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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. 
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r eo rgan iza t ion  %s. This  is a c c o m p a n i e d  b y  a decrease  in 
the  vo lume  of the  inner  m a t r i c a l  region and  a cor respond-  
ing increase  in t he  sizes of i n t r ac r i s t ae l  spaces 6,7 These  
s t r u c t u r a l  shif ts  are usua l ly  c lear ly  ev iden t  and  subs t an -  
t i a t e  a c o m m o n l y  accep ted  t w o - c o m p a r t m e n t  concep t  of 
mi tochondr i a .  

I n  our  s tudies  on t he  smal l  in t e s t ine  of t he  ra t ,  we h a v e  
n o t e d  a n  u n u s u a l  s t r u c t u r a l  modi f i ca t ion  in wh ich  only  a 
po r t i on  of the  m a t r i x  of a single m i t o c h o n d r i o n  undergoes  
condensa t ion .  This  resul t s  in  w h a t  m i g h t  be descr ibed  as 
a n  ' o r t hodox -condensed  hyb r id ' ,  in  wh ich  a p p r o x i m a t e l y  
one-hal f  of t he  m i t o c h o n d r i o n  r e t a in s  a loose ly-sca t te red  
fo rm of m a t r i x  t h a t  gives on ly  t h i s  region t he  more  t y p i ca l  
m i t o c h o n d r i a l  appea rance .  A l t h o u g h  such  m i t o c h o n d r i a  
seemingly  possess a c o n t i n u o u s  ou te r  c o m p a r t m e n t  then ,  
t h e y  a p p e a r  to  con t a in  two  d i s t inc t  inne r  c o m p a r t m e n t s .  
To t he  a u t h o r ' s  knowledge,  t h i s  t y p e  of organel le  has  n o t  
been  p rev ious ly  repor ted .  The  purpose  of t he  p r e s en t  
c o m m u n i c a t i o n  is to  record  th i s  morpholog ica l  p h e n o m -  
enon  and  discuss i ts  possible  origin and  significance.  

Materials and methods. Y o u n g  a d u l t  male  a lb ino  r a t s  
(150-250 g) were sacrif iced b y  a head  s tun  and  cervical  
dis locat ion.  Segmen t s  of t he  j e j u n u m  were r e m o v e d  
and  f ixed in cold (0-5~ 2% g l u t a r a l d e h y d e  (0.1 M 
sod ium cacody la te  or p h o s p h a t e  buffer ,  p H  7.2). Pos t  
f i xa t ion  was in p h o s p h a t e  buf fe red  1~ o s m i u m  t e t r o x i d e  
(pH 7.2). P r io r  to  f i xa t ion  some sample  segments  were 
i n c u b a t e d  a t  37.5~ in a modi f ied  Krebs  b i c a r b o n a t e  
R inge r  m e d i u m  w i t h  added  a m i n o  acids (1 mg/ml)  a n d / o r  
D-glucose. All t issue samples  were e m b e d d e d  in E p o n  812. 
Sect ions  were cu t  w i t h  d i a m o n d  kn ives  on  a P o r t e r - B l u m  
MT-2 U l t r amic ro tome .  E l ec t ron  microscope  obse rva t ions  
were m a d e  w i t h  e i the r  a S iemens  1A or a Zeiss E3/I 9S. 

Results and discussion. M i t o c h o n d r i a  exis t  and  func t ion  
ill a l ly  of 5 s t e a d y  s t a t e s  9. I t  h a s  a l r eady  been  es t ab l i shed  

t h a t  s t r u c t u r a l  changes  in o rgan iza t i on  of t h e  mi to -  
chondr i a l  i nne r  m e m b r a n e  s y s t e m  a n d  m a t r i x  are 
cha rac te r i s t i c s  wh ich  d i s t ingu i sh  t h e  func t ion ing  level or 
me tabo l i c  s t a t e  of d i f fe ren t  mi tochondr ia4 ,6 ,  L I t  is 
s t a t e  I I I  du r ing  wh ich  r e sp i r a t i on  is m a x i m u m  an d  the  
m i t o c h o n d r i a l  m a t r i x  is h igh ly  condensed  4, L A mi to -  
c h o n d r i o n  w i t h  a h igh  degree of condensed  m a t r i c a l  
m a t e r i a l  is i l l u s t r a t ed  in F igure  1. The  t issue for t he  
sample  was p a r t  of an  i n t e s t i na l  slice which  was i n c u b a t e d  
in a m i x t u r e  of a m i n o  acids w i t h  added  D-glucose for 
3 rain.  

Normal ly ,  D-glucose a d d i t i o n  as a s u b s t r a t e  p r e v e n t s  
K+ loss a n d  reduces  t h e  effect  on  t h e  morpho log ica l  
o rgan iza t ion  of i n t e s t i na l  ep i the l ia l  m i t o c h o n d r i a  caused  
b y  t h e  presence  of a m i n o  acids ~, 8. General ly ,  w i t h  glucose 
inc lus ion  in t h e  i n c u b a t i o n  m e d i u m  the  c r i s tae  of mi to -  
c h o n d r i a  of mucosa l  ep i the l ia l  cells r e m a i n  m o d e r a t e l y  
un i fo rm in a p p e a r a n c e  w i th  an  o r t h o d o x  t y p e  of organiza-  
t ion.  Occasional ly,  however ,  t h e  pa i red  m e m b r a n e s  of a 
s ingle cr is tael  profi le  will be found  to e x t e n d  t h e  full 
m i t o c h o n d r i a l  w i d t h  jo in ing  the  inne r  l imi t ing  m e m b r a n e s  
on  e i t he r  side (Figure  2). Such  a s t r u c t u r a l  p a t t e r n  
seeming ly  could resu l t  in a m i t o c h o n d r i o n  w i t h  two 
s t r u c t u r a l l y  d i s t i nc t  inne r  c o m p a r t m e n t s .  This  has  been  
found  to be  t h e  case in some ins t ances  as sugges ted  b y  t h e  
organel le  i l l u s t r a t ed  in F igure  3. Here,  i t  can  be  seen t h a t  
t h e  m a t r i c a l  regions of two  m a j o r  po r t i ons  of a single 
m i t o c h o n d r i a l  profi le  differ  cons ide rab ly  in t h e  degree of 
condensa t ion .  Areas  of d i s t i nc t  c o n d e n s a t i o n  differences  
are ev idenced  b y  t h e  s e p a r a t i o n  occur ing  f rom tile ex- 
t e n d e d  pa i red  cr is tae l  m e m b r a n e s .  F igure  3 also d e a r l y  
i l lus t ra tes  t h a t  the  m i t o c h o n d r i a l  side w i t h  g rea te r  
m a t r i x  c o n d e n s a t i o n  shows an  increase  in t h e  size of i ts  
ou te r  c o m p a r t m e n t  or i n t r ac r i s t ae l  spaces. Of the  more  
t h a n  300 m i t o c h o n d r i a  t a b u l a t e d  for t h e  p re sen t  repor t ,  
less t h a n  2~o was obse rved  to be  of th i s  ' o r t h o d o x -  
condensed  h y b r i d '  type .  The  or igin of such m i t o c h o n d r i a  
is be l ieved to come a b o u t  w h e n  a pa i r  of m e m b r a n e s  of the  
cr i s tae  e x t e n d  t h e  full m i t o c h o n d r i a l  d i a m e t e r  d iv id ing  
a single inne r  c o m p a r t m e n t  in to  two  m a j o r  m a t r i c a l  
regions (as shown in F igure  2). T h e  2 regions are t h e n  
e v i d e n t l y  capab le  of ex i s t ing  in s epa ra t e  me tabo l i c  
s ta tes ,  as i nd ica t ed  b y  the  dif ference in m a t r i x  condensa-  
t i on  a n d  inne r  m e m b r a n e  con fo rma t ion .  This  is t h o u g h t  
to  be  due  to  an  a s y n c h r o n y  of t h e  o x i d a t i v e  processes 
w i t h i n  t h e  d i f fe ren t  regions of t h e  mi t o ch o n d r i o n .  

Zusammen[assung. E l e k t r o n e n m i k r o s k o p i s c h e  Beob-  
a c h t u n g e n  zeigen, dass  die I n n e n m e m b r a n  der  Mito-  
chondr i en  y o n  Ep i the l ze l l en  des D a r m s  i n v ag i n i e r en  
u n d  die I n n e n a b t e i l u n g  in zwei E i n h e i t e n  te i len  kann ,  jede 
m i t  e inem un t e r s ch i ed l i chen  Grad  y o n  M a t r i x v e r d i c h t u n g .  
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Fig. 3. Mitochondrion from a tissue sample similar to and treated as 
that for Figure 2. Observe variation in condensation of matrix and 
division of inner compartment (arrow). It is clear that the region of 
high matricai condensation also demonstrates enlargements of 
intraeristael spaces. It  is believed that the 2 sides are in different 
functional states. Dense osmiophylic granular structures are also 
present in the matrix region, as in other figures. • 50,000. 
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