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Potato lectin (Solanum tuberosum agglutinin, STA), 
purified by affinity chromatography on tri-N-acetylchi­
totriose-Sepharose 6B, has Mr ~ 100,000, as estimated 
by gel filtration on Sephadex G-150 and is an aggregat­
ing system with a monomer M, == 54,000, as estimated 
by sedimentation equilibrium analysis. Equilibrium di­
alysis showed that STA (dimer) has two binding sites 
for a specific sugar per molecule. STA has a high con­
tent of sugar, most of which is L-arabinose, and is rich 
in Hyp and Cys. On interaction with specific sugars, 
STA induced a UV difference spectrum having positive 
peaks at 292 and 285 nm characteristic of tryptophyl 
residues. The association constants with chitin oligo­
saccharides, determined from the intensities of the dif­
ference spectra at various concentrations of sugars, 
increased with increasing chain length of the sugar. 
Association constants obtained by frontal affinity chro­
matography of chitin oligosaccharides with ST A-Seph­
arose 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-Sepharose were 
much higher, presumably owing to the effect of multi­
valency of ligands. The CD spectra of ST A in the far 
UV region indicate the presence of 40% of /J-and 60% of 
unordered form, and no a-helix conformation, which 
supports the structure suggested by the amino acid 
composition and the high content of sugar. 

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,1 was first described by Marcusson-Begun (3) and its 
partial purification was first reported by Marinkovich (4). 

ST A is specifically inhibited in its hemagglutination reac­
tion by oligosaccharides that contain /3-linked N-acetyl-D• 
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defrayed in part by the payment of page charges. This article must 
therefore be hereby marked "advertisement" in accordance with 18 
U.S.C. Section 1734 solely to indicate this fact. 

1 The abbreviations used are: ST A, Solanum tuberosum agglutinin; 
(GkNAch, di-N-acetylchitotriose (subscripts 3 and 4 indicate tri- and 
tetra- forms); WGA, wheat germ agglutinin; DTNB, 5,5'-dithiodi(2· 
nitrobenzoic acid); 2-PDS, 2,2'-dithiopyridine; SDS, sodium dodecyl 
sulfate; PBS, phosphate-buffered saline. 

glucosamine residues (5, 6). STA has a specificity similar to 
but not identical with WGA, which is also inhibited by oligo­
saccharides containing N-acetyl-o-glucosamine. WGA, but 
not STA, binds with free sialic acid (7) or sialyl residues in 
glycoproteins (8) and glycolipids (9). Recently, we have found 
that STA, but not WGA, binds specifically with keratan 
sulfate and chitin sulfate, despite the presence of sulfate 
groups (10). 

The complete purification of ST A accomplished by Allen 
and Neuberger (11) required time-consuming steps, including 
gel filtration and ion exchange chromatographies. Purified 
ST A was found to be an unusual glycoprotein with a high 
content of half-cystine and hydroxyproline residues, with L· 
arabinose as the major sugar component. Allen et al. (12) and 
Muray and Northcote (13} reported that almost all hydroxy­
proline residues in ST A 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 ,8-linked furan­
oside form, 

Delmotte et al. (14) first described an effective adsorbent 
for the affinity chromatography of ST A by coupling 4-ami­
nobenzyl-2-acetamido-2-deoxy-1-thio-,B-o-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 for ST A, was coupled with epoxy-activated Sepharose 
prepared by treatment with epichlorohydrin (15, 16). Desai 
and Allen (17) reported a similar method using bis(oxirane) 
as the :reagent for epoxy activation. Subsequently, two meth­
ods of purification of ST A, by affinity chromatography on 
fetuin-Sepha:rose (18) and on glutaraldehyde-fixed erythro­
cytes, (19) have been reported. The properties of STA purified 
by (GlcNAcb-Sepharose, especially the spectroscopic prop­
erties and the specific interactions between ST A and oligosac­
charides, are described herein. 

EXPERIMENTAL PROCEDURES AND RESULTS
2 

DISCUSSION 

Most lectins are usually extracted with PBS at a pH of 
about 7. When potatoes were extracted with PBS, the color of 

2 Portions of this paper (including "Experimental Procedures," 
"Results," Tables I-III, and Figs. 1-11) are presented in miniprint at 
the end of this paper. Miniprint is easily read with the aid of a 
standard magnifying glass. FuU size photocopies are available from 
the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda, 
MD 20814. Request Document No. 82M-1375, cite authors, and 
include a check or money order for $6.40 per set of photocopies. Full 
size photocopies are also included in the microfilm edition of the 
Journal that is available from Waverly Press. 
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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 ST A is unstable under reductive or oxidative 
conditions, and is easily inactivated by sodium hydrogen 
sulfite. On the other hand, ST A is very stable under acidic or 
alkaline conditions. When potatoes were extracted with 3 M 

acetic acid, the browning was prevented, and the hexosarnin­
idase in the extract was inactivated, but not ST A. The crude 
ST A fraction obtained by ammonium sulfate fractionation 
of potato extract was free from browning, even if it was there• 
after solubilized in PBS. When crude ST A was applied to a 
(GlcNAc)a-Sepharose column, it was completely adsorbed and 
could be eluted with 0.2 M NH.OH. Purified STA was easily 
obtained when active eluted fractions were directly lyophi­
lized. Since the total purification procedures were short and 
simple, the overall recovery of ST A from the extract was very 
high, as shown in Table I, when compared with those reported 
earlier (11, 12, 14, 39, 40). 

The purified STA was found to be homogeneous on SDS­
polyacrylamide 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, previ­
ously reported by Allen and Neuberger (11) for STA purified 
by conventional chromatographies. Sedimentation-equilib­
rium centrifugation showed that ST A exists in an aggregating 
system, and the molecular weight of the ST A monomer was 
estimated to be 54,000, which is slightly higher than the values 
of 50,000 (12) and 46,000 (11) reported earlier. Equilibrium 
dialysis showed that STA has 2 binding sites/molecule (di­
mer), assuming M, = 100,000. These results suggest that ST A 
exists in a monomer-dimer system, and acts as a dimer in the 
hemagglutination reaction. 

The ST A described herein has a high content of carbohy­
drate (~50%), most of which (89%) is L-arabinose, and a high 
content of hydroxyproline and half-cystine, as reported by 
Allen and co-workers (11, 12). The stability of STA, which is 
resistant to heat, base, and acid, may depend on its high 
content of carbohydrate residues and disulfide bonds. Inacti­
vation of ST A by sodium hydrogen sulfite may be due to the 
cleavage of disulfide bonds, which are essential for the confor­
mation of ST A. 

Analysis of the CD spectrum gave various results, depend­
ing upon the method applied. Calculation by the method of 
Chen et al. (34) showed that STA has 40% {I-form, 60% 
random coil, and no a-helix. The analysis of the CD spectrum 
of lysozyme by the same methods showed results similar to 
those obtained by x-ray crystallography (40). The content of 
/3-form can be calculated from the value of [8] at 195 nm, 
using a value of30,000 (40) or40,000 (41) for a model substance 
presumably having 100% of pleated sheets. Since ST A has a 
[(II value of 10,000 at 195 nm, it may be assumed that ST A 
contains 25-35% of /:I-structure. The content of a-helix was 
also calculated by the method of Brahms et al. (42); H = 
[/J]222/(-40,000) = 0, H = {[8]2os -} (-40,000)/[33,000 -
(-4,000)] < 0.06. These results also showed the high content 
of fl-structure and absence of a-helix in ST A. As shown in 
Table II, ST A 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 ST A. 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, ST A was not digested by the collagenase from Clostrid• 
ium histolyticum. The results suggest that ST A has no se­
quences corresponding to X-Gly-Pro-Y-Gly-Pro. (Hyp + 
Pro)/Gly in STA was about 3.2 which is higher than that of 

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 II (45-48). 

The CD spectra of many lectins have been reported. Ricinus 
communis agglutinin contains 13% a-helix and 5% /3-form (49); 
Bandeiraea simplicifolia lectin I is 30-40% /3-form (50); 
Pisum sativum lectin a /3 and unordered structure (45); and 
WGA has no a-helix, is 12% /3-structure, and probably has 
some ,B-turns (52). From the mean residue ellipticity at 195-
197 nm, the lectins of Dolichos biflorus, Helix pomatia, Lotus 
tetragonolobus, Phaseolus vulgaris (erythroagglutinin), So­
phora japonica, and Ulex europeus (I) were estimated to 
have 28-48% /3-structure. Therefore, many plant lectins con­
tain a rather large amount of ,B-structure, and ST A is no 
exception in this respect. 

Some lectins, such as Arachis hypogaea agglutinin (peanut 
lectin) (53, 54), concanavalin A (55), Lens culinaris hemag• 
glutinin (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 con­
stants of lectins with specific sugars (53, 54). In the case of 
ST A, 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 was at 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 microenvironment of the tryptophan residues were per­
turbed by binding to specific sugars (57) and that the contri­
bution of tyrosine residues is low. The value of !lEma, reflects 
the number of tryptophan residues perturbed by the binding 
(58). The number of perturbed tryptophan residues in STA 
was calculated to be two to four. The value of !lEmax increased 
with chain length of the sugar, and with the binding constant 
(Table III), as observed by lysozyme with chitin oligosaccha­
rides (59). 

Modification of the near-UV-CD spectra by the binding of 
a specific sugar has been observed for other lectins; Arachis 
hypogaea agglutinin (60), 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 chromo­
phores on the surface of the lectin molecule. The modification 
of the CD spectrum of WGA at 272 and 285 nm probably 
involves tyrosine residues and, at 290 nm, tryptophan residues. 
In the case of STA, (GlcNAch and (GlcNAcb, but not 
GlcNAc, induced a decrease of the CD intensity at 250-300 
run. The intensity of the CD band at 291 nm involving 
tryptophan residues was decreased more strongly by 
(GlcNAch than by (GlcNAc)2, as shown in Fig. 11. These 
results indicate that tryptophan residues in ST A are per­
turbed more strongly by (GlcNAch than (GlcNAch, but not 
by GlcNAc. 

As shown in Table IV, the binding constants of ST A with 
chitin oligosaccharides obtained by UV difference spectros­
copy were in good agreement with those obtained by frontal 
analysis on ST A-Sepharose, and much lower than those ob­
tained by frontal analysis on (GlcNAc)n•Sepharose. The bind­
ing capacity of ST A-Sepharose was calculated to be 40- 70% 
of that calculated from the amount of immobilized ST A, while 
the capacities of (GlcNAc)n•Sepharose were about 1:150 of 
those estimated from the amount of immobilized ligands. 
Since the concentration of the immobilized sugars is very high 
(30 µmol/ml of gel), not all ligands may interact with a large 
molecule of ST A owing to steric hindrance, but they may 
contribute to the very high apparent binding constant through 
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TABLE IV 
Association constants of STA with chitin oligosaccharides 

(GlcNAch (GlcNAch (GlcNAc), 

UV difference spectrum« 

Frontal analysis by ST A­
Sepharose column 

Frontal analysis by 
oligosaccharide­
Sepharose column 

2.0 X 10" 
(2200) 

6.3 X 1()3 

6.5 X 104 

"Values in parentheses are /!J.Emax• 

4.1 X 104 

(3000) 
4.1 X 104 

1.5 X 105 

5.4 X 104 

(3600) 
8.3 X 104 

the so-called multivalent effect. The binding constant between 
ST A and chitin oligosaccharides increased with chain length, 
as was observed for WGA. However, the binding constants of 
(GlcNAc)a and (GlcNAc). for STA were larger than those for 
WGA and the binding constant of (GlcNAch for STA was 
smaller than that for WGA (61). This tendency was shown 
also by hemagglutination studies (11, 62, 63, 64). These results 
suggest that STA has a larger binding site than WGA. 
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Purification and Characterization of Potato Lectin 
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EXPERIMENTAL PROCEDURES 

Materials--Potatoes were obtained from a local market. S,S'-Dithiodi(2-
n1trobenzo1c acid) (DTNB) and 2,2'-dithiopyridine (2-PDS) were obtained from. 
Waka Pure Chemical Industry Ltd. (Osaka, Japan). N-Acetyl-D-glucosamine 
(GlcNAc), di-N-acetylchitobiose [ (GlcNA.c)2), tri-N-=-acetylchitotriose 
[(GlcNAc)J], a"nd tetra-N-acetylchitotetraose [(GlCNAc),.J -were prepared by the 
method of Rupley {20), and purified b)' gel filtration on Sephadex G-25 after 

~~t~!~!~~~i~~~yo c~!::g~~~~e {j~~:n):0sE~H!~:n hf;~~1rt~~= b~~i~~t~~~1f 1!~~m 
tendon was obtained from Sigma Chemical Cc-nrpany. 

the m~~~~£0 ;taF~t!b~~~~-~\.eetH?horesis--This procedure was performed by 

Gel Filtration--Gel filtration was performed on a column (30 .x 90 cm) of 
Sephaae"x ~ilibrated with 0.15 1:1 NaCl-5 ~ phosphate buffer (pH 7.2). 
The following substances were used for the estimation of molecular weight: 
Dextran T-110 (110,000), Dextran T-40 (40,000), human -.,-globulin (160,000), 
bovine serum albumin (67,000), and JJ_-glucose. 

Sedimentation Experiments--Sedimentation experiments were performed ~t 
8,76b r.p.m. with a Beckman Spinco Model E Analytical Ultracentrifuge equipped 
with Schlieren interference optlcs. All experiments were carried out at 
19.8°C on solutions in 0.1 M NaCl. Protein concentrations varied from 
10--3.3 mg/ml. The value o! 0.65 reported by Allen et al. {12) was used for 
the partial-specific volume. - -

JEOL ~-h~¾ih~~mK~~j tAn~l;;~~. am~~~ ~~!~d:~~l~~~~e;e~~/!~f~~~e~n~i ;~u~ral 
amino acids involved successive elution of the 70-cm column 'With sodium 

g~:;~~c~u!{e! ~ io~H r;~;
5 of °o: 8~) i:i1~~i~: 

2
!nd

0~f t*) Sn~~~ -~~n~Y~~i~
0

;~
5 

r~!g!~~m 
for color development. Basic. amino acid analys1s was performed by elution of 
a 15-cm column with sodium citrate buffer, pH 5.28 {Q.35 t1L at 4S°C at a flow 
rate of 1.22 ml/min. For the analysis of ornithine and lysine, sodium citrate 
buffer, pH 4.85 (0.35 M), was used. Tryptophan was determined spectrophoto­
metric.ally by the metho'd of Goodwin and Morton (22). 

Samples of protein were hydrolyzed for 24, 48, and 72 h, at 110°C in 
vacuo, and correction factors were obtained for the destruction of seriiie and 
f'fireonine. The content of half cystine was determined by the method using 
DTN.B (23) and 2-PDS (24), after reduction with NaBH" in 8 f:!. urea {25). 

by g.f~~~y~~~h?{- ~fi~!!;~ ~;~!~~~:!a;~gG~-~~~~o~~~!~\~~h!~~l;~~s a:;~rmined 
tnmethylsilylation (26), mannitol being the internal standard. 

Amino ~ Analyses--Samples were hydrolyzed with 3 M HCl for 15 h at 
100°C:--Tli"e am1no sugars were determined ll'ith the amino acTd analyzer clnd were 
eluted from the 15-cm column with a sodium citrate buffer (pH 5.28, 0.35 !:1), 

equil ;6~~ ~! bd~~i y~~~:ysks ~~!~~~i(~o~f o~G~~~A~i) ;~ ~i~ ~~~ u~~~~u(;~ O~y mg/ml of 
0.1S t1 NaCl, pH 7.0) w~s introduced into one compartment, and a solution 
(ZOO or 300 ul) of various amounts cf (GlcNAc) 1 (from 560 to 6,4 uM) into the 
other compartment of the dialysis cell. The cells were shaken for-24 hat 4°C, 
and sai:iples were removed for assay. The concentration of the free sugar was 
determined by the Park-Johnson method (27) with (GlcNAc), as standard. 

lee ti~)~ e!!!e~:~~~r;r~~r~~~~Pf ~;~~~a~~;; e~~~he a s~i~~~~i (~;~~i~;~u~~~c *~photo-
meter, equipped with a recorder and a microcomputer. For the determination of 
equilibrium-binding parameters, the intensities of difference spectra were 
determined as a function of the incTeasing sugar concentration. The peak­
trough difference was used as a measure of the association (28). 

Preparation of STA-Sepharose 4.8--Sepharose 4B was activated with 
epichloroFi.ydrrn (Tc) and aminated with a concentrated solution of ammonium 
hydroxide (29). The concentration of amino groups introduced into agarose ll'as 
55 µmol/ml of gel according to the sodium 2,4,6-trinitrobenzenesulfonate (TNP.S) 
color test (29). The coupling of STA to amino~Sepharose was performed as 
follows: Suction-dried amino-Sepharose 4B (1 g) and 20 mg of STA were dissolv­
ed in.a soluti<:1n containing 20 mg of (GlcNAc)2 as the haptenic sugar. The 
couplii:tg react1on was performed with (3-dimethylaminopropyl}-1-ethyl­
carbodiimide (EDC) at pH 4. 75 (30), and the mixture was ki:-pt overnight at 4°C, 
The remaining amino groups were treated with acetic anhydride (30) in the 
presence of (GlcNAc)2. The concentration of immobilized STA was estimated at 
7 mg/ml of gel from the concentration of STA in the supernatant solution after 
coupling. 

4 °C a~~~~x~~/~~ 1 H!s mffi;dA~Iet~~~~s~~ -~.r g1~=~~1 ~na;~s~~A~~!ph:~;~~m~~l~~n 
(0.59 x 5.12 cm) was previously equilili"rated with a 0,15 M NaCl solution and 
a solution of (GlcNAch-~ in 0,15 l::1 NaCl (concentration: TA]) was applied 
continuously. ~lution of (GlcNAc)z-~ was monitored by the Park-Johnson method 
(27). The elution volume was calculated from the equation (1), ""here a is the 
volume of one fraction, n 1s the tube number of a certain friction at The 
plateau, and {AJi i~ the concentration of fract~on i. After being used, the 
column was wash"ed with 0.15 ~ Na~l (about 500 times the Oed volume) before the 
next operation, As V0 , ~he elution volume cf Glc that does not interact -with 
STA was used. The association constant was calculated according to thi:-

=~~:~to~/He (f!~o~~1I~c~if:a~~ei~s~~~i~~i~~/onstant and ft is the total 

prepa~:a~ ~~~o·;a~~~s ~~ %Ke (~!~~~a)~~~~ ;~5~1~ 0 ~~~~;~~~N1~ l l : ~ -~~~h~~~~~a ~~g;:;hy 
1-,3,; carr~ed out at 4~ and the column of (GlcNAc)2,3-Sepharose (0,2 x 1.5 cm) 
wa;. previously equilibrated •,:ith 0.05 M phosphate buffer, pH 7.0, containing 
0.15 ~ NaCl. The STA solution was app!ied continuously, and the elution of 
STA was monitored at A2so. The ~o value was obtained from the elut1on volume 
of bovine serum albumin, and calculated accorJing to equation (~). 

S-12 Spectra--CD spectra were recor~ed with a JASCO J-20 Dicrograph for 
-solutions 1n a 1.0-cm cell for the region above 250 nm, and in a 0.2-cm cell 
for. the region b€low 250 nm. The data are expressed as mean-residue 
ell.ipticities [8J in deg•cm•dmol-', the mean residue weight being taken a,; 120. 
C..i.lculatlon of the secondary structure by the least-square method was made by 
a computer using the standard value reported by Chen et al. (34), Chang et al. 
(35), ,rnd Hayashi £!.. ~. (:>6). - - - -

Collagen;;se Treatment o[ <;TA--To 1.5 mg of STA dissolved in l ml of 

gi~~t~i!~~!-~i~io~~ff :~~~~~e O ;~L~To~a~~ ~ 2 7~~gi~fe~f 
1

~~/ir~! buffer). 
After 1ncubat1on for 19 hat 37°C, the 1ncrease of amino term1nal residues by 
the cleavage 1-,·ith collagenase "as measured by the ninhydr1n color reaction at 
570 nm. Collagen from bovine Achilles' tendon was also treated with 
.:.ollagenase as a control exper1ment. 

RESULTS 

Purification of STA--All procedures were carried out at 4°C unless other­
wise stated. !he pf.)tato tubers (2 Kg) were washed, finely grated, and 
suspended in 3 M acetic acid. After 12 h, the extra.ct was centrifuged for 

;o c~~~e~ ~r!~i~~O of• 5~%d w~~H;!;~~;d ~as r~!d;~e;~P f ~! t~u~::n:ft~!eX
0

~~t !~~ t t~t 
11 

overi:i1ght, and then collected b}' centrifugat1cn at.15,240 8. for 30 min. The 
prec:i.pitate was dissolved in water! the ~olution dialyzed extensivelr against 
water, and then clarified by -:entr1fugat10n at 15,240 &_ for 30 min. The 
supernatant solution was applied to an affinity column of tri-N-acetyl­
chitotriose-Sepharose, prepared as described previously (16). ind the 
chromatography was performed at room temperature. The column was t.·ashed 
s1.:1ccessively wit~ PBS, 1 t1 NaCl, and wate-r, and then the lectin was eluted 
with 0.2 ~ ammon1um hydroxide solution: T~e active.fractions were directl1 
lyophilized. Almost all of the agglutinating activity was recovered (see 
Table I). 

Procedure 

0-5S% sat. (NH~) iSO" ppt 

(GlcNAc) 1 -Sepharose 68 

Table I 

Purification of STA~ 

Total activity Weight 
X 10 (units) (g) 

3,000 

2,900 0.017 

Table II 

Spec1ficb 
activity-

(units/mg) 

1,000 

179,000 

Amino Acid and Carbohydrate Composition of Purified STAii 

Amino acid wt 

Hyp 11. 2 
Asp Z.1 
Thr 2.2 
Ser 3.4 
Glu 4.0 
Pro 3.9 
Gly 2.9 
Ala 1.2 
½Cys 2.9 
Val o.z 
Met 0.3 
Ile 0.8 
Leu 0.7 
Tyr 1.6 
Phe 0.1 
Orn 0.3 
Ly, z.o 
His o. 3 
Arg 0.6 
Trp 1.4 

Total 42.1 

(I) 

(SO) 
(9) 

(11) 
(19) 
(16) 
(20) 
(22) 

(8) 
(14) 

(0.9) 
(1.3) 
(3.7) 
(3.3) 
(5.3) 
(O.S) 
(0.9) 
(B) 
(1) 
(Z.l) 
(4.1) 

Carbohydrate 

Ara 
Gal 
Glc 
Xyl 
Man 
GlcN 

Total 

~Values are expressed as molar ratios relative to Hyp (=-50). 

Yield 
(I) 

100 

96 

44.0 
4.0 
0.6 
0.6 

trace 
0.3 

49.S 

addi t~~D~f f(G~~NAc)~e~;!a~h~~~ t~f:1;~n~~ s~~~~~~n~! n~c~~~)~=~ ~ho!~~ no 
absorbance at wavelength between 300 nm and 250 nm. Difference spectra have 
peaks at 292 nm and 285 nm, and are typical of the perturbation of the 
tryptophan residue. These peaks we-re also observed with (GlcNAc) 3 and 
(GlcNAc)~, but not with GlcNAc at the concentratio11 used. The i.ntensitv of the 
difference spectrwn of STA was dependent on the concentration of (GlcNAC) 1 , as 
shown in Fig. 5. Plots of Ani-as vs. the concentration of (Clc.'./Ac)i in the 
mixture showed a hyperbolic curve, TTots according to equat1on (3) are shown 
in Fig. 6. -

acryl;~a!Y g~ a~o~~cg~or i~e!~~t p¥£s!~~;-~itr~ ~ii~c!~?~~r:~~~a~~o;:h~~!r· the 
purified STA gave a single band on staining with Coomassie Blue. In this' 
system and by use of markers, a molecular weight of 100,000 was estimated. 

Gel chromatography of STA was performed on Sephadex G-lSO with 0.015 M 
PBS (pH 7.2). As shown in Fig. 1, the peak of protein determined by its -
absorbance at_280 ~m coincided with those of neutral sugar, determined by the 
phenol-sulfu~1c acid method (37), and of hemagglutinating activity. The 
molecular weight was estimated to be 100,000. 

1 0 ~----------------,2' 0 

OS 

500 
elut1or, volume (mO Vt 

Fig. 1. Gel chromatography of purified STA on Sephadex. G-150 column. 
The purified_STA was applied to the column (3.0 x 90 cm) equilibrated with PBS 
and eluted •,nth the same buffer at a flow rate of 10 ml/h. fhe standards for 
molecular weight dcterm1ns1tion here. 
110,000); lb) T-40 (molc!.:ular weight 
lbO,l\\H.\); and (J.) bovine scrum albumrn 

SfA i.as also analyzed by sedimentation-e4ullibrium ultracentr1fugation. 
Plots cf In fr vs r 2 for STA (3.3 g/L) are shown in Fig. 2. The molecular 
weight 1ncreaseir"i..:1th the ~oncentration of STA as previously reported by 
Allen et al. (12), suggesting the aggregation cf the lectin, The- molecular 
weightOf~e monomer was_estimated to be 54,000 by e.x.trapolat1on to zero 
concentrij.tion and use of ~·"' O.OS . 
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Ly:. 1 ~cdi11•nt&':lon ~11u11ibriJ■ ln fr v$. r, plot!!, rhe solution e£ 
l.ittti~ in 0.1 ~ .'iaCJ {1.1 •1/•l) was centr\fui(!d at 8:,?e;.6 r.p.m. at 19.8"C, 

lh~ rlisolo- of a typical equilibnm:1 dialysis experiment a-re presented in 
h,:. l, Th• re:!!ult!! were plotted according to the Scatchard equation 
t/c .. ol r);; (J!JJ, where r Cs t.he number of (GlcNAc)? bound per- S!A, c is the 
Coii'ci:tnt'ra:tiOR of fr-e-e sugar', n is the .maximal value for r, and K 1$ th'e 

~=~~~!:l!~n t.;~n~r:~n~. !~t;~i;o~1(~ic~:g?;!:t!~~e~t1!d~t ;Tx~ru;rb! Th: 2
•

0
• 

1in£"•r plot, the bin.dint constant was calculated as 1.8- x: 10"' tr 1 , 

• 

• 

0 

Fig. :5, t:quilibrw:n di,dysis: <lata for the binding of (GlcNAc),_to STA, 
plotted according to Scatchard (38}. Experimental details an ducrtb•d 
un.der "Methods'', 

of SThii/·ill:1~1t~I)u~~~~r b C:-to;i uon •*r!!:1;1~!c~•~~~t:~~d 0~0~~~;!~ion 
Gly, Pro, and Cy• re•1du,es. The cont••t, of .Ph•, Val, J-iis, and Met rt,•idu•• 
l.'tTC" lOlr, 

fhe existence of Orn r"•idue, was supported by a peak coinciding with 
that of stanCard ornithinf', and .its content was estifr.oted to be about 1 
ru.idut per STA monomer (~r S0,,0,00). 

':'he sute of th• balf~cyttin• re1oidue:s det•ct.d b}' -::h• amJno acid analyur 
wa~ io·o•ti&at•d by the 11cti::odi uJin1 th• diu2lfide e,:chan2• r•a1••t• llfHB and 
2-P.iJS. ~ftti'. d~ll.aturation ,..itk g Ii ur•a ao.d reducticn. wit~ KaJSH•, about ll 
cy5tcin• r«-tlJu.ct "'·•r• d•t•ct•d per aol• of STA aono■ e"!• but ■ o cyndn• was 
det~cted in t.h• •b••nce of N~-eH~, UiaTdlu,s of the ex1:,.te■c• of g ti urea, 

STA conuin•d H\ (v/,t) cf cnbobydrate. 89\ of which wu anbinou, 
V~rr lo1r,; hut sia,ni!lc••~ proportion:. of Gal, Glc. Xrl. and Gld~ "'ere d•tected. 
Tht,,.;,e re,;.ults art ,IithClf different fro• t}iio:Sit ritport•d. by otRer authors, 
A:Ucn and S1•uber1.er (l!) T(l'fOtted no Xyl •l'ld '!.•n, ••d Muu.y end Northcote (13) 
no X)·l trnd Gl.;;:N, :a.nC 7\ vf H;.tn, 

l~l • 0) 
:.,! b~ax 

In th:, t<.{U.tt1,m, l i1o the bindinf; constant of t!i.e STA-('.;1::NAc),~ .. ~·ol.'lplo.x, 
[ s) i• t 1-.e conccnt ration of (Gk:;'fAc J 1 - ., , ~11J ~,..n .i .i tl:l.e •ax i•u• ab:sorpt iott 
iffffero•c., obtclJoc<l -when a1i of th• STA ttrc co-.plti.ud ""itl, (G\cHAc~,-~ 
no.:.c1.ul•1. rr.e ,olid ilne is a l1ta:n~:..qua:·e;, plot of th.~ d.1t.1 tc th4 equation. 

270 280 290 300 

wavelength (nm) 

Jiv, .J. Hifferel'lcc ~pi·,;:u.i of S!:\ .inJ.m::~d h) (Clc'i_\,.::~.~ Th~ 
,;;cnc:e:1tr;1t1on of STA .,..O.!:l 0 . .!9 ~~/•L, ;:m<l t.ha! of LGlcN.'.<.:~: I•) 6.71, 
t"~) 3.35, (,:} l.(a!, (J) U.5-'i, -(•l O.H, (ff 0,11, (jJ 0.111, .Jtnl 
~!1) 0. llS •t!· 

10 

2 
"' 
~ 
~ 
'1' 

f 
0 2 4 6 8 

(SJ x lo' {M) 

Fig. S. Effect of the concentration of (GlcNA,;};t on the difference 
spectra of STA. 

0 

f:i_g. 6. Plo't 0£ (S)/A 2 H•tts versus (GlcNAc)J concentration. Tho 
solid line was ca1culate·d from .a least-square fit to the data. The 
dissociation constant~ was calculatE"d from the intercept nn the absci$a, 

A iol~~r~~i ~? ~~rde tfUHSfR~• c~~~=r ~ rr !~!c~~f i~~~~~~~~;i i*. ~Q urh 
coluun until SfA began to paH throueh th• coluan. Thi,: ., . ., reaclad with le:n 
than 2 •1 of ST.\ .solution for• GlcNAc·:S•pllaro:,.r, colu•D.• u •ha...-n in fia. 1. 
On tke ot'.i..r !land, (Glc!iAc}:·Sepharou and (GlcNAc~,-Scph•ro:1e colu•n~ required 
•uch lara,•r u1ou•t• of .STA t.olutioD, 600 and 1600 :,1, -re.spe,cti,..ely, T■• 
aaouD.U of ST.\ ad.torbed on the cclu■• i•cr~a.sed with the inci:e11-'o of ch:1ia~ 
le:a1th of til.e, i.u1ar li&•~d. theie a•ount~ -•Y be u~•d as a meastLre of th• 
ad!!o!'ption. capacitr of th• cohian, altrou.a!l each colu•n was not coapht•!.Y 
uturatfl'd with STA. 

Fie,:. Affinity coro11u.to5::n1ph)' c,f ,;:rude STA on (GkN,\c)1-l ;';•pharo,t• bll . 
. ,Hinitf ..:hrr> .. utoar:i:ph•t of crud• STA 1,1~• P•H_for:aed on ;1 colucn. (0.9 x 1. 7 ;;~•) 
of: (A) c:c).;Ac-; (B) '(Glc:t'A.::):-; anc-1 lC) (Glc"-Ac),·S•ph,1ros~ oB. A cru,je STA 
:,.elution (!\) in PB~ (tit•r 6t) w•• continuously 1pplicd to ••~:h column untll 
the h•n•1allitrnatin1 :a.cth·itf w .. i deucud in tbe effluent. ;11!d then thr: colmim 

:~:0;·~:~~~.;1!~._;:;d(!{~/:i~/~C~H~~?r•(~)~ ~,;) i_c) The e~uth1n of $'!A 

f ront<1 l ,Hfitd t)' -ChrOJ:1.atoil'aJ h) · -The c h1~ ion . of chl. 1:-in ol i i<)l!J.,;c ha ride:,. 
from • colu•t. of StA-!=:rph ro:,.e .;as rct:ird•d ,...,th o"creca•l.ni iuiar 
-:oncentn<:.iop. PlOU or ~/[~Jc ~·s. l/l~JcC~:'.·~0 ) for the 'frein!a.l ~ifirilty 
<.:hro11atoarttphr of (GlcXf.c),-~- on"'"'S'l'A-Srph,uon ;.rt' !c:hoim 1n F:.1. I, 
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Tho a:'15oc.i•tioa c-o,utant of STA for (Glc""'c)t, (GlcN'.A,::)l, and (GlcNAc.}~ "'•• 
calulated to h• 6.3 x 10 1 , 4.1 x JO'", ••d 3.3 x 10:' N- 1 • r•&pectiY•lY. Tha 
a.dsorption capac.ay of SiA-Sepharou for (Glc>.Ac)i, (Gld-:Ac),, nd (GlcKAc). 
was cakulat♦d to be 90, SO, and J4 1'11101/•l, re•poctiv•lY. Th• valu•s of 
adsorption capacit.y c,dcuh.Ud ..-.r• .(.Q--70\ o{ th.t obtainsd fro• t.h• 
.:on:::•ntration of 1••obili;;;;ed STA, and tb.c-y i1"1.c.rea1,t1d with a d•craas• in the 
size. of th• sugar :oolecuJe. 

Plots of 1/[~Jn.~ 1/(~: 0 (Y,_-Y,o) for \GlcNAc}t-~phu·o~• and (Glc~c).­
!:il'pbar:)sa :tre shown-in Fia. 9. Fro■ th• intercept of abtc.J.•••• Hi• 

:~:
0

~:; t ~
0~o i 0~! ~•~~ r 01Gf~tA~):, ca}~~!•~~: ~~t::c:p: ~f 

1~;df ~: t!:r t~~lct;..\c) •' 
ad•orpt.lon capaci.t? of fClchAc)~ rS•p~aro,e ,,,.., C,Ucuhted to b• 0.1!, and that 
of (Glc~Ach·S•pbuot,ie 0.11 11aoi STA/al of a•i. Thoe 11•lu•• corrupond to 
only 1/150 of tho aaount ~30 ,•?ll•l of a,d} of i-ob1.11.nd (GlcNi\c), or ~, 
which w•• deter■io•d by br:ir.osaa1ne analysis. 
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t/[AJ. 

posit~• srnari'~ ~n~ ~1~
0 (~~1tt~~:~!"1n c~i:~fL~ornt~•~~-:~t;~o .::1;~t. a of 

the 1ecottd,uy structure us:ina .lt.tndard data for a·hclix, •-•tructur«, r.nd 
unordt'ritd !tructure ilHn by Chu: •t ,_1, (.H) eave valuu C•u TabU Ill) that 
1,;•r• co•paTt:'d ,,,itb ...-,1.uu calculatio Yor lys-o.une and valu•• r•port•d by 
Chen •t al. (3<1). STA had ,o-. of 1-f~T• aad 60\ of unordu•d fon•, b1.1t no 
.,.~ho11X·. ~A co■puter an..Iyrii, of .ucondarr •tructure ueiili data fo-r .II ·turn 
(35) and coll.tieta heli• (3b) suu.sud tAat STA h,, lO·lS\ of i~tun ,ad 
:!0~40\ of co11w,~n hC'iiJ;. Under th, condition• ,;;if .:o!Lacenau tr,a.taeDt, 
"-ht!'n: 700 •ol o~ a•ino ter11inal ,...,, produc•d per •ol. of the collav•n, no ••,no 
acid. terllinal, ... ore 1,rodu..:tci fro• STA. Th• CD isp•ctu of STA at zso~-JOO n• 
wnt- ■odLficd by the addition of (GlcNAc)1 and (ClcAAc)t, but not of Glc:'io'c 
(fir.al conc-cntution ..-u. 3 •i/•1). Cb.ani~~ in th"" vah1u of 1e1 at .!'ill nm by 
varioufl. conc1otrat1on.i of suaars are ~h::iwn in Fij. 11, Thr- intensiths of 
cb:ln.-:ir,1' 1nduced by {ClcNAc)1 •oer• lar-itr than thost:' br (Glct-:Ac;),, 

·12,L..-~--~-~--~,.,._.1 
190 210 230 2o0 

,>. (nm) 

Pii· 10, '.Par-ultraviolet en ,pectru• of STA. The 1iaht path _,u 1 -
and tb.• concent.ution of STA ,.-as 0.1.l •il•l a w.-:iter. Tn• dotted line :11how$ 
th• spectrv.• of the -..0!1t•11t (H10) t11e&$1,1;:ud ln !.he same manner. 

STA 

Table 111 

Frtc.tioas of o;•tte-lix, B, 111d Unorde-r•d form in SrA .J.nd 
Lys.o::r■c Deter■ined by Cl> Spt-ctro111otry 

o-Helix 
(!) 

e~Form Unordered 

0 

i 
-§ 
5 
"" ~ 
-. 
~ 
'SI 

-12 
0 

40 

" 41 

OJ 

40 

13 
II 
lo 

2 3 14 15 
[Sl x 10' (M) 

:1) 

so 

47 

form 

Hs, 11. CA•nae in va11.10 of f0J sH 291 nm with O.• coru::el\tntions of 
r.icNAc, fGlcNAc)i, al\d (Glc,U,c),. CD ... , JIIIU:!:.ired for -l s·:-i tQlUtion 
(O.•'- •v/•1 water) with )'•r101.1s conco-rttrationJ of ,ua.::ar, ;,t morn ternpera~ure. 
Tb.• optical p•th~lenath wu 1 CJL The va.luu o( .A(liiiJ at .29r tPl were plotted 
AJ.&iait the concentration of ~ugars: •• (~ldlAr.:; A, (Cl.::'iAc) 1 ; an<l 
Q, (GldfAc) l. 


