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Ahsract-Soybean seed glycoconjugata abk to interact with soybean agglutinin (SBA) have been detected by their 
ability to inhibit SRA-induced haemagglutination. Preliminary characterization of the inhibitory factor(s) present in the 
seed cotyledons suggests it is a glycoprotein released into solubk form by homogenization. Its solubility properties, 
resistance to endogenous hydrolases and inability to bind to concavalin A distinguishes it from the major storage 
proteins of the seed. 

INTEODU~ON 

sad lcctins, pauticularly those of the legume& have been 
characterixed extensively [ 11. In contrasl. relatively littk 
information is available co nceming seed glycoconjugatu 
that can interact with the kctins and may rrpfestat 
endogenous ‘fdctptors’ of physiological sigm6mnce. In 
this report, the inhibition of haemagglutination is used as 
a semiquantitative assay for ‘reccpton’. A similar ap 
preach has been applied previouxly for the detoctioo of 
‘receptors’ in erythrocyte all membranes [Z] and slime 
moulds [3]. The results suggest that soybeans contain 
glycoconjugates that have the ability to bind to soybean 
agglutinin. 

RIZXLTS AND DISCUSSION 

The assay was first standardized using purified soy- 
bean agglutinin (SBA) and a variety of defined glyco- 
proteinx, polysaccharides and monomaharidcs (Table 1). 
Rreviouxly, inhibitors of the carbohydrate binding sites of 
SBA were determined using a spectrophotometric method 
143 or in an assoy based on kctin-induced prtipitation of 
glycoconjugates [S]. The pattern of inhibition of haem- 
agglutination by monosaccharide derivatives was similar 
to that observed in the previous studies. Removal of sialic 
acid from fetuin was found to greatly enhance the 
effectiveness of the glycoprotdn as an inhibitor, pre- 
sumably due to the exposure of sub-terminal gakctosyl 
residues on the oligospccharides 161. Interestingly. 
gakctornannans did not inhibit SBA-induced haem- 
agglutination. This contrasts with mt observations in 
which the interaction of the polysac&uida with SBA 
was studied using a radioaffinity assay based on poly- 
ethyknc glycol-induced precipitation of kctin-receptor 
compkxes [7]. The association constant of SBA binding 
to galactomannan was found to be higher than that of 
kctin binding to fetuin or thyroglobulin [7J It may be 
possible that the lack of inhibition of gakctomannans in 
the haemagglutination assay, reflects stcric hindram 
between the oligomeric k&n, glycoconjugates on the 
erythrocytc surface and polysaccharides in solution. 

Soybeans contain SBA predominantly within the coty- 
ledons of the seed [SJ. When levels of the kotin in extracts 
prepared from the cultivar Williams used in this study 
were compared using radioimmunoassay (RIA) and 
haemagglutination assay (HA), results shown in Tabk 2 
were obtained. RIA estimates the total amount of kctin 
protein present in the tissues, whereas detection of kctin 
by the semi-quantitative HA is dependent on multivalent 
carbohydrate-binding activity. To calculate the amount of 

T&k I. Inhibition of SBA-induced hacmqglutination by de- 
llnal &c0conjugaIcs 

Glycoconjugata 

Mintmum cuaxnrtation 
of 8+xonjugata 

(rg) and monoucchuida 
(mM) fcquifal to 

inhibit 4 HU of SBA 

Fetuin 15.6 
hiddthll 1.9 
ThyrogkAdlin 5.8 
ChOlllUCOid >I25 
Mu&l >I25 
Galsctoaunnan (Guu gum) >25 
Gaktomannan (Locurt bun) ~25 
N-Aatyl-wgaktommk 0.0234 
pNP /3-~gabctosuninidc 0.0518 
pNP s-~d 0.130 
I-O-Methyl-a-c+kwsi& 0.146 
dkbcturonic rid 0.146 
l-0.Methyl-l3agakosidc 0.198 
pNPu+gabctoside 0.415 
DLIEloIc 0.78 I 
FlA8lact0noh0nc I.17 
Dal8cloalline 2.34 
D-Gdmctac 4.68 

pNP - pnitropbcnol Puritlal SBA glvca hwm&utination 
activity d 2560 HU/w 4 HU is cquivaknt to 1.5 ng SBA. 
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kctin present using HA, it must be assumed that SBA 
exhibits the same haemagglutination activity/mg kctin 
protein assayed as a pure protein or as a component 
within a seed extract. For cotyledons, axis and seed coat, 
estimations of kctin content by RIA were higher than 
those calculated from HA, suggesting a proportion of the 
cndogenous SBA was inactive io the haemagglutination 

-Y. 
Prior to assaying the ability of soybean components to 

inhibit SBA-induced haemagglutination, all the endogen- 
ous kctin in the extracts was removed by passage through 
Sepharose-Ncaproylgalactosamine 193. The kctin- 
depleted extracts were then assayed for inhibitory activity 
towards a standardized amount of SBA. Results shown in 
Tables 2 and 3 are expressed as protein quivaknts 
required to inhibit four hacmagglutination units of SBA. 
i.e. I.5 ng kctin which gave a titre of 4. It was found that 
axis and cotyledon extracts could be substantially diluted 
yet maintain their effectiveness as inhibitors of SBA. No 
Xtivity was found in extracts prqared from seed coats. 

It was possible that the inhibition was caused by seed 
components interacting with the crythrocytc surface 
rather than with the kctin. For exampk. soybean a- 
galactosidase can bind to erythrocyta under artain 
conditions and catalyse the hydrolysis of terminal galac- 
tosyl residues [IO]. To investigate these poaslbilitics. 
kctindepleted extracts from cotyledons were incubated 
with an crythrocytc suspension and the red cells were then 
removed by antrifugation. The supematant was found to 
contain the same inhibitory activity towards SBA and on 
resuspension the crythrocytcs could again be agglutinated 

Table 2. Distribution of SBA in soybean seais estimated 

by RIA and HA 

Amount of kctm estimated 

(pg SBA/g fr. WI) 
_ _ -.. -- - 

4 hr imbibed scats RIA HA 

cotykdon 1010 650 

Embryonic axis 244 18.9 

Seodcoat 4.8 0.48 

Seats were imbibed for 4 hr and used IO prepur 

extracts as ckcnbed in the Expcriaxantal sccsion. 

Hacmag@utrnation act~nty could be fully inhibited by 

20 mM GatNAc. 

Table 3. Abilny of soybean CXCMS to inhibtt SBA-mduad 

haemagglutmarlon 

4 hr Prolcm Amount of exwacl rquirad to 
imbibed content inhibit 4 HU of SBA 

seeds (mg/ ml) dilunon pg protein 

Cotykdon 6.4 120 1.25 

Embryonr axis 5.4 64 211 

seed CoaI 0.065 no mhtbttton 
-- 

!Sccds were tmbtbcd for 4 hr and exn-acts were prepared and 

dcpktat of cndogcnous lec(m as dcscnbat in the Expertmental 

section. 

Fig t.hOUJIt~CO~CXtM~UifCdtOmMbit~ 

Haanagglutination activity was assayed using a constant vdumc 

of ttypain-treated crythrocyta. Serial dilutions of a cotyledon 

extract depktcd of cndogcnous kctin were mask tn PBS. To cacb 

serial dilution. ditTcring amounts of SBA were added tn the tangc 

1.5 ng-I.5 pg. 

by SBA as before. In addition, as shown m Fig. I, the 
amount ofinhibitor required io the HA was dependent on 

the concentration of SBA present and could be expressed 
as a linear relationship on a log scale. 

In summary, these results suggested that a 
component(s) of cotyledon and axis extracts had the 
ability to intm with SBA in such a way as to inhibit 
carbohydrate-binding activity of the kctin. When the 
lectin is present with these components such as in a seed 
extract, sul?kient excess SBA would be present for the 
extract to express a positive haemagglutination activity 
irrespective of relative &tion constants between SBA 
and components of the seed and/or crythrocyte surfaa. 

The inhibitory activity found in cotyledon extracts was 
further characterized as shown in Table 4. Results in- 
dicated that the factor(s) was recovered as a solubk 
component after antrifugation of the extract at 100 OC0 8. 
was retained within dialysis tubing and could be pn- 
cipitated by 10:; (w/v) TCA or excess cold acetone. 
Periodate oxidation abolished the inhibitory activity of 
the extract, indicating the involvement of carbohydrate. 
The factor(s) remained in solution at pH 4.0 under 
conditions that precipitate the majority of the soybean 
storage proteins glycinins and conglycinins [I I J. 
Solubility and inhibitory activity was also maintained 
after one hour at 95”. Low levels of inactivation were 
caused by a I2 hr incubation at 30”, a treatment known to 
lead to extensive hydrolysis of cotyledon components by 
endogenous proteinases and glycosidases [ 121. The 
factor(s) did not bind to concanavalin A (ConA) 
Sepharose, distinguishing it from mannosylated glyco- 
proteins in soybeans such as the conglycinins [ 131. It is 
probable that the glyccconjugate(s) in the seed extract 
responsible for inhibiting SBA-induced haemaggluti- 
nation is a minor component with a high binding affinity 
for the kctm. As shown in Table I. 1.9 pg of asialofetuin 
(molecular weight 45 K), equivalent to 0.79 PM of pure 
glycoprotcin was required for the inhibition of I.5 ng 
SBA. compared to I.25 rg of total cotyledon protein. 
Other studies have indicated a K, of 6.7 x IO- ’ M for the 
direct interaction betwan asialofetuin and SBA [7]. 

The cotyledon extract was also found to contain 
Inhibitory activity towards other kctins: ConA. wheat 
germ agglutinin (WGA) and peanut agglutinin (PNA) 
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Tabk 4. chrrterization of the inbibi1or(s) 

Treatment of kctin depktal extract from 
cotyledons 

ROICitl Amount required lo inhibit 

content 4HUofSBA 

(qt/mb dilutiorl Pg ptotan 

None 
ExtrXt centrifuged at 1aMotl~. supcmltant asqal 
Extract tnadc pH 4.0. centrifugbd at IO.000 8. supematant assayed 

Extract diatysed vs. PBS nonditTusibk substances assayed 

Extract made IO”, (w/v) TCA, supematant ;us~yal after dialysis 

Extract tnadc 5 vols excess acetone ( - 20”) supcmatant assayed 
after dialysu 
Butanol extraction: 

(assayed after dialysis) 

6.4 
4.0 
1.3 

6.2 

0.110 

0.010 

=I-UJ Phase 1.8 

organic phase 0.010 

Extrnct heated at 9Y I hr. centrifuged at lOOC0 P. supematant unyal I.9 

Extract incuhted at 37’ for 12 hr 5.12 

Periodate oxidatton 6.0 

Extract applird to Con A-Sepbar* eilltknt assayad 5.1 

I28 1.25 

l28/256 OS2 

128 0.253 

12a/&l 1.62 

no inhibition - 

no inhibition 

32 1.40 

no inhibition - 

32 1.48 

32 4.02 

no inhibition - 

2% 0.498 

Extrzuzts were prrppnd. depleted of endogenous SBA and prcuasal as dcscribal in the Experimenul sortion. 

The amount of cotykdon extract required for inhibition 
of 4 HU of these kctins (assayed with trypsitt-treated 
erythrocytes) was I .CM.O pg protein. This was a similar 
order of magnitude as for the inhibition of SBA. When the 
kctindcplctcd extracts of soybean cotyledons were 
passed through ConA-Scpharosc. only inhibitory activity 
towards ConA was removed. The factor(s) responsible for 
the inhibition of factor WGA and PNA was retained in 
the effluent. Inhibitory factor(s) specific for ConA and 
WGA was precipitated by treatment at pH 4.0, whereas 
that which inhibited PNA was solubk at this pH. 

There is some evidence to suggest that at seed maturity, 
SBA is principally located within the protein bodies of the 
cotykdotts and axes [ 143. However, on homogenization. 
the relative fragility of the organclk membranes com- 
pared to that of the all wall. kads IO rekasc of lumenal 
contents and recovery of the kctin and storage proteins in 
the solubk fraction. Although the inhibitor(s) of SBA was 
also found in the soluble fraction. it is not known whether 
its location in siru in the seed was cytopksmic. within an 
orgattclle or within the cell wall. To determine the 
physiological significance of the inhibitor(s) as a potential 
receptor to SBA. its subcellular location must be 
established. 

.Woreri&. Soybean seeds (GlJrine mcx cv. Willtams) were 

pro&al by the US lntsoy Promm 1982 with a germination 

etlkrency of 1004, SBA was prepared by affinity chronuto- 

graphy using Sepharose-Ncaproylgakctosamine [9] and iodi- 

natal using cbloramine T [7]. Glyccprotans: fetuin (type 3). 

thyroglobuhn (Bovine. type I) and polysucharida were ob 

mined from Sigma Chcmica) Co. Sialic acid was removed from 

fetum by treatment with acid [ 151 to give assalofetuin. Goat anti- 

rabbit was from Behringer Institute Behnapwukc, A.G. 

Marburg. West Germany Galactomannans were used at 0.1’; 

(w/v) concentration at whrch guar gum and locust bean glLcto- 

mannan were solubk; if higher conorntrations were used, viscous 

solutions resulted [ 163. 

Hoemq~&rirroriat (1u4y. Rabbit erythrocyta were washed 

x 3utPBS(lOmMKH,P0./K,HP0.-l4SmMNaCLpH7.4) 

and were treated with tmn (I mg/ml packed cells) for 30 min 

3Y. Cdls were wasbed a further x 3 and resuspended in PBS at 

2”/, Lectm Mivity wasassayed in tmuotitre plates where 25 4 of 

kctin were serially diluted with PBS. To each veil 25 4 of the 

crythrocytc suspension was added and after JOntin at room 

temp. the baemagglutinatron tttre was recorded. Inhibition of 

kctin acuvity was quantified by serially dilutmg the potential 

inhibitor w-tth PBS and adding a standardtrod quantity of Knin. 

RdOiBWl wwuoy. Dot&k-antibody compkxa were formed 

by incubating rabbit antt-SBA nth goat anti-rabbit serum. in the 

presence of I mg cytochroaxe c and RIA buffer [2 “2 (w!v) Triton 

X-IOO. 0.2 M Gal. O.SM NaCl]. “‘I-SBA (3pmol) and 

I-200 petrol of unlabelkd SBA were mixed with RIA buffer and 

added to the incubation. lncuhations were mixed (Eppcndorf 

shaker) for 2 hr at 4”. Compkxa were recovered by orntrifu- 

gation at 10000 TV for 3 min (Eppendorf microfugc). Pellets were 

then washed twm with RIA buffer before determinmg radioac- 

tivity in a Rack Gamma (LKB) and construction of a standard 

curve using a sphnc functtoa. For attmation of SBA in seed 

tissues. extracts were prepared by sonrcstion tn RIA buffer (I g fr. 
wt:lO ml) and centrifuged at 10000 g prior to assaytag. 

Prr~otion o/ exrfncrs /or &fecrion oj mhibirorr ocrirify. 

Soybean seeds tmklxd for 4 hr were dissected mto cotykdons. 

embryontc axts and seed coats The tissues were extracted tn PBS 

(I g fr. wt. 10 ml) using a pestle and mortar. sonicated on ke (4 

x IOsoc usmg a microprobe titted to a Dawe Sonicator) and 

centnfuged for 5 mm at loo0 g to provuk a debris-free super- 

natant. SBA was removed by passage throu& the affinity matrix 

[9] at 4” tn PBS. Protem was assayed using the Coornassk dye 

method [ 171. 

Trcorrmnr 01 SBAdepkred exrr~~rs. Extracts were precipitated 

with either IO?, (w/v) TCA for 20 min at 4”. or wtth 5 vols--W 

cold MclCO for 20 min at 4”. or were tttrated with I M citnc md 

to ive a pH of 4.0 After ach treatment. soluble material was 

recovered by cxcltrifu@on at loo00 e for 3 mm and super- 

natants were dialysed against PBS before assaying for inhibitton 

of baanag&ttinadoo. Alternatively. extracts were ultracentri- 

fu& IO0000 0 for 3 br at 4” before the supemataats were 
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amyaJ. For dcwrmimtion of lipid soluldity, rbr bahdqkd 
CXMI rae dimlyned agnimt Ha0 and mractd uitb BuOH 
(I:]) 00 De. Aqueous ad organ& phua *cn uqmmcd by 
czlltrifuptioq dhlymal agaimt PBS and amyed. ne subility d 
the inhibitory &tar(r) was invutiptai by k&m- the CXM 
l l30”for12hr~uP~diroaly,cn~~~l95”foclbr 
and ocntrifuption aI loo00 0 befoe urryio# the alplllalult. 
For periodate oxidation, nuacts wcm trutai with lOOtoM 
NdO. for 18 hr at 4’ [IS] ad didyard a&at PBS beface 

==yiw. 

AWdgnrrm-Tbc - wax wppcmcd by SERC 
GR/B73088 to DJB. 
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