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of action of polyene macrolide antibiotics.
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ABSTRACT: We have isolated and sequenced the genomic DNA encoding a human dimeric soluble lac-
tose-binding lectin. The gene has four exons, and its upstream region contains sequences that suggest control
by glucocorticoids, heat (environmental) shock, metals, and other factors. We have also isolated and sequenced
three exons of the gene encoding another human putative lectin, the existence of which was first indicated
by isolation of its cDNA. Comparisons suggest a general pattern of genomic organization of members of

this lectin gene family.

Many animal tissues contain soluble lactose-binding lectins
(S-Lac lectins)' (Barondes, 1984). In the rat, at least nine
have been identified and partially characterized (Cerra et al.,
1985; Leffler et al., 1989; Hinek et al., 1988). Although all
bind lactose, there is evidence for considerable specificity
among them (Leffler & Barondes, 1986; Sparrow et al., 1987).
For example, three S-Lac lectins from lung (Leffler & Bar-
ondes, 1986; Sparrow et al., 1987) differ greatly in their

*Supported by grants from the NIH and NSF.
1The nucleic acid sequence in this paper has been submitted to Gen-
Bank undcr Accession Number J05303.

0006-2960/91/0430-82802.50/0

relative binding of a series of naturally occurring mammalian
glycoconjugates, suggesting biologically significant lectin-
glycoconjugate interactions.

The best studied of the S-Lac lectins is a dimer with subunit
molecular weight of about 14 000, here referred to as L-14.
It is abundant in many cell types where it often comprises more

! Abbreviations: S-Lac lectin, soluble lactose-binding lectin; SSC,
standard saline citrate buffer; L-14, S-Lac lectin of subunit M, ~14000;
L-30, S-Lac lectin of M, ~30000; bp, base pair(s); kbp, kilobase pair(s);
PCR, polymerase chain reaction; IgE, immunoglobulin E; BSA, bovine
serum albumin; SDS, sodium dodecyl sulfate.

© 1991 American Chemical Society



Human Lectin Genes

than 0.1% of the soluble protein, but is not expressed in others
(Barondes, 1984). ¢cDNA encoding this lectin has been cloned
and scquenced from a variety of sources (Gitt & Barondes,
1986; Clerch et al., 1988; Raz et al., 1988; Abbott & Feizi,
1989; Abbott ct al., 1989; Couraud et al., 1989: Hirabayashi
et al., 1989; Merkle et al., 1989; Wilson et al., 1989; Cooper
& Barondcs, 1990; Hynes et al., 1990). The cDNA encoding
a related lectin from chicken skin has also been cloned and
sequenced (Ohyama et al., 1986). Another related lectin that
has been studied extensively has an apparent subunit molecular
weight of 29000-35 000 on polyacrylamide gel electrophoresis
and a C-terminal half with considerable homology to L-14 (Jia
& Wang, 1988; Liu et al., 1985). Its sequence has been
detcrmincd from clones from mouse lung (Jia & Wang, 1989)
and rat leucocytes (Liu et al., 1985; Albrandt et al., 1987).
Sincc cstimates of its molecular weight range around 30000,
it will be referred to as L-30. The partial amino acid sequence
of scveral other S-Lac lectins from rat intestine indicates that
they too are related proteins (Leffler et al., 1989). In addition,
we have previously isolated the cDNA encoding a human
putative lectin that is yet another member of this family (Gitt
& Barondcs, 1986).

One of the features of S-Lac lectins is that several show
marked variations in expression with development (Beyer &
Barondes, 1982). For example, L-14 is actively synthesized
at a specific stage in differentiation of cultured mouse muscle
cells (Cooper & Barondes, 1990), suggesting a role in muscle
maturation. In addition, glucocorticoid regulation of L-14
(Clerch et al., 1987) and chicken skin lectin (Oda et al., 1989)
has been reported, and evidence relating L-14 to neoplasia and
metastasis has been presented (Raz et al., 1987).

To learn more about the structure, organization, and reg-
ulation of expression of S-Lac lectins, we undertook the iso-
lation and scquencing of the human genes for L-14 and for
the related putative lectin that we previously identified (Gitt
& Barondes, 1986). We here report the nucleotide sequence
of the human L-14 gene including all exons and introns and
over 250 basc pairs of the upstream region. One significant
finding is that upstream sequences suggest control by multiple
regulatory elements including those that respond to gluco-
corticoids. heat (environmental) shock, and metals. We also
describe the isolation and partial structural studies of the gene
encoding the related putative lectin (Gitt & Barondes, 1986).
Our results indicate that it is organized like L-14, providing
further cvidence for its relationship with the S-Lac lectin
family.

EXPERIMENTAL PROCEDURES

Materials. Unless otherwise noted, all DNA-medifying and
restriction enzymes were purchased from Bethesda Research
Laboratories (Gaithersburg, MD), all radiolabeled nucleotides
were obtained from Amersham (Arlington Heights, IL), and
al! other reagents were from Sigma (St. Louis, MO).

Screening of Human Genomic Library. A human leuko-
cyte-derived genomic library in an engineered derivative of
the pJB8 cosmid vector, graciously provided by Drs. C. Lau
and Y. W. Kan (Lau & Kan, 1983), was screened separately
in duplicate with clone 1 (pHL14-1) and clone 2 (pHL14-2)
probes (Gitt & Barondes, 1986), using the method of Hanahan
and Meselson (1980). The clone 1 probe (P1) was prepared
by Hincll/EcoR1 excision of 360 bp of the cDNA insert from
pHL14-1 (Gitt & Barondes, 1986). The clone 2 probe (P-
L-14) was prepared by excision of the 200 bp cDNA insert
of pHL14-2 (Gitt & Barondes, 1986) by EcoRI. Probes were
radiolabeled with [¢-32P]dCTP, using the BRL nick translation
kit for the P! probe, and by the random primer polymerization
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technique of Feinberg and Vogelstein (1984) for the PL-14
probe, using Amersham DNA polymerase 1 and random
primers from Pharmacia (Piscataway, NJ).

Blots were prehybridized at 41 °C in 50.8% formamide, 50
mM sodium phosphate, pH 7.0, 1 X Denhardt’s (0.02% po-
lyvinyl pyrrolidone-360, 0.02% Ficoll 400, and 0.02% BSA),
1.5 mM EDTA, 3 X SSC (Maniatis et al., 1982), 20 ug/mL
denatured salmon sperm DNA, and 150 ug/mL yeast tRNA
and then hybridized in the same solution plus 10% dextran
sulfate, also at 41 °C. Filters were washed in 2 X SSC/1 X
Denhardt’s for 45 min at room temperature, then twice in 0.1
X SSC/0.1% SDS at 50 °C for 45 min, air-dried, and auto-
radiographed using Kodak X-OMAT AR film and American
Bionetics (Emeryville, CA) lanthanum oxybromide (blue I1I)
intensifying screens. Areas on the filter replicas corresponding
to positive signals were excised, and cell suspensions were then
plated at varying densities and rescreened. This procedure
was repeated until 100% of the colonies on a plate gave positive
signals in hybridization.

Purification of Cloned DNA. DNA was purified from
overnight cultures of the purified positive clones by the al-
kaline~-SDS lysis method (Close & Rodriguez, 1982). Re-
striction digests, electrophoresis, ligation, transformation of
competent Escherichia coli XL-1 Blue (Stratagene, La Jolla,
CA), and other manipulations followed descriptions by
Maniatis et al. (1982).

Southern Blotting. After electrophoresis, gels were pho-
tographed, then treated sequentially at room temperature with
2.0 M HCl for 15 min, 0.5 M NaOH/1.5 M NaCl for 30 min,
0.5 M Tris-HCI/1.5 M NaCl, pH 7.5, for 30 min, and 10 X
SSC for 10 min, and transferred overnight in 10 X SSC to
0.45-um nylon membranes (Micron Separations Inc., West-
borough, MA). The membranes were then irradiated with
ultraviolet light in a Stratagene (La Jolla, CA) Stratalinker
for a total energy of 0.12 J. The blots were then prehybridized
at 65 °C in 15% deionized formamide, 0.2 M Na,HPO,, pH
7.2, 1 mM EDTA, 1% BSA, and 7% SDS and incubated
overnight at 58 °C in the same solution containing at least
106 cpm of probe. Blots were then washed at 58 °C in 2 X
SSC/1% SDS for 45 min and then twice in 0.2 X SSC/0.1%
SDS again at 58 °C and autoradiographed after air-drying.

Subcloning. Cosmid 182, containing the gene for L-14, was
digested with Pst1, and the 1.5-kb PL-14-hybridizing fragment
was subcloned into pBluescript (Stratagene, La Jolla, CA).
The cosmid was also doubly digested with EcoRI and BamHI,
yielding a 1.0-kb hybridizing fragment, which was cloned into
M13mpl19 (Messing & Vieira, 1982). Additionally, a 1.0-kb
Pstl/EcoR] fragment was cloned into MI13mpl19 and
M13mpl8. These four clones contained all the genomic DNA
that hybridized with PL-14.

Since the PL-14 cDNA probe was not full-length, we used
cosmid DNA as template and oligonucleotide primers de-
scribed below in the polymerase chain reaction to isolate ge-
nomic DNA containing the remainder of the gene. PCR-
generated fragments were sequenced directly by using dou-
ble-strand sequence techniques, and also subcloned into
pBluescript and sequenced by the Sanger technique.

The two P1-hybridizing PstI fragments of cosmid 42, con-
taining the three exons of the clone 1 gene, were cloned into
pBluescript. The resulting plasmids were sequenced with
vector primers.

Deletions. Nested deletions of the PstI/EcoRI 1.0-kb insert
in M13 were generated by the method described by Dale et
al. (1985). For nested deletions of clones in pBluescript
vectors, we followed the manufacturer’s instructions, using
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Kpnl and Xhol to cut the vector prior to Exolll digestion.

Polymerase Chain Reaction. The following oligonucleotides
were synthesized based on the cDNA sequence of full-length
c¢DNA for human L-14 (Couraud et al., 1989; Abbott & Feizi,
1989; Hirabayashi et al., 1989): (A) CAAGCCATGATT-
GAGTCC, upstream sequence (-); (B) GGGCTGA-
AAGCTTGTGCGCCTGCCCGGE, upstream sequence (+);
(C) CCTGAATCTCAAACCTGG, exon 2 (+): (D)
GCGTCAGGAGCCACCTCGCCTCGCACTCG, exon 2
(-): (E) GCAGGATCCGGTTGTTGCTGTCTTTGCC,
exon 3 (-); where (+) and (=) denote sense and antisense
oligonucleotides, respectively.

We also synthesized adaptor and (dT),;-adaptor oligo-
nucleotides for use in isolating the upstream region of the L-14
gene, using a protocol of Frohman et al. (1988).

The PCR reactions were done following the method of
Frohman et al. (1988) using a Perkin-Elmer Cetus (Norwalk,
CT) thermal cycler, with the following modifications. For Taq
polymerase buffer, we used 61 mM Tris-HCI, pH 8.8, at room
temperature, 6.1 mM MgCl,, 155 ug/mL BSA, and 15 mM
(NH,),SO,. We used 1 pg of human genomic DNA (Clon-
tech, Palo Alto, CA) or cosmid DNA in the amplifications.
Just prior 1o enzyme addition, the solution was boiled for 10
min and then immediately placed on ice. The samples were
then placed at 72 °C for addition of 2.5 units of Taq polym-
erase (Perkin-Elmer Cetus) and overlaid with 30 uL of mineral
oil. Annealing was done for 40 s at 64 °C for oligonucleotides
B and D. and at 52 °C for oligonucleotides A, C, and E,
adaptor, and (dT),;-adaptor oligonucleotides. The annealing
was followed by a 4-min extension period at 72 °C. The DNA
was denatured for 40 s at 96 °C for the first five cycles and
at 94 °C for the following 35 cycles. Products were separated
on a 1% agarosc gel, excised, and electroeluted.

PCR of the 5’ Nontranslated Region. Cosmid 182 DNA
was digested with EcoRlI, boiled for 10 min, immediately
placed on ice, and then tailed with deoxyadenosine triphosphate
using terminal deoxynucleotidyl transferase, following the
manufacturer’s instructions. Tailing proceeded for 10 min at
37 °C. The DNA was then boiled for 10 min, placed on ice
immediately, and used for PCR, using adaptor, (dT),;-adaptor,
and oligonucleotide A.

Sequencing. Clones in pBluescript (Stratagene) or M13
(Messing & Vieira, 1982) were sequenced using Sequenase
(United States Biochemicals, Cleveland, OH) by the modi-
fication of the Sanger method (Sanger et al., 1977) described
by the enzyme manufacturer. Single-strand DNA was pre-
pared as described in the pBluescript manual, using R408
helper phage. Direct sequencing without cloning into M13
or pBluescript was by the method described by Kraft et al.
(1988). The Bionet SEQ, GEL, and GENED programs (Intelli-
genetics, Mountain View, CA) were used to analyze the se-
quences obtained with respect to homologies and secondary
structural features.

RESULTS

Using the cDNA probes PL-14 and P1 to screen 6 X 10°
colonies of a human genomic library in a cosmid vector, we
found 8 clones that hybridized with PL-14 and 12 that hy-
bridized with P1. After the colonies were purified in successive
screenings at lower density, DNA was isolated from several
of them and digested with EcoR1. Southern blots were then
examincd with the cDNA probes used to screen the library.
The genomic clones that hybridized with PL-14 gave rise to
a band of 6.4 kb and another of varying size, ranging from
2.9 10 3.5 kb. Of the clones that hybridized with P1, all gave
the same hybridization pattern, consisting of a major band of
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FIGURE 1: Southern blots of clones 182 (A) and 42 (B). DNA purified
from these genomic clones was digested with restriction enzymes and
electrophoresed. Blots were hybridized to the complementary ra-
diolabeled ¢cDNA probe. The lanes for both blots contain DNA
restricted with the following enzymes: lane 0, BamHI; lane 1,
BamH1/EcoRI; lane 2, Hindl11/EcoR1; lane 3, Pstl/EcoRI; lane
4, Kpnl/EcoR1; lane 5, Sstl/EcoRl; lane 6, Sall/EcoRI; lane 7,
Smal/EcoRlI; lane 8, EcoRIl. Size markers are in kilobases.
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FIGURE 2: Strategy for sequencing clone 182. The strategy is depicted
by arrows under a partial restriction map of the genomic DNA. Exonic
regions are denoted by rectangles. Some of the restriction sites used
in cloning are also indicated (R1 = EcoRI, P = Pstl, Pv = Poull,
T = Tagl, and B = BamH]I).

6.3 kb and two minor bands of 4.4 and 2.4 kb. The genomic
L-14 clone (cosmid 182) that gave rise to the largest variable
band and one of the genomic clones that hybridized with P1
(cosmid 42) were selected for further study.
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8p1 metal TATA cap site(?)
GOGGOGCTCA COOGGETCOCGE TCCAGTTARA AGGGTGGGAG COTCOEGEGE CCCATCTCTC -6l

TCRAATAGAG TCTTCTGACA GCTGATGCRC CTECCCOGGA ACATCCTCCT GGACTCAATC -1

ATGGCTTGTG TGAGTGTGGG GACCCCCOCCC CAAGGTCCAG GGGATAGGGC AGGAACTGAT €0
GOCCAGAGGA GAGCTGGGCA GATCGGGAGC AGATTCTAGC COCAGCTGTG TGGCCTGGAA 120
CCAGTGCCTT CTCTTTTCTG GACCTCAGTG GOCACATCTG TAARATOGGG GTGAACGECCA 180
TOITOCCTCA AGGCCTTCTC TGCATTGATA ATTOICTGGA TTOCTCCAGG GTCTGAARAGC 240
ACAGTTATTT CTGCCCAGGG TTGACATTCT GCAGCTCTCT GAGRAGIGAG CUTGAGARGG 300
GTATGACCAA CTGAGGGACA COCAGGCCAC TATCOCTTTC CCCCTCCTCC ACCCCAARGA 360
ACCTCCTAIC ACCTCCACCC TGCAGCTETC COGATCACCA GGCCAGGGCA GAGTTACCCT 420
CTACTCCAGA GAACGCTGAA AMGTTGCCAG GACCCGAGAC AAGCTGCOCA AGATGGGOCC 480
TTCTAGRTCG GGGGTOGAGG GTGGTTETGT CCAGGCTOAT GGCGGGGGGG GOCGGGGARA 540

TTCCCTTCCA CCACCCOCAA GCTGGGAGGT TGGGATGGCA GAGAGITGAG AATCTTCCTC 600

TGCCCACCCA CTOGGAATGC CAGGGAACAG CAGTGCCCAG CAGTTTGCTC AATCTTGITA 720
ACCCTGAGCC AGCCCAGCCA CAGCCCGACT GCAGGGCTAC TCTCCCTAAT GCAGRGAGOC 780
QATATTTTTC AGGATCTCCT CTCTAGCCCC TGGGCCTCIT TOCAGAGAGG GGCTTGAAGG 840
AGAATAQTGG AGTCGCCOAC COCTAGCOCAC TTOCTCTCCA GCAGAGGGGC CGCCCCCTCC 900
ATTCAGIGTG ACGETGGGCC AAGTETCGGC CCCTOOCCAG CCTGATCCTC TCCATCTGCG 960
ATGGGACAGA GCACCCCATC TCCCAAGTCA CTCTTGAGTC CAAAATTCCA AGCCAATCIG 1020
CAAMATCTIC TAGAGCCTGT CTTCTAGAAC CTTCACGITA CAGACTGAAG CCARCOCCGG 1080

TOGGAATAGG GACTTTCCCA GGACCACATA GACAATCGGA GGCTGGAAAT TACAGCTCAA 1140

TCCTTICCCC AGGCTTCCCC TIGGCTTGAT CAGAGGATGC OGGGCOGGGAA CARCCCCACT 1200
COCACCOOCA GCCACCCCOG GACACTTCGA GCAGTGGAGG CCTTGICCTC TAACCOGCTG 1260

G LV ASN LNLTIEK PGE
GGCOGGGGCT TGICTGTGCA GGFTCTOETC GOCAGCAACC TGAATCTCAA ACCTGGAGAG 1320

C LR VRGE VAP DATEK 8
TGCCTTOGAG TGCGAGGCOGA GGTGGCTCOCT GACGCTAAGA GGTGAGAAIT GAAGTCGGGG 1380

TGATGGGCRG CAGGGACGGE CTTGGETCCAG CAGGGAGGGC GTGGCCGGCC AAGCCCACAT 1440
CTCCTCCCTG GCOGGGAGCE GGTTAACGGC CAGCCGCCGA TGCTGOGTIT TCTGGGTGAC 1500
TCACTTCOCC COCAGGGTCT GAGOGCCONC ACCATTACOG CCOOCTOOCC CGCTCCCTCC 1560
CTGCTGTAGC CTCTTAAACT ABMCCAGCTG CAGCCTCGTC ATCTGTAATA CCTTGACTCC 1620
CCOGOOCCCA COCCTTTOOG GTCTGRGORG GACCTGTCGRC TGOGGAGGRC GOGGAGAOGA 1680
GTGGGGCGEGG OETCACCGOG CCTTCCCOCT GAGTCCCTCC TTCCTGCGTT CTGFTCATTC 1740
ATTCATTCAC TGGCTCAGTC CGGTCCTTCT TCCTTCACTT CTCATTCACT CAGACGGCTG 1800
CCTTATTITC TCGGCAGTTA GETGACCTTIG GACCAGTCAA CCAACCICAC CTAGCCTCAG 1860
TTTGTTAGAA AAACAAGGGG GGAGGTGGTT GTGTGGAGGA AGTGAGATOC GOATGGCGCA 1920

GIGACAGTGA GGRGGATGAG GATCAGCTGA TATTGTTAAG AGCCGCACAC TTCTCATGCA 1980
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CTAATTTCAT TTCAACCARA COCTCAGRGG CAGGTATTGC TATTATCACC ACTCAACAAR 2040
TGTATTTATT ATTITATTTA TTTATTTATT ATTTTATTAT ITTATTTATT TATITITIGA 2100
GACACAGTCT CAOCCTGTCS COCAGOCTGG AGTOCANTGG OJTGATCTOG GCTCACCACA 2160
ACCTOORCCT COOGOGTTCA AACGATTCTC OGGCTTCAGC CTCCTGAGTA GOOGGGATTR 2220
CAGGOOCOCA CCACARCGCC CAGCTAATTT ATGTACTTTT AGTAGAGACG GOGITICACC 2280
ATETTOSCCA GGCTGETCTC GAACTCCTGA CCTCATGATC TGOCOGCTOS CCTOGGOCTC 2340
CCAARGTGCT GGOGTTACAG GCATGAGOCA COGTGCOOGG GAGTATTATT ATTATTATTT 2400
GTTAATTCGC CCCATAATTA CTAAGCATCT TTTTCTGGTG TGOCOCACIT GTGCTGGGCA 2460
CCGGGAATAC AGAGATGTAC AAGACAGGAC GOGAGGETCAC CATCTGGAGS GAGTCACTGA 2520
OCTTGACCAA ACGGGCTAGG ATGCTAATGA CTTCAAGAAT CAARGCGAGCC CTCCTGTGCA 2580
GCOCCCATTG TACAGATGAG CAAACAGGGG AAGAGGGGCA OGAGCAGGTG GCATGGOCAG 2640

AGCTAGAATC CAGATTICTT GICICTCTTA GIGACTTCIT CCAGCAAGGT GCGTTCATGG 2700

2760
2820

2880

2940

V AE
TGTTOCAGAG GTGGOCTGCA GACCGGAACC GGGGACCAGG GACAGGGACT GAFTGGGCTG 3000

GOEGOGGAGCT GGGETTAGTGA CTAGAGACCT TGGOCCTGCC TGCTCTTICC CCTCCCCTTC 3060
COTCOCTTOC TETCTGATAG CCAGTCICTG OCCCTCTTTG AACCTCAGTG GITGATTACA 3120
ATARARCGAR GGGGARAARA AAAGGCTOGG CTTGGTGGCT CATGOCTGTA ATCCCAGCAC 3180
TITOGEAGGC CAAGGCGOGC GRATCACCTG AGATOOGGAG TTOGAGACCA GOCTGACCAR 3240
CATGEAGAAN COCTTCTOG ACTAARAATA CARANANTTA GCTAGGOGTG ATGGCGCATG 3300
CCTOTAATOC CAGCTACTCA GGAGGCTGAG GCAGGAGAAT TGGTTGAACC COGGAGGCGG 3360
AGGTTGCAGT GAGCOGAGAT TGCACCACTG CACTCCAGCC TUGCCAACAA GAGCARAACT 3420
CIGTCICAAA AARAARARAA ARAMTTAGCC AGCQTOCTOG CTCATGOCTG TAATOCTGGC 3480
ACTTTGOGAG ACCARRGTGG GTGGATCACC TGAGGTCAGG AGTTOGAGAC CAGCCTGACC 3540
AMCATGGTGA AACCOCUTCT CTATATAAAT ACRAAAATTA GCTGGGCOCTG GTGGCACACA 3600
ACTOTAGIOC TAGCTACTCA GGAGOCTGAG ACAGGAGART CACTTGAACC TGGGAGGOGG 3660
AGATTOCAGT GACCCGAGAT TATGOCACTG TACTCCAGCC TGGGCGACAG AGGAGACTCC 3720
ATCTCAAAAA AAAAARAAAA TCTATCATAG GATTAGAGTA AAAAGAAAGA ARAMATATTA 3780

TAAATGTACC TCOGCAGGCT CAGCCACAAA CTGGGGCTGT GTCAGGGCCA CATGAGGAAC 13840

GGGTTCTOGA AGAGCCCATG GCATGIGGAC COGGCTCACT GCTCTOCTCT ACCCCCAGGT 3900

GTGCATCACC TTCGACCAGG CCAACCTGAC COTCAAGCTG CCAGATGGAT ACGAATTCAA 3960

QTTCCCCARC CGCCTCAACC TGGAGACCAT CAACTACATG GCAGCTGATG GTGACTTCAA 4020

GATCAAATGT GTGGOCTTIG ACTGAAATCA GCCAGCOCAT GGCOCCCAAT ARAGGCAGCT 4080

GCCTCTGCTC CCTCTGAACC AGCCTCORTOT GIGTGCTTOT GOFIGTETGT GTATATGTGT 4140

FIGURE 3: Sequence of the L-14 gene. Numbering starts at the translational start codon ATG, and the upstream sequence is denoted by negative
numbers. Exons are identified by the translated amino acids noted above. Alu sequences and their orientation are represented by arrows over
the corresponding sequences. Other features are noted above the sequence with lines below denoting extent of the specific sequence.

Cosmids 182 and 42 were doubly restricted with a panel of
enzymes along with EcoRlI, electrophoresed, and examined
by Southern blotting. The results (Figure 1) guided our initial
subcloning of the genomic fragments. PL-14 did not hybridize
with cosmid 42, and P! did not hybridize with cosmid 182,
supporting the conclusion that each was encoded by a different
genc.

The complete sequence of the human L-14 gene of cosmid
182 was dectermined by using the strategy summarized in
Figurc 2 and is presented in Figure 3. The gene contains four
exons and three introns, the latter with several Alu sequences.
The intron—cxon junction sequences are all consistent with

consensus sequences (YYYYYYYYYYNCAG/G and
AG/GTAAGT for intron/exon and exon/intron, respectively,
where Y = Cor T, and N = A, C, G, or T; Padgett et al.,
1986). The last two introns have three full copies of the
Alu-type repetitive sequence (Deininger et al., 1981; Kariya
et al., 1987). The intron 3 Alu sequence is oriented anti-
parallel, and the intron 4 Alu sequences are oriented head-
to-tail and parallel to the direction of lectin gene transcription.

The predicted amino acid sequence of the exons is identical
with that observed by direct sequencing of amino acids of L-14
isolated from human placenta (Hirabayashi & Kasai, 1988),
except that the N-terminal methionine coded for by the clone
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¥ A ¢C INTRON 1
a TGGTGCACCTECONGGEANKATCCTCCTEGACTCAATC ATG GCT TGT GTGAGIGIGG-——
b CCTTORGAGAGAGGAGCATCAGCCTGCACAGCAGCATC ATG TCT TCT GTGAATAGG—
M 8 C
¢ L VvV A 8 N L N L
a =——(1.4 kb)-—GTCTCTGCAG GGT CTG GIC GCC AGC AAC CTG AAT CIC
b ==={1.0 kb)=-==CCATGTICAG CAG GGA OCA TGT TGC ACC AAC TTG GGT CIC
Q 6 P V ¢ T N L G L
c -==GTTGGCCCAG GGG XXA CTT GAG GIT AAG AAC ATG GAC ATG
G X L E V K N M D M
K P 6 E ¢ L R V R 6 BE V A P D 1A
a AAA CCT GGA GAG TGC CTT CGA GTG CGA GGC GAG GIG GCT CCT GAC GCT
b ARG CCT GGC CAG CGC CTC ACT GTC AMG GGG ATA ATC GCA OOG AAT GCC
K P 6 Q R L T V K 6 I I A P N A
[ ARG OCG GGG TCA ACC CTG AAG ATC ACA GGC AGC ATC GCC GAT GGC ACT
K P 6 8 T L XK I T 6 8 I A D G T
K 8 INTRON 2 F vV L N L
a AAG AG GTGAGRAGTG~—-(1.6 kb)-=~TACCCCCCAG € TTC GTIG CTG AAC CTG
b ARA AG GTAAGCTGAG—--(1.2 kb)=-—-TTCTCTGCAG C TIT GIG ATG AAT CTG
K 8 F V. M N L
[ GAT GG GTGAGCAAGG—— (1.1 kb)=======CTGCAG C TIT GIA AIT ART CTG
D G F VvV I N L
G K D B8 N N L ¢ L H F N P R F N
a GGC AAA GRC AGC AAC AAC CTG TGC CTG CAC TTC AAC CCT CGC TTC AAC
b GGC AMG GAC TCA ACC CAC CTG GGG CIT CAC TTC AAC CCC CGC TTT GAT
6 K D 8 T H L 6 L H F N P R F D
c GGC CAG GGG MA GAC AAG CTG AAC CTG CAT TTC AAC CCT CGC TTC AGC
6 Q 6 T D K L N L H F N P R F 8
A H 6 D A N T I V ¢ N 8 K D G6 @G
a GCC CAC GGC GAC GCC AAC ACC ATC GIG TGC AAC AGC AAG GAC GGC GGG
b GCT CAC GGT GAT GIG AAC CTC ATT GTG TGC AAC TCA AAG AAA ATG GAA
A K 6 D V N L I VvV C N B K K M E
c GAA TCC ACC NIT GIC TGC AAC TCA TTG GAC GGC AGC
E 8 T I vV ¢ N 8 L D G 8
A ¥ 6 T E Q R E A V F P F Q P @6
a GCC TGG GGG ACC GAG CAG CGG GAG GCT GIC TIT CCC TTC CAG CCT GGA
b GAG TGG GGT ACC GAG CAA AGG GAG ACG GIC TTC CCT TTC CAG AAG GGA
E W 6 T E Q R E T VvV F P F Q K G
c ARC TGG GGG CAA GAA CAA CGG GAA GAT CAC CTG TGC TTC AGC CCA GGG
N W G Q E ¢ R E D H L € F 8 P G
8 Vv A E INTRON 3 v ¢ I
a AGT GIT GCA GAG GTGGGCTGCA---(1.0 kb)~-——CTACCOOCAG GIG TGC ATC
b GCC OCA ATA GAG GTAAAGCCTG——- (0.3 kb)~—TGIATIGCAG ATC ACT TTC
A P I E I T F
c TCA GAG GIC AAG GTGAGGTCAA-— (0.2 kb)---CTCOCCACAG TTC ACA GIG
8 E V K F T V
T F D ¢ A N L T vV K L P D G Y B
a ACC TIC GAC CAG GCC AAC CTG ACC GIC AAG CTG CCA GAT GGA TAC GAA
b AGC ATC AAC OCA AGC GAT CTG ACT GIC CAC CTG CCA GGC CAC CAA
8 I N P 8 D L T v H L P G E Q
c ACC TIT GAG AGT GAC ARA TIC AAG GTG AAG CTG OCA GAT GGG CAC GAG
T F BE 8 D K F K Vv K L P D G H E
F K F P N R L N L B A I N Y M A
a TIC ARG TTC CCC ARC CGC CTC AAC CTG GAG GCC ATC ARC TAC ATG GCA
b TIC TCA TTC CCC AAC CGG CTT GGT CIT TCT GIC TIT GARC TAC TIT GAT
F 8 F P N R L 66 L 8 VvV F D Y F D
[ CTG ACT TTIT CCC ARC AGG CTG GGT CAC AGC CAC CTG AGC TAC CTG AGC
L T F P N R L 6 B 8 H L 8 Y L 8
A D 66 D F K I K € V A F D ter
a GCT GAT GGT GAC TTC ARG ATC ARA TGT GIG GCC TIT GAC TGR AATCAGCC
b ACG CAT GGA GAC TTC MG CIC CGG TCT GIC AGC TGG GAG TAA CTCCTCAC
T H @ D P T L R B V 8 W E ter
c GIA AGG GGC GGG TIC AAC ATG TCC TCT TTC AAG TTA AAA GAA TAA AMGA
I R G G F N ¥ B8 8 F K L K E tar

FIGURE 4: Partial sequence of clone 42 (c) and comparison with
relevant portions of the sequence of clone 182 (a) and published
(Ohyama & Kasai, 1988) partial genomic sequence of a chicken skin
lectin (b). The features shown are exon/intron structure, sequence,
and the deduced amino acid sequence.

is not present in the mature protein. The nucleotide sequence
of the L-14 gene is also consistent with that found in three
different studies of cDNAs encoding human L-14 (Couraud
et al., 1989; Abbott & Feizi, 1989; Hirabayashi et al., 1989),
but there are a number of differences from pHL14-2. The
latter is, however, almost identical with L-14 cDNAs isolated
from mouse tissues by Wilson et al. (1989) and in this labo-
ratory (Cooper & Barondes, 1990). Since the cDNA library
from which pHL14-2 was derived was made from a human
tumor grown in a mouse, it probably arose from mouse tissue,
as suggested by Wilson et al. (1989). However, the L-14 gene
of cosmid 182 is clearly of human origin, having been derived

Gitt and Barondes
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FIGURE 5: Schematic depiction of genomic organization of human
L-14, the chicken skin lectin examined by Ohyama and Kasai (1988),
and clone 42 (human “clone 1”). Intron dimensions are not to scale.

from a human library, with no such possibility of contami-
nation.

Several other features of the L-14 gene are noted in Figure
3. The 3’ noncoding region of the gene has a consensus po-
lyadenylation signal AATAAA (Fitzgerald & Shenk, 1981)
22 bp past the termination codon TGA. Another 33 bp
downstream of the polyadenylation signal is an extensive co-
polymer sequence of alternating G’s and T’s, over 53 bases,
with only a few substitutions. Smaller G/T clusters have been
noted in the majority of eukaryotic 3’ sequences (McLauchlan
et al., 1985; Platt, 1986) and may be involved in efficient
processing of the mRNA (McLauchlan et al., 1985), formation
of Z-DNA structure (Taboury & Taillandier, 1985), or
binding to a cellular factor (Leith et al., 1988).

In the upstream region, the sequence surrounding the ini-
tiator methionine codon conforms with the consensus sequence
for other genes, GGRNNATGG (Kozak, 1986), where R =
A or G, and N = any nucleotide. Further upstream is a TATA
box-like sequence located the correct distance from a consensus
transcriptional initiation site (Breathnach & Chambon, 1981).
Other putative upstream regulatory elements include three Spl
binding site consensus sequences {Dynan & Tjian, 1985), an
Ap?2 binding site (Roesler et al., 1988), three CCAAT boxes
(Efstratiadis et al., 1980; Graves et al., 1986), a heat shock
element (Dynan & Tijian, 1985), a site similar to the consensus
glucocorticoid response element (Yamamoto, 1985), a possible
metal regulatory element (Karin et al., 1984), and a sequence
that resembles the Y box of histocompatibility genes (Dorn
et al., 1987; Kelly & Trowsdale, 1985).

We also determined some of the sequence of clone 42 from
subclones of hybridizing PstI fragments. Three exons were
identified, with only two nucleotides difference from pHL14-1.
The exon sequences, deduced amino acid sequences, and in-
tron—exon boundaries are shown in Figure 4, sequence c.

Although we have not determined the complete structure
of the clone 42 gene, these results were aligned with the related
parts of clone 182 (Figure 4, sequence a) and a lectin from
chicken skin (Figure 4, sequence b) whose genomic organi-
zation was reported by Ohyama and Kasai (1988). Com-
parison of the available information on the overall structure
of these genes is shown schematically in Figure 5, and the
relationship of the deduced amino acid sequence of the putative
lectin encoded by clone 42 to the sequences of L-14 and L-30
is summarized in Figure 6.

DiscussioN
In this paper, we report the first complete genomic sequence
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a MACGLVABNLNLKPGECLKVRGELAPDAKS
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b 18AgGDFKIKCVAFE
c MAADGDFKIKCVAPFE
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FIGURE 6: Comparison of protein sequences of members of the
mammalian S-Lac lectin family. Two extensively studied lectins, L-14
(a—d) and L-30 (f, g), are compared with the partial sequence deduced
from the cDNA designated “clone 17 (&) whose genomic counterpart
is clonc 42. The examples of L-14 (a—d) are from (a) rat (Clerch
et al., 1988), (b) cow (Abbott et al., 1989), (¢) mouse (Wilson et al.,
1989: Cooper & Barondes, 1990), and (d) human (Couraud et al,,
1989; Abbott & Feizi, 1989; Hirabayashi et al., 1989; this paper).
Identical residues in all four are in capitals. The examples of L-30
are from (f) rat (Liu et al., 1985) and (g) mouse (Jia & Wang, 1988).
The residues that are the same in both are in capitals. The available
deduced sequence of the human “clone 1” putative lectin (¢) that was
derived from studies of pHL14-1 (Gitt & Barondes, 1986) and clone
42 is compared with the L-14 and L-30 sequences, with exclamation
points indicating identities.

of an S-Lac lectin. When coupled with previous work with
a chicken skin lectin and with the distinct putative lectin
encoded by cDNA clone 42, some general features of the
genomic organization of this family of structurally related
lectins are suggested.

The gene for L-14 consists of four exons, splitting the regions
of the coding sequence that are homologous between different
lectins (Gitt & Barondes, 1986; Clerch et al., 1988; Paroutaud
et al., 1987) into several possible domains. As in previous
studies of cDNA, the genomic sequence shows no evidence of
a secretory signal peptide, supporting evidence that secretion
of L-14 is regulated by a novel mechanism (Cooper & Bar-
ondes, 1990). Exon 3 contains the most extensive region of
homology between the soluble lectins including the apparently
invariant HFNPRF and the residues WGTEQRE thought to
be involved in galactoside binding (Paroutaud et al., 1987; Levi
& Teichberg, 1981). The presence of Alu sequences in the

Biochemistry, Vol. 30, No. 1, 1991 8§87

introns surrounding exon 3 (Figure 3) and their implicated
role in in vivo recombination (Lehrman et al., 1986; Jaga-
deeswaran et al., 1982; Henthorn et al., 1986; Nicholls et al.,
1987) suggest the possible use of the exon 3 domain as a
functional unit for glycoconjugate binding. Further evidence
for this hypothesis is seen in the sequence of L-30, which has
been shown to be an IgE binding protein (Liu et al., 1985;
Albrandt et al., 1987). In L-30, the sequence homologous to
L-14 exon 3 is surrounded by sequences homologous to the
IgG Fc receptor gene (Albrandt et al., 1987).

The genomic structure of human L-14 is very similar to that
of the chicken skin lectin published by Ohyama and Kasai
(1988). Except for the added triplet specifying glutamine in
exon 2 of chicken, the intron/exon boundaries occur at exactly
the same positions in these two lectins. This is especially
notable because the chicken skin lectin (Kasai et al., 1989)
is distinct from chicken lactose lectin T (Barondes, 1984) which
is probably the chicken form of L-14. In support of this
relationship, both L-14 and chicken lactose lectin I are dimeric,
are prominent in muscle, and exhibit similar developmental
regulation (Barondes, 1984; Cooper & Barondes, 1990). Our
partial results with the putative human lectin encoded by clone
42 support the generality of this organization, although the
relationship of the clone 42 gene to the chicken skin lectin is
not yet clear.

The upstream region of the L-14 gene suggests that it may
be regulated in many ways. A possible heat shock element
is found at position —130, diverging from the consensus
(CNNGAANNTTCNNG; Dynan & Tjian, 1985), by only
one nucleotide, a property shared with several other known
heat-shock controlled genes (Hickey et al., 1986; Zuker et al.,
1984). However, it should be noted that the presence of a
heat-shock consensus sequence may not be sufficient for
heat-shock regulated expression. Many heat-shock regulated
genes also display developmental expression independent of
heat-shock stimuli. Although no data exist for developmental
expression in the human, L-14 is developmentally regulated
in chicken and rat (Barondes, 1984; Beyer & Barondes, 1982;
Oda & Kasai, 1983; Clerch et al., 1987).

A putative steroid-binding site is located at —=210. The
consensus sequence (T/CGGTNA/TCAA/TNTGTT/CCT;
Yamamoto, 1985) differs from the lectin gene sequence at
three nucleotides. There is evidence for glucocorticoid regu-
lation of synthesis of rat L-14 (Clerch et al., 1987) and of
chicken skin lectin (Oda et al., 1989). Yet another putative
regulatory element is the metal regulatory element, of con-
sensus sequence T/CG/TCGCCCGGCT/CC (Karin et al.,
1984). The lectin sequence diverges at only two nucleotides,
and is located at —110. We also found a sequence related to
the Y box of histocompatibility genes (Dorn et al., 1987; Kelly
et al., 1985), overlapping the putative steroid-binding site. It
has the consensus sequence TTCTGATTGGTTAC of which
the L-14 gene shares 12 of 14 nucleotides. A possible rela-
tionship of L-14 to the histocompatibility system is of interest
since lectins have been implicated in a primitive defense system
by binding surface glycoconjugates of invading organisms, thus
facilitating phagocytosis (Ofek & Sharon, 1988).

In addition to the regulatory elements found immediately
upstream of the lectin gene, the presence of intronic Alu se-
quences and the possibility of downstream Z-DNA suggested
by a G/T cluster downstream of the polyadenylation signal
may also add other levels of regulation. Alu sequences have
been shown to bind protein factors (Perelygina et al., 1987),
and at least some appear to modulate expression (Saffer &
Thurston, 1989). Z-DNA has been shown to bind several
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specific proteins (Leith et al., 1988) and modify nucleosome
structure (Casanovas & Azorin, 1987), both of which may
have an cffect on gene expression.

Notable features in intron 1 include some small direct re-
peats, which may be targets for binding cellular factors. One,
TCCTCTCCAG at position 873, is also found with one base
change at positions 798 and 947. The other, AGAGGGGC,
is at positions 827 and 884. The significance of these sequences
is not known, but the first sequence resembles a consensus
intron/exon boundary which raises the possibility of an al-
ternative splicing site. Intron 1 also contains several Spl
binding site consensus sequences. Such sequences can play
a role in regulation even downstream of the transcriptional
initiation site.

The significance of these multiple potential mechanisms for
regulation of the L-14 gene remains to be determined. They
arc consistent with evidence that the role of this lectin may
differ in developing mature tissues and in the many cell types
in which it is expressed.
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ABSTRACT: The o and 8 isoforms of the human protein phosphatase 2A catalytic subunit are encoded by
distinct genes whose expression appears to be differentially regulated. To obtain a better understanding
of the mechanism(s) that regulate(s) the expression of these two transcripts, we have cloned the genes encoding
both isoforms. Both genes (each ~30 kbp) are composed of seven exons and six introns which intervene
at identical locations, suggesting that they were derived from a common ancestral gene. However, the 5/
upstrcam regions as well as the regions encoding the 5" and 3’ untranslated sequences of each mRNA are
different. The promoters of both genes are very G+C rich and lack the TATA and CCAAT sequences
typical of many housekeeping genes. The Co gene contains several potential Sp! binding sites and a potential
cAMP-responsive element. Northern analysis using RNAs isolated from several different human cell lines
showed that the steady-state Ca mRNA was, in general, more abundant than the C3 mRNA. To determine
whcther the promoters regulate the differential Ca and C8 RNA expression, they were fused to the reporter
gene chloramphenicol acetyltransferase and transiently expressed in HeLa cells. Expression from the Ca
promoter was 7-10 times stronger than that from the C3 promoter, which paralleled the endogenous Ce
and CB mRNA levels in HelLa cells. These data suggest that the steady-state levels of the Ca and C3

mRNAs, are due, at least in part, to different promoter activities.

Botein phosphatases play an essential role in the regulation
of many processes ranging from cellular metabolism to in-
volvement in cell cycle events [reviewed in Cohen (1989)].
Mutations resulting in cell cycle arrest in the fungus Asper-
gillus nidulans (Doonan & Morris, 1989) and in yeast (Oh-
kura ct al., 1989; Booher et al., 1989) have been shown to be
located within a protein phosphatase | gene, demonstrating
that this phosphatase is required for completion of the cell
cycle. Furthermore, the discovery that protein phosphatases
1 and 2A arc both strongly inhibited by okadaic acid, a non-
phorbol estcr tumor promoter, has led to the proposal that
protein phosphatases may play a role in tumor suppression
(Bialojan & Takai, 1988; Haystead et al., 1989). However,
the mechanisms responsible for the activation—inactivation of
protein phosphatase activity in these processes are poorly
understood.

*The nucleic acid sequence in this paper has been submitted to Gen-
Bank under Accession Number J05297.
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Several types of protein phosphatases have been identified
at the protein level [reviewed by Ballou and Fischer (1986)
and Cohen (1989)]. Three different holoenzyme forms of
protein phosphatase 2A have been purified from a number of
tissues and in all cases consist of a catalytic (C) subunit of
36 kDa in association with one or more regulatory subunits
of 55, 65, and 72 kDa (Crouch & Safer, 1980; Pato &
Adelstein, 1983; Tung et al., 1985; Waelkens et al., 1987; Usui
et al., 1988). The C subunit has been cloned from various
species, and at least two isoforms (termed Ca and C3) have
been identified (Green et al., 1987; Stone et al., 1987, 1988;
da Cruz e Silva et al., 1987; da Cruz e Silva & Cohen, 1987;
Arino et al., 1988; Hemmings et al., 1988; Kitagawa et al.,
1988a,b). Furthermore, two isoforms of the 65-kDa subunit
have also been cloned (Hemmings et al., 1990). Thus, the
structure of protein phosphatase 2A is likely to be even more
complex than initially perceived.

The amino acid sequences of the Ca and C8 proteins, de-
duced from the cDNA sequences, are 97% identical, with 7
of the 8 amino acid differences being clustered in the first 30
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