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Abstract: The ability of cells to sense and adapt to metabolic changes and environmental
variations is essential for their functions. Recent advances in synthetic biology have uncovered
increasing mechanisms through which cells detect changes in metabolism and environmental
conditions, leading to broader applications. However, a systematic review on the regulation of
cellular metabolism and environmental adaption is currently lacking. This article presents a
comprehensive overview of this field from three perspectives. First, it introduces key
transmembrane and sensor proteins involved in the cellular perception of metabolic and
environmental changes. Next, it summarizes the adaptive regulation mechanisms that natural
cells employ when confronted with intracellular and extracellular metabolic changes. Finally,
the review explores the application scenarios based on cellular adaptive regulation in three
aspects: dynamic control, rational metabolic engineering, and adaptive evolution and makes an
outlook on the future development directions in this field. This review not only provides a
comprehensive perspective on the mechanisms by which cells sense metabolic and
environmental variations, but also lays a theoretical foundation for further innovations in the
field of synthetic biology. With the continuous advancement of future technologies, a deeper
understanding of cellular adaptive regulation mechanisms holds great potential to drive the
development and application of novel biomanufacturing platforms.
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Table 1 Classical receptors in microbial cell
Category Name Function Source References
Membrane proteins Hxt Hexose transport protein Saccharomyces cerevisiae [4]

LysE Lysine transport protein Corynebacterium glutamicum  [5]

NhaA Na* transport protein Escherichia coli [6]

Ste2, Ste3  G-protein-coupled receptor Saccharomyces cerevisiae [7]

EnvZ Osmotic pressure-sensing protein Escherichia coli [8]
Intracellular sensing Gal4 Galactose binding transcription factor Saccharomyces cerevisiae [9]
proteins Pfk ATP-dependent allosteric enzyme Escherichia coli [10]

Pc Acetyl-CoA-dependent allosteric enzyme Escherichia coli [11]
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Classification of cell receptors. TF: Transcription factor.
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Table 2 Classical mechanisms of cellular adaptive regulation

Factors Methods Examples References

ATP Metabolic In response to energy deficiency, AMP-activated protein kinase inhibits lipid  [26]
regulation and sterol synthesis by phosphorylating and inactivating acetyl-CoA
carboxylase and 3-hydroxy-3-methylglutaryl-CoA reductase, thereby reducing
the cellular anabolic flux

NADH Metabolic When NADH accumulates excessively within the cell, the activity of enzymes [27]
regulation such as isocitrate dehydrogenase is inhibited, slowing down the tricarboxylic
acid (TCA) cycle and thereby reducing the generation of excess NADH
Metabolic Feedback When the intracellular concentration of tryptophan is high, tryptophan exerts  [2]
intermediate regulation feedback inhibition on the activity of tryptophan synthase, thereby reducing

tryptophan synthesis
pH Ton transport When the intracellular pH decreases, the expression activity of the Pmal [28]
proton pump in yeast is upregulated, hydrolyzing ATP to pump out excess
protons and maintain normal pH levels
Metabolic In Escherichia coli cultured in high-pH media, the activity of tryptophan [6]
regulation deaminase and serine deaminase is upregulated to promote acid production,
thereby stabilizing the intracellular pH
Temperature Protein At high temperatures, yeast initiates the heat shock response and expresses the [29]
homeostasis  heat shock protein Hsp90 to assist in folding and repairing damaged proteins,
maintenance thus protecting against heat stress by maintaining protein homeostasis
Membrane At low temperatures, Methanococcoides burtonii increases the proportion of  [30]

structural unsaturated fatty acids to enhance membrane fluidity, adapting to the cold
adjustment  environment

02 Metabolic Under low-oxygen conditions, FNR activates genes associated with anaerobic [31]
regulation metabolism such as lactate dehydrogenase and inhibits the expression of genes

related to aerobic metabolism, enabling Escherichia coli cells to switch to
fermentation pathways for energy production in hypoxic environments
Osmotic Biosynthesis Halophilic bacteria balance the osmotic pressure between the inside and [32]
pressure outside of the cell by enhancing the synthesis of glycine and proline, which
helps them adapt to extremely high salt concentrations
Membrane  Under hypertonic stress, Candida albicans upregulates the expression of the  [33]
structural chitin-glucan transferase gene Crh, which is involved in cell wall
adjustment  cross-linking, thereby increasing survival under hyperosmotic conditions by
reducing the elasticity of the cell wall
Nutritional Metabolic Yeast preferentially uses glucose from the environment as its sole carbon [34]
conditions regulation source, and only after glucose is depleted does it undergo a period of growth
arrest to complete the metabolic reprogramming required to utilize alternative
carbon sources for secondary growth
Cell cycle In the absence of nutrients, Bacillus species inhibit cell division, reduce [1]
regulation reproduction rates, and form spores to survive under adverse conditions
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Table 3 Regulatory mechanisms of different types of metabolic intermediates

Metabolic pathway

Metabolic intermediate Regulatory mechanism

References

Glycolytic pathway Pyruvate

When pyruvate accumulates, ATP inhibits the activity [41]

of pyruvate kinase, thereby reducing the conversion of

phosphoenolpyruvate to pyruvate

Fructose-6-phosphate

When fructose-6-phosphate accumulates, [10]

fructose-2,6-bisphosphate activates

phosphofructokinase, promoting the conversion of

fructose-6-phosphate to fructose-1,6-bisphosphate

When citrate levels are excessively high, it inhibits the [43]

activity of phosphofructokinase, thus suppressing the

glycolytic pathway and decreasing the flux through

When tryptophan concentration is too high, [2]

tryptophan inhibits the activity of tryptophan

synthase, thereby reducing its own synthesis

Citric acid cycle Citrate
the TCA cycle
Amino acid metabolism  Tryptophan
Glutamate

When glutamate levels are excessively high, more [42]

glutamate is used to generate N-acetylglutamate,

which activates N-acetylglutamate kinase and

promotes arginine synthesis

Lipid metabolism Methylmalonyl-CoA

Methylmalonyl-CoA is a precursor for fatty acid [44]

synthesis. Accumulation of citrate activates

acetyl-CoA carboxylase, promoting the conversion of

acetyl-CoA to methylmalonyl-CoA for lipid synthesis

Glycerol-3-phosphate

When glycerol-3-phosphate levels are excessively [44]

high, the activity of glycerol kinase is

feedback-inhibited by glycerol-3-phosphate, thereby

reducing the conversion of glycerol to

glycerol-3-phosphate
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IR 7 R A AR P S0 o, AR AR el g ¥4 IR
3 4T I (Photobacterium profundum)H 55 &4 il
FHOC Y JE R W R B T2 . R SR Rl S 4
fit)) bRk, s T HAEM 0 IS S5 0F T i id
REALH PO Ak, FEARIR SRS, ZEHTR A
(Listeria monocytogenes) (1 fi5 iz % £ [ 3¢ ik it
A DA 55 SR ) o R S v o A R
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5 B 240 B 1 PR S S50 ) 200 B RS it 2R BT 1)
[m] g5
223 &5

AR E TR ORTE, a2 3 2.
LV AR | RIS  , Hhk
T S A0 MDA U SR SAFAE IS A REAE T L i 2k
IR A A T I 75 2 50 42 TR AR RS o SR IR AR Y
21 i U] 8 0 AR 41 420 Y AT FH A 3 AN (] A I
W, A AT PRANT I Bk R,
TEAN ] R A B B BRI v LA e gl Lk o e
PR AR A I SR AR A TR O A 2 A
AR A 5 S8 Ak B 38 0

FEARHHA T Oy 1, X TR S B R
MaE, EASTLEWM THATFRAER-; M
FEAS B Z B, G 1) & B A L BE R LR
FNR & KW AT T8 i —Flr 3 B 40 J8 i 7 sk A
Fo FEARLNT, EaWAIBMH R,
T AE B4R A 1F T AR BB 2 T B S e B A
Yo FNR BE#EIHE 5 DR AR OC Y 38 D5 (an 2L
B S ), 0 5 A SRR AR O 3 TR A 2
ik, (A0 A RE AR AR S A BE U 21 K R A% L
FEARERP

T A IO B8R IO T TR, 4T A R B B
TR T AR, 257 A A R B
TS S b I R g g LR L 4R . FR B
ATl S A A2 A il ) DA v AR e 4 i fek
MRS R, SRR AP RER, %
TEAMUERAE TG . 40, RIPK4 97 %5 MiG
P T IR IE A S B R 5 R F- . RIPK4 19
B4 2 B BRI RE-CoA A MBI D , TS
AR AR IR AL R, k> 2 AN 1R i
BRIV A N, B2 T S A 3 i kT 130
224 BIEE

2 L 10 X 98 8 R AR AR 1 B 38 W IR 4 O AT
PIgy g 3 25 Wfikkia . JERESE AL B S A0

http://journals.im.ac.cn/cjben

IR ERERS

20 S P 5 30 R 2 RE S I T A
NSRS R, T B B . B0, 1
A AT DL i 9899 PH S 55 Nhal #60) #4188
H Ena SMIERG(X RGN KH Na oM,
DA BB P ) R 35 XS NaCl i 52 454,

TERRBEREE T, A1 2 2 20 i BE Y 45
P RZH AR, DT D 4 ) e B A T RE . 9]
N, B- SR T RE A0 N BE Y B ), X R
22 3 TV FRUESUR 1) 45 R R 200 B RE Y BT BE
1. HRBEWRE T, B-1,3-H MG MR-
1,3-glucan synthase, FKS) )ik & 2340, fe oF
W2 B-HIRMEAS I, R BE SR, ZEdy
DI AR TPO TR7 317/ B1E L I & R g7 3T
(Candida albicans)Z fil & 2t il B B S AL, ffF
0 N RE SR LT Jor - SR AR e R L [A] Crh
23R B, 3 AT At L RE Y S D in v
BT AR

WAL, 20 v] DL i A BRI AR R 1%
5T (AN I | G B R AN 28 ) A -1 4 e P A
MBI 5 . TR M TE R 8 B BRI T 2 o
M-SR, DI A0 K00, T 4k 45 i
PN R8s 3 T P00 A8 o Bl A 40 g AT A A7
Tl AR M g b, BT R R R
0 2 KV 200 L N A8 38 T o X SR A Ak
BRIy FAEA NN W B IS s, A B T AR
B K A2
225 EFRFEH

E PRSI N= P i L e G 1 O
I 5 T 15 R GRS R ARk
AR E SRR . B IR RN, B IR
WA R A R A s e SR B Z 0,
D] ik A 240 B RO RS S ML, dE A A e AR A
KB TR R . A XS MLANE SR B K AR
PER R ALE] T 2A . AT . BRI
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755 40 R

TE & SR R IR, KIG A R
B S BIL A o LA S R ik
TEREIERE RS, WIS FLBECI L, AR
FHFUREVE A RRACHR IR o T EE Tt BB 0 SR G 7
FEH IR o Y A7 e PR & I (A (L SR
FEphI, BERELTBOE SNF1 A1 — AN 25
SERMNYG, FEOFZ S 5B F AR
TF 1 35 IR ek T RET

S 20 TR R TR 2 43 s IR I il LA 43 R
ZeM B FEYIT, AR ECRT AR 75 7% . il
fift Fig IS FC TR B RE 005 43 D A U I, 2% B/ gt A
W Lo R H I RAR IR, DA 2 20 AR I AR
FACS, w6 A I B 0T USSR A T, O
SR A IS PG S B A T AR L,

LAk, B BT R IR A S B A
JHERFE G1 W, X —a FE M 40 ) DNA &
AL TR, B ORISR Y A SR AR Bt
FALE ABARE M Trx AT LLSS S 130 400
JEVIE I ASKI 6. F 5 2% I 41 it a0
1 SRS N FH ASKI-Trx {5915 F RS
I A . BEEASE Trx Ak, JEMiRER
ASKI-Trx Z4E5Y), S8 ASK1 KF-THm - F
Ui B R RS, e 2 SO R 0 R Ak
SR, FEBZ ERMIEOT, FHRAFESMm
WA 2, FRARE AR, YR, 2F
6L ELAG 5 A TR A TR T 08 TR b 2% 90 05 1) R
71, REETEARRI M TR, Frdrbaskss
J PR ST o
3 nfRR S IR E N BT

i B AN AR 5 P 85 3 I R S AL
AAAT A i i A A v sh AR, IR BESS
S —RYFEFE TR TR TAE.(1) hE

Z&: 010-64807509

W, Flan, s e a5 AL
A, AT LLSE B AN AT I 2 1) Bl A R AR
(2) FRPEACH AR ek . BN, 7E TREA s
ATNREIE B R G, o Tk 200 M PR 555 3 1 A i 52
P o (3) ad WP A A o 38 o it T AR g ) R Bk PR 45
ERECE R EZ ST, et e m e, &
LRI R ALK 2),
3.1 FHRIEE

J TR A A R R 1SR
A PERRIE, AR AR R AR TR vk ke A
TS ek AR . SR, AR SR B DN AR
Tk 230K S A R SR 25 5 3 B0 AR
Iy S A A BHT S5 (), Ry 1 i D 3k e ] R
A TN 0 9 T 0 R I R A L I 1 s S I s SR
FEARIE TR AIRAT 2] 1)z i AN, 4l 3h
AR FEE RN 3 DR, G5
G E AL R TR . AR R
DS R G0, HBOT R R IR T2
it i i BN QI RN ER S 22 R IR Z B8 . W
B SRR ANAT 5 1 0 07 TR L S A i s g
IO R 25 2 B A TR B 3, AT S B
IR, RIS TR, S
FEFEA LR 3 A5 AR ) Bh A
PR RS L A A PR, LA SRR ARV Y
SIS
3.1.1 iGN & sh 7S E

AR 0 137 30 25 A 9 S i LA 2 AR
A Ry i 1 {75 5 9 1 A DG 3 IR 1) 23k g — R 458
O 2o AR 0 1 2 2 R 4 2 o i s A
FHUA B SRR 5 R A R AR
Wyl B AR A, T FE RS Sk P Se Bt
R KR shA T . N, Xu FEO0E K
TR A T — TN R AT A R ) Sh AT K .
TFETR PR RE M M 4 TN AT A p9U BT
TR R FRIB K TN BRI A WREEAR
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Cell AHLs

growth

oD

Pl oduct
s\ nthesis

Time

Dynamic control

Rational metabolic engineering

Target
Plasmid —\ 5@@) ‘ { ' ’

2 YRS FNER R & N FE AL B R R

Adaptive evolution

Stress

Time

Figure 2 Application of regulatory mechanisms of cell metabolism and environmental adaptation. AHLs:

N-acyl-homoserinelactones.

i 2xom b Bl RS A2 SRR A R LB Rk

TS 78 e A A 2 v s ) i Ak T Wi B A28 g
WilR A WA Rk, X — RIS 1S TR Bk Y A
iR =it m 1 2.1 % ; Wang ZEO4F] S s 4
BARAZ IR T — A BR S e 1 L AS B R BE 1 S
BF Pynen, 1A B TR B B R IBRE S
SR LZE R Bk BE SR L Bl S KRG 3h - e
JEEE T mKate 2 A8 T — AR LAS MR L 8dn

O FHT 3 P A TR 1 et B 7 12 , AR B2
G E T — MR IBULASIR )™ 5 3 e 38% 1 bk o

SR
A AR RIS I R B BE ST, AT LIRS

3.1.2 IFEENE R 7
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JELST pHIOO | SRR A A IR (5 S AE
iy A5 F RIS 1 S A A R GE, IR
T TR . 40, Bafiares 5L
IV pH 1Y 5 5B ZH 7318715 5 CadCA 51 ARG
L, DO TRERERA O R TR
FRHE A 7= 2 R, D-AOREIR 1 B B2 3k i
Ah pH F#A%, LA CadCA 4+ S D-AHEE] D-
RWERR A Ak 12 4 sh M, BLUERM D-ARBER
BT IR THFE, WA T p-AKBERR B X 4
AR BRI 5 SR TSR R BT AR
OB R E T 170%. BT pH 4b, HE W
S ) & T A R P — A SRR R R &R
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Harder %M KM AT B 1) S A7 468 1R 3t Sl A 5
JA ¥4l Lambda J3 37 (pR) ; 7EARIR 55 1F
T(28 °C), pR i Bl 5% SR T 1 Bk e Sl Ay
PR CI8ST7 #Hfl; X s gh e
Hemk, TRERAM ATE R RERTHA(37 °CyPRstiZE
K, MAERMERS °C), Fhyia IR I &0l 2k A (1)
FIRZ RN IH], NITER T TCA JE AR
i, TR AR AR ER AR PR B AR R T 22%.
3.1.3 BN ENTIFE
FEAA R & —Fh R AR sh S FERLE,
T 20 B ) A 45 B A A RIS sh AR T . A TS
WL BECREIIE S o, IR AR
BE, JFAR 98 4 A 25 5 0 28 A AE #E A R vh ) 25
R AT AN i A A B A RN ML, A
R AR AT DI e R AR AR, REY)
03 A2 P RAS o X SR A5 R PR B b /b T A
A tE ERAS T, IR T A Y
MR, Buih &2 W REARERN R 24
2 . #HICYNEE (Mbrio fischeri) ) luxI/luxR 2 %%
A K 4 T P A 2206 T (Pantoea. stewartii) 1Y
esal/esaR £4t. He SEUFH luxI/luxR &G
RIFZRAE T — e [ 20 % BE Y B 5 s AR
fil#s, M T HRFZE T MR EE (polyhydroxybutyrate,
PHB) YA ™ ; %3 il & AT BR T X015 =51
R, ST PHB BB B &, f#f PHB
FEEiRE T 1.2 £%5. Liang FEUUR|A esal/esaR
RGETF R T — PP W RE #1755 IF 5% (dual-function
regulatory switch, DFRS) ] 4 4 g 4= &K A0
mn e A ACIE R, FEARERTI, pykF 3R
RACE B DR A A, 7EJ5 B pykF r9ER
RAKCE T, Aspek BRIk 58 L5 | A G
M BEHAMR G B ; DFRS SC30 T 40 A< 5 35018
AR ARRE, IR EmR R = F) 128.2 g/L.
3.2 BN IERE
IR 0 %) 441 B 3 7 3 478 AL i) R 4 - TR bk

Z&: 010-64807509

A TR, O BARG BAE  FAR
AR B B R o I R A B S A A
EARBESM TR HE AL, PR AR R
TR EA. R HE R, DA 2 LA
03 DR - R PR R Ak B oK
3.2.1 HEFEE

AR RFLIRTY | SRR | SER R
SR NIRRT, PEREE R D 1 A 5OH AR,
BB N B 0 A, AR AR A K
ZBH o SR, AT LA FH A R DR R AL
ST — FR A ROt TR P AR SR LA Dl B
T ), Bilan, Xi S0P 1 7E 2 Al LR
25 B e IR e B (Pichia kudriavzevii) 5| A K
T TR A 58 1 T 5 e Mk B A R B U SthA, 42
A BT Y NADH 7K, DT A 3 SRR it
fitf MDH 28 £ ) NADH, fk w2 %
R LSRR, (SRR ™ A LT3R 3k SthA
HI$EE T 3 4% ; Singh ZE75a@ 110Kk B 35 HBR AL
AT B B IR A I X N R R 2 fL 1 PCK 7E K
FrAH Rk, SRIEMIA ATP RZERL, A 25D
Pk T AR AR KR BEHA IR A AR ), ol S TR
TE 72 h A BEEAER I T 50%, BRI " &
$em T 60%.
3.2.2 HEMIEI

A ) 5 5 3 AR b e R T I R L IR
pH. ®EBEE . AYLENE B L IRE,
X 8 PR A PR 2R BR A AR M A= 7 T B L
F, SRR TCAE P B B0t 4 7 Tk A 4 ) e <
BEAG T SE S ala d SRAR AN IR BN R
Pk L Ay AR m A Y B bE, S1iE
GER R ARIEAE AR LG, X Rk B B R
BN, Guan 25 WE 25 FC N FR AT (Propionibacterium
jensenii) il FKIk T 5 D EHHUERAE S AH G KL
DT (6, 5 s B A 2 TR I 20 I R 4 2 2 Ot R it 1)
arcA, arcC, gadB. gdh #l ybaS), i &1E5%
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BRI  R  T A2 4 5 2aed A0t A TR PR AE X T TR
O e I Vs TR E SN 5 ) 1< = oY
ERE, HNR™E#EE T 22.0%. Wang ¢
W S R T G B ZE AT 7R R A A T 2R 1 HSP 5
ANAETEREE R A 2R TAF S 446 LAY 38 18
PRI #AME s 20 S R BRTE 50 °CHALLRE 10 h
YA TG R T S A, KRR T 43 °C
R WA AL R, 7 A o AR
T 66%.
3.3 &N

X2 7 1 A A AT A T R AR Ak R
Frust, A A AR S AR kB A AR T A Y
18 IV BB T A BG 5 o 38 1 RS N M B R,
78 N\ 53T UAR i i 22 (0 PR 5% R 77 %o bk i 7
Yk, T ARAFAS [A] B R BLREAE o DL A9 3
ML A 2 Bl RIS RS
Al S2 PEHE T
3.3.1 RYNERARE

i 3 3 B PR AR, AT LA R 4 X
PRI YRR, A L RB A% ) AR AS RE I Y
VAT AR A . AL R i e (3 3
T RE VR e BRI AR SE IR () A, P A A
NTHILEFRE, s H—misy,
B A 2R it A BR A AGEAE AL AN RE VR FE ML B — Fh i
PRI . BN, Zhan SEUTRE TR B R
W 5 3E R SR E LRSS A, BT AR
PRI o Bk e L A L RE A L R A Ay o — il
W T AR . X — W5 I IR 9 B A A= AL
i A YRR AE 7= R A SR BEE AT HL— T 15 1
FHZEE T ot . 55—, Reiter SEUSE 136
IO AR R FF B 7 R A R B JR RS 3R 3
(ARG B 18] B W) 14 60 h 4 %55 T 4.3 h; 7E4)
HEAMEL I R BEAIER I TR AR A S5 K 40 i 2%
(ODeoo) AT A E] 100, AKFEER Y™ ik E] 1 g/L,
FTMTATHIEEREESEE LB T2 E

http://journals.im.ac.cn/cjben

W) ek T o ) O A
332 HEEMZMHAREA

1 PP A SR S AL DA A R T R R
B, SR PRI Ry e ke it v TR X BRI A 2 4 o
PRI TN 2 1 B A — B s S o 140, Chen S50
K, T TR E G BKGIR AR,
IK W BRRT AL FE R R BEE, KWE 48 h 5,
MRS T-HGREN T 45%; ik, MfT#4T 7Ky
i SRy . 1 S 36 2 3 I M R AL, K A X K A
TR B IR M 0.65 g/L #2338 T 4 g/L, 2K
I, Wang SO X KA FF 1R PHEO3 #E47 T
L% TN 22 R 3 o M A, DA 8 i H X o vk
L- AN IR T Z 1 gtk fb, 153/ H ik
KIHFFE PHEO4 76 & % 48 h &, Hif KA 2%
J¥ (ODesoo) TN T 33%, JETHRIEMR T 42%.

4 REH5RE

20 AR T 5 R B N A I — B
TR A AR S ) — N EE A AR fE
T b A A5 AR A B 1 S G R 2 A AR
B, HPATE S BT RS R R TIRE,
FLZ AT Ll i G AR PRS2 AR IR SZ B R
REREAES, RIPR N B 15 51518 45 i
PR SRR P B P A RO R R R IR
WE(E 5 5, R T Uit 1 i R 3Rk DA T 400 ik 1)
ERrANALEZY A VAl N U SRR VAL e S LU
O E AR . RS . iR
TP A S N 5 5K, X SR AL A 2
L B4 SRR RE T BRI AR T, 5 B A48 S 7 A D AR
by pH. . ARERTEHE,

Bl WS AR WTR A, AR 45 A% 2
B ARG BT, s UiE L 58,
L PN P 45 5 1 30 86 AR 81 4 o9 245 . 1 37 B
Bt JUHORIE AR, Bl A2 AR AL,
REVEE, T AN AR5 P85 18 I R 4 ML
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AT IR 2 15 A S IEOR SR . ATER AT LA
i 1 I DR 2 R R R IR N LR B A e A
FEHRERY LI o BFFE N DRl 2 I A G300 ok S B
BARRHE 7RI A RO R Bl B 22 T RE M Ak
DAL, AT 2 2k RE AT 2R B Pl S v 7 2l
VERTLATZ H Hh 5 22 A0 4 JJgON s P ook . 4
BEAIAS 5 BRI A I TR 45 AL A A AF 5 Rk 1)
Jrlayaf LASE AR AE 2 AN T5 T - (1) BFFE AR AR Y)
A SN P EEALE] . ARk, BOok AR
B, IR H 2 AT T AR R
PR BRI 298 DR I REC IR T A LR . R
TR LR AR A o S AR GER R A
PR P B SRR A AR L, X SRR A R
UL H ST SIR F)TIR 32 B T 0 HE R A AR R R T
ST E AT S SR PR 1 AE T A AL i 9F 5 AT A Xk
B Tk AR A By BRI 8 R P AL
FJ7 2 WIS, o Bk — 2 e 4 L i i
DS T FEA o (2) Tonsim X AN [R) 2 3k 7 1 4
AR e 1 e I N = B A L it I D
TG HFFE AR B & R AL G AT
IR XS 240 B A= i T Sl A R, A Ry A DR AR I
P B SE B A = Tl G It T S S A . HAT,
FHIF T AE 2 BB 0 DS T 40 R AR ) Jek
REIRIY [ 3 7 R 2 ML ) 2 1 52 B o FH 5 1T 5104
TEA Y TREGUER, 40 i SR 5 1 o R P AL
il 20 T ah S TR A AT . B s A
AR AR ALE B PR AL, UL AR PERE,
PR R R RS JEAE S A
TESr T AL b AT REAFAE— 2622 5%, (H 3 Z (Al
PHA —E WS H MG LM E. Blin, BF5Em
i ol A 00 T 52 A s PS5 AL AR, R AR Tl At
APy RN O SR 95 T 0 RSk, ISR AR
Tl B8 40 2 L 19 AL 2 1] A B, R
E— 2 4 A A R 35 T 9 B 5 4
L

Z&: 010-64807509

1E& T = ¥

XN Jr F BT MRS SIS, %
Befi: Pt BRI GG Xk B
Mot . ARMESCHRBARY; B XISZT: Wi
. B G

1E& A 25 o RN W
{5 745 W8 AT AT T R W A SR AR
AR I BRI R 4 5 AR
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