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Engineering Cell  Shape and Function

Rahul  Singhvi ,  Amit  Kumar,  Gabr ie l  p.  Lopez,
Gregory N.  Stephanopoulos,  Danie l  l .  C.  Wang,

George M. Whi tes ides,*  Donald E.  Ingber*
An elastomeric stamp, containing def ined features on the micrometer scale,  was used to
imprint  gold surfaces with speci f ic  patterns of  sel f -assembled monolayers of  a lkanethrols
and, thereby, to create is lands of  def ined shape and size that support  extracel lu lar  matrrx
protein adsorpt ion and cel l  at tachment.  Through this technique, i t  was possible to place
cel ls in predetermined locat ions and arrays,  separated by def ined distances, and to drctate
their  shape. Limit ing the degree of  cel l  extension provided control  over cel l  growth and
protein secret ion.  This method is exper imental ly s imple and highly adaptable.  l t  should be
useful  for  appl icat ions in biotechnology that require analysis of  indiv idual  cel ls cul tured at
high densi ty or repeated access to cel ls placed in speci f ied locat ions.
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o t ' c . r c h  i ' l r r r r . l  r c . r r l t c r . l  i n  t h c  t i  , 1 y 1 . , , , , 1 ( r n  ( ) f
c c l l .  r r r t l t  c ( ) r r c s f ( ) p ( l r n g  s , . 1 r 1 r r c  ( [ : r g .  I i ) )
i l t ) r l  r c c t , u t g r r l , r r  ( l i r g .  ] . { )  s h , r 1 . r , .  u , i t l i  " c , , r -
n c r \ "  t h , l t  i l n n r ( ) \ i l . n  l t c ( l  9 t r " .  I n  c , r t r r r l r , t ,
c e  l l s  p 1 , 1 1 1 . 1  l r f  t h c  s , r r r r c  . . l e  r r s i r r  ( ) l r  u n [ . , r r  -
t e r t t e t l  ,  l , t n t i n i n - c t ) l r t c t l  H , r l . l  . r r l . , t r , t t . r
s f  r c l r t l  c x t c r r s i v e  l r ' ,  t i r r 1 1 1 a . 1  n u l t ) e  r - t r r r :  c c l l ,
c c l l  c , , n t . r c t s ,  r u r ( l  c x h i l . r t . , . l  r ) t r 1 - 1 . 1 1 . 1 1 1 1  p l c r
o t ) r o r l h i c  t i r 1 n 1 5  ( [ j r g .  ] l l ) .  J - h r r , ,  t h c  s h ; r 1 . . ,
r u r t l  s n . 1 1 1 1 1 1  . i  i r t r i [ ' ' r r t i o 1 1  , , 1 ' c t r l r r r r e , . l  r c l 1 . ,  r , r r r
[ . c  s i r r r [ . l v  c ( ) n t r r ) l l c r l  r r . i r l r  r . , t r r  r u l . l . c r  \ t , l l n l r
n te  t l l ( ) \ l  t t r  g11 r111g , . , r  i t . l l r . , r i r . , . '  i . l , t t t . l s  r y i t  l t
. l e t t r c . l  t l t ' r r ! l r  e [ t , r r , r . ' t , . . r i i t i c r  t r r r . l  r l t . r 1 . . , , .

I J e , - , r L r . c  t l t t '  ( ' \ t c n t  I t r  r r  [ r i c l r  ; r  t . c ,  l l
\ [ . r c . t . l .  i l ) f l r r r , l r t r . ' .  i t \  q r ( ) \ \ ' t l t  ; t r t , l  t r r r r u t l t , r r
( ]  , - ) ,  t l t c  n l , l l r l r t . n , u l t r c  r r t  l , r r { e  1 . 1  

. , 1 , 1 1 1 . 1

I  l (  ) l  t \  (  r t  . t ' l l : t  i l t  : 1 . r ' t  i l r . '  r l t , t 1 ' . ' ,  (  ) l l  l . . l t  t r . , I t  j r , t l
t t t l . . t r , t t . l  L ( ) U l , l  l . t . , r n  r , t t r , t t t \ r ,  \ \ . 1 \  t r I  r t ) n -
t r t r l  [ . , ' r l r  t l r e  1 . . ' l t . r v r , r r  r r l  i r ] . l r r  r , l r r . r l  . . . . , 1 1 ,
l t l t i l  t l t r '  1 . r ' r 1 , r 1 1 1 ] , i l 1 L ( .  o f  t l r t ,  r , r l t l r r ,  e U l t r r r e .
l J t  t , r l . r r .  l t r r n g  l t . l l r . ' . i r  t '  t , l . r t r . l .  ( \ l  \  i l r v n l {
\ r : ( '  ( ) l )  . r ' l n { l t .  r u l , r l r . r t U r r t  ( l r i q .  ] ) .  r r | . ,  r r c r { . ,
, r l . l r '  t , )  n ) . l n ) t , l l n  c t . l i .  r r r , l . , f l l t , r l  r l r , q r r . c ,  r r t
( ' \ t ( ' n . l { \ n  ( l ' r ! . .  ] : r r r . l  l . \ )  l r r r  ( . \ t r . n . l t , t l

l r c r l ( ) \ 1 .  r r l  t i r t t t ' ,  l t ) . 1 t . 1 . 1 , 1 1 . 1 r . ' t ) t  t r t  t l r . .  1 . 1 r . , . ,
c l ) f r '  t r t  ! r , r r r l l r  t , r e f t r r :  (  i )  r r f  t l l . . '  t . , , r r r [ , , , r 1 -
t t r r 1 l  1  i ,  ( , ) ,  r r r . . c l t , l l ) i t . s  ( . 1  ,  - 5 ) ,  o f  n t t r l r , r r r l . r r
t f t ' t t r t t \  ( 1 ,  7 \ , , f  t l r t '  c x r r . r t . t ' l l t r l , r r  1 1 . r r r r x .' l ' l t c r . l r r , r r r t i t ; r t i , r r r  

o t '  l ) N , , \  \ \ l ) r l t e \ i \  i n  1 r , . , -
l ) i t [ ( ) ( ' \ t c \  c u l t r l r ( ' ( l  ( ] l t  t . l . r n . l . , r f  t l r l l c r . , r r t
s i : r '  l r r  . l c h n r . , . l  r r r r ' r l r r r r r r  ( z - )  c , . , r r r , r i n i r r r l  , . r r  -
l t f , l t i l l g  l t l l ] ( \ u t ] t \  1 r f  r l r l r r l . l t '  H r t r r r  t l t  l , t r . l i l r :
( t ' I t , . 1 r ' t ' . t ' t . , ,  { t t r 1 1  1 l r  t , r .  t r r t ,  I l ) r 1 l l l t ,  ; l r t r l  r l r . ' \ -
, u t ) ( ' t l t , t r r \ l t t ' )  r r . r . t . , r l t ' r l  : t { l l i t i , . . , r r r t  r l r l l r , r . _
( ' r ] (  ( ' \  r n  I I r t '  r r r r r l l . . , r  r , l  r . , . . , 1 I ,  t I r , r r  , . . r l t r l . r t , . , . , 1
l t u t l t ' , l r  I  r l . e l r r r g  ( l r r l . . l , . \ ) .  I  l r e  r \ l l t l ) r . . : t r  r r l
I  ) \ . \  r , . t .  l t t g l r t ' . t  ( ( , f " , '  r r r r . . ' l e  , r r  l , r l . . ' l r r r r l
t t t . l r ' x )  t t t  t c l l r  ( ) 1  1 l ) 1 1 , l l t t ' I p t . r l  r l 1 t , l r . r , ,
t r l t c t c  t - t ' l l .  t ' r r r r l , l  1 1 . r . ' , r , 1  r r i l l r , r r r t  r ( , . t n (  -
t l r r n .  r \  r l r . r ' t ' t ' , 1 . c  t t r  t l r r '  s r t ,  r r t  f l r e  , r . l l l r , \ t \  ( .
t ' l , t t t , l r  r t ' . r t l l  t ' i l  I  n  ; l  l r t (  r q r t . . r i y r .  r r ' , l r r . . - t  l r  ) r . l  I  l  l

g r r r 1 1 1 1 ' ' :  F o r  t h c  s n r , r l l c . t  i s l . r n . l s  ( l c s s  t h ; r n
I  ( , t 1 t t  pn r ' )  ,  l css  th , rn  ] , ' r ,  t . , f '  t hc  r r , . l hc rc r . r t
c c l l .  c n t c r c . l  S  p 1 1 1 1 i c .  T h i s  r c s t r l r  $ . r \  n ( ) [
. ' l r r . ' t o  c h r r r r g c s  i n  c c l l  v i r r b i l r r l . :  s i n r i l . r r

f . c rcc t ) r . l gcs  o t '  cc l l s  i r r co r1 . , r s .11c . l  t hc  r  i t . r l
, . l t c ,  c , r l c c i n  A l ! l  ( l  I  ) ,  o n  ; r l l  s r r h s r r , r r ; r .

\ \ ' c  l t ' s c s s c . l  t l i c  . l r f t c r c l l t i . l t c r l  t u l t L t l ( ) n  ( ) t
I t c 1 . , r t , ) c Y t c \  c r r l t t r r c r . l  ( ) n  s r r l . s t r l r t ; t  C o l 1 1 r , . l
u i t l t  r rn i t i r rn r l r  s i : c . . l  i s l , r r r . l .  1 . , , r '  ; r ss . r \ . i ng  thc
C t t l t t t r c  \ t t p c n t . t t . l p t  t , l r  t l r c  s e r l c t i t . r p  t r t ' , t l l . r r -
l n l n , , l  l i r c r - s l l r . g l 1 i .  1 . 1 , r t l t r c t .  H c 1 . , 1 1 , \ ! ) . t c i
, -u l t r r re r l  ( ) r t  un [ . ; i 11 " r , ' . t " , 1  s11 [ . .1p ,11 : r  r . r l r t r l l r
I r r . t  t l r c  l r l . r l r t t  t t r  \ e  L r c t c  l t i g l r  l c r  c l .  ( ) t
r t l l . t t n t r n  ( t t i C .  - + l l t ,  i r \  [ r r c \ . i r r 1 1 s l 1  1 q , 1 . 1 , 1 - 1 g . 1
( / ] ) .  I t t  c , r t t t r . r . t ,  h c l r i t t ( ) c ] ' t c r  1 1 1  1 1 , . r t . u n e r l
t l t ' . t l '  l l r ) t l l l l l l  l cvc l .  t r t '  ; 11 [ .1111 ' r i t ]  scCrc t i r r r r  l i r r
, l t  l t ' , r . t  I , . i . r v s  u l r c r r  e  r r l t r r r c . ' l  r r n  t l r t , s r r r ; r l l e . t
, r . l l r c . r v c  r s l r r n . l r  ( - l t r  l . t  4 t 1  p r r r )  r h . r r  l t r l l r
r c r t r i r - t r ' r . l  c c l l  t ' x t c r r i i t r r r  ( l r r u .  4 l l ) .  I r )  g r , l t c r -
, r l ,  . r l l ' t r r r r i n  s C r t t , t i r r l t  I ; t t t . r  . l e r - r t , l l . r , . i , t .  t l t r ,
\ l : r '  (  ) l  t  l t t '  l t t l l f  , " ' . t r  c  i  r l , r t t . l  \ \  i t \  I  nL r ( . . t . r . , . 1 , , t t t . l
t 1 r r r \ \ t l t  r r ; t r  p r i r p l r r t e t l  ( l l r { .  - 1  , . { , r r r . l  I j ) .

I  l r . ' . . '  . l , r t . t  l t r . '  t ' t r l ) : i : I r , n I  r r  r t l t  r t r r r l r c :
t l t . t l  . l r , ) \ \  t l l i l t  c c l l '  . u . l t , r r  l t g l r . 1 l L r t - \ . t r , s  r - r l l )
l , t '  . t \  t t . l r r ' . 1  1 . , . . t u . ' , . , n  t l r t .  r t . r t r . , :  t r t  g r r ) \ \  t l l
, t t t . l  . l t t t c r r ' l t t i , t t l { ) 1  l l l  t l t r  1 . 1 - . ' r " , . ,  

- r , r r l  r t r l l -
l ' 1 . '  l l l l [ ( ) g ( ' t . t \  [ . r  f l i c  p l r r q l l l l , r t r , , r t  t r t  C C l l
. l t . r l ' . '  G ,  7 ) .  I r r  t l t , ) \ ( ,  | , 1 \ t  s t r r r l r t , r ,  l ) , , r v e r . -
( ' l ,  . . ' l l  r l . t r ' , t r l t t t {  \ \ , 1 \  l . r r . r ' t , 1 t t , . l  l . r  f l r , . ,
l r r \ \ t ' t l I l : l  r r f  t l t t , . , l , l t i l l , l  t l t , n : l l V  r r t  1 , 1 y . , . ,  , , . , , , . ,

( t r , , t i t  l r ' [ t t t  ( t r  I  t t g , - t r t ' )  ( ) 1  t r t l ] t . r g l , t ,

3r)

. , { :

--i

- . i
' ' , 1

T i r n e  ( d a y s )

F i g .  4 .  r A r  [ ] r t l a l r o r r  a n l ( , ) r r q  a t j l l r ) s t \ , , . ,  r 1 , i , 1 r r 1 j
a r r r , t  L i f . l A  s y f  t l f  t e : , r s  ( t t l a t _ - k  b a r s )  a n c l  a l i _ r , r n l r .
S { ) ( - r ' ) " l r t  ( ( J r c t y  l t l r : ; '  D N A  S y n l l t ( _ . : l t S  V , , l . l  r l t ( ] , l
S r  r r i - ,  I  [ ) ' v  ( ] ,  t a t n t r l , t l  r n ( 1  I  h r :  n t  ; C l t l . t r  r n C O r  [ ) O r . ] l  t L ] l  I
o l  [ - ] r . : . - r  { l r o r n  2 . 1  t o  . 1 6  h o r t r . ;  o f  ( ; u l l L t r c )  A l t r L ,
l i ) r l '  ! , . , r - r 1 r l 1 l r j  r r t l ' I  ! f t t t  r - r t t l t J r t r r t t  f r , ) l r t  5 ( j  t r t  8 ( )
l - r r . . , 1 ; r ;  . 1 f  1 , . 1  l r l . t l r r r g  w l r : ;  n r o c l s i r . l r c d  w r t i l  a l  ( l i r a i r
l  r l i t i  r ' "  r , ,  r ) | . t y ln r ) -  l tn l .  O(  j  r rn r I r rnOSOr [ ) ,  ] r . t t  a ] ,1 : l (  t \ / ,
( E L l 5 ' i i ;  t t r c h n r r l u r :  ( B ;  l r , l . i r n t c n a n c c  o f  . r l b u n r r n
SoCf  ' . r l r , Jn  wr f  h In  i te .p i r lOCytcs  CuI tu r ( ]CJ  on  36- l i ]1 . .
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nonr r t l hcs i vc  p las t i c  d i shcs .  F , r r  t h i s  r c i l s ( )n ,
i t  r . r ' l ts  ntr t  pt lss ibIg t1r  scpr l rutc t l tc  et ic 'c ts
cuurc. l  [ . 'y  nt t t lu l r t t ing ccl l  shr t f ' 'c  t ronr thosc
in . l ucc t l  hy  a l t c r i ng  ce l l -EC l r l  c ( ) r ' l r . l c r s .
lv l t rs t ,  i t '  t t t r t  a l l ,  p, r r t  ntor lc ls  usc( l  t ( )  s t t r th '
sh r tpc -Jcpcn( l cn t  g r ( ) \ \ t h  co r r t ro l  h . r vc  ha . ' l

s i r r t i l . r r  l l n r i t . r t i ( )ns .  In  c ( )n t r i t s t ,  t hc  n tc th ( ) r l

b r r scJ  on  n r i c rop r in t i ng  i r l l ouc . l  us  r ( )  res t r i L t
hcp;r t ( )c) ' tc  sprc,r , . l i r rg r r  h i lc  nrrr int . r in ing i r
h igh  L rn r in in  r l cns i t y '  l t r ca l l l ' .  I t '  cc l l -ECNI
c ( )n t , t c t  t i r r t t t l t t i t l t r  i s  thc  co t r t r t t l l i r rg 'u ' l t r t -

i t [ ' ' l c ,  t hc t r  r r r i s i t rg  t l t c  l r r c r r l  ECNI  . l cn r i t l '  1 .1

i r  rhousun t l t i r l . l  I r c l . r t i vc  t ( )  p i r s r  s r r . r r l i cs  ( i ) i

sh,ru l . l  h, tvc h, t . l  , . l r , t t t t . t t ic  ct i r 'c ts orr  [ )NA

s1 'n thcs i s .  I r r s t c i r . l ,  u  c  t i r u r r . l  t h , t t  g ro r r  t h

rct t t r t inc. l  i l I t l ' l ( )s t  c ,  r r t11. l i '1 .1t '  i  r rh i l ' . r r  te, - l  rv i  t  I i -

i t r  p , r ,111 t  s [ l r c r t r l  cc l l s  i r t  t I c  sp r . r l l es r  l r t t t t i -

n in -c t r r r t c , . l  i r t l l r e  : i vc  i s l . rn , . l s .  Th r rs ,  i t  i r 1 ' t 1 . ' g ,11 t

th r r t  i r  i :  rhc  r l cg rcc  t t r  r r  l r i ch  thc  cc l l  e  x te  n r l :

i l l t l  t l ( ) t  t he  r l e t r : i t t '  l t t  uh ie  l r  t l r c  EC i \ l

I t { ; rn , - l  i s  1 . rg 'g111gJ  t I i r t  . l i c t . r r cs  r ' l t e  r l t c r  t 6e
cc l l  w  i l l  g r t r \ \ '  r ) r  t l r t i c ' r cn t t . l t c .  Th r , ,  t !  [ r c  r r t
i t [ ' r [ ' r s1 r11g l1 ,  r v l r i c l r  u : c :  n r t r l ec t r [ . r r l ; '  r l ch r rc . l ,
p . l t t dn tc r l  s t t r l . t r ' c :  l t n r l  sc r r r t t r - t i c r '  c r r l t t r re

c r r t t t l r t i t r l t : ,  s h , r r r l . l  t ; r c i I r t . r t c  t i r r t l r c r  ; u t r l l \ ' \ r 5
o t '  t l t c  t ' t . t t i e  t t r cc l r . t n i \ n i  r r t ' c r r t r I r l r r ro  l . c t r r  cc r r

e c l l  s l t . r [ , c , r t t . l  t i t l t c t i r r t t  r t s  t r c l l  ; t s . t l t r ' r

f r r t t . l . t t t r cn t . r l  l r i t r l t rq i r - l r l  [ . r r ( ) c r ' \ \ c \  t l r . r t  t n -
V r r I r ' c  c l t . t t t l . ' .  l n  t l ] c  l , t r t t t .  ( ) t  e r ' l l \  r r r  t n  t [ ) r , '
c ( ) l l t , l ( .  [ \  l ' e t r \  t ' t ' l t  t  l t t ' t t t .

r \ . l l t c r l ' , ' , . '  t r l , t t t . l '  o f  | ; l l l , t . l  t t r t t t  ( ) l l  , t  l l (  ) n -

; t t l l t c : i r . c  r t n t l e t l . t t r ' r  t r t  a a 1 1 , , l r r r t '  i l r . r ' t . t t ( '
(  l . i ) ,  l g ; r r  (  l ' l ) ,  o r  1 . , ' l )  - h y t l r , r r Y c t l r t  l r t t r ' t l r -

I t t r y  l , t t c  (  l  - 5  )  l r , r v e  [ , e  c r r  t , r [ . r i c r t t e  r l  r ' t . l  t t r c t l
t t t  s t t t r l V  t l r e  s [ r r e  . l ( l i l r g ,  l l ) r g r i l t  i ( ) n ,  . i l r t l
g r o r v t l r  o f  c t r l r  u r r ' ( l  e  ( ' l [ '  1  l - ;  *  1 , 7 ) .  

' l ' l r e  
e  , ' r r -

t r o l  ( ) i  [ r r ( l t l u c t i ( ) n  t r l  t i . r u t ' - r I r ' 1  i l 1 g  c e  l l

f r o t l t t e t r ,  i l  1 ' r J , t a r ' ' .  t l t , r t  i .  c r i t i r ' ; r l  t i  ' r  [ . i , r -

t c e l t t t r r l t r g Y  r u t t l  l r i r r l ' J 1 r q ' g ' s i r r g ,  l r , r . ,  l r , r r v e r ' -

c I ,  l l r r t  l . c c t t  . 1 , . ' l r t , ) l t \ l r , l l l . ' , . 1  r r t t l r  l l r r .  t \ ' 1 r 1 '  1 r f

t t t g i l t c c r t t t !  i l [ ' [ ] I t r , t t ' l t .  J t t . t , t \  l t l t [ ] r r t t , 1 1 1 1 ,

t l r c  t t t i c r o l . r i n t l n g  t r ' L l ) n i ( 1 i l ( '  i \  r ' l l u L l r  n l ( ) r ( '

r ' r r r r v r ' l t i r l l t  i u t { . . |  v c r \ i l l r l c  t l r , r r r  t l r e ' t .  [ . , r . t
l r r c ( l r r r t l : :  I r  l c n u i t s  r r c l l - . 1 . ' f r r r c . . l r , , r g , r r r r . '

f r r r t r - t t r r r t , r l  ( I o 1 1 1 r r  t t r  [ . r . '  [ ] , l t t c n l c \ 1 ,  l t  r c -

t l t l l f t \  l  l t ) , l t t ' ( ' : s  I  t  r  t l l  i r - t r  t l  t  t  I t ,  t { r , t  l . l  I  t ( '  ( ' ( l t  I  t  l \ -
t r i c t t t  l t t ' t  c r  t l r c  c l . r . t ( . t t r t c r t c  \ l , l n l [ r  l r , r '  1 . , . r c r r

f , r l ' ' r r c , r t e , . l ,  i r n \ l  i t  i s  ; 1 1 . 1 . 1 1 s ; 1 [ ' ' l t '  t o , t r e . l '  I t r r r

l , t r g c  t ,  t  h c  l r l t t  t c r t t c r l  1 . 1 1 1 r 1 1 r 1  1 t  l t t  r g r , 1 p l 1 1 g 1 1 [  l 1  .

l ' l r r .  t c e I r r l l r . l u c  l r l r t r  l ] c n l t i t \  t l t e  1 . , 1 1 ( c n l l l l g
I r r  l . c  c , r r r i c t l  t r u t  r v i t l r  t I r e  u \ ( .  ( ) t  c ( ] n l [ ) l c x ,

t l c l t . , t t c ,  . t r  r e , l (  t i v c  ( r r ! , l t t t r '  t i t l t r , t i t ' t t

! I t r 1 1 | 1  o r  l r g l t r t . l r ,  s t r  t h c  t r r r r l e r - r r l , t r  c V C n t \
n l e J i . l t i n g  t l r . :  i r r t c r l r c t t , r r r  t r f -  t l r , . r  l t r [ . ' r r l r r , r

r v i t h  . r t l . r r r [ . c . ]  1 ' ' ' g , ) t c i l t \  c i l t ]  l . c  c ( \ n t r ( ) l l e \ l
( l , l ) .  N , , 1 1 g  r t t ' t l t c : c  t r [ r t i r r t ) : ,  * l r t . l r  i l r r

c r i t i c ; r l  f i , r  s o l ' r h i s t i c u t e i l  [ r i r r l t r g i t i r l  u l | 1 1 ! ' , -

t i t r n s ,  l r . r v c  l ' ' c c r r  l r v l i l , r l . l c  t r r  t l r c  p , r r t .

T l r c  n r i c r t ) r n n t i r r g  t c c l r n i t l t r c  t h c r e l i r r e

l r r r v i t l c s  i r  s i n t I l g  i l n . . l  c ( ) l t v c r r i c r r t  r r r c t l r , , . l

t ( )  c n l l l l ( ' l . r  l l r c . h l r l . c ,  t l  r s t r i l r t r t i r r r r ,  l i l l i l

t t t l t c t i ( ) t t  r r f  i t t , . l  i y i . l t r ; r l  c c l l s  l y t t l  t r r  c t r . t r r r l
t l t e  o v c r : t l l  t . c r l i ) r n t . t l t c c , r t  l r  c c i l  c t t l t t t r e .
( ) r r cc  thc  s t . r r r r I  i s  f l [ r r i ca tc . l  u ' i t l r  I r l r o ro l r -
t l togrr t l ' ' ' l ty ' ,  i t  c ; t t t  t 'c  t tsct l  rcpei l tc( l l ) '  i1r ! l
r ( )u t i t ) c l ) ' .  I Jecu t r t c  thc  s tan rp  i s  p l i ab l c ,  i t
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ct t t r lJ  ptr tcnt i . r l l l '  l ' tc  t rsc. l  t ( )  p. l t tcrn ct l rycr . l
su r tuccs .  

- fhc  
t l cx ib i l i t y  i n  s r r r f i r cc  chcnr i s t r r  . I

pc rn r i t s  thc  p rcp i r r r l t i ( )n  ( ) t  p i r t t c rnc . l  s r r r t . r c -  ;
cs  u i th  v i t r ; ' i ng  . l cg rcc .  t r t '  s r r r t , re  c  ch r r rgc ,
n ' c t t r rb i l i r y ,  i n t c r f r r c i . r l  cnc rg ) ,  an r l  r cs i : -  9

t . l r l cc  t ( )  p r ( ) r c i r l  i r t l s t l rp1 i1 r11 .  Thc  ncc t l  t i r r

sc run l  i n  t l r c  cu l t r r r c  n rcd lun l  c : rn  u l s . r  hc

c i r cun tvc t r t cJ  h1  c ( ) i l t i r l g  o f  t hc  n i l t t c rnc r l
su t - r s tn r ru  r i i r h  pu r iF rc . l  EC lv l  p r t r t c ins  an r l  l . y

thc  t t sc  t r t '  ; r  chcn r i c r r l l v  t l chnc , . l  n l c r l run r ,
l t l c t l l ( ) ( l : ,  t h i l t  \ \ ' c  u \c r l  i t r  t hc  p rcsc l r f  s t l l \ l \ ' .

Th is  r r l . i l r t ! '  t r t  i 11  . . , i . 1  the  r r sc  o f  sc ru r r r  l n . r \
bc  i l  p i l r t i du l . l r  uJv iu t t i t ge  t i r r  u \ cs  t l - r r r t
i nv t r l vc  sc rcc r r i ng  t i , r  g t t ' r r  r t r  t i r c t , r r s  an . l
o thc r  cc l l - spcc i t i c  func t i ( )n r r l  n ro t l r r l . r t ( ) r \ .  Jn

t h c  t i t t t t r c ,  i r  n r a y ' [ - r c  p 1 r 5 5 1 [ ' I c  t t )  g 1 1 u 1 1 1 . ' " ,

t l t c  c t r t i r c  c r r l t r r r c  s ) ' s t c n r  [ ' ' ' r ' t h c  i n e t r r l . o -
r i l t i t r t )  o f  s !  t t t l i c t i c  p g p 1 i . l " :  ( . , t r c l i  r t ,  A r q -

O l r ' - . { s1 ' . r  l . c [ . t i . l es  ; l p t l  F . r [ ' '  t l , t { l t t c l t t . )  ( ) r

gc r re t i c l r l l r  cng ince re r l  [ ' r r t r t c i r r :  ( . r r c I r  ; l \
; . r r r t r [ ' , , . t . l r c t )  l r :  rpcc r t i c  cc l l - . r . l l r e  . i r  c  l rg , rn . l .
i l t t . . r  t l i c  n , l t t c r n r r l  r l ) t r r l 1 r l . 1 1 L ' 1 r .

J - l t i :  n rc t l t t r t l  t t t l t l '  l t l : r r  p1 '1  r t ' l t l c  l t  l t c \ \ '  \ \ . l y

t t r  c r ) n t J o l  c c l l  s l r . r 1 . c  i l n r l  t u n e  t  i t r r r  i r r  l . r r t l r

, t t r . r l l -  i l t t \ l  l . l r g t - s c r r I c  c e l l  u r r l t r r r c ' , , .  I i t r f  c \ -

I t t t t l t l r ' ,  t h e  1 , 1 r ' v g 1 1 t l t t t t  t r t ' . . ' I I  c x t , . ' r t . l ( ) r )  \ \  I t I )
t l t c  t t se  t l t ' p . s11 . t t t a , . l  s t t r t . t cc :  e  t r t t l t l  l . c  t t . , . ' , . 1  t . t
t Y t t c l t r , l t r i : c  l . t r l c  | 1 r 1 1 1 1 1 ; 1 1 i 1 r 1 1 r  , , t '  r c l l r  l r )
t t i t c r l t [ 1 ; 1 . g  r r t ( l t o r r t  I . l r . r r r r r ; r c t ' l 1 r t ] l t . l l  I n l r ' t - -
V e l ) ( t r ) l l ,  I r )  i l ] r f C : t r t '  t . t l r ' r  t r f  1 . J 1 r . l 1 1 .  t l { ) n  ( ) l

. 1 ' c e i t i .  p r r ) t r ' i t r :  ( z - ) ,  . , r  l r r  s t t n r u l . r t t '  r e l t ' \ , l n l

r n c t , r l . 0 l i c  ( ) 1 .  s ( , ( ' r c [ ( ) r \  [ . , l t l r r r ; r i '  ( l t r ) .  l ' . r t .

t c r l l c r l  s t l r l , l ! ( ' s  p r o v i t l e  l l  t l t l l ( l t l ( '  L . l [ ' i l l , l l l t y
( ( )  L u l t r r r e  e  c l l r  , l t  \ ' ( ' r ' \ '  l r r g l r  . l e  r r . r t t  r r  I r r l c ,  l r l
t l r c  s r r t r r c  t r r r r t ' ,  i r o l , r t r r r g  c , r e l r  c c l l  t r r ) n r  i r 5
t t c i g l t l r o r s  r t l t r l  l t t t l . l t t t g  i r  i t t  r t  [ r r c ( l r ' t c r t t t i t t e . l
I r r r l t t t t r t ) .  I r t  [ r r i r r e i [ , [ c ,  l l r )  i r r . l r ' x  r i t r r r r l . c r  1 0

r , t t t l . l  1 . . '  ; l . . t g r ) . ' , . 1  t , t  c l t c l t  l r ; l t t c n t c r l  c c I l  o n  I l
t l r r ' l . , r . i r  t , t  i t . l . r r - ; l t i t r n .  l - l r i . '  i r r . l e  x i r r g  r r ' , l r r l . l

l , r e t l t t , r l c  t l r c  c l r , r i r ' c  r r t  c c l l '  r r i l l r  . l c s i r . ' . . 1
r . ' l t . t r , t l . t e r l \ t l L \  i u r \ l  t l r c  l r [ . i l r t r  t ( ]  r c ( r t n t  t ( )

t l t c l t t  t t t t r l l l [ , l t '  l t t l t e s .  
- l - l t t s  

I , t r t e r  1 . s , ) [ ] c r t \ '  t , )
n l ; r \ ' [ . c  v c r V  u \ c t u l  t i  t r  t h c ; r r r t , ' r r r , r I l r r r )  t r t
( l r l l g  \ L r ( ' c l l l l l !  l l l k l  l r r ( ) ( - c \ l t l r ( ' \  l n  t r \ \ i ( ' { ) l ( ) { \ '  1 r
l l t r t t  t t ' r '  s r r r g l c - c c l l  t i r r t c t t , r t t , t l  t n t r r r ) , t \ \ i l \ \ :

l , r 1  1 1 1 . 1 . 1 t ! l l t i ( ) t r \  i t t  g c t t c t t r  c t ) ! l n t . c i l r ) g  t l l , l t  l . l

r t ' t l t l i r c  t t t t e r o t t t . t t . t i l l t t l , t t i r r l l  ( ) r  l l l l ! r ( ) l l l J ( ' e

t i t r t t ,  s t t e l t , t :  t l t c  g c t ) e r , l ( l r r l t  r r t  t r , i l t \ g r ' l i l L  
r ' r

l u r i n t , t l * ;  r u t . l  t . . ' r  t l r c  t , r l . r t t ' , r t i r r n  o f  s l t t ' c t .  r , f

cc [1 .  i r r  . l c t rncJ  [ r , r t t c r t t :  l r r t l  s l r . r1 . cs  t r  ] r  u \e  i r1

t i s s t r c  c n g i n c c r i n g .  
l :
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