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Abstract: Energy shortage and environmental pollution are the limiting factors for the development of human
society. Photosynthetic cyanobacteria have attracted increasing attention due to their ability to use solar energy for the
fixation of CO, for green production of biofuels and chemicals under low nutrient conditions. So far, nearly 100 kinds

of fuels and chemicals have been synthesized in photosynthetic cyanobacteria directly from CO,, which is expected to
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promote CO, utilization and contribute to “carbon neutrality”. However, the industrial applications of photosynthetic
cyanobacteria are restricted by factors such as their slow growth rate, low biomass, low product yield, and poor
environmental robustness. Regulatory engineering, enabling global regulation of metabolic networks and multi-level
regulation of genes expression, is a powerful tool to address these challenges. In this paper, we firstly introduce the
classification, mechanism, and function of three major regulatory systems, including two-component signal
transduction systems (TCS), regulatory small RNAs (sRNAs), and ¢ factor in photosynthetic cyanobacteria.
Subsequently, we briefly discuss the functions of regulatory elements in the regulatory systems of photosynthetic
cyanobacteria related to the tolerance against high salt, short-chain alcohols, light stress, metal ions, oxidative stress, as
well as heat and drought, and the regulation of carbon metabolism in the production of the target components. We
systematically review the applications of regulatory engineering, based on engineered regulatory system elements, in
improving the robustness of photosynthetic cyanobacteria under the above stress conditions and in optimizing the
carbon fluxes towards product biosynthesis. Finally, we conclude with the future research focuses of regulatory
engineering in photosynthetic cyanobacteria, highlighting research areas such as functional elucidation of the
regulatory systems, toolbox development, multi-gene regulations, protein engineering of the regulatory systems, and
systematic regulatory engineering. In a word, the regulatory systems are expected to be artificially designed through
regulatory engineering to achieve accurate control of the global metabolic network to improve the robustness and cell
growth of photosynthetic cyanobacteria, and more importantly the titer, yield, and productivity of the target

components for industry-scale applications.
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42 B R B Rre SIr1037 5 sRNA CoaR 7 7F
TELE L F R R Y Bk L, AN T
BT 52 P i 2 — AN E R, B8 TR OW
Py 2, BRI SRR A B .
2.1.4 TCS TAZE4x I 20 14 22 VA BB ARt

5 38 P 50 X W 2 A R T KRR AT KA
FEAAAEEEREMRE L™, FRSEpE Kt
(AU ASE A R T — S 7 g g R L e R A
W (GG WA= B, i sh s TR R g L H
AR B 7T Bh T R 2 R AR A0 B R B AE
F . fEEMEE PCC 6803 #h il 2 1 & TCS I 7T
o, JE IS 6 Hik Bk 26 AR A BE AT AL, RIL T
Hik33. Hik34. Hik16 1 Hik41 GE %% 8% %0 &5 B 16 2R
1, 47 4B PCC 6803 1120% 5 £hi% G 3L K]
)k, oA Hik33 BN 2 7 1 Hik16 5 Hik41
B 1 NaCl ™. Hik34 £ 1% &1 5 W 2% 1 )5 e 8
Y5 541845 Reel, 33— 25 A% L BERL A M AdhA
[RIE ™, AN E I T 22 R/ 75 R g 2
A5 K B SRk S5,k B SpkG B L A I8 26 a1
e .

iR L, ER B 2 R T Hik2 5 Hik34 2L [A]
95 Rrel B, 1 Hik2 52 4% %2 Na ()™ 4% 155 5
WA THME S KRB G, TR
JEEHE PL Ab TR B RS, AE 4R R ¥ PCC 6803
Hik36-Hik43 1 Rre6 4 ¥ XU 4H 43 5 4t Ge 8 /2% A 4t
PR B AR AL S5 4 = R A 22 0 DL R R 5 B R TR
MREAPIUT2 AR, (AP B

16 Bk 8 PCC 7942 " Synpcc7942 1125 5
Synpcc7942 1404 F DA Bk 5% 58 A8 44 B % 38 fin 25 i 52
PE, MIMEEA BRI R, BEOLE. A
B A&, Synpee7942 1125 5 Synpec7942 1404 A
WIERERE CAERBERTAD G RER RIS,
HXUGR AR A AN R 33— 0 38 0 B I AR A B R T
FE 413 PCC 7120 1, Rre OrrA A8 432U 25 BB (5
T, R RUGERBE R, ER
i% Rre OrrA Je 4 T EFE M AR & ™. [ A,
OrrA {2 o K1 SigB2 B /™= 4=, T SigB2 i3k 1 & i3k
FEREIA 2 . SigB2 il 2k TRATARAE TR Wy, 1
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PR B AEIR , IF W L TR £k e e 8 ) B A B
TERT S Bk ar W, FEAS R M ia it e B, R
A [ B 4 S DL LRAIE B AR AR A7 . B4k, OrrA
R &M T RFERAE S FREERERLR
PER ™, R EA IR 2 ol Mg 7.

AT, @it TCS TR, 17 48 M A
#, Ak rE S s OE R A AT TP N .
7E4E L5 PCC 6803 1, Rre37 & 5 R BEZ 41+ F
AR %, BT R Ree37 BB XL S 5 =%
P A0 AR AT I A A DG B DRI R 3Rk s il A
18, R Rre37 5 SigE 7£ 5 il #%: PCC 6803 H [7] it} i
T KRB R = BRI IR B, AE SR IR A
N BRIIER P Ak B 420 mg/L PV, N BEIIER A AR
BT — RAFIERS .

2.2 HEFIEAEMEEPHARSNA

F1HoHWNTHE2H o N FAELK EIEHM
BL, 3 ST 4 A N AR R Bh s R 3 R
[ ek, I S I DR I8 2 4 BRI AR BT R .
EEME T, B2HoHNFEAESH B EENGE
SN AR, E IR SRR RS P
221 oBFIALE®MAKRIIE LN WA T

£ A

TEEE M PCC 6803 1, MEFE 24 o HTH
AFh = E PR E Mk (UsigCDE. AsigBDE. AsigBCE.
AsigBCD) , {EAN[R]G & 2% A Je SR o3 2% 2R 1 dk 47
ARKRBMNE, 4P RBERIEME KM TN AEKHE
FERRAR, HENIX 4T o B F 0] ReS 5 T o6 B R
B, BRI, (XA SigB 17 7E 1) 9 A8 A4 1E 6 firf
2R PR AR A /MRS S, UL SigB /£
HERE R AR EEER Y. 18R
PCC 7120 H 1775 & T4 2 4 o [A 71 SigB2 e 15
e N E5 WIEAE 5, IS 57518 FE 2 1R I TR A )
AU, (e i & F N RERE A R ™, B
A RIS, FEAE ML PCC 6803 HF SigB ik LA 1
I A 0 2% AF R B AR OE REVE I RE T, AU R
SigB . F & T MR 25 T RERN %2, $4 46 °C
%A T4 CFU (colony-forming units) {EH 2 T
2015, fE2.5% T REHFALIR 1 h 5 4F Fid Rk
SigB [ R HRAT I Hem 1 1575 =

B o DR 75 35 41 138 B A 3 261 2
FEEHEEMH . {EEREPCC 6803, 24 o
THZ 58N R R, Horb SigB Ml SigD it
FEAEH], 1 SigC A SigE # X EAEH, AsigBCE
R PR AE BRGS0 1R 15 3 AUk 8 A HLO, A5 AL
WA T AEKMR T XTI, i AsigCDE B Ak 1F
H,O, S Ml 18 4% 114 1 550 ) HEL BT ket A4 B0 A AR
B, HEEFHRENA —NHE 24 o K TAF7ERS,
HEREEFRE Y,

222 oRW-FIARPEEESE G P SHENHB

o N F1EAREHAE TROCEEREME R AE T
Wi RN . SigE 7E4E i35 PCC 6803 1 2 5 2| i AR
WS, TEXT sigh MR R sigh 1d FRIER
Ak UL R B AR R AT R A A TR L, SigRB A
AR R L R SR EE M CEOFEEN
IhfE Y. fEZEMUEE PCC 6803 1, SigE 5 Rre37 3k
A A I BE 05 3 S BRI ER 7 R Y, B Rk
SigE ¥4 hn 7 AE BV KA T AR R BRI T IR
B & B o SigE PR 78 W5 4 1 o o A7 A, 3
ERNE A B s A a2 =%, (Ef
JEE 5 PCC 7120 1) SigE 5 % M B0 Al 2%, i
1E R ERE PCC 7002 H 1) SigE 7 57 1 4 JE 26 3L (K 7
- I )R S B BT

2.3 sRNAIREEBEHEPHHARSHA

AE9m i RNA fE4H B R A K EAFAE, Hh AR
WEEH B sSRNA B R E 2 fENT. sSRNAZ S [ 5
R IE M. BRI G 2 A R,
MTHANBRESMAERIERASSMMH. sRNA S
mRNA FH B AE B HLHECN & 5, 4 A 4w
T R S A s TR B
2.3.1 sRNA A2 Fe” 42 335 T e94E A

K IR 355 HR Ak B - B = A A e B A 4 R AR
KEMz—, BREFH=Z#m 1 6E N H Fe Bl
Fe/S & & WM PE 88 1 (3% 1% . 7 4 i 3% PCC
6803 1, sRNA IsrR A fEERES F ok = . it ia BA
FR A8 2% 1 R AR R T IsiA HEAT R 9,
IR IE sSRNA IstR RAZFRALE H,0, 1 26 AF T i B2 (7]
FEK:, T 2295 sRNA IstR 1) 52 X RNA [ % 48 1k
(10 M 1S B ) 45 8 B0 g 8 B (] D 9 2 BE A R T
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L7 SOEZS AP

TEAEMIE PCC 6803 1, Bk T8 = [FIFE 2 i
I SRNA IsaR1 )ik, IsaR1 LR 1Bk Z R85
AT EH EE MR MY, IsaR1 Rk B 1 Pk 78 2k
BT Z4MT, G aRBRER TR,
XoF i B T AR R AT [0 RD S5 A B R g, T BA T
IsaR1 [ RIA RARRIER B T Z & 1F T o 4
ZHEERMEM. GBS, saR1ES5 T #
a sk FBE R A H MR EE T (GG WA
M, BERE B 25 ggpS mRNA ) S AERI R IX 45 &
] ggpS HIFRIE U, 1k R IA IsaR 1 [ RASIRTE £
Joip 38 25 14 R BT X ggpS Rk B GG A R
I, 0 B A= B bk ) B gk AT Bk 28 -k = DL & Eh b e
(1) %0 E T GG A R 2 B, MRk IsaR1
Ja, BEELGOE R N, B IsaR1 B A Pk B T
S = Bl 5k iy e O P 38 ) R R R A
2.3.2 sRNA TA2fe 1 20 1A K3E B VA BB B 52 P 89

£ A

It R 2% AR e W A R R A R N IR, AN EDE
BEMATZERARNBHREZERGZER,
TR 22 S 10 7= AR 32 PR A [ O R 2% A0 T B AR A
KRR AT H 2 FERE =4, XA
A sRNAZ ., DIEAREERAINN—4
K E, M pshbAGily, P pshA RIS & IEAN
BRI 1] 7 ' 8 2% AR AR A R Y A i B R I — Fh
o EHEMIEEPCC 6803 1, f77E SRNA PsbA2R Fll
PsbA3R, 435453 K psbA2 Ml psbA3 L,
8 2611 T PsbA2R A1 PsbA3R F i, {2 3k %0 A5 3k A
(1)1, T AE S 25 1 PsbA2R I PsbA3R N ifi,
BRI BE bR 6 R 0 3R IE U, m % PsbA2R J&, pshA2
) ik BB MR R I T 50%, & RG M
TR T 15% U,

WA R AE B AR FE AN S R IR S AR
Y, I TEE NN K BH LR P AR ) e gk R . R
P& v WA A TR T S22 B v LR AN e
f)—/NE BT TH . sRNA BEE AT 5 40 0 76 A [F) '
BEMGTHRAERGEANREE, EREFHT
& B 6 R AE H . 7E 4R M 8 PCC 6803 1,
sRNA PsrR17E = GRS, AR LE KT I [F] N 25,
44 #lpsal psaJ. chINFl cpcA mRNAs FIA% FE {4k
gE A X, I mRNA B, 3R E M

ﬂ:ﬁ [104]o

SRNA I& GE05 A7 6 & R G0 5k B2 (8] (1 °F
1. RuBisCO &Y A EW A N AW HZE 1) — Ml
BE 0% 1 4k CO, [l 2 BRI 50 12D I b o 75 4 i 3
PCC 6803 11, sRNA RbIR 7£ & 6 461 F A & %
B R, RSB BRIt B OANAC X 45 A Bl gAY T
RuBisCO KW 3 (1) rbel 3 K ff) mRNA, #8 hn H5&
SEME,  HET R HE RbeL 16 Ak Y, 80 Co, [# 2 &%
Ko HIEE MR RuBisCO & &8, {22 Co, [
R G R AR RE R LA KGR R Jy, X 4EFF
BA RGN B A mEE .

AN 1 [F]—Ff SRNA 7] fE 2 15 2 B ie 2 1
TR . E RN B P sSRNA Yfrl A8 5 gt 4l 2
T IR Bk IR S 38 B 1 sbeA B IR ) mRINA 4
Hr, P shed (BRI PEIEFE, K5 sSRNA Yfrl @i 5% )5
EIEFHFETHEEEASHERaNTERMK, A
e IR AR, MRS Pz, Sha. St
S I DL B T Bk = 2 Bl Ak R AR K A2 2
] 2
2.3.3 sRNA TR AL 5 A = AL F 69 4F

WA B AR AT A S AR PR R R, A
I B AR N AR a0 BT I A I R
HAR P AR R BT Sk BB IE . 7R OE T R AR R
FErb, BEIE T B~ S 00300, X 40 58 e A
ERT, $Em R e T REm 22— s e T
Fit ;= B ) R . TEAEMUVE PCC 6803, ERIA
sRNA CoaR J5, sRNA CoaR 54§ A & BAH <K
SR s1r0847 A1 slr0848 (1) mRNA 1] )5 2l 7L B 45 A
I, UUERAEE A G RO R R RIL, FE
R AR R R, [F S RRAR TR D R AR R BE
SACUT, 8RR I OE TR 52 B AR S, T R B
sRNA coaR A8 42 5 Hoxd 1IE T i 52 7 . CoaR
X S A AR B AR B T AR R R
MEEREAE.

1E 4 MU PCC 6803 H1, Xf sRNA Necll7 #AT
Rk, BT O R BE EE 0 i 32 PE, T sSRNA
Ncll7 f R kA2 3 7 % 653 D-H i -o-D-H 75 B b
1-T PR 1 7 S R B 25 (R slr0007 (3R IE, 32
BELPS & & 1%, M LPS & il 32 v e Bl i i
S I SR R Lo
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3 kiR

T A SR A AR ) I T R R AR R AR 3 T
WA () B BERR R T . EAFIRHE, AR
WA R A0 M T M e H kR A IR 2R A R
SCRIEEIR e 1o, N R (11323 mT DAIEAT 1) 15
A, AT AT S 4N N s LR
PRk SRR,

EIRADTCS. o Bl LL A& sRNA 1) T g A
A 4 e S L ) A O T e S, AE ANl R D A I 4
WHIAERGEKENFE, A RERERS T
FENLER ThBE R RAL . BB 7LR M, (EMRERETIE
Tk AL 2 T i 52 A O U0 B R 2R i L S = Ak
MZimiE/Rs 7 BE 2 BN EREK, S
BREPUIT B AR A R U AR e A B AN B R A e
BIF 50 AN [8] PR5E T mi S A R R 1 4 T H, L
fRBEG & I 2 o i R A B I K . DA 40 B
A TR R B AT R AR TN, AR AR R I AE S —
EIREE T BN B TS A A R, i
T AN 38 BR T S A AR K P 2 TR G R ] L
MLm= 22 B M, H S iR TR S
WA B o 2 S DR B S T AN, IR M
RFARL X FE R 4E TR . AN T sRNATEJ6 & 4
WHEATZNMH, REmEE, WRXERN T
WEFE A Y R, 3G N i TR M RE
P, LG EME IR RERAGREND L
T 50 PR IF 7 A 2 6 21

3.1 RERFINEERIFA

G W2 TR U 95 2R 48 D RE R R S i R £
TR B RGOS R G D RERI AT A
BT O RS u i R 2hhe B ;
XTI T A D REREAT SR T -

CEEME P RIERGHRE T EL, B
SR THE . EUEMEREINE, el
AR R RS AT REHEAT TN, RERG R SR
PE AR . Ak T B R oo AT D RE
Bk, EZATHEFLA, xR A R S
TOAF R AR P % 0 12, AN [R) PR 2% 1k
A7 07 1B 1 8 AN [ R 2 R G oA I D RE . H T ik

FEEEER. ik, WES@ PR, 006G A
i JE T CRISPR AR, JF R ¥l 3L 4 48 FIl CRISPRi
SER R, FEG A SN o e B E TR, A
B S I TR A 45 B G5 0 e i B B ik DL
JE S X O g O R 5 2 e AT
PR RTRIE, RN VR R G T P R R
o [ 1R i«

3.2 FEERIFEAXIAENFR

BT RARMERG 0, Wit B RLE, L
USR] 25 1 R 5 s AR HE s s [ s ], 3t
— 5 FF R B N PR 5 R0 AR HE AR Ab X B Y e . B
WHAT L, P AEKS 47756 R G40 i
T

W FAF BN 12 1 7R 7K IR 20 B 1 A =Xk 2
Jfi 7 PCC 6803 Fl 2K Bk PCC 7942 h £ ¥4 VLT ik
5 DU 1 ik AR K B R R 85E (R 3 ok e, Tl
B[R 20 5 DL ETE T R DR A s A TR Ak
frderh A BEEE L. £ REREPCC 7942 1,
DnaA 7E 6B % F 5 DNA H il G 61 S 45 5 5
DNA & i, 7 28 W Bl s 7 1% 38 5 52 2 40 ] 1),
DnaA 5 DNA & il 2 45 7 25 (1) 25 & 52 2 4 i) 17
PR, A3 s TSRS SEEE, kg
R 2 1] Y6 £ 3 40 1 5 TR 4 DL E IR

A, BT R G R B R Tk
sRNA 5 #EAR f FE Rk B AMEC O AT 1R, L TAE
JRER R AR . BT, GBI N T sSRNA $E 52
FIFE R (1 mRNA IS R 30k, CE I 40 0
BEATAH R MY, CcaS/CeaR J& T TCS R4, AL M
GGG, RIABHIFENR, T CcaS/CcaR TIEH
L, PR T RS RO R, SEIAEKE
e Ry B, ¥R T R E R ) 238 mg/L T

R, TR RS TR RBEI K E L ke
B e S A2 % B IR 2k B 2 R 5 R L — A~ &
B

3.3 SER/EE

KE, Lo S0F [A] — P36 A 85 £ i 2 A5 25 Al 1]
RGWZY, FlmEmiask T, Hik2. Hikl6.

2 T A P A S RS T T R BT T
JES
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Fig. 5 Prospect of regulatory engineering research

Hik33. Hik34. Hik36. Hik41. Hik43. Rrel. Rre6.
SigB M Yfrl 5532 5 3] 1 3 B U 45 0 72 o 2k A
RIECAFN B . KWk, 63T 4% TRk
Z ARG o HAT RS, SRR 2 SR
FEF I BEAT I [E5Ceo]. tin, 7E4EHuEE PCC
6803 rxf T BN 2 B 5, sSRNA 5 TCS R4t
P55 5P R O, S kX A B R 4
BT, KR T T R 2. 5T R
WP AR, 7EFR A . e b a A

HABEZGT, AARREBERSZNSE, ik
Wi RG R UHHAT A M H A E A Hidk— PR
T R PRI 52 1

DA A 0 4 1R 9 iR A 3R AT 7 o AR I,
77 B i v PR [ R 2 00 o) iR A A K B B IR A
FRUP= = B A TP, B ST A R R T A
MiAE KRGS 566 RGBT 550 E w01
AT, GIRLIR ™Y, Rk, w7 RLE R TR
M HE SR E 2 MG &R, ALK 5477 2 18]
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1 EMETRERG KR

Tab.1 Functions of regulatory system units in cyanobacteria

kS P RS TL JIT @ 4% R 4t Uifie
PCC 6803 Hik31-Rre34 TCS e fF Cu” Fa s
PCC 6803 S110649 TCS HiFF Cu®' . Cd* \Fe*' \Mn* . Zn* Fa "
Nostoc flagelliforme CCNUN1 OrrA TCS P¥EMAA A 1, #EHT UV-B Al 507
PCC 6803 SIr1037.S110039 TCS T 20
PCC 6803 Hik33.Hik34.Hik 16 Hik41 TCS NaCliij 52"
PCC 6803 Hik2-Rrel TCS NaCliij 5259
Hik34-Rrel
PCC 6803 Hik36-Hik43-Rre6 TCS NaCliiif 52 , 2 P A g
PCC 7942 Synpcc7942_1125.Synpec7942 1404 TCS NaCl fiff 22
PCC 7102 OrrA TCS NaCliiif 52 , F L
PCC 6803 Rre37 TCS B Z IRIRAG IR A B R AR BRI R A A
PCC 7102 SigB2 AT NaCliiif 529
PCC 6803 SigE cH¥ RHER A5
PCC 6803 SigB ¥ FR 52 A 52 T B 52 A 52 B
PCC 6803 SigD KT AR 5z
PCC 6803 SigE o HT BER P 6 RGO E R BRIHIR & 0 Rk T IR
A P )
PCC 7120 SigE KT ] g )
PCC 6803 CoaR sRNA TR 2
PCC 6803 IstR sRNA B T A )
PCC 6803 IsaR1 sRNA R TR | i sz 0102
PCC 6803 PsbA2R .PsbA3R SRNA et
PCC 6803 PstR1 SRNA i R
PCC 6803 RbIR sRNA 3 R e [ sz O
PCC 6803 Yfrl SRNA ]38 AT 2 L BR i 52 5 M A 52 1)
PCC 6803 Ncll7 sRNA [EE S

IR Ao TERHUER 57 BRSNS, 5IHE
IR R Gt AE AR KA ) RE B AR R A (4 i £ 2E
K, MIEB| @R, WOE AR, R
i R W L - a5 O NP
b, WEPESE (ROS) FEZ FMAIAEL T4, Wi
Jo. EHURHE TERZ AT 2. A R ROS
T e nT e A2 Ml 18 A B B AR A T B AR
DAl ROS AR BRI 7L 389 0 22 Tl i 52 41 B0 78 7 40
FHRFHELEAZMEERENS S, XH®
P92 R G R A AR R I R ROS R, #Eim
B v TR PRI 52 17

i P TR, T R 2 Jo T30 4 R R A
D9 8 T 2B 7 PR R R, 4 v T 4 T A 2 e T
S AT N BTS2 E, T 2 T 52 ) i A TR R A
R AT AR o X 22 T 32 0 40 B R AT

KRR, R R DU WA B A 2 e
X E AR R R G ut, A BN TR Bt
FRME I RGE T AR A S, P EEE
ML G, BT 2 U 52 AL IT K -

3.4 FEREFENEARIE

FEERG T, F2EASSFEEERE, Bt
W EE TR, EEEARETEOE, WE ST
s W R AUE TR E AR DA
ELRENEILER. WiHibe 1. HiZ&EAM
RNA 515 i 55 5 0 #2401 O ) 56 D BE AT 5 B PCR
22 Ji5 Ui 20 AH S 2 Y At AR PR 2R 1 BT 5 9 AR H
B AT — € R 0 7 L i R SR
5 AR B PR BT R R R R Y EE T . KL AR
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FAHREEALEMSG S, BdH&25 %
FEE AN TRESUE, RACEARIAE, Z2RK
RIBE@H 2 — ", dnaEk, MHEARLEY R
RE A AT BSOS R RV . R EE AR E R ¥
KB RN T — M E I ™. Rla e 58
HEEEARSS &, PR E AT weit, LBl
HARA g, AR TR AT .

3.5 RRFEIE

ARGRTE TR Z T2 2 K TR SS9
PR AR GE R U5 3, T bk A SR A R 2% 3 AT I
BRDAM S, HiE TENWEHERERY AT
Wit M KRG R oo, XEEE AR AT BEERAEN .
B ZORA IR, IS RGE TREUAR KT
IRUF AL Fesrdl e, A A DR AR 20 B
EREHAHIE NG, @G IR W R R
g5 A0 R 2% 2 T o) R AR, xR i R AR A
Ja B AR A ZRREAT 00 £ 4 JR3 3 Bl A s EIAR o
P2 N Tt Ot R G RENE 3% 52 0 915 5 AT
PO, RN [RGB, T G s N e e T
MG R g8 7 A R BEER CO, [ E « fili A 3k
I, JEINRE R R RS LR e e R AR
Sk ERAGMEERR L, £EICFKITFNEE
It ARG EL B ML AR REE, @0
JRGR BB LRA B FRY, @5 AR
WG BOEE R A BIR Bt RAERCR, £ EfE
JE BRI Y. B, P RS S IE E
ARG T B BRI A HEE S, 5D
Pim. BfE S ORI R 5 #4585l
ANFIREAE, B’ RIRE e R Ik 5 IR N OGS
SHRERGETRE, ERBEBREEZLES
WA, R TR O A A O E N RE ) BLAOG
BRE. AL LR FER G/ BT BB T,
S RAGENF, KRR ELIETIHE TN
AR RAE, P T O  IhE Js E T  OR AR

4 RE

VP TR S IR AN 32 1, AR A K
b, (EEE G A I g R AR Ak T AT

Jiide HET, FR R TARX RS2
PAR AR AT BRSO, = R RB B R AL,
ERA—EMERE . Bk, Zhnem i R g utt
THRERE 7 AR, 2100 0 & T 4 B I 4% 2 48 R 4%
LA 2 F R A BRI E 5, IR RE =
BB AL BRAE SRR, LR i 42 4% e i R 0 A
A RIS R G R IR T TAF . A 2T T
Bt b, IR SRy RERT IR RGBT, B
AFREE RGP TS . RN, Bl &t
BHLEES, MR R G AT AR, XA
G T AL AT N, BRI R GRA, DR
RE S IS ) 4 AL R PR R R TR . 43 b, RORTT
W R R G TR D I AR, HEShH a8
A P 5 77 1) S 200 A R A RO R 3, {2 EE CO, R R U
WA, B IE S “wiksie” & “mpm” |3z
FISEI -
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