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THE USE OF HIGH PRESSURE LIQUID CHROMATOGRAPHY 

FOR THE IDENTIFICATION AND PREPARATION OF 

PIGMENTS CONCERNED I N  PHOTOSYNTHESIS 

Dianu h i e s  and Eric S. Eokisworth* 

Biochemist ry  Department, 

U n i v e r s i t y  of Tasmania, 

G.P.O. Box 252C, 

Hobart 7001, 

Tasmania, A u s t r a l i a .  

ABSTRACT 

The c h l o r o p h y l l s  and carotenoids present  i n  p repara t i ons  f rom 

c h l o r o p l a s t s  o f  marine a lgae can be ex t rac ted  and separated by h i g h  

pressure l l q u i d  chromatography (H.P.L.C. ) .  The reverse-phase columns; 

P a r t i s i l  10 ODS (Whatman),u Bondapak C18 and u Bondapak CN (Waters 

Associates) gave good separa t i on  o f  t h e  d i f f e r e n t  pigments. A d d i t i o n  

from whom r e p r i n t  requests  should be made. 
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124 DAVIES AND HOLDSWORT!J 

o f  the  i o n - p a i r i n g  agent tetrabutylamnonium phosphate t o  t h e  methanol/ 

water so l ven ts  gave improved separat ions wi th  complex m ix tu res  and 

i d e n t i f i c a t l o n  was f a c i l i t a t e d  by examination o f  t h e  column e l u a n t  a t  

440nm where a l l  t h e  pigments absorbed and a t  650nm where o n l y  

c h l o r o p h y l l s  absorbed. 

pigments f o r  f u r t h e r  study. 

The method a l lowed t h e  i s o l a t i o n  o f  i n d i v i d u a l  

INTROWCTION 

During work on the  i s o l a t i o n  o f  photo-act ive complexes from 

marine algae1 i t  became necessary t o  have a means of analys lng the  

pigments present. Methods used t o  i s o l a t e  these complexes i n v o l v e  

e x t r a c t i o n  w i t h  s t rong b u f f e r s  o r  detergents  and chromatography on 

var ious columns, and sometimes i n a c t i v a t e d  the p r e v i o u s l y  photo- 

a c t i v e  ma te r ia l .  

o f  the c h l o r o p h y l l s  present  i n  the  complexes, e.g. f rom c h l o r o p h y l l  

a t o  i t s  c h l o r o p h y l l i d e  ( l o s s  o f  t h e  phy to l  group) o r  t o  pheophytin 

(by l oss  o f  Mg) o r  t o  pheophorbide (minus both phy to l  and Mg). 

changes make l i t t l e  d i f f e r e n c e  t o  the  absorpt ion spect ra o f  t h e  

protein-pigment complexes and might  n o t  be observed. 

methods have been devised f o r  separat ing the pigments o f  marine algae2. 

most workers have found d i f f i c u l t y  i n  working w i t h  sucrose p l a t e s  o r  i n  

ob ta in ing  t h e  p a r t i c u l a r  grade o f  powdered poly thene requ i red  f o r  t h i s  

work. 

a and b by reverse-phase HPLC and a micro-method was publ ished us ing 

p a r t i t i o n  HPLC on s i l f c a - g e l  columns showing separat ion o f  ch lo rophy l l s ,  

t h e i r  degradation products and o f  t he  carotenoids4. Carotenoids a re  

bel ieved t o  be impor tant  i n  photo-act ive processes and t h e r e f o r e  the 

separat ion of carotenoids and c h l o r o p h y l l s  i n  the  same sample would be an 

I t  was suspected t h a t  t h i s  was due t o  a l t e r a t i o n  

Such 

Although TLC 

Shoaf3 described a method f o r  the r a p i d  separat ion o f  c h l o r o p h y l l s  
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IDENTIFICATION OF PHOTOSYNTHESIS PIGMENTS 12 

advantage. The separation o f  carotenoids and t h e i r  many isomers was 

achieved by p a r t i t i o n  HPLC on s i l i c a  gels. 

i n  marine algae6 and we found t h a t  chlorophyl l  c was s t rong ly  absorbed 

on s i l i c a  ge l  and d i f f i c u l t  t o  elute.  For t h i s  reason inves t iga t ions  

were made, and are reported here, i n t o  methods o f  separating ch lo rophy l l s  

a, b and c and t h e i r  associated carotenoids. The use o f  ion-pa i r ing  

agents gave improved separations i n  some instances. The advantage o f  the 

HPLC method was tha t  i t  could be used as a preparat ive method f o r  the 

i s o l a t i o n  o f  ind iv idua l  pigments. 

Chlorophyllscl and c2 occur 

MATERIALS AND METHODS 

Chlorophyl ls a and b, and 6 carotene were obtained from Sigma 

(Sigma Chemical Co. S t .  Louis)  Chlorophyl l  c2 was i so la ted  from 

Amphldinium carterae and c1 and c2 were iso la ted  from Phaeodactylum 

tr icornutum as described by Jeffrey’. 

by incubating c e l l s  o f  Phaeodactylum tr icornutum i n  30% acetone a t  4OoC 

f o r  2 hrs and I so la t i ng  the pigment on a ce l lu lose  column8. Pheophytin 

was prepared by acid treatment o f  chlorophyl l  as. 

Chlorophyl l ide a was prepared 

A l l  solvents used were o f  ANALAR q u a l l t y  and f o r  HPLC were 

degassed and f i l t e r e d  through a Pyrex f i l t e r  holder and a 0.45um 

f i l t e r  ( M i l l i p o r e  Corporation). 

algae o r  from protein-pigment complexes’ by pouring the mater ia ls  i n t o  

30 volumes o f  a mixture o f  acetone, dimethyl sulphoxide 3:l 3, kept a t  

-4OOC. A f te r  keeping a t  t h i s  temperature w i t h  occasional shaking fo r  

1 hr, the mixture was brought t o  Z0C, centr i fuged and the supernatant 

evaporated by a stream of N2 t o  3 mls, water 1 ml.and e thy l  ether 4 mls 

were added and the pigments extracted i n t o  the ether. The ether so lu t lon  

Pigments were i so la ted  from marine 
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126 DAVIES AND HOLDSWORTH 

was d r i e d  over anhydrous Na2SOb and concentrated t o  a small  volume 

(0.1 - l . h g  c h l o r o p h y l l  per  m l ) .  A l l  operat ions were conducted i n  a dim 

l i g h t .  

A Waters a n a l y t i c a l  h i g h  pressure 1 i q u i d  chromatograph (Waters 

Associates Pty. Ltd., Chippendale, N.S.W. 2008, A u s t r a l i a )  equipped w i t h  

a Model 660 so lven t  programne accessory was used f o r  these separat ions.  

A v a r i a b l e  wavelength de tec to r  (made by Mr .  J.E. Jordan o f  t h i s  l a b o r a t o r y )  

was used a t  e i t h e r  440 MI o r  650 nm. When pigments were t o  be f so la ted , the  

e l u a t e  from the  columns was c o l l e c t e d  by means o f  a Gradipore MK2 f r a c t i o n  

c o l l e c t o r  (Gradlpore Pty. Ltd., S c i e n t l f i c  Instruments, Artarmon, Sydney). 

The columns used were s t a i n l e s s  s t e e l  4.6 x 250 mn and packed w i t h  one o f  

t he  f o l l o w i n g  p a r t i c l e s :  P a r t i s i l  10 00s (Whatman L td .  , Maidstone, England), 

~1 Bondapak CN (Waters Associates), IJ P o r a s i l  (Waters Assoc ia tes ) .  Uhen 

i o n - p a i r i n g  was used te t rabu ty lamon ium phosphate (P ic  A Waters Associates)  

o r  1 heptane sulphonic a c i d  (P i c  B )  was added t o  methanol/water mix tures t o  

produce 5mM so lu t i ons .  

RESULTS AND DISCUSSION 

The use of t he  de tec to r  a t  440 2 10 nm serves t o  d e t e c t  a l l  t h ree  

ch lo rophy l l s ,  by t h e i r  Soret  bands, and a l s o  the carotenoids ( f i g .  l a ) .  

Chlorophyl ls  and t h e i r  d e r i v a t i v e s  a r e  detected a t  650 f 10 nm a t  which 

wavelength the  caroteeoids a r e  t ransparent  ( f i g .  l c ) .  The use of these 

two wavelengths ass i s ted  i n  i d e n t i f y i n g  t h e  d i f f e r e n t  pigments. 

pigments from f r e s h l y  harvested Phaeodactylum t r icornutum. separated on 

the reverse phase P a r t i s i l  10 ODS by a methanol/water gradient ,  a re  

shown i n  f i g .  l a .  Af ter  break ing the c e l l s  and i s o l a t i n g  the  c h l o r o p l a s t  

membranes’ i t  was found t h a t  t h e  ch lorophyl lase,  known t o  be present  i n  

The 
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IDENTIFICATION OF PBOTOSYNTEESIS PIGMENTS 127 

t h i s  o r g a n i d ,  had p a r t i a l l y  degraded t h e  c h l o r o p h y l l  a t o  c h l o r o p h y l l i d e  

a (peak 3 f l g .  l b  and l c ) .  

had occurred. S ince ch lo rophy l l ase  occurs s p o r a d i c a l l y  i n  mar ine algae10 

i t  i s  impor tant  t h a t  t he  i n t e g r i t y  o f  t h e  plgments be s tud led  d u r i n g  the  

i s o l a t i o n  of pho tosyn the t i c  pigment complexes. 

A corresponding r e d u c t i o n  i n  p h o t o - a c t i v i t y  

The so l ven t  programme o f  a l i n e a r  g r a d i e n t  70:30 % t o  95:5 6 
methanol/water gave the  b e s t  separat ion w i t h  t h e  pigments o f  Phaeodactylum 

t r icornutum. 

column and i d e n t i f i e d  by t h e i r  abso rp t i on  spectra2 and a l s o  f o r  t h e  

carotenoids by TLC on polyarnide (Merck) p l a t e s  i n  seven d i f f e r e n t  s o l v e n t  

The d i f f e r e n t  peaks were c o l l e c t e d  as they emerged f rom t h e  

systems" . 

Peaks 2 i n  f i g s .  1 and 2 were i d e n t i f i e d  as c h l o r o p h y l l  c. 

Various column pac,kings and so l ven t  m ix tu res  were used i n  at tempts t o  

separate cl from c2. 

by l i q u i d  chromatography on a c e l l u l o s e  column7, none of t h e  commercial ly 

a v a i l a b l e  HPLC column packings gave any separat ion.  Ch lo rophy lk  c 1  and 

c 2  were s t r o n g l y  absorbed d u r i n g  p a r t i t i o n  chromatography on s i l i c a  ge l  

(II P o r a s i l )  us ing  hexane, isopropanol m ix tu res4  and cou ld  then o n l y  be 

e l u t e d  by 100% methanol. 

so l ven ts  on t h e  reverse phase "C18" column ( P a r t i s i l  10 ODS) were a b l e  t o  

reso lve  c1  from c2. On the  u Bondapak CN column (Waters) t he  p a t t e r n  

obta ined was s i m i l a r  t o  t h e  reverse phase "C18" column, except peaks 

e l u t e d  up t o  15 mins were ve ry  sharp b u t  l a t e r  peaks were n o t  w e l l  

separated e.g. B carotene f rom c h l o r o p h y l l  a. 

Although these two pigments can j u s t  be separated 

Ne i the r  o f  t he  i o n - p a i r i n g  agents added t o  

The i o n - p a i r i n g  agent tetrabutylamnonium phosphate ( P i c  A)  

w1s p a r t i c u l a r l y  use fu l  f o r  separat ing peaks t h a t  were n o t  w e l l  separated 
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IDENTIFICATION OF PHOTOSYNTHESIS PIGMENTS 1: 

i n  methanol/water solvents on the reverse-phase "C18" column. 

shows such a separation of lu te in  (peak 7) from chlorophyll a (peak 1) 

us ing  this Ion-pairing agent. 

various gradients these two peaks did not separate. 

Pavlova lutheri  a r e  rich In lu te in  and diadinoxanthin and these 

Figure 2a 

In methanol/water solvents and using 

The pigments of 

carotenoids were readily isolated from the ex t rac t  by HPLC. Fig. 2b 

shows the plgments present i n  a d lnof lage l la te  Amphidinium car te rae .  

Although the conditions specified allow the separation of the  pigments 

FIGURE 1 

Pigments from Phaeodactylum tricornutum examined on a 

reverse-phase "C18" column ( P a r t i s i l  10 ODs) w i t h  a gradient 70:30 

t o  95:5 methanol, water. Flow r a t e  2m/min. "A" freshly isolated 

ce l l s ,  detector a t  440nm; "b" chloroplast  membranes (440nm); "c" 

chloroplast membranes, detector a t  650nm. 

Peak identification: 

chlorophyll a 

chlorophyll c1 and cz  

chlorophyllide a 

6 carotene 

Diadi noxanthin 

Fucoxanthi n 

Lutein 

Dinoxanthin 

Peridlnln 

Neoperidlnin 

unidentl f ied ye1 low pigment. 
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130 DAVIES AND HOLDSWORTH 

I . . .  

0 5 10 15 20 
TIME 1rnn.l @ 

FIGURE 2 

Pigments from ( a )  Pavlova lutheri  and (b) Amphidinium car te rae  

examined on a reverse-phase "C18" column ( P a r t i s i l  10 ODS) w i t h  a 

gradient 70:30 t o  95:5 

ammonium phosphate ("Pic A " ) .  

as in f i g .  1. 

methanol, water containing 5mM tetrabutyl-  

Detector a t  440nm, peak ident i f ica t ion  

o f  a single organism, i t  i s  recommended tha t  when examining the  pigments 

of a mixed population of marine alge,  t ha t  the "C18" and IA Bondapak CN 

columns 

2ml/mln fo r  30 m i n ,  w i t h  and without tetrabutylamonium phosphate and 

with the detector s e t  a t  the two wavelengths 440 and 650 MI. In t h i s  

be t r ied  with a programne o f  60~40 to 95:5& methanol/water, 
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IDENTIFICATION OF PHOTOSYNTHESIS PIGMENTS 12 

manner most o f  the pigments o f  mixed c u l t u r e s  were separable. The areas 

o f  t h e  peaks cannot be used f o r  q u a n t i t a t i v e  a n a l y s i s  s ince  t h e  pigments 

have d i f f e r e n t  E max. a t  these wavelengths. However t h e  e l u a n t  from the 

column can be c o l l e c t e d  and t h e  pigments est imated f r a n  t h e i r  known 

spect roscopic  abso rp t i on  data. 

I n  sumnary, t h e  pigments concerned i n  photosynthes is  can be 

r e a d i l y  separated and i d e n t i f i e d  by HPLC. 
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