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O n  the  ox ida t ion  of  cholestero l  by mouse l iver  mi tochondr ia°  
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I t  has been es tabl ished t h a t  cholesterol is ca tabol ized to bile acids in the  liver of the  
in tac t  an imal  x,2, bu t  the sequence of react ions has no t  been ful ly e lucidated.  B y  
inves t igat ing the  abi l i ty  of the  bile fistula r a t  to  conver t  hypo the t i ca l  in te rmedia tes  
to eholic acid, I~Et~GST~t AND L I N D S T E D T  3 - s  have  ob ta ined  convincing evidence 
t h a t  the steroid nucleus  is h y d r o x y l a t e d ,  first at  C- 7 and  then  a t  C-I2 before the 
side-chain ox ida t ion  is completed,  M~IER a a l 2  have  repor ted  on the format ion  of 
~CO2 from [26-1tC:cholestero| in r a t  l iver slices. ANFIN$:EN AND HORNIN(; ~ as well 8s 
G~'RIN and coworkers 8 have  s tudied  the  same react ion in cell-free prepara t ions  of 
liver, and  bo th  groups of workersP, 1° have  charac ter ized  the  co-factor  requ i rements  
of the mi tochondr ia l  sys tem for t4CO~ format ion  f rom [26-14C]cholesterol. 

It1 connect ion with these studie~ GtmlN ~g a l .  s repor ted  the" format ion  of labeled 
25-dehydrocholesterol ,  a labeled C ~  s teroid a ldehyde  and  acid. a f ter  incubat ion  
wi th  [26-~4C]cholesterol. FREDR!C.KSt~N 11 inves t iga ted  the  ox ida t ion  of  [4-14C]- 
cholesterol in the mi tochondr ia l  sys tem original ly  described b y  ANW.NSF.~ A.~D 
HORNIN(; 7, and found  t h a t  of the  25 % of cholesterol metabol ized,  ][5 °A, was present  
as acidic products  not  ident ica l  wi th  cholic or deoxychol ic  acid, 7 % as 25- and  
26-hydroxycholes terol  and  the  remainder  as cholesterol  esters. 

Using the mitochondrial_~ystem recent ly  described by  HOR~I.~t; e~ a l .  m w e  have  
i~_vestigated the oxida t ion  of [4-]4C] - and  [26-]4C]cholesterol and  isolated the  p roduc ts  
formed by  reversed-phase  pa r t i t ion  c h r o m a t o g r a p h y  TM. 

Mouse (Danish S ta te  Serum Ins t i t u t e  strain) live1 mi tochundr ia  and  the  soluble 
co-factor  were prepared  as previously  described 1°. E4-14C~cholesterol (Radiochemica l  
Centre, Amersham,  England)  and  [26-t4C]cholesterol (Beta Lab. ,  Phi ladelphia ,  USA) 
were checked prior to use for absence of au toox ida t ion  products  by  c h r o m a t o g r a p h y  
on reversed-phase par t i t ion  co lumns  TM. Incuba t ions  were car rmd ou~ unde r  the  con- 
di t ions a l ready  described 1°. Incuba t ions  were s topped  by  the  add i t ion  of e thano l  
and  the  result ing precip.;tate fil tered off. The e thanol  was evapora ted ,  the  aqueous  
phase was acidified with I-IC1 and  ex t r ac t ed  twice with w a t e r - s a t u r a t e d  bu tano l .  
The residue i rom tim neut ra l  washed butanol  ex t rac t s  was then  subjected to chroma-  
t o g r a p h y  :~ to separate  cholesterol  from more polar  products .  

After  p re l iminary  exper iments  had  shown the  cons is tent  fo rmat ion  of the  same 
polar products ,  the following exper iment  was performed.  6o ~C [4-14C]cholesterol 
(x.2 rag) and  8.8 tzC Lz6-1aC]cholesterol (8.8 rng) were each incuba ted  wi th  liver 
mi tochondr ia  from I2 mice, weighing approx,  z 5 g. The  react ion mix tu res  were worked  
up as described above and  the  bu tano l  ex t rac t s  were c h r o m a t o g r a p h e d  wi th  phase  
sys tem I 'e. I t  was found t h a t  8 % of the  [4-x4C] - a n d  3 % of the  ~26-~*C]cholesterol 
had  been conver ted  to  more polar  products .  There  was no appreciable fo rmat ion  ol 
cholesterol esters. The polar p roduc ts  appear ing  as one m a j o r  peak in phase sy s t em I 
(Fig. I) were separa ted  into several peaks wi th  phase sys t em I I I ,  Fig.  z shows a 
c h r o m a t o g r a m  wi th  phase sys tem I l I  of the  moae polar  p roduc ts  fo rmed  from 
:4-aaC]cholesterol. Most of the isotope was present  in a d is t inc t  peak  wi th  a m a x i m u m  
at 28 ml of effluent. This  mater ia l  was ch roma tog raphed  toge the r  wi th  various known  
compounds  and  was found to be somewha t  more polar  t i tan 25-hydroxycholes te ro l  
and  considerably  more polar  t han  7a-hydroxychoies tero l ,  bu t  no t  polar  enough to 
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be an acid. As the compound  was formed also in the  incubat ion with [26-ttC]choles - 
teroi, it is p robab ly  a Cur-steroid, having a chromatographic  mobil i ty  similar to a 
neut ra l  t r i h y d r o x y t a t e d  C ~-steroid.  
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Fig.  I.  C h r o m a t o g r a m  t>f t he  r e s idue  fr~m [he  
b u t a n o l  e x t r a c t  of  t h e  i n c u b a t i o n  o[ 0o ld" 
[4-1aC]cholesterol w i t h  l iver  m i t o c h o n d r i ~  f rom 
t2 mice.  t8  g co lumn .  Mobile  phase ,  55°~  aq.  
i s o p r o p a n o l  ; s t a t i o n a r y  phase ,  20 °G ch lo ro fo rm 

in h e p t a n e .  
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Fig.  2. C t w o m a t o g r a m  of  t he  pt>!ar p r o d u c t s  
(first peak,  Fig. 1} fo rmed  f rom [4-x4C~cht~]es- 
terol  incttb~ttion. 4-5 g c o l u m n .  Mobi le  pha~e. 
50 % aq.  i sopropanoI ;  s t a t i o n a r y  phase .  , o  % 

ch lo ro fo rm in h e p t a n e ,  

To  test  the conversion of this unknown compound  to  bile acids, 0.23 /xC was 
in jected in t raper i tonea l ly  as a serum-albumin suspension into a bile-fistula rat. 
62. 5 % of the  in jected ac t iv i ty  was excre ted  in the fis:qla in 19 h. The  sapooified bile 
was ch roma tog raphed  on phase system ~3 C. [ h e  unknown compound  was n,Jt to any  
appreciable  ex t en t  conve,  ted to cho]ic acid but  to three o ther  acids, two of which 
exhib i ted  mobili t ies similar to the 6 -hydroxy]a ted  acids formed from chenodeoxy-  
cholie acid in the  la t .  The  e luate  from this column was then  ch romatographed  on 
phase system ~4 F and the main port ion of the isotope coincided with the  t i t ra t ion  
peak of chenodeoxychol ic  acid. The  iden t i ty  of the third isotopically labeled acid 
with chenodeoxychol ie  acid was established by  crystal l izat ion to constant  specific 
ac t iv i ty  with unlabeled ehenodeoxychol ic  acid. 

This  work is. par t  of invest igat ions suppor ted  by  grants  from "S ta tens  Medicinska 
Forskniugsr.~d", Sweden, and The Nat ional  Ins t i tu tes  of Heal th ,  Bethesda,  Md., 
U.S.A. (H 2 8 4 2  ), t o  Prof.  SUNE BERGSTRi3.M, 

Department o/Chemistry I,  Karolinska I~stitttt¢, 
Steakholm (5wate-~,.) 
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R e c e i v e d  April 27th, 1959 

Evidence for  a new oxidat ive  pathway for  t ryp tophan  

The cotwersion of tryptophan to kynuren ine  is a well establ ished biochemical  react ion 
and with the recent  work showing the  conversion of kynuren ine  to 3 -hyd roxy-  
kynureninel ,  ± the  ove ra l l  sequence of metabol ic  s teps from t r y p t a p h a n  to niacin 
appears  to be subs tant ia l ly  comple te :  t r y p t o p h a n  > kynuren ine  --+ 3 -hydroxy-  
kynuren ine  ~ 3 -hydroxyan th ran iKc  acid --> niacin. 

The existence of these in te rmedia tes  has been demons t r a t ed  repea ted ly .  Indeed ,  
so much work has been repor ted  in this a rea  tha t  it has a lmost  obscured the  possibil i ty 
tha t  t r y p t o p h a n  could also be metabol ized  by  a second and  h i ther to  unknown 
pa thway .  Al though the sequence of react ions out l ined above  does not  account  for 
the r eady  oxidat ion  of the benzene ring of t r y p t o p h a n  a, it has  been suggested t ha t  
the enzymic  opening of the 3 -hydroxyan th ran i l i c  acid ring could lead to  an oxidizable 
p roduc t  instead of to  niacin ~. 

We wish to repor t  evidence  for a new p a t h w a y  of t r y p t o p h a n  ox ida t ion  in ra t  
liver which a.ppears to be independen t  of kynuren ine .  The mater ia ls  used for  these 
exper iments  were L-[7a-~4C]tryptophan and L-[l*C]kynurenine singly labeled in the 
equ iva l e r t  posi t ion of the benzene ring. The  t r y p t o p h a n  was synthes ized chemically,  
and  resolved enzymical ly .  The  L-~14Clkynurenine was p repared  enzymica l ly  f rom the  
L-E7a-14CJtryptophan. 13oth mater ia ls  were pure  as de t e rmined  by  paper  ch roma tog-  
r a p h y  and r a d io au t og raphy  in two sets of  solvents.  The specific ac t iv i ty  of each  
compound  was * ~C/tzmole. Homogena te s  prepared  from the livers of female Sprague-  
Dawley rats  weighing app r ox i ma t e l y  200 g were used in th-,~e exper iments .  The  livers 
were homogenized in four t imes thei r  weight of o.9 % KC1 and  then  cent r i fuged  at  
2ooo :/ g for zo min to  remove whole cells and debris.  Incuba t ions  were carr ied ou t  
for 2-2.5 h at  37 ° in a Dubnoff  shaking incubator .  CO 2 was col lected by  means  of 
alkali in a center  well and prec ip i ta ted  and coun ted  as Ba14COa. 

It  can readi ly  be seen tha t  a l though t r y p t o p h a n  and  kynuren ine  are quan t i t a -  
t ively  balanced in the medium,  only  the  t r y p t o p h a n  is significantly oxidized under  
these condit ions.  Therefore ,  kynuren ine  cannot  be an in te rmedia te  in the  to ta l  
ox ida t ion  observed in these exper iments .  The  possibil i ty exists, of course, t ha t  an 
ac t iva t ed  form of kynuren ine  is p roduced  from t r y p t o p h a n ;  one which cannot  readi ly  
be der ived from free kynuren ine  itself. 

E x p t .  3 indicates tha t  a reversal of ox ida t ive  rates for t r y p t o p h a n  and kynuren ine  
occurred when o.z5 31 sucrose was used for the  medium ins tead of o. 9 % KCI. This  
result  was also ob ta ined  in a second set of exper iments .  There  is no quest ion bu t  
tha t  L-L14C]kynurenine a a n  be oxidized b y  broken  cell p repara t ions  under  appropr i a t e  
condit ions.  However ,  in o.9 % KCI, the  evolved  CO2 rLever amoun ted  to  more  than  
0.05 % and was usual ly o.oz % of the s tar t ing  radioac t iv i ty .  


