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The character of the dependence of the coeffi
cients A *, B* and C* on k' cannot be considered
to be precisely determined because in this case
there are theoretical disagreements [37-40], and
the scarcity of experimental data does not make
it possible to prefer one of these approaches.
Moreover, the function H(k') is different for
different processes limiting the mass transport
velocity: diffusion in the mobile zone, diffusion
in the stationary phase (in the immobile zone)
and the sorption-desorption reaction.

In the Results and Discussion section we shall
show that in RP-HPLC of proteins at linear
elution velocities u > 0.5 mm/s the first two
terms in eqn. 29 related to flow anisotropy (A *)
and molecular diffusion (B*) may be neglected.

EXPERIMENTAL

Instrumentation
A Kh-Zh-1311 microcolumn gradient chroma

tograph was used for the chromatography of
proteins. It includes two syringe pumps with a
variable flow-rate of 1-200 JLl/min and with a
syringe volume of 1.5 ml and a fluorimetric
detector with a 0.3-JLI cell and a 0.5-JLI injection
valve. Proteins were detected by measuring the
fluorescence of tryptophan with excitation at 220
nm and collection of the emitted fluorescence
radiation at 320 nm. In some instances detection
was carried out with the aid of a Shimadzu SPD2
AM spectrophotometric detector at 280 nm.

Columns
The RP-HPLC of proteins was carried out on

PTFE microcolumns (30-200 nm x 0.5 mm I.D.)
packed with Nucleosil 300-C4 and 500-C4 (Mach
erey-Nagel) or with MPS-300-C4 alkylated mac
roporous glass (LenChrom). The last sorbent
was prepared by Unger et al.'s procedure [41] by
treating chlorinated macroporous glass with
butyl lithium. The columns were packed at a
pressure of 12 MPa from a 20% slurry in carbon
tetrachloride with subsequent pumping (without
pressure release) of 50% aqueous methanol.

7

Reagents
Water-acetonitrile systems (LiChrosolv,

Merck) with the addition of 0.1-0.3% of tri
fluoroacetic acid (TFA) (Pierce) were used as
the mobile phase.

The proteins ribonuclease A, bovine serum
albumin (BSA) , thyroglobulin, a-chymotryp
sinogen A, immunoglobulin A, conalbumin,
lactalbumin and y-globulin were purchased from
Serva and the bacterial ribonuclease M from
Reakhim.

As a marker of interparticle volume Vo in
size-exclusion chromatography thyroglobulin was
used (Mr = 660000) and as marker of the total
accessible volume VT = Vo + Vp p-aminobenzoic
acid (Reakhim) was used with elution with 70%
acetonitrile.

RESULTS AND DISCUSSION

The experimental dependence of k' on the
composition of the mobile phase obtained in a
series of isocratic experiments for several
proteins is shown in Fig. 2. At k'» 1,
log k' changes linearly with displacer concen
tration, i.e., in accordance with eqn. 7. In
the isocratic mode in the region of k' = K,

transition from adsorption to exclusion chroma
tography occurs. Just as for flexible chain
homopolymers [28-32], there is a critical com
position at which all proteins regardless of
their molecular mass migrate with k'/K = 1.
It can be seen from Fig. 2 that the k'('P) de
pendences for the four proteins under investi
gation intersect at one point which corresponds
to the· critical composition of the eluent 'Pc =
0.425.

The only exception is chymotrypsinogen A
(curve 5), for which 'Pc = 0.46. As proteins are
copolymers of 20 different amino acids, are in a
globular form and the globular-random coil
transition does not take place in HPLAC, the
detection of the identical critical composition of
the eluent 'Pc for a number of proteins is un
expected. The decrease in k' in the range of
'P > 'Pc (i.e., in the size-exclusion mode) is proba
bly determined by the increase in the effective
size of the protein molecule with a change in























~
o COOH __EE_D_Q_,_11»)_-,

00
R DMF

5O-70t,S h

18

lb; R=COOH
le; R=CONH.
ld; R = CONHEI
1.; R = CONEt.

©Q-COCI

roR

1.'; R=CN
If ; R = OCH.

Scheme 1.

EtoN, Il»)
PhH

5O-70t.S h

~:~!'.IO<'"-"OOJO©lR100
CSP 1; R=CN,n = 11
CSP 2; R = COOH, n = 3
CSP3; R=CONH.,n=3
CSP4; R = CONHEt, n = 3
CSPS; R=CONHEt, n= 11
CSP6; R = CONE'., n = 11
CSP7; R=OCH.,n=ll

S. Oi et al. / J. Chromatogr. 645 (1993) 17-28

the separation of amino acids, and 1,1'
binaphthyl-2,2'-diyl hydrogenphosphate bonded
to silica gel used for the resolution of racemic
helicenes [20].

In a previous paper, we reported the prepara
tion of several CSPs by using axially dissymmet
ric 1,1'-bi-2-naphthol and 1,1'-binaphthyl-2,2'
dicarboxylic acid (lb) [21J. It was shown that lb,
rather than 1,1';'bi-2-naphthol, was promising as
the chiral selector for the separation of a wide
range of enantiomers, but the structures of the
lb-derived CSPs remained ambiguous except
that the starting lb was bonded to silica via an

. amide linkage using the 2-carboxylic function. In
this paper, we report the preparation and per
formance of seven structurally well defined CSPs
(CSP 1-CSP 7) which were obtained by bonding
2'-substituted-1,1'-binaphthyl-2-carboxylic acids
(la-f) to 3-aminopropyl- and /or ll-aminoun
decylsilanized silica gel (Scheme 1). Based on
the chromatographic behaviour of CSP 1-CSP 7,
chiral recognition models are presented and the
structures of the previously reported lb-based
CSPs are revised.

EXPERIMENTAL

General
Liquid chromatography was performed using a

Shimadzu LC-6A or a JASCO Trirotor-III ap-

paratus equipped with a Shimadzu SPD-6A or a
JASCO Uvidec-lOO-III ultraviolet detector (254
nm). Stainless-steel columns (250 mm x 4.6 mm
J.D.) were slurry packed with the packing ma
terials described below using conventional tech
niques.

IR spectra were measured on a Shimadzu IR
460 grating spectrophotometer. 1H NMR spectra
were recorded on a JEOL JNM-FX 60 or Bruker
AC-250T instrument with tetramethylsilane as an
internal standard. Optical rotations were re
corded on a Union PM-WI automatic digital
polarimeter in a 1-cm cell. Melting points were
measured on a Yamato MP-21 apparatus and are
uncorrected. Microanalyses were carried out in
the Microanalytical Laboratory of the Institute
for Chemical Reaction Science, Tohoku Uni
versity.

Materials
The preparation of 11-aminoundecylsilanized

silica gel (Hitachi gel 3056 base; spherical 5-JLm
particles, microsphere diameter 80-100 A)
(found, C 7.57, H 1.69, N 0.93%; calculated, N
0.92%; 0.66 mmol/g based on N) has been
described [22]. 3-Aminopropylsilanized silica gel
was prepared in a similar manner to the 11
amino analogue by treatment of a silica gel
(Tosoh silica gel, spherical 5-JLm particles,
microsphere diameter 100 A) with 3-amino
propyltriethoxysilane in boiling toluene. Analy-
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Since flame ionization detectors are no longer
commercially available, ELSD has presently
become the detection method used most often in
separation of lipids by HPLC [5]. It seemed
possible that the method described by Moreau
[8] could be adapted to separate the major plant
lipid classes in cereal grains. The objectives of
this research were: (1) to develop an HPLC
procedure using ELSD which would successfully
separate all the lipid classes present in soft wheat
flour without prior fractionation of the individual
glycolipids and phospholipids, (2) to identify
each lipid class present, and (3) to acquire a
relative mass percent of each lipid present.

EXPERIMENTAL

Extraction
Lipids were extracted from unbleached soft

red winter wheat flour with water-saturated 1
butanol (WSB) [1,2]. The flour sample contained
1.5% lipid by soxhlet determination for percent
fat [13]. Non-starch lipids were extracted from 3
g of flour with 30 ml of solvent at 20°C in a 50-ml
teflon tube for 15 min mixed at 5-min intervals,
centrifuged at 5900 g for 15 min and the superna
tant transferred to a 250-ml evaporator flask.
The solvent was then removed using a rotary
evaporator under nitrogen at 60°C. After com
plete removal of all the water and solvent the
residue was redissolved in 700 J.d of chloroform
methanol (2:1). The flask was rinsed down
several times and the residue was filtered
through a 0.45-JLm PTFE filter prior to HPLC
analysis. The non-starch extract was then placed
in a vial, loaded in the autosampler, and 12 JLI
injected. The flour pellet was re-extracted three
times with WSB to remove the interstitial lipid
solution, and these extracts were discarded be
fore proceeding with the extraction of the starch
lipids.

Starch lipids were removed by adding 16 ml of
WSB to the washed pellet, heated in a boiling
water bath (90-100°C), changing the solvent
every hour for 3 hours (three extractions) and
the combined hot extracts were taken for analy
sis. The extracts were centrifuged and the sol
vent was removed with a rotary evaporator. The
residue was redissolved in 700 JLl of chloroform-
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methanol (2:1), and filtered as described above.
An aliquot of 15 JLl was injected into the HPLC
system.

Materials and reagents
Pure reference standards of monogalacto

syldiglyceride, digalactosyldiglyceride, lysophos
phatidylcholine, lysophosphatidylethanolamine,
sterylglucoside, and acylated sterylglucoside
were purchased from Matreya (Pleasant Gap,
PA, USA). All other standards were purchased
from Sigma (St. Louis, MO, USA). Standards
were stored frozen in the dark and made up
fresh daily to contain 50-100 JLg of each lipid
class standard in chloroform-methanol (2:1).
PTFE tubes (50 JLl) were used in the extraction
process and HPLC-grade solvents were pur
chased from Fisher Scientific (Raleigh, NC,
USA).

Chromatographic conditions
Lipid extracts were separated on a 100 x 3 mm

Chromsep 7 Micron Lichrosorb Si-60 Silica Car
tridge System (Chrompack, Raritan, NJ, USA).
The guard column was integrated in the Chrom
sep cartridge holder. The gradient system in
Table I was adopted as optimal for separation of
the major lipid classes.

TABLE I

TERNARY GRADIENT SYSTEM FOR LIPID CLASS
SEPARATION

Time Flow-rate Composition of mobile
(min) (ml/min) phase"

%A %B %C

0 0.5 100 0 0
5 0.5 95 5 0

10 0.5 85 15 0
15 0.5 40 60 0
33 0.5 40 51 9
48 0.5 40 51 9
53 0.5 40 60 0
58 0.5 100 0 0
80 0.5 100 0 0

" A = Hexane-tetrahydrofuran (99:1), B = isopropanol, C =
water.
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