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A carbohydrate-binding peptid¢ of the di-N-acetyichitobios~.-binding Cytisus sessilifolius anti-H(O) leetin I (CSA-I) was isolated from the endopro- 
teinase Asp-N digest of CSA-I by affinity chromatography on a column of N-aeetyi-~glucosamine oligomer.Sepharose (GIcNAc oligomer- 
Sepharose), The amino acid sequence of the carbohydrate-binding peptide of CSA-I was determined to be DTYFGKTYNPW using a gas-phase 
protein sequencer, This sequence corresponds to the sequence from Asp-129 to Trp.139 based on the primary structure of CSA-I. and shows a 
high degree of homology to those of the putative carbohydrate-binding peptid¢ of the Laburttut~t a/pit~tlm lectin I (LAA-I) (DTYFGKAYNPW) 
and of the Ulex europaeus lectin Ii (UEA-II) (DSYFGKTYN PW), The binding of these three anti-H(O) ieetins is known to be inhibited by di-N- 
aeetylclfitobios¢ but not by L-fucose. These results strongly suggest that there is a good correlation between the carbohydrate.binding specificity 

and the amino acid sequence of the carbohydrate-binding regions of di-N-acetylcbitobios~-binding lectins, 

C),ttsus s,,ssil(lbtius anti-H(O) lectin" Amino acid sequence; Carbohydrate-binding peptide 

1. INTRODUCTION 

Lectins are widely used as tools for the study of the 
carbohydrate constituents of cell surfaccz and glycopro- 
teins. They are also widely used for the isolation of 
glyeoproteins by affinity chromatography. Leguminous 
lectins resemble each other in their physicoehemical 
properties regardless of their carbohydrate-binding 
specificity. Several anti-H(O) lectins have already been 
isolated and characterized for their carbohydrate-bind- 
ing specificity [i-19]. On the basis of  the inhibition as- 
says using simple sugars as inhibitors, these anti-H(O) 
lectins were known to be subdivided into two groups. 
The first group is the so-called eel serum type anti-H(O) 
lectins including Ulex europaeus iectin I (UEA-I) and 
Lotus tetragonolobus lectin (LTA). Their binding is in- 
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hibited by e-fucose. The second group is the so-called 
Cytisus-type anti-H(O) lectins including Ulex europaeus 
leetin 11 (UEA-II), Laburnum alpinum lectin I (LAA-I), 
and Cytisus sessilifolius lectin I (CSA-I). Their binding 
is inhibited by di-N-acetylchitobiose. 

In previous papers [19-21] we have determined the 
primary structures of LTA [19], UEA-I [20], UEA-ll 
[20] and LAA-I [21], and compared them with those of 
several other leguminous lectins. Extensive homology 
was found throughout the stretch of the peptides. Fur- 
thermore, carbohydrate-binding peptides have been iso- 
lated from LTA, UEA-I, UEA-I1 and LAA-I by affinity 
chromatography after treatment of  the lectins with en- 
doproteinase Asp-N or Lys-C [22]. The peptides having 
an affinity for the specific sugars were retarded on the 
affinity columns of  GIcNAc oligomer-Sepharos¢ for 
LAA-I and UEA-II, and Fuc-gel for LTA and UEA-I. 
The homology found in the amino acid sequences 
among these retarded peptides indicates the presence of  
a carbohydrate-binding region of homologous legumi- 
nous leetins. However, there was not enough available 
data to draw a conclusion on the relationship between 
the sequence of  this region and the carbohydrate-bind- 
ing specificity. 

In this study, we determined the complete amino acid 
sequence of the di-N-acetylchitobiose-binding anti- 
H(O) CSA-I using a protein sequencer. After digestion 
of CSA-I with two kinds of  endoproteinase. Lys-C or 
Asp-N, the resulting peptides were purified by reversed- 
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phase high-performance liquid chromatography 
(HPLC) and then subjected to sequence analysis. 

A carbohydrate-binding peptide was also isolated 
from the Asp-N digest of CSA-I by affinity chromatog- 
raphy on a column of GIcNAc oligomer-Sepharose and 
the amino acid sequence of this peptide was determined 
using a protein sequencer. More extensive homology 
was detected in the sequences of  the carbohydrate-Sind- 
ins peptide of CSA-I (DTYFGKTYNPW), LAA-I (D- 
TYFGKAYNPW), and UEA-I[ (DSYFGKTYNPW) 
than for the homology between isolectins having differ- 
ent carbohydrate-binding specificity. These results 
strongly suggest that there is a close relationship be- 
tween the carbohydrate-binding specificity and the se- 
quences of the carbohydrate-binding peptide of the di- 
N-acetylchitobiose-binding (C)~t~sus-type) lectins such 
as CSA-I, LAA-I and UEA-II. 

2. MATERIALS AND METHODS 
2.1. Materiat~ 

The seeds of C),tlsus sessi/ifolius were obtained from Service plus 
S,A. (Venissieux ccdex, France). Sepharose 4B was purchased from 
Pharmacia (Uppsala, Sweden). C~ and C,. ~ Bondaspheres ( 100 A) for 
reversed-phase chromatography were obtained from Waters (Burling- 

ton, MA, USA). Endoproteinase Lys-C (Lysobttcter en:,|'mogenes) and 
Asp-N (Pseudo.zon.sfi'agi) were purchased f'rom Boehringer GmbH 
(Maanheim. G~rmany), 

2,2, Preparation of spec([ic af/itzity adsurbe.t, GIcNAc oligomer. 
Sepharose 

Chitin oligosa~eharides were prepared by '.he limited hydrolysis of 
chitin according to the method of' Rupley [23], A mixture of tetra-N- 
acetylchitotetraose° penta-N-acetylehitopentaose° and hexa-N-ace- 
tylehitohexaose (1:1:i; w/w) prepared as already mentioned was cou- 
pled to amino-Sepharose 4B according to the method of' Baues and 
Gray [24] (GIcNAe oligomer-Sephurose). 

2,3. Purification of CgA.I 
CSA-I was isolated and purified by affinity chromatography by the 

previously reported method [18], The affinity-purified CSA-I was fur- 
ther purified by reversed-phase HPLC on a column of C~ using a linear 
gradient (0-100%) of 2-propanol/acetanitrile (7:3) in distilled water 
containing 0,1% trifluoroacetic acid (TFA) in 60 rain at a flow rate of 
1 ml/min. 

2.4. Digestion of CSA.I with etuloproteinase Lys-C or Asp.N 
The purified CSA-I (0.5 mg in 150/~1 of' 50 mM phosphate buffer. 

pH 8,0, 37°C) was digested with 5/.tg o1" Lys-C or with 2 ~'g of Asp-N 
for 18 h, The peptide fragments obtair~ed were separated by reversed- 
phase HPLC on a column of C~a using a linear gradient (0-60%) of 
2-propanol/acetonitrile (7:3) in distilled water containing 0,1% TFA 
in 60 rain at a flow rate of' 1 ml/min. Elution profiles were monitored 
by the absorbance at 220 nm, The peptide fragments were manually 
collected. 
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Fig. 1. Reversed-phase HPLC of Lys-C digest of purified CSA-I on a column of Cj,. The residues, which were difficult to identify, are written in 
italics, Two peaks arising from dithiothreitol used for the reduction of• CSA-I are marked with an asterisk, Minor peptides in the fragments are 

marked with a triangle. 

130 



Volume 304, number 2,3 FEBS LETrERS June 1992 

!5,  Isolation of  a caebohydrate.binding pepttde of CSA-I 
The purified CSA-I was digestexi with endoprominas ~ . Asp-N ~nd 

a mixture of all the obtained peptide fragments was applied ~,: a 
column of GIcNA¢ oligomer-Sepharose (5 ml). The colun~t: ~,as 
washed with 10 mM Tris/HCl, pH 6.8, conta!ning0.15 M NaCI, i mM 
CaCl: and 1 mM MnCl, at a flow rate of 1,5 nd/h. Each 0,5 ml was 
collected and analyzed by reversed-phase I-IPLC on a column of C:, 
with a linear gradient (0-60%) of 2.propanol/acetonitrile (7:3) in dis. 
tilled water containing 0.1% TFA in 30 rain at a flow rate of 1 ml/min, 
The elution was monitored by the absorbance at 220 nm. 

!6.  Atnino acid sequence analysis 
The amino acid sequenc~ analyses of the ~ptide fragments fraction- 

ated by HPLC were p~rformed with a 6600 ProSeqaencer solid-phase 
protein sequencer (MilliOen/Biosearch, Burlington, MA, USA) and 
a PSQ-I gas-phase sequencer (Shimazu, Kyoto, Japan). 

3. RESULTS A N D  DISCUSSION 

3.1. Determination of the prhnary structure of CSA-I 
Purification and sequencing of  the peptides, obtained 

after digestion of  CSA-I with endoproteinase Lys-C 
(Fig. 1) or Asp-N (Fig. 2), provided enough overlapping 
sequences to obtain the complete amino acid sequence 
of CSA-I (Fig. 3). Some sequenced peptide fragments 
(L8 and LI5) were aligned by the use of the structural 

homology with several anti-H(O) leguminous l~tins 
shown in Fig. 4. The structure of CSA-I contains 244 
amino acid residues. The n:olecular weight of CSA-I 
calculated on the basis of  the primary sequence is 
26,575.02. This value is in good agreement with the 
apparent molecular weight previously determined by 
SDS-PAGE (27,000) [18]. As shown in Fig. 4, the com- 
plete amino acid sequence of CSA-I was compared with 
those of LAA-[ [21], UEA-II [20] and UEA-I [20]. CSA- 
I, LAA-I and UEA-II are all di-N-aeetylchitobiose- 
binding anti-H(O) lectins. The overall identity value 
between CSA-I and LAA-I is 86.1% and that I~tw~n 
CSA-I and UEA-II is 87.7%. Although UEA-I and 
UEA-II are isolectins isolated from the seeds of  the 
same species, Ulex europaeus, the overall positional 
identity value between UEA-I and UEA-II was S2.0% 
[20]. On the other hand, the overall identity values be- 
tween CSA-I and LAA-I (86.1%), and between CSA-I 
and UEA-I (87.7%) are strikingly high. 

3.2. Affinity chJ'omatography of the Asp-N digest of 
CSA-I 

The Asp.N digest of CSA-I was fractionated on a 
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Fig. 2. Reversed-phase HPLC of Asp-N digest of purified CSA-I on a column of C~u. The residues, which were difficult to identify, are written 
in italics. Two peaks arising from dithiothrcitol used for the n.'duction of CSA-I are marked with an asterisk. Minor peptides in the fragments are 

marked with a triangle. 
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Fig, 3. Complete amino acid sequence of CSA-i, Primary structure in terms ot" the peptides obtained alter digestion with L2,'s-C (L) and Asp-N 
(A), RcsidueB were identified by automated sequence analysis oi" the Lys.C fragments (--I.,--) or the Asp-N fragments (==A==), The numbering 

starts l'rom the N terminus. Dots show residues not dearly determined at this position. 
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Fig. 4. Comparison of complete amino acid sequenc~ of CSA-1 with those of LAA-I, UEA-II and UEA-I and their carbohydrate-binding p~ptide 
sequences. The sequences were aligned to maximize homology. (-) denotes sequence identity with that of CSA-I. Dots r~p~'s~nt gaps introduced 

for maximal alignment. The sequences of the putative carbohydrate-binding peptides of CSA-I, LAA-I, UEA-II and UEA-! are undcrlin'~d. 
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Fig, 5, Elution profiles on reversed-phase HPLC on a column of  C~s of fractions obtained by affinity chromatography of Asp-N digest of  CSA-I. 
The purified CSA-I was digested with endoproteinase Asp-N at 37°C for 18 h, The reaction mixtures were applied to a column of GIcNAc 
oligomer.Sepharose as described in section 2. After the column had been washed with Tris-HCI, pH 6,8, containing 0.15 M NaCI, 1 mM CaCl, 
and 1 mM MnCI:, each fraction was analyzed by reversed.phase HPLC on a column of C~ as described in section 2, Arrows indicate the peptide 

of CSA-I retained on the affinity column, 

column of GlcNAc oligomer-Sepharose. Each fraction 
was separately subjected to reversed-phase HPLC on a 
column of Cts. Fig. 5 shows the elution profiles on 
HPLC of the affinity fractions obtained from CSA-I. In 
this figure, the elution profile of  the original mixture of 
the Asp-N digest of  CSA-I is shown in the left panel 
(shown as Total). Comparison of the elution profiles of 
the affinity fractions with this original profile clearly 
shows that most of  the Asp-N digest fragments of  CSA- 
I were recovered in affinity fraction 8. The pcptide frag- 
ment indicated by the arrows in Fig. 5 appeared to be 
retained on the GlcNAc oligomer-Sepharose column, 
because this fragment is a major component of fraction 
9 and is also clearly observed in fraction 10, suggesting 
that it specifically interacts with the N-acetyl-D-glu- 
¢osamine oligomer. The peptide retained on the column 
was purified by reversed-phase HPLC on Ct~ and the 
amino acid sequence of this peptide was determined 
using a gas-phase protein sequencer. On the basis of  the 
complete amino acid sequence of CSA-I shown in Fig. 
3, it appears that the carbohydrate-binding peptide, 
DTYFGKTYNPW, from CSA-I corresponds to the se- 
quence from Asp.129 to Trp.139. 

3.3. Comparison of the sequence of the carbohydrale. 
binding peptide of CSA-1 with those of LAA-L 
UEA.II and UEA-I 

The sequence of the peptide of CSA-I (underlined in 
Fig. 4), which was retained on the GIcNAc oligomer- 
Sepharose column, was compared with those of LAA-I, 
UEA-II and UEA-I (also underlined in Fig. 4), and this 
sequence apparently corresponds to a relatively con- 
served region of the anti-H(O) leguminous ' - ' : -  ,e~,L,,s. This 
region has already been demonstrated to represent car- 
bohydrate-binding sites of LTA, UEA-I, UEA-II and 
LAA-I [22]. 
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The amino acid sequence of the putative carbohy- 
drate-binding peptide of CSA-I was DTYFGK- 
TYNPW and this amino acid sequence was compared 
with those of LAA-I (DTYFGKAYNP~V) [22], UEA-II 
(DSYFGKTYNPW) [22] and UEA-I (DTIGSP- 
VNFW) [22]. The sequence of  the carbohydrate-binding 
peptide of CSA-I was almost identical with those of 
LAA-I and UEA-II. The sequence of  the carbohydrate- 
binding peptide of UEA-I, an isolectin of UEA-II hav- 
ing u-fucose-binding specificity, was different from 
those of the three di-N-acetylchitobiose-binding lectins. 
In view of the differences in the species of  the seeds from 
which CSA-I, LAA-I and UEA-II were isolated, the 
observed homology of these three leetins seems to be 
striking. The fact that these three kinds of anti-H(O) 
lcctins have the same di-N-acetylehitobiose- binding 
specificity and no t.-fucose-binding specificity is worthy 
of  remark. The finding provides us with important clues 
as to the elucidation of the relationship between the 
carbohydrate-binding specificity and the structure of 
the carbohydrate-binding region of the leguminous 
plant seeds. Because the structural homology of  these 
three di-N-acetylchitobiose-binding lectins is extremely 
high throughout the stretch of these polypeptides, these 
three lectins may consist of the products from a group 
of  closely related genes. 
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