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1. Introduo t ion  

The wfluid-moaaion model of a b io log ica l  membrane haa been 
poatulateddue t o  the  ef for t .  of many reaearchera lg3/. It l a  bmed on 
the Gorter  and Grendel idea  /38/ of a w l i q ~ i d w  bimoleoular l i p i d  
l a j e r  ( l i p i d  b i l a j e r )  whioh ourrounda any r e l l .  R t e n n i v e  regionn of 
a w l i q ~ i d w  b i l a j e r  are 8180 the  Important oomponenta of any membrane 
a tmotu rea  deaoribed by mom pe f i eo t  modela l5 l  93/ inoluding thoae 
taking i n t o  oomide ra t ion  the  p ro te in  wfraneworkaq* (oytoakeleton)/60/. 

The l i p i d  b i l a j e r  parametera, the  naveragen oonformationn of li- 

pid moleoulea i n  b i l a j e r o  and t h e i r  dpamioa a r e  well  oharaoterised 
by numeroue hya iod -ohedoa l  methodm 4* , 9-22 , 26 , 35 , 45-47 , 
50, 51 54. t31  86-89. 26. 109-1 121 but the arrwementa of moleoulea 

and t h e i r  in teraot ionn are a t i l l  the  objeot  of the  diaouaaion due t o  
high oonformation f l e x i b i l i t y  of l i p i d  moleoulea i n  n l iqu idn  b i layem.  
The model of a homogeneoua hydrooarbon matrix a imi l a r  t o  a l i q u i d  
p a r d f i n e  l a y e r  hsrr widely been ueed up till now /29, 31, 45, 47, 63, 

79/, although t h i a  approximstion i a  very rough and the  behaviour of 
even a aimple moleoule aa  water o r  n-alkanea i n  b i layera  d i f f e r a  from 
that i n  iaot ropio  hydrocarbone l i q u i d  essentially /57v 79r 92r 
103, 107, 108/ 

I n  1974 Lee e t  a l .  l6 l /  suggested the hypothemla of n l iqu idn  
o lua te ro  i n  b i l a j e r o  t o  expla in  the  d iaoont inui ty  i n  Arrheniua p lo ta  
of the  BSR apin-probe distribution between water and dioleoylphoa- 
phatidyloholinr (DOPCO). Cluatera i n  a phyaioal-ohemioal aenae were 
piotured aa wrhor t - l iv ing  more demety  paaked arrangements of mole- 
oulea within the  environment of f r e e l y  diaperaed moleoulean /61/ 

They are found i n  b i l a j e r a  of both homogeneoua and heterogeneous oom- 
p o a i t i o m  in a p i t e  of the  f a o t  whether t he re  l a  o r  t he re  l a  not  aome 
moleoular segregation i n t o  haogeneoua poola f o r  t he  l a t t e r .  

Reoently Baahfold e t  a l .  15/ have uaed the analogous approaoh 
f o r  explanation of the  f luomaoent  probe behaviour i n  mombranea. I n  
pr inoiple  the  t e r n  wo lua te rw  l a  widely applied t o  numeroua f i e l d a  of 
the  aoienoe eapeoia l ly  i n  oheniatry / 4 3 / . ~ e  uae it i n  the  aame aenae 
a s  i n  l6 l /  unl ike  o the r  authom uaing it, f o r  example, i n  the  mea- 
ning of the  new phese nuole i  i n  the  phaae t r a n e i t i o n  region /32/ o r  
aImply f o r  poola of homogeneoua l i p i d s  i n  mixturea /19* 33/. mi- 
oualy the  t e r n  Wcompoaition o l u r t e r w  muat be u e d  f o r  the  latter^'^^! 

It l a  obvioua that o l r u t e r a ,  i n  our oomprehemion, are similar 

t o  woybotaxio groupan ( r e g i o m  of a p a r t i o a l  o lde r )  i n  l i qu ida  uuggea- 
ted  by Stewart i n  1928 t o e x p l a i n x - r a j  d i f f r a c t i o n  p io turea  f o r  
l i qu id  hydrooarborn /34* 94'. Segernan waa an apparently one of 



tho fint who portulatod o lu r tonr  i n  b io logioal  mmbrrrur md 

ro- o m t i u t o d  t h o i r  dimomion8 from tho 1-ry 903 mhupnerr. l o r  
tho o ~ t h r o o i t o  nghortmw he o r t i u t o d  tho aromgo o l r u t o r  dimmotor 
241 along a bi layor  pl- whioh ooinoidor nrrprimingly nll 

with our nmultm demoribod below. 
Tho oxlrtonoo of oluil terr  follow8 inevi tably  i r o n  tho oo l loo t i ro  

tiltla of o h l n  nmogmontmn d j a o o n t  t o  po la r  h o d  group8 of l i p i d 8  
with r r rpoot  t o  tho b i l a y e r  no& if wotako i n t o  oomidorat ion tho 
f a o t  that the  p a r t i a l  s p e c i f i c  volume a n l iqu idn  i m  only 2-4% more 
tbevr that f o r  a s o l i d  0 n e / ~ 7 * 7 3 * ~ 5 /  where the  -4 extonded -1 
o h a i m  arm paokod o lo re ly  /45r 47r 50* 54r 63r 

Tho ool loot ivo t i l t i n g  of o h a i m  hu boon portulatod Yo- 
land and YoConnqll 17'/ on tho b u i m  of the  BSR rpin-lab01 bohmiour 
i n  tho egg l o o i t h i n  (EPC) oriontod mul t i layorr  and it hu boon oon- 
f i z r o d  by mom rroont rrmouohor 17* 39/. Thl# 1d.a hu boon w o d  
~ .n / '~ / to  dororibe molecular eurang-nt i n  l i p i d  m o n o l ~ o r r  at o i l -  
n t r r  intorfaoor.  Tho oo l loo t i ro  tilt of ohdm8 o x l r t r  only on tho 
tima 80.10 l o r 8  than 10-~m u i t  follow8 from tho axial -try of 
tho ohain motion r r rpoo t i ro ly  t o  tho noma1 t o  thm b i l w o r  mufa00 

2 obrorvod f o r  mul t i layorr  of l o o i t h i a r  A - labollod In tho C-5 pori- 
t i o n  of tho aoyl o h i m  b, tho 2 ~ - ~  mothod '9'. 

In  pr inaiplo  tho !MI da ta  may b orp la i lud  without q ool loot i -  
r e  ohain tilt /89/ but the  o h r r r o t o d r t i o  nplatoaum f o r  o rde r  r o f i l o  

irl.ntion tW 12. 10. 13. 19-23, 26. 45. 62-64. 69. 71. h. 78. 

'** '6-89* 'lo/ door not oontrrdgot th in  model by no mo-. On 
thm oont- tho p u r ~ + ~ p i n k ~  m2d.l /99/ whloh proporrr  thm motion of 
gauoho-trans-gauoho(g- - t - I+) oon$oaonr along o h r i m  proform- 
t i a l l y  oriontod along no& Ir not In aooordmeo with tho proper t ior  
of f l u i d  l i p i d  b i l aye r  "/. 

Tho hrtorogonity of a Wdrooarbon b i l w o r  i n t o r l o r  along tho 
no& d i roo t ion  lrut a l r o  bo a romlt of tho oo l loo t i ro  tiltily i n  
tho finrt  hmlf of tho aoyl  o h i r u  (C3-Cg). It hu born -0rt.d in/'/ 
.~b l IUi t@lJ  tho -8 of tho Itm0hUSl f O a t ~ 8  of l i p i d  8010- 

oulor. The r h l l a r ' ~ o t h o r i r  hu boon 8uuomt.d frar thm up.lj*rir 
of tho r o l u b i l i e  of d i f f o r m t  mbrt-08 i n  -b-8 ls7' a d  of 
tho b l a o ~  film o o d u o t i r i t ,  /1°3/. 

Tha o l u r t r r  model p r r d i r t r  omrontially t b  o x l r t r m r  of d r f o o t r  
in tho r o l o o u l u  amangomoat botmon d j a o o n t  o l u r t r r r .  h f r r t r  o m  
k r- o r  *ul todn but t h y  a i r t  witheut fa11 1531. h~ k M r  of 
drfoota  - r t a t i o  and d-o n r o  p o r h l a t r d  by D.L.ibl)inahtrin in 
1947 /83/t ... . 8- mil- of porom o m  o d r t  i8 a f l u i d  ~ b - ,  

having the  thioknomr of tho moleoular s i s e ,  an a r e r u l t  of the dyna- 
n io  equil ibrium between more ordered and p a r t i a l l y  disordered regi-  
ons of a montmoleoular layor. .. Thw the pore6 a re  r t a t i o  s t r u o t u m r  
i n  tho ro l id  moleoular l w o r s  and d y n u ~ i o  mruoturer i n  the f l u i d  
onern. Up t o  the  reoent t h o  moat of the reseamhero took i n t o  oonai- 
d e l r t i o n  only one kind of defeots  - the  nkinlca** lg9/ whioh would 
explain only the  motion of am11 molepules and ions  aoross a bilayer.  
To oxplain there  prooemaom f o r  l u g e  moleoules "the ro lu t ionn waa 
portulatod without say de ta i l ed  m a l y s i s  of it8 meohanimn. Tho f i r s t  
attompt t o  demoribe q u a l i t a t i r e l y  tho nature of the  b i l aye r  po~meabi- 
l i t y  through the t l r r u i e n t  defeot r  whioh appears am a remlt of tho 
tho-1 f l u c t u a t i o ~ ~  h u  been mado i n  /25/. Two kind. of dynamio de- 
f e o t s  i n  a b i l ayor  have been ruggemted: "1-defeatsn a t  a membrane- 
water interfame and %-dofeotan i n  a hydrocarbon in to r lo r .  Tho l a t t e r  
donoter a11 inne r  dofeot r  oapablo t o  aooomodate water o r  o the r  s ing le  
-11 moleoulem and i o m  125/. 

Tho m e n i q u n t i t a t i r o  o l u s t e r  model of a f ' l iquidn l o o i t h i n  b i la-  
yor  wan ruggomtod i n  1982 l5l/. In tho framer of t h i r  model tho are- 
rage in ternhain  d i r t m o e  i n  olumterr l 5 O *  51/, the ave r  e o l u r t o r  
dimomiom along and aoroms tho b i l aye r  mr faoe  l 5 l *  5', tho pro- 
bable geomtry ,  r i s o r  u ~ d  appuon t  f r e e  enorgy of tho dofoots 14'* 
51/ tho own u o a  of h j d p t o d  polar  h a d  group. a t  a b i layor  mr faoe  
/497 h a r m  boon omtimatod, Tho r t a t i r t i oa l -mohan ioa l  oaloulation8 
rhow that tho o l a u t e r  m 4 . l  oould expla in  the experimental parunotorr 
of (01-liquid orymtil  p w o  t-itionm 14'1. 

Tho purporo of tho pmront  papor i r  t o  rmL0 an attompt t o  dorori-  
bo q u r n t i t a t i r o l y  the r tyuotuss l  organisation of a o lu r to r rd  l i p i d  
b i l w o r  on tho b u i r  of c l l ~ o x p o r i m o n t a l  da ta  inoluding a rooont 
study of tho o l u r t o r  pa l r ao to r r  by tho -11 - angle neutron roatto- 

/6/ 
rilrg 

The mmall-.ilylo moattoring of X - r y r  .pd neutron8 i m  a mthod  
f o r  tho obrorvation of mom. inhorogenoit ior of atom10 oompomition o r  
~ . o k i n g  /63* 77* 95r 97/. ~ h o  moattored in t en8 i ty  I dopondr on tho 
roa t to r ing  roo to r  ii - x-i?. whom if and if, a r r  tho ware r o o t o n  
boforr  md a f t e r  tho moattoring. Bxtrmpolation of tho roa t to r rd  in- 
tona i ty  t o  the se ro  roa t to r lng  roo to r  length  q - 4% r i n  (8/2)/A 
(whon 9 is  tho roat tor ing -10 and 18 the warolongth) g iver  tho 
foz t . rd  roa t to r rd  i n t 0 ~ i t ~  I( 0 ) par  u n i t  rolumo of tho ramplor 





1The oorrela t ion radius/lo2/ is determined 138: - 
Combining ( 7 ) with ( 8 ) we ge t  . . 

3. Material. and Methods 

Mpalmitoylphosphatidyloholina (DPPC, SERVA) m l t i b i l a y e n  won 
pnparad umlogoumly t o  14/. 10% e t h m o l  molution of the l i p i d  ru 
on the quutm g lass  (24 x 24 an2) mb dried a t  7 0 ' ~  whloh i m  higher 

thm the tamparahre of the el-l iquid orymtal phame t r a m i t i o n .  The 
slow uurealing prooedun 181q g i n .  o d e n d  maple. ( the  Fa. 
of the rooking o u n e  was about 2O). Tho dry webht  of tho llpldm i n  
eaoh of the  t h e  independently mtudied md p n p u o d  m u p l ~ m  n o  
(50 -+ 3)  w. 

The maples  n r q  pl80.d in to  the h e m t i o  q w m  (lam. oontainer 
with a m i t a b l e  malt o r  molution on it. bottom. The n l a t i r e  humidity 
n o  RE - 97% ( the  aqveoum solut ion of K2SO4) o r  RtI - 08 (P205). Meam- 
nmentm w o n  or r r i ed  out at  two tempentunm: 23OC (the molid 1 pha- 

PI- 
me) md 55OC ( the  nl lquldn LL-phue). A tam* of tho mtate of l i p i d  
warn o u r l e d  out from pomition of the d i f f r w t i o n  maxirut 3 

Y/;~, 63/. (4,2 1)-I f o r  4 - p h u e  and S., - (4.6 1)-I f o r  
The equi l ibra t ion of the munplem ru examinad f o r  mom thm two houn.  

Il.utron moatter$ng mearunmentm nn done on the t h e  - of - 
flight -11-.1lele 80attering mpaotror.ter at tho IBR-2 p~l8.d -.a- 
t o r  /lo'/. m e  inoomlng neutron b e u  p e r p ~ n d i o u l u  t o  the  pl- of 
tho muple N o o l l h t e d  t o  tho 22 r d i m t a r .  Tha r a m  tho- 
neutron f l u x  i n  the ample  pomition ru 3.2'10~ Tha maple- 
deteotor dimturae - 10.63 m and the  range of tha oboerred moattar- 
ing t e o t o r  length.  ru 0.02(q<0.4 f-l. Tha meamuamntm f o r  .nl 
muplem won bound with thome f o r  t b  mtandud moattaror ( w t a l l i o  
taamdlum) a t e m  f i r e  minutem. Tha whole e x p e r i u n t  f o r  one muple  
n m  be* eontinuad f o r  about t a n  hourm. Im. axeem8 m a t t e r i n g  N 

found by m b t r w t i o n  of tho i n t e a 8 i ~  taluem f o r  "dma l i p i d  (RE 08) 
f r o m  t b  one8 f o r  the Wdrated lip14 (RE = 97%). Thim all-d one 
t o  o o m o t  tho nau l tm not 0114 f o r  tho inmtnannt b m 4 r o u r d  but 
f o r  th. moattaring b~ the  ou te t t e  UA by l i p i d a  d.0. mm exoemm 
in tenr l ty  i n  t h l m  o u e  is datemined by n t e r  introduoed i n t o  tha 
maltilwllu struotum.. 

4. Results and Disousmion 

The dependenoe of the exoesa soat tar ing intenmity I ( q )  on the 
s q u u o  of the sca t t e r ing  rec to r  q2 i m  shown i n  Fi8.1. The excess 
intensity is % e m  f o r  the aol id  phuse, consequently mul t i l ryera  rra 
homogemous along the l a t e r a l  d i n o t i o n .  So the exoess intensity 

beoomes well dateatable f o r  the nl iquid"  phase. 
The excess in tens i ty  i n  the Guinier ooordinates (see seot ion 2)  

i s  shown i n  Fig.2. It is  well dmsoribed by the Guinier approxhrt ion 
(eq.2) allowing om t o  d e t e d m  the two parameters of the soatte-r: 
I ( 0 )  and Rg. These values oaloulated be the l e a s t  mquar, method u'r 
shown i n  Table 2 f o r  t h e  mmples. The Rg ra lues  00r~Vl8 te  with eaoh 
other  mrif ioient ly  nll ( i n  the l l m i t  of e r ro r s )  while the in tens i ty  
data rrr mom dimpersad. The l a t t e r  m8y b. a mmult of tha error8 i n  
the deteminmtion of the bi layer  weight. 

sample I(O) (om") Rg (%I X2 per 

100 1 0.48 + 0.06 29.8 2 2.6 1.1 
s o  2 0.34 0.01 29.7 6.9 0.5 
1 0  3 0.36 + 0.04 26.7 !: 3.8 0.8 
The weighted 
a t e w e  t8lu.8 
t o r  t h n e  0.36 0.04 29 ' 2 
nrp le .  

Ih. following disoummion of the ramultm d a d s  the model mly- 
810. We wi l l  dimoumm tho tm most probable model.: the  p o r o u  wmbn- 
M and the o l w t e n d  OM. To 0810~18te t h e i r  s t r u o h x u l  p u u e t e n ,  
tho averaged taluem I ( 0 )  md Ffg from Table 2 w i l l  k wed. 

To oaloulr te  the  a t e r y e  m m k r  of i n h o r o g e ~ i t i e m  per unit of 
tho b i l w e r  u a a  it  i m  lmOe98UJ t o  datemine the repeat dimtmoe 
value ( l w l l a r  mpaoing), d, whioh depends on the temperature md 
n l a t i t e  m d i t y  Vmluem. A t  5 5 ' ~  md RE - 97% d - 54 f, whioh i m  
olome e m  t o  54.1 f i n  "12/ f o r  DPPC a t  50°C md 25 .t % BpO. N 
l a t t e r  oommpondm t o  13.5 5 0  mleou le  per  DPFC (moleoulu woilht 



Fig.1. The excess in tens i ty  of the small-angle neutron 
sca t t e r ing  ( a t  multi layer hydration by D20) i n  
dependence on q2(q = Ll- s i n  9 ). The sample 

N2 - 8.7 mg.cmm2 of multi lamellar DPPC s t ruc tu re  z 

1 - L., -phase, 2 - Lb, -phaee. 

Pig.2. The excess in tens i ty  of the small-angle neutron 
sca t t e r ing  i n  Guinier appruximation. The eemple N2, 
RH = 97%D 55OCD L -phase. 

is  733). The f f l iqu idn  EPC bilayenr absorb 14 H20 moleoules pe r  l i p i d  
moleoule a t  RH = 97% /55/, and i t  o m  be smsumed that the absorption 
by DPPC bi layers  a t  55OC doen not s i g n i f i o r a t l y  d i f fe r .  The s imi la r  

00nditioW i n  the prenent work and i n  / l5* '  12/ m.ke i t  ponsible t o  
desoribe the DPPC bi layer  mom o o m o t l y .  

4.1. The Model of the  Porous Yembrm. 

The defeotn of the aqueoun p o n  type have been muggentad i n  
n l iqu idn  rub-n t o  expla in  t h e i r  pelmreabilitiem f o r  water /56*58/. 
If the 8oat terer8  ur the  oyl indr ioal  pomn inaide the  hydrooarbon 
bi1.j.r i n t e r i o r  of the th iohunn  eh t h e i r  radiru rad oonoentration 
(volume) o m  be oaloulated from (1 ) m d  (5). The value eh_ 30 f 
aooording t o  / I5* 12/ and the o the r  parameter8 ur 8hown i n  Table 3. 
The t o t a l  a rea  f l r a t i o n  oooupied by p o n n ,  , allown on, t o  oalou- 
l a t e  the nub- p e r m e a b i $ i ~ ,  P , f o r  molecule8 m d  i o ~  i f  t h e i r  
nelfdiffu8ion ooeff io ient  p i8  known. Let WJ a s m e  that the pore 
diameter i n  l a rge  enough 4 t h  rempeot t o  the  nine of water moleoule 
and D o m  be taken 8 i a i l a r  t o  that i n  water. Then the  membrane perme- 
a b i l i t y  f o r  water / 3 ~ ~ ~ * 7 9 / ,  

The experhen ta l ly  found permeability of the egg-yolk l e o i t h i n  bi1.j- - 1 enr 18 - 8 * 1 0 - ~  om.. a t  37OC m d  4.5*10-~ ora.8" a t  25OC ( l u g e  
vemiolem) 1.7'10-~or. 8-I a t  4 4 0 ~  129/. 

Applying the ob8ened xndiua of gyrat ion and intensity da ta  t o  the 
oyl indr ioal  model we a n  ab le  t o  oaloula te  a11 ruoe8nu-y p u u o t e n  
of p o m w  r u b -  ( m e  Table 3).  Combining them with renpeotive 
vallw8 of D (5 .0~ '10 '~om~-8-~  a t  500C m d  2.5'10-~om~. n-l a t  2 5 0 ~ / ' ~ / )  
wm o m  emtimate t h  p o r w a b i l i t i e n  of 160- and 80- 8-I 
m 8 p o o t i v e l ~  whish .urpu8 the obnerred value. more th rn  f o r  m order 
of ryni t r rde .  Tbm di8orep.paien up t o  throe o r d e n  of magnitude 
oooPr i f  wm w e  th & i f m i o n  ooei i io ientn  ( 1 o - ~  - 1 o - ~  om2- 8-I and 

-8 the obmerred p e r w a b i l i t i e 8  (10 om 8-l, e l e o t r i o a l  u u u r o m e n t ,  o r  
m", i8otopio data /3/) f o r  -11 i o m .  -8 wm oonolude t b t  

t h  r e t e e t e a  i a o r o r e n e i t i e n  o u m t  k tb. nirglemt oyl iadr ioai  porer 
pie=&- l -b-. 
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w e l l  with IJMR d a t a  and i e  equal  t o  t h e e  of about 8 CH2 group8 ( 1 0 i )  
f o r  the e e r i e e  of l e c i t h i n e  with the f u l l y  maturated aoyl  ohaine 

7.6 methylene groupm f o r  n l i q ~ i d n  DYPC b i l ayem) .  The t h o -  
r e t i c a l  oa lcula t lone  l 4 l  ' 42* 59* 67* 85/d80 ehow p r e f e r e n t i a l l y  
transoonfomatione of the methylene groupm adjaoent t o  the po la r  re- 
gioneal thoughdo not aeeume i n i t i a l l y  the  oo l l eo t ive  ohain t i l t i n g .  

The angle of the chain t i l t i n g  a g a i m t  the  normal oan be emti- 
mated i n  p r inc ip l e  from ESR d a t a  f o r  mpin-labelled l i p i d  probe.. Bear 
the  po la r  region i t  i e  -30-47O f o r  EPC b i l a y e m  depending on the  
probe e t ruo tu re  and the  experimental oond i t iom 17* 39* 71/. But 
l abe l8  d i e t o r t  obviouely moleoule arrangement8 i n  t h e i r  environment, 
that i e  why theme r e e u l t e  can bo only regarded am q u a l i t a t i v e  oharao- 
t e r i e t i c e .  The oorreot  quan t i t a t ive  e 8 t b a t i o m  havo been reoeived 
from tho neutron d i f f r a o t i o n  d a t a  of Zaooai e t  a l .  115, 1121. pig,4 

ehow the dependence of the average dietanoem of deuterium CH2-groupe 
from the b i l aye r  cen t r e  on t h e i r  p o e i t i o m  i n  aoy l  oha im f o r  DPPC 
mul t i lemel lar  mtructuree a t  variou8 water oonoentrntioru and tompe- 
ra turee .  The l i n e a r  p lo t  a l l o w  us t o  oa loula te  tho diatanoo inam-  
ment on the  CH2-group and ooneequently the average angle of t he  ohain 
t i l t i n g .  The inqrement P d - 0.9 f and tho angle of the  tilt about 

ma- 
the normal t o  the b i l a y e r  eurftoe:  y - a m  008 (0.91/1.25) - arc 
ooe 0 . 7 2 ~ 4 4 ~ .  The value 1.25 A i e  the e f foo t ive  longth of the  CH2 - 
l i n k ,  1. e .  the  length  of the  C-C bond Projootion on the  long u i e  
of the  hydrooarbon o b i n  i n  the  a l l - t r a ~  oonfonmtion. 

The ool leot ive  tilt exiatonoe f o r  t he  ohain 8egment adjaoont t o  
the pol? group I8 a le0  oonfirmed by the  8mll width of t h e  pork8 
( 1.5 i) which oha rac t e r i s e  the  d e u t o r i m  l a b e l  l ooa t ion  i n  a bi- 
l a y e r  2/. 

Our oxperimental oond i t iom are mimilar enough t o  thome of / I5*  
a t  25 w t  % of water and i t  18 r e a o k b l e  t o  muppo8e t h a t  the  

angle of the  ohain tiltilyl I8 the saw, 1.0. \P - 44O. 

4.3. Annular defeotm.' Conoentration and Siso 

The eometm of defeotm i m  8ohematioally mhom i n  Pig.). Simi- 
l a r l y  t o  125/ we mark them am n i n t e I I a o i a l n  (1-dofoota) and winnern 
(m-dofeote). The l a t t e r  an probably n? i l lodn i n  the  main duo t o  the  
tram-gauohe i80mer isa t ion  of t he  ob r i ru  nea r  tho  olu8t.r boundarioe. 
It i m  reamonable t o  muppome that the  defeotm of 2~ mad A width a r e  
equal ly  probable ( they depend on the  mutual o r ion ta t ion  of t h e  planem 
i n  whioh tho o h i n  bendiug take8 plaoo). If 1: f ( 8  CH2 
group8) and \P - 44O the dofeot  parametom a r e t  A=7 A, 2A= 14 i, 
tho dopth td c 7.2 f mad the  rempeotivo orom-meotion amam, Sc , a r e  

25 o r  50 f2. 

For the eake of e impl ic i ty  we euppoee that a c l u s t e r  i e  surronud- 
ed by the  naverage" annular defec t  with the t r i ang le  baee of the  width 3 a and S c  37 i2. The average diameter of D2 0-contrasted annular  
defec te  (1-defeots) according t o  (7) :  2Rg - 58 % becauee Rg ,) ~' /2 .  
The e f f e c t i v e  diameter of the  l i q u i d  oore ( a  c l u e t e r  diameter): 

Thue the  e i ze  of a o l u e t e r  along the  b i l a y e r  surfaoe r, - D, /2=24% , 
cor re l a t ing  w i t h  the eetimatione of Sege- It i e  obvioue that 

a p a r t  of the  1-defeot a r e a  i e  eoreened by l i p i d  p o l a r  group8 againat  
water. The volume of the  defeot  oan be ca lcula ted  from the  above geo- 
metr ic  notione and the  defeot  ooncentrat ion can be determined from the 
expmemion (1).  The parametere of I-defect8 i n  c lue tered  l e o i t h i n  
b i l aye re  a r e  ehown i n  Table 4 taking i n t o  coneideration t h a t  the multi- 
b i l q e r  repoat  dimtanoe is d = 54 %. 

Pormeation of water through much a c lue tered  b i l a y e r  can be 
roughly emtimated if on- the o e n t r a l  "dieordered" hydrooarbon l a y e r  
(mee Fig.3) aote  ae  a d i f fue ion  b a r r i e r  and the defec te  but not  the 
o luetqre  a r e  f u l l y  p o r n a b l e  f o r  water and o the r  moleoulee and lone. 
A t  maxurimum hydrntion the DPP: and EPC b i l aye re  have the hydrooarbon 
i n t e r l o r  thiolnmm~ ek r 26 A /65/ and the  thickneme o i  two oluetered 

0 
l w e r q  10- 14 A- 

Table 4 

Paramotora of 1-dofeots i n  the c lue tered  l i qu id -  
o ~ a t d l i n e  DPPC b i l aye re  a t  97% r e l a t i v e  humidity 

and 55OC 

Value 

- 

1 2 3 

ground width (3/2) A 10.5 (!) 

depth e~ 7.0 (A) 

oromm-mootion w a  S, - ( 3 / 4 ) t d . ~  . 37 (%12 
rrdlw of annular  

dofootm R e R g  29 (1)  
area a t  tho b i l w o r  

murf800 Sd - 3T'Bg'd. 1.9-lo3(f  l2  
v o l u u  % = 2 F  RS, 6.7*lo3(%13 



Table 4 (oontinue) 

1 2 3 

f rac t ion  of the t o t a l  
sample volume ,J, = n.G 

oooupied by defeots 1.14*10'~ 

the mrpb2r of defects  
per  1 om of a bi layer  n S  = nd 9.2'10" ( o d 2 )  

the numb2r of defeots 
per 1 om of a monolayer ns /2 4.6*1011 

f rao t ion  of a monolayer 
area  oooupied by defectm AS = n %/2 0.088 

Thur the  thiokness of a cen t ra l  "disordemdn layer  l! 12 1 and i ts I 
properties a m  supposed t o  be s imi la r  t o  thome of l iqu id  paraifinn. 
For hexadeoane the di f fus ion and p a r t i t i o n  ooeff ioients  a re  /31/, 
~ - - 2 . 1 0 - ~ o d .  8-' and K = 4.2 10'~. The permeability ooeff ioient  

I 
&.a -C 3 P = d S o  - cz O,+X c 2 r / o  rr r,,,o 
C f2 . / o  -* - 

This value is  of the same order am the  experimental one /79/, however 
this fao t  is not yet  a d i rec t  evidenoe f o r  the o lus te r  model v a l i d i t y  
becausethe values K and D r ea l ly  unknown f o r  the  bi layer  in te r io r .  

4.4. Cluster dimemions and the I n t e r i o r  Stmoture  

A o l u s t e r  diameter along the b i l ayer  plane ham been oaloulated 
i n  seotion 4.3 a s  the half  of the l i p i d  ncomn d ieae te r  f o r  the  a m -  

l a r  defect of the radium R. For l iquid  DPPC bi layers  a t  55OC and 97% 
of the re la t ive  humidity t h i m  value is r,= 24 %. By the independent 
way i t  has been estimated i n  /51*52/ f o r  various l i p i d s  from the 
(4.6 i ) "  d i f fuse  X-ray re f l ex  npackingn. 

Theme es t imat iom (with the respeotful  oorreot iom) a m  given 
i n  Table 5. 

It is neoessary t o  emphamise that i n  paper /52/ the  estimations 
of the o lus te r  s i s e  a m  probablj  not oorreot beoau8e the  o lus te r  
l a t t e r a l  s i s e  mrs oalculated a s  2 c  . Tho mise equal t o  < i m  appa- 
ren t ly  more reamonable. 

The gyration radiua of o lus te r  is several  l iqu id  r a m  determined 
i n  lJ7/ by the neutron sca t t e r ing  method. Suppoming the  oyl indr ioal  
from of o lus te r  t ramverse  s i s e  ( d i a u t e r )  k c  2 @IIg and tpm 
value is 12.6 % ((212). 13.5 1 ( C  161, 14.3 1 (C 20) and 17.4 A (C 32). 

I 
We oan not explain now the divergenoe of theme data  with thome i n  
Table 5. 

Thum the hydrooarbon i n t e r i o r  of a bi layer  oan be mohrratioally 

I 

Table 5 

The cor re la t ion  radius (minimum c l u s t e r  dimenaionr) 
i n  l iquid  l i p i d  bi layers  and n-alkanes * 

DPPC Asolec t i n  E PC n-alkane s 

* The oorrected data  from /52/; I - "dryn phospholipid ( a t  rela- 
t ive  humidity 85%1, I1 - maximum hydration, t - temperature, d - 
internhain meparation (20.05 f), SlI2 - the vmeminidth" of the 
6 ) - r e f l e x ,  r - the oorre la t ion radium. 

n l iqu idn  (more disordered) layers  (see Fig.3). For PC bi layers  the 
t h i o h s s  of the olustemd layer  is approximately 7-7.5 % and i t  18 

comtant  enough a t  varioum ohain lengths,  temperatures and humidities 
judging by the WR data  12' 20-22p 50* 51 * 87-89/. This value conside- 
red a s  a distanoe between the o e n t n  C1-C2 and C9-C10 bond8 oan be 
oaloulated from the neutron d i f f rao t ion  data 12/ (ace Fig.4). It 18 

eamy t o  see that it is 7 A. This m l a t i v e  oonstanoy i m  apparently 
explained by the fao t  that the ohr in  t i l t i n g  is determined by the area  
of the hydrated polar  head group but not by the average area  per l i p i d  
moleoule. 

Tho thiolcnemm of the  nolumtemdn and lldisordered" layers  of the 
hydrooarbon i n t e r i o r  have barn independently estimated from the oom- 
parimon of f m e  energies and entropies of solvat ion f o r  various rub- 
mtanoem i n  the f l u i d  DMPC bi layers  and i n  several  molvents /57/. The 
authora /57/ propomed the eximtenoe of two mtruotured layers  ("do- 
maimn) adjaoent t o  the polar regiom whioh di880lve ether8 and of 
oentra l  n l iquid"  layer  whioh dissolves n-alkanes. The dependenoe of 
the thermodynnmic parameters of solvation on the moleoule dhenmions 
a l lo rn  one t o  emtirmrte the l ayer  thiokness. For example the struotured 
layer  thiolcness is oorneruurable with the decanol moleoule length/"/. 

The s imi la r  moleoule arrangement is typical  f o r  any liquid-orys- 
t a l l i n e  l i p i d  bi layer  independently of the number of fa t ty-as id  reel -  

hwqirud am a nsandwichn of two 8truot11.1~1 ( o l u t e r e d )  and one oentral  
1 
I 



dues i n  l i p i d  molecule. Vodyanoy and Hall /lo3/ have shown tha t  the 
ion-motion through monoacylglyceride membrane. is  well described i n  

the t e r n  of the rectangular ba r r ie r  of a variable height and width 

( i n  dependenoe on the acyl chain length) is  s i tuated i n  the bi layer  
centre. The distance from th ie  bar r ie r  to the polar-hydrooarbon bilay- 
o r  interface i s  estimated 9.2 0.3 f /lo3/ f o r  varioua l ipids .  This 

lqstructuredn layer  is  permeable probably due t o  the defeota. Water 
penetration in to  defects can probably explain the experimental values 
of apparent molar heat cepacitiee f o r  di f ferent  phospholipids whioh 
Blume ca l l8  %ydrophobic hydrationn. 

Unlike the thickneed cluetered layera tha t  of the oentral  afdisor- 
deredw layer  depend8 immediately on the chain length. 

It can be eetimated as  != - 14 (2) and f o r  the of l ec i -  

t h i m  u.655 i t  i e  equal t o  13 f (DOPC), 15.5 f (DSPC), 12 f (DPK.); 
9 2 (DMPC) and 5.5 % (DLPC). If the methyl group eize  (2.7 - 2.9 A) 
i e  taken in to  account, the high permeability and the l i t t l e  a t a b i l i t y  
of the bilayere fonned from the l ip id8 with the chain0 containing the 
carbon atom number l e s s  than 14 beoomea rearonable 50/. It i n  

unexpected, on the face of i t ,  that the domi ty  of the ohain packing 
i s  pract ical ly  the eame through the whole bi layer  intor ior .  Appsrently 
thin idea was a t  f i r s t  euggosted by Green l 4 O /  basing on his mtatiati-  
cal-mechanical model of a b i l l ayer  a8 the following improvement of the 
Maraelja model /679 "/. Confirmation of i t  i m  both the l i n e a r  plot 
i n  Pig.4 and the l inear  dependence of eh on the o w n  length f o r  t h ~  
se r ies  of synthetic l e c i t h i ~  with the increment per CH2 group-0.88A 
which is  pract ioal ly  equal to  that  i n  Pig.4. The moms inoreme of the 
average area  per molecule is pomsible r i t h  an inoreare of the ohain 
length o r  when short-chain alkan.apsnetrate t o  the  oentre of the bilay- 
e r  i n t e r i o r  a s  a rsmult of the oentral  l ayer  erpanaion due t o  tho 
i n c n a a e  of the number of trans auohe isomorm. It p a r t i a l l y  oonformm 
t o  the conception of the paper $la/ ( the  nmuta of /65/ -emting 
the area oonstancy o r  some deoreme ara bn8.d on the erroneous m8ump- 
tions of tho molecular volume comtancy i n  the r ide  range of oonditi- 
OM). 

The inner defect volume i n  the hydroaarbon i n t e r i o r  (m-defeota) 
oan be estimated from the Av value (mee Table 4). I n  our cam. to  a 
f i r a t  approxlmntion the V0lUmO8 of 1-defeotr and m-defeotm ur the 
aame. I f  d - 54 1 and dg - 1.14*10-~ tho 1-defeot volume i a  486- 
4.4*10-~ of the o l u a t e n d  layer  volur .  booauae theme defeotm a r e  only 
looalicod i n  the olustemd layerr.  Tho exiatenoe of m-defeotm e r p l a i m  
appannt ly  the strange faot  of very large ver t ioa l  f l u o t u a t i o ~  of 
ohainn i n  a l iquid bilayer whioh mre deteoted by tho double eleotron- 

e lectron roaonrr9oe of tho 1 4 ~  and "N labelled l i p i d  probe. /24*28/, 

by the double n u o l e u  magnetlo reso-oq (proton-enhanoed 13c XiIMR) 

/'lo/ and by the dpmnio guenohing of the ~luoremcent lab018 /lo6/. 
 he time aca.~e range of th ia  proceas i m  1 0 - ~ s  judging by the lit. 
timo of the labol e m i t e d  s t a t e  /lo6/. 

Tha large wobbling amplitude f o r  membrane fluorosoent probe moti- 
on i n  tho nanoaooond time 80al08 /46v5a/ can be a l so  explained by 
probe location i n  the defeota, outer or inner i n  dependence on the 
probe molooular structure. 

4.5. Chain ~ a o k i n g  donsitp i n  a l i p i d  bi layer  

To deacribo tranrrport prooesaea through a membranr i t  is enough 
i n  some carros t o  approxinato tho whole bi layer  i n t o r i o r  by a l iquid 
n-alknnem I3l * 79/. Although tho r o a l  bilayer i n t e r i o r  behaviour 
dif fer8 from tha t  an iaotopio th ree -d imo~iona l  l iquid /91* 92/ suoh 
approsoh is widoaproad. Tho mondriohed s p a t i a l  organisation of a hyd- 
rocarbon bilayor i n t o r i o r  hnn boon deecribed i n  the pmvioum aocti-  
on. Hore m w i l l  oraaclne tho average ohain paoking domi ty  i n  clamtorm 
charaotoricod by the valuo of tho oroem-aeotion area  per ohsin. 

The main amaertion is  tha t  the angle of tho ohain t i l t i n g  \P i m  
determined by the u r a  o r  tho hydlrted polar h a d  group of a l i p i d  ' 

molocule. If tho l i p i d  ohainm i n  clumterm a n  paoked 01080ly the ming- 
l e  c h d n  aroma-sootion aroar 

a, - -i Je . , m V  
- 2. ( "1 

-logowl{ t o  tho prooodun f o r  $' -phase /63/. Accoding t o  /49/ 
110 - 59.2 A f o r  looithinm* and 7 z  44O a s  it r s m  mhom i n  the provi- 

O 2 0118 Oootionn. Thon 0.- 21.3 A m d  tho effootivo volume of tho CE2- 
O 3 group i a  GL - 1.25 ,a0 - 26.6 f3 whioh 18 vary clomo t o  27 A found 

in /96/. 

Quito indepondontly PO oan bo o a t h a t o d  from tho pomition of 
tho X-ray and neutron diff-tion maximum (4.6 f I-'. I f  the ohainm 
i n  olurrtora ur 0 1 0 ~ 0 4  prokod and tho nsta t imtioal  rota t ionw of 
ohaim arround t h o i r  long axem is proment t b  aoattoring oentro dim- 
t r ibut ion o m  bo mggoated am the auperpomition of two dimtinot hoxa- 

*The avengo u r n  of the polar head group a t  the bilayer mrfaoe 
o m  be r o w 4  e8that.d f rom tho X-ray diff raot ion m d  hydration data. 
Tho phomphooholiol lroup volumo is 360 f3  Ig6/ mnd the volume of the 
bound r a t o r  r O l 0 0 t ~ l 0 8  (-12 E20 per PC molooulo 55/ i m  360 f3 
too. ~ h .  thiokaamm of tho polar layor is  -12 f '981 than tho p o l u  
8roup u r n  i a  ~ 6 0  i2. 



gonal l a t t i c e s  f o r  the o losgs t  and f o r  the  f r i a b l e  packing /lo2/. 
The peak maximum corresponds t o  the distance:  - 4 dlCL.= - ; t ( d - a t d r w )  4 . 6 5 A ,  

where dmin - 4.1 i, d o 5.2 i a r e  takenfrom the  cross-seotion 

form of a chain /50-5':x102/. The average a rea  per  chain o m  be appa- 
r en t ly  ca lcula ted  a s  a mean of tha t  f o r  two nquas i l a t t ioesn .  The clo- 

s e s t  packing corresponds t o  the s o l i d  ( g e l )  s t a t e  and the  oross-sec- 
t i o n  a n .  np = 4. 12/sin 600 z 19.4 i2. For f r e e  ro ta t ing  ohains ( the  
"f r iable"  l a t t i c e )  the sca t t e r ing  maximum oorresponds t o  the  neigh- 
bouring ohain separa t ion analogously t o  l iqu ids  and 5.22 s i n  60% 

23.4 i2. The mean f o r  these l a t t i c e s  g ives  

Comgaring t h i s  cross-section area  with that one i n  a s o l i d  L,'-phase 

( dLr - 4.l/cos 6 0 0 0  4.75 4 )  the in terohain  r e p a p t i o n  i n  a c l u s t e r  

d ~ c  = c.r,-(a./ag 5 c o  A . 
According to/''' the c r i t i c a l  separa t ion f o r  the  gauohe-oonformation 
generating is 3 4.9 4. Petersen and Chan estimated the probabi- 

l i t y  of t ~ c o n f o m a t i o n  f o r  the f i r s t  ha l f  of a chain a s  1.0aes 0.8 
i n  l iqu id  bilayers.  Thus the  c lus tered  ohains have some quant i ty  of 
the gauohe-oonfomers ( f o r  example, one kink per ohain). 

The a l t e r n a t i v e  est imations of the  in ternhain  r epamt ion  a r e  
widespread i n  l i t e r a t u r e .  They a p p o s e  t h a t  the transition from a 
s o l i d  t o  v t l i q u i d * ~  b i l aye r  r e a u l t s  i n  the hexagonal l a t t i c e  nswulling" 
with the long-range order preservation whioh is re f l eo ted  a s  the Bragg 
r e f l e x  displacement from (4.2 I ) - '  t o  (4.6 4)-' /11* 45* 67/. It is 
assumed that ohains keep t h e i r  a l l - t r ans  oonformation and are para l l -  
e l  t o  the  b i l aye r  normal. Then the  average separation between the  
adjaoent chain8 i s  y t i m a t e d  from the  r e f l e x  posi t ion  5.21 184/, 

5.3 1 /45/ o r  5.56 A / l l / .  The a v e n g e  a rea  per  l e c i t h i n  molecule is  
O 2  whioh is  s ign i f ioan t ly  l e s s  than 60 + respect ively  47 + 50 A 

70 i2 laoeived from the experimental da ta  /45* 50s 51 * 63/. 
The d i s r ibu t ion  of the substanoe densi ty  along tha normal direc- 

t i o n  t o  the  b i l aye r  plane can be oaloulated i n  tha frame8 of the 
cluster model compare the  b i l a j e r  hydrocarbon i n t e r i o r  with l i q u i d  
hydrocarborn. We propose that tha b i l aye r  paramterm should be -10- 
gous t o  t h a t  i n  /112/ f o r  DPPC2t 25 rt of r a t e r  and the  p a r t i a l  

speoif%o DPPC volume a t  550C Uk - 1.01 m1.g- /75/. ~ h .  noleoular 

mass of DPPC i s  733, the thiokness of tha olumtered l aye r  i s  7.2 4. 
The olusteged l a y e r  volume por DPPC moleoule (8 CH2) is  2 x 8 x i . 2 5 ~  
r (lo 0 426 where Qo - 21.3 i2. Under then, oonditionn 29 A 

and the oen t ra l  l a y e r  thickness e - ek- 2 x 7.2 14.5 4, i.e. the 
thickness of the  c lus t e red  and disordered regions a m  p m c t i o a l l y  
the same. Tha moleoular m i g h t  of two c lus tered  ohain '*se@entrn i s  

224. The value d,, = 1.14*10-~ i s  i n  accordance with 4.4' from 
the volume of the o l u s t e n d  layers.  This value is a l s o  the contribu- 
t i o n  of m-defects t o  the l aye r  volume (we suggest t h a t  m-defeots 
should be vacant). Than 95.6% of the l aye r  volume i s  occupied by 
o h a i m  and the t o t a l  voluma of these l aye r s  i s  426/0.956 = 450 i3. The 
e f f e c t i v e  densi ty  

2 2 4  =_ 0 . 8 3 3  

and the m-defect volume per  DPPC molecule i s  ,.- 24 i3. (B, i s  the 
A 

Avogadro '8 number). 
The topology of a b i l aye r  assumes t h a t  the  volume of the o e n t m l  

l a j e r  per  molecule i n  t h i s  base i s  equal t o  450 i3 per  DPPC too. The 
eque l i ty  of the l aye r  thickness 07 per CH2 group ( the  inorement 
-0.9 1 from the  CH -group posi t ion  12/ and 0.88 i from the  b i l aye r  

i n t e r i o r  t h i o ~ e s s  T65/ allows one t o  suggest the  s imi la r  average t i l t  
of every methylane nlink*l respect ive  t o  the normal and approximately 
s imi la r  densi ty  of the  chain packing. 6 CB20and CB3 groups from every 
ohain oocupy 26.6 x 6 + 54 = 213 i3 o r  426 per  DPPC. Then the 
e f f e c t i v e  defect  volume 18 450 - 426 = 24 i3 i.e.  i t  i s  equal t o  t h a t  
f o r  o lus tered  layers.  The moleoular weigth of t h i s  pa r t  of molaoule 
is 198 and the  ef feot ive  dennity 

the d e m i t y  of tetradmoan; i s  0.755 g om-3 a t  20°C o r  taking i n t o  
connidemtion the ooeff io ient  of the thermal expansion - 1. lo-) deg-' 

4 3 0.74 g a t  55O~.  

The t o t a l  Wdrocarbon volume per  DPPC molecule i s  -900 i3, the 
molecular w e u t h  of two ohains i m  422. Then the average dennity of 
tha hydrocarbon i n t e r i o r  i n  

42 2 &. = IVR , 9 0 0  fd-''' - 0 . & d / . - - ?  
The t o t a l  volume of the molecule ( the  volume of the polar  head group 
is  360 l3 /96/ V = 900 + 360 - 1260 i3, moreover 48 i3 from this 
value i s  the volume of m-defeots. The molecular volume oan be calou- 
l a t e d  from the p a r t i a l  s p e c i f i c  volume of DPPC: 



Those values are  close enough taking i n t o  account the s i m p l i f i c a t i -  
ons used i n  our ca lcula t ions .  

Thus the  DPPC hydrocarbon i n t o r i o r  a t  55OC and 25 w t  % H20 can 

be imagined a s  a ltsandwich" of two c lus tered  l aye r s  adjacent t o  tho 
po la r  regions and the c e n t r a l  l i q u i d  (diaordorrd) l ayor  with i ts  
densi ty  id.nticsl t o  tetradecane. Tho 1-defects f i l l o d ' w i t h  water 
a n  wedged i n t o  the  clustered layora (24 f3 pe r  DPPC moloaulo). The 
n s p o o t i r o  volume of m-defects i n  tho wholo hydrooarbon i n t e r i o r  i n  
48 i3 per  DPPC molecule. Tho d i r e c t  confinnation of much dp~amio 
s t r u c t u r a l  organization of a b i layor  followa from tho double nuoloar 
magnetic n a o n a m e  d a t a  /loo/. Tho high o f f io ion t  t r a n s f e r  of pola- 
r i z a t i o n  from protones t o  oarbon nuoloi  taker plaoo i n  DYPC b i l ayors  
during 2 m o c  analogously t o  gonuino aol ida  unl ike  that f o r  terminal 
metbylono and methyl groups /'OO/. 

~h~~ -is oxtensivo infonuation on tho li i d  molooulo d m i o s  i n  
l i p i d  b i layors  

1 17, 19-24, 28, 35, 36, g2. 64. 70, 74. 80. 82. 

83, 87, 89, 105, but f o r  tho present i t  i n  imponniblo t o  dosori- 

be unequirocally tho whole ohain motiona. 8orortholoaa i t  is n a a o -  
nablo t o  suggest tha t  the "platctoutl i n  2~ and spin-nl-t ion time 

and order  parametor p r o f i l e s  ahould bo dotorminod by tho o lua to r  or- 
ganieat ion of a bilayor. Tho o o r n l a t i o n  time qy of tho long u i s  

reor i en ta t ion  n l a t i v o  t o  tho l o o i l  b i layor  80-1 /22/ i n  than a 
m a u l t  of the c lua to r  n o r i o n t a t i o n  and i t  i m  6.1*10-~a (23OC, DIYPC) 

and 1 .3*10-~a (50°C, DWC) aocording t o  tho ESR da ta  /22'. Thoao 

raluoa an close  t o  thoao f o r  ult-onio n l u a t i o n :  2.1*10-~a a t  

4 4 0 ~  and 1. 5.10-~a a t  4 7 0 ~  f o r  DPPC /74/. ~ u o h  intorpzwtation i n  

oonfinnod by tho absonoo of tho a i g a i f i o r n t  dopondonoo of tho motion 
parmotera  on tho o s t o r ( o r  e1ther)binding of tho aoyl o h d n  a t  tho 
C2 poai t ion  12/. Potorson and Chrn /"/ hrro  oatimatod tho o h m o t e -  
r i a t i c  time of ohain n o r i o n t a t i o n  about tho nonnal d i r eo t ion  l ~ - ~ a .  

Apparantly tho mom slow f l u o t u t i o n s  found from 
demo of tho HYR nl- t ion  t inon ( 2.2010~ n d * a -  

t o r i s o  o thor  motion81 nodoa. Indood, tho o lua to r  l i f o t b o  q e  o m ' t  
be l a r g e r  than the tim. rn neodod f o r  a l i p i d  molooulo t o  d i f i r u o  

from the o o n t n  t o  o lua te r  bound-, 1.0. 

whom R - tho c l u s t o r  radiua. D - l a t e r a l  d i f i r u i o n  oonaturt  f o r  

l i p i d  molooulos. For R -  15 f m d  D - 2.10 '~  oa2/a ( f o r  DPPC munb- 

Conclusion 

Tho s t ~ 0 t U r a l  inhamogonoitios of tho molecular arrangements i n  
DPPC l i q u i d - o r j s t r l l i n o  bilayora havo boon observed by tho method of 
tho small-angle neutron scat ter ing.  They havo been in t e rp re ted  a s  
D20-oontmstod annular dofocts botwoon adjacent short- l ived c l u s t e r s  
pooling tho all-trans chain aogmonts of 8 CHp-group length  adjaoont 
t o  tho polar  n g i o n .  Tho rrorago radius  of gyration-29 f and tho 
t o t a l  rolumo of thomo inhomogonoitios have boon estimated i n  tho 

0 Gunior approximation. Tho clumtor s i z e  has been estimated -24 A ,  

whioh agzwoa with tho omtimationa of tho s i z e  of p a r t i a l l y  order  ro- 
gions ( 19 + 29 4)  i n  chain arrangements obtained from the width of 
tho X-ray npackingn r e f l e x  (4.6 ;I-'. 

Tho l i q ~ i d ' ~  b i layor  hydrocarbon i n t o r i o r  of DPPC oan bo imagined 
a s  a nsandwichn with tho o o n t m l  dinordorod l a y e r  analogous t o  l iqu id  
totmdooano which i n  put b o t n o n  two c lus tomd l aye r s  of tho thiok- 
noaa 47 f.  Tho in torfsco 1-dofoota ( .-24 f3  par  DPPC molooulo i n  our 
oxporimontal oonditiona i n  tho o l u s t o n d  l aye r s  a n  f i l l e d  with water 
an a r u l e ,  tho innor  m-dofoota of tho rolum. -48 i3 per  DPPC moloculo 
can bo p a r t i a l l y  f i l l o d  wi th  f lox ib lo  chains. Tho chain paoking don- 
a i t y  i n  p rao t ioa l ly  oona tmt  through tho wholo hydrocarbon i n t o r i o r  
and i t  i n  ohamotorirod by tho arorago cross-sootion a r e a  of a ohain 
-21.3 f2  i n  both tho oluatora and tho woybotaxic groupsn of tho 
c e n t r a l  layor.  

Tho angle of tho oollootivo ohain t i l t i n g  i n  o lus tora  is dotor- 
O 2 minod by tho hydrated po la r  head group a ro r  which is -59.2 A f o r  

l o o i t h i n  bilayora a t  tho maximum water binding. Tho c l u a t o n d  chains 
ro ta to  around tho no-1 d i n o t i o n  with tho charaotor ia t io  timoa 

10" - 1 0 ' ~  a. Thoao motiona o m  dotolmino tho t-port proooasoa 

f o r  tho moloouloa m d  ionn inoludod i n t o  tho dofoota. Tho o lus to r  
model oxplaina a a t i a f a o t o r i l y  tho numomus oxporimontal data n o o i r o d  
by rar ioua  physical-ohomioal mothoda (HYR, ESR, Raman-apocrtosoopy, 
X - r a y  m d  nrutron d i f f l r o t i o n ,  oa lor imotr j ,  oto.)  and i t  o m  bo 
uaoful f o r  tho oxpl . ru t ion of tho praai ro  t r u u p o r t ,  b i layor  oonflu- 
onoo, molooulo innor t ion i n t o  mombranon and o thor  nombrmno proooaaoa. 
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