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Determination of Glutathione in Biosynthesis Reaction by Paper

Chromatography
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Abstract A method of separation and quantitative determination of glutathione (GSH) in biosynthesis reac-

tion from its constituent; L-cysteine, glycine and glutamic acid, in a medium containing, glucose, potassi-

um phosphate buffer and MgCl., by paper chromatography was developed. Cystine was found to play the

role of L-cysteine in the biosynthesis of glutathione and R, values of the 5 components ; L-cysteine, glycine,

glutamic-acid, GSH and cystine were reported. The results showed that among mixtures, phenol and water

mixture in a ratio of (5 : 1) gave the best separation.
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INTRODUCTION

Glutathione (GSH) can be considered as an
ideal, multifunctional and biologically active
compound. It is widely distributed in animals,
plant cells, and microorganisms{'). 1ln earlier pa-
pers, many analysis methods, such as titration
methodt®, electrophoresis method!®’, and spec-
trophotometric method!"] were described. In
those methods the separation is not good or -SH
group of cysteine interfere with that of GSH dur-
ing the analysis and affect the results. In this
study, investigations were undertaken because of
the convenience use of papef chromatography as
a tool for the qualitative identification and quan-
titative determination of amino- acids and pep-
tides. The most satisfactory solvents are those
which are partially miscible with water. Those
employed solvents provided that the water con-

tent is not too high, so that the cellulose, by a
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salting out” effect allows the system to function

as a partition chromatogram(®l. Different ratioes

of a mixture of n-butanol, ethanol, acetic acid,

water and \phenol have been studied. Phenol and

water in a ratio of (5:1) shows a very good re-
sult with a clear separation of the five compo-
nents. Different R, values of the five components
for every ratio of the mixture of different sol-
vents were illustrated.

The different spots were cut off and dis-
solved in 0. 5 mol/L HCI and then treated with
ninhydrine. By colorimetry method at 570 nm,
the quahtity of GSH, L-cysteine, glycine, glu-
tamic acid and cysteine were determined refering

to the standard curve.
1 Experimental

1.1 Materials

Glutathione (GSH) was purchased from
Shanghai Biochemistry Company (specification .
more than 90%). Glutamic acid (BR, TLC pu-
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rity , Shanghai Jiangda Amino Acid Company).
Glycine(AR, 99. 5%- 100. 5%, Huzhou Bio-
chemistry Company ). Cysteine and cystine (BR,
TLC purity , China Scienses Institute East Instru-
mental Preparation Co. LTD Biochemistry Sec-
tion). The paper used is Xinhua Filter Paper No
1. Colorimeter apparatus type 722 (Shanghai).
Other chemicals such as ethanol and acetatic acid
were used without further purification.

1.2 Method

1. 2.1

Cells were cultivated in 100m] of medium

Cultivation of Saccharomyces cerevisiae Cells

1. 0% peptone,
1. 0% yeast extract, 0.59% meat extract and
0.5% NaCl(pH 6. 0) at 30°C for 20 h with re-

ciprocal shaking. After cooling the broth to

containing 0. 5% glucose,

0 C, cells were centrifugated, and resuspended
in 0. 85% cold saline solution. The cell suspen-
tion was centrifugated at 3000r/ min for 10
min, and weighed(l.

1.2 2 Assay of Glutathione- producing activily  In-
tact cells (2. 4g wet wt. ) were incubated in
20ml of a mixture containing 0. 5 mol/L glu-
cose, 0. 01 mol/L MgCl,, 0. 02 mol/L L-glu-
tamic acid, 0. 02 mol/L L-cysteine, 0. 02 mol/
L glycine and 0. ] mol/L potassium phosphate
buffer (pH 7.0 ) at 30 C for 4 h with shaking.

0. 5 ml of reaction mixture was removed and
heated in boiling water for 1 min, chilled imme-
diately in ice water and centrifugated to remove
cell debris. Using the supernatant, the cencentra-
tion of reactants and products were determined
by paper chromatography!®},

1. 2. 3 Qualitative ientification

strips (19cm XX 8cm X 7cm ) were cut with a paper

Trapezoidal

cutter from Xinhua Filter Paper No. 1, were se-
<

lected to be held in a position without touching
the walls of the chomber assay except at the up-

per end. The solvent is added gently to the

chomber without wetting the walls and then the

strip is introduced later. The chomber stands for

certain hours until the solvent ascends to a posi-
tion of about 15mm below the upper end{’l, The
strip is removed, suspended, dried, and sprayed

lightly with 0. 25% solution of ninhydrine in

(5%) water- saturated butanol and dried at

110 C for about 4 min. The R; was calculated

for every sample.

1.2. 4  Quantitative determination The spots after
traveling the distance were removed and cut off
into small pieces, and then introduced to the as-
say chomber 1 mi of 0.5 mol/L HCl was added
to dissolve the contents of the small pieces of fil-
ter paper. After mixing it, 1 ml of 2 mol/L
acetic acid buffer(pH 5. 4) is added. After blend-
ing it, 1 ml of ninhydrine solution was intro-
duced. The solution was heated at 100'C for 15
min. Cooling it to room temperature, and then

add 2 ml 60Y%; ethanol. After mixing and filtrat-
ing it, the color intensities of the solutions of
each sample were determined at 570 nm!*J.

The linear regression equations, of the 5
components, obtained from the data were, tak-
ing known absorbances on Y- axis and weight
(wg) on X-axis, as follow
Cysteine ;Y =0. 0021X—0. 0419,7=0. 9923;
Cystine Y =0. 0022X+0. 0177,»=0. 9983;
Glutamic acid, ¥ = 0. 0662X — 0. 1717, r =
0. 9987
Glycine ;Y =0.1010X—0. 0586 ,7=0. 9984
Glutathione; ¥ = 0. 0009X + 0. 0073, r =
0.9979

2 RESULT AND DISCUSSION

The differently obtained R: values can be
based on the following factors; paper, tempera-
ture, and the degree of saturation with water,

The degree of saturation with water can be con-



178 Journal of China Pharmaceutical University

Vol. 28

sidered as the principal factor to reach a good sep-

aration for this research. Tab. 1 shows that the

deplacement of the components but cysteine and

GSH still have a close R;.

increase of n-butanol in the mixture give a slow

Tab 1. The Ryvalues of different amino acids in different solvent mixtures.

Ethanol n-Butanol-acetic acid -water n-Butanol-acetic acid-ethanol-water
COMPONEMS  10% T aeivl 4:1e2  4i103  7e1:2  d:2el Ar10102 dilezs2 4:1:4:1 4015241
Cyss 0. 08 0.08 0.21 0.20 0. 06 0.14 0.23 0. 20 0.17 0.11
Gly 0. 56 0.25 0. 35 0. 30 0.18 0. 27 0. 39 0.38 0.35 0.22
Glu 0.64 0.32 0. 42 0. 42 0.24 0. 37 0.50 0. 48 0. 47 0.36
GSH 0. 64 0.29 0. 44 0. 43 0.24 0.37 0.50 0. 47 0.50 0.35
Cys 0.64 0.37 0. 47 0. 46 0.33 0. 52 0. 51 0. 52 0. 41

The result shows that in »-butanol, acetic acid, and water in a ratio of (4 : 1 : 1), the separation of different amino acids; cystine

(Cyss), glycine(Gly), glutamic acid(Glu), cysteine(Cys) and glutathione(GSH) was better.

A phenol water mixture was investigated
and in the phenol saturated water at 8 C, the re-
sults were good and the separation between the
components is clear reflected by a big differents
between the different R, values of different com-
ponents. This saturation phenomenon is influ-
enced by the temperature and in the phenol satu-
rated water at 8'C 4V (volume) of phenol were
calculated to contain 1V of water. The variation
of water contents in phenol affects the R; values
and cystine was found to be deplaced forward by
the solvent with the decreases of water contents
in phenol. The data shown in Tab. 2 prove this

result.

Tab 2. The Ry values of differnt Amino- acids and GSH in phe-
nol and water solvent

(Phenol-Water)V/V

Components
31 4:1 511
Cystine 0.29 0.16 0.18
Glycine 0.35 0. 26 0.28
Glutamic-acid 0.32 0.39 0.38
GSH 0. 46 0.55 0. 52
Cysteine 0.57 0. 67 0.87

The result showed the larger is that phenol -water in a ratio of (5
¢ 1 V/V) have been selected as the best one.

Other factors are also having an effect on
R¢ values of different components, such as the
normality of HCl in which amino-acids and GSH
were dissolved.

The quantitative determination of GSH us-

ing ninhydrine in (5%} ) water-saturated butanol
gives a good result with a recovery of 96%;.

In this paper a separation method by the use
of paper chromatography was described. Ninhy-
drine is used to reveal different amino-acids and
GSH. Many solvent mixtures have been investi-
gated and the phenol-water mixture (5 : 1 v/v)
used as mobile phase, shows a clear separation.
Other factors have been taken in consideration of
the separation such as paper, pH, temperature,
concentration of amino- acids, and paper con-
tents in water. The results obtained were similar
to those discribed by John M. Miller and Louis
B. Rockland®™J.
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