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TTH/E 2018 AEAN 2019 4F, A4V AT HR {4k 4 115,000MWh [ ). T
A R IR A YR BEIR AR KoK 42 K4 59,000MWh [/ g, WIAE A K 189 i £
60,000MWh.

H1L AT L TR 2018 4FIHAE K2 0.286 342 Btu(SEFFRAL) IR R 78 AW BT, WA
#EINE] 0.291 7344 Btuo FHZAT LA H AR AR AN 0.227 T2 Btu, 2019 4F
f# 2 0.226 Ji{Z Btus
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JRAEDD T RE R T 2018 4E5 1.243 Ji{4 Btu, 2019 4EN R PEF] 1.239 Ji1Z Btu.

HAT, AT 2018 4241 2019 FRFEHFE 0.045 Ji14 Btu JE A AV LA
% 0.08 JifZ Btu KA .

FHEBAT WA FK W FE 0.413 J312 Btu RJFAEYR, WHEKIEINE 0.42 Jifl
Btu.

= B kUE:  https://www.china5e.com/news/news-1021498-1.html

1


https://www.china5e.com/news/news-1021498-1.html

BElfrfeRE: LHRBRERKNTHERER LR

5l

|13

2015 4F 12 A, ERSE RSB (EEYE) N 2020 4 5 2Bk anf] pxt =,
AR 22 HE . 10 e R & T NN R R SR AR AT R By, B AR
IR T RIS R 2C2 . 2018 4E 2 A, EBRAEIRE KA (EYRE
P52 AR AT FE 4 kR R 4 ) ( Technology Roadmap : Delivering Sustainable
Bioenergy), [IA 7 AEW)REIRAE 2°CER TR K E

AEVIREIRE U A T AR BRI E BRI, ERAKH. Tk, @BHAERE. B
SPRHEREVR . EPRAEIEE RN, NIRRT, IR YRR R R
RACIK 2 ERAEIR R EBEH K5y (H52, BB DRI 2Kk T+ E
PREEVEE HIESKR, Bk, A CEZKE LEINRAEVIREISEAR K TR K .

1 A RAEDREIR?

HEMETES, NEELRREREGI, BIEYIB, £ R L
AREXTREIRIITE R . (HA2, BEEMLSRIAWIRIE, ANIOEHT RN BRI REIR 1077
A2 CANRTRFEERE” 1), PRRRRCRAG, HRBCH AR F R S8 BARHIA
FRRIEAE Z Uk X LAY AL R A AR B SR T, AR IR e, 4R
T BETREEALRCR, B BRI A SER fE 3

AR REIR I BV R RAR R 2, i pURAK, BRSO {5, shYgs
&, AT E R F T AP, Ak, TR mEULFY, A6, Wi
B, BAEIOK. NE B AR, DURERARREEY), W2 R AR AT 4k
ENIKY/E

2 EYIReIR AL

VRN REIRE AT A TP IR, BV ASRAL . A E . R AR
MIBAR T B R R = S BUEVI REIR LD B P AN Ao

HHE AR, AR AR AT 7 N =B B

(1) MERHERS I B T SR AR B BT, SRR AR T 5 A0 2,
e REH RE R L

(2) TALERpr B ORISR, A2 B o TR AL i R 1a) = dh, 5 (8
2w KA

(3) FedeprBe, oA fAGE. HRE, B AR



3 AEYIREIR S A

IR KA REIR
TSR, nEEYI Cal S SR OCaE T R R . ErER 2
DSBS YR R IR 74, B 4 M B € 74 R

FL 0 R I AR Rt

s 2°CHIZER, AT I i 2l R AR I Al o FLI Ak 2 [ AR
RIELHEIRGE, BRI PRAECH AT AL B U, R M Y R S S AL R R <
R . 4045, TS HLUE S I K R GE AR BEAT NI A R Mk T
Hi2, MKIZEK, IFRERIISHERGIERE, FRRA.

I AP REYR

M RN MRAE 2°CHIESR, AROK,  miE A ol B AR RE TR A
LR 2 IR, ok e filid s 1Y 5E 22 (2B VIR RLR 54 (B2, BIEATAIE,
AEVREIRAE B RHR T A M UMR AR, R B ek iE L) T 4G 2l
FIZEVDREIR, (BRGSO AL T Y A B B i R, 3 B B DA AE A 3 X
AR SR ARAT BRIk A £ R 7 B 32 ) — e PR A

FARIRIAEE N IR 2°CH T8 1 AW REIR AL R AR AR ) Tl U 1 B A
g gl R ilE Ak, PASARREVR R T TSR TR A R R ik B A
IR, PRRANEEA R EEFAUER, T 2CHRESR, (EEHEME FEMES
B 7 FOR AR KRR B2 B IR 1, JRR 2 R ARER A R . MIZERE
izt X 4t AEVIREIR S AEIR T LR A R R REZEEH . XA D)6
PR SREARE . ARSI E RGOV L) R LR SLRRIR (P =5 AE YR .

4 [RERREVRIEDAR T IFE R RHRE

EINEPREIRAE L # ACE G R ISR AR T 2°C R, (HoSEal (B
B WiE, & B — P HE) B A M REIR BRI AT RR Lk

NAEDREIEF AT KR MAREE: S 2°C F{EREIE G T 5Is 1 B A E e
BEEAMBGRZHE AR B, ANBROERERAR FRUS—e 3, R a2 i %
SRS . AHR R, S GRS . SIS R R R R, A
K% EBUR T BEAAEOR M S &S 5 ARIE SR I, W R BORBR LA R A 7= R
R AN AEBUSORT Iz B IR F o, RSV I BR AR e U A 77 IR PR AS 25

Pem TR R R AR R E R LSS . RSB A Re IR IR K, BRI E HTY
23 Y FEH 31 2060 F (] 128 LAEH Ay, AUKEE PR S5 A=) 1 SR Rk s i AN g 1)
FHOC S B 7B KAV SRR, Qi BoRG0HT, A a i i as
TR/ 1 JD SRl 3R S RRIRVEI I = &, R S AR IR AR AR, R

3



Yo 5] AL REdR - AE R A S A

i [ bRV REIR PR AT e s LRI K. B, AR 2 [ PRl 23804 B8
TERAEIREDR « AR 1 FE BB SCR: DAL A Re U e kit Lk 58 22 1) [ B e
WM EMAN S, @b EREARIT R E L], SEmn FF eIt a5
KT, RS A REIRBOR N I aE A e, SEBL AT KRS I H br o

= ESkUE:  http://mp.weixin.gg.com/s/IMRTbQIMbJzrY USN1YUcSIw

2018 ¢ B £ MR L BRAT LIRS 9 XF BB Z A

AR RETR K R AR AL A IR BIPUE e AR se IR A R E v AR
REJRH I LLEIZ P K

R 11T HE P ML 72 58 & A 19 € 2018-2023 4= H [ A= 42 5 RE IR AT M T 37 i RS 5 5 %
FRIARFE Bk a5 ) Wi 8eds o, 3 2016 4R, 4 EAEMFR K BT NI &
1214 i TRAEHAR) ), SeEBRENAER 0.7%, 5] HA R K HLREHL
HER 21%, HAEKATHARIE K BREVAER 5.1%. 2016 45, &EAEYK R
& 647 [ZTHH, H4eERKHEER 1.1%, SalEAREREER 4.2%, SHIEK
A A AR IR K P B 17.4%.

B 2016 I, LA 23 ME(X . )R T 254 MRV BITH, %
ML & 636 7 T-FL, Pl FAEBRYR K R LA B 1.1%, (E/K AT A ARk e
MU B 2.7%; 4 K ML 333 /4T FLl, Sl FARER R FLE ) 2.1%, &IEKATH
A eI R F R 9.00; 4720 R /N %5 5835 /i . Bl o, AL F] 2016 4R,
WE YR & I H kS T 665 4, 1Y 2016 E—FE N 66 NHH, BONEE
QIR 2

2018 4F 1 H 24 H, [ E ZKEedE =8 e AN AT A e il w) B )2 BN AE L
s R AT R FEROR, 2017 4F, P EWEARE K BE 1.7 TR, b
AR R 26.4%, HoA, AR 794 (0T TORE, RIELIEK 22.7%. £ % 2017
SRR, R AT AR REYR R FEAEALIA 6.5 /4T BL, (A EH I ENL 36.6%. HiH, B
VIR FEEHL 1488 JiTFFL, [FILEIE K 22.6%.


http://mp.weixin.qq.com/s/MRfbQIMbJzrYU8N1YUcSJw

B3R 1. 2015-2017 HEAYIFE R BETHESHEEA: HTR, %)

900 +22.2%
L +30.4% 794
700 650
600 498
500
400
300
200
100

0

20154 20164 20174

w EFYELRE (BT

BEORIRIR:  HTRET LA e e e 2

Bl% 2: 2015-2017 HEAEY R RN F BB LEHE (RO 8. HTE, %)

+22.6%
1600 pro 1488
. (4]
L 1214
1200 1034
1000
800
600
400
200
0
20154 20164 20174

w REEMREBRREAR ChTE)

FERRIE: AUBE LT SR e

MFR [ REVREE F AR AR OUORE, BB AU R o a] A4 REVR K 45 14 A B
TH, AEVs R R FL AL AN B TR 2017 SEFRIE A A BT RE TR KRR R AR BRIR R
RS HLE AT 0.5 MES AL IKF] 4.7%; 3 E ALY R RS & ] AR
RETRUR LA LA T 0.2 N E7r i, 183 2.3%.



B 3: 2016-2017 FEAEYFE IR A R E S HAERER HEHEDHFER AN %)

4.8%

47%
4.7%
4.6%
4.5%
4.4%
4.3% 4.20%
4.2%
4.1%
4.0%
3.0%
20164 20174

PR R RE L TR RRAREILE
FORISRIR: ARG LB 7 e e 2

[BIR 4: 2016-2017 SEAE YR BEIR X FRBHLA B o AT FHAR REVR X B LA B L R AL A 0 (B
fr: %)

2.4%
5% 2.3%
S 0
2.3%
2.2%
2.2%
21%
2.1%
2'1% -
2.0%

20164F 20174
PR R T ES IRERRR R TEILE
PORLRIR:  BUBET= AT 5 e 2

WEAEV R AR RIS, EVFRERIAM A 7K, A0 s I R Oy
TR IETT A

HEAEMRBERIR) 2, T2 RAEYIREFRAG BN LRI MRARRAR L
AMIEERRY) . RN TR & FRERARY . I AT h AN & 15K
TV A HURF A = iR LA UL K

S EARNEYIREATE L RAN 8 1M, BREfEuiE 40 R & A ko, K

6



2) 3.4 ACWERTVE NIREMEF, HTE 20 1.7 ACWEARHERE ARAA AL AR R 37404 T 3R
FEL) 9 faml, KZ) 3.5 AR VENRRIRFI, a2 2 ACbRtERE E = /M
T TR VR AE REIEAE Y (TE YD) AT A RE A 2000 2 5 AL, AT R A R
5000 5 Wi A= MBAR KR RH JEORL R 5K B & R FE AN A HLR KIS BT AR R4
800 235K, AT AEVE IR AE = A B 4 1.2 {2l

HAT, o E AR R ER S REIR T 14008 4.6 ACMEFRIEE, CRIHRZ
2200 JIMARAERE, I 2 4.4 AT AR REVRFI ;4 5 BE A & AR AR 3 R FI 200%
R, AR BRI N R IR B9 J1 T IA 10 ACMERR RS . BT, FRE AR
RERIRIHIE JTE K.

Bz 5: B R R A R /1 (Bhr: T7)

THARBETW) ENARRET) BATARRREJT)
IME FANKE INE FANAE IWE | Fonss

iR

_____ 17000 800 400 33200 16600
3000 200 100 5800 2900

20000 300 170 34700 19830

84000 2800 30000 1000 54000 1800,
7500 1200 2800 500 4700, 700
| 435000 1600 2700 10 432300 1590
95000 400 4800 20 90200 380

/I 46000 /| 2200 / 43800

VORIRUE: BTG~ LB 7L b i 2

AR E CEPBRE “+ =107 FRI), 2 2020 R E AR B FENLE
L F) 1500 5T 0L, FKHEISH] 900 14T PUAF, FH AR B K HL 700
ST, SEAR TR BB A 750 5T PL, THAURH 60 J3 T B, A I R
R 1 32 BRI TS A o

BB AR AT KRR, B UK AT AU BENE R 22 B R, Ib
RESEIL T AR . T (R . ARORBEE AT B B R EMBAR D, KE DA
PRI 7 17 R ey 284 LAY A xR SR PR A A RIS, [T I A 3 e Y S
T R dabr, B SOR BEJR R BE <t R Sk mT LLod s i Akt o A i) 7 RIS 1
A BT B, A A HAT M R RO T S WU

SJePE:  https://mww.china5e.com/news/news-1020350-1.html



https://www.china5e.com/news/news-1020350-1.html

S EE IR

(EAFEMEITFAINNEDR =R LaBEREH

FEXT A= n] B AR BRORLEEAT 10 AR B SR b, Hh gl B AR R 5 5 1 dh 4 1R
ST BRI AE P e USRI 7 H 0 (GLBRC) S JT 46 1 — WO s s TF RSB BRRL )
ARFEE BAC T LA

2 J1 18 H, 155 WiMl BT 247 36 B R R4 |, GLBRC FfE3
UW-Madison 41l & % #(#% Tim Donohue 5 7 JF K& 5% Lol 4T AP ReIRH A 1
HE, [EI A ROk LA ST S HER R AE M i B AR PR R

YR ZENAB BRI, 1 e AR B0t 2 2R — AR B . ORI oKk
W R AR ) R . AR R i SR 5 B T A7 AE T AR BRI Y 10%

3% [ AR IR B AR V)RR VR 7T A O AE T 2 AR D24 X AN LN, GLBRC
(1) H A A2 K 5 22 1) R KAE ) (R RS T 1 ZE AN R4 R %, RIS R 2 SR AR )
YIRS AR AN T2 R (AR 9 R ) R A0 A P R 1R R R

“oE IR 1,100 FPH A, 154 TR B EE, 168 1WiSk E A E PR LR HE, 89
TVEATAE,  PA R H I A 78 R ud (AW e P . MR UL R T AL T
— AL FNRAE I T K . 7 Donohue it .

IAE, GLBRC IETERF—DHATHAEAr. GLBRC [ HIRA R A ZBE, i /&5
NV et AR, s T RE . X “qR A0 BROREAT DLA SR B AR T A
HESEE RS il Gt YRR EY g m RS A B, IFIT AR
E AR AR 5T IR 22 B i, 3R S ek T DA A AR A e YR A0 B i ) R

IR AW T A 0 A A Sy AR O, kT R BERORE, Rzl B —A
IR, GLBRC 70 5 e i R 2 K 232 b 2 5 AR ) TR 24 #04% James Dumesic
RILT —F R v - BE(— Pk B AR S A0 00) R B 1 — A

GLBRC HB} 7 5 M LAR i 1E AL 2538 L FH A se AR e = B A s, A
RGO M R . i R Re e 2, XA A TR A S RS2,
AT e, FFR RIS KR

Donohue £ GLBRC [ K20 Tt A= ) an ] v A 1% SeAE 1 LA AR = I
(77 i o

“EANEAE SR E R A RE R, HRIHI— AR A T, TR
AR R i A B R R AL 22, 7 AR



GLBRC HyET IR A R ARSI, BEZ G alAT . SOMMRRFE:, sSLLX
— Bk EwRE 1 LR @AY R ALK, JF AR A BEZ IR P R R R A )
WRRLRIIA B A0 RUAEY P s IR G — DN IZRERRIL, BRI NI - “J5
A7 - NI o ARG ERIRT A0 107 R E YT T AR
BRI IURER (R TP R mm AR . AR BGA g, JF
FEME TR ) E LA R

Donohue i: “FATAET—MIEFFIOALE, AREM R RIS PR, RN
AR R A —AUEYRS ) Q& B AR 5 LIS .

SRJE . https://www.china5e.com/news/news-1022260-1.html

AF R BAG R LERT AR EEELL

{8 [ RS (BMBR) 3 H & A, fEH BB R I R/R B & BB T 5B (KIT)
WFITCN DL B T RE e RCHE T+ K BH g FL IR O 26 iR i A%, B3 I 0 s W sl % 45 44
A FF A SO PHBE FL . 37 8 H b R U 6 R B s T 47 207%

W, ERGNE SR FAE T, RBEGR 2R B, 1R /D 2 B I3 K BH B8 FE b AR
Fo AR A RE R A . KIT RFR A R EE— MR (Pachliopta
aristolochiae), &I 035K AR E A R B A, FILBOLRE HRLF, REETHNH
B RHUAE o U X PR (1 3 PR T N R 254, VN S IR G5 B R
T 4 35 144 R0 6 W i Bl

Pi BOX TR G R A P2 R BH R it 7564k 3 B R I OB R T2 T+ 97%, 1M
YOS A N 50 BN E RESIL B 207 % o T K B At R A T 4 K 8 g S 3 it
THENUB LA R SE I .

= H VR http://ww.most.gov.cn/gnwkjdt/201803/t20180310 138515.htm

I ASERKEBFTRERE LY > LR KR

ARk, BEEMATREKHERZ, DAEMFOYER SR PRI
TP AP REAE MR DR SR A o w5 8 i T ) B AN A S5 ) U TR A% T
AR RIMAD TAVS Rt — DO 7 N R4l iR A DL R R SR X
3 NEMFER AT, WE NERAEDER A, SEBLTA AV RER) “ 7870 F)

9


https://www.china5e.com/news/news-1022260-1.html
http://www.most.gov.cn/gnwkjdt/201803/t20180310_138515.htm

FIs o A LR 7

£ 973 i “ TV A R R A AL S R SR AR A BT 7T TUH 1 51 B
N AR DR R AL RN X AR, T T — RIIRGHED L. 7R
T A JEORE R AL B R A, R NN RN e R S, A
¥ . B i AR R & R G BUR P, VB R E R T A B R AR
7 LRI HT .

Z AL QT 1R AiE B3Pk IR s AN R SRR T Tk, T
T EA B BRI O EOR . RS R R B R R T, i
FEDLALAN R GTER I, SKBL 1 JEURHE A R4 iy 15% L b, R G0 REFEFEAK 15% Ll |,
RS> 30% UL A dr, AR et B E DAYz ah . EYIRE R EY)
RETR I 277 BOR P A o

WITZIUH WA, ST 10 BRI HAR B E KT, -7 7 B Tk
AW R FU AR ) B AL, O SOE AR TR R A SR AR Gk, R THE E B
FHRABRIHEN

= ESkUE:  http://www.most.gov.cn/gnwkjdt/201803/t20180309 138485.htm

Bamitomial) FREGFHAA--- T LI FHHKMIAE
(iPOME)

YA kh 2 R AR T I 5 7™ B B IR AT SR 5 Je ), EIE R, KB
GAEIHNERAR, LK FH B8 A — S8 A0 Bk oA JRRE S I AR MR R A W B A 2 I R T Vit
A PR OB A RR R I B B B — . WA — PRSI S AR
RAUM, BAZMfER. ARKPOE, BRI, BT OK [ Bk A g T
IR

T 5 AEVE Bt E M A TREEIBN Chttp://mme.qibebt.ac.cn/) K W3 /7 T W 40
R TIREME A 5, DURBECEEMRIGEHEARE R TR, RGENHE K
AR TREOR TB, TR BTG E M T B B v J5 I M) 2 S g
FRIIATIE T RERE. OFE. S0 RRDTEE. AR SE sl AL T S DG & 6 g 42
JF{E Energy & Environmental Science. Metabolic Engineering. Biotechnology for
Biofuels LA & Applied and Environmental Microbiology Z&#iT |- &% ¥ #5830, i
1, WA PSR IS E 2K IA BT Biotechnology Advances A3 1 8N
“Tailoring cyanobacterial cell factory for improved industrial properties” FJ1£ 3, 4

TRTHEMECEHMM L) TR AL

10


http://www.most.gov.cn/gnwkjdt/201803/t20180309_138485.htm

VAR, AR AR i TR A 3 30 5 40 B 6 5 A s e RS 2 g ik
PRI, R S S A TR EEMOG G & R SR B R AR P i e /] LA
1FBIRRSE T, HIBARH EER AR M A TR Z T E 2R 2R .. BT
AR G L5 18, FRAR P RSO S AR 3G NAZ RS AE 7 Ah . IR
WEEHREEAT, DL G i 7 SR A B (0 g K B 2 by AR Tl R SO 3 B R
BRI B I AR ST AN bR 7= (R SORBR BC B %R AT R AR A L R DL AR R AR
o MIEBRIG DL, IS b SRae 2 25 A ™ wF i . o ie LR B G 26
OG- R - TR AR S R BN AR AR SR AT A R 4R ) M DAGE R H AR
FEERG MIGHFE RIS SRR AT G2t DA B 40
JE B AR P A T ) e AR B L S DA e A E G TR I SR RIS, Tl RS
BERFRAFAEN, TR B A A BRSO H bR s S AR O RE R H T 2R A%, AT
BRI FEAS T B BORBE SR I A TR T

R ERAEDOL, ARG TREAIBAE SRR R AR T R BB MRS
Y T I R Tk F2 5 1 (AR TR B W & CIndustrial Process Oriented Metabolic
Engineering, iPOME). 2SS0 DG & AE MG BoR FIMBAL N H, 77238716
AT 5 T M T 2R RM A SIERYE, Rl 2 0 20 5 R AL SR A T
R T S R R LA o B ST BANEATR JLOT TS 45 1 3T R AH SSHIT 55
BERE, HX AR AT Tt SR 1 SOG40 DA IRE R4S & %A 1)
PR, SCEARE . FREAEB A K A=A B 2) oo T A B LB s kI ) e A
SR, LU ST NE N AR e A E R AN A s 3) BUi WA 2N TR 4T RS 1
LAY FAGE 2 i B . AR RO R . R0 S0l 1R Y, BHAE X
S B A RS S A A LA R AR, DR Pl il A L DN 2 2 e = B R R
SeE, B AREA R Tk 4 0 A B A A T K Re s T e 7, I
PR R 2E Y B A P 3 H R B RS F

ARERRW ST R R A3 3 [H K AR F RS RAN N HEREE. ExHR
BRERE SR ES/E AT . 1L RE BRFH RIS BRI AT H . ThRHbE
AEE D H SRR . CUE ZEERD

11



/

Cyanobacteria
cell factory

~
~

Cultivation, Collection & Assay

Biomass

Products

Stable cell growth and |
products synthe5|s/

3 o
5= L
c o

S g Discontinual &
S 2 Weakened Growth
O O A
= '8 i

2 3 | Outdoor diurnal cycles | |
g © _—/v —
»c

2%

25

L =

a5

mf\/\/&‘,jrong Ilght
I

Optimal range’ \A\ :
sy ,

Light Intensity Temperature

5 (1) Outdoorenvironments

.................................................................

Heavy metals Salinity

(2) Seawater & Industrial waste water

AE o

Extreme pH Oxidants |

Physical & Chemical stress

(+]

©
©

Biological stress
Predators, Pathogens, and Parasites

3‘#

:’ \\I
I e o o o — o — o — — — — — —— —— — _— 1
L \ : Envirowment i
| §°S:fv':§,§':; E::?:cl:ic;n Products | 4 friendliness i
! Release |
: e e | Biciiass [ !
| Centrifugation Harvesting Physical :
i Filtration Chemical !
i Flocculation Electrical !
I ... Mechanical :
P N— Economic costs !
\\‘___l'_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_— e A //
WA A ARG AR AL S i A2 A i R R P RN 2 5 Bk K

= HSRIE:  http://www.gibebt.cas.cn/xwzx/kyjz/201801/t20180119 4936530.html

12


http://www.qibebt.cas.cn/xwzx/kyjz/201801/t20180119_4936530.html

F 5 B8R AT SR AT 4 MR R4 K 4 B A9 Sh AL B REAT

LEAE /ML AR TR 40 WA B = AR IRAR AT e = M 2 B E a1k, Hom R AL
S A o /MR PR B AR 0GR AR A 4R 2R PR R A e R T e — . TS
FR A ) Celd8S & AT A /M T 224 MM S bEme, 2 Hear e Mih & B e 4a s,
FELFYE R M R TP R E o (B2, Celd8S [ A TETE BT #3 %) Celd8S fr4iifh,
AEAEAR RN, SRR P 12 B R 1 ot 5 B I IEAAAE R 2 M TP JE 2 AL, 5ZB84E
2R/ T B R F IR AR, IR AR AT THE LLER A 87 21 48 /MR 1) v S8 AL o
T S ReURE A 2 2 I AR BRI 70 01 TR ARMIBF T 53 X0 B 7T 03 S 2 T i
W R B R R AR s T, 3@ e 4 4 /IMAS ) 8 ) 2, SEBIL T 0 HL R AL
Cel48S At 45 KI5 1) =y R4 Ak, NI R ZI 0T Celd8S [ 2 S 85 M BTk AT T R4t
AT, 87 T Celd8S fEA- /M IEEH . MR T 2018 4 1 H 13 H7E
2k )z & T Biotechnology for Biofuels (Liu YJ, etal, 2018, 11:6).

A4 Z KRR A S SEIUAR A 4E R A SR 5 — 28, 2 E A4
IR N T T E ARG R B AR ZE W . SR A A0, AR 2H 2 (41 BA
KRBT T IF BT AR A 4R /MR R B S AR R A BR B R . FEIX — PR 2R
MEZEN, 75 Sk 0 2F 4/ MAIX — 2 B 52 A 1A BT HI g DA AGE 1n) 2l BT 3R A5 5
R AmEAEAA . Ak, AU 2= NE SR TR R Gt k1 AR A M 5L
#AE T HQ Microbiol Methods, 2012, 89: 201-8.; PloS One, 2013, 8:e69032; Appl
Microbiol Biotechnol, 2014, 98: 313-23.), 7E LT AR B P S B T BRI L AE A 1R 328 DR il e
i FRIRFRE HEGm e, TER TR RERIR B A4 MATHZE S I ThRE DTk . AR FR AR 4E /N
A2 B AT 14 52 17 253 ( Biotechnol Biofuels, 2015, 8: 36; Biotechnol Biofuels 2017, 10:
124) SFRHVTAE. RN, HABNESL 7RG XS4 R A AR o i g L4k
LE ARSI &, T8 T 2 AL YEAMAZE 5 ATV B AL L 8T 98 (J Struct
Biol, 2014, 188: 188-193; Appl Microbiol Biotechnol, 2015, 100: 2203 - 2212)., {E5¢3E
PIEAE ERAE T & MR A ST T & L2 b, BN SR 4R 4/ IMA S sik 2H 4y
Cel48S AT T H RGEIRNAIH T

VE IR AT 2 /M T & B dp i B IR RSB 2H 70, Cel48S (1)l 27 11 ot Je 45 44
R — BB 2 RV « BIBAHT B A IR TTVEAZ IR 7 S0k oG T Cel48S 1)
AL R, A 4R/ MR A2 07 0 17T (O Struct Biol, 2014, 188:
188-193). X7~ Celd8S MMM, W T T FIREIE, HL4b/IMigi& B %L
MNIFAL 53 B, SCHRR AN A 5T AR TE A BF JE, R E AR 4 MAe TR I OEAE IR
REE Y] TR — )R, ST N G T S AT AR BEORS EsA
YETH, i8I 7E Celd8S Mtk 45 K 385 THI i A\ G i 2H S B AR 25 AN 26 135051 1R 7 411,
SCHL TR Celd8S [RfiEAL G tb s AT 4 /M rh 43 B8 JF S 7 B i i) — 2P B4l
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o FESCELAS b, 8IS R B AR T, BAE T RIR Celd8S T E
45 B 2T AR I SR D 4 DA K R R 0 5 3 325 RN, SRR e B 1 £F 4 /Mo
S5 Celd8S WL ThRERFIE . [FIRY, AN FUHRAE T — N3 TR ok 8 A5 R S 4y
B AL JEL R AT 2 /MR B Al WA 38 TV, it — B FE T 4l IMA KR TR 4T 4 3R
B2 A AL B A S AR R 2T A4 SRR AL 1) 52 1) 0 R R AR SR B3t 1 Y49 AT A

MRAZI TR T EFBSSAE R BRARRA R 2 U LOlRE
AP M R AR E R S = I WA S B B . ST/ X RN

Cellopentose

Cellotetrose
Cellotriose | ND

Cellobiose | ND

Pectin | ND
. Xylan | ND
ApyrF chromosome : cMeNa] ND
2.9 kb ]
GH4g CEETO HR-down ——— tsssm » iR PASC
: Avicel o
Celd8s-up €N celags-down 6 =
¢ Transformation GSZ??}S 0 20 40 60 80 100
and 1% recombination ( A0oE) c Relative activity (%)
ApyrF::PyrF::Cel48S_CD-His::
~4.4 kb
—I: GH48
Cel4gs-up Nepeed e Celags-down
2" recombination Cel485_CD
(GH48-Hisz)

ApyrF::Cel48S_CD-Hisn

~2.9 kb
—E GH48 M— ------ ) GH48

Cel48S-up Cel48S-down

B 1. HAREE Cel48S BHIHGEREZE (a). Celd8S JEMIwmIFHE: (b)) REMWASTT (o

JiR ST

https://biotechnologyforbiofuels.biomedcentral.com/articles/10.1186/s13068-017-10
09-4

Liu, Y.-J.,, S. Liu, S. Dong, R. Li, Y. Feng and Q. Cui (2018). "Determination of the
native features of the exoglucanase Cel48S from Clostridium thermocellum.”
Biotechnology for Biofuels 11(1).

= BSRIE:  http://www.gibebt.cas.cn/xwzx/kyjz/201801/t20180123 4937307.html
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F 58RI RTAR E A 100% k5 5.D-5LER 65 4 4 A 5k,

D-ARAE N —MEAGHATIER, 2682 TR, SuseaifE R
T 98%H) D-ALRRAEEEZ) . RZ . W TLETMEAT ZHINAH. a4l D-7LR
N IEARL SR TR ) 5 LR A B RE A% B A AL T i B S T R Bk L AR 4
AT DA FHAE i i 2R ek e - W BDEY) . BBk i H m R AT 4ESE,
IbAML S 3D FTERRI AR FE AR, JGE, SREARTNEEGHKER
20.9%, #2020 £, 4ERERILIRHE R TRILE] 51.6 143270, i TEEK.

D-FLIR 7] LU AL 22 BB A A Y R I3k A . A6 AR AR IR TS

oo AT e Al B AR ), AR B N BR s REA Ok 4l D-AL
FRIVITE 70 5| e AE W TREAISR N |2 %3, (H OB W& O SO SR AT 2R 77 A R
B ARG . T 5 BER BT AR B AR A 2 R R e
B IRE LI T 100%)6540 D-ALERII G R, 7= B A A 3R 4R bR 3 4k T [ B S ik
IKFo

SR A IR EA R GIE . AARKREEN A, & 13- B i) 3 2
PR, ARDE W OSIAEAEILIR G T T B9 77 BT i SR LA BT T
R IAZ R BT AR H oK &5 B D-FLIR, ki DA v B0 IR A2 7 e 224k D-FLIR A B
PRETF TR . &3t RARSOE IS, KR BER AL, 75 IRSE
T 100%6F4 D-FLIRIIAEM G . BRI, TR v B0 T AN AT DAM A R
B 050 2 MR AT Al iy, s AT A ORI A P S g P AR A TR
AT, DLRORKE. FTRAREE TR, 3R TR G 72 RE Wy i i
T 13-WBE, 2,3- T SRR G UG, D-ALBRA BUSE RIE R 7T AE
ARG R, AR T FLRR A A AU M A K BB i . BT, &k
Dh5e R 1 500L A R Ry R ger, TR oo 7 1 PR B RO 7 4l D-7LIR ™ =14 31 1509/L,
AL E 0.91g/g, AP RE KT 3g/L/he FHICHIFFTEEST 1 ) A [8SR U5 R R i
Y EDe Al D-FLR A G ER, T VA B A, MBI,
N D-FLTR K B HR B A R BEE 7R . A OC R kK R AE Bioresource
Technology. Microbial Cell Factories %5 & B/ F], HiERIFELEF] 4 1, Hp—mg
AL

PR RV TG TR B ATHRIUE « IWARE AR RS LR+
JE B TR SRR, CCE WEE &)
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1. Xinjun Feng, Yamei Ding, Mo Xian, Xin Xu, Rubing Zhang, Guang Zhao.
Production of optically pure D-lactate from glycerol by engineered Klebsiella
pneumoniae strain. Bioresource Technology, 2014, 172: 269-275.

https://www.sciencedirect.com/science/article/pii/S0960852414013339
2. Xinjun Feng, Ligun Jiang, Xiaojuan Han, Xiutao Liu, Zhigiang Zhao, Huizhou

Liu, Mo Xian, Guang Zhao. Production of D-lactate from glucose using Klebsiella
pneumoniae mutants. Microbial Cell Factories, 2017, 16: 209.
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-017-0822-6

3. Liqun Jiang, Nannan Wu, Anging Zheng, Xiaobo Wang, Ming Liu, Zengli Zhao,
Fang He, Haibin Li, Xinjun Feng. Effect of glycerol pretreatment on levoglucosan
production from corncobs by fast pyrolysis. Polymers, 2017, 9(11): 599.

http://www.mdpi.com/2073-4360/9/11/599

= H ks http://ww.gibebt.cas.cn/xwzx/kyjz/201803/t20180320 4978247.html

k3

R T: RBEEHRBRAF > TATCE

A RAFEETT DUAEFZ 10 AZWEAE W 5 SR AE N AE W RR) ) S A i 2
PEAbrp X R FH % BHp Oy 4T Vance Owens R, 3% 1E S A 78\ 51 1 [ 25 1 ) 5
H br A2 FH AR AR 98 [ A v VH FE Y 30%.

16


https://www.sciencedirect.com/science/article/pii/S0960852414013339
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-017-0822-6
http://www.mdpi.com/2073-4360/9/11/599
http://www.qibebt.cas.cn/xwzx/kyjz/201803/t20180320_4978247.html

i B 58 [ REVRFIAN Sun Grant Initiative 57 1) X380 J5URE AR £ A1 DG R IR
KIE 7 F AT HE, AR EE RS R BRI AL TH I, 3] 2030 48, XA
By TR — IR

“HATR A IS A AE A JEOREEEAT T XA 1] AR, 7 AE O Sun Grant B2
AR R A7 [¥) Owens fREIE . “HRAE AT CL 28 58 I IX Lo A M LAt AT 7T,
WEE LG A R, BAVIER AT LLE SRR AT 10 A2m R AT DUFIA . 7

i IB R 37K 272 3X AT 2007 4EJT4R 2000 £ 7526 70 H KA kLA . %50
H 32 [ BRI A M REVR B Ih A B . 120 H W S SE [ REVR AR ML BT, 35 4
BRUKS:, IR Z A T SRR DL ik far 5 S0 00 5, AR I [ ¢ i
6y =N T [ X S 0 == O E TN B

XANIH FE B iRk T ANARRA Y A P A YRR B S B sk . AR
AR AT AR P I S AR W REEA 0 T A AR I, R AW e A S A IR B A= )
Fl) s AR SR IX SR 3 T

SR, BHEFTAEN LEF

B EY) (AR, RRURAHBE, RIPME&TRI T RS 2 AR, B
TR i G DL R AR AR TRk A7 6 0 E A ) £ FH ] X 5 SR AR & F0 ] AE Y A
5] o

KOG AER R A2 SDSU 7t 5 45 & e 5 2 Bl 5.3 Kevin Kephart 1 Sun Grant
DA R HoAth B 53 5% F1 45 5, Owens f#ERE G- iZ 00 H Bk 3R T 130 £ 56 AT YRR T,
A3 5 B RAEFAH S B ARG 45 SR AN P~ B I H .

I 376 P R R A v A A DAt S T 5 ] BRI 9l P R R R IATE 42
Vil e AhUd: “H T HRAR G TR BRI, X TR AL RS S TR
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PR T EAMEY I E TR, m R AR 0 B

RJWE), PMER BRI E, B

Owens #5 i, XTI MBS R —TE 1. “EWHHT, XL HFF
SRR AR, KRB NS, T KA CEMR R R HE . fila,
W7 N 2 B USCER 5 TV AE LE D IRRHME DX 2012 4 & [ T 2 DA B AT 145 F et
O AT R S TLAE IR . 7 WOCHT R . “ BAR —FAE ik, B2
AP A Z —FERT 5. BBERRXE-ANERMISE, HRFEEHE
IR A RER BIX — 458 .7

TERARREIRAEY T, XFIE &/ CRP 1 b F AW B RVR & 22 4R AR AU A T
TAEA LG % Stk Ee, T i T-H =2 g IR E A R, BN T B
FREPEH AR PR AR

AEPIITE R X S, 7 WOCHT R . W — AT T DMRER A,
KR AR, AP E B B E Y oS AR e Hu X 7

“Hlhn, fEILERHI—SHIX, MIRRREL S A A S, RUNTE AN &2 )
Fh . T, BERHRETER A IR IE MR . ik, TERSK, BFAE
N oA BBAEAS [FR B R AN R R AT LU, DATE Gt 1 g = &3 ) .

G B8 AL (FR N PRISM-ELM)ELFE P~ B R # R &, sk 20 R K
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AFRRME SRR, 13 pH (H. SREAHK. Sk BEEASYR ) A A
REEFR e W AL AE B F o A Bl 1.

WRSCHTE : “IX A NP £ 5 75 SE L ARR AR 55, 3XF B T (e A 2 B8 m e il
2 SR AR R (R A A AR e AL A 3 T PR A R B AR IR RE AT TR

S . https://www.china5e.com/news/news-1022371-1.html

B Ak 8 & K BRTF R

HP R SORA GRS A XN EAG, AT KR XS S REIERAT RS, TATRIN
5000 /3 R XSHEIFEMERES 1 02 7 NS SEAH AL

FRE: FEG. PEAR AF &

EAhiE, &FB W KIBRIE A fh A m] A S07ERS AT R T
Wy #al, B0 IUR R B se, i H AR USRS . 1% mIAL AT BT
TR, HRITEHING IR S A H .

2016 47, %) B 6512 H T, T8 L 6700 ~FJ5 K 1) Y JEHE = AE VIR RE R H
J 7o X UM E REIR I AL AR, R TR S R e R B R R XS 3
ZePRBEANAL IS, R/ T &% 6250 T PLAI L AT

HAT, 3SR iians 2E RV H AL, B e Rt E SR ARIL . 24
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BN R, 21 Z P ARMEH.

ZA TR ETTTEEMAEREE, “ERIFEPRRT, XEIREHE R, &
TERAEEIE R B ER . IAE, EATER R E SRR, X —H i AMEDLE
fF.”

2o\ RAUET RETR SIS B, IR R 8 iEsh e — =, 45 “XgH”
F P L — RENERS . HARBARTEE, FRXEI7seiy oL, XA H A2k —H.

HASHTREIR AT S0tk , 78 2011 “ER% Rk a3z 2. 2012 4F 8 H, HAI
AT KR R AERER I G, L 2030 = HAR, B X, M. DL K
AWK BEETEE] 2010 EER) 6 LA L. AR EARIE LA, BN
2010 “=Hili& ) 240 /5T FLHL /3 =21 600 15T BLo

WAH, FHRSEMRE, EMRERRERAIEH. HAEWERGRIETR
X WndbiiE, ZATRAEET DA EER R . AW SRS M 64E, & Ehedk
BNIX ARG 12 o

SJE . https://www.china5e.com/news/news-1022393-1.html

ABUKA: FALFERRIR K L 54 /0 R

2017 4, JAbAE FE 0 L R TE T AR TRUR FE TR RRE 3, BRI S

REVE K HA, 53.68 14T FLi, IR — S AL B A5 K5 44 450 AR T
“H=F 7 W, FIRORARTS YR AR R R AR RE SR, WL
ATHRIPEEETR K FAEAL 400 J3TBL, [FIBT KT JEIREL . AT SRR -

[l K HLXRTA6 28 HL A BRA RIAH R A1 55 AR, A JGRBIR K IR R e T
TG P S L R SR FE T “A AN A3k, &FHA” MR IR . #% 5T,
TG ES W RE IR AL RIA £ 416.6 73T L, AFIHA0R. Jareli K H 53.68 14T L
i, [FIELIEK 49.5%, & Z0bnME 173 Jml, ek AR 449 i, JRHERA
16 1.28 Jildi, JFHE A ALER 1.47 J3

2 2020 4, AL R KRR SRR B VE BRIRTH AN R ), 5 X SR S HLRE
WIA %) 1400 J5FFLUALE, A3z B AE v REIR K HL LLGIIA £ 50% UL 1, A TH i 2Tk
B R B HLIX A 2 R T R R

= BSkUE:  http://www.nea.gov.cn/2018-02/07/c 136956241.htm
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LETAHRBXEEEY KB 20 Otk

FHETBUGHE, 2 0 1 84, LI “HuAh” R A SRR i 2
0 0/ Mpnihubift, SKBL—4 3 2N “Huygih” BIAHaN.

HATAEMSEH O a4 Bl 2 1AM nstilnl, B2 0 0 0 2% “W
B SR, A S, SROERIS ) L AR AEYIS . 2 0 1 8 4R,
AP S BRI TRE 2 0 0 AN, B B AR 3 2N M
tEa i R o B 2 P

EiEi R E SR B R A BRI R UL, S WSR3 AR A
FBERAL, S N AR IR RIRTEOR i, LU AR T HEAT I R 2 A XK
B, 9 S A S R A SRR

0B, Rl RS R IV, 4R R XA R TT
JREZE 7 Aol 0 B A A ) S RS RE AR I,  FiE TAE Al  fg E  aE
B, setbisp B A EARIEM, ok e R E B, DISCORRE b R
Zeco

{EB3kJE: http://www.nea.gov.cn/2018-02/12/c 136969847.htm

HEAKFRALZHA 1000 12+ BB

E o aedim: 2017 4F 1 & 11 H, FREDGR KBRS 1069 14T FLi, [FIEEIGK
72%, JGARAER HLE T 1000 14T BLIN .

A, 1069 2T TOB BOGARK HE T 4K 3300 JmbidnifEsit, IacHE — S Auhk
9300 /3,

2017 IR EDGAR K HK JE B I =W A

— R AR K B . AT FOGRBTIG RN 1723 S5 T L, A 2016 4 [R]I
WA 3.7 5

TR BN AT M A R I B . UL X YRR I EENL S LRI LR
B 17%, 10 ZREB N EDG AR R A, A AR R B X A b X 3 2 AL
[F] LG 23 il 35 1 9% 6%

R R SRR R . AR TR RIRCR R, etk B AR
W, BAKIE T P

SJE:  http://www.gov.cn/shuju/2018-01/02/content 5252660.htm
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F 5% B4 B 1T A = 5 M LR % B e FELIR & R AT IRAT 2 7
#RE

B AL SR BRIEEE, AATH 8 A 1 5 BE 2 A BT rEL b 110 4 A R i
Reitkmr . (HITHR, W AR E 1 IR 2 a0k, IRmE i
M2 2t ORI B S T . RS e b, B AT AME ) SR AR I SRR I
(9, 5 P 43 B PV B%) FIVE A A AL AR 5 2 1 v 8 9 - LV B R I 22 4
o DRI, I AR TR BEL IR A lSe 4 o S AN BELER 2R VS A AL R AR I 2 K T 4 T
FEL VB 22 A R ) B IR AR

AR, MAET & Be IR AT i B I 7 S A e ML BRI 7 e CRTRR 5 S it R P~
[ 5 & H BEARZ i A e 4 1 75 48 (Solid State lonics, 2013, 245-246, 49-55). “E4) i
o 4k R L2 A R E (Scientific reports, 2014, 4, 3935; Journal of The Electrochemical
Society, 2015, 162, A834-A838). % 75 M /i<(Journal of the Electrochemical Society,
2014, 161, A1032-A1038). MLVl (Nano Energy, 2014, 10, 277-287)4% £ 51 k& A1k},
R g A I T A B T AR

bEE AR I PR A, BB T L PR S AR R R (G R
T 10Ah), 75 EE— 5 R FH B VA A B AR o SR PR FRL I £ 7™ 7 48 FH 2% A0 T G
o W IREAEN IR TIETE (BRI ANl KIRBERIRIE . (H21E H AT i
A FLAR T R IR B R P A IR oK Gl KT 20%, FiEr#0 He
PEELAGA B H I R RE . FE T UEMIIR, T H, B AR R IT A H PR S
B R RE sZ e R N B BT ISR, BRI =R R (LR E LRI =0 . R
FH I =BG . S M TN g 2R = A ) A 2 IR 5 4 (Journal  of The
Electrochemical Society, 2017, 164, A1559-A1563). 24&4:rh 257 FIPHEE “ 2541
[FIH 7 AR S K, F SdRelodt— B K 1 “ ThRe s ingf o A H ” SE8% (Energy
Technology 2017, 5, 1979-1989), R It £ 58 3% 9 — Wl B A E T — s Re &
WA LiNI0.5SMNn1.504/ 4 S4B 1 itk &b (WK 1, FHRHH AR RE
K2 76 [H br ] F) Advanced Energy Materials (Adv. Energy Mater. 2017, DOI:
10.1002/aenm.201701398). i, T By fiff e Be il I8 =BG S FHIAFRI S T~ 48 Ah )
KA B TR il  RER8 RIRHE M B 22 vhae (BHlll, B,
AN RO, 3 2 B R B Rt I S e bt RIS FEh ) FRAk 2 M RE R
Mg/ LA 2D

PLE TAESR R EREE ORI LI, 5 5 5eAT LRk 0 708 R 2
SHF BREIET “1357 Wi H . H X AR RS ILARE BRI ISR I3 HF .
(I FEEE ViEE)
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K 2

{Z B3kUE: http://www.gibebt.cas.cn/xwzx/kyjz/201802/t20180211 4947037.html
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th B F P Bk R R R g S st R R R M & It

FERFRXMEBRRA R AARBEERN 2 EFEMFRXRERETF/E
WS RAANBERALAEST, #FEMFRIXCRERFOELARE, K
B F E R F B ER R G RBETABA R T, AEEENFERARATELFR
iR AR 251 2E 2 A 1B RAE 5 ROR S B 1. SE 2t AR R AR R IE 3R P B B SURR R AR
ABRANETEME AN ERBEERATLAR. FHERAR. HAXAHAEEAR.
R XERAR, URHRWERMFRLTR, B “BEITFRERATRS .
HakRBEHRTmEER, REFRFBEXRAT. RABKERRER S B9 TE
FR, QHRFHERNERF AR SREER, RAFRAFOEXZ, FRFX
FEREENE, FREATENEI R, ELIERET AT AR AT
FEMFRENEE (REE. TEE. ERNEEARFARET) WEEZE
WA K ELRIE,

FetREIR FHR WAk 53 B4

B R E AL B AL 4 FR
HKEAN B A B OO AR 0
B4 K A o B B o B 6 AR 4 B R S I 2 B
(#4214 PR A B A S B A BT
%) PRI E SRR S AR AT
o E RS SN BE VR 5 BT
L FEMFRE LERFFH IR
(H4 1a o R S T L TR R S B LA
V=D o E R 5 T L B ] A AT LA
R A B = M R E A 5 BT
o E R S N ER AL E AT
o E A R A TR BT
o B A B TR % BT
FEMFRIEAMEFRTN
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