIMB 8052, 37 °CH:3%) HEATH B
R, e R PR B B A 90 g/L il Pl b 24 (1) KoK
&, REE1I~5dr- W5, FFiR2)37 CHEANFER
R AT =Y R, PR B AR IRTE TR &
N 19.9 g/L FITNEH CBEANT R, Hop TR RN
109 g/L, ZEEWEENS g/, HEATE N4 g/L. X
e B Ok BT AT AR R B R AL T RATIR
CBS HEms, {H | T80 F (1 #2142 1A 1 Pk R 48 0 e
i, BRI L, Wkim 75 B
R BT RE = AR I e KT B R . B T B R
J71%, Begum 5 Dahman "7 R % T Ji AL i M ik A
7735, BT REMAE T ERE (37 °CH
) RARBEAFEIRRE (37 °CHEFR) 40 nlidhAT
i AR A Rk G, 3RS G R bR CaCt B ChCeAE
45 °C[E R TUACER 5 22 7T, 40 il 3845 12.92 g/L I
14.13 g/L T B, PR PR30 B2 A2 T BERY 50% /e fq -

e TR T BRI E 2 Ak, ml DUE & Re

WRORLRI A 77 22 T Ak 2 ot 1) B 38, ARG 2 B
TR ZHE M RAMMAREEA 5T
B4, AL 1.6 g/L IR T I . AT R
oh B TR B R R fRUE B BRI SR BB ) (pford)
57 R TENEMERN, BlrzERNE, 71"
RN, EI RS ZE AT B (Geobacillus
thermoglucosidasius) W] 7 T B & & 42 © A MR
8, 38 BN K 2E IS AZ B3 L James C. Liao %
FURMA Lin 55 ™ X FALFHR 8 DSM 1313 BEAT AR
TARIE, g N T T I 2 TR A R 0
TR, UESEEA R B S 0 5 IR A
3 T il 1 S 8 2 22 FR) T Sre 132 TR I 2 G ) 3R 3K 7
T TR, o508 S R PR CT 24 7T LARE % 80 g/L
YR, HrEES4gLINR TE (50°C, 72h),
KB 41% P BEAS f K AE . B AR AR AT R B T A2 1
S TRE/NT 10 g/L, MIBR adhE 3 K AT DLk — 22 42
o B RN S TR I 52 Y, BRBR CT 24 I SR TR
;B ORI B A B IR TR N S TR () TR 52 AR PR
Lee R. Lynd #(#% 4 8 44 Holwerda %5 " @ i M
LR AR & BO& 15 L &L R A ADhEP™™, 3R45 T
RAFKLL 1043, S #tfb)n, ZEKRRARS
5.1 g/LHI5R T R E .

H AT O R i o A AR B AT T A R T
B AR, B R LAk Ak B BT 7 B R R A
MORHIBEES . SR, SCERH CARIE R T R A
TP PR T LAIRAS R R R . i, s S
() K B AT T8 45 ] DLP= 2B 20 g/L BA B f T i D,
o JE AR ZFE AT (Bacillus licheniformis) W]
LA 42 10.80 g/L & T ™, B0 JE B R AT B
(Escherichia coli JCL 260) % 1] PLr= A= 51k 50 g/L
5 T P 275 AT DA #ET AR 1 JE i CBP SR
Refit, B SR LLE I CBS 5 IS 51X 2 5
¢ R A IX Bh T WA e T R B, A R S st
— BRI .

5.3 £¥HE

ARARBent FRAE . mEE R AR
A SEIL L, AN =2 S TR s ARRE IR 2 —
5L A I ST A E, R R R BT 4T 4t R AT
AR A BA T A B LR S TR
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#, HE, HElAEMH AW 8RR, £ E
i AR B — R B S AR A A
BRI A AR, HEAARTEIFA
g el R RS AR, SR E Y A AN
SRR A S R S R3] 2 AR R Y 3
] 57 16 0 8 o0 1) [5 28 S5 % Eric Sundstrom PR ZH
19 Kim &5 Ml s AE R GEN, BB H) M
CO,%F K Z AP, TE45 g/LAFgERFZAM T, ¥
H, i B 3w 31 181.3 mmol/L, [R]if A g0 Hrboa X,
W, RS H, B ERAT CO, 4 ARG/ a2
TR T, TP TR A IR IR ZS
AR, I N AN E R H,, TR
ROBFRARE AR, SRR oSV, A
P4 m H =& ™ R S AR 4R H W
SEEE IR H, 2 ) — MR ) RN . b R e
FE AR S0P Li 56 U 5 P 2F 4R B 5 30 A AR T
(Clostridium thermosaccharolyticum) FL35 3%, [% fift
FORAEFFH % H, K73 % 74.9 mL/g £KFEFT. &
B K% An %5 "R AT AR T 5 A R AT
(Thermoanaerobacterium thermosaccharolyticum
MID SEREFR, B A A A - £ 1R TUAL B 1 3
RS HL 75 3 226 mL/g XY . JE T84 (14
P A AR, i 2 H, B A R B8 oA AL 4t
R RARRIER B384, EMHABRIEH
IR 28 B

5.4 KEEFIBR

FLRE (LA AT Z i m, HERMS
o I N IR 1 NPT 7/ [ NN
W I fife ) 3 ) DA S B R R R R RL I A [
BAM (PLAY] 2, LA A b2 & ek i
VIR, TV R LA 505 & U A
B AR I REREA T E AR T 7 LA B bR
WESRE T MM EEMRERE, AieEERB
KIFRA4EZR " RARE T LNEE KA 4%,
HREELTFENMDRECEM IR, LA RRK
(0.01 mol/mol S ¥# X&) "M, 3¢ E Rk W 2= B
Lee R. Lynd #(#2 if  2 Mazzoli 55 ' 1@ i i i #4
21 AR B IR XL ) e B/ M A B R Y] CadhE) MERIA
RAFFR I EBEIE N Udh™ ™) 3745 T HFRLL 1111

(DSM 1313 AhptAadhE 1dh*™) . H#RLL 1111 JLF
AFECEE, BOBERA T LARAER, FEA9.9 /L
LA, 15 FH 8 i KME K 40% " LL 1111 1
ldh FERUR AT RAE, S8 1dh B3 T A O T SRk
1,6- TR A A BE (F1, 6BP) "), AR, #£
Tk AR EE, BRI 2 100 o/L K FLER T I A4 B A
SCHME Y. SR TLRR R 2 MR R LA A
AREPARTE, LRI REEL~H, A
% oY 2 B f NADH %46 A NAD', 4 S Ak i 410 1
B, FLERMI=I I, KYd22S801,6- %
Fig S BE B, AT i A AR AR AR B R FL R 1
Az T B RR TR I AR K2 B pH R Y, FLRR
PR 2 SRR, md i s, R
R A5 7 9 0 I B bk T R MR A R LR
B el bRy, il T CBP ST BT AR B A
Ui S 100 g/L FLFR 1) H bR AT A 1R 2 1) 7 22 A
Y, T xR R R LR T A2 P L B DR 3 LR

IE{RWET

5.5 rhifERLERES . REHERSAHERES

HBE R TR (C,~C,) AT &
R BARAEY R, Bz ol g e
3¢ [H M 45 75 K % Cong T. Trinh 2 #7 i @l 41 Seo
U A AR AR R AR EMNAE RS
BhiL Rl (CAT), SEBLT w4k A 7 I Ie ) B 34
W& . CBRF T W se — Ml AL W) B i 1 v 57
TEVF 2 W07 m] B A 2k e T R R AR O, e
W BEA 2 FioK G YRR (CEs), Seo 4§ M
WESZ clol313 0613 M clol1313 0693 #&ETH 1 11 3%
LR T HRPEfMR M ALY, @R 5 kez T 2
ST ERR R, ERARm AR R
AR A EL G 7 AR R R TR R (e T, R T
DAG R 5 T 7 R e P AR ) O BRI AL
THRABE AL SRR TR, @ W ER TR T N
V5 TR T Ve e Wl 25 DX - oK A6 S W) TR BB R ) (CEs)
AT N A U5 T T 40 I Tt e e R B R R (44D
FIH TG AR B G /R 8, FIH 2Bk
HEFAFM R TR GO R TR, FH R T B
Wi AR BEA B T TR B, R 5T B4 e A
AT RGO TR T He, 582 Pl B Dy iR
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fig 2B P i 45 e, 55 B 4475 K% Cong T. Trinh
HAZ R 2H Seo 55 U I8 I @ B Bk K AL A 1) TR Tl
AT 2 I i A I ok ik 5% B il Bk ] CATec3 Y20F 1)
F 1 AR Bk HSCT2108 7= A= 4 Ff JIg 15 B2 i 1Y) A 175
FEZ1 8200 mg/L, ditbh: ZR7 T >R TR
T > O la~7 TR OBs . B 7038 & 30 B
FLRAEW G BOE R, FIFHA R BT X5
WP A] Lk — 0 4 = R R T R e e &= . H
T, o LT AR B M JEC A 40 B 2B 7 i s R T 1 7
ERABK, EFEERMANBFRITMENE
I 1) &

5.6 MWE¥H

A SR ZH $ A CBS $ R K AR BN
A A A AT S B A S5 2T 4 3R B 0T Rk I B 1 v R
o, BRI, HH T IR R TR AF 4 /N A 1 i £ 4 2 1
FEPEY) R RE, I A4 X A AT
PEAFLE 23 (0 RS, 06 20038 I 1R R 500 A
TP S A ) A A T R AR 2R e VR FE ) R R I
T B~ 2 WE R AT 4 W — o PR AR N A
Wi, R MRBR AT YL /MA S A A T B Rt
AR SCUR R el i R R AR B R UE T R A e R
(Caldicellulosiruptor sp. F32) i #4 5 24 B- 7 %]
B (CaBglA), HKG B4R N\ B LA B 41 4t
/NG UTEG Celd8S B A A4 AR B A K 22 A 2 []
315 T Celd48S fll CaBglA il & R IE M5 — 4
TR, L= RE e ) Lo IR vk & T 2.2 4% P
SR, Celd8S Fl CaBglA (1)l & ik T 2 Cel48S 1)
RiLERE TR, Fm 7248/ 8RR .
FRIE Celd8S iX — LB 1) Rk &, A TR X
¥ CaBglA 5 HEFRZ B I — AN S D) B Cel9K @il &
Rik, W T7HE _AREEMELR . BoREE
fEALTT 100 o/L i ib A E R AFAE SR T, &0 18 d
Fefil, rFotE72.5 gLk JibE, MZE )R 65.9%, &
F TR R DL RS — AR B AR e AR
FRLH 30 BT 3RAFEE T UKL ) CaBglA 5 R ik
HMUAT S AT A, BRI 90%, HE
AR )t B 25 4 N X AR AR B 4 B A
A R 3G E T CBS SIS AT WAL vl AT, A
CBS SEBS [ — TP RIS BEE [ Al

CBS SElg o, A FH R 4R 11 4 1 1 40 778 i
VARG AR 7] R B, RS — X T
W& R BB R, SCEILAS [R) Foh S 1 7= ot R A 7 1
Her b, ARSCRBH AR I SE I CBS BE L 5
WE 2. LR 2 ool MRS S E ™ 5 A
B o, SIS S /N R K 48 1 R B CBSS BE AL TR
X 448 K 22 B 1 A5 X TR AR AT T Ml R R 1 R I R A
HPE, D E T &R R B . il
WA RN, i CBS BRI KM IR, T/
(KT 78S TR B T R B SR, BB
L5 CBS & A1 UL AL 1) /= i FL R 2E 7™ 4 B Geobacillus
stearothermophilus 2H-3 Bl 0] 52 P /& ot 2% 4l fF
(99.5%). W7 & (51.36 g/L) IR 0.74 g/g
R MR A4 F IR A= T FRATE
F CBS £ AR RAT BB AR B4 5 I AU IR i 41 1%
Rhodotorula paludigena PAR5 (28 °C 5 7% ) X
Be, WLV ERE (411 g/L) R4 = 2 () ig Wi
TR 2% JulElE [8.22 g/(L-d)] S 4 A P 4 i g
X 5 PARS A FH 4l b ) R IR A R AH 2, CBS B3R
73 I 21 4 2 U500 A0 T DL AR 2l R, SE 1
2R 2 R R A P S E AL A AR B RATT A
F CBS £ AR SR1G I REAL G 7 #h 78 8 724, H &
5 g v AW 7 B K J & W Aureobasidium
melanogenum TN2-1-2 %} #, 0] DL AR 7= & 3 5
(55.1 g/L) Fi@E =& (0.5 g/g CBS /KD Mt
BTS2, IR TR A 4E R iR ] &
LR TTAT L PV X IER, CBSHIA
AL RIS B A LB R A A S, AR RN [E R
Kb s, X5CBPH AR AEGEEMNR
# (E4.

H 2020 5 F AT T AL $2 H CBS Skmg Lok, J
JE B0 7R A B R AT A AT R s DY, HOR
(/N2 R 2 R A 7 B H T A P AR AR AR 1
B, I o6 4 R U B RR B SR BLSE BE . Lynd B 2
CBP # & 92 th 3, (A AL 4 BB 58 b 0 DRl 34
2R W & W 32 1 PR ) DA S BBl ) A P A )
R BTl R Y B R AR B S A R A B 1 3
BR Rt A 1, T BT AE A P BT AR A R AT KR
SR Y F ORI R ok T, X R R AT R Y
CBS Hms /2 B % F R 5E 4 — 8. XKW CBS
S 1) B R b 22 M B 1] o b %) A S i 2 2 A
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Lignocellulose

Pretreatment

ol SSF: simultaneous saccharification
DHD and fermentation

‘Q}ﬂmf CBP:; consolidated bioprocessing

ripoo 2 SHF: separate hydrolysis and

f‘_ﬂ D[L'&s fermentation

z CBS: consolidated bio-saccharification

Bioconversion l

SSF v CBP SHF CBS v
. Cellulase production, - e i i
Cellulalse Hydrolys1sland tifiobssind C;I]Iu:f'se Hydiolysis Fennentation Ce::i;ahse grrg;h:i::wn Fr.s e Fer i
production  fermentation FRS production ydroly: ug; :
'|| NF = L 6.8 L]
Q lIvl \Q H Hd'% Q ~e% P
| |
i j | l |
Product Products
. . . . Other
Ethanol Biofuel Biochemical Protein products
e A @ &

B4 ARJFETYE R A e A SRS () B

Fig. 4 Comparison of lignocellulose bioconversion strategies

WA 5 —J5 i, EIRFAT LR CBS HM ) ml
AT VE DK R AR B 24T T IR R AR, (HAE KRR
1 Tl A 2 R A AT SR A A — L i S B TR . A
U, ANET IR 2T YN R R ) 2 BIR TR 14
i, XX AL B RS T e BRI,
5 75 ZEIT R AR A [ 3& B T CBS 4 B A AL 751 ) e
PITRAL BEOR, B B IR AT 1R T A 41 4 /AR &
e T H MR FUR I 32 1%k, Bt — b B A
PO &Y NSO e Yl T L KRR
TBURT DA iy T e T 7 A, AT B ARG i R P
M RSA, XM B PR T CBS 4 W A A5 /E
e [ R O T IRIBEAL TR RE -

6 iR

AR R AE B AR T TR i ORI 2R 5 e R
PRAVANTE , 1541 RE IR AT L A B L 5 B2 A F T
AN - 2o 0d G 45 A SO 3 PR 4L AE 3 I [
WANZ DB T+ REZ TT, IR I A%
HE R AR LA AR CHRENRR, ZEHE
TR W O A R o TR IR,
JRN AR5 2T 4 22 AR R 1) B A A B T B A
AR B AE AR IR, AE SEI S W U

BRERATFEMIATERME, M T AR ERIE
(e FER G BN, (HAE T b, KRB R
IRAEIA ST LU AL AR 5 SE BN, [ I DR 48U e 12 e 1 7
AR B 7 TR 75 SR KORBRAR,  ATTT ] BA K K
PYRAS, IR RO A2 AR B X 288 IR AR 1 Tl
R — A3 B ar LA LT AR 1 I A% 41 A SR HX
CBP 3 % 1] DLAE 72 I RE VR 7= i A 46 B . T RE
FTEE Hys /BRI R, ALR%E. Hp,
AR E G % BN R RS R EWRE, B
AT 8% 15 21 1) I i T N 29.9 /L, AR R B RN 3L
At B A L 5 R % CBEIR B T O 38 g/l X
LR T 4 T T A 2 40 g/L I H bR, A
MHTX—4RELT T KRG E RN NU0EIR
30, 30 B s AR AR A AR R A 2
JUFEARTTRER o [FIS, #VEAFH2 Bl L CBP SIS 3K
131 F AR BR IR = S ) A A =, ME LR AR b
AL A SRR 7= fhse 4. L, CBS 56 m& i ol b
GRS TR VR AL S, AT AR AT LA
B CBP 3 B (1 8% PR 1A 208 5% . B AT H T
CBS TR % 32 tH FI B [ AN, &%) CBS 3R % B k47
1) A s o AN LLECE IR, J 2R 3%
KIIHE T AR 2 1]

IR B I B B S E R B T 0T LA
TR 2 i 1R 2B P 4 R 8 B B A0 M, 38 mT B
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2P A o 2T 4 2R B DAA A U . B SR =
i T I H A T LCC 72 $ET AR B vh 4T 3 TR
%, BTN ER B PET SERE I fif Dy RE 1) W8 #4422 B
AT, Sl T H AT s R 42 T PET 28 01 A
SR N TR T BT MR HGE T LN B AR
PR RORARBEF E R TR O, R T
RS R EW TN E . HE, BT
TR — PR , X T s AR A
RZEMRNRETCE LI, ZBRE] 7 AR
W AE NG CED) 1 G BT R 7T, Wik B
G ) AHHE B SRR H AR T, R RORE T
INETRR A AR A T R AR B R R 1 ) AL

A ERME, BREFERN TR E K&
AV AR AR T s e, IR AR
N Mg PR AR A, DA R E N
JE AT e & AW 2 B R . 2R 7 BE I Y
BIE 0 F TG T W — S8 ) 22 B AR S 7R 2 T i, £
i AR, SR  THHEAE 2,
WAL B AR FOR B R BAR, ANBER RO H 2 21 4
=, EVEBARSE . H A AR B KR 2 i
FEA IR AR AL T ) A TR BB, RS
il 58 DBTL JT & 1) & J A2 9 5 W T AT 5 A5 AR e
Do T H AT AT TR AR B B LA 2 /A
PR RN, FRATIA N AR R T AR 1 1 5 AR
P S T TE AR I A AT BLE g O3 LR LA
71 -

O R B B A BV MR R F L B R4
AL, /T Lynd URAEZH 1B 70 3% B FA AR AR B
i A A B V2 MR 2 A, BRATT R R T 7T
R BT AT AR A B B £5 O A g T Y —
HOOLAE] T R I AT AR B 2 AR AR T R
TR B . DAL, R BN O A AT R T R A IR
ME S EfE . AEAACHE B> THILEE, NE
AN TE R AR B HE 5

@EARHETCA 2 M AT ARG 8%
BAET R, HEKREBCRIIRA R, BiLHRIE
B, B A A W S T R R R
18 o DX EATS R 75 BB T A LT I 2 30 B 1Y) 38 A% R
PETR, S vy R AT 1 22 DR 0 8 1 0

© H i AR B h T LUAE 18 2R A
FIRETTAF B H S B, MR EE. &

GuiZ IR AL g I RE TR, WE BT SNIE
S &ibT. B SRIATOM . KRR
K. BHREKEPUAAHLKRIERE T BRRkE
LR &, AT DAOK K D AR R B A A
TR

@FEE AR EHAFHIBIA W E T, KK
A B AE Y 5 TT R T R G S R R, R4
B IR ZH AR I A% R ) it b F R R RS E A6 H
PR AR AR

Gk | sh ik 77k 5 N T8 s+ AR R Kk
J&, RRENS & T W8 B AR RN IR SR AR ) I B
RABT LA o« FFIIE T W8 #4 PR 1 B ik T
H, BEBGINTEGTE, KaE s #
ST B B AR 2 A i A 3

@ 7E AT AR B 10 A BCAE W) 5 T R 5 W 7 THT
CBP & —+REMKE, HITCKIWITFZ
HMe DL v R BB PR TE AR SR (A AR W T R
o, N ST 4 BE UK CBS SR B R AL SR I
AT 9 2> B8 38 G AN [ sk A s B B b A L7 JE (1) T
3K, SR RE AR A I e KAk

A=) R B AR RE — B RT AR R TR R, TR R R
MReIR G R BGA T ERMAEN . MR EE
R R R A e R AR R AR, LR
AR A AIE F0 BT AR R 0 AE SR A D T A A TR
B AR AL E B, RN
A2 IO R R A AR ) 2 T O 1 B TR A A0 i 2
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