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Abstract-y-L-Glutamyl-L-pipecolic acid has been isolated from seeds of Gledltsm caspzca (L ) Desf Proof of its 
structure was obtained by chromatograpluc and spectroscopic exarmnatlon of the natural product and its hydro- 
lytic products The new compound 1s the first example of a naturally occurrmg y-glutamyl lrnmo acid 

INTRODUCTION 

THE PRESENT work IS a continuation of previous studies of the distribution of amino acids 
in Gymnocladus diozcus (L) Koch.le3 and the closely related genus Gleditsm4 From 
various plants, a great number of y-L-glutamyl derivatives of amino acids and amines have 
been isolated and their number is still mcreasing.5 The configuration at the C(2) of the 
second ammo acid m most of the isolated y-glutamyl-ammo acids has been established 
as L- (or S) but ammo acids with D- (or R) configuration at C(2) have also been found 
in naturally occurring y-glutamyl compounds.6 This paper records the isolation and lden- 
tlfication of the new compound y-L-glutamyl-L-plpecohc acid from G. casp~~~. 

RESULTS AND DISCUSSION 

Investlgatlons of crude seed extracts of G. casp~a by PC and by high voltage electro- 
phoresis revealed the presence of an unknown compound with high R, values and a nor- 
mal purple ninhydrm colour. The mobility of the compound durmg high voltage electro- 
phoresis at pH 3.6 is almost the same as that of aspartic acid. The compound was isolated 
by ion-exchange chromatography and recrystallization from H,O. 

Elementary analysis and exammation of the products obtained after mild acid hydroly- 
sis showed that the natural product was a peptide of glutamic acid and plpecollc acid. The 
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natural compound did not react with Isatm, whereas the plpecollc acid liberated by hy- 
drolysls gave a strong reaction. 7 ’ The IdentIty of the hydrolytic products was fully con- 
firmed by isolation and comparison with authentic material usmg IR, NMR. electrophore- 
tic and chromatographlc techniques. Dmltrophenylatlon and subsequent hydrolysis gave 
the dmltrophenyl derivative of glutamlc acid and free pipecollc acid The molecular 
rotations of the isolated glutamlc acid and plpecohc acid (see Experlmental) established 

the L- (or S) configuration at C(2) for both of them 
The lack of rcactlon of the natural product with lsatm, the behavlour on ion-exchange 

resins, the electrophoretlc moblllty, the easy cleavage 111 acid hydrolysis and the result from 
dmltrophenylatlon suggest that it IS a y-glutamyl peptide Definite evidence for the y-gluta- 
my1 structure was obtained from NMR spectra of the peptlde and Its hydrolysis products 
The NMR spectra of the peptide showed a complex pattern for the methylene protons, 
however in full agreement with that expected for a y-glutamyl plpecolic acid derlvatlve 
The &values for the x-protons m both the plpecollc acid and glutamlc acid part and espe- 
cially pH-dependent chemical shifts for these protons (see Table 1) confirm that the com- 

pound IS ;-glutamyl plpecoltc acid and not xc-glutamy plpecollc acid or plpecoiyl gIutamlc 
acid ’ ” 

TABLE i CHEMICAL swn3 6017 rHr, C(-FRCIKV~ w ix~= AMrhO .4CrUS rh vAKri>I 5 K)hrznTroh UTATLS 

pH < I* D,Ot pIi 7: pH > II,\ 

r-Proton m glutamlc acid 4 2 (I) 3X 3X 35 
r-Proton rn pIpecolic acid 4 36 36 3 2 
;,-L-Glutamyl-L-plpecoltc acrd 

X-Proton m glutamlc dcld moiety 4 2 (f) ?X 3s 3; 

-r-Proton m plpecolvz acid rnoletl 52 51 5 

* Solutions of the amino acid 111 DzO + trllluoroacetlc acid 
t SoIutIons of the amino acids in D,O 
1 Solutlona of the ammo acids In DZO + excess K,HPO, 
$ Solutions of the ammo acids m DzO + NaOH 
II Hldden m HOD band, appro\lmately 5 0 ppm 
(t) trlplet 

The role of y-glutamyl derlvatlves m higher plants 1s presently unknown. Some y-gluta- 
myl-%-ammo acids can be produced in transglutamylatlon reactions. I2 However studies 
on the specificity of an enzyme preparation from kidney bean fruit catalyzing such trans- 
glutamylatlon reactions showed that proline could not take part m such reactions I2 There- 

fore the occurrence of ;7-glutamylplpecohc acid as the first y-glutamyl ammo acid from 
natural source and especially from legume tissues where the transpeptldase activity 1s rela- 
tively highI indicates that other biosynthetic pathways or enzyme systems with broader 
specificity must exist 

EXPERIMENTAL 

Z~latrorz of ~-L-ylutam?/i-L-p~pccol~c md Finely ground seeds (2 kg) were extracted with 75”,b EtOH 
(301) dt 25’ The combined extract? were applied to a strongly acldlc ion-exchange resin (Amberhte 

’ ARCmE. T. FKOMAGEOT. C and .J_rnz, M ! 1950) Bu~clum Bmph!!~ 41 t/d 5, Xl 
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Acid m Gledrtsla casplca 1517 

CG 120, 10~200 mesh, 5 x lOOcm, H’ form m 75% EtOH) The resin was first washed with 75% EtOH 
(61) and then wtth HZ0 (5 I ) The ammo actds were eluted with 2 N NH3 (41.) The ammomum eluate 
was taken to dryness under reduced pressure (26 g) The mixture of ammo acids (m two portions of 13 g) 
was dissolved m HOAc (0 5 N) and applied to a strongly basic ton-exchange resin (Dowex 1 x 8. 200-400 
mesh, 5 6 x 45 cm, acetate form) and the ammo acids were eluted with 0 5 N HOAc (20 ml fractions). Glutamtc 
acid appeared m fractions 8% i2tJ. asparttc acid m tiacttons ZSfZ68 and the new compound m tractions i Tsl-ZLo^ 
The fractions from both preparations contammg the new product were taken to dryness and traces of acetic acid 
were removed by repeated evaporations from HZ0 The solid was recrystalhzed from Hz0 Yield of chromato- 
graphrcahy mu-e sample 1% mg (Fmmd C, 5% 6i, I+, 7 OF N i0 87 C, ,H, 8N205 reqmres C, 49 25, H, 672, 
N, 1045%) [u]:” -66 8” (c. 05 m H,O), [a]:: -49 4 (c. 045 th 1 N HCl) IR $,~: 3050cm-’ (s), 2910 (s), 1700 
(m), 1660(s), 1605 (s), 1570(w), 1495 (s), 1426 (m), 1406 (m), 1342 (s), 1309 (m), 1274 (s), 1241 (s) NMR The spectra 
of the compound m D,O at pH < 1, D20, D,O at pH 7 and DZO at pH > 11 (see Table 1) were m agreement 
wtth the pattern expected for the glutamyl dertvattve of ptpecohc acid. The spectrum at pH < 1 showed the pro- 
tons from the 2 methylene groups m the glutamtc acid part as a complex triplet at 2 3 ppm and a complex quartet 
at 2 7 ppm, the protons from the methylene groups m the ptpecohc actd part showed a very complex pattern 
as for free ptpecohc actd For the protons at the C(2) m both the glutamtc acid and ptpecohc acid parts, see 
Table 1 

Hydrolysu with lsolatcon of L-giutamrc actd and L-prpecohc actd A soin of the peptide (90 mg) in HCT (5mi, 
1 N) was heated 2 hr at 90” and the soln was evaporated to dryness After 3 successtve dtssoluttons and evapo- 
rations from H20, the residue dissolved m HZ0 was applied to an actd ton-exchange resin (Dowex 50 W x 8, 
H’ form, 2O(t400 mesh, 0 5 x 5 cm) After washing with HZ0 (10 ml), the column was eluted with aq pyrtdme 
(6m1, 1 N) The pyrtdme eluate was cont. to dryness, the restdue dissolved m HZ0 and applied to a strongly 
baste ton-exchange resm (Dowex 1 x 8, acetate form, 20&400 mesh, 0 5 x 5 cm) The column was washed wtth 
H,O (10 ml) and then eluted with HOAc (0 5 N, 20 ml) The H,O effluent was evaporated to dryness Recrystalh- 
zatton from H,Gacetone ytelded a colourless sample of L-ptpecohc actd (28 mg) [a]$,’ -26 2” (c, 0 47 m H,O), 
[~]:a - 11.9”(c, 0 42 in 1 N HCl) Lit. values for L-ptpecohc acid [x]t3 -24 6” (c, 4 3 m H20),r3 for L-ptpecohc 
acid, HCl [%]i3 - 10 5” (c, 9 8 m H,O) I3 IR and NMR spectra were tdenttcal with those obtained for an authen- 
tic sample The HOAc eluate was evaporated to dryness, acetic actd was removed by repeated evaporations from 
HzO, and the residue was recrystalhzed from H,O to give a colourless sample of L-glutamtc actd (32 mg) [a];” 
+ 31 3” (c. 0 27 m 1 N HCl) Ltt value for L-glutamtc actd [ali + 32” (c, 2 m 5 N HCl) I4 IR and NMR spectra 
were identical with those obtained for an authenttc sample 

General methods and mstrumentatlon PC was performed m n-BuOH-HOAc-H,O (12: 3. S)(solvent 1), PhOH- 
H,O-cone NH3 (120.30.1) (w/v/v) solvent 2) and PhOH saturated at pH 4 2 r5 The followmg R, values were 
found by the descending techmque on Whatman No 1 paper m solvents 1, 2 and 3 respectively Ptpecohc acid: 
~4.7. cars, Eli ~~~,~,~ aLTu” ~2~, ~3~, ~~~ ~_Gi~tsrmyp p,~~~~ aLTu* ~4~, O,~, ~~~ HEAVE wa’3 ~~~~ 

out bn Whatman 3 MM paper using a flat-plate umt (Shandon Model L 24) In buffer at pH 3 6,“’ 70 V/cm, 
45 mm, the mobrhties towards the anode were m cm Giutamtc actd 1 2, Asparttc acid 17, y-Giutamyipipecoiic 
acid 3 Chromatograms andeiectrophorests papers were dtpped m nmhydrm (OZyO m acetone) and m tsatme ‘.s 
Dmnrophenylatton wtth subsequent hydrolysis was performed as previously descrtbed r’ Mtcroanalyses were 
performed by Mr G Cornah, Copenhagen Opttcal rotations were determined on a Perku~Elmer Model 141 
photoelectrtc polartmeter m 1 dm tubes IR spectra were determined m KBr pellets NMR spectra were measured 
on a JEOL C-60HL spectrometer, chemical shifts m ppm downfield from 2,3,4,4-tetra-deuterro-3-(trtmethylstlyl) 
proptonate m D,O 
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