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AN II"1PROVED METHOD FOR THE PREPARATION OF CHLOROPHYLL BY 
MEANS OF COLUMN CHROMATOGRAPHY WITH SEPHAROSE CL-6B 

Kei j i  I r i y a m a ,  Masahiko  Y o s h i u r a ,  T e t s u r o  I s h i i  and  
Masaru S h i r a k i  

Department  of B i o c h e m i s t r y ,  The J i k e i  U n i v e r s i t y ,  S c h o o l  

of M e d i c i n e ,  N i s h i - S h i n b a s h i ,  Mina to -ku ,  T o k y o  1 0 5 ,  Japan  

and 
R e s e a r c h  I n s t i t u t e  f o r  Po lymers  and T e x t i l e s ,  1 - 1 - 4  

Y a t a b e - H i g a s h i ,  Tsukuba ,  I b a r a k i  3 0 5 ,  Japan  

ABSTRACT 
An improved  method f o r  t h e  p r e p a r a t i o n  o f  c h l o r o p h y l l  

" a "  and c h l o r o p h y l l  " b "  from f r e s h  s p i n a c h  l e a v e s  by means 
o f  t h e  column c h r o m a t o g r a p h y  w i t h  Sepharose CL-66 has  
been d e v e l o p e d .  A good s e p a r a t i o n  o f  t h e  g r e e n  p i g m e n t s  
was a t t a i n e d  on t h e  column ( $ 2 5  x 1 6 3  m m )  w i t h  a mixed 
s o l v e n t  program of  2 ,  3 ,  1 0  and 2 0  % 2 - p r o p a n o l  i n  h e x a n e .  

INTRODUCTION 
Recen t  p r o g r e s s  i n  s y n t h e t i c  a d s o r b e n t s  h a s  made 

p o s s i b l e  t h e  s e p a r a t i o n  and  i s o l a t i o n  o f  c h l o r o p h y l l ( C h 1 )  
w i t h  good r e p r o d u c i b i l i t y  a s  well a s  w i t h  h i g h  y i e l d  by 
means of  column c h r o m a t o g r a p h y  w i t h  s y n t h e t i c  a d s o r b e n t s  
s u c h  a s  Sephadex  LH-20 ( l ) ,  S e p h a s o r b  H P  U l t r a f i n e  ( 2 ,  3 1 ,  
DEAE-Sepharose CL-66 ( 4 ,  5 )  and S e p h a r o s e  CL-66 ( 4 ,  5 ) .  
A f t e r  t h e  c o n v e n t i o n a l  c o m p a r a t i v e  e x a m i n a t i o n s ,  i t  h a s  
been emphas ized  ( 5 )  t h a t  S e p h a r o s e  C L - 6 6  may be one  o f  
t h e  bes t  a d s o r b e n t s  f o r  p r e p a r a t i v e  s e p a r a t i o n  and 
i s o l a t i o n  o f  c h l o r o p h y l l  " a "  and c h l o r o p h y l l  " b " .  

5 3 3  
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534 IRIYAMA ET AL. 

Omata and Murata ( 4 )  have been a b l e  t o  o b t a i n  pure  
ch lo rophy l l  " a "  and c h l o r o p h y l l  " b "  from P p t  I ( 6 )  
prepared  acco rd ing  t o  t h e  d ioxane  method ( 6 ,  7 )  a s  a 
s t a r t i n g  m a t e r i a l  by combining column chromatography wi th  
DEAE-Sepharose CL-6B wi th  t h a t  us ing  Sepharose CL-6B. 
Subsequent ly ,  we have developed an improved method f o r  
t h e  p r e p a r a t i o n  of c h l o r o p h y l l  " a "  a n d  c h l o r o p h y l l  " b "  
from f r e s h  sp inach  l e a v e s  by means o f  column chromato-  
graphy with Sepharose  CL-6B. In t h i s  pape r ,  we r e p o r t  an 
improved method f o r  t h e  p r e p a r a t i o n  of  Chl.  

MATERIALS AND METHODS 
Prec lean ing  of Chl e x t r a c t e d  from f r e s h  sp inach  

l e a v e s  was achieved  acco rd ing  t o  the p rocedures  d e s c r i b e d  
e a r l i e r  ( 6 ,  8 ) .  P p t  111, t h u s  o b t a i n e d  a f t e r  t h e  
p rec l ean ing  o f  t h e  ace tone  e x t r a c t  ( 6 ) ,  c o n t a i n e d  
ch lo rophy l l  " a "  a n d  c h l o r o p h y l l  " b "  and non-sorbed 
c a r o t e n e s  on  t h e  Sepharose CL-6B column developed i n  t h e  
s o l v e n t  program used i n  t h i s  s t u d y .  As w i l l  be d e s c r i b e d  
l a t e r ,  i t  has been found t h a t  P p t  I11 i s  ex t r eme ly  use fu l  
a s  a s t a r t i n g  m a t e r i a l  t o  s e p a r a t e  p h o t o s y n t h e t i c  
pigments from each o t h e r .  

du r ing  t h e  c o u r s e  of t h e  Chl p r e p a r a t i o n  by a t h i n - l a y e r  
chromatographic  method ( 9 ) .  In a d d i t i o n ,  t h e  p u r i t y  o f  
ch lo rophy l l  " a "  a n d  c h l o r o p h y l l  " b "  was de te rmined  by a 
high-performance l i q u i d  chromatographic  method ( 1 0 )  as 
well  a s  by a s p e c t r o p h o t o m e t r i c  method d e s c r i b e d  
e l  sewhere ( 6 ) .  

The Sepharose CL-6B column ($25 x 163 m m )  was 
prepared  acco rd ing  t o  t h e  procedures  of Omata and 
Murata ( 4 ) .  The column was connec ted ,  through t h e  U V  
moni tor  (JASCO UVIDEC-100-11 W ) ,  t o  a f r a c t i o n  c o l l e c t o r .  
P e r c o l a t i o n  of t h e  pigment s o l u t i o n  and t h e  deve lop ing  

The chemical  s t a b i l i t y  of Chl molecules  was examined 
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CHLOROPHYLL FROM COLUMN CHROMATOGRAPHY 535 

s o l v e n t s  was a c c e l e r a t e d  b y  s l i g h t  p r e s s u r e  f r o m  a 

r o t o r  pump (SJ -1210 ,  M i t s u m i ;  f l o w  speed, 126 -138  m l / h r )  
c o n n e c t e d  t o  t h e  t o p  o f  t h e  c h r o m a t o g r a p h i c  t u b e  b y  means 
o f  a t e f l o n  t u b e .  F o r  examp le ,  8 0  mg o f  P p t  111, f r e s h l y  

p r e p a r e d ,  was d i s s o l v e d  i n  a b o u t  30 m l  o f  t h e  m i x e d  

s o l v e n t  ( 2 - p r o p a n o l / h e x a n e  = 2 : 98, v / v ) .  The r e s u l t a n t  
g r e e n  s o l u t i o n  was added t o  t h e  t o p  o f  t h e  co lumn and 
t h e n  t h e  co lumn was washed u s i n g  s o l v e n t  p r o g r a m  o f  2, 
3,  10  and 20 % 2 - p r o p a n o l  i n  hexane .  The co lumn 
t e m p e r a t u r e  was m a i n t a i n e d  a t  16"C, a l t h o u g h  i t  has  been 
a l r e a d y  c o n f i r m e d  ( 4 )  t h a t  t h e  s e p a r a t i o n  s h o u l d  be 

c a r r i e d  o u t  a t  l o w e r  t e m p e r a t u r e s ,  f o r  examp le ,  a t  4°C. 
Because t h e  e q u i p m e n t  used  i n  t h e  c o l u m n  c h r o m a t o g r a p h i c  
s e p a r a t i o n  was n o t  p r a c t i c a l  t o  o p e r a t e  b e l o w  15°C. The 
t h i n - l a y e r  c h r o m a t o g r a p h i c  e x a m i n a t i o n s  o f  e a c h  c o l l e c t e d  
f r a c t i o n  o f  1 0  m l  were  p e r f o r m e d  i n  o r d e r  t o  a v o i d  
c o n t a m i n a t i o n  o f  c h l o r o p h y l l  " a "  and c h l o r o p h y l l  " b "  
f r a c t i o n s  w i t h  any  o t h e r  p h o t o s y n t h e t i c  p i g m e n t s  o r  
d e g r a d a t i o n  p r o d u c t s  o f  Chl  m o l e c u l e s .  

RESULTS 
F i g .  1 shows t h e  e l u t i o n  p a t t e r n .  The c o m p l e t e  

s e p a r a t i o n  be tween  t h e  p i g m e n t  peaks  was a c h i e v e d .  The 
t h i n - l a y e r  c h r o m a t o g r a p h i c  a n a l y s e s  o f  t h e  co lumn 
c h r o m a t o g r a p h i c  f r a c t i o n s  ( 1 7 0 - 2 4 0  m l )  y i e l d e d  o n l y  one 

s p o t ,  c o r r e s p o n d i n g  t o  c h l o r o p h y l l  " a " .  The c h l o r o p h y l l  
" a "  s o l u t i o n  t h u s  c o l l e c t e d  was e v a p o r a t e d  t o  o b t a i n  
c h l o r o p h y l l  " a "  p r e p a r a t i o n  i n  a s o l i d  s t a t e  i n  a vacuum 
d e s i c c a t o r  ( 3  mmHg) w h i c h  was k e p t  i n  a t h e r m o s t a t e d  

w a t e r  b a t h  a t  10°C. C h l o r o p h y l l  " a " ,  49 .3  mg, on a d r y  
w e i g h t  b a s i s ,  was o b t a i n e d .  From t h e  f r a c t i o n s  ( 2 6 0 - 3 4 0  
m l ) ,  1 6 . 8  mg o f  c h l o r o p h y l l  " b "  on  a d r y  w e i g h t  b a s i s  
was o b t a i n e d  a c c o r d i n g  t o  t h e  same p r o c e d u r e s  u s e d  i n  t h e  
above p r e p a r a t i o n .  T h i n - l a y e r  c h r o m a t o g r a p h i c  a n a l y s i s  
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F I G U R E  1 

Chromatogram of c h l o r o p h y l l  i n  a Sepharose  CL-66 column 
monitored a t  430 n m  with f low speeds of 126-138 m l / h r .  
We have no t  been a b l e  t o  f low the deve lop ing  s o l v e n t s  a t  
a c o n s t a n t  r a t e ,  a s  i t  was observed  t h a t  t h e  bed volume 
of t h e  adso rben t  in  each developing  s o l v e n t  system was 
d i f f e r e n t ,  and t h u s  t h e  swel l  i n g  o f  the  adso rben t  p reven t  
us f r o m  ach iev ing  c o n s t a n t  f low.  F r a c t i o n s  of 10 rnl were 
c o l l e c t e d .  
E luen t :  ( I )  2 ,  (11 )  3 ,  (111) 10 ,  and ( I V )  20 % ( v / v )  

2-propanol  i n  hexane.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHLOROPHYLL FROM COLUMN CHROMATOGRAPHY 537 

o f  t h e  c h l o r o p h y l l  " b "  p r e p a r a t i o n  r e v e a l e d  t h a t  i t  d i d  
n o t  c o n t a i n  any o t h e r  co lou red  m a t e r i a l s .  In a d d i t i o n ,  
2 1 . 4  mg of non-sorbed c a r o t e n e s  was o b t a i n e d .  

t h e  c h l o r o p h y l l  " a "  a n d  c h l o r o p h y l l  " b "  p r e p a r a t i o n s  
were in  g o o d  agreement wi th  t h e  l i t e r a t u r e  v a l u e s  ( 3 )  
with  exper imenta l  e r r o r .  

The v i s i b l e  a b s o r p t i o n  s p e c t r a l  c h a r a c t e r i s t i c s  o f  

DISCUSS ION 
Recen t ly ,  Hdxtermann ( 1 1 )  emphasized,  a f t e r  

compara t ive  i n v e s t i g a t i o n s ,  t h a t  a p p l i c a t i o n  of t h e  
d ioxane  method ( 7 )  i s  e f f e c t i v e  f o r  e x t r a c t i o n  and 
p r e c l e a n i n g  of  Chl ob ta ined  from p l a n t  m a t e r i a l s .  
Subsequent ly ,  we have confirmed ( 5 )  t h a t  t h e  combinat ion 
of  t h e  dioxane method and t h e  column chromatographic  
method developed by Omata and Murata ( 4 )  may be 
p r a c t i c a l l y  use fu l  f o r  t h e  p r e p a r a t i o n  of c h l o r o p h y l l  " a"  
and c h l o r o p h y l l  " b " .  In t h e  column chromatographic  
procedures  (4), t h e  DEAE-Sepharose CL-6B column was 
employed t o  s e p a r a t e  t h e  p h o t o s y n t h e t i c  ye1 1 ow pigments  
from t h e  green  pigments .  By c o n t r a s t ,  we have developed 
a method f o r  t h e  e l i m i n a t i o n  of most c a r o t e n o i d s  from 
P p t I I  by washing with 80 % ( v / v )  aqueous methanol p r i o r  
t o  t h e  powdered-sugar column chromatographic  s e p a r a t i o n  
( 8 ) ,  a n d  then  P p t  I11 was o b t a i n e d .  By t h e  use  of P p t  I11  
a s  a s t a r t i n g  m a t e r i a l  f o r  t h e  column chromatographic  
i s o l a t i o n  of c h l o r o p h y l l  " a "  a n d  c h l o r o p h y l l  " b " ,  we have 
been a b l e  t o  o b t a i n  pure c h l o r o p h y l l  p r e p a r a t i o n s  very  
r a p i d l y  a n d  very  e a s i l y .  For example,  we have developed 
a method f o r  t h e  p r e p a r a t i o n  o f  Chl by means o f  column 
chromatography wi th  powdered-sugar ( 6 ) .  However, we have 
confirmed ( 3 )  t h a t  s p e c i a l  c a r e  i s  r e q u i r e d  t o  p repa re  a 
powdered-sugar column o f  good q u a l i t y  w i t h  good 
r e p r o d u c i b i l i t y ,  s i n c e  powdered s u g a r  has a s t r o n g  
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t e n d e n c y  t o  a d s o r b  m o i s t u r e  f r o m  a i r ,  a n d  t h e  p r e s e n c e  o f  

a n y  t r a c e  w a t e r  a f f e c t s  t h e  s e p a r a t i o n  o f  t h e  p i g m e n t s .  

C o n v e r s e l y ,  f o r  e x a m p l e ,  c o l u m n s  o f  S e p h a r o s e  CL-6B o f  
g o o d  q u a l i t y  c a n  b e  v e r y  e a s i l y  o b t a i n e d  w i t h  g o o d  

r e p r o d u c i b i l i t y .  I n  a d d i t i o n ,  i t  h a s  b e e n  f o u n d  ( 5 )  t h a t  

S e p h a r o s e  CL-6B h a s  g r e a t  b i n d i n g  c a p a c i t y  f o r  C h l .  

Hence ,  we h a v e  d e v e l o p e d  t h e  m e t h o d  f o r  t h e  p r e p a r a t i o n  

o f  C h l  a s  h a s  b e e n  d e s c r i b e d  i n  t h i s  r e p o r t .  
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