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~ ~ s  ~IT ~ ~ d r i a l  preparations f rom the small-intestlnal 
mucosa of the ~uinea-pi~ 

I . i t t t e : i s i . k ~ n ; ~ a ~ m v  the  ox ida t ive  processes of mi tochondr ia l  p repa ra t ions  from the  
mucosa  o f  rfltv ~nall] in tes t ine .  Succ ina te  oxidase  a c t i v i t y  has  been de t e rmined  in 
mitochond$idI  l ~ a r a t i 0 n s  from the  mucosa  of a few ve r t eb ra t e s  ~.-* a n d  the  low 
ac t i v i t y  ~in r~iu~,_e f i ~ m . t h e  ra t  is t h o u g h t  to be due  to inhib i t ion  b v the  long-chain 
f a t t y  a c i t i . ~ w r r t i n ~ t i i e  p r epa ra t i on  1, a. Ox ida t ive  phosphoD-la t ion  by  mi tochondr ia l  
preparatior~s ffrlma t~ie smal t - in tes t ina l  mucosa  of the  gu inea-p ig  has  been descr ibed 
briefly 1. w i - t i l~h~f l io~ ; Ja t ion  quo t i en t s  (P/O ratios) of o.98 a n d  3-I5. us ing  succ ina te  
a n d  , , -ke t t~ lma-a t t t ;  respectively' ,  as subs t ra tes .  D u r i n g  an inves t iga t ion  of the  me- 
tabolism. 0ft~ilvrmu,.osa: {ff the  smalI  in t e s t ine  ~, s u b s t r a t e  ox ida t ions  a n d  ester i f icat ion 
~,f inorganic  f f i t~r i ia t -e  bxT p repa ra t i ons  from the  gu inea-p ig  in t e s t ine  were  e x a m i n e d  
and  are  d~e-kli~Ein~rnore deta i l  in th is  paper ,  t oge the r  wi th  some fu r the r  observa t ions .  

Smal l  i irct~iaec~-frnm 2 gulnea-p igs  were  washed  out  by  i r r iga t ion  w i th  cold 
i.~olation:mettixma.'l]tie ~mucosa was ob t a ined  by  placing segmen t s  of t h e  smal l  in tes t ine  
, m a coldgla~i~thr t~ .an~ sc rap ing  wi th  a wooden spa tu la .  The  mucosa l  sc rap ings  were 
d i s rup t ed  :at ,,,:: im aL loosely f i t t ing P o t t e r - E l v e j h e m  homogen i se r  (55 ° r ev . /min ;  
z2 stroke.~x~O:mvl~dbwn~in 3 min) in 7 ° ml  of 0. 3 M sucrose con t a in ing  2 mM E D T A  
a n d  en~,agh~(:(0~.~tt~ ~give a final p H  of 7.4. The  final vo lume was  m a d e  u p  to  2oo ml. 
Mucus w-,~s [prtefi~.'Pat~cY. by  the  add i t ion  of I ml of a t o  % BaSOs  suspens ion  (con- 
raining, :~ % ~N~_~0k}, tt~ too ml of t he  h o m o g e n a t e  s. The  h o m o g e n a t e  was  s t i r red  
for 3 ra in  .anti tfltm~ ~entr i fuged a t  15 0oo g. min  to  sed iment  mucous  mate r ia l ,  cell 
debri.-:, anttmmttdi. ' l]tie mi tochondr i a l  f rac t ion  was  s ed imen ted  f rom t h e  s u p e r n a t a n t  
a t  i2ooo{~.~mim :md] :~uspended in the  isolat ion m e d i u m  (8 - I2  mg /ml  prote in) .  

Mea.~trremeavs-{ff~ o.,ddation and  phospho ry l a t i on  were  m a d e  as  ind ica ted  in the  
legends..~lit~0t[i~md~al~swelling was a s sayed  as descr ibed by  LEHXlXGER ~. 

M i t o ~ h o n H - ~ d l l ~ p a r a t i o n s  from the  mucosa  of the  small  i n t e s t ine  of t h e  guinea-  
pig rap i f l ty  , o ~ i ~  ~i trate ,  ~ -ke tog lu ta ra te ,  succinate ,  g l u t a m a t e ,  p y r u v a t e ,  a n d  
fumara-te ~se~-"lZfi-tih I~.~ wi th  the  s imu l t aneous  es ter i f ica t ion of inorganic  p h o s p h a t e  
(see TabteI][I).TIIte~x-id~tion of c i t r a t e  was  l inear  for a t  least  I h. T h e r e  was  a f u m a r a t e -  
sparked .oXi t t~6mo~t ]xTax 'a te  t h o u g h  the  r a t e  of ox ida t ion  was  m u c h  less t h a n  t h a t  
wi th  sucd ina-t~, ~rr a i f ra te  as  subs t ra te .  The  mi tochondr i a l  p r e p a r a t i o n s  also showed  
respirat~r~y, ~on-mExvtiea~ :t-he ra te  of ox ida t ion  of c i t r a t e  a n d  of succ ina te  was  m e a s u r e d  
in t he lp re s~m~.~nEabsence  of an A D P - g e n e r a t i n g  sys t em (see Tab le  I I ) .  

T h o u g h  ~g~0,,tl l~:,O', ra t ios  were  ob ta ined ,  t he re  were  ind ica t ions  t h a t  the  mito-  
chondria',~am~%onta~-liat: damaged .  Fi rs t ,  t he  ox ida t ions  were  s t rong ly  d e p e n d e n t  on 
t he  addit~on,C/f~.xxt~t-~ix~me c. Secondly,  a d d e d  N A D H  was  oxidised a t  a r e l a t ive ly  
hi~n :xa-te. "'?E\~'t~naE" N~ADH is t h o u g h t  to be oxidised on ly  by  pa r t i a l ly  d a m a g e d  
mitoch~miif,  fil []mommti0ns ~: Thi rd ly ,  m i tochondr i a l  swell ing could not  be induced  
by  t h e  a t t t t t t i ,m ~ f f f f a ~  or  p h o s p h a t e  ions us ing condi t ions  which  caused  a m a r k e d  
swelling, 0fmii t ,~t iumt~al  p r e p a r a t i o n s  f rom ra t  liver. 

~ ~ r m t ]  ~ concen t r a t i ons  of TO -n M only  pa r t i a l ly  uncoup led  ox ida t ive  
p h o s p h o ~ t a / _ i m ~ h g z f i a m a r a t e  as subs t r a t e .  F u r t h e r m o r e .  d in i t ropheno l  a t  concen-  
~ r a t i o n s ~ ~  mrs- 'and! io  -~ M did no t  increase  the  A T P a s e  a c t i v i t y  of in t e s t ina l  
m i t o c h o n i ~ d l  t ] ~ l ~ r a t i 0 n s  assayed  accord ing  to  KXELL~'~. 
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T A B L E  I 

O X I D A T I O N  OF  T R I C A R B O X Y L I C  A C I D  C Y C L E  I N T E R M E D I A T E S  

(~xygen  u p t a k e  was  e s t i m a t e d  bv  t h e  W a r b u r g  t e c h n i q u e .  T h e  i n c u b a t i o n  m e d i u m  was  s i m i l a r  
to  t h a t  d e s c r i b e d  b y  AT DR[DGE ~ a n d  each  flask c o n t a i n e d  t~moIes ( c o m p l e t e  s y s t e m ) :  suc rose  
(144/~moles) ,  E D T A  (z /~moles), .-~IgS~ )4 (3 z t tm° le s ) ,  g l y c y i g l y c i n e  (40/~moles) ,  KC1 ( I84 /~moles ) ,  
K H z P O a  (45 t~moles),  A M P  (3 l ,moles ) .  A T I '  (3 t~moles), g lucose  (50 Hmoles) ,  h o r s e - h e a r t  e)~to - 
c h r o m e  c (o.5 mg) ,  b o v i n e  s e r u m  a l b u m i n  (2. 5 rag), a n d  S i g m a  t ~ p e  I I I  h e x o k i n a s e  (2.0 rag) in 
a f inal  v o l u m e  of "-5 ml.  p H  7.o. 3 - 6  m g  of m i t o c h o n d r i a l  p r o t e i n  were  used  p e r  flask. T h e  sub-  
s t r a t e s  w e r e  a d d e d  as i n d i c a t e d  in t h e  tab le ,  For t i f i ed  c o m p l e t e  s y s t e m  re fe rs  to  ~ m e d i u m  wh ich  
c o n t a i n e d  in a d d i t i o n  to  t h e  s u b s t a n c e s  l i s ted  a b o v e  N A D  + ([ /~mole),  N A D P  + (0.2 tzmole) ,  a n d  
C o A S H  ( t p m o l e )  p e r  f lask.  T h e  f lasks w e r e  i n c u b a t e d  a t  37 ~ a n d  t h e  gas  p h a s e  was  air. M e a s u r e -  
mer i t s  w e r e  s t a r t e d  7 ra in  a f t e r  e q u i l i b r a t i o n .  T h e  Qou is e x p r e s s e d  as  ItI O~ p e r  m g  p r o t e i n  p e r  h~ 

Substrates l,mol.'s added Add i t i o t s  ~2 0 ~ 

N o n e  ...... C o m p l e t e  s y s t e m  4.5 

S u e c i n a t e  5 ° C o m p l e t e  s y s t e m  r t 4.o 
S u c c i n a t e  5 ° C y t o c h r o m e  c o m i t t e d  8.o 

C i t r a t e  50 C o m p l e t e  s y s t e m  ,~o.o 
C i t r a t e  5o For t i f i ed  c o m p l e t e  s y s t e m  Q5.o 
C i t r a t e  5 ° C v t o c h r o m e  c o m i t t e d  31.o 

ac- K e t o g l u t a r a t L  50 
~ - K e t o g l u t a r a t e  50 

G l u t a m a t e  50 
G l u t a m a t e  50 

P y r u v a t e  45 
P y r u v a t e  + I u m a r a t c  45 + 
F u m a r a t e  5 

N A D H  to 

C o m p l e t e  s y s t e m  60.0 
For t i f ied  c o m p l e t e  s y s t e m  70.o 

C o m p l e t e  s y s t e m  06.0 
C y t o c h r o m e  c o m i t t e d  z7 .o  

C o m p l e t e  s y s t e m  5.6 
C o m p l e t e  s y s t e m  58.o 
C o m p l e t e  s y s t e m  38.0 

C o m p l e t e  s y s t e m  .1.5.o 

T A B L E  l I  

O X I D A T I V E  P H O S P H O R Y L A T I O N  A N D  R E S P I R A T O R Y  C O N T R O L  

T h e  a s s a y  s y s t e m  was  t h a t  d e s c r i b e d  in T a b l e  I. P i e  r a t io s  ",-,'ere d e t e r m i n e d  us ing  t w o  flasks. 
T h e  r a t e  of u p t a k e  of i n o r g a n i c  p h o s p h a t e  was  m e a s u r e d  b y  e s t i m a t i n g  t h e  p h o s p h a t e  c o n c e n -  
t r a t i o n  in t h e  f i rs t  f lask  a t  o rain,  a n d  in the  s e c o n d  a t  zo o r  3 ° m i n  a f t e r  e q u i l i b r a t i o n .  R e s p i r a t o r y  
c o n t r o l  w a s  d e t e r m i n e d  b y  e s t i m a t i n g  t h e  r a t e  of o x y g e n  u p t a k e  in t w o  f lasks in t h e  presenct"  

a n d  in t h e  a b s e n c e  of  t h e  A D P - g e n e r a t i n g  s y s t e m  (glucose  a n d  h e x o k i n a s e ) ,  r e s p e c t i v e l y .  

Nubstrate P/O ratio R~spiratory- 
collt¥ol ratio 

S u c c i n a t e  [ .4 I. 3 
C i t r a t e  2 . 6  z . 8  
C i t r a t e  ~ 2 .  i - 
~- K e t o g l u t a r a t  e 2.2 --J 

" F o r t i f i e d  c o m p l e t e  s y s t e m  (see T a b l e  I). 

The oxidation of a variety of substrates and the good P/O ratios obtained ~ h  
mitochondrial preparations from guinea-pig small-intestinal mucosa are in contrast 
to the inability of preparations from some other species to oxidise substrates c~hcr 
than succinate and to esterify inorganic phosphate 2. Since the method of prepargtion, 

Biochim. Biophys. Acta, 69 (I963) 4 0 3 - 4 o 5  



SHORT COMMUNICATIONS 405 

including the  BaSO 4 t r e a t m e n t ,  was the  same in all species, i t  seems unl ikely  t h a t  
the  mi tochondr ia  were a l te red  by the  addi t ion  of BaSO 4 to the  homogenate .  F u r t h e r -  
more, ra t - l iver -mi tochondr ia l  p repara t ions  so t r ea t ed  had  an un impa i red  capac i ty  
for oxidat ive  phosphoD, la t ion a n d  for swelling. O the r  factors,  apa r t  from the  presence 
or absence of long-chain f a t t y  acids, m a y  be impor tan t .  For  example,  au to ly t ic  
des t ruc t ion  and  in pa r t i cu la r  l ipolytic action,  t h o u g h  minimised by  rapid  p repa ra t ion  
and  low t e m p e r a t u r e s  prior  to incuba t ion ,  m a y  be a decisive factor  and  m a y  be higher  
in some species t h a n  in others.  Also the  re la t ive  a m o u n t  and  type  of bile acids present  
in the  p repa ra t ion  m a y  be an i m p o r t a n t  factor. 
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Phosphorus levels of normal  and condit ioned tobacco callus tissue 

When  h igher -p lant  t issues are first isolated it is found t h a t  t h e y  possess an  absolu te  
requ i rement  for auxin  and  a cell-division factor  for con t inued  g rowth  in cul ture .  
Some of these t issues when grown for somet ime in a cu l tu re  m e d i u m  conta in ing  an 
aux in  such as indoleacet ic  or nap tha leneace t i c  acid develop the  capac i t y  to grow 
indefini tely in an  auxin-free  med ium *-a. These t issues have  been  t e rmed  h a b i t u a t e d  
or condit ioned.  In  an  effort to  character ize  this  type  of aux in - independen t  g rowth  
phosphorus  compounds  in normal  and  condi t ioned t issues were  inves t igated .  

Condi t ioned callus t issue of Nicotiana tabacum var.  Whi t e  Bur ley  was  subcu l tu red  
on a modified MOREL'S m.edium 4 conta in ing  o.5 g Ca(NOa)~, 0.5 g KH2PO4, o.125 g 
KNO a, o.xz5 g MgSO 4, 2o g glucose, o. 5 ml Ber tho le t ' s  solution,  Io  mg cyste ine  
hydrochloride,  I m g  aneur ine  and  5 g of agar  per  1. Normal  t issue was subcu l tu red  on 
this  med ium supp lemen ted  wi th  xoo ml/1 coconut  milk and  a final concen t ra t ion  
of io  -s M naph tha leneace t i c  acid. Subcul tures  were made  wi th  pieces of t issue approx.  
2o nag fresh wt.  a n d  were  grown at  z5 ° wi th  a l ight i n t ens i t y  of zoo It-candles.  
Phosphort ts  compounds  of 4-week-old cu l tures  were i r ac t iona ted  by the  m e t h o d  of 
HOLDE~ 5. Or thophospha te  and  acid-soluble phosphorus  were r emoved  from I -g  
samples  of ti.~sue wi th  io -ml  al iquots  of o.2 N HCIO 4 in t he  cold. Phosphorus  soluble 
in e t h a n o l - e t h e r  was ex t rac ted  wi th  three  successive 5-ml a l iquots  of neu t r a l  
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