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Abstract: The utilization of solar energy and carbon dioxide by cyanobacterial cell factories for photosynthetic

ethanol production represents a promising and sustainable route towards green biofuels. Ethanol is one of the most
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representative products of the cyanobacterial photosynthetic biomanufacturing technology. Cyanobacterial ethanol
production systems could serve as models for developing and optimizing advanced synthetic biology and metabolic
engineering strategies. While most known cyanobacterial species lack the ability to synthesize and accumulate ethanol,
the introduction and overexpression of heterologous pyruvate decarboxylase and alcohol dehydrogenase (heterologous
or native) are required to enable ethanol synthesis in cyanobacteria. In the past decades, the performance of ethanol-
producing cyanobacterial cell factories has been significantly improved through systematic optimization of proteins,
pathways, chassis cells, and cultivation techniques. Cyanobacterial ethanol production technology has yielded the
highest titer, productivity, and carbon partitioning ratio among all current cyanobacterial biomanufacturing systems.
Recent advances have led to further improved efficiency of cyanobacterial ethanol photosynthetic production. Based on
extensive systems biology data and rapidly developing computer modeling technologies, more accurate simulations of
cyanobacterial physiological characteristics and metabolic networks have become possible. These simulations facilitate
the identification of potential modification targets, thereby enhancing ethanol production capacity and guiding the
design of next-generation alcohol-producing cell factories. With a more comprehensive understanding of cyanobacteria
physiology and metabolism, systematic genome modifications and pathway optimizations have been performed,
resulting in further improved ethanol productivity and final titers. Concurrently, efforts have been made to improve
model strains and evaluate newly emerging non-conventional strains to establish more robust and efficient ethanol
production processes. In conclusion, this review summarizes and compares three technological routes of light-driven
carbon fixation and ethanol production in cyanobacteria, introduces the technological development trajectory and basic
status of efficient light-driven carbon fixation for ethanol synthesis by cyanobacteria, provides valuable and up-to-date
insights to facilitate the development of more promising cyanobacterial ethanol photosynthetic production technologies

and explores future challenges and directions in this dynamic field.
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Table 1 Optimization strategies for ethanol production by cyanobacteria photosynthesis
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li] Bk g 77 BF) 14 5 T B SR 3G 0, DAL R DAHERT, 4
FJREAE (W Pde-Adh2)  7F W5 41 B AR U 190 4% v
WOE I, AT BUFE D9 b 78 BV AL ) R 22 i i 4%
PG ERBGERE. T, PR RE, &
R F K (RuBisCo. SBPase. FBA. TK) #4T
HEFak, AL — DR T H A AR B AR
it FBA 5 TK 3L K16, wT BLEL #ph 32 3k FBA
HEMRI O - &g 9 5 LA E, 17 SBPase 5 FBA
(it B Kk, T LLEL FBA ¥R A MRk I 2 % 77 B
e 2565, P ER TR RIR SO G HE T
MU A RIATE AR A AR AR E I E K
W

TE R IR SCOE 30 () BB [ B A 15 2 Ak, o ol
A B I A R AL BR U i, RS R TR
S AL T IR [ A RN PR EE AL RE . LT, Kamennaya
2 1) R AR U3 PCC 6803 it B RIAM IR A Hh #4is
PG i 38 [R] bicA, ¥ H5 2H SR 70 = S 7R il fE
AR IR T 21%. EW], Chou%s ™ K24
SFEWG N T B BRI PCC 7942 77 BE 40 L T ) 250
by I R A — A B R A R s A g i
B ictB " RIREF MRS LR ecad " DA S5y T
1B RS groESL ", BRIt 1 e B4 1) 1
[l B e ) ANBLIBE R g, A8 AT AR R T
K. (CO, EHHEN25%. SO, 7% & N 80~90 uL/L. NO
FEAN90~100 uL/L) o) AR EEAT e A K
A=

3.2 IN&ZERE pkBIAMH N

DA 40 B R R A AT O A A 1) R i
N TR OBEA SR (Pde-Adh2) 5 [ AR
X 28 22 [R]85 11 T I R X — B E AR A,
KT RS AR RS, — 5T, A
PLid I 20 B A 08 42 10 A A R sk R 3“7
(pulD WIEF, 55— 5T, 7 Zhss ek m i
A T2 1 0 TC 9k 2 PR R 1) O LA AR & AR 1
S, AR E IR FERE, M “HE” (push)

(1) £ BE 0 3 £ B 5 R A2 B AT AR B, . Gao %5 B
PLAE B PCC 6803 N A,  LLiz B Jk T i B ok
U5 ) Pde AR i #F B R VR ) Adh2 (yghD) % &
5 g7 IS AL S, KB TRES R
BEM) R BEMR . EURIERE b, R T AL T R R
I 1 1% 05 I =R T B R (PEP) %% L Y PEP & il i
PpsA. ML I 5 & B 1) S BB GlgC, D H 4
BRI SRR R 1R & T 50%. 2 — 35, Wt
FEN G135 2Rk K AT B SRR 1 3 SR R
(malic enzyme, MaeB) ', J§ TCA 1 28 o (1 ik i
FHH B AR AL, SRR E 0.7 g/LHR T
£1.09gL (7d, A AT 4 REEFRI W™
ik 0.248 g/(L-d). FEREBEM L ERIE, £ L
R ARSI S WA HRE 77 B R R T OCEE R
HALYRA T BB BARE S AR 2k . $2 T
TERIETATE, 1 HAE B = R = B Y [R] ik
REfZ N5 NADPH I8, Oh LT & BUAR fH 5E 2 1)
WJFE . HAERNE, Z41 1) 0.248 g/(L-d)
(1) 2 7= 2 DA 25 S0 1 S A B R i 30 T 5 B
(7, 22 WK 2 AR A2 A4 41 e A A 15 kR 4%
J&, HEMITE PCC 6803 1 & ik = BE 58 /1y s2 43 21 1
OIS T

3.3 StREMEEKICESE

o5 W 4 B RS B RO B [ B R, ] DL F
PEUR B R AR B R AR, R MR R e
T AT B S B R A VR B, TR TN i 2
WEZAN, WSS E AT, BRI
MEomaEREEHHREAFEER L. HLEHR
(1 5 IR AR R AL, W 40 R B A AR R BV AL
St G 1 R T 1) B v R B R P R HE A B A K R 4
Fr A By, 8 E K URE JROR IR AR AR T R e
(poly-B-hydroxybutyrate, PHB) %% k43 F [/ X
BEAT A&, RYE “WRIC7 BIVER o BE W RE R AN
PHB )& OS2, 38 15 40 Mk 58 2 1 Bt 5 1\l H
WA RS R, SRR A R T
TR AR L SR T 2 3 [ BA DL U R R
PCC 7002 N E#E, weit 7 ¥ WA OB & ok 12
(Pdc-Adh2) #5 V1UHE A 53 5L R 4H A i AN B i 5 1 g
(glycogen synthase, GlgA) Zwhdh I K 147 £, 1A
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B 5] B 0 ik 2, B BROE £ I BH TR R B OB 1R 5
G R . B AR AE S5 = PR AT X R A
Har10d)E, O EIEH 2.2 g/L. W50 H BAXT
ZEEMRIE AT T P AN IR, BAREE R A g
TRk R R T A S, £ AR s
T A R A KRS RE4ERF 3 d, HH B
FEENLE 7 dBE RIS RE P IR AR B, BRI &k
#]0.8 g/L "', Namakoshi 55 " 7E4E ffi 7 PCC 6803
72 L T R B B G R B B ] glgC, N
I L) R A 0.212 /L $ % 0.297 g/L;
HE— 0 B 53 A — PR AR BRI 5 PHB (14 7% 2%
7, A8k OWErE R A 0332 g/L. XF ik 4
T AT R, LR R 0.6 gL, K
HEAT BRI AR FH W (0 B R rp 2R = B A 2 B
FRRAL, bR g R 7 o0 0E B BRIV R 1R 0 SO R
5 A 80 R ' IR [ B A ) A s T i
1, Velmurugan %5 "7 $&H 7N H “Hril” TR
A4 T 2 A ' X [ Bl 7 B R T IR — Rl R B e, X
TG T R, BFRN BAE T A
I F) 52 M 3 PCC 6803 L RE MR, 55 — Pl tk i 47
B J5 A PHB & 508 47 1O BEL T, 8 JHC 4 i 1 5 AR K
AR 5 3R 22 A IR T vk ARSI T2 Uit A7, T 2
IR &M . BRI E R 28R R
i, RS T LA R I A R TR A
FTW S AR o R R SR IR S mE, DU R R
) EE P R IE B 47 g/L, MR T BT G bk
(JE R H [R] BF E47 e & i A2 %8 & A B )5 . PHB
HRGEFED KR 41 gL BT RIERT.

3.4 IMEZEESMRNEREDHN

B T E N CBE A BCRT A 1) T R R 2 4, 6 4
A [ 0k 7 T A T R R g () 8 R R A
KHbFEW 2 BE A R . B AT iz 4 i 4 i v
PCC 6803 K U5 i) Adh2 (slr1192 BRI A ), i b
T LA NADPH 4 R T 4b £ B3R S5 N, 5 40
B = NADPH. 1 NADH HIA W4 m0A B0 ) i
[ P 8 . 11 T S 10 I L R VR T
Hemg, B NADPH IHER, 2 3 T O [
= BE AL RE M BE 277 7] Choi 25 ) ¥ it 7 it i
TR B AR T 245 D TR I8 TR 7 R SR, JE

TESE MU PCC 6803 H it & 3 1k A Y GOPDH i ith &
Bl zwf, R IL4H A NADPH W Bl B 0 1.5 4%, 78
LA, § A\ Pde-Adh2 PR G, P3G E
AR S A I R IE 2w X FR B AR A LG, LB
M T 33%, MM ER RN T 50%. &
W, Velmurugan 55 " K g 1 [a) 4 T 5 TR AR R
WNINE R A LA 5 NADPH 4, {23 6 oK [
B = IR BT WS o IEHT, ARG REY, &
J&E ALY (8K Tio, %5 ) 1 DL £ NADH 1) F
At 2R, WEFEN R S R AR S AR
S, MAFERRE BT AR, T8 AL 5 1
15, &AMy Ll B B /A 5 NADP |7
NADPH ¥ 46; t—28 , BF 50 A 01 [n) 48 il 5
PCC 6803 /= F 4t i T.) 3% 7544 2 Hh s i MgO F1 A
AR FE (1) NADPH,  DAERIIE & s ik 2 v (138 i 7 it
N, BRI QBRI S 245, BiFR25d)E,
OFEBREIRR 5.1 g/L WY, EARHEAT AL B 1)
ATEE T, RCDhRIl T 7= B4 T Ak S g
Al

3.5 EXEMASISHEEMERRIHEEN

H R, 46k 22 5000 W5 40 56 % IK [ ik 5 i 2 B
Tt 70 /2 75 BP9 R 0 40 57 JES A R TR AT I, R
1, Ehira %5 ) 75 22 4R W5 40 1 £ 5 3 Anabaena sp.
PCC 7120 (fuflE# PCC 71200 wikfT T MK =R,
12 PCC 7120 /=2 AR 1 1 2 41 i 22 4R W5 40 1
PEHT) 2 N R R A 4R A AR
T AE A B Bk 7 2 S8 R 1R RIS, LA Dl 22 1R
PREAE AR S T BeAh, IR B
KU, kLT, B 10~15 N R
TR A A B AR I 7T M, HAE A PRI ¢
EHSERERMBEAGEEER, XBMAHLA
A 7T X AU TR S W A T R AR A R
W F0 N 518 Pde-Adh2 & 42 48 7 = % i Hh ke S 1
)3 B 1 hupS )3 3 F #EAT ¥ 1 9 5 O\ IR 3 PCC
TI20 B [RI4H, SR T 275 55 T M b K e e 3R
ik, BAEBEMEAMME R CE IR e
B CRETE M) 35 225 8] 4 B, BT i 40 i T
JHESCESRRTE, ERF23dELET'EIE
F1.68 g/L. WHIA B FLLM, SRE KM N EHE
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TR FLRRSE 2 R R IR A A YA B2 s
DRI, it 7 [T BA gk — 22 4 Tl ot B B 2 2 Ik
il & RS SU B R IR 8 . (3 2 B S R W AR
BRSNS M ] G ] ) s R R R
g b ) B S R (GInA) RGEAREE, T
TE S5 TV Pt P i S 1 A 1) GInA B RS 2 52 W) 38
AR IE R K, U TE 5T B A ] BASE U h
Bk, XAEWVRSANT OBEAR. T,
Z A BT T R e 4 1) 5% % B ) CRISRPi 2 [A]
FOEHGI TR, XY R 25 S S R R
FRIBHEAT T, BARING ol ER A T
27% B9,

4 ARG AL SRR B eS| 5
A L) st

AT SCR S5 41 T T A I AR 1 R AR A
I3 AT R H SR FR) A 4 T ' 3K ]k e e A i )
REAC SN e S S R N S R B ]
T AR B SR U 9 2 2 18] R AH BLAE 9N 43
M, J0H 2 i =508 W 20 B R G ' A ] R v ) B
o BRI A e 20O A T S
N, NEREmEE A k. Bk, 57
W 55 55 B0 I A 5 I 4% 3R AT B AR IR A A AT,
T R IR A AR S A, BT iy W A D
0K T ok = B B ) B R A B T ) . B
B O BN AR AR BRI S ) BT
H, 2FERHARE AR (genome-scale
metabolic network model, GEM) W] LLil 55 i A= 40
MR A I EE. AN, AR
DA F A G2k R D Re s B, BN b i g
% 5 A R0 s w4 A AR S 5 R I B AL
B, ek, WA AR R RGUEY)
R (EAH. A, REA R RasEa)
N R R T A A 4 ik DT A T ) % AR Y 1R T oG
PVRCHE SCHE, R 2l s A B, HRR Y e AR
5 E SR AT 40 B AR AR SO B AL R AR, L
FAL R AR T NGl T, B8 iy g i) JE A A A
& /M1 (isotopically nonstationary metabolic flux
analysis, INST-MFA) ] DL R AR U T A2 ¥E 55

HREE ST, PRI T R ROR

UL AT, Sengupta %5 7 i i #4 £ ¥ PCC
6803 X U 19X 286 5% 784 Rl Ty L g o e ol TR Rl ik
DR MV PR % . R L IR . 2 BRI 25 TR ] DA IR 2%
It OGOl R, JFAE S 2 5T 4R B S I IR
E, AR SEAR I 2% A5 R0 A B A T 000 S s 1)
AR, B 2 T AE Y T ATP/
NADPH A5~ 17 % T4 =y W5 40 B ] ok 7~ I e 0 1
B E M. 2014 45, Endrich 25 U7 DL £ i # PCC
6803 (1 4k 2= it AR W 4 A L, 45 & 2 PP T ik
3 AT JE T RH B B X H A% 3 AT At B AR
e ML PRI E 7% 5% ATP/NADPH Lt
2 DL & O A RO & AR SR RS . 2015 4,
Knoop %5 % X 7= W40 A T AR 3 99 28 33E 17 A
ST, RIS, HA M A KRG T
ATP/NADPH Lt 2 1] £ B & B A 4F T X ATP/
NADPH tt 2, H 45 8 5§ 18 Endrich 55 T 9l 1
ATP/NADPH LV 5 1Jf 45 T W A2 AH A 70

TEAR AR B I 7 BC (0 S 0E 2 40, SR ik
S K RE, RS E M T JF R AR
A TR AE RS, L] DL S HE B 6 B R vy i ) B
PRE T2k . Testa %5 B 7E I HT ik 18 11 45 Ho 358
PCC 6803 it 4= 3 [K 4 AR 5F WX &% A5 74 (g B by | %7,
¥ ORES IS REAE BB Y, 856 BOH S
Hem M o B AT B 1 OB JEAR . TCA i
W, BREFERE. B, RETAES
709 AN AL /AE R N . 80 AN B M . 535 4K
W A D ALAC T I g B R, DL o SRR, A
FEN DL LK B A 7 R AR P2 SE AR & O H A
AT J5 R g o R 5 2k 18 4 A AP TR e SR R
B BRI M IR SR ok XU K e AT A A 3R
w, BRATMIRSG T SMNREBE, H, HMRE
M VT i 3 NADH/NADPH X 35 99 2% f - 45 5k
L, N T IRMEANIE R J1, 7FEK NADH-%&
QARG O W R H ek 1 I e H T -3- B R
ZUBG AN 11 2 NADH fit &0 B 55 30 J5 ) 18 FE A2 AT
g o RN BELIT , AT 6 456 40 L i 2 B A ROk AT
IR JTHEFE: R, 7 Z X NAD(P) e A i T
Bk AT, LABT1E NADH [6) NADPH H%14k, 3%
TR I AN B R (PEP) A Al 3 IR HE 47
B DA e - Vi ok e = ) B AR R AR r . B
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FEFM T OB =2 HIAR] T 3498 g/L (4 D),
FHEL R T CARIE M B s AP 5 T 235%. 2494,
BEIA B BT FOM () B AR ORI K 2k 13 b Ak
oo AN, LR E T TS T GEM B AL AR
LA S W BT I R B A% 50 TR SR, T E AT
WA AR TR A BB ARN S R E K
Pk, (HIXTEEE RN R BRI A~ AN T 8
Tim. WEERE, LIrE-AKNERES, B
Wk AT DA DA AR KR Sy ik R R B, B (B A
A7 P B8 7 I AR A R0 7 %

5 REiMER

AR, HERGEWENE A S
INPE Y 3 - R P 3= g A x5 NP
Ko alEG T KkemdELd, cmEbBsonTH
R A 77 7K1 di e 10 S 4 v QO R o SR
6 HIR S e 1 TR L FH AR 7 M A, ' 0K ] g 7 I
PO ER B RN T 5E () 2% O A W MR ) 3 B 20 I8 A
R BE ZEE . MALT A BRI B £ . 23l K

Heat & Electricity

Optimization of chassis for cell factory construction

9000004

Mutatmna -

Enha.rlcmg the stab"i].i.ty dfcthano.lgenic pathway

co,

i SR O A 7 AR R, R A ' IR [ e T 7 I
(<10 g/L) FERAK [<0.5 g/(L-d) 1. HiE/N, 1
Hf%ﬁﬁ ERM TR &R RIT R L™
HI G IR B R IR RS . B AL ARt
%\awﬁuhmﬁﬁﬁmm%%§EMﬁkﬁ
N, T CAEST & 5 iR 2 o AR i) A AR
SE ) AT AL OR B F S % (HEMIRA &, $#7t+
A ] ik = I 2 26 B FH 7 77 1 S BEATD SR AE T
RedfL T MJFk, R\BAKNR., ptittss. 4o
@FE?~¢%%%A%wIF A Re A AR
EHARBE RN SRR IREE AR AT TR,
XX — Hbs, &7 BT 7 AT E S IK
X (EH2.

5.1 BERF~ERARI HEREFA

H AT, WA B O O A o = B A R T R
T EE DL 3 PCC 6803, K ER#EPCC 7942, F
BRI PCC 7002 55 A 3R M AR 20 L PR 9 i AL 58 YT
UGS RR AR A AE T 185 15 SOF M 8% UG (F
S, A I A RO BN U e ) 2 S ),

Ethanol

Uncommon nutrients

. "E..ng.ineer.i.ng capaéi-t.i.es to utilize uncommon nutrients

B2 B ' IR o ™ B A L T AROR A FR T 1)

Fig. 2 Trends for engineering novel cyanobacterial ethanolgenic cell factories
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M LLIE B Tk 5 95 1 2w s FF I R T2 sy
20 A AT 2 AR, DU, T
WORE S A R A 0 AR AR AT 40 M T
JUR R, A R R T R AR,
WA N R O &5 5 R T R ERE UTEX 2973 ™,
FEK B Synechococcus elongatus PCC 11801 (5 Bk
#E PCC 11801) ", R ERE Synechococcus sp. PCC
11901 ™ &5 AF bk, Ml B A it il i ok
AV ER BRI AL FE ORI R AL
A T AR R AL P P, UL, Srivastava
G DLAEYREL A T, X R BR B PCC
11801 4T 7 i& NI, @il E gz 100 AL~ )5,
FIT3R1G B BE AR SR AT T Xk I 30 /L 2.1 (1 52
RE 1, N8 CREANM T MM @ BEE T R
) 3Lt

[ B, e 30 R O 3 g v I B A B TR R
JE A B PRI AL AN 0 % . Sara Abalde-Cela 25 ™ FF
KT — o i 2 T ORI SRR T, IR
N T R TR 20 A 7 AN T 1) e AT
F T8N 01 1 ek 7= 2 e R T A2 £ i 3% PCC 6803
B Pk SAA012 0 5 7E EL 4% 90 mm FIR . AR
Fi R E35 BG11 85 77 58 1 i DA R B 35 B AR U 46
Jif1 35 PCC 6803 [ A N It i . Horp =4 7
19% 25, 22% 26%- 17%- 9% 1 7% I3
SR 1L 20 3. ARSI, KR F 48 h,
CBE R FE FRAR B 2 A W 2k B R R AR DA
Ko BE RN A S B AT R,
LBy BT B TN I B W46 V0 R R AT .
W, OEERE OB E AR AE AL TE i A I SE AL A
T EAE S 10- 2 W -3, 7- — R HLwy BB IEE [ N fg %
TE LR 6o F o BTN 03 Bl AR s B A 2 R AR 7
WREHEAT T Ak, RIak IR B S £ B
FERT DAY B R AP 261 6 &, I H 2R T B iy o
AT 18 53 55 YR PR i 3B A T 40 BT R B D I B
BRI TR BT B AR . R R VRO IR
NG A O AT 9 e A I 3@ i 9% o e BE T DA
RAUFHh X 4> & F BGL i (F =R &
7 4= R AL I E PCC 6803 [V (M R AFAE 5L
R R GREED LA S A LRER = Ll TR TS
SAAOI2 I (e dt). HH, fEAFESAA0I2
(19 6275 ANV H AT LXK 23 G o 22% PR30 R e A

SEIAE Y T B AR AR HU i PCC 6803 K24 )E, T
78% [ REAR 2L 2, X R T O 4 BE I AF
fE. HHTZIT L B A N 20 4w L8 & 77 W
PREIOLAL b, ESERIM sl 2L Tk 4 BoR
T E KRB A, bl I T ma 8K BE I 1 AR
IR E MR I N & B 71 7 s = b e
PREIImIE, WHRERES T 136 Y. KRB O
G RO LM R 504, BE T OB
A B S 5 P 3 R A % e R T Ak A I A A
HR. A BT 3845 50 = K1 1 S AE = R R

5.2 ZEGERIREMEW

By omaREEZ S GPE. RS
ZAh, SRR L TR R IR AN
BN R AR OB RAE S A E P, BE BAN R T
J7h Ol A RO RRI R E M . R FI L RAE
BB IR R, SN AR R E
IeAZ, T R e 25 2K L E 5 RURE 0 1A S T A 4
TEAE RN D T 0 R BUR IR 358 2% 110 3R 45 2E
KA, IHFBHATIFRREBET SRS FME, &
AFHOEEAKT I T 7RI — ],
— 7 T AT LA AR AL B A R 2 uE . AL R
REHLAS, PRSI R MR AR, M ER2E 41
IR R S R R A o, KR B D
“HAEmE” BRI B 7w, W]
DA 7= B 7 1R AE ik TR 40 b 5 A K b 75 B TR AT
“EEE”, BETH-FRE&EH, — BRIl
FREH B RS, RME R B T i A
i 2 AL A DO RE AT A 5% A2 1A TE VR 3R A5 A KA 35
FFIZHTEIK -

5.3 FEMERIIIFEMERYERAEDME

FEREAN G P Be i ) B Rl b, AWis
e 1) 5L ) o 2 ™ B 5% 97 PR A 0 VAT B4 H
FETCVE ™ M KW I LR R SRk R obr, IR Y
HABGEIN o9 NMZRE TR R, 577 I 55 40 A
P 58 G 15 IR 2 R AT BR 7S SR, T A0 A
PR A A A B P o T 0 R A X 4 AT
A LT DRI R % A0 i A 0 e DR F) Al 8
FRATAED, AR AR A 35 G XU ) A g
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U, Selao % P i B BRI PCC 7002 K 41 b &
N TG R R 4 R = B SR R 1, TR
15 (1 5 2L 3k T AR ) = 5 U A T R IR 4 il oA
ME — ZUR AR AT A K, T PR B R A A AR
YudE AR ER PR A 0, AT S 2 BRI T TR
XBEFE R AT YR . 3T R R 4
HEAT P WG H T (0 4 O B K A AR O K
B e B PR e L L TR Y 4 B 4 A it A A
FAAR J2 A A Ak 1 A 81 B ARG A= 7 Fe AR P 28R

R LR, AR B A A A % DR ] A
FREH A, TR PSR p 4 fE 7 KR
MEFNE AR, (HAE X IR RIS SE e K ST,
Bt 5 £ AR W AR RN a0 A M i R I S R
B, @ENRBAR. e TE. MERZE, 22
TSR XA, CLEAE N 61—
N A M % CBERR, 2% W Rk
B, AR E R R AR LR AR R PR ERRAEH .
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