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peak about 20 9% of the protein of the
starting material appears together with
about 80 9% of the plasminogen. Conse-
quently the starting material has been
purified 4 times. This means an increase
in purity of 16- to 20-fold as compared to
Fraction III and the yield from ction
IITI is about 50 %.

The reason for this behaviour of plas-
minogen is not understood. Attempts to
adsorb the plasminogen to CM-cellulose
equilibrated with buffers of pH 8.9 contain-
ing lysine have not been successful, which
indicates that there is no reversal in the
electric charge of the plasminogen.
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Separation of Glycerol Ethers by
Gas-liquid Chromatography

ROLF BLOMSTRAND and JOSEF GURTLER

Department of Clinical Chemistry, University
of Lund, Lund, Sweden

n the course of studies 1,* on the meta-

bolism of the 1-mono-ethers of glycerol
with hexadecyl, octadecyl and 9-octade-
cenyl alcohol, i.e. chimyl, batyl and sela-
chyl alcohol, a method for the separation
of the individual glycerol ethers was need-
ed. This separation has also earlier been
made with adsorption chromatography on
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alumina 3, but any separation of batyl
from selachyl alcohol was not obtained.

The separation of methyl esters of high
molecular weight fatty acids by gas-liquid
chromatography (GLC) has been repor-
ted ¢¢, Since GLC permits microgram
mixtures of methyl esters of fatty acids to
be resolved, analysis of mixtures of glycerol
ethers has been investigated.

The present paper describes the complete
separation of chimyl, batyl and selachyl
alcohol by GLC after acylation of the two
hydroxyl groups of the glycerol ethers.

Apparatus and procedure. The GLC experi-
ments were carried out with an Argon Pye
Chromatograph. The temperature of operation
was 218°C and the inlet pressure of the gas
72 cm Hg. The rate of flow of the carrier gas
(Argon) was 20 cm?¥/min. The detector voltage
was set on 1250 V. Each 4-foot column was
packed with 5 g of acid-washed, alkali-treated
Celite (mesh 100—140). As stationary phase
a polar polyester LHC-1R-296 (obtained from
Cambridge Inc., Mass. U.S.A.) was used in the
ratio Celite: stationary phase 4:1. Acylation
of the two hydroxyl groups of the glycerol
ethers was carried out with acetic anhydride
in the presence of pyridine after boiling on a
water bath for 12 h. The esterified mixture
of glycerol ethers was isolated and dissolved
in a few microlitres of ethyl acetate, and the
solution taken up in a micropipette and
applied to the column,

The retention volumes of the different
glycerol ethers were determined using a mixt-
ure of known compounds (Table 1). The
retention volumes are expressed relative to
synthetic batyl alcohol, which was used as
internal standard. When determining the
retention volumes of the pure compounds,
special care was taken not to overcharge the
column in order to obtain symmetrical peaks
on the chromatogram. The polyester column
had a retention time of batyl alcohol diacetin
of 49 min,

Table 1. GLC characteristics on LHC-1R-
296 as stationary phase of three glycerol ethers
after acylation. Temperature 218°C. Argon
flow rate 20 cm3/min.

Apparent retention volume
relative to batyl alcohol-
diacetin = 1.00

Chimyl alcohol 0.61
Batyl alcohol 1.00
Selachyl alcohol 1.11
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Before having a gas-liquid chromatography
technique available a similar separation was
made by reversed phase partition chromato-
graphy using 50 % aqueous isopropanol as
moving phase and 20 9%, chloroform in heptane
as stationary phase. The band containing
chimyl and selachyl alcohol was then sub-
jected to renewed chromatography after hydr-
ogenation, when the selachyl alcohol origin-
ally present is obtained as batyl alcohol which
is easily separated from the chimyl alcohol.

Material. Hexadecyl-a-glyceryl ether (chi-
myl alcohol) and octadecyl-a-glyceryl ether
(batyl alcohol) was prepared according to
Holmes et al. 7

Specimens of purified glycerol ethers mainly
containing selachyl alcohol were prepared
from tiger shark (Galeocerdo curvier) liver
fat 1,28, The samples obtained were run on
the gas-chromatograph before and after
hydrogenation.

This method has proved to be useful for
biological work with glycerol ethers and it may
also be used for purification of such sub-
stances.

Using the column and conditions described
acylated monoglycerides of different saturated
and unsaturated fatty acids can also be
separated.

This work is part of investigations supported
by the Swedish Medical Research Council.
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Chromatography on ECTEOLA *
of Sulphate Containing Mucopo-
lysaccharides and Nucleotides
NILS R. RINGERTZ and PETER REICHARD
Department of Cell Research and Genetics

and Department of Chemistry I, Karolinska
Institutet, Stockholm 60, Swed.

Durin g astudy on the enzymatic synthesis
of heparin! it was found difficult to
remove traces of ¥S-containing nucleotides
from mucopolysaccharides prepared by the
cetylpyridinium method %2 We therefore
tried chromatography on ECTEOLA * cel-
lulose for the separation of these substan-
ces. ECTEOLA has previously been found
especially valuable for the chromatography
of nucleotides and polynucleotides *.

Fig. 1 shows the chromatographic beha-
viour of five different polysaccharides dur-
ing step-wise elution from ECTEOLA. For
good separations it was found necessary to
work at a quite acid pH. In the experi-
ments of Fig. 1 the increase in chloride
concentration was obtained by adding
equimolar amounts of NaCl and HCl. Simi-
lar chromatograms were obtained when a
constant concentration of 0.05 M HCI was
used in all steps, while the chloride con-
centration was regulated by increasing the
amounts of NaCl in the eluent. CaCl,
could be used instead of NaCl. CaCl; can
be removed from the polysaccharide frac-
tions by extraction with alcohol-ether. It
interferes, however, strongly with the carb-
azol reaction ® and it was therefore not
used extensively. The recovery of polysac-
charides was found to be close to 100 %.
All operations were performed at 0—5°C.

Hyaluronic acid, chondroitinsulfuric acid
and heparin had very different affinities for
ECTEOLA which allowed their separation.

* ECTEOLA cellulose (E. A. Peterson and
H. A. Sober, J. Am. Chem. Soc. 78 (1956) 751)
was obtained from Brown Company, Berlin,
New Hampshire, USA.



