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Randomization of the carbon atoms in glucose and fructose during 
their metabolism in barley seedlings 

I ncuba t i on  of var ious  p l an t  t i ssues  wi th  1-14C - or 6A4C-glucose or -fructose has  shown  t h a t  du r ing  
incorpora t ion  into sucrose and  cellulose par t ia l  r andomiza t ion  occurs  be tween carbon  a t o m s  r 
and  6 of hexose  res idues:  f ructose or glucose isolated from these  c o m p o u n d s  were found to con ta in  
some  20-25 o~ of the  to ta l  ac t iv i ty  of the  hexose in the  t e rmina l  carbon a t o m  remote  from the  
one originally labelled (~-NTEISH I, EDELMAN, GINSBURG AND HASSID Z, SHAFIZADEH AND WOLFROM3). 
These  observa t ions  have  led to the  sugges t ion  t h a t  some a t  least  of the  hexose  molecules are 
cleaved into tr iose der iva t ives  which  equi l ibrate  before resyn thes i s  to hexose  and  s u b s e q u e n t  
polymeriza t ion.  However ,  s tudies  by SEEGMILLER and  co-workers4, s, on ga lac turonic  acid res idues 
f rom s t r awber ry  and  boysenber ry  pect in  af ter  incorpora t ion  of specifically labelled glucose, 
indicated t h a t  there  m a y  be an a l t e rna t ive  pa t hway .  Fur the rmore ,  degrada t ion  of cellulose formed 
by  Acetobacter x y l i n u m  f rom specifically labelled hexose has  ind ica ted  t h a t  a pentose  p h o s p h a t e  
sy s t em is involved s. 

To e lucidate  th i s  problem in p l an t  t i ssue the  expe r imen t s  reported here were unde r t aken .  
IA4C- or 2A4('-glucose or 4 :5:6A4C-fructose  were used as subs t r a t e s  for sucrose and  cellulose 
syn thes i s  in an  a t t e m p t  to follow all possible in te rchanges  of carbon a t o m s  in the  hexose  skeleton.  
Bar ley was chosen for th is  work, as aqueous  e thanol  ex t rac t s  of whole seedlings incuba ted  with 
labelled hexose  gave  c h r o m a t o g r a m s  and  r ad ioau tog raphs  s imilar  to those  of whea t  seedlings 
(EDELMAN el al.  ~) and  t h e y  absorbed  t racer  a m o u n t s  of suga r  fas ter  t h a n  o the r  cereals. 

Uniformly-14C-labelled glucose and  fructose were prepared  by  hydro lys i s  of sucrose isolated 
from Canna leaves which had  pho tosyn thes i sed  in an  a t m o s p h e r e  con ta in ing  14CO~. rA4C-glucose 
and  zA4C-glucose were pu rchased  from the  Rad iochemica l  Centre,  A m e r s h a m ,  England .  4 : 5 : 6 -  
14C-fructose was syn thes i sed  by  the  m e t h o d  of EDELMAN AND ~HIBKO 7. Degrada t ion  of th is  
f ructose showed t ha t  carbon a t o m s  4, 5 and  6 were equal ly  labelled and  conta ined  92 °0 of the  
rad ioac t iv i ty  in the  m o l e c ~ e ;  carbons  I, 2 and  3 conta ined  less t han  4 %. 

Seedlings abou t  3 days  old were t rea ted  in the  way  described by EDELMAN el al. 2 for whea t  
seedl ings;  roots  and  scuteIIa" were cu t  from whole seedlings immedia t e ly  before incubat ion  with 
t racer  a m o u n t s  of suga r  ( ,~  o.z m g / m l  medium) .  The  degrada t ive  me thod  for glucose was a 
modif ica t ion  of t h a t  of GUNSALUS AND GIBBS 8 us ing  Leuconosloc mesenteroides (see EDELMAN el al.~). 

Excised roots  incorpora ted  ac t iv i ty  into glucose, fructose, sucrose, hexose phospha te ,  and  
o the r  c o m p o u n d s  soluble in 80 % ethanol ,  as well as into insoluble subs t ances  including cellulose. 
In  cont ras t ,  excised scute l la  a c c u m u l a t e d  ac t iv i ty  ma in ly  into sucrose, with  little or none in the  
monosacchar ide  fraction (Table I). 

T A B L E  I 

DISTRIBUTION OF ACTIVITY IN TISSUE FRACTIONS 

Tissue  f rom 30 seedlings was  i ncuba t ed  with 5 ml water  con ta in ing  5/~c uniformA4C-glucose§ 
( ~  0.2 mg/ml)  for 4 h a t  room t e m p e r a t u r e  in darkness .  

Acli~'ity invorporatcd as % substrale utili~d 

Subslvate utilized Other dhanol- Ethanol- 
% Fr~  glucose Sucrose soluble compounds insoluble compounds 

and ]ruvlose including including 
sugar phospha~s cell~ose 

Roots  90 6.3 8.9 39 20 
Scutel la  63 z -3 24 ~ 5 5.o 

§ Similar  resul ts  were ob ta ined  wi th  uniform-X4C-fructose. 

E x p e r i m e n t s  us ing  r-14C-glucose and  shor t  t ime  in te rva ls  (30 rain) conf i rmed previous  find- 
i n g s - n o t  h i the r to  d e m o n s t r a t e d  with barley t i s s u e - - t h a t  carbon a t o m  6 of incorpora ted  
hexose  con ta ined  a b o u t  one s ix th  of the  to ta l  ac t iv i ty  of the  molecule;  ca rbon  I con ta ined  a lmos t  
all t h e  r emain ing  ac t iv i ty .  There  was  little fu r the r  change  on prolonged incubat ion  (IO h). Wi th  
zA4C-glucose, a s imilar  propor t ion  of ac t iv i ty  appeared  in carbon a t o m  5, and  with 4:5:6-14C - 
f ructose  a s imi lar  p ropor t ion  in ca rbons  z, z and  3- Resu l t s  of degrada t ion  of free glucose and  
glucose f rom sucrose,  suga r  p h o s p h a t e  and  cellulose in typica l  e x p e r i m e n t s  are shown in Table  I I .  
The  resu l t s  of m a n y  expe r i men t s  showed t h a t  this  r andomiza t ion  wi th in  the  carbon  ske le ton  of 

* The  scu te l lum is the  organ  t h rough  which  s torage  mate r ia l  f rom the  gra in  is t ransfer red  
to the  seedling. 
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B. e-~4('-glucose 
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('. 4 : 5 : 6 " t 4 C - f r u c t ° s e ' "  
t 

2 
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(;Iucosl' ]r,)l~z 
Free glucose  . . . . . . . . . . . .  

Sucrose S la,,a r phosphate Cellu!o.s* 

7 s ' °  '~" (76.5) " 75 .'s 75.4 
I . O  2. 7 (O.51 2 3 )  " t 5  

o.6 ~.3 (-' .o) l.. I i. 5 
o.6 o.8 (2.o) 2. 4 ~ 5 
o.o o.2 (0.3) oA) o.(i 

IO.o I 7.8 (17-3} ;0 .0  1,%9 

3.5 3 .6 ().o 5.o 
76.5 77.o 72.3 7o.o 

3-5 3 .o ~1.o 5.(1 
1 . 2  1 . 2  i . ,~ 1 .() 

15.o 14.o I4. 3 10.2 
1 .2  1 .2  2 .1  1 . 0  

7.° (). 5 b. 2 8..1 
17.t') (1"9 (1.O 0.1 

0.4 7 .6 7. 
2 2 .  5 2 5 . ( I  2 7 . O  

8 [ . 0  2 2 . 0  2 8 . 0  2N .O  

2 ! .o 27. 4 2(Lo 

* Figures  in paren theses  are for isolated scutel la .  
*" Roots  from 5 ° seedl ings incuba ted  for 5 h wi th  io pc sul)s trate .  

glucose a lways  occurred;  compar i son  of the d i s t r i bu t ion  of t i c  (Table I1) showed t h a t  even the 
free glucose in roots  was der ived from the same metabo l ic  pool its the po lymers  and  not  by pass ive  
dit tusion. 

The three subs t r a t e s  i-, 2-, and  4 :5 :6 - r tC-hexose  were chosen to enable  all  possible inter-  
changes  among  carbon a toms  in the hexose molecule to be de tec ted  wi th in  reasonable  l imits ,  
and  the i r  use demons t r a t e d  t h a t  such in te rchange  occurred a lmos t  en t i re ly  wi th in  the  pai rs  of 
carbon a toms  1 and 6, -' and  5. 3 and  4, the  degree of r andomiza t ion  being s imi la r  in each case; 
these d a t a  can be exp la ined  by the  hypo thes i s  t h a t  a large propor t ion  of the hexose molecule  is 
randomized  by c leavage  into 3-carbon f r agmen t s  followed bv equ i l ib ra t ion  and resyn thes i s  to 
hexose (the label l ing of carbons  ~ and 3 in the 2A4C gh, cose e x p e r i m e n t  ind ica tes  t h a t  the hexose 
morn)phosphate  s h u n t  had also occurred to a smal l  ex ten t ) .  

I t  should be noted,  however,  t h a t  sugar  alcohols  p lay  a role in ca r t )ohydra te  metal)ol isnl  
in some an ima l  t issues 9,nl and micro-organisms  n,  and  the poss ib i l i ty  of convers ion of hexose to  
a compound  such as ~)-mannitol whose s y m m e t r y  al lows carbons  ~, 2 and 3 to become 6, 5 and  
4 respec t ive ly  on reconvers ion to glucose canno t  be ruled out.  

.ks, by both  these hypotheses ,  a c t i v i t y  appea r ing  in the or ig ina l ly  unlabel led  half  of glucose 
is essen t ia l ly  due to a p ropor t ion  of the  molecules  becoming  label led equa l ly  in both halves,  
the  appea rance  of i5 -25  % a c t i v i t y  in the former ly  unlabe l led  half  means  t h a t  a t  least  3o-5 o % 
of the  molecules  have  undergone  randomiza t ion .  If  equ i l ib ra t ion  of the  t r iose phospha t e s  is not  
in s t an taneous ,  an even g rea te r  p ropor t ion  t h a n  th is  m a y  have  been inw)lved.  The fact  t h a t  such 
ex tens ive  r a n d o m i z a t i o n  occurs dn r ing  such shor t  t ime  in t e rva l s  and  in such diverse  t issues  under  
differing condi t ions  may  ind ica te  t h a t  i t  is a necessary  s tep  in e i ther  the  abso rp t ion  of hexose 
ot  i ts  fur ther  po lymer iza t ion .  
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Intracellular distribution of vitamin E and vitamin A in chicken liver 

Since tocopherol  has  been found  to  be an ac t iva to r  or  cofactor  in the  reduct ion  of cy toch rome  c 
by  D P N H  1 and  m a y  also be impl ica ted  in ox ida t ive  phosphory la t ion ,  it  seemed of in teres t  to 
e x a m i n e  t he  in t racel lu lar  d i s t r ibu t ion  of th is  v i t ami n  in liver, and ,  in par t icular ,  its concen t ra t ion  
in t he  mi tochondr ia .  Inves t iga t ions  of the  v i t ami n  K con t en t  have  a l ready  been m a d e  in this  
l abora tory  2, and  o ther  workers  3 have  inves t iga ted  the  d i s t r ibu t ion  of tocopherol  in hea r t  muscle  
p repara t ions .  In  t he  p resen t  s t u d y  v i t ami n  A de t e rmina t ions  were also carried out .  

22 newly  ha t ched  chicks were reared on a " n o r m a l "  ra t ion 4 for 6 days  and  then  divided 
in to  two groups .  Group  i 692, cons is t ing  of 12 chicks, received for 39 days  a 20 % casein, " fa t - f ree"  
diet  (No. 3 in Table  I of ref.5). Group  1694, consis t ing  of io chicks, received a cor responding  
15 % casein,  " fa t - f ree"  diet  for 42 days .  The  diets  were s u p p l e m e n t e d  wi th  ioo m g  d, l -a- tocopherol  
ace ta te  ("Ephynal", Roche) per  kg. 

T A B L E  I 

AMOUNT OF N I T R O G E N ,  ~t-TOCOPHEROL AND VITAMIN A IN F R A C T I O N S  OF 

IOO g F R E S H  CHICKEN LIVER 

Crfoup No. 16921 2694*. 

% ~ i n  in the di~ ao "5 

Liver/raeAion "N . . . .  M . . . .  P + S"  To t~  " N "  "M . . . .  P + S" To!.al 

g iX!/ioo g fresh liver 
1~ con t en t  as % of to ta l  N 

0.85 0.37 1.15 2.37 0.84 0.23 1.2o 2.27 
36 16 48 ioo 37 io 53 IOO 

/~g a- tocopherol /zoo g liver 415 343 792 
a- tocopherol  as % of to ta l  tocopherol  27 22 51 
/~g a- tocopherol /g  N 490 93 ° 690 
/~moles a - tocopherol /g  h" I. 14 2.16 1.60 

155o 446 283 I14O I869 
xoo 24 15 6I lOO 

53 ° 123o 95 ° 
1.23 2.86 2.20 

/*g v i t a m i n  A/xoo g l iver 480 167 I65O 2297 
v i t amin  A as % of to ta l  v i t ami n  A 21 7 72 lOO 
/~g v i t amin  A/g N 564 45o 144o 
/*moles v i t amin  A/g N 1.97 1.57 5-03 

* IO7.2 g liver f rom I2 chicks  were used for the  p repara t ion  of the  fract ions.  
74.5 g liver f rom io  chicks were used for the  p repara t ion  of the  fract ions.  

The  an ima l s  were killed b y  decapi ta t ion .  The  livers were removed,  weighed  immed ia t e ly  and  
homogen ized  in 9 vol. o . 2 5 M  sucrose us ing  a Teflon homogenizer .  The  f rac t iona t ion  was  carried 
ou t  as descr ibed by  SCHNEIDER AND HOGEBOOM 6, excep t  t h a t  af ter  separa t ion  of t he  mi tochondr i a  
the  r ema in ing  s u p e r n a t a n t  (conta in ing  the  submicroscopic  par t ic les  (P) a n d  the  soluble f rac t ion 
(S)) was  no t  f rac t ionated .  The  three  f r a c t i o n s - - n u c l e i  (N), m i tochondr i a  (M), and  s u p e r n a t a n t  
(P + S ) - - w e r e  freeze-dried in a Stokes  "Freeze-dryer  a p p a r a t u s  t ype  lO 3 - L P M " .  

The  tocopherol  c o n t e n t  of  t he  f rac t ions  was  de te rmined  in the  following way :  Weighed  
a m o u n t s  of the  f ract ions were saponified by  hea t ing  unde r  r e f l u x - - i n  an  a t m o s p h e r e  of n i t rogen  


