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Further studies on vertebrate S-type lectins: cross-
reactivity between toad and human lectins 

M A R I A T E L O L A * and N I L D A E F I N K " 

D e p a r t a m e n t o de Ciênc ias Bio lóg icas , Univers idad Nac iona l de La Plata , 
La Plata , Argen t ina . 

Galectins (S-type or S-Lac lectins) are a well-defined family of (S-galactoside 
animal lectins characterized by a high sequence homology in the carbohydrate-
binding domain. We have previously purified and characterized the S-type 
lectin from the ovary of the toad Bufo arenarum. In this study, we purified the 
S-type lectins from Bufo arenarum ovary and human spleen by an improved 
method which included ion exchange and affinity chromatography. Antibody 
cross-reactivities between both lectins and some other S-type lectins showed 
that they share epitopes. Glycosylation studies carried out with detection/ 
differentiation kits suggested that both lectins are not glycosylated. 
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I N T R O D U C T I O N 

Galec t ins , former ly referred to as S-type or 
S-Lac lec t ins , exhibi t (3-galactoside-binding 
a c t i v i t i e s in a C a + + - i n d e p e n d e n t fash ion 
and share a consensus sequence in the car
bohydra t e recogni t ion domain ( C R D ) (4) . 
E ight m a m m a l i a n m e m b e r s of this family 
have been s equenced and we l l - cha rac te r 
ized in different species . Galect in-1 has a 
subuni t mo lecu la r weight of 14.5 k D a and 
a l though it was supposed to be a h o m o -
d imer (4) , some ev idence indicated the ex
i s tence of a m o n o m e r - d i m e r e q u i l i b r i u m 
(6) . It was prev ious ly sequenced from, for 
e x a m p l e , h u m a n p lacen ta (8) , lung (12) , 
h e p a t o m a (11) , bov ine hear t and a f ibro
blas t cell l ine (1) , rat lung and uterus (7) , 
porc ine hear t (17) , mur ine 3T3 cells (22) 
and Ch inese hamste r ovary cells (6) . A par
tial a m i n o acid sequence from the h u m a n 
spleen lectin showed high homology to the 
h u m a n p l a c e n t a ga l ec t in -1 (19 ) , d e m o n 
strat ing that the former is a m e m b e r of this 

subfamily of ga lec t ins . In n o n - m a m m a l i a n 
v e r t e b r a t e s s u c h a s a m p h i b i a n s , t w o 
ga lec t ins have been sequenced : one from 
Xenopus laevis skin (16) and the other from 
Rana catesbeiana oocy tes (18) . 

In the present study, we demonstrate anti
body c ross - r eac t iv i ty b e t w e e n the S-type 
lectins from ovary and blastula embryos of 
Bufo arenarum, h u m a n spleen and brain. 
These two lectins (toad ovary and human 
spleen) were chosen for this work because we 
have acquired experience about them for sev
eral years. W e also performed glycosylation 
s tudies which failed to find ca rbohydra te 
moieties in the lectins from Bufo arenarum 
ovary and from human spleen. 

M E T H O D S 

Tissues. 

Sexua l ly m a t u r e Bufo arenarum s p e c i m e n s 
w e r e co l l ec t ed in the n e i g h b o r h o o d of La 
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Plata , A r g e n t i n a , and were kept in a mo i s t 
c h a m b e r unt i l u sed . Toad ovar ies w e r e ob 
t a ined from p i t h e d f ema le s w i t h o u t any 
k ind of s t imula t ion . H u m a n sp leens were 
ob t a ined at s p l e n e c t o m y from hea l thy vol 
un t ee r d o n o r s of o rgans for t r ansp lan ta 
t ion . T i s s u e s w e r e kep t f rozen at - 2 0 ° C 
unti l u sed . 

Lectin purification. 

S-type lect ins from Bufo arenarum ovary 
and human spleen were purified fo l lowing 
a p r o t o c o l s l i g h t l y m o d i f i e d (18 ) f r o m 
A h m e d et al ( unpub l i shed obse rva t i ons ) . 
Frozen t issues were cut into f ragments and 
h o m o g e n i z e d in 4 raM 2-mercap toe thano l 
( 2 - M E ) / 2 m M E D T A / P B S ( M E P B S ) , con
t a i n i n g 3 0 0 m M l a c t o s e a n d 2 5 m M 
phenylmethy l su l fony l f luor ide ( P M S F ) . Af
ter centr i fugat ion at 100,000 x g for 1 h, 
superna tan t s were incubated with D E A E -
Sepha rose pre-equi l ibra ted in M E P B S di
l u t e d 1:10. T h e i o n - e x c h a n g e ge l w a s 
washed with M E P B S 1:10 and the bound 
protein was e luted with M E P B S conta in ing 
500 m M N a C l . 

E lua t e s w e r e appl ied on c o l u m n s con
t a i n i n g 2 5 ml of l a c t o s e - a g a r o s e g e l 
( L a c t o g e l ; E Y L a b , San M a t e o , U S A ) 
w h i c h were p r e v i o u s l y equ i l i b r a t ed wi th 
M E P B S . T h e u n b o u n d m a t e r i a l s w e r e 
e l im ina t ed by w a s h i n g wi th M E P B S con
t a i n i n g 5 0 0 m M N a C l , f o l l o w e d b y 
M E P B S unt i l no pro te in was d e t e c t a b l e in 
the e f f luen t . T h e b o u n d m a t e r i a l s w e r e 
e lu ted wi th 300 m M lac tose in M E P B S . 
Each fract ion (2 ml) was tes ted for h e m a g -
g lu t ina t ing ac t iv i ty (10 ) ; the pro te in con
t e n t w a s a s s a y e d b y t h e m e t h o d of 
Bradford , u s ing b o v i n e se rum a lbumin as 
a s t anda rd . Pur i f ied lec t ins were d i a lyzed 
aga ins t d is t i l led w a t e r - 2 - M E , lyophi l i zed , 
and s to red at - 2 0 ° C . 

Polyacrylamide gel 
electrophoresis (PAGE). 

P A G E was per formed in the p resence of 
0.1 % sod ium dodecy l su lpha te (SDS) us ing 
12% ac ry lamide minigels (0.75 m m thick) , 
as we prev ious ly descr ibed (9) . 

Immunoblotting. 

Ant ibod ies aga ins t S- type lectins from toad 
ovary and h u m a n spleen were prepared in 
N e w Zea land W h i t e rabbi t s , as descr ibed 
e l s e w h e r e ( 9 ) . A f t e r p e r f o r m i n g S D S -
P A G E of the purif ied lect ins , min ige ls were 
e lec t roblo t ted onto n i t roce l lu lose sheets at 
0.4 A for 1 h in 25 m M Tris , 192 m M gly
c ine , 2 0 % (v/v) methano l , p H 8.3. Mem
branes were blocked for 1 h with PBS-0 .05% 
(v/v) T w e e n 20 , 3 % (w/v) gelat in and incu
bated with the ant i - toad ovary lectin or the 
a n t i - h u m a n sp l een lec t in an t i s e r a (1 :50 -
1:1,000) for 1 h. Ant i se ra against other S-
type l ec t in s , such as t hose f rom h u m a n 
brain and from Bufo arenarum b las tula em
bryos , were also tested at the same dilu
t ions . After 3 wash ings , m e m b r a n e s were 
incubated with pe rox idase -con juga ted goat 
ant i - rabbi t an t ibody (S igma) (1:500) for 1 
h. D e v e l o p m e n t w a s p e r f o r m e d as d e 
scr ibed before (9) . Reac t iv i ty scores were 
ass igned accord ing to A h m e d et al (2). 

Reduction and alkylation. 

Reduc t ion and iodoace t amide alkylat ion of 
the purified ga lec t ins was carr ied out ac
cord ing to W h i t n e y et al (21) . Briefly, the 
lect ins were dena tu red and reduced in 6 M 
g u a n i d i n i u m c h l o r i d e / 1 0 0 m M T r i s - H C l 
buffer (pH 8.5)/5 m M di thiothrei to l for 1 h, 
and c a r b o x a m i d o m e t h y l a t e d with 20 m M 
iodoace t amide in a n i t rogen a tmosphere at 
room tempera tu re for 1 h. Final ly , samples 
were d ia lyzed aga ins t dis t i l led water /5 m M 
di th iothre i to l and freeze-dr ied. 

Digoxigenin (DIG) glycan 
detection/differentiation assay. 

Both S-type lectins were run in 10% SDS-
P A G E minigels and electrotransferred onto 
ni t rocel lulose. For the detect ion of carbohy
drate moie t ies , immobi l i zed proteins were 
ana lyzed us ing the D I G glycan detect ion 
method (Boehr inger Mannhe im) , based on 
the introduct ion of the steroid hapten DIG 
into sugars . S a m p l e s bound to the m e m 
b r a n e s w e r e o x i d i z e d by mi ld pe r ioda t e 
t reatment to conver t sugar hydroxyl groups 
into a ldehyde groups . Then , DIG was co-
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valently at tached to these a ldehydes via hy-
drazide groups , and the filters were incu
bated with ant i -DIG antibodies conjugated 
to a l k a l i n e p h o s p h a t a s e . R e c o m b i n a n t 
creat inase from E. coli was employed as a 
negat ive control protein, and transferrin as a 
control g lycoprote in . T o invest igate sugar 
l i n k a g e , the D I G g l y c a n d i f f e r e n t i a t i o n 
method (Boehr inger Mannhe im) was used. 
Briefly, electrotransferred proteins were in
cubated with 5 plant lectins which selec
tively recognized specific terminal sugars 
and were labeled with DIG. Then, the filters 
were reacted with ant i -DIG ant ibodies con
juga ted to alkaline phosphatase . Control gly
coprote ins (carboxypept idase Y, transferrin, 
fetuin and asialofetuin) were tested in paral
lel to evaluate the specificity of the lectins 
and the function of the kit. The sugar speci
ficities of each lectin provided with the kit 
were : Manoel -3 (or 1-6, or 1-2) Man for 
Galanthus nivalis (GNA) ; NeuNAccc2-6Gal 
for Sambucus nigra ( S N A ) ; N e u N A c a 2 -
3 G a l for Maackia amurensis ( M A A ) ; 
G a i p 1 - 3 G a l N A c for Arachis hypogaea 
( P N A ) ; G a i p i - 4 G l c N A c and G l c N A c for 
Datura stramonium (DSA) . 

R E S U L T S 

Purification. 

S-type lectins from toad ovary and human 
spleen were purified accord ing to the same 
p ro toco l . In these e x p e r i m e n t s , the yield 
was 10 and 1 p_g/g of wet t issue for the toad 
ovary and the human spleen lect in, respec
t ively. In S D S - P A G E under reduc ing con
di t ions , the app rox ima te subuni t molecu la r 
weights obta ined for both lectins were 14.5 
k D a (Fig 1). 

Immunological cross-reactivities. 

Ant ibod i e s were deve loped aga ins t the S-
t y p e l e c t i n s f r o m a d u l t o v a r y of Bufo 
arenarum and from h u m a n sp leen . Spec i 
f ic i t i es of t h e s e an t i s e r a w e r e t e s t ed in 
i m m u n o b l o t t i n g , u s ing 1:50-1:1,000 di lu
t ions . In c ross - reac t iv i ty s tud ies , an t ibod
ies aga ins t the toad ovary lec t in , d i lu ted 
1:50, s h o w e d c ross - reac t ion wi th the hu

m a n sp l een ga l ec t i n by i m m u n o b l o t t i n g 
(Tab le I) . S imi l a r ly , an t i bod ie s aga ins t the 
h u m a n s p l e e n g a l e c t i n , d i l u t e d 1:50, 
s h o w e d c ros s - r eac t ion wi th the toad ovary 
lec t in . P r e i m m u n e sera w e r e tes ted in each 
e x p e r i m e n t and did not show any reac t ion . 
A n t i b o d i e s aga ins t the S- type lectin from 
h u m a n brain s h o w e d c ross - reac t iv i ty with 
the t oad o v a r y and the h u m a n s p l e n i c 
lec t ins (Tab le I) . 

Occasionally, when immunoblot t ing was 
performed with ant ibodies against the toad 
ovary lectin, the presence of a higher molecu
lar weight band (~ 30 kDa) was detected. 
That band d i sappea red when the samples 
were reduced and carboxyamidomethyla ted 
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Fig 1. SDS-PAGE of S-type lectins from Bufo arenarum 
ovary (O) and human spleen (S), performed under reduc
ing conditions, as described in Methods. Bovine serum al
bumin (66 kDa), egg albumin (45 kDa), glyceraldehyde-3-
phosphate-dehydrogenase (36 kDa) , carbonic anhydrasc 
(29 kDa), trypsinogen (24 kDa), trypsin inhibitor (20.1 
kDa) and a-lactalbumin (14.2 kDa) were employed as mo
lecular weight standards (arrows). 

Table I 

Antibody cross-reactivities between different 
S-type lectins by immunoblotting. 

Antisera Lectins from 
Toad Humans Toad embryo 
ovary spleen (blastula) 

Anti-toad ovary lectin ++ + ++ 
Anti-human spleen lectin + ND 
Anti-human brain lectin + + ND 

All antisera used at dilution of 1:50. 
Cross-reactivity: ++, strong; +, weak; ND, not determined. 
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pr ior to S D S - P A G E and immunob lo t t i ng , 
demonstrat ing to be the lectin dimer. 

Glycosylation studies. 

Carbohydra t e cha ins were not found in the 
toad ovary and the human spleen S-type 
lect ins e m p l o y i n g the D I G glycan detect ion 
or differentiat ion me thods (Fig 2) . The re 
fore, unde r the resolut ion of the me thods 
employed , these lectins do not seem to be 
g l y c o s y l a t e d . In both p r o t o c o l s , pos i t i ve 
and nega t ive control pro te ins showed the 
expec ted resul ts , accord ing to their sugar 
c o n t e n t s . ( R e s u l t s w i t h d i f f e r e n t i a t i o n 
me thod not i l lus t ra ted) . 

D I S C U S S I O N 

In the present paper , we found i m m u n o 
logical c ross- reac t iv i ty be tween the human 
sp len ic lect in and Bufo arenarum ova ry 
l e c t i n . W e a l s o d e t e c t e d p a r t i a l c r o s s -
react ivi t ies of these lectins with another S-
type lectin (human brain lect in) . Cross - re 
a c t i o n s b e t w e e n S - t y p e l e c t i n s w e r e 

p rev ious ly d e m o n s t r a t e d , for e x a m p l e , in 
m u s c l e t i s sues from p ig , rabbi t , ch icken 
and rat and different bov ine t issues (5) or 
b e t w e e n h u m a n p l a c e n t a , c h i c k e n and 
m o u s e lect ins (13) . 

The a b o v e react iv i t ies are expla ined on 
the basis of the p r imary sequence homol 
o g y b e t w e e n g a l e c t i n s . F o r e x a m p l e . 
Xenopus laevis g a l e c t i n s h o w s high se
quence h o m o l o g y with human galect ins-1 
from lung, p l acen ta and h e p a t o m a ( 3 9 % for 
the who le mo lecu l e ) , the ch icken 14 kDa 
g a l e c t i n ( 3 7 % ) , t h e h u m a n g a l e c t i n - 2 
(31%) , the ch icken 16 k D a galect in (31%) , 
a n d t h e e e l Electrophorus electricus 
galect in (28%) (16) . The short pept ide se
quence ava i lab le for Rana catesbeiana oo
cyte galect in (18) was 4 8 % identical to the 
Xenopus laevis ga lec t in (16) . S h a r m a et al 
(19) part ia l ly de t e rmined the a m i n o acid se
q u e n c e of the h u m a n s p l e n i c ga lec t in -1 
i d e n t i f y i n g 94 of 134 r e s i d u e s ; the se
quences could be comple te ly a l igned with 
those co r r e spond ing to the human placenta 
g a l e c t i n - 1 . P e p t i d e s e q u e n c i n g of the 
galect in from Bufo arenarum ovary has re
cent ly been pe r fo rmed (3) showing higher 
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Fig 2. Glycosylation studies on S-type lectins from human spleen and Bufo arenarum ovary. 
Carbohydrate content of lectins from human spleen (S) and Bufo arenarum ovary (O) was ana
lyzed. A. DIG glycan detection kit. Control proteins: creatinase (C), and transferrin (T). Toad 
ovary and human splenic lectins and creatinase are seen as white (negative) bands; transferrin is 
observed as a purple (positive, see arrow) band. B. SDS-PAGE minigel (10 %) stained with 
Coomassie brilliant blue. 
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ident i ty with the bov ine spleen (15) and 
hear t (1) galect ins-1 ( 4 8 % for the who le 
mo lecu le and 7 7 % for the C R D ) than with 
the human lung galec t in-1 (14) [ 4 5 % for 
the who l e molecu le and 7 0 % for the C R D 
(3) ] . Surpr i s ing ly , less identi ty was found 
be tween the ga lec t ins from Bufo arenarum 
ovary and from Xenopus laevis skin ( 3 8 % 
for the who le mo lecu le and 4 7 % for the 
C R D ) (3) . An h o m o l o g y compar i son be
tween the amino acid sequences from the 
h u m a n s p l e n i c g a l e c t i n - 1 a n d Bufo 
arenarum galect in is not avai lable , mainly 
because the comple t e sequence of this hu
man galect in has not been yet de te rmined . 
The a m i n o acid sequence of the human pla
cen ta galect in-1 (8 , 12) agrees comple te ly 
w i th t h e s e q u e n c e of t h e h u m a n l u n g 
galect in-1 (14) , which was included for the 
c o m p a r i s o n of i d e n t i t i e s w i t h Bufo 
arenarum galect in by A h m e d et al (3) , and 
with the predic ted sequence of the human 
h e p a t o m a galect in-1 (11) . 

Based on the above , we specula te that 
the a m i n o acid s e q u e n c e s of the h u m a n 
galect ins-1 from spleen and lung may prob
ably be comple te ly a l igned. If so, the com
par ison be tween the sequences from Bufo 
arenarum g a l e c t i n a n d h u m a n l u n g 
galect in-1 would also be ex tended to the 
c o m p a r i s o n b e t w e e n Bufo arenarum 
g a l e c t i n and h u m a n s p l e n i c g a l e c t i n - 1 . 
The re fo re , we p r e s u m e that the an t ibody 
cross- reac t iv i ty be tween the galect ins from 
Bufo arenarum ovary and h u m a n sp leen 
that we found herein is a consequence of a 
p robab le high pe rcen tage of pr imary s t ruc
ture s imi lar i ty . 

The human spleen galect in has a consen
sus N-g lycosy la t ion site at the amino acid 
res idues 95 -97 , but the p resence of an N -
g lycos ide at this site could be nei ther con
firmed nor ruled out (19) . Other s tudies de
t e r m i n e d that d i f ferent ga l ec t i n s a re no t 
g lycosy la ted . The p resence of an N- l inked 
g lycosyla t ion site was also repor ted for the 
h u m a n p l a c e n t a g a l e c t i n - 1 , b u t 
g lycosy la ted forms were not observed (12) . 
The galect in-1 purif ied and sequenced from 
h u m a n p r o m y e l o c y t i c l e u k e m i a H L - 6 0 
cells was t reated with N-g lycanase (N-gly-
cos idase F) , an e n z y m e which c leaves N -
asparag ine- l inked o l igosacchar ides , but the 

t rea tment did not show any effect on the 
e lec t rophore t ic mobi l i ty of the lectin (8). 
A n o t h e r g a l e c t i n - 1 f rom n o r m a l m u r i n e 
e m b r y o f i b r o b l a s t s w h i c h h a s n o N -
glycosyla t ion sites was also unaffected by 
tun icamyc in and by N-deg lycosy l a t i ng en
z y m e s . Neve r the l e s s , a non-cova len t linked 
complex g lycan was shown to be associa ted 
to this lect in, us ing the s a m e e n z y m e im
munoassay me thod employed in this paper 
for the de tec t ion of ca rbohydra te s (20) . O-
deg lycosy la t ing e n z y m e s failed to alter the 
e lec t rophore t ic mobi l i ty of this ga lec t in -1 . 
In contras t , by r e m o v i n g sialic acid resi
dues wi th neu ramin idase and thus a l lowing 
access to a c o m p e t i n g sugar , the g lycos id ic 
c o m p l e x w a s d i s l o d g e d , r e g a r d l e s s of 
w h e t h e r t h e O - g l y c a n a s e e n z y m e w a s 
present or not (20) . In the p resen t s tudy, we 
s h o w t h a t t h e g a l e c t i n s f r o m Bufo 
arenarum ovary and human spleen are not 
g lycosy la ted . 
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