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Abstract ooo

The legume lectins are a family of carbohydrate binding 0000000000000 O00O00O0OO0OOOOOO
proteins found in theeguminosaelants and are usedasamodel DO OO0 O0OOO0OO0OOO0OO0D-00000000000OO
system for studying protein-carbohydrate interactions. The dirppoooooooDoo0ooO0OO0O0O00O0000000
ferent Iegume lectins show a remarkable range of sugar Sp%im 000000000000 0ooooOooooooon

ficities, despite the high sequential and structural similarity of o oo poooooooooooooO0o0O00o000
their subunits. Moreover, their subunits can associate into a "W o oogooooooO0oO0OO0O000O0O0000n

ber of different multimers. The unique variability of quaternar
. .. q . y q. %DDDDDDDDDDDDDDDDDDDDDDDDDDD
structure has implications for the formation of cross-linked lat-
. L - gooooooogo
tices and binding of hydrophobic ligands.

A. Introduction A.0DOD )

The legume lectins are a family of sugar binding pro- - 0 HH B 000000 (leguminosag) 00 LD DO
teins found in the seeds, and to a lesser extent in the stemsaht? D H 0D 0000000000000 0000000
the leaves, of plants belonging to theguminosadamily (1, CH0000000000000O00AD000000000
2), although recently homologues in another plant family atd 0 000 000000000000000000000
animals have been described. They have been used for decates! 000000000 O0D00ODOOODOOODOOOOOO
as a model system for the study of protein-sugar interactions] D000 0000000000000 O0O0O0O00OO-00
because they show an amazing variety of sugar specificittesand D0 00 DO0O00O00O00O0O0O0O0O0O0O0O0OO0O0O0O0OO
are easy to obtain and purify. Over the years, a quite impressive oo oo o000 0000000000000 00000
amount of structural data has been gathered. Fundamentalim oo oooooooooooooo000o0000000
sights obtained from studying the legume lectin model systeqf\, oo ooooooooo0o0o00000000000
can often be readily applied to lectins outside this faraity, 0000000000000000000000@)0000

the pharmaceutlcal!y important C—type Iectm; and gglectms ( 00000000@0S00000000@0600000
Indeed, well-established concepts like subsite multivalency (4,
gooooooboboboboboooooooooobooooa

5) or the formation of cross-linked lattices (for a review, see (

were first observed in legume lectin studies and proved to Jooooooooooooooooooooooooon
valid outside the legume lectin family. This review will focydl HHODODODOOOOOOOOOOOOOOooooo
on the structure of the legume lectins, indicating where dataid’ D0 00 0ouuooooouioooooouionn
still lacking and making comparisons with other lectin familie] D 00000000000

* To whom correspondance should be addressed.

Abbreviations usedaAl, a-amylase inhibitorRhaseolus vulgar)s aSFP, Acidic seminal fluid protein ; DB58, Horse gr@olichos biflorug

stem- and leaves lectin; DBL, Horse grabolichos biflorug seed lectin; ERGIC-53, Type | membrane protein of the endoplasmatic reticulum-
Golgi intermediate compartment; Con A, Jack beaan@valia ensiformjslectin; EcorL, West Indian coral tre&irfythrina corallodendroi
lectin; GS4 Griffonia simplicifolia(now Bandeirea simplicifolipisolectin 4; LOL,Lathyrus ochrusgsolectins ; PHA-E, Erythroagglutinating
common beanRhaseolus vulgarjsagglutinin ; PHA-L, Leucoagglutinating common beBhdseolus vulgarjsagglutinin; PNA , PeanuiA{a-

chis hypogaepragglutinin; PSP-I/PSP-II, Porcine seminal plasma proteins | and 1l; SBA, Soyblyaimé max agglutinin; VIP36, Vesicular
integral membrane protein (36 kD)
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Fig. 1. Topology diagram of a typical legume lectin monomer (lentil lectin, PDB entry 1LES (82p-sheets are shown as arrows,
connecting loops as simple lines. The monomer consists of a flat six Btstieet (shown right), a curved seven stiustheet (shown left) and

a small connecting five strafidsheet (shown in gray). The topology is related to the jellyroll fold, with three additional inserts (shown as hatched
strands). One of these inserts contains two of the four conserved sugar binding residue3(Pisa 123) and the metal binding loop (shown

in bold). The two other conserved residues are A§p(Biolved in the Ala-Asgis-peptide bond) and Gly $Xpresent in a larg@-loop that

packs against the front sheet). Alax3nd Glu 3 belong to the monosaccharide specificity loop. Lentil lectin belongs to the Glc/Man specific
Vicieaetribe lectins and is proteolytically cleaved at position 181 (shown as a dotted line), resulting in a two-chain lectia &iafiis

B. The Legume Lectin Monomer B.OODOOODOODOOOO

The different legume lectin monomers are extremely U00000O0000000000000O00O0O00000
similar, and their structure can be described @ssandwich 60000000000000000O0O0@COODOOOO)O70
consisting of a flat, six stranded sheet (the back sheet), and @0 000000000 @OOOODOOO)D0O0OODOO0O0OO
curved, seven stranded sheet (the front sheet). A smalpthirdd DO B -00 0000000 DOO0O30000O00R-000O0
sheet, consisting of five strands, holds the two larger sheets¥d-0 D 0D 000020 000000000000000OMO
gether (7). The sugar binding site is located on the concave side D 0000000000000 00O00O0DOOOO0OOR -
of theB-sandwich, formed by the curved front sheet, nextto@U 00D D O0O0ODOOOODOO2000000000000
double metal binding site. The topology of the monomerisre-D 0000000000 OOOOOOOOOIOOOOOO0
lated to the right handed class I’ jellyroll fold (8), but it contain§! U @)U DD 0D D OO0DDOO3Ln 0000000000 ng
three insertions, one of which is directly involved in sugar aridd D 0000000000000 DOO0DOOO@EYDOOOOO
metal binding (see Fig. 1). Essentially the same topology is fouRd! D 0000 0000000000000 O0O00O(@eD1000
in the galectins (9, 10) and in serum amyloid protein (11), bothD DO 000000000 AYODOOO0OO0O0OO0O00D0OO
of which are lectins. Many sugar binding or processing proteifgs0 000 0000000D0O0O0000OODOO0OE -b-O
have a topology related to the jellyroll fold (includifgd- UOOO0OO@2u000000000O00000O0O0ODOO0O0
glucanase (12), the galectins, the legume lectins, serum arfyl 0 0 0 0 PNGase F(130 1400000000000 1(150
loid protein, PNGase F (13, 14), cellobiohydrolase | (15) and 0 0000000000000 016-18)020000000
two members of the spermadhesin family (16-18)) and sugaf )0 0 00ooooooooooooooooooooog
binding always seems to occur on the concave side @-theD DO 0uuoooooooooooooonooogon
sandwich, on the side of the front sheet in the legume lectifsD 0000000000000 000000O000O0O (130
(13, 19). Norriset al. (13) suggested that the combination of9)U NorrisU DD OO OOR -0 0D O20000000000
this curved3-sheet and the connecting loops that fold over tHeD D DO DO 00O OOOOO0OO0OO0DOOOOOO0OO0OOOO
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Fig. 2. The monosaccharide and
metal binding sites of lentil lec-
tin (PDB entry 1LES (82)), with

a glucose bound in the monosac-
charide binding site.The two metal
ions (a C#& ion and a transition metal
ion, here shown as a [trion) are each
ligated by four residues and two water
molecules. The Caion interacts with
the four sugar binding residues : Phe
1233 and Asn 12B are direct metal
ligands, while Asp 83 and Gly 98
interactviawater molecules (shown as
light gray spheres). Phe 123s in-
volved in a hydrophobic contact, while
the other sugar binding residues hy-
drogen bond to the sugar. Only the
monosaccharide specificity loop (Ala
30a-Glu 31a) differs substantially be-
tween lectins belonging to different
specificity groups. Fig. 2 and 3 were
made with MOLSCRIPT (83).

sheet is especially suited to carbohydrate binding. The similaro o0 (1300000000000 O00O0O0O0O0OOOOO
ity between the topology of the legume lectins, serum amylojdl o ooooooooOo00000000000000

protein and the galectins may thus be the result of converg% 000000000000B-0000000000000

evolution. Moreover, th@-sandwich architecture may also be
. . . . Joooooooooobobooooooooooooooooa
especially suited to generating a variety of quaternary structures,

which is important for binding multivalent epitopes or crossf DODOODOODODOOOOODODOODOODOOE

linking ligands (see paragraph 3). oo)

C. Sugar Binding by Legume Lectins c.000O00OO0OoOooOoooooaon

The legume lectins have developed an ingenious frame- OoooDoOO0O0O0O0O0OO0OO0OOOOO0OOOO00O0
work for binding mono- and oligosaccharides. This framework 1 o oo oooooooo0o0O0O000O000040 00
consists of a consgrved monosac.chande b|_nd|ng site in Wh'ﬁ'ﬁ doooooooooooooooooooooooon
four conserved residues confer affinity, a variable loop that con-
fers monosaccharide specificity and a number of subsites thay POEDOODOOODDDODDODDDDD000O0D
harbor additional sugar residues or hydrophobic groups. HHHUOOOULOO

The legume lectins can be subdivided into five groups OOOO0O0O0OO0O0O0OOO0OOOOOOOOOOOOO
according to the specificity of the conserved monosaccharidel 0000050 00000000000(1)0000 00 Fuc

blndlng site (1) : Fuc Specific, G|CNAC/G|CNM-4)G|CNAC 0 0 O O GIeNAC/GIeNAC(B1-4)GIcNAcD O O O Gle/Mand O O O

specific, Glc/Man specific, Gal/GalNAc specific, and those th%%l/GaINAcD 0ooo0o00O0O0O000O0O0O00000O00n

do not bind any simple monosaccharides. Within these grou%sD 00000000000 00000006

some idiosyncratic representatives may be foengl,DBL alNAc DO
which binds GalNAc but not Gal (20). At present, structuragf DB Gl DO ODOODBLODDOOO)UDDDDOODOO
data is only available for members of the latter three groups.Bfl D0 0000000000000 0000000O00O0O30
the monosaccharide binding site (see Fig. 2), three of the fauUN D00 0000000000000 0OOOOOOOOO(@
conserved residues (the Gly-Asn-Asp triad) hydrogen bond#p1 40 0000000000030 (Gly-Asn-Aspl 30 0)0 O O
the sugar, while a fourth aromatic residue stacks againstthe W\~ 1 o oooopsno0o0o0o0o0o0o0o0o0o0o0o0o0o000n
drophobic part of the sugar. These four residues are held in
correct position by two bound metal ions (&'Gan and a tran-
sition metal ion), either directly or via water molecules. Mo

HEDDDD4DDIZII]DDDDZDDDDDDD(lDDCaZ*Dl
QDDDDDDDD)DDDDDDDDDDDDDDDDDDD
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importantly, the metal ions stabilize an unusiigpeptide bond DO0O000000O00000O00O0O000O0OO0OOOO00OO
between an Ala and an Asp residue, thereby positioning the Asp AlaD0 D D AspOD D0 000000-0000000000
side chain in the correct position for sugar binding (21). Galandh Do D DD ODAspO 00000000000 O0O0O0OOODO
Glc can both interact favorably with the four conserved resk o gD ODOOD D (DGO DOGIOO O OO0 D000 40
dues, but must adopt different orientations relative to these resin oo ooooo0o00D0Do40 000000000000
dues due to their different conformations at O4. Hence, in GIE-D 00000000 0000000 o0oo0ooooooonn
specific legume lectins like thécieaelectins or ConAO4 and g oo 000 (Viceae)d 0000 Con A D O 0 GleOd
O6 interact with the triad (22-24), while in Gal specific legume 1 oo oooooO0o000 o040 0 0060 0O Gly-Asn-Asp
lectins like EcorL, SBA or PNA O3 and O4 interact (7, 25, 26}y s oooooooo (22—24)01 0 0 0 EcorL0 SBAC 0 0 [
Which of thg Fwo will actually bind IS_ determined by_ the SOpNAD OO DGO OO 0000000000030 000400
called specificity loop (Ala 3®-Glu 31a in the Glc specific len- 000000 @O25026020000000000000000
til lectin, see Fig. 2) by making it sterically |mpos§|ble for th% N00000O000000(G000000000000
other sugars tq position themselvg; favoral.ally relatlvg .to the fOéJrD 000000 Al0e-Glu3lan 020 0)0 000 00040
conserved residues, and by providing additional affinity for the
. . . goooobbbbbbooooooooobooboobobooboboo
correct sugar (27). It is expected that this scheme will also be
valid for the Fuc and GIcNAc specific legume lectins, for whicg e
structural data is still lacking. Homology modeling of the Fug 000 ENNEDO00O0000000000000000
specificUlex europaeutectin | and docking of Fuc in the mod- = H Fucl DU GIeNACD DD D DD D000 00000000
eled monosaccharide binding site resulted in four possible birtd 0B B 00000 OFued 000000 DO (Ulex europaeus)
ing modes, either involving 04 and 03, or 02 and 03 (28y U UIDODODOOOOOOOOOooonononoy
Unequivocal elucidation of its mode of binding thus has to await? D 0 00000000 Fuiecd 000000000000 04
the structure determination of a sugar complex. posunoooziosnnouonoo4ainoouooodn
Next to the monosaccharide binding site, subsites ma&yd 0000 (800000000000 00O0O0O0OO0O0O0O
be present that harbor additional ligands like hydrophobieD DO O OO0 oooooon
aglycons or specific monosaccharides. The interactions thatthese D 000 000000000000 OOOOODOOOOO
subsites provide are too weak to bind these groups independentlyy C O 000 00000000000000000O0O0OO
and only attached to a central sugar residue bound inthel D0 0000000000000 O00O00O0OO0O0OOOOO
monosaccharide binding site role becomes important. Atpresent) 00 0000000000000 00000O0O0O00OOO
three different subsites have been described. The exact specificity D OO0 0000000000000 O0OO0OO0O0OO0O0O0O
of these subsites may vary from lectin to lectin. The first subsiten DD oo Ooo30 0000000000000 0O0O0O0
binds hydrophobic groups (Con A (29)), the second binds botto oo ooooDooDoOooOooOOODOOO0OO000000
monosaccharides and hydrophobic groups (Fuc in Ecorl B8)gnpooo010000000000 0000 (Con A(29))0
hydrophobic groups in thécieaelectins (23, 31, 32), thd- 0o UONOOD0 D000 0 EcorLD O 0 O Fue(30)0 U

acetylgroup of GalNAc in DBL (33)) and the third binds; noooooooooooon (230310 32)0 DBLO 0 0 [
monosaccharides (Fuc in thecieaelectins (34, 35), Man in o nacO N-D OO OO (33)0000030000000000

Con A (36, 37), Fucin DBL (33, 38)). O000@O00000000000 0 Fue(34035)0 Con AT O
Only two structures are available from members of thﬁ 0 Man(360 37)0 DBLO [ 0 [ Fue(330) 38))0]

complex specificity group, namely GS4 (39-41) and PHA-L (42). 000000000000000000000GS4(39-41)
In the case of the GS4 a complex with the® lsegar 000PHA-L@2)O020000000000000006S400

(Fuc(o1-2)Gal@1l-3)[Fuc@1-4)]GIcNAc) is available. As )
in the Gal-specifitegume lectins, the Gal residue is bound iy - LoD U (Fuc(al-2)Gal(Bl-3)[Fuc(al-HIGleNA)H D B D D O

the monosaccharide binding site of GS4 and interacts similarq AobppeliipooobononouoboyGald
with the four conserved residues. However, the specificity lo Hessionnoononnonnoonanoonnon
of GS4 adopts a distinctly different conformation and inste Doooooesiooooonnnnnooonooon
interacts with thex(1—4) linked Fuc residue. In other words, the”! DU 0000000000 al-40000FcOOODOO00
interactions between the specificity loop and the monosacchal DO ooooooooouoooouoooouooo
ride in the monosaccharide binding site have been replacedthy D0 B0 DO ODDDOOOOOUDOODOOUOO
interactions between the specificity loop and a secondary suffdf D 0 00000000 UOOOOOOOOOODOGSA00
residue, which explains why GS4 does not bind monosacchall DU 00D OOO0ooooonooooooooooon
rides. Whether a similar explanation holds for the other mem-0 00000 0000000000000 00000000
bers of the complex specificity groups remains to be seen. D000 ooooon
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Fig. 3 . The different quaternary structures of the legume lectingt present, three different tetramer types (Con A, PNA and PHA-L)
and three different dimer types are known (the canonical dimer, GS4 and Ecorl). Recently, we discovered a fourth dime&s&ypar(DB
unpublished results). The known legume lectin tetramers can be considered as “dimers of dimers”, so the tetramers aadptibiedicgr
dimers are vertically arranged for ease of comparison. Note however that two canonical dimers are present in both Con-4, dud fRBHA
PHA-L can also be considered as a dimer of DB58 dimers. The putative adenine binding sites in DB58 and PHA-L are indeagestenith.
Peanut agglutinin contains one canonical dimer and two GS4 dimers. There is no known tetramer that caatgihsrtbecorallodendron
lectin type dimer.

D. Quaternary structure D. OO00OO

One of the unique features of the legume lectinsis their 000000000000 O00O0O00O0O0O0O0OO00O0O
variable quaternary structure : although the structures of theiid D DO U0 ooooouoouoouoouooi
monomers are highly similar, they can associate inanumberbf D D OO D00 ooooooooooooooogon
different tetramers and dimers. At present three different tét-0 D00 oooooo3anooooooooooo3noog
ramer types and three different dimer types have been published D000 0000ooooooooooooooooog
and recently our group discovered a fourth dimer type (see FigH U000 ([@3)unoooonooooon2000doo2n
3). The so-called canonical dimer consists of two monomells] U D DD OOO0O0DOOOOOO0OODOOOO0OOOOO
that associateia the formation of a continuous twelve strgad 120 000000000100 -000000000000O0
sheet out of two flat back sheets, along the length of the dimel ] D0 0000000000000 @)OOOOO0OO0O0O
This quaternary structure is adopted by pea lectin (43), fau$)D U 00D 0000 (450000 00 O O (Lathyras ochrus)Ul
(44), lentil lectin (45), th&.athyrus ochrussolectins (34) and DO00O0@EHUOODOOOOOOOOOOOOOOODOOOO
the a-amylase inhibitor fronPhaseolus vulgarié46), which is  (Phaseolus vulgari)D D 0o -0 0000 0O0O0@E 000000
a truncated lectin (see below). The three other dimer typesedch U 000000000000 0O0003000000000
have only one representative. In the GS4 dimer (40), two flatU D DO 00000000 OOGS4A0D 0@ bU2000
back sheets pack face to face with tiffetrands running per- D00 000000000000000000R-000000
pendicular to each other. In the EcorL dimer (25), the diméer0 000000000 OEcorlD DO (2)U D0 DDDO0O0
interface consists mainly of side chains belonging to the twoO 0D OO D00DO0OOO00DOOOO0R-00000200000
upperf-strands of the back sheet. ooooooooooo

We recently determined the quaternary structure of the 00000 00U Dolichos biflorus0 0000000000
stems and leaves lectin frabolichos biflorugDB58). In this 00 (DB LD OOOOO00000000000000020

MR-Hamelryck Ge (09/29/98) Gj(10/07/98)F(10/13/98) 353 ©1998 FCCA (Forum: Carbohydrates Coming of Age)



Trends in Glycoscience and Glycotechnology
Vol.10 No.55 (September 1998) pp.349-360

dimer, the two monomers associate with their flat back sheefs DD oD ODO0OO0O0ODOOODOO0OOODOOOOOODOOO
facing each other. The small side chains (Ile, Ser) of the UpReh ooooooooon B-0000DODOO(le Ser)D OO
B-strand of the back sheet intercalate and form a tight interfa%eD 000000000000000000020000000
I_n addmon., the C termlnus_ of ong of the two monomers POSk. L LMoo OO0O0ODOO000000O000CnDn
tions itself in the central cavity, while the C-terminus of the other
monomer is truncated, resulting in the formation of a heterodimer- - /0B 000OOOO00OOO000 @nooooz2
(47). This C-terminal stretch is not included in the model bélE 00D ODOOOOOOOOODOOOOOOCOOOODO
cause the density is hard to interpret, due to two-fold averaging! D 0 00000 oooo
of the density. gooboooobboobobooboboboOoobocon AO
Con A, the first legume lectin structure reported (484800000120 000000000O0R-00000000
consists of two canonical dimers that pack against each other o oo ooo200000000000020 0000

with the central parts of thglr continuous twelve stiustheets. 0B-00000% N0000000000000000000
The B-strands of the two dimers are at an angle of almdst 90

: : ) g . JOoOoO0oo0o0DO0ConADDO0ONOOODDOOOOODOODO
and the interface consists mainly of electrostatic interactions.
The Con A tetramer has been crystallized in different spa@eD nobooooooobooo:-ooooooooooon
groups, and shows that the Con A tetramer is quite flexiblé!:0 00000000000 (24049000000 Canavalia
small rotations and/or translation of the subunits are possillesiliensisu DD D DD OO0 00000 ConADOOOMO
(24, 49). This is also illustrated by a naturally occurring“muwE 0 0000000000000 ConADOOOOOOOOO0O
tant” of Coh A fromCanavaIia brasiliensiswhose quaternary onpopooo-0000000000 100000 O (Asp58Gly)
structure differs slightly .from the other Con A st.ructur.es, prem 00000000 G0)0
sumably due to a mutation (Asp58Gly) at the dimer-dimer in-
terface (50).

Peanut agglutinin (7, 51) forms a tetramer that can t?e
considered as an association of two GS4 dimers. These two G540 U0 DDOIDDOOOOOOOOO0OO00O0
dimers associate via the formation of a canonical dimer, formed? D 00000 ooooooooooooooooooon
by one monomer from each GS4 dimer. The peanut tetramefli§] 02220 0 040 0000000000000 0000O0O

unique because it is the only known homotetramer that does nat;

possess 222 or 4 fold symmetry. O000OPHALOODO@2)000000002000000

» Fitnally, the PHA(\j-_L tetrafn:er (42) car_1 ble(;{iewed in WO oopooooooooooOODBSeOD 0OCOCOOO0O0O00
ifferent ways : as a dimer of two canonical dimers, or as a
dimer of two DB58 dimers. This mode of association createsDaD HEEHoonoonoononoaannoDHDbesss
big channel in the center of the molecule, twice as large as gebobnoooooooooooooooooooooz
channel in DB58. In this channel, two C-terminal stretches are C-U 000 0DEOOODD200C-00000DOOON
positioned (26), while the two other C-terminal stretches af@)l D0 000000 OODOOODOOOOOODOOOOOOO
truncated (52). In addition, this channel is also believed to h&ar-0 00 0000000000000 O0O0O00OO0OOOOOO

bor the adenine binding site found in a number of tetrameric(o 40 0 0)0 PHA-LO SBA(26)0DBL(C 00000 0)0 O

and dimeric legume lectins (see paragraph 4). The PHA-L el 1 o000 (Viciavillos)0 0 0 0 0 0B4(3)0 000000

ramer typ.e .can probably be called the canonical tetramer ty%eD 0000ONUEANDOOO0O0000)000000000
because it is adopted by PHA-L, SBA (26), DBL (our unpub-
. S . . 00000ddoUodOOoPHA-LOODOODDODOODOOOGOOoQOO
lished results)yicia villosaisolectin B4 (53) antlllex europaeus
lectin 11 (84). All these lectins contain the sequence Ser-x-&HHbooooooonoooonoooboooonoo
X-Ser in the outer strand of the front sheet, except UEA-Il whidh 0! 0 0 0 00 00 Ser-X-lle-X-Ser0 000000000000
contains Ser-X-lle-X-Thr and thécia villosaisolectin B4 for UEA-IIO Ser-X-lle-X-ThrO OO O OO OOO0O00O00O0O0O00O0O
which this part of the sequence is unknown. O0000B400000000O00OO0O0OO0OOOOO

It is remarkable that three of the four dimer types are Opopopo400 0000300000000 0000000
also found in the tetramers : the c;apomcal dimer is found m the o ppooooDoooooOOO0O0O000O00C00 Con AD
_Con A, P_HA-L and peanu.t agglutmm tetramers_, the_GS4 d'm_ShA-LD 00O0O00O0O0DOO0O00000O0GS40000
is found in peanut agglutinin, and the DB58 dimer is found in

PHA-L. Only the EcorL dimer has not (yet?) been found in an%l/ HOOboOoOEOOODESSI IO PRALOOD DN

tetramer type. DO00Erl000000(000)0000000000000
Remarkably, lectins that share no sequence identity withC 0 U 0 0

ooooooo@Eosnyooooooooooooooano
G40 U0Db0oooobboooooboobobb20bGsan
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the legume lectins can form similar multimers. The galectins OO0 0DO0DO0OO0O0OO0O0O0OOO0O0ODOO0O0OOO00OO0
are Gal-specific mammalian lectins that possess the same el o000 O00DO0000000000 00 Gald O
as the legume lectins, although the position of the sugar binding, 1 oo oooooooooooooooo0o0o0o0oo
site differs frqm the Iegume_ lectins. The galgctln dimers Ofﬂm SIaiatatalalaiatalelaiatatalalatatatelaiatatalalala
human galectin (9) and bovine spleen galectin (10) resemble a
. o . ooooooo@boooboooDbOoooo@o)oooo
canonical legume lectin dimer, although two continuBsheets
are running along the length of the dimer instead of one. bhwoooozoooooop-ooooooooooooon
Recently, the crystal structures of two lectins from the DU U000 ODDUOOODOOOD00O00000uun
spermadhesin family, which is involved in sperm-egg binding U
in mammalia, were published (aSFP and PSP-I/PSP-II, (16-18)). 00000000000 00000000O0000O0OOO0O
Their subunits are highly similar and consist @Fsandwich gpopoooOoOO2000000000000000000
with ajellyroll related tOpO'Ogy that contains two five Strande@SFp’psp_”pSP_“ (16-18)0 000000000000 0noon

B-sheets, an a.rchitecture thatl is also found in the legume Iect(ij% 00000000005000002008-0000000
and the gglectlns but with a dlffergnt topology. Remarkably, t 000O00000000000000p-000000000
monomeric aSFP forms a canonical dimer in the crystal (16),

while the PSP-I/PSP-1I heterodimer, which shows some si oooooooonboooobooonooonbon
larity to the EcorL dimer, forms a tetramer in the crystathe nobboooooodouoooododoaesFPOOOOOD
formation of what resembles a canonical dimer (17), which 0 0000000016000 0Ecorl000000O0000
reminiscent of the PNA tetramer. It is not known whether the D O OPSP-I/PSP-IO 0O O0O00OO0O0O0O0OOPNAOODOO
aSFP dimer and the PSP-1/PSP-II tetramer fulfill some physi-0 000 0000000000000 0O00O00OO0O0OOO
ological role. 0000 (7)0aSFPO 0O O0OOPSP-I/PSP-IDC DO O0O0DODO

What is the reason behind this remarkable variability of o o ooooooooooooooooooooooon

guaternary structures in the legume lectins? Multivalent lectins 0000000000000 0000000000000
have been showin V|tr9 to form cross-linked Iattlcgs, S(.)me-[| 000OO00O0O0O0OO0O0OOO00O000O00OOdin
times even macroscopic crystals (6, 26, 54-57), with oligosac-

charides that contain multiple epitopbsvivg cross linking of viroD D0 000000000 ooooooonnoooon
receptors is an important way of transferring signals (58, 59j.0 B bbouuobooiuooooouuooooy
Two lectins with an identical specificity, but with a differen{6C) 260 54-57)0 InvivoD D0 0000000000 O000OO0O
guaternary structure will necessarily form different cross-linked 0 00000 (58059)0 00 000000O0O00O00O00OOO
lattices with the same epitope. Hence, variability of quaternaryo 02000 000000000000 000000O00O0O
structure can be used to obtain the correct cross-linked latticeof oo oo oDooOoOO0OO0O0O0OOO0O0000000
to maximize the avidity towards structures bearing multiple o oo poooooooo0oo0o0o0O000000000

epitopes. 00000000 @vidty)D0000000000000000

S . . . gooo
E. Hydrophobic Binding Sites in Legume Lectins

Some legume lectins also possess hydrophobic binding

sites that do not interfere with the sugar binding sites (60, 65‘. obooooooobooooooon

The function of these binding sit@svivo remains obscure, but boooobouooooooooooooouoond
the fact that these sites are present in legume lectins from differll D 0 0000000000 (60061)0 Invivel DO OOODO
ent species suggests that they play a specific biological ralel 00 00000000000000O00O0O0O0O0OO0OO
One of these binding sites shows a high affinit (16) for DooOODODODODODOODOOOOOOOOOOOOOOOOOO
adenine and certain adenine derivatives (62). This site hasbeeAhnnooooooDooooOooOO000oOoOOO0000000
found in tetramer.ic Iggume lectins (PHA-L (Jan Backmants 0 01nooooo000000o00o0o0o0oooooooon
personal commgnlcatlo_n), PHA-E (63), LBL (61-63), SBA (63)D (106M-)0 00 @00 0000000000000 0 (PHA-
hog peanut lectinAmphicarpaea bractea}d64) and DBL (63,
65, 66)) and dimeric lectins (winged bedPhpsphocarpus
tetragonolobus agglutinin (67) and DB58 (65, 66)). Binding = & & 1 1 U (Amphicarpaea bracteata)(64), DBL(63,65,66))) [ [
studies suggest that one or two sites per molecule are preseft il & 1 0 0 U (winged bean (Phosphocarpus tetragonolobus) U
tetrameric adenine binding lectins. The residues involved in thed U U (67)0 DB58(65L1 66))0 D D U 0D O Uoooooon
formation of the adenine binding site of PHA-E and LBLhave 0 00 0000000000000 00O0O00OO10000
been determined by photoaffinity labeling with 8-azidoadenine2n DD OO0 00000000 O0OOOOOOOPHA-EODOO

L(Jan Backmann, O O ), PHA-E(63), LBL(61-63), SBA(63)0 0 O
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(68). The two isolated photolabeled peptides had an overla@®BLO D0 000 0000000000000 OOOO8-00
ping stretch of five residues in commonfTY in PHA-E). 000000000000 00000O0OOOO0O(68)0200
This stretch is found in Brsheet of the flat back sheetand lines D DO 0D O0DO0DO0O0DO0OOOOSI000000O0O00OO0OO0O
the central channel in the PHA-L and SBA tetramers, inthe virO D OO DO (PHA-EDODOOOVSLITY) D ODODOOOOD
cinity of the dimer-dimer interfaces. Because of the 222 sym-oo 00000 O0OB -0 000000000 OPHA-LOOD
metry of these tetramers, two stretches face each other, thereghyn OO0 DD OO0 O0O0O0OO0D-0000000000O000O
creating a pocket with a 2-fold symmetry. Apparently, adopting o oD OO DO 00002220 00 000002000000
a PHA-L-like tetramer is important for the formation of the ads oo O0OOOoOo200000000 0000000
enine binding site. The fact that DB58 binds adenine despite1 0000 OPHA-LO OO O OO0O000OOO0O000000
being a dimer can then be explained by its remarkable quate’ oo o000 O00C0O0000 00 0DBS80 00000
nary structure : it is formed by two monomers that face eaehq o opoooooooooo0oooOoOO0O0O0000000
other, thus forming a channel that is half as big as the channebipy o oo oooooooooooo2000000000

PHA-L (see Fig. 3). D0000DDOOPHALOOOOOOODOOOOOOOODO
oooo(@ao
F. Arcelin and a-Amylase Inhibitor : Two Truncated Le-
gume Lectins F. ArcelinDa-000000D0D0DO2000000000
The arcelins and-amylase inhibitorsaAl) (69) from poOoOO0O

the seeds of the common bean are both groups of legume lectin goooOOOOOO0DarcelinDa -0 000000 O (aAl)
homologues, but they do not bind sugars and hence are not Do oo OoOoOOO0OO0OO0O0O0O0OOOOOOOOOOO
lectins. Both proteins protect the bean seeds against predation oo oo o0D 0000 0000000000000 0
by insects, and are potentially interesting for crop protection vigo oo oD DO oD OO0 O00OO000O00O0000000
genetic engineering (70). Arcelin is present in certain wild beano oo oooD OO0 D00 ODOO0ODOO0 D00 O (70)0 Arcelin
strains and confers resistance against the bearZpbsdtes o oopooooooDo000000000 00000 Zabrotes
subfasciatug71). Its working mechanism remains obscure, hOWg pfasciarus0 0 DO DD OO0 D0 EYO0D00000000
ever.aAl inhibits a-amylase from mammals and insects, buy b oo oooDODeADDOD000 0o -00 000
not from bacteria, fungi or plants, and transgenic pea plants X o ooooooo0o000000000000000 o -0
pressingtAl become resistant against certain Bruchid beetles nnoooopooooooooeAD 0000000000

(72). . 0000000000000 (Bruchidbeetle)DOODOOOOOO
The crystal structure of arcelin-5 (73, 74) was solved at(g:vz)D

resolu|t||on of 2.7 A. ArceIt;T-S cr:ystalhzed as ? nr:orlmmer wklmsc_a Arcelin-50 0 000000027000 000 0 (730 74)0
overa Str“‘:"‘_'“re reseTh es ttel Zt_rugt”rel 0 tfe egqmell‘iﬁﬁrh 000000000 Darcelin50 000000000000
:monomfrst'. O.WTver’ tedmea I'.n én_gf.wpft(;l“”,'na,d ufslslalalslalalafutalslslalalslalalatutulslala)a)a)als
corresponding to the metal igands are either absent or napprg. 2201000 00000000 Darelns0 0000
resp g o he 9ands are ettner absent ot apRios 1 ppppopoooooooooooosnoOO
priate for metal ligation. Despite the absence of the bound metal
. . . . L .PSEIDDDDEIDDDDDDDDDDDDDDDDDDDDD
ions, thecis-peptide bond found in all the legume lectins is stil
. . . goooooobobobboboooooooooboboooa
present, but the Asp residue is replaced by a Tyr residue. Strik-
. . . 100000000000 -ocooobbooooboooooo
ingly, an Ala-Tyr or Ala-Phe sequence is found in all known
. . . . . AspU00OTyd DD 0OD00O0O0O0O0ODOO0ODOO00OOOOO
arcelin sequences, suggesting that this unexpedigubptide 000000 arcelind 000 AlaTv 0 O AlaPhel 0 0 0
bond may be involved in the function of the protein. arcefin aiyr a-rhe
A complex of theaAl with porcine pancreas-amylase Dooooooooooo-0oooooooooooonnn
was solved at a resolution of 1.8 A (46). Tl monomer is noponoooooonnooonn
similar to a true legume lectin monomer, although two sugar aAlDDDDODa-00booooooooooLsoooy
binding loops are truncated. The first truncated loop correspor%g Dw@elesAlDOOOD2000000D0O0000DO0O
to the truncated metal binding loop in arcelin-5, while the segtHton _D pooooodooooooooigooooo
ond loop is the larg@-loop that contains the Gly residue of thé? D B Darcelin-sS00oooooooooouo20000uo
conserved Gly-Asn-Asp triad. TwwAl monomers form a ca- J HE D Gly-Asn-Aspsi U Glyb0ooooooQ-oooo
nonical dimer, and each subunit mainly interacts with the activel! D20 D oaAIDD D00 O0000000000000000
site of onen-amylase moleculgia two loops. The structure of D000 020000000000000000a-00000
these two loops is stabilized by a?Cian, and differs fromthe D0 000000000000002000000000 Ca*0
equivalent regions in the legume lectins. Interestingly, the sé¢l1 00 0000000000000 000O00O0000O0O0
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ond loop corresponds to the monosaccharide specificity loopim 000000000200 000000000000000
the legume lectins. OO00O00O0OOoOooO

Truncated lectins are also found outside the legume lec- L nooooooooooo0o0oooooOO0CO0000
tin family. Lythostatine (75), a.protectlve protem_frqm huma& 0000000 o00000000000O0000000
pancreas, and blood coagulation factors IX/X binding protein )

lythostatine (75)0 0 0 00000000000 DOOOOIX/XOO

(IX7X-bp) (76), a snake venom component, are truncated C-tya’é
lectins. Charcot-Leyden crystal protein (19), found in human U 00 0 (XX-bp) (FE)UOOUOOOCODDODOOOOOOOD

eosinophils, is a truncated galectin with lysophospholipase ¢/ 0000000000 OOOOOOO0OOOODOA9U
tivity. Joododoooobobboooooooooooobobooooao

G. Homologues Outside thé.eguminosaeFamily G. 000D0OO0O0OO0O0oOOoOOoOOOoOOoOoOoO
A few years ago, it was shown that animals containle- OoOoDOO0O0DO0OO0OO0ODOO0O0ODOOOOOOOOOOOO

gume lectin homologues. At present two such homologues havenooooooooooOoOoO000O0C0O00000000
been described : VIP36 and ERGIC-53 are integral membrane, 1 1 onoooo0o0000 000 VIP3SH O O ERGIC-53
proteins that contain domains which have 19 and 24 % identEyIj 000000000000 00000000000000
with the legume lectins, respectively (77). Three conserved sugar

L . . . go1o00d2000000000000000@FN0OODOO
binding residues (the Asn-Gly-Asp triad) are present in bo
VIP36 and ERGIC-53. VIP36 is present in the Golgi apparatu\éfp%t| DOERGIC-530 000000000 DDODO (Asn-
in transport vesicles and on the cell surface and is thought to@¢-Asel D 0 0)0 00 0000VIPD DD OOOO0O0
involved in glycoprotein sorting. Similarly, ERGIC-53 ispresent DO 0000000000 ooooooobooooooon
in the intermediate region between the endoplasmatic reticulun 0 D0 0000000000 OOERGIC-530 000000
and the Golgi apparatus, and is thought to be involved intranso oo oo OoDO0O0O0O0O0O0C0O0OO0O0O0OO0O0OOOOOOO
port of glycoproteins from the endoplasmatic reticulum to the o oooooooooOO0O000O00 0000 VIP3EO O 0 O
Golgi apparatus. It has been shown that VIP36 contains W OoooooooM*0O00000000200Cce 0000

Ca* binding sites, although unlike the legume lectins VIP38
. . e gobooooooobo@geyuooooooooobooog
does not bind M# (78). In addition, GalNAc could inhibit bind- (78)
Q_DDDIZIEJDDDDVIP36DDIZIDGaINAc[IIZID[IIZIDD

ing of VIP36 to putative endogenous ligands in an immunoflu
rescence assay. ERGIC-53 is a calcium dependent mannose §BE/C-530 Ca*i DU ManD DO D DOOOODOODOOD
cific lectin, and mutational analyses have shown that at least! D 0000000000000 0003000000000
two of the three putative sugar binding residues are importang0 0 0000000000000 (79)0

for carbohydrate binding (79). 0000000000000 00000000o0o0ooo

The legume lectins are not the only plant lectin familyy oo ooooDoOooDOoOO0O0O0OO0OComitinO 0000000
for which animal homologues have been found. Comitinis a 48 o oooooo048kDO 0000000000000

kD f';lctin-binding dimer t.hat is primarily found on Golgi anob OMan0000000000000000000(80)0

vesicle membrane§ and is homo.I(.)g.ous to the mannose-sp.)e%gr%itinIj Q0000000000000 0000000000

monocotyledon lectins (80). Comitin is thought to attach vesicles

to the cell skeleton via an actin-binding domain that binds to thel HOOEOODOOOOODOMan00DDEEHMand 0

skeleton on the one hand and a Man specific lectin domain thdf D B E B 0Douoooooouuooooouooon

binds to exposed Man residues on the surface of the vesiclesiga 0 U 0 000

the other hand. goooobobooobo*oor obobbooboooo
These exciting examples could lead to aninterestingnewd 000000 0000000000 0D0O0OO0OOO0O

direction in the field of “plant” lectin studies. Moreover, theys ooooo“0o00000000000” OO0O0O0O00000

point to the necessity of finding a new name for the so-callef- 1 1 ooooooooooooooooooooooon

Ieg_ume lectin fam_lly . Not only have two hom(_alogue_s of thlsEI Yalalaiaialatatatatatatatatatatatatatatatatalatalalals
family been found in mammals, but a receptor-like serine/threo-

nine kinase fromArabidopsis thaliangBrassicaceaghomolo- DO DOD 0D (Arabidopsis thaliana (Brassicaceae)) ) 1 1 0 U 1
gous to the legume lectins has also been reported (81). D Se/ThriD00DOOOOODDOOOOOOOOODO0
ooooooooogend
H. Conclusions
The (selected) topics treated in this review hopefully gi\)é' ooo
a good impression of the tremendous amount of work that has HH0UUOOOOOOOODOODOOOOOOOOUO0
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already been done, and of the exciting secrets that have yettobe 0 0000 000000000000 00O0O0O0OOOO
revealed. Indeed, large pieces of the puzzle are still missinQu OO OO0 D000 ODO0OO0O0OOOOOOOOOOOOOO
Structural data on Fuc and GIcNAC/GIcNB&(4)GICNAc spe- 000000 O Fued O O GleNAC/GIeNAC(B1-4)GIcNAcD 0 0 O
cific lectins is still lacking, and only one sugar complex of a oo ooDOoOoDOO0O0OOO0OOO0OO0O0O0O0OOOOOO0OO0
legume lectin with complex specificity has been published 4.0 p 1000000000000 000000000000
Structural characterization of a mammalian homologue and comn oo DD OO OO0 O 0000000000000 0
parison with its plant relatives could lead to interesting new ity o oo ooooooooO00O00000000

sights. _ . . 00000000000000000000000000
As a final remark, we would like to draw attentionto the, - o oopooooooooooooOooooO0O0O00
highly surprising fact that there is still no general Consensys- Hnopoooo0o00000000000000000
about the role of the legume Iefztlmswvo, despite thg huge 0000000000 invivel 0000000000000 0
amount of work that has been invested and especially in tBeD 00000000000000000000000000
light of the fairly well documented function of their more re-
9 . y . Jjo0ddoooooooo0oooooooooobooooao
cently discovered mammalian counterparts. Maybe some clue
. . . . godoooooooooooooeeMhyooooooooao
is the fact that some legume lectins possess a high affini yD 10000000000000000 el 00000
(10° M™1) binding site for adenine and adenine derivatives. | invive
any case, the lack of knowledge about tireirivo function has Hoonoooooonnooooonnonooooon
not hampered their use as a model system in the past, andm&/']DDDDDDDDDDDDDDDDDDDDDDDDD

will probably continue to be used in the future. poooooubooodood

gboobobooooooooobgoon

ooooooo
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