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Potato lectin (Solanum tuberosum agglutinin, STA),
purified by affinitychromatography on tri-N-acetylchitotriose-Sepharose 6B, has M, 100,000,as estimated
by gelfiltration on Sephadex G-150 and is an aggregating system with a monomer M, = 64,000, as estimated
by sedimentation equilibrium analysis. Equilibrium dialysis showed that STA (dimer) has two binding sites
for a specific sugar per molecule. STA has a high content of sugar, most of which is L-arabinose, and is rich
in Hyp and Cys. On interaction with specific sugars,
STA induced a W difference spectrum having positive
peaks at 292 and 285 nm characteristic of tryptophyl
residues. The association constants with chitin oligosaccharides, determined from the intensities of the difference spectra at various concentrations of sugars,
increased with increasing chain length of the sugar.
Association constants obtained by frontal affinity chromatography of chitin oligosaccharides with STA-Sepharose were in good agreement with those obtained by
difference spectra, whereas the association constants
obtained by frontal affinity chromatography of STA
with di- and tri-N-acetylchitotriose-Sepharosewere
much higher, presumably owing to the effect of multivalency of ligands. The CD spectra of STA in the far
W region indicate the presence of 40% of p- and 60% o f
unordered form, and no a-helix conformation, which
supports the structure suggested by the amino acid
composition and the high content of sugar.
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Lectins are proteins or glycoproteins of plant and animal
origin that bind specific carbohydrates and agglutinate cells
of various types ( 2 ) . Blood group-nonspecific potato lectin,
STA,‘ was first described by Marcusson-Begun (3) and its
partial purification was first reported by Marinkovich (4).
STA is specifically inhibited in its hemagglutination reaction by oligosaccharides that contain @-linkedN-acetyl-D-

glucosamine residues (5, 6). STA has a specificity similar to
but not identical with WGA, which is also inhibited by oligosaccharides containing N-acetyl-D-glucosamine. WGA, but
not STA, binds with free sialic acid (7) or sialyl residues in
gtycoproteins (8) and glycolipids (9). Recently, we have found
that STA, but not WGA, bindsspecifically with keratan
sulfate and chitin sulfate, despite the presence of sulfate
groups 10).
The complete purification of STA accomplished by Allen
and Neuberger (1 1)required time-consuming steps, including
gel filtration and ionexchange chromatographies. Purified
STA was found to be an unusual glycoprotein with a high
content of half-cystine and hydroxyproline residues, with Larabinose as themajor sugar component. Allen et al. (12) and
Muray and Northcote (13) reported that almost all hydroxyproline residues in STA are substituted with L-arabinose
residues, that the average hydroxyproline-to-arabinose ratio
is 1:3-4, and that L-arabinose is present in the P-linked furanoside form.
Delmotte et al. (14) f i s t described an effective adsorbent
for the affinity chromatography of STA by coupling 4-aminobenzyl-2-acetamido-2-deoxy-l-thio-~-n-glucopyranoside
to
Sepharose by a long spacer group. However, the preparation
of this adsorbent required a five-stage synthesis. A more
convenient method (15,16)for preparing an affinity adsorbent
of STA has been described. Tri-N-acetylchitotriose, a sugar
specific forSTA, was coupled with epoxy-activated Sepharose
prepared by treatment with epichlorohydrin (15, 16). Desai
and Allen (17) reported a similar method using bisfoxirane)
as thereagent for epoxy activation. Subsequently, two methods of purification of STA, by affinity chromatography on
fetuin-Sepharose (18) and on glutaraldehyde-fixed erythrocytes, (19)have been reported. The properties of STA purified
by (GlcNAc)3-Sepharose,especially the spectroscopic properties and the specific interactions between STA and oligosaccharides, are described herein.
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DISCUSSION

Most lectins are usually extracted with PBS at a pH of
about 7. When potatoes were extracted with PBS, the color of
_
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the extract turned rapidly to brown, and a black precipitate
finally formed. Allen et al. (12)added sodium hydrogen sulfite
to a PBS extract of potatoes to prevent browning. However,
we found that STA is unstable under reductive or oxidative
conditions, andis easily inactivated bysodium hydrogen
sulfite. On the other hand, STA isvery stable under acidic or
alkaline conditions. When potatoes were extracted with 3 M
acetic acid, the browning wasprevented, and the hexosaminidase in the extract was inactivated, but not STA. The crude
STA fraction obtained by ammonium sulfate fractionation
of potato extractwas free from browning, evenif it was thereafter solubilized in PBS. When crude STA was applied to a
(GlcNAc)3-Sepharosecolumn, it was completely adsorbed and
could be eluted with 0.2 M NH40H. Purified STA was easily
obtained when active eluted fractions were directly lyophilized. Since the total purification procedures were short and
simple, the overall recoveryof STA from the extract was very
high, as shown inTable I, when compared with those reported
earlier (11, 12, 14, 39, 40).
The purified STA was found to be homogeneous on SDSpolyacrylamide gel electrophoresis and gel filtration, and its
molecular weight was estimated to be about 100,000.This
value is in good agreement with the value of 120,000,previously reported by Alien and Neuberger (11)for STA purified
by conventional chromatographies. Sedimentation-equilibrium centrifugation showed that STA exists in an aggregating
system, and the molecular weight of the STA monomer was
estimated to be 54,000,which is slightly higher than thevalues
of 50,000 (12)
and 46,000 (11)
reported earlier. Equilibrium
dialysis showed that STA has 2 binding sites/molecule (dimer), assuming M,= 100,000.These resultssuggest that STA
exists in a monomer-dimer system, and acts asa dimer in the
hemagglutination reaction.
The STA described herein has a high content of carbohydrate (-50%), most of which (89%) is L-arabinose, and a high
content of hydroxyproline and half-cystine, as reported by
The stability of STA, which is
Allen and co-workers (11, 12).
resistant to heat, base, and acid, may depend on its high
content of carbohydrate residues and disulfide bonds. Inactivation of STA by sodium hydrogen sulfite may be due to the
cleavage of disulfide bonds, whichare essential for the conformation of STA.
Analysis of the CD spectrum gave various results, depending upon the method applied. Calculation by the method of
Chen et al. (34) showed that STA has 40% p-form, 60%
random coil, and no a-helix. The analysis of the CD spectrum
of lysozyme by the same methods showed resuits similar to
those obtained by x-ray crystallography (40).The content of
/3-form can be calculated from the value of [e] at 195 nm,
using a value of 30,000
(40)
or 40,000
(41)
for a model substance
presumably having 100% of pleated sheets. Since STA has a
[@]
value of 10,000 at 195 nm, it may be assumed that STA
contains 25-35% of /3-structure. The content of a-helix was
also calculated by the method of Brahms et al. (42);H =
[8]d(-40,000) = 0, H = ([0]2m -1 (-4O,OOO)/[33,OOO (-4,OOO)I< 0.06. These results also showed the high content
of /3-structure and absence of a-helix in STA. As shown in
Table 11, STA has a high content of Hyp, Pro, Gly, Ser, and
Cys residues, which are incompatible with a-helices. These
results also support the unusual conformation suggested by
the analysis of the CD spectrum of STA. Although analysis of
the CD spectrum using standard data for the collagen helix
given by Hayashi et al. (36) showed the existence of collagen
helix, STA was not digested bythe collagenase fromCZostridium histolyticum. The results suggest that STA has no sequences corresponding to X-Gly-Pro-Y-Gly-Pro. (Hyp +
Pro)/Gly in STA was about 3.2 which is higher than that of
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collagen but is close to the values for proline-rich proteins 2
and 3 (43-48).CD spectra of these proline-rich proteins were
reported to be similar to those of polyproline I1 (45-48).
The CD spectra of many lectins have been reported. Ricinus
communis agglutinin contains 13% a-helix and 5% &form (49);
Bandeiraea simplicifolia lectin I is 30-40% ,&form (50);
Pisum sativum lectin a /3 and unordered structure (45);and
WGA has no a-helix, is 12% ,&structure, and probably has
some /$turns (52).From the mean residue ellipticity at 195197 nm, the lectins of Dolichos biflorus,Helixpomatia, Lotus
tetragonolobus, Phaseolus vulgaris (erythroagglutinin), Sophora japonica, and Ulex europeus (I) were estimated to
have 28-48% /3-structure. Therefore, many plant iectins contain a rather large amount of p-structure, and STA is no
exception in this respect.
Some lectins, such as Arachis hypogaea agglutinin (peanut
lectin) (53, 54),
concanavalin A (55),Lens culinaris hemagglutinin (53),S. japonica agglutinin (54),and Vicia cracca
agglutinin (56),show UV difference spectra upon binding with
specific sugars. Spectrophotometers having a high sensitivity
have recently made it possible to obtain the association constants of lectins with specific sugars (53, 54).
In the case of
STA, difference spectra with two positive peaks at 292 and
285 nm and a shoulder at 275 nm were induced by chitin
oligosaccharides (Fig.4).The highest peak wasat 292 nm, and
only one shoulder was observed at 275 nm, in contrast with
the spectra obtained with WGA, where peaks at 285 (highest),
292,and 275 nm have been observed (53);this suggested that
the microenv~onmentof the tryptophan residues were perturbed by binding to specific sugars (57)and that the contribution of tyrosine residues is low. The value of A E m a Z reflects
the number of tryptophan residues perturbed by the binding
(58).The number of perturbed tryptophan residues in STA
was calculated to be twoto four. The value of AE,,, increased
with chain length of the sugar, and with the binding constant
(Table III), as observed by lysozyme with chitin oligosaccharides (59).
Modification of the near-UV-CD spectra by the binding of
a specific sugar has been observed for other lectins; Arachis
hypogaea agglutinin (SO),R. communis agglutinin (49),and
WGA (52)display changes of the near-UV-CD bands upon
interaction with specific sugars, which indicates alteration of
the asymmetric environment at aromatic side chain chromophores on the surface of the lectin molecule. The modification
of the CD spectrum ofWGA at 272 and 285 nm probably
involves tyrosine residues and, at 290 nm, tryptophan residues.
Inthe case of STA, (G1cNAc)z and (GlcNAc)s, but not
GlcNAc, induced a decrease of the CD intensity at 250-300
nm. The intensity of the CD band at 291 nm involving
tryptophan residues was decreased more strongly by
(G1cNAc)a than by(GlcNAc)z, as shown in Fig. 11. These
results indicate that tryptophan residues in STA are perturbed more strongly by (G1cNAc)s than (GlcNAc)2,but not
by GlcNAc.
As shown in Table IV, the binding constants of STA with
chitin oligosaccharides obtained by UV difference spectroscopy were in good agreement with those obtained by frontal
analysis on STA-Sepharose, and much lower than those obtained by frontal analysis on (GlcNAc),-Sepharose.The binding capacity of STA-Sepharose was calculated to be 40-70%
of that calculated from the amount of immobilized STA, while
the capacities of (GlcNAc),-Sepharose were about 1:150 of
those estimated from the amount of immobilizedligands.
Since the concentration of the immobilized sugars is very high
(30pmol/ml of gel), not all ligands may interact with a large
molecule of STA owing to steric hindrance, but they may
contribute to thevery highapparent binding constant through
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TABLEIV
Association constants of STA with chitinoligosaccharides

Biophys. 119,41-49
25. Cavallini, D., Graziani, M. T.,and Dupre, S. (1966) Nature
(Lond.)212,294-295
(GICNAC)? (GIcNAc)~ ( G ~ c N A c ) ~
26.
Chambers,
R. E., and Clamp, J. R. (1971) Biochem. J. 125, 1009M -1
1018
UV difference spectrum"
2.0 X IO3
4.1 X lo4
5.4 X IO4
27. Park, J . T., and Johnson, M. J . (1949) J. Biol. Chem. 181, 149(2200)
(3000)
(3600)
151
Frontal analysis by STA6.3 X IO3
4.1 X lo4
8.3 X IO4
28. Banerjee, S. K., and Rupley, J. A. (1973) J. Biol. Chem. 248,
Sepharose column
2117-2124
Frontal analysis by
6.5 X io4
1.5 X io5
29. Matsumoto, I., Seno, N., Golovtchenko-Matsumoto, A. M., and
oligosaccharideOsawa, T. (1980) J. Biochem. (Tokyo) 87,535-540
SeDharose column
30. Matsumoto, I., Kitagaki, H., Akai, Y., Ito, Y., and Seno, N. (1981)
Anal. Biochem. 116, 103-110
a Values in parentheses are AEmaX.
31. Kasai, K., and Ishii, S. (1978) J.Biochem. (Tokyo) 84, 1051-1060
the so-calledmultivalent effect. The binding constant between 32. Kasai, K., and Ishii, S. (1978) J. Biochem. (Tokyo) 84,1061-1069
33. Oda, Y., Kasai, K., and Ishii, S. (1981) J.Biochem. (Tokyo) 89,
STA and chitin oligosaccharides increased with chain length,
285-296
as was observed for WGA. However, the binding constants of 34. Chen, Y.-H., Yang, J . T., and Chau, K. H. (1974) Biochemistry
(GlcNAc)aand (GlcNAc)4for STA were larger than those for
13,3350-3359
WGA and the binding constant of (GlcNAc)* for STA was 35. Chang, C. T., Wu, C . 3 . C., and Yang, J. T. (1978)Anal. Biochem.
91, 13-31
smaller than that for WGA (61). This tendency was shown
36. Hayashi, T., Curran-Patel, S., and Prockop, D. J . (1979)Biochemalso by hemagglutination studies (11,62,63,64). These results
istry 18,482-4187
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RESULTS

%e.

SUS-Polyacrylamlde-Gel Electrophoresls--Thls procedure was performed by
the method of Farrbanks
[AI.

s a m p l e s o f protein were hydrolyzed for 29, 48, and 72 h, a t 1 1 0 ° C in
and c ~ r r e c t ~ o factors
n
were obtalned for the destruction of seriny and
t h r e o i ~ n e . The content of half Cystine war determined by the method using
UTNB (23) and 2-PDS (241, after reductLon with NaBHI, in 8 E urea ( 2 5 ) .

11.2
L.l
2.2

vacuo

3.4
4.0
3.9

Neutral sugar composition of STA was determined
by g.&Y
3KGEi &rornatograph
G C - 4 M , after nethanolysls and
trmefhyls%lylatran (26). mannltol being the internal standard.
Anal

585

of Neutral Su a r

2.9
1.2
2.9
0.2

m i n o Sugar Analysea--Sanples were hydrolyzed w r h 3 M HCl for 1 5 h a t
I O O ' C ~ e ammo sugars w e r e determined with the amino acTd analyzer and were
eluted from the 1 5 - c m column w l t h a SOdllim citrate buffer (pH 1.28, 0.35 E).

0.3
0.8

0.7

1.6
0.1
0.3

2.0

0.3

0.6
1.4

Total

>

mg/mL of g;l

C0"pll"g

42.1

44.0
4.0

(50)
(9)
(11)
(19)

0.6
0.6
trace
0.3

(16)

(20)

(22)
(8)
(14)

(0.9)
(1.3)
(3.7)
(3.31
(5.3)

(0.5)

(0.9)
(8)

(1)
(2.1)
(4.1)
Total

49.5

frorn'ihe concentration Of STA in t h e supernatant solution a f t e r
kystem and by"use of ma;kerr,

a molecular Gelght of 100,000 was e s t m a t e d
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E f f e c to ft h e
s p e c t r a of STA.
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Concentration of (GlcNAc)2 on t h ed l f f e r s n c e
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li!!zl
100

5

10

Fly. 8 . Frontal-affmrty chromatography of (GlcNAcIi~,on STA-Sspharose
Plots of 1/(.4]
Y S . l/[&ldL-~). The affinlty chromatography
Ot (GlcNAc),-.
performea 8 n T column of STA-Sepharose (0.6 x 5.1 cm) equilibrated with
0.15 M NaCl at 5OC. The data were Dlotted accordiw to eouation ( 2 1 :

was

The a ~ ~ o c l d t l oconstant
n
of STA for ( G ~ ~ N A C ) (ClcNk),,
~.
and ( G l c S A c ) . w a s
calulated t o be 6 . 3 x 10' 5.1
x 1 3 % and 8 . 3 x 10- M"
respectively. The
and (GlcNAc),
ndsorptlon rapacity of ST-k-Sepharose'far ( G l c N A c J 2 , ?GI;NAc),,
was calculated to be 90, 5 0 , and 3 d nmollml, respecrively.
The values o f
adsorpt10n capacity calculatedbere 4 0 . ~ 7 0 % of that o b r a m e d from the
Concentration o f lmmoblllied STA. and they increased with a deCTeaSe in the
s i i c of the s u g a r molecule.

Flg. 10. Far-ultraviolet CD s p e c t r u m of STA.
The llght p a t h h a s 2 m m
and the concenrration of STA w a s 0.12 rng/ml in water. The dotted l m e shows
the 5pectrum of the solvent (Ha01 measured in the s a m e manner.

Table I l l
F r a c i l o n ~of a - H e l l x , a, and Unordered k a r m
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Lysozyme Deteralned by CU Spectrometry
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