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ICe,. Won! 'NeX-L.oIIC".IrocQl'pIU C"OJlanu".ri'J; Larlrr nu ri"giramlJ; Lepminosae: IhrtO-7-hydto~yholao-l­
arp nine; " )"I'hro-7-hydroxyhomo-l-arp nine; t rYllrrO-1-hydroxY-l-arJinine: non-protein amino lad.; borate 
COlapla. 

Aktr.ct-A Dew Don-protein amino acid. erylkro-y-hydroxyhomo-L-arlinine has been isol8ted from seed of 
Lort£iwcarpt4 cosraricmsis by exploiting its property of interacting with borate ions. For structural comparisoD1. rlveo­
r-hydroxyhomo-L-arainine was isolated from seed of Lathyrw lingirQJIus and eryrkro-y-hydrollyarginine from V'acl'D 
IlIIIj uga by novel procedures. The rcasom for the interaction of borate with the n-yllv~ but not the rhrto-forms ofthcse 
amino acids are discussed. 

INTW:ODUcnON 

rhrt~y-Hydroxyhomoarginine [I] and errrhro-y-
.- hydroxyarginioe [2] have been known for some years to 

oo:ur in the lqumc tribe Vicie8e [3-7]. In a recent 
c:t.emotaxonomic: survey of the tribe Tephrosieae. which is 
cbanctcrized by. number of novel guanidino compounds 
[8]. seed of many species of LmtcMclD"pt4. Teplvosi4, 
Mil/enia and D~ wem found to accumulate an un· 
known guanidino amino acid.. desipted LGX. It closely 
raembled r.vto-y-hydroxyhomoulPnine (L TX) in its 
chromatopapllic and electrophoredc properties. but re· 
lII:ted somewll8t differently with Sakaguchi reagcnt for 
lUanidines (9] and. in p&rtK:ular. had a greatly reduced 
mObility on electrophoresis in pH 9.2 borate buffer 
(Table I). 

This paper describes the isolation of LGX from seed of 
I LonchoclUJIWS species. its characterization as erythro- y­
hYdroxyhomoarginine and elamines the reasons for its 
Ibil ity to complex with borate. 

-- . 

RESULTS AND DISCUSSIO!"l 

LGX and L TX both crystallized as the frcc base and 
pvc a purple colour with ninhydrin_ Their paper chro­
matographic and electrophoretic behaviour was very 
simil8r but with the notable exception that. on elec­
trophoresis at pH 9.2 in borate buffer. the mobility of 
LGX relative to that of L TX was approximatdy Il8lvcd. 
LGX also pvc a dist inctive colour with Sakaguchi 
reagent (Table I). Elemental anaIysissusacsted that LGX. 
like L TX. was a monohydroxy-substituted homoarJinine: 
2 LGX · H20 requires C. 39.4; H. 7.8; N. 27.5 %; found C, 
39.7; H. 7.7; N. 27.6 'Y.; 2 LTX ·3H10 requires C. ~.4: H. 
8.2: N. 24.2'Y.; found C. 36.7; H. 7.6: N. 24.4 Y .. The 
structure of L TX has been established previously as thre~ 
y-hydroxyhomoarginine [I]. 

In order to invcstigate the substitution pattern of LGX. 
the ' H NM R spect ra of both compounds were compared. 
These were very similar both in deuterated watcr alone 
and aft er addition of deuterohydroc:hloric acid (Table 2). 
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The signals at higher field /less than 63) were equal in area 
to those a t lower field. compatible with LG X and L TX 
bemg either pt. y. or 6-hydroxyhomoargmine. In both 
cases it was possible to exclude 6-hydroxyhomoarginine 
because the loCH: group appeared as a triplet not a 
doublet and p.hydroxyhomoarginine because on 
irradiation of the rusher field signals, the a:-CH group 
appeared as a singlet nOi a doublet. Thus. both LGX and 
LTX appeared to be y.hydroxyhomoarginine. However. 
there are differences between the two spectra. for example 
in the contour of the higher field multiplet and. thus. the 
most probable interpretation is that they are stereochem­
ical isomers of jI-hydroxybomoarginine. Since the Struc­
ture of L TX is known. LGX was tenlatively identified as 
tr vrhro-y.hydroxyhomoarginine. 

The reduced mobility ofLGX in borate suggests thai it 
forms a complex with borate anions which decreases ils 
nel charge. This would also aocount fo r it eluting ahead of 
arginine from ion-excbange resin in the presence of bora Ie 

(see isolation procedure). Complex formation was con­
firmed by CD studies which showed that the ellip ticity. 
a.ssoci.ated with LGX but not L TX. in tht 190-140 nm 
reHion was decreased in the presenct of borate (Fig. Jl. 

y-Hydroxy acids. hydroxy &mines and a-amino acids 
are all capable of forming complexes with borate [10]. It 
seems probable. therefore.. Utat given the correct st~reo­
chemistry y-hydroxy-:t-ammo acids could act as tridentate 
hpnds with a resulting tu,tler affinity than bidenlate 
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"'llho u: Ihf prc$el'l(:c of borale. 

CH-O 11] 

lipnds. Both lh,~ and t'rYlhro-L-hydroxyo«_amino acids 
could theoretically exist in twO staggertd confotmationa 
capable of tridentate cCH>rdination (Fig. 2~ However. tbe 
Ihrto-isomer in conformation II experiences appreciable 
steric interaction Ixtween the 6-CH 1 and the a-amino 
function and. in conformation I. hydrogen bonding is 10 
highly fav0':lrtd due ,to t~e fa~ourabl~ stereochemistry 
that th~ amino function IS unhk~ly to co=ordinate pr&. 

ferentially to boron. The ~rylh,o-isomer in confortnatiOD 
IV experiences steric constraint between the 6--Cli

l 
aQd 

the CO; and even if this Structure were to exist tbt 
intramolecular hydrollen bond would render tbe ammo 
funct ion less likely 10 act as a ligand for boron. In conl/'. 
to I. II and IV. conformation III experiences no serious 
steric conslraints and no intramolecular hydrogen bonds 
involving tht amino function. The stereochemical u_ 
rangement of the hydroxy\. carboxylate and amino func­
tions in this conformation is-similar to that of the cydilok 
[II] and. thUS: is likely to fonn a stable complex: wn. 
borate. These observations suppon the assignment tJ( 
t'rYlhro-j'-hydroxyhomoar1inine 10 LGX and I hrlO-.,. 
hydroxyhomoarginine to LTX. 

In order to confirm this preferred stereochemical , 
interact ion. , rwhro-y-hydroxyarginine isoiattd ffOlla ' 
Vida unijuga [6] was subjecltd to electrophoresis and CD . 
analysis in the presence and absenct of borate anions .. 
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Fi ... 3. CD specuu.m observed ror D")·I.IJro..y·hydrol yarsicine 
..... ilD and ..... ithOUI the presence of borale. 

pH 9.2. As was o bserved with LOX. tryritro- y-hydroxy­
arginine possesses a markedly reduced electrophoretic 
lIIobility in the presence of borate (Table 1 ~ BoraIe also 
iDduces a large change in the CD spectrum of this 
diastereoisomer (Fig. J), thus adding further weight to the 
ltercochemic.a.l assignments proposed ror the twO iso­
IIItric i'-hydroxyhomoarginines. The reason for the much 
larger bome-induced difference in the CD of tryrhro-y­
bYdroxyarginine. while similar relative .reductions in 
ionophoretlc:: mobilities arc o btained for both tryrhro-,/­
~droxyarginine and LOX, is nOI immedialely obvious. 
Ocarly. a borate complex is obtained in both cases in 
COmplete conlrast to the situation with L TX. The most 
probable explanation is associated wit h Ihe d ifference in 
the borate-guanidine intramolecular distances of the two 
Q)mplexe5. Their close proximity in 7·hydrollyarginine 
wjll permit the formation of an in tramolecular salt linll: , 
\bus largely restricting Ihe mOlion o f the guanidine 
funct ion. Such restrictions generate large shiflS in CD 
SJlecIra. An analogous salt linll: . should it fo rm in LOX. 
lIIight be expected to be weall:er 3nd. therefore. less lill:ely 
to restrict the mobil ity of the guan Idine func tion. 

To dale Ihere are no reports of L TX occurring outside 
Ihe tribe Vicieae and none o f LGX o utside the Tephro­
licac (8). This mUlually exclusive distribution may have 
IOrne be3ring on the biosynthcsis o f the pynmidinyl 
lInino 3cids lalhyrine (exclusive to the Vicicae [ 12\) and 
Ittrahydro lathyrine lexclusive to the Tephrosieae [8 ). No 

I QUdies of the biosynthesis of tet rahydrolalhyrine have yet 
~n attempted but there arc some cont'l icung reports as 
to IY hether rhrto-i·.hydroxyhomoarginme o r orOta te ;s the 
prteursor o f lathyrine [4. 11 14]. In future. invcstiga tlons 
of the met3bolism o f ~,,·' hrll-::.hydro,yhomoargmme 
Ihould add [0 o ur unders[andm2 o f the blosvn theSls of 
both pyrlmldm~ 1 ':vmpound~ - . 

EXPERI. ..... E:OOT \L 

helallO" of crylhro- ,·-;"·d,o.t ylle"'I.><l'Qr,,,n .. -LG .n . \.1 11'" ~ 
~ Ilj LUfI£"oca, !'''S ceslI:"'.ce'lSlf IDonli. SlIIuhl P:mcr "'u 
tOllccted in Sama Rosa SallonaJ P3tk. ellSta RIQ.. In .'h .. ~., 
198J. 

f inely ground 5ecd II~SI "'IS defatted · ... IIl! ~c .CO Jnd 
C.111.lCted ,,'lth ~x 500ml -0'6 Jq. \-IeO H. Poolc-ci ~ i:r.~ 
~leO H Cllram .... ere ~opUed to a coiumn oi :'IDDC:' llt e CG.~O 
t: O x ·U em. ;-.iH: fonn l eqUIlibrated In ;06. lq. ~cOH . . l,;':.:: 
wl$hmgwllh soo" Jq. McO H fSOO mlland H.O-SOO m!~dullon 
'''' IIi'! 0.: 5 ~ SH.OH t J.()() mll gavc :he buJr;' a.mlno lCIds. :'OX 
co-eluted .... lIh Aq bUI wu therebv 'ie\);lr.lIed from :emulvd:o­
lathynne (I S]. The fractJon$ con"wn;ng LGX and .... ' 3 · .... ere 
;K)Oled. evaporaled to dryneu and the rcsldue diuo hied In H ,0 
1 IS mil This soln.....as applied to Ambmite CG-SO 130" U an. 
NH; forml pre-<qwlilmmd in bof"aR bmfer 10.05 ~ HIBO, 
adjus led 10 pH 9.0 \1illh NH.OH). ?usage of me w.me buJfer 
1200 mil cau.sed LGX 10 elute lhead of and qui le separately irorn At" FracuODS coowlWI,- l GX \Wefe pooled and applied 10 

Ambcrt.ile CG-SO 110 ;. 1 em. H - form ~ Ailer .... 1.5htnl V11lh H,O 
(100 ml) to remove borate. LGX was dupllced IV1th 0.5 ~ 
NH.OH (SO mil and evaponted to dry'less. The ~iduc was 
dissolved in 10 mJ H,O and applic:d 10 Amberlitc CG-1OO 115 

>c I em. OH- form l lGX was mDOVc:d 1Wi1h H,O.lyopil ilizc:d 
and tla)"ta1lizc:d from HIO-EIOK. Yield 985 ms. 

fsohuiDoo rf thno-.,...h}..uol"yIIofnoar9_ ilIon Seed of 
Lmllyt""14 tl"9ilaIIIU L was obtained from the Royal Bowl1C 

Gardens. Kew IAa:euion No. Q6O. 7S-OOOH 4 oripnaJly coUected 
in southern Spain). 

Finely Found seed {I 20 III was defattc:d ..nh ~e:CO an ,J 
exmlcted wilh 4 x SOOmJ 10 ,% aq .. \icOH. Pooled fillered 
emacu ..... ere applied 10 Ambertite CG- I:Q US >c 2an 
1 ~200 mesh. NH; (onnlcquilibraled in SO·;' aq. ~eOH. After 
..... uhing WIth SO ~{, aq. MeOH (m mJ) and H10 {5OO mil. L TX 
wasdisplaccd with 0.$ M NH.OH {12$ mJll.head of and separale 
from contamiN.t.izrg bomO&Tpnine. Fractioo1 cootainlll, L TX 
..... ere poolcrd. reduced in voL to 1 S ml under red.. pres.. and applied 
to AmbertiteCG· SO (10 >c I em. NH; form). LTX w1.5dlsptaad 
with 0.25 M NH.OH {40 mil. evaporaled to dryneu.. dissolved in 
10 mI HIO and appliecllo AmberlilC CG-400 (5 " t em. OH­
fonn). Wash in, with H,O m:noved L TX which was I,/ophilized 
and recrysta1lizc:d from H, O-MeOH- EtOH. Yield 590 rna. 

fsolali(HI of erythro-y-ltydroxyou9111i1V (VU Xl. Seed of Vi9"" 
unijru;a A. Braun \Was obtained from the Royal Botanic Gardens.. 
Ke ..... (Accession No. 549·82-06275 originally collected in South 
Korea ~ 

finely lI"ound seed (1 00 I ) was defalled wilh Me ,e O and 
emacted with 3 " 500 ml 70 ·~ aq. McOH. Pooled IIhered 
clIuattl were applied to Amberlile CG-AOO flO x U em. 
1~200mesh. OH ' form) equllibr:ued In SO· ; aq. MeOH. 
Washin, with SO~; aq . MeOH 1200 mIl removed VUX ahead of 
and separale from CO nu.mlnallnl AI, and homoar"nlne. 
fractions conu.in ing VUX were pooled. evaporated 10 dryneu. 
dissolved in 10 mi HlO and applied 10 Amberli te CG·50 itO 
x I em. NH; ronn~ Aflerwashlnl wilh H,O 1100 mIl VUX wu 
disolaced with 0.2 ~ NH.OH 1100 mil. NH , was removed under 
red. pres. and VUX I,/ophllized ;and recrystal lized from 
HIO-MeOH- EIOH. Yield 465 ml-

Clo,orrt4 I09, "plly oJM tlecr'oplw,es,s. Descending PC on 
Whalman No. I paper with n.BuOH- HOAc- H,O n2 : 3 : ~1 

IBAWl 
High volla!!-e paper ele-ctropnoresis IHVEl. Wh;uman S o 1 

paper at 70 V em fer 30 mIn. ButTers used rounnely ..... ere pH I 9 
Jnd 1.6 (Hi) and pH <) ~ horate 11 9!! Sa :8 .0- 1I1H ~ 0 per I I 
N inh~dnn and Saka¥ucn, local Ion rC3~en ls .... ere used JS In ret" 
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