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SummarY 

Gonadotropin releasing hormone (GnRH), D-Phe6-GnRH and thyro- 
tropin releasing factor (TRF) were tritiated by direct catalytic 
exchange using Rh/A1203 + HT under conditions which lead in 
model deuterations of Nr-acetylhistidine amide to a high in- 
corporation of deuterium into position 5 of the histidine 
ring. Specific activities up to a range of 400 GBq/mmol in 
form of nonhydrolyeable tritium are attainable after removal 
of the label incorporated into position 2 of the histidine ring. 
A crucial reason for diminished specific activities was found 
to be a catalystmediated hydrogen transfer between the peptides 
and traces of water, contained in the reaction mixture, compe- 
ting with the tritiation. 
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Introduction 

As a simple method to label peptides containing aromatic amino 
acids by circumventing the syntheses of precuraors, the direct 
catalytic exchange labeling has frequently been studied by sev- 
eral groups /1 - 6/. In histidine containing peptides specific 
activities up to 500 GBq/mmol could be achieved, but the main 
part of the radioactivity was introduced into position 2 of the 
histidine ring /2,5/. From this position the label can be ex- 
changed by hydrolysis unter physiological conditions /2,5/. 

0362-4803/87/121483-O9SO5 .OO 
@ 1987 by John Wiley & Sons, Ltd. 

Received March 17, 1987 



I484 J .  Oehlke et 01. 

In a prePious work /7/ we studied the deuteration of NoL-acetyl- 
histidine amide (AcHisNH2) by direct catalytic exchange to find 
conditions for a higher incorporation of the label into position 
5 of the histidine ring. In this position, the hydrogen isotope 
is stable under physiological conditions against hydrolytic 
exchange /7,8/. The beet conditions for a high incorporation of 
deuterium both in position 2 and in position 5 of the histidine 
ring were a solvent free of labile or activated hydrogen, en- 
hanced temperature (40 - 60 O C ) ,  and a relatively high quantity 
of an appropiate catalyst /7/. 
In continuation of earlier investigations in our group on direct 
catalytic exchange labeling of GnRH /3,4/ we wanted to find out 
in the present work whether the results of the model deuterations 
are applicable to the tritiation of GnRH. Therefore GnRH and, 
for comparison, D-Phe6-GnRH and TRF were tritiated in dimethyl- 
acetamide (DMA) at elevated temperature using a catalyst that 
proved to be sufficiently active in the model deuteration of 
AcHisN€12 according to ref. /7/. 

Results and discussion 

h agreement with the results of the model investigation8 /7/ a 
higher content of nonhydrolyzable tritium was found in the la- 
beled products (table 1) in comparison with nearly 20% in 
earlier reports /1-6/. 
For an explanation of the low yields especially of hydrolyzable 
tritium (table 1) the dilution of the reacting gas by hydrogen 
and a lowered exchange reactivity of the peptides compared to 
AcHisNE2 do not seem to be sufficient. 
If the dilution of the tritium gas would be mainly responsible 
for the achieved low specific activities, a high isotopic effect 
would be needed. But according to informational deuterations of 
AcHiaNH2 using different D2/H2 mixtures the value of the isotopic 
effect should not be higher than 1.5 for the reaction bothat 
posittan 2 and at position 5 of the histidine ring. 
Although the exchange reactivity of the peptides was lower than 
that of AcHidH2, comparable rates of exchange can be achieved 
using a nearly tenfold amount of the catalyst for the peptides 
as needed for AcHidW2. So using the relations mol Rh/mol substrate 
of 10/1 and 1/1 for the catalytic deuteration of the tritiated 
peptides and AcHisNH2 respectively (see Experimental) the exchange 
of the hydrogen isotope from position 2 of the histidine ring was 
nearly quantitative in all cases, and the exchange at 40 OC of the 
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nonhydrolyeable hydrogen isotope was in a range of 40% for the 
peptides compared to 60% for AcHisNH2. Interestingly, no significant 
difference between the reactivities of the GnRH-peptides and TRF 
could be found. 

Table 1 : Specific radioactivities of %-GnRH, 3H-D-Phe6-G~ and 
'H-!CiU after direct catalytic exchange labeling in DMA 
in the presence of Rh/A1203 

mol pep- pera- tent in (GBq/mol) 
tide 

5%. 

Peptide mol Rh/ mln. tem- 3B-con- specific activity 

the nonhydro- hydro1 z- 
(OC) gas lyzable able +I (%I 

GnaFI 10 15 40 ca. 90 100 122 
N 10 60 40 20-25 85 a2 
N 10 60 60 ca. 90 296 74 

GnIuI  2 60 40 80-85 127 183 
N 10 15 40 ca. 90 113 127 
a 10 60 40 30-35 132 108 

TRF 10 60 40 ca. 70 2 70 40 

D-Pheg- 

+) part of the label (incorporated into position 2 of the h i s -  
tidine ring) which can be exchanged by hydrolysis at pH 7.4 
and 37 OC with a half-life time of 90 h 

At least the same inportance for the labeling result as the dilu- 
tion of the reacting gas by hydrogen or the lowered exchange reac- 
tivity should have a catalyst-mediated reaction directly between 
the mabetrate and traces of water contained in the reaction mix- 
ture. So after 1 h deuteration of the tritiated GnRH-peptides and 
TRP both at 40 OC and at 60 OC (mol Rh/mol peptide - 10/1) 20- 
30 % of the starting peptide-bound radioactivity were found in 
the solvent in form of tritiated water (see Experimental). This 
amount of radioactivity can only be transferred to the solvent by 
a catalyet-mediated reaction between the peptide and water in 
agreement with findings of Evans et al. /lo/ and own model inves- 
tigations in D20 /7/. 
Taklng into account the amount of radioactivity transferred in 
this ray during the model reaction, such sidereaction, competing 
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with the tritiation, should be a main reason for lowered apecific 
activities after catalytic exchange tritiation. A s  a support for 
this conclusion can be regarded the important amount of ca. 
200 GBq solvent radioactivity found after tritiation 
which could be assigned nearly quantitatively to tritiated water 
by fractional distillation and treatment with molecular sieve. 
Correspondingly, after tritiation of TRP a deorease in the tri- 
tium content of the reacting gas from ca. 70% to ca. 30% was 

On the other hand, the tritiation results (table 1) show that 
competing hydrogen incorporations are of remarkably lower impor- 
tance for the tritiation of the +position of the histidine ring 
than for the more reactive 2-position. Thue, ueing pure tritium 
gas specific activities in form of nonhydrolgzable tritium in the 
range of 400 GBq/mmol should be attainable even without additional 
attempts to reduce the amount of water in the reaction mixture. 
The higher reactivity of position 2 of the histidine ring allows 
the removal of the label incorporated Fnto this position by 
hydrogenation under mild reaction conditions without important 
losses of nonhydrolyzable tritium. Advantageously, this removal 
could be achieved quantitatively for the GnRH-peptidee and TRF 
by simple 1 h refluxing of an aqueous solution at pH 7-8. 
Subsequent HPLC gave no indications of remarkable damage of the 
peptides. According to an Arrheniue-plot using the exchange half- 
life time for the hydrolyzable tritium at pH 7.4 and 37 OC and 
60 OC, (see Experimental), the half-life at 100 OC is in the 
range of 10 minutes, which confirms the practical finding that 
1 h refluxing is sufficient for quantitative removal of the 
hydrolyzable tritium. 
In the case of the GnREI-peptides, expecially after removal of 
the hydrolyzable tritium, considerable amounts of  the label were 
found also in tyrosine and phenylalanine (table 2). According 
to the investigations of Evans et al. /lo/ the bencglic hydrogens 
of tyrosine and phenylalanine should have been exchanged. A 
labeling of the al lcgl  chain of histidine seem to be not of 
importance, because after deuteration of AoHiaM12 no evidence 
for an incorporation into the ale1 chain higher than 0.05 D/mol 
could be found. In the same way more than 90% of the radioactiv- 
ity incorporated into TRP could be aseigned t o  the histidine 
ring by reaction with diazotized sulfanilic acid. Using a tenfold 
excess of diazotized sulfanilic acid the reaction was still 
incomplete yet according to the epectrum, but nevertheless 90% 
of the tritium was transferred into the solvent. 

of GnFfH, 

f omd. 
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Table 2: Percentage of incorporated tritium associated with 
amino acid residues after acidic hydrolysis. (labeling 
conditions: 1 h at 60 OC for GnRH and at 40 OC for 
D-Phe6-Gm and TRF; mol Rh/mol peptide - 10/1 for 
GnRH and TBF, 2/1 for D-Phe6-GnRH). 

Peptide % nonhydro- His TYr Phe 
lysable tri- 
tium 

GnRH 80 83.7 4.0 - 
D-Phe6-GnRH 41 90.6 0.3 3.7 
D-Phe6-GnRH 100 74.6 1.3 14.7 
TRF 87 94.8 - - 

Not more than about 1% of the starting radioactivity associated 
with other amino acid residue than histidine, tyrosine or 
phenylalanine could be found after amino acid analysis. Outside 
the elution fractions of these three amino acids, a total of not 
more than ca. 10% of the starting radioactivity was measured in 

the elution liquid of the amino acid analyzer. These results in 
connection with the reeults of HPLC, tlc, paper electrophoresis 
and uv- measurement allow the conclusion that the purity of the 
labeled products was higher than 90% after HPLC-isolation. 
The yields after HPLC-isolation were in the range of 15-50% 
related to the peptide amount used in the tritiation reaction. 
In agreement with these yields an amount of radioactivity corres- 
ponding to 30-60% of the peptide amount could be removed from the 
catalyst only by refluxation with hot acid after deuteration of 
the tritiated peptides (see Experimental). In contrast, only 
5-1076 of the starting amount of radioactivity was bound on the 
presaturated catalyst before the reaction. An analoguos amount 
of radioactivity corresponding to 5 1 0 %  of the peptide could be 
removed from the catalyst by addition of an excess of nonlabeled 
peptide after the reaction, indicating a reversible absorption 
only in the 7 0 %  range. 

Experimental 

Materials and methods 
TLC was performed on silicagel-60 plates (Merck, FRG) with n-bu- 
tanol/acetic acid/water/ethyl acetate 1/1/1/1 and n-butemol/ace- 
tic acid/pyridine/water 21/12/2/14 and 15/3/10/12. Electropho- 
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reais was carried out on paper type FN 7 (VEB Papierfabrik Nieder- 
echlag, GDR) at 25 V/cm in 7% acetic acid or 0.01 m ammonium 
acetate pH 7.4. Por HPLC a LiChrosorb F S  18 (10 /um) column was 
used with the elution solvents acetonitrile/0.07 m phosphate 
buffer, pH 7.0 23/77 for G W ;  0.25 m TEAP buffer, pH 4.5/ metha- 
nol 4/6 for D-Phe6-GnRH and acetonitrile/O.Ol m ammonium acetate, 
pH 4.0 1.5/98.5 for TRF. 
Rhodium on alumina 5% catalyst wa8 purchased from ETuka (Switzer- 
land). Dimethylacetamide (Merck-Schuchart, FRG) was distilled and 
stored over molecular sieve 1OX before use. 
GnRH and D-Phe6-GnRH were gifts from Berlin-Chemie (GDR). TRF was 
prepared according to / 9 / .  Tritium gas was purchased from 
Techenabexport (UdSSR) and stored in the form of uranium tritide. 

General tritiation Drocedure 
2 /urn01 of the peptide (5 ,urn01 in the caaeof TRF) were dissolved 
in 0.5 ml DU. To the solution were added a magnetic stirrer rod. 
and the Rh/A1203 5% catalyst, placed in a cartridge of aluminium 
foil in euch a manner that contact between the catalyst and the 
solution was avoided. The reaction vessel wa0 connected to the 
tritiation manifold, cooled by liquid nitrogen and evacuated 
( p m 0 . 1  Pa). After tritium gas (0.2-0.3 mmol; 20-905&) had been 
introduced, the reaction temperature was adjusted by means of a 
water bath and after liberation of the catalyst by manipulating 
the magnetic stirrer rod. the reaoticn mixture was agitated at a 
tritium pressure of ca. 70 kPa. Reaction conditions m e  given in 
table 1. After stopping the reaction the catalyst was removed 
by membrane filtration or centrifugation and washed with 10 m l  
2% acetic acid. The solution wa8 evaporated to dryness and 4 
times reevaporated using 2% aqueous acetic acid to remove labile 
tritium. The remaining solid was dissolved in 2% acetic acid/ 
ethanol 1/1 to give a radioactive concentration 0;: about 50 MBq/ 
m l ,  and was stored at -20 OC. 
Removal of hstably bound tritium from position 2 of the histi- 
dine ring, if required, was performed by 1 h refluxing of the 
peptide solution in 0.07 m phosphate buffer of pH 7.4 or in 
0.01 n ammonia. 
Purifications were carried out by WLC, completed by TLC and 
paper electrophoresis. 

patimation of the sDecific radioactivity 
The amount of the labeled GnRH peptides was determined at 278 nm 
(2% acetic acid; = 6800) and with the 8ame results after dia- 
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zo coupling at 500 nm against reference values. The second method 
was w e d  ale0 for TRP and was performed in the following manner: 
To 5-50 nmol peptide, dissolved in 1.8 ml water, 0.2 ml 1 m 
Ba2C03 and 0.2 m l  of a diazotieed Bulfanilic acid solution were 
added (to 17 mg eulfanilic acid in 2 ml O.ln BC1, 7 mg N8t?O2 in 
0.04 m l  water were given and the reaction mixture was stored for 
5 min. at ambient temperature before use). After 30 sec, 1 ml of 
In laOH was added and 15-30 min later on the solution was meas- 
ured at 500 nm. Using the same reagent and with nonradioactive 
peptide the sane procedure was followed for obtaining the 
reference values. 

Analssis of the dietribution of tritium 
About 0.5 BllBq of the labeled peptide was hydrolyeed together with 
200 nm of unlabeled peptide with 20% hydrochloric acid, containing 
% thioglgcolic acid in evacuated sealed tubes at 110 OC for 20 h, 
and was analyaed by amino acid analyser M A  331 (Microtechna, 
Prague, Czechoslovakia). The fractions of the individual amino 
acids were collected and measured by liquid scintillation counting. 

Estimation of the amount and the hydrolytic exchenne half-life 
time of the label. exchaaReable at DH 7.4 
0.5-2 W3q of the labeled peptide was dissolved in 5 m l  0.07 m 
phosphate buffer, pH 7.4 containing 0.1% NaN3, and this solution 
was stored in teet tubes at 60 OC and 37 OC, respectively. After 
appropriate time intervals microtubes for centrifugation filled 
with dry ice were put on the test tubes, and the water condensing 
during 30-60 min on the microtubes was collected and measured by 
liquid s cin t ill8 t ion c o m  t ing. 
After about 30 h at 60 OC the radioactivity in the condensed 
water remained constant (tested during 5 days) so that this value 
could serve as a reference also for the estimation at 37 OC and 
represented at the same time the amount of the hydrolyzable 
tritium (incorporated into position 2 of the histidine ring). 
Plotting of the logarithma of the difference between the refer- 
ence value and the single value, obtained after a certain time 
of storage, against the incubation time gave a straight line 
acoording to a first-order reaction. From these plots half-life8 
of about 90 h (k ca. 10%) at 37 OC and 5.5 h (i ca. 1Wh) at 
60 OC were deducible. Bo clear difference8 could be found 
between the values for the three investigated peptides. 
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Nodel deuterations 
The deuterations were performed in rectangular 20-ml Warburg 
vessels, equipped with an additional side-bulb, under normal 
pressure and with a constant flow of deuterium (ca. 100 ml/h). 
The deuterium was produced by electrolyzing D 2 0  (98%) containing 
5% H2S04 on Pt-electrodes. 
The substrate (10 ,umol AcHisNH2 or ca. 0.5 D q  of tritiated 
peptide filled up to 0.3 /umol with nonradioactive peptide), 
dissolved in 1.4 ml D U  and the catalyst were introduced sepa- 
rately into the reaction vessel and combined after 1 h presatura- 
tion at ambient temperature. The reaction was then performed by 
shaking 1 h at the given temperature. 
The deuterium content of the deuterated AcHisNH2 was estimated 
by ir- and ms-measurements as described previously /7/. 
The results after the deuteration of the tritiated peptides were 
analyzed in the following manner: 
Measurement of the radioactivity in solution immediately after 
combining with the catalyst allowed an estimation of the peptide 
abeorption to the presaturated catalyst. It was in the range of 
5% for the GnRH-peptides and of 10% for TRF. 
After reaction, a portion of 0.5 ml of the solution was decanted 
from the catalyst, counted and introduced into a test tube contsin- 
ing 1 m l  water. To the residual reaction mixture 0.5 ml water was 
added, and 0.5 ml of the solution was decanted an treated as 
above. To the remaining reaction mixture 0.1 mg nonradioactive 
peptide dissolved in 0.1 ml water was added to obtain information 
about the reversible peptide absorption to the catalyst. 
Finally, the reaction mixture was boiled shortly after addition 
of 0.2 ml conc. HC1 and 0.2 m l  conc. HN03 and a l s o  counted after 
cooling to get information about irreversible peptide absorption 
to the catalyst or about the absorption of radioactive splitting 
products, respectively. 
The values of radioactivity which are in the reaction mixture in 
the form of tritiated water and in form of tritium bound instably 
in position 2 of the histidine ring were received by counting 
the radioactvities in the condensed water obtained after 0.5 h 
and30 h storage at 60 OC (as described above) from the 0.5 ml 
samples of the reaction solution filled up with 1 m l  water. 
Quantitative removal of the solvent by vacuum evaporation result- 
ed in the same value for the radioactivity contained in the s o l -  
vent as estimated in the condensed water. 
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