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P h o t o  C o n t r a c t i o n  of U n s a t u r a t e d  M o n o l a y e r s  at  

A l t h o u g h  mono laye r s  of long-cha in  f a t t y  acids const i -  
t u t e  one of t h e  f avou red  sys t ems  for s tud ies  b y  t he  
L a n g m u i r  t r o u g h  t e c h n i q u e  ~, l i t t l e  is k n o w n  a b o u t  
s p o n t a n e o u s  changes  in  compressed  f a t t y  acid fi lms. 
H o w e v e r  changes  in r edox  p o t e n t i a l s  in  emuls ions  of 2 
oleic acid exposed  to  U V - l i g h t  h a v e  been  repor ted .  W e  
h a v e  e x a m i n e d  3 for some years  t he  p rope r t i e s  of mono-  
layers  a t  t he  gas / l iqu id  in terface .  D u r i n g  a n  i n v e s t i g a t i o n  
of t h e  effects of r a d i a t i o n  on  mono laye r s  of oleic acid, we 
h a v e  obse rved  t h a t  t he  f i lms c o n t r a c t e d  in a series of 
a l t e r n a t i n g  slow a n d  fas t  steps.  F u r t h e r  e x p e r i m e n t s  
showed  t h a t  t he  overa l l  r a t e  of c o n t r a c t i o n  was r e l a t ed  
to  t h e  i n t e n s i t y  of a m b i e n t  l ight .  Since t he  process  m i g h t  
be  affected b y  t h e  phys i ca l  s t a t e  of the  monolayers ,  
Similar s tud ies  were m a d e  w i t h  elaidic acid, the  trans 
i somer  of t he  cis-octadecenoic (oleic) acid. Because  of i ts  
r e la t ive ly  s t r a i g h t  c a r b o n  skeleton,  elaidic acid exh ib i t s  
condensed  ' l iqu id '  f i lm proper t ies ,  in  c o n t r a s t  to  t h e  
' l iqu id  e x p a n d e d '  f i tms of oleic acid ~. Our  resu l t s  show 
t h a t  cons iderab le  care  should  be  t a k e n  to  exclude  l igh t  if 
d e g r a d a t i v e  changes  in u n s a t u r a t e d  mono laye r s  are to  be 
min imized .  

Materials asd  methods. Solut ions  c o n t a i n i n g  1 m g / m l  
of oleic or  e laidic  acid ( >  99% pure,  Appl ied  Science 
L a b o r a t o r y ,  S t a t e  Coll., Pa. ,  USA)  were m a d e  up  in  
p e t r o l e u m  e the r  a n d  kep t  in  comple te  darkness .  A 
' H y d r o p h i l '  ba l ance  (Cenco S.A., F r ibourg ,  Swi tzer land)  
was enclosed in a box  wh ich  e l i m i n a t e d  l igh t  b u t  a l lowed 
free exchange  w i t h  the  a tmosphe re .  I t  h a d  a s ens i t i v i t y  of 
0.15-0.20 dynes /cm.  The  ba l ance  was modi f ied  so t h a t  t h e  
pos i t ion  of t h e  f loa t ing  a n d  m o v e a b l e  ba r r i e r s  could be  
r ead  in t he  dark.  I n  th i s  way,  c o n s t a n t  pressure  could be  
m a i n t a i n e d  on  t he  m o n o l a y e r  w i t h o u t  d i s t u r b i n g  t he  
l igh t  shield.  The  ba l ance  t r o u g h  was filled w i t h  deionized 
w a t e r  a t  19-21~ All e x p e r i m e n t s  were m a d e  ill a n  
a t m o s p h e r e  of air.  P resence  of dus t  was  checked  b y  t e s t i n g  
t he  s t ab i l i t y  of a f ihn  of behen ic  a lcohol  a t  11 dynes /cm.  
Over  a 2-h- pe r iod  t he  p ressure  increased  b y  on ly  10% a n d  
was g rea t ly  r educed  aga in  b y  t he  use of t he  dus t  box.  

Oleic a n d  elaidic acid f i lms were sp read  f rom a n  Agla  
microsyr inge ,  us ing  0.056 to 0.072 ml  of so lu t ion  wh ich  
covered  a b o u t  45 x 14 cm 2 of t he  w a t e r  surface  a t  zero 
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Contraction of monolayers of oleie (I) and elaidic acid (II) under 
fluorescent light and in the dark (III and IV). 
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pressure .  Af te r  1 ra in  equ i l ib ra t ion ,  t he  f i lms were 
compressed  to t he  r equ i red  pressure ,  wh ich  was ma in -  
r a ined  b y  m o v e m e n t  of t he  ba r r i e r  eve ry  0.5 to  2 min,  
d e p e n d i n g  on  t h e  r a t e  of change  of f i lm pressure .  The  
m a x i m u m  d e v i a t i o n  f rom t h e  chosen  equ i l i b r ium pressure  
was less t h a n  1 dyne/era .  Most  e x p e r i m e n t s  were p e r f o r m e d  
a t  a c o n s t a n t  p ressure  of 11 dyne /cm.  R a t e s  of f i lm 
c o n t r a c t i o n  Were m e a s u r e d  in da rkness  or aga in  on  a new 
m o n o l a y e r  u n d e r  a m e r c u r y  v a p o u r  f luorescen t  l ight .  
M a n y  o the r  e x p e r i m e n t s  were pe r fo rmed  in t he  open  
d a r k e n e d  l a b o r a t o r y  w i t h o u t  t he  dus t  cover  a n d  y ie lded 
s imi la r  resul ts .  Also o the r  e x p e r i m e n t s  w i t h  a g rea t ly  
r educed  i n t e n s i t y  l igh t  source y ie lded a n luch  r educed  
r a t e  of c o n t r a c t i o n  ot t h e  film. 

E x p e r i m e n t a l  resu l t s  are s u m m a r i z e d  in t he  Figure.  
Presence  of l igh t  caused  a r ap id  c o n t r a c t i o n  of b o t h  oleic 
a n d  elaidic acid monolayers .  The  overa l l  r a t e  of c h a n g e  
was fas te r  for  t he  former,  b u t  for each  compound ,  t h e  
c o n t r a c t i o n  was  m a d e  up  of a series of a l t e r n a t i n g  fas t  
a n d  slow steps.  B e h a v i o u r  in  absence  of l igh t  was a l m o s t  
iden t i ca l  for b o t h  acids, excep t  for a r ap id  in i t i a l  con-  
t r a c t i o n  of t he  oleic mono layer .  P resence  of l igh t  increased  
t h e  ave rage  d a r k  c o n t r a c t i o n  r a t e  b y  a f ac to r  of 30 to  
40. A t  h igher  pressures ,  t he  c o n t r a c t i o n  was r educed  for 
both compounds .  

I t  is c lear  t h a t  even  t h e  r e l a t i ve ly  weak  f luorescen t  
l igh t  emp loyed  was a powerfu l  c a t a l y s t  for t he  phys i ca l  
c o n t r a c t i o n  of t h e  films. Also, t he  r a t e  of f i lm c o n t r a c t i o n  
m a y  be a func t i on  of the  s t a t e  of t he  f ihn,  s ince t h e  more  
condensed  elaidic acid mono laye r s  col lapsed a t  a s lower 
ra te .  The  a rea  c h a n g e  is p r o b a b l y  caused  b y  t he  au tox ida -  
t i on  of t he  acids. Fo r  oleic acid, a u t o x i d a t i o n  in b u l k  a n d  
in t h i n  f i lms has  been  s h o w n  to  lead f i rs t  to  t h e  f o r m a t i o n  
of hydroperox ides ,  fol lowed b y  the i r  sp l i t t i ng  and  de- 
g rada t ion ,  a n d  t h e n  b y  f u r t h e r  s econda ry  a u t o x i d a t i o n  of 
p r o d u c t s  5. A m o n g  t he  f inal  p r o d u c t s  iden t i f i ed  were 
s a t u r a t e d  C-6 to  C-12 a ldehydes ,  t o g e t h e r  w i t h  formic,  
acet ic ,  b u t y r i c  a n d  propionic  acids.  All  these  are  so luble  in  
w a t e r  a n d  some are vola t i le .  

To exp la in  t h e  occur rence  of slow a n d  fas t  s teps  in  
m o n o l a y e r  con t r ac t i on ,  we p o s t u l a t e  t h a t  in  t he  slow 
s teps  pe rox ides  are fo rmed  in  t h e  we l l - documen ted  cha in  
m e c h a n i s m  for olefin o x i d a t i o n  ~. Th i s  causes  e x p a n s i o n  of 
t h e  monolayer ,  b u t  t h e  pe rox ides  b r e a k  d o w n  con t inu -  
ously  to  soluble  and  vola t i le  der iva t ives ,  wh ich  s lowly 
leave  t h e  f i lm caus ing  a ne t  g r adua l  con t r ac t i on .  The  fas t  
s teps  occur  w h e n  suff ic ient  b r e a k d o w n  p r o d u c t s  a c c u m u -  
la te  in  t h e  surface  to  i n t e r r u p t  t h e  r e a c t i o n  chains .  
F u r t h e r  o x i d a t i o n  c a n n o t  t h e n  proceed  r ap id ly  u n t i l  t h e  
c h a i n b r e a k i n g  molecules  leave  t he  film, w h e n  once aga in  
t he  c o n t r a c t i o n  is s lowed b y  p r o d u c t i o n  of fresh peroxides .  
I n  s tud ies  of t h e  ox ida t i ve  c o n t r a c t i o n  of l inoleic acid 
monolayers ,  PORTXR et  al. ~ no t i ced  a s t e a d y  c o n t r a c t i o n  
b u t  d id  no t  obse rve  t he  f ine de ta i l s  of t he  change  because  
f i lm areas  were m e a s u r e d  eve ry  10 ra in  only.  Linole ic  acid 
f i lms would  be expec ted  to  col lapse more  qu ick ly  t h a n  

1 N. K. ADAM, The Physics and Chemistry o] Sur]aces (Oxford 
Univers i ty  Press, Oxford 1941). 

2 D. S. VAN FLEET, B iodynamica  5, 297 (1945). 
3 j .  G. HAWKE and I. WHITE, .[. phys.  Chem. 7d, 2788 (1970). 
4 j .  T. DAVIES and E. K. RIDEAL, Inter]acial Phenomena (Academic 

Press, New York 1966), chap te r  5. 
5 M. LOURY, C. r. Acad. Sci., Par is  255, 2458 (1962). 
s j .  L. BOLLAND, Q. Rev. chem. Soc. 3, 1 (1949). 

W. L. PORTER, A. S. HENICK and  M. CLIFFORD, J.  Am. Oil 
Chemists  Soc. d4, 185 (1967). 



15.1. 1975 Specialia 35 

oleic or elaidic monolayers  and  would need cont inuous  
moni to r ing  for the  de tec t ion  of s h o r t - t e r m  changes.  

The slower pho to - con t r ac t i on  of elaidic acid f i lms 
m a y  be due to  the i r  d i f fe rent  s t ruc tu re  or to  t he  lower 
ox ida t ion  ra te  of the  trans-isomer 8. The rap id  ini t ial  
con t rac t ion  of oleic acid films, even in the  d a r k ,  is due 
to dissolut ion of ox ida t ion  p roduc t s  p resen t  in the  bulk  
phase.  The slow con t rac t ion  in the  absence of l ight  
indica tes  t h a t  t h e r m a l  ox ida t ion  and b r e a k d o w n  of 
mono laye r  molecules also occurs. 

fi ihrt ,  yon e inem K e t t e n a b b r u c h  gefolgt  wird, den die aus 
dem Spal tungsprozess  gebi ldeten kleinen Molekiile 
bewirken.  
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Zusammenfassung. Nachweis ,  dass  die P h o t o k o n t r a k -  
t ion  yon  cis- n n d  trans-Isomeren der  9-Oktadecens~iure, 
als monomoleku la re  Schicht  auf einer  Luf t /Wasse r -  
Oberfl~che ausgebre i te t ,  s tufenweise  erfolgt.  Daraus  wird 
geschlossen,  dass  der  Ke t t enb i ldungsp rozes s  der  Selbst-  
oxidat ion ,  der  zur Vergr6sserung Oberfl~che/Molekiil  
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Mitochondrial Morphological Changes in Mucosal Epithelial Cells 

Morphological  and b iochemica lev idence  has cons i s ten t ly  
shown t h a t  t he  m a t r i x  conta in ing  regions of mi tochondr i a  
are su r rounded  by  a r a the r  complex  sy s t em of mem-  
branes  l-v. The complex i ty  is due to  or is largely associated 
wi th  the  funct ions  of the  cristae.  These m e m b r a n o u s  
invagina t ions  conta in  mi tochondr ia l  cons t i tuen t s  which  
are essent ial  in ox ida t ive  processes and energy  con- 
s e r v a t i o n  Cellular energy  d e m a n d s  can cause rapid  
changes  in mi tochondr ia l  respi ra t ion  rates,  nucleot ide  and 
ion d is t r ibut ion ,  enzyme activi t ies,  and  subs t r a t e  levels. 
Such no ted  metabol ic  and  chemical  a l te ra t ions  f r equen t ly  
are ind ica ted  by  conformat iona l  changes  in the  s t ruc tu re  
of the  mi tochondr i a  s. Dur ing  h igh  ra tes  of coupled 

resp i ra t ion  the  ma t r i x  of mi tochondr i a  becomes  grea t ly  
condensed  and the  inner  m e m b r a n e  s y s t em undergoes  
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Fig. 1. A condensed mitochondrion in the nuclear region of a mucosal 
epithelial cell of the rat jejunum after 3 rain incubation in a mixture 
of amino acids (1 mg/ml) with added D-glucose (28 mM). Note slight 
mid-region constriction (arrow) suggestive of mitochondrial division. 
Compare with Figures 2 and 3. • 60,000. 

Fig. 2. A portion of the nuclear region of a mucosal epithelial cell in 
which paired cristael membranes of an orthodox-appearing mito- 
chondrion extends from one side to the other where they join the 
inner membrane (arrow). The sample is from an intestinal slice 
incubated in 28 InM D-glucose for 30 see. • 50,000. 


