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Summary 

Brown adipose tissue mitochondria predominantly oxidize fatty acids in 
order to generate heat for non-shivering thermogenesis, and have an unusually 
high capacity for net transfer of long-chain fatty acyl groups from the outer to 
the inner (matrix) compartment. 

The activities of the "outer"  and "inner" carnitine long-chain acyltransfe- 
rases have been estimated in isolated mitochondria of cold-acclimated guinea 
pigs by the continuous spectrophotometric recording of the redox level of 
flavoproteins in the acyl-CoA dehydrogenase pathway. This redox level is deter- 
mined by the intramitochondrial content of acyl-CoA under the selected 
experimental conditions. The apparent initial rate of the "inner" acyltransfe- 
rase (palmitoyl-L-carnitine added) is three order of magnitudes higher than the 
"outer"  acyltransferase (palmitoyl-CoA added), and this difference is not 
influenced by the substrate concentration, pH and reaction temperature. Thus, 
the "outer"  acyltransferase reaction is rate limiting in the transfer of long- 
chain acyl groups across the inner membrane of these mitochondria and catal- 
yzes a non-equilibrium reaction in the intact organelle. 

Estimates of the absolute rate of the "outer"  long-chain acyltransferase indi- 
cate that it exceeds that of rat liver mitochondria by a factor of 20. 

Introduction 

It is now well established that the rate of fatty acid oxidation is the major 
determinant of metabolic energy generated in the brown adipose tissue to 
maintain non-shivering thermogenesis during cold acclimation (for review, see 

A b b r e v i a t i o n s :  BES, N,N-bis-(2-hydroxyethyl)-2-aminoethanesulfonic acid~ TTFA, 1-[Thenoyl- 
(2t)] -3,3,3-trifluoroacetone: TMPD, N,N, Nt,Nr-tetrametbyl-p-phenylenediamine. 
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ref. 1). For this reason, a detailed knowledge of  the regulation of  fat ty  acid 
metabolism in this tissue, notably the oxidative pathway,  is important  in order 
to understand thermogenesis. 

Experimental evidence has been presented in favour of  a carnitine-dependent 
and a carnitine-independent oxidation of  long-chain fat ty  acids in isolated 
mitochondria from brown adipose tissue (for review, see ref. 2} as well as from 
liver and heart. The carnitine-dependent pathway has been proposed to be very 
active in brown adipose tissue mitochondria [3] and this transfer reaction 
requires an activation of long-chain fat ty acids to their acyl-CoA derivatives 
which largely takes place in the mitochondrial  outer  membrane [4]. The net  
transfer of  long-chain acyl groups into the matrix compar tment  involves the 
carnitine/carnitine long-chain acyltransferase system [5,6]. Two pools of  car- 
nitine long-chain acyltransferases have been described [5,7--11] as well as a 
long-chain acylcarnitine-carnitine exchange carrier or translocator [12--14].  
The enzyme catalyzing the formation of acyl-L-carnitine from acyl-CoA and L- 
carnitine (transferase A or "ou te r "  transferase) appears to be loosely associated 
with the external surface (cytosolic side) of the inner membrane of  rat liver 
mitochondria [11].  The other enzyme which catalyzes the formation of  acyl- 
CoA from the translocated acyl-L-carnitine and intramitochondrial CoA (trans- 
ferase B or " inner"  transferase) appears to be firmly bound to the matrix side 
of  the inner membrane [11]. It has been proposed [15] that the "ou te r "  acyl- 
transferase is rate limiting in the oxidation of  long-chain fat ty  acids by rat liver 
mitochondria,  bu t  it is difficult to draw any definite conclusions from the 
experiments published so far. No information is yet  available regarding the 
acyltransferases in brown adipose tissue mitochondria and the possible regula- 
tory function of the "ou te r "  acyltransferase [1]. 

The purpose of the present paper is to report  on the rates of the long-chain 
acyltransferases of  intact brown adipose tissue mitochondria as determined 
from the rate of reduction of  flavoproteins in the acyl-CoA dehydrogenase 
pathway induced by palmitoyl-CoA (dependent  on both acyltransferases as 
well as the exchange carrier) and by palmitoyl-L-carnitine (dependent  on the 
exchange carrier and the " inner"  acyltransferase). Our studies support  the con- 
clusion that the "ou te r "  acyltransferase is a primary regulator of  the rate of  
transfer of  long-chain acyl groups across the inner membrane of  brown adipose 
tissue mitochondria,  and that  this enzyme catalyzes a non-equilibrium reaction 
favouring a unidirectional transport  of acyl groups in this organelle. 

Materials and Methods 

Animals. Weaned guinea pigs of  the Pir/Srr/c strain were used. Approx.  4 
weeks old, the animals were transferred from an environment of  22 to 5°C 
where they remained for at least 14 days to obtain an optimal increase in the 
mitochondrial  mass [16].  

Chemicals. Palmitoyl-CoA, antimycin A, oligomycin, rotenone and BES were 
obtained from Sigma Chemical Co. (St. Louis, Mo., U.S.A.). Palmitoyl-L-carni- 
tine chloride was purchased from Supelco Inc. (Bellefonte, Pa., U.S.A.) and 
L-carnitine chloride was a product  of  Koch Light Laboratories Ltd. (Coin- 
brook,  England). 1-[Thenoyl-(2 ')]-3,3,3-tr if luoroacetone (TTFA) was ob- 
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tained from Merck (Darmstadt, W. Germany). All other chemicals were of  the 
highest puri ty commercially available. 

Isolation of mitochondria. Brown adipose tissue mitochondria were isolated 
by differential centrifugation essentially as described [ 17,18 ]. 

Assay of carnitine long-chain acyltransferase activities. Assay of  carnitine 
long-chain acyltransferase activities was based on a continuous spectrophoto- 
metric measurement  of  reduction of the flavoproteins in the acyl-CoA dehydro- 
genase pathway [19,20].  Palmitoyl-L-carnitine and palmitoyl-CoA were used as 
the substrates for the " inner"  and "ou te r "  long-chain acyltransferase, respec- 
tively. The reaction mixture contained in a final volume of 1 ml: 135 pmol 
sucrose, 2.5 gmol  MgC12, 40 gmol  BES, pH 7.5, 5 nmol rotenone, 5 nmol 
1-[Thenoyl-(2 ')]-3,3,3-tr if luoroacetone (TTFA), 0 . 7 4 p g  antimycin A, 3.3 
pmol  cyanide, 5 pmol  ascorbate, 90 nmol N,N,N',N'-tetramethyl-p-phenylene- 
diamine (TMPD) and 2 pg oligomycin. All acids were pH adjusted by KOH. The 
reaction was started by the addition of  20--30 pM (40--75 nmol /mg protein) 
palmitoyl-L-carnitine or palmitoyl-CoA and the net  amount  of  acyl groups 
transferred from the outer  to the inner mitochondrial  compar tment  was esti- 
mated from the degree of  flavoprotein reduction as measured by  the decrease 
in absorbance at 455 nm relative to 510 nm (see Fig. 1) using an Aminco-Chance 
dual-wavelength spect rophotometer  with both monochromators  calibrated at 
an accuracy of  +0.2 nm (for wavelength setting, see Results). The temperature 
was thermostatically controlled (35°C unless otherwise stated). 

The rapid reduction of  flavoproteins by palmitoyl-L-carnitine, which was 
used as a measure of  the " inner"  acyltransferase activity, was also followed by 
the decrease in absorbance at 455 nm relative to 510 nm when a solution of  
palmitoyl-L-carnitine was mixed with a mitochondrial  suspension using a dual- 
wavelength/stopped flow technique [21]. The dual-wavelength spectrophoto- 
meter was operated at a chopper  frequency at 60 Hz, but  was modified electro- 
nically to give a shorter response time (i.e. t~/~ = 5 ms) than in the original 
design. The mixing device was an unequal volume mixer (the relative volume of 
the two syringes was approx. 10 to 1) and the optical pathlength of the 80 pl 
flow cell {from Helma GmbH and Co., Germany) was 1.0 cm. The ou tpu t  of  
the photomult ipl ier  tube was connected to a Model 514 A Transient Recorder 
(Bryans Southern Instruments Ltd., London,  England). A model 1100 W + W 
recorder from Kontron,  Switzerland was used to draw the replots of  the stored 
data of  the transient recorder. 

Other analytical methods. Protein was determined using the Folin-Ciocalteux 
reagent [22]. 

Results 

Reduced minus oxidized difference spectrum of flavoproteins in the acyl-CoA 
dehydrogenase pathway 

In order to eliminate the spectral contributions from other components  of  
the respiratory chain, the terminal part of  the chain was reduced by ascorbate 
and TMPD in the presence of  cyanide. Reversed electron flow was inhibited by 
antimycin A, and rotenone and TTFA was added to inhibit forward flow 
through the NADH and succinate dehydrogenase, respectively. The reduced 
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Fig. 1. Kine t ic  a b s o r p t i o n  s p e c t r u m  of f l avopro te ins  in the  acyl -CoA d e h y d r o g e n a s e  p a t h w a y  of b r o w n  
adipose tissue m i t o c h o n d r i a  r e d u c e d  by  the  add i t ion  of  pa lmi toy l -L-ca rn i t ine  at  35°C. Th e  m i t o c h o n d r i a  
were  su spended  in the  s t anda rd  i ncuba t ion  m e d i u m  (see Materials  and Methods)  at  0 .41 m g  of  mi to -  
chondr ia l  p r o t e i n / m l .  The  r e d u c t i o n  was in i t ia ted  by  the  add i t ion  of  30 n m o l  pa lmi toy l -L-carn i t ine ,  and 
the s t eady-s ta te  change  in t ransmiss ion  (AT(%))  was r e c o r d e d  wi th  the  re fe rence  wave l eng th  set at  510 
n m  and  the  m e a s u r i n g  w a v e l e n g t h  as ind ica ted  on  the  abscissa. 

Fig. 2. T he  r e d u c t i o n  of  the  f l avopro te ins  in the  acy l -CoA d e h y d r o g e n a s e  p a t h w a y  of  b r o w n  adipose  
tissue m i t o c b o n d r i a  i nduc e d  by  the  add i t ion  of  71 n m o l  pa lmi toy l -CoA ( P C o A ) / m g  p ro te in  (plus 0.6 m M  
L-earui t ine)  a t  35°C (A)  and  5°C (C), and  by  71 n m o l  pa lmi toy l -L-ca rn i t ine  ( P C n ) / m g  p ro t e in  at  35°C (B) 
and 5°C (D). S t a n d a r d  i n c u b a t i o n  m e d i u m  was  used (see Materials  and  Methods) .  The  change in t ransmis-  
sion, AT(%) = A (T  455 n m  - -  T5 l 0 rim)" 0 .44  m g  m i t o c h o n d r i a l  p ro t e in  were  used. 

minus oxidized difference spectrum thus induced by 30 gM (73 nmol/mg pro- 
tein) palmitoyl-L-carnitine {Fig. 1) therefore represents a summation spectrum 
with rather selective contributions from the long-chain acyl-CoA dehydro- 
genase [23], electron transfer flavoprotein [24], and electron transfer flavo- 
protein dehydrogenase [16,25]. As seen from Fig. 1 the spectrum is similar to 
that previously reported for rat liver mitochondria [19] except that the spectral 
change is approx. 6-fold greater on a protein basis. 

Time course of  flavoprotein reduction induced by palmitoyl-CoA plus carnitine 
and palmitoyl-L-carnitine 

Typical progress curves of flavoprotein reduction induced by palmitoyl-L-car- 
nitine and palmitoyl-CoA plus L-carnitine are shown in Fig. 2. In the case of 
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Fig. 3. T he  r e d u c t i o n  of  the  f l avopro te ins  in the  acy l -CoA d e h y d r o g e n a s e  p a t h w a y  of  b r o w n  adipose tis- 
sue m i t o c h o n d r i a  i nduc e d  by the  add i t ion  of  71 n m o l  p a l m i t o y l - L - c a r n i t i n e / m g  p ro te in  a t  35  and  5°C 
m e a s u r e d  by  the  s t opped - f low  t e c hn ique  as descr ibed  in Materials  and  Methods .  Th e  s t anda rd  i ncuba t ion  
m i x t u r e  given in Materials  and M e thods  was used;  0 .44  m g  m i t o c h o n d r i a l  p ro t e in  were  used.  The  change 

in t r ansmiss ion .  AT(%)  = h ( T 4 5 5 n m  - -  TS 10nm) .  

palmitoyl-L-carnitine the progress curves {Figs. 2B and 2D) are clearly biphasic 
at 35 and 5°C. The initial rapid phase was not  measurable by a conventional 
spect rophotometer  in contrast to the progress curve of  palmitoyl-CoA plus 
carnitine {Figs. 2A and 2C) which was almost linear for about  30 s. 

From Fig. 2 it is seen that there is a marked effect  of  temperature on the 
rate of  flavoprotein reduction induced by palmitoyl-CoA plus carnitine, but  
apparently little effect  on that induced by palmitoyl-L-carnitine. It should also 
be noticed that, in contrast  to e.g. rat liver mitochondria [26],  the apparent 
activity of  the " inner"  acyltransferase was so high even at 5°C that it was just 
at the limit of  detect ion by our s topped-flow spectrophotometr ic  technique. 
Thus, from Fig. 3 it is seen that the tl/2 value for the flavoprotein reduction 
induced by palmitoyl-L-carnitine was approx. 25 ms at 5°C and approx. 5 ms at 
35°C; the latter is exactly the response time of the instrument (see Materials 
and Methods). It is also seen that the progress curve reflects the beam chopper 
frequency of  60 Hz. 

This relationship between the rate of  flavoprotein reduction induced by 
acylcarnitine and acyl-CoA plus carnitine was also found for other  species of  
long-chain fat ty  acids, but  C16 was choosen since maximal activities were ob- 
tained with these derivatives. 

It has been reported [27] that  about  100 nmol palmitoyl-D-carnitine per mg 
of mitochondrial  protein induce complete  fragmentation of  heart mitochon- 
dria. At our experimental conditions, however, we could not  attribute any of  
the spectral changes to a detergent effect  of  the substrates. A detergent effect  
was not  detectable by light scattering measurements until the concentration of 
palmitoyl-L-carnitine reached a value of  >140  nmol/mg of protein. 

The "ou t e r "  acyltransferase activity revealed almost maximal initial rates (V) 
at the palmitoyl-CoA concentration,  pH and temperature selected in the stan- 
dard incubation conditions. A temperature of 35°C was selected since it is close 
to the physiological temperature of the animal. The initial rates of the "ou te r "  
and "inner"  acyltransferase were tested at different pH values (range 6--8}, 
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Fig.  4.  T he  r e d u c t i o n  o f  the  f lavoprote ins  in the  acy l -CoA d e h y d r o g e n a s e  p a t h w a y  o f  b r o w n  adipose  tis- 
sue m i t o c h o n d r i a  i nduc e d  by  the  addi t ion  o f  increasing a m o u n t s  o f  pa lmi toy l -L-carn i t ine  (o ) ,  and pa lmi -  

t o y l - C o A  ( e )  (plus  0.6 m M  L-carnit ine) .  T h e  e x p e r i m e n t a l  c o n d i t i o n s  are given in Materials  and M e t h o d s :  
0 .44  m g  m i t o c h o n d r i a l  prote in  w e r e  used.  Th e  change  in transmiss ion ,  A T ( % ) =  A ( T 4 s  S n m -  T 5 1 0 r i m ) .  

temperatures (range 5--35°C) and substrate concentrations (4--140 nmol/mg 
protein), and in all cases the "inner" acyltransferase activity was too fast to be 
measured by a conventional spectrophotometric technique. The difference in 
the initial rates of  the two acyltransferases, however, was of  the same order 
of  magnitude as in the standard assay procedure (data not shown). 

Estimation of specific activity of the "outer" acyltransferase 
In order to be able to express the spectral changes (reduction of  flavopro- 

teins) induced by the acyl-CoA and acyl-L-carnitine esters in conventional 
enzymic activities (nmol substrate, m i n - l . m g  protein -1) calibration curves 
were obtained by measuring the steady-state spectral change (Fig. 2) as a func- 
tion of  the amount of added acyl esters (Fig. 4). It is seen that increasing equi- 
molar amounts of  palmitoyl-CoA (in the presence of  L-carnitine) and palmi- 
toyl-L-carnitine induce identical spectral changes at 455--510 nm. 

T A B L E  I 

T H E  A C T I V I T I E S  O F  " O U T E R "  L O N G - C H A I N  A C Y L T R A N S F E R A S E  IN M I T O C H R O N D R I A  ISO- 
L A T E D  F R O M  D I F F E R E N T  T I S S U E S  OF  T H E  R A T  A N D  F R O M  B R O W N  A D I P O S E  T I S S U E  OF  
C O L D - A C C L I M A T E D  G U I N E A  P I G S  

M i t o c h o n d r i a  "Outer"  acy l transferase  act iv i ty  M e t h o d  T Ref .  
( n m o l  • m i n  -1 • m g  p r o t e i n  -1)  (°C)  

Rat  liver 12.1 * Dua l -wa ve l e ng th  25 26 

s p e c t r o p h o t o m e t r y  
Rat  l iver 1 3 . 0  I s o t o p e  e x c h a n g e  30 28 
Rat  k i d n e y  8 . 5  I s o t o p e  e x c h a n g e  30 28 
Rat  heart  2 3 . 0  I s o t o p e  e x c h a n g e  3 0  28 
Rat  ad ipose  t i ssue  4 . 4  I s o t o p e  e x c h a n g e  3 0  28 

Guinea  pig b r o w n  256 (n = 4)  Dua l -wa v e l eng th  3 5  Present  
ad ipose  t i ssue  ( 2 2 1 - - 2 8 9 )  s p e c t r o p h o t o m e t r y  s tudy  

* Calculated as init ial  rate  f r o m  the  progress  curve o f  f l avoprote in  reduct ion;  data  given in Figs.  3 and 
4 o f  ref.  26. 
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Based on these calibration curves the initial rate of  the "ou te r "  acyltrans- 
ferase reaction was calculated to be 256.3 nmol .  min -1 • mg protein -I (n = 4) 
at 35°C and palmitoyl-CoA concentrat ion of  40 nmol/mg protein (0.6 mM 
L-carnitine). As can be seen from Table I this value is approx. 20 times higher 
than previously measured by the same method in rat liver mitochondria and 
10--50 times higher than measured by the isotope exchange method in mito- 
chondria in a number  of  rat tissues. 

Discussion 

In recent years new data have accumulated on the fat ty  acid metabolism of 
the brown adipose tissue (for review, see ref. 1). Since fat ty  acids are supposed 
to be the main fuel utilized by this tissue for thermogenesis [2,29],  a detailed 
knowledge of  the fat ty  acid metabolism is important  to understand thermo- 
genesis. In the present s tudy we have focused on the carnitine~tependent 
oxidation of  long-chain fat ty  acids which seems to be very active in brown adi- 
pose tissue mitochondria [3]. This pathway consists of  a series of  enzyme- 
catalyzed reactions, but  we have here limited our s tudy to the sequential reac- 
tions responsible for the transfer of  the acyl moieties across the inner mem- 
brane [5,6],  i.e. those catalyzed by the "ou te r "  acyltransferase [5,7--11],  the 
acylcarnitine-carnitine exchange carrier or translocator [12--14] and the 
" inner"  acyltransferase [ 5,7--11]. A number  of  studies have been carried out  in 
order to determine the site(s) of  regulation of  mitochondrial  fat ty acid oxida- 
tion [30--32],  and experimental evidence has been presented to support  the 
conclusion that the activity of  the "ou te r "  long-chain acyltransferase is the 
rate-limiting step [15]. However,  it is difficult to draw any definite conclusions 
from the experiments published so far, bu t  the question is of  particular interest 
in the brown adipose tissue where the mitochondrial  oxidation of  long-chain 
fat ty acids represents the major energy supply in order to maintain non-shiver- 
ing thermogenesis during cold acclimation {for review, see ref. 1). 

Most studies on carnitine long-chain acyltransferase have so far been based 
on (1) measurement  of  mitochondrial  oxidation of  acyl-CoA and acylcarnitine 
derivatives [33],  (2) an isotope exchange method [6] or (3) a direct assay 
either of  the forward or the backward reaction (for review, see ref. 34). Fur- 
thermore,  different methods  have been used to selectively measure the "ou te r"  
and " inner"  acyltransferase in isolated, intact mitochondria,  i.e. by selective 
inhibition of  the "ou t e r "  acyltransferase by either 2-bromoacyl-CoA derivatives 
[35],  digitonin t reatment  [10,36] ,  sonication [37] or phospholipase treat- 
ment  and specific antibodies [26].  The approach selected in the present study 
represents a modification of  the spectrophotometr ic  method introduced by  Gar- 
land et ai. [19].  The main advantage of  this method is that  it measures the ini- 
tial rates of  the forward reaction in the intact mitochondria using the redox 
state of  flavoproteins in the acyl-CoA dehydrogenase pathway as an estimate 
of the intramitochondrial acyl-CoA level. When acyl-CoA is used as the acyl 
donor,  the measurement  involves a reaction sequence consisting of three steps, 
i.e. 

/e l 

acyl-CoAout + L-carnitineout ~ acyl-L-carnitineout + CoASHout (1) 
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k2 
acyl-L-carnitineout + L-ca rn i t ine in~  acyl-L-carnitinei. + L-carnitineout 

k-2 

acyl-L-carnitinein + CoASHin~---~_ 3 acyl-CoAin + L-carnitinein 

(2) 

(3) 

where Reactions 1 and 3 are catalyzed by the "ou te r "  and "inner"  acyltrans- 
ferases respectively and Reaction 2 by the acylcarnitine-carnitine exchange car- 
rier. When acylcarnitine is used as the substrate, only the last two reactions 
are involved. The absence of  any lag-phase in the assay progress curve with acyl- 
CoA as the substrate (Fig. 2), already indicates that  k, ~ k2, k3. It was there- 
fore not  unexpected to find that  the flavoproteins were reduced approx. 1000 
times faster with palmitoyl-L-carnitine than with palmitoyl-CoA as the sub- 
strate. Thus, in contrast  to previous proposals for liver mitochondria [6,38],  it 
is evident that the "ou t e r "  acyltransferase in brown adipose tissue mitochon- 
dria catalyzes a non-equilibrium reaction which is of particular interest from a 
regulatory point  of view. This finding as well as the vectorial organization of  
the "ou te r "  and " inner"  acyltransferases to the C-side and M-side, respectively, 
of the inner membrane [26], are only compatible with a unidirectional transfer 
of long-chain acyl groups across the inner membrane. This conclusion is also 
supported by the finding that even high concentrations of  CoASHou t do not  
inhibit the "ou te r "  acyltransferase activity (Normann, P.T. and Flatmark, T., 
unpublished results). In previous measurements, based on an isotope exchange 
method and using partly purified enzyme, the finding of an equilibrium con- 
stant Keq = 0.45 for the "ou te r "  acyltransferase [38] supported an equilibrium 
reaction, but  in this case the localization of  the enzyme to the mitochondrial 
inner membrane and its participation in a sequential reaction was not  con- 
sidered from a kinetic point  of  view. Thus, in the brown adipose tissue mito- 
chondria, it is even more clearly shown than in rat liver mitochondria [20],  
that  the "ou te r "  acyltransferase indeed is the rate-limiting step in the overall 
transfer of  long-chain acyl groups across the inner membrane. This conclusion, 
however, does not  mean that this reaction is rate limiting in the oxidation of 
fat ty acids in this tissue. Thus, preliminary studies in this laboratory indicate 
that the long-chain acyl-CoA synthetase of the outer  membrane may represent 
a site for regulation of fat ty acid oxidation in this tissue (Normann, P.T. and 
Flatmark, T., unpublished results). 

Our determination of the specific activity of the "ou te r "  long-chain acyl- 
transferase is based on the assumption that binding of added long-chain fat ty 
acyl-CoA to soluble proteins or membrane surfaces in the outer  compar tment  
is negligible in freshly prepared mitochondria.  That this assumption is satisfied 
is supported by the almost linear relationship between the spectral change 
induced and the amount  of palmitoyl-CoA added except at very low concentra- 
tions (Fig. 4). Furthermore,  for the measurement  of  the specific activity of the 
"ou te r "  acyltransferase it is assumed that the spectral change measured is pro- 
portional to the amount  of  acyl-CoAi, since the long-chain acyl-CoA dehydro- 
genase has been found to be localized to the matrix side of the inner membrane 
[39]. From an analytical point  of  view it should be noted that phosphate 
buffers should be avoided in the assay of acyltransferase activities in intact 
mitochondria.  Thus, even short-time incubation in a medium containing, e.g. 
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5 mM phosphate lowered the initial rate as well as the extent of  flavoprotein 
reduction, whereas no such inhibitory effect was observed on preincubation in 
the absence of  phosphate (Normann, P.T. and Flatmark, T., unpublished 
results). This effect o f  phosphate is explained by induction of  a leakage of  
CoASH as first shown by Bremer et al. [40] in rat liver mitochondria. With 
these assumptions in mind it is seen from the data presented in Table I that the 
specific activity of  the "outer" acyltransferase is 10--20-fold higher than 
reported for rat liver and heart mitochondria. This result is in good agreement 
with the notion that these mitochondria are specialized for fatty acid oxidation 
(for review, see ref. 1). 
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