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Abstract. We report  on the distribution and initial char- 
acterization of  glucose/mannose-specific isolectins of  4- 
and 7-d-old pea (Pisum sativum L.) seedlings grown with 
or without nitrate supply. Particular attention was payed 
to root  lectin, which probably functions as a determinant 
of  host-plant specificity during the infection of  pea roots 
by Rhizobium leguminosarum bv. viciae. A pair of  seed- 
ling cotyledons yielded 545 ___49 p.g of  affinity-purified 
lectin, approx. 25% more lectin than did dry seeds. 
Shoots and roots of  4-d-old seedlings contained 100-fold 
less lectin than cotyledons, whereas only traces of  lectin 
could be found in shoots and roots from 7-d-old seed- 
lings. Polypeptides with a subunit structure similar to 
the precursor of  the pea seed lectin could be demon- 
strated in cotyledons, shoots and roots. Chromatofocus- 
ing and isoelectric focusing showed that seed and non- 
seed isolectin differ in composition. An isolectin with 
an isoelectric point at pH 7.2 appeared to be a typical 
pea seed isolectin, whereas an isolectin focusing at pH 
6.1 was the major non-seed lectin. The latter isolectin 
was also found in root  cell-wall extracts, detached root  
hairs and root-surface washings. All non-seed isolectins 
were cross-reactive with rabbit antiserum raised against 
the seed isolectin with an isolectric point at pH 6.1. A 
protein similar to this acidic glucose/mannose-specific 
seed isolectin possibly represents the major lectin to be 
encountered by Rhizobium leguminosarum bv. viciae in 
the pea rhizosphere and at the root  surface. Growth 
of  pea seedlings in a nitrate-rich medium neither affected 
the distribution of isolectins nor their hemagglutination 
activity; however, the yield of  affinity-purified root  lec- 
tin was significantly reduced whereas shoot lectin yield 
slightly increased. Agglutination-inhibition tests demon- 
strated an overall similar sugar-binding specificity for 
pea seed and non-seed lectin. However root  lectin from 
seedlings grown with or without nitrate supplement, and 

* To whom correspondence should be addressed 

Abbreviations: [EF = isoelectric focusing; MW = molecular weight; 
pI =isoelectric point; Psll, Psl2 and Psi3 = pea isolectins; SDS- 
PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis 

shoot lectin from nitrate-supplied seedlings showed a 
slightly different spectrum of sugar binding. The absorp- 
tion spectra obtained by circular dichroism of  seed and 
root  lectin in the presence of  a hapten also differed. 
These data indicate that nutritional conditions may af- 
fect the sugar-binding activity of  non-seed isolectin, and 
that despite their similarities, seed and non-seed isolec- 
tins have different properties that may reflect tissue-spe- 
cialization. 

Key words: Lectin (characterization) - Pisum (lectin) - 
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Introduction 

Lectins are proteins or glycoproteins other than anti- 
bodies, able to interact specifically and reversibly with 
the sugar moiety of  (complex) glycoconjugates (Kocour- 
ek and Horejsi 1983). The seeds of  agricultural cultivars 
of  leguminous plants are excellent sources of lectin since 
up to 15% of  the total seed protein may consist of  lectin. 
Detailed knowledge of  the molecular properties and sug- 
ar-binding characteristics of  an increasing number of  le- 
gume seed lectins has been obtained (for a recent review, 
see Van Driessche 1988). In general, the physiological 
function of  plant lectins is not known (Kijne et al. 1986; 
Van Driessche 1988). 

Lectins (or lectin-related proteins) have been de- 
tected in roots and shoots of  plants belonging to differ- 
ent families (reviewed by Etzler 1985; Kijne et al. 1986). 
The study of  non-seed lectins is hampered by the small 
amounts in which they can be isolated. It has been pro- 
posed that non-seed lectins may fulfill different functions 
according to their localization (Etzler 1985; Kijne et al. 
1986). The only hypothesis on legume lectin function 
which gains experimental support  concerns the interac- 
tion of  these proteins with symbiotic Rhizobium bacteria 
(e.g., Bohlool and Schmidt 1974). Root  lectin was shown 
to be a molecular determinant of  host-plant specificity 
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in the Rhizobium-legume symbiosis (Diaz et al. 1989); 
however,  the infection step in which lec t in-homologous  
symbion t  interact ion takes place is not  known.  Surface- 
b o u n d  root -ha i r  lectin has been proposed  to bind to 
rhizobial  surface receptors,  thereby anchor ing  rhizobia 
to the p r imary  target  cells o f  the host  plant  (Dazzo and 
Hubbel l  1975). Secreted roo t  lectin might  induce in- 
creased rhizobial  virulence (Halverson and Stacey 1985, 
1986). Nevertheless,  the major i ty  o f  the experiments in 
this field o f  research has been per formed with purified 
seed lectins, which are no t  likely to play a p r imary  role 
dur ing roo t  nodule  format ion .  It is no t  known  if, as 
a result o f  tissue-specialization, the properties o f  non-  
seed lectins differ f rom those o f  seed lectins. This stresses 
the need to characterize and compare  the properties o f  
lectins occurr ing in seeds and  other  plant  organs.  The 
present s tudy was under taken  to characterize the non-  
seed lectin f rom pea seedlings in compar i son  with seed 
lectin. 

Mature  seeds o f  the garden  pea conta in  a glucose/ 
mannose-specif ic  lectin tha t  can be separated into three 
hemagglut ina t ing  isolectin fractions. The two major  
isolectins, Psll  and Psl2, are te tramers consisting o f  two 
light (~) chains with a molecular  weight  (MW) o f  6 k D a  
and two heavy (/~) chains with an M W  of  18 kDa.  Native 
Psll and Psl2 have the same M W  but  differ in their 
isoelectric points  (pl 7.0 and 5.9, respectively; Entlicher 
and K o c o u r e k  1975). Both  isolectins are initially synthe- 
sized as a pre-prolect in which after cotranslat ional  re- 
moval  o f  the leader sequence moves  towards  the seed 
prote in  bodies, where it is slowly processed to yield the 
~- and /3-subunits (Higgins et al. 1983a, 1983b). Psl3 
contains  the pea lectin precursor  (the 7 polypeptide,  Van 
Driessche et al. 1989) which is relatively abundan t  in 
immature  seeds and present in small amounts  in mature  
seeds and was shown to be a 28-kDa polypept ide (Van 
der Schaal  1983; Van Driessche e ta l .  1988), and has 
a pl o f  5.2 (Van Driessche et al. 1988). These da ta  show 
that  the three different forms o f  pea seed lectin can be 
dist inguished by their pLs  and subunit  composi t ion.  

We have previously reported on the presence o f  lectin 
in and on the surface o f  the roots  o f  Pisum sativum 
L. (garden pea) seedlings (Kijne et al. 1980; Hosselet 
e ta l .  1983; Diaz  et al. 1984). We found  a correlat ion 
between infection o f  R. leguminosarum bv. viciae and 
the presence o f  lectin on the surface o f  pea roots  (Diaz 
et al. 1986). Fur thermore ,  we obta ined  evidence for lec- 
t in-enhanced accumula t ion  o f  infective rhizobia on pea 
roo t -ha i r  tips (Kijne et al. 1988). Using a pea seed lectin 
c D N A  (Higgins et al. 1983a), Buffard et al. (1988) dem- 
onst ra ted  that  a lectin gene is expressed in pea roots.  
This gene p robab ly  represents the only functional  gene 
in the pea lectin gene family (Kaminski  et al. 1987). In 
this study, we present evidence that  (1) the isolectin com-  
posi t ion o f  pea seed and non-seed lectins differs in that  
Psll is a characterist ic  seed isolectin, absent in cotyle- 
dons,  shoots  and roots  o f  y o u n g  pea seedlings; (2) a 
protein similar to seed Psl2 is the major  non-seed isolec- 
tin in pea seedlings and possibly consti tutes the major  
lectin gene p roduc t  involved in the interact ion o f  pea 
roots  with R. leguminosarum bv. viciae and (3) despite 

similarities in MW,  subunit  composi t ion,  pI  and amino-  
acid composi t ion,  differences in sugar-binding activity 
o f  seed and non-seed lectins indicate that  the proteins 
are no t  identical. 

Material and methods 

Plant materials. Pea seeds (Pisum sativum L. cvs. Finale and 
Wonder van Kelvedon) were obtained from Cebeco, Rotterdam, 
The Netherlands and from a local store, respectively. Seeds were 
surface-sterilized and imbibed in sterilized water for 18-20 h. For 
determination of seedling age, the time of sterilization was taken 
as zero. Imbibed seeds were planted in sterilized coarse gravel, 
moistened with a mineral nutrient solution lacking bound nitrogen, 
or if appropriate, supplied with 20 mM KNO3, and grown under 
the conditions described by Diaz et al. (1984). After 3 or 6 d growth 
in darkness (4- or 7-d-old seedlings, respectively) the seedlings were 
harvested and shoots, roots and cotyledons were separated from 
each other at the point of insertion of the cotyledons. The age 
of the seedlings was chosen as such, because the primary root 
of 4-d-old seedlings is already susceptible to infection by the soil 
bacterium R. leguminosarum bv. viciae, while the appearance of 
lateral roots marks the 7-d-old seedlings. Roots were rinsed with 
water to remove water-soluble slime. Roots, shoots and cotyledons 
were stored -20  ~ C until lectin extractions were performed. 

Purification of lectins from shoot, root and cotyledon homogenates. 
Frozen roots and shoots were cut in 2- to 3-ram long pieces and 
were homogenized for 5 min in ice-cold buffer (50 mM K2HPO 4 -  
KH2PO4, pH 6.9) in a Sorvall omnimixer (Dupont Instruments, 
Newtown, Conn., USA) operating at full speed. Approximately 
200 ml buffer was used per 1000 roots or shoots from the 4-d-old 
plants, and 500 ml per 1000 roots or shoots from the 7-d-old plants. 
The homogenates were kept on ice and extracted for 1 h. Cellular 
debris was removed by centrifugation at 21000.g for 15 min at 
4 ~ C. The pH of the supernatants was lowered to 5.0 using 4 N 
HC1 and kept at this value for l0 min. Precipitates were pelleted 
by centrifugation, as described above, and the pH of the superna- 
tants was adjusted to 7.4 with 1 N NaOH. Next, (NH4)2SO4 was 
added to 60% saturation and precipitated proteins were pelleted 
by centrifugation. The pellets were dissolved in buffer E (50 mM 
Tris (2-amino-2-)(hydroxymethyl)-l,3-propanediol), pH 8.2, 
150 mM NaC1, 1 mM CaCI2 and 1 mM MgClz) and extensively 
dialyzed against the same buffer. The conditions for affinity chro- 
matography of glucose/mannose-specific lectins performed on Se- 
phadex G-75 columns (Pharmacia, Uppsala, Sweden) are described 
in Diaz et al. (1986). 

Cotyledons of 4- and 7-d-old pea seedlings were homogenized 
for 1 min in ice-cold buffer E using a Waring blender (Waring 
Products Div., Dynamics Corp. America, New Hartford, Conn., 
USA). Lectin extraction and isolation by affinity chromatography 
were performed following the procedure described for the isolation 
of pea seed lectin (Diaz et al. 1986). 

Separation of isolectins by chromatofocusing. A 10-ml column was 
packed with Polybuffer Exchanger PB94 (Pharmacia). This consti- 
tutes the minimal volume that is required to generate the pH gra- 
dient necessary to separate affinity-purified pea seed lectin into 
its three isolectin fractions in a way similar to larger (30 or 40 ml) 
columns. The column was equilibrated with 25 mM Tris adjusted 
to pH 8.2 with acetic acid. Before application of the samples, I ml 
chromatofocusing elution buffer (PB96; Pharmacia) diluted 1:10 
with distilled water and adjusted to pH 5.6 with acetic acid) was 
applied to the column. Affinity-purified seed, cotyledon, shoot or 
root lectins (3 mg each) were dissolved in 1 ml 25 mM Tris-acetic 
acid pH 8.2, and applied to the chromatofocusing column. Isoleetin 
separation was achieved by application of chromatofocusing elu- 
tion buffer with an elution rate of 10 ml.h -a. Fractions of 2 ml 
were collected. A pH gradient ranging from 8.2 to 6.0 was estab- 
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lished after elution of 60 ml chromatofocusing elution buffer. Pro- 
tein which still remained bound to the column was eluted with 
1 M NaCI. Each fraction was monitored for pH value and for 
absorption at 280 nm. Peaks of 280 nm-absorbing material were 
pooled and (NH4)2SO4 was added to 80% saturation. Pellets were 
dissolved, dialyzed against water and lyophilized. Alternatively, 
isolectins were recovered after affinity chromatography of pooled 
fractions using a 10-ml Sephadex G-75 column for each isolectin. 
Isolectins were eluted with 0.2 M glucose, dialyzed extensively 
against water and lyophilized. Isolectin yields were quantified by 
comparison of the absorbance at 280 nm with that of known isolec- 
tin quantities. 

For chromatofocusing of larger amounts (up to 100 mg) of 
affinity-purified seed or cotyledon lectin, a 20-ml PB94 column 
was packed. The procedure followed the one described above, with 
minor modifications: 5 ml chromatofocusing elution buffer was 
applied to the column before application of the samples; lectins 
were dissolved in 5 ml 25 mM Tris-acetic acid pH 8.2; the flow 
rate was fixed at 18.5 ml .h  -1, and the collected fractions had a 
volume of approx. 3.7 ml; 1 M NaC1 was applied after elution 
of 120 ml PB96 prepared as described, when the pH gradient had 
become 6. Isolectins were recovered by precipitation with 
(NH4)2SO4 or by affinity chromatography (Sephadex G-75, 40-ml 
columns). 

Preparation of root-surface washings. Surface-sterilized and im- 
bibed pea seeds were placed between filter-paper sheets moistened 
with mineral nutrient solution and grown for 4 d as described in 
Diaz et al. (1984). Excised roots (480 in total) we washed with 
50 mM Tris-HC1 buffer pH 8.2, 0.005% dithiotreitol for 1 h at 
4 ~ C, using 0.5 ml buffer per root. Washings were dialyzed at 4 ~ C 
overnight against 5 mM Tris-HC1, pH 8.2. The volume of the wash- 
ings was reduced to 5 ml by freeze-drying. The protein present 
in the concentrate was precipitated with 80% (NH4)2SO4, recov- 
ered by centrifugation as previously described and dialyzed against 
50 mM Tris-HCl, pH 8.2. The pH of the protein concentrate was 
lowered to 5.0 with 1 N HC1 and kept at this value for 10 rain. 
The precipitate was discarded and the pH of the supernatant was 
neutralized with 1 N NaOh before extensive dialyzation against 
water. Finally, root-wash preparations were lyophilized, dissolved 
in 150 p.1 water and kept at - 2 0  ~ C until use. 

Root-hair extraction. Pea seedlings (520 in total) were grown as 
described for preparation of surface washings. When grown be- 
tween wet filter paper, pea roots are straight and have straight 
root hairs. Roots were excised one cm below the point of insertion 
of the cotyledons and transferred in groups of 30-40 roots to a 
100-ml glass beaker. The beaker was submerged into liquid nitro- 
gen and root hairs were selectively removed using the method de- 
scribed by Gerhold et al. (1985). Pea roots were removed, the 
beaker was gently tapped and frozen root hairs could be easily 
collected as a white powder from the bottom of the beaker. Frozen 
root hairs were thawed in 15 ml of extraction buffer, which con- 
tained 0.1 M Tris-HC1 pH 8.2, 1.5 M NaC1, 5 mM thiourea, 1 mM 
MgCI2, 1 mM CaC12, 250 mM sodium ascorbate and 20 mg. ml -  1 
insoluble polyvinylpirrolidone. Extraction was carried out by gen- 
tle stirring for 4 h at 4 ~ C, followed by centrifugation at 21000.g 
for 30 min. The pellet contained most of the root hair tips, cell 
wall and membrane fragments, and the insoluble polyvinylpirroli- 
done. The supernatant was further clarified by filtration through 
glass wool and dialyzed against 5 mM Tris-HC1 pH 8.2, 0.005% 
dithiotreitol. The volume of the extract was reduced to 5 ml by 
freeze-drying. The protein in the extract was precipitated by adding 
(NH4)2SO4 to obtain 80% saturation, pelleted by centrifugation, 
dialyzed against demineralized water and lyophilized. Before use, 
root-hair extract was dissolved in 75 I-tl water. 

Cell-wall extraction. Protein extraction of root cell-wall prepara- 
tions of  4-d-old pea seedlings with 1.5 M NaC1 has been described 
elsewhere (Diaz et al. 1984). 

Hemagglutination-inhibition assays. The ability of the lectins to agg- 
lutinate a 2% (v/v) suspension of human A + erythrocytes in 
10 mM phosphate-buffered saline, pH 7.4, was assayed as de- 
scribed by Kijne et al. (1980). The starting lectin concentration 
was 1 mg.ml-1 .  To test inhibition of hemagglutination, erythro- 
cytes were first allowed to be agglutinated by the next-to-the-lowest 
lectin concentration able to give complete agglutination. Subse- 
quently, 50 ~tl of 0.2 M solutions of a set of known pea lectin 
haptens or non-haptens were added separately to each well. Inhibi- 
tion of agglutination was scored after 2 h incubation at room tem- 
perature. Hemagglutination-inhibition assays were repeated at least 
two times. 

Cross-reactivity of purified lectins, Cotyledon, shoot and root lec- 
tins were tested for cross-reactivity with rabbit antibodies against 
seed Psl2 (Diaz et al. 1984) by using an Ouchterlony double-diffu- 
sion test. The antiserum was diluted 1 : 3 with 10 mM phosphate- 
buffered saline pH 7.4, and a volume of 30 tal was placed in the 
central well. Lectins (0.125 mg. ml-1,  30 p.1 per well) were placed 
in the surrounding wells. Diffusion was allowed to proceed in 1.3% 
agarose in 0.08 M sodium 5'5-diethylbarbiturate-5'5-diethylbarbi- 
turic acid, pH 8.2, containing 0.2 M glucose at root temperature. 
Precipitation lines were visible after 24 h. 

Isoelectric focusing. Flatbed isoelectric focusing (IEF) was per- 
formed in an LKB 2117 Multiphor Unit with an LKB 2103 Power 
Supply (Pharmacia/LKB, Uppsula, Sweden). Thin (105.115- 
1 mm 3) polyacrylamide gels (5% T, 3% C) were cast on Gelbond 
support film and contained 6.2% ampholytes (Pharmalyte pH 3- 
10; materials from Pharmacia), 10% (v/v) glycerol, 0.083% (v/v) 
TEMED, 0.001% (w/v) ammonium persulfate. The electrode strips 
were soaked with 0.1 N NaOH and with 0.04 M aspartic acid, 
respectively. Pre-focusing was carried out for 30 rain at constant 
power (12-W) at 10 ~ C. Samples were applied on 3 MM Whatman 
(Maidstone, Kent, UK) application wicks or were directly placed 
(10 I-tl drop) on the gel, approx. 2.5 cm from the cathode. Protein 
standards (Broad pl Calibration Kit, pH 3-10; Pharmacia) were 
applied according to the manufacturer's instructions or diluted 20 
times and put on the gel as a 10-~tl drop. Focusing was carried 
out for 2 h at constant power (12 W) at 10 ~ C. 

After focusing, gels were submerged for 1 h in 5% sulphosali- 
cyclic acid and 10% acetic acid for protein fixation. Protein was 
stained with 0.2% Coomassie Brilliant Blue R-250 (Serva, Heidel- 
berg, FRG) in 35% ethanol-10% acetic acid for 1.5 h. Alternative- 
ly, the gels were rinsed twice with distilled water (to avoid darken- 
ing, developing of silver mirrors, etc) and silver staining was per- 
formed according to Butcher and Tomkins (1985). 

Blotting and immunoenzymatic staining. Protein transfer from isoe- 
lectrofocusing gels to nitrocellulose sheets (0.45 ~tm pore size; 
Schleicher & Schuell, Dassel, FRG) was performed as described 
by Reinhart and Malamud (1982). After a transfer period of 2 h, 
silver staining of the gels revealed no residual protein bands. Blot- 
ted nitrocellulose sheets were washed twice for 15 min with TS 
(50 mM Tris buffer (pH 7.4) - 150 mM NaC1) and were incubated 
for 2 h in the same buffer containing 1.5% gelatine (Merck, Darm- 
stadt, FRG) to block the excess of protein binding sites. The blots 
were allowed to react overnight with affinity-purified rabbit anti- 
PsL2 antibody, 25 txg.m1-1, (Diaz et al. 1984), in TS containing 
1% gelatine. The excess of antibodies was removed by refreshing 
TS six times during 30 min. The blot was incubated for 2 h with 
a solution containing 1 I.tg-m1-1 goat anti-rabbit IgG(H+L)-  
horseradish peroxidase conjugate (Nordic Immunological Labora- 
tories, Tilburg, The Netherlands) in TS. Washings were repeated 
as described and the blot was submerged in TS supplemented with 
0.03% H202 and 0.2mg-m1-1 3,3'-diaminobenzidine tetrahyd- 
rochloride (Fluka, Buchs, Switzerland) as substrate for peroxidase. 
Imidazole (Sigma, 0.4 mg. ml -  a) was added to the reaction mixture 
to increase sensitivity and detection efficiency (Scopsi and Larsson 
1986). The enzymatic reaction could be stopped after 5-10 s by 
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rinsing the blot with distilled water. All steps were performed at 
room temperature. 

Sodium dodecyl sulfate-polyacrylamide gel eleetrophoresis (SDS- 
PAGE), blotting and immunoenzymatic staining. The electrophoret- 
ic separation of the subunits of seed, cotyledon, shoot and root 
lectins was performed in a 15% running gel as described by Lugten- 
berg et al. (1975). Polypeptides were either silver-stained (Blum 
et al. 1987) or transferred to nitrocellulose sheets with an LKB 
NovaBlot Electrophoretic Transfer Unit for 1 h, operating at 
0.8 mA.cm 2. Immunodetection was performed as described in the 
preceding section. 

Amino-acid analysis. Samples of affinity-purified seed or root lectin 
were hydrolyzed under vacuum in 5.7 N HC1 (constant boiling) 
for 24, 48 and 72 h. One drop of phenol (5% v/v) was added 
to protect tyrosine. Threonine, serine, valine and tyrosine values 
were extrapolated to zero-time hydrolysis. Tryptophan, cysteine 
and cystine were determined speetrophotometrically according to 
Beaven and Holliday (1972), Ellman (1959) and Iyer and Klee 
(1973), respectively. 

Circular dichroism (CD) measurement. Circular dichroism spectra 
were recorded on a Cary 61 spectropolarimeter. Ellipticities were 
calculated using the following equation, where c is the protein 
concentration in g.ml-1 and d is the optical path length in dm. 
The mean residual weight (MRW) is 110. Protein concentrations 
were calculated from the UV absorption of 

[02] = MRW/100 • 02/cd 

the sample at 280 nm using an extinction coefficient of E28o mg/ 
m l :  1.59. The results presented are representative of at least two 
independent experiments. 

Results 

Yield of  affinity-purified lectin. The quantities o f  glucose/ 
mannose-specif ic  lectins which could be isolated f rom 
cotyledons,  shoots  and roots  o f  an etiolated pea seedling 
are given in Table 1. A pair  o f  cotyledons  o f  4- and 
7-d-old seedlings yielded 18 and 30% more  lectin, respec- 
tively, than a dry  seed. The var iat ion o f  non-seed pea 
lectin yield was 10%, as shown by four  different isola- 
tions o f  pea roo t  lectin. Shoots  and roots  o f  4-d-old 
seedlings yielded 100-fold less lectin, whereas only traces 
o f  lectin were detected in the 7-d-old plants. Non-seed  
and seed lectin content  varies f rom pea cult ivar to culti- 
var. A seed f rom the cult ivar " F r i s s o n "  contains 190_+ 
1 lag lectin (Diaz et al. 1986); using an enzyme-l inked 
immunoas say  (Diaz et al. 1984) we found  that  a roo t  
and a shoot  o f  a 4-d-old " F r i s s o n "  seedling contain  
3 _+ 0.3 and  5 ___ 0.2 lag lectin, respectively. 

The presence o f  nitrate in the g rowth  medium ap- 
peared to have an influence on lectin yield per plant. 
G r o w t h  in a nitrate-rich med ium (20 m M  KNO3)  re- 
sulted in a considerable decrease o f  roo t  lectin and a 
slight increase o f  shoot  lectin (57% less and 15% more,  
respectively). 

These results demons t ra te  tha t  only very young  pea 
seedlings yield an a m o u n t  o f  extractable shoot  and root  
lectin suitable for  isolation by the s tandard  affinity-chro- 
m a t o g r a p h y  procedure.  This yield can be influenced by 
addi t ion  o f  nitrate to the g rowth  medium. In older pea 
plants,  lectin yield gradual ly  decreases to a final level 

Table 1. Yield of affinity-purified lectin from seeds, cotyledons, 
shoots and roots of 4- and 7-d-old pea seedlings 

Source Seedling 20 mM Lectin 
age KNO3 per 
(d) added plant 

(lag) 

Seed 
Pair of 
cotyledons 

Shoot 

Root 

450 a 
4 no 540 
4 yes 490 
7 no 610 
7 yes 540 
4 no 2.2 
4 yes 3.3 
7 no 0.1 
7 yes < 0.1 
4 no 4.1 
4 yes 2.3 
7 no < 0.1 
7 yes < 0.1 

a From Diaz et al. 1986 

o f  less than 10 ng per plant  at the time o f  flowering, 
as judged f rom enzyme-l inked immunoassays  (Hosselet 
et al. 1985). 

Cross-reactivity of  seed and non-seed lectins. In order  to 
test their immunological  reactivity, seed and non-seed 
lectin were allowed to interact  with rabbit  antisera 
against  affinity-purified pea seed lectin (van Driessche 
et al. 1981) or seed Psl2, previously shown to be cross- 
reactive with affinity-purified pea seed lectin and its 
three isolectin fractions (Diaz et al. 1984). In Ouchter-  
lony tests, lectin f rom pea seeds and lectin f rom cotyle- 
dons,  shoots and roots  o f  pea seedlings precipitated in 
confluent  lines, thus showing a reaction o f  immunologi -  
cal identity. 

Distribution ofisolectins. In order  to s tudy isolectin com-  
position, affinity-purified pea lectin was analyzed by 
chromatofocus ing  using PB94 as an ion exchanger  and 
PB96 to produce  a p H  gradient  (Van der Schaal 1983). 
The elution pat tern o f  20 or  100 mg pea seed lectin chro-  
matofocused  in a 20-ml co lumn did not  differ f rom that  
o f  3 mg seed lectin in a 10-ml column.  Most  o f  the seed 
lectin eluted in two symmetrical  peaks at p H  7.4 (frac- 
t ion Psll)  and at p H  6.8 (fraction Psl2), as shown in 
Fig. 1 a. Step-wise lowering o f  the p H  o f  the buffer to 
2.8 did not  result in the elution o f  any other  protein. 
However ,  application o f  an NaC1 gradient  resulted in 
the elution o f  residual co lumn-bound  protein repre- 
sented by a two-headed peak (fraction Psl3). The recov- 
ery o f  this fraction varied between 2% to 10% o f  the 
total lectin, whereas the yield percentages o f  Psll and 
Psl2 f luctuated a round  50% and 40% respectively, de- 
pending on the seed lot (Fig. 1 a, see also Van der Schaal 
1983). 

The isolectin composi t ion  o f  lectin purified f rom co- 
tyledons, shoots and roots  o f  pea seedlings differed nota-  
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Fig. 1 a---e. Elution pattern of affinity-purified pea lectins loaded 
on a PB94 chromatofocusing column. The first part of  the elution 
was performed with 1:10 diluted PB96; the arrow points out the 
application of 1 M NaCI. Elution patterns of: a seed lectin; b, 
e cotyledon lectins from 4- and 7-d-old seedlings, respectively; d, 
e isolectins of shoots (d) and roots (e) from 4-d-old pea seedlings 
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bly from that of pea seeds. In lectin isolated from the 
cotyledons of 4- and 7-d-old seedlings, Psl2 was the most 
prominent fraction, accounting for approx. 80% of total 
cotyledon lectin. Psl3 represented the remaining lectin, 
while only traces of Psll were found (Fig. 1 b, c). In 
shoot and root lectins of 4-d-old seedlings, Psll appeared 
to be absent, whereas Psl2 and Psl3 seemed to be equally 
distributed (Fig. 1 d, e). Nitrate nutrition had no influ- 
ence on the isolectin composition of lectin from cotyle- 
dons, shoots and roots of pea seedlings. 

lsoelectric focusing of pea isolectins. In order to deter- 
mine the pI of non-seed isolectins, pea isolectin fractions 
obtained by chromatofocusing were analyzed by flatbed 
IEF. Differences in pI determinations obtained by chro- 
matofocusing and IEF can be due to the external charge 
of the anion-exchanger beads and to the buffering capac- 
ity of the column (for comparison of both methods see 
Sluyterman 1982). Also, in our experiments, the pI of 
the three pea seed isolectins determined on a polyacryl- 
amide gel differed from the pH at which the proteins 
eluted from the chromatofocusing column. Seed Psll, 
which eluted from a chromatofocusing column at pH 
7.4, precipitated on an IEF gel at pH 7.2 and showed 
a minor band at pH 5.6 (Fig. 2, lane 3). Seed Psl2, eluting 
from a chromatofocusing column at pH 6.8, focused 
on an IEF gel at pH 6.1 (Fig. 2, lane 2) and also showed 
some minor bands, the most prominent one focusing 
at pH 5.4. The most complicated pattern is shown by 
the two-headed peak corresponding to Psl3 (Fig. 2, lane 
1). Pea isolectin 3 (Psi3) is resolved in a group of bands, 

1 2 3 4 5 

Fig. 2. Isoelectric focusing of pea seed isolectins separated by chro- 
matofocusing. The peak corresponding to Psl3 is resolved in lane 
1; lane 2 shows Psl2 and lane 3, Psll. Affinity-purified seed lectin 
is shown in lane 4. The gel was silver-stained, each lane was loaded 
with 10 Ixg protein. The markers from Pharmacia Broad pl Calibra- 
tion Kit (lane 5), are: lentil lectin (pl 8.65, 8.45, 8.15), horse myoglo- 
bin (pl 7.35 and 6.85), human carbonic anhydrase B (pl 6.55), 
bovine carbonic anhydrase B (pl 5.85), fl-lactoglobulin A (pl 5.20), 
soybean trypsin inhibitor (pl 4.55) 
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Fig. 3. Isoelectric focusing of affinity-purified pea seed and cotyle- 
don lectins (Coomassie Brilliant Blue staining; each lane was 
loaded with 30 pg protein). Lane ! shows seed lectin, lanes 3 and 
5 show lectins from the cotyledons of 7- and 4-d-old pea seedlings, 
respectively, grown in absence of nitrate. In lanes 4 and 6, the 
lectins from cotyledons of 7- and 4-d-old seedlings grown with 
20 mM nitrate supply are shown. Lanes 2 and 7 show the distribu- 
tion of the marker proteins (Pharmacia Broad pl Calibration Kit, 
see legend to Fig. 2) in the pH gradient 
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Fig. 4. Isoelectric focusing of isolectins from 4-d-old pea seedlings 
(silver staining). Lanes 1 and 2 show Psl3 (3 p,g) and Psl2 (4 pg), 
respectively, of shoot lectin from seedlings grown with 20 mM ni- 
trate supply. Lanes 3 and 4 show affinity-purified lectin from shoot 
and roots, respectively, of seedlings grown without nitrate (10 I-tg 
each). In lane 5, root lectin (10 Ixg) from seedlings grown with 
nitrate supply was resolved. Lane 6 shows the IEF pattern of affini- 
ty-purified seed lectin (12 p,g). The arrow shows the level of applica- 
tion of the samples 

with a major protein focusing at pH 5.4 and shows some 
minor bands focusing at pH 6.1, 5.8, 5.6, and 5.5 in 
common with Psll and Psl2. Minor bands from Psl3 
seen at pH 5.3 and 5.2 did not appear in the patterns 
of the other two isolectins. This banding pattern indi- 
cates that the Psl3 fraction contains different lectin mole- 
cules, as effectively shown by SDS-PAGE (see below, 
subunit composition of pea isolectins). 

A very distinct band at pH 6.6 is observed after IEF 
of total pea seed lectin (lane 4 in Fig. 2 and lane 1 in 
Fig. 3). The appearance of this band has been attributed 
to a rearrangement of subunits of Psll and Psl2, which 
become dissociated when the proteins are submitted to 
strong electric forces during focusing (Entlicher and Ko- 
courek 1975). The absence of a prominent band at pH 
6.6 in the IEF patterns of pea seed isolectins isolated 
by chromatofocusing supports this hypothesis. In accor- 
dance, this "hybrid lectin" band fades as the amount 
of Psll decreases, as shown in the IEF patterns of affini- 
ty-purified lectin from cotyledons of 4- (Fig. 3, lanes 
5 and 6) and 7-d-old seedlings (Fig. 3, lanes 3 and 4). 
Confirming the results obtained by chromatofocusing, 
the main cotyledon isolectin is Psl2, which focused at 
pH 6.1. Cotyledon Psl3 is seen as a group of faint bands 
focusing in the pH interval 5.8-5.2. 

The IEF patterns of affinity-purified lectins from 
shoots and roots grown without nitrate (Fig. 4, lanes 
3 and 4, respectively) and from roots grown with nitrate 
(Fig. 4, lane 5) of the 4-d-old pea seedlings all showed 
proteins characteristic of Psl2 focusing at pH 6.1 and 
5.4; and of Psl3, with pIs between pH 5.6 and 5.4. To 
test if these patterns represent a mixture of Psl2 and 
Psl3, affinity-purified shoot lectin from seedlings grown 
in the presence of nitrate was analyzed by chromatofo- 
cusing followed by IEF. Indeed, shoot lectin could be 
separated into Psl2 and Psl3 fractions. After IEF, shoot 
Psl2 (Fig. 4, lane 2) showed the characteristic bands at 
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Fig. 5. Subunit conformation of pea lectin shown by cross-reactivi- 
ty. Western blot of a 15 % SDS polyacrylamide gel showing affinity- 
purified pea seed lectin (150 ng, lane 1), seed isolectins psi3 (200 ng, 
lane 2), Psl2 (150 ng, lane 3) and Psll (150 ng, lane 4). Lane 5 
shows affinity-purified cotyledon lectin (150 ng, 4-d-old seedling). 
Lanes 6 and 7 are Western blots of overloaded (400 ng each) of 
shoot and root affinity-purified lectin, respectively, of seedlings 
grown in nitrate-free medium 

pH 6.1, and the set focusing between pH 5.8-5.4. Shoot 
Psl3 (Fig. 4, lane 1) showed a main band precipitating 
at pH 5.2, as did the seed lectin precursor (Van Driessche 
et al. 1988). 

Subunit composition of pea seed isolectins. To examine 
the similarity of pea seed and non-seed lectins more 
closely, the subunit compositions of pea seed isolectins 
and affinity-purified lectin isolated from cotyledons, 
shoot and root seedlings were analyzed by SDS-PAGE. 
Lectin polypeptides were either stained with silver nitrate 
or blotted to nitrocellulose sheets, and detected by indi- 
rect immunoenzymatic staining. 

Silver-nitrate staining showed that all pea lectin sam- 
ples contain the typical //-subunit (MW 18 kDa) and 
~-subunit (MW 6 kDa) reported for pea lectin (Trow- 
bridge 1974; Marik etal. 1974; Van Driessche et al. 
1988). In addition, pea seed Psi3 also showed a polypep- 
tide with an MW of 28 kDa, known to represent the 
unprocessed 7 polypeptide of pea lectin (Van Driessche 
et al. 1988, 1989). These data, together with the IEF 
banding pattern, show that chromatofocusing can be 
used as a preparative step to separate unprocessed pea 
lectin subunits from the main bulk of processed isolec- 
tins. Results from silver and immunoenzymatic staining 
of seed and non-seed pea lectin were identical, except 
that the ~-subunit could not be detected with the use 
of antibodies. This can be explained if one assumes that 
the ~-subunit either does not react with anti-Psi2 anti- 
bodies or is lost during electrophoretic transfer. As 
shown in Fig. 5, the main cross-reactive polypeptide of 
pea seed and non-seed lectins appeared to be the 18-kDa 



Source Seedling 20 m M  
o f  age K N O 3  
lectin (d) added  

Titer  

Seed 64/128 
Seed PSLI  64/128 
Seed PSL2 64 
Seed PSL3 64 

Co ty l edons  4 no  64 
Co ty l edons  4 yes 64 
Co ty l edons  7 no  64 
Co ty ledons  7 yes 64 

Shoots  4 no  32/64 
Shoots  4 yes 32/64 

Roo t s  4 no  64/128 
Roo t s  4 yes 64 
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fl-subunit. Sample overloading showed the presence of 
28- and 25-kDa polypeptides in shoot and root lectin ~ so- 
(Fig. 5 lanes 6 and 7, respectively). In addition, polypep- ~, 

40- tides with MWs of  35, 39, 42 and 58 kDa, and the natu- ~, 
ral fragments resulting from the proteolytic cleavage of 

,< 20-  the fl-subunit (MWs 8.5- and 6.5-kDa, Van Driessche 
et al. 1988), which can also be observed in overloaded 
total seed-lectin samples, became visible. 0 

These results, together with the data obtained by 
chromatofocusing and IEF analysis demonstrate that -20 
Psl2 is the major glucose/mannose-specific non-seed lec- 
tin in pea seedlings. The presence of 28-kDa polypep- 
tides cross-reactive with anti-Psi2 antibodies in shoot 
and root homogenates indicates endogenous biosynthe- 
sis of pea lectin in these seedling parts. 
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Table 2. H e m a g g l u t i n a t i o n  activity o f  pea lectin isolated f rom dif- 
ferent  seedl ing par t s  a 
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Hemagglutination-inhibition. Hemagglutination activity 
of the various lectin samples was compared and ex- 
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Fig. 6a ,  b. Circular  d i ch ro i sm o f  aff ini ty-purif ied pea  seed an d  
roo t  lectin f rom seedlings g rown  w h i t h o u t  n i t ra te  supply.  Panel  
a shows  tha t  the  f a r -UV spect ra  o f  pea  seed and  roo t  lectins are  
identical.  Panel  b shows  tha t  the  abso rp t ion  spec t rum o f  pea roo t  
lectin (PRL) does  no t  change  in the  n e a r - U V  in the  presence o f  
a hap ten ,  c t -me thy lmannopyranos ide  ( a -MM) ,  whereas  the  spec- 
t r u m  o f  seed lectin (PSL) is affected 

Table 3. Inhib i t ion  by s imple ca rbohyd ra t e s  o f  pea-lect ina- induced h e m a g g l u t i n a t i o n  

Source Seedling 20 m M  C a r b o h y d r a t e  b 
o f  age NO3 
lectin (d) added  Glc M a n  Gal  Xyl G i N  Fru  Suc Sor 1OM 3 O M  ~tMM 2dGlc  2dGa l  

Seed 
Co ty ledon  

Shoot  

Roo t  

+ + -- _ + + + + + + + + 

4 no  + + -- -- + + + + + + + ___ 
4 yes + + -- -- + + + + + + + ___ 
7 no + + -- -- + + + + + + + + 
7 yes + + -- -- + + + + + + + + 
4 no  + + -- -- + + + + + + + + 
4 yes + + -- -- +_ +_ • -- -- + + • 
4 no  + + -- -- +_ + • -- -- + + + 
4 yes + + -- -- • • • -- -- + + + 

a Lect in concen t ra t ion :  32 ixg-ml-1  
b C a r b o h y d r a t e  concen t r a t ion :  200 m M .  Glc, g lucose;  M a n ,  m a n n o s e ;  Gal ,  ga lac tose;  Xyl,  xylose;  G iN,  N-ace ty lg lucosamine ;  Fru ,  
f ruc tose ;  Suc, sucrose ;  Sor, so rbose ;  I O M ,  1-O-methylg lucos ide ;  3OM,  3-O-methylg lucos ide ;  ~ M M ,  ~ - m e t h y l m a n n o s i d e ;  2dGlc,  2-deoxy- 
g lucose;  2dGal ,  2 -deoxygalac tose ;  in 10 m M  N a H 2 P O 4 - N a 2 H P O 4 ,  p H  7.4, 150 m M  NaC1 
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shown in a. In lane 1, the cross-reactivity of lentil isolectins (which 
are part  of the mixture of proteins of Pharmacia Broad pl Calibra- 
tion Kit) with pea-lectin antibodies is demonstrated;  lanes 2 and 
3 show affinity-purified seed (10 ng) and root-macerate lectin 
(5 lag), respectively. Isolectins of root surface washings are shown 
in lane 4, of cell-wall extract in lane 5 and, of root-hair extract 
in lane 6 

F i g .  7. a Isoelectric focusing of crude extracts obtained from roots 
of 4-d-old pea seedlings. IEF patterns (silver staining) are shown 
of proteins present in root-hair  extract (lane 1), root cell walls 
(lane 2) and root surface washings (lane 3). Lane 4 shows affinity- 
purified root lectin (10 ng) and lane 5, the marker proteins of Phar- 
macia Broad pl calibration kit (see legend to Fig. 2). The arrow 
shows the level of  application of the samples, b Protein blotting 
and immunodetection of lectins from an IEF gel run as the one 

pressed as the reciprocal of a standard lectin concentra- 
tion in a double-dilution series, still able to give complete 
hemagglutination. Cotyledon, shoot and root lectins had 
identical titers, which did not differ from the titer found 
for affinity-purified pea seed lectin. Seed-lectin isolectins 
also had identical titers (Table 2). 

Agglutination-inhibition tests demonstrated an over- 
all similar sugar-binding specificity for pea seed and non- 
seed lectin (Table 3). However, lectin isolated from the 
roots of 4-d-old seedlings grown with or without nitrate 
and shoot lectin from 4-d-old seedlings grown with ni- 
trate showed a slightly different spectrum of sugar bind- 
ing. Sorbose and 1-O-methylglucoside, in the concentra- 
tions used, were unable to compete with the membrane 
receptors of erythrocytes agglutinated by these lectins. 
Partial inhibition by N-acetyl-glucosamine, fructose and 
sucrose was observed after exposure of erythrocytes ag- 
glutinated by these lectins, whereas these sugars inhib- 
ited the agglutination by the other lectins tested. These 
results indicate that, in comparison with seed lectin, root 
and shoot lectins from nitrate-grown pea seedlings show 
subtle differences in sugar-binding specificity and-or 
hapten-affinity. Moreover, these results indicate that 
availability of nitrate in the growth medium can affect 
binding of non-seed lectin to receptors. 

Further characterization of pea root lectin. Apart from 
chromatofocusing, IEF, SDS-PAGE analysis, determi- 
nation of immunoreactivity and sugar-binding specifici- 
ty, pea root lectin was further characterized by amino- 
acid analysis, circular dichroism and study of its pres- 
ence in root-surface washings, root hairs and cell-wall 
extracts. 

The amino-acid composition of affinity-purified pea 
root lectin did not differ from that of seed lectin, as 
published by Marik et al. (1974) and by Hosselet et al. 
(1983). 

Circular-dichroism spectra of affinity-purified pea 

seed and root lectin were identical in the far-UV wave- 
length area, but differed in the near-UV wavelength area 
(Fig. 6a, b). Moreover, the presence of the pea-lectin 
hapten c<-methyl-mannopyranoside did not influence the 
near-UV spectrum of root lectin, contrary to the situa- 
tion with seed lectin (Fig. 6 b). These differences point 
to subtle structural differences between seed and root 
lectin, possible near to or at the sugar-binding site. 

The protein profiles of root-surface washings, root- 
hair and root cell-wall extracts differed substantially 
from each other, as judged from IEF-gel electrophoresis 
(Fig. 7 a). However, Western blotting and immunoenzy- 
matic staining revealed the presence of a group of pro- 
tein cross-reactive with anti-PSi2 antibodies in these ex- 
tracts. The major protein in this group focused at pH 
6.1, characteristic of Psl2 (Fig. 7b). 

Taken together, these results strengthen the notion 
that Psl2 is the major isolectin in roots. The finding 
of some structural differences by circular-dichroism 
measurements between pea seed and root lectins, possi- 
bly at or near the sugar-binding site, is consistent with 
the observation of subtle differences in sugar-binding 
specificity between these two lectin samples. 

Discussion 

Lectin from seeds and cotyledons. In young pea seedlings, 
cotyledons constitute the major source of glucose/man- 
nose-specific lectin, whereas the shoot and root each 
contain less than 5 lag, i.e. 100-fold less. More lectin 
could be isolated from a pair of cotyledons than from 
one dry seed. The increasing disorganization of protein 
bodies as germination proceeds might account for this 
larger yield. Rapid disappearance of lectin from the coty- 
ledons starts from the 10th day following the onset of 
germination (Roug6 and Labrue 1977). 

Chromatofocusing proved to be a quick and easy 



C.L. Diaz et al. : Characterization of pea root and shoot lectin 459 

one-step method for separation of the three pea seed 
isolectin fractions: Psll and Psl2, composed of processed 
a and fi-chains, and Psl3, which apparently contains a 
mixture of processed as well as unprocessed lectin poly- 
peptides. Sodium dodecyl sulfate-PAGE followed by 
silver staining and Western blotting (Fig. 5) of Psll and 
Psi2 shows that they are composed of the 18-kDa fi- 
subunit and 6-kDa a-subunit, together with small poly- 
peptides arising from fragmentation of the fl-subunit 
(Van Driessche et al. 1988). Seed Psl3 contains, in addi- 
tion to the polypeptides mentioned above, a prominent 
28-kDa polypeptide that represents the Psl precursor, 
the unprocessed 7 chain (Van Driessche et al. 1988, 
1989). Analytical IEF shows that each isolectin fraction 
yielded one main protein band and a set of minor bands 
(Fig. 2). These observations point to the existence of 
intermediate subunit-complexes with pLs different from 
the ultimate processed form of the fl- and a-chains. This 
would also explain the different focusing patterns of seed 
Psl2 (Fig. 2, lane 1) and shoot Psl2 (Fig. 4, lane 1) ob- 
tained under the same conditions. On the other hand, 
dissociation and rearrangement of pea lectin subunits 
as a result of electrophoresis, could also give rise to 
artefactual subunit combinations (see Fig. 3). For this 
reason, it was important to compare isolectin composi- 
tion obtained by IEF and chromatofocusing. 

Variations in experimental conditions such as run- 
ning time and voltage applied, concentrations of constit- 
uents of acrylamide and electrode solutions, equilibra- 
tion time and temperature influence IEF patterns (Dun- 
can and Hersey 1984). These may account for the differ- 
ent pL of pea seed isolectins reported previously (Ent- 
licher and Kocourek 1975; Van Driessche et al. 1988) 
and the ones we communicate in this paper. 

Interestingly, the isolectin composition of affinity- 
purified cotyledon lectin differed appreciably from that 
of seed lectin. The amount of Psll from cotyledons de- 
creased to a hardly detectable level whereas Psl2 showed 
a corresponding increase in yield. Psl2 may be generated 
from Psll as a result of proteolytic processing of a small 
peptide at the carboxyl terminal of the a-subunit (Van 
Driessche et al. 1988). Because Psll was absent in lectin 
fractions obtained from other seedling parts, we con- 
clude that Psll is a typical seed isolectin. This observa- 
tion indicates pea seedling cotyledons to be a valuable 
subject for studying synthesis, processing and degrada- 
tion of a seed isolectin (Psll), in comparison with an 
almost identical isolectin (Psl2) which does not disappear 
during the first stages of seedling growth and is also 
found in other parts of the plant. 

Lectin from roots and shoots. In developing pea cotyle- 
dons, expression of the genes coding for lectin and for 
other proteins of the legumin family is restricted to a 
certain developmental state (Higgins etal. 1983a; 
Thompson et al. 1989). The lack of correlation between 
transcription rates and steady-state mRNA levels indi- 
cate that the expression of these genes is under posttrans- 
criptional control (Thompson et al. 1989). This develop- 
mental control seems to be reflected in the expression 
of the Psl gene in vegetative organs. Low amounts of 

non-seed lectin could be isolated from root and shoot 
homogenates by the standard affinity-chromatography 
procedure, but only at early stages of pea seedling devel- 
opment (4 d-old seedlings), whereas Psl in extracts of 
shoots and roots of 7 d-old plants had decreased to levels 
which prevented its isolation. Polypeptides cross-reactive 
with antiserum raised agains soybean seed lecfin have 
been detected in young leaves of soybean seedlings (Vod- 
kin and Raikhel 1986). However, in the leaves of older 
plants, such as in 10- and 16-d-old pea plants, the lectin 
gene is either inactive or transcribed at very low levels 
(Buffard et al. 1988; Thompson et al. 1989). These data 
indicate that lectins may be relatively abundant in young 
tissues, and may explain the minute quantities of pea 
lectin or a cross-reactive material that could be demon- 
strated in roots, shoots, leaves and flowers during the 
whole life cycle of the pea (Hosselet et al. 1985). On 
the other hand, low detection does not necessarily imply 
low quantity or poor synthesis. Buffard et al. (1988) 
showed that in pea roots the highest level of express- 
ion of the lectin gene, measured as the steady-state 
mRNA level, reaches its maximum 10 d after sowing. 
Some of these mRNA molecules may be translated 
into lectin, as shown by the appearance of radioactive 
label in clover root lectin after in-vivo pulse-chase exper- 
iments (Sherwood et al. 1984). Lectin secreted into the 
growth medium (Sherwood et al. 1984) or associated 
with insoluble cell fractions such as cell walls and mem- 
branes (Etzler et al. 1984; Pueppke et al. 1981) will es- 
cape detection. Also, inactivated lectin or lectin bound 
to endogenous saccharide receptors (Christensen et al. 
1986) will pass an affinity matrix. Root cell-walls of 7-d- 
old pea seedlings contain more lectin or a cross-reactive 
material than those of 4-d-old pea seedlings (Diaz et al. 
1984). A decrease in soluble lectin in developing pea 
seedlings might be accompanied by a corresponding in- 
crease in lectin incorporation into the extracellular ma- 
trix. 

In comparison with seed lectin, pea root lectin ap- 
peared to be immunologically identical and to have an 
identical amino-acid composition. Chromatofocusing 
and IEF analysis also indicated its similarity with seed 
Psl2, as previously reported (Gatehouse and Boulter 
1980). Sodium dodecylsulfate-PAGE demonstrated that 
root lecfin is composed of 6-kDa and 18-kDa polypep- 
tides, together with polypeptides of MW 28 kDa, prob- 
ably representing the pea lectin precursor (Van Driessche 
et al. 1988; Higgins et al. 1983 a, b). These data, together 
with the observation of Buffard et al. (1988) that the 
only functional pea lectin gene is expressed in pea roots, 
resulting in synthesis of mRNA of a size similar to that 
of seed-lectin mRNA, strongly suggest that the major 
lectin in pea-root homogenates is similar to seed Psl2. 
This lectin was also found to be present in root-surface 
washings, root-hair and root cell-wall extracts (Fig. 7 b). 
Consequently, Psl2 is a good candidate for representing 
the root lectin involved in the interaction of pea roots 
with R. leguminosarum by. viciae (Diaz et al. 1986; Kijne 
et al. 1988; Diaz et al. 1989). The question of whether 
or not unprocessed and-or processed Psl molecules are 
both present at pea root-hair tips may be answered by 
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using antibodies able to discriminate between the differ- 
ent polypeptides. 

There are some differences in carbohydrate-binding 
specificity and affinity between seed and root lectin, as 
indicated by the hemagglutination-inhibition test and as 
suggested by the difference in circular-dichroism spectra 
in presence of  a hapten. This result indicates a subtle 
difference in processing of  root lectin in comparison with 
seed lectin, and stresses that in the study of  interactions 
of  a microorganism with plant lectins, lectin from the 
appropriate plant part should be used. 

Comparison of  seed and root  lectins from other legu- 
minious plants shows that no generalizations can be 
made about relatedness of  root and seed lectins. Root  
lectins from soybean, clover and red kidney bean have 
been reported to exhibit the same carbohydrate specifici- 
ty and to share many biochemical and immunological 
properties with their seed lectins (Gade et al. 1981 ; Daz- 
zo et al. 1978; Borrebaeck 1984). However, soybean root 
lectin differs in subunit, isolectin and amino-acid compo- 
sition from seed lectin (Gade et al. 1981). Root and seed 
lectins might have the same carbohydrate specificity, but 
might not be cross-reactive, differ in amino-acid compo- 
sition and molecular weight (for examples see compari- 
sons between seed and root  lectins from Dolichos biflor- 
us, Quinn and Etzler 1987, and Lotononis  bainesii, Law 
and Strijdom 1984). Molecular analysis of  the genes cod- 
ing for seed and root  lectins may clarify whether these 
proteins are products of  the same gene undergoing ex- 
tensive post-translational modifications or if they are 
similar proteins encoded by different genes. The possibil- 
ity that lectin genes are members of  gene families is 
strengthened by the recent report concerning the expres- 
sion of  a gene coding for a polypeptide exclusively ex- 
pressed in the buds of  pea shoots. The predicted amino- 
acid composition of  this novel polypeptide shows homol- 
ogy with some leguminous lectins, including the residues 
involved in metal binding (Dobres and Thompson 1989). 

We previously reported the occurrence of  lectin or 
a cross-reactive material in the shoots of  pea plants 
(Hosselet et al. 1985). In this paper we report its isolation 
and partial characterization. Polypeptides cross-reactive 
with seed-lectin antibodies have been detected in embry- 
onic axes and leaves of  young soybean plants and in 
shoots of  2-d-old clover seedlings, but have not been 
further characterized (Vodkin and Raikhel 1986; Sher- 
wood et al. 1984, respectively). Our results demonstrate 
that shoots of  young pea seedlings contain a glucose/ 
mannose-specific lectin that is cross-reactive with seed 
lectin. Chromatofocusing and IEF analysis showed that, 
as in pea roots, the major isolectin in pea shoot homoge- 
nates is similar to Psl2. The presence of  cross-reactive 
proteins with a MW of 28 kDa, as well as the presence 
of  a protein with a pl of  5.2 in the shoot Psl2 fraction, 
strongly indicate that the lectin gene is expressed in pea 
shoots in a way similar to that in seeds and roots. 

The authors wish to thank Professors L. Kanarek and M. van 
Poucke for helpful discussions. 
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