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SUMMARY

The separation of amino acids has been achieved on a short column of
Chromo-Beads C, resin, with a lithium gradient-clution system. The analysis took
8 b. The separaticn of asparagine and glutamine from glutamic acid was highly
dependent on the sample pH and on the methanol concentration in the first buffer
of the gradient. The method has been applied to analysis of human plasma and
granulocytes for amino acids.

INTRODUCTION

Analysis of physiological fluids and tissue homogenates for amino acids by

ion-exchange chromatography with an elution gradient based on sodium citrate
buffer solutions does not achieve separation of glutamine from asparagine'-?; these
amino acids, however, can be separated by using lithium buffers®. Since the initial
work of Benson et af., several authors have described methods involving use of
lithium citrate, with two columns (one for the acidic and neutral amino acids. and
the other for the basic ones) and with a discrete clution gradients-*. Few reports
describe a continous gradient-elution system on one column for the separation of all
the amino acids™2.
. However, none of these techniques is useful for the separation of glutamine
from asparagine under our conditions, f.e.. use of Chromo-Beads C, resin and a
gradient-elution system with lithium citrate. The purpose of this paper is to demon-
strate that, by varying the concentration of methanol in the first buffer of the gradient,
and the pH of the sample, the separation of all amino acids can be achieved.

EXPERIMENTAL

Chemicals and reagents
The ion-exchange resin used was Chromo-Beads C, (Technicon, Tarrytown,
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N.Y., U.S.A). Lithium citrate, lithium chloride, lithfum hydroxide,” ninhydrin,
hydrazine sulphate, methylcellosolve, anhydrous sodium acétate, sulphiosalicylic acid
" and methanol were purchased from E. Merck (Darmstadt, G.F.R.); hydrochloric acid
and pure acetic acid from Prolabo; and Brij 35 and norleucine from 'IfeCh-mcon. Th;
standard amino acids were obteined from Merck and NLB.C. (Cieveland,OMo,U._S.A.).

The ninhydrin and hydrazine sulphare solutions were prepared accc?rdmg to
Technicon reports™. The buffered ninhydrin solution contained 13.5 g of ninhydrin,
! 1 of methylcellosolve, 65 mi of pure acetic acid, 200 ml of 4 Af sodium acetate of
pH 5.5 and distilled waterup to 2 : .

The 20 mAf hydrazine sulphate solution was prepared in distilled water, and
a few drops of concentrated sulfuric acid were added. .

The procedure requires four lithium citrate buffers, and & fifth is used to
regenerate the resin before injection of the next sample. This buffer is of pH 3.10, and
is 0.275 N iz lithium and 0.07 N in citrate; it is prepared from 19.74 g of wrifithium
citrate tetrahydrate, 2.76 g of lithium chloride, 1 ml of 2,2'-thiodiethanol, and [0 ml
of Brij 35 (10%, w/v) solution and is made up to [ I with distilled water after pH
adjustment with 6 Af hydrochloric acid.

The first three buffers required to establish the elution gradient are of pH 2.75,
2.875 and 3.8. They have the same composition as the buffer of pH 3.10, but the sclu-
tion of pH 2.75 also contained 70 mi of methanol per litre. 2,2-Thiodiethanotl is
added to each solution to prevent oxidation of methionine.

The fourth buffer is of pH 6.5 and is .5 N in lithium and 0.07 N in citrate;
it contains 19.74 g of trilithium citrate tetrahydrate, 54.68 g of lithium chloride and
10 ml of the Brij 35 solution per litre.

All the buffers are stored (in closed bottles to prevent contamination by
atmospheric ammonia) at 4° for no more than three days; the pH is checked each time
before use and is adjusted if necessary.

Materials and apparatus

The apparatus for chromatography comprised a Technicon column (75 cm X
0.63 cm 1.D2.), connected to & Technicon AutoAnalyzer; measurements were made
at 570 nm. The Chromo-Beads resin, type C,, is 8% cross-linked and has a particle
diameter of 13 pgm; before use, the resin was converted iato the lithium form as
described by Perry ef @/.5. The resin was washed with acetone, 3 N nitricacid and 3 N
lithium hydroxide solution, respectively, then equilibrated with the buffer of pH 3.10.
To fill the column, the resin was divided into five parts, each of which was poured
into the column and packed sequentially.

Methad

The ciution gradient was obtained with a pine-chamber Autograd (see Tabie I)
using a Jow-rate of 0.75 ml/min. The temperature was maintainad at 39° until the
elution of citrulline, then iacreased to 60°. Complete separation of the amino acids
took 8 h. After each analysis, the resia was washed with 0.3 N lithium hydroxide
for 20 min, thern equilibrated with the buffer of pH 3.10. This regeneration and the
use of 2 buffer of pH 2.75 to begin the gradient improved theseparation of the threa-
nine-serine group!’. The column was discarded after twenty runs in order to avoid
loss of resolution caused by excessive compaction of the resin.
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TABLE I
‘COMPOSITION OF THE ELUTION GRADIENT

Chamber  -Volume (ml} of buffer
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Fig. 1. Effect of the methano! concentration on elution of a prepared mixture of amino acids; 250
amoles of each amino acid ware placed on the column, and the chromaztographic conditions were as

described in the taxt.
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Sample preparation S

Amina acid standards. The amino acids were dissolved in 0.0t N kydrochloric
acid, the pH of the solution was adjusted to 1.5, and the final concentration for each
compound was 2.5 mAf. The efficiency of the column was checked after every ten runs
with 100 gt of this solution, which was stored at —20°. Az internal standard, 2.5 maf
porleucine was used.

Human plasma. Human blood, collected with lithium heparinate by venio-
punciure, was centrifuged at 3000 g for 15 min at 4°; the plasma was deproteinised
with sulphosalicylic acid at a final concentration of 3% (w/v}, the precipitate was
removed by centrifugation for 13 min at 300C g and 4°, and the pH of the supernatant
solufion was adjuasted to 1.5.

Human granulocytes. The granulocyies were isolated according to the method
described elsewhere®. The cell suspension contained more than 90 %, of polymorpho-
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nuclear leukocytes, with thrombocyte centamination of I per leukocyte. The cells
were suspended in [ ml of distilled water containing 250 nmoles of norleucine and
submitted to three cy..les of freezing and thawing. Then 30 mg of sulphosalicvlic acid
were added, the suspension centnfuged, and the pH of the clear supernatant solution
was adjusted ta 1.5

RESULTS AND DISCUSSION

Ion-exchange chromatography with lithium buffers is the most suitable
technique of analysis for glutamine and asparagine. However, the resolution of the
acidic amino acids in such systems depends on the pH of the sampls'® and the con-
centration of methano! in the first buifer of the gradient!*. Before applying this
method to the quantitative study of the free amino acids in human granulocytes, we
determined these parameters under our conditions.

Afethanol concentration

The concentration (I5%, v/v) of methanc! used in sodium buffer elution
gradients!® did not separate asparagine from glutamic acid. although all the other
compounds wers sharply resolved. The effects of various methanol concentrations
0 te [59;, v/v; ou the aminc acids eluted at 39° (these being the most sensitive to

rd

TABLE IT

VARIATION IN PEAK DIMENSIONS WITH SAMPLE pH FOR SOME AMINO ACIDS
The peak height (&) is expressed as abscrbance, and the width () in cm (see ref. 13); the width is
measured at half the maximum height. Where oo values are shown for asparagine, glutamic acid
and gluramins, this is because, at these pH values, there is no resolution between asparagine and
glutamic acid or between glutamic acid and glutamine.

Améng acid Peak-parameier Sample pA
05 I i35 3 2.3
Iz 4 0.382 Q.329 0.328 Qa.314 a.3503
Aspartic acid g g.40 0.40 G40 0.40 0.4
t Hx W Q.153 0.131 0.131 ¢.126  0.123
H 0378 0.368 3.318 0.278¢ Q244
Threonine W Q.40 040 0.40 Q.40 G.50
H X ¥ 0.151 0.147 0.127 0.128 0.122
Fi4 0378 @365 0.320 G.30% 0.272
Serine w g.325 0.35 0.40 0.4% 0.45
H X W 0.132 0.128 (Q.128 ¢124 0.122
ff{ 0.145 0.145 0.145
Asparagine 040 - 040 0.40
lF x W 0.0s8 (0.058 0.058
{ H 0434 0.37¢9
-Glutamiec acid A 0.45 0.50
T }.E X W 0.195  0.18¢%
H 0.301 0.295 0.265
Giutamine W 0.40 0.45 0.60
H X W 0.20 0118 0119
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Fig. 3. Chromatogram of a prepared mixture of amin

variation) are shown in Fig. 1. A methanol concentration of 3% {v/v} causes a slight
increase in elution times; at 109 (v/v) of methanol, no such effect was observed, but
elutamic acid and asparagine were not separated. Without methanol, threonine and
serine, glutamine and glutamic acid, and proline and glycine, were not separated
from each other, Finally, 79, (v/v) of metharnol was chosen for use, the separation of
elutamic acid being taken as the limiting factor. Another organic solvent, such as
r-propanol, has been reported to improve the separation of glutamine and asparagine
from glutamic acid®, but the modifications reported were greater than those we ob-
tained with methanol. In some assays, we observed no differences between the two
solvents.

Sample pH

It has been reported that, when the sample pH was varied, there were some
variations in elution time and in peak area for the acidic amino acids, especially
aspactic acid'®. Fig. 2 shows the variations in elution time of the acidic compounds
when the sample pH was varied from C.5 to 2.3; glutamic acid was the most seasitive
to these variations. Indeed, at low pH (0.5}, glutamic acid was eluted with glutamine,
whereas at pH 2.0 it was eluted with asparagine. Consequently, the pH of all samples
and test solutions was adjusted to 1.5. Table I shows the variations in height, width
and area of the peaks for aspartic acid, threonine, serine, asparagine, glutamic acid
and glutamine. An increase in sample pH led to decreased heights for all these com-
pounds except asparagine. This effect was marked for giutamine, whereas for the other
amino acids, it appeared only at a sample pH of 2.5. Thus, increased sample pH
causes marked variation in peak area, and, as the calculaticn of concentration is based
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TABLE IIT
REPRODUCIBILITY OF THE TECHNIQUE

A hurmnan-plasma pcol was divided into five parts, each of which was deproteinised with sulphosali-
cvlic acid: the supernatant solutions were stored at —20° before analysis, and 500 gl of each were
used. Faurine, aspariic acid and asparagine were present in concentrations too low for determi-
nation.

Anmino acid Range of concrr. Mean — §.D. Caefficient of

(pe&f) (it} variatior
Threonine 101.6-120.8 1120 - 75 6.6
Serine 85.8-125.2 I158 = 125 10.8
Gluiamic acid 46.6- 54.8 492 L 21 42
Glutamine 663.3-779.0 681.3 + 309 4.5
Proline 203.6-236.8 2158 + it.5 53
Glycine 245.1-286.2 2710 = 8.2 3.0
Alanine 251.1-2589.8 2725 £ 9.1 3.3
Citrulline 6.4 23.7 2.1+ 28 16
Valine 181.2-212.4 199.9 =~ 8.7 4.3
/. Cystine 37.3- 473 3.1 = 20 2.4
Methionine 20.3- 274 239 + 1.3 5.4
Isoleucine 28.9~ 526 40.7 ~ 4.1 10.0
Leucine 70.5- 97.9 81.2 & 55 8.7
Tyrosine 41.0— 53.5 480 = 38 38
Phenylalanine 51.3- 60.6 56.2 =~ t.8 3.2
Ornithine 83.0-118.9 96.6 =~ 7.6 7.8
Lysine 178.0-217.6 1680+ 86 £.3
Histidine 90.2-120.5 1618 - 60 5.8
Arginine 45.2- 513 8.2 — 2.2 4.6

on peak area, it is impecriant to ensure that the iest amino acids and the sample pbB
are at the same value.

Applications

Fig. 3 shows a typical standard chromatogram of a prepared mixture of 26
amino acids, and Fig. 4, that of human plasma amine acids, the resolution of which
is equivalent to that obtained with the standard solution. It was not possible com-
pletely to eliminate the small shift in base line that occurred with elution of the
ammonia, but this did not affect the resolution and the quantitative determination
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Fig. 5. Chromatogram of fasting human nolymorphonuclear leukocytes. The initial suspension con-
tained [0S cells.
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of the basic amino acids. Resuits showing the reproductibility of the technique are
listed in Table III; the values obtained are similar to those published by other investi-
gatorsls.lé_ ) i ) o ]
The method was applied successfully to analysis for- human granulocytic
amiro acids (see Fig. 5). The main differences between plasma and granulocytic’pools
were the high concenrrations of taurine, aspartic acid and glutamic acid in the latter
samples!”. The variations of the granulocytic amino acids may refiect those of the
whole paol; indeed, it has been shown that the amino-acid-pool composition would
be the same in alf tissucs of an organism'S, and the amino acids dus to inherited™°
or nuiritional® and metabolic disorders are also present in polymorphonuclear
leukocytes. .
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