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ABSTRACT 

For the purification of bacteriochlorophyll a and b (BChl), which are 
rather susceptible to e.g. oxygen, light, and polar solvents, a rapid and 
efficient purification method is described. After extraction of the cells with 
methanol-water, an octadecyl silica cartridge is used for retention of the 
BChl and thus polar compounds are removed from the complex mixture. Ethanol 
elutes the BChl, while less polar compounds remain on the cartridge. High 
performance liquid chromatography on reversed phase columns (rp-HPLC) proved 
to be a powerful tool i n  obtaining highly purified BChl, as controlled by 
analytical rp-HPLC, visible (VIS) spectroscopy, gas liquid chromatography 
(GLC) ,  and SDS-polacrylamide gel electrophoresis (PAGE). 

INTRODUCTION 

Different techniques have been used for analytical and preparative 
separation of photosynthetic pigments : column, paper, counter-current 
distribution and thin layer chromatography (1) .  Improved resolution and 
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1520 BERGER ET AL. 

rapidity have been obteined in recent years with high performance liquid 

chromatography ( 2 ) .  

In the case of chlorophylls of higher plants and bacteriochlorophylls 
(BChl's), two types of chromatography have been applied : 

a) adsorption chromatography on silica gel, with hexan-isopropanol 

( 3 , 4 , 5 , 6 )  or hexan-acetone (7) mixtures as eluents. 
b) reversed phase chromatography on C o r  C18 alkyl coated silica gel as 

stationary phase and methanol, acetonitrile, acetic acid, tetrahydrofuran o r  

ethyl acetate mixtures as solvents (8-24). 
Polyethylene glycol has also been used as a packing material for the 

purification of BChl c ( 2 5 ) .  
Objections have been presented against each type of chromatography. 

Instability of chlorophylls has been shown to occur on polar adsorbents like 

silica ( 1 4 ) ,  allomerization (12 ,20 )  or epimerization ( 3 )  proceed spontaneously 
in nucleophilic solvents like methanol o r  ethanol used in reversed phase 
chromatography. It seems, however, that the latter is better suited because 
only weak hydrophobic interactions come into play and epimerization or 
allomerization are relatively s l o w  reactions (epimerization of chlorophyll a 
in ethanol : k = 1,6 x 10 s ( 3 ) ) .  Moreover, elution volumes are more 
reproducible and less sensitive to impurities than in adsorption 
chromatography. 

-6 -1 

High performance liquid chromatography i s  a relatively rapid technique 
(from ten minutes to an hour), but extraction and preliminary partial 

purification steps (26) are often much longer (several hours). 
In order to avoid degradation by prolonged contact of chlorophylls with 

polar solvents we developed a preparative method that is both more rapid and 

easier than the procedures previously described. 
It involves the prepurification with Sep Pak cartridges that are usually 

used for prepurification of complex mixtures. With C18 alkyl coated silica 
cartridges, for instance, high polar compounds are eliminated with polar 
solvents chosen so that the compounds of interest remain on the cartridge. The 
latters are then removed by washing with a less polar solvent, while non polar 
compounds remain on the cartridge and are separated. This procedure prevents 
the accumulation of hydrophobic substances on HPLC columns, which causes high 
back pressure and reduced column life. It has been already described for 
analytical preparations of chlorophylls ( 2 1 , 2 7 ) .  

MATERIALS and METHODS 

Pigment preparation : Rhodospirillum ( g . )  rubrum (BChl a, fig. la) and 
Rhodopseudomonas (RJ.) viridis (BChl b, fig. lb) were grown according to 
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1522 BERGER ET AL. 

Hutner (28), modified by Cohcn Bazire ( 2 9 ) .  Pelleted cells (1  g wet weight) 

were resuspended in cold (4°C) methanol (4 ml), stirred vigorously in dim 
light for 1 min, and filtered through a glass filter (Schott GS 4). Extraction 
was performed three times at the same conditions for quantitative extraction 

(methanol-water 80:20, v/v). The pigment solution was passed through an 

octadecyl silica cartridge (Sep Pak C I S ,  Waters Assoc.) up to saturation in 

bacteriochlorophyll (about 2 mg per cartridge under these conditions). In the 

case of RChl a the water concentration was brought to 30 % (v/v) for a better 
retention capacity at the resin. The cartridge was washed with 5 ml of a cold 
methanol-water mixture ( 7 0 : 3 0 ,  v/v for BChl a, 80:20, v/v for BChl b). Under 
these conditions, polar substances were separated from bacteriochlorophylls 

and carotenoids, which remained on the stationary phase. Bacteriochlorophyll 

was eluted with about 5 ml of pure ethanol, a small fraction of carotenoids 
being coeluted in the case of- Kp. viridis. The solvent was then evaporated 

under vacuum and the BChl's stored at - 2 0 O C .  The cartridges are reusable 

several times after washing with acetone. 

High performance liquid chromatography was performed on a Waters Assoc. 

liquid chromatograph consisting of a M5l0 pump, an U6K injector, and a M 481 

detector system. Analytical runs were carried out on p Bondapak C18 Waters 

columns, 3.9 nun x 30 cm, with aqueous ethanol (12 % H 2 0  v/v) at a flow rate of 

1 ml/mn. Preparative runs were performed on Partisil 10 O D s 2  Whatman columns, 

9 mm x 50 cm with aqueous ethanol (respectively 12 % H 2 0  for BChl a and 8 % 
H 0 for BChl b) at a flow rate of 6 ml/mn. I n  these conditions, they were 

eluted both in approximately 10 min. Absorbance was monitored at 580 nm. 

Lipid analysis : Samples of 1 mg Bchl were taken after every 

2 

purification steps. The solvent was evaporated and the samples were heated 

with 2 N H C 1  in methanol for 3 h at 85"C, the fatty acid methyl esters were 
extracted with petroleum ether (PE) 4Oo-6O0C. Analysis was performed on a gas 

liquid chromatograph (GLC model Varian 3700) equipped with a non polar 25 m 
WCOT glass capillary column SE 54 (Weeke, Miilheim, F R G )  and a flame ionization 

detector (FID).  Oven temperature was set at 170°C isothermal, injector 

temperature at 230°C, and detector temperature at 280OC. Quantitative analysis 

was performed in the presence of  the internal standard heptadecanoic acid 

(17:O).  Peak integration was done by means of an automated integrator 
(Hewlett-Packard model 3380 A ) .  

Gas liquid chromatography/mass spectrometric (GC/MS) analysis was 
performed on a Finnigan mass spectrometer, model 1020 A (injector temperature 

28O0C, separator oven 300°C, Helium pressure set at 14 psi, FS-CR column, 
25 m). The ion source temperature was set at 6OoC ; scan rate M 43-400 s - ' ) .  
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Protein analysis : Samples of about 20 pg Bchl were taken after every 

purification steps, the solvent was evaporated and the samples were solved 

again in buffer ( 3 0 ) .  SDS-PAGE was performed on a discontinuous slab gel with 

a 5 % stacking and 7,5 % - 15 % gradient gel. Proteins were visualized with 
Coomassie Brilliant Blue G (Sigma). 

Reagents : All solvents used were analytical grade. The standard 

proteins were purchased from Pharmacia and contained phosphorylase b (94 KD), 
bovine serum albumin (67 KD), ovalbumin (43 KD), carbonic anhydrase (30 KD) ,  

soybean trypsin inhibitor ( 2 0  KD), and lactalhumin (14 KD). 

RESULTS and DISCUSSION 

Using the combination of techniques described above, hact.eriochlorophyl1 

a o r  b can be prepared at the milligram scale from cell pellets of Rs. rubrum 

o r  Rp. viridis in a very short time (Fig. 2 ) .  

A s  measured by the optical density at the maximum of absorption, about 

85 % of the Bchl's were extracted in the conditions described (13 % additional 
Bchl a and 17 % Bchl b were obtained by further extensive washing with 
acetone). 

The yield of the prcpurification step on Sep Pak cartridge is 88 % for 
Bchl a and 82 % f o r  Bchl b. 

The yield of the HPLC step is 73 % for Bchl a (incomplete dissolution of 
Bchl a in solvent ? )  and close to 100 % for Bchl b. 

The overall yield can be estimated using the molar extinction 

coefficients given in ( 3 1 )  for BChl a and in (24) f o r  Bchl b. Extraction of 
1 g (wet weight) of cells yields about 1.9 mg Bchla and 1.7 mg BChl h. 

By using several Sep Pak cartridges and the preparative column, these 

quantities can be easily increased without a corresponding increase in 

preparation time : between 40 and 70 mg can be prepared per day. 
The elution diagrams for analytical runs on a p Bondapak C18 column 

(Fig. 3 a/b) indicate that the preparations contain only very little o r  no 

impurities in terms of  other pigments absorbing at this wavelength (inferior 

to 0.6 % in the case of Bchl a and a 0.7 % in the case of Bchl b). 
The percentage of Bchl a' (isomer of Bchl a on carbon 10, separated from 

Bchl a on reversed phase column) has been estimated to be lower than 0.04 %. 
The absorbance spectra of the Bchl a and Bchl b in ether are shown in 

Fig. 4 They are similar to those reported in the litterature (Z4), concerning 

the wavelengths of  maxima and the ratio of the absorbance peaks. Especially, 

the very low absorption at 680 nm indicates the absence of oxydation products 
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Figure 2 : Preparative Rp-HPLC of Bchl a (-) from Rs rubrum (a) and Bchl b 

( . . . . I  from Rp viridis ( b ) .  Conditions : column Partisil 10 ODs2 (Whatman) 9 x 

500 mm. Flow rate 6 ml/min. Eluent : ethanol-water 88 : 12 (v/v) for Bchl a 
and 92 : 8 for Bchl b. Detector set at 580 nm. 

b Bchl 

a 

I 

Y-- 

I ,  

0 2 1 6 8  
ELUTION TIME (min) 

Figure 3 : Analytical Rp-HPLC of BChl a from Rs. rubrum (a) and BChl b f rom 

Rp. viridis (b). Conditions : column 3.9 x 300 mm, u Bondapak CI8, (Waters 

Assoc.). Flow rate 1 ml/min. Eluent : ethanol-water 88 : 12 (v/v). Detector 

set at 580 nm. 
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Figure 4 : Absorption spectra of rp-HPLC purified BChl a (-) and BChl b 
( . . . . I  in ether. 

in the case of Bchl b and the absorbance ratio A 

Bchl a and A369 m/A794 nm of 0.83 for Bchl b indicates the purity of the 
material prepared by this method ( 2 4 ) .  

/A 357 nm 770 nm of 0.85 for 

When a mixture of BChl a from Rs. rubrum and BChl b from Rp. viridis is 
injected onto a rp-HPLC column, BChl a is eluted before BChl b (fig. 5)  (while 
Chl a is eluted after Chl b under the same conditions). The esterifying 
alcohol at the propionic acid side chain is geranylgeraniol in the first case 
(fig. 1 a) ( 3 2 )  and phytol in the second one (fig. 1 b). It is known from a 
mixture of pheophytins esterifed with different alcohols, that retention time 
on rp-columns decreases with the number of double bonds in the alcohol 
(33,34).  The comparison of the two BChl's shows that the influence of the side 
chain alcohol is predominant over that of the ethylidene group. 

Quantitative fatty acid analysis of the filtered methanol extracts of 
pelleted cells on GLC revealed that 3.8 mg fatty acid methyl esters in 1 mg 
BChl a ( =  380 %) and 8.5 mg in 1 mg BChl b (= 850 %) could be detected (see 
table 1). By applying the sample onto a Sep Pak CI8 cartridge, contaminating 
hydrophilic (e.g. some proteins) and hydrophobic (e.g. carotenoids) material 
was removed. However, no drastic reduction i n  the fatty acid content could be 
analyzed (compare table 1). 

For the removal of contaminating pnospholipids, preparative HPLC of the 
BChl on a reversed phase octadecyl silica p-Bondapak column proved to be a 
very efficient purification step. Only small amounts of fatty acids could be 
detected in the final products, i.e. a total amount of 60 pg/mg BChl a (6 %) 

and 200 pg/mg BChl b (20 %) . 
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0 2 1 6 6 1 0  
ELUTION TIME (min) 

Figure 5 : Elution profile of a mixture of bacteriochlorophyll a and h. 
Conditions : column 3,9 x 300 mm (g-Bondapak C18, Waters Assoc.), eluent : 
ethanol-water (88 : 12 ,  v / v ) ,  flow rate : 1 ml/min, detector set at 580 nm. 

TABLE 1 

Content of fatty acids after transesterification with 2 N H C 1  in 

methanol, estimated on a SE-54 WCOT 25 m glass capillary column for different 

purification steps of BChl a and BChl b. 

I 
I 1. bacterial methanol extract 380 
\ 2 .  Sep PAK CI8 280 
I 3. rp-HPLC 6 
I 

850 
260 
20 

I Sepharose+* 54 n.d. 
I 
:I Sum of A-16 : 1, 16 : 0, A-18 : 1, and 18 : 0 in per cent of  the 
respective BChl 
x Purified according to T .  Omata and N .  Murata (26) ; n.d. not done 
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In addition to the analyzed fatty acid methyl esters several peaks could 
be identified by their retention time on GLC and characteristic mass 
spectrometric fragmentation pattern on GC/MS (m/z = 278, 123 (base peak), 109,  

95 and 81) to derive from isomeric degraded phytolmoiety of BChl b (data not 
shown). 

Because of inherent difficulties with a photometric protein estimation 
the following method was applied : increasing amounts of the respective BChl 
were applied onto a SDS-PAGE and stained for protein with Coomassie Brilliant 
Blue G. After the first methanol extraction some proteins, most likely from 
the light harvesting complex could be hardly visualized. No proteins, however, 
could be detected after Sep Pak CI8 purification i n  spite of overloading the 
gel. The detection limit according to standard proteins was estimated to be 
lower as 0.5 % of the respective BChl. 

In conclusion, a rapid extraction and purification of BChl a and b at 
the 50 mg scale can be achieved by combination of Sep Pak cartridge 
prepurification and rp-HPLC. The quantity and quality of the preparations are 
sufficient for optical and electrochemical experiments and they can be 
prepared almost immediately before use, avoiding storage degradation. 
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