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SU~I3IA/~Y 

I. The DPNH~cy tochrome  c. reductv.se ac t iv i ty  was de te rmined  in hear t -muscle  
preparat ions  from normal and vi tamin-E-defic ient  chicks. _Although no ~-toeopherol  
was demo~st rable  in the deficient preparat ions ,  the  enzyme ac t iv i ty  was  no t  signifi- 
can t ly  different from the control  preparat ions  which conta ined ~-toeopherol .  

2. Substauces  which react  with FeCl~-bipyr idyt  reagent,  o the r  than  u-toeopherol ,  
were found in Florex-tre.ated extracts  of unsaponifiable m a t t e r  f rom tissues. No 
unequivocal  e~idence was obta ined  for the  presence of tocophery lquinone  in tissues. 

3. The inact ivat ion of certain enzymes  in the  respi ra tory  chain b y  isooctane 
ext rac t ion  was dupl icated by  homogenizing the enzyme prepara t ions  wi th  small 
amoun t s  of isooctane. The inact ivat ion,  which  was  overcome by  the  addi t ion  of var ious  
lipid substances,  was also reversed by  s imply  lyophilizing or centr ifuging the isooctaaae- 
t r ea ted  enzyme solutions. 

Recen t  studies have a t t e m p t e d  to ascertain whether  a- tocopherol  is an integral  pa r t  
of the  resp i ra tory  chain 1,'-'. In tiaese reports  the  react ivat ion of i sooc tane-ex t rac ted  
enzyme preparat ions  b y  tocopherol  has been shown,  However ,  in only  one l abo ra to ry  
has specificity for tocopheroi  been c l a i m e d - - i n  the  aged i sooctane-ext rae ted  or aged, 
digitonin-sotubilized, mammal i an  cy tochrome  c reductases  as prepared b y  DONALDSON 
c t a l .  3 and V~XSI.XGTO_~ ct al .  a. Recent ly  WEI3ER et al.  z have  proposed tha t  the  isoprene 
side chain of vi tamin E and vi tamin K t and o ther  substa~lces i .  responsible for the  
reac t iva t ion  of i sooctane-ext rac ted  succ ina te-cytochrome c reductase.  These workers  
also pos tu la ted  that  the react ivat ion of this sys t em b y  o ther  quinones (a.g., menadione) 
was nonspecific and could be a t t r i bu ted  to the  redox sys tem of the quinones  ~. 

We have  a t t e m p t e d  to determine whether  or not  tocopherol  ac ts  specifically as 
a cofactor  in the D P N H - c y t o c h r o m e  ~ reductase b y  the following lines of approach:  
(a) Determina t ion  of D P N H - c y t o c h r o m e  c reductase  ac t iv i ty  in normal  and vi tamin-  
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E- and  vitmafin-K-deficient chick hear ts ;  (b) quant i t a t ive  and  qual i ta t ive analyses 
for tocopheroI and  other  materials  in tissues which react  with ferric chlor ide-bipyr idyl  
reagent ;  and (c) examina t ion  of the  inhibi tory effect of isooctane ext ract ion on 
DPNH-cy toch rome  c reductase and  the  mode of action of its react ivat ion by toco- 
pherol and  other  substances.  In this  paper it is shown tha t  the DPNH-cytochrom~. a 
reductase ac t iv i ty  in hear t  muscle from vitamin-E-deficient  chicks is the same as 
tha t  in hearts  from normal  chicks. I t  is fur ther  shown tha t  the  effect of isooctane 
extract ion in inact ivat ing this enzyme system can be explained by  a narcosis of the 
enzymes by  the solvent.  

Co/actors and other substances 

D P N H  and horse-heart  cy tochromc c were pr -duc ts  of the Sigma Chemical 0~. 
Crystallized bovine plasma albumin was obtained from Armour and  Co. d-a-Toco- 
pherol was obta ined from Disti l lation Products  Industries.  Vi tamin K1 and dl-a-toco- 
pherol were products  oi Merck aud  Co. Digitonin and menadione were o-6qStained from 
Nutr i t ional  Biochemicals Corp. Spectral grade isooctane (z,z ,4-tr imethylpentane) was 
obtained from the 3latheson, Coleman and Bell division of Matheson Company,  Inc. 

E~zyme ?Sreparatio,~s amt assays 
t h e  DPNH-cy toch rome  reductase ac t iv i ty  was determined on a par t iculate  

supe rna t an t  (3,ooo >:: g) of hear t  muscle, equivalent  to fraction I I  t~f Lt~rt.~.x~ ,X.~D 
NASON 7, under  the same set of conditions described by the~e workers. The digitonin- 
solubilized enzyme solutions were prepared as described by DoxM_Dsox et al. a. 
Isooctane extract ions  and the preparat ion of tocopherol, vi tamin K~, and menadione 
suspensions in bovine a lbumin were done bv the methods  o¢ NASON AND LEHMAN z. 
T1  I~ ILIN- / "~AR T R E 1  ~. bovine hear t-muscle  preparat ion was prepared according to 
SLATE#. Protein  con ten t  was de termined by the method  of GORNALL et al. a°. 

Production o / v i t amin  E-deficier~t and vitami,~ l~-,t¢/icient abides 
Vitamin-E-deficient  chicks were produced by feeding day-old chicks a synthe t ic  

vi tamin-E-free diet (C47A) conta ining 4°0 of vi tamin-E-free lard tl. Chleks were 
main ta ined  on this diet for at  least 4 weeks. Two series received I5 or 3o % of torula  
yeas t  added  in the diet  in order  to accelerate the vi tamin E 'def ic iency x*. -All diets 
conta ined 0.5 p.p.m, selenium, as selenite, to prevent  ear ly d~ath from exudat ive  
diathesistz, as. Normal  control  chicks received roo mg dl-a-tocopherol aceta te /kg  of diet. 

Vitamin-K-deficient  chicks were produced by feeding day-old chicks the same 
diet listed above but  wi thou t  v i tamin  K. Sulfa.~uxldine was added  at  a l e y d  of 0.5 %. 
Chicks on the vi tamin-K-deficient  diet received no vi tamin E. Since vi tamin K 
deficiency developed rapidly,  in I2-Z4 days, the chicks were not yet  depleted of their  
v i t amin  ~ stores. Control chicks received vi tamin E and vi tamin K (as menadione) 
in Tween 8o-e thanol  sohition in the drinking water  on the seventh and eleventh days.  

Ouantitalix,e and qualitative amdyses v/ tocophcrol and other /arric eldoride-bipyridyl 
raacting materials .i*t tissues 

In general, the apparent  tocopherol content  of tissues was determined as foUows : 
Known amoun t s  of tissue were added to e thanol  containing pyrogallol and brought  

R c l e r e n , e s  p .  43 o.  
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to boiling; i i  N K O H  was added  and  the  saponification cont inued for r 5 min. An 
equaa volume of water  was added to the cooled solution and  the  unsaponifiable 
ma t t e r  was ex t rac ted  wi th  hexane.  After  washing wi th  water ,  the  hexane ext rac ts  
were dried over anhydrous  Na2SO4. An al iquot  of the  ex t rac t  was evapora ted  to 
dryness  under  a s t ream of ni t rogen in a test  tub-., t aken  up in I .o  ml  benzene, and  
put  on a 2-4-cm column of 5nCls-HCl-aet ivated Florex X X F  in a Hennesy  tube.  
The test  tube was rinsed with two o.5-rnl portions of benzene. Three addi t ional  2-ml 
portions of benzene were allowed to flow through the  Florex column. An al iquot  of  
the benzene effluent was evaporated,  the residue dissolved in absolute  ethanol,  and  
the color produced with  FeCla-bipyr idyl  de termined a t  520 m/z in a Coleman Jun io r  
$pect rophotometer  af ter  3 ° sec. A water  blank was used and  a correction was made  
for the color produced by  the reagents alone. For  identif ication purposes, the  Florex- 
t rea ted  ext rac ts  were freed of as much  of the sterols as possible by  repeated (three 
times) low-temperature freezing in me thano l  in an acetone d ry  ice ba th .  The ex t rac t s  
were then chromatographed  on paper  wi th  the  sys tem of GREEN at a/. a4' modified 
by  using 20 % benzene in isooctane (v/v) as developing solvent.  

R E S U L T S  

DPNH-oytochrome c rcductase activity o/ t~gart ~uscl¢ Item z~ormal and vita~in-E- 
defiaient oldohs 

Prel iminary  exper iments  showed t h a t  chick hear t  con ta ined  a very  act ive 
DPNH-c3rtochrome c reductase.  (This enzyme is also present in breast  muscle, bu t  
the ac t iv i ty  is much  lower.) Fur thermore ,  i t  could be demons t r a t ed  t h a t  isooctane 
ext ract ion of the enzyme solution led to  loss of ac t iv i ty  which could be restored by  
suspensions of toeopheroi,  v i tamin  K,  or merad ione  in e thanol-a lbumin.  Table I 
shows the  DPNH-cy toch rome  c reductase ac t iv i ty  of hear t  muscle f rom normal  and  
vi tamln-E-deficient  chicks. Since the enzyme activit ies of chicks receiving the  several  
diets  were similar, the  results are considered together.  None of the deficient chicks 
appeared morbid.  

TABL,]~ ~[ 

1)PNH-CYTOCHROMI~ C REDI_rCTASW- ACTIVITXr OF Ct-IICI~-FIE&Ra~ MUSCLE laR~E~PA~t/LTIO.~'S 

R e a c t i o n  rrdxt;xre c o n t a i n e d  o .o3 -o .o5  m l  e n z y m e  p r e p a r a t i o n  (o. r 8 -o .  3 m g  p r o t e i n ) ,  o.o~ AI K C N .  
o.~ ml  2 %  a q u e o u s  cy toc l~ rome  c, a n d  o A o m t  DI~.NH ( I . X 5 / , m o l e s / m l )  in  a t o t a l  vol .  o f  3 m l  

w i t h  o.1 .'1~I p h o s p h a t e  b u f f e r ,  p H  7-5. 

Norm~l Vitamin.E.d.ef~-ient 

Chick No, Age, u~eks Sp~ili¢ actL,iCy* Chick No. Age, ~'~ks Specific activity" 

L 6 524 i 6 
2 6 6 2 0  2 - 6 

3 7 73 ° 3 7 
4 7 695 4 x~ 
5 7.5 580 5 IZ 
6 8 705 6 I2 

7 4:; M e a n  w i t h  S .D.  642. 3 ~ 34.3 8 4 

524 
5:~9 
485 
578 
806 
64o 
5Sx 

Me.atx w i t h  S . D . . 5 9 1 . 6  _~. 52.( i  

" Specif ic  a c t i v i t y  ~- I necea se  in  a b s o r b a n c e  a t  550 m/u/2 m i n ] g  p r o t e i n .  
"" Chicks  h a d  e n c e p h a ] o m a l a e i ~ .  
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I t  is appa ren t  f rom Table  I tha t  there  was no significant difference in the  D P N H -  
cy toehzome c reduc tase  a c t i v i t y  of hea r t  muscle f rom normal  or  v i tamin-E-def ic ient  
ctxieks. Also, ehickg which had  been deple ted  for  x2 weeks had  act ivi t ies  similar to  
chicks deple ted  for only 4 weeks. E x t r a c t s  f rom ei ther  the hear t  muscle or the  enzyme  
fract ions  from v i tamin-E-def ic ien t  chicks conta ined  no de tec table  a- tocopherol .  
However ,  mater ia l  which reac ted  wi th  FeCl~-bipyt-idyl was present  in all tissues. This 
mate r ia l  mig ra t ed  wi th  the same Rp as a- tocopherol  if there  was an insufficient 
a m o u n t  of sterols removed .  No unequivocal  evidence for tocophery tqu inone  (using 
ascorbic acid reduct ion)  could be found in e i ther  normal  or deficient tissues. 

Since no tocophero l  could be found  in the  hea r t  af ter  4 weeks on the  deficient diet ,  
i t  would appea r  doub t fu l  t h a t  funct ional  amoun t s  of the  v i t amin  could still be 
present  a f te r  as long as x2 weeks. Two chicks receiving x2 % of v i t amin-E- f ree  la rd  
and  o.5 p.p,m, of  selenium in diet  C47A were killed af te r  xS-X6 weeks; gross evidence 
of muscular  d y s t r o p h y  was noted.  The i r  hear t -muscle  prepara t ions  had specific 
act ivi t ies  of 52o and  444. 

DP2qH-aytochroma c rednaase avtivity of heart muscle ~tom ,normal and vitami~-K- 
defiaient ddaks 

Table  II  shows the D P N H - c y t o c h r o m e  c reductase  ac t iv i t y  of muscle from 
2 week-old normal  and  v i t amin  K-deficient  chicks. No analyses  were made  for 
v i t amin  K but  prolonged c lo t t ing  t imes  and  deaths  f rom in terna l  hemorrhages  wr, re 
found in the  deficient g roup  in con t ras t  to  no dea ths  and normal  c lot t ing t imes in 
con t ro l  chicks receiving v i t amin  K. 

T A B L E  1 [ 

I ) P N H - E V T O C H R O S I E  c R E D U C T A S E  ACTIVIT'~" OF C H I C K - H E . k R T  M U S C L E  PRF.PARAT1ON% 

G a m e  e x p e r i m e n t a l  c o n d i t i o n s  a s  i n  T a b l e  I.  t 6 : 5  d a y  o l d  c h i c k s  ". 

N,~rm.t V itamin-K.d¢ltcient 

Chick SpcrilW acth'ity *° ~'hi~k Specili¢ activity" 

A 1 t ~  A r 3 4  
B 169 B ~66 
C z37  C x88 
!) z42 D t 5 6  
E 14~ E t 7 r  

- F I 6 3  

M e a n  w i t h  S , D .  I 4 t  _-k_ I o . 6  M e a n  w i t h  S . D .  I 6 4  -~ 9 . 0  

* o . t  m l  e n z y m e  p r e p a r a t i o n  ( 0 . 5 3 - 0 . 6  / nag  p r o t e i n )  u s e d  in  t h e s e  e x p e r i m e n t s .  
* * S p e c i f i c  a c t i v i t y  ~-~ I n c r e a s e  i n  a b s o r b a n c e  a t  550  ml~]z m i n ] g  p r o t e i n .  

I t  is evident  f rom Tab le  I I t h a t  the  absence of v i t amin  K does no t  cause a lowering 
of the  D P N H - e y t o c h r o m e  o reductase  ac t iv i ty  of chick hear ts .  The  low ac t iv i t y  of 
all  chicks c ompa red  wi th  those  in Table  I is a reflection of the  age of the  chick. We 
hav~ no ted  t ha t  there  is a marked  increaze in the  ac t iv i t y  of this  sys tem in the  chick 
hea r t  be tween the  th i rd  and  four th  weeks of age, 

Quantitative and q,talitative analyses o[ toaoph~rol and other ,naterials ift tissues aml 
enzyme preparations 

Chromatographic analyses. I t  should be emphas ized  tha t  quan t i t a t i ve  d a t a  

R e ] e r e n ~ s  # .  430.  
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reported here represent the  apparem  tocopherol  content  of tissues and  enzyme- 
preparatiotxs. Several workers have reported finding only  one spot ou chromatograms  
of extracts  from animal  tissues a~, 16. However,  we invar iably  found at  1cast 2 spots  
both  of which react wi th  FeCla-bipyr idyl  and also wi th  ammoniaca l  A g N 0  a. In some 
instances all the reducing substances migrate  at  the  same rate. Fig. , ,  drawn from a 
chromatogram of beef-heart-muscle extract ,  demonst ra tes  the behavior  of reducing 
substauces before and  af ter  sterols are removed.  

C) 

© 

g • 

A B 
irig. ]. Chromat~JlcramS of unsapon i f i ab l e  m a t t e r ,  a f t e r  passage  t h r o u g h  F l o r e x  X X F .  f r o m  bee f -  
hea r t  muscle .  S y s t e m  : Z n C O , - i m p r e g n a t e d  p a p e r  14, d e v e l o p e d  wi th  20 % (v] v) b e n z e n e  in i s o o e t a n e  
and spra ) ' ed  wi th  F e C l a - b i p y r i d y l  r eagen t .  S o l v e n t  It(rot a t  t op  e d g e  of s t r ips .  A. S a m p l e  as 

ob t a ined  from. F l o r e x  cohmxn.  B.  S a m e  s a m p l e  a f t e r  rentov-'tl of sterols,  

In our  hands  the chromatographic  sys tem of GR/ZE.X" el al. 1~ gives vary ing  values 
for the RF of a-to,,~pherol depending on the  amoun t  of unsaponifiable mater ia l  in 
the sample. Fig. I i l lustrates tha t  unless the great  bulk of the sterols are removed 
all of the EM.~ElClE-EN~;EL reacting material  (including added tocopherol) tends to  
migrate  at  the same rate. Such a result  could be in terpre ted  erroneously as demon-  
s t ra t ing the  presence of tocopherol in some instances where it is ac tua l ly  absent .  
This was most  clearly shown by  chromatographing  Florex- t reated ext rac ts  from 
vi tamin-E-deficient  chicks. Whereas analysis  showed 9-12 /zg " toeophero l ' "  of hear t  
muscle and  the EMMXRI~-E,xGI:.L-reacting mater ia l  migra ted  with  the same Rp as 
a-tocopherol,  upon removal of more sterols the  RF became tha t  of the slow spot  in 
Fig. IB.  The slow spot shewn in Fig. IB  has been seen in v i r tua l ly  all tissues. In 
some instances after sterol removal  2 slow spots are seen, one immedia te ly  above the 
other.  The R~ of the slow spot can be reduced to almost  zero if sufficient amoun t s  of 
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sterots are r e m o v e d .  T h a t  t h e  ~ l o w  s p o t  is no t  a n  a r t i f a c t  r e . ~ u l t i n g  f r o m  t h e  Z n C O  a- 

p a p e r  is apparent  from the  f inding t h a t  s i m i l a r  r e s u l t s  a r e  o b t a i n e d  if silicic a c i d -  

o/ b e n z e n e  in isooctarte (v:v)  are used a s  t h e  c h r o m a t o g r a p h i c  t r e a t e d  p a p e r  l r  a n d  2 o  :0 

s y s t e m .  
Quantitative analyses o /apparen t  tocopherol in tissttes and enzyme preparations. 

B O U M A N  A N D  S L A T E R  15 a n d  D O N A L D S O N  &Nl) N . \ S O N  1"~ ha,  x 'e  recently presented evi- 
dence that tocopherol may exist  largely as its quinone i~t some tissues. The evide~tce 
rest~ on the increase in FeCi.~-bipyridyt reacting material i a the unsaponifiable fraction 
when it, is reduced before or after saponification. COWLtSr~.~.W et a l :  ~ couId find no 

• significant increase after SnClz-HCI treatment of chick-liver extracts. TaMes I l l ,  
IV, and V list apparent tocopherol values for beef-heart muscle, chick tissues, and 
various enzyme preparations. 

Table III shows the tocopherol content of samples of a single beef heart ~t 
varying time intervals of storage at - - 2 o  :. There is an appreciable decrease in apparent 
tocopherol  after 25 days of storage. A greater decree,so occurred irt the reducible 
material. DJu e t  a l .  x~ have reported the loss of tocopllerol from tissues kept deep- 
frozen. If tocopherol  were being oxidized to the quinone during storage, some increase 
in reduced material would be expected, but thi~ was not observed. 

T A B L F .  I l l  

A P P A R E N T  T O C O P H E R O L  E O N T E N T  OF" I ~ O V I N E - H ~ A R T  5 I U S C L t ~ ;  

A N A L Y ~ E , S  OF" O N E  H E A R T  A T  %'. .~.RIOUS TI3I [ : :  [ N T F . R V A L q .  

ttg I~ucopllo*ot/g ptm~c-h" 

.'n rcthwed l(edt I~¢d ~' 3 

2 4 o- 4 70.5.. 3 o. t 
7.~-,~ 34 .6  

tt 31.t 5 3 . S ' "  24. 7 
14 45.3  (~5 -°  10.7 
I S * ' *  3 t ,2 30.3 § 8, I 

40..5 0.3 
z5 27.4 43 .0 153' 

* U n s a p o n i f i a b l e  m , x t t e r  r e d u c e d  w i t h  a s c o r b i c  a c i d  . I ICI  o r  Sn(-l~ -HCI,  bea'ore t r e a t m e n t  w i t h  
l ; l o r e x  X X F .  

* * S n C l . H - C l - r e d u c e d .  
*** H e a r t  m u s c l e  e x t r a c t e d  w i t h  e t h a n o l  fo r  12 h in t h e  d a r k  in t h e  S o x h l e t  ~ p p a r a t u s .  

§ [ { e d u 6 e d  b e f o r e  s a p o n i f i c a t i ~ m .  

"FA I~LE IV 

. ~ P I * A R P ] N T  T O C O P t l K I ~ O L  C O N T t ~ N T  OP- T I S S U E S  O F  C t l I C K S  O N  T O C O P H E R O L - D E F 1 C I P L N T  1)[I'~T 

1'~' &*c~Jphcfol :~ ?~ss|r," 

; t  ~,." T/.,x:r,- -~ "~trc,trtccd ICcduced ,~ 

d a y  L i v e r  67.*) I I 7.5 40-q 
t d a y  L i v e r  4- y a l k  s a c  67.2 r t)6.5 30-3 
3 d a y s  L i v e "  ÷ y o l k  sac  47-0 77. 6 -'9.7 

t 3 d a y s  l a v e r  5-4 l 2.(, 7.2 
• ,8 d a y s  Live:" -t, o 7,7 3.7 

* All  s a m p l e s  ex t r~ .c t~d  fo r  ~8 11 in  t h e  .%¢~xhlet a p p a r a t u s  w i t h  e t h a n o l .  H a l f  of  0ach  e x t r a c t  
w a s  t h e n  r e d u c e d  w i t h  SnCI~ - t lCI .  
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T A B L E  V 

APPARENT "rocOPHEROL CONTI~NT OF F-,,NZYME PREPARATION~ 

-,'or_. 34 (i959) 

t(nzyme pJ'tp~t~'atfon 
ttg tocopherot'g protein 

Untedr wed Red urcd A 

B o v i n e  h e a r t - r r t u s c l e - f r a c t i o n  I I  ~ 7r  
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From the da t a  in Table  IV it would appea r  tha t  the  mater ia l  which  is being con-  
ve t t ed  to tocopherol- l ike compounds  upon  reduct ion  is carr ied over  f rom the  egg 
and slowly disappears  wi th  t ime.  We have  no t  been able to  d e m o n s t r a t e  an  increase 
in the  mater ia l  in chick tissues by  feeding large a m o u n t s  of tocopherol .  

Th6 da t a  in Table  V d e m o n s t r a t e  t h a t  e n z y m e  prepara t ions  m a y  conta in  ap- 
preciable amounts  of appa ren t  tocopherol ,  However ,  we have  occasional ly  found  
tha t  the color con t r ibu t ion  descr ibed above  by  the  slow mov ing  mate r ia l  m a y  ba as  
m u c h  or more  t han  t ha t  f rom tocopherol .  Our values  for toeophero l  axe much  lower 
t han  those repor ted  by  DO~'ALDSON AND NASON rs, b u t  are of the  same order  as those  
repor ted  by  BOCMA~" AND SLATER x5 for bovine  hear t -musc le  prepara t ions .  Bo th  of 
these groups of workers  have no ted  significant increases of tocophero l  upon  reduct ion.  
Our Kei l in -Har t ree  bovine-hear t -musc le  p repa ra t ion  was p repared  f rom a hea r t  
which had  been frozen for 21 days.  Since Table  I I I  suggests t ha t  the  mate r ia l  fo rmed  
upon reduct ion  decreases rapidly  upon  aging, this might  accoun t  for the  small  
amoun t  Jn our  Ke i l in -Har t ree .p repara t ion .  

Ubiqzd.n.o~a or Qer5 i n  t i s sues .  At t emp t s  in our  l abo ra to ry  to  d e m o n s t r a t e  the  
presence of t ocophery lqu inone  in tissues have  been unsuccessful.  I t  is obvious  f rom 
Tables I I I  to  V tha t  ,educt ior t  of ex t rac t s  of unsaponif iable m a t t e r  conve r t s  some 
oxidized mater ia l  to a reduced s ta te .  One obvious  difference be tween  reduced  and  
unreduced  Florex X X F - b e n z e n e  eluates  f rom bovine-hear t -musc le  unsapcnif iable  
m a t t e r  was the  light yellow color of the  unredueed  in con t ras t  to  the  reduced,  which  
was a lmost  colorless. This yel low mater ia l  was isolated as follows: A benzene e lua te  
f rom ac t iva ted  Florex X X F  equiva len t  to  3 ° g of bovine hear t  muscle was e v a p o r a t e d  
to dryness  under  N 2 and the  residue t aken  up  in hexane.  The hexane  solut ion was 
placed on a I > 5 cm column of 2 :x silicic ac id -Supe r  Cel and xoo ml of h e x a n e  
allowe.q to  pass th rough  the  column. The  yel low band  at  the  top  of the  co lumn was 
e x t r u d e d  and  e lu ted  with Io % e thano l  in hexane,  The  e t h a n o l - h e x a n e  solut ion was 
e v a p o r a t e d  to dryness under  ni t rogen and  taken  up  in hexane .  This  solut ion was 
placed on a i × 8 cm column of MgO-super  eel ( I : i )  and  developed wi th  hexane ,  
The  yel low ba nd  which t raveled  discreet ly was collected, The  mater ia l  had  an ab- 
sorpt ion m a x i m u m  at 275 rr, lz in absolute e thanol  and  gave  no color wi th  FeCI s-  
b ipyf idyl .  I t s  reduct ion  produc t  had a m a x i m u m  a t  292 m/z in absolute  e thanol  and  
reac ted  wi th  the  Er~MERIV-t~NGEL reagent.  I t  is highly probable  tha t  the  original  
yellow mater ia l  is identical  wi th  or  re la ted to  the  Q~n of CRANE at al. ~° and  ub iqn inone  

R e ] e r e n c e s  p .  4 3 0 .  



v e t .  ~ (1959) ~ I O L O G [ C A L  FT'NC.TION OF V I T A M I N  E .  I 4 z 7  

of MORTON at el. 2~. Upon reduction Q275 m a y  account for as much  as one-fourth of 
the  increase (after ascorbic aeid-HCl t rea tment)  in E~t,~tEIR[E-ENC-EL reacting material .  
I t  is possible t h a t  the slow spot seen on paper  chromatograms and referred to above 
m a y  be reduced Q2:,. In view of the da t a  presented above, we feel t ha t  fur ther  
research is needed before it can be s ta ted  wi th  cer ta in ty  tha t  other  forms of a-toco- 
pherol exist  in tissues. 

The  effect o / isooatmte  axtraation on enzyme preparat ions 

The react ivat ion of isooctane-extracted DPNH-cy toch rome  c reductase by toco- 
pherol  a n d  other  substances has been demons t ra ted  in several laboratoriesa,~. ~. 
DI~UL, SLATER AND VELDS'rRA ~ h~ve suggested the  possibility t ha t  inhibit ion is caused 
b y  the absorpt ion of isooctane on the surface of the  enzyme and tha t  ~-tocopherol 
a n d  other  fat-solubM substances act  s imply by  dissolving the isooctane. The results 
given below are in accord wi th  this  hypothesis .  

Pre!irninary exper iments  22 showed t h a t  lyophilized preparat ions of Frac t ion  l I  
ex t rac ted  in the  d r y  s ta te ,  wi th  subsequent  removal  of isooctane i~  vague and re- 
cons t i tu t ion  with  H~O showed similar DPNH-cy toch rome  ¢ reductase activit ies as 
the  original preparat ions.  Exper iments  were then  a t t emp ted  wherein the  enzyme was 
ex t rac ted  in solution with  isooctane, lyophilized, reconst i tu ted with  ~,ater, and  the 
ac t iv i ty  compared  wi th  another  al iquot of the enzyme solution which was lyophilized 
b u t  not  extracted.  In  a typical  exper iment  3.0 ml of enzyme solution was ext racted 
3 t imes wi th  cold isooctane (3 ml isooctane each extraction).  The  DPNH-cy toch rome  c 
reductase was measured  before and  after  extract ion.  Aliquots of 2.o ml of unex t rac ted  
and  ex t rac ted  enzyme solution were then  placed in the freeze-dry appara tus  unt i l  
dry.  To the  dried residue was added 1.8 ml of cold distil led water.  T~ble VI shows 
t h a t  af ter  removal  of the  isooctaale essential ly all of the ac t iv i ty  was restored. Tha t  
isooetaale per se can cause an  inhibit ion of DPNH-cy toch rome  c reductase was shown 
by  the  following exper iment :  z. 5 ml of chick-heart-muscle Fract ion II  were mixed 
in a Ten Broeek h a n d  homogenizer  wi th  o.I  ml isooctane and  the  enzyme ac t iv i ty  
determined.  The t rea ted  and  un t rea ted  eitzyme solutions were then lyophJlized, re- 
cons t i tu ted  wi th  water  and  the enzyme ac t iv i ty  measured again. Table VI I  shows 
t tmt  in the presence of isooctane ac t iv i ty  is grea t ly  diminished;  removal  of the solvent 
restored almost  full ac t iv i ty .  

" F A B L E  V I  
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* A c t i v i t y  = C h a n g e  i n  a b s o r b a n e e  × 1o 3 a t  55 ~ mlz p e r  2 r a i n ,  
"*  6 o / d  of  a s o l u t i o n  p r e p a r e d  a e c t ~ r d i n g  t o  NAso_-; AND LEItMAN ~ u s i n g  3 ° m g  v i t a  r a i n  K1]2 m ] .  
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T A B L E  V I  I 

E F ~ ' E C T  O F  H O . " , | f ) G ~ N I T - I N C - - -  ~*-~Z'~'MJ.~ S O L U T I O - ' ~  W I T H  | . '9OOCTAI' , , :F-.  O N  

I)P~*~.-I'-GYTOCHI~OME C [~E, DUCTASE- ACT1VI'L'*a ~ 

dt ' t ivi ty* 

ttomog~'nized ~¢,ith isooctanr j* ,'liter lyophfh':atio~l 

control  P lus  6o ~d Cotffrat Hom¢~ge~Hzcd" * 
No ad~lilZoet vetami~: h '~ '*"  

t I S 4 ° 8 5 1 I 9  t o ~  

" Acti~ itv = IA55,,,,,~, :< t e a l 2  nain, 
• "  2.5 m l  e n z y m e  p r e p , ' t r a t i o n  h o t l a o g e n i z e d  w i t h  o.1 m l  i s o o c t a n e .  

* *" See  T a b l e  \ ' I .  V i t a m i n  l(~ w a s  a d d e d  t o  t h e  a s s a y  s a m p l e .  

In other  exper iments  a chick-heart-muscle Fract ion t l  prepara t ion  was homo- 
gcnized with  graded amoun t s  of isooctane ill an  a t t emp t  to de termine  the  a m o u n t  
of  residual isooctane needed to cause inhibition. Increasing amoun t s  of isooctane 
ftom 15 to 6.-. #l/x.5 ~l:.~ ~:nzyme produced increasing degrees of inhibition, wi th  the 
60-./A level of the selvent  almost completely inhibi tory.  This inhibi t ion was par t ia l ly  
reversed by the  addi t ion of v i tamins  E or  K 1- 

Since it appeared t h a t  iyophii ization was reversing the isuoctane inhibi t ion b y  
s imply removing the solvent,  ano ther  technique for accomplishing the  same. result  
was sought.  Fur thermore ,  the lyophil izat ion procedure occasionally caused a decrease 
in ac t iv i ty  of the control, nnextra.eted samples. Ceutr i fugat ion of enzyme preparat ions,  
after  ex t rac t ion  or homogenizat ion with  isooctane, was found to restore ac t i v i t y  ~a. 
In these studies the  D P N H  oxidase sys tem az described by  NASON et al, 1 was used. 
~A-hen preparat ions  from ra t -hear t  muscle were homogenized with  small amoun t s  of 
isooetane, the D P N H  oxidase ac t iv i ty  was reduced by  5 ° -60 o,/o. Centr i fugat ion a t  
io,ooo :.. g for 15 rain in the Cold resulted in a considerable res torat ion of a c t i v i t y  
which was fur ther  increased by a second centr i fugat ion *~. This effect of cent r i fugat ion  
was a!so shown wi th  DPNH-cy toch rome  ¢ reductase preparations.  

These s tudies  demons t ra te  t l tat  tkc inhibit ion produced by  isooctane ex t rac t ion  
of DPNH-cy toch rome  a reductase,  and  probably of other  systems,  is an inhibi t ion of 
enzymes by the solvent ra ther  than  an ext rac t ion  of an ac t iva tor  or cofactor, Con t ra ry  
to the results of DO.~.XLDSO.X el al. a, Table VI shows tha t  isooctane-extracted,  solu- 
bilized DPNH-cy toch rome  c reductase is reac t iva ted  by v i t amin  Kt .  We have  
obtained similar results wi th  solubilized, isooctane-extracted bovine succinate-  
cy tochrome c reductase.  

D I S C U S S I O N  

The exper iments  with vi tamin-E-deficient  chick hearts,  a l though not conclusive, cas t  
serious doub t  as to  a role for v i tamin  E in the  DPNH-cy toch rome  c reductase sys tem.  
I t  m a y  be argued tha t  althougl~ +he tissxtes were depleted of a-tocopherol,  some act ive 
"h idden"  form of the  v i tamin  m a y  be present.  I t  should be emphasized tha t  detectable  
amoun t s  of tocopherol disappeared from the  tissues long before the  enzyme studies 
were made. To our knowledge, in no other  exper imental  v i tamin deficiency does an 
animal  cont inue  to grow normal ly  for two or  three mou ths  after the  disappearance 
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of the vi tamin from the  body.  I t  would seem higtdy improbable tha t  functional  
a.mount.s.of the  v i tamin  would still be present after this time. 

There is some disagreement  in the l i terature as to whether  or not  tocopheryl-  
h, sues . As pointed out in the present s tudy,  quinone exists normal ly  in animal  "~ " 

technical  difficulties m a y  have led workers to ass~me erroneously tha t  the quinone 
was present in unsaponifiable extracts.  We have found tha t  substances other than  
the  quinone are present which, when reduced by the usual procedure, give lise to  a 
substance tha t  reacts with the FeC]:~-bipyridyl reagent. This substance was not  
derived from a-tocopherol. In this regard, it is apparent  tha t  current  quant i ta t ive  
analyt ical  methods  for a-tocopherol, even those emp!ey,.'ng chromatographic  puff- 
fieation with ac t iva ted  earths, de termine substances in addit ion to tocopherot. Paper  
ch roma tog raphy  followed by elution and subsequent  photometr ic  analysis appear.~ 
to be the most specific method,  providing the anomalous behavior of irxterfcring 
substances in the presence of sterols is guarded against.  Fur ther  research is needed 
to  establish the na ture  of the unknown EMMERIE-EN(;EL reacting materiMs, and also 
to  establish whetl{er tocopherylqtt inone exi.~t~ normally  in tissues. 

In  a t t e m p t i n g  to determine the biochemical role of a fat-solubl,~ v i tamin  it wou[~t 
t~ppear ax iomat ic  t h a t  techniques  different from those used w~th water-soluble 
metabol i tes  m a y  be necessary. Such new techniques as m a y  be devised, however, 
mus t  necessari ly be subjected to thorough test ing in order to establish their  validity.  
Ex t r ac t ion  of enzyme solutions with fat solvents is a procedure which has been in- 
t roduced  relat ively recent ly into enzyme studies. I t  has been implied x t ha t  the 
~xtract ion with  isooctane of DPN H-cy toch rome  v rcductase removes a fat-soluble 
eofactor (vi tamin E). Our results, however, point to a non-specific inhibit ion or nar- 
cosis of the  enzyme by the  solvent.  S u c h  a possibil i ty was suggested by  DEL'L at al.". 

I t  m a y  be t h a t  the  solvent  becomes a t t ached  to the enzyme molecule, possibly by 
soh 'a t ion  in lipid hound to the enzyme,  wi th  a result ing inhibition of the active center. 
T r e a t m e , t  of the enzyme-so lven t  complex with various lipid materials  removes the 
solvent  and  restores act ivi ty .  The react ivat ion by evaporat ion of the isooctane in 
v a t , w ,  as  shown in the present stud},, would bc in ax:eordance with  this hypothesis.  
On the  other  hand.  the fact  t h a t  centr i fugat ion also restores ac t iv i ty  would suggest 
t h a t  the  solvent  is not f irmly bound to the enzyme. 

In view of the accumula ted  evidence from several l~boratories, toeopherol cart 
a t  present be said to be a specific ac t iva tor  for only one sys tem of enzymes:  the 
aged, solubilized m a m m a l i a n  cy tochrome v reductases reported by DONALDSON et al. a 

a n d  VASI,~GTON et al. ~. VChether the ill-defined aging process results in a phenomenon 
similar to tha t  proposed ,%r iso'octaae extracts-on is unkno,vn. 
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FRACTIONATION OF BOVINE T H Y R O T R O P H ! N  A N D  LUTEINIZING 

HORMONE ON CELLULOSE ION E X C H A N G E  COLUMNS 

P E T E R  G. C O N D L I F F E ,  I ~ O D E R T  ~V. BATI£S~ ANt> R I C H A R D  M. F R A P S  
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and A gricult,tra! Research Service, Beltsvilte, ,led. (U.S.A.} 

( R e c e i v e d  O c t o b e r  241h, 1958) 

S U M M A R Y  

Chromatographic  studies of the behavior  of TSH on DEAE-C and on CM-C have  shown 
tha t  crude TSH can be purified approx imate ly  2o to 4o t imes with recovery of 3o t o  
5o% of tile s ta r t ing  act iv i ty .  The potency  of the  most  act ive fract ions is 2o to  5o 
U.S.P. units::mg. LH can be separa ted  from TSH by  ch romatography  on DEAE-C 
at pH 9.5. The TSH is reta,=ed on the column while the L H  passes through unadsorbed.  

I NTRODUCTION 

Ear ly  a t t empts  to puri fy  p i tu i t a ry  thyro t roph in  resulted in the preparat ion of  
fractions which were about  roD t imes more potent  than  the  bovine anter ior  p i t u i t m y  

A b b r e v i a t i o n s :  T S H ,  t h y r o i d - s t i m u l a t i n g  h o r m o n e ;  LI-[. l u t e i n i z i n g  h o r m o n e :  D F A E - C ,  
d i e t h y t  amine,  e t h y l  ce l lu lose ;  C.M-C, ca rb r>xymethy lce l lu lose .  
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