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SELECTION OF ADSORBENTS

FOR THE SEPARATION OF CHLOROPHYLLS

Keiji Iriyama and Masahiko Yoshiura

Division of Biochemistry, The Jikei University School of Medicine,
3-25-8 Nishi-Shinbashi, Minato-ku, Tokyo 105, Japan

ABSTRACT

Selection of adsorbents for the separation of chlorophylls has
been conventionally attempted. It has been confirmed that Sepharose
CL-6B is the best adsorbent for separation of chlorophylls among the

adsorbents tested in the present study.

INTRODUCTION

Much attention has been devoted to the selection of adsorbents
for the separation of chlorophyll (Chl), as reviewed by Svec (1).
Recently, we have developed a method for precleaning Chl in
acetone extract from plant materials prior to column chromatographic
separation (2,3). Subsequent separation of Chl and yellow leaf
pigments from each other was attained by column chromatography
on powdered sugar (4); powdered sugar is the most widely used

adsorbent for separating Chl. However, preparation of a powdered
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sugar column of good quality with good reproducibility requires
great care. For this reason, we have developed procedures for

the separation of photosynthetic pigments from each other by column
chromatography on Sephadex LH-20 (5) or Sephasorb HP Ultrafine
(6,7). Omata and Murata (8) have also developed procedures for the
isolation of Chl by combining column chromatography on
DEAE-Sepharose CL-6B and on Sepharose CL-6B. For preparative
purposes, the adsorbent used should have a high capacity to adsorb
Chl as well as other photosynthetic pigments.

The maximum amount (mg) of total photosynthetic pigments
adsorbed on the top of a column and then separated without
overlapping of pigment peaks in a column chromatogram per cm3 of
adsorbent has been obtained as an index for each adsorbent to select
the best adsorbent for the separation of Chl. In a preliminary study,
we estimated the maximum amount (Wmax) for some adsorbents
recently developed for the separation of Chl for preparative
purposes. By employing the Wmax in selecting the best adsorbent for
the separation of Chl, it has been suggested that the values for Wmax
tabulated here are practically very useful indices to select the best
adsorbent for the separation of Chl.

EXPERIMENTAL

H8xterman (9) has confirmed, after comparative preinvestiga-
tions, that application of the dioxane method (2) is effective for
extraction and precleaning of Chl. Indeed, the dioxane method has
been used by several investigators (8, 10, 11). The partially purified
Chl (Ppt II) prepared from fresh spinach leaves according to the
dioxane method (2,4) contained chlorophyll-a (Chl-a), chlorophyll-b
(Chl-b), xanthophylls, and nonsorbed carotenes. In this study, the
freshly prepared Ppt II was used as test material in obtaining the
Wmax of adsorbents to separate Chl for preparative purpose.

A powdered sugar column (2.5 x 35 cm) was prepared according
to the procedures described elsewhere (4). Sephadex LH-20,
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Sephasorb HP Ultrafine, DEAE-Sepharose CL-6B, and Sepharose
CL-6B were purchaed from Seikagaku Kogyo Co.. The bed volumes
(cm3/1g of dry adsorbent) in hexane were 1.4 and 1.3 for Sephadex
LH-20 and Sephasorb HP Ultrafine, respectively. The bed volumes

of DEAE-Sepharose CL-6B and Sepharose CL-6B were not determined
because these adsorbents were purchased in suspensions to avoid
their chemical degradation. The columns (2.5 x 25 cm) of Sephadex
LH-20 and Sephasorb HP Ultirafine were prepared according to the
procedures of Iriyama and Yoshiura (5) and Yoshiura et al. (7),
respectively. The columns (2.5 x 20 cm) of DEAE-Sepharose CL-6B
and Sepharose CL-6B were prepared according to the procedures of
Omata and Murata (8). All the columns thus prepared were connected
via a UV monitor to a fraction collector.

The values for Wmax of Ppt II were determined in the first
developing solvent system used for the separation of Chl. When the
Wmax was charged on the top of a column and the pigments charged
were adsorbed completely on the column bed by washing with the
first developing solvent, the complete separation of the Chl-a and
Chl-b peaks in a chromatogram, as well as that of the Chl-a and Chl-b
bands in the column was always performed. For this reason, the
development of the column in the first developing solvent systems
was continued until the complete elution of Chl-b from the columns
was achieved for the respective case examined.

RESULTS AND DISCUSSION

The values for Wmax of the adsorbents tested are listed in
Table I. The Wmax of powdered sugar was the same as that of
Sephasorb HP Ultrafine. The Wmax of Sephadex LH-20 was smaller
than that of powdered sugar. Preparation of the columns of Sephadex
LH-20 and Sephasorb HP Ultrafine was much easier than the
powdered sugar column. In addition, Sephadex LH-20 and Sephasorb

HP Ultrafine were more uniform in size and more reproducible in
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quality than powdered sugar prepared in the laboratory as an
adsorbent. The Wmax for Sepharose CL-6B was the largest among
the adsorbents tested in this study. Indeed, when the separation
of Chl-a and Chl-b in Ppt II was carried out according to the

procedures of Omata and Murata (8), their isolation was much easier

and more rapid and the yield of Chl-a and Chl-b preparations with
one time chromatography were the best. When Chl-a and Chl-b were
separated according to the method of Omata and Murata (8) at room
temperature, it was found that Chl-a and Chl-b were gradually
converted to Chl-a’ and Chl-b’, respectively, during the course of
the column chromatographic separation on the Sepharose CL-6B
column developed in the solvent system (hexane/2-propanol = 20 : 1,
v/v) as they also recognized. However, when the separation was
performed at 4°C or lower, thin-layer chromatographic tests
according to the method of Iriyama et al. (12) revealed that the
degradation of Chl was almost completely inhibited.

It has been found that DEAE-Sepharose CL-6B has an extremely
large capacity to adsorb Ppt II (2.46 mg of Ppt II/1 g of adsorbent)
and also that separation between the Chl-a and Chl-b bands on the
DEAE-Sepharose CL-6B column developed in acetone cannot be
attained under the present chromatographic conditions. Omata and
Murata (8) used the DEAE-Sepharose CL-6B column to eliminate
yellow leaf pigments and degradation products of Chl in Ppt II. We
have already developed a procedure for the elimination of
xanthophylls in Ppt II by washing Ppt II with 80 % (v/v) aqueous
methanol (8). When the further purified Ppt II (Ppt III) thus treated
was separated by the column chromatographic procedures developed
by Omata and Murata (8), the yields of Chl-a and Chl-b were
increased. In addition, good separation of Chl-a and Chl-b in Ppt III
was achieved by column chromatography with Sepharose CL-6B. (13),
but the first developing solvent used was less polar than the
solvent system used by Omata and Murata (8).

We have determined the Wmax of each adsorbent and confirmed

that measurements of the values for Wmax, as proposed in this study,
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are practically useful to evaluate the separability of photosynthetic

pigments for preparative purposes.
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