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Obituary

Prof. Domenico Marotta

On March 20th, 1974, the death occurred in Rome of Prof. Domenico Marotta,
founder and first Director of the Istituto Superiore di Sanita, Rome, Italy.

Prof. Marotta was born in 1886 in Palermo and, after completing his studies
there, he became assistant to the great Italian chemist Emanuele Paterno.

In 1934, he was offered the Chair of Analytical Chemistry, which he declined
in order to become the Director of the newly created Istituto Superiore di Sanita.
There he achieved outstanding results in creating in only a few years a world-famous
Institute that attracted personalities such as Professor E. B. Chain and Prof. D. Bovet
to head research groups.

Of special interest is that one of the early important papers in paper chromato-
graphy came from this Institute [D. Cavallini, N. Frontali and G. Toschi, Nature
(London), 163 (1949) 568] and that the Institute carried out fundamental studies on
the use of chromatography in metabolic studies [F. Pocchiari and C. Rossi, Chro-
matogr. Rev., 4 (1962) 1] and the chromatography of natural products [G. B. Marini-
Bettolo and G. C. Casinovi, Chromatogr. Rev., 1 (1959) 75].

Of the successors to Prof. Marotta, one is a member of the Editorial Board
of this journal and another is the author of a review paper.

The Istituto Superiore di Sanitd, in its function as the central institute for
Italian government analysts, organised international symposia on thin-layer chro-
. matography, on gel filtration and on the gas chromatography of alkaloids at a time
when these techniques were in their development stages and when such symposia were
invaluable for the discussion of further developments.

The guest lecturers at the Istituto Superiore di Sanita during recent years have
included Prof. A. J. P. Martin, Prof. E. Lederer, Dr. J. Janak, Dr. K. Macek, Dr. L.
Fishbein, Dr. K. Sakodinsky and Dr. Z. Deyl, to mention some chromatographers.

That such a centre of scientific interest was possible in Rome was due mainly
to the unceasing interest and great organising ability and the kindhearted hospitality
of Prof. Marotta. In his last years, after retiring from the Institute, Prof. Marotta
dedicated himself to the publications of the Societd Chimica Italiana and here again
he achieved much that helped to put Italian chemistry on the map.

From 1912, when he became Docente at the University of Rome, until his
death, i.e., for 62 years, Prof. Marotta was continuously active in some aspect of
Italian chemistry. With his death, Italy loses one of its outstanding men of science.

MICHAEL LEDERER
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SUMMARY

The retention indices of biphenyl and all isomeric methyl-, ethyl-, isopropyl-
and dimethylbiphenyls and those of several diisopropylbiphenyls, diphenylalkanes
and stilbenes were measured on three capillary columns with Apiezon L, polyphenyl
ether and SP 1000 at temperatures of 170, 185 and 200°.

The position of substitution has the greatest influence, while the influence of
the size of the substituents is secondary. An equation that enables the retention in-
dices (1) of polysubstituted homologues to be estimated is proposed. The relationship
between the position of a substituent and the H'-factor, compound structure and 47
value is discussed. A plot of the dependence of / on a non-polar phase showed the
consistency of the chromatographic data and served for the estimation of the I values
of several biphenyl homologues.

INTRODUCTION

Studies of the chromatographic behaviour of biphenyl-type hydrocarbons are
concerned with theoretical, analytical and applicational aspects. Biphenyl can also
be considered as a substituted benzene compound, and there are certain analogies in
the behaviour of the two substances. On the other hand, only the biphenyl system
involves the free rotation of two phenyl rings around a connecting bond, and the
substitution of an alkyl group on the biphenyl molecule affects the mutual positions
of the two rings. The sterically sensitive positions 2-, 6-, 2’- and 6'- are especially in-
teresting in this respect. In gas-liquid chromatography (GLC), the substitution of a
methyl group on these positions causes only a minor change in the retention timel.2.
The increment per methyl group in a meta-position is comparable with the increment
per carbon atom in the case of n-paraffins. For para-substitution, the figure is higher.

3_2 2 3
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The analysis of biphenyls is of particular interest when they are identified in
various hydrocarbon mixtures such as petroleum fractions, tars and petrochemical
residues and intermediates3~1°. In such materials they are usually accompanied by
hydrocarbons of other types, which must be removed to some extent before GLC.

In this paper, the relationship between the structures and elution data of bi-
phenyl, three isomeric methylbiphenyls, three ethylbiphenyls, three isopropylbiphe-
nyls, all twelve dimethylbiphenyls, diphenylmethane, three methyldiphenylmethanes,
two diphenylethanes and some stilbenes are considered.

EXPERIMENTAL

Chromatographic data were measured on three capillary columns with different
polarities for aromatic hydrocarbons, expressed by means of McReynolds constants''.
The stationary phase had to be resistant to operating temperatures of 170-200°, and
possibly even higher. As the phase of lowest polarity, Apiezon L was chosen (McRey-
nolds constant measured for benzene, X' = 32; maximum temperature, 250°), the
phase of medium polarity was polyphenyl ether (5 rings) (X' = 176; maximum tem-
perature, 200°) and the most polar phase was SP 1000 (X’ = 332; maximum tem-
perature, 275°)12,

Apparatus

The standard Chrom 2 apparatus (Laboratorni Pristroje, Prague, Czecho-
slovakia) with flame-ionization detection was used, with nitrogen as the carrier gas.
All analyses were carried out isothermally on stainless-steel capillary columns, length
50 m, 1.D. 0.25 mm. A 1-ul Hamilton syringe was used for injection.

The operating conditions for the column with Apiezon L (Metropolitan-
Vickers, Great Britain) were as follows: temperature, 170° and nitrogen flow-rate
0.42 ml/min; 185° and nitrogen flow-rate 0.33 ml/min; and 200° and nitrogen flow-rate
0.25 ml/min; the column efficiency was 55 000 theoretical plates. The operating con-
ditions for the column with polyphenyl ether (5 ring) (Consol. Vac. Co.} were as
follows: temperature 170° and nitrogen flow-rate 0.38 ml/min; 185° and nitrogen
flow-rate 0.33 ml/min; and 200° and nitrogen flow-rate 0.25 mi/min; the column
efficiency was 75 000 theoretical plates. The operating conditions for the column with
SP 1000 (Supelco, Bellefonte, Pa., U.S.A.) were as follows: temperature 170° and
nitrogen flow-rate 0.51 ml/min; and 185° and nitrogen flow-rate 0.34 ml/min; the
column efficiency was 70 000 theoretical plates.

Most of the hydrocarbons of the biphenyl and diphenylmethane series were
prepared in our laboratory!®:14. 1,2-Diphenylethane was prepared by the hydroge-
nation of trans-stilbene. The stilbenes were of commercial origin, viz., trans-stilbene
(Lachema, Brno, Czechoslovakia), cis-stilbene (K & K Labs., Plainview, N.Y., U.S.A.)
and a-methylstilbene (Koch-Light, Colnbrook, Great Britain).

Procedure

In order to measure the retention indices, seven mixtures of standards were
prepared so as to have the individual components well separated chromatographically
on all phases and at all temperatures. n-Paraffins with retention times corresponding
to the given mixture and column used were added to the mixtures. The Kovats reten-
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tion indices were calculated from the results of three measurements corrected for the
column dead volume determined from the retention time of methane. The calculations
were carried out using a Hewlett-Packard 9100 A electronic calculator. The repre-
ducibility of the retention indices varied within a range of one unit for the Apiezon L
and polyphenyl ether columns and within a range of three units for the SP 1000 column.

RESULTS AND DISCUSSION

The retention indices measured are shown in Table I. It is clear that the reten-
tion indices of biphenyls are predominantly influenced by the position of substitution,
while the influence of the size of the substituents is secondary. The first compounds

TABLE I
RETENTION INDICES

Compound

Biphenyl
2-Methylbiphenyl
3-Methylbiphenyl
4-Methylbiphenyl
2,3-Dimethylbiphenyl
2,4-Dimethylbiphenyl
2,5-Dimethylbiphenyl
2,6-Dimethylbiphenyl
3,4-Dimethylbiphenyl
3,5-Dimethylbiphenyl
2,2’-Dimethylbiphenyl
2,3’-Dimethylbiphenyl
2,4"-Dimethylbiphenyl
3,3’-Dimethylbiphenyl
3,4’-Dimethylbiphenyl
4,4'-Dimethylbiphenyl
2-Ethylbiphenyl
3-Ethylbiphenyl
4-Ethylbiphenyl
2-Isopropylbiphenyl
3-Isopropylbiphenyl
4-Isopropylbipheny!
3,5-Diisopropylbiphenyl
3,3’-Diisopropylbiphenyl
3,4’-Diisopropylbiphenyl
4,4'-Diisopropylbiphenyl
Diphenylmethane
2-Methyldiphenylmethane
3-Methyldiphenylmethane
4-Methyldiphenylmethane
1,1-Diphenylethane
1,2-Diphenylethane
1,4-Diphenylbutane
trans-Stilbene

cis-Stilbene
a-Methylstilbene

Symbol

BP
2-MBP
3-MBP
4-MBP
2,3-DMBP
2,4-DMBP
2,5-DMBP
2,6-DMBP
3,4-DMBP
3,5-DMBP
2,2-DMBP
2,3-DMBP
2,4-DMBP
3,3-DMBP
3,4-DMBP
4,4-DMBP
2-EBP
3-EBP
4-EBP
2-IPBP
3-1PBP
4-IPBP
3,5-DIPBP
3,3-DIPBP
3,4-DIPBP
4,4-DIPBP
DPM
2-MDPM
3-MDPM
4-MDPM
1,1-DPE
1,2-DPE
1,4-DPBu
t-ST
c-ST

a-MST

Apiezon L
200°  185°
1475 1459
1464 1449
1571 1556
1587 1570
1588 1574
1569 1556
1557 1544
1489 1477
1713 1697
1667 1652
1471 1458
1548 1536
1570 1556
1669 1655
1683 1668
1697 1681
1513 1500
1647 1633
1678 1661
1524 1512
1687 1671
1730 1713
1503 1488
1601 1583
1591 1576
1611 1594
1548 1532
1593 1576
1810 1793
1803 1784
1585 1570
1776

1760

170°

1446
1438
1545
1558
1562
1545
1535
1465
1683
1641

1446
1526
1546
1642
1656
1669
1488
1621
1647
1500
1660
1700

1477
1570
1565
1582
1522
1563
1780

Polyphenyl ether

200°

1737

1709
1833
1845
1842
1813
1800
1721
1981
1928
1700
1797
1818
1928
1941
1952
1757
1909
1938
1763
1939
1986
2077
2132
2191
2239
1774
1868
1862
1876
1818
1862
2085
2109
1866
2071

185°
1719
1694
1812
1824
1827
1800
1788
1705
1962
1912
1685
1780
1800
1910
1922
1933
1743
1892
1920
1750
1923
1968
2066
2119
2175
2223
1756
1850
1847
1859
1800
1841
2066
2088
1847
2053

170°
1705
1683
1801
1811
1811
1784
1774
1693
1946
1898
1671
1768
1787
1895
1906
1916
1729
1877
1903
1738
1909
1953

1745
1835
1834
1844
1790
1827
2052
207t
1832
2038

SP 1000

185°

2078
2000
2167
2182
2137
2100
2086
1983
2324
2252
1950
2074
2100
2254
2267
2281
2033
2234
2268
2015
2244
2300

2092
2179
2168
2185
2116
2171
2398
2547
2205
2446

170°

2029
1960
2120
2134
2100
2063
20650
1948
2279
2211
1916
2037
2061
2212
2224
2236
1994
2190
2220
1980
2204
2255

2047
2135
2128
2144
2074
2126
2355
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to be eluted are the ortho-substituted biphenyls, followed by the meza-substituted and
finally the para-substituted derivatives. As with benzenes substituted in adjacent posi-
tions'?, the elution time of analogous biphenyls is prolonged: in the dimethylbiphenyl
series in which one substituent is in the ortho-position, the longest elution time is that
of 2,3-dimethylbiphenyl. Of the meta- and para-substituted derivatives, 3,4-dimethyl-
biphenyl is eluted last. The number of biphenyl homologues eluted before biphenyl
itself increases with increase in phase selectivity. On the Apiezon L column, only 2-
methylbiphenyl has a shorter elution time than biphenyl on polyphenyl ether, 2,2'-
dimethylbiphenyl and 2,6-dimethylbiphenyl are also eluted before biphenyl, and on
SP 1000, 2-ethylbiphenyl, 2-isopropylbiphenyl and 2,3’-dimethylbipheny! are further
eluted before biphenyl.

2300

e d

[PPE
200°

2200 A METHYL - ETHYL- ISOPROPYL—

Juy s
S a4

2100 4 —f—— | -
1 /$33-

2000 A

34-
233

1800

1700

0 1 2 0 1 2 0 1 2
NUMBER OF SUBSTITUENTS —*

Fig. 1. Plot of retention indices versus number of substituents.

An interesting relationship follows from the plot of retention indices as a
function of the number of carbon atoms in the substituent alkyl groups, in the modi-
fied form of a plot of the dependence of retention indices on the number and size of
the substituents (Fig. 1). This plot shows a linear dependence of retention times on
the number of substituents for meta- and para-substituted biphenyls, which can be
expressed in general terms by the following equation:

]Q(i =k-p -+ Igp (1)

where
Iy, = retention index of mono-substituted biphenyls in position 3 or 4 and
of biphenyls substituted on both rings in positions 3,3' or 4,4’;
Igp = retention index of biphenyl;
k = slope of the straight line;
p = number of substituents.
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The equation can be used, for example, to calculate the retention indices of
meta- and para-substituted biphenyls if the retention index of biphenyl and of its
mono-substituted derivative is known. In this case the equation is transformed into:

Ix, = 2(Ix, — Ip) + Igp = 2 Ix, — Ipp 2

where Ix, and Ix, are the retention indices of mono- or disubstituted biphenyls,
respectively. The mean deviation of the retention index measured from the value cal-
culated is 2 for dimethylbiphenyls and 6 for diisopropylbiphenyls, for all columns
and temperatures.

3,4'-Disubstituted biphenyls are eluted approximately mid-way between the
homologues substituted in positions 3,3’- and 4,4’- and for a given column, this posi-
tion is a function of the temperature. When a column with polyphenyl ether was
operated at 200°, the difference between the retention indices for the pairs 4-methyl-
biphenyl-3-methylbiphenyl and 4,4’-dimethylbiphenyl-3,4’-dimethylbiphenyl was the
same, and the straight line passing through points 3-MBP and 3,4-DMBP is thus
parallel to the line connecting 4-MNP and 4,4'-DMBP (Fig. 1). The retention index
of the 3,4'-disubstituted derivative can then be expressed analytically by the equation

Ly=10,— U, — 1) 3)
and applying eqn. 2 adjusted for calculating /,,,- disubstituted:

Li,o=21,— Ipp (2a)
eqn. 3 is transformed into

Liyy=1I+1I— Ipp 4)

Eqn. 4 also contains eqn. 2 and can be used to estimate the retention indices of
3,4'-disubstituted biphenyls. The average deviation of the actually measured retention
index from the calculated value over all columns and temperatures for 3,4'-dimethyl-
biphenyl is 2. The average deviation of the calculation of the retention index of 3,4'-
diisopropylbiphenyl at two temperatures on a column of polyphenyl ether is 3.5.
Eqn. 4 can also be used for the estimation of the retention indices of multi-substituted
biphenyls or of biphenyls with different substituents according to the expression

Ins =1Ir + Is — Ipp

where Ir, Is and Igrs are retention indices of biphenyls with a substituent R in one
ring only, a substituent S in one ring only and a substituent R in one ring and S in the
other ring, respectively.

Variation of the retention index with temperature

The changes in retention indices with temperature are shown in Table II for
the hydrocarbons studied on all three stationary phases. The values denoted by
61/10° characterize the increase in the retention index with a 10° increase in temper-
ature. The 61/10° values increase with increasing selectivity of the stationary phase:
the increment 7 for biphenyl on Apiezon L is 9.7 and on polyphenyl ether 10.8; the
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TABLE II
VARIATION OF RETENTION INDEX WITH TEMPERATURE

Compound SIAPI} 10)° SIPPE[0° SISP 1000/ 1°
Biphenyl 9.7 10.7 32.7
2-Methylbiphenyl 8.7 8.7 26.7
3-Methylbiphenyl 8.7 10.7 31.3
4-Methylbiphenyl 9.7 1.3 32.0
2,3-Dimethylbiphenyl 8.7 10.3 24.7
2,4-Dimethylibiphenyl 8.0 9.7 24.7
2,5-Dimethylbiphenyl 7.3 8.7 24.0
2,6-Dimethylbiphenyl 8.0 9.3 23.3
3,4-Dimethylbiphenyl 10.0 11.7 30.0
3,5-Dimethyibiphenyl 8.7 10.0 27.3
2,2’-Dimethyibipheny! 3.3 9.7 22.7
2,3’-Dimethylbipheny! 7.3 9.7 24,7
2,4’-Dimethylbiphenyl 8.0 10.3 26.0
3,3’-Dimethylbiphenyl 9.0 11.0 28.0
3,4’-Dimethylbiphenyl 9.0 11.7 28.7
4,4’-Dimethylbiphenyl 9.3 12.0 30.0
2-Ethylbiphenyl 8.3 9.3 26.0
3-Ethylbiphenyl 8.7 10.7 29.3
4-Ethylbiphenyl 10.3 11.7 32.0
2-Isopropylbipheny} 8.0 8.3 233
3-Isopropylbiphenyl 2.0 10.0 26.7
4-Isopropylbiphenyl 10.0 1.0 30.0
3,5-Diisopropylbiphenyl — 7.3 —
3,3-Diisopropylbiphenyl — 8.7 s
3,4’-Diisopropylbiphenyl — 10.7 ==
4,4’-Diisopropylbiphenyl — 10.7 —
Diphenylmethane 8.7 9.7 30.0
2-Methyldiphenylmethane 10.3 11.0 293
3-Methyldiphenylmethane 8.7 9.3 26.7
4-Methyldiphenylmethane 9.7 10.7 27.3
1,1-Diphenylethane 8.7 9.3 28.0
1,2-Diphenylethane 10.0 11.7 30.0
1,4-Diphenylbutane 10.0 11.0 28.7
trans-Stilbene 12.7 12.7 ==
cis-Stilbene 10.0 1.3 =

a-Methylstilbene 10.7 11.0 =
highest increment of 32.7 occurs on the SP 1000 column. The variation in / with tem-
perature is influenced primarily by the type and position of substitution, the ir-
fluence of the number of substituents being secondary. For sterically hindered bi-
phenyls substituted on positions 2 and 6, the increment is lower although the order
of minimum increments on each of the three phases is not the same. This is valid for
the columns of Apiezon L and SP 1000. The largest increment in / on SP 1000 is
shown by biphenyl, on polyphenyl ether by 4,4’-dimethylbiphenyl and on Apiezon L
by 2-methyldiphenylmethane. The highest increments are in general shown by para-
substituted biphenyls and stilbenes. In individual cases, operation at different tem-
peratures can be used in order to separate certain pairs in small groups. For example,
two paire eluted together at 185°, i.e. 3,4’-dimethylbiphenyl-4-ethylbipheny! and 3-
methylbiphenyl-3-methyldiphenylmethane, on a column of SF 1000, show a differ-
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ence of 4 and 8 [ units, respectively, at 170°. The three methyldiphenylmethanes are
well separated on a polyphenyl ether column at 200°. By reducing the temperature,
the difference in 7 between 2-methyldiphenylmethane and 3-methyldiphenylmethane is
decreased to such an extent that at 170° the two compounds are eluted together. In
general, however, the variations in the retention index increments with temperature
are not sufficiently great for the individual hydrocarbons of the biphenyl and di-
phenylmethane series to be of help in their resolution. For hydrocarbons with con-
densed rings, higher 81/10° variations were found than in the case of aromatic com-
pounds with isolated rings, i.e., biphenyls and diphenylalkanes. This result, which
becomes more marked on a column with higher polarity, could be of more substantial
use in the analysis of both types of compounds.

Relationship between the substituent position and the H'-factor

The H-factor is defined as the difference between the retention index of the
biphenyl and the / value of an n-paraffin with the same number of carbon atoms.
If we relate the H-factor to biphenyl, we can write H’'gp = 0 and obtain the expression

H' = H — Hyp = [sp»y — 100 z — Hgp
= Igpz) — Isp — 100 (z — 12) (5)

where z is the number of carbon atoms in the molecule. The H'-factor expresses the
change in the retention index of the investigated hydrocarbons brought about by
the introduction of an alkyl group into the biphenyl configuration.

The values calculated from eqn. 5 range from 443 to —270 and are listed in
Table 111 in descending order. The H’-factor decreases to such an extent that the
biphenyl-stationary phase interaction is weakened in the case of sterically hindered
ortho-substituted biphenyls. Homologues with most limited rotation of the rings
around their connecting bond, resulting from the introduction of either two small
alkyl groups or one large alkyl group, have the lowest values. Relatively smaller
changes in the H'-factor in the negative sense are caused by the transition from a
purely aromatic system to an aliphatic-aromatic system by an increase in the number
of alkyl groups or their size. We can assume that the alkyl groups located in meta-
positions in particular help to reduce the H’-factor in this manner. Only methyl-
biphenyls and dimethylbiphenyls substituted in para-position have positive values.
The highest A'-factor occurs with the ortho-substituted 3,4-derivative. An increase
in the size of the alkyl group has a negative influence on the H’-factor in the case of
Dpara-substituted derivatives also. In the series 4-methyl-, 4-ethyl- and 4-isopropyl-,
its values move from positive through zero to negative. For the hydrocarbons studied,
a linear dependence of the H'-factor on the number of substituents occurs, as shown
in Fig. 2. The H'-values for diethylbiphenyls were calculated on the basis of retention
indices assessed with the help of eqn. 2.

Dependence of Al on compound structure

The quantity A7 is defined as the difference between the retention indices of a
substance on a polar and a non-polar phase, or on phases with different selectivities
with respect to the eluted substance.

When three columns are used, three combinations of the difference in retention
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DEPENDENCE OF H’-FACTOR ON SUBSTITUTION

Results obtained on polyphenyl ether at 185°.

Compound H Number of Position

aliphatic carbon

atoms
3,4-Dimethylbiphenyl 43 2 m,p*
4,4’-Dimethylbiphenyl 14 2 p.r
4-Methylbiphenyl 5 1 P
3,4’-Dimethylbiphenyl 3 2 m,p’
4-Ethylbiphenyl 0 2 4
Biphenyl 0 0 —
3-Methylbiphenyl -7 1 m
3,5-Dimethylbiphenyl -7 2 m,m
3,3’-Dimethylbipheny! -9 2 mm’
3-Ethylbiphenyl —27 2 m
4-Isopropylbiphenyl —51 3 P
2,3-Dimethylbiphenyl -92 2 om”
4,4’-Diisopropylbiphenyl —96 6 p.p
3-Isopropylbiphenyl —96 3 m
2,4’-Dimethylbiphenyl —~119 2 o,p’
2,4-Dimethylbiphenyl =119 2 o,p
2-Methylbiphenyl —125 1 o
2,5-Dimethylbiphenyl —131 2 o,m
2,3’-Dimethylbiphenyl —139 2 om’
2-Ethylbiphenyl —176 2 o
2,3"-Diisopropylbiphenyl —200 6 mm’
2,6-Dimethylbiphenyl —214 2 0,0
2,2’-Dimethylbiphenyl —234 2 0o

3 o

2-Isopropylbiphenyl

* Vicinal-substitution.

—269

+40

HePFE

-100

-300 1 TEMPERATURE 185°C

4 4-0MBP
44-0E8P
3.3-0M8P
3.3-0E8p

b 4,4-01PBP

T

NUMBER OF SUBSTITUENTS =%

Fig. 2. Dependence of H’-factor on number of substituents for polyphenyl ether columns.
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indices are possible at each temperature. At the same time, the values obtained by
measuring A/ for biphenyl at 185° are approximately double the difference in the
McReynolds constants (X”) for benzene on the individual phases!!. Thus, for the pair
SP 1000-polyphenyl ether, the values are X' = 156 and Ay nenyt = 359. For the
pair polyphenyl ether—Apiezon L, X* = 144 and A/y;ppenyi = 260. The largest differ-
ence in retention indices is encountered on columns with the largest difference in
polarity, i.e., SP 1000-Apiezon, where X’ = 300 and A/y;ppenyy = 619.

Table IV lists the A7 values calculated for all three cases at 185°. The order of
the individual components according to the decreasing values AJSF 1000-APL apd
AJSP 1000-PPE jg similar to the order for H’'-factors. The ortho-substituted derivatives
are the lowest, followed by the meta-substituted and finally the para-substituted deriv-
atives. The AJ value is also reduced with increasing size of the alkyl group. In the
case of the AIPPE-API yalues, a relative increase in the A7 values for meta-substituted
hydrocarbons was found. The usual order orthe << meta < para alters for methyl
derivatives into ortho < para < meta, which is also illustrated in reverse order for

TABLE 1V
41 VALUES

SP1000-APIL  SPI000-PPE ~ PPE-APIL
Compound Al Compound Al Compound Al

22-DMBP 492  22-DMBP 265 22-DMBP 227

2-IPBP 503 2-1PBP 265 2-1PBP 228
2,6-DMBP 506  2,6-DMBP 278 2,6-DMBP 238
2-EBP 533 2-EBP 290 2-EBP 243

2,3-DMBP 538 2,3-DMBP 294 2,5-DMBP 244
2,5-DMBP 542 2,5-DMBP 298 2,4-DMBP 244
24-DMBP 544 2,4-DMBP 300 2,3-DMBP 244
24-DMBP 544 2,4-DMBP 300 2,4-DMBP 244

2-MBP 551 2-MBP 306 2-MBP 245
2,3-DMBP 563 2,3-DMBP 310 3-1PBP 252
3.IPBP 573 1,1-DPE 316 4,4-DMBP 252
1,1-DPE 584 3-1PBP 321 2,3-DMBP 253
4-1PBP 587 3-MDPM 321 3,4-DMBP 254
4-MDPM 591 4-MDPM 326 4-MBP 254
3-MDPM 592 2-MDPM 329 3,3-DMBP 255
1,2-DPE 595 1,2-DPE 330 4-1PBP 255
2-MDPM 596 4-1PBP 332 3-MBP 256
34-DMBP 599 DPM 336 3-EBP 259
3,3-DMBP 599 3,5-DMBP 340 4-EBP 259
44-DMBP 600 3-EBP 342 BP 260
3,5-DMBP 600 3,3-DMBP 344 3,5-DMBP 260
3.EBP 601 3,4-DMBP 345 4-MDPM 265
DPM 604 4,4-DMBP 348 1,2-DPE 265
4-EBP 607 4-EBP 348 3,4-DMBP 265
3-MBP 611 3-MBP 355 2-MDPM 267
4-MBP 612  4-MBP 358 DPM 268
BP 619 ¢-ST 358 1,1-DPE 268
3,4-DMBP 627 BP 359 3-MDPM 271
ST 635 3,4-DMBP 362 c-ST 277
a-MST 686 a-MST 393 a-MST 293

+-ST 763 +-ST 459 +-ST 304
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the dimethyl-substituted compounds 4,4'-DMBP < 3,4'-DMBP < 3,3’-DMBP. In this
series, diphenylalkanes have the highest A/PPE-API values, whereas in the remaining
two cases they ranged approximately in the centre of the alkylbiphenyl series. Of the
whole series of investigated substances, stilbenes have the highest difference in reten-
tion indices on two phases.

Plot of retention indices on two phases

By plotting the retention indices on two different phases, a diagram is obtained
that enables, in some instances, minute details in the configuration of the investigated
substances to be established!é. In another case it may serve as an estimate of the re-
tention indices of further members of homologous series'” or to characterize indi-
vidual positions of substitution'®,

t
-
% 1700+

1600

15004

o BIPRENYL
2000 2100 2200 2300
[SP 1000

Fig. 3. Plot of retention indices for substituted biphenyls on Apiezon L column versus SP 1000
columnat 185°. O, Methylbiphenyls; @, dimethylbiphenyls; <, ethylbiphenyls; m, isopropylbiphenyls.

A most interesting relationship appears when plotting the retention indices
for the Apiezon L column against the 7 values on the SP 1000 column (Fig. 3). The
plot shows a straight-line dependence for biphenyls substituted with the same alkyl
group, i.e. methyl, ethyl and isopropyl, and of biphenyls substituted with two of the
same alkyl group, as in the case of dimethylbiphenyls. Biphenyl, located below the
group of straight lines, has a unique position.

The straight lines can be expressed analytically by the following general
equation:

JAPT — . [SP 1000 _ 4 (6)

where k is the slope of the straight line and ¢ is the intercept on the JAPI axis.
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Both constants were calculated for all straight lines with the help of the method
of least squares together with the correlation factor (r), indicating the extent to which
the points measured comply with the equation calculated. The values are given in
Table V.

TABLE V
PARAMETERS OF RELATIONSHIP /A1 yersus ISP 10 (ACCORDING TO EQN. 6)

Biphenyls Slope of the Intercept on the  Correlation

straight line I4PI gxis factor
Methyl- 0.6544 140.0  0.99961
Dimethyl- 0.6572 174.5 0.99892
Ethyl- 0.6761 125.2 0.99965
Isopropyl-  0.7002 101.0 0.99991

The calculated values listed in Table V show that the angles formed by the
straight lines and the axis do not differ by more than 2°. Their distance from the
point indicating biphenyl increases with increasing substitution. The plot clearly in-
dicates that for better separation of the individual components, it is advantageous
to use a polar column or a column with a high Rohrschneider or McReynolds constant
for benzene.
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Istituto di Chimica Applicata, Universita di Trieste, Trieste (Italy)
(Received May 6th, 1974)

SUMMARY

The use of a stationary phase of high molecular weight in the determination
of activity coefficients at infinite dilution by liquid-liquid chromatography (LLC) is
described.

With Apiezon L as the stationary phase, the problem of mutual solubility with
the mobile phase is overcome. Activity coefficients of hydrocarbons in acetonitrile
and aniline determined by LLC are in good agreement with those reported in the
literature.

INTRODUCTION

Liquid-liquid chromatography (LLC) is useful in the determination of thermo-
dynamic quantities, for example activity coefficients, in those cases where gas-liquid
chromatography (GLC) fails, that is when volatile solvents are used as the stationary
phase. However, the activity coefficients obtained by LLC are higher than those found
by other techniques.

In earlier work:?, we ascribed these discrepancies mainly to the mutual, even
if slight, solubilities of the two solvents used as stationary and mobile phases. There
are two means of lowering these mutual solubilities: decreasing the temperature (as
discussed in previous work?), or changing the stationary phase. As the solubilities of
the compounds of a homologous series in a pure solvent generally decrease with in-
creasing molecular weight, in this work we have studied the variation of activity
coefficients determined by LLC with changes in the molecular weight of the stationary
phase.

EXPERIMENTAL

The experiments were carried out with an LLC apparatus of our own con-
struction. The whole system was thermostatically controlled at 25 4+ 0.01°. The sepa-
ration columns were made of stainless steel with a length of 2 m and an L.D. of 4 mm,
while the pre-columns were 1| m long. The packings for both columns were 259%
(w/w) of stationary phase (n-hexadecane, squalane, Apiezon L) supported on 60-80
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mesh Chromosorb P. The mobile phases (aniline, acetonitrile) were deaerated before
use. The analyses of the fractions were carried out by GLC. As the main column
pressure was close to 1 atm, the pressure term (A4) in eqn. 1 (see later) was not con-
sidered because its value was negligible.

The GLC apparatus was a thermal conductivity chromatograph (Fractovap
Model B, Carlo Erba, Milan, Italy). The eluent used was high-purity hydrogen. The
stainless-steel pre-columns and columns were 2 m long and 4 mm L.D., packed with
259% (w/w) of stationary phase supported on 60-80 mesh Chromosorb P. The station-
ary phases were Apiezon L, squalane saturated with aniline and n-hexadecane sat-
urated with aniline, saturation being achieved by equilibrating the two solvents at
25°. The various quantities appearing in eqn. 2, which gives the activity coefficients,
were evaluated according to refs. 3 and 4. The solvents and solutes used in the LLC
and GLC tests were reagent-grade products (Fluka, Buchs, Switzerland and BDH,
Poole, Great Britain) with a minimum purity of 99.5 mole-%,.

RESULTS AND DISCUSSION

By combining LLC and GLC, it is possible to determine the activity coefficients
of solutes in polar solvents (mobile phase in LLC) using as the stationary phase in
both GLC and LLC an apolar solvent of high molecular weight, for example, a
paraffin (n-hexadecane, squalane, etc.). However, even for these solvents, the influence
of the mutual solubilities is considerable, as confirmed by the results obtained using
acetonitrile® and aniline as mobile phases (Tables T and II). In fact, the values ob-
tained by LLC in these solvents should be considered as the activity coefficients of
the solutes not in the pure solvents but rather in the saturated solvents, because the
solvents as used in LLC are saturated, as shown in previous work?2.

TABLE 1

COMPARISON BETWEEN ACTIVITY COEFFICIENTS IN ANILINE AT 25° DETERMINED
BY LLC USING SQUALANE (In y“’ 4), -HEXADECANE (In y{° A) AND APIEZON L (In ¥
AS STATIONARY PHASES AND THOSF IN THE LITERATURE3 (In y+4)

Compound ln y‘” A pyed n y°° 4 In y® a

ISq ch ‘AL
n-Hexane 3.17 3.19 3.26 3.17
n-Heptane 3.40 3.44 3.46 3.41
n-Octane 3.67 3.68 3.70 3.67
1-Hexene 2.50 2.51 2.53 2.50
. 1-Heptene 2.12 3.74 2.76 272
1-Octene 2.94 2.99 3.01 2.93
Cyclohexane 2.54 2.56 2.59 2,55
Methylcyclohexane 2.83 2.86 2.87 2.83
Ethylcyclohexane 3.10 3.10 3.13 3.10

Benzene 0.79 0.82 1.04 0.80

In particular, Table I reports the activity coefficients of solutes in aniline as
obtained by LLC in combination with the GLC determination of the activity coeffi-
cients of the same solutes in the stationary phases saturated with aniline (see eqn. 1).
From this table, it can be seen that the increase in molecular weight of the stationary
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TABLE 11
COMPARISON BETWEEN ACTIVITY COEFFICIENTS IN ACETONITRILE AT 25° DETER-
MINED BY LLC USING SQUALANE?® (In 'y‘” ACN) AND APIEZON L (In y"" ACN) AS STA-

TIONARY PHASES AND THOSE IN THE " LITERATURE®” OBTAINED BY OTHER
METHODS (In y>ACX)

Compound In y®.ACN In p®ACN In y>ACN
i lSq 'AL
n-Pentane 3.01 (ref. 6) 3.06 3.00
n-Hexane 3.24 (ref. 6) 3.42 3.24
n-Heptane 3.51 (ref. 7) 3.74 3.52
n-Octane 4.11 3.96
1-Pentene 2.24 (ref. 6) 2.24 2.24
1-Hexene 2.66 2.52
1-Heptene 2.70 (ref. 7) 3.00 2.73
1-Octene 3,37 3.04
Cyclohexane 3.20 3.05
Methylcyclohexane 3.46 3.34
Ethylcyclohexane 3.78 3.62
Benzene 0.99 (ref. 6) 1.12 1.02
Toluene 1.51 1.40

Ethylbenzene 1.83 1.75
phase has a positive influence: the discrepancy between the experimental results and
those reported in the literature decreases on passing from n-hexadecane to squalane.

Therefore, a stationary phase with a higher molecular weight must be chosen,
such as paraffin waxes, greases and polymers. When polymers are employed, the ad-
sorption phenomena and the risk of swelling by the action of the mobile phase give
rise to some difficulties.

For all the above substances, however, there is the problem of the lack of a
well defined molecular weight (M;), which interferes in the determination both of
the ratios of activity coefficients by LLC?® and of the activity coefficients of the station-
ary phase by GLC3:

o/ M
(v () () 1
n vy e n i + In My om -+ 1
75° 4+ In My = Inw; = In ——22§-R——— + B 2)
Vo)
GLC

where V,° is the retention volume, M,, and M, are the molecular weights of the mo-
bile and statlonary phase, g, is the density of the mobile phase, P{ is the vapour
pressure of pure solute, 4 is the pressure correction term and Bis the correction for
nonideality in gas phase.

This difficulty can be overcome by determining, by GLC, the quantities
v’ M, = ws instead of the activity coefficients (y{**). Considering eqns. 1 and 2 and
taking into account y{*® M; = w;, we obtain

Iy =In (V3f) — A+ 1In(-2) + Ino, €)

Min
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Consequently, as the retention quantities are known from LLC and the term In wg
from GLC, it is possible to calculate the activity coefficients of the solutes in the
mobile phase.

According to eqn. 3, the activity coefficients of different hydrocarbons in
aniline were determined by LLC using Apiezon L as stationary phase in GLC and
LLC (Table I). The results obtained by LLC agree exactly with those found by GLC
or by other methods?, as confirmed by the complete insolubility between Apiezon L
and aniline.

Apiezon L was then used for the determination of activity coefficients in
acetonitrile, for which only a few values have been reported in the literature. The
values so determined were compared with the “apparent activity coefficients” ob-
tained by Locke® using squalane as the stationary phase and, where possible, with
the values in the literature that had been obtained by other methods®?. The agree-
ment between the literature values and the values obtained by LLC using Apiezon L
as stationary phase was very good.

It follows that an increase in the molecular weight of the solvent used as the
stationary phase has the same effect as a decrease in the operating temperature: in
both instances the mutual solubility decreases so that the activity coefficients in pure
solvents can be determined directly.

It can therefore be stated that Apiezon L can be used successfully as a station-
ary phase in LLC with all polar solvents that are insoluble in it; this opens a new and
interesting method, complementary to GLC, for the determination of activity coeffi-
cients.

ACKNOWLEDGEMENT

This work was supported by the National Research Council (C.N.R.), Centro
di Chimica Analitica Strumentale, Bari, Italy.

REFERENCES

1 P. Alessi and 1. Kikic, Chromatographia, 72(1974) 299.

2 P. Alessi and 1. Kikic, Gazz. Chim. Ital., in press.

3 D. H. Desty and W. T. Swanton, J. Phys Chem., 65 (1961) 766.

4 P. Alessi, 1. Kikic and G. Tlustos, Chim. Ind. ( Mtlan) 52 (1970) 1197.

5 D. C. Locke, J. Chromatogr., 35 (1968) 24.

6 J. A. Gerster, J. A. Gorton and R. Eklund, J. Chem. Eng. Data, 5 (1960) 423,
7 1. Kikic and P, Alessi, in preparation,



Journal of Chromatography, 97 (1974) 19-24
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 7583

GAS-LIQUID CHROMATOGRAPHY OF N-HEPTAFLUOROBUTYRYL ISO-
BUTYL ESTERS OF AMINO ACIDS*

S. L. MacKENZIE and D. TENASCHUK
Prairie Regional Laboratory, National Research Council, Saskatoon, Sask. STN OW?9 ( Canada)
(Received April 10th, 1974)

SUMMARY

The N-heptafluorobutyryl isobutyl esters of the protein amino acids have been
separated by gas-liquid chromatography using a single column of 3% SE-30 on
Gas-Chrom Q. The separation is superior to that of previous single-column methods
and is particularly suitable for the analysis of plant seed proteins. The method is also
applicable to glycoproteins.

INTRODUCTION

The analysis of amino acids by gas-liquid chromatography (GLC) can be
performed only after the conversion of the amino acids to suitably volatile and stable
derivatives. The most extensively investigated derivatives have been the esters and
acyl derivatives of the polar groups. Due largely to the work of Gehrke and his
associaties'4, a procedure was developed for the separation and quantitation of the
protein amino acids as the N-trifluoroacetyl butyl esters using two columns and two
different liquid phases®. Subsequently, the same amino acid derivatives were separated
in about 45 min using a single column®. An excellent single-column separation of the
protein amino acids has also been achieved by Moss ef al.?, using the N-heptafluoro-
butyryl (HFB) n-propyl esters. More recently, Zanetta and Vincendon demonstrated
the separation of the N-HFB isoamyl esters using a single-column procedure and
showed that the method could be applied to acid-hydrolysed proteins or glyco-
proteins®.

In our studies of seed proteins we have used both of the above methods but
have found that each method presents certain disadvantages. Seed proteins commonly
contain substantial amounts of aspartic and glutamic acids but relatively little
methionine®. However, the amount of methionine in a seed protein is frequently of
considerable interest. In the method of Moss et al.” the accurate quantitation of a
small methionine peak close to a large aspartic acid peak is difficult. Similarly, using
the method of Zanetta and Vincendon®, the quantitation of lysine and tyrosine is
made difficult by the proximity of a large glutamic acid peak. We have found that
these problems are avoided by using the N-HFB isobutyl esters, the single-column
GLC separation of which we now report.

* NRCC No. 14189.
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EXPERIMENTAL

Reagents

Standard amino acid mixtures were obtained from Hamilton (Whittier, Calif.,
U.S.A.) and heptafluorobutyric anhydride was obtained from Eastman-Kodak
(Rochester, N.Y., U.S.A)).

Methanol, isobutyl alcohol and ethyl acetate were refluxed for 3-4 h over
magnesium turnings, decanted, refluxed for 3-4 h over calcium hydride and redistilled
from an all-glass apparatus. Dry HCI gas was added to methanol and isobutyl alcohol,
in the appropriate amounts, after passing the gas through a sulfuric acid tower. The
normality was verified by titration. The reagents were stored at —20°,

Preparation of derivatives

All derivatization steps were performed in a 1-ml Reactivial (Pierce, Rockford,
Ill., U.S.A.). All evaporations were performed using a stream of dry nitrogen at
room temperature. All residues were dispersed into solution by placing in an ultra-
sonic bath for 30 sec.

Inter-esterification

Samples containing 0.05-0.25 uM of each amino acid were dried either by
freeze drying or under a stream of dry nitrogen. The last traces of water were removed
azeotropically using methylene chloride. The residue was dissolved in 200 ul of
methanol-1.25 N HCI and placed in an ultrasonic bath for 30 sec. After 30 min at
room temperature the reagent was evaporated, 200 ul methylene chloride was added
and again evaporated. The residue was dissolved in 200 ul of isobutyl alcohol-1.25 N
HCl and the vial heated at 110° for 150 min in an oven. After cooling the reagent was
evaporated. The residue was dissolved in 50 ul of ethyl acetate, 20 ul of heptafluorc-
butyric anhydride was added and the vial was heated for 10 min at 150° in an oil bath.
The vial was then thoroughly cooled, the reagent evaporated just to dryness and the
residue was dissolved in an appropriate volume of ethyl acetate. An appropriate
volume of the sample was injected along with acetic anhydride in the sample to
anhydride ratio of 2:1.

Direct esterification

Direct esterification, using the procedure of Roach et al.1%, was also performed.
Samples containing 0.05-0.25 uM of each amino acid were dried. The residue was
dissolved in 200 ul of isobutyl alcohol-3 N HCI. After heating at 110° for 1 h and
evaporating the excess reagent, the sample was acylated as described above.

Chromatography :

All analyses were performed using a Hewlett-Packard, Model 7611 gas chro-
matograph equipped with dual-flame ionisation detectors. The column packing (3%
SE-30 on Gas-Chrom Q, 100-200 mesh) was obtained from Applied Science Labs.,
State College, Pa., U.S.A.). Pyrex columns (11-12 ft. x 2.5 mm L.D., thin-walled)
were filled with the stationary phase by gentle tapping under suction and conditioned
overnight with a carrier gas (nitrogen) flow-rate of 30 ml/min. The chromatographic
conditions were as follows: temperature program, 90°-240° at 4°/min; injector tem-
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perature, 250°; detector temperature, 280°; air flow-rate, 300 ml/min; hydrogen
flow-rate, 30 ml/min; nitrogen flow-rate, 30 ml/min. Quantitation was performed
using an Infotronics Model CRS 208 automatic digital integrator.

RESULTS AND DISCUSSION

The separation of the N-HFB isobutyl esters of the protein amino acids shown
in Fig. 1 and the retention temperatures shown in Table I represent the results ob-
tained by using a temperature program of 4°/min. However, the separation was only
marginally decreased by programming at 6°/min and a complete analysis could thus
be obtained in less than 30 min. The order of elution of the amino acids was identical
to that observed for the N-HFB propyl esters by Moss et al.”. However, methionine
was completely separated from aspartic acid and phenylalanine was completely sep-
arated from glutamic acid. The order of elution of the N-HFB isobutyl esters is some-
what different from that of the N-HFB isoamyl esters®. The main difference is in the
separation of }lysine, tyrosine and glutamic acid. The removal of glutamic acid from
close proximity to lysine and tyrosine is important for the accurate quantitation of
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Fig. 1. Gas chromatogram of the N-HFB isobutyl esters of the protein amino acids. 1.S. = internal
standard, pipecolic acid used in an amount of 0.8 mole per mole of each of the other amino acids.
The other peaks each represent 0.0075 M of amino acid. GLC conditions are given in the text.

TABLE I

RETENTION TEMPERATURES OF THE N-HEPTAFLUOROBUTYRYL ISOBUTYL ESTERS
OF AMINO ACIDS

Amino acid Rr (°C)  Amino acid Rr (°C)  Amino acid Rr (°C)
Alanine 119.0 Histidine 204.5 Pipecolic acid 153.5
Arginine 200.0 Hydroxyproline 158.5 Proline 148.0
Aspartic acid  170.0 Isoleucine 138.5 Serine 133.5
Cysteine 149.0 Leucine 137.0 Threonine 132.0
Cystine 236.5 Lysine 189.5 Tyrosine 191.5
Glutamic acid  183.0 Methionine 163.5 Valine 130.5

Glycine 120.5 Phenylalanine 175.0
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these amino acids. This is particularly important when analysing proteins such as
plant proteins which contain substantial amounts of glutamic acid. The}flow-rate
was not critical for the separation of any of the amino acids. These points are illus-
trated by the chromatographic separation of the amino acids from a typical seed
source shown in Fig. 2.

LEU ASP  GLU
2
GLY MET
OH-PRO |
SER :
THR PRO
v VAL PHE LYS
» ALA
= ILE | S,
&
» MR aRe
w
o

1 1 1

10 20 30
TIME, minutes

U AU e

Fig. 2. Gas chromatogram of the N-HFB isobuty] esters of the amino acids in an acid hydrolysate of
defatted mustard seed (Brassica hirta Moench). 1.S. = internal standard. Temperature program,
95°-240° after a 1-min hold. Other GLC conditions are given in the text. No acetic anhydride was
injected.

The relative molar responses of the N-HFB isobutyl esters of the protein
amino acids relative to that of the corresponding derivative of the internal standard,
pipecolic acid, are shown in Table II. The responses obtained by the direct esterifica-
tion procedure compared favourably with those obtained by the more tedious pro-
cedure of inter-esterification. Since, for most of the amino acids maximum or near
maximum relative responses were obtained after 1 h of direct esterification, this time
was used for routine amino acid analysis. This procedure appeared to be the best
compromise between the most rapid derivatisation and optimum response. The
variability of the relative molar responses was less than 4 2%.

Zanetta and Vincendon® experienced loss of the more volatile components
during evaporation when concentrating the n-butyl trifluoroacetyl and the n-propyl
heptafluorobutyryl derivatives. We have not experienced this problem but we have
routinely performed all evaporations in the production of these derivatives at room
temperature. However, when using the isoamyl-HFB derivatives we have experienced
losses of alanine and glycine when evaporations were performed at 50° and 80° as
directed®. We therefore evaporated at room temperature after methylation and at
40° after inter-esterification. For the N-HFB isobutyl ester method, no loss of the more
volatile derivatives was observed when"all evaporations were performed at room
temperature. Unlike the N-HFB 1soamyl esters of the amino acids, the N-HFB iso-
butyl esters were not more soluble in acetonitrile than in ethyl acetate. The latter
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TABLE 11

RELATIVE MOLAR RESPONSE OF AMINO ACID DERIVATIVES AS A FUNCTION OF
ESTERIFICATION TIME AND DERIVATISATION PROCEDURE"

Amino  Direct esterification Inter-esterification
“d Smin 30min Omin 120min 60 min 150 min
Ala 0.63 0.63 0.59 0.59 0.50 0.67
Gly 0.55 0.54 0.49 0.49 0.43 0.50
Val 0.83 0.85 0.85 0.85 0.75 0.85
Thr 0.89 0.88 0.87 0.87 0.84 0.87
Ser 0.73 0.73 0.74 0.74 0.70 0.75
Leu 0.99 0.98 0.98 0.98 0.93 0.99

Ile 0.90 1.00 1.00 1.01 0.96 1.04
Pro 0.84 0.84 0.83 0.83 0.82 0.79
Met 0.93 0.94 0.94 0.94 0.90 0.92
Asp 1.15 1.18 1.18 1.18 1.17 1.17
Phe 1.43 1.45 1.45 1.45 1.43 1.38
Glu 1.30 1.32 1.34 1.37 1.30 1.30
Lys 1.22 1.23 1.24 1.24 1.20 1.22
Tyr 1.48 1.50 1.50 1.50 1.49 1.50
Arg 1.28 1.31 1.41 1.42 1.46 1,40
His 082 084 087 089 0.88.  0.75
Cys 0.60 0.60 0.60 0.61 0.84 0.57

* Molar response relative to the internal standard pipecolic acid. Each value represents an aver-
age of at least six determinations.

solvent was therefore used as the acylation solvent to minimise the preparation of
anhydrous solvents.

The chromatography of the N-HFB isobutyl ester of histidine was similar to
that of the N-HFB propyl ester”’. A sharp peak was observed only when the sample
was co-injected with acetic anhydride and thus, presumably, on-column acylation
took place't. The difficulties in derivatising histidine were confined to the acylation
step as the isobutyl ester was readily prepared in a large-scale derivatisation which
was monitored by methods such as infrared spectroscopy. We have not been able
to chromatograph histidine as the isoamyl ester, unlike the observations of Zanetta
and Vincendon®, without co-injecting with acetic anhydride. The derivatisation of
histidine was observed to be particularly sensitive to the presence of water in any of
the solvents or reagents.

The acyl derivatives of glucosamine and galactosamine had retention temper-
atures of respectively 146.5° and 149° and the method would thus appear_:to be
applicable, without modification, to the analysis of the protein moieties of glyco-
proteins.

REFERENCES

1 C. W. Gehrke and F. Shahrokhi, Anal. Biochem., 15 (1966) 97.

2 C. W. Gehrke and D. L. Stalling, Separ. Sci., 2 (1967) 101.

3 C. W. Gehrke, D. Roach, R. W. Zumwalt, D. L. Stalling and L. L. Wall, Quantitative Gas Liquid
Chromatography of Amino Acids in Proteins and Biological Fluids, Analytical Biochemistry Labs.,
Columbia, Mo., 1968.



24 S. L. MacKENZIE, D. TENASCHUK

4 D. Roach and C. W. Gehrke, J. Chromatogr., 43 (1969) 303.

5 C. W. Gehrke, K. Kuo and R, W. Zumwalt, J. Chromatogr., 57 (1971) 209.

6 C. W. Gehrke and H. Takeda, J. Chromatogr., 76 (1973) 63.

7 C. W. Moss, M, A. Lambert and F. J. Diaz, J. Chromatogr., 60 (1971) 134,

8 J. P. Zanetta and G. Vincendon, J. Chromatogr., 76 (1973) 91.

9 S. L. MacKenzie and J. A. Blakely, Can. J. Bot., 50 (1972) 1825.

0 D. Roach and C. W. Gehrke, J. Chromatogr., 44 (1969) 269.

1 D. Roach, C. W. Gehrke and R. W. Zumwalt, J. Chromatogr., 43 (1969) 311.



Journal of Chromatography, 97 (1974) 25-31
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 7581
HIGH-PRESSURE LIQUID CHROMATOGRAPHY OF CARBOHYDRATES
GREG P. BELUE and GARY D. McGINNIS

Forest Products Utilization Laboratory, Mississippi State University, Mississippi State, Miss. (U.S.A.)
(Received April 29th, 1974)

SUMMARY

A procedure is described for the separation of water-soluble wood poly-
saccharides on Bio-Glas (granular porous glass) and Bio-Gel P (polyacrylamide)
packed columns using high-pressure liquid chromatography (HPLC). An example of
HPLC employing non-aqueous solvent systems and EM Gel GR-PVA (vinyl acetate
copolymer) type packing materials is also discussed.

INTRODUCTION

A technique is described for the separation and isolation of some water-
soluble wood polysaccharides and low-molecular-weight carbohydrates using high-
pressure liquid chromatography (HPLC). The polysaccharides surveyed include
arobinogalactans from western larch (Larix occidentalis), water-soluble polysaccha-
rides from loblolly pine (Pinus taeda) and a synthetic polymer formed by thermal
polymerization of methyl-e¢-D-glucopyranoside.

EXPERIMENTAL

Apparatus and materials

A Waters Ass. (Framingham, Mass., U.S.A.) liquid chromatograph (Model
202) equipped with a 1000 p.s.i. pumping system and both ultraviolet and differential
refractometer detectors was employed. All chromatograms were obtained at room
temperature.

Bio-Gel P-2 and P-60 (polyacrylamide gel) and Bio-Glas 500 (granular porous
glass) packing materials were obtained from Bio-Rad Labs., Rockville Center, N.Y.,
U.S.A. EM Gel OR-PVA 500 (vinyl acetate copolymer) packing material was obtained
from EM Labs., Elmsford, N.Y., U.S.A.

Molecular weight standards (dextran polymers) were purchased from Phar-
macia, Uppsala, Sweden.

Column preparation
Stainless-steel columns, 4 ft. x 3/8 in., were used for both Bio-Gel and Bio-
Glas materials while a column 2 ft. x 1/8 in. was employed for the EM Gel packing.
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Granular Bio-Gel was suspended in water and allowed to swell overnight.
The water was then decanted off in order to remove any fine particles. Sufficient fresh
water was added to form a thick slurry, which was then poured slowly into the column.
Subsequently, the column was attached to a solvent output line on the liquid chroma-
tograph and allowed to purge with the solvent for 4 h. The process of adding packing
material and purging was repeated until the column was completely packed.

Porous Bio-Glas was suspended in water in a stoppered Biichner funnel, and
a vacuum was applied. When all bubbling of the slurry had ceased, the column was
packed in an analogous manner to the Bio-Gel column.

As EM Gel OR-PVA materials can be used only with non-aqueous solvents,
this packing was allowed to swell in methanol overnight. After clamping the 2 ft. X
1/8 in. column in a vertical position, a vacuum was applied at the lower end while
a slurry of the packing material was slowly introduced at the top. Final pressure
packing of the column was accomplished by using a high-pressure pump. Further-
more, to prevent foreign matter from being introduced into the UV or refractometer
cells, all newly packed columns were allowed to purge with appropriate solvents for
3 h before being connected to the inlet lines of the detectors.

Analysis of the carbohydrate materials

The polysaccharides were hydrolyzed and the hydrolyzate was silyiated using
the procedure of Sweeley et al.'. The silylated monosaccharides were separated and
identified by gas-liquid chromatography (GLC) and quantitatively determined using
an electronic integrator as previously described by Laver ef al.2. The value of each
sugar was corrected for any loss due to decomposition and for addition of a water
molecule during hydrolysis.

Preparation of samples

Water-soluble polysaccharides from loblolly pine*. Boards, cut from the sap-
wood of a green loblolly pine (Pinus taeda) log, were ground into small chips and
passed through a Wiley mill equipped with a 60-mesh screen. The sapwood meal
(ca. 1500 g) was then placed in two large containers and extracted with distilled water
(4 1) for 24 h at room temperature. The two solutions were filtered and the aqueous
filtrates combined. A rotary evaporator was employed to concentrate the aqueous
filtrate to a thick, dark brown syrup. This material was labeled total, cold-water-sol-
uble fraction. Fehling’s reagent was then added to an aqueous solution of this syrup,
causing a light green material to precipitate. The precipitate was collected and washed
with a large volume of distilled water and then allowed to air dry. Decomposition of
this polysaccharide-copper complex was performed by adding it to ice-cold (0°)
ethanol containing hydrochloric acid (5%, v/v). The precipitate was collected by
filtration and washed successively with ethanol, acetone and diethyl ether. This proce-
dure was repeated three times to yield a purified galactoglucomannan.

The Fehling’s-soluble fraction from above was deionized with MB-3 ion
exchanger and filtered. The filtrate was then concentrated to a small volume and
added to an excess of ethanol. The white precipitate which formed was washed suc-
cessively with ethanol, acetone and diethyl ether. This material was labeled Fehling’s-
soluble fraction.

Water-soluble polysaccharides from western larch*. Small blocks were cut from
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a dry sample board of larch. These blocks were then planed into chips and passed
through a Wiley mill. The resultant meal was placed in a Soxhlet unit and exhaustively
extracted successively with benzene, benzene-ethanol (1:1) and ethanol. After the
sample had been air dried, it was likewise extracted with distilled water (24 h, 20°).
The aqueous extract was filtered, concentrated to a small volume and added dropwise
to a four-fold excess of denatured ethanol. The fluffy white precipitate which formed
was collected, washed sequentially with ethanol, acetone and diethyl ether and dried
in a vacuum oven.

Stachyose hydrate (lupeose,; a-D-galactosyl-a-D-glucosyl-p-D-fructose), D(+)-
cellobiose and D(— )-ribose samples. These materials were obtained in a highly pure
grade from Sigma, St. Louis, Mo., U.S.A.

Products from thermal polymerization of methyl-a-D-glucopyranoside. A small
sample of methyl-a-D-glucopyranoside was introduced into the heating chamber
(initial temperature 310°) of a Chromalytics MP-3 thermal analyzer while the chamber
was being purged with nitrogen. The reaction was allowed to proceed isothermally at
310° for 10 min, at which time the sample was removed and dissolved in a small
amount of water.

The above temperature and reaction time were chosen because earlier studies
had shown that methyl-a-D-glucopyranoside would polymerize under these condi-
tions®.

RESULTS AND DISCUSSION

Fig. 1 shows the separation of the two water-soluble arabinogalactans from
larch on a Bio-Glas 500 packed column. This packing material withstood high
pressures well; hence larger flow-rates were employed. Sharp, well separated peaks
were obtained for the polymers on Bio-Glas, which illustrated that a random molec-
ular weight distribution did not exist. Subsequently, each component was isolated
from the liquid chromatograph and characterized by GLC. The results, which are
shown in Table I, agree well with previously reported values for these compounds®~3.

Detector response

20 40 50 5

Time (min)
Fig. 1. HPLC refractive index chromatogram of larch arabinogalactans. Column: Bio-Glas 500
(500 A pore diameter), 4 ft. x 3/8 in., stainless steel. Solvent: water. F]ow-rate: 0.9 ml/min. Pressure:
275 p.s.i. (1) Arabinogalactan, M, > 100,000; (2) arabinogalactan, M,, = 18,195,
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TABLE I
ANALYSIS OF LARCH ARABINOGALACTANS

Polilmér Molar ratio ( Arab/Galac) Molecular weight

Reported”®  Found Reported®  Found

Component 1 4.3 4.14 100,000 > 100,000
ng}ponentz 3.8 338 _16,000 ] 718,1957

Molecular weights (M,, and M, values) for the two water-soluble arabino-
galactans were obtained by making standard runs of dextran polymers on the Bio-
Glas 500 column. Apparently, owing to the relative inertness of the porous glass
beads, little if any affinity interaction took place between the column and dextran
standard. Hence, molecular weights were determined accurately on this column ex-
cept in the region near the void volume (molecular weight operating range of column
— 10,000-100,000). The high-molecular-weight component eluted very close to the
void volume of the column; therefore, little fundamental information about its
polydispersity or molecular weight could be obtained. However, the other com-
ponent had a much lower molecular weight, so characterization was easy. This
species possessed a polydispersity of 2.16 and M, and M, values of 8405 and 18,195,
respectively.

Fig. 2 shows the separation of the total, cold-water-soluble polysaccharides
on a Bio-Gel P-60 packed column. The Bio-Gel materials were found to compress
very easily under high pressure so a low flow-rate had to be employed. The total
elution time was slightly over 4 h.

After introducing large samples of total, cold-water-soluble material via the
2-ml loop injector, fractions were isolated from the total run (see Fig. 2) and analyzed
by GLC. The results indicated the presence of an arabinose-, mannose- and galactose-
containing polymer, a galactoglucomannan and large amounts of glycerol. One frac-

Total cold-water -soluble material

Detector response

2 .
1 2 4
Time (hours)

wl

Fig. 2. HPLC refractive index chromatogram of total, cold-water-soluble material. Column: 4 ft.
% 3/8 in., stainless steel. Bio-Gel P-60 packing material. Solvent: water. Flow-rate: 0.3 ml/min.
(1) Unknown; (2) galactoglucomannan; (3) arabinose-, mannose- and galactose-containing polymer;
(4) glycerol.
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tion (peak 1) appeared to be a mixture and, because its elution volume was so near
the void volume of the column, it could not be resolved any further.

As stated previously, the total, cold-water-soluble material was chemically
fractionated using Fehling’s solution. The Fehling’s-insoluble fraction (copper com-
plex precipitate) yielded a galactoglucomannan similar to that reported by Jones and
Painter® and by Timell'® ([«]%° = —19.6°). Acid hydrolysis and GLC analysis con-
firmed the presence of galactose, glucose and mannose in the ratio 1.1:1.0:3.8. The
periodate consumption was determined spectrophotometrically!! and found to be 0.98
mole/anhydro unit, while the formic acid liberation was 0.19 mole/anhydro unit.

The Fehling’s-soluble fraction afforded a white material containing arabinose,
mannose and galactose in the ratio 1.0:1.0:2.7. This material was homogeneous by
HPLC criteria and further chemical purification with Fehling’s solution failed to
alter its mannose content. This polysaccharide appeared completely different from
arabinogalactan material reported from larch®* and Monterey pine!? and even lob-
lolly pine* total wood. A complete structural analysis, which is beyond the scope
of this paper, would be necessary in order to confirm this material as being a true
arabinogalactan species.

Fig. 3 shows the Fehling’s products as they appeared on a Bio-Gel P-60 column.
Scan A and B of the Fehling’s-insoluble fraction were run in order to illustrate the
utility of liquid chromatography in monitoring a chemical purification. Chromato-
gram A shows the cold-water-soluble galactoglucomannan contaminated with an
unknown component (peak 1). After repeated precipitation with Fehling’s solution,
the galactoglucomannan was resolved into one peak (peak 2), exclusive of any con-
taminating material (scan B). Peaks 1 and 2 are analogous to those on the chromato-
gram of the total, cold-water-soluble material. The Fehling’s-soluble fraction con-
tained three compounds corresponding to peaks 1, 3 and 4 on the chromatogram of
the total, cold-water-soluble material. Components generating peaks 3 and 4 were
sasily characterized, but peak 1, which was caused by a high-molecular-weight species,

3 ceniings insonbie fraction )

Fehlings soluble fraction

Detector response
Detector response

2 3 4 1 s 3 4
Time (hours) Time (hours)
Fig. 3. HPLC refractive index chromatograms of Fehling’s-insoluble (a) and Fehling’s-soluble (b)
materials. Column: Bio-Gel P-60, 4 ft. x 3/8in., stainless steel. Solvent: water. Flow-rate: 0.3 ml/min.
A, unpurified Fehling’s-insoluble fraction; B, purified Fehling’s-insoluble fraction. (1) Unknown;
2) galactoglucomannan; (3) arabinose-, mannose- and galactose-containing polymer, (4) glycerol.
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could not be further purified. As stated earlier, it eluted at the void volume of the
column. A Bio-Gel P series column possessing a higher molecular weight operating
range would have resolved this material, however.

Fig. 4 illustrates the separation of some low-molecular-weight carbohydrate
materials when a non-aqueous solvent system was employed. Again, the packing
material was easily compressed at high pressures (high flow-rates), so a low flow-rate
had to be used.

Detector response

L i i

10 20 30 40
Time (min)

Fig. 4. HPLC refractive index chromatogram of some low-molecular-weight carbohydrates. Column:
EM Gel OR-PVA 500, 2ft. x 1/8in., stainless steel. Solvent: methanol. Flow-rate: 0.3 ml/min.
(1) Stachyose hydrate; (2) p(+)-cellobiose; (3) p(—)-ribose.

Resolution of peaks on the EM Gel column was excellent. And, although a
number of compounds were surveyed, the separation of tetrasaccharides from di-
saccharides and monosaccharides seemed to be one of the greatest assets of the column.

In order to study further the utility of the Bio-Gel packing materials, poly-
merization products from a thermal decomposition reaction of methyl-a-D-glucopy-
ranoside were investigated. Fig. 5 shows the initial and final products as well as the
intermediate compounds formed in the polymerization process.

Ditector response

JJJ\\@

% T

Time (min)

Fig. 5. HPLC refractive index chromatogram of products from thermal polymerization of methyl-
a-pD-glucopyranoside. Column: Bio-Gel P-2, 4 ft. x 3/8 in. Solvent: water. Flow-rate: 0.9 ml/min.
A, Total reaction mixture; B, methyl-a-D-glucopyranoside. )
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The first peak eluted from the Bio-Gel P-2 column was the highest-molecular-
weight compound or “‘compounds” in the reaction mixture. For this particular re-
action, the first peak of scan A corresponded to mol. wt. > 1300 while the last peak
corresponded to mol. wt. <192. The intermediate area between the first and last
peak of scan A can be associated with materials in the reaction mixture possessing
random molecular weights from 192 to 1300. Scan B of pure methyl-a-D-glucopyra-
noside was run for comparison. Perhaps the most important fact to be ascertained
from the above illustration is that through the use of HPLC, polymerization processes,
and many other types of reactions, can be monitored from initiation to termination.
Also, the total reaction mixture can be analyzed directly, eliminating the formation
of any derivatives. For example, neutral sugars can be studied in their natural states
when using HPLC, while analysis by GLC would require common derivative for-
mation (e.g., trimethylsilyl, acetyl and trifluoroacetyl derivatives).

CONCLUSION

Through the use of HPLC, water-soluble polysaccharides, together with low-
molecular-weight carbohydrates and polymerization products, were separated, col-
lected and identified. Bio-Glas packed columns gave the most rapid separation of
high-molecular-weight, water-soluble polysaccharides, while Bio-Gel was found most
useful for separating complex mixtures of polymers. Lower molecular weight carbo-
hydrates were separated on both Bio-Gel and EM Gel OR-PVA columns, with EM
Gel giving the best resolution. The only drawback found with the EM Gel packings
was that non-aqueous solvents had to be employed. Consequently, analysis of those
carbohydrate oligomers which possess more than four units was somewhat limited
owing to solubility problems.
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PURIFICATION OF RIBONUCLEASE T, ON POROUS GLASS AFFINITY
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SUMMARY

Purification of ribonuclease T, has been achieved using a porous glass—2',(3')-
GMP affinity adsorbent. This adsorbent exhibits specific affinity for ribonuclease T,
and is almost devoid of non-specific ion-exchange properties.

INTRODUCTION

Ribonuclease (RNase) A! and tobacco RNase?** have been purified on Se-
pharose-based affinity adsorbents. The tendency of agarose gel beads to distort limits the
use of agarose-based adsorbents for large-scale work. In addition, agarose is suscep-
tible to microbial attack and cannot be regenerated from adsorbents for re-use. Porous
glass beads have been used as an alternative insoluble matrix for affinity chromatogra-
phy adsorbents*>. They are resistant to distortion and microbial attack and can easily
be regenerated for re-use by treating adsorbents with boiling nitric acid.

This paper reports the preparation of several porous glass derivatives and
describes their use in the purification of RNase T,.

MATERIALS AND METHODS

Sources of materials were as follows: Taka diastase (Parke & Davis, London,
Great Britain); highly polymerized yeast RNA, calf thymus DNA, Corning CPG 10
(2000 A pore diameter) 200-mesh glass beads (BDH, Poole, Great Britain); 3-amino-
propyltriethoxysilane (Ralph Emanuel, Wembley, Great Britain); guanosine 2',(3)-
monophosphoric acid (2',(3')-GMP) (Sigma, St. Louis, Mo., U.S.A.).

* To whom correspondence should be addressed. Present address: Biology Department, Paisley
College of Technology, High Street, Paisley, Renfrewshire, Great Britain.

** Present address: Biological Laboratory, the University, Canterbury, Kent CT2 7NJ, Great
Britain.
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Preparation of 5'-(4-aminophenylphosphoryl)-guanosine 2',(3’)-monophosphate ( APP-
2',(3')-GMP)

APP-2',(3")-GMP was synthesized from guanosine 2',3"-cyclic monophosphate
and 4-nitrophenylphosphate as described elsewhere.

Preparation of 1,5-dihydroxynaphthalene-glass ( DHN-glass)

Porous glass beads were cleaned and reacted with 3-aminopropyltriethoxy-
silane in dry acetone*. The resulting aminoalkyl glass beads were converted to amino-
aryl glass, diazotized®, and added to a solution of 1,5-dihydroxynaphthalene (5 mg/ml)
in ice-cold ethanolic sodium acetate (1 g glass per 20 ml). The mixture was stirred
gently for 1 h at 4° after which the DHN-glass (Fig. 1) was collected by filtration.
Unreacted dihydroxynaphthalene was removed by washing the product with ethanol.
Finally the DHN-glass was washed with ether and air dried. Preparations were found
to contain 90 to 110 gmoles dihydroxynaphthalene per gram of glass.

glas s
ety O

DHN-GLASS

L0

H
glass s; ~(CH, —rb—%—@ww
s 0 -N@o— ~0-CHy

APP-2(3'1-6MP—GLASS

oM
-0-P=0

3.

Fig. 1. Structures of porous glass derivatives.

Preparation of APP-2',(3')-GMP-glass

APP-2',(3")-GMP (200 umoles) was dissolved in 5ml of ice-cold 200 mM
hydrochloric acid and diazotized by addition of 50 mg of sodium nitrite. After 10 min
the solution was poured into a stirred suspension of DHN-glass (I g) in 20 ml of
ice-cold 500 mM pH 9.0 bicarbonate buffer. The reaction mixture was stirred for 1 h
at 4°, after which the product was collected by filtration. The product was exhaustively
washed, first with 200 mM ammonium acetate buffer pH 5.4 containing 500 mM
KCl, and then with 200 mM Tris—HCI buffer pH 9.5 containing 500 mAM KCl. This
washing procedure was found to remove ionically bound material from the porous
glass. Finally, the APP-2,(3")-GMP-glass (Fig. 1) was washed with distilled water
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and stored at 4°. Preparations were found to contain 3-8 umoles 2°,(3')-GMP per
gram of glass.

Preparation of RNA-glass and DNA-glass

Highly polymerized yeast RNA and heat-denatured calf thymus DNA were
attached to aminoalkyl glass using glutaraldehyde as the coupling reagent*. Amino-
alkyl glass was treated with 1% (v/v) ice-cold glutaraldehyde at 4° for 30 min. The
treated glass was washed with cold distilled water and then packed into a small column
(5 x 0.7 cm). Solutions of nucleic acid in 50 mAM phosphate buffer pH 7.5 (1 mg/ml)
were pumped over the treated glass for 24 h, at 4° using a peristaltic pump. The pump-
ing ensures complete access of the nucleic acids to all surfaces of the porous beads
during the coupling reaction. After coupling, derivatives were washed as described
above to remove ionically bound material.

Preparations of RNA-glass contained 7.5 to 8.5 mg of RNA per gram of glass.
DNA-glass preparations contained 10 to 12 mg of heat-denatured DNA per gram of
glass. Control preparations made by omitting the glutaraldehyde treatment contained
less than 0.5 mg of nucleic acid per gram of glass.

Determination of ligand content of derivatives

Derivatives were washed with ethanol and ether and air dried. Weighed samples
of the dried derivatives were used to determine ligand content. Equal weights of
aminoaryl glass were used as controls. Samples of derivatives were treated with
orcinol-ferric chloride reagent’ to determine GMP or RNA content, or with diphenyl-
amine reagent® to determine DNA content.

The dihydroxynaphthalene content of DHN-glass was determined by treating
a weighed sample of the derivative with a solution of sodium dithionite. The
dithionite reduces the azo linkage binding the DHN to the glass and releases the
DHN, which can then be measured spectrophotometrically.

Preparation of RNase T,

RNase T, was partially purified from Taka diastase by extracting 2 g of the
latter with 20 ml of 50 mM ammonium acetate buffer pH 5.4 containing 50 mM
KCI (acetate-KCl buffer). Extracts were clarified by centrifugation and applied to a
4 x 100 cm column of Sephadex G-100, equilibrated and eluted with acetate-KCl
buffer. Separation of RNase T, activity from RNase T, activity was achieved in this
way. Fractions containing RNase T, activity were collected and used for affinity
chromatography without further treatment.

RNase T, activity was assayed® using highly polymerized yeast RNA as substrate.

Column operation

Columns were made from small (0.7 cm L.D.) filter tubes containing sintered
glass discs. These were packed to a height of 5 cm with glass derivatives suspended
in acetate-K Cl buffer. Solutions were pumped through the columns at a flow-rate of
30 ml/h using a peristaltic pump. Column effluents were monitored at 254 nm using
an LKB Uvicord. Fractions were collected on an LKB Mini-rac fraction collector.

Elution of columns was carried out using the procedures described elsewhere
for Sepharose-APP-2",(3')-GMP derivatives®.
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RESULTS AND DISCUSSION

APP-2',(3')-GMP-glass

RNase T, was completely adsorbed onto columns of APP-2’,(3")-GMP-glass
beads from solutions of Sephadex G-100-purified material. The contaminating pro-
teins in the Sephadex preparations were not adsorbed by the glass derivative and passed
through columns unretarded (Fig. 2). Elution of the bound RNase could be achieved
either by changing the pH of the elution buffer (Fig. 2a), or by specific elution with
substrate (Fig. 2b), or inhibitor (Fig. 2c). Elution of the bound RNase could not be
achieved with an ionic strength gradient from 50 mM KCl up to 1 M KCP.
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Fig. 2. Chromatography of Sephadex G-100-purified RNase T, on APP-2’,(3')-GMP-glass. 50 ml of
Sephadex effluent were applied to a 5-cm column of adsorbent and eluted as shown. (a) RNase was
eluted by raising the pH of the eluting buffer to 9.0. (b) RNase was eluted by washing the column
with a solution of RNA in 50 mM acetate-K Cl buffer. (c) RNase was eluted by washing the column
with 10-% M 2’,(3")-GMP in 50 mM acetate-KCl buffer.
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Of the elution systems used, 107¢ M 2',(3")-GMP was the most satisfactory as
this did not elute any of the non-specifically bound proteins.

DHN-glass, RNA-glass and DNA-glass

RNase T, was not adsorbed onto DHN-glass from Sephadex G-100-purified
material. This result confirms that the APP-2',(3')-GMP-glass derivative functions as
a specific affinity adsorbent for RNase T,, rather than as a simple ion exchanger.

Neither RNA-glass nor DNA-glass bound RNase T,. DNA-Sepharose has
been used as an affinity adsorbent for E. coli RNase'® and heat-denatured DNA does
inhibit RNase T,''. Evidently, the affinity of RNase T, for single stranded DNA is
not sufficient to allow the latter to be used for affinity chromatography.

Purification of RNase Ty on APP-2',(3')-GMP-glass

Purification of RNase T, on APP-2',(3')-GMP-glass beads yielded a product
that appeared homogeneous on polyacrylamide disc gel electrophoresis'?-*. The porous
glass based adsorbent appeared to be at least as effective as similar Sepharose-based
adsorbents. It also has the advantage that column flow-rate remained constant, even
after prolonged use. The glass derivative was very stable under conditions used for
RNase T, purification. However, very slight loss of ligand occurs at high pH, a problem
also encountered with Sepharose-based adsorbents®?,

The porous glass adsorbents described here were primarily developed to aid the
isolation of RNases from large volumes of waste liquor produced during plant protein
manufacture'. In these liquors, RNase is present, and active, after most other pro-
teins have been precipitated by heat treatment. However, the large volumes involved
make isolation of the RNase by most conventional techniques very difficult. In
preliminary experiments, columns of APP-2’,(3')-GMP-glass were successfully used
to remove the RNase from several litres of waste liquor. Under the conditions em-
ployed in these experiments, Sepharose-based adsorbents quickly lost their flow
properties. Porous glass adsorbents do seem to have significant advantages over
Sepharose derivatives for large-scale work. APP-2",(3")-GMP-glass adsorbents have
been used continuously under non-alkaline conditions for several months without
detectable loss of RNase T, binding capacity. Such adsorbents have been stored dry
for up to two years and then successfully used for RNase T, purification.
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DIRECT DETERMINATION OF MOLAR RATIOS OF VARIOUS CHEMICAL
CONSTITUENTS IN ENDOTOXIC GLYCOLIPIDS IN SILICIC ACID SCRAP-
INGS FROM THIN-LAYER CHROMATOGRAPHIC PLATES

CHEN-LO H. CHEN and ALOIS NOWOTNY
Department of Microbiology and Immunology, Temple University School of Medicine, Philadelphia,
Pa. 19140 (U.S.A.)

(Received March 26th, 1974)

SUMMARY

Analytical procedures are described for the determination of the ratios of
nitrogen, phosphorus, hexosamine, carbohydrates, fatty acids and 2-keto-3-deoxy-
octonate (KDO) in bacterial endotoxic glycolipids separated by thin-layer chromato-
graphy (TLC). The methods make it possible to carry out analyses in the presence
of silicic acid to obtain the molar ratios of the chemical constituents of natural prod-
ucts. For some micro-determinations, such as nitrogen, phosphorus or KDO, scrap-
ings from a single TLC plate are sufficient for carrying out the quantitative analyses.

INTRODUCTION

Thin-layer chromatography (TLC) at present can be considered to be one of
the most effective and useful techniques for the separation of lipids. The advantages
of TLC include simplicity, speed and high resolution. Preparative TLC usually effects
better separations than silicic acid column chromatography. Some natural products
can be separated to form a homogeneous single band and several milligrams of
purified material can be recovered by collecting scrapings from five or more plates.
The disadvantages of preparative TLC are two-fold. Firstly, the eluate is frequently
contaminated with fine silicic acid particles!. Filtration of the eluate through ultrafine
glass filters does not eliminate all the contamination. Centrifugation and partition in
two-phase solvents have been designed to eliminate the fine particles?, but the pro-
cedures are tedious and removal of the silicic acid is not complete. Secondly, recovery
of the material from the scrapings is usually low, especially when the lipids must be
developed in a rather polar solvent system3.

Bacterial endotoxic glycolipids are heterogeneous. The purification and iso-
lation of purified material is necessary before the structure-function relationship can
be verified. The endotoxic glycolipids from Salmonella minnesota R595 have been
separated by TLC*. In order to avoid the difficulties in the elution of glycolipids
from silicic acid scrapings, quantitative analytical procedures have been developed
in our laboratory for the determination of the molecular ratios in these glycolipids
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in the presence of silicic acid. Scrapings from TLC plates were taken and subjected
to quantitative chemical microanalyses, without attempting the elution of the com-
ponents from the scrapings.

Chemical analyses included the measurement of total nitrogen, phosphorus,
hexosamine, total carbohydrates, long-chain carboxylic acids and 2-keto-3-deoxy-
octonate (KDO). The molecular ratios could be calculated from these data.

MATERIALS AND METHODS

Endotoxic glycolipid

Chloroform~methanol (4:1) soluble glycolipids were directly extracted from
the lyophilized cells of a rough mutant, Salmonella minnesota R595, as reported
elsewheret.

Thin-layer chromatography

All TLC was carried out with silicic acid Bio-Sil A (2-10 um; Bio-Rad Labs.,
Richmond, Calif., U.S.A.) and with plates 20 X 20 cmin size and 0.25 cm in thickness.
To 30 g of silicic acid, 56 ml of water containing 4 ml of concentrated ammonia
solution were added. The plates were air-dried, activated at 120° for 1 h in a vacuum
oven, then cooled in a vacuum desiccator. The solvent system used was chloroform—
methanol-water-ammonia (100:50:8:4).

As these plates could not be used for the determination of nitrogen, other
plates were prepared in which the slurry was made in 0.1 M phosphate buffer®, pH 7.8,
and the pH of the slurry was again adjusted to 7.8 with 10 N sodium hydroxide
solution. In order to obtain reasonably good separations, the solvent systems used
for these plates were either chloroform-methanol-water (3:3:1) or n-propanol-water
(1:1).

The spray reagents used were either chromic acid-sulfuric acid (5 % potassium
dichromate in 409, sulfuric acid) or water. For preparative TLC, about 1 mg of
glycolipid per plate was applied with a sample applicator (Applied Science Labs.,
State College, Pa., U.S.A.). The plates were developed, dried and sprayed with
distilled water; those parts of the silicic acid which contained lipids remained
white, while other zones became translucent. The outlines of the visible bands were
marked and the plates were dried at room temperature. The bands were scraped off
and the identical bands or zones from several TLC plates were pooled. The scraped
silicic acid was dried at 70° in a vacuum oven over phosphorus pentoxide, then stored
in vials in a vacuum desiccator over phosphorus pentoxide at room temperature.
A blank zone was also scraped and treated in the same manner.

Determination of nitrogen

Before all quantitative chemical analyses, the pooled scrapings were thor-
oughly mixed. A 500-mg amount (the weighing should be carried out as rapidly as
possible) of the scrapings was transferred into a 100-ml Kjeldahl digestion flask.
Concentrated sulfuric acid (2 ml) saturated with anhydrous copper(Il) sulphate was
added and the digestion was carried out in the presence of alundum particles, as
described elsewhere®.
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The distillation was performed with a Labconco micro-distillation apparatus
(Labconco Corp., Kansas City, Mo., U.S.A.). A 5-ml volume of 10 N sodium hy-
droxide solution was added to the sample and the ammonia liberated was steam-
distilled into a recipient 25-ml graduated cylinder containing 10 ml of 0.02 N sulfuric
acid. After distillation, the cylinder was filled to 20 ml with water and its ammonia
content was determined by Nesslerization. To a 5-ml aliquot, Nessler reagent (5 ml;
Hartman-Leddon Co., Philadelphia, Pa., U.S.A.) was added and the color was
measured at 440 nm. A calibration curve was prepared with ammonium sulphate.

Determination of phosphorus

The determination of phosphorus was carried out using a modified method of
Chen et al.’. Liberation of organic phosphorus was achieved by heating 50-mg
aliquots of silicic acid scrapings in 0.8 ml of 6 N sulfuric acid at 100° for 16 h in a
glass-stoppered tube. A 4-ml volume of water was added and mixed well. After cooling,
0.8 ml of 2.5% ammonium molybdate mixed with 1.6 ml of water and 0.8 ml of
109, ascorbic acid was added. The tubes were thoroughly mixed and incubated at
37° for 13 h. The mixture was centrifuged at 1000 g for 15 min, and the color
intensity of the supernatant was determined at 820 nm. A calibration curve was
prepared with potassium dihydrogen orthophosphate.

Determination of hexosamine

A 300-mg amount of silicic acid scrapings was hydrolyzed with 2 ml of 4 N
hydrochloric acid in a glass-stoppered test-tube at 100° for 18 h. The contents of the
tubes were filtered into a 100-ml round-bottomed flask and washed about five times with
3 ml of water. The filtrate was dried thoroughly on a Biichi evaporator. The flask
with the dried hydrolyzate was placed in a vacuum desiccator and dried overnight
over potassium hydroxide pellets. A 3-ml volume of water was added to dissolve the
residue and 0.5- and 1.5-ml aliquots were taken for the determination of hexosamine,
The procedure for color development was essentially the same as that described by
Rondle and Morgan®. A calibration curve was prepared with glucosamine.

Determination of carbohydrate

The carbohydrate content was determined according to the method of Dubois
et al.®. To 200 mg of silicic acid scrapings and 0.5 ml of water in a test-tube, 1.0 ml
of 5% phenol solution was added and mixed well. After the tubes had been chilled
in an ice-bath, 5 ml of conc. sulfuric acid were added, mixed well and the tubes were
returned to the ice-bath. The tubes were then immersed in a boiling water-bath for
15 min, after which they were cooled in an ice-bath. The sample was then cen-
trifuged at 1000 g for 20 min and the supernatant was read at 490 nm. A calibration
curve with standard dextran solution was used for the determination.

Determination of long-chain carboxylic acids (fatty acids)

A 2-mlamount of boron trifluoride reagent (Applied Science Labs.) was added to
a test-tube with a standard-taper-joint which contained 500 mg of silicic acid scrapings
and granules of alundum. The tubes were firmly attached to well cooled reflux condens-
ers and the lower end (ca. § in.) was immersed in an 80-90° oil-bath for 5 h in order to
transesterify the fatty acids'®. The tubes attached to their condensers were cooled,
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and 2 ml of redistilled methanol were added through the reflux condenser into the
tubes. Water (2 ml) and n-hexane (2 ml) were added to the disconnected tubes, which
were immediately closed with glass stoppers. The tubes were shaken vigorously for 30
sec and allowed to stand at room temperature for approximately 1 h until the silicic acid
had settled and the two phases were clearly separated. The n-hexane phase was
retained and 2 ml of fresh n-hexane were added for extraction. A total of four such
extractions were repeated. Any contaminating water was removed with anhydrous
sodium sulfate. The pooled n-hexane was then evaporated until completely dry with
nitrogen gas at room temperature. The fatty acid methyl esters were quantitatively
determined by the hydroxylamine method!. A calibration curve was made with
glucose pentaacetate.

Gas-liquid chromatography (GLC)

The methy! esters used for quantitative fatty acid analysis were also examined
by GLC using an F & M 609 instrument equipped with a hydrogen flame ionization
detector. The components on the chromatograms were identified by co-chromato-
graphy with the authentic fatty acid methyl esters.

Determination of KDO

The hydrolysis of KDO is usually destructive and a hydrolysis curve is needed
for each sample to obtain the value at zero time. When the sample is coated on silicic
acid, however, KDO is protected against destruction by acid and a 20-min hydrolysis
was found to be optimal.

A 100-mg amount of silicic acid scrapings was hydrolyzed with 1.0 ml of
0.025 N sulfuric acid in a boiling water-bath for 20 min. The cooled hydrolyzates
were centrifuged at approximately 16C0 g for 15 min. A 0.4-ml amount of the
supernatant was used for the determination of KDO. The method was essentially
the same as that described by Weissbach and Hurwitz!? and modified by Osborn?,
except that the amounts of all the reagents were doubled. A calibration curve was
prepared with ammonium KDO (a gift from Dr. O. Liideritz, which the authors
greatly appreciate) in the range 1-10 pug.

RESULTS AND DISCUSSION

The separation of endotoxic glycolipids from S. minnesota R595 by TLC with
solvent system chloroform-methanol-water-ammonia (100:50:8:4) is shown in Fig. 1
Four major bands were obtained and all were found to be biologically active*. The
KDO, hexosamine, phosphorus and fatty acid contents of each band were determined
by the procedure described above. It was tound that these four bands (a, b, ¢ and d)
had similar molar ratios, namely KDO:hexosamine:phosphorus:fatty acid = 2:2:3:6
(Table I). This ratio was in the range of reported data'®!5 for glycolipids from S.
minnesota R595. In addition, the n-hexane extract of the transesterified methyl esters
was also analyzed by GLC. Fig. 2 shows that the four biologically active bands
revealed similar fatty acid compositions. Thus, by determining the amounts of the
constituents of the silicic acid scrapings, it is possible to calculate the molecular ratios
of various components in a natural product without knowing the exact organic
material content of the silicic acid scrapings.
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Fig. 1. Thin-layer chromatography of purified glycolipids with silicic acid Bio-Sil A (2-10 #zm) and
solvent system chloroform-methanol-water-ammonia (100:50:8:4). Silicic acid slurry was prepared
with distilled water-ammonia. The plate was sprayed with water.

All the methods were tested with glycolipid or other known samples with
blank silicic acid added. The results obtained from the known materials in the
presence or absence of silicic acid were identical. The batches of silicic acid used in
these experiments were free from contaminants which would interfere with the reac-

TABLE 1
MOLAR RATIOS OF THE GLYCOLIPID FRACTIONS

Glycolipid Hexosamine Fatty acid P KDO

fraction ester

a 1 2.90 1.69 1.07
b 1 2.75 1.60 0.93
¢ 1 3.10 1.36 0.83

d 1 2.67 1.34 1.08
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Fig. 2. Gas-liquid chromatogram of fatty acids present in glycolipid fractions. Column: 3 % ECNSS-
M on 100-120 mesh Gas-Chrom Q, 12 ft. Temperature programmed from 50° to 185° at 6.4°/min.
a, b, c and d = fractions obtained from glycolipids by TLC. C,, = Lauric acid; C;; = myristic acid;
C,s = palmitic acid; C,s = stearic acid; 3-OH-C,, = 3-hydroxymyristic acid.

tion. The silicic acid obtained from other sources may have a significant amount of
contamination, in which case it should be pre-washed or a calibration curve with
blank silicic acid plus known amounts of standard material should be used.

The amount of silicic acid scrapings needed for each analysis depends on the
total organic material as well as the percentage of the particular component in the
isolated band. The optimal ranges for the components to be determined are shown in
Table II. Thus, if 1-3 mg of the total substance can be separated on one TLC plate,
scrapings from a single band may be sufficient to determine nitrogen, phosphorus
and KDO, and to calculate the molecular ratios if the compound in the band is
relatively rich in these components.

The major source of error in these analyses is the variation in the water content
of the silicic acid scrapings. The scrapings should be mixed and dried thoroughly and
all samples should be kept constantly under vacuum (less than 0.1 mm Hg at room
temperature over phosphorus pentoxide). The weighing procedure should be carried
out as rapidly as possible.
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TABLE II
RANGE OF THE OPTIMAL AMOUNTS OF THE COMPONENTS FOR DETERMINATION

Component Optimal range (ug)

Nitrogen 5-25
Phosphorus 1-10
Hexosamine 20-80
Fatty acid 150-1250
Carbohydrate 20-100

KDO 2-10

While our procedures were developed for an endotoxic glycolipid, other
natural products which can be separated by TLC may be subjected to similar analyses
in order to obtain the chemical molar ratios without the difficulties of elution and
contamination of silicic acid.

A similar TLC pattern to that of S. minnesota R595 glycolipids has been
observed in our laboratories for glycolipids extracted from another rough mutant,
Salmonella typhimurium SL.1102. The molar ratios of KDO:hexosamine :phosphorus:
fatty acid in pooled glycolipids was found® to be 2:2:4:7.
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ATIVES AFTER CONDENSATION BY A PARAFORMALDEHYDE SPRAY
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SUMMARY

A sensitive paraformaldehyde spray reagent for the thin-layer chromatographic
detection of indole derivatives at the nanogram level is described. Paraformaldehyde
is dissolved in slightly alkaline ethanol and the ethanolic solution is neutralized by
addition of acetic acid. The fluorescence is measured spectrophotofluorimetrically on
thin-layer chromatograms and observations are made visually and on photographic
films exposed through filters. Excitation and emission spectra are given for nine indole
derivatives reacted with the paraformaldehyde spray reagent.

INTRODUCTION

Several methods have been described for the determination of tryptophan
metabolites from biological tissues, based mainly on extraction and purification pro-
cedures'—3 followed by measurements of the fluorescence obtained in the final solution
when activated under UV light*~%. It is often desirable to start, or to make further
investigations, with chromatographic procedures’’. For the development of chro-
matographic spots of indole substances on thin-layer chromatograms, colour re-
actions have been described!:”. The most sensitive reagents, however, are those which
give fluorescent products®!°~13, In histochemistry, gaseous formaldehyde is used for
the detection of 5-hydroxytryptamine and catecholamines'. In paper and thin-layer
chromatography (TLC)®:!2:13, it has also been used as a chromatographic reagent for
indole substances and for catecholamines. It is believed that in the first step indole-
amines form weakly or non-fluorescent tetrahydro-f-carbolines which will be fluores-
cent upon oxidation. In the histochemical method, the dehydrogenation reactions
are catalyzed by protein. Fluorescent products are also obtained on silica gel thin-
layer chromatograms, thus indicating that the dehydrogenation step will take place
readily in the presence of silica gel'®. Bjorklund et al.’® found that the indoleamine
fluorophores formed on dry protein and those formed on silica gel are identical.

In order to obtain gaseous formaldehyde, Bjorklund ez al.'® heated solid para-
formaldehyde to 80-100° at 50 %, humidity, whereas Cowles et al.'® heated paraform-
aldehyde to 150° to obtain drier conditions. In earlier experiments, Prochazka’-'®
introduced formaldehyde as a spray reagent for obtaining fluorescent products of
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indoles. In the method described here, paraformaldehyde was dissolved in sligthly
alkaline ethanol and the ethanolic solution was then evenly distributed over the thin-
layer chromatogram by spraying. The fluorescence of various indole substances
after gaseous formaldehyde condensation was studied in UV light and photographed
through filters which increased the sensitivity. For nine fluorophores, the excitation
and emission spectra were recorded in situ on the chromatogram.

EXPERIMENTAL

Reagents and equipment

The following reagents were used: Ethanol, absolute, spectrograde (AB Vin-
& Spritcentralen, Stockholm, Sweden). Ethanol, 959 (AB Vin- & Spritcentralen).
Hydrochloric acid, Titrisol, 0.1 M (Merck, Darmstadt, G.F.R.). Acetic acid, glacial,
p-a. (Merck). Ammonia, 259 solution, p.a., Aristar (BDH, Poole, Great Britain).
Methyl acetate, zur Synthese (Merck). Ethyl acetate, p.a. (Merck). Isopropanol,
p-a. (Merck). n-Butanol, p.a. (Merck). Paraformaldehyde, purum (Kebo, Stockholm,
Sweden). Sodium hydroxide, p.a. (Eka, Bohus, Sweden). Indole derivatives, listed in
Table I.

Developing solvents used were: (A) methyl acetate-isopropanol-259%, am-
monia (9:7:4); (B) ethyl acetate-isopropanol-25 %, ammonia (9:7:4); (C) isopropanol
—ethyl acetate—acetic acid-water (75:25:2:3); (D) n-butanol-acetic acid—water (4:1:5),
upper layer. Solvents A, B and C were freshly prepared before each run.

The chromatography was performed on commercially pre-coated thin-layer
plates of dimensions 20 X 20 or 5 X 20cm with a 0.25-mm layer of silica gel
(Merck). The plates were purified in a Shandon chromatography tank fitted with the
equipment for descending chromatography. UV light was generated by a General
Electric G8T5 tube mounted in a Chromatolux (Pleuger, Wijnegem, Belgium) and
filtered through a UG S filter, thickness 2 mm (Carl Zeiss, Oberkochen/Wiirttemberg,
G.F.R.). The photographic recording was made on Agfa Scientia 50B65 or Kodak
2484 film with a Canon FT camera, lens 50 mm/1.8 or a Minolta SRT 101, lens
55 mm/1.7. A Kodak Wratten gelatin filter No. 8, yellow, and a sky-light filter
(Hoya, Tokyo, Japan) were mounted on the lenses. The emission and excitation
spectra were obtained from a Perkin-Elmer spectrophotofluorimeter to which a
TLC scanning attachment was connected.

Procedure

Spray reagent. In 100 ml absolute ethanol, 60 mg of sodium hydroxide were
dissolved. Paraformaldehyde (2 g) was added to the alkaline ethanol and, when it had
completely dissolved, 0.1 ml of glacial acetic acid was added. The reagent can be
stored refrigerated for at least 2 weeks before any loss in activity occurs. For com-
parison, paraformaldehyde was also dissolved in lower and higher concentrations
and in 95% ethanol. When higher concentrations of paraformaldehyde were used,
additional sodium hydroxide had to be dissolved in the alkaline ethanol.

Purification of chromatographic plates. The commercial pre-coated chromato-
graphic plates were purified in a continuously descending chromatography system with
a Whatman chromatography paper bridge between the solvent jar and the silica gel
layer. Purification was performed with solvent A. The effluent was allowed to drip
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from the lower part of the chromatogram. After a run of at least 24 h, the plates were
dried in air for 15 min and then heated to 110° for 30 min. The plates were stored in
a desiccator over silica gel. Omission of the purification step caused severe inter-
actions between fluorescent products below the front.

Development of spots. The substances were dissolved according to the notes
in Table I. Normally 1 ul of the solutions, with substance concentrations of 200, 100,
50, ....., 3.125 and 1.6, 0.8, 0.4 and 0.2 ng/ul of base, was spotted 1.5 cm from the edge
of the plate. For the spectrophotofluorimetric measurements, 5-20 ug were spotted
on the base line. After elution for 10 cm, the plates were dried in vacuo for 15-20
min, then sprayed with 10 ml of the paraformaldehyde reagent. The sprayed plates
were heated at 150° for 20 min. When the silica gel layer was wetted with the spray
reagent (which is not necessary), the plates were dried in air for 3—-5 min before heat-
ing.

The plates were studied under UV light generated by the 254-nm lamp, the
light from which was filtered through a UG 5 filter. The recording and further in-
vestigations were made on a panchromatic black and white film. The Wratten gelatin
filter No. 8 cuts off the blue-violet background light from the silica gel and its use is
necessary for the photographic recording. The UV lamp was placed 35 cm and the
camera 65 cm above the chromatogram. The exposure time for the Agfa film was 2
min and for the Kodak 2484 15 sec with the diaphragm set at 4.0. The Agfa film was
developed in Kodak D76 for 8 min, while the Kodak film was developed in Kodak
D19 for 6 min.

RESULTS

Non-eluted system

In order to establish the optimal conditions for the action of the reagent, 5-
hydroxytryptamine and other indoles were spotted on purified 5 x 20 cm silica gel
plates. The plates were sprayed with paraformaldehyde in concentrations ranging
from 0.05 to 109, (w/v) and each plate was dried separately in the oven at 150°.
Optimal fluorescence was obtained when the reagent contained 2 % (w/v) of paraform-
aldehyde in absolute ethanol.

At the optimal paraformaldehyde concentration, the temperature dependence
for the formation of the fluorophores was studied at 10° intervals between 110 and
160°. The highest fluorescence intensity was obtained at 150 and 160°. When the heat-
ing time at 150° exceeded 20 min, maximal fluorescence occurred, while the fluores-
cence intensity decreased after 30 min.

In order to investigate the influence of water on the reagent, the paraformal-
dehyde was dissolved in a solution in which the absolute ethanol was replaced with
95% ethanol. The sensitivity of this reagent was greatly reduced, however: only
2 ng of 5-hydroxytryptamine could be detected, while the sensitivity was as high as
0.1 ng when absolute ethanol was used.

The fluorescence with the Prochazka reagent”'®, a mixture of formaldehyde,
ethanol and hydrochloric acid, is enhanced by exposure to aqua regia. In order to
imitate the Prochazka reagent conditions, the plates were treated with paraformal-
dehyde in alkaline absolute ethanol without acetic acid. They were then sprayed either
with 1-5 M hydrochloric acid in ethanol and heated at 150° for 20 min or first dried



M. I. TONEBY

50

MO[[K ysIusaID ELETTN NEOM 91 ¥ 6 89 EE | E Surued AN AXO[AZudg-§
an[q ysisa10 qeam AeIM ST v 18 8L e | L | aUTUIBIBAXO[AZUSE -S
anjg S6t 00t $'T1 § W@ £C Xy S ueydoydAnezy-,-1a
= - — 9[qIsiA JON == 62 CA d ueydoydAnA10y-N
AO[[24 YSIPPaY 0€S SS9 OIY Y4 89 9L LL v S o:ﬁ:ﬁ&.ixo._gn.m 15120y =N

uOISSIU  HONDIIIXT D 9 14

(wu)  (10ds|8u)

.S&eb vunxvY 35823\& A:\::u:w,n. 02 X mx wopnjos  sanddng 2A1IDALIP 3]opuf

puaudinba puv sjuaSoay 33 1) PUB g ‘Y SIUA[0S [DH 01 193dsar Yum gy [ [oueyld
= [DH/M fjoueylde = 17 {3U0J0R = Oy A8>=«>:ov 3y} Jo) 3520& suonnjosg 'y" m n 02 ‘SN0 "IS ‘BwdIg = § ‘udpamg E_oﬁooam ‘uonensiuru
-PY PO ‘oY T J0ss0Id = Y U'V'S'N AN OHOX MIN “SQRT UURW = W V'S CAN ‘MIAUIR[J “sqeT N ¥ N = M ‘PUBHAZIIMS ‘syong
BN = 4 VSN TAN I91say00y ‘spediway)) d1uediQ uewiseq = J Y'§N YD ‘SIRBuUY SO ‘Wayroiqe) = O ‘wnid[dg ‘asiseg ‘adoing-yslply
= Y !smiddng "20urisqns jo ;wd/S o7 Furureiuod sjods WOIJ paInseaw sem (eap PajIew) punoiydeq oyl wolj qeysinFunsip A[Iea|d J0u a0u30saIONY
1O ADUIDSIONY NBIM FUIAIT SIATBALIIP JO 20U0SAIONY Y, "20uddsaiony [ewndo ay) SIAIT an[eA JoMO] 9y} ‘USAIT 218 SYISUI[IABM OM] UIYAN "PRII3LIOdUN
a1e sYIBUS[AARAN "URAIS 21 JUdFeal opAysplrwIojeied Syl YIIM P SIAIIBALIOP J[OPUI SUIU IOJ BUIIXBW YIFUIIABM UOISSIUD PUE UOHBIDXY "V JUIAJOS
Yim pange pue sajed saLe]-uigl (28 edi[is paguind uo panods 2J9m SVULBISQNS [Opul JO T ([ ‘SUOHRUIWINAP dLpwLonjoloydordads ay) 104 "uonnjos
opAyepewiojered ofjouryld % 7 Yum s30ds a3 jo JudawWdo[3A3p puR y JUIA[OS YA UONNS WID-()] I2JJB UAIT 218 SIANBALIDP JUARYIP Y} IOJ SINIANISUIS YL,

FJAAHIATVIAYOA SNOISYD HIIM NOILOVIY YH14V
JINIVLIEO V1VA FIONHOSTIONTA FWOS ANV STFAILVAINIA ITOANI 40 NOILVIVAIS DIHAVIDOLVIWOIHD YIAVI-NIHL

13T14VL



51

INDOLE FLUORESCENCE INDUCED BY PARAFORMALDEHYDE

snig

anjg

onig

onig

an[q ysikaIn
MO[[PA
MO[IRA ysing
MO[[aA ysinjg
umorg
MO[[A ysinig
umorg
mo[A ysinig
gsmig

ysing
MOJ[RA
MOJPPA

F-1ty)

MO[PA
umolg
umoug

g

ong
umoig

oy
oy
09

Yeom

06
Neam
Yeam

08 ‘0S¥

Neom

549
0es

ovs

TeoM

01€
08€ ‘0T¢€
$8¢ ‘01€
Yeapm
0¥ ‘0T€
Yeapm

e
ss€

Yeom

S6¢
(187
09¥ ‘S6€

Jeom

91 9
91 ‘dwosaq
9l 8¢
91 14
0sT 4
91 8
x4l 99
Y4 <
- 09
Y4 oL
0001 SL
STre 11
91 14
- £9
§T9 L9
00§ I
SCI'E ~dwossq
0001 —
- <

<

Y
IOHAG
Y
13
oY
|
1
e |
b |
oY
1
oY
v
oY
oY
o
oy
oy
oy
oY
vy
v

|
|
|

LS nnnnlnudOLnkg <X nn

uegdoidAiy,
puIO[Yd0IpAY surweydA1y
pLIO[Y201pAY surueydAnAYIDA-C
QpLIO[Y201pAY dutwreldAn Ao -»
surweIS[AYIDN-S
ueydojdAnAxoyIa-¢
surue)dAnAXoyIs -

PIoe 01)308-¢-3[OPUIAXOYIDIN -
QUIWRISAXOYIRN -G

U0l

proe o1an1Ad-¢-ajopuy

pIo® J1ade-¢-a[opuy

onydns ua80IpAY WNIPOS IPAYIP[eIOLIOPU]-€

djopuy
ueydoidAn-1-Ax0IpAH-S

9jeydins urunead surueydAnAxoIpAH-¢

UTUO)B[IWAXOIPAH-9

PIO® d1)308-¢-2[OPUIAXOIPAH-S
Q[OPUIAXOIPAH-~G

suruern

apLIo[yd01pAY surueydAnolon|y-¢
sunueldAnjAyouia-N‘N
urusjosng



52 M. I. TONEBY

at 150° for 20 min and then sprayed with the ethanolic hydrochloric acid. In the latter
instance, the plates were heated again at 150° for 10 min. The first method resulted
in a considerable reduction in the sensitivity, while the second treatment reduced the
detectable amount of 5-hydroxytryptamine to 4 ng. The exposure to aqua regia of
the original or the hydrochloric acid-treated plates did not affect the fluorescence in-
tensity. The addition of 0.19 (v/v) of glacial acetic acid to the reagent, however, in-
creased the sensitivity above that of the alkaline paraformaldehyde reagent.

Eluted system

When the plates were chromatographed, the sensitivity of the reagent was
found to depend on the solvent system. Thus, solvent D resulted in great losses in
sensitivity. When an acidic solvent is desired, it is therefore recommended that sol-
vent D be replaced with solvent C. The minimum sensitivities of the eluted substances
are given in Table I.

The fluorescence spectra of a number of substances reacted with the para-
formaldehyde reagent were investigated (Table I). No differences were observed for
spectra recorded on non-eluted plates and on plates eluted with solvent A. Blank
fluorescence was either measured between two adjacent spots or below the one measur-
ed. The fluorescence of each substance was measured on spots from three or more
different experiments.

It is interesting to note that several of the substances did not give a defined
peak (Table I), but very broad maxima ranging from 450 to 550 nm. The fluorescence
intensity was also low and not clearly distinguishable from the background. The emis-
sion and excitation spectra of tryptamine, tryptophan, 5-hydroxytryptamine and
other indole substances with blue or yellow fluorescence could easily be measured,
however (Figs. 1-3).

DISCUSSION

The use of paraformaldehyde as a spray reagent in the manner proposed here
facilitates the rapid detection of indoles in TLC. The greatest sensitivity is obtained
when spots are studied visually or by photography. The photographic recording
makes it possible to measure the amounts densitometrically on the photographic

Fig. 1. (a) Excitation spectra and (b) fluorescence spectra for azatryptophan ( ), tryptophan
(Femnne ) and tryptamine (=.—-— ) after reaction with the paraformaldehyde reagent. The measure-
ments were made on spots obtained after elution with solvent A on silica gel TLC plates. Spectra
are given after correction for blank fluorescence. Excitation and emission wavelengths, respectively:
azatryptophan, 300 and 384 nm; tryptophan, 380 and 440 nm; and tryptamine, 310 and 440 nm.
Wavelengths are uncorrected. Fluorescence is given in arbitrary units.

Fig. 2. (a) Excitation spectra and (b) fluorescence spectra for 5-methoxytryptamine (—.—-— , 5-
hydroxyindoleacetic acid ( ) and 5-hydroxytryptamine (+---- - ) after reaction with the para-
formaldehyde reagent. Excitation and emission wavelengths, respectively: 5-methoxytryptamine, 310
and 480 nm; 5-hydroxyindoleacetic acid, 396 and 530 nm; 5-hydroxytryptamine, 410 and 530 nm.
Other details as in Fig. 1.

Fig. 3. (a) Excitation spectra and (b) fluorescence spectra for 5-methyltryptamine ( ), melatonin
(rrmowme ) and N-acetyl-5-hydroxytryptamine (—.—-— ) after reaction with the paraformaldehyde re-
agent. Excitation and emission wavelengths, respectively: 5-methyltryptamine, 310 and 455 nm;
melatonin, 348 and 450 nm; N-acetyl-5-hydroxytryptamine, 400 and 530 nm. Other details as in Fig. 1.
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negative. The use of easily obtainable gelatin filters increases the sensitivity of the
method considerably.

Commercially pre-coated silica gel thin-layer plates must be purified thorough-
ly before use. This procedure is time consuming, however, but the use of a descending
system is necessary only when two-dimensional chromatography is to be used. For
one-dimensional chromatography, it is sufficient to purify the plates by running the
solvent to the upper edge, preferably twice with a 30-min drying period at 110° in
between.

The main choice of solvent is the alkaline solvent A and the acidic solvent C.
The sensitivity of the reagent is higher when the acidic solvent is used, presumably
owing to less degradation during elution. The use of solvent D is not recommended,
as the loss in activity of the reagent is high. Solvent B is essentially identical with A,
except that methyl acetate is replaced with ethyl acetate.

The heating times and temperatures for the development of the fluorophores
are similar to those proposed by Cowles et al.3. In the method developed by Aures
et al.’?, the temperature used is much lower (80°). As noticed by both groups of work-
ers, the fluorescence of some of the fluorophores formed from indole derivatives is
difficult to measure. This was also found in the present investigation (Table I). The
spectra in Figs. 1-3 represent substances with mainly blue or yellow fluorescence.

The fluorescence of several of the derivatives listed in Table I is weak or not
clearly distinguishable from the background when the measurements are made with
the spectrophotofluorimeter. On the other hand, the visible fluorescence is clear and is
brown-red, which is to be expected for a mixture of several wavelengths with broad
peaks of equal intensities. It is considered that this phenomenon is due to the forma-
tion of different fluorophores from each substance. The difference between the fluores-
cence spectra reported earlier’>!S and the present spectra is further evidence for the
formation of several fluorophores. It has also been reported that changes in pH give
additional fluorescent peaks with indoles'. If different fluorophores are formed,
their formation might be explained in terms of polymerization products of dimers
and trimers'”"'8, in various combinations depending of the reaction conditions. One
must also consider the degradation of the fluorophores with time and temperature.

Minor changes to the substituents on the indole nucleus cause shifts in exci-
tation and emission wavelengths, which shows that spectra are easily affected by minor
modifications of the fluorophores. For indole and gramines, no or extremely weak
fluorescence is to be expected, as the side-chain is lacking or shorter than that for
tryptophan derivatives. Thus S-carbolines cannot be formed. It has been shown that
the gramines, however, become more fluorescent on prolonged oxidation, e.g., on
storage at room temperature for 1-2 days. The tryptamine and tryptophan derivatives,
with the exception of N,N-dimethyltryptamine, readily form fluorophores at low
concentrations.

The paraformaldehyde spray reagent has been used successfully in our labo-
ratory for several years for the detection of tryptophan, tryptamine and 5-hydroxy-
tryptamine in biological tissues, mainly from extracts of sea urchin larvae!® and in
model systems in which rat brain extracts were used. The sensitivity is in the nano-
gram range for indoles that fluoresce blue or yellow when activated in UV light. The
method is a simple and useful complement to other analytical methods for the de-
tection of indole derivatives in biological tissues.
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SUMMARY

A polymer of the polyacrylamide type with side-chains bearing free amino
groups on the benzene ring (Enzacryl AA) with covalently attached 3-hemisuccinate
of Sa-androstane-3a,178-diol was used for the affinity chromatography of sex hormone
binding globulin.

After washing with buffer of increasing ionic strength, the release of protein
was achieved by treatment with a buffered solution of testosterone. An approximately
63-fold enrichment of the required protein was achieved.

The purified protein was characterized by its binding properties and by iso-
electric focusing.

INTRODUCTION

Studies on selective steroid-binding proteins such as transcortin or sex
hormone binding globulin (SHBG) have shown that these high-affinity but low-
capacity plasmatic carrier proteins can act as reversible regulators of hormone action’.

SHBG has already been purified by classical means'-? (ammonium sulphate
precipitation followed by repeated ion-exchange chromatography and molecular
sieving) and its physico-chemical properties have been well established'~%; however,
these techniques did not seem to be suitable for preparative-scale work. Affinity
chromatography utilizing the unique selectivity of steroid—protein interactions ap-
peared to be an ideal method for this purpose.

“Amino-Sepharose” coupled with cortisol 21-hemisuccinate has been used for
the separation of transcortin from plasma®, and excellent results have been obtained
by affinity chromatography of soluble oestradiol receptors™®. An attempt to separate
SHBG by this method was also made as early as 1969, but the yields were very low
(0.4%) owing to the failure to remove SHBG from the column without denaturation®.
In each instance, cyanogen bromide-treated Sepharose 4B coupled with various
steroid derivatives with or without a spacer was used.

As activated “amino-Sepharose” is now available commercially, the incon-
venient work with cyanogen bromide can be avoided. However, when used for the
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separation of steroid-binding proteins, these materials require extensive washing in
order to remove the physically adsorbed affinant, which is limited by the resistance
of the gel to organic solvents®10-12,

We searched for another matrix with good flow properties and resistant to
organic solvents, which would moreover permit the direct attachment of suitable
steroid derivatives. A cross-linked polymer of the polyacrylamide type containing
sufficiently long side-chains (Enzacryl AA) seemed to fulfil these requirements. To
the free amino group on the benzene ring of Enzacryl AA, a steroid derivative con-
taining a carboxyl group, e.g., hemisuccinate, could be attached. As a free 178-
hydroxy group is necessary for SHBG binding, a steroid derivative succinylated on
a position other than 174- had to be prepared?:4.

MATERIALS AND METHODS

Steroids and chemicals

Radioactive steroids, viz., [1,2-*H Jtestosterone, specific activity 56 Ci/mmole,
and [4-1*C]-38-hydroxy-5-androsten-17-one (dehydroepiandrosterone), specific activ-
ity 52 mCi/mmole, purchased from the Radiochemical Centre, Amersham, Great
Britain, were purified by paper chromatography in the system cyclohexane-toluene—
methanol-water (9:1:8:2). The radiochemical purity (higher than 97 %) was checked
by chromatography in the same system using a non-labelled standard.

Non-radioactive steroids were obtained from Koch-Light (Colnbrook, Great
Britain). All chemicals were of analytical grade and solvents were distilled before use.

S5a-Androstane-3a,178-diol 3-hemisuccinate was synthesized from androster-
one by treatment with succinic anhydride in dry pyridine and by subsequent reduction
of the resulting crystals (m.p. 183°) with sodium borohydride. The product was
crystallized from acetone-n-hexane. The crystals, m.p. 221°, chromatographically
homogeneous in the system Silica gel HF,;,/ethyl acetate~methanol (92:8) (Rr =
0.36) and more polar than androsterone hemisuccinate (Rp = 0.58), were charac-
terized as Sa-androstane-3a,17p-diol 3-hemisuccinate. The final yield was 31 %,.

5-Androstene-34,17f-diol 3-hemisuccinate was prepared by the same method
from dehydroepiandrosterone. The yield was 34 9.

[4-14C]-5-androstene-34,178-diol 3-hemisuccinate was prepared by the same
method from [**C]dehydroepiandrosterone (10 xCi) diluted with non-labelled steroid
(100 mg). A product with a specific activity of 0.088 xCi/mg was obtained.

Preparation of Enzacryl-affinant

A 200-mg amount of Sa-androstane-3a,178-diol 3-hemisuccinate and 200 mg
of dicyclohexylcarbodiimide in 10 ml of dimethylformamide were stirred carefully at
room temperature for 80 min, filtered, the filtrate was added to a suspension of 6 g
of Enzacryl AA (Koch-Light) in 40 ml of dimethylformamide and the mixture was
stirred gently for a further 3 h. The Enzacryl-affinant was then washed with dimethyl-
formamide (5 x 100 ml), dioxane (3 x 100 ml), water (6 X 100 ml) and 0.015 M
phosphate buffer (pH 7.2) with 1 mM EDTA.

After the affinity chromatography had been performed, the following sequence
of solvents was used for regeneration of the Enzacryl-affinant: 6 M urea, water,
dioxane, dimethylformamide, water and buffer.
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Purification of SHBG

The serum obtained from pooled placental blood collected at full-term deliv-
eries was first freed from endogenous steroids by treatment with charcoal'®. As con-
firmed with trace amounts (0.1 xCi) of labglled testosterone, less than 0.0149, of
testosterone was retained after such a treatment. Steroid-free serum was then precip-
itated twice with equal volumes of saturated ammonium sulphate solution and the
final precipitate was redissolved in 0.015 M phosphate buffer with 1 mM EDTA
(one quarter of the serum volume). The globulins were then dialyzed with deminer-
alized water on a Sephadex G-25 column (40 x 2.5 c¢cm) and the 60-ml fraction follow-
ing the void volume (70 ml) was taken for affinity chromatography.

The sample was suspended with Enzacryl-affinant (6 g) in phosphate buffer
(10 ml) and, after gentle stirring for 1 h at 4°, was allowed to stand overnight at 4°.
The mixture was then applied on a chromatographic column with a sinter (3 cm
diameter) and, after the bed had settled, the proteins were eluted step by step with
0.015 M phosphate buffer containing 1 mM EDTA and increasing concentrations of
potassium chloride (0, 0.2 and 1.0 M) at 4°. Concomitantly, an aliquot (10 ml) of a
dialyzed globular fraction of serum was suspended with untreated Enzacryl AA (1 g)
and then eluted with the same buffers as above as the “Enzacryl control”. The flow-
rate was 1 ml/min. The Enzacryl-affinant with bound protein was then transferred
into a flask to which testosterone with a trace amount of radioactive testosterone in
buffer was added (600 ug of testosterone and 0.6 uCi of [*H]testosterone were dis-
solved in 60 ul of ethanol and 60 ml of 0.015 M phosphate buffer with 1 mM EDTA
and 0.2 M potassium chloride). After stirring for 1 h at room temperature, the
solution was allowed to stand overnight at 4° and then separated on a Biichner funnel.
The steroid was removed by treatment with charcoal as described previously!® and
the solution was lyophylized. In an aliquot, the radioactivity before and after charcoal
treatment was measured in order to check for the complete removal of the steroid.

Determination of binding capacity and binding affinity

Both the testosterone binding capacity (TeBC) and testosterone binding affinity
(TeBA) were determined by Sephadex gel dialysis in a batchwise fashion according
to Pearlman et al.3. In this method (Method I in ref. 3), a ten times larger amount
of testosterone, i.e., 10 ng, was used.

The method of Lowry er @l.%, with human serum albumin as a standard, was
used for quantification of proteins.

Isoelectric focusing

After dialysis on Sephadex G-25 followed by lyophylization, an equivalent of
20 ml of purified SHBG (TeBC = 215 ng; protein content 3.3 mg) with 1 uCi of
[®H]testosterone in 1.5 ml of water was subjected to isoelectric focusing on a 5%
polyacrylamide gel column (12 x 0.8 c¢m) containing 2% of Ampholine, pH 3-10
(LKB, Stockholm, Sweden). The initial voltage of 10 V/cm was gradually increased to
35 V/em during 10 h; the current did not exceed 1 mA per column. The course of the
pH gradient was determined according to Finalayson's. After staining with Coomassie
Brilliant Blue R-250 (ICI, Dyestuffs Division, Manchester, Great Britain)'®, the pat-
tern was cut into 3-mm segments, which were transferred into counting vials, the gel
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was solubilized according to Caputo and Hosty!” using NCS solubilizer (Amersham-
Searle, Arlington Heights, Ill., U.S.A.) and the radioactivity was measured.

Determination of displacement of [*H Jtestosterone from purified SHBG by various
steroids

The relative displacement effect of various steroids was assessed according to
Heyns et al*. Briefly, the procedure was as follows. Increasing amounts (2-100 ng)
of various steroids were added with stirring to the system containing a constant
amount of purified protein (1 ml; TeBC = 10.73 ng), [*H]testosterone (50 000 dpm)
and Sephadex G-10 (100 mg) in a total volume 2 ml. After equilibrium had been
achieved, the radioactivity in the supernatant was measured. The amount of each
steroid producing the same displacement as 2 ng of testosterone was determined.

Radioactivity measurements

The radioactivities of both *H and *C were measured on a Betaszint BF 5000
liquid scintillation spectrometer (Berthold, Frieseke, Wildbad, G.F.R.) withacomputing
programme for the calculation of disintegrations per minute using the external stan-
dard channels ratio method. The scintillation fluid consisted of 4 g of PPO and 50 mg
POPOP in 1 1 of toluene. When aqueous samples (below 0.3 ml) were measured, a
scintillation fluid containing 25 %, (v/v) of ethylene glycol monomethyl ether was used.

RESULTS

Determination of the coupling of affinant to Enzacryl
As 5-androstene-33,178-diol 3-hemisuccinate did not differ from S5a-andros-

tane-3a,17p-diol 3-hemisuccinate in its binding affinity to SHBG (see below), [“C]-
5-androstene-35,175-diol 3-hemisuccinate was used for the determination of coupling
to Enzacryl. A 15-mg amount of labelled hemisuccinate with a specific activity of
0.088 uCi/mg was coupled with 100 mg of Enzacryl as described above. The Enzacryl-
affinant complex was then washed thoroughly with dimethylformamide, dioxane and
water until no radioactivity could be detected in the effluent. The remaining Enzacryl
with covalently bound steroid was then subjected to hydrolysis with 10% hydro-
chloric acid in methanol and the hydrolysate was extracted with dichloromethane.
After evaporation of the solvent, the radioactivity in the dry residue was measured.
The value of 34,000 dpm found corresponded to 195 ug, i.e., 0.5 umole of steroid
bound to 100 mg of polymer. s
, In order to exclude the participation of physical adsorption, the same amount

of labelled steroid was added to a suspension of Enzacryl AA in dimethylformamide
without the addition of a condensation reagent (dicyclohexylcarbodiimide) and
washed successively as above. The solid was hydrolyzed and the radioactivity in the
hydrolyzate was measured ; none was found.

Purification of SHBG

In a typical procedure, 40 ml of placental serum was worked up in one step.
After removal of endogenous steroid with charcoal, the serum was precipitated twice
with ammonium sulphate and the precipitate of globular proteins was dialyzed on
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Sephadex G-25. The dialyzate was then applied in a batchwise fashion on Enzacryl-
affinant and washed successively with 0.015 A phosphate buffer (pH 7.2) containing
I mM EDTA and increasing concentrations of potassium chloride (0, 0.2 and 1.0 M).
Simultaneously, an aliquot of the dialyzed protein mixture was applied on the column
with untreated Enzacryl AA and worked up as above as an “Enzacryl control”, in
order to exclude non-specific adsorption. The bound protein was released by treat-
ment with a concentrated testosterone solution containing trace amounts of labelled
hormone. The steroid was removed again with charcoal. The completeness of the
steroid removal was checked by measurement of tracer radioactivity ; practically none
could be detected after charcoal treatment.

In all fractions, including those of the “Enzacryl control”, both the total pro-
tein concentration and the testosterone binding capacity were determined. The results
obtained after individual purification steps are summarized in Table I. In the “Enza-
cryl control” pattern, almost complete recovery of TeBC was achieved within the first
two fractions. As demonstrated in Table I, a product with a TeBC of 66 ng of bound
testosterone per milligram of total protein was obtained, which corresponds to ap-
proximately 63-fold enrichment of the required protein.

TABLE I
SCHEME FOR PURIFICATION OF SEX HORMONE BINDING GLOBULIN
Treatment Volume  Total protein  Testosterone binding capacity
(ml) content (mg) :
Total TeBC Specific TeBC
(ng) (ng/mg protein)
Initial serum 40 4068 4280 1.05
Ammonium sulphate precipitation
(globular fraction) 10 1530 4210 235
Dialysis on Sephadex G-25 68 1000 4148 4.15
Fractionation on Enzacryl-affinant:
fraction 1 (0.015 M phosphate buffer) 88 455 1804 3.96
fraction 2 (0.015 M phosphate buffer) 100 52 133 2.56
fraction 3 (0.015 M phosphate buffer
with 0.2 M KCI) 100 195 386 1.98
fraction 4 (0.015 M phosphate buffer
with 1.0 M KCI) 100 133 380 2.86
fraction 5 (0.015 M phosphate buffer
with 1.0 M KCI) 100 83 35 0.42
fraction 6 (0.015 M phosphate buffer
with 1.0 M KCl) 100 5 0 —
Elution with testosterone solution and

removal of steroid with charcoal 80 13 858 66.0

Characterization of purified SHBG

The binding affinity expressed as an intrinsic association constant at 25° with
testosterone as a tracer was determined in both a globular fraction of placental serum
and purified material. The respective values (mean of five determinations, 4 S.D.)
were 3.4 4- 0.43-10% and 1.92 4~ 0.28-10® 1/mole. In both instances, complete loss of
binding affinity after heating to 60° occurred.
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The relative displacing effect of various steroids as a percentage (the testoster-
one effect being taken as 1009;) is shown in Table II.

Isoelectric focusing of purified protein showed only two bands: the first in
the area between p/ 5.2-5.5 and the second at the cathodic end area, corresponding to
immunoglobulins. The radioactivity distribution showed two peaks, the first, probably
the unbound testosterone, containing more than 709 of the total radioactivity was
located as a diffuse band in the anodic area, and the second peak was associated with
the band of p/ between 5.2 and 5.5.

TABLE II

RELATIVE DISPLACEMENT OF [FH]JTESTOSTERONE BY VARIOUS STEROIDS
Testosterone effect is taken as 100 %.

Steroid Relative displacement (%)
Testosterone 100
5a-Androstane-3a,178-diol 106
5-Androstene-34,178-diol 98
5a-Androstane-3a,17f-diol 3-hemisuccinate 2.6
5-Androstene-3,178-diol 3-hemisuccinate 2.5

17p-Oestradiol 58
4-Androstene-3,17-dione 1.8

Cortisol <0.1

DISCUSSION

Using Enzacryl AA with covalently attached 3-hemisuccinate of 5a-androsta-
ne-3a,178-diol, approximately 63-fold enrichment of SHBG was achieved in one
step. Under the conditions used, approximately 84 9, recovery of the initial testoster-
one binding capacity was obtained and in the highly purified form about 209 of the
binding capacity was found (Table I).

In order to establish a reliable technique for the release of SHBG from its
binding to Enzacryl-affinant, various procedures involving changes of pH and ionic
strength as well as elution with buffered solutions of various 17f-hydroxysteroids
were tried. The most effective method appeared to be elution with a concentrated
aqueous testosterone solution. A disadvantage of this procedure was the neccessity
for intensive treatment with charcoal in order to remove the steroid moiety, in which
a certain loss of binding capacity may occur.

The isoelectric focusing and the displacement experiments and the binding
constants found confirmed the identity of SHBG in the purified fraction. The p/ value
of the band associated with radioactivity was in accordance with that reported previ-
ously for SHBG®. However, this method also revealed that some by-products with
the mobility of immunoglobulins accompanied SHBG and could not be separated
completely by the described method.

In addition to its convenient flow properties, another advantage of Enzacryl
AA is its ability to give direct attachment of known amounts of steroid ligands. A
ligand concentration of 30 umole of S-androstene-3(,178-diol 3-hemisuccinate per
6 g of Enzacryl AA was obtained.
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Although the displacing ability of androstanediol 3-hemisuccinate is not very
high (2.5 9; relative to testosterone, see Table II), this derivative seems to be a reliable
affinant, because, on the other hand, the binding protein can be released without great
difficulty. In general, very strong binding of protein to the affinant is undesirable, as
was found by experience with the affinity chromatography of oestradiol receptors on
Sepharose derivatives?.

Previously, Enzacryls had been used only for immobilization of biopolymers,
especially enzymes. In the present study, Enzacryl AA was used for the affinity chro-
matography of selective steroid—carrier protein.

In comparison with other polymers used for affinity chromatography, Enzacryl
seems to have several advantages, as follows. The synthesis of Enzacryl-affinant does
not require previous activation of the carrier and the steroid is bound covalently in
good yields. The resistance of Enzacryl AA to organic solvents permits the effective
removal of physically adsorbed ligands without the use of large volumes of solvents.
An enrichment of protein could be achieved by a relatively simple and rapid pro-
cedure.
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SUMMARY

A sensitive gas chromatographic method for the determination of methyl-
mercury concentrations in milliliter samples of whole blood is described. The method
employs oxalic acid as a hydrogen ion source, potassium iodide as a halide ion source,
sodium hydroxide to remove unwanted impurities and radioactive 2°3Hg for the precise
calculation of recovery. Ethylene glycol succinate (2 %) on a solid support of Chro-
mosorb G or Chromosorb T was used as column packing. The advantages and dis-
advantages of both these packing materials are discussed.

INTRODUCTION

For some time we have employed gas chromatography for the determination of
methylmercury in biological materials. There are a number of published methods for
the measurement of methylmercury in samples where its concentration is of the order
of 0.1 ug/g of sample; for such samples, we have normally used a simple modification
of the West66 method!. This proved to be adequate until we attempted to extend it
to the measurement of methylmercury in blood of normal populations. By a series of
modifications we can now make reliable estimations of methylmercury in samples
containing as little as 1 ng. Although the method was originally developed for appli-
cation to blood, it is also applicable to most other biological materials.

EXPERIMENTAL

Materials

The following material was used: Oak Ridge tubes, polypropylene, capacity
50 ml; each tube was discarded after a single extraction. Pyrex glass tubes (16 X
150 mm) equipped with PTFE-lined screw caps. Disposable glass pipettes of capacity
1ml and 2 ml obtained from Kimble Glass, Inc.

* Present address: Department of Biology, Ramapo College, Mahwah, N.J. 07430, U.S.A,
** Present address: Toxicology Laboratory, Memorial Hospital, Springfield, Ill., U.S.A.
*** To whom requests for reprints should be addressed.
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The following reagents were obtained from Fisher Scientific Co., Fair Lawn,
N.J., U.S.A.: benzene, spectroanalyzed; urea, A.C.S. certified; oxalic acid, certified,
anhydrous; potassium iodide, A.C.S. certified; 30% ammonium hydroxide, A.C.S.
reagent grade.

L-Cysteine (free base) was obtained from Sigma Chemical Co., St. Louis,
Mo., U.S.A.; high-purity nitrogen (dry) from Linde Division, Union Carbide Corpo-
ration, New York, N.Y., U.S.A.; and methylmercury chloride from K and K Labo-
ratories, Inc., Plainview, N.Y., U.S.A. The methylmercury salt was recrystallized
from 1009, ethanol before use.

Methyl[?*Hg]mercury chloride was obtained from New England Nuclear,
Boston, Mass., U.S.A.; sepcific activities were in the range of 1.5 to 5.0 mCi/mg of
mercury. If necessary, this material was purified by extraction into benzene.

Methods

All columns used were 6 ft. by 4 mm L.D. coiled glass. The columns may be
packed with either of two packing materials that we have found to be suitable for meth-
ylmercury separation and analysis. The first of these is a liquid phase of 2% ethylene
.glycol succinate (EGS) on a solid support of Chromosorb G (AW-DMCS) 60-80
mesh (Hi-Eff 2B, Applied Science Labs., State College, Pa., U.S.A.). The second
packing material is Chromosorb T (PTFE), 40-60 mesh (Applied Science). Both
materials may be packed by the same basic method. The Hi-Eff 2B, however, is
more convenient in that it flows freely and may be used easily at room temperature.
The Chromosorb T, on the other hand, should be stored in a freezer and packed in a
cold room at 0-5°. Packing material is added with the aid of vibration and vacuum
until all but about 10 cm of the column has been filled. A small plug of quartz wool
is placed directly over the packing, and approx. 6 cm of solid, ground potassium iodide
sifted through an 80-mesh screen, is put on top of this plug and secured by another
quartz wool plug. The columns are conditioned for 36 h at 30° above the normal
operating temperature with a nitrogen flow-rate of 20-40 ml/min in the Packard,
Model 7401, gas chromatograph. Detectors are left disconnected during the con-
ditioning period.

After conditioning, the detector is connected and the chromatograph is ad-
Jjusted to normal operating conditions. For the Hi-Eff 2B column, the detector and
inlet temperatures are set at 180° while the oven is maintained at 150°. The gas flow-
rate is 100-120 ml/min under a pressure of 36 p.s.i. The Chromosorb T column is
operated at 100° for the inlet and detector, with the oven set at 70° and the gas flow-
rate at 80 ml/min. Usually, an additional period of 24 h is required to establish equilib-
rium and a constant baseline. A series of injections of a methylmercury halide stan-
dard should complete the column preparation. It seems that, normally, 5-10 of these
injections (1-5ng per injection) are sufficient, but it is advisable to continue the
injections of standard until a constant peak height is obtained. The electron-capture
detector (150-mCi tritium foil) is operated at a suppression current of 10--2 x 10-7
A at a potential of 3-7 V.

Sample preparation. The sample (normally 1.0 ml) of heparinized whole blood
is placed in a 50-ml polypropylene Oak Ridge tube, and a 10-ul aliquot of spike (a
solution containing less than 1 ng of methyl[?**Hg]mercury, approximately 3000
dpm) is added by means of an Eppendorf pipette. The spiked blood is mixed and
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allowed to stand for 15 min, then 8 ml of 8 M urea, 2 ml of 1 M oxalic acid, 1 ml of
1 M potassium iodide and 15 ml of benzene are added and the tube is capped and shak-
en for 10 min on a Thomas-Boerner shaking apparatus; it is then centrifuged at
15,000 g for 10 min in a Sorval superspeed centrifuge. The benzene layer is transferred
with Pasteur pipettes to a second Oak Ridge tube, and another 15 ml of benzene are
added to the sample, which is shaken and centrifuged as before ; the two benzene layers
are combined. To the tube containing the 30 ml of benzene is added 1 ml of 0.1 M
sodium hydroxide, then the tube is capped, shaken for 5 min and centrifuged for 5 min
at 3000 g. The sodium hydroxide layer is removed with Pasteur pipettes and discarded.
To the washed benzene is added 1 ml of 1.5% alkaline cysteine solution (adjusted to
pH 10 with ammonium hydroxide), and the tube is capped, shaken for 10 min and
centrifuged at 3000 g. The cysteine layer is removed and placed in a 15-ml glass tube
equipped with a PTFE-lined screw cap. To this tube are added 1 ml of 1 M oxalic
acid, I ml of 1 M potassium iodide and 1 ml of benzene, and the tube is capped, mixed
in a vortex mixer for 10 min and centrifuged at 3000 g for 5 min. The benzene
layer is then removed by Pasteur pipette and placed in a small culture tube, and this
tube is corked. Finally, this benzene extract is counted in either a Packard Model
3002 Auto-gamma spectrometer, or in a Packard Tri-Carb liquid scintillation spec-
trometer.

Analysis and calculations. A standard curve is established for the present con-
ditions of the column before each day’s determinations. Depending on the status of
the column, the methylmercury peak appears 1.5 to 2 min after injection on the EGS
column and after about 30 sec on the PTFE column. The amount of methylmercury
per injection is determined by reading the height of the peak directly from the chart
paper and comparing the peak height of the unknown sample with the peak heights
of the standard curve. The percentage recovery for each extraction is determined by
measuring the cpm in the final benzene solution in comparison with that for the 10 ul
of added spike. Relevant calculations for the method are as follows:

" __ cpm in final benzene x 100
Recovery of methylmercury, % o= o 1o 100 soilks 6}

Total weight of methylmercury = methylmercury injected, ng/ul
in sample, ng

100041 1ml x 100

1ml recovery, %
methylmercury injected, ng .
- recovery, % o
b o (2)

. total wei f methyl i 1
Muihylmesony content i = otal weight of methylmercury in sample 3)

sample, ppb weight of sample, g

RESULTS AND DISCUSSION

We have successfully developed a system for the analysis of methylmercury
in blood. In order to do so, it was necessary to make some rather intricate modifi-
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cations of earlier methods. Regardless of how trivial some of these changes may ap-
pear, no alterations were incorporated unless they were found to improve signifi-
cantly the over-all method.

There are several methods for measuring methylmercury in fish and tissue
samples where levels are of the order of 0.1 ppm. An original attempt to apply such
a method to the determination of methylmercury in blood led to low recovery. Since
concentrated urea solutions tend to uncoil proteins, it was thought that such treat-
ment might increase methylmercury recoveries. Theoretically, uncoiled proteins
would expose more of the methylmercury-binding sites for extraction; therefore, 8 M
urea was used as the hemolyzing agent, rather than distilled water. Although recov-
eries were not greatly increased, the initial benzene extract from blood was much
cleaner, and on this basis the use of urea was continued. For samples other than blood,
however, water is still the preferred medium for homogenization.

In spite of the assistance of urea, the benzene after extraction contained numer-
ous colored impurities. Interestingly, the brown impurities were carried through the
remainder of the extraction procedure along with the methylmercury. From the first
benzene solution they were extracted into the alkaline cysteine solution, and, on acidi-
fication of the cysteine layer, the impurities passed to the final benzene extract. The
apparent affinity of the impurities for alkaline aqueous solutions suggested the use of
an alkaline wash, and 1 ml of 0.1 M sodium hydroxide was found to remove practical-
ly all the interfering impurities. Unfortunately, a max. of about 109, of the methyl-
mercury present was lost in the alkaline wash.

Mineral acids were an additional source of contamination. Commercially
prepared halogen acids are routinely used for extraction of methylmercury from such
biological samples as fish, but benzene extracts of hydrochloric, hydrobromic and hy-
driodic acids yield small interfering peaks on the gas chromatogram, especially at
high sensitivity settings. In addition to interfering peaks, these acids give extensive
late peaks. Commercially available mineral acids were thus unsatisfactory, and the
use of a high-purity organic acid to adjust the pH seemed reasonable, as long as a
source of halide ions was added to allow extraction of the methylmercury. Oxalic acid
was chosen, primarily because of its insolubility in benzene, which prevented extrac-
tion of the acid into the benzene layer. Potassium iodide was superior to sodium
chloride as a halide source in that it led to better recoveries; the use of sodium
iodide was not attempted. Use of oxalic acid and potassium iodide as acid and halide
sources has, in our hands, increased the average recovery by as much as 10%.

The extraction of methylmercury as the iodide form necessitates the measure-
ment of standards in the iodide form as well. Consequently, a pre-pack of a few
centimeters of finely ground potassium iodide was incorporated into all columns.
Methylmercury chloride is presumably converted into the iodide form by ion ex-
change on the column; thus, the more stable methylmercury chloride can be used
in standard solutions.

Usually, 80 to 909 of the methylmercury in the sample is extracted with the
first portion of benzene, and the second benzene extraction removes the remainder.,
As previously stated, the sodium hydroxide wash removes about 109, of the methyl-
mercury. The cysteine extraction effectively removes all the methylmercury from the
benzene, but large recovery losses can be encountered during the final step. The
addition of cadmium chloride or mercuric chloride to the cysteine to occupy the ex-



GC OF METHYLMERCURY IN BLOOD 69

cess —SH binding sites may possibly facilitate the partition of methylmercury into
the final extract, but the effect is not marked with the current protocol.

When dealing with volunteers or patients, the smallest workable sample of
blood is desirable. Usually, 1 ml is enough for this method, but the sample size may
easily be extended to 2 or 3 ml, and even 5-ml samples can be handled with little
modification of the method.

Although recovery rates are improved by this method, the large number of steps
and the extensive handling of the samples required for this type of procedure make
partial recoveries almost inevitable. Recovery rates from blood average 60 to 70%, on
routine samples, but have reached as much as 95%,. The potential scatter is large, and
in consequence it was necessary to find a technique that allowed suitable corrections.
Monitoring with methyl[?**Hg]mercury solved this problem, and periodic evaluation
of each extraction step was possible. Normally, less than I ng is added to the sample
before extraction. The specific activity is such that this amount corresponds to at
least 3000 dpm. For samples of very low methylmercury content correction is made
for the added spike.

The EGS columns, once conditioned and functioning properly, have proved
somewhat superior to Chromosorb T in routine use. They are capable of absorbing
large amounts of discolored or water-saturated solutions without extensive loss of
sensitivity, and they generally give better peak separation than does PTFE. The
PTFE columns, on the other hand, have several advantages over the EGS columns.
Retention times are shorter, retention of methylmercury being approximately 30 sec
as compared with 1.5 to 2 min for the EGS columns. Whereas EGS columns can handle
only 2000 to 3000 sample injections before replacement becomes necessary, the PTFE
columns may last indefinitely with cautious treatment and may be removed from the
oven without deleterious effects. At optimal operating conditions, either column allows
detection and measurement of organomercurials in blood samples from normal
populations, but PTFE has the potential of providing twice the sensitivity of EGS.
However, if the balancing current is not above 10-7 A at the start of the analysis, the
foil and the anode probe must be cleaned with ferric oxide or replaced.

It is important to emphasize that the extraction procedure is not specific for
methylmercury, but works equally well for other organomercury compounds; in-
deed, ethylmercury is detectable at somewhat lower levels than methylmercury. In
addition, although the method was developed for application to blood, it is equally
suitable for measurement of organomercury compounds in any biological sample that
lends itself to a benzene extraction. It has been successfully applied to wheat, fish
and a variety of other tissue samples, and comparison with the values for “organic”
mercury obtained as the difference between total and inorganic mercury as deter-
mined by atomic absorption shows good correspondence. In samples from a number
of populations studied jointly with Dr. T. W. Clarkson?, it appears that the amount
of methylmercury determined by gas chromatography is sufficient to account for all
organic mercury in the blood.
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Note

A syringe holder modification to the Hewlett-Packard 7671A Autosampler
to allow the use of more robust syringes

PETER G. ROBINSON
Department of Paediatrics, School of Medicine, University of Auckland, Auckland ( New Zealand)
(Received May 13th, 1974)

A problem which has been experienced with the Hewlett-Packard Model 7671A
Autosampler is the tendency for syringe needles and/or plungers to be bent during
operation. This can be due to a variety of causes, including incorrect alignment of
the injection unit, a too viscous sample, a too rapid plunger speed and a dirty syringe
needle or barrel. After attempting the remedies suggested in the appropriate manual*
without success, it was decided to modify the syringe holder assembly to take Scientific
Glass Engineering (S.G.E., Melbourne, Australia) Type A 5- or 10-ul fixed needle
syringes. These have stronger plungers and needles than the syringes normally sup-
plied with the Autosampler.

The modified syringe holder is shown in Fig. 1. The body of the holder is made
from brass tubing, 62 mm X 11 mm O.D. x 8.5 mm L.D. A 30-mm length of brass
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Fig. 1. Modified syringe holder.
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rod of 20 mm diameter was turned on a lathe to provide the knurled knob at the top
and the threaded portion was drilled out to 8.5 mm I.D. The lower 7 mm was
then drilled out to 11 mm to take the brass tubing and the two pieces were sweated
together.

A brass plug with a 1-mm hole in the centre was then fitted to the bottom of
the brass tube as shown. Finally, a section of the brass tube was cut out to enable
the graduations on the syringe to be read once placed in the holder.

To instal the modified holder in the Autosampler requires expansion of the
hole in the syringe casting (Part 07671-20160, Fig. 6-7, ref. 1). This was easily accom-
plished with a 1-cm circular file. The holder is then held in place with a washer and
hexagonal brass nut.

The syringe is held firm in the holder by inverting the syringe bracket (Part
07670-20650), placing a rubber or asbestos washer on top of the syringe and screwing
the bracket down tightly.,

To enable the plunger to reach the zero mark on the syringe once clamped in
the plunger holder, the top 1 cm of the syringe must be broken off. This is easily
accomplished with a triangular file and glass-blowing torch.

Fig. 2. Modified syringe holder and S.G.E. 10-u! syringe installed in a Hewlett-Packard Model 7671
Autosampler,
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The modified syringe holder and syringe are shown installed in the Hewlett-
Packard 7671 Autosampler in Fig. 2.

Since this modified syringe holder has been in use with S.G.E. 10-ul syringes
(about 4 months) we have had no bent or broken plungers or needles.

S.G.E. have recently developed a series of syringes (0.4-5-ul plunger-in-needle
and 10-ul removable needle) designed for use with the Hewlett-Packard 7670 and
7671 Autosamplers using the 1-ul adaptor supplied with the sampler. We have tried
one of these (a 5-ul No. SBL-FV23 kindly donated by S.G.E.) with satisfactory results,
but we feel that the modification described in this paper offers greater support for
the syringe and needle than when the 1-ul adaptor is used and also allows the use of
cheaper syringes, thus offsetting the cost of the modification.

REFERENCE
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Use of a Peltier unit as a solid-state heat of sorption detector

SAM N. PENNINGTON
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(U.S.A.)

(Received May 10th, 1974)

The thermal conductivity.detector has been a standard in the area of measure-
ment of fixed gases and is still the method of choice in a wide number of inorganic
separation techniques. This detector is relatively simple, rugged and easy to operate
and at the same time provides reasonable sensitivity. We have been interested in gas
phase detectors that were capable of operating under adverse conditions in either
continuous or discrete sampling modes. We have found that a thermal detector may
be built using a commercially available Peltier unit (Asarco Intermetallics, New York,
N.Y., U.S.A.). The detector is based upon the heat of sorption between the sample in
a flowing gas stream and the sorptive material packed into the detector volume. The
principle is somewhat analogous to the Varian Associate’s liquid chromatography
detector which uses thermistors as a detector element.

MATERIALS AND PROCEDURES

Apparatus

A Varian dual-column gas chromatograph with dual thermal conductivity
(TCD) and flame ionization detectors was used. The chromatograph was equipped
with two 6-ft. X 1/4-in.-O.D. Teflon (DuPont, Wilmington, Del., U.S.A.) columns
packed with Poly Pack 2 (Hewlett-Packard, Avondale, Pa., U.S.A.).

Operating conditions were as follows: carrier gas, helium at 50 ml/min;
column temperature, 90° (isothermal); detector temperature (TCD), 90°; detector
temperature (sorption), ambient; injection port temperature, 140°; attenuation
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ABSORPTIVE

t
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(4mm ad.)

Gtass ¢ |
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Fig. 1. Construction of the sorption detector.
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(T.C.), X 156; attenuation (sorption), direct to recorder; chart speed, 1 in./min;
recorder (Texas Instruments, dual pen), 1 mV,

The sorption detector was constructed as shown in Fig. 1. The device is
obviously extremely simple and care need only be taken to assure a leak-free connec-
tion between the Peltier unit and the glass tube and to be sure that cadmium solder
(low noise) is used in all electrical connections.

In the operation shown, the glass tube of the detector was attached to the
effluent of the TCD such that samples leaving the TCD passed immediately into the
sorptive detector.

RESULTS AND DISCUSSION

Two applications of the detector were attempted. In the first a 5A molecular
sieve material was used to pagk the detector volume. The use of this arrangement to
detect water vapor in air is shown in Fig. 2. The usual adsorption-desorption curve
for the water vapor was observed with reasonable sensitivity when one considers that
the cost of the detector materials is less than $ 20.00, exclusive of the recorder.

(a)

(b)
IRIE

10 12 14 10
Time { minutes )

Fig. 2. Separation of water vapor in air. The column used was as described in the text. (a) Response
of the TCD. (b) Response of the sorption detector packed with 5A molecular sieve.

In the second application, shown in Fig. 3, a more unique application of the
detector is shown using the same samples. In this case the detection volume is packed
with activated alumina. It is apparent that in this mode the detector responds only
to the water vapor and thus the same determination may be made without the use of
a column.

In addition, the use of alumina to detect water eliminates the bothersome
desorption curve.

It is thus felt that the design offers certain advantages in applications where
extreme simplicity and rugged design, coupled to reasonable sensitivity, are required.
In addition, the sensitivity of the device could be enhanced by the use of a d.c.
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(2)
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Fig. 3. Selective response of the sorption detector. (a) Response of the TCD. (b) Response of the
sorption detector (alumina). It is apparent that only water vapor gives a response in the sorption
detector.

amplifier in front of the recorder; however, this would greatly increase the cost and
complexity of the system.
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Gas chromatography of higher polyamines on Tenax-GC columns

LEONARD H. PONDER
American Enka Company, Enka, N.C. 28728 (U.S.A.)
(Received May 13th, 1974)

In this journal Casselman and Bannard! have reported the separation of poly-
amine mixtures by gas chromatography using three polymer packings. Specifically,
aliphatic amines up to but not including tetraethylenepentamine (TEPA) were sepa-
rated without the problems associated with coated diatomaceous earths and PTFE
packings. However, TEPA was not eluted from those workers’ columns of Porapak Q,
Porapak Q impregnated with KOH, and Chromosorb 103.

This note reports the successful elution of TEPA and the resolution of several
components in samples of TEPA and triethylenetetramine (TETA) using the chro-
matographic packing Tenax-GC, a porous polymer based on 2,6-diphenyl-p-phenylene
oxide developed by Van Wijk2,

EXPERIMENTAL

Tenax-GC, 60-80 mesh (Applied Science Labs., State College, Pa., U.S.A.),
was packed by conventional means into a 5-ft. length of 1/8-in.-O.D. (0.055-in.-1.D.)
stainless-steel tubing. The column was coiled and installed in a Model 1520 flame
ionization chromatograph (Varian, Walnut Creek, Calif., U.S.A.) with one end of
the column fitted within the injector to allow for on-column injection. Injector and
detector temperatures were maintained at 300° and the carrier gas (helium) at 50 ml/
min. The polyamines TEPA and TETA were obtained from Dow Chemical (Mid-
land, Mich., U.S.A.).

RESULTS AND DISCUSSION

A chromatogram (Fig. 1) of TEPA obtained by temperature programming
showed several peaks which are thought to be position isomers®. Similar results were
obtained for TETA without overlapping of any of the major peaks’ retention times
in the two chromatograms.

At higher temperatures and under isothermal conditions, TEPA and TETA
gave individual sharp peaks which may exhibit only very small skewness similar to
that obtained by Casselman and Bannard for later eluting polyamines.

Even when the temperature program was extended to 350° there was no
column bleed detected under the most sensitive detector conditions.
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Fig. 1. Temperature-programmed chromatogram of TEPA. Injection, 1 ul of a 10% solution, Tem-
perature program, 10°/min for 13 min, then 6°/min to 300°.

Tenax-GC offers a thermally stable column for gas chromatographic sepa-
ration of higher polyamines and also may be used to examine and compare individual

polyamines.

REFERENCES

1 A. A. Casselman and R. A. B. Bannard, J. Chromatogr., 88 (1974) 33.

2 R. van Wijk, J. Chromatogr. Sci., 8 (1970) 418.
3 L. Bergstedt and G. Widmark, Acta Chem. Scand., 24 (1970) 2713.



Journal of Chromatography, 97 (1974) 79-82
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 7560

Note

Quantitative determination of semivolatile compounds in cigarette smoke
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The term “semivolatiles” is used to describe the volatile fraction of the par-
ticulate phase of smoke!, and this fraction includes compounds with boiling points
up to 250°. Graham?®?® used a fraction trapping and transfer device with two gas
chromatographic (GC) columns to separate fractions of the semivolatiles. Six fractions
of this portion of smoke were analyzed by Neurath ez al.* using column chromato-
graphy followed by gas chromatography-mass spectrometry (GC-MS). Grob and
Vollmin® analyzed the semivolatiles on a single chromatographic column without
prior fractionation. The objective of this work was to develop a GC analysis that
would serve as a fingerprint of this fraction of smoke and which could be used for
the quantitative determination of certain semivolatile compounds.

EXPERIMENTAL

Sample preparation

An internal standard was needed to perform the comparative and quantitative
analyses. Undecane (99 9; pure, Chemical Samples Co., Columbus, Ohio, U.S.A.) was
used as the internal standard because it did not interfere with any peak of measurable
size in the chromatogram. The internal standard solution was 14.8 ug of undecane/ml
of a 1:1 mixture of acetone-methylene chloride.

One brand of domestic filter blend cigarettes was used to obtain the quanti-
tative data. A cold trap® containing 4 ml of the internal standard solution was im-
mersed in liquid nitrogen. The cigarettes were smoked under standard conditions
(one 35-ml, 2-sec puff/min) to a 27-mm butt length on a Filtrona 20-port smoking
machine connected directly to the trap. The whole smoke condensed as it came into
contact with the cold glass. After forty cigarettes had been smoked into the trap, it
was disconnected from the smoking machine and was warmed to room temperature.
The whole smoke mixture was diluted to 5 ml with the internal standard solution.

Gas chromatographic conditions

An open tubular column was used for the separation of the semivolatiles. The
525-ft. X 0.012-in. L.D., glass capillary was coated with methyl silicone OV-101
liquid phase. The carrier gas, nitrogen, was regulated at a flow-rate of 1.85 ml/min
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with a split ratio of 1:1. The column temperature was maintained at 30° for 12 min
and was then programmed to 200° at 2°/min. A flame ionization detector was used
to obtain the chromatogram shown in Fig. 1.

Mass spectrometric conditions

Mass spectra were recorded for the separated components of the complex
semivolatile mixture with the Finnigan Model 1015 S/L gas chromatograph-mass
spectrometer. The mass spectrometer serves as the detector for the gas chromato-
graph, and the signal for the total ion monitor is displayed on a strip chart recorder
to obtain the chromatogram.

Quantitative data

Known amounts of the semivolatile compounds were added to portions of
the internal standard solution. Three solutions, having approximately one-half the
amount, equivalent amounts, and twice the amount of these semivolatile compounds
present in forty cigarettes per 5 ml, were prepared. Then forty cigarettes were smoked
into 4 ml of each of the three spiked solutions.

A peak height ratio between the peak height of each semivolatile compound
and that of the internal standard was determined. A calibration curve was obtained
from a plot of the peak height ratio versus the amount of the compound added. The
point for the peak height in a control sample is on the ordinate, at 0 ug spiked. The
amount of the compound in the control sample is the point where the calibration
curve crosses the abscissa’. The amounts of sixteen of these semivolatile compounds
identified are given in Table 1.

TABLE 1

QUANTITATIVE DETERMINATION OF SEMIVOLATILE COMPOUNDS IN A DOMESTIC
FILTER BLEND CIGARETTE

Compound Amount
(ng/cigarette)
Benzene 23.0
Dihydropyran 0.6
2,5-Dimethylfuran 58.0
3-Heptyne 2.0
Ethylcyclopentene 0.3
Toluene 44.0
Pyrrole 4.0
m- and p-Xylenes 19.0
Styrene 18.0
o0-Xylene 6.0
Cumene 0.8
Benzaldehyde 48.0
Benzonitrile 20.0
Limonene 64.0
Indene 2.0

p-Cresol 14.0
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RESULTS AND DISCUSSION

The objective of this work was not to identify new compounds in cigarette
smoke but to develop a rapid method to obtain an overall chromatographic picture
of the semivolatile fraction of smoke. The analysis of the semivolatiles requires
approximately 2 h and includes compounds with boiling points of 80° (benzene) to
246° (nicotine). An elaborate system of traps, extractions, valves, and chromato-
graphic columns was avoided to give a simple analysis.

The compounds identified in the semivolatile fraction and the methods of
identification are given in Fig. 1 and Table II. Certain of these compounds were
quantitatively determined on a popular domestic filter blend cigarette (Table I). This
GC method can be used to compare the amounts of these compounds in various
cigarettes.

25
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Fig. 1. Gas chromatogram of semivolatiles of a domestic blend filtered cigarette. See Table 11 for
peak identification.

TABLE II
SEMIVOLATILE COMPOUNDS IDENTIFIED IN CHROMATOGRAM IN FIG. 1
No. Compound Method of No. Compound Method of
identification ldenttﬁcattan
1 Benzene GC,MS 18 Benzaldehyde GC MS
2 Dihydropyran GC 19 C;-Benzene MS
3 2,5-Dimethylfuran GC,MS 20 Benzonitrile GC,MS
4 Vinylcyclopentene MS 21 C;-Benzene MS
5 3-Heptyne GC.MS 22 C;-Benzene MS
6 Ethylcyclopentene GC 23 Diethylbenzene MS
7 Toluene GC,MS 24 Limonene GC,MS
8 Paraldehyde GC 25 Indene GC,MS
9 Pyrrole GC,MS 26 Phenol MS
10 Dimethylhexadiene MS 27 C,-Benzene MS
11 2-Methylpyrazine MS 28 Methoxyphenol MS
12 Furfural GC,MS 29 p-Cresol GC,MS
13 m- and p-Xylenes GC,MS 30 Methylindane MS
14 Styrene GC,MS 31 Methylindene MS
15 0-Xylene GC,MS 32 C;-Benzene MS
16 Cumene GC,MS 33 Naphthalene GC,MS
17 5-Methyl-2-furaldehyde = GC,MS 34 Ethylphenol MS

35 Trimethylphenol ~ MS
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Most of the values given in the literature for the amounts of these compounds
in cigarette smoke are for unfiltered cigarettes®®. Both limonene and 2,5-dimethyl-
furan (Table I) were present in the domestic filter blend cigarettes in considerably
larger quantities than reported previously. Smaller amounts of other compounds were
found because they were selectively removed by cellulose acetate filters.

A highly precise method was sacrificed for one that could be performed rou-
tinely. The compounds that are determined quantitatively are representative of
different classes of compounds containing various functional groups. Correlations
can be made between the presence and amounts of these compounds and the presence
and amounts of similar compounds known to be present in cigarette smoke.
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A new spray reagent for organosulfur compounds
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In recent years a widespread interest in the preparation, properties and chem-
istry of a-polyhalosulfoxides has developed!—12. During a recent study of the oxidative
chlorination of some organosulfur compounds!!:'? we encountered a number of
a-polychlorosulfoxides. Attempts to characterize these compounds by thin-layer
chromatography (TLC) were initially frustrated by the failure of both phospho-
molybdic acid®® and tetracyanoethylene!* sprays to visualize the spots.

Thiophenes, thiols, sulfides and disulfides have been reported!®!® to give
colored complexes when added to ammonium hexanitratocerate(IV) solution. Al-
though the thiophene complexes have some stability, the others undergo rapid
oxidation, giving rise to colorless solutions.

The addition of an alcohol to ammonium hexanitratocerate(IV) solution results
in the formation of a deep red stable complex which is the basis of a qualitative test
for organic hydroxyl groups'’-18, The formation of complexes has been rationalized
as depicted below, on the basis of titrimetric evidence.

ROH + Ce(NO,)s2~ — Ce(OR)(NOy)s2~ + H* + NO;~
EXPERIMENTAL

Chemicals

Compounds 1 and 2 (¢f. Table I) were supplied by Dr. R. W. Frei; compounds
3, 4, 6 and 10 were purchased from Eastman-Kodak (Rochester, N.Y., U.S.A.);
compounds 11 and 17 from Fluka (Buchs, Switzerland); and compound 16 was
obtained from Fisher Scientific (Fair Lawn, N.J., U.S.A.). Ammonium hexanitrato-
cerate(IV) was obtained from the BDH (Poole, Great Britain). Silica gel HF 54
was purchased from Merck (Darmstadt, G.F.R.).

Compound 5 was prepared as described by Tsung and Chi'®, compounds 7-9,
12-14 and 17 were prepared as described by Bordwell and Pitt?, or Truce ef al.*;
compounds 19-24 were prepared as we have described elsewhere!? and compound 18
was prepared as described by Tsuchihashi and Ogura®?.

The appropriate sulfinyl chlorides may be prepared as we have described
elsewhere!®. The sulfinate esters 25 and 26 are prepared by the dropwise addition of
the sulfinyl chloride to an excess of cold methanol, followed by stirring at room
temperature for 1 h, and distillation at reduced pressure.
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General procedure

The plates were made with silica gel HF 5, (750-um thickness) using a Desaga
TLC applicator. Plates were air dried for 24 h before use. A standard solution of
ammonium hexanitratocerate(IV) solution was prepared following the procedure of
Shriner et al.*8. Ammonium hexanitratocerate(IV) (40 g) was dissolved in 2 N HNO,
(100 ml). Plates were spotted with the appropriate amount of compound (see Table I),
developed 15 cm, air dried, and sprayed with ammonium hexanitratocerate(IV) solu-
tion. Spots for the non-sulfoxides appeared almost immediately as colorless areas on
a yellow background. The a-polychlorosulfoxide spots required vigorous heating on
a hot plate in order to be visualized as yellow-brown areas on a colorless background.

TABLE 1
RESULTS FOR THIOLS, SULFIDES, SULFOXIDES, AND SULFINATE ESTERS
No. Compound Solvent Color” Temp.** Rp  ugl/spot
Thiols
1 2-Benzimidazolethiol EtOAc C RT 0.89 80
2 2-Mercaptonaphthalene CHCl, C RT 0.83 92
3 3-Mercaptopropionic acid CHCl, C RT 0.18 70
4 Benzenethiol CCl, C RT 0.62 80
5 Benzylthiol CHCl, C RT 0.91 82
Sulfides
6 Di-n-butyl CCl, § RT 0.60 85
7 CH3(CH,);-S-
-CHCICH,),CH;, CCl, C RT 0.72 88
8 Phenyl trichloromethyl CCl, C RT 0.79 90
9 Phenyl chloromethyl CCl, C RT 0.49 87
10 Phenyl methyl CCl, C RT 0.74 89
11 Thiacyclopentane CCl, C RT 0.45 90
12 Bischloromethyl CeHg C RT 0.82 100
13 Methyl trichloromethyl CeHs C RT 0.89 95
14 Methyl dichloromethyl C¢H; = RT 0.72 90
15 Methyl chloromethyl C¢H, C RT 0.67 90
Sulfoxides
16 Dimethyl Acetone YB _H 0.20 90
17 Di-n-propyl Acetone YB H 0.54 92
18 Methyl chloromethyl EtOAc YB H 0.48 200
19 Methyl dichloromethyl Et,O YB H 0.49 600
20 Methyl trichloromethyl CHCl,-Et,0(4:1) YB(wk) H 0.62 1,630
21 Chloromethyl
trichloromethyl CHCl YB(wk) H 0.63 2,820
22 Chloromethyl
dichloromethyl CHCIl3-Et,0(4:1) YB H 0.55 1,630
23 Phenyl trichloromethyl CHCl, YB “H 0.61 1,300
24 Bischloromethyl Et,O YB H 0.51 600
Sulfinate esters
25 Methyl chloromethane MeOH-CHCl,(2:1) C RT 0.75 250
26 Methyl benzene CHCl, C RT 0.39 200

* Abbreviations of colors: C = colorless; YB = yellow brown; (wk) = weakly developed.
** H = vigorous heating; RT = room temperature.
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RESULTS AND DISCUSSION

Table I depicts the results obtained on a variety of sulfur functional groups
including the a-polychlorosulfoxides, which were of primary interest to us.

In contrast to these functional groups, sulfones and sulfonyl chlorides could
not be visualized with ammonium hexanitratocerate(IV) spray. Sulfinyl chlorides
could be readily visualized if sprayed prior to developing; however, development of
the sulfinyl chlorides led to decomposition so that no useful data could be obtained.

Results on TLC parallel those in solution. Unchlorinated sulfoxides give
intensely red, stable complexes when added directly to ammonium hexanitrato-
cerate(IV) solution. On the plates unchlorinated sulfoxides give orange-brown spots
upon spraying. However, a-chlorinated sulfoxides (with the exception of chloromethyl
methyl sulfoxide) fail to give the red complex or any sign of reaction at room tem-
perature. The same results arg realized on TLC unless the plates are vigorously
heated (after spraying). After vigorously heating the plates yellow-brown spots ap-
pear on a colorless background.

Sulfides, thiols and sulfinate esters give colorless spots on a yellow background
without heating. In solution the yellow reagent goes colorless in a vigorously exo-
thermic reaction immediately upon addition of a sulfide, thiol or sulfinate ester. Such
an observation, coupled with the absence of change when sulfones or sulfonyl
chlorides are added to a solution of the reagent, is consistent with the proposal of
an oxidation-reduction reaction as originally advanced by Hartough?®.

In general, one would anticipate that oxidation would proceed with more
difficulty as the electron density on the sulfur atom was decreased, thereby impairing
the sensitivity of an oxidizing spray such as ammonium hexanitratocerate(IV). Appar-
ently, simply incorporating chlorine atoms on the carbon atom « to the sulfur atom
(see sulfides in Table I), or an oxygen atom on the sulfur atom (see dimethyl sulfoxide
and di-n-propyl sulfoxide in Table I) does not sufficiently reduce the electron density
on the sulfur atom to alter the sensitivity of the spray. However, the presence of both
chlorine atoms on the a carbon atoms and an oxygen atom on sulfur significantly
reduces the electron density on the sulfur atom, thus substantially impairing the
sensitivity of the spray, as expected (see compounds 18-24 in Table I).

CONCLUSIONS

The development of ammonium hexanitratocerate(IV) solution as a spray
reagent for the detection of selected organosulfur compounds has been reported. It
is believed to oxidize the organosulfur compounds which is more difficult in the case
of sulfoxides due to the formation of stable complexes. Vigorous heating decomposes
the complexes and permits the oxidation to occur, thereby providing a means to
detect a-polyhalosulfoxides, a relatively new and interesting class of compounds.
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Synthesis of $-aminolaevulinic acid pyrroles and their separation by thin-
layer chromatography
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Department of Pharmacology, Queen’s University, Kingston, Ontario ( Canada)
(Received April 9th, 1974)

d-Aminolaevulinic acid (ALA) synthetase is the rate-limiting enzyme of por-
phyrin biosynthesis in animal, bacterial and plant cells!=1°, It catalyses the synthesis
of d-aminolaevulinic acid by the condensation of glycine and succinyl coenzyme A1,
The activity of this enzyme is increased in the livers of patients with acute inter-
mittent porphyrial?, a genetic abnormality of the regulation of heme synthesis, and
in the livers of animals rendered porphyric by means of variety of drugs, referred to
as experimental porphyrials,

Granick and Urata!4 induced an experimental porphyria in guinea pigs by the
administration of 3,5-diethoxycarbonyl-1,4-dihydro-2,4,6-trimethylpyridine (DDC)
and showed that there is a large increase in porphyrin synthesis resulting from a
greater increase in the ALA-synthetase activity in liver mitochondria. Later, working
with the elegant chick embryo liver cells technique, Granick!® showed that the in-
creased activity of this enzyme, induced by DDC, results from an increased synthesis
of this enzyme, rather than from activation of the inactive enzyme. ALA-synthetase
activity is usually measured by converting the ALA produced by the enzyme during
incubation into a pyrrole by condensation with either ethyl acetoacetate or acetyl-
acetone'®, The pyrrole formed is reacted with Ehrlich’s reagent and measured. This
interest in ALA-synthetase has prompted us to study ALA pyrroles. The purpose of
this paper is to describe the synthesis of ALA pyrroles from 6-ALA acid hydrochloride
and fS-keto esters and the use of TLC to characterize these compounds. The separation
by TLC of ALA pyrroles does not seem to have been studied. This study has given
important information regarding the effect of various ester and alkyl substituents in
the 3- and 2-positions on the mobility of the ALA pyrroles during TLC separation.

MATERIALS AND METHODS

Benzyl acetoacetate was obtained by the method described in the literature?.
Methyl, ethyl and rert.-butyl acetoacetate and ethyl propionyl and ethyl butyryl
acetate were purchased from Aldrich (Milwaukee, Wisc., U.S.A.). -Aminolaevulinic
acid hydrochloride was synthetized according to the method of Shemin et al.?. Ultra-
violet absorption spectra were determined in absolute ethanol in a Unicam SP-800
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spectrophotometer. Infrared spectra were obtained in Nujol on a Perkin-Elmer
Model 137E infrared spectrometer. All melting points are uncorrected.

Standard conditions for the synthesis of ALA pyrroles

A solution of S-diketone (0.01 mole) in 20 ml of phosphate buffer (0.25 M;
pH 6.6) was treated with equimolar amount of é-aminolaevulinic acid hydrochloride
(0.01 mole) and refluxed for 15 min. The solution was cooled and pH was adjusted
to 7. The pyrrole formed was separated by filtration, washed and crystallized from
aqueous ethanol.

Thin-layer chromatography (TLC) was carried out according to Roomi!®:1®,
A suspension of 30 g of silica gel G (E. Merck, Darmstadt, G.F.R.) in 60 ml of water
was spread on glass plates (20 X 20 cm) to a thickness of 250 um with a Desaga
applicator. The plates were dried at 105-110° for 30 min and stored in a desiccator.
A 0.19; solution of the compounds in methanol was prepared and 2 ug of each
compound was spotted 2 cm from the edge of the plate. The plate was then developed
with 150 ml of the solvent system diethyl ether-»n-hexane containing 2 % glacial acetic
acid (1:1). Usually 45 min were required for the solvent to travel a distance of 12-15
cm. The plates were then dried, sprayed with Ehrlich reagent®® and, after keeping for
5 min at 100°, the pyrroles appeared as blue spots.

RESULTS AND DISCUSSION

Fig. 1 lists the various -diketo esters used and ALA pyrroles formed and their
separation by TLC. The UV and IR spectra of these compounds are recorded in
Table I. The IR spectra of all the compounds showed bands around 3300 cm—! due
to the N-H and at 1710 and 1660 cm~! due to C=0. The UV spectra of these
compounds showed a maximum around 233 nm and a minimum around 260 nm.
Reaction of these pyrroles with modified Ehrlich’s reagent!® gave a pink solution,
which showed a maximum at 552 nm and a shoulder at 525 nm. Fig. 2 shows the
absorption spectra of ALA pyrrole obtained with fert.-butoxy ester, which has

HO,CH,CH,CCO CH,CO4R, HO,CH,CH,C COZR,
| + | ——
CH, COR,
4 A\
NH, N R
H
(1—86) (1a —6a)

Fig. 1. Reaction scheme for synthesis of ALA pyrroles and their separation by TLC. Solvent system
used: diethyl ether-n-hexane containing 2% glacial acetic acid (1:1).

No. Pyrrole Rp X 100
la R, = CH, R; = CH;, 24
2a R; = CH;, R, = C,H; 29
3a 1 = CH;, R; = CH,C;H; 33
4a R, = CH; R, = C(CHj;); 43
Sa R, = C,H; R, = C,H; 38

6a R, =CH, R,=CH; 43
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codl B 1 | - by
450 500 550 600

WAVELENGTH (nm}

Fig. 2. Absorption curve for rert.-butoxy ALA:pyrrole.

absorption maximum at 552 nm. The mechanism and the steps involved in the colour
reaction of ALA pyrroles with Ehrlich’s reagent are shown in Fig. 3.

The separation of ALA pyrroles (1a-6a) by TLC is shown in Fig. 1. 2-Methyl-
3-carbethoxy-4-propionic acid pyrrole (2a) has higher Rr value than the 2-methyl-
3-carbomethoxy-4-propionic acid pyrrole (1a) and are readily separated. Replacement
of 2-methyl in 2a by either ethyl (5a) or propyl (6a) makes it less polar and it therefore
then moves faster.

R R R R
7 \’ ~CHs 7\ A
R, * OHC—@—'N\ — R\ CH N
N CHs N CH,
H
lH+
Ry Ry Ra——FRa
c
7\ + _CH P
Ry CH N — RN CH N
~N & ~
N CHy CH,
H H

Fig. 3. Mechanism of colour reaction of ALA pyrroles with Ehrlich’s reagent.
DY

Similar substitution of 3-carbethoxy in 2a by more bulky groups, viz., tert.-
butoxy (4a) and benzyl (3a), also decreases the polarity of the compound and results
in an increase Ry value. Hence the ALA pyrroles with different esters groups (methyl
(1a), ethyl (2a), benzyl (3a) and tert.-butoxy (4a)) in the 3-position are separated from
each other. Similar resolution was achieved among the ALA pyrroles having different
alkyl substituents (methyl (2a), ethyl (5a) and propyl (6a)) in the 2-position. Thus
all the ALA pyrroles synthesized in the present investigation can be separated from
each other with the exception of 4a and 6a, which have the same Rp value.

Recently, ALA-synthetase activity has been measured in tissue obtained from
liver biopsies* and in cultured cells?223, The small amounts of tissue obtained by
these procedures generate a small amount of ALA. The assay procedure utilizes ethyl
acetoacetate to form the pyrrole prior to addition of Ehrlich’s reagent. As tert.-butyl
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acetoacetate ester gives a better yield than ethyl acetoacetate when used to form the
ALA pyrrole, this compound may be more desirable to use in assays of ALA-syn-
thetase.
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Séparations en chromatographie sur couches minces des dérivés chloro-
phylliens tétrapyrroliques et application a la recherche de ces dérivés dans
un fruit en cours de maturation™

MICHELLE DURAND et DANIELLE LAVAL-MARTIN

Laboratoire de Physiologie Végétale Appliquée, Université de Paris, Paris VI ( France) et Laboratoire
de Physiologie des Organes Végétaux (CNRS), 4 ter, route des Gardes, 92190 Meudon ( France)

(Regu le 15 janvier 1974; manuscrit modifié regu le 20 mai 1974)

La chromatographie ascendante sur couches minces est fréquemment employée
pour la séparation de faibles quantités de pigments liposolubles!. Si certains auteurs?
distinguent jusqu’a 18 pigments dans des extraits d’algues ou de fruits en cours de
maturation, d’autres®—* pensent que beaucoup de ces taches sont des produits de
transformation des chlorophylles ou des caroténoides apparus in vitro au contact des
adsorbants inorganiques.

Nous nous proposions de caractériser d’éventuels dérivés chlorophylliens de
nature tétrapyrrolique pouvant apparaitre in vivo au cours de la maturation du fruit
de Lycopersicum esculentum var. cerasiforme (tomate “cerise”). Pour cela nous avons
défini des conditions assurant la non dégradation in vitro des pigments étudiés, puis
avons appliqué, & un extrait volontairement enrichi en dérivés tétrapyrroliques arti-
ficiels, divers types de chromatographie sur couche mince. Nous avons alors sélec-
tionné celui qui donnait la meilleure séparation d’un nombre maximum de taches,
donc qui pouvait nous permettre de détecter les produits cherchés.

MATERIEL ET METHODES

Matériel végétal et extraction des pigments

La mise au point des systémes chromatographiques a été faite a ’aide d’extraits
pigmentaires de feuilles fraiches de Symphytum officinale, réalisés sous conditions
ambiantes de température, lumiére et atmosphére, de fagon a obtenir un maximum de
dérivés tétrapyrroliques. Aprés broyage au broyeur a billes (type Dangoumau) les
pigments sont extraits par de ’acétone aqueuse (concentration finale 80:20) puis
transférés dans de I’éther de pétrole (30-50°). L’extrait ainsi obtenu est évaporé a
sec et les pigments repris dans ’acétone. Lors de I’étude physiologique portant sur
des fruits lyophilisés de tomate “cerise”, pour éviter les dégradations in vitro des pig-
ments, le broyage a été fait en présence de borate d’ammonium et d’azote liquide,
P’extraction a une température voisine de 4° et a I’abri de la lumiére.

* La conception de ces méthodes revient & Noél Delaporte, décédé.
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Méthodes chromatographiques

Les essais, réalisés en chromatographie monodimensionnelle 3 I'aide de dif-
férents systémes de solvants, ont porté systématiquement sur la qualité des revéte-
ments (leur nature organique ou inorganique, leur épaisseur, leur polarité et I'impor-
tance du liquide de dispersion). Les revétements servent soit de support 4 une phase
stationnaire solide ou liquide, soit de phase stationnaire. Dans le premier cas, si la
phase stationnaire est apolaire, il s’agit d’un systéme & phases inversées, par rapport
aux systémes courants pour lesquels la phase stationnaire est polaire, la phase mobile
apolaire. La nature du revétement a, dans ce dernier cas, beaucoup d’importance:
ainsi les adsorbants inorganiques, type gel de silice, peuvent entrainer des transfor-
mations de pigments®4. Certains de nos essais ont cependant porté sur de tels revéte-
ments souvent utilisés®-®, afin de comparer les résultats avec ceux obtenus sur des
revétements de nature organique préférés par quelques auteurs”8. Nous avons com-
biné en systémes bidimensionriels les solvants de développement les plus satisfaisants.

Techniques

Les revétements sont déposés, sur des plaques de verre (20 x 20 cm), a
'aide d’un étaleur manuel (Shandon Unoplan), aprés homogénéisation au mixer
(Omnimixer, Serval) dans un liquide que nous nommons liquide de dispersion.
L’épaisseur du revétement est généralement de 0.4 mm, sauf indication dans le texte.
Les cuves sont hermétiques, certaines équipées pour admettre un courant d’azote et
un enrichissement progressif en un solvant déterminé. D’autres cuves sont a front
perdu. Il faut en moyenne 16 h pour saturer les cuves dans le cas de systémes 3 phase
stationnaire polaire, 1 h si les phases sont inversées ou s’il s’agit d’'une chromato-
graphie pour laquelle les forces d’adsorption sont dominantes. Dans tous les cas les
développements se déroulent a I’obscurité a température ambiante et leur durée
n’excéde jamais 1 h 30 min. Le repérage des taches se fait 4 la lumiére du jour et en
lumiére ultra-violette.

Produits utilisés

Revétements organiques. Les revétements organiques utilisés sont: Poudres de
cellulose ordinaires, de grain 15-40 ym (CC31 Whatman) ou 10-25 ym (CC41 What-
man); cellulose imprégnée de polyéthyléne-imine (PEI Merck). Poudre de saccharose
du commerce, renfermant 39 de matiéres amylacées, tamisée au laboratoire pour
obtenir des grains de 60-80 pm.

Revétements inorganiques. Les revétements inorganiques utilisés sont: Poudre de
borate d’ammonium (Merck) tamisée (grains 60-80 xm). Poudre d’alumine (Merck).
L’ascorbate de sodium (Merck) est employé comme adjuvant des différents revéte-
ments.

Liquides de dispersion. Les liquides de dispersion sont indiqués dans le Ta-
bleau I pour chaque type de couche mince ainsi que les rapports volume/poids de
poudre (ml/g).

Solvants de développement. Pyridine, acétonitrile, pentane, hexane, heptane et
octane sont des produits Carlo Erba R.P.; les alcanes supérieurs des produits
Schuchardt.
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RESULTATS

Etude des qualités des revétements et des solvants de développement pour les essais
monodimensionnels

Systémes a phase stationnaire polaire. L’acétonitrile, la pyridine et leurs azéo-
tropes avec I’eau ont permis des séparations nettes seulement si les cuves sont a front
perdu. Sur certains revétements (saccharose, cellulose, borate d’ammonium, alumine)
la pyridine et son azéotrope avec I’eau donnent des résultats médiocres si la phase
mobile est du pentane ou de Péther de pétrole (30-50°), et des résultats satisfaisants
si la phase mobile utilisée est un alcane (de C4 & Cg). Ainsi nous avons séparé neuf
taches bien distinctes a I'aide des systémes suivants: CC41/pyridine/hexane; saccha-
rose/azéotrope pyridine-eau/hexane; borate d’ammonium/azéotrope pyridine-eau/
heptane, et méme dix taches sur saccharose si nous substituons I’octane a ’hexane”.

Systémes a phases inversées. Ces essais ont été réalisés dans des cuves her-
métiques avec les phases stationnaires suivantes: huile de vaseline, pentadécane,
hexadécane, octadécane, la phase mobile pouvant étre I’acétonitrile, la pyridine, leurs
azéotropes avec I’eau, I’azéotrope hexane—propanol, des mélanges psntane-propanol
ou des mélanges acétone-méthanol-eau. Le systéme saccharose/hexadécane (a 109
dans I’hexane)/méthanol-eau (93:7) et les systémes borate d’ammonium/hexadécane
(2 109 dans I’éther de pétrole, 30-50°)/acétone-méthanol-eau (40:40:8 ou 20:80:10)
permettent de séparer dix taches dont la répartition et la netteté sont excellentes.

Au cours de ces essais, nous avons par ailleurs montré que la présence dans
la phase mobile d’un alcane permettant la conservation a 4° des taches de pigments
sur les plaques, ne géne ni la migration de cette phase, ni la séparation des pigments.

Revétements constituant eux-mémes une phase stationnaire. La cellulose CC41,
le saccharose et le borate d’ammonium ont maintenant servi de phases stationnaires
dans des systémes chromatographiques a élutions successives. Les résultats obtenus,
portés dans le Tableau 1l, montrent que, sur saccharose, ces élutions séparent tres
nettement un grand nombre de pigments.

Nous avons tenu a vérifier que certaines de ces taches ne correspondaient pas
a des dérivés apparus, par oxydation des pigments, lors des nombreux séchages a
I’air séparant les opérations d’élutions successives, ou bien a des dérivés diis & une
attaque acide au cours des élutions elles-mémes. Pour celd nous avons adjoint aux
revétements de Iascorbate de sodium comme antioxydant et du borate d’ammonium
qui évite toute attaque acide des chlorophylles ou de leurs dérivés. Sur saccharose la
migration et la séparation des pigments a été trouvée inchangée, a condition de ne
pas dépasser des teneurs de 0.4 % en ascorbate de sodium, de 4%, en borate d’ammo-
nium et d’éluer avec de ’hexane enrichi a chaque fois de 0.3 % en propanol au lizu
de 0.4%.

Essais de chromatographie bidimensionnelle
Sur CC41, les résultats sont améliorés si le développement est effectué avec
le systeme azéotrope pyridine—eau/hexane en premiére dimension et le systéme & quatre

by

élutions successives, hexane enrichi & chaque opération de 0.6% de propanol (cf.

* Au cours de cette étude nous avons montré I'importance capitale du liquide de dispersion.
Ainsi, lorsque le saccharose est déposé a I'aide du méthanol il n’y a aucune séparation avec le systéme
pyridine—eau/hexane. Pour avoir de bonnes séparations des pigments le saccharose doit &tre déposé
a l'aide d’acétone, de chloroforme ou d’un mélange chloroforme-hexane (50:50).
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TABLEAU II

NOMBRE DE PIGMENTS SEPARES A PARTIR D'UN EXTRAIT DE FEUILLES DE SYM-
PHYTUM PAR ELUTIONS SUCCESSIVES SUR DES REVETEMENTS CONSTITUANT
EUX MEMES LA PHASE STATIONNAIRE

L’azéotrope chloroforme-méthanol (78:22) est utilisé pour déposer la cellulose CC41 et le borate
d’ammonium; le chloroforme pur pour déposer le saccharose. Dans tous les cas, pour une chromato-
graphie effectuée sur une hauteur 4 par n éluants successifs: le premier éluant parcourt A/n en 5 2
10 min, le second 2 A/n en 15 & 20 min et le niéme A. La durée totale des développements n’excéde
pas 1 h 30 min, le séchage de la plaque entre deux élutions ne nécessite que quelques minutes.

Nature des Eluants successifs Séparation des pigments
revétements Remarques
CC41 (1) Hexane + 0.6 % de propanol 10 & 12 taches assez bien séparées

(0.3 mm d’épaisseur) (2) Hexane + 1.29% de propanol
(3) Hexane + 1.8% de propanol
(4) Hexane -+ 2.4 % de propanol

Saccharose (1) Hexane 14 a 16 taches bien séparées
(2) Hexane + 0.4 % de propanol
(3) Hexane + 0.8 % de propanol
(4) Hexane + 1.29% de propanol
(5) Hexane + 1.6% de propanol

Borate d’ammonium (1) Hexane 7 a 10 taches maximum
(2) Hexane + 0.199%; de propanol
(3) Hexane + 0.38 9% de propanol

(4) Hexane + 0.57% de propanol

Tableau II), en deuxiéme dimension. En lumiére naturelle, treize taches vertes et trois
taches jaunes, toutes bien séparées, sont dénombrées; en lumiére ultra-violette nous
distinguons deux nouvelles taches. Soit au total dix-huit taches.

Sur saccharose et borate d’ammonium les résultats sont encore plus satis-
faisants. Vingt taches, dont cinq visibles en lumiére ultra-violette seulement, sont
séparées sur borate d’ammonium dans le systéme azéotrope pyridine-eau/heptane
en premicre dimension et le systéme hexadécane a 7.59% dans I’hexane/acétone-
méthanol-eau (20:80:10) en deuxiéme dimension. Quant au saccharose il peut per-
mettre la séparation de vingt-quatre taches avec les deux systémes suivants: azéotrope
pyridine—eau/octane et hexane enrichi en propanol (systémge a élutions successives,
cf. Tableau II). Le schéma de cette séparation est donné dans la Fig. 1.

Application a la recherche de dérivés chlorophylliens dans des extraits de fruits de tomate
“cerise” en cours de maturation

Trois lots de fruits sont étudiés. Le premier est constitué de fruits verts adultes,
c’est-a-dire cueillis au stade® marquant la fin de la croissance et le début de la matu-
ration et ou la teneur en pigments chlorophylliens est maximale!®. Le deuxiéme est
constitué de fruits cueillis rose-oranges ou rouges. Le troisiéme de fruits verts adultes
laissés a4 lumiére et température ambiantes jusqu’a ce qu’ils virent au rose ou rouge
orangé.

L’application, aux trois lots de fruits, des meilleurs systémes chromatographi-
ques définis précédemment et en particulier du systéme saccharose/azéotrope pyri-
dine-eau/octane en premiére dimension, hexane enrichi progressivement en propanol
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Fig. 1. Schéma du développement bidimensionnel, sur couche mince de saccharose, d’un extrait de
feuilles de Symphytum. Le saccharose contient 4% de borate d’ammonium et 0.3 % d’ascorbate de
sodium, Premiére dimension: azéotrope pyridine—eau/octane; deuxiéme dimension: quatre élutions
successives dans hexane puis hexane enrichi trois fois de propanol (0.3 % a chaque fois). Abbrévi-
ations: B-V = bleu-vert; G = gris; J = jaune; V = vert. Au niveau de la tache a se retrouvent les
caroténes non oxygénés les plus apolaires (f-caroténe dans le cas d’un extrait de feuille ou de fruit
de tomate verte; mélange phytofluéne, lycopéne et f-caroténe dans le cas de fruits rouges).

en deuxiéme dimension, n’ont alors permis de séparer que deux pigments verts corre-
spondant aux deux chlorophylles a et b en plus des caroténoides déja définis*.

CONCLUSION

Nous définissons un systéme de chromatographie sur couches minces de
saccharose qui permet une séparation fine des caroténes oxygénés (époxy- et hydroxy-
caroténes) et des pigments tétrapyrroliques d’origine chlorophyllienne. Sur un extrait
pigmentaire obtenu en conditions telles, qu’il y a dégradation in vitro des chloro-
phylles, nous avons a I’aide de ce systéeme pu dénombrer jusqu’a vingt-quatre taches
dont une quinzaine correspondait & des composés tétrapyrroliques. Dans le cas des
extraits de fruits mirs préparés en présence d’azote liquide, a ’abri de la lumiére et
au froid, ce méme procédé n’a jamais permis de détecter la présence de dérivés chloro-
phylliens tétrapyrroliques. Nous pensons donc, en accord avec certains auteurs!!,
qu’au cours de la maturation les produits de dégradation des chlorophylles n’appa-
raissent pas sous forme de composés de nature tétrapyrrolique.

Des contrdles utilisant une distribution automatique d’éluant en gradient con-
tinu de polarité, sous atmosphére d’azote, ou I’adjonction d’antiacides ou d’anti-
oxydants dans le revétement des plaques, ont montré qu’il ne se produisait pas de
dégradation des pigments séparés au cours des développements successifs.

Enfin, la présence d’alcane dans la phase mobile a pu permettre la conservation
a 4° des pigments en place aprés chromatographie.
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Micropreparative gas-liquid chromatography of methylated sugars

I. Preparative separation of partial methylation products from methyl
g-D-xylopyranoside
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Pacific Institute of Bioorganic Chemistry, Far East Science Centre, Academy of Sciences of the U.S.S.R.,
Viadivostok-22 (U.S.S.R.)

(Received April 29th, 1974)

Recently, we have shown! that, depending on the procedure and conditions
used for the partial methylation of methyl S-p-xylopyranoside, different methylated
derivatives are produced. Analytical gas-liquid chromatography (GLC) was success-
fully used for the quantitative and qualitative analysis of methylated methyl glycosides
as the corresponding acetates. These mixtures may serve as starting materials for
obtaining authentic methylated sugar samples which are essential for a structural
study of the carbohydrate chain by methylation.

While we were completing this work, Fournet and Montreuil? reported that
GLC can be used for the preparative separation of small amounts of products ob-
tained by partial methylation of methyl a-pD-mannopyranoside.

In this work, methyl f-p-xylopyranoside was used to show the possibility of
and to select suitable conditions for the separation on a preparative scale of con-
siderable amounts of methylated methylglycoside acetates (MMGA) obtained by
partial methylation.

Previous results from the study of the partial methylation of methyl g-p-xylo-
pyranoside by different methods! were used to obtain the various methyl ethers.

EXPERIMENTAL

Partial methylation of methyl f-p-xylopyranoside was achieved by the pro-
cedures of Kuhn and Trischman®, Haworth* and Purdie and Irvine®.

Kuhn and Trischman methylation

The starting xyloside (4 g) was dissolved in dimethylformamide (120 ml) with
subsequent addition of barium oxide (24 g), barium hydroxide octahydrate (1.9 g)
and methyl iodide (24 ml). The solution was stirred for 1.5 h in the dark. The reaction
mixture was treated as described previously! to yield 5.1 g of MMGA.

Haworth methylation
The starting xyloside (2 g) was dissolved in water (10 ml) and stirred on a
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magnetic mixer in an argon flow with subsequent dropwise addition of dimethyl
sulphate (20 ml) and 30% aqueous sodium hydroxide solution (34 ml) for 2 h.
Following degradation of dimethyl sulphate and neutralization of the solution, its
volume was made up to 100 ml with water and extracted with chloroform (2 x 200
ml). The mixture of methyl ethers obtained was acetylated as usual to yield 1.5 g of
MMGA.

Purdie and Irvine methylation

Methyl g-p-xyloside (5 g) was dissolved in methanol (100 ml) with subsequent
addition of methyl iodide (20 ml) and inactivated silver oxide (30 g). The solution
was stirred on a magnetic mixer for 2 h in the dark. The reaction mixture was treated
as described previously?! to yield 8.2 g of MMGA.

Gas-liquid chromatography -«

A Tsvet-106 (U.S.S.R.) chromatograph with dual columns (100 x 0.3 ¢cm) and
flame ionization detectors was used for analysis. The columns were packed with
butanediol succinate (10%) on 80-100 mesh Chromosorb W. The thermostat and
batcher temperatures were 160° and 300°, respectively. The carrier gas was argon
at a flow-rate of 30 ml/min.

A Tsvet-3-66 (U.S.S.R.) chromatograph with U-shaped stainless-steel columns,
A (100 x 0.8 cm) and B (200 x 1.4 cm), equipped with a preparative attachment and
flame ionization detector was used for GLC on a micro-preparative scale. The
columns were packed with butanediol succinate (10 %) on 60-80 mesh Chromosorb A.
The temperature in the evaporator and collector was 240°. The thermostat temper-
ature was 150° when using column A and 170° when using column B. The argon
flow-rates with columns A and B were 200 and 300 ml/min, respectively. Straight
glass tubes (6 x 0.5 cm) having narrow openings and connected with receivers served
as traps. When operating column A, up to 100 mg of the mixture of MMGA were
introduced into the chromatograph as a concentrated solution in chloroform. When
operating column B, up to 600 mg of the MMGA mixture were introduced into the
chromatograph as a concentrated solution in chloroform (ca. 0.8 ml). The specific
rotation of MMGA (in chloroform) was measured on a Perkin-Elmer 141 instrument.

RESULTS AND DISCUSSION

When the 100-cm column packed with 109, butanediol succinate on 60-80
mesh Chromosorb W was used for analysis, complete separation of the methylated
derivatives of methyl §-p-xylopyranoside as the corresponding acetates was achieved.
It should be noted that the 3,4-dimethyl ether does not result from partial methylation.

The conditions for the micro-preparative GLC were virtually the same as those in
the analytical version. The load on column A was ca. 100 mg of the mixture of MMGA,
and the yield of individual methyl ethers acetates was about 5-10 mg, depending
on their contents in the mixture. High loads resulted in a considerable decrease in
column efficiency and did not permit effective separation of the methyl ether mixture.
In order to compensate for the loss in efficiency, the length of the column was in-
creased to 200 cm and the I.D. to 1.4 cm, and it was then possible to increase the
load on the column to 600 mg of mixture without a noticeable decrease in efficiency.
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At present, it is known that the principal factor responsible for decreased efficiency
is the component displacement rate profile over the column section, this rate profile
increasing as the column diameter increases. Hence the efficiency of the analytical
column used is equal to 400 theoretical plates while for the 100- and 200-cm preparative
columns, it is 90 and 150 theoretical plates, respectively. Thus, when the column
diameter was increased from 0.8 to 1.4 cm, i.e., 1.7-fold, and the column length 2-fold,
the efficiency of a 2-m column increased 1.7-fold compared with a 1-m column. At
the same time, the cross-sectional area increased 3-fold thus allowing the overall load
to be increased at least 3-fold and the same specific load to be retained. The possibility
of using even longer columns is handicapped by the increased time required in order
to give the same component yield and the pressure differential in the column, which
naturally results in a lower efficiency. Table I shows the yields and characteristics of
methylated methyl $-D-xylopyranoside acetates obtained with partial methylation by
the Kuhn and Trischman®, Haworth* and Purdie and Irvine® procedures with sub-
sequent separation by GLC on a micro-preparative scale. In each instance, the load
on the column was 600 mg.

The MMGA isolated were individual compounds, and under analytical GLC
conditions resulted in a single peak, the analytical and theoretical data virtually
coinciding. It is noteworthy that all of the individual components obtained, except
for the 2,4-dimethyl ether, instantly crystallized in a trap. We used small glass tubes
as traps, bearing in mind that MMGA are high-boiling liquids, which do not require
special cooling of receivers. The total recovery was about 70 %, the chromatographic
recovery factor for mono- and dimethyl ethers being about 60 %,.
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A multi-residue extraction procedure for the gas chromatographic determi-
nation of the herbicides dichlobenil, dinitramine, triallate and trifluralin in
soils

ALLAN E. SMITH
Agriculture Canada, Research Station, Box 440, Regina, Saskatchewan S4P 342 ( Canada)
(Received May 20th, 1974)

Analytical procedures for the simultaneous extraction and gas chromato-
graphic determination of residue combinations of several insecticides in soils are
well established! 3. Although procedures for the multi-residue extraction of herbicides
from soils for gas chromatographic analysis have been reported, these methods are
mainly for the assay of herbicides belonging to specific groups, such as the triazines®?
or ureas®.

In Saskatchewan, the carry-over of some soil-based herbicide residues from
one growing season to the next has been reported”’. The procedure to be described
here was developed for the routine extraction and gas chromatographic estimation
of four such persistent chemicals in soils, either alone or in combination.

MATERIALS AND METHODS

Soils
The composition and physical characteristics of the soils used in these studies
are shown in Table I.

TABLE I

CHARACTERISTICS OF SOILS

Soil Clay -Silt Sand ] E)rganic pH in
(%) (%) (%) carbon water
(%) (1:1)
Jameson sandy loam 6 9 85 32 7.5
Regina heavy clay 69 26 5 4.2 7.7
Melfort silty clay 30 38 32 11.7 3.2
Herbicides

The following technical-grade herbicides were used in these studies: dichlo-
benil (2,6-dichlorobenzonitrile), dinitramine (N,N-diethyl-a,a,a-trifluoro-3,5-dini-
trotoluene-2,4-diamine), triallate (S-2,3,3-trichloroallyl diisopropylthiocarbamate)
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and trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine). A combined
stock solution was prepared containing 50 ug of each herbicide per milliliter of
methanol.

Soil fortification

A portion (20 or 200 ul) of the mixed herbicide solution was added to each
of several 20-g samples of the sieved air-dried soils in screw-capped glass bottles
(capacity 70 ml). Thus, the soils were fortified with 1 or 10 ug of each individual
herbicide to give a soil concentration of 0.05 or 0.5 ppm. After mixing to ensure
distribution of the chemicals throughout the soil samples, the bottles containing the
fortified soils were capped and frozen at —5° for 8 weeks, after which four replicate
samples for each soil type and herbicide concentration were extracted and analysed.

Extraction procedure

Each fortified soil sample (20 g) was placed in a 100-ml beaker together with
60 ml of acetonitrile-water (9:1) and extracted for 2 min using a Sonic Dismembrator
(Artek Systems Corp., Farmingdale, N.Y., U.S.A.) at maximum power. After
settling, 30 ml of the acetonitrile solution, corresponding to 10 g of soil, were added
to 150 ml of distilled water plus 20 ml of saturated aqueous sodium sulphate
solution, and the mixture was shaken twice with 25-ml portions of n-hexane. Follow-
ing extraction, the aqueous phase was discarded, the combined n-hexane layers were
dried over anhydrous sodium sulphate, and 3 or 4-ul aliquots were examined by
gas chromatography.

Gas chromatographic analysis

A Hewlett-Packard 5713 A gas chromatograph equipped with means for on-
column injection and a nickel electron-capture detector (operated at 300°) was used.
The glass column (1.5 m x 6.0 mm O.D.) was packed with 109, of OV-1 on Chromo-
sorb G-HP (80-100 mesh), and the carrier gas was argon containing 5% of methane
at a flow-rate of 40 ml/min. With a column temperature of 190° the retention times
for dichlobenil, trifluralin, dinitramine and triallate were 0.95, 2.85, 4.5 and 5.0 min,
respectively.

Chromatographic standards were prepared by adding 20 or 200 ul of the
mixed herbicide solution to 100 ml of n-hexane, to give solutions containing 0.01 or
0.10 ng of the four chemicals per ul. The concentrations of the various herbicides
present in the samples were calculated by comparing the sample peak heights with
those of the appropriate standard.

RESULTS AND DISCUSSION

Typical gas chromatograms obtained from the standard solution containing
0.01 ng/ul of each herbicide, and from Jameson sandy loam fortified at the level of
0.05 ppm, indicated (see Fig. 1) that the 10% OV-1 column gave a good resolution
of the individual herbicides; although resolution between dinitramine and triallate
was not complete, adequate quantitative measurements could be made. Recoveries
of the four herbicides from treated soils (see Table II) were all greater than 909, and
reproducibility was excellent. Separate experiments showed that no interfering sub-
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Fig. 1. Chromatogram of (A) 4 ul of standard solution containing 0.04 ng of dichlobenil (1), tri-
fluralin (2), dinitramine (3), and triallate (4); and (B) Jameson sandy loam fortified with 0.05 ppm
of the four herbicides.

stances were detected in any of the untreated soils, even at the high attenuations
required for the analysis of the lower concentrations of herbicides in the soils.

The soil samples were frozen for 8 weeks before analysis, as it is the practice
in this laboratory to air-dry field soils containing herbicide residues to constant weight
at room temperature and then to store them at —5° while awaiting extraction and
analysis.

A mixture (2:1) of benzene and isopropanol has been used for the extraction
dichlobenil®, triallate® and trifluralin!® from soils. For dinitramine, this solvent mix-
ture gave recoveries of less than 50 % from all three soil types. Acetonitrile-water (9:1)

TABLE 11

RECOVERY OF DICHLOBENIL, TRIFLURALIN, DINITRAMINE AND TRIALLATE
FROM FORTIFIED SOILS

Soil Amount 7]};covery (%)

added T R T ey o

(ppm) Dichlobenil Trifluralin Dinitramine  Triallate
Regina heavy clay 005 9245  96+5 9648 9646

0.5 93 +1 104 + 4 106 + 4 101 +3
Jameson sandy loam 0.05 92 +9 92 4+ 11 93 4+ 9 95 + 5

0.5 93 +2 106 + 4 107 + 4 100 + 1
Melfort silty clay 0.05 94 + 5 106 4+ 12 90 + 8 112 + 12

105 + 4

0.5 97 +3 101 £3 102 +3

* Mean and standard deviation from four determinations.
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was finally selected as extracting solvent with excellent results (see Fig. 1 and
Table II).

The proposed procedure for the recovery of triallate at the level of 0.5 ppm
from the three soils was compared with methods using benzene and isopropanol?® or
trimethylpentane and isopropanol'* as extractants. The last two solvent systems gave
recoveries of less than 60 % from dry soils. However, recoveries were almost 100 %,
and thus comparable to those obtained by using aqueous acetonitrile, when the soils
were moistened to the wilting point and equilibrated overnight before extraction.
Thus, an advantage to using acetonitrile as extracting solvent is that samples con-
taining triallate do not have to be moistened with water before extraction!2.

With the present procedure, residues of dichlobenil, dinitramine, triallate and
trifluralin (singly, or in the presence of each other) can be detected in a variety of
soils simply, rapidly and accurately at levels down to 0.05 ppm. The herbicide recov-
eries obtained (see Table II) are also comparable to, or better than, those attained
by using methods®:'3-1® outlined for their individual analyses.

ACKNOWLEDGEMENT

Thanks are due to Mr. B. J. Hayden for his valuable technical assistance.

REFERENCES

1 R. G. Nash, W. G. Harris, P. D. Ensor and E. A. Woolson, J. Ass. Offic. Anal. Chem., 56 (1973)
728.

Chiba, Residue Rev., 30 (1969) 63.

B. Pionke and G. Chesters, Soil Sci. Soc. Amer. Proc., 32 (1968) 749.

Y. Young and A. Chu, J. Agr. Food Chem., 21 (1973) 711.

Ramsteiner, W. D. Hérmann and D. O. Eberle, J. Ass. Offic. Anal. Chem., 57 (1974) 192.

. McKone, J. Chromatogr., 44 (1969) 60.

. Smith, Res. Rep. Can. Weed Comm. W. Sect., (1973) 428.
Meulemans and E. T. Upton, J. Ass. Offic. Anal. Chem., 49 (1966) 976.

. Smith, Weed Res., 9 (1969) 306.

. Smith, J. Agr. Food Chem., 20 (1972) 829.

. McKone and R. J. Hance, J. Agr. Food Chem., 15 (1967) 935.

. Smith, Weed Res., 10 (1970) 331.

1. Benyon, L. Davies, K. Elgar and A. N. Wright, J. Sci. Food Agr., 17 (1966) 151.

.B. Tepe and R. E. Scroggs, in G. Zweig (Editor), Analytical Methods for Pesticides, Plant Growth

Regulators, and Food Additives, Vol. V, Academic Press, New York, 1967, p. 527.
15 R. M. Harrison and O. E. Anderson, Agron. J., 62 (1970) 778.
16 H. C. Newson and E. M. Mitchell, J. Agr. Food Chem., 20 (1972) 1222.

m—mm

APOPPAPORITZ
o

—t
PWLWN—=OYVRNIANPE W

S



Journal of Chromatography, 97 (1974) 107-108
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 7653

Note

Conditions for the use of Merck silica gel 60 F,;4 plates in the standardized
thin-layer chromatographic technique for lichen products

CHICITA F. CULBERSON
Duke University, Durham, N.C. 27706 (U.S.A.)
(Received April 9th, 1974)

Thin-layer chromatography is an important tool for the identification of
secondary products in lichens. A standardized method using three solvent systems
has been developed!-? to facilitate the recognition of these compounds, and R data,
obtained by using this method, have been reported for well over 200 natural products
and their derivatives.

The standardized method involves running the samples in three solvent
systems, determining R classes for each spot from the positions of control com-
pounds on each plate, and sorting a deck of punched cards for the three Rp classes
found for each unknown. An essential feature of this system is that the Rp classes
are determined on every plate by the positions of two substances (atranorin and
norstictic acid), so that moderate changes in absolute Rz values do not interfere with
the identification. Although the method works even if Rr values change, it fails if
relative Rz values change.

Recently, the Merck Company reduced the concentration of binder in the
silica gel F,;, plates (catalog number 5765) that were used to determine Ry values
reported for the standardized method of identifying lichen products. Although the
reduced concentration of binder in the new plates, now called silica gel 60 F,;,
(catalog number unchanged), improves the quality of the chromatograms, it also
drastically changes some relative Rr values. Since the standardized method depends
upon relative Rr values in three solvent systems, the new plates cannot be used under
the conditions originally described. Compounds chromatographed on thc new plates
show changes in Rp values that depend upon the solvent system and the chemical
nature of the substance. These effects are most serious for compounds that run with
Ry values greater than 0.5 and when comparing substances of differing acidity. This
note describes methods for improving the results obtained by using the new plates.

Of the three solvent systems used for the standardized method only solvent A
(benzene-dioxane-acetic acid, 180:45:5) shows Ry values and Rr classes reasonably
close to those previously reported. Chromatograms on the new plates can be run in
this solvent without any change in procedure.

When chromatograms are prepared on the new plates using solvent B (n-
hexane—-ethyl ether—formic acid, 130:80:20), Ry values and classes change for com-
pounds that normally run between atranorin and norstictic acid. The values for
compounds with a free carboxyl group are depressed as compared with those for
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similar compounds that lack this functional group. In solvent C (toluene-acetic acid,
200:30), the chromatograms now show a pronounced secondary solvent front be-
tween the positions of the control substances atranorin and norstictic acid. Many
compounds previously well separated in this solvent system now seem to be identical
because they run with the secondary front. Most of the compounds so affected are
carboxylic acids that originally gave R classes of 5 or 6. Compounds with R classes
from I to 4 are generally not changed on the new plates.

The silica gel 60 F,;, plates give better results in solvents B and C if they are
equilibrated for 5 min in an acidic atmosphere just before being placed in the develop-
ing tanks. For chromatograms to be run in solvent B, the spotted plate is equilibrated
in an atmosphere of 609, aqueous formic acid. The pre-treatment should be checked
by comparing perlatolic acid with atranorin; these two compounds should have
nearly identical Rp values in solvent B if the original Ry classes of most of the other
lichen products are to be maintained. Without the pre-treatment, perlatolic acid runs
below atranorin, and pre-treatment for 5 min in the atmosphere over undiluted
formic acid (99 %) raises the spot for perlatolic acid above that of atranorin. Dilution
of the formic acid to approximately 60 %, lowers perlatolic acid to the same R value
as atranorin. To equilibrate the spotted plate, it is placed in a tank over the formic
acid solution, but the plate should not touch the solution at any time; the plate is
removed after 5 min and run immediately in the usual way. If the Rr values of the
atranorin and norstictic acid spots are consistently low in solvent B, they can be
raised by increasing the proportion of ethyl ether and decreasing that of hexane, so
that the solvent has the composition n-hexane-ethyl ether-formic acid, 120:90:20,
for example.

For chromatograms to be run in solvent C, the spotted plate should be equi-
librated for 5 min in an atmosphere over glacial acetic acid; this treatment eliminates
the secondary solvent front. In both solvents B and C, the pre-treatments described
above will restore most of the Rp classes observed for lichen products to those
reported in the literature, but spots in R classes 5 and 6, especially those near the
boundary between these two classes, should be searched for in both classes.

The reduction in the concentration of binder used in the commercial silica gel
plates effectively changes the activity of these plates for certain compounds chro-
matographed in certain solvent systems. Although it is unfortunate to encounter a
change in these plates once a standardized method had been adopted for screening
a large number of compounds, the uniformity of the coating on these plates makes
them superior for this work to plates that are prepared in the laboratory.
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High-voltage paper electrophoresis for the separation of 1,8-dihydroxy-
anthracene derivatives in senna and rhubarb
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(The Netherlands)
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A large number of 1,8-dihydroxyanthracene derivatives are present in senna
leaf (Cassia senna L. or Cassia angustifolia Vahl) and rhubarb root (Rheum palmatum
L.)!. The activities of all of these constituents have not yet been investigated, but it
is known that particularly dianthrone glycosides based on rhein (the sennosides) and
rhein glycosides have a high purgative activity?.

Numerous methods have been described for the separation of these glycosides!.
Low-voltage paper electrophoresis has been applied before®-1°, but no reports are
available concerning the application of high-voltage paper electrophoresis in this field.

This paper describes our studies on low-voltage paper electrophoresis and the
results obtained by using high-voltage paper electrophoresis for the separation of
dianthrone glycosides and rhein glycosides in senna and rhubarb.

EXPERIMENTAL

Apparatus and materials

A Camag high-voltage electrophoresis apparatus, consisting of an electro-
phoretic cell, protection chamber and power supply (0-5000 V d.c., 200 mA) was
used, with Schleicher and Schiill 2043 bMgl (40 x 20 cm) paper.

For the separation of anthraquinone aglycones, the following buffers were
used:

I: pH 6.0; 0.1 M citric acid, 36.85 ml; 0.2 M sodium phosphate to 100 ml.

II: pH 7.0; 0.1 N sodium hydroxide, 29.63 ml; 0.2 M sodium diphosphate,
25.00 ml; water to 100 ml.

IIT: pH 8.0; 0.1 N sodium hydroxide, 46.80 ml; 0.2 M sodium diphosphate,
25.00 ml; water to 100 ml.

IV:pH 9.0; 0.1 N sodium hydroxide, 21.30 ml; boric acid-potassium chloride
(12.37 g of boric acid and 14.91 g of potassium chloride per litre), 25.00 ml; water
to 100 ml.

For the separation of anthraglycosides, the following buffers were used:

A: pH 9.4; 0.05 M sodiumdiborate, 64.3 ml; 0.05 M sodium carbonate,
35.7 ml.
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B: pH 6.0; 0.1 N sodium hydroxide, 5.0 ml; 0.1 M potassium diphosphate,
50 ml.
C: pH 8.6; barbital, 0.184 g; sodium barbital, 1.03 g; water to 1060 ml.

Operating conditions
For high-voltage paper electrophoresis, the following conditions were used:
Buffers I-IV: 3500-4000 V; 100-120 mA ; V4A steel electrode; 30 min.
Buffers A and B: 3700 V; 160 mA ; V4A steel electrode; 45 min.
Buffer C: 4500 V; 35 mA ; platinum electrode; 50 min.
For low-voltage paper electrophoresis, the following conditions were used:
Buffers A and B: 130 V; 10 mA ; V4A steel electrode; 24 h.
Buffer C: 220 V; 10 mA; platinum electrode; 16 h.

Detection

When buffers with a pH greater than 7 are used, spots of anthraquinone
aglycones are red and spots of anthraquinone glycosides are orange on the electro-
pherograms. Dianthrone glycosides give a yellow colour, which turns brown after
24 h. Under UV light (360 nm), anthraquinone aglycones and glycosides show an
orange fluorescence and dianthrone glycosides a dull ochre colour. Using buffer B,
all anthracene derivatives give a yellow colour; after spraying with a 5% solution of
potassium hydroxide in 509 methanol, anthraquinones change to red and dian-
thrones to yellow.

RESULTS AND DISCUSSION

The investigation was started with low-voltage paper electrophoresis. Anthra-
quinone aglycones could not be separated completely in this way. Rhein migrated
6.7-12 cm, depending on the buffer used, emodin migrated about 1 cm in all buffers,
while the other aglycones (chrysophanol, physcion and aloe-emodin) did not migrate.

The dianthrone glycosides sennoside A, B and C could be separated from
each other and also from rhein and rhein mono- and diglycoside. All of these com-
pounds contain a carboxyl group in their molecule. Anthraglycosides without a
carboxyl group did not migrate. However, the spots obtained by low-voltage electro-
phoresis are not clearly defined because of diffusion which is produced by the long
duration of the runs. In particular, ions with a small molecular weight (<< 1000) show
this phenomenon of diffusion. In order to reduce this undesirable transport of ions,
the duration of the separation should be shortened. This can be achieved by applying
high-voltage electrophoresis, as the electrophoretic mobility is a linear function of
the field strength. When high-voltage paper electrophoresis was applied to the sepa-
ration of the anthracene derivatives, no diffusion of the spots occurred. However,
with this technique, again no complete separation of the anthraquinone aglycones
was obtained. In buffers I-IV, physcion and chrysophanol did not migrate. Also with
buffers I, II and III aloe-emodin remained at the start. Rhein showed the greatest
migration in all of the buffers used.

The best separation of anthraquinone aglycones was obtained in buffer 1V;
the migration distances were rhein 8.5 cm, emodin 1.7 ¢m, aloe-emodin 0.7 cm and
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TABLE I

MIGRATION DISTANCES OF 1,8-DIHYDROXYANTHRACENE DERIVATIVES FROM
SENNA AND RHUBARB

Migration distances are given in centimetres.

Compound Buffer

A B P
Rhein diglycoside 19.5 17.5 13.5
Sennoside B 15.0 14.5 11.0
Sennoside A 15.0 14.5 2.0
Rhein monoglycoside 12.5 10.0 6.0
Sennoside C 8.5 7.0 5.0

Rhein 4.0 2.5 4.0
physcion and chrysophanol 0.0 cm.
The separation of anthraglycosides gave better results. From Table I, it can

be seen that these glycosides and the aglycone rhein can be separated in buffers A
and B, with the exception of sennosides A and B. When buffer C is used, these two
stereoisomeric glycosides also can be separated. Although anthraglycosides without
a carboxyl group do not migrate, it is possible to separate the glycosides that contain
a carboxyl group from senna and rhubarb by high-voltage paper electrophoresis.

These last named anthracene derivatives are also the constituents which show
a high laxative activity.
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Separation of four components of the antibiotic EM49 by partition chroma-
tography on paper

S. C. PAN
Squibb Institute for Medical Research, Princeton, N.J. 08540 (U.S.A.)
(Received March 18th, 1974)

The new antibiotic, EM49 (ref. 1), is a complex of cyclic, homodectic octa-
peptides, monoacylated with f-hydroxy fatty acids. It consists of four components,
a, B, v, and 9, differing from each other in their contents of phenylalanine and in the
chain length of their fatty-acid substituents. The four components have been sepa-
rated by ion-exchange column chromatography on CM-cellulose®. For routine analy-
sis of fermentation samples, a simpler chromatographic procedure was sought for
the separation of these four entities. Whereas thin-layer chromatography employing
plates pre-coated with CM-cellulose did not reproduce the result of the column chro-
matography, a “real-partition chromatographic” technique on paper®-® proved
successful for this purpose.

The solvent system consists of a mixture of n-amyl alcohol-amyl acetate-
propionic acid-water (6:9:5:15), this mixture separates into two phases. The lower
phase is mixed with an equal volume of acetone and the paper strip (Whatman No. 1),
on which sample spots have been applied, is drawn through a bath of this mixture.
It is not necessary to wet the end of the paper that will be placed in the solvent
trough, but the origin at which the sample spots have been applied must be wetted.
After evaporation of the acetone, achieved by hanging the paper strip in air for 3 min,
the paper strip, while still wet, is transferred to a jar of a height greater than 24 ¢cm
and a descending chromatogram is developed with the upper phase of the solvent
mixture. The jar is lined with paper that has been wetted with the lower phase. The
chromatogram is allowed to develop for 16 h at room temperature of 21.5-24°. After
the chromatogram has been dried in air, the spots are detected either by bioautography
on an Escherichia coli plate or by the chloramide reaction?.

A photograph of a papergram developed in this manner is shown in Fig. 1,
the four components (a, y, 8, ) having migrated 5.0, 6.2, 8.5, and 11.5 cm, respec-
tively. The Ry values of the components measured when the solvent front had moved
20 cm in about 3 h were: a, 0.13; », 0.16; 8, 0.22; and 9, 0.30. Fig. 1 also shows that
a mixture of these four components was resolved to give four discrete spots with
mobilities characteristic of the four individual components. The chromatogram of a
fermentation-broth sample is also shown in Fig. 1. This sample was prepared by
extracting 10 ml of the fermentation broth, adjusted to pH 12, with 4 ml of #-butanol-
ethyl acetate (1:3, v/v). An aliquot of the solvent phase, representing approximately
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ORIGIN
Fig. 1. Paper chromatographic separation of four components of EM49. Sample M = a mixture of
a, f, y, and 0; sample A = fermentation-broth extract.

10 ug of the antibiotic mixture, was chromatographed. The presence of the four
components was clearly demonstrable and visual examination permitted easy esti-
mation of their relative quantities.

The technique described above, which is essentially the same as’ Zaffarom s
technique®® for steroids, is not the only way to introduce the statlonary phase.
Equally satisfactory results can be obtained if the paper strip is drawn through a
bath of the undiluted lower phase, then blotted thoroughly with a few layers of
Whatman No. 1 filter paper. This is the technique for “real-partition chromatography”
introduced by Tschesche ef a/.* and used by Tuzson'®. Introduction of the stationary
phase by vapor-phase equilibration overnight in a jar lined with paper that had been
wetted with the lower phase proved unsatisfactory. The spots appeared as streaks
and no separation was observed when a mixture was chromatographed. These results
clearly demonstrated that “real-partition chromatography” is a very effective tool
for the separation of compounds of closely related structure.

Although the antibiotic mixture appeared as a single spot on papergram
developed with several different solvent mixtures or on a silicic acid thin-layer chro-
matogram?, it was resolved into four discrete spots by the technique reported here.
We conclude that by the use of a real-partition chromatographic technique and a
properly chosen solvent system, paper chromatography can achieve a separation as
satisfactory as that achieved, for example, by CM-cellulose column chromatography?.
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activity). Farm. Pol., 29 (1973) 301-307; C.A., 79 (1973) 97024c.
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16. NITRO AND NITROSO COMPOUNDS
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See also 4944.
19. PEPTIDES; CHEMICAL STRUCTURE OF PROTEINS
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analogue using the S-acetamidomethyl protecting group. Helv. Chim. Acta, 57 (1974) 403-414.
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Anal. Biochem., 57 (1974) 38-45.
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See 4809.
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mittels *H-NMR-Spektroskopie. Chem. Ber., 107 (1974) 611-615.
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4882 Verdlov, E. D., Monastyrskaya, G. S., Guskova, L. 1., Levitan, T. L., Sheichenko, V. I. and
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mixture. Biochim. Biophys. Acta, 340 (1974) 153-165.
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4883 Blesova, M. and Zahradnicek, M. : (Determination of papaverine and codiene in some medicinal
preparations after separation by thin-layer chromatography). Cesk. Farm., 22 (1973) 75-77.
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morphine (Dionin) group). Farmatsiya ( Sofia), 23, No. 2 (1973) 23-29; C.A4., 79 (1973) 9703 1c.
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C.A., 79 (1973) 97033e.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

4890 Dhondt, J. L., Cartigny, B. and Farriaux, J. P.: Etude des dérivés imidazoles urinaires par
chromatographie sur couche mince. Clin. Chim. Acta, 50 (1974) 297-300.
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bindungen. Chem. Ber., 106 (1973) 1172-1181.
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4894 Trivin, F., Levillain, P. and Lemonnier, A.: (Titration of unconjugated bilirubin not bound to
albumin (native bilirubin) in serum after thin-layer Sephadex gel chromatography). Ann. Biol.
Clin. (Paris), 31 (1973) 329-334; C.A4., 79 (1973) 102208x.

24. ORGANIC SULPHUR COMPOUNDS
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deutige Synthese isomerenfreien Pteroyl-y-L-glutamyl-L-glutaminsdure. Helv. Chim. Acta, 56
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dans les excipients de pommades et de laits cosmétologiques. Ann. Pharm. Fr., 31 (1973) 601-
612.
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4923 Nin’o, N.: (Thin-layer chromatography of nitro and amino compounds). Farmatsiya ( Sofia),
23, No. 2 (1973) 17-23; C.A., 79 (1973) 97037].
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4930 Fleischmann, L. and Gradnik, B.: Untersuchungen tiber den Stoffwechsel von MY 41-6 bei
der Ratte. Arzneim.-Forsch., 23 (1973) 1455-1457.
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156; C.A4., 79 (1973) 100095].
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chem., 57 (1974) 529-533.
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See also 4943,
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35. SOME TECHNICAL PRODUCTS AND COMPLEX MIXTURES

35a. Surfactants

4946 Takehara, M., Matoba, E. and Yoshida, R.: (Analysis of surfactants containing amino groups
by thin-layer chromatography). Yukagaku, 22 (1973) 379-381; C.A., 79 (1973) 147614t.
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1. REVIEWS AND BOOKS

4950 Haglund, H.: Modern methods of electrophoresis. Pestic. Chem., Proc. Int. Congr. Pestic.
Chem., 2nd, 4 (1971) 79-112; C.A., 79 (1973) 142669.
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4970 Sterman, U.-H.: Amniotic fluid vitamin B,,-binding protein. Purification and characteri-
zation with isoelectric focusing and other techniques. Biochim. Biophys. Acta, 342 (1974)
173-184 —iscelectric focusing; SDS-polyacrylamide gel.

4971 Sugiura, M., Ogiso, T., Takeuti, K., Tamura, S. and Ito, A.: Studies on trypsin inhibitors in
sweet potato. I. Purification and some properties. Biochim. Biophys. Acta, 328 (1973) 407-417
—isoelectric focusing; polyacrylamide gel.

4972 Sundaram, G. S., MacKenzie, S. L. and Sodhi, H. S.: Preparative isoelectric focusing of human
serum high density lipoprotein (HDL;). Biochim. Biophys. Acta, 337 (1974) 196-203 —iso-
electric focusing.

4973 Usategui-Gomez, M., Yeager, F. M. and Tarbutton, P.: Purification of human placental al-
kaline phosphatase by isoelectric focusing. Clin. Chim. Acta, 50 (1974) 405-412 —polyacryl-
amide gel.

4974 Windemann, H., Mueller, U. and Baumgartner, E.: (Isoelectric focusing and two-dimensional
separation of the water-soluble protein fraction of hard and soft wheats from macaroni). Z.
Lebensm.-Unters. -Forsch., 153 (1973) 17-22; C.A., 79 (1973) 135397m —isoelectric focusing;
polyacrylamide gel.

See also 5027.

4. TECHNIQUES II (PREPARATIVE AND CONTINUOUS PROCEDURES)

4975 Bellon, F.: Preparative electrophoresis on acrylamide-agarose gel. Biochemie, 55 (1973) 823-
824; Anal. Abstr., 26 (1974) 1117 —polyacrylamide-agarose gel.

4976 Margarida, R.: Modification of starch block electrophoresis method for the preparation of
immunoglobin A from multiple myeloma sera on a large scale. Appl. Microbiol., 26 (1973)
419-420; C.A., 79 (1973) 124494q —starch gel.
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4977 Svendsen, P. J.: Elution system for column electrophoresis in gels. Universal elution system
for column electrophoresis. Sci. Tools, 19 (1973) 21-25; C.A., 79 (1973) 129556w.

4978 Weiss, J. B. and Brenchley, P.: High-voltage preparative block electrophoresis. Biochem. Soc.
Trans., 1 (1973) 571-574; C.A., 79 (1973) 134067s —Pevikon C-870.

7. PHENOLS
See also 5028.

10. CARBOHYDRATES

10a. Mono- and oligosaccharides; structural studies

4979 Pettersson, B. and Theander, O.: Paper electrophoresis of carbohydrates in glycerol-boric
acid buffer medium. Acta Chem. Scand., 27 (1973) 1900-1906; Anal. Abstr., 26 (1974) 1569.

10b. Polysaccharides, mucopolysaccharides and lipopolysaccharidzs

4980 Bucke, C.: Polyacrylamide gel electrophoresis of alginic acid. J. Chromatogr., 89 (1974) 99-102
—polyacrylamide gel.

4981 Horejsi, V. and Kocourek, J.: Studies on phytohemagglutinins. XVII. Some properties of the
anti-H specific phytohemagglutinin of the furze seeds (Ulex europaeus L.) Biochim. Biophys.
Acta, 336 (1974) 329-337 —polyacrylamide gel, SDS-polyacrylamide gel, cellulose acetate.

4982 Hsu, D.-S., Hoffman, P. and Mashburn, Jr., T. A.: Fractionation of chondroitin sulfate and
determination of molecular weight by polyacrylamide gel electrophoresis. Biochim. Biophys.
Acta, 338 (1974) 254-264 —polyacrylamide gel (analytical and preparative electrophoresis).

4983 Keglevi¢, D., Ladesi¢, B., Hadzija, O., Tomasic, J., Valinger, Z., Pokorny, M. and Naumski,
R.: Isolation and study of the composition of a peptidoglycan complex excreted by the biotin-
requiring mutant of Brevibacterium divaricatum NRRL-2311 in the presence of penicillin.
Eur. J. Biochem., 42 (1974) 389-400 —cellulose acetate.

4984 Kim, Y. S. and Perdomo, J. M.: Membrane glycoproteins of the rat small intestine. Chemical
composition of membrane glycoproteins. Biochim. Biophys. Acta, 342 (1974) 111-124 —SDS-
polyacrylamide gel.

4985 Taniguchi, N., Moriya, N. and Nanba, 1.: Isolation and preliminary characterization of glycos-
aminoglycans in human plasma. Clin. Chim. Acta, 50 (1974) 319-328 —cellulose acetate.

4986 Terho, T. and Laitio, M.: Polysaccharides in human gallbladder wall and bile. Biochim.
Biophys. Acta, 338 (1974) 135-150 —cellulose acetate.

4987 Voght, W., Dieminger, L., Lynen, R. and Schmidt, G.: Alternative pathway for the activation
of complement in human serum. Formation and composition of the complex with cobra venom
factor that cleaves the third component of complement. Hoppe Seyler’s Z. Physiol. Chem.,
355 (1974) 171-183 —immunoelectrophoresis.

See also 4953.

11. ORGANIC ACIDS AND LIPIDS

11b. Lipids and their constituents

4988 Brooker, S. E. and Harkiss, K. J.: High-voltage electrophoresis of choline and its esters.
J. Chromatogr., 89 (1974) 96-98 —Whatman No. 3MM paper.

llc. Lipoproteins

4989 Bolletti, C. M., Ciollaro, G. and Mazzara, M. R.: (Rapid electrophoresis of lipoproteins on
cellulose acetate). Quad. Sclavo Diagn. Clin. Lab., 8 (1972) 1036-1041; C.A., 79 (1973) 134075t
—Sepraphore.

4990 Eisenberg, S. and Rachmilewitz, D.: Metabolism of rat plasma very low density lipoprotein.
I1. Fate in circulation of apoprotein subunits. Biochim. Biophys. Acta, 326 (1973) 391-405
—polyacrylamide gel.

4991 lammarino, R. M.: Agarose gel, cellulose acetate, and polyacrylamide gel lipoprotein electro-
phoresis. Protides Biol. Fluids, Proc. Collog., 19 (1971, Pub. 1972) 91-95; C.A4., 79 (1973)
123239y —agarose gel, cellulose acetate, polyacrylamide gel.
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4992 McConathy, W. J., Alaupovic, P., Curry, M. D., Magnani, H. N., Torsvik, H., Berg, K. and
Gjone, E.: Identification of lipoprotein families in familial lecithin: cholesterol acyltransferase
deficiency. Biochim. Biophys. Acta, 326 (1973) 406-418 —immunoelectrophoresis.

4993 Naito, H. K., Wada, M., Ehrhart, L. A. and Lewis, L. A.: Polyacrylamide gel disc electro-
phoresis as a screening procedure for serum lipoprotein abnormalities. Clin. Chem., 19 (1973)
228-234; Aral. Abstr., 26 (1974) 1130 —polyacrylamide gel.

4994 Phillips, G. B. and Wille, L. E.: Studies on the pre a-lipoprotein of human serum obtained by
electrophoresis on agarose gel. Clin. Chim. Acta, 50 (1974) 425-430 —agarose gel.

See also 4972.

17. AMINES, AMIDES AND RELATED NITROGEN COMPOUNDS

4995 Hakala, M. T., Suolinna, E. R., Kenny, L. N. and Tritsch, G. L.: Asparagine metabolism in
mouse sarcoma cells. 1. Transport, metabolism and pools of dicarboxylic amino acids and their
amides. Biochim. Biophys. Acta, 338 (1974) 1-20 —paper.

18. AMINO ACIDS

4996 Yur'eva, E. A., Vel'tishchev, Yu. E., Revenkova, L. A. and Prochakov, V. T.: (Use of high-
voltage electrophoresis to determine blood and urine amino acids). Lab. Delo, (1973) 362-366;
C.A., 79 (1973) 123238x —paper.

20. PROTEINS (INCLUDING ENZYMES)

20a. Proteins of plant origin including bacteria

4997 Rice, T. W, and Grula, E. A.: Effects of temperature on extraction and electrophoretic migra-
tion of envelope proteins from Erwinia species. Biochim. Biophys. Acta, 342 (1974) 125-132
—SDS-polyacrylamide gel.

See also 4955, 4971, 4974.

20b. Plasma proteins

4998 Bjerrum, O. J, and Lundahl, P.: Crossed immunoelectrophoresis of human erythrocyte mem-
brane proteins. Immunoprecipitation patterns for fresh and stored samples of membranes
extensively solubilized with nonionic detergents. Biochim. Biophys. Acta, 342 (1974) 69-80
—crossed immunoglectrophoresis.

4999 Kisiel, W. and Hanahan, D. J.: The action of factor Xa, thrombin and trypsin on human Factor
I1. Biochim. Biophys. Acta, 329 (1973) 221-232 —polyacrylamide gel, SDS-polyacrylamide gel.

5000 Lorand, L., Gray, A. J., Brown, K., Credo, R. B., Curtis, C. G., Domanik, R. A. and Stenberg,
P.: Dissociation of the subunit structure of fibrin-stabilizing factor during activation of the
zymogen. Biochem. Biophys. Res. Commun., 56 (1974) 914-922 —polyacrylamide gel.

5001 Mokady, S. and Tal, M.: Isolation and partial characterization of retinol-binding protein
from chicken plasma. Bicchim. Biophys. Acta, 336 (1974) 361-366 —polyacrylamide gel.

5002 Swartz, S. K., Soloff, M. S. and Suriano, J. R.: Binding of estrogens by a-fetoprotein in rat
amniotic fluid. Biochim. Biophys. Acta, 338 (1974) 480-488 —isoelectric focusing, immuno-
electrophoresis; polyacrylamide gel.

See also 4964, 4976.

20c. Structural and muscle proteins

5003 Yazaki, Y., Mochinaga, S. and Raben, M. S.: Fractionation of the light chains from rat and
rabbit cardiac myosin. Biochim. Biophys. Acta, 328 (1973) 464-469 —SDS-polyacrylamide gel.

20d. Protamines, histones and other nuclear proteins

5004 Blankenship, J. and Bresnick, E.: Effects of phenobarbital on the phosphorylation of acidic
nuclear proteins of rat liver. Biochim. Biophys. Acta, 340 (1974) 218-227 —SDS-polyacryl-
amide gel.

5005 Klimenko, A. I.: (Analysis of the total histones in the liver of rats of various age employing
electrophoresis in polyacrylamide gel). Biokhimiya, 39 (1974) 54-59 —polyacrylamide gel.

See also 4952,
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20f. Varia, with special reference to non-identified and tissue proteins

5006 Gamo, T.: (Electrophoretic analyses of the protein extracted with disulphide cleavage from co-
coons of the silkworm, Bombyx mori). Nippon Sanshigaku Zasshi, 42 (1973) 17-23; C.A., 79
(1973) 143975p —polyacrylamide gel.

5007 Herbrink, P. and Bloemendal, H.: Studies on p-crystallin. I. Isolation and partial charac-
terization of the principal polypeptide chain. Biochim. Biophys. Acta, 336 (1974) 370-382
—isoelectric focusing, fingerprint; polyacrylamide gel, SDS-polyacrylamide gel, immuno-
electrophoresis.

5008 Pertaya, A. V., Degtyarenko, V. 1. and Zatsepin, N. I.: (Connection of tumour T-antigen with
polyribosomes from hamster tumour induced by adenovirus 12). Biokhimiya, 39 (1974) 9-12
—polyacrylamide gel.

5009 Virella, G., Pires, M. T. and Coelho, I. M.: Analytical characterization of the urinary proteins
from sixty patients with monoclonal gammopathies. Clin. Chim. Acta, 50 (1974) 63-75 —im-
munoelectrophoresis on agar gel; cellulose acetate, SDS-polyacrylamide gel.

See also 4970, 4990.

20g. Enzymes: oxidoreductases

5010 Curti, B., Ronchi, S., Branzoli, U., Ferri, G. and Williams, Jr., C. H.: Improved purification,
amino acid analysis and molecular weight of homogeneous p-amino acid oxidase from pig
kidney. Biochim. Biophys. Acta, 327 (1973) 266-273 —polyacrylamide gel, SDS-polyacrylamide
gel.

5011 Hillmer, P. and Gottschalk, G.: Solubilization and partial characterization of particulate de-
hydrogenases from Clostridium kluyveri. Biochim. Biophys. Acta, 334 (1974) 12-23 —polyacryl-
amide gel.

5012 Holmes, R. S. and Scopes, R. K.: Immunochemical homologies among vertebrate lactate-
dehydrogenase isozymes. Eur. J. Biochem., 43 (1974) 167-177 —starch gel.

5013 Kahn, A. and Dreyfus, J.-C.: Purification of glucose-6-phosphate dehydrogenase from red
blood cells and from human leukocytes. Biochim. Biophys. Acta, 334 (1974) 257-265 —poly-
acrylamide gel, SDS-polyacrylamide gel.

5014 Speranza, M. L., Ronchi, S. and Minchiotti, L.: Purification and characterization of yeast
thioredoxin reductase. Biochim. Biophys. Acta, 327 (1973) 274-281 —polyacrylamide gel,
SDS-polyacrylamide gel.

5015 Veronese, F. M., Bocou, E., Fontana, A., Benassi, C. A. and Scoffone, E.: Isolation and some
properties of 6-phosphogluconate dehydrogenase from Bacillus stearothermophilus. Biochim.
Biophys. Acta, 334 (1974) 31-44 —SDS-polyacrylamide gel.

See also 4961, 4967.

20h. Enzymes: transferases

5016 Craven, P. A. and Basford, R. E.: Glucose 6-phosphate-solubilized hexokinase: Some electro-
phoretic properties. Biochim. Biophys. Acta, 338 (1974) 619-631 —polyacrylamide gel, SDS-
and urea-polyacrylamide gel.

5017 Heumann, S., Falkenberg, F. and Pfleiderer, G.: Purification and immunological charac-
terization of the human hexokinase isoenzymes I and 111 (ATP-p-hexose 6-phosphotransferase
EC 2.7.1.1.). Biochim. Biophys. Acta, 334 (1974) 328-342 —electroimmunodiffusion; starch
gel, agarose.

5018 Iwai, K. and Taguchi, H.: Purification and crystallization of quinolinate phosphoribosyl-
transferase from hog liver. Biochem. Biophys. Res. Commun., 56 (1974) 884-891 —polyacryl-
amide gel.

See also 4965, 4969.

20i. Enzymes: hydrolases

5019 Kleine, R. and Spangenberg, P.: Isolierung und Charakterisierung der beiden Trypsin-Iso-
enzyme des amerikanischen Flusskrebses Cambarus affinis Say. Hoppe-Seyler’s Z. Physiol.
Chem., 355 (1974) 114-124 —agar gel, SDS-polyacrylamide gel.

5020 Norén, O., Sjostrom, H. and Josefsson, L.: Studies on a soluble dipeptidase from pig intestinal
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mucosa. 1. Purification and specificity. Biochim. Biophys. Acta, 327 (1973) 446-456 —crossed
immunoelectrophoresis; polyacrylamide gel.

5021 Chlsson, K. and Olsson, I.: The neutral proteases of human granulocytes. Isolation and partial
characterization of granulocytes elastase. Eur. J. Biochem., 42 (1974) 519-527 —crossed
immunoelectrophoresis; agarose gel, polyacrylamide gel.

5022 Schleuning, W.-D. and Fritz, H.: Some characteristics of highly purified boar sperm acrosin.
Hoppe Seyler’s Z. Physiol. Chem., 355 (1974) 125-130 —SDS-polyacrylamide gel.

5023 Sjostrom, H., Norén, O. and Josefsson, L.: Purification and specificity of pig intestinal pro-
lidase. Biochim. Biophys. Acta, 327 (1973) 457-470 —crossed immunoelectrophoresis; poly-
acrylamide gel.

See also 4973.

20k. Enzymes: lyases

5024 Tabita, F. R., McFadden, B. A. and Pfenning, N.: p-Ribulose-1,5-bisphosphate carboxylase
in Chlorobium thiosulfatophilum Tassajara. Biochim. Biophys. Acta, 341 (1974) 187-194 —poly-
acrylamide gel, SDS-polyacrylamide gel.

See also 4963.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

21b. Nucleic acids: RNA

5025 Olszanska, B., Grabczewska, E. and Lassota, Z.: Phenol extraction of heavy rapidly labeled
nuclear RNA from chick embryos. Eur. J. Biochem., 42 (1974) 367-376 —SDS-polyacrylamide
gel.

5026 Reddy, R., Sitz, T. O., Ro-Choi, T. S. and Busch, H.: Two-dimensional polyacrylamide gel
electrophoretic separation of low-molecular-weight nuclear RNA. Biochem. Biophys. Res.
Commun., 56 (1974) 1017-1022 —polyacrylamide gel.

See also 4956.

21d. Nucleoproteins

5027 Warnecke, P., Kruse, K. and Harbers, E.: Studies on deoxyribonucleoproteins. VIII. Isolation
and characterization of non-histone proteins from euchromatic and heterochromatic deoxy-
ribonucleoprotein of rat liver. Biochim. Biophys. Acta, 331 (1973) 295-304 —isoelectric focus-
ing; carrier-free electrophoresis, SDS- and urea-polyacrylamide gel.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

5028 Krawczyk, A.: Observations on electrophoresis in nonagueous medium exemplified by the
separation of quinoline bases and phenols. Chem. Anal. ( Warsaw), 18 (1973) 839-852; Anal.
Abstr., 26 (1974) 1592 —formamide containing benzoic acid or Na,CO,.

5029 Topi, G. C. and D’Alessandro, L. G.: (New method for determination of total and fractionated
urinary porphyrins. II. Qualitative and quantitative analyses of urine porphyrins). Quad. Sclavo
Diagn. Clin. Lab., 8 (1972) 1030-1035; C.A., 79 (1973) 134074s —Cellogel.

27. VITAMINS AND VARIOUS GROWTH FACTORS

5030 Tortolani, G. and Ferri, P. G.: Electrophoretic separation of vitamin B,, derivatives. J. Chro-
matogr., 88 (1974) 430433 —cellulose acetate.

33. INORGANIC SUBSTANCES

5031 Constantinescu, A, and Liteanu, C.: Electrophcresis with flow gradient. Rev. Roum. Chim.,
18 (1973) 1273-1279; Anal. Abstr., 26 (1974) 710,
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