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Advances and perspectives on multi-scale response and regulation of life
system in microgravity environment
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Abstract: Life on Earth originated and evolved under the influence of gravity, endowing organisms with structures and
functions adapted to their living environment. As a fundamental physical force, gravity profoundly influences diverse
biological processes, ranging from cellular function, tissue organization, to physiological function. The microgravity
environment presents a novel challenge for human space exploration, triggering responses and adaptive changes in organisms
from the molecular and cellular levels to the overall physiological level. Elucidating the underlying mechanisms is essential
not only for understanding gravity’s role in living systems, but also for developing countermeasures against weightlessness for
astronauts, advancing diagnostic and therapeutic approaches for related diseases, and promoting innovations in space
biotechnology. This review systematically synthesizes advances in microgravity biology, focusing on how life systems sense,
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transduce, respond and regulate under microgravity environment. Microgravity alters the mechanical stress state of living
organisms and changes fluid behavior, thereby triggering a cascade of physicochemical changes that lead to multiscale
biological effects. The reduction in mechanical loading and the redistribution of human body fluids exert multidimensional
effects from the systemic physiological level down to the cellular level. Key alterations include bone loss, muscle atrophy,
cardiovascular dysfunction, immune dysfunction, structural and functional changes of the nervous system, spaceflight-
associated neuro-ocular syndrome, and vestibular dysfunction. Cellularly, the altered stress state in cells and extracellular
matrix, along with the loss of hydrostatic pressure and decreased fluid shear stress, fundamentally reshape the mechanical
microenvironment. These changes influence diverse cellular processes such as metabolism, proliferation, differentiation,
migration, and apoptosis. Potential mechanosensory elements involved in gravity sensing include the cytoskeleton, integrin-
focal adhesions, mechanosensitive ion channels, and certain G protein-coupled receptors, which collectively convert
mechanical cues into biochemical signals. Key downstream signaling transduction pathways implicated in microgravity
responses—including Ca**, RhoA/ROCK, YAP/TAZ, MAPK, PI3K/Akt, NF-kB, and Wnt/B-catenin—are discussed, noting
the sophisticated crosstalk that forms interconnected regulatory networks. Through such sensing and transduction,
microgravity signals modulate protein activity and ultimately gene expression and epigenetic reprogramming, including
transcriptomic changes, DNA methylation, histone modifications, and non-coding RNA regulation. By affecting the synthesis,
modification, localization, and degradation of proteins such as transcription factors, cytokines, enzymes, and structural
components, microgravity remodels molecular networks and cellular functions. Despite considerable progress, challenges
remain due to limited access to space experiments, inherent limitations of ground-based analogues, and fragmented research
approaches. Many fundamental and forward-looking questions remain unresolved. Future research should leverage emerging
technologies and novel paradigms—such as multi-omics, organ-on-a-chip models, and artificial intelligence—to advance a
more integrated understanding of life in space.
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4T (primary cilia) £ T HUETE B 40 2%
HRHAVF A5 50T 32k 87l 1 it is
45, 2 5RZAME S Fmi, Wt h 2 511
B gel100.101]

LINCZ%E & 1K (linker of nucleoskeleton and
cytoskeleton complex ) J2 1% 43 20 bl B 4L A% 1 2R A
PEREEE U AR, WA AU 20 R AR PR
2 M, AR A0 M ALK ) AR S b R R AR
FIHO2 ) LINCE A PRl i i A A% e 45 e (o
JoHE) G RNtz 5 PR 140 S A%, DT 552 M A [ 5 AT )
WOHE ANk DR S A o gL 13 BFSE R,

L4000 B 7 500 AT LA S ) B () 7S 5+ 40 i b
LINCE SR A 73 ML 2 R R IL 2 H s
51 IR = 1 [ 28 PN G A B P S Y e
g [104-106] "OR LINCE A K i) BE & — Fh 8 ) SRR
RN
312 BEEESHER

FEA K (integrin ) JE—JSIEFL AN 5 4L A 4n i 4
FE T it R B 1, A S A M A L A R T ) A
MAE S5 T BA RGN E R iA 2 3
HABAF 5 RIETE A ) , 8 33 5 AR AL E 4R AR - 2R
SRR Y B 145 #5535 BE (focal adhesion) .
BEREANNE SR, KRN RS2
Fofr 985 42 2 A B AR O 40 25 35 8 BE B (focal
adhesion kinase , FAK ) %540 47, 18 i3 FAK B2 16 ) 31
U008 e BB B AR R S A
JHL AN S5 1) 2RI T L, L A AT 5 e 4
IR0 0 R R IR A AN L
HILAH ) 2 30 o 15 2R - 266 7 TR R4 40 B B 425K T
T IR T , 6 BERIE BUR A SZ B, 26
O3 FHRER A R AL F IR 8 TR, B A BRI AL
MG R E AR B B 2R
VL, S W e P A 68 109- 112, 103 g
Y ZE BN 53T o JH 75 25 324 1 (anthrax toxin receptor
1, ANTXRI1) 53524, 25 40 i P9 4 B 22 0
S A BT Y a4 2 , o AT B A L AL 1 45 5, AT
B T T ez A
3.1.3 HRERESIWOSREFRE

2 SR A 5 A0 S AT o A e R sS4 DL
5RZMEA B CEEMIEH , sz I8 4
JS L JIEL T St R 2 B SRR EAE R . ZETCE
J1 BN A 32 PR A TR, T RED | A 4H
Rssal Jy EA ST g R 1 A 1 HRE )
ThfERg G 18T s i e AR M S e R 4
RS B AR S 55 ST RN 5 s i 50

MU 0% 5 38 1 RSN S A HLAORI L, 78
FRBK F AR I BB G, I Ca®t KA S Y B
FESTAL B, DATTIT PR 52 i) 248 PA) 1) Pl A R AR B80T i
T U R A S B E
3 S AH M PN, 2 PR 1 ) 2 PR A Ak ) T A SR
Za Y (ER HAE MR B e 4 B AR 4 A
Bl H T 7ERZL3h Y 40 A v A B 2 R ) #sk
B IE , fUFEPiezos Z % . TRP (transient receptor
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potential) # 5 % .OSCA/TMEM63 K ik 4 (91,
PiezosZ it 2 A 25 514 BH 25 7 MUK S5l i 5%,
fi$5Piezol FllPiezo2 , R MU AR BT Y) N 14545 FhAL
W1 RERS H I Piezo 1l EE 1, 2 5 L2 R A HL ) fE
411921200 Piezol Rk NS T RO M4 &
MR ESR FEREARALRAENEZE
FL12U 0 Piezol Al e & B 4H A 15 S I ERZ
%, R EREE AT B A Piezo 1 IR , T HLAR £
i ) % T B B AR R AR T R A B
Piezol!'22), JCEIREE T H-#5 WL ML L
Piezol F2ik AL, (2 HFIL-620 M S LN 245123 2k
P BN Pz 4256 01 kA AR AR W0 A AL
Piezol , it 24i75 & 5l UKk B YR A0 ML 45 58 R s 124
TRPE S5 R 12— BRI b Z AL A i A ME 5
(AR 1, 7R AN () 2 2 3 ok 4 e 1 I 28 3.5 e A (]
(15 S, Hirh TRPV4 . TRPC6 . TRPM 745 HE X Ifi.
FETYIN T i AW A AT AR 45 Z L
DI S AO EE R Rl R i 12128 2 TRP
AN AT, TR S A R BE R
iy A48 Piezo WM FIVEF , & [REAIFF O ML
521271281 41 OSCA/TMEM63 K It plik Ky
A HUMAEURE 2 AR B TR TR 3R R A
FHE AR TR R o HUAC I B0 25 F-f i ELKIN
(TMEMBS87a) 7E4H e X B IR I ()38 N rh & #4 5
B, R ELKIN A 34 s B 2R B UL A
5 S50 FIZH M i 130
3.1.4 GEARBEZH

G HiELZ K (G protein-coupled receptors,
GPCRs) /&M 7L 3l 40 B fI5E - e R 1 85 1 32 A BB 5K
W, FELE A AR SRR R AR AR, TS R
TG 5718 B , KN CR B A5 5 %L,
#B4rGPCRsUN'E AR R A2k  ZHIKB2AZ 4 | 1fil
T S B NEIREEN o M B T N
B e AR RBEK ) AR BTN 7 SE LRI
WS S5 S 31 GPR6S A
DA B2 24t g 1 9 44 55 D1 R B GPCR , &0
ML AE7 8 LA P R Hp ) SR a0, X T 4R I 4 A
NS ELTEE S Bk, K23
KAT A S BN L BEGPCRsHH L 5 18 B 9 Y
%134 $R GPCRs ] RES: 5 B MR 1 S BHIHL
PR 1484k

i A TR T IR RE R — N2 Z R IR

() SNSRI A Sy PR i e 0 22 A e
JI AT AR AR T, FT AR PR A1 ) T 2 Al
fih A LB AR R T AT R G S A D A Y E 2
T AR AR R BE ML RS B
GPCRsZ5: R AN G FITE M  r 4) BRR A N
G 5B G R IS 5 S
32 WEHESEKS

HUBE 1 JBZ 25 B U 2 fil & i 22 38 B A D)
% 45555 \RhoA/ROCK . YAP/TAZ .MAPK .
PI3K/Akt NF-«xB ., Wnt/B-cateninZii % , ;X #4155
% 2 [A] B AFAE 2 AR B 28 SO iE , T A B OGO 4
S (E1) o Rl 3R ) AR X AL 5 =
T % A B2 2R, I T A ik A S B
AU E B T RE R A MR , 5] A R ek
oY WAL AR, S A0 B e 2R ik JH T
Y g AL 135) R ARG SR S R A 5l
8 23 F- IR AL, 1T RE R I &8 B B 4 i SR SR
WAL SR
321 $BEFES

BEES T (Ca® ) VE N B A v e BE AR P S —
R, AU AR AR B 5, RS
PAFESE BN T 2R A e AL R
. B SE B s IR R A,
o () F P LA B S 3, 5 | R PRk ) 5 2 1
L, ORI 1 A5 5 A S S 51
S A 30 BT B PR AR IR A R 4
FEAE 23 55 30 el YO A A0 M TRl 55 D fig
H, T RSB EARRS
TN R heri = | s L (I IR bR
MAPK NF-kB , Wnt/B-catenin®: £ 45 (5 518 B (1958 X
X, JEFA S T 2 R Gk
3.2.2 Rho/ROCK{ZE i@

RhoA \Rac1H1Cdc4255Rho % /NG TP & 21
B o O ) SR A IR, LR MR A2 LR S R
T R MR T AR PR D) 2R e e T I i
RO DU RIBGE G R - R A
BB TG RhoA , T LAY Rho AE— A I ROCK , i
Ak B RO C KGR 12 B 2 A 181 1 240 1 B 2 ke L HE 3]
R 0 B T 1) AT AT 5 A M Bl P R e 140
KR ) 200 M H AN RhoAFRIRIK -
ik, ROCKIF P bifi 2 T %, {2 2k WL 3l 2 11 1 ) 27 4k
fp g B K B kR R S A . R
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0 1 %6 % PE O FIRho/R O CKAF 5 3 i DL K
mTORC1/NF-kBHIERKGH # , fE 4ty =114,
3.2.3 YAP/TAZ{ESiER

YAP/TAZ(Yes-associated protein/transcriptional
coactivator with PDZ-binding motif) ¥4 55 i3 K
T 7 Y 200 S R AR 200 47 B R A 7 A Y
PURA T, T A B o A A% AR A, P R A
Tk WshE A AEE 22k It AU R 59
VG I, YAP/TAZBERRAL AT REAR, I M40 i S5 i
% Z i, STEAD (transcriptional enhanced
associate domain) G 5% ¢ K456, BOE 8E 70
Ak, 20 B B S A OGS R ek 3 LA 15 5
(R R ) S BOYAP/ TAZ W R AL, , A o B2 1 40 o
IR BRI A, ERE B A
FERTT AT YAP A% A5 A, R b i
T TR DT 3 A AR S Rk T R &
g2 194] i RS RS 1 4 Y AP 5 0
AN S TR AN, TR A A AL C A
PRrf g dh B LS 10
3.2.4 MAPKIESi#ER

22 Z4 55 AL 2R F P (mitogen-activated protein
kinase , MAPK )i {18 i — I BE I S b A% 1k 5
ST S S A MR T Ak T RS AE B
MAPKA 538 - ] e MU AR A 5 170 38005
T ST, MAPKAS 58 i -3 3 — b g
S, HAT RE R G )75 5 1 2 A A L e AR
PR OCHEAR 55 519 i, T AT AR AL RIS
FIE 43 S0 St , AU 4% ERK s (extracellular signal-
regulated kinases) .JNKs(c-Jun amino-terminal
kinases ) Flp38%5 4337 147)  fEE ) i 25 S R 1
MAPKGE s B3 1 7R RELE AR b, e g 24 o]
ERK A& P, DA T 400 ) 40 M 48 50 5 100 7 2 — LE 401 i
DU AT BESG p3 S AINKHE % , 5 AN A T sl R
JE RN 48T ERKA B AT R AL B A0 Ak
FE$E N FRUNX2 (Runt-related transcription
factor-2) , i 2F 5B o3 A AH 5 3 D] A 2 528 11 Bl B 4l
HasM Ak, P38 AT WA HE R 434k 40
3.2.5 PI3K/Akt{sSi@Rg

PI3K/Akt(phosphatidylinositol 3-kinase/protein
kinase B )i 2 18 19 200 M AR A AR ORI AY SC 5
BT IR N2 s e ELAT AR S R S
TEH A AILANRE b, Gl 8 2 i i PI3K/ Akt

55, SECE B L AKtAImTOR A W 2 1k 7K - [
A5, DT 461 2 11 5 B i, 2 A A S 0 40 e 97
0, X & R ML ZE %8 &2 0 7l
4710 SU e e A CER ) 4 PISK/ Akt
Z 5 eNOSTEHHRNY , fE2E P Bz 41 i rd A i i At
R 131192 BB %0 AT S Piezo 1 3635 , il
W PI3K/AKUE 5 7 5 1 v i 4 7 3 L 40 i
miRNA-582-5pf ik , i F sk rtmoas 2
3.2.6 NF-xB{5Si@%

NF-kB (nuclear factor-xB ) +& A% A= ) Fh i 15 1
PR N | A 5 N7 I A s 1) B B S IR R
AT S PGS RIE(S 55, PR TR L N 3=
Ko TERLEE JIIREE T, NF-«B A 1% P 4k 2 Bt 4 S 1
FI, P RGN R
NF-« Bl (5% A0 S5 5 06 2175 A0 B A L D BE B 1 174
KA AL, T R R E AR S IR P R AE
R4 i R A4, 3T AR A 4 i
BT Y] 7 ) ek AR T il 3 Piezo 1 HE A K FINF-
B 3E TR A Mk RO, I Sl ok ok A A Ak 1Y
A= U155] 0 NF-« BT )R B3 P2 18 5 28 40 i
g sk L e
3.2.7 Wnt/B-cateninif %

25 ML Wt/ B-cateninf 53 4638 12 472 41 it 15
B oA GERS  FEIRIG R R (AL S R YR SR R
e R EEEER] . R I IAEE A SR A TR
TR B, 30 B 4 Wnt/B-cateninii 415 M , £
P9Il 3 53 TR 7 B-catenin RS E P T B AZ: 6 47 Dk
D FECT W BT R S R 238 T R, B A il
A i O X O S R e i R N R 1 s ] R
fR ER 70 1 Wit/ B-cateninif 134 T S 200 A J8/El
SR8 S T S A B2 S ) T g
SR SR AT B O R A S B A S
it FIAS A5 A AP DI REREAT A C
33 WEHESHSFHEE
331 RMFREFEE

FRALTHIEEA IS DNA AN RTHE T 3l
ADEILR LGS, B RS I 2 R R |
T8 N A M AL AR IR B B DML . TR 15
TR RMBE I E R B E et 4
DNAF AL ZH 8 B AR g RN A 257 100]
3.3.1.1 DNAHE/L

DNA HUEARAE S R 2 45 i B2 7 =0, 2
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IEAERFSE R o R AT SR, 25 ) kAT
S E A S 2L H A W e g S
NS GRS N i 2 I (S P ¥ N i A
24 LA S5 B PR PR 2 DX B g e S 100 G
rf A R R DGR DR A K NF -k B 53 A G
PRI 357 2 AT P AR A, 5 3k B PR 3Rk RARG,
Al AE B RS RAT A8 P S0 5 iU 71 A
KHE R H ALK BTt 3RG8 TR, s i e R
T FR ) BT E s ] AR R T
T 7738 1 DN A H b A8 i 5 30T 40 A B 43k
REJT T B, IR HEL A R BRI FE LR,y 2 VR
TR T Y R R B, T
AFSEEO R R AL, AR LA e 3
X AT B 5 AN R 2% B OO R = R
S0 IR R A e K2 BRI v ] g o (ST 2
M358 A% IR 45 ML A 1 A BE R 7, (5 PR RN 53
BT REAEAE IR S04 X DNA FY I Ah i P4
5 B RS Bl A 2 HH AL A5 1 FRIA G M2 DI A
K, 1M HDNA W BAL ARk AT 3d 2o Bl 115358 25 f5 1K,
R S22 AV VAR
33.1.2 HEAEIE

0 VB E A AR A R S ek LR
VAT Sfe i) 4 G €8 Jo AT Bt , S T 900 4 5 PR Sk AR HC At
AR W LR B IR AR S A
AL w2 2405 E AT REEER S
Bt Ak 7K - B, an i 26 I H3 FTHA Y £ Tk A 325 i U
XA e S R H OB G VT e R
5 LA EEG P aRA e LB
/0 AT B A BT A5 A AR A5 IR (15 5 s [
TXELLS DNA S5G, DT i) AH G 58 XA 7 5 .
SR B, 23 1] RAT Al S EUE R R KT, FERE
HJH 87 XA R 1 S BEAb KT, REHAL R
AL T UK B e J Ot K U B L Ee &
B, WLPR 2 S AT S K EUE L A E R 2 L
ARG , FEOER S ARG, 2 R R
IRHAAN , B 2975 e K UL ZE 45116170
3.3.1.3 JEZRAIRNAFE

EZRHISRNA (non-coding RNA ,ncRNA)E K&
IR PN PN L E o e e 4 IR Z S A e S i
ST REREREAEM . MUPRNA(mMIRNA) K45
i RNA (IncRNA ) X IARRNA (circRNA ) %53 13
BRI GRS 55 0 TR Z

PR R T R PR S U A
MImiRNAZ AT, =B T #rmiRNAXT J) 2= 55 1Y
R UL SR ER IR, miRNAS
PN E 2R A, AR OIS R R G
RHEVHWAVE . P98 & P, miR-2 14 7] 58 i A s A
A SR 0 - A A AR A LT
miR-223-3p eI HER J) T 3 N, A A
DM TS AL, T3 s ShRERE T 78 s e 23 ]
RS AR, B B LA miRNA 255 5 /0 b 2 30
HA FE BN REZE LR R oL,

IncRINA AT 85 Y €[5 1% 235 4 AR 415 35 PR A 2
K, 5 2R R 2 VIR G . WFSE R I, IncRNA
Al i T 4S5 S miRNA , Z2f#miRNAXT AU mRNA
AR 701800 23 ] /AT A DNA AR Bl AR 4
AT REHR 3 B IncRNASN S8 j B4 i £ IncRNA
Neat IHUIR I UE%, 76 550 H A0 BT RE IR vh & 45 T
BRI e Foire RNATERLEE 7 M 7 48 v ()
YEHT H BB IE R A BR . 20214F, Cao%s 1831 %
I AERBLGE 1R, BB A TP Y circRNASR
KX R TR EEAESEE R MR
E A4, Ho 3 circRNA ] RET7E S E 20tk i 72
hREEZEEM . M3 ncRNAS BN PEAL
25 RS A B XU 1 B B A b i, i L
B 1) 4 5 ne RN A - 5 0 ] 8 K Bl TR 25 [a] RAT
FASE B R R R R AR 17
332 BEHRBSAEE

B TR AR AT ) B R S A AN L 2
FISCIRANMI D RER L2, TR IR Rt 2
Fags A2 5% 2 P BARRAS (B B B M 2 Ao L R ) AT
Ry~ RGuEREm  BEPR R8T A BU f BE 5
BN OR: A S I p OR L EAINTTDOR: A= 5y  iiiwit] 3 AR e
FFE AR L, ERRESRI T F95HS
PR 53 Bt s R AR DGR SR AR 1 A A bk
BEiRAL 12 Rk Sk P IAL S B, DO RS B
F BT ISR S R EAE AR BEIRRALAE
T 3k A e B 0 2R 1 R SR B I T 2, 7R R
TIREE F M5 S5 T JER R AR
R R S F R MRS O
WL 28 | G928 2R 40 Ok ) 45 A BRARN TP 4y T E 2 A
a184-186) vy Ze b s - T AR AR R AR 11 TR A
M EZRE A EFFEERANER, & 225
T RN IR N, A MR X N SN AR AL 4
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H38%:

FrOpe e S EZALH] . IR AR NN E
4, HAE 5 )2 100 9 322 5 AR T 8 1 A At
HER BB URE R FR A IRk R, I T L
YRR R ST
3.3.3 KRHEE

(CIWARZ Sl - 3PS PSS e v B A A 2
SR AR DGl RN R 45 R 1Y 22 Ak, AT S A AR
E AR . SO A A BT A R G Y B 24
Mugs , D RERAF A S35 B Re QL i
SIPURGY oUW o 7 s BN T2 il I ]
JAT GRATHEAS 288 B R G SN B A2, 2l
S PREE T R O R AR AT Bk
P, G I BREE R Lok AR R RISl B & A S E R,
ORI E g AR HELIK S ) . B SRR )
B o R EERARNTF IR S AP Fk SR ST
P, AR I RO AR, A LB IR (L AT PAE s
b B IR R OS2 7= A= 5 [l i, i 2R
PR WEIEAAE I, ORI | TN R 19 D it 5 W T
BRI L, PR A s 7135 2420
R, K2 AT B AL AR R RE AT G
T A 2 O AR BRI R B-AE AL N =R
FRAERIS) . 7E 20 URE STy T, Lok AT T A 48 A
I ORE O 1) 22 A B AE LA -5 P S R s
I LA = SRR G A AR I (PTG R 5 1 ) 1A
I RN, T e R KA S
AR Xt S 22 s AR R
TR ) SR EHE R I LR A BRI
BRI =RIRIGER 0 R & B, B R 1 3
PR =R IRIGIA F] e 2 AR AL SR T BRI A
PRI Y = RGBS ARG G R A i
I SERR A TR O AR AL, TR TP AT X — IR R
PEI A Y Rk | BRI S B RS DL R A
PR SESEA T 2 2R AT, o T 4 X
WAEZSEA R -R ST

JHERE AR 2 A A s 1, A (i ) R
IR KA B IR R SR S N
JEUTRUFRE IR A B o BF9E & B, LR ’AT /N BRI
JUE v 2y S R AR 2R RN AN B4l 22 WA, i
JE ARG BRI 0 T DA B2 A T R A5 A S 1) 3 S 4R
ZF M S 02 103 e 2 ) IS
B, G T P k2 R AR A N A R R AR it
TIASE DL AR B T 22 O 58 1 D A 5 U0 ] 41 o) b A 3

55 HF A PN A9 5% S TR 7 SREBP R AE by 5 7 ARk )
Je a5 R, ek sz B sh sy vl m
o 78 AR A 2E S AR ) A A 2 A A &
PR, /N BB AL, G T g 20 5 % PR 2[Rl FEAE 63 R 25
FIRE A 1505022 Y s B EHHER, A
FNBRATR A A i TR A R R A &
8 e T A5 S g e i 2 2 2 L
WF9E 2 B, SR Ty PR IR AR i 2% % A &
G R A S o R S AT AT . A
N B8 7 T, B9 R BRAE L RAT180 K , i K Bt
I3 A T AU 2% i B KT T v T
JE e FUKERR AR IR 30K 5K 58 B R KF 5
/I BRI HPoUR 2 380 A S A B i — B, T PR s
RATJE MR A A B T TR KL
WL AT RIS R B, A TR ) R R T R S
B RIS RS A O 1 A b i e A 2 TR
A5 PR CA TG LA A A S R R R BT A
FAH TR B S M B 3 a0 BT
&, W AN A A A I A AR A
ARE TR R AR MR AR DL R TR
i ) A AN ] it S B S b 5 Tt o S s A At
T 5 9 1 VA T LD 7 A B BH , MAPK \PI3K/
Akt . YAP/TAZS5 2 545 5@ i vl g2 5 b il
JI] BE I A A4 B ER A AU 5 i T T
YAP/TAZ, V¥ 18 W5 Az % | 2 0 AR ) L & L iR AL
W AR BEN /i ANTPA B BB 5 R0 20 i b I
G 8, YAP/TAZ ] B2 e e ) S5 AR = S
HFSh e e ) T B s R 714901950

4 BEMRE

PEAZS AR T ARAE LK, Bl S8R J1 4R Y
e N K HAR AL A BIETE 15 D 23 ) AR an Bl 5
ALK B2 2 R R AR S R DI 7 1), B U
PEJE B RTRAL T X8 A= iy 25 G2 i O B ) A A% 00
s (22 R A5 5 e - R IR 0K - WL iet A i 422 -
240 L 225 - A BRASE ) BREACH , R K B2 2K EE B
SRS A B PP R AR A T RIS . SR,
At — A BA BN RE T R 2 R G, HAE L
H PRI A e B AR AR i B
LN BURME Sl SR, TR — AR R
GRRASEMAE R, HA Z RS Y itk 2
ZMESERE AT . H AP O TR IZ AL AR A IA
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WHEF AR, V200 AT R R A A R
ffDR RS- IR i SR ST SR
A5 TR, T I 25 1 22 () Ak K

4.1 [EREFHRER

FESLE V-5 B Tk b, BT 45 () sl 1 527
ARSI S AR, FEA RN, I, XE DL
AT BAE R RN AT . FEPLICHT SrHr e i
55, 2R KA IR [0 5 0 H BT, MELASRAS
AR N T TR OCHE B . A, 2 AR
1z R TR ERLF Z RN E SRR,
DL B A BT R R 7 R S RN o b TR ALk
MDA o8 2 IS R R e (R R S b T A
R RERTLLER A 800, JC ik FLIE AU ) T 4%
Pl A2 R e, T RE S BOR R A R 5 R 58
B AETEM 25 o AR SE 00 2= B SR ARl = Ar AL
W R SRS LI ES .

FERERII 58 B b AR G058 T30 [ Ak i
T SRR 7L, 25 R A6 . 3 F
FEET T HMIZ I, 5= 240 B AE X255 KT
PIRLAUAR ZR , XS 25 E AAR)Z 1T A 32 e i
BLIIBF ST AN JE , TTA (7] 248 24 0 6T ff B g 1 i) 13
PEPEE AT REAFAE S B A2 SE Y B — 2 2 A S L LA
A TR BT MLAAR 22 4 B e W ML A, S S50AH 2 1 7 43
TR IME LA O A A R A A RS AR LA
Bz o BRI 5 ROBERFIEAESE
42 BEEMNZEA

A Al RS AR T EE D AF S 1A, AR
BT AE T 2E BN SR e, 40 MR AR R R
(W s MM B R R G YIRS SR
B 7 SR B85 3 1 S AR T ) SR A R R R A
FH B0 R 428 X 4% 0 A 5o 4 B B, 2B X 8 715 5
5 HABHUA T CAnIm AR 55 U1 8 5 | 4 e A b 3 BT ik
G55 BB AR MR LI R RN 25 57

J15A5 5 B AW 24 8800 i e 2 RS R
J1°F B0 T 2 EER AT B A R — R R R
AP G S SRR N RIAERT . 1225 5 Wi
TV M 2555 T B, IR 53 R e 38 SUXF
T A Y VIR {55 30 [ R T R B 5 15
BT iR 118 S PR 2 2k o 0 R UL st A% e A A7 e T
20 i AN ZH 2R S 5 TR S S R s A A
S FE 7 A T B AL A, B T T AT R g K B Y
SR E R

BN B S AN B R G Fe AR N
G E I B MOKF 9 S 2 P B A . AT
LA AN R i B 22 B SO 135 07 A B T 0 55 ) ik
e P AT P 52 A AR ShAIL] s AN [R] AR i =
(1% AR 3 M 7 RTI42 7 A PAR  O R 2 S AL 5 2
A AFAEALAI O PRI Y R A B U
JANARISE R 5 S I R A i 2R G0 A o
IR BRG] A 0 S T 2 )

Az iy 2R G SRR 7 B S AR AL ) P~
YRR ANEE B B A B e g
SEAFAEMLEIEAEA L ARl RE S PRI 5 S B A7 A
A it o L g W R UL, P A A R e Y A
PR s N 22 3 o] T 25 52 W 0 ol . g A UK
| SRS BrH A S8 NA ER 7/ 22 T P /S

RIS 15 NS AP R . KM 136
55N LR BARONR M R SF B IS, i SR 2 i
BT B4 PR B 5 Bl T PR 5 ) L A% A
Je el A S AR A ek 25 Je A, O IR AUR B Y
it AR iy B ] ek e, FLPARIR 2 15 S A Al AL Y
TR 3 SR AL SRSB4 5 A Bk
JIFIK BT AR IR T, AR A AR G W L
Ty, R A AR LA R B R A5

HALZS [ PR BA Gl ) S el e g T R
il IR RS G AR N AR TR I8 I A AR A
FAE M RE T A, MR B ML Y (R g 3
P R R R B2 22 R A B R SR
JO7 B AL , LKA R AN R 2R Z (B A7AE 25 U
B W A SR BIL ] 25 0kt 2 T K 2 7 U ) O
PRz, BARGHE 25 A PREE T AL AR i i
R BEEE AL 2P LA, 248 B RS MY 52
RPN T AU, A A R 22 S (4701 Al i
KPR M 7 P 358 1 15 2 WLt A% R A ML , 25 1] R 3
LA A B0 B AR S L], 1 45 (] BRI
TR ZIAT S0 BRARAS R BILR , B - A0 -
i E - RGN REE R HL AT AT ORI &,
KIPZ[8]RATZ6F BB RAC 2 5 A A7 R 55
553 LIRS I (] RUBE |, 25 ) RAT R AR v A A A
)R QAN IS by A b B Ry A E) o i a
i A ) 2 1] A 2 AR A7 AETC AL, 1L LA Y
A FRMRAL LS T A RS G N R A 5
ke 1 SRR AT I e A S P 35 14 e XIS S5 LA
PUBTHLH] , K28 PR AW b BERTHESE A AL
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i, A £y AT P R E AR 5 ] BR B 2 (5] ZESHE. QUMUK I ANNS T . R &

)3 I P RO &5
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