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phosphodiesterase a- and B-subunits, and identification of 8-, a
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Abstract

We have Characterized overlapping cDNA clones encoding cGMP phosphodiesterase (PDE) a-
and S-subunits of mouse retinal rod photoreceptors. The open reading frames predict an a-subunit
of 100 kDa (856 residues), and a B-subunit of 99 kDa (853 residues). Sequence analysis of two of
twelve B-subunit clones predicts the presence in the retina of an additional PDE, termed 8’, which
is generated by alternative splicing of the B-subunit gene. 8~ differs from B only at the C-terminus
being 55 residues shorter and lacking the Caax motif found at the C-termini of both the a- and 5
subunits. A 300 residue segment thought to contain the active site is present in the C-terminal half
of a, Band B'.
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1. INTRODUCTION

Phototransduction is a cascade of events that begins with absorption of light by rhodopsin,
ultimately leading to the generation of a nerve impulse. In this cascade, rod photoreceptor
cGMP phosphodiesterase (PDE) functions as a signal amplifier by rapidly hydrolyzing
cGMP (reviewed in [7, 24]). PDE is thought to be a peripherally membrane-bound,
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NOTE ADDED IN PROOF

Since submission of this manuscript, a paper describing a partial sequence of the mouse PDE f-subunit has been published [Bowes et
al.(1990) Nature 347, 677-680]. Comparison of their sequence with Fig. 3A shows 8 discrepancies E (Fig. 3A) vs G (Bowes et al.) at
position 5. A vs S at pos. 19, E vs D at pos. 49, L vs V at pos. 50, P vs T at pos. 158, L vs C at pos. 176, G vs S at pos. 236, and D vs
Q at pos. 752. All deviations are within the N-terminal 236 residues (except D vs Q pos. 752). Our sequence has been further verified
with two full length clones which were isolated since submission of this manuscript. Moreover, residues at positions 5, 19, 49, 158,
and 236 of our sequence are identical with residues in a bovine S-Subunit sequence published by Lipkin et al. [Proc. Natl. Acad. Sci.
USA (1990) 265, 12955-12959]. Since the N-terminal 236 residues of the Bowes et al. sequence were determined by analysis of only
one cloned PCR copy of MPB1 and MPB61-12, the difference may be the result of PCR artifacts (e.g. sec Ennis et al., ‘Rapid cloning
of HLA-A, B cDNA by using the polymerase chain reaction: frequency and nature of errors produced in amplification’, Proc. Natl.
Acad. Sci. USA (1990) 87, 2833-2837).
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heterotrimeric enzyme aBy» [3, 9, 10]. In dark adapted rods, the hydrolytic activity is
greatly reduced due to an inhibitory constraint imposed by the PDE y-subunit. Upon
removal of y, the turnover number for cGMP hydrolysis increases more than 20-fold.
Depletion of cytoplasmic cGMP causes closure of cGMP-gated cation channels located in
the plasma membrane and subsequent hyperpolarization of the rod photoreceptor cell.

Bovine and human cDNA clones encoding rod PDE a-subunits [18, 21, 22], and bovine
PDE g-subunit cDNA clones [13, 14] have been characterized. The gene encoding the PDE
B-subunit of mouse has recently been shown to be tightly linked to the rd'locus on
chromosome 5, and it has been suggested that a 300 bp insertion in the 5-gene may be
causative for the ra mutation [5, 8]. The a-subunit gene has been located on mouse
chromosome 18 [8]. In this paper, we describe the primary structures of the a-and £
subunits of mouse rod PDE, and provide evidence by direct sequencing of PCR amplified
genomic DNA that an additional isozyme, 3, is generated by alternative splicing of a large
intron near the 3”-end of the coding region of the B-subunit.

2. MATERIALS AND METHODS
2.1. cDNA and PCR

Retinas of C57BL/6J mice were excised, and immediately dropped into liquid nitrogen.
Poly(A) mRNA was isolated according to the Fasttrack procedure (Invitrogen) [2]. First
strand cDNA suitable for PCR amplification was synthesized with AMV reverse
transcriptase (Promega) using 1.5-2 g RNA as a template and the 3'-T1g-mcs primer as
described [1]. The reaction product was diluted 10-fold with water and an aliquot used
directly in a PCR reaction. PCR was performed according to standard protocols (Cetus)
using Taqg DNA polymerase (Promega).

2.2. Library screening and sequence analysis

A cDNA library in which first strand cDNA synthesis was initiated by both random
hexanucleotide priming and oligo-dT priming was constructed in Azapll (Stratagene).
Hybridizations were performed in 50% formamide containing 6 x SSC (0.9 M NacCl, 0.09 M
Na citrate), 0.5% SDS, and 100 /g sheared salmon sperm DNA. Stringent hybridizations
were carried out at 42°C (3 washings at 65°C in 2 M SSC/0.1% SDS, 1 M SSC/0.1% SDS,
and 0.2 M SSC/0.1% SDS, 20 min each), and relaxed stringency hybridizations at 37°C with
3 washings at 50°C. Double stranded cDNA clones were sequenced with M13 universal and
sequence specific oligonucleotide primers using the standard Sequenase protocol as
described [21]. Oligonucleotides were synthesized on a PCR-MATE DNA synthesized
(Applied Biosystems, Inc.) [1] and used without further purification. PCR products were
purified by preparative agarose gel electrophoresis and sequenced directly after boiling 200-
400 ng template and 100 ng primer for 3 min. Two /4 of Sequenase 5 x buffer was added and
standard sequenase reactions were performed. RNA sequencing was performed according to
Geliebter [11].

FEBS Lett. Author manuscript; available in PMC 2017 August 10.
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3. RESULTS AND DISCUSSION

3.1. PDE cDNA clones

Screening a mouse retina cDNA library with a human PDE a subunit N-terminal probe (300
bp EcoRl/BamHI fragment of HPA1 [21]) and a bovine C-terminal probe (660 bp £coRl
fragment of the bovine sequence [21]) resulted in the isolation of overlapping a-subunit
clones MPA-15, MPA-11, MPA-4, and MPA-8 (Fig. 1). The 3’-untranslated region of
MPA-4 contains a variable number tandem repeats (VNTR) of (TTCTG)47, and MPA-8 of
(TTCTG)g. The significance of this VNTR is unknown. Its conservation in human may
prove useful for linkage studies as has been reported for (CA),, repeats [15].

Using a combination of relaxed-stringency screening (sec Section 2) with the (C-terminal
bovine a-subunit probe and stringent screening with PCR amplified full length bovine g-
subunit [14] cDNA, we isolated a set of clones labeled MPB (Fig. 1). Sequence analysis
allowed the B-subunit clones to be divided into two classes depending on the presence or
absence of a 10 bp insertion near the 3”-end of the cDNA. The first class, comprising 12
clones (three of which, MPA-1, MPB-9, MPB-10 are shown in Fig, 1) represent putative
PDE g-subunit clones as judged by their homology to the bovine S-subunit [14]. The second
class contains two clones (MPB-5, MPB-7, Fig. 1) which predict a truncated version of the
Ssubunit, termed . Apart from the TTCTG VNTR and the 10 bp insertion, overlapping
sequences of MPA, and MPB clones, respectively, are identical.

3.2. PDE a and B subunit sequences

The a- and B-subunit cDNA sequences and their deduced amino acid sequences are shown
in Fig 2 and 3A. The a-subunit sequence is a composite sequence of the 4 clones shown in
Fig. 1, the B-subunit sequence is that of clone MPB-10 (Fig. 1). Clone MPB-10 starts at
residue 21 lacking the first 14 nucleotides of the coding sequence. The sequence was
completed by RNA sequencing extending an antisense oligonucleotide primer (W107)
located at pos. 119-130 in Fig. 3.

The a-subunit cDNA sequence predicts a polypeptide of 859 residues, exactly the same
length as for bovine and human [21]. The predicted S-subunit is 856 residues in length, 3
residues longer than its bovine counterpart. Sequence similarity between mouse and bovine
PDE subunits [13, 14, 18, 21] is at least 90%. The calculated molecular weights are 100000
and 99000, considerably larger than estimated by SDS-PAGE mobility [3]. Both subunits are
acidic polypeptides with C-termini that conform to the Caax motif (C = cysteine, a =
aliphatic, x = any residue) [16] signaling multistep posttranslational processing [12, 17].

C-terminal processing involving lipidation, proteolysis and carboxymethylation has been
shown to occur on the bovine PDE a-subunit, but not on the B-subunit [25]. Since a Caax
tetrapeptide is sufficient to signal processing [26], it appears likely that the S-subunit will
also be processed. Lamin A undergoes Caax processing which is then followed by cleavage
of 19 residues from the C-terminus [23]. Such proteolysis may follow S-subunit Caax
processing which could account in part for the size discrepancy observed in the a- and 5
subunits.

FEBS Lett. Author manuscript; available in PMC 2017 August 10.
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Alignment of the two amino acid sequences (Fig. 4) shows that the overall sequence
similarity between the mouse PDE a- and B-subunits is 73%. The domain with greatest
sequence similarity is located near the C-terminus (bracketed in Fig. 4), consisting of
approximately 250 amino acids. This domain is thought to contain the catalytic site of
several cNMP PDEs from yeast to man [4, 20]. The domains that are most dissimilar (Fig. 4)
are at the N-terminus (first 100 residues) and at the C-terminus (last 30 residues).

3.3. The f#'-isozyme is generated by alternative splicing

Two S cDNA clones (MPB-5 and MPB-7 in Fig. 1) have a 10 bp insertion (TTCCCTCTAG)
near the C-terminus. This insertion conforms to the consensus sequence (Y)gXAG (Y =
pyrimidine, X = any nucleotide) of the 3" end of an intron [19]. The insertion causes a shift
in the reading frame, and a stop codon is encountered 16 codons after the insertion (Fig. 3B).
The predicted amino acid sequence of #° thus would have a C-terminus different from g
(Fig. 3A), be 55 residues shorter (Fig. 4), lack the Caax motif, but contain most of the
catalytic domain. The existence of an mRNA in the retina poly (A) mMRNA pool with the 10
bp insertion was verified by PCR amplification of normal adult mouse retina cDNA using an
N-terminal primer common to both Band B~ (W89 in Fig. 3), and an insertion specific
primer (W90 in Fig. 3B).

To verify that the insertion is due to an alternative acceptor site usage and not the product of
another gene, we amplified a 1.4 kb intron with two exon primers W98 and W108 (Fig. 3A).
Direct sequencing of the amplified DNA showed that the 3" end of the intron has two intron/
exon junctions, Al and A2, that are preceded by (Y)gXAG consensus sequences (Fig. 3B).
Junction Al is preferentially used to produce the g-subunit mRNA, junction A2 to produce S
-mRNA. Although alternative splicing as a means to produce protein diversity has been
shown to be a ubiquitous phenomenon from Drosophilato man [6], this is the first example
of such a pathway in a gene involved in mammalian phototransduction. The cellular origin,
and function of the truncated PDE is not known. To determine the cellular location, an
antipeptide antibody specific for the C-terminus of 8’ is currently being prepared.
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Fig. 1.

Mgp of cDNA clones encoding the mouse PDE a-, S-and B -polypeptides. The black box
depicts the coding sequences of the a-and B-subunit. The extent of clones is indicated by
bold-faced lines. The rectangles in the 3" untranslated region of MPA-4 and MPA-8
represent (TTCTG), repeats, where 7= 17 in MPA-4 and n=9 in MPA-8. The triangles in
MPB-5 and MPB-7 symbolize a 10 bp insertion. The asterisk indicates the location of the
first in-frame stop codon.
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GAA’I‘TCCAACCTCAGCTTGACGTGGGGCCTE_‘I;TGMCTCAATTTGCTTGGAAACTGCCCA
GGARAGGCTGAGAGCTGAACCCCCTCCTTGGGACAGCTAAAGGEAGTCTTCACCATGGGT

GAGG%EACAGCAGAGGAGGTAGAAAAGTTCCTGGATTCAAATA}‘TG%CTTTGCCMAC%A
E

TACTATAACCTTCACTACCGGGGGAAGGTCATCTCAGACCTCCTCGGGGCCAAGGAGGCA
Y ¥ N L H Y R G K V I 8 D L L G A K E A
GCTGTGGACTTCAGCAACTACCACGATGTGAACAGCCTAGAGGAGAGTGAGATCATCTTT
A V D F 8§ N Y HD V NS5 V EE S E I I F
GACCTCCTGCGGGACGTTCAGGAGAACT TACAGGCTCGAGAAATGCACATTCAATGTCATG
D L L RD V QENTULAGQAEI KT CTT FN VM
AAGAAGCTCTGCTTCCTCCTGCGGGCTGACCGAGTGAGCCIEIIQAEGIACBGGACCQGC
K F M Y R T i
AACGGCATCGCCGAGCTGGCCACTAGGCTCTTCAATGTCCACAAGGATGCTGTGCTAGAG
N G I 2 E L A T R L F NV HKDA AUV L E
GACTGCTTGGTGATGCCCGACTCCGAGAT TGTCTTCCCTCTGGACATGGGTGTCGTGGGC
D C L VM UPOD S E I VF P LDMGUV V G
CACGTCGCACACTCCAAABAGATTGCCAATGTCCCCAACACAGAAGAGGATGAGCATTTC
H V A H S KK I ANV PNTTE E ?565 H F
TGTGACTTCGTGGACAATCTCACAGAATATCAGACCAAGAACATCCTGGCTTICCCCCATC
C D F VDNTULITEJYQTI KNTIUDLA AT S P I
ATGAATGGGAAGGAIGIGGIBGCCAIAAECBIQGCTGTGAATAAAA”AGATGAACCCCAC

G V V A I I H
TTCACCAAGAGAGATGAAGAGAT TCTTCTCAAGTACCTCAACTTTGTGAACCTGATCATG
F T K R D EE I L L K ¥ L NF V N L I M
AAGGTAT;CCACCTGAgCTACCTGCACAACTgTGAGACTCGTCGCGGCQAQAIBJEGCIE

: L
IGGICTGGGAGCAAGGTCTTTGAGGAGCTCACGGATATAGAGAGGCAGTTCCACAAGGCE
W S G S K V F EE L T D I ER Q F H K a
CTGTACACGGTCCGGGCTTTCCTCAACTGTGACAGATACTCCGTAGGACTCTTAGACATG
L Y T VR APF L NU CDU RY S V G LIL D M
ACCAAACAGARGGARTTRTTTGATGTGTGGCCAGTTCTGATGGGCGAGGCTCCAGCTTAC
T K Q K E F F D V WP V L MGEAZP A Y
TCTGGTCCCAGGACTCCAGACGGAAGGGAAATTAACTTCTACAAGGTCATTGACTACATC
S G P RTPDG RTETINTF YKV ID Y I

CTGCACGGCAAAGAAGACATCAAAGTCATCCCGAACCCACCCGCTGACCACTGGGCTCTA
L H G K E D I KV I P NP P A DHW AL

GTGAGTGGTCTACCCCCTTACGTGGCTCAAAATGGTCTGATCTGCAATATRATGAATGCG
Vs G L P P Y VA OQONUGT LTICNTIMNA
W’I‘TTTTGAATTCCAGM)\GAGCCTCTGGATGAGTCTGGGTGGATGATT
P A E~D Q I
AAAMATGTACTCTCCATGCCCATCGTCAACAAGAAGGAAGAGATCGTCGGCGTGGCCACA
K NV L'SM P I V N KU KEUETI'V G VAT
TTTTACAACCGCAAAGATGGGAAGCCCTTCGACGATATGGACGAGB&QQISAIEGAQIQI

G D M L M E S
ITGACTCAGTTTCTGGGATGGTCAGTCTTAAACCCTGACACCT ACGAGTCCATGAACAAG
L T Q F L G W 8 V L NP D T Y E S M N K
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= 4
CTCGAGARCAGGAAGGATATCTTCCAGGACATCGTGAAATATCACGTGAAGTCTGATAAC
L ENR KD I F Q DI V K Y HV K TC DN

GAAGAAATCCAGAAGATCTTGAAAACCAGAGAGGTGTACGGCARAGAGCCGTGGGAATCEC
E E I Q K I L 1?6— R E VvV ¥ G K E P W E C
GAGGAGGAGGAGCTCCCTGAGATCCTGCARAGAGAACTTCCAGACCCGGAGTCATACGAA
E EEE L AETI L QRETULUZPDATE S Y E
ATCAACAAGTTCCACTTCAGCGACCTGCCACTCACGGAGCTGGAGCTGGTGAAGTGCGGC
I N K F HF S D L P L TETULE ETULV K C G

Y E L R
GTGCGCTTCATGTATTCGCTAAGCAAAGGCTACCGGAGAATCACTTACCACAACTGGCGG
VR F MY S L S K G ¥ R R I T Y HN W R

AgCCgGATGIACIBCGAGCICAGAGIGTGGGACAAGTTCCACATCCCGC%AGAGGCCC{F

- .8
CATGGCTTCAACGTGCGGCCAGACCATGTICTCCTTGCTCCTGACAGGAAAGCTGAAACGG
H G F NV G'Q TMPF S L L.V T GG K L K R
TACTTCACTGATCTAGAGGCCTTGGCCATGGTCACTGCTGCCTTCTGTCATGACATCGAC
Y F T D L E A L A MV T A A F CH D I D
QAQAGAQQQACGAAQAACCTCTACCAGATGAAATCACAGAACQQQQIGGCQAAGCTC%?T

H R G T N Q K NP L A

GGGTCCchmc'rTGGAAAGGCATCATTTGGAGMTGGCAAAAQAQIET.GAGAGMGAG
G S § I L E R H'H T L L R D E

AGCCTGRATATCTTCCAGAACCTGAATCGCCGGCAGCATGAGCACGCGATCCACATGATG
S LN I FQNTLN®RTROQHEUHATIHMM
GACATCGCGATCATTGCCACAGACCTTGCCTTGTATTTCAAGAAAAGGACCATGTTCCSG
AAGATTGIGGBIQAGIQAAAGAQATATGAGAGTACCCAGGAGTGGACCCAGTACATGATG

vV D Q 8 K T s Q Q

CTGGAGCAGACACGGAAGGAAATTGIGAIGGQQAEQAIGAIQB&CGCCTGTGATCTCTCA
L Q K B VvV M A M MM c S

GCCATCACCAAARCCCTGGGAGGTACAGAGCAAGGTGGCTCTGCTGGTGGCTGCTGAATTC
A I T K P W E V Q 8 KV A L L V A AZEF

TGGGAGCAAGGTGACCTGGAGCGCACAGTGCTGCAGCAGAATCCCATTCCCATGATGGAC
W' E.Q ¢ D L .ER T 'V L Q Q N P I P M M D
AGAAACAAGGCGGATGAGCTCCCCAAGCTTCAAGTCGGCTTCATCGACTTTGTGTGCACT
R N K &a:D E "L P KL Q V G'F I D . F V C T
TTTGTCTATAAGGAGTTCTCCCGATTTCATGAGGAGATTACACCCATGCTGCATGGGATC
F V. ¥ K 'BE*“F 8. R/ F H B B I T"P'M L D .G 1T
ACTAACAACCGCAAGGAATGGAAGGCGCTGGCTGATGAGTACGAAGCCAAGATGAAGGCC
T NN R K E W KA L A D E Y E A K MK 2

cTGGAGQAGGAGAAG.AGAAGCAGCAGGCAGCCAAGCAAGCTGCMCCGGGAACCAGCCA
E E E K Q K Q KQ A Q

GGAGGGAACCCACTCCAGGGTGCACCTGCATCTAAGTCCTGTTGCATCCAGTAGCTGACT
G GNP SL Qi G VA PR 8 K18 TG T T QU

GCACTGCAGCAGGGCACAGCCCTCAGGAAGGAGGAGGTCACCCTGGCACTGGACAGTTAA
AGAACCAGGAGCTTGGAAGTGGTGGCAAACACAGCAGGCATCTATATCATCAAATGGTCT
TAGACATTGGTTCTCTTCTGTTCTGTTCTGTTCTGTTCTGTTCTGTTCTGTTCTGTTCTG
TTCTGTTCTGTTCTGTCCTGTCCTGTTCTGTTCTGTTTTAGACAGCTCTGGCTGGCCTF

AACTCTCTATGTAGACTGCGCTGGCCTCAAARCTCACAGGCCTCCACCTGCCTCTGTGTCC
TGAGTTCTGAGTTAATARGCAAGCACCATCACACAGGGACTTAGAGATTGTCTTTAATTC
TAAAAAGTCTATCGAGTCTAGCCTAATANTCTAGACTTCATATACTGACTTGATAATTTT
TTGTTCTTATAATGCTTGTAATTCTTATAAGCTTTTTAAACTTAGTGTTTTATTATAAAR
GTGTTCGCTAATTCCCAAAAGTACAGAATTATACGGAAEES]

Page 8

cDNA and predicted amino acid sequence of the mouse PDE a-subunit. Primers used for
DNA sequencing are underlined, and their sense or antisense direction is indicated on the
left margin by arrows pointing to the right or left. Start and end points of overlapping clones
(Fig. 1) are shown above the sequence.
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AGACACCATGAGCCTCAGTGAGGANCAGGTACUCAGTRCOIGHUATGRGANCCCCACGTT
M 8§ L S5 B K Q@ V R 5 F L D GNP TF
TGCCCATCAATACTITCGGANG AAGTTGRAGCCCTGAAMA TG TGACAGBHGGO TG LGANGD
AR QY ¥ G K K L S B E NV A GAMNMTCEC E D
2USRLGGETIGCCEOACTG TEGCAGCCTGCGAGAGCT GTGCCAGE TECANGAGAGTGCAGC
G W L ADC G 35 L R B L C Q V E E 8§ A A
ACTTTTTGAACT GGIGCAGGACATGCAGGAGAGTGT CANTATGOANCG TG TGGTCTTCAA
LF B LV Q DM QE 3 VNMERVVE K
GATCCTGCGOCGCCTCTECACCARIRCLIGCATGCCERACCGCTGTAGCCTCT T TATGTACCG
I LR R L C T 1T L H A DRTCS$ L F M ¥ R
CCAGCGCAATGGCATAGC TGANCTTCCTACGCUGCTCTTCAGCHTGCAGCCTGACAGCCT
¢ R N G I A E L AT HRILF 8§ V Q@ ® D $ L
TCTGGAGGATTGCCTGETGCCCCCTGACTCTGAGNTCGTCTTCCCCCTGGACATTGGGAT
L E D C L V P P DS E I V F P L D I G I
TGTCGGCCATGTGGCTCAGACCAAGAAGATGAT AMACGTGCAGGATGTGGCAGAGTGTCC
v 6 H ¥V AQ T K KM I NV QDUV ATLCTEP
CCACTTCAGCTCATTCGCCGATGAGCTCACCGACTATGTGACAAAGAACATT TTGTCCAC
# F § 8 F A D E L TD Y VTIHKNTIUDLS T
ACCANTCATGAATGGCAAAGATG TCGTGGCTGIGATCATGGCAGLGANTAMACTGGATGG
P I M N G K D V VAV I MAUVINIKTLTDG
CCCATGCTTCACGAGTGAAGATGANGATGTTTTCACGAAGTACCTGAATT TTGCTACAT T
P ¢ ¥ 7 8§ EDED V F T K Y L N F A T L
AANCCTGAAGATCTATCACCTAAGCTACCTCCACAACTGTGAGACACGCAGAGECCAGGT
N L K I ¥ H L $§$ ¥ L H N C E TR R G Q@ V
GCTCCTCTGGTCAGCCAATAAGGTGT TTGAAGAGC TGACAGACATCGAMAGACAGTTCCA
L L W S8 A NI KUVF FETZETLTTDTIETRTIQTF H

CAAGGCCTTCIATACTGTCCGGGCCTATC TAAACT GCGANCGGTATTCAGTGGGCCTCCT
K A F ¥Y T V R A ¥ L N CE R Y S V G L L

' GGACATGACCAAGGAGAAGGAGTTCTITGATGTGTGECCTGTGCTGATGGGAGARGCCCA
D M T KEI XKETVFTF DV WPV L MGE A Q

GCCATACTCAGGCCCACGAACACCTGATGGCCGGGAAATTGTCTTCTACAAAGTCATCGA
P ¥Y §$ G P R TUPD GRE IV F Y KV I D
TTATATCCTCCACGGCAAAGAAGACATCAAAGTCATTCCCACACCCCCGGCTCGATCACTG
¥ I L H ¢ K E p I K VvV I P T P P A D H W
GGCCCTGGCCAGTGGCC TTCCAACCTACGTAGCAGAAAGTGGCTTTATCTGTARCATCAT
AL A S G L P T Y V A E S G F I CNTIM
GAATGCTTCAGCTGATGARATGTTCAACT TTCAGGAGGGGCCCCTGGATGATTCAGGATG
N A S A D EMTF N F Q E G P L D D S G W
GGTGATCAAGAATGTCCTCTCTATGCCCATTGTCAACAAGARAGAGGAGATTGTGGGGGT
v I K NV L 8 M P I V N KKEE IV G V
GGCAACCTICTACAACAGGAARGATGE P
A T F ¥ N R K D G K

GAAGTCCTTAT.
P F D D Q D E V L. M

GEAGTCTCTGACACAGTICCTGGGGTGGTCAGTGCTGARCACAGACACCTATGACAAGAT 1320
G W S V L N T D T ¥ D K M 438

E § L T Q@ F L
GAACAAGCTGGAGARCCGTAAGGACATCGCCCAGGACATGGTTCTGTACCATGTGAGATG
N K L ENREKDI A QD MV L ¥ HV RC

TGACAAAGATGBAETCCAGGA&ATCCTGCCAACAAGGGATCG-CT-GGGAAAGAGCCTGC 1440
D K D E I Q E I L P TR DI RILGIKTE P A 478
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Figure 3.
Fig. 3A. cDNA and predicted amino acid sequences of the mouse PDE B-subunit. The start

point of clone MPB-10 is indicated above the sequence. Primers used for DNA and RNA

sequencing, and for PCR amplification are underlined. The vertical arrow indicates the 10 bp
insertion point.
Fig. 3B. Junctions of the 1.4 kb intron that is alternatively spliced. Predicted amino acid

sequences of the A-subunit and the B’ -isozyme are shown below the sequence. The

TUGACTGTGAGGAGGATGAGC IGUGGAANATCT TGARGGAAGARCTTCCAGGGCCGACCAA
L C B B E L 6 K I L K E E L B G P T K
G TOACKTCTATGAGTTCCACTTCTICTGATCTGOAGT GTACAGAGCTGGAGCTAGTCAA
¥ b X Y E ¥ H F § D L E C T E L BE L V K
ATGTGGCATCCAGATGTACTATGAGCTGCSTGTAGTCCGAAAGT TCCAGATTCCCCAGGA
¢ ¢ I ¢ M Y Y E L G V V R K F QI P Q E
GGTCTTGGTGCGCTTTCTATTCTCTGTCAGCARAGCCTATCGANGAATCACCTACCACAN
vV L V R F L £ 8§ VvV § K A ¥ R R X T ¥ H N
CTGGGGCCACGGCTTCAATGTAGCCCAGACCATGITTACCCTACTCATGACAGGCARACT
W G H 6 F NV ANQ TMF T L L M T G K L
GAAGAGCTATTACACTGACCTAGAGGCCTTCGCCATGGTTACAGCTGGCTTGTGCCMCGA
K Y F G L C H D
CAgCG\CCASC%IG%QA%CAQLAQ&CIGIACCAAATGAAAILGCAGAAIQQIQIAQQCAA
GTTACATGGCTCCTCAATTCTGGAMAGGCACCACCTGGAATTTGGGAAGTTTCTGTTGGC
L # 6 8§ $§ I L E R K H L E F G ¥ F L L A
AGAGGAGAGCCTGAACATCTATCAGAACCTGAACCGGCGGCAGCATGAACATGTGATCCA
S I QN Q E H

CCTCATGQACATTGCCATCATTGCCACCGACQIQGCSCIQIAQLIQAAGAAQAQAACAAT
M A I A L A L Y F M
GITCCAGAAGATTGTGGATGAGTCTAAGAACTATGAAGATAAGAAGAGT TGGGTTGAGTA
F Q K I v D E § K N Y E D K K 8 w V E Y
CTTATCCTTAGAGACCACACGAARGGAGATAGTCATGGCCATGATGATGACTGCATGTGA
L § L E T TR KU E I VMAMMMTATC D

CCTGTCTGCTATCACCAAACCCTGGGAAGTCCSGA?CAAGGTTGCTCTTCTGGTGGCTGC
¥ w v A L

TGAGT;CTGGGAACgGGgGGAQIIQGAEAQQACIQZQIIGQATCSACSGCCCATTCCCAL 2

i R T V L

GAIGQ&CCGQA&QAA&QQAGCTGAGCTCQQEAAGQEGQBBQZIQGIiEQATTGACTTCGT
M D R N K ¢ E K L Q V

A’I‘g’I‘ACT’I‘TCGTATACMGG))?'\ATTTTCTCGATTTCACGMGW)W&
L

CCGACTGCAAAATANCAGANAGGAGTGGAMAGCACT AGCTGACGAGTATGAGGCCARAGT
R L @ N NR K E W KA UL A DTETUYTE A KV
CAAGGCCCTGGAGGAAGAAAAGA AGAAGGAAGAAGACAGAGTCGCAGCCAAGAAAGT GGG
K A L E E E K K K E E D R V A A K K V G
CACAGAAGL I TGCAATGEIGGTCCAGCACCCARGTCCICOACCTECTOTAICIIATANGS

¢ N G P A K 88§ © C C 1 1 =%

CGTGTTTCATGGCTTTGGGTCCCTCCTGCCACTCACCCACTGCATACGGACICTIGCGTAT
AGCAATTTGGTATAAGCCATTAGGAACAGGAAAAARAAAAAGATCGGGAATTC

Exon intron
GTATGTACTTTCGTATACAAthgcgccaggaggtactcca....1.4kb....gagccc
v ¢ T F V Y K

A2 Al Exon
tecgggatcagtgaaacageatggtgacttceteag | RRCCCTCTAGI GAATTTTCTCGAT
E F S8 R
F P L G. I . F 8§ T

TTCACGAAGAGATCCTGCCCATGTTTGA ...
F H E E I L P M F D...
S R R D P A H V * ’

2640

Page 10

numbering on the left is according to Fig. 3A. W90 is an antisense, insertion specific primer.
AL, junction one at the 3" end of the intron used for generation of 8; A2, junction two used

for g
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Fig. 4.
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MGEVTAEEVEKFLDSNIGFAKQYYNLHYRGKVISDLLGAKEA~AVDFSNYHDVNSVEESE
MS-LSE Q RS G PT H FGKKLSPENVAG--ACEDGWLA CGSLRELCQ A

IIFDLLRDVQENLQAEKCTFNVMKKLCFLLRADRVSLFMYRTRNGIAELATRLENVHKDA
AL E VQDM SVNM RVV KILRR  TI H C Q S QP S

VLEDCLVMPDSE IVFPLDMGVVGHVAHSKKIANVPNTEEDEHFCDFVDNLTEYQTKNILA
L B II QT MI QDVACP SSAE DV S

SP IMNGKDVVAI IMAVNKIDEPHFTKRDEEILLKYLNFVNLIMKVFHLSY LHNCETRRGQ
T v LGC SE DVFT AT NL IY

ILLWSGSKVFEELTDIERQFHKALYTVRAFLNCDRYSVGLLDMTKQKEFFDVWPVLMGEA
v AN F Y E E

PAYSGPRTPDGREINFYKVIDYILHGKEDIKVIPNPPADKWALVSGLPP YVAQNGLICNI
QP v T A T ES F

MNAPAEDFFEFQKEPLDESGWMIKNVLSMP IVNKKEE IVGVATF YNRKDGKPEFDDMDETL
S DEM N EG D v Q Vv

MESLTQFLGWSVLNPDTYESMNKLENRKDIFQDIVKYHVKCDNEEIQKILKTREVYGKEP
T DK A ML R KD E P DRL

WECEEEELAEILQRELPDAESYEINKFHFSDLPLTELELVKCGIQMYYELRVWDKFHIPQ
AD D GK KE GPTKFD YE EC G VR Q

f
EALVRFMYSLSKGYRRITYHNWRHGFNVGQTMFSLLVTGKLKRYFTDLEALAMVTAAFCH
v LFV A G A T M s Y o) GL

DIDHRGTNNLYQMKSQNP LAKLHGSSILERHHLEFGKTLLRDESLNIFQNLNRRQHEHATL
F AE Y v

HMMDIAIIATDLALYFKKRTMFQKIVDQSKTYESTQEWTQYMMLEQTRKEIVMAMMMTAC
L E N DKKS VE LS T

DLSAITKPWEVQSKVALLVAAEFWEQGDLERTVLQQONP IPMMDRNKADE LPKLQVGE IDF

Q A
o
VCTFVYKEFSRFHEE ITPMLDGITNNRKEWKALADE YEAKMKALEEEKQKQQAAKQAASG
L F RLQ v K EEDRVA KKV
FPLGIFSISRRDPAHV*
NQPGGNPLQGAPASKS | CCIQ*
GTEV G-GP K ST| ' L=*
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Alignment of mouse PDE a- and B-subunit amino acid sequences. Gaps are indicated by a

hyphen, identical residues by blanks. The C-terminal 16 residues of 8* are shown from the
point (arrow) where the frame shift occurs in the cDNA sequence. An asterisk depicts a stop

motif at the C-terminus is boxed.
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codon. The conserved domain thought to be involved in catalysis is bracketed. The Caax
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