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A~rrct--TheaoainoPcid~uenotsofthca, anda,subunitsofthcisokctins(LcLI and LcL2)fromsccdsofLarhynrs 
cieeraand the~sub~itsofthc kctins from L, aphoraand t.articu&rus weredctermincd bya~y~of~~~d~v~ 
from the proteins by separate digestions with chymotrypsin and (he protease from S. oweus VS. The a, subunit of the L. 
&era ktin diffcrcd from the a1 form only in having an extra lysine inscrtcd near the C-terminus. The L. Cicero a chains 
differal from L. aph4Ea a protein in eight or nine positions and from the L wGcul~lus a subunit in seven or eight 
posnions, whilst the f.. uphaco and L. urtic&tu.r proteins also cxhibitai diffcrenccs in scvcn positions. The close 
homology of these proteins with the a subunits of the l-ins from L. &rus, L. sarivus and L. dorurw and various other 
members of the tribe Vicicac is discussed in relation to the phylogeny of the Leguminosae. 

IXTBODUCTlON 

The kctins isolated from se& of many plants belonging 
IO the Lcguminosac exhibit a wide range of different 
molaukr propertics including size. charge and the struc- 
ture of the sugar moiety that they rccognizc [ 13. Despite 
this fact, it has broomc increasingly obvious from infor- 
mation on the high dcgra of homology in their ammo 
acid scqucnccs [23 that they are clossly rcbitod and 
probably share common thrcodimcnsional structures [33 
and biological functions. 

It has ban suggested that the amino acid scqucnces of 
the lcctins are potentially valuable tools for chcmotaxo- 
nomk classi8cation providing for example, a useful 
means ofdelimiting the various tribes of the Lcguminosae 
[2, 4, 51 and of studying spcciation [6]. At prcscnt the 
application of this method is rcstrictcd by the small 
number of complete scquenccs which arc available. As 
part of a programme to ovcrcomc this shortage we 
rcccntly reported the ~qucnces of the two tight (a, ad al) 
chains of the isokctins LoLl and LoL2 from Lofhyrus 
ochrus (L.) DC. (71 and we now wish to present the 
complete structures of the a subunits from the kctins of L. 
ophacu L. and L. articularus L., and from the isolcctins 
LcLl and LcL2 of L. ckem L. 

REstJLlX AND DISClJS!MON 

Separate digestions of the a subunits of L. &em, L. 
aphacu and L. arricuiarw with chymotrypsin and the 
protcasc from StopItyf~~cu.s aurcr~ V8 yielded suitably 
overlapping peptides, all of which were readily scparatcd 
by reverse-phase HPLC. and from which the compktc 
scquerxxs of the a proteins could bc dcducal by micro- 
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$ To whom et1 correspondence should be rddtcsscd. 

sequence analysis using the DABlTC/PITC double coup 
ling method (Fig I) 

The observed qxcif%ity of the chymotrypsin used in 
this study was as cxpcctcd, exce 

P 
I that i1 gave nsc to 

anomalous hydrolyses of the Arg ‘- 11~‘~ pcptidc bonds 
in the L. cacero a, and as subunits and in the L. miculo~us 
protein. The only exampks of anomalous cleavages by the 
S. oweus V8 protcasc were those which oocurrcd at low 
kvels (not shown in Fig 1)at Se?-Tyti and Scr’P-Trp40 
in all four proteins. such anomalous hydrolyses of Scr-X 
peptide bonds have tazcn noted previously [S, 93. 

The amino acid scqucncts arc shown in Fig 1 together 
with the &tails of the pcptida from which they were 
deduced. The L. ciceru a2 subunit and the a proteins from 
L. uphacu and L. arficu&tus all consisted of 53 amino 
acids, but the L. cireru a, subunit contained an additional 
ammo acid (Lys) inscrtcd near the C-terminus. The MW 
cakulatcd from the amino acid scqucnas were in good 
agreement with the cstimatcsof the sixes of the subunits 
made by sodium dodccyl sulphattpolyacrylamide gel 
clcctrophorcsis (SDSPAGE) and the scqucncts were 
entirely compatibk with the amino acid compositions of 
the subunits. Only one minor exampk of microhetcro- 
gcneity was observed and this oocurrcd at position 53 in 
the L. ciceru at protein. The major pcpttdcs covenng this 
region contained Lys tn position 53. but small amounts 
( < 15 %) of other pcptidcs were also isolated which 
contained Val in this position. The mkrohcterogcneity in 
this positron was also con8rmcd by the results of digcs- 
tions of the L. ciceru a, protein with carboxypeptidasc A. 

The amino acid saptencc of the L. @taco a lcctin 
subunit differad from the L. Cicero subumts in nmc (a,) or 
eight (aJ positions, and from the L. urticulorus a protein 
in scvcn positions. similarly, the L. arricub~ a kctin also 
exhibited differences from L. ctceru subunits in eight (a,) 
or seven (a,) positions. 

Figure 2 shows a comparison of the amino acid SC- 
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FIN. I. The amino acid sapencu of the a subunits of the ktins from Lahynu ckq f_ opkwa, and L.. arzlulolw. 
C. cbym~tryptr pcptida; V. peptick from digestion with protease from S. avow VS. (+ amino d6 idcnrificd by 
tbc DABITC ~~~oscqucncing methud. (- - -) unntkfackxy idcntiEation. (-) amino acids derermined by 

dlgation with carboxypcptiduc A In combination with the dansyl rcchnique 

Fig. 2. Homdogy of the 2 I 

II 

J 
1. f _ :. 7 $ ‘, .” Y : 

1. ! _ ; I :: i :‘. I: .: 

L 

i” 
I 

I 
,! ! 

, ! 

tms from the Inbe Vu% u and Ibc corresponding regions of Ibc sin& chain k&n, 
from other Irik of the Leg-. The sequences of the Larhyms ochrw a chum are u In ref. (71. L. odonarw 
[10].L.Jor~~[11].Lrnrculinorir[17],PinrmMirrcm[15].Y’ KIU crawa [ 131. Y. jaba [ 161. I’. SIJIIWJ [ 121, Dioclro 
grand&ra [J], CunaAia e~/ormu (CON A) [ 181 Onobr~rhir cictijok [ 191. Glycinr ma* [20] and Phawolus 
t&&s [21]. X. unidcnufial ammo a&; -, gaps m5cnal in xqucnce 10 fxahtatc alignment. Sold boxes enclose 
amino rids whrh arc invarun~ in all scquara. D&cd boxes enclose amino aads whrh are Invariant in all I3 

protetru from the tnbc Vkicac, but difkrcnt m aI last one orher Irk 

qwncts of the L. cicrr4 L. ophaco and L. articulolru a cal so far, ir can he seen thaw 42 out of the 5355 amino 
lectins with those of the other Lcuhyru.sspccics which have acids are invariant, confirming the previous suggestion 
been determined [7, 10, Ill. On the hasis of the eight a from immunological studies [6] that the Lathyrus ktins 
proteins of the genus Luthytw which have been scqucn- are highly conscrval proteins. The figure of 42 would be 



Amino acxl sequences of the a subunits of the kctins from furhyrus II7 

hlghcr cxapt for the 15. ophoccl a sequence which is soqucncts of the fiingk chain laztins from otl~~ triber, 
notable in that it contains amino acids in two positions such as the Diodae (Cfmuwl&a e&j-& L. [ 181 and 
which are different from the otherwise invariant ones in all Diocku grmf&?.oru (Mart.) [Sl) Hadynrac (0nobrychi.s 
of the other Lclrhynu qmics. Tbcsc are Ala” (usudly 
Pro) and Val” (usually lk). 

cicijfolia Stop. [19]) and Wuaoht [Glycine I)IQX (L) 
Mm [20] and PhavdlU oul@s L [21]]. 

Other workers have notal that the amino acid rcpkce- 
wnts which occur in the a laztins from the Vkkae tend to 
clustcf in the terminal regions [ l& 131. This tendency is 
also evident in the a kctins of the genus Lothyrus (Fig. 2), 
but is kss obvious barnuse of the alterations in positions 
II. 14, IS and 22 in certain specks. 

The dose homology of the bhyrus a kctins is 
illustratai in Tabk 1 which shows the minimal number of 
nuckotide substitutions required to interconvcn thee 
proteins and also gives a quantitative estimate of their 
relatedness based on the relative substitution frequency 
factors according to McLrtrlan [ 141. Inspection of these 
matrias suggests that the specks studial may be arranged 
in three groups on the basis of their scquu~~ homologies. 
Luthyrus Cicero and L. dorams L. appear cloudy related 
and are both similar to L. safious L Lufhyrus ochrus and 
L. ar~iculo~rcs are similarly cloncly related to one another, 
but are distinct from the first group. Uhyrus aphmo 
appears to stand alone in showing relatively littk atTinity 
with either of the other groups. 

Further examination of the 18 re~uences shown in 
Fig. 2 rcvals that. in I 1 poritions (10,12,19,20,23,25.26, 
29,40,42 and 44), the amino acids found are invariant 
throughout the Lcguminosac ar~I that anoti five po- 
sitions (17. 21, 39, 46 and SO) are invariant except for 
alterations in either the soybean (Glyrin) or PhaKdw 
kctins. Clearly. the full siw of these Wings and 
the value of the appuartly invari8nt residues in delimiting 
thcboundaricsofgcna8arMItriberwithinthcfamilywill 
only be revealed as mre annpktc sequences buzoux 
available for a wider range of rpacies from different tribes. 

ex?EuMENTAL 

An affinity tree is not presented as its significana 
cannot be asses& on the basis of sa few L4lhyrus a kctin 
scqucnccs and is likely to be unstable on the addition of 
new sequence information. When the comparison of the a 
lcctins is extended beyond the genus Lachyrus to include 
the sequences of the a drains of the other five members of 
the tribe Vicicae (Pisum Jofioum L IS], Vicia /&a L. 
[16], V.sufiwL.[12], V.cr~cuL.[l3 5 andLensculinari~ 
Mcdik. [ 17]), which are currently avaikbk, there are still 
29 invariant residues (Fig. 2). Of these invariant residues 
(positions 2, 4, 6, 9, 13, 16, 24, 27, 31. 33. 36 and 37) 12 
appear to be characteristic of the tibc Vi&u, in that they 
are found to be different in the homologous regions of the 

Pdficaim of Lsthynu a la&s. The oAmds anpbyal in the 
puri&ation of the proteins were usattially u deuaibal in rcfs 
[ 7.221. The kctins of L. cicere L. &a 8nd L onkvhw were 
extrrctcdfromnudc~mabwitb50mMTrir.l~mmM~ 
@H 7.6) buffer and subjcctal to a f- pptn with 

(NH.),=.. ‘I& 3060% (NKhSQ ppcr - in thc 
CXIMiOn buffa were dirlyscd a&u tbc maw busa and 
applied to Scp&dcx G-100 c&tmns quilibratcd with the w 
buffer.Thckrlu~nad~~cdumnrerrelUIed~ddial 

0.1 M Gk to the eluting buffer, pptcd with 90% (w/v) 
(NH&W. and urcnsivdy dialyaal rgainsa the T&-b&d 
saline. 

The ln&xins of L ciccra war Kpuatd by c!uolBatdofurml 
onacolumn(1 x3Ocm)ofPBE!M(PbumrehAB)cquiiibntai 
with 25 mM Tris-HOAc @H 8.4) Elution vu performal ritlt I 
l~fo~dilutadmixt~ofPoty~~%(~O~mdP~~74 
(W” wumwh AB) rdjuua! to pH 5.0 with I M HOAr Two 
main paks wac obM an~apoodin& rapaxivcly. to LcLl 
@I 7.4) and L&2 @I 6.5). The isokctitts were pptcd with 90% 

Tabk I. Compnrison of the scqucnax ef the a subunits of the kctins from the genus ,SI&WS. (I) 
Minimal number of nuckotidc substitutions rcqulral to intcrconvcrt the a proteins (above the diq3rul). 
(b) Comparison based on Mclxhlan’s [ 141 rc-iative substitution frequency factors (below the dingonal). 

Gaps at the C-tcrmini wae scored u 0 

(a) W ICI (4 W (f) e, 00 
\ 

II I2 

(a) L. cucra a, 

(b) L. cuera a1 

(c) L. cdorafw 

(d) L. saricvs 

(c) f.. MKu&IW 

(f) Laphora 

(P) L orhw a, 

(h) L. ahnu I) 

0.895 0.912 0.904 0.890 
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(w/v) (NH&SO. ud cxtcnsivdy dmlyu~I -I H1O. 
TbeaMd~sutxulilsoftbekuimfromL.a@locqL. 

~~w~of~irobcc~LcLl~LcLzwacwp~~odby 
gel 6ltntion1 on columns of Biogd P-&l equilibmtcd sod dutcd 
with 6 M gtm&ineHCl. Two perSr axmpooding nqxct- 
ivdy. IO tbc bmy j(6n1 pak) ml light a (r&ood peak) subunits 
were otmined for all four batins. Tbc gumidieHCl we 
diminrtsd by atmtivc dinlysis against Ha0 lad the ppted 
subuo1ts were lyophdimd. 

The purities of tb various a subunits were contlnnal by 
PAGE II lmic [23] and ridic pH [24J. SDS-PAGE [UJ, 
mulytical iso&ctric focusing [26] and by N-tcrmirml mdyti~ 
by the dansyl cbk&k md by I& CN.hUnmhyim&mm 
~-Pochioc)mrtL+Utlyt&&XyUUl~ (DAIHTQ 
PlTC) do&& cmpling metbob [27]. 

tiu~dlgr~ioruordwpcporia~pzprilcr.~pkr(3mg)of 
the a subunits were digestad sqmratdy with chyabotrypsin and 
the potcue from S. anrm V8 as de&bad in ref. [S]. Tbc 
mixtu~ofpcptidaproduosdbytbeJtmctbodrmcradvadby 
reverse-pbuc HPLC on a Micropc MCH-IO column (0.4 
~3Ocm.Vmm)inrV~modd5OCX3HPLC~turusing 

a linar gmiimt of &70ye monitrik (HPLC grade S. 
hthburn. Scotland. U.K.) in 0.1 ie triBummatic lad. Peptida 
were detsnal by masuring the A II 214 nm 

Se+encr&trrrrJwimnIcinUctasubunitsandthcpcplides 
dmvcd from them by auymc digestron were subjatal to miuo- 
scqucmx tiysis using the DABITC/PITC doub& coupling 
mctlmd[27].TIlcpraalaoft~~incmrinpeptidawrr 
continmd by mining on ppcr with pdimcthylmino- 
bemkkbydc.ThcC-temirmlredImofomiopepti&uxl 
the mtxt a subunits were dctcruuncd by wtion with urbc+ 
xypcptidue A u in rd. [73 in combination witb tbc duuyl 
tafhniquc as in ref. [2fJ]. The rmino rid cotnpaitiom of tbc a 
subunilr were &tat&fd on a a model 119 BLtio 
aadaMlyscr.G?rUinpcptidcswcfcdIoarAdyradusing~VUiM 
Z&II HPL.C fitted with l poetoolumn o-phtbUdchy& r-or 
systan as dcscnbcd in ref. [29]. 
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