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V E R N E  D.  H O S P E L H O R N ,  J O S E F I N A  C A R A V A C A  AND S A N T I A G O  G R I S O L I A * *  

Mcllvain Laboratories, Department o/ Medicine, University o/ Kansas 31edical 
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While studying the conversion of carbamyl aspartate to carbamyl fl-alanine t we 
observed vigorous respiration when liver acetone powders were suspended and incu- 
bated with glutamate or other substrates. This prompted us to investigate in more 
detail the respiration and other properties of lyophilized mitochondria isolated from 
pigeon liver. It was found that dried mitochondria would catalyze the oxidation of 
a number of substrates. To the best of our knowledge the only recorded observations 
on respiration with dried preparations are those of KEILIN AND HARTREE 2 on the 
oxidation of succinate. 

Dried mitocbondria seem to offer a convenient system for respiration studies as 
discussed in this paper. We record here representative data on some of the properties 
of lyophilized mitochondrial preparations. 

METHODS AND MATERIALS 

O2-uptake w a s  m e a s u r e d  a t  380 in t h e  \ V a r b u r g  a p p a r a t u s  u s i n g  ca. lO ml  f lasks  a n d  a r e a c t i o n  
m i x t u r e  v o l u m e  of ~ ml.  

U t i l i z a t i o n  of s u b s t r a t e s  d u r i n g  o x i d a t i o n  w a s  c o n f i r m e d  o c c a s i o n a l l y  b y  m e a s t l r e m e n t s  of 
r e s i d u a !  s u b s t r a t e ,  b y  t h e  a p p e a r a n c e  of r e a c t i o n  products  or both.  C o l o r | m e t r i c  m e t h o d s  were  
u s e d  3 for  t h e s e  d e t e r m i n a t i o n s .  

N i t r o g e n  d e t e r m i n a t i o n s  w e r e  m a d e  by  t h e  K j e l d a h l  m e t h o d .  P h n s p h a t e  w a s  d e t e r m i n e d  by  
t h e  m e t h o d  of (;OMORI 4, 

A d e n o s i n e  t r i p h o s p h a t a s e  m e a s u r e n l e n t s  w e r e  c a r r i e d  o u t  on  a l i q u o t s  of r e a c t i o n  m i x t u r e s  
c o n t a i n i n g  4 H m ° l e s  of a d e n o s i n e  t r i p h o s p h a t e  A T P *  * *, 5 / t m o l e s  Mg + ~, a n d  5 ° / t m o l e s  Tr is  buf fer  
p H  7-4 a n d  e n z y m e  in  a f ina l  v o l u m e  of i ml .  T h e  m i x t u r e s  w e r e  i n c u b a t e d  a t  38 ~ for  ~5 min .  T h e  
r e s u l t s  a re  e x p r e s s e d  in t h i s  p a p e r  as  /m~oles  of i n o r g a n i c  p h o s p h a t e  l i b e r a t e d  f r o m  .VI ' I) /mg d r y  
p o w d e r  u n d e r  t h e  d e s c r i b e d  a s s a y  c o n d i t i o n s .  

O x i d a t i v e  t ) h o s p h o r v l a t i o n  s t u d i e s  w e r e  c o n d u c t e d  as  p r e v i o u s l y  d e s c r i b e d  ,s. The  p re i ) a ra -  
t i o n  nf a c e t o n e  p o w d e r s  h a s  a l so  b e e n  d e s c r i b e d  6. G l u c o s e  d e h y d r o g e n a s e  was  p r e p a r e d  by  t he  
m e t h o d  of STRE(KER AND KORKE.¢; g. O t h e r  m a t e r i a l s  u sed  were  c o m m e r c i a l  p r o d u c t s .  

Preparation o/lyophilized milochondria 
In  o r d e r  t o  p r e p a r e  m i t o c h o n d r i a  in fairh" l a rge  q u a n t i t i e s ,  we  h a v e  d e v e l o p e d  t he  fo l lowing  

m e t h o d  : 
Af t e r  a p r e l i m i n a r y  p a s s a g e  of t he  t i s s u e  t h r o u g h  a g r a t e r  or  m e a t  g r i n d e r ,  t h e  m i n c e  w a s  

s u s p e n d e d  in  one  voh l r l l e  of 0.25 .I[ NIICI'OSL ~. ] l (~n lo~c l l i za t ion  w a s  t h e n  c a r r i e d  ()lit in a la rge  

• S u p p o r t e d  b y  g r a n t s  f rom t h e  I.ife |ll~4tllilnco Medica l  R c s c a r c h  ] q m d  ant i  t he  N a t i , m a l  
I n s t i t u t e s  of H e a l t h  (H 102.5). 

• * l ; . s t ab l i shed  I n v e s t i g a t o r  of the A m e r i c a n  l i t ' a r t  \ s s (~c ia t i (m.  
. . . .  I']w fldh~wi119 a l f l ) l -ex ia t ions  a re  iist'([ ill t h i s  ]mpcr :  XTI'. adcn,~sin~' l l lph , , sp I i ;~ lc .  I rl~. ' I I G  

( h y d r o x y } m e t h y l  a n l m o n l e t h a n e . . \ . I L S . ,  .\ io-h  12o 25 ) d i a h ' z e d  ~ a t e l  e x t r a c t  J : l u  (w v) of 
r a t  l i v e r  a c e t o n e  p o w d e r . . \ T P - a s e ,  a d e u o s i n o  t r i p h o s p h a t a s e :  l ) l~N. T I'.N a n d  I ) I ' N H .  d i p h o s p h o - ,  
tr iphospho-  a n d  r e d u c e d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  r e s p e c t i v e l y .  Pi, i n o r g a n i c  phosphate;  w, 
w a t e r ;  g. dehydrogenase ,  g l u c o s e  d e h y d r o g e n a s e .  

Re/erences p. 26R. 
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P o t t e r - E l v e h j e m  t y p e  t i ssue  gr inder  cons is t ing  of a glass  tube  26 mm. I.D. and  24 ° m m  long wi th  
a teflon pes t le  a t t a c h e d  to  a s ta in less  steel shaft .  The pes t le  is d r iven  by  a 1/4 h.p., t 75 ° r .p.m. 
mo to r  t h r o u g h  a 7-foot f lexible steel  shaf t  (Fig. i).  The motor  should  be placed on any  conven ien t  
s i te  severa l  feet above  the  opera tor .  In  ope ra t ing  the  tube  is f i rmly c l amped  and immersed  in an  
i cewa te r  ba th .  The flexible shaf t  pe r m i t s  easy  ra is ing  and  lowering of the  pestle.  Since the  shear ing  
force and  therefore  the  ra te  and  e x t e n t  of t i s sue  b r e a k a g e  is p ropor t iona l  to  the  ra te  of passage  of 
the  cells t h roug h  the  a nnu l a r  space be tween  the  pes t le  and  tube ,  r ap id  up and  down m o v e m e n t  
of the  pes t le  gives  the  mos t  efficient homogen iza t ion .  Use of the  1/4 h.p. mo to r  r a the r  t h a n  the  
usual  1/5o to l /~oo h.p. l a b o r a t o r y  motor  pe r m i t s  r ap id  ra is ing and lowering of the  pes t le  w i t h o u t  
s ta l l ing  the  motor .  I n  add i t ion  the  long ha ng ing  flexible shaf t  pe rmi t s  m a k i n g  the  t u b e  the  s t a t ion-  
a ry  phase  wi th  the  consequen t  lack of personal  danger  as for examp l e  w i t h  tube  breakage .  

Fig.  I. 

W i t h  the  se t -up  described,  a ided by  a foot pedal  to s t a r t  and  s top  the  motor ,  one person car~ homog- 
enize in 20 to 60 seconds over  5 ° g of t issue,  even  ske le ta l  muscle.  P r e s u m a b l y  even la rger  homog-  
eniz ing tubes  could be used wi th  cor respond ing ly  larger  q u a n t i t i e s  of t issue*.  The t e m p e r a t u r e  
of the  homogena t e  r ema ins  a t  or near  o°C. 

For i so la t ion  of mi tochondr ia ,  the  h o m o g e n a t e  cor responding  usua l ly  to 2oo g we t  t i s sue  
was  d i lu ted  wi th  o.25 M sucrose to  give a i : lO (w/v) homogena te .  I so la t ion  of the  m i t o c h o n d r i a  
was  then  carr ied  out  as p rev ious ly  descr ibed s. The  yield and a c t i v i t y  of m i t ochond r i a  i so la ted  
from homogena t e s  p repared  as descr ibed cor responds  to t h a t  of m i tochondr i a  p repa red  by  con- 
ven t iona l  methods .  W i t h  g l u t a m a t e  as subs t ra te ,  and  condi t ions  as descr ibed p rev ious ly  5, P /O 
ra t ios  of 2.2 to  2.8 were obta ined .  

For  lyoph i l i za t ion  the  isola ted mi tochondr i a l  pel le t  was washed  once wi th  twice  i ts  vo lume  
of o.25 ~¥I sucrose, once wi th  o. T54 M KC1 and was  finally suspended  in two  vo lumes  of o.~54 M 
KC1. The KC1 suspens ion  was  frozen and lyophi l ized.  In  some cases d ry ing  was  car r ied  out  w i t h  
a Rinco v a c u u m  e v a p o r a t o r  f rom sucrose suspension,  in these  cases the  flask con t a in ing  the  sus- 
pens ion  was k e p t  a t  a b o u t  o ° in an ice w a t e r  b a t h  in order  to  p r e v e n t  ice-crys ta l  format ion .  

* Recent ly ,  we have  used a tube  35 m m  I. 1). and  240 mm long (capac i ty  over  )5 ° ml) wi th  
exce l len t  resul ts .  

Re[erences p. 268. 



VOL. 2 B  (1958) B I O C H E M I C A L  P R O P E R T I E S  OF L Y O P H I L I Z E D  M I T O C H O N D R I A  263 

R E S U L T S  

Activity and stability o/lyophilized mitochondria 

The activi ty of different preparations varied considerably. For example with 
succinate as substrate and under equal conditions from 13 t~A 02/20 mg powder/h 
to 26 t~A 02/20 mg powder/h were measured with different preparations. 

Variations were also observed with different preparations insofar as stability 
is concerned, for example one preparation which showed oxygen uptake of 21 beA 
02/10 mg powder/h, declined to I i  t~A 03/10 mg powder/h after one week storage at 
0 ° in vacuum. On the other hand, preparations respiring at a rate of 20 t*A 03/2o mg 
powder/h lost no act ivi ty in 5 weeks storage§. 

Experiments with aqueous suspensions 

Dried mitochondrial preparations are capable of oxidizing a number of the Krebs 
cycle intermediates. The greatest oxygen uptake occurs with succinate as substrate. 
Citrate, fumarate,  and malate are also oxidized at appreciable rates. Some prepara_ 
tions oxidize a-ketoglutarate and oxalacetate at a slow rate but  usually there is no 
oxygen uptake  with these substrates. Representative data are given in Table I. No 

T A B L E  I 

T H E  I N F L U E N C E  O F  C O - F A C T O R S  A N D  S U D S T R A T E S  O N  T H E  O X Y G E N  U P T A K E  B Y  D R I E D  P I G E O N  

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

Experimen, t Subslrate No A TP, M g + + ,  Pi Complete Complete + DPN* 
Izatoms O, Izatoms 02 #*~toms 02 

I C i t r a t e  9 - 4  8 . 5  i o ,  i 

2 C i t r a t e  12.o - -  - -  
i a - K e t o g l u t a r a t e  o .o  3.3 - -  
2 a - K e t o g l u t a r a t e  - -  3.8 - -  
I S u c c i n a t e  18.o 21 .o - -  
2 S u c c i n a t e  - -  23.o  - -  
3 S u c c i n a t e  - -  12.o 13.o 
i F u m a r a t e  9 0  I 1.2 - -  
2 F u m a r a t e  - -  9 .8  24.8 
3 F u m a r a t e  - -  2.o 12.o 
i M a l a t e  9.5 8.6 18. i 
3 M a ] a t e  - -  1.3 i o .o  
2 O x a l o a c e t a t e  - -  5 .o  - -  
2 P y r u v a t e  - -  2.0 - -  
3 G l u t a m a t e  - -  4. o i o .o  
3 A s p a r t a t e  - -  t . o  4.5 
3 G l u c o s e  - -  i .o 9 .0  
3 G l u c o s e  - -  - -  o.o 

C o m p l e t e  s y s t e m  2o m g  m i t o c h o n d r i a l  p o w d e r  (ca. i o  m g  p r o t e i n ) ;  4 ° /*moles  of  s u b s t r a t e  (IOO 
fo r  g lucose )  a n d  w h e n  u s e d  20 /*moles  of  p h o s p h a t e  b u f f e r  p H  7.4;  2 m i c r o m o l e s  of  A T P  a n d  5 
m i c r o m o l e s  o f  M g S O  4. F i n a l  v o l u m e  I m l  I h a t  38° .  

* D P N  a n d  T P N  w e r e  m i x e d  a n d  a d d e d  in  t h e  p r o p o r t i o n  of  o. 5 / , m o l e s  of  e a c h  p e r  ve s se l .  
** g l u c o s e  d e h y d r o g e n a s e  (3oo u n i t s  ~) w a s  a d d e d  fo r  r e d u c e d  n u c l e o t i d e  g e n e r a t i o n .  

* ' *  no  g l u c o s e  d e h y d r o g e n a s e  a d d e d .  

§ I t  is o f  i n t e r e s t  t h a t  a q u e o u s  s u s p e n s i o n s  of  l y o p h i l i z e d  m i t o c h o n d r i a l  p r e p a r a t i o n s  r e t a i n e d  
t h e i r  a b i l i t y  t o  o x i d i z e  s u c c i n a t e  w h e n  s t o r e d  a t  2 ° C .  F o r  e x a m p l e  a f t e r  I t o  4 d a y s  s t o r a g e  t h e  
r e t a i n e d  a c t i v i t y  v a r i e d  f r o m  c o m p l e t e  t o  5o % .  T h e  d i f f e r e n c e s  o b s e r v e d  a p p e a r  to  be  d u e  to  t h e  
c o n c e n t r a t i o n  of  t h e  a q u e o u s  s u s p e n s i o n  ( f r o m  i o  t o  t o o  m g / m l ) ,  a l t h o u g h  t h i s  e f f ec t  h a s  n o t  b e e n  
s t u d i e d  in  d e t a i l .  

Re[erences p. 268. 
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ahsolute requirement for phosphate, ATP or MgSO4 was found for the oxidation 
of any of the substrates, although lower oxygen uptakes were sometimes observed 
when these substances were omitted as shown in Table I. In general, linear rates of 
respiration were observed for the first 3o min. After this time the rates decreased 
considerably*. 

The rate of oxidation of fumarate, malate, glutamate and aspartate was increased 
by the addition of a mixture containing o.5 ~M DPN and o.5 ~M TPN. Slight stimu- 
lation of succinate oxidation occurred apparently due to increased oxidation fumarate 
and malate. There is no effect on the oxidation of citrate on addition of these nucleo- 
tides. Examples of these results are tabulated in Table I. I t  is apparent also that 
I)PNH can be oxidized by these preparations. 

Maximum rates of oxidation are obtained at 4o ~moles for succinate and other 
substrates/ml of incubation mixture. Again as indicated above, increasing phosphate 
concentration effects oxidation little if at all. This is in contrast to the effects of phos- 
pilate on succinate oxidation shown by KEILIN AND HARTREE 2 with dried as well as 
with fresh heart preparations. 

Attempts to measure oxidative phosphorylation with these preparations or with 
the modified preparations described below were unsuccessful. One of the difficulties 
preventing estimation of oxidative phosphorylative capability was that the mito- 
chondrial powders showed intense ATP-ase activity. ATP was hydrolyzed at the 
rate of 5-1o txmoles/mg powder/I5 min**. 

We attempted to minimize the deleterious effects of freezing, particularly ice- 
crystal formation during lyophilization, with the use of the Rinco evaporator as 
mentioned above. These preparations oxidized glutamate vigorously (not oxidized by 
the freeze-dried preparations in the absence of added DPN). Attempts to estimate 
oxidative phosphorylation with these preparations were again unsuccessful. 

Aqueous extracts of dry mitochondrial powders do not show oxygen uptake 
with any of the substrates tested. The aqueous residue will oxidize only succinate 
without, supplementation although the oxygen consumption is decreased to half of 
that obtained with the unextracted powder. 

The ATP-ase activity was not extracted by water, or KC1 (up to o.5 M) solutions. 
Treatment of the powder with o.5 M urea at o ° for 15' followed by centrifugation 
gave a residue with a slightly decreased ATP-ase activity while no activity could be 
detected in the urea supernatant fluid. It  was found that exposure of the mitochon- 
drial powders to 2.5 3[  urea - o.5 3[ KC1 markedly reduced the ATP-ase activity 
present in the residue obtained after centrifugation. The residue after such treatment 
had less than I,'IO of the ATP-ase activity of the whole powder. No phosphate was 
liberated from ATP by the urea-KC1 supernatant fluid. Apparently the component 
or components responsible for ATP-ase activity was partially denatured. 

The study of oxidation by preparations treated with 2.5 M urea and o.5 M KC1 
was then undertaken. The powder was suspended in 2.5 M urea-o.5 M KC1 (IOO mg 
powder/4o ml solution) allowed to stand 15 min at o °, centrifuged at 4ooo /,, g for 

- " "l'h~'r,' is a c~m~ideral)le d i l u t i o n  effect  w i t h  t h e s e  p r e p a r a t i o n s .  I n  gene ra l ,  w e  h a v e  w o r k e d  
~xith c ~ m c c n t ~ a t i , , ~  g i \ i n ~  hos t  r a t o s  (I o 2o m g  l~(~wder/ml). 

** l ( x a m i n a t i o n  cd the, so p r e p a r a t i o n s  for t he  p r e s e n c e  of t h e  .XTP-Pi  e x c h a n g e  e n z y m e  8 w a s  
c a r r i e d  ou t  1)v l ) r  (;. \V. E. I'LAUT, who  found  t h a t  t h e  t o t a l  a n d  specif ic  a c t i v i t y  of w a t e r  e x t r a c t s  
w as  of t h e  s a m e  o r d e r  as  t h a t  of e x t r a c t s  of a c e t o n e  p o w d e r s  ~. \Ve wish  to  t h a n k  Dr.  PLAUT for  his 
k i n d n e s s  in p r o v i d i n g  us w i t h  th i s  u n p u b l i s h e d  i n f o r m a t i o n .  

l¢c/c~'r,ces p. 26X. 
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T A B L E  I I  

T H E  E F F E C T  O F  P H O S P H A T E  A N D  S U C C I N A T E  C O N C E N T R A T I O N S  O N  O X Y G E N  U P T A K E  B Y  D R I E D  

P I G E O N  L I V E R  M I T O C H O N D R I A  

Substrate added Phosphate added Oxygen uptake Keto acids 
l~moles l,moles patoms ilreoles 

IO 20  9 .1 4-7  
2 0  2 0  15.  4 5 .6  
4 ° 20  19 .o  1 .6  
80  20  18 .8  I .O 

I o o  2 0  17 .6  1.5 
4 ° i o ,  21.  3 1.8 
4 ° 2o  2 1 . 6  2 . 6  
4 ° 4 ° 17 .6  o .8  
4 0 ,  80  17 .9  1 .6  
20  20  11. 5 11. 5 

T h e  d a t a  r e p o r t e d  h e r e  w e r e  o b t a i n e d  u n d e r  t h e  s t a n d a r d  c o n d i t i o n s  d e s c r i b e d  i n  t h e  t e x t ,  e x c e p t  
t h a t  t h e  p r e p a r a t i o n  u s e d  w a s  s u s p e n d e d  i n  d i s t i l l e d  w a t e r  b e f o r e  l y o p h i l i z a t i o n  ( a f t e r  t h e  K C I -  
w a s h i n g )  a n d  t h a t  75 m g  w e r e  u s e d  p e r  t e s t .  V a l u e s  i n  t h e  t a b l e  h a v e  b e e n  c o r r e c t e d  f o r  e n d o g e -  
n o u s  o x y g e n  a n d  k e t o  a c i d s  b l a n k .  

* S u c c i n a t e  r e p l a c e d  b y  f u m a r a t e .  

T A B L E  I I I  

T H E  E F F E C T  O F  C O - F A C T O R S  O N  O X Y G E N  U P T A K E  B Y  L Y O P H I L I Z E D  A N D  W A S H E D  . M I T O C H O N D R I A L  

P R E P A R A T I O N S  

Boiled A.P.S.  Oxygen 
_ ,iptake Expt. Preparation Substrate D P N - T P N  juice ml ~*:~toms 

P o w d e r  
P o w d e r  w .  w a s h e d  
P o w d e r  
P o w d e r  w .  w a s h e d  
P o w d e r  w .  w a s h e d  
P o w d e r  w .  w a s h e d  
P o w d e r ,  u r e a - K C 1  w a s h e d  
P o w d e r ,  u r c a - - K C l  w a s h e d  
P o w d e r ,  u r e a  K ( ' I  w a s h e i l  
P o w d e r ,  u r e a - K C l  w a s h e d  
P o w d e r ,  u r e a  K C I  w a s h e d  
P o w d e r ,  u r e a  K ( ' I  w a s h e d  
P o w d e r ,  u r e a  K C I  w a s h e d  
P o w d e r ,  u r e a - K C l  w a s h e d  
P o w d e r ,  u r e a - K C 1  w a s h e d  
P o w d e r ,  u r e a - K C l  w a s h e d  
P o w d e r ,  u r e a - K C l  w a s h e d  
P o w d e r ,  u r e a  K C I  w a s h e d  
P o w d e r ,  u r e a - K C 1  w a s h e d  
P o w d e r ,  u r e a  K C I  w a s h e d  

S u c c i n a t e  - -  - -  - -  1 8  8 
S u c c i n a t e  - -  - -  - -  i 1.6 
F u m a r a t e  + - -  - -  21 -3  
F u m a r a t e  + - -  - -  0 .9  
S u c c i n a t e  - -  + - -  7 .8  
V u m a r a t e  + + - -  4 .8  
S u c c i n a t e  . . . .  3 .0  
S u c c i n a t e  - - -  0.0.5 * I 1.8 
l " l l l n t t r a t e  - - -  - o , o  

] " l l  I l l a  I - a t e  - 0 . 0 . 5  0 . 0  

] ? l l n l ~ t l - a t e  - ~  2 . 0  

K u m a r a t e  t - 0.0.5 7.2 
Ma  l a t e  - - - o . o  
3 1 a l a t e  o . o 5  o . 6  
M a l a t e  + - - - 2.3 
M a l a t e  + -- 0 -05  7.3 
C i t r a t e  - -  o . o 5  o . o  
C i t r a t e  + - -  o . o  5 o. 5 
C i t r a t e  q- - -  - -  o . o  
C i t r a t e  - - -  o . o  5 o . o  

T h e  m i t o c h o n d r i a l  p r e p a r a t i o n s  w e r e  s u s p e n d e d  in c o l d  d i s t i l l e d  w a t e r  fo r  I o ' ,  c e n t r i f u g e d  a n d  t h e  
p r e c i p i t a t e  r e s u s p e n d e d  i n  w a t e r  a n d  u s e d  a s  s u c h  ( l ' - 'xpt .  J).  T h e  s . p e r n a t a n t  f l u id  w a s  b o i l e d  
i n  w a t e r  f o r  5' ,  c e n t r i f u g e d  a n d  u s e d  a s  s u c h  (Boi le i1  j u i c e ) .  Al l  o t h e r  e x p e r i m e n t s  r e p r e s e n t e d  
h e r e  (2, 3 a n d  4) w e r e  c o n d u c t e d  w i t h  t h e  w a t e r  s u s p e n d e d  r e s i d u e s  a f t e r  u r e a - K ( ' l  e x t r a c t i o n .  

* F r o m  s t u d i e s  o f  c o n c e n t r a t i o n  o f  a d d e d  . \ . P . S . ,  t h i s  a m o u n t  a p p e a r s  t o  b e  o p t i m u m .  
** A d d i t i o n  o f  ca. 5 o o  y o f  n l e n a d i o n e  d i d  n o t  i n c r e a s e  a p p r e c i a b l y  t h e  o x y g e n  u p t a k e .  
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T A B L E  I V  

THE EFFECT OF SUPPLEMENTATION ON OXYGEN UPTAKE OF U R E A - - E E L  TREATED DRIED 
MITOCHONDRIAL PREPARATIONS 

Supplements oxygen 
uptake 

Succinate Glucose D P N  Cytochrome c ~ g, dehydrogenase I*aloms 

+ . . . .  6.9 
-b - -  - -  + - -  14.o 

- -  + + 4- 2.0 
- -  + + + + 7 .0  
- -  + - -  + o .o  
- -  + * *  + * *  + * *  + * *  o .o  

T h e  c o n d i t i o n s ,  s u b s t r a t e s  a n d  c o - f a c t o r s  w e r e  a s  in  T a b l e  I .  
* O p t i m u m  o x y g e n  u p t a k e  w a s  o b t a i n e d  w i t h  200 y of  c y t o c h r o m e  c, h i g h e r  q u a n t i t i e s  u p  t o  

2 m g  w e r e  e q u a l l y  e f f e c t i v e .  
** I n  t h e  a b s e n c e  of  t h e  m i t o c h o n d r i a l  p r e p a r a t i o n .  

I0 rain. and the supernatant fluid discarded. The residue was suspended.in 4 ° ml of 
water and centrifuged. The water washing was repeated twice and the washed prepa- 
ration was finally suspended in 2.5 ml of water. 

Experiments with washed residues 

Residues obtained from urea-KC1 solutions retained the ability to oxidize succi- 
nate although at about ¼ to V2 the rate of the whole powder. None of the other sub- 
strates tested before were oxidized. When supplemented however with a dialyzed 
aqueous extract of a liver acetone powder which, per se, showed no respiration, 
succinate oxidation was increased approximately 50 %, and the oxidation of malate 
and fumarate but not of citrate occurred when further supplemented with a DPN/ 
TPN mixture. The oxygen uptake with these substrates, even when supplemented, 
was about half that of the whole powder. It  is apparent then that the extraction 
procedure results in the solubilization and/or washing away of coenzymes as well as 
enzymes. Yet the electron-transfer mechanism, or a part thereof, is tightly bound to 
the insoluble residue, since succinate is oxidized. It  was found that addition of 200 y 
of cytoehrome c to the urea-KC1 residues restored the oxygen consumption with 
succinate to the original levels. The oxidation of fumarate and malate by the prepa- 
rations was unaffected by cytochrome c. DPNH was also oxidized by the urea-KC1 
residue when supplemented with eytochrome c. 

Studies on adenosine triphosphatase 

An attempt was made to extract and fractionate the component(s) responsible 
for the ATP-ase activity. Although the ATP-ase is not easily extractable, it was 
found that dried butanol powders 9 of the dried mitochondria when extracted with 
o.oi M sodium tauroeholate resulted in a suspension of the component(s) showing 
ATP-ase activity which would withstand 25,000 × g for 20'. Fractionation with 
(NH4)2SO~ of the taurocholate extract resulted in separation of the activity in a 
fraction which concentrated at the top after centrifugation when 75% saturation 
with (NH4)2SO~ pH 7.4 was reached. Further purification could be accomplished by 
acid treatment (pH 4.I), however, attempts to repeat this fractionation with other 
lyophilized mitochondrial preparations have been inconsistent. 

Re/erences p. 268. 
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D I S C U S S I O N  

It  is known that physical alteration of respiratory particles results in profound 
changes in metabolic activity. The observations reported in this paper indicate 
clearly that drying of mitochondria results in the loss of phosphorylating ability with- 
out impairing markedly some of the oxidative reactions which have been studied. 
On the other hand, the oxidative systems are considerably altered since a number of 
substrates normally oxidized by fresh mitochondria are slowly oxidized or not at 
all, as for example a-ketoglutarate, while others such as succinate are oxidized remark- 
ably well. Recently it has been shown, however, that the oxidative phosphorylating 
capability has been retained in mitochondrial fragments obtained by a number of 
procedures including digitonin treatment 1°, sonic disintegration n, alkali and solvent 
treatmenO 2 and by  the action of a detergenO 3. 

There are two points which merit particular attention. First, the lyophilization 
procedure results in preparations with tightly bound succinoxidase. In fact it is 
remarkable that the preparations retained activity after the high concentration of 
urea-KC1 extraction. HOPKINS et al. ~ have shown that extraction of pig-heart 
muscle preparations with urea led to the loss of succinoxidase activity even in the 
presence of added cytocbrome c. Soluble succinic dehydrogenase is extracted from 
mitochondrial preparations by relatively mild Procedures TM although a particulate 
form of the enzyme has also been described 12. Second, the insoluble preparations 
described here are not markedly affected by phosphate as is the case with the dry 
preparations of KEILIN AND HARTREE. Whether or not this represents an intrinsic 
difference in the susceptibility of tissues and species to drying ~, it is as yet too early 
to say. 

The increase in adenosine triphosphatase activity upon lyophilization suggests 
that  this enzyme must be structurally bound by two different kinds of bonds in the 
normal mitochondria. The first kind, easily broken, must be in the nature of relatively 
weak, perhaps hydrogen bonds, and are easily unmasked or ruptured by simply 
changing the physical state of the preparation. The second type of bonds must be 
stronger, possibly involving a lipid complex, since the enzyme activity is extractable 
(whether in particulate form or not) from the dry mitochondrial preparations only 
after butanol treatment. 

It  should be pointed out that MYERS AND SLATER 16 have shown the presence, as 
evidenced by pH-optima, of four different types of adenosine triphosphatase in mito- 
chondria. No at tempt has been made to differentiate the ATP-ase activity of these 
preparations although we have found that under conditions given, diuitrophenol does 
not stimulate the appearance of inorganic phosphate. 

It  is apparent that lyophilized mitochondrial preparations offer a convenient 
source of adenosintriphosphatase and perhaps a good starting material for purifica- 
tion of the enzyme(s). In addition it is clear that the lyophilized preparations offer a 
system for non-phosphorylating oxidation studies with the possibility of retaining 
the bulk of co-factors initially present in the preparation. 
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S U M M A R Y  

1. A rap id  procedure  for large scale p r e pa r a t i on  of m i t ochond r i a  is presented .  
2. Some b iochemica l  p roper t i e s  of mi tochondr i a l  powders  have  been s tudied.  I t  was  found 

t h a t  these  p repara t ions ,  or modi f ica t ions  thereof,  oxid ized  a n u m b e r  of subs t ra tes .  
3. Measu remen t s  of o x i d a t i v e  phosphory la t ion ,  adenos ine  t r i phospha ta se ,  and  A T P - P  i 

exchange  ac t i v i t i e s  h a v e  been carr ied  out  w i t h  these  p repara t ions .  
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E L A S T O I D I N  A T W O - C O M P O N E N T  M E M B E R  O F  

T H E  C O L L A G E N  CLASS* 

J E R O M E  GROSS** AND B I R U T A  D U M S H A  

Department o/ 3qedicine, Harvard Medical School and 
Medical Services o/the 21/Iassachusetts General Hospital, Boston, Mass. (U.S.A.) 

Elastoidin, the large translucent fiber of the fins of selachian fish, is a member  of the 
collagen class, as evidenced by  its characteristic wide-angle X- ray  diffraction 
pattern1, 2, the presence of a 6oo 8oo Y~ period in the fibril a,L and its amino-acid 
distr ibution 4, s." One unusual feature of its composition, however, is the presence of 
more than 6 %  tyrosinet, s. This amino acid rarely accounts  for more than I 3/0 of 
purified ver tebrate  collagen s. The fibers have a relatively high shrinkage temperature,  
6o-64 °, and regain most  of their length on cooling< 5. Elastoidin has been said to 
produce no gelatin on boiling, al though it has been solubilized to the extent of 98 % 
by  autoclaving seven times at 12o ° 5 

*This  is pul ) l ica t iou  No. 221 of the  Rober t  \V. l , ove t t  ,Memorial for the  S tudy  of ( ' r ipp l ing  
Disease,  H a r v a r d  Medical  School a t  the  Massachuse t t s  General  Hospi ta l ,  l : ru i t  Street ,  Boston.  
This  s t u d y  was a ided by  g r a n t  No. A 9o (C 6-7) from the  Na t iona l  I n s t i t u t e  of Ar th r i t i s  and  
Metabol ic  Diseases  of the  Un i t ed  S ta t e s  Publ ic  H e a l t h  Service. 

"* This  work  was  done dur ing  the  t enu re  of an E s t a b l i s h e d  I n v e s t i g a t o r s h i p  of the  Amer ican  
H e a r t  Associat ion.  
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