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promoter activity by lactogenic hormones. Their study is
focussed on the DNA regions located between -400 and
the sp, which include the highly conserved sequences we
have observed. They suggested that the sequence 5'—
ANTTCTTGGNA located between nt ~99 and —90 might
represent an essential part of a specific mammary gland
factor-recognition site. In the rabbit As/ca gene, a similar
sequence AATTCTTAGAA was found at exactly the same
position (-99, -90). To assess the importance of these
regions in rabbit As/ca gene expression and to determine
other regulatory sequences, the As/ ca gene is currently being
tested using cell transfection and transgenic mice.

Note

After submission of this manuseript a paper has been
published describing the bovine %-S1 cascin-encoding gene
(Koczan et al., 1991).
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SUMMARY

The genes encoding chain 1 (Chi) and chain 2 (Ch2) of the major atlergen of the domestic cat, Felis domesticus 1, have
been analyzed by genomic cloning and by polymerase chain reaction (PCR). Chl has two potential leader sequences,
designated A and B. Analysis of a genomic clone encoding Ch1 demonstrated that one structural gene contains sequences
corresponding to both leaders, which utilize different Met start codons, PCR analysis showed that genes encoding Chl and
Ch2 are co-expressed in both the salivary glands and the skin, and that leader sequence A of Chl is utilized preferentially
in both tissues. Ch2 was shown to have two dominant forms that are differentially expressed in the aforementioned tissues.
The long form (Ch2L), composed of 92 amino acids (aa), is preferentially expressed in the salivary glands, while the short
form (Ch2S), composed of 90 aa, is preferentially expressed in the skin. There is minor sequence polymorphism in both
forms of Ch2. A genomic clone for Ch2 only contained sequences for Ch2S, suggesling that Ch2L is encoded by an exon

ot contained within this genomic clone.

INTRODUCTION

Clinical studies have shown that Fdl, the major allergen
from domestic cats, plays an important role as an airborne
allergen in aflergic discases (Ohman ct al., 1984; Sundin

Correspondence 1o: Dr. LY. Griffith, ImmuLogic Pharmaceutical Corpo-
ration, One Kendall Square, Cambridge, MA 02139 (USA),
Tel. (617)494-0060: Fax (617)537-8686.

Abbreviutions: aa. umino acid(s): bp, base pair(s): Ch1, chain 1 of Fdl;
Chl, gene (DNA) encoding Chi: Ch2, chain 2 of Fdl: Ch2, gene (DNA)
encoding Ch2: Ch2L, long form of Ch2: (h2L, gene (DNA) encoding
Ch2L: Ch2Lv. variant form of Ch2L: Ch2Lv. gene (DNA) encoding
Ch2Lvy Ch28, short form of Ch2: Ch2S, gene (DNA) encoding Ch2S;
Ch2St, short truncated form of € Ch28t, gene (DNA) encoding
t; C +, variant form of Ch28: Ch2Sy, gene (DNA) encoding
Vi FL Felis; FdL major allergen of F. domesticus: Fdl, gene (DNA)
encoding Fdl: kb, kilobase(s) or 1006 bp: nt, nucleotide(s}: oligo, oligode-
vxyribonucleotide: PCR, polymerase chain reaction; Ug, uteroglobin: UT,
untransiated.

ctal, 1986) and has been implicated as a major asthma-
inducing agent (Van Metre et al., 1986). Fdl has been bio-
chemically and allergenically characterized (Leitermann
and Ohman, 1984; Lowenstein et al., 1985; Ohman ct al.,
1974) and has been shown to be a heterodimeric 39-kDa
protein when affinity-purified in its native form (Chapman
ctal., 1988; Duffort et al., 1991; Van Milligen et al., 1991).
Early studies detected Fdl in cat pelts and saliva with the
former attributed to deposition of the allergen during
grooming (Brown et al., 1984; Ohman et al., 1974). Recent
experiments suggest that Fdl may also be produced by
sebaceous glands in the pelt (Charpin et al., 1991).
Biochemical purification and the generation of mono-
clonal antibodies directed against FdI led to improved
purification protocols (Chapman et al., 1988; De Groot
et al., 1988; Duffort et al., 1988) and determination of the
N-terminal aa sequence (Chapman ct al., 1988; Duffort
et al,, 1991). Characterization of affinity-purified FdI dem-
onstrated that this glycosylated protein is a heterodimer
with 5-6-kDa and 16-kDa subunits (on SDS-polyacryl-
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amide gels) (Duffort et al., 1991; Morgenstern ct al., 1991).
These two subunits, designated Chl and Ch2, respectively,
have been sequenced at the protein level and cloned using
PCR methods (Morgenstern ct al., 1991). It was shown
that Chlis composed of a mature protein subunit of 70 aa
that shares detectable homology with rabbit Ug. In addi-
tion, two precursor forms of Chl with unique leader se-
quences were described. Biochemical characterization and
cloning of Ch2 showed that this subunit is an N-linked
glycoprotein of 92 aa. We now report a further character-
ization of these two chains. Using a combination of PCR
and genomic cloning methods we have determined the dif-
ferential expression of these genes in different tissues and
related these findings (o their genomic structures.

EXPERIMENTAL AND DISCUSSION

(a) Genomic structure and sequence of the Chi-encoding
genc

Hybridization screening of a cat genomic library with the
Chl probe FIP (Morgenstern ct al., 1991) resulted in the
isolation of clone CTGFIP # 3, which contained a 3.2-kb
EcoRI insert. A 1.5-kb DNA fragment was generated by
PCR amplification of the 3.2-kb genomic insert with the
leader A-specific 5'-primer FI-6 and the Ch/-specific 3'-
primer FI-8 (Table I). A second 1.6-kb DNA fragment was
isolated using leader B-specific 5'-primer FI-7 and the 3'-
primer FI-8 (Table I). These two DNA fragments werc
predicted to encode Chl starting from the putative AUG
Met start codon of leader A (FI-6) and leader B (FI1-7). It
was determined in a secondary PCR that the 1.5-kb frag-
ment could be amplified with primers FI1-6 and FI-8 from
the 1.6-kb FI-7/F1-8 fragment, suggesting that they were
linked, with the 1.5-kb fragment nested within the 1.6-kb
fragment. The relationship between the two leaders was
further characterized by cloning and then scquencing the

TABLE I
Oligos used for PCR amplification

1.6-kb genomic fragment. The complete nt and deduced aa
sequences are shown in Fig. IA. Organization of Chi is
presented schematically in Fig. 1B.

The nt sequence of the genomic Chi clone demonstrates
that the two alternative Chl lcader sequences are encoded
by a single gene (Fig. 1A) with the leader B exon separated
from the start of the leader A exon by an intron of 46 bp.
The junction of leader B (exon 1) or leader A (exon 2) with
exon 3 leads to alternative codons that encode either Asp
(leader B)or Asn (leader A). These junctions (exon 1/3 and
exon 2/3) are positioned 2 aa from the N terminus of the
mature Chl, which starts with Glu' (Fig. 1A; Morgenstern
et al., 1991). Thus, leaders A and B correspond very closely
to the genomic exons 2 and 1, respectively. The structural
gene is comprised of only (wo exons, 3 and 4, that encode
the mature protein. Exons 3 and 4 arc separated by a 1.1-kb
intron (Fig. LA and B). The intron-cxon junctions of the
Chl gene have typical canonical sequences (Mount, 1982).
The sequence of the intron between exons 2 and 3 is un-
remarkable except for six repeats of GGGA (within the
range of nt 268-387). There are also two adjacent repeats
of GGGA in the intron between cxons 1 and 2. The intron
between exons 3 and 4 possesscs a large block of GA be-
tweennt 1096 and 1189. The significance of these sequences
Is presently unclear.

The genomic nt sequence of the Chl coding region differs
at four nt from the previously published ¢cDNA sequence
(Morgenstern et al., 1991). These changes, and the deduced
aa differences, are shown in parentheses underncath the
translated genomic sequence (Fig. 1A). In the region en-
coding the mature aa sequence, differences were only de-
tected in two positions (Lys?®—Asn; Leu®’—Val). There
arc also two differences between the ¢cDNA and genomic
translated sequences in leader B that do not affect the sc-
quence of the mature secreted protein (Arg 18—»(?_\«;
Trp > Ser).

Oligo® Nucleotide sequence® Strand® Ammo acids®

F1-5 S-GGGCTCGAGCTGCAGTTCTTCAGTATTCTGGCA Noncoding ARILKNC 3844

Fl1-6 3" -GGGGATCCTGCATCATGAAGGGGGCT Coding MKGA §-UT (- 19)
F1-7 ATCCTGGAACACCATGTTAGACGCAGC Coding MLDAA §'-UT-»(- 1)
F1-8 ATTCTGCAGTTACCTTTAACACAGAGGACT Noncoding SPLC* 67«-3'-UT

FlI-4 ! GAATTCGGTGGCCAATGGAAATG Coding VANGN [7-21

FiI-7 5'-GGGCTGCAGATTCTAGTCAGCCTGATTGA Noncodmg 3°-UT

FI1I-8 5'-GGGGATCCTGACACCATGAGGGGGGCA Coding MRGA 5'-UT »(-4)
FH-9 5'~-GGGAATTCTGCAGTTACATTCATCTCCCCAAAGT Noncoding TLGR* 893" -UT

* Fl-n and FTI-n refer (o Chl- and Ch2-specific oligos, respectively. FI-6 and FI-7 are specific for leader A and leader B, respectively. FII-7 sequence

is from the 3" UT region of Ch2 mRNA,

® The oligos match coding or noncoding strand sequences as noted. The nt added to create restriction sites for cloning purposes are underlined.
© The aa numbering corresponds to that used in Figs. |A and 4A. Asterisks represents the translation stop codons.

ttacragaggatcctgeceacacatacatctootocct t 70
EXON 1 (LEADER B)

t TGTTAGACGCAGCCCTTCCACCCTGCCCTACTGTTGCG 140

M L DAALTPE A

-18 -

GCCACAGCAGgtataaaagggttccagget gecactgeat TIG 210

A TR M K A C

EYON 2 (LEADER A) -22 -20 (R)

TGTTCTCGTGCTTCTCTGGECTGCCTTCCTCTTGATCT
LLWAALTLTLTISG GG

gtaggtgtctgggacatgagtat 280

-10 )
i o gat tetgageat 350
ggaagaatgrgt cotgatgaaggtet tttgtgttccagATTGTIGAA 420
B/NC E
EXON 3
ATTTGCCCAGCC reA CCTATTCCTGACGGGAACCCCCGACGARTATGTTGAGCAAG 490
1T CP AV EKRDUV LFLTGTPDESTYUVEQ
10

20
TGGCACAATACAATGCACTACCTGTAGTAT TGGARRATGC CAGARTACTGARGAACTGOGTIGATGCARA 560
VAQYDNALTPVVL 2 L N CV oD AK

(®) 40
Anr,;\(w;msAGGA'rAmGAcAM‘GCTcrr.\\r,-cm‘ccrr,qc gggtctagetcetgtgtetgtgectcotga 630

%0 b
cgrerqrotagggaate fGftfaqqqcagtqrauqaqwngqtchtcatqtttqttctvcarcatqgcf‘ 700
ctteectqggast tgagaaagt gtagugcaag 770

ac(cagcctacrcr‘tcaaqrtttngqctqqr tcaacgetget 999eg 840
getgeaggeectectatatcectggeat cact tggect cagtgt cagaccet caget ctggecttectga 910
ctecageetetecageacqtgagactggat cttoaaactgtttgoactagatgetioctatetecaaaca 980
feagrtectttotettaact cetcaaqtt ceatatt ccaccoenceccocaraaanaacctatotaag 105G

ttcoctgaat ot t a 1120

190
geagettocaaaaant tet retgecrtgeccagec ftf!(]'lalqfr‘fqaqtqgaqwartr‘caqrgaarror 1260
ctetetgetgt gtaggaacaagctactyctt, 1330
geaggetggaccaget cat tectagagt ot ceagat gr‘arf‘r 1400

fettgoragegeotttetaaccaagtotaccact tetarcegagact geoct ceateccatcatagteac 1470
coctettctteactotgtt toat agaggaage: r(‘faqqrararccrqqgattctctrqttr;rgrama 1940
gattgagaagaacraccttggect get caat cotec 1610

ccacaaagtgtccagtgegrget cagtagy kS Ltg(N*qt[ctLacqtacctctcaaquctcaCcdqqt 1680

cteet gactnctctttqcagurﬂ\mu\mucmmrcTcTGTnTTMaqgtaacc 1735
D I P L C -
70
M A (61 nt) (188 nt) (27 gty CDNA

276 nt

GENOMIC
41739 ot

CDNA
264 nt

M B (49 nt) (188 nt) (27 nt)

Fig. 1. Nucleotide sequence of the 5”-fanking region and exons 1 to 4 of
the ChI gene and deduced aa sequence. (A) Sequences of Chi from
genomic clone CTGFIP # 3 (EMBL accession No. X62477). A genomic
library was constructed in AEMBL4 (Frischauf et al., 1983) using size-
selected EcoRI-digested cat liver DNA (Sambrook et al., 19%9) and
screened (Benton and Davies, 1977) using nick-translated Cii/ probe F1P
(Morgenstern ct al., 1991). A 1.6-kb ¢cDNA was amplified by PCR (Mor-
genstern et al., 1991; Rafnar et al.. 1991; Saiki et al., 1988) from genomic
clone CTGFIP #3 using the oligo primers specified in section a, ligated
into M 13, and sequenced (Sequenase kit U.S. Biochemicals, Cleveland,
OH) using the dideoxy chain-termination method (Sanger et al., 1977).
Computer programs contained in PCGENE (IntelliGenetics, Inc., Moun-
tain View, CA) were used for both aa and nt sequence analysis, Exon
sequences are presented in upper-case lelters and intron and flanking
untranslated sequences are presented in lower-case letters. The nt are
numbered consecutively from + 1. The exons are defined by the previously
published Chi cDNA sequence (Morgenstern et al., 1991). The sequence
of the first 90 nt was determined by direct sequencing of the 3.2-kb ge-
nomic clone. The deduced aa sequence is shown below the nt sequence.
The aa in parentheses correspond to residues in the published ¢cDNA
sequence (Morgenstern ct al., 1991) that differ from residues in the ge-
nomic sequence. The previously defined N terminus of mature Chl is
numbered + 1. Negative aa correspond to the two potential leader se-
quences. (B) Schematic representation of the genomic ChI exon/intron
structure. The alternative cDNAs using either leader A (exon 2) or B (exon
1) are presented above and below the genomic structure, respectively. The

iz -20 -10 +1
[ ) I 4
Chi MKGACVLVLLWAALLLIGSGG [« intron—) -NCEICPAYV
Vg MKLATITLALYV-TLALLCSP- [«intron—] ASAGICERF
i
10 20 30 0
i | | !
Chi KRDVDLFI.TGTPDEYVEQVAQYNALPVVLEN}\FILK
s P H s s s
Uy AHVIENLLLGIPSSYETSLKERERDDTMKD A HOMEK
50 60 70
| | i
ch1 nr,vnAanazDv.sNALsVLx.-mtmn-.)r)nn1-rsrLc-
s+5 s JAPEN .. . ox e
ug KVLDS~LPQTTREN!HY}.T[»xntmn—clEKIVKSPLCM

Fig. 2. Sinnlanties in genomic organization and wa sequence for Chl and
rabbit Ug. Asterisks indicate aa identity: s indicates conservative as sub-
stitutions; a dash indicates a gap inserted lo maximize alignment. The
coding region of Chl is taken from Fig. 1A and the Ug exon sequence
from Bailly et al. (1983) and Suske ct al. (1983). The exon/intron bound-
aries are indicated by brackets. Vertical arrows indicate the start of ma-
ture aa sequence.

It has previously been reported that Ch1 has aa sequence
similarity with rabbit Ug and human CLARA 10-kDa
sceretory protein (Morgenstern et al., 1991). It is interest-
ing to note that the leader sequence of Ug is similar to the
aa sequence of Chl leader A, suggesting that any physio-
logical role for leader B (exon 1) evolved after these genes
diverged in evolution. Further, the genes for rabbit Ug
(Bailly ct al., 1983; Suske et al., 1983) and Chl have sim-
ilar genomic organizations in terms of number and relative
sizes of exons (Fig. 2). The genomic structure of the gene
encoding the CLARA 10-kDa secretory protein has not
been reported.

(b) PCR analysis of Ch/ mRNA

PCR-derived ¢cDNA (Morgenstern et al.. 1991) and ge-
nomic clones (Fig. 1A) for €/l have two potential leader
sequences. PCR was used to determine if there are tissuc-
specific differences in leader usage in skin and salivary
glands. It was found in primary PCR amplifications with
FI-6 (5" leader A-specific primer; Table I) and the Chi-
specific 3"-primer FI-8 that Ch/ mRNA with leader A was
clearly present in both salivary glands (Fig. 3, lane 2) and
skin (Fig. 3, lanes 5 and 8). In contrast, primary PCR
amplifications with primers FI-7 (5’ leader B-specific) and
FI-8 were positive in the salivary gland (Fig. 3, lane 3) but
negative or very weakly positive for Chl mRNA with leader
B in the skin samples (Fig. 3, lanes 6 and 9). This indicates
that there is more Chl mRNA with leader A than with
leader B in the skin samples. Other PCR assays suggest
that leader A is also utilized preferentially in the salivary
glands (data not shown). Secondary PCR reactions using
FI-7 and FI-5, which is nested 5’ relative to FI-8, con-
firmed the presence of Chi mRNA with leader B in all

Met start codon (M) is indicated for each cDNA clone, Leader sequences
(A, B) are represented by striped, coding sequences by blackened und
noncoding sequences by open boxes.
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28t/27t— 2° PCR Product
for B

Fig. 3. Presence of Chl mRNA leader sequences in salivary glands and
skin. Total and poly(A)* RNA were isolated from the pooled salivary
glands of five cats and skin tissues from two individual cals using stan-
dard technigues (Aviv and Leder, 1972: Chirgwin etal., 1979), as de-
scribed (Morgenstern et al., 1991). First-strand ¢DNA (17) was synthe-
sized (¢(DNA Synthesis System Plus Kit, Amersham, Arlington Heights,
IL) from 1 g of total or poly(A)* RNA using oligo(dT) as a primer
(Gubler and Hoffman, 1983) and amplificd 1", using the GeneAmp kit
(US Biochemicals) as described (Rafnar et al.. 1991: Morgenstern et al.,
1991). Secondary PCR (27) was performed on 10, (10 1) of the primary
PCR material using nested primers. as specified in section b, The pres-
ence of Chl mRNA with lcader A (lanes 2.5.8) and leader B (lancs
3,4.6,7.9.10) was analyzed in salivary gland (lanes 2-4) and skin (lanes
5-10) RNA samples. Skin 1 (lanes 5=7) was derived from one of the cats
used in the salivary gland pool. Skin 2 (lanes 8~10) was derived from a
sixth cat. Lane I contains 2.5 ug of Huelll-digested X174 DNA. Pri-
mary amplification of leader A with primers FI-6 and FI-8 and leader B
with primers FI-7 and FI-§ gives predicted DNA bands of 321 and
324 bp, respectively. Secondary amplification of leader B with primers
FI-7 and FI-5 gives a predicted DNA band of 227 bp. Samples were
resolved on a 39, agarose gel (FMC BioProducts, Rockland, ME),

tissue samples (Fig. 3, lanes 4, 7 and 10). Five PCR-derived
clones (four from salivary gland RNA and one from skin
RNA} were sequenced and found to be identical to the
published Chl sequence, except for a single nt change in the
codon for aa 29 (AAA— AAT) of the skin-derived clone
that results in the substitution of Asn for Lys (Lys>"— Asn)
(data not shown). While direct aa scquencing of affinity
purified Fdl (Morgenstern et al., 1991) and dideoxy se-
quencing of PCR amplified Chl product or other Chl
¢DNA clones (data not shown) show only Lys®?, the in-
dependent detection of Asn at this residue in genomic and
mRNA-derived clones confirms that this difference is due
to a true polymorphism. The frequency of this and other
polymorphic residues in the outbred cat population is not
known.

(c) Genomic structure and sequence of the Ch2-encoding
gene

Hybridization screening of the cat genomic library with
the Ch2 probe F2P (Morgenstern et al., 1991) resulted in
the isolation of clone CTGF2P # 5, Wthh contained a 6.8-
kb EcoRI insert. A 2.3-kb DNA fragment was generated
by PCR amplification of this genomic insert using Ch2-
specific 5'-primer F11-8 and 3" Ch2-specific primer FII-7
(Table I). The complete nt sequence of the 2.3-kb fragment

cacatcetct, g gt.ccteaagagt cactett 70
ttggagett gg9gc 140
tgggettagggtgctagt tgtect ctagcagctga 210
EXON 1 u,mnzm
acgh GCTTGTGCTGGCATTGCTGGT AGATGGgtgag 280
M RGALLVYLALTLYT Q A LG v K M

-17 -1
ag!‘agatgqaqqqacagaqqaccn,ccrgatcrttqcrrfg(‘t(‘Lat"tcactccttcacrtrrratqqf 350
cattgtocaggagtcctgeaga 420

acccee Htaqt ggagat agtogtgeac 490
t agt dgtqett 560
aggygt t ceggcet Lettetgotgagagt . 630

tqt gagagt gagt 700

getetcaagt

cctqctctqctqattcttttgtqaaggtq[tt 770

tctgtttqtgtcttcaqu}GAAAC'n‘GCCCCATTTTTTATGACGTCTTTTTTGCGGTGGCCAATGGAAAT 840
TCPIFYDVTF A G

10
GAATTACTGTTGGACTTG'] CCCTH (‘J\CAAAAGTLAATGLTM_TGMCCAGAGAGMCAGCCATGMAAAM 910
LT KV RN A
30

TCCAGGATTGCTACGTGGAG) TCATATCCAG aatttccta 980

T
I QDCYVENGSGLTISRYV
0

TGGA' TAGT
L DG LV M
60

E
tostteecegetaoscaacot teacgt tcyegt qeagcat at tgtaatatt ceacat scagaceatge 1050

aatgge. aaacctttgctecgegetetacag 1120

PP gecatat gttettet groccttgrgt 1190
gegaattace: atcgty grtgactc 1260
gtaggatttrsttortiotaggttagagattaaaat aggattttageett 1330
ggagect tgteagt te ac 1400

raaqr‘acrtqrrcrraqartrtCttcr‘caqqaaggqaetccctqqctttqqqaaqcttctqqtttttqqc 1470
ttctgttttacttecccttgtgeccaccttgatggetgetattccttrgatteagagteteacttoctee 1540
tgtatcaatteaggatct aaagt cagat ttccactetgtt tg('trtqrxtgcctqaqgccctvqagqcaqc 1610

tect agtqtattt ttttetgitatt 1680
ttLcrrgugracagz:aqgrcqatcttqgttagrctqtctctmccccmcntgccqctaagtgctqat 1750
tetg gagagettrqt ggaatit g goga 1820
tegt aca atacatceagtacacctqac ctcaggtgagggag 1890

acatcycatggacceagact cagetaccttgecectoacccaggeccatecccategegeact ceagaat. 1960

cttetcctettettgectecteactggtgticagact oot ctggeacaggtyegtgggtgacgggyggg 2030

999a99999g9eat ctecat cetggt ot gact gat cqogaccet et ctccagaaat cqatet gtgageta 2100

gaggLLcL(gN’agr;qacqgachqa:ltcactqqgga[qaqqcmqaqgrgatct(qggqqaatggatac 2170

getgeca trctgtocctectegtettactetet TCARCGAATATTG 2240
I A I NE Y C

EXON 3 70
CATGGGTGAAGCAGTTCAGAACACCGTAGAAGATCTCARGC TGAACACTTTGGGGAGATGRAt CLLEgeE 2310
E D L K L T L G R -

80 90

1. toctqtectgttettta 2380
tcct(‘acctaa[u‘actctraatccaqgctgartagaatctgcaq 2425
B IAINEY  (Ch2S)
TIISSSKD (Ch2L)
M (61 nt) (182 nt} ‘ (78 nt)
CDNA
321 nt

o - R GENOMIC
1 2 3 2425 nt

Fig. 4. Nucleotide sequence of the 5'-flanking regions and exons 1 o 3
of the Ch2 gene and deduced aa sequence. (A) The nt and deduced aa
sequences of Ch2 from clone CTGF2P#5 (EMBL accession No.
X62478). The EMBL library was screened with the Ch2 probe F2P (Mor-
genstern et al., 1991). A 2.3-kb ¢cDNA was amplified by PCR from ge-
nomic clone CTGEF2P #5 using the oligo primers specified in section ¢
and sequenced as described in the legend to Fig. 1. Exon and intron se-
quences are presented as in Fig. 1A, Sequence of the first 206 nt was
determined by direct sequencing of the 6.8-kb genomic clone. (B) Sche-
matic representation of the genomic (A2 exon/intron structure. Coding
and noncoding sequences are presented as in Fig. 1B. The aa sequences
differentiating Ch2S and Ch2L are indicated above the figure.

and deduced aa of Ch2 are presented in Fig. 4A. Organi-
zation of Ch2 is presented schematically in Fig. 4B.

The putative leader sequence and the first 3 aa of the
mature protein are encoded by exon 1 (61 nt; 20 aa). The
bulk of the mature protein is encoded by exons 2 and 3 (a2
4-64 and 65-90, respectively; numbering of aa is based
upon the Ch2 sequence published in Morgenstern et al.,
1991). The first 18 nt of exon 3 encode the residucs,
TAINEY (aa 65-70), rather than the published sequence,
TTISSSKD (Fig. 4,A and B), suggesting that Ch2 has two
forms (see section d, below). There were no other differ-

1 10 20 30
Chzl VEMAETCPIFYDVFFAVANGNELLLDLSULTE

He e g
E N

Fig. 5. Deduced aa polymorphisms of Ch2. Sequences are shown in stan-
dard one-letter code relative 10 Ch2L. Only partial an sequences were
obtained for Ch2Lv, Ch28v and CA2S7 clones. PRO indicates Ch? se-
quence obtained by direct aa sequencing (Morgenstern ct al., 1991). As-
terisks indicate gaps mserted 1o maximize alignment: dashes indicate aa
identity: super- and subscripts denote polymorphic aa sequence: paren-
theses indicate an unknown or probable sequence. The single N-linked
glycosylation site of Ch2 is underlined. The downward arrow indicates the
junction of exons 2 and 3 in Ch2S

ences detected between the genomic exons and published
Ch2 cDNA sequence.

(d) PCR analysis of Ch2 mRNA

Primers FII-§ or FII-4 (5' Ch2-specific) and FII-9 (3"
Ch2-specific) were used to amplify full-length or partial Ch2
c¢DNA clones for nt sequence analysis. Examination of 52
clones derived from salivary gland RNA (24 clones) or skin
RNA (28 clones) showed that Ch2 has two dominant forms,
a 92-aa Ch2L and a 90-aa Ch2S that differ from ecach other
by 6 contiguous aa and a 2-aa insertion/deletion (Fig. 5;
Table II). Ch2L matches the previously published Ch2 aa
sequence (Morgenstern et al., 1991), while Ch2S matches

TABLE 1L

Clones encoding Ch2 variants isolated from different tissues®

Salivary gland Skin
Skin 1 Skin 2

Long forms:

Ch2L 23 0 0
Ch2Ly 0 0 3
Short forms:

Ch2S 1 11 9
Ch2Sv 0 3 0
Ch2581 0 2 0

* Fifty-two Ch2 ¢cDNA clones were isolated from salivary gland- or skin-
derived RNA. The clones were classified as ‘long” or ‘short’ based on
direct nt and deduced aa sequence analysis.
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that encoded by genomic clone CTGF2P #5 (Fig. 4A). The
deduced aa differences between Ch2L and Ch2S resolve
the sequence polymorphism observed in the original aa
sequence analysis of Ch2 (Morgenstern et al., 1991).

Ch2L and Ch2S may arise from differential splicing of
an mRNA precursor. However, examination of the 1.25-kb
intron between exons 2 and 3 of the genomic Ch2 clone
failed to disclose any mini-exon sequence encoding the aa
unique to Ch2L. Further, there is no appropriate splice
donor/acceptor site in exon 3 near the common sequence
of Ch2L and Ch2S. This suggests that the 3’ end of Ch2L
is encoded by a completely separate exon, exon 4, down-
stream from exon 3 that has not yet been identified. PCR
analysis of genomic clone CTGF2P # 5 indicates that the
purported fourth Ch2 exon is not contained within this
6.8-kb EcoRI fragment (data not shown). Alternatively,
Ch2L and Ch2S may represent different alleles of the Ch2
gene.

Scquence analysis of the PCR-derived clones also dem-
onstrated that minor sequence polymorphism is present
in both the CA2L and Ch2S genes. A short variant (Ch2Sv)
found in the skin RNA of cat 1 was found to have 7
aa differences from Ch2S (Ile™—Val. Arg®’—Lys,
Val™ 5 Phe. Glu®®=Val, Tyr>Asp, Gin>Glu, and
Asn™ - Lys: Fig. 5). In addition, there was a short trun-
cated (Ch2St) form detected in the skin of cat 1 that results
from use of a cryptic splice acceptor site in exon 3 and the
subsequent deletion of 4 nt (Fig. 4A). The resulting reading
{rame shift would lead to a protein 78 aa long that lacks a
potentially important Cys found in Ch2S and Ch2L and
their other variants (Fig. 5). A long variant (Ch2Lv) en-
coded in skin RNA of the second cat was found to have
two differences from Ch2L (Ile**— Leu and Met”™ —Thr;
Fig. 5). All variants were detected in clones derived from
at least (wo independent PCR amplifications, suggesting
that they represent polymorphic forms of Ch2L and Ch2S,
rather than PCR-generated artifacts.

The analysis of the 52 sequenced Ch2 clones is summa-
rized in Table II. The data suggest that the Ch2L gene is
preferentially expressed in the salivary glands (23 of 24
clones, 969;) and Ch2S and its variants are preferentially
expressed in the skin (25 of 28 clones, 899%,; Table II).
Further, the small number of variant cDNA clones iden-
tified (eight of 52 clones, 159,) suggests that Ch2L and
Ch2S are the dominant proteins and that Ch2Lv, Ch2Sv
and Ch2St are minor protein species. The dominance of
Ch2L and Ch2S is supported by direct aa sequence anal-
ysis of FdI collected from cat pelt washes or carpets, which
only showed sequence corresponding to Ch2L and Ch2S
(Morgenstern et al., 1991). The differential expression of
the two dominant forms of Ch2 suggests that they may have
different and, as of yet unknown, biological functions. The
mechanism(s) regulating this differential expression are also
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unknown. The relative importance of the two forms of Ch2
in the induction of allergy to Fdl is under investigation.

(e) Conclusions

(1} A genomic clone containing the gene encoding Chl
has been isolated and sequenced. This single structural
gene contains sequences corresponding to the two previ-
ously described potential leader scquences, A and B (Mor-
genstern ct al., 1991). Although both leader sequences are
expressed in the tissues examined, €1/ mRNA with leader
A is found more frequently than mRNA with leader B.
Further, the genomic organization and deduced aa
scquence of Chl with leader A are homologous with rab-
bit Ug.

(2) Sequence analysis of multiple Ch2 ¢cDNA clones re-
vealed that there are two distinet forms. Ch2L matches the
previously published Ch2 sequence (Morgenstern et al.,
1991), while Ch2S matches the sequence encoded in a
genomic clone described here. Interestingly, Ch2L and
Ch2S are preferentially expressed in sulivary gland and skin
tissues, respectively.
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SUMMARY

The thmzm gene (CLP1I) encoding pl 1, the cellular ligand of the tyrosine kinase substrate. annexin I (AnxII), has been
lsolzne.d from a human genomic library. Restriction mapping and sequencing reveals that CLPI] covers a stretch of approx.
11 kb in the human genome. The structure of CLP/ I resembles that of the other genes encoding S-100 proteins which have

been characterized so far: the transcribed region is divided by two introns, one in the 5’ -nontranslated portion and the second

in the protein-coding region. Interestingly, in CLPI1, as well as
tor two corresponding amino acids, which reside in the sequen
S’-nontranscribed region, which most likely represents the CLPII promoter,

all other §-700) genes. the second intron separates the codons
ce conneeting the two helix-loop-helix (EF-hand) motifs. The

is characterized by a high G+C content and

probably is part of a CpG-island. Several putative binding sites for transcription factors can be identified in the 5'-
nontranscribed region of CLPII. Among them, the PDRE element, which was first described in the B-globin promoter, is
most notable, since it is also present in the promoter of ANX//. It could be responsible for the simultaneous induction of

CLPI! and ANXII cxpression during certain cell differentiation processes, e.g.,

tiation of the pheochromocytoma cell line, PC12.

the nerve growth factor-induced differen-

INTRODUCTION

The response to elevation of cytoplasmic Ca>* levels
following extra- or intracellular stimuli is mediated by pro-

Correspondence 1o: Dr. V. Gerke, Department of Biochemistry, Max-
Planck-Institute for Biophysical Chemistry, D-3400 Gottingen (Germany)
Tel. (49-551)201477; Fax (49-551)201578.

Abbreviations: aa, amino acid(s): Anx, annexin; ANY, human gene en-
coding Anx; BDRE, f-globin direct repeat clement; bp, base pair(s);
¢DNA, DNA complementary to mRNA: CLPI], human gene encoding
Pl 50 x Denhardt’s, 5¢, Ficoll/S®, polyvinvlpyrrolidone/$ . bovine
serum albuming EF-hand, sce INTRODUCTION: HTF, Hpall tiny frag-
ments; kb, kilobase(s) or 1000 bp: NGF, nerve growth fuctor; nt, nucle-
Otide(s); pl1, ccllular ligand of annexin H: SDS. sodium dodecyl sulfate;
“i. oncogene encoded by Rous sarcoma virus; SSC. 0.15 M NaCl
0.015 M Na,-citrate pH 7.6; SSPE, 0.18 M NaCl/0.01 M Na,HPO, pH
7.4/1 mM EDTA; TBE, 0.09 M Tris -borate pH 8.0/2mM EDTA: rsp,
transeription start point(s).

teins which arc capable of binding Ca2* jons. A particu-
lar class of these proteins is characterized by the so-called
EF-hand, a helix-loop-helix motif involved in coordinating
the Ca®* ion (for review sec Kretsinger et al., 1991). Within
the EF-hand superfamily a distinct set of proteins is
grouped in the so-called S-100 protein family, whose mem-
bers share a high degree of sequence similarity with S-100a
and S-100b, Ca?* -binding proteins originally isolated from
cerebral fluid (Moore, 1965; Isobe et al.. 1977). All S-100
proteins are characterized by two consecutive EF-hands
(one in the N-terminal and one in the C-terminal half of the
molecule), which are connected via a stretch of aa of a less
defined secondary structure (for review on S-100 proteins
see Hilt and Kligman, 1991).

Protein p11 is a member of the S-100 family but has
several unique fcatures. It has suffered crucial dcletions and
aa substitutions in both EF-hand motifs, which are thought
to render both Ca2* -binding sites inactive (for review sec




