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Abstract. Using degenerative primers designed on the basis of known sequences of lectin genes from different sources a
fragment of genomic DNA of Borrelia burgdorferi ( strain B31) that contained a lectin-like sequence was isolated, cloned and
sequenced. The presence of an open reading frame of 268 amino acids (position 1501-2304 bp) and the computer analysis of the
predicted amino acid sequence showed 37% of identity and 75% of homology over region of 25 amino acids with the legume
lectin proteins, including erythroagglutinating phytohemagglutinin (PHA-E) and leucoagglutinating phytohemagglutinin (PHA-
L). The further analysis of the predicted amino acid sequence showed the presence of another two domains (positions 198-211
and 215-226 aa) consisting of the characteristic conserved sequence motifs for legume lectin proteins. Hemagglutinating activity
was detected in lysate of B. burgdorferi (strain B31) spirochete and the affinity to fetuin was determined in a hemagglutination
inhibition test. Hemagglutinating activity was also found in a crude lysate of the recombinant clones carrying the fragment of B.
burgdorferi genomic DNA. The inhibition of agglutinating activity by fetuin, D-galactosamine and D-mannosamine was
determined using the standard procedure of hemagglutination inhibition test with native rabbit red blood cells (RBC).

Lectins are ubiquitous proteins that are probably
present in all eukaryotic and many bacterial species as
well as in some viruses. They were defined as carbo-
hydrate-binding proteins other than antibodies and
enzymes (Kocourek and Hořejší 1981, Barondes 1988).
Lectins have been conserved throughout evolution and
thus, there is strong evidence that they must have
important functions in nature (see Sharon and Lis 1989
for review). It is generally believed that lectins serve
primarily as recognition molecules and may also play a
role in a transmission of pathogens by invertebrate
vectors (Maudlin and Welburn 1988).

Hemagglutinins represent important functional
activities of various bacteria. The best characterised are
E. coli lectins: type 1 fimbriae (mannose-specific), type
P fimbriae (galactose-specific) and lectins of oral
Actinomycetes: S fimbriae (sialic acid-specific) and
type 2 fimbriae (galactose-specific) (see Sharon and Lis
1989 for review).

Bacterial surface lectins play a key role in the
initiation of infection by mediating bacterial adherence
to epithelial cells of the host (e.g. type 1 and type P
lectins of E. coli). Lectin-containing bacteria may also
bind to carbohydrate epitopes on phagocytic cells, such
as polymorphonuclear leucocytes or peritoneal macro-
phages. The lectin-mediated non-opsonic phagocytosis,
which has been designated as lectino-phagocytosis, may
be of relevance in both vector and host-tissue
interactions (Ofek and Sharon 1988).

Spirochetes of Borrelia genus are causative agents of
serious infective diseases of man and animals. Most of
Borrelia species are transmitted by argasid and ixodid

ticks. They cause Lyme disease (B. burgdorferi) and
relapsing fevers (B. duttoni, B. hermsi, B. parkeri, etc)
(for review, see Barbour and Hayes 1986).

It has been already known that B. burgdorferi binds
to many types of mammalian cells and to extracellular
matrix (Szczepanski et al. 1990). Garcia-Monco et al.
(1992) reported that host cell galactosylcerebroside is
recognised by B. burgdorferi, and Isaacs (1994) showed
that Borrelia spirochete binds host cell proteoglycans.
Hemagglutinating properties are not mediated by a
lectin, which is strongly inhibited with dextransulfate
but not with chondroitinsulfate (Leong et al. 1995).
Previously, we have identified (using polyclonal
antibodies) and partially characterised the lectin of B.
recurrentis (Grubhoffer et al. 1993) and demonstrated
lectin(s) activity of B. burgdorferi spirochete, strain
B31, confirmed by Leong et al. (1995). In this paper,
we demonstrate for the first time the presence of gene
coding for the protein with hemagglutinating activity
(designated as B31LEC) similar to the already known
lectins (see GenBank Database) in the genome of B.
burgdorferi. We have isolated, cloned into the plasmid
vector and sequenced this gene, determined the domains
conserved for the lectin superfamily proteins present in
it, showed the strong agglutination activity of that
protein against native rabbit erythrocytes and deter-
mined its sugar specificity.

MATERIALS AND METHODS

Bacterial strain. Borrelia burgdorferi, strain B31 (ATCC
35210) was obtained from Dr. J. F. Anderson (Connecticut
Agricultural Experiment Station, New Haven, CN) and is
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routinely passaged in our laboratory. B. burgdorferi was
grown in BSK-H Complete Medium (Sigma, cat. # B-8291) at
33°C for 5-7 days or until the concentration was approx-
imately 109 cells per ml. The cells were collected by
centrifugation at 15,000g for 15 min at 4°C. The pellet was
washed three times with ice-cold phosphate-saline buffer (pH
7.2), harvested as before and stored at -80°C until use.

Hemagglutination assay. The collected spirochetes were
resuspended in TES buffer (10 mM Tris-HCl, 1 mM EDTA,
1% N-lauroylsarcosine, pH 7.2), followed by 3 freeze-thaw
steps. The spirochetes were incubated 1 hour at 20°C and then
sonicated 3 times for 30 s on ice. The cell debris was collected
by centrifugation at 12,000g for 10 min. The supernatant was
dialysed against 1 mM Tris-HCl, pH 7.2 using Microdialysis
System (BRL, cat. #. 1200MD, USA) for 2 hr, concentrated
and then used for hemagglutination test with 2% suspension of
rabbit erythrocytes. The test was performed at room
temperature. Spirochete lysate (50 µl) containing 50 µg of a
total protein was added to 50 µl of agglutination buffer, mixed
well and the serial dilution of lysate was made by transferring
1/2 of volume to the next well. Fifty microlitres of rabbit red
blood cells were added to each well (Grubhoffer et al. 1991).

Hemagglutination inhibition test. Different kinds of
inhibitors of agglutination were serially diluted in TN Ca2+

buffer (50 mM Tris-HCl, 0.15 M NaCl, 20 mM CaCl2, pH
7.0). The inhibition of agglutination was performed on
microtitration plates with U- bottomed wells (Grubhoffer et al.
1993). The test was performed at room temperature.

Primer design. Protein sequences of lectins with different
sugar specificity from more than 100 organisms were
compared, including mammals, other vertebrates, plants,
insects and bacteria. Different available databases (GenBank,
PIR, EMBL, PDB, etc) were searched for the information on
protein and nucleic acid sequences of lectin genes of different
organisms. Similar conserved protein regions were identified.
The nucleic acid sequences corresponding to the above-
mentioned protein were compared and used as a pattern for
designing the primers for PCR on genomic DNA of B.
burgdorferi, strain B31. The five oligonucleotide primers used
were synthesised by Lambda-Bio-Med (Prague, Czech
Republic), three corresponding to 5’ end of the gene (primer
A 5’-CACTTCAACCCTCGC-3’, primer D 5’-
GCCAACACC-ATTGTG-3’ and primer E 5’-
CCCTTCCAGCCTGGG-3’); and two corresponding to 3’ end
of the gene (primer B 5’-GGCCACGCACTTAATC-3’ and
primer C 5’-CCATCC-GCCGCCATG-3’).

Purification of B. burgdorferi genomic DNA. B.
burgdorferi genomic DNA was purified using “Wizard
Genomic DNA Purification Kit” (Promega, cat. # A1120)
according to manufacturer’s recommendation, which involves
no organic extraction or proteinase digestion.

Polymerase chain reaction on genomic DNA. The PCR
reaction was conducted in 0.5 ml Eppendorf tube in a final
volume of 100 µl and contained: 50 mM KCl, 10 mM Tris-
HCl (pH 9.0 at 25°C), 0.1% Triton X-100, 2.5 mM MgCl2, 0.2
mM for each of the dNTPs, 100 pM of each of designated
primers, 3U of Taq DNA polymerase and 100 ng of genomic
DNA as a template. All reagents were purchased from
Promega Company.

The PCR parameters were: 1 step - 95°C - 5 min, 30 cycles
of [94oC - 1 min, 55°C - 1 min, 74°C - 2 min], 1 step - 74°C -
8 min, and the final step - 65°C - 15 min. The PCR was con-
ducted using Progene thermocycler (Techne).

Analysis and purification of PCR product. The PCR
products were analysed by agarose gel electrophoresis (0.8%
agarose/1×TAE [0.04 M Tris-acetate, 0.001 M EDTA] buffer)
and the fragment of interest was purified from low-melted
point (LMP) agarose (Sigma). A slice of LMP-agarose with a
DNA fragment was weighed. The equal volume of TE (10
mM Tris-HCl, 1 mM EDTA) buffer was added and the tube
was incubated for 10 min at 70°C. Thereafter the tube was
placed at -80°C for 10 min and thawed at 37°C for 10 min.
The procedure was repeated twice, followed by centrifugation
at 12,000g for 5 min. The supernatant was transferred to a
fresh tube, 1/10 volume of 3 M sodium acetate (pH 5.2) and
2.5 volume of ethanol were added and incubated at -80°C for
10 min. The DNA was collected by centrifugation at 12,000g
for 10 min. The pellet was resuspended in a small amount of
TE buffer  (50-100 µl),  incubated  at  70°C  for 10 min,
frozen at -80°C for 10 min and thawed at 37°C. After
centrifugation at the same conditions (see above) the pure
PCR product appeared in supernatant while the agarose
contamination was in a pellet. The PCR product, purified in
such a way, is suitable for use in the most demanding
molecular biology applications, including restriction analysis,
automated or manual sequencing, cloning, hybridisation and
PCR.

Genomic southern blot. Thirty micrograms of the
genomic DNA was digested separately with various restriction
endonucleases (5U/µg DNA) namely: BamHI, BglII, EcoRI,
Hind III, Kpn I, Pst I, Pvu II, Xba I and Xho I (Promega) for 3
hr at 37°C in a total volume of 20 µl. The genomic fragments
were separated by overnight gel-electrophoresis in 0.7%
agarose/1×TAE with no ethidium bromide in the gel. After
electrophoresis was completed the gel was stained with
ethidium bromide (0.5 µg/ml) and photographed. The gel was
washed in depurination (0.25 N HCl) solution for 10 min,
denaturation solution (1.5 M NaCl, 0.5 N NaOH) for 30 min
and neutralisation solution (1 M Tris-HCl pH 7.2, 2 M NaCl)
for 30 min. The capillary blot was set up and the genomic
DNA fragments were transferred to the nylon membrane
Hybond-A (Amersham, cat. # RPN 303R), using 20×SSC (3
M NaCl, 0.3 M sodium citrate, pH 7.0) as a buffer (Southern
1975). The DNA was crosslinked to the membrane by UV
light using UV Stratalinker 1800 (Stratagene).

Probe labelling and hybridisation. Highly labelled DNA
(up to 109 dpm/µg) was obtained using random primering
“DNA Labeling Kit” (MBI Fermentas, cat. # K0612) and
radioactive alpha 32P-dATP (Amersham). The product (96 bp
long) of PCR reaction with designated E and C primers and
genomic DNA as template was used as a probe. Hybridisation
was carried out overnight at 65°C in NaPi buffer (0.25 M
NaH2PO4, 0.25 M Na2HPO4) containing 7% SDS, 1 mM
EDTA and 100µg/ml fragmented salmon sperm DNA.
Following hybridisation, the filter was washed 3 times for 15
min in pre-warmed 3×SSC/0.1% SDS and twice for 15 min in
0.3×SSC/0.1% SDS at 65°C. The filter was exposed overnight
in PhosphorImmager cassette (Molecular Dynamics Storage
Phosphor Screen).
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Table 1. Condensed list of the sources of the lectin sequences compared.

No. Scientific name Common name Accession No. Specificity
1 Pseudomonas aeruginosa bacterium 93054624 galactose-binding
2 Geordia cydonium marine sponge 93257788 galactose-binding
3 Cucumaria echinata sea cucumber PIDg1083928 galactose-binding
4 Stichopus japonicus sea cucumber 95204387 calcium-binding
5 Robinia preudoacacia locust tree 96191285 complex
6 Tulipa sp. tulip 96195647 complex
7 Allium ursinum ramson 94039027 mannose-binding
8 Pisum sativum pea 92256807 ?
9 Phaseolus vulgaris kidney bean 94002183 ?

10 Allium sativum garlic 93008079 mannose-binding
11 Clivia miniata South African tree 94250846 mannose-binding
12 Caenorhabditis elegans nematode 94150718 galactose-binding
13 Caenorhabditis elegans nematode 92348399 beta-galactoside
14 Bombyx mori silkworm D14168 ?
15 Periplaneta americana American cockroach 91302364 lipopolysaccharide
16 Sus scrofa pig 95081129 lactose-binding
17 Gallus gallus chicken 91072353 beta-galactoside
18 Gallus gallus chicken liver 81215504 complex
19 Cricetulus griseus Chinese hamster 95197510 beta-galactoside
20 Cricetulus longicaudatus longtailed hamster 94299546 galactose-binding
21 Mus spretus western wild mouse 94319082 beta-galactoside
22 Mus musculus house mouse 88080093 beta-galactoside
23 Rattus norvegicus laboratory rat 94253130 calcium-binding
24 Oryctolagus cuniculus rabbit 96011642 complex
25 Canis familiaris dog 94075368 beta-galactoside
26 Bos taurus bull 94118330 beta-galactoside
27 Homo sapiens human PIDg361225 mannose-binding
28 Homo sapiens human 89123203 beta-galactoside
29 Homo sapiens human 94102823 ?

Construction of “mini-libraries” from genomic DNA of
B. burgdorferi. The fragments obtained by the restriction of
the genomic DNA with EcoR I and Xba I enzymes that
showed the positive signals after hybridisation were selected
for the further cloning into plasmid vector pBluescript SK-
(Stratagene). After sufficient separation by the agarose gel
electrophoresis the DNA fragments of interest were carefully
cut out from the gel and the mixture of genomic DNA
fragments were isolated from LMP-agarose as described
previously. The “mini-libraries” of those parts of B. burg-
dorferi genome were constructed and designed as “EcoR I”-
and “XbaI”-mini-libraries for further use.

All ligation and transformation procedures were conducted
according to Sambrook et al. (1989).

XL-I Blue cells were selected for transformation. X-gal
and IPTG were used for white/blue selection of the
recombinants.

Screening of genomic “mini-libraries”. Recombinant
clones were randomly picked from each mini-library, plated in
ten 150-mm plastic Petri dishes (in duplicate) on LB
agar/ampicillin. One of each duplicate Petri dishes was
covered by nylon membrane. The plates were incubated at
37°C until small colonies appeared and then pre-chilled for at
least 30 min at 4°C. The filters were lifted up from the plates
and placed for 3 min on 3MM paper, saturated with 10% SDS.
Then the filters were denaturated for 5 min and transferred to
3MM paper saturated with neutralisation solution for 3 min.
Neutralisation step was repeated once more. Finally the

membranes were vigorously washed in 2×SSC to remove the
protein debris. The filters were air-dried, DNAs were fixed to
the membrane by UV crosslinking procedure and the filters
were used for hybridisation with 32P-labelled probe that was
carried out under conditions described in “Probe labelling and
Hybridisation”. The colonies that gave the positive signals in
the hybridisation were picked from the second duplicate plate,
grown at 37°C overnight in 5 ml LB broth/ampicillin,
collected by centrifugation at 5,000g for 10 min. The plasmid
DNAs were purified using “Wizard Miniprep DNA
Purification Kit” (Promega), and polymerase chain reaction
with T3/T7 primers was performed. The PCR products were
analyzed by agarose-gel electrophoresis in 0.8% agarose/
1×TAE buffer, transferred to nylon membrane and the second
round of hybridisation with the same probe was conducted.

Sequencing of genomic insert. Nucleotide sequences of
the desired clones were determined by the dideoxynucleotide
chain termination method (Sanger et al. 1977) with the use of
double-stranded pBluescript and Sequenase Version 2.0 DNA
Sequencing Kit (USB, cat. # US70770, USA). T3, T7 as well
as the specific internal primers were used for sequencing.
Analyses of DNA sequences were performed using the
GenBank, PIR, EMBL, PDB, and SCOP computer analysis
programs.

Construction of expression clones. Clones X3 and X230
were digested by XbaI and clone E200 by EcoRI and XbaI
enzymes, the inserts were purified from LMP agarose and
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Fig. 1. Schematic location of the designed PCR primers on the “average” lectin gene. The comparison of sequences of different
lectin genes revealed the presence of conserved domains, located at about the same position of genes irrespective of the source of
the protein, and was used as a pattern for PCR primers design.
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Fig. 2. Nucleotide and deduced amino acid sequence of E/C PCR product from Borrelia burgdorferi. Primers E and C are shaded
and underlined.

S H G K T L S L Q K I K E N K N N K K L A E/C PCR product
47 S V G R A L Y T A P I R L W Q S S S L V A LEC BOWMI –   1
73 S T G R T L Y A K P V H I W D M T T G T V LEC ERYCO –   2
48 S V G R V L Y Q T P I H L W D K Q I D K E LEC ONOVI –   3
62 S M G R A F Y S A P I Q I N D R T I D N L ARC1 PHAVU –   4
41 T V G R A L Y S L P I H I W D S E T G N V LEC VICFA –   5
79 S L G R A L Y S T P I H I W D K E T G S V LEC SOYBN –   6
50 S A G Q A S Y S E P V F L W D S T G K A A LEC4 GRISI –   7
65 S L G R A F Y S A P I Q I W D N T T G T V PHAL PHAVU –   8
66 S L G R A F Y S A P I Q I W D N T T G A V PHAE PHAVU –   9
45 T G G I A R Y I A P I H I W N C N T G E V LEC1 ULEEU – 10
38 S A G R V L Y S A P L R L W E D S A V L T LECA DOLLA – 11

Fig. 3. Alignment of the predicted amino acid sequence of E/C PCR product with sequences of the legume lectin beta-chain
proteins (BLOCK BLOO307A).
Comparison of  the translated amino acid sequence to: 1 – lectin (agglutinin) (BMA) from Bowringia mildibraedii (LEC
BOWMI [Chawla et al. 1993]); 2 – lectin precursor from Erythrina corallodendron (coral tree) (LEC ERYCO [Adar et al.
1989]); 3 – lectin from Onobrychis viciifolia (common sainfoin) (LEC ONOVI [Kouchalakos et al. 1984]); 4 – arcelin-1
precursor (legume lectin) from Phaseolus vulgaris (ARC1 PHAVU [Anthony et al. 1991]); 5 – favin (lectin) from Vicia faba
(broad bean) (LEC VICFA [Hopp et al. 1982]); 6 – lectin precursor (agglutinin) (SBA) from soybean (LEC SOYBN [Vodkin et
al. 1983]); 7 – lectin IV (GS4) Griffonia simplicifolia (LEC4 GRISI [Delbaere et al. 1993]); 8 – leucoagglutinating
phytohemagglutinin precursor (PHA-L) from Phaseolus vulgaris (kidney bean) (PHAL PHAVU [Hoffman and Donaldson
1985]); 9 – erythroagglutinating phytohemagglutinin precursor (PHA-E) DLEC1 Phaseolus vulgaris (kidney bean) (French
bean) (PHAE PHAVU [Hoffman and Donaldson 1985]); 10 – anti-H (o) lectin I (UEA-I) from Ulex europaeus (furze) (LEC1
ULEEU [Konami et al. 1991b]); 11 – lectin from Dolichos lab lab L. (field bean) (LECA DOLLA [Gowda et al. 1994]).
Numbering of amino acids is as per the published sequences. Identical amino acids are boxed and shaded.
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ligated to the previously prepared pGEX-KG vector
(Pharmacia). After X-gal/IPTG selection on LB agar plates
recombinant clones were grown in LB broth overnight.
Overnight cultures of E. coli transformed with recombinant
pGEX plasmids were diluted 1:20 in 5 ml of fresh medium
containing 50 µg/ml ampicillin and grown to midlog phase at
37°C. The IPTG was added to a final concentration of 1mM.
Following three hours of growing at 37°C, the cells were
pelleted by centrifugation (Guan and Dixon 1991, Smith and
Johnson 1988). The cells were resuspended in dd H2O, boiled
for 10 min, chilled on ice, centrifuged for 3 min at 12,000g
and the cleared supernatant was used in the agglutination test
with the rabbit red blood cells. Bacteria containing pGEX-KG
lacking the DNA insert were used as a negative control. The
test was conducted according to the standard procedure.

RESULTS

The lysate of B. burgdorferi was prepared as
described above and used in hemagglutination tests to
determine its agglutination activity. Rabbit and mouse
red blood cells, both native and treated by trypsin,
pronase and neuraminidase were checked in this test,
but the use of native rabbit erythrocytes appeared to be
the best detection system. The presence of agglutinating
activity was detected even in the case when the amount
of total protein was as low as 0.39 µg per well. Binding
specificity of B. burgdorferi hemagglutination activity
(HA) was analysed in the hemagglutination inhibition
test and the strong inhibition of HA by fetuin was
revealed.

After comparison the conserved protein regions of
lectin genes of different organisms (Table 1) the
theoretical sets of primers were designed for PCR on
genomic DNA of B. burgdorferi (see “Primer design”).
The schematic location of the designed primers on the
“average” lectin gene is presented in Fig. 1. Only one
PCR reaction with E-C primers gave the product 96 bp
long (labelled as “E/C PCR product” for further use).
The PCR product was sequenced (Fig. 2) and initially
compared with the gene banks using BLAST and
ALIGN, with no obvious matches being detected.

The predicted amino acid sequence of E/C PCR
product was aligned with the already known sequences
of different lectins initially used for our PCR primers
design. The presence of the domain similar to one that
represents characteristic conserved sequence motif for
the legume lectin proteins was revealed (Fig. 3). To
determine a copy number of lectin gene in B.
burgdorferi, Southern blot hybridisation with borrelia
DNA digested with various restriction enzymes was
performed. The obtained E/C PCR product was used as
a probe in hybridisation procedure. The multiple bands
were detected according to the restriction enzyme used
(Fig. 4).

Fourteen positive signals were obtained after the first
round of   hybridisation   of  six   hundred   recombinant

Fig. 4. Genomic Southern blot analysis of Borrelia
burgdorferi (B31). Multiple bands are visualised in the
Southern blot of various restriction enzyme digests of
genomic DNA of B. burgdorferi hybridised with the E/C PCR
product (96 bp) as a probe. M – DNA markers – lambda DNA
digested by Hind III; → – presence of the bands on the
autoradiogram that are invisible in this figure.

Fig. 5. Presence of agglutination activity in the crude lysate of
the recombinant clones carrying the fragments of the Borrelia
burgdorferi (B31) genomic DNA. 1 – the native plasmid
pGEX-KG after IPTG induction (no insert); 2 – X3/pGEX-
KG recombinant after IPTG induction; 3 – X230/pGEX-KG
recombinant after IPTG induction; 4 – E200/pGEX-KG
recombinant after IPTG induction; C – control RBC in
agglutination buffer.

clones from each mini-library with alpha-32P dATP
labelled  E/C  PCR  product.  The results of  the  second
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×3 fragment 195 R E C G I T V I A V R N L S N S R Y E F V D G D 218
R G I V + + R + + + R + + F V + G +
R H I G I D V N S I R S I K T T R W D F V N G E 179

Fig. 6. Homology of the predicted amino acid sequence of ××3 (195-218aa) to phytohemagglutinin (PHA-L) in the conserved
region of the legume lectin beta-chain protein domain. Identical amino acids are boxed and shaded.

198 G I T V I A V R N L S N S R ×3
189 G I D I K S V R S K K T A K CONA CANEN –   1
143 G I D V N S I M S L K A V N LEC LOTTE –   2
159 G I D V N S I R S I K T T R PHAL PHAVU –   3
172 G I N V N S I R S I K T T S LEC SOYBN –   4
139 G I D V N T I K S I S T K S LEC VICFA –   5
141 G I N V N S V K S K I T T P LEC ONOVI –   6
145 G I D V N S I R S K A A S K LEC BOWMI –   7
179 G I N V N S T V S V A T T R LEC BAUPU –   8
151 E I D V N S I R P I A T E S ARC1 PHAVU –   9
145 G I D V N R V K S I N A E R LEC1 ULEEU – 10
139 G I D V N S V D S V K T V P LECG ARAHY – 11

Fig. 7. Alignment of the predicted amino acid sequence of ×3 (198-211aa) with sequences of the legume lectin beta-chain
proteins (BLOCK BLOO307D).
Comparison of  the translated amino acid sequence to: 1 – concanavalin A precursor (CON A) from Canavalia ensiformis (horse
bean) (CONA CANEN [Cunningham et al. 1975]); 2 – anti-H(O) lectin (LTA) from Lotus tetragonolobus (winged pea) (LEC
LOTTE [Konami et al. 1990]); 3 – leucoagglutinating phytohemagglutinin precursor (PHA-L) from Phaseolus vulgaris (kidney
bean) (PHAL PHAVU [Hoffman and Donaldson 1985]); 4 – lectin precursor (agglutinin) (SBA) from soybean (LEC SOYBN
[Vodkin et al. 1983]); 5 – favin (lectin) from Vicia faba (broad bean) (LEC VICFA [Hopp et al. 1982]); 6 – lectin from
Onobrychis viciifolia (common sainfoin) (LEC ONOVI [Kouchalakos et al. 1984]); 7 – lectin (agglutinin) (BMA) from
Bowringia mildibraedii (LEC BOWMI [Chawla et al. 1993]); 8 – lectin precursor from Bauhinia purpurea (camel’s foot tree)
(LEC BAUPU [Kusui et al. 1991]); 9 – arcelin-1 precursor (legume lectin) from Phaseolus vulgaris (ARC1 PHAVU [Anthony at
al. 1991]); 10 – anti-H (o) lectin I (UEA-I) from Ulex europaeus (furze) (LEC1 ULEEU [Konami et al. 1991b]); 11 – galactose-
binding lectin precursor (agglutinin) (PNA) from Arachis hypogaea (peanut) (LECG ARAHY [Young et al. 1991]). Numbering
of amino acids is as per the published sequences. Identical amino acids are boxed and shaded.

215 V D G D Y F F L K D D K ×3
87 V D G L A F F L A P A N LEC1 ABAL –   1
88 V D G L A F F L A P A N LEC2 ULEEU –   2
75 A D G L A F I A P P D S LECA DOLLA –   3
114 A D G L V F F M G P T K LEC ERYCO –   4
85 T D G L V F F L A P V G LEC LOTTE –   5
88 G D G I T F F L A P T D LEC ONOVI –   6
120 A D G F A F F L A P V D LEC BAUPU –   7
119 A D G L A F F L A P I D LEC SOYBN –   8
88 T D G L A F F L A P A D LEC2 MEDTR –   9
105 A D G L A F A L V P V G PHAL PHAVU – 10

Fig. 8. Alignment of the predicted amino acid sequence of ×3 (215-226aa) with the sequences of the legume lectin beta-chain
proteins (BLOCK BLOO307B, “DGF” motif).
Comparison of the translated amino acid sequence to: 1 – lectin I (seed lectin (LAA-1) from Laburnum alpinum (Scotch
laburnum) (LEC1 LABAL [Konami et al. 1991c]); 2 – anti-H(O) lectin II (UEA-II) from Ulex europaeus (furze) (LEC2 ULEEU
[Konami et al. 1991a]); 3 – lectin  from Dolichos lab lab (field bean) (LECA DOLLA [Gowda et al.1994]); 4 – lectin precursor
from Erythrina corallodendron (coral tree) (LEC ERYCO [Adar et al. 1989]); 5 – anti-H(O) lectin (LTA) from Lotus
tetragonolobus (winged pea) (LEC LOTTE [Konami et al. 1990]); 6 – lectin from Onobrychis viciifolia (common sainfoin)
(LEC ONOVI [Kouchalakos et al. 1984]); 7 – lectin precursor from Bauhinia purpurea (camel's foot tree) (LEC BAUPU [Kusui
et al. 1991]); 8 – lectin precursor (agglutinin) (SBA) from soybean (LEC SOYBN [Vodkin et al. 1985]); 9 – truncated lectin2
precursor (gene lec2) from Medicago truncatula (barrel medic) (LEC2 MEDTR [Bauchrowitz et al. 1992]); 10 –
leucoagglutinating phytohemagglutinin precursor (PHA-L) from Phaseolus vulgaris (kidney bean) (PHAL PHAVU [Hoffman
and Donaldson 1985]). Numbering of amino acids is as per the published sequences. Identical amino acids are boxed and shaded.
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1501 ATG GCT GTT TTT GTT TCA AGA AAG TCG CGT TTT GAA GAA TTA CAA GCC AAG GCA AGA TAT 1560
M A V F V S R K S R F E E L Q A K A R Y 20

TTT GGT TGG TTG AAG CAT ATG AAA ACA TTT GTT ATT ATT GGA CTT AGT AAT TTA GGC ATT 1620
F G W L K H M K T F V I I G L S N L G I 40

CAC TTA CTT GAA GAT TTA AGC AGG CTT GAT TGT CAA ATT ATT ATT ATA GAT ACA TCT AAA 1680
H L L E D L S R L D C Q I I I I D T S K 60

GAG CTT ATT GAA GAA TAT GAT GTG ATA TCT ACA GAA AGC TTT GTT GTT GAG CAA TTC ACT 1740
E L I E E Y D V I S T E S F V V E Q F T 80

AAA AAT GCT TTG AAA AGA ATA ATT CCA GTA GAT ACA GAC GCT GTT GTT ATT GAT TTT GAT 1800
K N A L K R I I P V D T D A V V I D F D 100

GAT GAT CTT GGC AAA AGT GCT CTT GTT ACT CAC TAT TGT AAT CTT TTA GGT TTG AAA GAA 1860
D D L G K S A L V T H Y C N L L G L K E 120

ATA TGC GTT AAG ACA GAA AAT AGA GAT GAT GCT GAA ATC TTA AAA ACT CTT GGG GCA ACA 1920
I C V K T E N R D D A E I L K T L G A T 140

AAA ATT ATA TTT CCA AGT AAA GAT GCC GCC AGA AGA TTA ACT CCA TTA TTA GTA TCT CCA 1980
K I I F P S K D A A R R L T P L L V S P 160

AAT CTT TCA ACT TAT AAT ATT ATT GGG TAT GAT ATT ATT GTG GCT GAA ACT GTT ATT CCC 2040
N L S T Y N I I G Y D I I V A E T V I P 180

AAA AGA TAT GTT GGT AAA ACT CTT TTT GAA GCC GAT CTT AGA AGA GAA TGT GGG ATT ACA 2100
K R Y V G K T L F E A D L R R E C G I T 200

GTT ATT GCT GTT AGA AAT TTA AGT AAT TCT AGG TAT GAA TTT GTT GAT GGC GAT TAT TTT 2160
V I A V R N L S N S R Y E F V D G D Y F 220

TTT TTA AAA GAT GAT AAA ATT GTA ATT TGT GGT AAA CCA GAT AGC ATT GAA AAT TTT ACA 2220
F L K D D K I V I C G K P D S I E N F T 240

AAT AAT AAA GAT TTA ATT AAA GAT TTA ATT TCA GGC TCT AAA GAG GAT GAA AAT TTA AAT 2280
N N K D L I K D L I S G S K E D E N L N 260

AAA GAT GCT GAG AAA AAA TCT AGA 2224
K D A E K K S R 268

Fig. 9. The partial nucleotide sequence and the predicted amino acid sequence of X3 clone carrying the fragment of the genomic
DNA of B. burgdorferi (B31). Amino acids are numbered by designating the first methionine as amino acid 1. Nucleotide
numbers are shown at the right of each line. The numbers of amino acid residues starting from the first Met are given at the right
of each line under nucleotide numbers. One-letter symbols of amino acid residues were used.

screening showed the strong positive signals only in
four cases: clone E200 (3250 bp insert) from “EcoR
mini-library” and X3 (2350 bp insert), X139 (2350 bp
insert), X167 (2350 bp insert) clones from “XbaI
minilibrary”. The inserts from X3 and E200
recombinants were used as the probes for cross-
hybridisation. Using X3 PCR product as a probe, only
one strong positive signal was obtained in the case of
E200 clone from “EcoR I mini-library” and the strong
positive signals were obtained in the case of X3, X139,
X167 and the additional X230 clone (2250 bp insert)
from “XbaI minilibrary”. Using E200 PCR product as a
probe resulted in the only positive signal – E200 from
“EcoR I mini-library” and X3, X139, X167 and X230

clones from “XbaI minilibrary”. Inserts from E200, X3
and X230 recombinant clones were re-cloned into
pGEX-KG expressing vector (Pharmacia) with the
strong IPTG inducible “tac” promoter. The expressive
agglutination was received in all three cases with E200,
X3 and X230 recombinants (Fig. 5). The strong
inhibition of agglutination by fetuin, D-galactosamine
and D-mannosamine was observed when the crude
lysates of these recombinants were used in
hemagglutination inhibition test. D-glucuronic acid
showed some weaker inhibition activity as well.

The complete sequence of the XbaI/XbaI fragment of
genomic DNA from the recombinant clone X3 was
obtained using T3, T7 and the internal primers.
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Sequence analysis and amino acid translation were
performed using the programs from the 1993-96
DNASTAR. The comparison of the obtained sequence
with the data of PIR, EMBL, Swiss Protein, and
GenBank databases were made by FASTA program.
The nucleotide sequence analysis revealed the presence
of an open reading frame of 268 amino acids (position
1501-2304 bp) containing the sequence that was 37%
identical and 75% homologous to the conserved region
of proteins belonging to the clusters 341-33 and 341-35,
i.e. PHA-E and PHA-L respectively and contained the
potential glycosylation site -SNS (Fig. 6). The further
structural analysis of the deduced protein sequence
(“SCOP: Structural Classification of Proteins”) added
another five amino acids to the previous 24 amino acids,
confirming the homology to the above mentioned
groups of proteins.

Alignment of the predicted amino acid sequence with
the sequences of already known lectins revealed the
presence of at least two domains with high percentage
of similarity to legume lectin beta-chain proteins. The
fragment from 198 to 211 amino acids showed
significant homology to the legume lectin proteins from
block BLOO307D with the “GIN” motif (Fig. 7), while
the fragment from 215 to 226 amino acids indicated the
similarity to the legume lectin proteins from block
BLOO307C with the “DGF” motif (Fig. 8).

DISCUSSION

Our results confirmed the existence of hemag-
glutination activity in a crude lysate of the spirochete B.
burgdorferi that was previously described by
Grubhoffer et al. (1993) and showed the strong
inhibition of this activity by fetuin. As a result of PCR
with the degenerative primers a 96bp fragment of
genomic DNA was received, isolated and sequenced.
The alignment of the predicted amino acid sequence of
this fragment indicates the presence of the domain that
consists of the characteristic conserved sequence motif
for the legume lectins. The Southern blot analysis of the
genomic DNA of B. burgdorferi with the above-
mentioned DNA fragment as a probe indicated the
presence of multiple bands according to the restriction
enzyme used. These bands may be derived from the
related sequences that are present in B. burgdorferi
genome and confirm the existence of at least two (or
more) related genes coding proteins with
hemagglutination activity. We isolated and sequenced
the XbaI/XbaI fragment (2304 bp) of the genomic DNA
of B. burgdorferi. The recombinant clone that carried
the 2304bp genomic insert revealed the strong
agglutination activity against native rabbit erythrocytes.
The same strong inhibition of agglutination by fetuin as
in the case with native borrelia was observed. In
addition to fetuin, the strong inhibition of agglutination
was also observed with D-galactosamine and D-

mannosamine. The nucleotide sequence analysis of the
genomic insert revealed the presence of an open reading
frame of 268 amino acids (position 1501-2304 bp). The
calculated molecular size of the predicted protein is
30324 Da and pI=5.44. GenBank searching for the plain
homology of the protein sequence showed that it
contained the sequence that was 37% identical and 75%
homologous to the conserved region of proteins
belonging to the clusters 341-33 and 341-35, i.e. PHA-
E and PHA-L respectively and contained the potential
glycosylation site -SNS. The alignment of the predicted
amino acid sequence with already known protein
sequences of lectins indicates two domains (198-211 aa
and 215-226 aa) consisting of the conserved sequence
motifs characteristic for legume lectin proteins. Two
signature patterns specific to legume lectins were
described previously (Lis and Sharon 1986, Sharon and
Lis 1990). The first pattern, i.e. [LIV]-[STAG]-V-
[EQV]-[FLI]-D-[ST] or (XXVXXDX) is located in the
C-terminal section of the beta chain and contains a
conserved aspartic acid residue important for the
binding of calcium and manganese. The second pattern,
i.e. [LIV]-X-[EDQ]-[FYWKR]-V-X-[LIV]-G-[LF]-
[ST] or (XXXXVXXGXX) is located in the N-terminal
of the alpha chain. The analysis of predicted 268 amino
acid sequence of our recombinant revealed the presence
of 10 amino acids (position 26-35, – “MKTFVIIGLS”)
in the N-terminal region of protein that corresponds to
the second developed signature pattern specific to
legume lectins. As a result of GenBank searching for
the plain homology of our 268 aa protein with the other
proteins we found that it showed 94% identity with the
protein from Borrelia burgdorferi that was designed as
“conserved hypothetical protein”, giI2688659
(AE001172). Fifteen amino acids were missing from the
C-terminal of the predicted protein in the comparison
with giI2688259, because the fragment of genomic
DNA that we isolated was restricted by XbaI site from
both ends. From the other side our 268aa protein
contained 23 additional amino acids on the N-terminal
that were absent in the conserved hypothetical protein.

In conclusion, we have isolated, cloned, sequenced
and partially characterised the gene coding the protein
with hemagglutinating activity from the genome of B.
burgdorferi B31 that we designated as B31LEC for the
further use (Fig. 9). The sequence was submitted to the
GenBank and the submission was accepted under the
AF028001 NCBI accession number (giI3138928).
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