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SUMMARY: cDNA for chick 14K B-galactoside-binding lectin mRNA was -- 
cloned and the nucleotide sequence determined. The deduced amino 
acid sequence and the results-of in vitro translation of its mRNA 
suosest that this lectin does noFine any cleavable signal 
seqience while it exists in extracellular matrix. Comparison of 
the primary structures has shown that chick 14K lectin includes 
some regions homologous to those in discoidin I, which is also 
known to be located in extracellular matrix and lack signal 
peptide. The results imply some relation between these two 
lectins in spite of their great phylogenetic separation. 0 1986 

Academic Press, Inc. 

A family of endogenous 8-galactoside-binding lectins of 
vertebrate tissues, having relatively low monomer molecular 

weights of 13,000 to 16,000 daltons, is believed to play 

important roles in the cellular interactions required for 
development and differentiation (1‘2). However, their exact 

physiological function is not yet known because basic research on 
animal lectin is less advanced than that on plant lectins. We 

have now cloned and sequenced a cDNA for one such lectin, i.e., 
14K type of chick embryo (monomer molecular weight, 14,000). The 
deduced amino acid sequence showed that this lectin includes some 

regions homologous to those in discoidin I, a developmentary 

regulated lectin of cellular slime mold, Dictyostelium ---- --s---m 

discoideum. These and other structural resemblances between 
these two lectins should be important for an understanding of the 
function of 8-galactoside-binding lectins of vertabrate. 

MATERIALS AND METHODS 

mRNA preparation and in vitro translation Total RNA was 
prepared from tarsometatarsal - zkrof 18-day chick embryo by the 
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guanidine/CsCl method (3) and poly(A)+ RNA was isolated from it 
by the chromatography on oligo(dT) cellulose (4). RNA was 
further fractionated by 5-20 % sucrose gradient centrifugation 
(115,000 x 2, 15 hr at 20'). Then 3 ug or 0.3 ug of RNA before 
or after SDG centrifugation, respectively, was added to3f$h; 
rabbit reticulocyte lysate (Amersham) containing [ 
methionine. The conditions were those recommended by the 
supplier. For the removal of non-specific precipitates, the 
reaction mixture was treated with non-immune rabbit serum before 
precipitation with anti rabbit IgG antiserum (Miles). The 
supernatant was divided into two aliquots, one of which was 
treated with specific antiserum and the other with non-immune 
serum. The preparation of antisera and the conditions for immuno- 
precipitation were as described before (5). Samples were 
separated by SDS-polyacrylamide gel electrophoresis on 12.5 % gel 
(6) and autoradiographed. 

Cloning methods Double stranded cDNA was synthesized by 
the self-priming method (4) using poly(A)+ RNA after SDG fractio- 
nation as the template. dC-tailed ds cDNA was annealed with Pst 
I-cut, dG-tailed pBR322 (New England Nuclear) and introduced into 
E. coli MM294 as described (7). For the selection of lectin -- 
clones, synthetic oligodeoxynucleotide was labeled with [y- SSNA P] 
ATP (8) and hybridized at 37' with colony DNA transferred onto 
nitrocellulose membrane. DNA sequencing was done according to 
Maxam and Gilbert (8). 

RESULTS AND DISCUSSION 
As a first step in the cDNA cloning of chicken 14K lectin, 

the in vitro translation product of its mRNA was investigated. -___ 
Since a previous study by radioimmunoassay in our laboratory had 

indicated that tarsometatarsal skin at the later embryonic stage 
contains a large amount of this lectin (5), this tissue of 18-day 
embryo was employed as a source of mRNA. 

Fig. 1 shows the result of SDS-PAGE of the immunoprecipitate 
with anti 14K lectin antiserum of the translation product in the 

rabbit reticulocyte lysate. Only a band of 14K was observed. 
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Fig. 1. SDS-PAGE of in vitro translation produc+ts of chick 14K $- 
galactoside-binding lectln mRNA. Total poly(A) RNA (lanes a, b) 
or RNA fractionated by sucrose density gradient centrifugation 
(c, d) was translated in the rabbit reticulocyte lysate system. 
The products were immunoprecipitated either by anti14K lectin 
antibody (a, c) or by control rabbit serum (b, d). 
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Fig. 2. a, Restriction map and sequencing strategy of chick 14K 
$-galactoside-binding lectin cDNA clones, Only relevant sites 
are indicated. The sequence of the protein-coding region is 
indicated by an open box, and those of 5' and 3' non-coding 
regions are by solid boxes, The direction of sequence 
determinations are horizotal arrows under each clone used. b, 
Nucleotide sequence of chick 14K @-galactoside-binding lectin 
cDNA. The predicted amino acid is numbered by designating the 
first methionine as amino acid 1. The sequence used for the 
synthesis of the oligodeoxynucleotide probe is blocked, The 
AATAAA sequence that usually precedes the poly(A) sequence is 
underlined. 

Thus, 14K lectin appears to be produced without proteolytic 

processing of a precursor protein, The RNA after sucrose density 

gradient centrifugation was used as the template for CDNA 

synthesis. For the selection of recombinant clones, an oligo- 

deoxyribonucleotide probe, GT$TC;AAgTAtTC$AA, (17mer, 32 oligo- 

nucleotide mixture) was synthesized; it corresponds to 

complementary sequences for Phe-Asp-E-Phe-~-Thr found in one 

of the proteolytic fragments of 14K lectin. One of the colony 

hybridization-positive clones, pGL75, was sequenced (the 

sequencing strategy is shown in Fig. 2a) and all the sequences 

encoding the partially determimned amino acid sequences (about 90 

% of the protein sequence has been determined in our laboratory) 

were found in one open reading frame. Thus the nucleotide 
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sequence was identified as that for 14K (3-galactoside-binding 

lectin. Fig. 2b shows the nucleotide sequences of pGL75 and its 

cross-hybridizing clone, pGL6. The overlapping sequences of 
these two clones were identical. 

We have found that the N-terminal sequence of the chick 14K 

lectin is acetyl-Ser-Cys-Gln-Gly-Pro (the details of the protein 
structure will be published elsewhere). The amino acid sequence 
following the first. Met residue of the predicted sequence is in 

complete agreement with this. Further, this Met should be the -- 
initiator of translation since no difference in molecular weight 
could be observed between the in vitro translation product and --- 
the mature protein. Thus mRNA for 14K B-galactoside-binding 

lectin should encode 135 amino acids downstream from this Met. -- 
The N-terminus is presumably acetylated after the removal of Met. 

The histochemical analyses have shown that this lectin is 
located in the extracellular matrix of tissues (our unpublished 

results and ref.9). However, the results obtained here indicates 

the lack of any cleavable signal peptide sequence in the N- 
terminus of this lectin which is believed to be required for the 
release of extracellular or secreted protein out of the cell. 

The cellular slime mold D. discoideum expresses two lectins, - 
discoidins I and II, during its differentiation from the uni- 
cellular vegetative state into a multicellular organism (10). It 

is known that discoidin I, the predominant lectin of D. - 
discoideum, does not include any cleavable signal sequence either 

in spite of its extracellular localization (11-14). The common 
feature appeared both in chick 14K lectin and discoidin I implies 
some structural relation between these two lectins. 

When the amino acid sequence predicted here is compared with 
that of discoidin I, several regions appear to be homologous, 

Fig. 3 shows these regions. Among these, the sequences of the 
N-terminal regions closely resemble each other; four of six amino 
acids are identical besides the initiator E. 

The secondary structures predicted by the method of Chou and 
Fasman (15) suggest that both lectins are very rich in (3 sheet 
and poor in c1 helix: chick 14K, 41 % B sheet and 10 % o helix, 
discoidin I, 48 % H sheet and 12 % u helix. This suggests that 
there may be some relationship between chick 14K lectin and 
discoidin I. Springer et al. - -- have reported that discoidin I 
contains the Gly-Arg-Gly-Asp sequence, which is common with the 
cell attachment site of fibronectin, and is considered to 
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I?$. 3. Homologous sequences between chick 14K lectin and 
discoidin I. Upper and lower sequences show chick 14K and 
discoidin I, respectively. One-letter amino acid notation is 
used. Homologous regions are boxed; identical and homologous 
residues are marked by a double dot (:) and a single dot ('), 
respectively. 

participate in the spreading of aggregation stage D. discoideum - 

(16). A similar sequence, Gly-Lys-Asp-Ser (No.37-40), exists in 

chick 14K lectin. This region is located in the B-turn on the 

predicted secondary structure, which is also the case in 

discoidin I and fibronectin (17). This region of chick 14K 

lectin may be involved in some kind of interaction with the cell 

matrix of chick embryo. 

Lectins that can be solubilized by lactose has been isolated 

in various vertebrate tissues (1,2). Those from embryonic tissues 

of chicken or electric organ of eel are well characterized. We 

have also recently purified such a lectin from human placenta 

(18). These lectins are thought to constitute a protein family 

because 1) their hemagglutinating activity is inhibited by B- 

galactoside-containing compounds, 2) the molecular weight of the 

monomer is 13 to 16 K daltons, 3) they require a sulfhydryl 

reagent but not any metal ion for activity. Their ubiquitous 

existence in vertebrates, particularly in developmental tissues, 

implies that they may have very important roles in the cellular 

interactions during development. 

Chick embryo contains two isolectins, 14K and 16K type, We 

have extensively studied the 14K type lectin and found that the 

endogenous receptor for it is a proteoglycan containing a poly- 

lactosaminoglycan structure by using a photoaffinity labeling 

technique (19). This structure is implicated in the develop- 

mental processes of organs (20). The recent discovery of this 

structure in the carbohydrate chains of cellular fibronectin (21) 

has also favors the possibility that (3-galactoside-binding 

lectinsparticipate in cell-to-cell-interaction. 
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In the present study, we have elucidated the primary 
structure of a E-galactoside-binding lectin of a vertebrate for 

the first time and demonstrated a structural connection between 
chick 14K lectin and discoidin I, in addition to the known 
functional relationship. Further investigation of the structure 
and regulation mechanism of the lectin genes, including 
elucidation of the relationship with those for discoidins, seems 

important for an understanding of the cellular interactions 
occurring in the development and differentiation of higher 

organisms. 
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