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Glutathione is known as an important constituent
of all living cells, and has recently been used in clini-
cal fields. Various synthetic routes have been re-
ported by many investigators since Harington and
Mead® first synthesized the tripeptide in 1935.

The crystal of glutathione is well known as a color-
less needle which is easily soluble in water, and its
structure has also been discussed.

However, studies on the crystallization conditions
of glutathione have scarcely been reported, although
some preparative methods are shown.2-®

In the present paper, both nuclei formation and
the conditions of crystal growth of glutathione were
investigated in water and ethanol-water (1 :2), with
varying supersaturated concentration and tempera-
ture respectively.

Results

Crystallization in Water System. The gluta-
thione used in this study was repeatedly purified
through Cu-salt. Paper electrophoresis did not

1) C. A. Harington, T. H. Mead, Biol. j., 29,
1602 (1935).

2) F. E. King, S. W. Clark-Lewis and R. Wade,
J. Chem. Soc., 1957, 880.

3) F.Weygand and R. Geiger, Chem. Ber., 90, 634
(1957).

show any spots of impurities.

Condition of nuclei formation was examined in
water without seeding.

The different crystalline nuclei of the glutathione
(named type B) were formed when 1009, supersatu-
rated solution (100g glutathione/100g water) was
maintained above 50°C for 30 min where the
crystallization conditions were quite different from
those used in the previous reports.

The selective crystal growth of this new type B as
well as that of the other one formed under the usual
conditions (named type A) may be carried out by
seeding the crystalline nuclei of each type to the
supersaturated solution under usual crystallization
conditions.

In the supersaturated concentrations from 27 to
509%,, type A was selectively grown at 10°C after 72
hr, with or without seeding type A. If crystalline
nuclei of type B were seeded to the same supersatura-
ted solution at 10°C, only crystal of type B was grown
selectively.

In the 1009, supersaturated concentration, type

4) C. Berse, R. Boucher and L. Piche, Can. J. Chem.,
37, 1733 (1959).

5) S. Goldschmidt, W. Lautenschlager, B. Kolb
and G. Zumach, Chem. Ber., 97, 2424 (1964).

6) St. Guttmann, Helo. Chim. Acta, 49, 83 (1966).
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Fig. 1. Solubility curves of type A and B.
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B was selectively formed with or without seeding
type B, when the solution was kept for 30 min at
50°C and then for 72 hr at 30°C. However, if type
A was seeded under the same condition, only type
A was found in the grown crystal.

The final concentrations in the mother liquor
showed 14.09%, with A and 5.19, with B respectively
after 72 hr at 10°C, and these results suggested that
considerable differences of solubilities in water would
exist between both types. In fact, these data ap-
proximately agreed with those of the solubility
curves at 10°C shown below. (Fig. 1)

Crystallization in Ethanol-Water (1 : 2) Sys-
tem. Preparative crystallization of glutathione has
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been usually carried out by adding suitable amount
of ethanol to the aqueous solution. Therefore the
crystallization condition was also investigated in
ethanol-water (1 :2) system to check which nuclei
of type A or B would be formed.

Remarkable decrease in solubilities of the gluta-
thione (Fig. 1) was found in comparison with those
in water system. In this solvent system, only the
crystalline nuclei of type A were obtained under
conditions in this study.

Chemical and Physicochemical Properties.
The new crystalline form named type B was found
to be a colorless rigid and fine crystal, while that of
type A was a colorless needle.

The solubilities of both types in water were
remarkably different as shown in Fig. 1.

Type B was proved to be more stable on storage
at 40°C in 1009, relative humidity. Thus, the
amount remaining unchanged was as much as 75%,
for B and was only 159, for A after 17 days.

Elemental analysis, paper electrophoresis, [a]p,
and mp of type B quite agreed with those of type A.

Both types gave completely the same patterns
of NMR (in D,0O, d;-DMSO, CF,COOD), ORD
(in HyO) and IR (in D,0) except IR in KBr
tablets. In the pattern of IR spectra, the difference
between both types was observed at absorption
bands assigned to both amide and carboxyl groups.
(Fig. 2)

X-ray diffraction patterns were also measured.
It was found that type A showed a very strong peak
at d=4.00A while type B at d=4.19A, and the
spacing of the latter was a little longer than the
former.

Discussion

On the Crystallization Conditions. From
Fig. 1, the range in which the nuclei of type B were
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Fig. 2. Infrared spectra in KBr tablets.
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formed might exist at higher temperatures or higher
concentrations, as the difference between solubility
curves of type A and B was much greater. However
it was practically difficult to obtain the crystal
above 60°C because partial decomposition of gluta-
thione was observed more than an hour later. It
is interesting to note that the condition to form
nuclei of type B must be restricted within a very small
range of temperature and concentration as men-
tioned above.

It should also be noted that only the selective
crystallization of one type took place, with seeding,
even in the supersaturated solution where the other
type of crystal should be formed without seeding.
This fact suggests that the work of nucleus formation
of both types would be unusually greater than that
of crystal growing. Therefore by seeding one type
of nuclei, the same type of crystal would be selec-
tively grown, while nucleus formation of the other
type might be disturbed.

Estimation of the Structural Configuration.
Many papers about the polymorphism of peptides,
in which two different forms are proposed, have
been reported. Both of them are “the folded form”
with intramolecular hydrogen bonds, and “the ex-
tended form” with intermolecular hydrogen bonds.
In this connection, IR alternations due to the struc-
tural configurations of peptides have also been
studied.”-® In IR spectra of KBr tablets obtained
in this experiment, type B of the glutathione showed
a lowering of absorption frequencies at amide VNE
(4116 cm-1), amide I (425 cm~-1) and amide II
(420 cm-1) in comparison with those of type A,
respectively. These results would be in satisfactory
agreement with those previously reported.

As to the X-ray analysis, Wright® reported that

7) G. N. R. Rao, ‘“Chemical Applications of
Infrared Spectroscopy,” Academic press, N. Y. (1963),
pp. 485—488,

8) C. C. Cannon, J. Chem. Phys., 24, 491 (1956).

9) W. B. Wright, Acta Cryst., 11, 632 (1958).
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the structure of glutathione was held together by a
three dimensional network with intramolecular
hydrogen bonds. The spacings were calculated as
the orthorhombic system, using the unit cell dimen-
sions found by Wright (a=28.05+0.02A, 6=8.802+
0.002A, ¢=5.630-+0.002A). The calculated value
for type A agreed with the observed value in type
A,

From these data, the structure of type A must be
“the folded form™ with intramolecular hydrogen
bonds, which is well known previously, and that of
the new type B would be “the extended form” with
intermolecular hydrogen bonds.

Experimental

Crystallization of Type B. a) Glutathione (10
g) dissolved in water (20 ml) was concentrated to total
weight 20 g in vacuo at 40°C. This supersaturated solu-
tion was maintained at 50°C for 30 min with mild stir-
ring, and the solution was allowed to stand for 72 hr at
30°C. Crystal was filtered and washed with a small
amount of water and dried in a desiccator under reduced
pressure. Colorless, rigid and fine crystal was obtained,
yield, 6.5 g. Mp 195°C (dec.), [a]} —17.3° (¢ 2, H,0).
Solubility in water at 10°C, 3.67%. Elemental analysis
agreed with the starting glutathione.

b) Nuclei of type B (0.2 g) were seeded to the solu-
tion of glutathione (10 g) in water (20 g), and allowed to
stand for 72 hr at 10°C. The crystal formed was treated
in the same way as above. Yield, 89g. Mp 195°C
(dec.), [a]¥¥ —17.4° (¢ 2, H,O). Solubility in water
at 10°C, 3.70%.

Apparatus. IR spectra were recorded on a Hitachi
IR-G Spectrometer (0.025 mm  thickness. KRS-5
sample cell) in D,O solution and in KBr tablets.

NMR spectra were obtained with an internal standard
TMS, JEOL c¢-60 spectrometer (60 Mc) in D,O, dg-
DMSO, and CF,COOD.

X-Ray diffraction patterns were measured with the
apparatus of D-3F type made by Rigakudenki, Ltd.,
in the region of 20=5—40° with the use of CuKa
radiation (1=1.5418 A).




