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1・）

　脂質二 重膜の 両面 に 、高分子 が グ ラ フ トす る こ とよ り膜は堅 くなる だ ろ うか 、それ とも軟 らか くな
る だ ろ うか ？ こ の 問題はグ ラフ トす る高分子鎖が 理想鎖の 場合で さえ、内外の 高分子鎖の 配位の 増減

が直観的には求 まらな い た め簡単で は ない 。こ の 研究で は 、円筒 と球 の 内側 と外側の 表面に グ ラ フ ト

した高分子鎖の 配位エ ン トロ ピーを計算し、膜の 弾性率が どの よ うに 変化する かを求め た。その結果、
理想鎖の 場合 に は曲げ弾性は増加 し、ガ ウス 弾性率は減少する こ とが分か っ た。

1　 1ntroduction

　Awide 　variety 　shape 　translbrmation　of 且uid

membrane 　has　been　nicely 　described　by　the
bending　elastic 　model ［1］，

　where 　the　free　en −

ergy 　E 　of　a　fluid　membrane 　5　is　writte 鳳 as
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where 　H 　and 　K 　are 　the　mean 　and 　Gaussian
curvature 　of 　membrane

，
　rc　the　bending　elastic

modulus
，
κG 　the 　Gaussian　 elastic 　modulus ．
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Figure1 ：　（α）且uid 　membrane ，（b）polymer
grafしed 日at　membrane

， （c）curved 　 membrane

of （b）（TbP 　line）・　（d）Co【敵）rmational 　entropy

of 　polymer 　chains 　grafted　onto 　the　A （B ）−side ，

Sえ（s§）（e）Conf（）rmational 　entropy 　of 　polymer
chains 　grafしed 　onto 　the 　curved 　membrane 　with

H ＝ 11R
，
　SA （SB）

When 　 polymers　 with 　 a 　 length　 aN 　 are

grafted　homogeneously 　onto 　the　both　sides

of　a 　membrane ，　how　are 　the 　bending　moduli

changed 　by　the　effect　of 　polymers？　Th 捻 clutlt｝−

tion　is　nQt 　trial　even 　when 　the　polylller　chaius
are　ideal　ones ，

　since　it　蛤 not 　easv 　to　e 、「直1u−

ate 　whether 　the 　tota豆value 　of 　conformational

en 七ropy 　of　polymer　chains 　attached 　onto 血一

ner 　and 　outer 　surface 　 increases　or 　not 　 when

the　Inembrane 　B　slightly 　curved ．　 The 　aim　of

the　present　work 臨 tO　evaluate 　the　change 　of

bending　moduli 　by　attached 　po1ynler　cha 加s

onto 　the　both　sides 　of 　a 　me 皿 brane．

2Bending 　elastic 　moduli 　of　polymer

grafted　membrane

　In　 order 　 to　esti皿 ate 　an 　 effective 　 bending
moduli

，
　we 　shall 　consider 　the　fbllowing　menl ．

branes　systems 　shown 　in　Fig．2．

Figure2： （1）Two 　polymer　chains 　grafted　onTo

the　both 　sides　of　a　spherical 　surface 　with 　eur −

vatures 　H 二1／R ，　K ＝ 11R2．（2）Two 玉x ）亅）
・
皿 er

chains 　graft・ed　onto 　the　both　sides　of　a　eylilldri−

cal 　surface 　with 　curvatures 　j貯 ＝ 11R ．ム7＝ o、

Onto　the　both　sides 　of 　the　 membraiie ，　poly−

mer 　chains 　are 　grafしed 　with 　a 　coverage σ ．　The

且 E−m ・il・ t・nig ・・th◎y ・．y ・m ・g・ta−・，a ・．jp
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change  of  conformational  entropy  by a  bend-
ing ef  membrane,  AS(i) is given by

  ASL== S(i> -  SSi) =  (aAAsX') +  aBAsS))A

     =ARS:A+  
ARS,'t'A+..,

 (2)
where  the  subseript  (i) denotes the case  (1)
or  (2) in Fig.2. After caJculations  fbr cases

(1) and  (2), the effective  spontaneeus  curva-

ture Hll8ff'), the efiective  bending and  Gaus-

sian  moduli  (KCeff') and  rcaeff')) fbund out  to be

    Hllsff')= 4,  +  
T;liSl

 , Asl =  Ass (3)

     K(eff･)=  rc-8TAsS'  (4)
     rceeff･)== rcc -T(Asli  -4Asi,t). (5)
Flrrom Eq,(4), the membrane  becomes more

rigid  if the number  of  conformation  in case  (2)
decreases. In this way,  the  effective sponta-
neous  curvature  and  elastic  moduli  are  modi-

fied according  to the  change  of  conformational

entropy.  In order  to obtain  the effbctive  mod-

uli and  spontaneous  curvature,  all we  have to

do is to evaluate  the change  of  conformational

entropy  AsX'), AsS') for each  case  (1) and  (2).
  The confbrmation  of  polymer chain  with  a

length aN  can  be calculated  by the Edwards
equation  and  the next  boundary condition  [ 2]

   
OCno(.ro,r)

 ..  (ei21v2 -  XS'.))G.(ro,r) (6)

    Gn(re, r)=O  ifrE  aD  (7)
    Gn(ro,r)=6(r-ro)  ifn=O  (8)
where  Cn(r,ro) is a  statistical  weight  ef  a

chain  that one  end  is located at the  position r
and  another  end  is at  r..  In this article,  since

we  show  the  result  fbr the case  of  ideal poly-
mer  chain,  hereafter we  neglect  the  potential
term  U, After obtaining  CN,  the  entropy  S
can  be calculated  by

  S=kBlnW=icBlnfCN(r.,r)dr.  (9)

  In case  (1) and  A-side of  Fig,2, the change
of  entrepy  can  be obtained  analytically and

given by the fo11owing equation

AsAi)'=gkBR,aA,  AsAi>:':-iikBR;aA･ (10)
On  the other  hand, the  change  of  entropy

Aski) in case  (1) and  B-side of  Fig,2 is

"SLi 
'
 =  kB 'n [ 

.ZOO

 )= 
,
 
..,2,iib\)?fbllii

 Eli i2) 
e'  

ill51'L

 ]

     =  
Asi )'

 + 
A:.S,i)"

 +o(lfR3)  (11)

Fbr case  (2A), we  also  derived analytical  ex-

pression for eonformational  entropy

Ask2)= hB ln [ e,fl(s) y(i
eO

 hdkeH fti!Nte2

   × [Jb(kRfi]l2(r+O'[RAi)b(hR)]2 L
OO

 rdrK(r,  R)]

    =  
AsR.X2)'

 +  
Aft.fi,2)"

 + o(11R3)  (12)

whereK(r,R)iJb(kr)IVb(hR)-Jb(kR)Aib(kr),

and  .ib  is Oth Bessel function, and  Arb are  2nd
kind Oth Bessel function. Fbr case  (2B),

"SX2' = kB in[,,f2(6) il., k.lllsc?£:)R) e-!ti"kS]

A,k2)= 
AsR.k2)'

 + 
A:.g,2)"

 + o(iiR3) (i3)

where  kn's (n =  1,2,3-･･) is determined by
Ljb(knR)  =  O, We  numerically  estimated  the
values  of  AsLieM' and  Aslie.2]" for IVL4 =  IVB =

100. Here  we  consider  the most  simplest  case

(a=)aA =  aB.  In this ease,  it should  be noted
that  the effective  spontaneous  curvature  Hgp
becomes zero.  After numerieal  calculation, we

obtained  the  fo11owing results:

        rc(eff')=K+2.56kBTR,2a  (14)

        rcaeff') =  KG  -  O,50hBTR3a (15)

3 Conclusion

 We  found that  (i) the  bending  modulus  rc

is effectively  increased, and  (ii) the  Gaussian
elastic  modulus  is decreased, by grafting poly-
mer  chains  onto  both sides  of  membrane.
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