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SUMMARY

Optically pure amino-acids were labelled with tritium by the
Wilzbach method. The percentage of radioactivity found in the
opposite enantiomer was determined by reverse dilution analysis.
After tritiation of L-phenylalanine, D-phenylalanine, L-tyrosine,
L-proline, D-proline, L-glutamic acid and L-alanine respectively
27,22, < 1.1, 46, 4.0, 11.9 and 19.3 of the activities of the
radiochemically pure amino-acids were found in D-phenylalanine,
L-phenylalanine, D-tyrosine, D-proline, L-proline, D-glutamic acid
and D-alanine.

Wilzbach labelling of phenylalanine caused the formation of a
considerable amount of a radiochemical impurity that was identified
as B-cyclohexylalanine.

INTRODUCTION

Radiochemical impurities in peptides and proteins, labelled by the Wilzbach
method and caused by racemization, may be important, as little is known about
the effectiveness of the usual purification methods for the removal of traces of
highly active, diastereo-isomeric forms of these peptides and proteins. The
possible presence of a considerable amount of labelled material with an unna-
tural configuration might reduce the value of a biological tracer substance very
seriously. It would therefore be desirable to have more information about the
amount of radiochemical impurities caused by racemization under the in-
fluence of tritium gas, in amino-acids, peptides and proteins.

In this work, results obtained with several amino-acids are given, Traces of
labelled D-amino-acids in the corresponding L-acids, and vice versa, were

* This investigation was supported by Euratom under contract 078-64-RISN
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determined by a reverse isotope dilution method. For the principle of this
method, and for a discussion of the factors that can influence the results, we
refer to a previous publication .

EXPERIMENTAL PART

1. GENERAL OUTLINE OF PROCEDURE

Inactive starting materials were checked on optical purity as described
in 2.1. below. After the Wilzbach labelling of the amino acids (2.2.), labile
tritium atoms were removed.

To the tritiated amino-acid, an equal amount of the inactive, opposite
enantiomer was added before the purification in order not to remove the traces
of this active enantiomer by the crystallization procedure. After purification of
the product by repeated crystallization (2.3.), it was purified further by prepara-
tive thin-layer chromatography (2.4.). (In the case of phenylalanine, B-cyclo-
hexylalanine could be isolated and identified as a radiochemical impurity (2.5.).

After the chromatographic purification, the product was dissolved and the
solution was divided into three equal parts. The reverse dilution analysis was
carried out by adding to each of these three parts respectively a 100-fold excess
of inactive L-amino-acid, D-amino-acid and DL-amino-acid (2.6.). These
three portions were crystallized several times, and the specific activities were
determined by counting the samples in a liquid scintillation counter (2.7.).

2. DETAILED DESCRIPTION OF EXPERIMENTS

2.1. Optical purity of materials used

Phenylalanine. L-, D- and DL-phenylalanine were obtained from Fluka
(puriss-quality).
L-phenylalanine : [0)3* = — 33.2°, ¢ = 1 — 2, in water.
D-phenylalanine: [o]3* = + 33.7°, ¢ = 0.8 — 2.2, in water.

Tyrosine. L-, D-, and DL-tyrosine were obtained from Fluka.
L-tyrosine : [0)2° = — 8.8°, ¢ = 4.44in 6.3 N HCL
D-tyrosine : [a]2° = + 7.8°, ¢ = 3.59 in 6.3 N HCI.

Proline. L-, D- and DL-proline were obtained from Calbiochem (puriss-
quality).
L-proline : [0]3° = — 83.6°, ¢ = | in water.
D-proline : [a]2° = + 82.9° ¢ = 1 in water.

Glutamic acid. L-, D- and DL-glutamic acid were obtained from Fluka
(puriss-quality).
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L-glutamic acid : [a]3* = + 31.7°, ¢ = 2.7 in 1.73 N HCI.
D-glutamic acid : {a]3* = — 31.6°, ¢ = 2.7in 1.73 N HCL

Alanine. L-, D- and DL-alanine were obtained from Calbiochem (puriss

quality).
L-alanine : [a]3%® = + 14.4°, ¢ = 5,in I N HCL
D-alanine : [0]3%° = — 14.3°, ¢ = 5,in 1 N HCL

The optical purity of L-phenylalanine, L-tyrosine and L-glutamic acid was
also checked by enzymatic analysis with L-amino oxidase (LAO) *. L-tyrosine
was completely digested ; in L-phenylalanine this analysis indicated a D-amino-
acid content of less than 0.5%,. L-glutamic acid was not completely digested by
LAO; 4.1% was found after the digestion. In a separate, identical experiment
with an optically very pure standard sample of L-glutamic acid, 4.1%; of this
standard sample was not digested in the reaction time that was chosen. We con-
clude that the optical purity of the L-glutamic acid used in our experiments
was better than 99.5%, and that of L-tyrosine better than 99.9%;. Estimated
from the optical rotations, the optical purities of L- and D-proline and L- and
D-alanine were at least 999%.

The amino-acids were used without further purification; they were all
chromatographically homogeneous.

2.2. Wilzbach labelling

The exposure to tritium-gas was performed in an apparatus described by
Wenzel ‘2, equipped with an automatic Toepler pump and slightly modified (V).
The tritium gas was obtained in 3 C portions from the Radiochemical Centre,
Amersham (England), in break-seal ampoules. The isotopic purity of the gas
was about 989, the volume 1.2 m! at N.T.P. Each 3 C portion of the gas was
used only two or three times. About 100 mg of the finely powdered and tho-
roughly outgassed amino-acid was exposed for 7-8 days to 3 C tritium gas, at a
pressure of about 20 cm Hg, at room temperature.

2.3. Purification by crystallization

Labile bound tritium atoms were removed by dissolving the tritiated pro-
duct in an excess of water. In the case of tyrosine, 6 N HCl was used. The
solvent was removed under vacuum. To the labelled L-amino-acids an exactly
equal portion of inactive D-amino-acid (for tyrosine : D-tyrosine-HCl) was
added, and to the labelled D-amino-acid an exactly equal amount of inactive
L-amino-acid. The products were crystallized as follows :

Phenylalanine : 4 X from ethanol-water,
Tyrosine : 1 X from 6 N HCIl, 3 x from water,
Proline : 1 X from ethanol-ether,

* These determinations were carried out under the supervision of Ir. B.C. Goverde of
N.V. Organon, Oss, (The Netherlands).
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Glutamic-acid : 6 X from water,
Alanine : 2 % from ethanol-water.

The number of crystallizations depended on the ease, with which the bulk
of the radiochemical impurities could be removed, as indicated by radio-
chromatography (L-glutamic acid was obtained with a radiochemical purity of
979% and was not further purified by chromatography, see 2.4).

2.4 Purification by preparative thin-layer chromatography

Thin-layer plates (20 x 30 cm) with silica-gel H were prepared (thickness
1 mm) and dried overnight, then 1 h at 110°C.

Per plate, 5 mg of an amino-acid was dosed in a band. The amino-acid was
dissolved in 0.5 ml of water, or, in the case of tyrosine, in 0.5 ml 1 N HClL.

Chromatograms were developed with butanol/acetic acid/water 3:1: 1, and
then dried at a temperature of at least 50°C. The distribution of the radioactivity
over the chromatogram was determined with a Berthold scanner (see 2.7.). The
amino-acids were removed by extracting the SiQ, with hot water; the water
was removed under diminished pressure. In the case of tyrosine, the extraction
was done with 40 ml of hot water, acidified with 5 mi 0.1 N HCL.

Depending on the purity that was obtained, the isolated products were
chromatographed a second or a third time ; in most of these cases we started the
first chromatografic purification with 10 mg of substance, dosed on two plates.
After the first chromatogram, the extracts were added together. L-glutamic
acid was purified only by crystallization from water, (6 x), as we had the im-
pression that purification over SiO, caused the formation of additional impuri-
ties.

Radiochemical purities of the final products were better than 997(, except
in the case of D-phenylalanine and that of L-glutamic acid, where radioche-
mical purities were 999 and 979 respectively. These figures were estimated
from the second or third preparative chromatogram, or from an analytical
thin-layer or paper chromatogram.

These paper and thin-layer chromatograms were also developed with
butanol/acetic acid/water 3 : 1 : 1 (ascending technique ; Whatman paper no.
1, or a silica-gel H thin layer of 0.20 mm thickness). In the case of paper chro-
matograms, the radioactivity distribution was determined by cutting the paper
in pieces of 15 cm and counting in a liquid scintillation counter (2.7.). From the
thin-layer plate, the silica-gel was removed in bands of 1 c¢m, and the activity
of each band was counted (2.7.).

2.5. Isolation and identification of a radioactive impurity in tritiated phenyla-
lanine

In the case of tritiated L- and D-phenylalanine, the amount of a radio-
chemical impurity difficult to remove, was considerable (see fig. 1). We assumed
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that this impurity might be $-cyclohexylalanine, formed from phenylalanine by
hydrogenation. To check this assumption, the impurity was isolated from the
preparative chromatogram by elution with water. After evaporation of the
water, the residue, mainly SiO,, was extracted with ethanol. B-Cyclohexyl-
alanine was added as a carrier and a two-dimensional thin-layer chromatogram
was made. About 50 pg substance was dosed on a thin-layer plate of 20 x
20 cm, with a thickness of 0.25 mm.
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FiG. | — Paper chromatogram of L-phenylalanine tritiated by means of the Wilzbach
method, after four crystallizations.

Development in the first direction occurred with pyridine/water/tert amyl-
alcohol 105/90/105, in about 5 h. After drying, development in the second
direction took place with butanol/acetic acid/water 3:1:1 in 4% h.

After drying, the activity distribution over the chromatogram was determined
by scanning, and next the plate was sprayed with ninhydrin-reagent. Only one
coloured spot was visible, which coincided exactly with the radioactive spot.

2.6. Reverse dilution analysis

The amino-acids, obtained after the chromatographic purification, were
dissolved in about 6.5 ml of water. In the case of tyrosine, 0.1 N HCl was
used. If necessary, this solution was filtered over a G-3 glass filter, and divided
in three portions of about 2 ml. These three portions were weighed, and a
weighed amount of respectively L-, D-, and DL-amino-acid was added as a
carrier (about 200 mg; in the case of proline about 300 mg). The fractions
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were crystallized till the sum of the specific activities (corrected for slightly
different dilutions) of the D- and the L-fractions was equal to the specific
activity of the DL-fraction ; then the fraction with the lowest specific activity
was crystallized further to prove its constant specific activity.

Crystailization procedure :

Phenylalanine : 3 — 5 x from ethanol-water.

Tyrosine : 6 x from water.

Proline : 12 x from absolute ethanol.
Glutamic acid : 6 x from water.

Alanine : 2 x from ethanol-water.

Given is the number of crystallizations that was necessary to make the
sum of the specific activities of the D- and the L-fraction approximately equal
to the specific activity of the DL-fraction.

2.7. Radioactivity measurements

The amino-acids were measured by dissolving 0.5-2 mg of the acid in
I ml of a Hyamine hydroxide 1.0 M solution in methanol (obtained from Nu-
clear Enterprises Ltd., Edinburgh, Scotland); when the amino-acid was com-
pletely dissolved, 6 mi scintillation liquid was added. (Composition : 200 ml
ethanol p.a., 800 ml toluene p.a., 5 gr 2.5 diphenyl-oxazol, (PPO) and 0.5 g
2.2" p-phenylen-bis-(5-phenyloxazol), (POPOP)). The measurements were
performed in an automatic liquid scintillation counter. (Tritomat 6020, Isotope
Development Limited.)

The activity distribution on paper chromatograms was determined by
cutting the chromatogram in strips of 4+ cm. These strips were put into the meas-
uring bottles, as far as possible in the same positions, and covered with 5 ml of
a scintillation mixture (composition : 60 g naphthaiene p.a., 4 g PPO, 0.2 g
POPOP, 100 ml ethanol, 20 ml ethylene glycol; added up to a volume of
1000 m} with p-dioxane p.a.).

Activities on analytical thin-layer chromatograms were measured by
removing the silica gel H in bands of } cm, covering the gel with 5 ml of the
dioxane-scintillation mixture and counting in the scintillation counter.

The activity distribution on preparative thin-layer chromatograms was
determined with the Berthold « Diinnschicht-scanner LB 2720 ». Activities,
measured on chromatograms by one of the methods described above, give only
approximate estimations of radiochemical purities.
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RESULTS

TABLE 1.

deviations

Results of the reverse dilution analysis, with the estimated maximum

373

Amino-acid that was tritiated

Carrier added

Percentage of activity

DL -phenylalanine {100]

L-phenylalanine L-phenylalanine 96.6 + 3 99.3
D-phenylalanine 2.7+ 0.5 :
DL-phenylalanine [100)

D-phenylalanine L-phenylalanine 2.2 41 99.7
D-phenylaianine 97.5 +3 :
DL-tyrosine [100}

L-tyrosine L-tyrosine 96.3 4+ 3 \ 97.4
D-tyrosine 11404 | :
DL-proline [100]

L-proline L-proline 92.6 + 3 972
D-proline 46 +1 :
DL-proline {100]

D-proline L-proline 40 4-1 1011
D-proline 97.1 + 3 :
DL-glutamic acid [100]

L-glutamic acid L-glutamic acid 88.9 + 3 100.8
D-glutamic acid 11.9 4+ | :
DL-alanine [100]

L-alanine L-alanine 785 +3 98.5
D-alanine 193 £2 !

Discussion

I. The largest uncertainties in Table 1. are caused by the uncertainties in the
optical purities of the amino-acids, used for the Wilzbach tritiation. The
value for tyrosine (1.1 + 0.4) has to be considered as a maximum ; after
crystallizing one time from 6 N HCl (2.3.), it was realized that tritium might
be lost from places ortho to the -OH-group by this procedure ; thereafter

only water was used for crystallizing

(4. 5)

2. As a tentative conclusion we may say that the low percentages of the radio-
active, opposite enantiomer in the cases of phenylalanine and tyrosine are
presumably due to a high tritium content of the aromatic nucleus, As
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aromatic amino-acids in peptides are preferentially tritiated by the Wilzbach
method ®, we may assume that radioactive, diastereo-isomeric impurities
will not be very important in peptides with a high percentage of aromatic
amino-acids.

However, radioactive impurities due to hydrogenation of aromatic nuclei
may be very important.
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