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Maackia amurensis haemagglutinin (MAH) is a leguminous lectin which preferentially binds to a cluster of
sialylated O-linked carbohydrate chains (Konamt Y, Yamamoto K, Osawa T, Irimura T (1994) FEBS Leit
342:334-38). In the present study a 950 bp ¢cDNA clone encoding MAH was isolated from a ¢DNA library
constructed from germinated Maackia amurensis seeds. From the nucleotide sequence, MAH was predicted to
consist of 285 amino acid residues containing a signal peptide of 29 amino acids. The results also confirmed our
previous findings from the amino acid sequence analysis, which indicated that two highly conserved amino acid
residues in all other well-known leguminous lectins were replaced in MAH. These residues were lysine-1035
and aspartic acid-135. The corresponding amino acid residues in other leguminous lectins were glycine and
asparagine, respectively. These differences were due to the presence of nucleotides AAA and GAT in place of

AAT/C and GGA/T.
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Introduction

The presence of a lectin with haemagglutination activity in
Maackia amurensis seeds was first described by Boyd er al.
[1]. Two isolectins, haemagglutinin (MAH) and leuko-
agglutinin (MAL) were previously purified from seeds in
our laboratory [2]. The carbohydrate binding specificity of
these isolectins, particularly MAL, as compared with other
leguminous lectins of related characteristics has been
investigated in several laboratories [3, 4]. The properties of
MAH was less understood than that of MAL until recently.
It was previously reported that MAH primarily bound the
sialic acid-containing carbohydrate chains of porcine
submaxillary mucin. The results of competitive binding
studies of MAH and other legume lecting to human
erythrocytes [5] and the quantitative inhibition assay of
MAH with various glycoproteins and glycopeptides [6]
suggested that this lectin bound O-linked sugar chains.
Recently, the precise carbohydrate-binding specificity of
MAH was determined by lectin affinity chromatography.
In these studies, the amino terminal octapeptide (CB-II)
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derived from human glycophorin A (containing three sialyl
oligosaccharides linked to Ser-Thr-Thr) was found to have
the strongest affinity for MAH among the different glyco-
peptides and oligosaccharides that were tested [7].

We have also taken another approach to elucidate the
carbohydrate specificity of leguminous lectins, which is
to determine the structure of carbohydrate-recognition
domains. Based on this information, we have already
identified the putative carbohydrate-recognition domain of
MAH based on its amino acid sequence [8]. The location
of the carbohydrate-recognition domain of leguminous
lectins has been determined by a combination of physico-
chemical and molecular biological studies. For example, we
have cloned cDNA coding for the Bauhinia purpurea lectin
9] and the carbohydrate-binding specificity of this lectin
was altered by constructing a chimeric lectin with the
carbohydrate-recognition domain of Lens culinaris lectin
{103. To elucidate eventually the relationship between the
primary amino acid sequence of leguminous lectins and
carbohydrate specificity, we aimed at obtaining ¢cDNA
clones corresponding to Maackia amurensis lectins. In the
present report, we isolated and characterized a cDNA clone
representing the entire coding sequence of MAH. The
availability of this clone will enable us to examine the
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correlation between its amino acid sequence and carbo-
hydrate-binding specificity, especially in comparison with
the interaction of other leguminous lectins with sialyl
residues.

Materials and methods

Materials

The Maackia amurensis seeds were obtained from F. W.
Schumacher (Sandwich, MA, USA). Sephadex G-25 was
purchased from Pharmacia (Uppsala, Sweden). Restriction
enzymes and DNA modifying enzymes were obtained from
Pharmacia, New England Biolabs (Beverley, MA, USA),
and Boehringer GmbH (Mannheim, Germany). DNA
sequencing reagents were obtained from ABI (Foster City,
CA, USA). All other reagents were of analytical grade.

RN A isolation and ¢cDN A cloning

Maackia amurensis sceds were germinated and grown on
wet cotton at 31°C for 5-8 days. Total RNA was isolated
from germinated Maackia amurensis seeds by the phenol-
sodium dodecyl sulfate method [11], followed by guanidium
thiocyanate-CsCl centrifugation [12]. PolyA* RNA was
prepared by oligo dT-cellulose column chromatography
[13]. PolyA™ RNA (5 pg) was used to construct a double-
stranded ¢cDNA by the method of Gubler and Hoffman
[14]. Double-stranded cDNA thus obtained was methylated
with Eco RI methylase, followed by the addition of Eco RI
linkers. The linked cDINA was ligated into the Eco RI site
of Agtl0 cloning vector and packaged with in vitro
packaging extract (Stratagene, La Jolla, CA, USA). The
cDNA library, consisting of 1.2 x 10° independent clones
was used to transform E. coli C600hfi™.

Isolation of ¢DN A clones coding MAH

Recombinant phages with host cells were plated on 2 x YT
agar plates and incubated at 37°C for 14 h. The amplified
library was transferred to nylon membrane filters (Pall,
Glen Cove, NY, USA). The replicated filters were hybrid-
ized with a synthetic DNA mixed probe (5GTNGAA/
GACNCAC/TGAC/TGT3') representing all possible DNA
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sequences predicted for the amino acid sequence, VETHDYV,
determined by peptide sequencing of a Lys-C fragment [8].
Following hybridization and washing as described by
Maniatis et al. [15], the filters were exposed to Kodak
XAR-5 film at —80°C. Positively hybridizing clones with the
above probe were isolated and phages collected according to
standard procedures [ 16]. The cDNA inserts were amplified
by means of polymerase chain reaction (PCR) using Agt10
primers (SAGCAAGTTCAGCCTGGTTAAG3  and
SCTTATGAGTATTTCTTCCAGGGTAZ, New England
Biolabs), and examined by Southern blot hybridization
using the labelled probe described above [17]. To obtain
full length ¢cDNA clones, further screening was carried out
using a positively hybridizing cDNA insert, after the DNA
was labelled with *?P-dCTP by a random primer labelling
kit (Amersham, Buckinghamshire, England).

Subcloning of ¢cDN A inserts

¢DNA inserts positively hybridizing with the probe were
ligated with the vector, pT7T3-18U (Pharmacia LKB
Biotechnology, Uppsala, Sweden), and then transformed
into competent E. coli IM109 celis. Recombinant plasmids
were isolated by the alkaline lysis method [18].

DN A sequence analysis

The DNAs were sequenced by the dideoxy chain termina-
tion method [19]. MAH c¢cDNA fragment was cleaved with
Bam HI and the resulting smalier fragments were subcloned
into pBluescript SK II™ (Clonetech, Palo Alto, CA, USA)
followed by sequence analysis from double-stranded tem-
plates. The sequencing strategy for determining the nucleo-
tide sequence is given in Fig. 1.

Results and discussion

Poly A* RNA from germinated Maackia amurensis seeds
was used to construct a cDNA library in the Agt10 vector.
The bacteriophage was propagated in E. coli C600hfl™, and
the resultant 5.0 x 10* plaques were screened with a mixed
oligonucleotide probe as described in the Materials and
methods section. From the library, two clones (MAH1 and
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Figure 1. Restriction map and sequencing strategy of the MAH ¢cDNA clone. The coding region is boxed. The black box indicates the
signal peptide. Restriction sites are indicated. Arrows indicate the length of the fragments and the direction of sequencing.
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MAH2) which gave strong hybridization signals with the
probe were detected. From the southern blot hybridization,
it was apparent that the two clones contained inserts of
about 335 and 220 bp, respectively. These cDNAs were
amplified by means of PCR and ligated into the sequencing
plasmid pT7T3-18U. Plasmids carrying cDNA inserts were
recovered and designated as pMAH1 and pMAH2, respec-
tively. Nucleotide sequences of these cDNA clones indicate
that both clones encoded MAH. However, the size of the
cDNAs in pMAH1 and pMAH?2 was smaller than expected
for a full-length ¢cDNA encoding the lectin. Thus, further
screening of full-length cDNA coding MAH was performed
by use of pMAH1 ¢cDNA as a hybridization probe. Twelve
of the 5 x 10* recombinant phages hybridized with the
c¢DNA probe. The largest clone of those isolated from the 12
positive clones, pMAH-F, contained an insert of approxi-
mately 1000 bp. The sequencing strategy and restriction
map of the pMAH-F cDNA clone are given in Fig. 1. The
nucleotide sequence of pMAH-F and its deduced amino
acid sequence are shown in Fig. 2. The ¢cDNA included a
coding region of 855-nucleotides with a single initiation
codon ATG at position 3-5. The primary sequence analysis
of MAH [6] previously showed that serine was residue 1
and aspartic acid residue 2. The open reading frame of the
cDNA encoded a polypeptide of 285 amino acids including
a signal peptide composed of 29 amino acids (upstream of
Ser-Asp). The estimated molecular weight of the deduced
sequence minus the signal sequence was 27 591. Figure 3
shows that the deduced sequence was identical to the
sequence of MAH, as determined previously by peptide
sequencing, cxcept at positions 50 and 203 which contained
Ala and Gly instead of Val and Glu, respectively. The
sequences of the other positive clones in these regions were
examined and found to be identical to that of pMAH-F.
The differences between the deduced sequence and the
previously determined sequence might be explained by a
possibility that haemagglutinins of Maackia amurensis seeds
might be coded by a family of closely related genes.
Alternatively, the differences might be due to an error
during the peptide sequencing. As underscored by solid lines
in Fig. 2, the potential glycosylation sites of MAH were
Asn-111, Asn-177 and Asn-189. These sites were located in
the sequences of -Phe-Asn-Asn-Ser-, -Pro-Asn-Lys-Thr-
and Ser-Asn-Gla-Thr-. In the previous protein sequence
analyses the Asn residues at these sites were not detectable,
as shown in Fig. 3 by X. Therefore, it was plausible that all
three sites are glycosylated in the mature lectin.

As mentioned above, the deduced sequence showed 29
amino acid residues before Ser-1 which most likely repre-
sents a signal leader peptide needed for the translocation of
the immature lectin into the endoplasmic reticulum. All
legume lectins studied so far have such a signal peptide
which is usually between 20 and 30 amino acids long and
characteristically very hydrophobic. At the C-terminal end
of the deduced sequence, there were nine additional amino
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1o 20 30 48 50 69
geecatggetacttccaactcaaaaccaactcaagtecttcttgecaccttcttaactttc
S NS KPTQVLLATTFLTTF

70 80 90 160 110 120
ttccttttgctactcaacaacgtaaactcatcagatgagctttcttttaccatcaacaat
F L L L LNNWV S S S FT I NN

130 140 15¢ 160 17¢ 180
ttcatgccaaatcaaggcgatctactcttccaaggtgtugccactgtttcaccaacaggg
FMPNGQS®EG L L F Qg G T S PTG

190 200 216 220 230 240

gtattacaacttaccagcegaagaaaacggtcaacccctggagtattctgttggcagaget
VLILQLTSEENUGQPLTEYSV GRA

250 260 270 280 290 300
ctatatactgcecctgtgegeatttgggacagtaccactggegecgtageaagettetec
LY T APV RIWDSTTGAVASTES

310 320 330 340 35¢ 360
acttccttcacctttgttgtgaaagcagctaggggagcttctgacggtttagccttcttt
TS FTFV ) G L F F

370 380 390 400 410 4209

cttgcaccacctgattctcagatcccttegggeagegtatcgaaatacctaggacttttt
L APPDSQIUPSGCSVSKYLGLTF

430 449 450 460 470 480
aacaactcaaattccgatagttccaaccaaattgttgctgtagagtttgacacttacttc
N NS NSDSSNAQTI D T Y F

*

490 500 510 520 530 540
ggccatagttatgatccctgggatccaaattatcgacatatcggaattgatgtcaacggt
GHSYDPWDPNYR RUHTIGTIDVNSEG

550 560 570 580 590 600

attgagtcgataaaaactgtgcaatgggattggattaacggeggagttgectttgetacc
I ESI KTV QWDWTINGG GV ATFAT

610 620 630 640 650 660
ataacctatctagctcccaacaaaacgttaatagcatctctagtttacccttccaatcaa
I TYLlLAP N K T L I S L Y P S NQ

*

670 680 690 700 719 720
acaagtttcattgtcegetgettctgttgatttgaagggaatcctccctgagtgggttaga
TSFIVAASYDLZKTGCITULPEWVR R

73@ 740 750 760 779 780
gttggtttctctgetgecacgggtgctcectaaageagttgaaacccacgatgttegttcc
VFSAATGAPIKAVYVETHDVYR RS

790 800 810 820 830 840
tggtctttcacgtcaactttggaagecaacagecctgetgatgtggataataatgtgeat
WS FTSTLEANSPADVDNNVH

850 860 870 83e 890 900

%tcgcacgttacactgcaigatctcgtgagctttcgtatgtattaggtgtttatgtaaat
AR Y T A

910 920 930 940 950
taaatagaaatgacctgaaataatggttatcggegeagctatacaaaaat

Figure 2. The nucleotide sequence and the deduced amino acid
sequence of the MAH cDNA clone. The nucleotides are listed in
the 5" to 3’ direction. The termination site is marked with a star.
The signal sequence is indicated by the thick solid line. The
amino acid sequences used for probes are underlined with dotted
lines. Asterisks represent sites of potential asparagine-linked
glycosylation.

acid residues not found in the sequence determined at the
protein level. The difference might be due to incompleteness
of the chemical sequence or might suggest the possibility of
a post-translational modification at the C-terminal of the
protein, as has been proposed for other lectins [20].

The cDNA sequence of MAH was 59.0%, homologous to
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A 29
B 1
A) 32
B) 32
Ay 92
By 92
A) 152
B) 152’

MATSNSKPTQVLLATFLTFFFLLLNNVNSSDELSFTINNFMPNQGDLLFQGVATVSPTGY

SDELSFTINNFMPNQGDLLFQGVATVSPTGY

LQLTSEENGQPLEYSVGRALYTAPVRIWDSTTGAVASFSTSFTFVVKAARGASDGLAFFL

LQLTSEENGQPLEYSVGRVLYTAPVRIWDSTTGAVASFSTSFTFVVKAARGASDGLAFFL

APPDSQIPSGSVSKYLGLFNNSNSDSSNQIVAVEFDTYFGHSYDPWDPNYRHIGIDVNGI

APPDSQIPSGSVSKYLGLFXNSNSDSSNQIVAVEFDTYFGHSYDPWDPNYRHIGIDVNGT

ESIKTVQWDWINGGVAFATITYLAPNKTLIASLVYPSNGTSFIVAASVDLKGILPEWVRV

ESIKTVQWDWINGGVAFATITYLAPXKTLIASLVYPSXQTSFIVAASVDLKEILPEWVRV
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A) 212 GFSAATGAPKAVETHDVRSWSFTSTLEANSPADVDNNVHIARYTA

B) 212" GFSAATGAPKAVETHDVRSWSFTSTLEANSPADVDN
Figure 3. Comparison of the deduced amino acid sequence of MAH c¢DNA (A} with the sequence of the lectin as determined at the
protein level (B). Amino acid numbers are shown in the second column. Asterisks indicate identical amino acid residues. The leader
sequence of the lectin is underlined. There are nine additional amino acids at the C-terminal of the protein in the deduced sequences

underscored by a dashed line.

the nucleotide sequence of the coding region of soybean
agglutinin [217, 55.7%, homologous to the cDNA of the
Dolichos biflorus lectin [22], 60.7% homologous to the
¢DNA of the Erythrina corallodendron lectin [23], 57.09,
homologous to the cDNA of the Pisum sativum lectin [20],
and 56.8% homologous to the cDNA of Bauhinia purpurea
lectin {8].

The isolation and characterization of the cDNA for MAH
reported in this paper now enables us to utilize recombinant
DNA techniques in the future elucidation of the correlation
between the structure and the function of this lectin. These
studies are currently in progress.
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