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Abstract-y-L-Glutamyl-L-willarchme [y-L-glutamyl-3-(1-uracxl)-L-alamne] and y-g1utamylphenyla1anylwlllar- 
dune have been Isolated from seeds of Fagus sdvat~cu The structures have been estabhshed by spectroscopy, 
hydroIysls to give the constituent ammo acids, and for the trlpeptlde end-group determlnatlon and partlai hy- 
drolysls to gave the two constituent dlpeptldes 

INTRODUCTION 

IN THF course of a study of the free ammo acids and peptldes in seeds of Fagus silvat~a 
L. (beechnuts) two new acid peptides were obtamed.‘,’ The present paper describes the 
ldentlficatlon of these peptides as y+glutamyl-L-willardune (y-L-glutamyl-(3-( l-uracil)-L- 
alanme)) and y-glutamylphenylalanylw~llardline. 

METHODS AND RESULTS 

The partial lsolatlon of the peptides has been described in the previous communicatlon2 
y-Glutamylwlllardnne was obtained analytically pure by crystallization from the appro- 
priate fractions after ion exchange chromatography on a basic resin m the acetate form. 
The elemental composltlon was established by analysis. The UV spectrum was identical 
with that exhiblted by willardline [3-(1-uracll)alanme] (Table I). The PMR-spectrum in 
D,O exhibited the same two vinylic protons at 6 7.62 and 5.84 (d, J 7.5 Hz) as those found 
m wlllardnne.’ In addition a triplet at 6 3.75 (cr-proton m glutamlc acid), a multiplet 
between 6 1.9 and 2.7 (four methylene protons in glutamic acid) and a multlplet at 6 4-5 
(three protons m the side chain of willardline) were observed. After hydrolysis with hydro- 
chloric acid L-glutamic acid and L-wlllardiine could be isolated and ldentlfied by compari- 
son with authentic material. The y-linkage was established by PMR spectroscopy at dlffer- 
ent pH-values correspondmg to different lomzation states by a method recently de- 
scrlbed.4 

* Taken In part from the thesis of I Krlstensen, Copenhagen (1973) ’ 
’ KRISTENSEN, I (1973) Free Ammo Acids and y-Glutamyl Peptldes m Fayus srluatrca L , Thesis, The Royal 

Vetermary and Agricultural Umverslty, Copenhagen, Denmark 
’ KRNENSEN, I, LARSEN, P 0 and SORENSEN, H (1974) Phytochenu\trJ, 13, 2803 
3 SHEAR, D and Fox, J J (1952) Bmchrm Bzophys Acta 9, 199 
4 KKISTENSEN, I and LARSEN, P 0 (1973) Acta C/WI Stand 27, 3123 
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;I-Glutamylphenylalanyiwllardnne was obtamed m chromatographlcally homogeneous 
condltlon by preparative paper chromatography of the appropriate fractions after Ion 
exchange chromatography. The UV spectrum was ldentlcal with that of wlllardnne The 
absorption expected from the phenylalamne moiety IS too weak relative to that of w11la1- 
dime to Influence the spectrum (Table 1) The PMR-spectrum m DzO showed the two 
vmyhc protons m wlllardime at d 7~62 and 5.85 (d, .I 7.5 Hz). the five aromatic protons 
m phenylalanme at ii 7.43 (s). four protons as a multlplct between ij 1 and 5 (the three 
protons m the side chain of wlllardune and the x-proton m phenylalanme). the ;r-proton 
m glutamlc acid as a triplet at 6 3.75. the benzyhc protons m phcnylalanme as a multlplet 
at Is 2%X.? and the four methylene protons m glutamic acid as a multlplet between h 1.X 
and 2.7. 

Hydrolysis m 6 N HCl for 20 hr at 100’ m a sealed ampoule resulted mto complete 
conversion into glutamlc acid. phenylalanme, and wlllardune as revealed by PC PC analy- 
SIS of material subJected to partial hydrolysis (see Experimental) revealed the presence of 
unchanged starting material, of q-glutamylphenylalanme, of glutamrc acid, phen~lalan~nc, 
and wlllardnne, and of a new nmhydrm-reactive compound. The neu compound produced 
wlIlardline and phenylalanme on acid hydrolysis. Hence phen~IaIanme IS the second 
ammo acid m the trlpeptlde. being connected both to gIutamlc acid and to wlIIardune. 
End-group determination with dmitrofluorobenzene’ cstabhshcd glutamlc acid HS the :V- 
termmus PMR-spectra at different pHs supported the y-linkage, which was established 
by the ldentlficatlon of ;I-glutamylphenylalanine as a hydrolysis product The new com- 
pound is therefore unequivocally ldcntltied as :,,-glutamylphenylal~~~~~l~~~llard~~ne. The con- 
figuration of the constituent ammo acids has not been determmed 

The possibility has been considered that the new trlpeptlde IS an rtrtcfact. ;-Glutamyl- 
phenylalanme and wlllardlme are the two dommatmg nmhydrm-reactive components m 
the beechnuts, and y-glutamylw~llardnne IS also present m substantial quantltles. The pro- 
duction of the trlpeptide from y-glutamylphenylalanme and either :?-glutamylwlllardl~ne 
or wlllardune was attempted ln a number of cxperlments. but with no succcss (see Experl- 
mental) This indicates that the trlpeptlde 1s not produced during the Isolation procedure 
It can however not be totally excluded that the trlpeptlde IS produced m the heeds durmg 
storage The seeds must contam ;’ -glutamylphenylalanme and wlllardnne together m rcla- 
tlvely high concentrations and have a relatively low water content 
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DISCUSSION 

Neither of the peptides has been identified previously m natural material. y-Glutamyl- 
willardiine IS an example of the many naturally occurring y-glutamyl derivatives of non- 
protein amino acids. The new compound occurs in F. sk~at~a together with a number 
of y-glutamyl derivatives of protein amino aclds.2 The seeds of F. sz/uatica also contain 
substantial amounts of free L-willardiine. 

Tripeptldes have only rarely been identified m plants. Glutathlone IS supposed to occur 
m all living cells6 and has been isolated from the beechnuts ’ y-Glutamylcysteinyl+ 
alanme (homoglutathlone) has been isolated from Phaseolus arem y-Glutamylvalylglu- 
tamic acid has been isolated from Juncus conglomeratusa y-Glutamyl-S-(2-carboxypro- 
pyl)cysteinylglycme and y-glutamyl-S-(prop-l-enyl)cyste~nyl-S-(prop-l-enyl)-cysteme sul- 
foxide have been isolated from Allium species 9310 y-Glutamyl-lr-glutamylmethionine has 
been isolated from Phase&s aureus.” 

The occurrence of y-glutamylphenylalanylw~llardline is rather surprlsmg, especially 
because it contams a normal peptide bond to a non-protein amino acid. However, it can- 
not be completely excluded that the compound IS produced by non-enzymatic processes. 

EXPERIMENTAL 

General methods and mstrumentatlon have been described m the previous commumcatlon ’ MIcroanalyses 
were performed by Mr G Cornah and his staff 

7-L-Gluta,n~I-r-MlIllardnnr This compound was Isolated from fraction (I 4 I) (I 30 mg) described m the previous 
commumcdtion ’ The residue was dissolved m excess aqueous ammonra (4 ml), the solution filtered, adJusted 
to pH 2 8 with 4 N HCI, and cooled to 10’ and the preclpltate collected by filtration (50 mg) Recrystalhzatlon 
from H,O (32 ml) afforded an analytlcally pure sample (42 mg) (Found C, 41 19, H, 5 31, N, 16 14 
C12H,,N,0,, HZ0 required C, 41~62, H, 5 24, N, 16.18’:/, The contents of H,O of crystalhzatlon was deter- 
mined by drying over P,05 and re-equlhbratlon ) [z]$ - 55 0” (c 1, 1 N HCI) M p decomp above 204” IRKBr 
v,,, 3550 cm- 1 (strong), 3480 (s), 3340 (s), 3040 (s), 2920 (medium), 2640 (w), 1710 (s), 1650 (s), 1610 (WI), 1520 
(m), 1490 (s), 1475 (.$). 1440 (weak), 1415 (s), 1390 (w), 1370 (m), 1345 (w), 1335 (m), 1315 (s), 1295 (w), 1285 (m). 
1255 (s), 1215 (w), 1205 (w), 1200 (m), 1160 (m), 1135 (w), 1 I10 (w), 1080 (m), 1030 (n), 995 (m), 925 (w), 850 (m), 
830(w), 810(01), 780(w), 765 (w), 725 (m), 715 (w), 670 (M), 620 (w), 585 (w), 555 (s), 520 (m), 470 (m), 455 (m), 435 
(w). 405 (w). 375 (w), 360 ()?I), 305 (ml UV see Table 1 For PMR data m D,O see Methods and Results PMR 
m 6’:b triffuoroacetic acid in D20 6 4 I3 (1 K, t. r-CH m gIutamlc acid), m 0 4 NaOD m DZO. d 3 22 (I H, 
triplet, c(-CH in glutamic acid) R r m solvent I (reference 2) 0 11, m solvent 2 0 30 10 mg Of the Isolate was 
treated with 1 N HCl for 6 hr at 110” m a sealed ampoule After concentration to dryness and removal of excess 
HCI by repeated evaporations with HzO, the residue was dissolved m Hz0 and apphed to Dowex I x 8 resm 
(0 5 x 5 cm, 200-400 mesh, AcO-) The column was washed with H,O and 0 05 N AcOH and eluted with 1 
N AcOH The combined H,O and 0 05 N AcOH effluents after concentration to dryness and recrystallization 
from H,O yielded L-wlllardune (3 8 mg). [a]8 - 18” (c 0 3, I N HCI) [Lit I2 [x]h” - 20” (c 2 0, 1 N HCI)] The 
1 N AcOH eluate was concentrated to dryness, and recrystalhzatlon from EtOH-HZ0 yielded L-glutamic acid 
(I 2 mg). [@I;’ + 31 4’ (c 0 08, 6 N HCI) [Lit 13[r]h5 + 31 8” (c 2, 5 N HCl)] The IR-spectra of the two ammo 
acids were Identical with those of authentic samples 

y-Glutur~~~lyhrrf~~ul~f~~~w~~f~rdrrn~ This compound was obtamed from fraction (1 5) described previously ’ Pre- 
paratlve PC m BuOH-AcOH-Hz0 (12 3.5) on Whatman No 3MM paper ylelded a fractton (120 mg) contam- 
mg the trlpeptlde contammated with a UV-absorbing but non-nmhydrm reactive component Fmal purification 
was dccomphshed on Dowex 1 x 8 resm (0 9 x 60 cm, 200-400 mesh, AcO-, 80 ml/hr, 5-ml fractions, elution 
with H,O (25 ml), 0 5 N AcOH (375 ml). and I N AcOH 525 ml)) Fractions IO@130 were concentrated to dry- 

’ WALE\, S G (1966) Aric Protr~n Chem 21, 1 
’ CAKUEGIE. P R (1963) Eioclwm J 89, 459, 471 
s VIRTANEN. A I and ETTALA, T (195X) Acra Chrm Stand 12,787 
’ VIRTANEN, A I and MATIKKALA, E J (1961) Suom Kemlsttlehtl B 34, 53 

” MATIWALA, E J and VIRTANEN, A. I (1966) Suom Kem~srdrht~ B 39, 201 
*’ KASAI T , SAKAMURA. S, INAGAKI, S and SAI(AMOTO. R (1972) Ayt BIO/ Chem 36,262l 
” DEWA;, J H and SHAW, G (1962) J C’hrru Sot 583 
I3 GRFENSTHN J P and WINITZ, M (1961) Chematr~ oj rhe Ammo Acrtla, Vol 3, p 1929, Academic Press, New 
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