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INTRODUCTION

,Dur1ng 1nvest1gat10ns 1nto the uptake and metabohsm of 758e selemte ion by 111ghe1
“plants?, methods of 1dent1ﬁcat10n of the selemum analogues of. sulphur ammo ac1ds
. ‘were 1equ1red IS Lo N : - : :
' The 11terature records many chromatoglaplnc systems of use in the sepa1 atlon of.
o amlno ac1dsz-5 In. general two-dimensional systems have been employed in whlch
Lphenol—water is usually the first solvernt2: 3,8 although 1t has | many dlsadvantages°and._
_its use has led to con51derab1e reductlon in recover1es ‘of the’ individual amino ac1ds
} present10 11 Tn partlcular thereis con51derable oxidation and loss of the sulphur amino
‘acids®8:12, Selenium analogues of the common - sulphur amino acids aré more un-
3 stablel?’, and. therefore methods of separat1on 1nvolvmg use of m11d solvent systems»

:must be. employed e ,
This.paper reports the systems found most useful for the separat1on of sulphur

and selenlum ammo ac1ds
| | EXPERIMENTAL o
'Paper chromatogmphy Soo 2 : : _
“Whatman 3 MM paper- was used throughout for part1t10n chromatography (descend-“
‘ing). The systems were: o , S
: ‘Solvent .1: n-butanol—pyndme—water (I 11 v/v) : -
. Solvent z: #-butanol-acetic acid-water (25:6:25: v/v, upper phase) !
Solvent 3 n-butanol—ethanol—water (2 2.1 v/v)6 S '
’1 . Solvent 4.: tert. -butanol—formlc ‘acid-water (14:3:3 v/v 14
. ‘For two-d1mens:onal papers, solvent I was followed: by. solvent 2.
'ﬂAmon exchange chromatography (descendmg) was carried out usmg d1ethyl-‘§]
'_ammoethylcellulose (DEAE) Whatman DE 20 by mocl1ﬁcat10ns of the method of"{

L I)"The depen, ence :of the separatwn and resolutlon on pH Was mvestlgated@_
‘usmg'the followmg buffers16 i IELPERPE A SRV S RO L
‘0.0z M acetate buffer, pH 4 7 and 5 8
= o"'oz M phosphate buffer pH 7 5
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IDENTIFICATION OF SULPHUR AND SELENIUM AMINO ACIDS 71

(2) The effect of two heavy metal complexing agents on the resolution of amino
acids on DEAE paper was tested. These were:

(a) The incorporation of o.001 M ethylenedlammetetra-acetlc acid (EDTA) in
the buffer solution. C

(b) The inclusion of hydrogen cyamde in the vapou1 phase by the inclusion of a
small quantity of potassium cyanide crystals in a dish in the chromatography tank??.

Paper electrophorests

Electrophoresis ‘was carried out on Whatman 3 MM paper in the apparatus of
MARKHAM AND SMITH!® at 20 V/cm for 4 h or 8 h. Preliminary separation into neutral,
acidic or basic amino acids was carried out in a volatile pyridine-acetic. acid buffer,
pPH 6.0, for 4 h. After elution and reapplication to other electrophoretic strips;
further separation was effected in phosphate-citrate buffer at pH 2.7 for 4 h or 8 h?%,

Miscellaneous

By treatment with 3 % (w/v) hydrogen peroxide at room temperature for .5 min,
methionine and methylcysteine were oxidised to the respective sulphoxides? 2. By
addition of 0.02 % (w/v) ammonium molybdate the sulphomdes were ox1dlsed to the
sulphones?, 22,23, »

Colour development with nmhydrm reagent"‘* was carried out at 20° for 24 h The
colours produced on the DEAE paper for the various compounds were very charac-
teristic and more stable than the corresponding compounds on 3 MM paper.

Sulphur amino acids were obtained from California Corporation for Biochemical
Research, Los Angeles, U.S.A. Selenium analogues of cystine, methylcysteine and
methionine were supplied by Dr. A. A. D1 SomMma, College of Pharmacy, Columbia
University and Dr. A. Sur1rt, Kaiser Foundation Research Institute, U.S.A.

RESUI;TS AND DISCUSSION

On DEAE paper the sulphur amino acids were most clearly separated at pH 4.7.
With decreasing acidity, the amino acids tended to group into two bands at approm-
mately Rp 0.25 and o.50.

‘The'use of either cyanide vapour in the chromatography tank, or the incorpo-
ration of EDTA in the solvent when DEAE papers were being run, eliminated the
frontal beard to the nmhydlm-posatlve areas. EDTA was preferred, since cyamde
reacts with cystine?,

In Table I are shown the Rp values for paper partition chromatography of the
sulphur amino acids in 4 solvent systems. Their electrophoretic propertles and Rp
values on DEAE paper at pH 4.7 are shown in Table II.

It was possible on chromatographic behaviour alone to tentatively 1dent1fy
most of the sulphur amino acids present. The additional information on the ‘mobility
of these compounds on' DEAE paper and electrophoresis for 4 h or 8 h allowed the
compounds to becharacterised with a high degree of certainty.The mnhydrm colours on
DEAE paper gave further information, in that the compound under consideration
couldreadily be placed into a group, e.g. purple colour, methionine and its derivatives.
The chromatographic and electrophoretic behaviour of methionine and methylcysteine
before and after oxidation with peroxide was a useful verlﬁcatlon .procedure.
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‘ TABLE I
Rp VALUES OF SULPHUR AMINO ACIDS ON WHATMAN No. 3 MM
Rp
No. Ameno acid*
Solvent r Solvent 2 Solvent 3 Solvent 4

1 Cystine o.14*" 0.08 0.05 0.08

2 Cysteine o.16™" 0.09 0.35 0.07

3 Methylcysteine 0.48 0.41 0.33 0.53

4 Methylcysteine sulphoxide 0.30 0.20 0.17 0.24

5 Methylcysteine sulphone ' 0.38 o.19 0.15 0.20

6 Ethylcysteine ; 0.58 0.50 0.43 : 0.63

7 Butylcysteine ‘ 0.73 0.63 0.69 0.75

8 Cysteic acid 0.27 0.13 o.11 0.12

9 Cysteine sulphinic acid 0.28 0.19 0.12 0.22
.10 Homocystine 0.27 0.24 0.09 0.24
11 Homocysteic acid " o0.30 o.10 0.18 0.16
12 Taurine 0.41 0.14 0.24 0.18
13 Cystathionine 0.17 0.05 0.04 : 0.13
14 Methionine . 0.55 0.49 0.42 0.66
15 Methionine sulphoxide 0.31 0.24 0.20 0.35
16 Methionine sulphone 0.39 0.25 0.19 0.36
17. Methionine sulphoximine : 0.26 . o.18 0.14 . 0.21
18 Methylmethionine sulphonium chloride 0.19 0.23 o0.12 o.18
19 Djenlkolic acid 0.13 0.14 0.04 0.14

20 ug of each amino acid applied to the paper.
Streaks at high amino acid concentration.

TABLE II

- ELECTROPHORETIC MIGRATION DISTANCES AND Rp varLues oN DEAE PAPER
OF SULPHUR AMINO ACIDS

Nao, Anmino actd* Elgctrop }“i’f”.s DEAE PH +7
PH 2.7 R . Ninhydrin
F coloter
1 Cystine — 3.3 0.14 brown
2 Cysteine — 3.1 0.1T1 brown .
3 Methylcysteine — 2.1 0.36 brown-grey
4 Methylcysteine sulphoxide — 1.8 0.25 yellow-brown
5 Methylcysteine sulphone — 1.7 0.206 - yellow-brown
6 Ethylcysteine -~ 2.0 0.38 - brown-grey
7 Butylcysteine — 2.1 0.40 . brown-grey
8 Cysteic acid + 15.5 0.05 grey-blue
9 Cysteine sulphinic acid 4 14.0 o.10 blue .
10 - Homocystine — 4.8 0.15 blue
11  Homocysteic acid + 13.0 o.10 blue.
12 Taurine — 1.9 0.33 grey-blue
13 Cystathionine — I.2 0.18 - blue
T4 . Methionine — 4.0 0.43 purple
15. Methionine sulphoxide — 2.7 . 0.34 purple
16 Methionine sulphone — 2.6 0.29 - purple
" 17 Methionine sulphoximine — 3.0 0.28 . purple
18  Methylmethionine sulphonium chlorxde —19.0 o.80 purple
19 DJenkohc acid ' — 3.2 o.15 grey

* 20 ‘ug of each amino acid applied to the paper.
* Distance migrated (cm) towards anode or cathode in 4 h.
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The chromatographic and electrophoretlc behaviour of selenocystine, Se-methyl-
selenocysteine and selenomethionine in all systems was indistinguishable from the
corresponding sulphur compounds. A number of 75Se-labelled compounds extracted
from plant tissues also behaved 1dentxcally with various sulphur amino acidsin these
systemsl. The only differences noted in the behaviour of the seleno- and sulphur-
analogues were for the substances having a high mobility upon electrophoresis at
PH 2.7. Thus the relative migration of ?*Se selenocysteic acid and cysteic acid over a
4 h period were 14.9 cm and 15.5 cm respectively.

In all the systems used, the ninhydrin-positive spots were compact. However,
when 75Se-labelled compounds of high activity from plant extracts were chromato-
graphed in the four solvent systems, solvent 4 caused severe decomposition of the
labelled compounds present!. This solvent has been used by previous workers!4, but
was found most unsuitable under our conditions. When 73Se- and 3S-labelled com-
pounds were chromatographed in solvent 2, rate-meter tracings and radioautographs
indicated slight decomposition. There was no evidence of decomposition of radio-
active selenium or sulphur amino acids in solvents 1 and 3, but the former was supe-
rior in resolution.

By a combination of the above methods, it was possible to separate an 80 %
aqueous ethanol extract of perennial ryegrass (Lolium perenne) grown in "5Se-selenite
incorporated in the nutrient solution, into 17 discrete radioactive spots?.
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SUMMARY

Procedures are described for paper chromatographic and electrophoretic separations
of sulphur amino acids and of their selenium analogues, using systems in which very
little decomposition occurs. Sulphur and selenium analogues behaved identically
except for compounds having high electrophoretic mobility.
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