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Peptides with amino-terminal glutamine and their derivatives on treatment with crude papain
preparation, containing glutaminyl-tRNA cyclotransferase (E.C. 2.3.2.5.), are converted into
the corresponding compounds with pyroglutamic adid. This enzymic cyclization does not take
place with glutamic acid or its y-derivatives. The reaction has been optimized for the preparation
of pyroglutamic acid phenylhydrazide. Glutaminyl-leucine phenylhydrazide and glutaminyl-
-histidyl-proline amide reacted to give pyroglutamyl-leucine phenylhydrazide and TRH, respec-
tively. Treatment of crude papain with iodoacetamide completely inhibited its activity without
affecting the glutaminyl-cyclotransferase activity.

Amino-terminal pyroglutamic acid represents a frequent structural element of bio-
logically active peptides (eledoisin, physalemin, thyreotropin-releasing hormone,
bombesin, litorin, gastrin, neurotensin, caerulein etc.; refs'?). Chemical syntheses
of these peptides utilize either amino-protected pyroglutamic acid** or amino-terminal
glutamine peptides which are converted into the end-products by heating in water,
in some cases in the presence of organic acids. Both these procedures may lead
to formation of side-products whose removal is difficuit.

In 1964, glutamine cyclotransferase was isolated from dried papaya latex by chro-
matography on CM-Sephadex®~7. Principal physico-chemical activities of this
enzyme have been described and its activity tested on glutamine and some of its
derivatives and peptides. The enzymic reaction was studied quantitatively by colori-
metric determination of the liberated ammonia. The conversion of glutaminyl-tRNA
into pyroglutamyl-tRNA was also described®.

This communication concerns the possible use of crude papain which contains
this enzyme (glutamine cyclotransferase; recommended name: glutaminyl-tRNA
cyclotransferase; systematic name: L-glutaminyl-tRNA y-glutamyltransferase (cycli-

* Part CXCIII in the series Amino Acids and Peptides; Part CXCII: This Journal 50, 878
(1985).
*k Nomenclature and symbols of the amino acids and peptides obey the published recommen-
dations3'4; Glp denotes a pyroglutamic acid residue. All the chiral amino acids belong to the

L-series.
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zing”; E.C. 2.3.2.5.) for the preparation of peptides with amino-terminal pyrogluta-
mic acid starting from glutamine precursors. The cyclization reaction was studied
with glutamine phenylhydrazide as a model compound. Using the HPLC techni-
que, we followed the effect of pH, organic solvents and the amount of the crude
enzyme on time course of the reaction. The dependence on pH, given in Table I,
shows that the reaction is fastest in neutral or weakly basic media. Since the cycliza-
tion proceeds also to some extent spontaneously, the yields of the formed pyrogluta-
mic acid phenylhydrazide in Table I are given both for the total (enzymically cataly-
zed) reaction and for the reaction proceeding without the enzyme (blank). The effect
of various organic solvents is seen from Table 1I. Whereas dimethylformamide,
and particularly dimethyl sulfoxide, reduce the yield, other studied solvents {aceto-
nitrile. 2-propanol, methanol and dioxane) have no significant effect on the reaction
course. The reaction rate increases with increasing amounts of the enzyme (Table HI).

With other compounds, the cyclization reaction was performed at pH 7 in the
absence of organic solvents at concentration 0-1 mol I~ of the starting compound
and 2 mg of papain in 1 ml of the reaction mixture. The unprotected x-carboxyl

TasLe 1

Effzct of pH on cyclization of glutamine phenylhydrazide catalyzed with crude papain

Yicld Glp-N,H,—C Hs. %

pH —
10 min Ih 2h 4 h
4-5 10-4 23-0 330 45-1
4-1) 97 (9:2) (14-5)
5-0 16:9 384 54-2 70-6
(6:7) (71 (9-7) (15-5)
60 17-1 53-5 72-8 88-8
(51) (5:5) (6:2) (7-5)
7-0 268 91-5 97-1 97-8
(4-1) (6°6) (7-5) (10-7)
8-0 21-4 882 98-2 989
(4-6) (5-6) (7-6) (8-6)
9-0 359 786 937 97-6

(5°8) (8-0) (10-8) (14-4)

“ Numbers in parentheses denote the blank (in the absence of the enzyme). The starting compound
contained 3-5% of the cyctlic derivative. The values were obtained by HPLC. Reaction conditions:
1 mg of crude papain in 0-1 mol 1~ ! solution of the starting compound (0-5 mi).
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of glutamine slows down the cyclization. Dipeptides and tripeptides with amino-
-terminal glutamine afford very good yields of cyclization products (Table IV).
Also in these cases some (less than 10%) spotaneous cyclization occurs. It seems that
cyclizations, catalyzed with glutamine cyclotransferase, require the presence of an ami-
de group at the y-carboxyl (see also ref.”). The only exception, glutamic acid a-phe-
nylhydrazide y-methylamide, afforded only very low yield (5—10% after 24 h) of pyro-
glutamic acid phenylhydrazide. a-Phenylhydrazides of glutamic acid, its y-anilide
or y-methyl ester did not react at all (in the last-mentioned case corrected for the
spontaneous cyclization of the y-methyl ester).

On the preparative scale, the catalysis with crude papain has been utilized for the
preparation of pyroglutamic acid phenylhydrazide, pyroglutamyl-leucine phenyl-
hydrazide and pyroglutamyl-histidyl-proline amide (TRH).

We observed that treatment of crude papain with iodoacetamide completely
inhibited the cleavage of N*-benzoylarginine ethyl ester. However, the thus-inactivat-
ed crude papain, under identical conditions, was fully active in the cyclization of glu-
tamine phenylhydrazide.

TasBLE II
Effect of organic solvents on cyclization of glutamine phenylhydrazide catalyzed with crude
papain

Yield“ G]p'NzHZ—C6H5y 0/0

Solvent 7
v/v .

10 min 1h 2h 4 h

None — 16:6 620 92-8 97-8
Acetonitrile 20 16-9 653 966 97-8
40 133 61-3 90-3 97-5

Dimethylformamide 20 11-5 380 62:5 87-8
40 7-6 17-4 28-1 459

Dimethyl sulfoxide 20 85 19-6 31-7 53-0
40 61 82 9-8 13:2

2-Propanol 20 17-1 66-4 95-1 98-2
40 18-1 74-8 964 97-5

Methanol 20 16-8 66-4 96-1 98-3
40 188 73-1 985 98-8

Dioxane 20 181 67-6 956 97-9
40 179 69-7 95-5 98-1

¢ Reactions performed at pH 6-5, other conditions same as described in Table I.
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EXPERIMENTAL

Melting points were determined on a Kofler block and are uncorrected. Reaction mixtures were
evaporated on a rotatory evaporator at bath temperature 30°C. Thin-layer chromatography
(TLC) was performed on silica gel plates (Silufol, Kavalier) in the following systems: 2-butanol-
-98% formic acid—water (75 : 13+5: 11-5) (S1), 2-butanol-25% aqueous ammonia—-water (85: 7-5 :
:7-5) (S2), l-butanol-acetic acid-water (4:1:1) (S3), l-butanol-pyridine—acetic acid-water
(15:10: 3:6) (S4). Electrophoresis was carried out in a moist chamber on a Whatman 3MM

TasLE III

Effect of enzyme amount and substrate concentration on cyclization of glutamine phenylhydra-
zide, catalyzed with crude papain

Concentration Yield” Glp-N,H,—C¢H;, %
Enzyme Substrate ) . Ih 5 4
mg/0-5 ml mol ™1 0 min h h
01 01 05 79 17-7 31-6
0-2 01 2:6 12-5 24-6 45-5
05 01 53 31-8 574 82:4
1-0 01 227 84-8 89:6 87-1
2:0 o1 20-8 87-3 89-8 88-1
1-0 02 67 349 65-1 83-3

“ Differences between the yields in the presence and in the absence of the enzyme; reaction carried
out at pH 7 under conditions specified in Table 1.

TABLE IV
Cyclization of glutamine and its peptides, catalyzed with crude papain

Yield ,%
Product?®

10 min 1h 2h 4h 24 h
Glp 11-3 183 269 59-7 92.2b
Glp-Gly 32-5 97-4 — — 72-5¢
Glp-Gly-Gly — 99-4 — — 96-0°
Glp-Leu-N,H,.C¢Hs 12:7 71-5 95-0¢ 95:5 -
Glp-His-Pro-NH, 10-1 90-8 966 — 52:7¢

% No enzymic cleavage of peptide bonds was observed in any reaction; b the reaction proceeds
also spontaneously (10-6% after 4 h, 45-8% after 24 h); with other peptides the yields of the
spontaneous cyclization were substantially lower; € reaction time 30 min; 4 after 2 h some of
the product precipitated.
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paper at 20 V/em for 1 hin 1 mol1™! acetic acid (pH 2+4) or a pyridine-acetate buffer (pH 5-7).
Comrounds were detected with ninhydrin or by the chlorination method. Samples for amino
acid anilysis were hydrolyzed in 6 moll~ ! HCI at 105°C for 20 h; the analyses were performed
on an automatic analyzer AAA 339 (Mikrotechna). Optical rotations were measured on a Perkin—
-Elmer 161 MCA polarimeter. High performance liquid chromatography (HPLC) was carried
out on a Spectra Physics SP 8700 instrument equipped with SP 8400 UV-detector and SP 4100
integrator. Column chromatography was performed on columns of Separon SIX C-18 (Labora-
torni pfistroje, Prague). Analyses were done on a 15 < 0-4cm column (flow rate 42 ml/h).
preparative experiments on 25 X 0-8cm and 25 ~ 1:127 cm columns (120 ml/h and 240 ml/h,
respectively). The compounds were detected at 224 nm and eluted with a mixture of methanol
and water containing 0-05% of trifluoroacetic acid (the percentage of methanol is given in parent-
theses for each k’ value). The trifluoroacetates used in the analytical studies were prepared
from the corresponding tert-butyloxycarbony! derivatives and trifluoroacetic acid. Their homo-
geneity was followed by paper electrophoresis and HPLC. The employed crude papain was
an Enzymase (Belgium) product.

Tert-butyloxycarbonylglutamine Phenylhydrazide

A scofution of tert-butyloxycarbonylglutamine (2-46 g) in a 0-2 mol 171 acctate buffer, pH 48
(50 mb) was mixed with phenylhydrazine (2 ml), ethylenediaminetetraacetic acid (15 mg) and
cysteine hydrochloride (50 mg) and the solution was adjusted to pH 4:8 with acetic acid. Papain
(210 myg) was added and the mixture was incubated at 38°C for 24 h. The precipitate was filtered,
wasked successively with a hydrogen sulfate buffer (pH 2), water, sodium hydrogen carbonate
solution and water, and dried. Crystallization from ethyl acetate ~light petroleum afforded 1:8 ¢
(53:5%7) of the product, m.p. 162°C; [a]p —26:27 (¢ 0-3, methanol); £" = 3-96 (50%, methanol);
Ry (463 (S1), 0-57 (S2), 0:66 (S3), 0:69 (S4). For C, H,,N,O, (336:4) calculated: 57-13% C,
7-199%, H, 16:65% N: found: 57-13% C. 7-22% H. 16:71% N.

Tert-butyloxycarbonylglutamic Acid o-Phenylhydrazide

Pheny'hydrazine (2 ml), followed by ethylenediaminetctraacetic acid (15 mg) and cysteine
hydrochloride (50 mg), was added to a solution of tert-butyloxycarbonylglutamic acid (2-47 g)
ina 02 moll™ ! acetate buffer, pH 4-8, (50 ml). The mixture was adjusted to pH 4-8 with acetic
acid and papain (210 mg) was added. After incubation at 38°C for 24 h and acidification with
a hydrogen sulfate buffer, pH 2, the product was taken up in ethyl acetate, then in -5 mol 17!
sodium hydrogen carbonate and, after acidification with cold 1 moll™! HCI, again in ethyl
acetatz. The ethyl acetate solution was washed with water, dried, evaporated and crystallized
from ethyl acetate -light petroleum to give 2:73 ¢ (81%) of the product, m.p. 127°C. R 0:80 (SI),
0-171S2), 0-78 (S3), 0:66 (S4), kK’ = 4:44 (50%; m:thanol). An analytical sample was crystallized
from ethyl acetate -light petroleum; m.p. 128°C; [a]p —27:8° (¢ 0:3, methanol). For C H;;N;O05
(337-4) calculated: 56-95% C, 6:87% H. 12:45% N; found: 56-94%, C, 6:76% H. 12:46%; N.

Tert-butyloxycarbonylglutamic Acid a-Phenylhydrazide y-Methyl Ester

Ter:-hatyloxycarbonylglutamic acid a-phenylhydrazide (0-5 g) was esterified with diazomethane.
Crystztlization from ethyl acetate - light petroleum gave 440 mg (84-5%;) of the title product.
m.p. 83°C. Rp 0:78 (S1), 0-75 (S2), 0-75 (83), 0-77 (S4); k&’ == 7-61 (509 methanol). An analytical
sample was crystallized fromethyl acetate - light petroleum, m.p. 85°C; [x]p —25:5" (¢ 03, metha-
nol). For C;;H,;5N;04 (3514) calculated: 58-10%C. 7-17%5 H, 11-967; N: found: 57-647; C,
7-13% H, 12:019% N.
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Tert-butyloxycarbonylglutamic Acid a-Phenylhydrazide y-N-Methylamide

Metnyiamine hydrochloride (136 mg) and 1-hydroxybenzotriazole (271 mg) were added to a solu-
tion of tert-butyloxycarbonylglutamic acid a-phenylhydrazide (675 mg) in dimethylformamide
(5 m:». The mixture was cooled to — 15°C, made alkaline with N-ethylpiperidine, mixed with
dicyclehexylcarbodiimide (413 mg) and stirred at —10°C for 1 h and at room temperature
overnight. After evaporation of dimethylformamide, the residue was dissolved in ethyl acetate
and the separated dicyclohexylurea filtered. The filtrate was washed successively with hydrogen
sultaze buffer (pH 2), water, 05 mol 171 sodium hydrogen carbonate and water, dried and
taken down. The residue was crystallized from ethyl acetate—light petroleum; yield 270 mg
(38:53% of the product, m.p. 171—172°C. The melting point did not change on further crystal-
lization. Rp 067 (SI), 0-59 (82), 0-65(S3), 0-70 (S4): k' = 4:47 (50% methanol); [a]p —23:7°
(¢ 0-3, methanol). For C;7H,¢N4O, (350-4) calculated: 58-27% C. 7-48% H, 15:99% N: found:
58337, C, 7-58% H, 1567% N.

Ter-butyloxycarbonylglutamic Acid a-Phenylhydrazide y-Anilide

Antiine (90 pl)y and 1-hydroxybenzotriazole (136 mg) were added to a solution of tert-butyloxy-
carbenylglutamic acid x-phenylhydrazide (338 mg) in dimethylformamide (2:5 ml) and the
mixiure was cooled to — 15°C, After addition of N-ethylpiperidine and dicyclohexylcarbodiimide
(210 myg) the mixture was worked up as described in the preceding experiment. Crystallization
from ethyl acetate-light petroleum gave 180 mg (43-5%) of the product, m.p. 75— 80°C which
narr.owed to 78—80°C on recrystallization from the same solvent mixture. Rp 0:69 (SI), 0-59 (S2),
0-70 ¢53). 0-74 (S4); k" = 4-98 (509, methanol); [x]p —69-4° (¢ 0-3, methanol). For C,,H,gN4Oy.
-H-0 (430-5) caleculated: 61:37% C, 7-02%; H, 13-02% N: found: 61-38% C, 7-06% H, 12:51%; N.

Teri-hutyloxycarbonylglutaminyl-leucine Phenylhydrazide

Eihylcnediaminetetraacetic acid (145 mg), followed by cysteine hydrochloride (5 mg), was added
to a setution of tert-butyloxycarbonylglutamine (124 mg) and leucine phenylhydrazide trifluoro-
acciaic (168 mg) ina 0-2 mol1 ™! acetate buffer, pH 4-8 (5 ml). The solution was adjusted to pH
4-8 with 4 mol 1 ~! NaOH. After addition of papain (10-5 mg), the mixture was incubated at 37°C
for 24 h. The precipitate was filtered and washed in succession with 209 citric acid, water, 0-5 mol .
171 «odium hydrogen carbonate, water and ether, affording 143 mg (63-5%) of the product,
m.p. ¥96°C which did not rise upon crystallization from methanol-ether; [a], —47-7° (¢ 0-3,
methanol). Amino acid analysis: Glu 1-01, Leu 1:00. " = 4-08 (60% methanol); Rp 0-74 (S1),
0-681452).0-75(83).0:76 (S4). For C,,H3NO4 (449-6) calculated: 58:77%; C, 7-85% H, 15:589,N;
found 5890% C, 7-73% H, 15-27% N.

Cychization of Glutamine Phenylhydrazide by Action of Papain under Various Reaction
C nditions

The -eaction was studied on an analytical scale by HPLC (259, methanol). For GIn-N,H,—C¢H;
k" 125, for Glp-N,H,—C¢Hg k" = 2-42. The samples were taken after 10, 60, 120 and 240
min. For studies of the pH-dependence the following buffers were used: 0-2 moll~! acetate
bufier (for pH 45 and 5-0), 0-2 mol1~ ! Tris-maleate buffer (pH 6-0, 7-0, 8-0) and 0-2 mol 1~ 1
carbonate-bicarbonate buffer (pH 9-0).

A «olution of glutamine phenylhydrazide trifluoroacetate (35-5 mg) in a given buffer (I mi)
was adjusted to the required pH. To half of this sotution was added papain (1 mg), the second
half was used without the enzyme as a blank. The incubations were carried out at 37°C. For the
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study with organic solvents we used 0-1 mol ™! NaOH as an aqueous medium to which the given
organic solvent (100 or 200 ul) was added. The reactions were carried out at pH 65 in a total
volume of 0-5 ml, the concentration of all the components being as given above. Simultaneously,
the reaction was run in the absence of solvent. The effect of the enzyme-substrate ratio was studied
in a Tris-maleate buffer, pH 7-0.

Cyclization of Glutamine and Its Peptides on Analytical Scale

The starting compound (0-1 mmol) was dissolved in 0:05 or 0-1 mol 17! NaOH (1 ml) and the
solution was adjusted to pH 70— 7-2. Papain (1 mg) was added to one half of this solution
whereas the second half was used as a blank and the mixture was incubated at 37°C for the time
specified in Tablz IV. The reactions were followed by HPLC (0—40%, of methanol in the mobile
phase). For Gin k" = 0-33 (0% methanol), Glp &" = 2:66 (0% methanol), GIn-Gly k' = 0-71 (0%,
methanol), Glp-Gly &’ = 2:50 (0% methanol), GIn-Gly-Gly k' = 0-92 (0%, methanol), Glp-Gly-
Gly k’= 2:55(0% methanol), Gln-Leu-N,H,—C¢H; k”= 4-41 (405, methanol), Glp-Leu-N, H,—
—Cg¢Hs k’=15'86 (409, methanol), GIn-His-Pro-NH, k" == 1-03 (10% methanol), Glp-His-Pro-NH,
k’ = 2-36 (10% methanol).

Cyclization of Glutamic Acid Derivatives

Papain (I mg) was added to one half of a solution of the starting compound (0-1 mmol) in 0-05 or
0-1 mol1~! NaOH (1 ml), the other half being used as a blank. Incubation at 37°C for 4—24 h.
Glutamic acid a-phenylhydrazide trifluoroacetate (k' = 1-89; 259, methanol) was tested at pH 4-5
and 68, glutamic acid a-phenylhydrazide y-methylester trifluoroacetate (k’ = 4-88; 25% methanol)
at pH 4-5, 68 and 88, glutamic acid a-phenylhydrazide y-anilide trifluoroacetate (k' = 1-06;
30%; methanol) at pH 6-8. Glutamic acid a-phenylhydrazide y-methylamide trifluoroacetate
(k" = 1:73; 30% methanol) was cyclized at pH 6-9 for 24 h; in this last case, pyroglutamic acid
phenylhydrazide was detected also by TLC.

Experiments with Iodoacetamide-Inhibited Crude Papain

Crude papain (2 mg) was dissolved in 10 mmol 71 aqueous iodoacetamide (100 pl) and the
solution was set aside for 15 min at room temperature. 4) The solution (50 pl) was added to 0-1
mmol 1~ ! glutamine phenylhydrazide trifluoroacetate in 0-2 mol1~! Tris-maleate buffer, pH 7-0
(0-5 ml). The mixture was incubated for 2 h at 37°C. According to HPLC, the reaction proceeded
as in the case of uninhibited papain. B) The papain solution (50 ul) prepared as described above
was added to a solution of N%-benzoylarginine ethyl ester hydrochloride (0-1 mol1™!) in the
same buffer (0-5 ml) as described under 4). The mixture was incubated for 1 h at 37°C. As found
by HPLC, the substrate was not cleaved (for Bz-Arg-OEt K’ = 1-98 (50% methanol), for Bz-Arg-
-OH k' = 0-78 (50% methanol)). The same experiment was performed with uninhibited papain.
Samples, taken after 5 min and 75 min showed 50% and 90%; cleavage, respectively.

Pyroglutamic Acid Phenylhydrazide

The tert-butyloxycarbonyl group was removed from the protected glutamine derivative with tri-
fluoroacetic acid. Papain (20 mg) was added to a solution of glutamine phenylhydrazide tri-
fluoroacetate (351 mg) in 0-1 moll~! NaOH (10 m!) which had been adjusted to pH 7-5. After
incubation at 37°C for 2 h, the mixture was filtered through a column of Dowex 50 (10 ml) and
the eluate was freeze-dried. The residue was triturated with ether, affording 185 mg (84-4%) of the
product, m.p. 184°C. Rp 0:51 (S1), 0-:34 (S2), 0-51 (S3), 0-63 (S4). k' = 2-42 (25% methanol).
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A sample was crystallized from methanol-ether; m.p. 190—191°C; {a]p —12-1° (¢ 0-3, IM-HCI).
For C;;H[3N;0,.0-5 H,0 (228-2) calculated: 57-89%; C, 6:18% H, 18-413( N; found: 58-:07%; C,
6-05% H, 18-34%; N.

Pyroglutamyl-leucine Phenylhydrazide

The tert-butyloxycarbonyl group was removed from tert-butyloxycarbonylglutaminyl-leucine
phenylhydrazide by treatment with trifluoroacetic acid. The obtained peptide trifluoroacetate
(80 mg) was dissolved in 0-1 moll™! NaOH (17 ml) and papain (3-5 mg) was added at pH 7-5.
After incubation at 37°C for 2 h, the mixture was filtered through a column of Dowex 50 (2 ml),
the eluate was frecze-dried and the residue triturated with ether to give 50 mg (87-4%) of the
product, m.p. 182—184°C. Ry 0:64 (S1), 0-59 (S2), 0:66 (S3), 0-70 (S4). k" = 5-86 (409, methanol).
A sample was crystallized from methanol-ether; m.p. 186— 187°C; [«], — 39-3° (¢ 0-3, methanol).
Amino acid analysis: Glu 1-00, Leu 0-96. For C,,H,4N,0;.H,0 (350-4) calculated: 58-27%/ C,
7-48% H, 15-99% N; found: 58:11% C, 7-01% H, 16-:01% N.

Tert-butyloxycarbonylglutaminy!-histidyl-proline Amide

A solution of histidyl-proline amide hydrobromide (333 mg) in dimethylformamide (4 mi)
was cooled to 0°C and made alkaline with N-ethylpiperidine. Tert-butyloxycarbonylglutamine
p-nitropheny! ester (368 mg) was added and the mixture was stirred at 0°C for 2 h and at room
temperature for 20 h. After evaporation of dimethylformamide, the residue was triturated with
light petroleum and ethyl acetate to give 610 mg of product which was further purified by HPLC.
The pertinent fractions were freeze-dried and the product was triturated with ether. Yield 186 mg
(39%) of the title compound, m.p. 127—129°C; k"= 5-04 (259 methanol); R 0-14 (S1), 0-23
(S2), 0-10 (S3), 051 (S4). Amino acid analysis: His 1-00, Glu 1-01, Pro 0-90. [a]p —40° (¢ 0-25;
methanol). For C,{H;33N,04.CF;COOH.2 H,O (629'6) calculated: 43-879, C, 6:08% H,
15-57% N; found: 43-76% C, 5-78% H, 15:70% N.

Pyroglutamy!l-histidyl-proline Amide Trifluoroacetate

Tert-butyloxycarbonylglutaminyl-histidyl-proline amide (126 mg) was dissolved in trifluoroacetic
acid (I ml). After standing at room temperature for 40 min, the solution was coevaporated with
toluene. Trituration of the residue with ether afforded 132 mg of the product; ESY 1-14, EYs
1-19.

A solution of this compound (100 mg) in 0-1 mol1~! NaOH (2 ml) was incubated with papain
(4 mg) at 37°C for 2 h (pH 6-9) and worked up using either of the following procedures. 4) A part
{1 ml) of the mixture was purified by HPLC (5% of methanol! in the mobile phase). The product-
-containing fraction was freeze-dried and triturated with ether, affording 11 mg (30%) of the
compound; Rp 0-05 (SI), 0-14 (S3), 0-03 (S3), 0-27 (S4). k" = 2:36 (109, methanol); [a]p, —48-1°
(¢ 0-4; water). Amino acid analysis: Glu 1-07, Pro 1-00, His 0-96. The product was chromato-
graphically identical with the sample prepared according to ref.10. B) A part (1 ml) of the mix-
ture was filtered through a column of Dowex 50 (0-5 ml). The column was washed with water,
the cluate was freeze-dried and the residue was triturated with ether to give 20 mg (54-5%) of the
product, identical with the compound obtained by procedure A4).

We are indebted to Mr J. ZbroZek for performing the amino acid analyses and to Mrs Z. Ledvi-
novd for optical rotation measurements. The elemental analyses were carried out in the Analytical
Department of this Institute (Dr J. Hordéek, Head). For the kind gift of a sample of thyreotropin-
-releasing factor we thank Dr E. Kasafirek.
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