+ 160 - EMFESE MR ER

Prog. Biochem. Biophys. 2001; 28 (2)

{HRRLE M RTSK S TR I

BWR  Fizs

&R B R4

(T PR A RS B 0T A 4y LU TR T e g 42, TR 400044)

W' ok e SEVEL K iR T Ty R R FR 50 S8 01 K g A A T R A R I b & 1 R A IR e T
Pl 0 0 e R (R R, DR B R O sl g o R AR BT A W A M 1 R R A gk s e DL i HL 4
AT S IRk 5 A B w0 MO R DR B L e N Pl g S e T AR A N g A e 0 — SRR A

FERIA sk hsedEtk, AlRE A, hHib¥ES
SES Q274

J 3% 0 i B 4 2R e T A I U Y 4
WA 20 22w, AT RISk B, b
AT ML M A0 LSBT 5K Ty AN Ty ety e A R
W= A1yt LI SO IE T 0 i R G
DA FR g 2 T I 2 75 AN Sh R OCEE. WL fn el
WA AT e, AR HUWAE S5 AN
RN, # SR EE KT 5%, Ingberd V4R T
I a5 A IRk D e s bR IR BRI R S RE A S
Ifie e &R, 3K e 48 BB LE 40 a2 427 oh 1
FAAERIE AT RE A — AN 4251 (1) £ FE W 8 SE AR 1K A=)
°F v

1 KOTBEHRBESHBEREN

9K 0 5¢ FEAE ) — A M,
Fuller 2 7 2642 1. Snelson 58 % T 5 — ANk )y 5g 4%
PGS R BRI IR Ry b, K2 TR I R
SO AR SZ R R AR AF (BRVESR)  Hr L ak
K. R FPEAE SOR RIPEAT TR K. 5K ) BOE e %
R T GRIRIE, R T BRI nT g AN R 2y
M, A F T mRGE. BT g R
SEPEI T 7Ky i e SV IR, MR Ry 5K ) 56 %
PE (tensegrity). Mbob, Z&MITESZ RN IEH 2
BT A SRR A T ok sz HOR A, Bk
TR 5.

T WEFE AR 7 x4 B AR B T R 1 5 e,
Tngber! 'V 42 5K oy 5 40 P 45 K FH I A 0 304 46 1)
BT — A =4 B DL A R 04T 0. A2 K
5K 7 e FEPE R A RO — AN/ 7K ) e SRR BL
IREM NN, B BB, SRR R A A
(v K P PO A AT Bk B R Ry 3 AN [R) R 4l B JEE AR, A
TR AR (PG B S50 A, AEARRE I AR T 4

JHO R 2 A% PSS TR 0 S B BRI, B A A RSP T
20, A0 AN RS R T PR CA R 1y X
e, AR BRI R R, R A e 4
BRIz 3, X S ABLT 40 i R0 4 o 4% 1) B Ak
L.

AT ST RS FR A M (i s e, oA
AR L R, WER T 5K ) se 4 vk 454 535
A0 1) LR AR R A AU

TS 2 7% 40 J P 2 R e AR 5K ) s dE
KHIHEIWE? Tngber > Ay /2 b 40 - 4 b 1) = Fof
FEMRBAY: L . 0 ) gn 22 4% 18 gk
Je SR R B T AN SRS A R 2. G
JHL I FE AR AN IE B (1 AR AR e 14 B 42 8 1 2 1)
HEEAR K.

Pourati %51 AR5 4 Hz 40 i 5 2k i 2 1T 1)
Wrak oy s, I MO, T B A e ot
2D WAl 2 LB R B R, 5T Bk Al
PO, 330 W A I v TS A A A AN I Ak ).
JLBh E (W 4 0 = AR 5K Al g A gy, %
JULEH B (4 PR 0 22 A 40 M R 1 e o e T 4
AT TN A, g AR A A T fig L
SHUEh R A2 fh ) a0 22 0 BE R AATTRBLEAR
PN B A0 £ TS T RS B AR, (H Y IR
FRTA0 MR T 28 D A B8 22 1 50 34 3 20 BRI B, )
W AT SE RO TH . IX R AR A g PN 8 S 4
Pt 1 b33 TF 40 Mo, DL ISP 4n P ik 22 e AR Y sk

IR ARG S (19732003, 19872080) LT 4 TR
I H

IR
Tel: 02365102508, Ermail: wyl@ cqu. edu. cn
ki HLE: 2000-04- 18, $3252 HIB: 2000-06-07



2001; 28 (2) S FES5EMEHERE

SV A A 2 () RSE A T R 2 1), H
T AR ) A 22 BT TR B, a4l
2 L —A < AR 18

B2, IS e 2 T R IR R 24T
AR T FH— N5k 7 58 $8 0 R 2% (1 3h A& T 410k 0K,
DA B 5K i A AE TN 7 1 A0 R AR AR . X A R
PR M A et P 9 7 PR A i AN A el s T 1 58
HEAE T E

2 MRS IEER KR

2.1 HEEEZESK h TR MMM T

Ingber! "V WF 5T 7 3% 41 o A 20 403 5K ) 5 #6vk
FICFEIERE, PP 7 AR SE T BIAS LB S B
s Sy s s rE S I R M TN R EE K. TN A
YRS AR 1) S5 AR JSE - TR 52 S0 F I 1 B fi S B
N, A E GRS TE IR . B SRR )
Bk DA BB AT o] £ 23 6] 43 U

A0 15K 7 5 B PR SE H) HRAELE (R TN 4 40 i
FAT — 5 W R, 008 7 8ROk, 4N AR kR A
Pourati 25 °VKE— A9 5K g it 0 F1RG B 78 3L 1 11
PR AN b, MK RN, A iRaE s n. Fan
MakAsth D BEER LB B ) 45 00 ] i BR X A A
gfc o S ) A FE 19 . AHH] 2 HF Vs O\ 4 R T Bk &
ATP Rl Ca™ A2 300040 B b {5k o |l ) A8, 3
S 1) 240 s FEE 1 388 0 4 T A0 i AR 1 5k D e B
PE; ek s R ARk B T A R A
Ak, AT ATP (IRIF =R =k ca®
TR A1 40 01 225K 7 2R B 19 s 40 i o 4 il
AR 1) - B e s R 2

Mooney! "Vl T AA B AR IL R (ECM)  _E i
JHE b R i M fei e 3l 0y 2 | S RUULS)) A 1 e i
FRESCAR,  IF S 3 2 i A 1 ek R RN AR P AN 2 ph k22
B MR R S HEHES M. IS ECM il i HiKHT
0 Lk 3 0 E I A ) 40 M 2 P (1 8 ) FEHE
PR 3E 7 40 P v

BZ, A B K ) e s R A R R AR Y
T 2. AENUBN o (1 F R 40 i 42 00 BT 45
R 9 T o Ok SRR g im R AR R R HE, T
e A A,
2.2 HRafARFNE 223K 11 N0 4H AT Bk

VR 2 40 I Sh g #138 J 040 e 28 i A8 4k, gl
NIRRT . 20 . M IE i .« AT AT 2297
R WA A M AR X Al i Th g R sg e,
Chen! "W FEAN R K/ J7 RGBS B S SR 0. 24

Prog. Biochem. Biophys. « 161 -

20 M0 Bl R ORGP X B 1 000 Bm® 39 F
2 000 vm?, 400 EHEEORI. MR, 40 1
b oS N AN S O U8 S A | S A e 23
AT, Huang! " 76 85 3T (OWF 58 FhiiE 52, WREA
RESCAEAN MLy 14, BEIR0 A B4 I RI{E ] MAP i
(B REHOTE AR SE K ek, B
AfEHEN S Y.

1K SERIF 5 2 HH A1 R R A0 S A2 A Y 2 s A B
RN R —. MR REIFA A,
UM TEARAE D9 VAT VE I T 1, R A8 K 1) 4 i A2 4
JHO A A R b B SR

AR A TR T — R )
ST AR IE, X1 R OC B TR 4R B
FRILL AN, 2 0 Ao 39 - AN B A R 1) 5 A
B+ S AN AN S5 A3 1 A ke e AL
PP, XK g e S 4 RRASTARY (¥ BIF 5 B 40 i T
RVEAT A I A5 B BA D i 20 p ™). R i,
IS g (R A Ak T 3 3 AR i B 3 SR N 11 g P Al xS
RO F A A AR A S A S .

3 RAITEUESHARMAUFES

3.1 YRABSZRL MERE L LANG R AR 11

o i 52 35k 1 ARSI LR PRI, e
AR AR AN, hT ik et
FEAETIUN Ty, 5 065 2% 45 K6 v R e — e 42 it o 2 5,
JIT A A EL S (W 5% B B TR 1 b - 5t 4 H4
FflE, S B kR A Y, BRI &5HeE  384
505 I £ g PR RS I B

Wang %50 P10 5 7 FF Fng b gt (13K ) se $E vk A
RT3 5K )RR, J5 i 1 4 i s 2 Ol
AR A, £33 1 AR I i N
PR, &5 AR REFH V3055 375 40 i 1 41
MO S RBL 5 Coughlin %51 th 38 1 kG Bt
0 0 174 30 k43 BT 2 T 440 L 1 i e S e AT T 1R ) 2
fE. e SO R T 40 O L F R R /N 40 i 2 h.
JEE B 358 0 5 T s Ay B I SR A R R

WAZIER R AL, AN RO R, g e At
—AHEG T NG IPERL, A AT — N Ry
PREIPEBT. A i a3, 2 o AR R
1 B 3h 5 HE A B R B 2% sk 46 O 5K ) oe
Zaner S VR, AiAb K F- ILBH R R BT B
ZEMPESERTN S, EEAARKRRE S5
AN, B MDA, VA R R

DR, 4t 52 S0 ) 4 FH i 2 AR i, 3X



+ 162 -

T 137 42 b T3 ) 5 S8R RIOREBR G R PE R, BRI
JITAT R L 2 (R AP W 7 308 7 g v B 5 ), B
TSR N N ) o3 T T AN LR ) 4
TR AR b DRI A0 RN AL R R T
by )37 g 27 i 5.
32 HUFESHESER

T 0 2 e e LA o 3 o 40 i 4 T 2 A 3
FIRLARIN. . ATUBRAR 5 Pl ok 240 i 4 £ J LAl F2 R
BN T A KR T 0 AR A T e Ak A AR A Y, X
ANIEFERR R T 2205 i T e 1R

PN R RS, A o i 2 [
SEAEANTE RSN b, 0K 4l s 7 —i&e LA )
FO7 AR E A TG AL ZL, AR 2 I8 A HOE £
Ingber %51 &k fA P SRS T S WUBR N ) 74344 1
TAHPAR A M T 2 0k, AR EAR, i
TIE 3 70 240 i 1 5 2 52 A Lt B U1 g A 4 i
S PRI R . 1E gk o e sk R
TR ARE, 1200 I Ak T Ik B A AN () £ 40 1 4
R O(RITReL | B AR ) g £2) 1) R B 4 R A
HAERIR . AR, 75 A I8 A R TR, PR
MEs sz ik b (BRI E A2k . A
AMPUIR) N AS 2 T B AL AR

CRAIXEeEE B AT RS R ARG I 52 4k
&I AN R I A S A R T 2 A (n g
A BRI m SEHUBN 70, eh T A0 i SR B 1
AECEERZ,  HUBON 7 (0 39 T A 38 8 1l A% 3 3 41 i
AN AR g g b, ARG B AL 5 (1)
RS MBI & FEE . AL . R
LIS R NI o I o R A R O B S N T
UK 2 B e, VR T 40 00 A B LAED. A R,
SR BT R A itk e e, AL B
SFHIEERIRR, KA M A B EL. a0
ANBE AN EI AR A KB EE ), IR OE 412U
— 4 e

4 & iE

WA AT SR B HHA R B R ) . KR
i YD SRR AL G T R A AR SR I 1 .
FEANIL K EXF sk s $E e, SAEAATRE
I P o 7 5P 0 R4 ek T 3 f ASE 2R SR ASE UL 4 i F) AT
A, A RAT i LB AC R A PR L AR

HHEEAE, Tk ek A R A Ay AR
R T AR, XK e BEE R A PR S

EMFESE MR ER

Prog. Biochem. Biophys. 2001; 28 (2)

— AN I SEI T AR W B, JRAEVE 2 U
BN BRN . B o 40 i 5k (1 5K 0 Se 4k 5 A
JFEAR B Ty G 1 5 3 AT AR AT TN — A~ 238 1) £ 1€ 255
BIFFUREAE ™ A 0 J5E DR RN R 7 A 8y 3.

Kt 7K e Sk S B A A i o S R B aE
PR A HAE A2 R S TR AU R A 23 ) el 1
JHH 5.

2 % X M

I Ingher D E. The architechture of life. Scientific American, 1998,
278 (1): 30~ 39

2 Fuller B. Tensegrity. Portfolio Artnews Annu, 1961, 4 112~
127

3  Connelly R, Back A. Mathematics and tensegrity. American
Scientist, 1998, 86 (2): 142~ 159

4 Ingber D E, Folkman J. Growth control through fibronectimr
dependent modulation of cell shape. ] Cell Biology, 1987, 105
(1y: 219~ 222

5 Ingher D E, Folkman J. Tension and compression as basic
determinants of cell form and funetion: utilization of a cellular
tensegrity mechanism. In: Stein W, Bronner F, eds. Cell Shape
Determinants:  Regulation and Regulatory Role. Orlando FL:
Academic Press, 1989, 1~ 32

6 Pourati J, Maniotis A, Spiege] D, et al. ls (:yluhkrlelnu lension a
major determinant of cell deformability in adherent endothelial
cells?. Am ] Physiol, 1998, 274 (5): C1283~ C1289

7 Bailly E, Celati C, Bornens M. The cortical actomyosin system of
cyto chalasin D-treated lymphoblasts. Exp Cell Res, 1991, 196
(2): 287~ 293

8  Jones ] C, Goldman A E, Steinert P M, et al. Dynamics aspects
of the supermolecular organization of intermediate filament
networks in cultured epidemal cells. Cell Motil, 1982, 2 (3): 197
~ 213

9 Ingber D E. Tensegrity: the architectural hasis of cellular
mechanotransdution.  Annual Review of Physiology, 1997, 59:
575~ 599

10 Mooney D, Hansen L, Langer R, et al. Extracellular matrix
controls tubulin monomer levels in hepatoeytes by regulating protein
turnover. Mol Biol Cell, 1994, 5 (12): 1281~ 1288

11 Chen C5, Mrksich M, Huang 5, et al. Geometric control of cell
life and death. Science, 1997, 276 (5317): 1425~ 1428

12 Huang S, Chen C S, Ingber D E. Control of cyclin D1, pETK""
and cell eycle progression in human capillary endothelial cells by cell
shape and cytoskeletal tension. Mol Biol Cell, 1998, 9 (11):
3179~ 3193

13 Wang N, Ingber D E. Mechanotransduction across the cell surface
and through the cytoskeleton. Science, 1993, 260 (5111): 1124
~ 1127

14 Coughlin M F, Stamenovic D). A tensegrity model of the
l').'lnske]el(m in sprt‘ald and round cells. Journal of Biomechanical
Engineering, 1998, 120 (12): 770~ 777

15 Zaner K S, Valberg P A. Viscoelasticity of F-actin measured with
magnetic microparticle. J Cell Biol, 1989, 109 (5): 2233~ 2243

16 |||g}n=.r D E, Jamieson J D. Tumor formation and nmligluull
invasion: role of basal lamina. In: Liotta . A, Hart 1 R, eds.
Tumor Invasion and Metastasis. The Hague, Martinus Nijhoff:
1982, 335~ 357



2001; 28 (2) S5 MYEER Prog. Biochem. Biophys. + 163 -

Tensegrity of Cell Structure

T - . . oy - - w . . - .
I'ANG LiLing, WANG Yuarr Liang , PAN Jun, LU Xiao, CAI Shao Xi
( Biorengineering College, Chongging University, Chongging 400044, China)

Abstract Tensegrity structure is comprised of compressionresistant elements and a set of continuous tensile
elements that are interconnected with each other. The stability of such system depends on maintenance of
tensional integrity inside the structure, or what has come to be termed “tensegrity”. According to studies on
biology, cell structures are assembled on the basis of tensegrity mechanism. Tensegrity of cytoskeleton can affect
cell shape and function. Furthermore, some basic rules of mechanochemical transduction in cells can be well

explained using tensegrity theory.
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