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Abstract—y-L-Glutamyl-L-willardune [y-L-glutamyl-3-(1-uracil)-L-alanine] and y-glutamylphenylalanylwillar-
dune have been isolated from seeds of Fagus silvatica The structures have been established by spectroscopy,
hydrolysis to give the constituent amino acids, and for the tripeptide end-group determination and partial hy-
drolysis to give the two constituent dipeptides

INTRODUCTION

IN THF course of a study of the free amino acids and peptides in seeds of Fagus silvatica
L. (beechnuts) two new acid peptides were obtained.'-? The present paper describes the
identification of these peptides as y-L-glutamyl-L-willardune (y-L-glutamyl-(3-(1-uracil)-L-
alanine)) and y-glutamylphenylalanylwillardiine.

METHODS AND RESULTS

The partial 1solation of the peptides has been described in the previous communication.?
y-Glutamylwillardune was obtained analytically pure by crystallization from the appro-
priate fractions after 10n exchange chromatography on a basic resin 1n the acetate form.
The elemental composition was established by analysis. The UV spectrum was 1dentical
with that exhibited by willardiine [3-(1-uracil)alanine] (Table 1). The PMR-spectrum in
D, O exhibited the same two vinylic protons at d 7-62 and 5-84 (d, J 7-5 Hz) as those found
in willardune.? In addition a triplet at & 3-75 (a-proton 1n glutamic acid), a multiplet
between 6 1-9 and 27 (four methylene protons in glutamic acid) and a multiplet at é 4-5
(three protons in the side chain of willardiine) were observed. After hydrolysis with hydro-
chloric acid L-glutamic acid and L-willardiine could be 1solated and 1dentified by compari-
son with authentic material. The y-linkage was established by PMR spectroscopy at differ-
ent pH-values corresponding to different 1onization states by a method recently de-
scribed.*

* Taken 1n part from the thesis of | Kristensen, Copenhagen (1973) '
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Tagee t UV SPRC TRA (O WIHLARDUNE AN KELLAROIND-C N TACNING: P TIES

Solvent
02 N HCI H.O 02N NaOH
Lok €mas A [N £ [N
Willardune* 262 9300 263 9400 260 7200
»-Glutamyl-
willardune 265 9600 268 9900 266 7200
7-Glutamyl-
phenylalanyi-
willardnne 265 9400 267 9500 266 6900
1-Methyluracitt 268 9700 265 7000

* Reference 2
+ Reference 3

y-Glutamylphenylalanylwillardine was obtained in chromatographically homogeneous
condition by preparative paper chromatography of the appropriate fractions after 1on
exchange chromatography. The UV spectrum was identical with that of willardune The
absorption expected from the phenylalanine moiety 1s too weak relative to that of willar-
dune to influence the spectrum (Table 1) The PMR-spectrum 1n D,O showed the two
vinylic protons in willardime at § 7-62 and 585 (d. J 7-5 Hz). the five aromatic protons
in phenylalanine at & 7-43 (s). four protons as a multiplet between d 4 and 5 (the three
protons i the side chain of willardune and the x-proton mn phenylalanine), the z-proton
in glutamic acid as a triplet at o 3-75, the benzylic protons in phenylalanine as a multiplet
at ¢ 2:9--3-2 and the four methylene protons m glutamic acid as a multiplet between o -8
and 2-7.

Hydrolysis in 6 N HCI for 20 hr at 100" 1n a sealed ampoule resulted into complete
converston into glutamic acid. phenylalanine, and willardiine as revealed by PC PC analy-
sis of material subjected to partial hydrolysis (sce Experimental) revcaled the presence of
unchanged starting material, of y-glutamylphenylalanine, of glutamic acid, phenylalanme,
and willardune, and of a new ninhydrin-reactive compound. The new compound produced
willardiine and phenylalanine on acid hydrolysis. Hence phenyialanme 1s the second
amino acid m the tripeptide. being connected both to glutamic acid and to willardumne.
End-group determination with dmitrofluorobenzene® cstablished glutamic acid as the N-
terminus PMR-spectra at different pHs supported the +-linkage, which was established
by the identification of y-glutamylphenylalanine as a hydrolysis product The new com-
pound 1s therefore unequivocally identified as -glutamylphenylalanylwillardune. The con-
figuration of the constituent amino acids has not been deternuned

The possibility has been considered that the new tripeptuide 15 an artefact. 7-Glutamyi-
phenylalanine and willardune are the two dommating ninhydrin-reactive components mn
the beechnuts, and y-glutamylwillardune 1s also present in substantial quantities. The pro-
duction of the tripeptide from y-glutamylphenylalanine and either y-glutamylwillardune
or willardiine was attempted in a number of experiments. but with no success (see Experi-
mental) This indicates that the tripeptide 1s not produced during the 1solation procedure
It can however not be totally excluded that the tripeptide 1s produced in the seeds during
storage The seeds must contain v-glutamylphenylalanine and willardune together in rela-
tively high concentrations and have a relauvely low water content

® SANGER, F (1945) Biochenm J 39, 507
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DISCUSSION

Neither of the peptides has been identified previously i natural material. y-Glutamyl-
willardiine 1s an example of the many naturally occurring y-glutamyl derivatives of non-
protein amino acids. The new compound occurs in F. silvatica together with a number
of y-glutamyl derivatives of protein amino acids.? The seeds of F. sivatica also contain
substantial amounts of free L-willardiine.

Tripeptides have only rarely been identified in plants. Glutathione 1s supposed to occur
in all hiving cells® and has been isolated from the beechnuts ? y-Glutamylcysteinyl-f-
alanine (homoglutathione) has been isolated from Phaseolus aureus.” y-Glutamylvalylglu-
tamic acid has been 1solated from Juncus conglomeratus.® y-Glutamyl-S-(2-carboxypro-
pylcysteinylglycine and y-glutamyl-S-(prop-1-enyl)cysteinyl-S<{prop-1-enyl)-cysteine sul-
foxide have been isolated from Allium species *!° y-Glutamyi-y-glutamylmethionine has
been isolated from Phaseolus aureus."!

The occurrence of y-glutamylphenylalanylwillardiine is rather surprising, especially
because 1t contains a normal peptide bond to a non-protein amino acid. However, 1t can-
not be completely excluded that the compound is produced by non-enzymatic processes.

EXPERIMENTAL

General methods and instrumentation have been described 1n the previous communication > Microanalyses
were performed by Mr G Cornalt and his staff

7-L-Glutamyl-L-willardune Thiscompound wasisolated from fraction (! 4 1)(130 mg) described n the previous
communication > The residue was dissolved in excess aqueous ammonia (4 mi), the solution filtered, adjusted
to pH 2 8 with 4 N HCI, and cooled to 10° and the precipitate collected by filtration (50 mg) Recrystallization
from H,0 (32 ml) afforded an analytically pure sample (42 mg) (Found C, 4119, H, 531, N, 1614
C,H(N,O-, H,0 required C, 4162, H, 524, N, 16:18%, The contents of H,O of crystallization was deter-
mined by drymg over P,O5 and re-equilibration ) [«]3! — 550° (c 1, 1 N HC]) M p decomp above 204° IRgy,
Vonax 3550 cm™ ! (strong), 3480 (s), 3340 (s), 3040 (s), 2920 (medum), 2640 (w), 1710 (s), 1650 (s), 1610 (m), 1520
(m), 1490 (s), 1475 (s). 1440 (weak), 1415 (s), 1390 (w), 1370 (m), 1345 (w), 1335 (m), 1315 (s), 1295 (w), 1285 (n).
1255 (s), 1215 (w), 1205 (w), 1200 (m), 1160 (m), 1135 (w), 1110 (w), 1080 (m), 1030 (m), 995 (in), 925 (w), 850 (m),
830 (w), 810 (m), 780 (w), 765 (w), 725 (m), 715 (w), 670 (n), 620 (w), 585 (w), 555 (s), 520 (m), 470 (m), 455 (m), 435
(w). 405 (w), 375 (w), 360 (m), 305 (m) UV see Table | For PMR data in D,0 see Methods and Results PMR
n 6% triffuoroacetic acid in D,0 413 (1 H, t. «-CH 1 glutamic acid), in 04 NaOD wn D,0. § 322 (I H,
triplet, o-CH in glutamic acid) R, in solvent | (reference 2) 011, in solvent 2 030 10 mg Of the 1solate was
treated with 1 N HCl for 6 hr at 110° 1n a sealed ampoule After concentration to dryness and removal of excess
HCl by repeated evaporations with H,O, the residue was dissolved 1n H,O and apphied to Dowex 1 x 8 resin
(05 x 5 cm, 200-400 mesh, AcO ™) The column was washed with H,O and 005 N AcOH and eluted with 1
N AcOH The combined H,O and 005 N AcOH effluents after concentration to dryness and recrystallization
from H,O yielded L-willardune (3 8 mg), [«]2> — 18° (¢ 03, 1 N HCD [Lit '? [2]3° — 20°(c 20, 1 N HC))] The
1 N AcOH eluate was concentrated to dryness, and recrystallization from EtOH-H,0 yielded L-glutamic acid
(12 mg). [13% + 314" (¢ 008, 6 N HCI) [Lit *3[«]35 + 318" (¢ 2, 5 N HC)] The IR-spectra of the two amino
acids were 1dentical with those of authentic samples

v-Glutamylphenylalanylwillardine This compound was obtained from fraction (1 5) described previously * Pre-
parative PC 1n BuOH-AcOH-H,O0 (12 3.5) on Whatman No 3MM paper yielded a fraction (120 mg) contain-
ing the tripepude contammated with a UV-absorbing but non-ninhydrin reactive component Final purification
was accomphished on Dowex 1 x 8 resin (09 x 60 cm, 200-400 mesh, AcO~, 80 mi/hr, 5-ml fractions, elution
with H,0 (25 ml), 05 N AcOH (375 ml), and 1 N AcOH 525 ml)) Fractions 100-130 were concentrated to dry-
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ness (54 mg). and recrystallization from water yielded the chromatographically pure tripeptide (35 mg) [2]3°
—-76’ (¢ L, H,Q) M p decomp above 195 IR, v, 3310(s). 3050 ) 2920 (n). 1640 1690 (), 1325 tm) 1455

(w), 1410 (w), 1355 (w), 1315 (w). 1240 (m), 1140 (w) 1110 (w), 1080 (w), 1030 (w), 990 (w), 870 (w) 820 (m) 775
(w), 750 (w), 700 (1), 665 (w), 550 (w), 520 (w), 475 {w), 415 (w) UV see Table | For PMR-data in D, O, see Results
PMR 1n 67 triffuoroacetic acid m D, 0O 04 03 (¢-C Hm glutamic acid), m 04 N NaOD o 3 15(1~CH n glutamic
ac1d’) R, mn solvent | (reference 2) 028 1n solvent 2 065 Partial hydrolysis was performed with 2 N HCT on
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