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The nearopeptides substance P oand nearokinin A are syathesised Trom o tamily of precuisor polypeptides encodsd by the prepratinhiykima A

(PR gene, Inwddition to a tnRNA (#2077) contuaining Wil 7 exons of the gene, alternatively spliced mRNAs Lucking either exon 4 (#PPT) or

cxon 6 (x-PPT) have been identified. We have determined the sequences af cDINA cloties encoding four variants of PFT mBRNA fom s dorsal

root ganghion (DRG), including a novel mRNA species (5-PPT) in which both exons - and 6 are absent, The sequence of 8-BPT predicts the oxs
istence ol i novel tachy kinin precursor polypeptide,

cDNA cloning: PCR; RNA splicing: Substanee I Tuchykining Rat dorsal root ganglion

f. INTRODUCTION

The neuropeptides, substance P and neurokinin A,
arc synthesized from a family of precursor polypeptides
encoded by the preprotachiykinin A gene [1]. In rat and
baovine tissues, the largest form of PPT mRNA (3-PPT)
contains regions derived from all 7 exons of the cor-
responding gene, with sequences in exon 3 encoding
substance P and sequences in exon 6 encoding
neurokinin A,

Alternatively spliced forms lacking cither exon 6 («-
PPT) or exon 4 (4-PPT) are also found [2-5): in all rat
tissues so far examined, y-PPT is the most abundant
form of PPT mRNA [5-8)]. We report here the
characterisation of PPT splicing products in rat DRG,
using the polymerase chain reaction (PCR). We have
identified a novel and relatively abundant splicing
variant of PPT mRNA lacking both exons 4 and 6 (5-
PPT), which encodes a predicted polypeptide contain-
ing the sequence of substance P but not of neurokinin
A, The expected processing products of rat §-PPT in-
clude a C-terminal peptide of 22 amino acids unique to
the §-PPT precursor.

2. EXPERIMENTAL

2.1. ¢cDNA synthesis
DRG were dissected from adult male rats (Ham Wistar; 200-250 2)
and RMA was isolated by the guanidinium thiocyanate/caesium
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chloridemethod [9). Poly(A)* RNA was isolated by chromatography
onoligo(d Ty celtujose (kit abtained from Pharmacia), Single-steandes
CDNA was reverse transeribed from 10 gg total RNA or § g poly(A)”
RNA using o commeiciatly available kit (Amersham International)
with oligo(dT) as the primer,

2.2, Amplification of PPT ¢DNAs by PCR

The oligonucleotides (synthesised by Oswel DNA seivice, Universi-
ty of Edinburgh) used For PCR were 5 :AGAATTCAACATGAAA-
ATCCTCGTG-3" (Oligo 1 carresponding to a region in exon 2 which
includles the initintor codon ATG of rat PPT mRNA, with an £caRl
restriction site introduced at bases 2-7) and § -TGGATCCTCGOG
GACACAGATGGAGAT-3' (Oligo 2: complementary to o region in
exon 7 of rat PPT mRNA immediately 3° to the termination codon,
with a BemHI restriction site introducced at bases 2-7), Reactions con.
tained 10 ng single-stranded  ¢DNA, 200 pmol of ecach
oligonucleotide, 200 M dATP, dCTP, dGTP and dTTP and 2.5
units Amplitag DNA polymerase in 100 ! PJ_‘R buffer (Perkin-Elmer
Cetus). 40 cycles of PCR (45 sat 94°C, 45 s at 50°C, 2 min at 72°C)
were performed and polymerisation was continued for a further § min
at 72°C at the end of the last eycle, PCR products were analysed by
electrophoresis on 2% agarose or 5% polyacrylamide gels.

2.3. Cloning and sequence anulysis

PCR products were cleaved with BemHI and EcoRI and inserted
between the corresponding restriction sites of the plasmid pGem3
(Promega). Clones were sequenced on both strands by the method of
Sanger et al. [10] after subcloning into bacteriophages M13 mpi8 and
M13 mpl9.

3. RESULTS

3.1. Characiterisation of PPT splicing products in rat
DRG

To investigate the forms of PPT mRNA in rat DRG,
cDNA synthesised from DRG poly(A)* RNA was
amplified by PCR and the products analysed by
polyacrylamide gel electrophoresis (Fig. 1). The PCR
products were resolved into three bands of approx-
imately 450, 400 and 350 bp. The size of the largest
¢DINA was close to that predicted for the PCR product
of B-PPT (454 bp) whereas the band at ~400 bp was
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Fig. 1. Polvaerytamide gel electraphoresis of products obtained by

PCR amplitication of PPT CDNAL cDNA was svnthesised Fiom § p

poly(A)" RNA and aumplificd by PR as deseribied in the est, Ar.

rows indivalte the positions of ae, e, 4= and SPPY and the pasition

and size (e bp) of DNA standards (] digested pBRA22) run on the
site gel

consistent with the presence of 4= and «-PPT (predicted
PCR producis of 409 bp and 400 bp, respectively). The
size of the smallest PCR product (350 bp) was consis-
tent with a novel splicing variant lacking both exons 4
and 6 (6-PPT: predicted size 3585 bp). Densitometry in-
dicated ex- and 4-PPT together constituted some 70% of
total PPT mRNA in DRG; the remaining 30% con-
sisted of 6-PPT and 3-PPT in approximately equal
amounts,

3.2, Identification and sequence of a novel PPT ¢DNA
To establish whether the PCR product of ~330 bp
represented a novel splicing variant, PCR amplificd
cDNMA was cloned into the vector pGem3 and clones
were characierised by restriction analysis, Clones were
classified by insert size and by the presence or absence
of arestriction site for Dral, which restricts PPT ¢cDNA
once in exon 6 and therefore cleaves 8- and y-PPT but
not «-PPT. Clones containing inserts of 4 size classes
were obtained. The majority of clones contained inserts
with the properties predicted for +-PPT (inserts of
~ 410 bp with an internal Drgl site). In addition, clones
with the properties expected of 3-PPT (insert ~450bp,
internal Dral site), «-PPT (insert ~400 bp, no Dral
site) and the proposed §-PPPT variant (insert ~ 350 bp,
no Dral site) were found at a lower frequency.
Representative clones of each of the four size classes
were sequenced (Fig. 2): clones corresponding to «-, 8-
and v-PPT were identified, together with clones with
the structure predicted for §-PPT. The sequences of a-,
B-and v-PPT were identical to those reported previous-
ly [4,5], whilst the §-PPT clones contained sequences
corresponding to exons 2, 3, 5 and 7. The sequence of
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A-PIE encades anovel PP polypepride of 113 amino
avids (AL 11 375),

4. DISCUSSTON

We have shown that in rat DRG, as in other
tissues [6-8], 4-PPT is the predominant splicing varant
of PRTmRNAL but 2-PPT and anovel splicing variant,
SPPT, are also present v significant amounts, The
order of abundance of the four splicing variants of PPT
MRNA in DRG, estimated by polyiceylamide gel elee-
trophoresis of POR-umplified ¢cDNA and from the
observed freguency of the four size elasses of cloned
CDNA,  was PP E-PPT 28 PPT o o PPT. In
previous studies [(4-3] PPT clonss lacking exon 6 and
presumed to encode a-PPT were identificd in rat brain
CDNA dibraries cither by restrictior enzyme analysis [4)
or by sequencing of partial ¢DNA clones [11]. Our
results suggest that these clones may have encoded 8-
PPT. Although the presence of «-PPT mRNA at low
levels in rat tissues has been confirmed by nuclease pro-
tection assays using a synthetic construet with the struc-
ture proposed for rat «-PPT {12], we have obtained the
first direet sequence data for rat oPPT ¢cDNA,

In bovine tissues, the splicing of PPT mRNA has
been reported to differ between tissues, with @-PPT
predominating in  nervous  tissue  and  «-PPT
predominating in thyroid and gut {3]. In contrast, -
PPT is the most abundant form of PPT mRNA in the
rat, and the splicing pattern of PPT gene transcripts has
been reported to: be relatively constant in all tissues
studicd [5-8]. These data were obtained from nuclease
protection assays [12] using cither end-labelled ¢cDNA
probes (which would not detect 8-PPT mRNA) or
uniformly-labelled ¢RNA probes (where the only in-
dication of the presence of §-PPT would be a 45 bp
RNA fragment that could easily be overlooked). In the
light of our findings, the tissue distribution of the splic-
ing variants of PPT mRNA and the possibility that
splicing can be regulated by physiological stimuli
should be re-examined.

The products of post-translational processing of the
8-PPT polypeptide may be predicted on the basis of
previous studies [13,14]. Two polypeptides are likely to
be produced in addition to substance P; a N-flanking
peptide of 37 amino acids encoded by all four splicing
variants of PPT mRNA. [14] and a C-flanking peptide
of 22 amino acids (amino acids 72-93 of the 6-PPT
polypeptide) which is encoded uniquely by §-PPT
mRNA. The findings of McGregor et al. [13] may pro-
vide some evidence for the expression of the §-PPT
polypeptide in rat tissues. In chromatographic studies
of peptiries immunoreactive with antisera to the C-
terminus of the PPT polypeptide they found evidence
for the presence of the predicted C-flanking peptide of
B-PPT but not for the corresponding processing pro-
duct of a-PPT. An additional peptide detected in these
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Beta PPT ' CAAC ARA CIC GTG -GCG GTG GG GIC
‘Alpha ‘PPT  CAAC ATG ARA ATC CTC GTG GCG GIG GCG GIC

. Gamma. PPT - CAAC ATG AAA ATC CIC G1G GCG GTG GCG- GIC
Delta  PPT | CAAC:ATG AAA ATC CTC GTG GCG GIG GCG GTC

. Met Lys Tle Lieu Val Ala .Val Ala val

' Beta PPT GAA ATC GGT GCC AAC GAT' GAT CTA AAT
' Alpha :PPT GAA ATC GGT GCC ARC. GAT GAT CTA AAT
Gamna 'PPT. - . 'GAA. ATC GGT GCC 'ARC! GAT GAT CTA AAT
Delta; PPT GAA ATC GGT GCC'AAC GAT GAT CTA AAT

: Glu Ile Gly Ala Asn Asp Asp Leu Asn

. Beta BPT "/ BAG GAG GCA A1G CCG :GAG CCC TTT GAG
‘Alpha PPT | AAG GAG GCA ATG CCG:GAG CCC TTT GAG
Gamma 'PPT AAG GAG GCA ATG CCG GAG CCC -TTT GAG
‘Belta PRT . 'BAAG GAG GCA ATG CCG GAG CCC TTT GAG
i . Lys Glu Ala Met Pro Glu Pro Phe Glu

Beta PPT . CCT CAG CAG TTC TTT GGA TTA ATG GGC
‘Alpha PPT | CCT CAG CAG TTC TIT GGA TTA ATG GGG

: ‘Gamma PPT. CCT CAG CAG TIC TTT GGA TTA :ATG GGC
' 'DeltaPRT 'CCT CAG CAG ‘TTC ! TTI GGA TTA ATG GGC
i Pro Glo Gln Phe Pha Giy Lew Met Gly
Beta PPT GTG GCC CTG TTA AAG GCT. CTT TAT GGG
‘Alpha PPT . 6TG GCC. CTG TTA AAG GCT CTT TAT GGG
Gamma PPT DR T S
‘Dalta PET wel hea e e dee ads s eas) GG
: ‘ g oy

: Beta BPT GAT TCC TTT GTT GGA :CTA ATG GGC AAA
' .Alpha PPT ses nes weal sie iaeh Wanlaad ees ees
.Gamma PPT GAT TCC TTT GTT GGA CTA ATG GGC AAA
Delta PRT G e aa e ieesl eid aed aaeade
Beta PET GCA ATG CAG AAC TAC GAA AGA AGG CGT
Alpha PPT GCA ATG CAG AAC TAC ‘GAA AGA.AGG CGT

' Gamma PPT GCA ATG CAG AAC TAC GAA AGA AGG CGT
Delta BPT GCA ATG CAG AAC TAC GAA AGA AGG CGT

: Ala Met Gln Asn Tyr Glu Arg Arg Arg
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TAAACCCTGTAACGCAClATCTATTCATCTCCATCTGTGTCCGCGAG
TAAACCCTGTAACGCACTATCTATTCATCTCCATCTGTGTCCGCGAG
TAAACCCTGTAACGCACTATCTATTCATCTCCATCTGTGTCCGCGAG
TAAACCCTGTAACGCACTATCTATTCATCTCCATCTGTGTCCGCGAG
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Fig. 2. Nucleonde sequences of cDNA mserts coding for rat a-, ‘6 , v- and é-PPT The predxcted amino acid sequence of rat é- PPT is mdlcated
; below the ahgned cDNA sequences. the sequence of substance P is underlmed

studies but not fully éha‘racterised may correspond to
' the ' C-flanking peptide of '§-PPT. The existence and

possible bxologncal acuvnty of this peptide remam to be -

‘conflrmed
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