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Heterogeneous Lipid Distribution in Rod Outer Segment Membranes: a Spin Label Study 
An i m p o r t a n t  effort  in b iophysica l  research is a t  p resen t  

being devo ted  to  gaining knowledge of t he  molecular  
organiza t ion  of biological membranes .  A va r i e ty  of 
phys ica l  t echniques  such as different ia l  scanning calori- 
m e t r y  1-3, X - r a y  diff ract ion 4, f luorescence ~," and  nuclear  
magne t ic  resonance  spec t roscopy  7, 8, have  been  appl ied to  
s tudy  l ipid phase  t rans i t ions .  

F r o m  recen t  evidence,  a new concep t  concerning 
s t ruc tura l  p roper t ies  of b iomembranes  has  been  developed.  
The sus ta in ing  idea t ends  to  consider  t he  m e m b r a n e  as a 
two  d imensional  fluid in which l iquid and  semicrysta l l ine  
phases  are in equi l ibr ium wi th in  a specific range of 
t e m p e r a t u r e  ~, 9, ~0. For  e labora t ing  this  model ,  in fo rmat ion  
was der ived f rom spin label s tudies  9-1~. P a r a m a g n e t i c  
probes  are ve ry  useful for de tec t ing  s t ruc tu ra l  and dy-  
namic  modif ica t ions  occuring wi th in  a lipid layer.  Phase  
t rans i t ions  were de tec ted  wi th  such t echn iques  in myco-  
p lasma  m e m b r a n e s  ~3 as well as in mi tochondr ia l  mem-  
branes  of sweet  p o t a t o  roots  and  of ra t  l iver  ~4. More 
recent ly ,  a spin  label s tudy  of E. coli m e m b r a n e  vesicles 
revealed the  presence  of two phase  t rans i t ions  is. 

The purpose  of the  p resen t  communica t ion  is to r epor t  
our resul ts  on the  influence of t e m p e r a t u r e  oil spin  probe  
mobi l i t ies  incorpora ted  in ret inal  rod outer  segments  
(ROS). Several  t rans i t ions  were de tec ted ,  suggest ing the  
presence  of he te rogeneous  l ipid d i s t r ibu t ion  in ROS 
membranes .  

Materials  and methods. ROS m e m b r a n e s  f rom cat t le  
eyes were p repa red  as descr ibed previous ly  by  de GRIP 
et  al. 16. All man ipu la t ions  were carried out  in d im red 
light. Wi th in  2 h af ter  d e a t h  of the  animals,  30 re t inas  
were dissected and  gent ly  homogenized  in 12 ml ice cold 
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Fig. 1. Electron spin resonance spectra at 25 ~ of rod outer segment 
membranes, a) suspended in Tempo solution (10 3 M in Tris-HC1, 
pH 7.1); b) labelled with I(1.14) and c) labelled with I(12.3): 
Label concentration 2 : 100 w/w. Membranes suspended in Tris-HC1, 
pH 7.1. Modulation amplitude: 0.5 Gauss. Microwave power: 4 mW. 

Tris-HC1 buffer  (0.16 M,  p H  7.1). The homogena t e  was 
f i l tered th rough  120 mesh  screen and the  res idue washed  
wi th  Tris-HC1 buffer.  The combined  f i l t ra tes  (30 ml) 
were mixed  wi th  aqueous  sucrose (10.5 ml  of 66% 
sucrose w/w) to  a f inal  concen t ra t ion  of 0.42 M. This  
suspension and  a 45 ml  vo lume of 40% (w/w) sucrose 
solut ion were used to  p repa re  cont inuous  gradients  
(0.42 0.18 M). Af te r  1 h of cen t r i fuga t ion  in a swing-out  
rotor  (27,000 xg,  10 ~ the  upper  layer  con ta in ing  R O S  
was collected. This  f rac t ion was then  incuba ted  wi th  
11-cis r e t ina ldehyde  1~ (25 n M  per  ret ina)  in order  to  
regenera te  rhodops in .  The r e t i na ldehyde  in excess was  
then  e l imina ted  by  enzymat i c  reduc t ion  wi th  N A D P H  
(0.1 mg per  ret ina) .  Af te r  the  en r i chmen t  procedure ,  a 
second dens i ty  g rad ien t  was p repa red  wi th  40% sucrose 
(1 h, 27,000• 10~ yie ld ing a single layer. The R O S  
were washed  once in Tris-HC1 buffer  and  twice in dist i l led 
water .  Af te r  washing,  t he  mater ia l  was lyophilized.  The 
yield was 1.5 to  2 mg per  eye. 1 mg of t he  lyophil ized 
mate r ia l  dissolved in 1 ml of Tr i ton-X-100 de t e rgen t  
(2% w/w) gives a difference in absorbance  before and  
af ter  i l luminat ion  at  least  equal  to  0.25 O.D. a t  500 n m  
(1 cm l ight  pa th) .  

For  the  p re sen t  inves t iga t ion ,  3 spin labels were used : 
2, 2, 6, 6 t e t r a m e t h y l p i p e r i d i n e - l - o x y l  (Tempo) (s t ructure  
I) and  two N-oxy l -4 ,4 '  d imethy loxazo l id ine  der iva t ives  
of s tearic acid (s t ructure  II).  
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Labe l s  1(1.14) a n d  1(12.3) were p u r c h a s e d  f rom S y n v a r  
(Palo Alto).  T e m p o  was  s y n t h e t i z e d  as descr ibed  b y  
~OZANTZEV 18 

Usua l ly  5 m g  of lyophi l ized  m a t e r i a l  were r e suspended  
in 35 ~,1 of T e m p o  so lu t ion  (10 -8 M in Tris-HC1 buffer ,  
p H  7.1). F a t t y  acid sp in  labels  were i nco r po r a t ed  in R O S  
m e m b r a n e s  as follows: t he  labels  were f i r s t  d issolved in 
e t h a n o l  (1 mg/ml) .  100 F1 of t h e  so lu t ion  were e v a p o r a t e d  
to  d ryness  u n d e r  N 3. Lyophi l i zed  m a t e r i a l  (5 mg) was 
t h e n  added  a n d  t he  suspens ion  m a d e  up  w i t h  35 bd of 
Tris-HC1 buffer .  T he  suspens ion  was careful ly  homo-  
genized.  For  e lec t ron  sp in  r e sonance  (ESR)  m e a s u r e m e n t s ,  
t h e  label led  m e m b r a n e s  were i n t r o d u c e d  in P a s t e u r  
p ipe t tes .  Spec t r a  were r ecorded  on a V a r i a n  E-3 spect ro-  
m e t e r  equ ipped  w i t h  a v a r i a b l e  t e m p e r a t u r e  con t ro l  uni t .  
T e m p e r a t u r e  could  be  con t ro l l ed  w i t h i n  a 0.25~ range  
a n d  was measu red  w i t h  a p y r o m e t r i c  res is tor  (Brion-  
Paris) .  
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Fig. 2. Tempo spectral parameter B/A + B versus I /T for rod outer 
segment membranes. 5 mg of lyophilized material in 35 ~tl of Tempo 
solution 10 -8 M in Tris-HC1. 
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Fig. 3. Correlation time for spill label I (1.14) incorporated in rod outer 
segment membranes versus 1/T. 5 mg of lyophilized material in 
35 F1 of Tris-HC1 buffer. Label concentration 2 : 100 w/w. 

Results and discussion. Figure  1 shows r e p r e s e n t a t i v e  
E S R  spec t r a  of R O S  m e m b r a n e s  labe l led  w i t h  t h e  3 
d i f fe rent  labels.  The  f i rs t  s p e c t r u m  (a) was o b t a i n e d  w i t h  
Tempo.  I t  h a s  b e e n  shown  13 t h a t  such  molecule  p a r t i t i o n s  
be tween  aqueous  so lu t ion  a n d  t he  h y d r o p h o b i c  region of 
t he  m e m b r a n e .  A s e m i - q u a n t i t a t i v e  ana lys i s  of T e m p o  
p a r t i t i o n  b e t w e e n  t he  two  phases  can  be  o b t a i n e d  b y  
m e a s u r i n g  t he  so lub i l i ty  p a r a m e t e r  B / A + B  3~ The  
second s p e c t r u m  (b) cha rac te r i zes  R O S  label led  w i t h  
1(1.14). As t h e  n i t r o x i d e  group  is loca ted  close to  t he  
apo la r  end  of t h e  f a t t y  acid molecule,  t he  label  m o t i o n  is 
v i r t u a l l y  i so t ropic  and  c o n s e q u e n t l y  a cor re la t ion  t i m e  
can  be m e a s u r e d  b y  us ing  t he  well  k n o w n  formula31: 

[1/Z_l/Z] 3o = 6.82 • lo-lo,xWo L y h _ l  V h + l J  

where  A Wo is t he  w i d t h  of t h e  cen t r a l  p e a k  in gauss whi le  
h+l" ho a n d  h_ 1 are r e spec t ive ly  t h e  he igh t s  of t he  low, 
midd le  a n d  h i g h  field lines. The  t h i r d  s p e c t r u m  (c) 
descr ibes  t he  an i so t rop ic  m o t i o n  of label  I(12.3) a r o u n d  
t h e  l ong i t ud ina l  molecu la r  axis. A n  order  p a r a m e t e r  S ha s  
been  i n t r o d u c e d  to  measu re  t h e  a m p l i t u d e  of t h e  c h a i n  
f lex ib i l i ty  33, ~.  

T,, - -  T •  
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Tz~ -- Txx 

The  s e p a r a t i o n  b e t w e e n  t h e  two  ou te r  and  t he  two i n n e r  
hype r f ine  e x t r e m a  of t h e  spec t ra  cor responds  respec t ive ly  
to 2T,, a n d  2 T •  On  t h e  o t h e r  h a n d ,  2Tz, (61.6 gauss) a n d  
2T~x (11.6 gauss) r ep re sen t  t h e  m a x i m u m  a n d  m i n i m u m  
hype r f i ne  sp l i t t i ngs  a n d  can  be  der ived  f rom c rys t a l  
ana lys i s  23. 

F igure  2 shows a n  A r r h e n i u s  p lo t  of B /A  + B ove r  a 
large t e m p e r a t u r e  r ange  (5-70 ~ Three  smal l  b r e a k s  are 
a p p a r e n t  a t  17~ + 2~ 33~ 4, 2~ and  60~ 4. 2~ 
respect ively .  The  change  in slope obse rved  a t  h igh  t e m -  
p e r a t u r e  occurs  s i m u l t a n e o u s l y  w i t h  t h e r m a l  rhodops in  
d e n a t u r a t i o n  ~. 

The  two b r e a k s  obse rved  w i t h  T e m p o  below the  
t e m p e r a t u r e  of r h o d o p s i n  d e n a t u r a t i o n  were r e inves t iga t -  
ed us ing  f a t t y  acid spin  labels.  F igure  3 re la tes  to  p robe  
1(1.14) a n d  gives a p lo t  of t he  cor re la t ion  t ime  zd versus  
1/T. Two changes  in slope are c lear ly  vis ible  a t  16~ 4. 
2~ and  34~ 4. 2~ Fo r  labe l  I(12.3), S was p lo t t ed  as a 
func t ion  of l I T  (Figure  4). A l t h o u g h  t he  b reaks  are  less 
p r o n o u n c e d  ill t h i s  l a t t e r  case, t h e y  seem to occur  a b o u t  
a t  t he  same  t e m p e r a t u r e  as w i t h  t he  two o the r  labels.  

The  se t  of resul t s  p r e sen t ed  above  es t ab l i sh  un-  
a m b i g u o u s l y  t he  presence  of t h r ee  specific t h e r m o t r o p i c  
modi f i ca t ions  in  R O S  m e m b r a n e s  a t  16~ 4- 2~ 
34~ 4- 2~ a n d  60~ 4, 2~ A t  t he  p r e sen t  t ime,  i t  is 
di f f icul t  to  descr ibe  t he  or igin of these  modi f ica t ions  a t  a 
molecula r  level. The  t r a n s i t i o n  occur• a t  34~ m a y  
revea l  a mod i f i ca t ion  in t h e  l ip id -pro te in  in te rac t ion .  
W e  obse rved  t h a t  the chemica l  r e d u c t i o n  of T e m p o  in 
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R O S  m e m b r a n e s  involves  main ly  the  m e m b r a n e  pro te ins  25 
and t h a t  the  ac t iva t ion  energy  re la t ing to  th is  react ion 
undergoes  a dras t ic  change  a round  30 ~ 2~. 

W h a t e v e r  the  molecular  origin of the  var ious  t ransi -  
t ions  may  be, t h e y  indicate  unques t ionab ly  the  presence  
of an he terogeneous  s t ruc ture  in ROS. If a l iquid semi- 
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Fig. 4. Order paralneter for spin label I (12.3) incorporated in rod 
outer segment membranes versus lIT. 5 mg of lyophilized material 
in 35 ~1 of Tris-HC1 buffer. Label concentration 2 : 100 w/w. 

crys ta l l ine  equi l ibr ium exists  in ROS membranes ,  it  could 
be modif ied  under  l ight  influence since the  m e m b r a n e  
f lu idi ty  increases af ter  i l luminat ion 27, 28. 

Rdsumd. La techn ique  du marquage  par  spin est  
utilis6e pour  6tudier l ' inhomog6n6i t6  de la d i s t r ibu t ion  
des l ipides dans  les m e m b r a n e s  des segments  ex te rnes  des 
b~tonnets .  Cette  6rude r6v~le la pr6sence de trois  t rans i -  
t ions r e spec t ivemen t  ~ 16 ~ 34 ~ et  60~ La t r ans i t ion  

34~ t r adu i t  v ra i s semblab lemen t  une modif ica t ion  de 
l ' in te rac t ion  ent re  les l ipides et la rhodopsine.  
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Effec t  of  W a t e r  T e m p e r a t u r e  on  t h e  P r e d a t o r y  E f f i c i e n c y  of  Gambusia affinis 

Preda t ion  of mosqui to  larvae by  the  fish Gambusia 
a//inis has so far been s tudied  wi th  reference to the  
influence of several  biot ic  factors  concerning e i ther  the  
prey  or the  p reda to r  1, 2. The occurrence,  d i s t r ibu t ion  and 
success of aquat ic  p reda to r s  may  also be largely d e p e n d e n t  
on the  physico-chemical  condi t ions  operat ive  in na tura l  
waters  3. The phys ico-chemica l  complex  of f reshwater  
bodies where mosqui toes  breed are known to f luc tuate  
f rom t ime to t ime  4. MAGLIO and  ROSV;N 5 observed t h a t  
the  feeding behaviour  of G. af/inis was a direct  response 
to the water  t empera ture .  A deeper  knowledge on the  
effect  of water  t e m p e r a t u r e  inf luencing the  p r eda to ry  
efficiency of G. a/[inis would give an insight  into the  
regula tory  control  mechan i sm of several  mosqui to  popu-  
la t ions  by  th is  predator .  

Materials and methods. A B.O.1). incubator ,  wi th  
a r r angemen t s  for i l luminat ion,  was used to n la in ta in  
cons t an t  t e m p e r a t u r e  of 20, 25 or 30 ~ I l lmnina t ion  was 
control led for 10 h per  day dur ing  the  exper imen ta l  
period.  Gambusia af/inis collected f rom field were grouped 
into male, non-ges ta t ing  female and ges ta t ing  female, 
depending  on the i r  sex and physiological  s tate.  5 indivi-  
duals  of similar body  size were t aken  f rom each group by  
r andom  choice for each exper iment .  The fish were placed 
in aquar ia  conta ining 1 1 aera ted  freshwater .  The fish were 
accl imated in these aquar ia  to the  respect ive  t e m p e r a t u r e  
for 3 days  prior  to  the  s t a r t  of the  exper iment .  The 
exper imenta l  food organisms,  consis t ing of 25 live 4th 
ins ta r  larvae of Culex fatigans, were in t roduced  into each 
of the  aquar ia  w i thou t  d i s tu rb ing  the  tes t  fish. The p rey  
was exposed to p reda t ion  for 10 h a day. Since the  exper-  
imen t s  were repea ted  on 3 successive days,  the  perfor-  
mance  of 5 individuals  yielded a to ta l  of 15 o b s e r v a t i o n s  
in each series. 

Results. On an average,  a non-ges ta t ing  female p reda t ed  
12 larvae in 10 h a t  20~ and its p r e d a t o r y  efficiency 
increased to a m a x i m u m  of 23 larvae wi th  increase in 
t e m p e r a t u r e  to 30~ (Table). Ges ta t ing  females  also 
increased the i r  p r eda to ry  efficiency f rom 16 larvae a t  
20~ to 24 larvae at  30~ The differences observed in 
the  p r eda to ry  efficiency at  the  3 selected t empe ra tu r e s  
for these  fish were s ta t is t ical ly  significant.  Male Gambusia 
af/inis p red a t ed  only 10.5 larvae a t  20~ while at  30~ 
the  fish p reda t ed  15 larvae.  The increase observed  in 
p r e d a t o r y  efficiency of male a t  25 ~ was no t  significant.  
Thus,  the  magn i tude  of reduc t ion  in p r eda to ry  efficiency 
depends  upon sex and physiological  s ta tus  of the  fish. 
Nonges ta t ing  and ges ta t ing  females  exhib i ted  increase in 
p r e d a t o r y  efficiency wi th  5 ~ rise in t empera tu re ,  while 
male d isplayed similar increase only when  there  was 10 ~ 
rise in t empera tu re .  Similar dependence  of p r e d a t o r y  
efficiency on sex and physiological  s ta te  of th is  fish was 
also observed when the  space p rov ided  per  fish was 
changed 6. 
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