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A N  I M P R O V E D  M E T H O D  F O R  E X T R A C T I O N  , P A R T I A L  P U R I F I C A T I O N  , 
SEPARATION A N D  ISOLATION O F  C H L O R O P H Y L L  

FROM SPINACH LEAVES 

Keiji Iriyama, Masaru Shiraki 
Research I n s t i t u t e  f o r  Polymers and Text i les ,  Sawatari 

4-1 , Kanagawa-ku, Yokohama 221 , Japan 
Masahiko Yoshiura 

Tokyo 160, Japan 
Department of Physics, Waseda University, Shinjuku-ku, 

ABSTRACT 

Powdered sugar column chromatographic separation 
and isolation of chlorophyll were studied. A wet column 
was employed using a Pharmacia R25 chromatographic tube 
connected, through a UV monitor, to a fraction collector. 
Chlorophyll extracted from spinach leaves with acetone 
was selectively precipitated with dioxane and water, 
and then was washed with 80 % (v/v) aqueous methanol. 
Use of the further purified chlorophyll as a starting 
material for chromatographic separation and isolation 
of chlorophyll, made column chromatographic procedures 
become extremely effective and easier. Thin-layer 
chromatographic and high-performance liquid ChraMtOgrapkic 
tests revealed that chlorophyll preparations in this 
study did not contain any other photosynthetic pigments 
andtheir degradation products. 
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256 IRIYAMA, SHIRAKI, AND YOSHIURA 

INTRODUCTION 

The need f o r  h igh ly  p u r i f i e d  c h l o r o p h y l l  i s  now 
i n c r e a s i n g  i n  many d i v e r s e  a r e a  of i n v e s t i g a t i o n .  
However, some d i f f i c u l t i e s  s t i l l  remain i n  p r e p a r a t i o n  
of  c h l o r o p h y l l .  P r e p a r a t o r y  methods f o r  c h l o r o p h y l l s  
" a "  and " b "  have a l r e a d y  been reviewed e l e sewhere  (1-3). 
The publ i shed  p rocedures  may be d i v i d e d  i n t o  a t  l e a s t  
t h r e e  s t e p s .  The f i r s t  s t e p  i n v o l v e s  e x t r a c t i o n  of 
c h l o r o p h y l l ,  wi th  a p p r o p r i a t e  s o l v e n t s ,  from photosyn-  
t h e t i c  l i v i n g  bod ies .  The second s t e p  i s  t o  e l i m i n a t e  
most ye l low pigments and most of t h e  c o l o r l e s s  substances 
from the  e x t r a c t  p r i o r  t o  chromatography.  In t h e  t h i r d  
s t e p ,  column chromatography i s  used t o  s e p a r a t e  a n d  t o  
i s o l a t e  t he  pigments .  P u r i f i c a t i o n  of c h l o r o p h y l l  should 
be accomplished by t h e  t h i r d  s t e p .  However, we e x p e r i e -  
nced c o n s i d e r a b l e  d i f f i c u l t i e s  i n  s e p a r a t i n g  and 
i s o l a t i n g  ch lo rophy l l  v i a  column chromatography wi th  
mild a d s o r b e n t s ,  such a s  c e l l u l o s e ,  s t a r c h ,  and 
powdered suga r  ( 1 - 3 ) .  One of t h e  d i f f i c u l t i e s  i n  t h e  
s e p a r a t i o n  and i s o l a t i o n  v i a  column chromatography 
r e s u l t s  from t h e  e x i s t e n c e  of m i g r a t i n g  ye l low p igments ,  
which p reven t  s u f f i c i e n t  s e p a r a t i o n  and i s o l a t i o n .  
The re fo re ,  we developed a method f o r  p a r t i a l  pur i f ica t ion  
of ch lo rophy l l  e x t r a c t e d  from p h o t o s y n t h e t i c  l i v i n g  
bodies  be fo re  chromatographic  s e p a r a t i o n  a n d  i s o l a t i o n  
and r e p o r t e d  t h e  method b r i e f l y  ( 4 , 5 ) .  Following t o  t h e  
method ( 4 , 5 ) ,  a l l  the  ye l low pigments  e x c e p t  f o r  the 
nonsorbed c a r o t e n e s ,  (which d i d  n o t  d i s t u r b  t h e  
s e p a r a t i o n  and i s o l a t i o n  of c h l o r o p h y l l s  from one 
a n o t h e r  wi th  a powdered suga r  column) were e l i m i n a t e d  
from l e a f  e x t r a c t s  be fo re  chromatography,  and t h u s ,  t h e  
chromatographic  p rocedures  become ex t r eme ly  e f f e c t i v e ;  
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CHLOROPHYLL FROM SPINACH LEAVES 25 7 

i t  i s  then  e a s i e r  t o  c o l l e c t  each  o f  the  pigment 
f r a c t i o n s  e l u t e d  from t h e  column. D e t a i l s  o f  t h e s e  
procedures  w i l l  be p re sen ted  i n  t h i s  paper .  The method 
f o r  s e p a r a t i o n  a n d  i s o l a t i o n  of c h l o r o p h y l l  wi th  various 
k i n d s  of a d s o r b e n t s  w i l l  be a l s o  d i s c u s s e d .  

EXPERIMENTAL 

M a t e r i a l s .  A l l  t h e  s o l v e n t s  used h e r e  were r e a g e n t  
g rade ,  p u r i f i e d  f u r t h e r ,  by a method d e s c r i b e d  elsewhere 
( 6 ) ,  t o  remove t r a c e s  of  u n d e s i r a b l e  con taminan t s .  
Powdered s u g a r ,  used f o r  p r e p a r i n g  t h e  chromatographic  
columns, was commercial c o n f e c t i o n e r ' s  suga r  c o n t a i n i n g  
3 % of corn s t a r c h ,  by weight .  T h e  powdered suga r  was 
d r i e d  over  n i g h t  i n  an oven a t  8 O o C .  F resh  s p i n a c h  was 
used a s  a t e s t  m a t e r i a l .  All o t h e r  c h e m i c a l s ,  o f  
r e a g e n t  g rade ,  were used wi thou t  f u r t h e r  p u r i f i c a t i o n .  
G l a s s w a r e .  A 1  1 g lassware  was t r e a t e d  wi th  K O H -  saturated 
aqueous e thano l  c o n t a i n i n g  3% d i s t i l l e d  wa te r  f o r  6 hrs 
a t  room t empera tu re ,  r i n s e d  well  w i th  d i s t i l l e d  w a t e r ,  
a n d  d r i e d  in  an oven a t  6OoC f o r  a t  l e a s t  12 hrs. 
I d e n t i f i c a t i o n  of p i g m e n t s .  V i s i b l e  a b s o r p t i o n  s p e c t r a  
o f  t h e  pigments  were measured i n  d i e t h y l  e t h e r  u s i n g  a 
H i t ach i  ESP-3T spec t ropho tomete r .  The molar e x t i n c t i o n  
c o e f f i c i e n t s  o f  Comar and Z s c h e i l e  ( 7 )  were used f o r  
de t e rmin ing  ch lo rophy l l  s " a "  a n d  " b " .  In a d d i t i o n ,  t h e  
p u r i t y  a n d  s t a b i l i t y  of ch lo rophy l l  molecules  were 
t e s t e d  by t h i n - l a y e r  chromatography ( 8 )  , a n d  h igh -pe r -  
formance l i q u i d  chromatography (9 ,10 ) ,  a s  i t  h a s  been 
a l r e a d y  d e s c r i b e d  ( 2 )  a n d  t h e s e  a u t h o r s  a l s o  accep ted  
t h a t  t h e  s p e c t r o s c o p i c  o b s e r v a t i o n  should  be supplemen- 
t e d  by chromatographic  t e s t s  t o  demons t r a t e  t h a t  
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258 IRIYAMA, SHIRAKI, AND YOSHIURA 

c h l o r o p h y l l  m o l e c u l e s  w e r e  n o t  a l t e r e d .  I t  was p o s s i b l e  
t o  d e t e c t  t h e  p i g m e n t s  q u a l i t a t i v e l y  t o  t h e  o r d e r  o f  
1 0 e 8 g  a n d  1 0 - l o g  b y  u s i n g  o f  t h e  t h i n - l a y e r  c h r o m a t o g r a -  
p h i c  m e t h o d  ( 8 )  a n d  t h e  h i g h - p e r f o r m a n c e  l i q u i d  
c h r o m a t o g r a p h i c  m e t h o d  ( 9 , 1 0 ) ,  r e s p e c t i v e l y .  The c h r o m a -  
t o g r a p h i c  e l u t i o n  p a t t e r n s  o f  t h e  p i g m e n t s  w e r e  m o n i t o r -  
e d  a t  a w a v e l e n g t h  o f  380 nm u s i n g  J A S C O  UVIDEC-100,  
b e c a u s e  a l l  t h e  p i g m e n t s  s t u d i e d  h e r e  e x h i b i t  a b s o r p t i o n  
a t  t h i s  w a v e l e n g t h .  F u r t h e r ,  a l l  d e v e l o p i n g  s o l v e n t s  
u s e d  h a v e  n o  a b s o r p t i o n  i n  t h i s  r e g i o n .  
P r e p a r a t i o n  o f  t h e  p a r t i a l l y  p u r i f i e d  c h l o r o p h y l l .  I n  
t h i s  s t u d y ,  c h l o r o p h y l l  was h a n d l e d  e i t h e r  i n  c o m p l e t e  
d a r k n e s s  o r  u n d e r  a g r e e n - d i m  l i g h t  t o  p r e v e n t  t h e  
p h o t o d e g r a d a t i o n  o f  c h l o r o p h y l l .  The  p a r t i a l l y  p u r i f i e d  
c h l o r o p h y l l  was c o l l e c t e d  a s  a p r e c i p i t a t e  b y  a d d i n g  
d i o x a n e  a n d  w a t e r  t o  t h e  a c e t o n e  e x t r a c t  o f  c h l o r o p h y l l  
f r o m  s p i n a c h  l e a v e s  a c c o r d i n g  t o  t h e  m e t h o d  o f  I r i y a m a  
e t  a1 ( 4 ) ;  t h e  c r u d e  c h l o r o p h y l l  was t h e n  w a s h e d  w i t h  

8 0  % ( v / v )  a q u e o u s  m e t h a n o l  ( 5 ) .  D e t a i l s  f o l l o w :  Spinach 
l e a v e s  ( 1 0 0  g f r e s h  w e i g h t )  w e r e  h o m o g e n i z e d  f o r  3 m i n  
i n  a W a r i n g  b l e n d o r  w i t h  500 m l  a c e t o n e .  The g r e e n  
e x t r a c t  thus o b t a i n e d  was f i l t e r e d  t h r o u g h  a p a d  o f  
c o t t o n  a n d  t h e  f i l t r a t e  was c e n t r i f u g e d  a t  10,OOOxg f o r  
5 m i n .  The d e e p - g r e e n  s u p e r n a t a n t  s o l u t i o n  ( A c e t o n e - E x -  
t r a c t ,  c a .  4 9 0  m l )  was m i x e d  w i t h  a b o u t  7 0  m l  o f d i o x a n e .  
Then  d i s t i l l e d  w a t e r  ( 8 0 - 1 0 0  m l )  was a d d e d  d r o p w i s e ,  
w i t h  s t i r r i n g ,  u n t i l  t u r b i d i t y  d e v e l o p e d .  The  m i x t u r e  
was p l a c e d  i n  a n  i c e  b o x  f o r  1 h o u r  t o  a l l o w  s e d i m e n -  
t a t i o n .  The t o p  p o r t i o n  was d e c a n t e d  a n d  t h e  l o w e r  
t h i c k  mass o f  d a r k  g r e e n  s e d i m e n t  was c o l l e c t e d  b y  

c e n t r i f u g a t i o n  a t  10,OOOxg f o r  5 m i n .  T h e  c r u d e  mass o f  
c h l o r o p h y l l  t h u s  o b t a i n e d  ( P p t  I )  was d i s s o l v e d  i n  
a b o u t  1 5 0  m l  o f  a c e t o n e  : d i o x a n e  m i x t u r e  ( 7  : 1, v / v )  
a n d  p r e c i p i t a t e d  a g a i n  b y  d r o p w i s e  a d d i t i o n  o f  a b o u t  
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CHLOROPHYLL FROM SPINACH LEAVES 259 

25 ml o f  water t o  y i e l d  P p t  11. P p t  I 1  was d i s s o l v e d  i n  
500 ml o f  methanol c o n t a i n i n g  125 ml of pe t ro leum e t h e r  
( b . p .  2 O - 4 O 0 C )  and then  250 ml of d i s t i l l e d  w a t e r  was 
added i n t o  t h e  s o l u t i o n  w i t h  g e n t l e  s t i r r i n g ,  t o  b r i n g  
about  a t r a n s f e r  of t he  ch lo rophy l l  from t h e  methanol 
t o  t h e  petroleum e t h e r  l a y e r .  The upper pe t ro leum e t h e r  
l a y e r  was then washed s e v e r a l  t imes  w i t h  80 % ( v / v )  
aqueous methanol t o  e l i m i n a t e  t h e  r e s i d u a l  ye l low 
pigments from t h e  s o l u t i o n .  A f t e r  washing wi th  t h e  
aqueous methanol s e v e r a l  t i m e s ,  t h e  pe t ro leum e t h e r  
s o l u t i o n  c o n t a i n i n g  c h l o r o p h y l l s  "a"  a n d  " b "  was 
evapora t ed  under reduced p r e s s u r e  and t h e  p roduc t  was 
d r i e d  i n  a vacuum d e s i c c a t o r .  Dark-green m i c r o c r y s t a l s  
were thus  prepared  ( P p t  111 ;  f u r t h e r  p u r i f i e d  ch lorophy-  
l l ) .  P p t  I ,  P p t  1 1 ,  and Acetone-Ext rac t  were a l s o  
evapora t ed  and d r i e d  in  t h e  same way. F igu re  1 shows 
a f low s h e e t  of t.he procedures  used .  
P r e p a r a t i o n  of t h e  p o w d e r e d  s u g a r  c o l u m n s .  The powdered 
s u g a r  columns a r e  u s u a l l y  prepared  by packing s u c c e s i v e -  
l y  small  p o r t i o n s  of d ry  powder w i t h  a p lunge r  a s  
d e s c r i b e d  by S t r a i n  a n d  Sherma ( 1 1 ) .  I n  t h i s  s t u d y ,  a 
wet column was employed us ing  a Pharmacia R25 chromato- 
g raph ic  tube  ( 2 . 5 ~ 5 0  cm) connec ted ,  t h r o u g h  t h e  U V  
moni tor  (JASCO UVIDEC-loo), t o  a f r a c t i o n  c o l l e c t o r  
( S F - l 6 0 K ,  Toyo) .  The column was p repa red  a s  f o l l o w s :  
150 ml o f  pe t ro leum e t h e r  was poured i n t o  t h e  chromato- 
g r a p h i c  tube  a n d  4 0  g of powdered s u g a r  was then  added 
t o  the  t u b e ;  t h e  suspens ion  was then  p res sed  by a s l i g h t  
p r e s s u r e  a p p l i e d  t o  t he  t o p  of t h e  column t o  pack t h e  
s u g a r  t ight ly  and un i fo rmly .  The procedure  was r e p e a t e d  
u n t i l  the final amount of  powdered suga r  packed i n t o  
t h e  tube  was about  130 g ,  p rov id ing  a column about  35 
cm high .  This  column had a c a p a c i t y  of  a b o u t  50 mg of 
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260 IRIYAMA, SHIRAKI, AND YOSHIURA 

F r e s h  s p i n a c h  l e a v e s  (100  g )  Ace tone  ( 5 0 0  m l )  

1 
E x t r a c t i o n  i n  Waring b l e n d o r  ( 3  min)  
F i l t r a t i o n  t h r o u g h  ' c o t t o n  pad 

I 

Deep-g,reen f i l t r a t e  d e b r i s  ( d i s c a r d e d )  
C e n t r i f u g a t i o n  ( 1  ,Oooxg, 5 m i n )  

A c e t o n e - E x t r a c t  p r e c i p i t a t e  ( d i s c a r d e d )  
t a b o u t  1 / 7  volume o f  d i o x a n e  ( a b o u t  70  ml) 
t d i s t i l l e d  water  ( 8 0 - 1 0 0  m l  , d r o p - w i s e )  
Cooled i n  i c e - b o x  ( 1  h r )  

I 

I 
I 

I 
s u p  I 

t a c e t o n e  ( a b o u t  130  rnl) 
t d i o x a n e  ( 1 8  m l )  
t d i s t i l l e d  w a t e r  ( 2 6  m l ,  d r o p - w i s e )  
Cooled i n  i c e - b o x  ( 1  h r )  

P p 4  I 1  s u p  I 1  
t 900 m l  o f  methanol  c o n t a i n i n g  125  m l  o f  
p e t r o l e u m  e t h e r  
+ 250 m l  o f  d i s t i l l e d  w a t e r  

Uplper pe t ro leum e t h e r  l a y e r  
Washed s e v e r a l  t i m e s  w i t h  80  % ( v / v )  a q u e o u s  me thano l  
Evppora t ed  and d r i e d  i n  a vacuum d e s i c c a t o r  
P p t  I 1 1  
Chromatography 

I 

i 
l o w e r  l a y e r  

I 

4. 

FIGURE 1 

Flow sheet of the improved method for extraction and 
partial purification of chlorophyll. 
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CHLOROPHYLL FROM SPINACH LEAVES 261 

ch lo rophy l l  " a "  + " b "  w i thou t  be ing  ove r loaded .  The 
columns thus  prepared were employed f o r  t h e  s e p a r a t i o n  
a n d  i s o l a t i o n  o f  pigments i n  t h i s  s t u d y .  
P o w d e r e d  s u g z r  c o l u m n  c h r o m a t o g r a p h y  . The chroma t o g r a m s  
i n  t h i s  s t u d y  were u s u a l l y  developed w i t h  t h e  s o l v e n t  
program r e p o r t e d  by Pe rk ins  a n d  Rober t s  ( 1 2 ) .  P e r c o l a t i -  
on of t h e  pigment s o l u t i o n s  a n d  t h e  deve loping  s o l v e n t s  
was a c c e l e r a t e d  by s l i g h t  p r e s s u r e  from a r o t o r  p u m p  
(SJ-1210,  Mitsumi; f low speed:  about  2 0  ml/hr/cm ) 
connected  t o  t h e  t o p  o f  t h e  chromatographic  tube  by way 
of a t e f l o n  t u b e .  Each of t h e  c rude  masses of  prepared  
c h l o r o p h y l l  was d i s s o l v e d  comple t e ly  in  a minimum volume 
o f  d i e t h y l  e t h e r ;  pe t ro leum e t h e r  was then added t o  each  
o f  t h e  s o l u t i o n s  u n t i l  t h e  f i n a l  pe t ro leum e t h e r  
c o n c e n t r a t i o n  was 90  % ( v / v ) .  This  s o l u t i o n  was then  
added t o  t h e  t o p  of t h e  column a n d  then  t h e  column was 
washed wi th  pe t ro leum e t h e r .  A f t e r  t h e  nonsorbed 
c a r o t e n e s  were e l u t e d  a n d  c o l l e c t e d ,  t h e  column was 
washed with 1 0  % ( v / v )  d i e t h y l  e t h e r  i n  pe t ro leum e t h e r  
u n t i l  a l l  t h e  pigments were adsorbed  o n  t h e  column and 
then t h e  b lue-green  zone ( c h l o r o p h y l l  " a " )  , which 
fo l lowed the  grey  zone (pheophyt in  " a " )  and t h e  second 
ye l low zone ( x a n t h o p h y l l s ) ,  reached n e a r l y  t o  t h e  bottom 
of t h e  column. A t  t h i s  s t a g e ,  0 . 5  % ( v / v )  i sop ropy l  
a l coho l  i n  pe t ro leum e t h e r  was p.oured i n t o  t h e  column 
t o  s e p a r a t e  a l l  t h e  pigments remaining in  t h e  column 
from each o t h e r  a n d  t o  e l u t e  t h e  b lue-green  zone ,  t h e  
t h i r d  ye l low zone ( z e a x a n t h i n  p l u s  l u t e i n ) ,  t h e  
ye1 low-green zone ( c h l o r o p h y l l  " b " ) ,  a n d  t he  f o u r t h  
ye l low zone (neoxanth in  p lus  v i o l a x a n t h i n )  i n  sequence .  

2 

RESULTS AND D I S C U S S I O N  

Figure  2 shows t h e  s e p a r a t i o n  of t h e  l e a f  pigments 
con ta ined  in  t h e  ace tone  e x t r a c t .  Development on t h e  
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The four th  yellow zone 
(neoxanthin and violaxanthi n) 

The ye1 low-green zone (Chlorophyll " b " )  

The t h i r d  yellow zone 

The blue-green zone (Chlorophyll "a") 
(zeaxanthin and l u t e i n )  

The second ye1 low zone (xanthophyll s )  
The grey zone (pheophytin "a" )  

The f i r s t  yellow zone 
(nonsorbed carotenes) 

FIGURE 2 

Leaf pigments in Acetone-Extract* separated in a column 
of powdered sugar equilibrated with 0.5 % (v/v) 
isopropyl alcohol in petroleum ether (b.p. 20-4OoC). 
*For the explanation, see Fig. 1. 

sugar column w i t h  0 . 5  % ( v / v )  i s o p r o p y l  a l c o h o l  i n  
p e t r o l e u m  e t h e r  y i e l d s  s e p a r a t e d  z o n e s  o f  t h e  l e a f  
p i g m e n t s  i n  t h e  s e q u e n c e ;  t he  f i r s t  y e l l o w  zone  ( c o n s i s -  
t i n g  o f  t h e  nonsorbed  c a r o t e n e s  o n  t h e  c o l u m n ) ,  t h e  g r e y  
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CHLOROPHYLL FROM SPINACH LEAVES 263 

zone (consisting of pheophytin "a"), the second yellow 
zone (consisting of xanthophylls), the blue-green zone 
(consisting of chlorophyll "a"), the third yellow zone 
(consisting of zeaxanthin and lutein), the yellow-green 
zone (chlorophyll "b"), and the fourth yellow zone 
(consisting of neoxanthin and violaxanthin). The forma- 
tion of pheophytins in Acetone-Extract was observed. 
They are produced via degradation of chlorophylls when 
the acetone extract was allowed to stand for a long 
period (longer than 2 hrs). Acetone is a more effective 
solvent than methanol for extracting chlorophylls "a" 
and " b "  from spinach leaves. Since the resolution was 
generally poor, except between the first and second 
yellow zones, multiple-zoning and tailing often 
occurred with high pigment loadings, ie., more than 20 
mg of total pigment weight o n  the column. It is very 
difficult to check the migration of yellow pigments in 
chlorophyll preparations by a spectroscopic method 
alone. For example, commercial chlorophyll "a" was 
reported (13) to contain xanthophylls and to be free 
from chlorophyll " b " .  In fact, we have experienced that 
thin-layer and high-performance liquid chromatographic 
tests revealed the migration of xanthophylls, lutein 
and/or zeaxanthin into the chlorophyll "a" and "b" 
fractions, although the "complete" separation among the 
pigments zones were performed visually and spectroscopic 
tests of each of the chlorophyll fractions showed no 
significant differences of visible absorption spectra 
from literature values. Therefore, we tried to 
eliminate xanthophylls, lutein and zeaxanthin from 
acetone extract before chromatographic separation and 
isolation, and then developed a method for partial 
purification of chlorophyll extracted from spinach leaves 
prior to chromatographic separation and isolation (4,5) 
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264 IRIYAMA, SHIRAKI, AND YOSHIURA 

by the procedure which was described in the experimental 
section in this paper. The method (4) i s  principally 
based on the fact (14, 1 5 )  that dioxane interacts with 
chl orophyll to form chl orophyll -dioxane adducts 
selectively and that the adducts are precipitated in 
microcrystall ine form, leaving the bulk carotenoids in 
solution. 

chlorophyll before chromatography was examined by 
thin-layer chromatography ( 8 )  and high-performance 
liquid chromatography (10). Figure 3 (a) shows the 
thin-layer chromatogram of the acetone extract developed 
in solvent system (tert-butyl alcohol : pentane = 1 : 9, v/v). 
In the chromatogram, lutein, zeaxanthin, and xanthophylls 
were located in a same spot. Figure 3 (b) shows the 
thin-layer chromatogram of Ppt I developed in the same 
solvent system o f  Fig. 3 (a). Thin-layer chromatographic 
analysis revealed that Ppt I did not contain even trace 
amounts of violaxanthin, neoxanthin, zeaxanthin or 
lutein. Xanthophylls gave a minor spot between 
chlorophyll "a" and "b" spots. High-performance liquid 
chromatography o f  Ppt I1 showed that the second dioxane 
treatment could not eliminate xanthophylls from Ppt I 
completely. Figure 4 shows the high-performance liquid 
chromatograms of the acetone extract and Ppt 11. In 
some cases, thin-layer chromatographic analyses o f  Ppt 
I 1  could not detect any extraneous visible spots corres- 
ponding to xanthophylls. However, it should be noted 
that repeated precipitations of chlorophyll by using of 
dioxane were not always effective to eliminate the 
second yellow zone (xanthophylls) completely, although 
the amount of xanthophylls was decreased gradually by 
repeated dioxane treatments. 50 mg of Ppt I was 
chromatographed on the sugar column t o  elucidate 

The effectiveness o f  the partial purification o f  
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Carotenes 

Chlorophyll "b" 

Start? y Fron t 

6 Zeaxan t h i n Viol axanthi n Lutein 

(a )Xanthophyl 
Carotenes 

Thin-layer chromatograms (a) for the acetone extract* 
and (b) for Ppt I* on silica gel layers developed in 
solvent system (tert-butyl alcohol : pentane = 1 : 9, 
v/v). 2.5~10 cm of commercial silica gel sheets (silica 
gel "Spotfilm" without fluorescence indicator, Tokyo 
Kasei LTD, Tokyo, Japan) were used. Solutions of test 
materials in diethyl ether were spotted with 2 ~.rl 
micropipette 1.5 cm from the lower edge. 
*For the explanations, see the text. 

possible minor contamination of the pigments contained 
i n  the second and third yellow zones into the chlorophyll 
"a" and "b" fractions. The elution pattern i s  presented 
in Fig. 5 (a). The chromatogram shows that chlorophyll 
"a" was mixed with xanthophylls. Xanthophylls, however, 
should be removed from Ppt I 1  before chromatographic 
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FIGUFS 4 

) \  

High-performance liquid chromatograms (a) for the 
acetone extract* and (b) Ppt II*. High-performance 
liquid chromatography was carried out with a Familic-100 
instrument (Japan Spectroscopic, Tokyo, Japan) with 
65x0.5 mm I.D. PTFE tube packed with silica gel powder 
SS-05 (particle size 0.5 urn, Japan Spectroscopic). 
Elution patterns were monitored at 380 nm with 
Uvidec-100 (Japan Spectroscopic). The light path-length 
was 0.5 mm. (I) 1 %, (11) 2 %, (111) 5 % and (IV) 10 % 
isopropyl alcohol in hexane were eluted at a flow-rate 
of 16 pl/min at room temperature. 
*For the explanations, see the text. 
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rNonsorbed 
Carotenes 
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uChlorophyl1 “a“ 

0. E 

E 
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W 
V 
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0 m 
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m n 
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o.oo - 

E c 
0 

0,  
c, 
m 

0. 
300 600 

Elution volume (ml)  

FIGURE 5 

Chromatogram of chlorophylls in powdered sugar columns 
monitored at 380 nm with a flow-rate of 20 ml/hr/cm2. 
Fractions of 15 ml were collected. (a) Ppt 11* (50 mg), 
and (b) fractions from 600 ml to 670 ml presented in 
(a). 
Eluents: (1) petroleum ether, (2) 10 % (v/v) diethyl 
ether in petroleum ether, and (3) 0.5 % (v/v) isopropyl 
alcohol in petroleum ether. 
*For the explanation, see the text. 
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s e p a r a t i o n  and  i s o l a t i o n  b e c a u s e  x a n t h o p h y l l s  d i s t u r b  
the  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 s  f rom one  
another w i t h  a powdered s u g a r  co lumn.  The f r a c t i o n s  f rom 
600 ml t o  675 m l  were  c o l l e c t e d  and  were  e v a p o r a t e d  
u n d e r  r educed  p r e s s u r e .  The r e s u l t a n t  p r e c i p i t a t e s  a f t e r  
d r y i n g  were t h e n  r e - c h r o m a t o g r a p h e d .  The e l u t i o n  
p a t t e r n  i s  p r e s e n t e d  i n  F i g .  5 ( b ) .  T h i s  p a t t e r n  a l s o  
s u p p o r t e d  t h e  f a c t  t h a t  P p t  I d i d  n o t  c o n t a i n  any  
t r a c e  amounts  o f  l u t e i n  and  z e a x a n t h i n .  

O n  t h e  o t h e r  hand ,  a q u e o u s  me thano l  was u s e d  f o r  
s e p a r a t i n g  y e l l o w  p i g m e n t s  f rom t h e  l e a f  e x t r a c t s  i n  
p e t r o l e u m  e t h e r  s o l u t i o n  ( 1 , 3 ) .  S t r a i n  and  Svec  ( 2 )  
r e p o r t e d  i n  t h e i r  a r t i c l e  t h a t  x a n t h o p h y l l s  were  removed 
f rom p e t r o l e u m  e t h e r  s o l u t i o n s  o f  c h l o r o p h y l l  by 
wash ing  w i t h  80 % ( v / v )  aqueous  m e t h a n o l .  To e l i m i n a t e  
x a n t h o p h y l l s  from P p t  1 1 ,  i t  was washed w i t h  80 % ( v / v )  
aqueous  methanol  s e v e r a l  t i m e s  t o  y i e l d  P p t  1 1 1 .  30 mg 
of P p t  I 1 1  was t h e n  c h r o m a t o g r a p h e d  on t h e  s u g a r  co lumn;  
t h e  elution p a t t e r n  i s  shown i n  F i g .  6 .  I t  c a n  be s e e n  
t h a t  x a n t h o p h y l l s  were  a b s e n t  f rom P p t  1 1 1 .  T r a c e  
p h e o p h y t i n s  were  n o t  d e t e c t e d  i n  f r e s h  P p t  I 1 1  
p r e p a r a t i o n s .  Each o f  t h e  p igmen t  f r a c t i o n s  was 
a n a l y z e d  by t h i n - l a y e r  c h r o m a t o g r a p h y .  These a n a l y s e s  
s u p p o r t e d  t h e  column c h r o m a t o g r a p h i c  o b s e r v a t i o n s .  
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  column 
c h r o m a t o g r a p h i c  f r a c t i o n s  f rom 375 m l  t o  600 ml 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 " .  In  the 
f r a c t i o n s  (375-600  m l ) ,  a s h o u l d e r  was o b s e r v e d .  The 
s h o u l d e r  m i g h t  be d e r i v e d  f rom t h e  e x c h a n g i n g  o f  t h e  
d e v e l o p i n g  solvents f rom p e t r o l e u m  e t h e r  t o  1 0  % ( v / v )  
d i e t h y l  e t h e r  i n  p e t r o l e u m  e t h e r .  

P p t  1 1 ,  and P p t  I 1 1  i s  r e p r e s e n t e d  i n  F i g .  7 .  Pigment  
c o m p o s i t i o n  o f  t h e  a c e t o n e  e x t r a c t  i n  t h i s  s t u d y  d o e s  

P igment  c o m p o s i t i o n  o f  t h e  a c e t o n e  e x t r a c t ,  P p t  I ,  
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FIGURE 6 

Chromatogram of crude chlorophylls in Ppt III* (30 mg). 
Other conditions were the same as presented in Fig. 5. 
Thin-layer chromatographic analyses of the column 
chromatographic fractions from 375 ml to 600 ml yielded 
only one spot corresponding to chlorophyll ''a''. 
*For the explanation, see the text. 

n o t  r e f l e c t  t h e  t r u e  pigment composi t ion  i n  t h e  l e a v e s .  
The a m o u n t  o f  c h l o r o p h y l l  " a "  i s  lower i n  t h e  sp inach  
l e a v e s ,  a l t h o u g h ,  i n  g e n e r a l ,  t h e  r a t i o  of occur rence  
i n  h ighe r  p l a n t s  i s  about  1 molecule  of c h l o r o p h y l l  
" b "  t o  3 molecules  of c h l o r o p h y l l  " a " .  However, t h i s  
p r e s e n t s  n o  problem f o r  t h e  p r e p a r a t i v e  work d e s c r i b e d  
e l  sewhere ( 1  6 ) .  

As mentioned above,  a l l  t h e  ye l low p igments ,  which 
i n t e r f e r e  wi th  t h e  p u r i f i c a t i o n  of c h l o r o p h y l l s  " a "  and 
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FIGURE 7 

Pigment composition of crude chlorophyll preparations 
by weight %. For the explanations of Acetone-Extract, 
Ppt I, Ppt 11, and Ppt 111, see the text. 
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" b "  v ia  t he  powdered s u g a r  column method of Pe rk ins  a n d  
Roberts  ( 1 2 )  were e l i m i n a t e d  comple te ly  from t h e  a c e t o n e  
e x t r a c t  o f  sp inach  l e a v e s  by d ioxane  t r e a t m e n t  a n d  
s u c c e s s i v e  washings wi th  80 % ( v / v )  aqueous methanol 
p r i o r  t o  chromatography.  

f o r  t h e  s e p a r a t i o n  of pigments in  P p t  1 1 1 ,  and good 
r e p r o d u c i b i l i t y  was obse rved .  W i t h  t h i s  sysyem, 80 mg 
of  P p t  I 1 1  could be passed t h r o u g h  t h e  column, wi thou t  
o v e r - l o a d i n g ,  t o  p u r i f y  c h l o r o p h y l l s  " a "  a n d  " b " .  

Th in - l aye r  chromatographic  t e s t s  of  each of f r e s h l y  
prepared  pigments y i e l d e d  one s p o t .  These o b s e r v a t i o n s  
showed a l s o  t h a t  chemical d e g r a d a t i o n  of  t h e  pigments  
d i d  no t  occure  du r ing  t h e  cour se  o f  s e p a r a t i o n  and 
i s o l a t i o n  by t h e  column chromatography i n  t h i s  s t u d y .  
There have been few detail  r e p o r t s  concerned w i t h  t h e  
p r e p a r a t o r y  method f o r  p u r i f i c a t i o n  of c h l o r o p h y l l s  " a "  
and " b "  by us ing  of a f r a c t i o n  c o l l e c t o r  t o  c o l l e c t  each 
o f  t h e  pigment f r a c t i o n s .  

has been wide ly  used t o  p r e p a r e  c h l o r o p h y l l  ( 2 - 5 ,  1 1 ,  
1 2 ,  1 7 ) ;  s u g a r  i s  a n  i d e a l  a d s o r b e n t  f o r  t h e  s e p a r a t i o n  
i s o l a t i o n  of c h l o r o p h y l l s  " a "  and " b "  w i thou t  i nduc ing  
chemical d e g r a d a t i o n .  However, p r e p a r a t i o n  of  s u g a r  
columns i s  n o t  e a s y ,  because powdered s u g a r  has a 
tendency t o  adso rb  a tmosphe r i c  m o i s t u r e ;  t h e r e  i s  d i f f i -  
c u l t y  in  packing powdered s u g a r  i n t o  a tube  uni formly  
and w i t h  moderate  packing d e n s i t y .  T h e r e f o r e ,  powdered 
s u g a r  c o n t a i n i n g  3 % s t a r c h  by weight  i s  u s u a l l y  
employed a s  a d s o r b e n t .  S t r a i n  and Sherma ( 1 1 )  recommen- 
ded the  use of  powdered suga r  c o n t a i n i n g  1 0  I by weight  
s t a r c h  as  an adso rben t  i n  very  humid wea the r ,  e s p e c i a l l y  
i f  t h e  packed columns a r e  t o  s t a n d  more than  a few hours  
be fo re  use .  The uniform shapes  of t h e  pigment zones on 

The s u g a r  columns p repa red  h e r e  were ve ry  e f f e c t i v e  

Coiumn chromatography wi th  low-cos t  powdered s u g a r  
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t h e  column i n  deve lopmen t  depend n o t  o n l y  upon t h e  
a d s o r b e d  m o i s t u r e ,  b u t  a l s o  upon t h e  pack ing  
u n i f o r m i t y  o f  d e n s i t y  o f  powdered s u g a r  i n  t h e  ch romato -  
g r a p h i c  tube. I t  was e f f e c t i v e  a g a i n s t  t h e  h u m i d i t y  t o  
pack t h e  powdered s u g a r  i n t o  t he  t u b e  u n i f o r m l y  and 
t i g h t l y  a c c o r d i n g  t o  t h e  method o f  S t r a i n  and Svec ( 2 1 ,  
b u t  we have e x p e r i e n c e d  c o n s i d e r a b l e  d i f f i c u l t y  t o  pack 
t h e  powdered s u g a r  i n  a s u f f i c i e n t  r e p r o d u c i b i l i t y .  
T h u s ,  t h e  p r o c e d u r e  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  
s e c t i o n  was employed t o  pack the  powdered s u g a r  i n t o  
a Pharmacia column; a good r e s u l t  was t h e n  o b t a i n e d .  
The s u g a r  columns used i n  t h i s  s t u d y  were a lways  
o b s e r v e d  t o  be e f f e c t i v e  f o r  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 s  " a "  and " b "  and we were a b l e  t o  use 
them r e p e a t e d l y  ( f o r  a t  l e a s t  1 0  t i m e s )  f o r  p u r i f i c a t i o n  
o f  t h e  p igmen t s .  

Var ious  k i n d s  o f  a d s o r b e n t s  have been t e s t e d  by many 
i n v e s t i g a t o r s ;  t h e s e  a r e  r ev iewed  e l s e w h e r e  ( 2 , 3 ) .  
S t r a i n  and S a t 0  ( 1 8 )  found t h a t  t h e  p i g m e n t  zones were 
b e t t e r  defined on s u g a r  columns t h a n  on c e l l u l o s e .  
R e c e n t l y ,  S a t 0  a n d  Murata ( 1 9 )  d e v e l o p e d  a p r e p a r a t i v e  
method f o r  c h l o r o p h y l l  v i a  column ch romatography  w i t h  
diethylaminoethylcellulose. They c o l l e c t e d  c h l o r o p h y l l s  
a s  p r e c i p i t a t e s  a c c o r d i n g  t o  t h e  method o f  I r iyama  e t  a1 
( 4 ) .  The c r u d e  c h l o r o p h y l l  p r e c i p i t a t e s  were a p p l i e d  t o  
a Sephadex LH-20 column w i t h  c h l o r o f o r m  a s  t h e  e l u e n t  
and then  t o  a d i e t h y l a m i n o e t h y l c e l l u l o s e  column w i t h  a 
ch lo ro fo rm/methano l  m i x t u r e  ( 4 9  : 1 ,  v / v )  a s  t h e  
e l u e n t .  However, 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 s  from one a n o t h e r  was n o t  s u f f i c i e n t  t o  
c o l l e c t  e a c h  o f  t h e  p i g m e n t  f r a c t i o n s .  Re-chromatography 
was r e q u i r e d  f o r  f u r t h e r  p u r i f i c a t i o n .  I t  was found 
t o  be e f f e c t i v e  t o  p r e p a r e  c h l o r o p h y l l  "a ' '  by u s i n g  o f  
b l u e - g r e e n  a l g a e  a s  s t a r t i n g  m a t e r i a l s .  P o l y s t y r e n e  
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powder was a l s o  e f f e c t i v e  a s  an a d s o r b e n t  t o  s e p a r a t e  
c h l o r o p h y l l s .  However, t h e s e  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  p o l y s t y r e n e  powder,  d i e t h y l a m i n o e t h y l c e l l u l o s e  and  
Sephadex  LH-20, c o n t a i n  u n k n o w n  c o l o r l e s s  i m p u r i t i e s  
whch can  be d i s s o l v e d  i n t o  t h e  d e v e l o p i n g  s o l v e n t s  u s e d  
i n  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 s  by column 
c h r o m a t o g r a p h y .  T h e r e f o r e ,  we a r e  now a t t e m p t i n g  t o  
d e v e l o p  a procedure how to  wash t h e  s y n t h e t i c  a d s o r b e n t s .  

Most r e c e n t l y ,  we d e v e l o p e d  a method f o r  p u r i f i c a t i o n  
o f  c h l o r o p h y l l  " a "  w i t h o u t  any  c h r o m a t o g r a p h i c  
p r o c e d u r e s  ( 2 0 ) .  

l l  s " a "  and  " b "  s h o u l d  be a c c o m p l i s h e d  s m o o t h l y  and  
s w i f t l y  t o  o b t a i n  h i g h l y  p u r i f i e d  p igmen t  p r e p a r a t i o n s ,  
b e c a u s e  c h l o r o p h y l l s  " a "  and " b "  m o l e c u l e s  i n  s o l u t i o n  
a r e  v e r y  u n s t a b l e  and a r e  c h e m i c a l l y  c o n v e r t e d  t o  t h e i r  
d e g r a d a t i o n  p r o d u c t s  ( e . g . ,  c h l o r o p h y l l  "a':' c h l o r o p h y l l  
lib'", p h e o p h y t i n  I r a " ,  p h e o p h y t i n  " b "  e t c . ) .  S i n c e  
P p t  I 1 1  can  be s t o r e d  a t  -20°C,  i n  d a r k n e s s ,  f o r  a t  
l e a s t  3 d a y s  w i t h o u t  any  s i g n i f i c a n t  c h e m i c a l  c h a n g e ,  
t he  p r e p a r a t i o n  o f  P p t  I 1 1  s h o u l d  be pe r fo rmed  w i t h i n  
6 hrs .  In a d d i t i o n ,  we would recommend e x a m i n a t i o n  o f  

t h e  p u r i t y  and  s t a b i l i t y  o f  c h l o r o p h y l l s  " a "  and  " b "  i n  
an a c e t o n e  e x t r a c t ,  P p t  I ,  P p t  1 1 ,  and P p t  I 1 1  by t h e  
t h i n - l a y e r  c h r o m a t o g r a p h y  ( 8 )  b e f o r e  p r o c e e d i n g  t o  n e x t  
p r o c e d u r e .  When t h e  t h i n - l a y e r  c h r o m a t o g r a p h i c  t e s t s  
r e v e a l  t h e  f o r m a t i o n  o f  d e g r a d a t i o n  p r o d u c t s  o f  
c h l o r o p h y l l  i n  P p t  1 1 1 ,  i t  s h o u l d  be p r e c i p i t a t e d  a g a i n  
by d i o x a n e  t r e a t m e n t  and  washed w i t h  80 % ( v / v )  
a q u e o u s  me thano l  and then t h e  c r u d e  c h l o r o p h y l l  p r e p a r a -  
t i o n  s h o u l d  be c h r o m a t o g r a p h e d .  O t h e r w i s e ,  t h e  p r e s e n c e  
o f  d e g r a d a t i o n  p r o d u c t s  o f  c h l o r o p h y l l  may p r e v e n t  
s e p a r a t i o n  and  i s o l a t i o n  o f  t he  p i g m e n t s  w i t h  s u g a r  
column c h r o m a t o g r a p h y  i n  t h i s  s tudy .  

Al l  t h e  p r o c e d u r e s  f o r  the  p r e p a r a t i o n  o f  c h l o r o p h y -  
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As we have seen, chromatographic methods are 
effective for micro-scale analysis o f  chlorophylls as 
well as for preparation o f  the pigments. The purity of 
chlorophyll preparations should be determined 
spectroscopically after chromatographic tests. It has 
been confirmed thin-layer chromatographically that about 
20 % o f  chlorophyll "a" in diethyl ether solution placed 
in complete darkness a t  room temperature were converted 
to chlorophyll "a'" in 4 hrs, It has been recognized 
(21-23) that chlorophyll "a" and chlorophyll ''a'" are 
very similar spectroscopically as well as interconverti- 
ble. Hence, spectroscopic tests alone provide no indica- 
tion o f  the purity o f  chlorophyll "a" . Recently, w e  
developed a micro-method for the qualitative and quanti- 
tative analysis of photosynthetic Digments using 
high-performance liquid chromatography (9,lO). This 
method may be useful for chlorophyll studies, because 
there is no other method to analyze photosynthetic 
pigments and their degradation products a t  levels of 
10- g, quantitatively. 

as a routine method for preparation of chlorophylls "a" 
and "b" in the laboratory. 

9 

Thus, the procedures in this study are recommended 
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