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Wi have gharactorized everlapping ¢ DM A clones ensoding ¢GM P phosphodiesterase (PLE) 2= and faubunits of meuse retinsl rod photareceplors.

The open reiding fraumes pricict s z-subunit ol 100 kDo (856 residues), and a foaubunit of 99 kDa (853 residues). Sequence analysis of two af

tiwelve fi-subunit clones predists the presence in thereting ofun additional PDE, termed 7, which is genernted by alternative splicing of the flsubunit

gene. [ differs from f only at the C-terminus being 55 residues shorter and Licking the Chux motl found at the Caterntini of both the <. and
f-subunits. A 300 residue segment thought to contain the active site is presentin the Coterminal half of =, fFuad .

Rod photoreceptor M phospliodiesternse; <DINA claning: Alternative splicing: Polymerase ehain reaetion (PCR) Muuse retina

I. 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 ¢GMP phosphodiesterase
(PDE) functions as a signal amplifier by rapidly
hydrolyzing ¢GMP - (reviewed in [7,24]). PDE is
thought 1o be 'a peripherally membrane-bound,

heterotrimeric enzyme afy: {3,9,10}. In dark adapred

rads, the hydrolytic activity is greatly reduced due to an
inhibitory constraint imposed by the PDE 4-subunit.
Upon removal of 4, the turnover number for cGMP
hydrolysis increases more than 20-fold. Depletion of
cytoplasniic cGMP causes closure of cGMP-gated ca-
tion channels located in the plasma membrane and
subsequent hyperpolarization of the rod photoreceptor
cell. '

Bovine and human cDMA ¢lonegs encoding rod PDE
a-subunits [18,21,22], and bovine PDE A-subunit
c¢DMNA clones [13,14] have been characterized. The gene
encoding the PDE A-subunit of mouse has recently
besn shown to be tightly linked to the rd locus on
chromosome 3, and it has been suggested that a 300 bp
insertion in the @-gene may be causative for the rd
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 F-subunits of
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mouse rod PDE, and provide evidenge by direct se-
auencing of PCR amplified genomic DDINA that an ad-
ditional isozyme, £, is generated by alternative
splicing of a large intron near the 3'-end of the coding
region of the F-subunit.

2. MATERIALS AND METHODS

2.1, eDNA and PCR

Retinas of CS7BL/6J mice were excised, and immediately dropped
into liquid nitragen. Poly(A) mRMNA was isolated according to the
Fasttrack procedure (Invitrogen) [2]. First strand cDNA suitable for
PCR amplification was synthesized with AMV reverse transcriptase
(Pramega) using 1.5-2 xg RNA as a template and the 3'-Tie-mcs
primer as described [1]. The reaction product was diluted 10-fold
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Fig. 1. Map of ¢cDNA clones encoding the mouse PDE a-, #- and
@G’ -polypeptides. The black box depicts the coding sequences of the
- and F-subunit. The extent of clones is indicated by bold-faced
lines, The rectangles in the 3’ uniranslated region of MPA-4 and
MPA-8 represent (TTCTG), repeats, where # = 17 in MFA-4 and

n =9 in MPFA-8. The iriangles in MFB-3 and MFB-7 symbolizce a

10 bp insertion, The asterisk indicates the location of the first in-
frame stop codon.
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with wate. and an aliquot-used dxrectly in-a PCRreaction: PCR was
'performed according to standard protocols (Cetus) usmg Taq 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

~FEBS'LETTERS

January 1991 -

50% formamxde containing 6 X SSC 0.9 M NaCl 0.09M Na‘
citrate), 0:5%. SDS, ‘and 100 g~ sheared salmon. sperrr: DNA:
Stringent hybridizations were carried out at'42°C (3 washings at'65°C
in 2'M S8C/0.1% SDS, 1-M S8C/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 ¢DNA clones were ‘se-
quenced with M13 universal and sequence specific oligonucleotide
primers using the standard Sequenase protocol as described [21).

11
Wil GGAAAGGCTGAGAGCTGAACCCCCchTTGGGACAGCTAAAGGGAGTcwrcnggazgggg ‘12%
GAGGTGACAGCAGAGGAGGTAGAAAAGT TCCTGGATTCAAATATTGGCTTTGCCAARCAA
E 'V T A E E 'V E K F L D S N I G F A K Q
TACTATAACCTTCACTACCGGGGGAAGGTCATCTCAGACCTCCTCGGGGCCAAGGAGGCA 240
¥ ¥ N L H ¥ R G K VvV I 8§ D L L G A K E A 42
GCTGTGGACTTCAGCAACTACCACGATGTGAACAGCCTAGAGGAGAGTGAGATCATCTTT
A V D F 8§ N ¥ H D V N .8 V 28" E 8 E I I F
«SP39 GACCTCCTGCGGGACGT TCAGGAGAACTTACAGGCTGAGAAATGCACATTCAATGTCATG 360
P L L RD V Q EN'L Q A E KO CTTF N VM 82
«—8SP54 AAGAAGCTCTGCTTCCTCCTGCGGGCTGACCGAGTGAGCQIGIEQAIQIAQAGGAQQQGC
K A L F M ¥ R T
AACGGCATCGCCGAGCTGGCCACTAGGCTCTTCAATGTCCACARGGATGCTGTGCTAGAG. 480
N 6 I A E L A T R L F NV H K D A V. L E 122
GACTGCTTGGTGATGCCCGACTCCGAGAT TGTCTTCCCTCTGGACATGGGTGTCGTGGGE
P ¢C 'L VvV M P D 8§ E I VvV F P L D M G V VvV G
CACGTCGCACACTCCAAABAGAT TGCCAATGTCCCCAACACAGAAGAGGATGAGCATTTC 600
-HVA'HSKKIANVPNTE‘E?S(_EHF162
TGTGACTTCGTGGACAATCTCACAGAATATCAGACCAAGAACATCCTGGCTTICCCCCATE
C D F VD NUL T E ¥ @Q T K N I L A S P I
«SP30 ATGAATGGGAAG GCTGTGAATARAATAGATGAACCCCAC 720
M N G K VvV a1ITIMAVYVNIEK I DZE P H 202
TTCACCAAGAGAGATGAAGAGATTCTTCTCAAGTACCTCAACTTTGTGAACCTGATCATG
: K R D E E I L Y L N F .V N M
«SP30 AAGGTATTCCACCTGAGCTACCTGCACAACTGTGAGACTCGTCGCGGCQAQAIAEIQCIG 840
L H C I L L 242
Wi3l- TGGTCTGGGAGCAAGGTCTTTGAGGAGCTCACGGATATAGAGAGGCAGTTCCACAAGGEE
. WSGSKVFEELT‘DIERQ‘FHKA
CTGTACACGGTCCGGGCTTTCCTCAACEGTGACAGATACTCCGTAGGACTCTTAGACATG 960
L Y T VvV R A F L C R s 282
SP67— AcCAAAQAgaaggaammxgzngTGTGTGGcCAGTTCTGATGGGCGAGGCTCCAGCTTAC
‘ T K Q- K E P F D V W P V L M A Y
TCTGGTCCCAGGACTCCAGACGGAAGGGAAATTAACTTCTACAAGGTCATTGACTACATC 1080
G P RTPOD E I F I Y 322
CTGCACGGCAAAGAAGACATCAAAGTCATCCCGAACCCACCCGCTGACCACTGGGCTCTA
H K E D I K W
«SP23 GTGAGTGGTCTACCCCCTTACGTGGCTCAAAATGGTCTGATCTGCAATATAATGAATGCG 1200
V'S 6L P P Y V. A @ N G L I C N I M N A 362
TTTTTGARTTCCAGAARGAGCCTCTGGATGAGTCTGGGTGGATGATT
P'AED‘FPEFQKE‘PLDESGWMI
AAAMATGTACTCTCCATGCCCATCGTCAACAAGAAGGAAGAGATCGTCGGCGTGGCCACE 1320
K'"N"V L'S M P I V N K KZETE ETIV G V A T 402
Wo3— TTTTACAACCGCAAAGATGGGAAGCCCTTCGACGATATGGACG :
P R K D G K P F D T L M E §
«~W94
IIQACTCAGTTTCTGGGATGGTCAGTCTTAAACCCTGACACCTACGAGTCCATGAACAAG 1440
Q G P Y E S M K 442

l—1s
GAATTCCAACCTCAGCTTGACGTGGGGCCTPTTGAACTCAATTTGCTTGGAAACTGCCCA

; Fig. 2. ¢cDNA and predicted amino acnd seqlience of the mouse . PDE @-subunit. Primers-used for DNA sequencmg are underlined, and their sense
or-antisense direction is ...dxcuted on tl‘ﬂ left ma.rgm by arrows pointing to the:right or left. Start and end pomts of overlappmg clones (Fig.. l)
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: Ollgonucleondes were symhesued on a ‘PCR-MATE DNA syn- 3. RESULTS AND DISCUSSION
i ;thesnzer (Applied : Biosystems, Inc.) [1] and used without further :
purification. PCR products were purifiéd by preparative agarose gel 3 1. PDE cD N 14 clones
electrophoresis- and - sequenced: directly “after: boiling ' 200-400 ng S i DNA lib h
'temiplate and:100 ng-primer for- 3 min. Two al' of Sequenase’S x Creening a mouse retina ¢ ibrary with a
‘buffer was added and standard sequenase reactions were performed. human PDE o« subunit N- t¢fmlnal probe (300 bp
RNA sequencing was performed according to Geliebter [11]. EcoRl/BamHI fragment of HPAI [21]). and a bovine
= 4

CTCGAGAACAGGAAGGATATCTTCCSGGACATCGgGAAATATCACGgGAAGTGTGATAAC

GAAGAAATCCAGAAGATCTTGAAAACCAGAGAGGTGTACGGCAAAGAGCCGTGGGAATGC 15
E Q I L K T R E V w cC 4

(—
GAGGAGGAuGAGCTGGCTGAGATCCEGCSAASAGAACETCCAGACGCGGAGT%ATACGAA

ATCAACAAGTTCCACTTCAGCGACCTGCCACTCACGGAGCTGGAGCTGGTGAAGTGCGGE 1
I N K F HF 8 Db L P L T ETULTETUL UV K C G
wW20—- ATCCAGATGIAQIACGAGCIQAGAGIGTGGGACAAGTTCCACATCCCGCAAGAGGCCCTG
I Q Y ¥YE L' R 'V W K F H I Q A L

GTGCGCTTCATGTATTCGCTAAGCAAAGGCTACCGGAGAATCACTTACCACAACTGGCGG 18
V- -R F Y S S K ¢ ¥ R H 5

.-é
CATGGCTTCAACGTGGGGCAGACCATGTICTCCTTGCTGETGACAGGAAAGCTGAARCGE
H G F N V G6:'Qq T M F § L L V.T G K L K R

TACTTCACTGATCTAGAGGCCTTGGCCATGGTCACTGCTGCCTTCTGTCATGACATCGAQ 1920

SP Y F T D L A A'M V. T A A F C H D I D 602

6—5?3 ‘CACAGAGGCA ,f*W*fCCTCTACCAGATGAAATCACAGA&QQQQQIGGQCAAGCTCCAT

W2i6— H R G T N N L ¥ Q@ M K § L

«SP14 GGGTCCTCCATCTTGGAAAGGCATCATTTGGAGTTTGGCAAAAQAQIQQIGQEAQATGAG 2040
G S § I 'L R H L G T L L. R D E 642

AGCCTGAATATCTTCCAGAACCTGAATCGCCGGCAGCATGAGCACGCGATCCACATGATG
S L N I F Q N L N RR.Q HE H A I HMM
GACA?CGCGATCATTGCCACAGACCTTGCCTgGTQTTTCAAGAAAAGGACCATGTTCCSG 2
SR&?1? AAGATTGIGGAIQAQIQAAAGAQATATGAGAGTACcCAGGAGTGGACCCAGTACATGATG
«W2 I T [ Q Q

vV D Q S K

SP66— 'CTGGACGCAGACACGGAAGGAAATTCTGATGGCCATGATGATGACCGCCTGTGATCTCTCA 12280
L EQTRUKETIVMAMMMTATGCTDTL s 722

GCCATCACCAARCCCTGGGAGGTACAGAGCAAGGTGGCTCTGCTGGTGECTGCIGAATTC
A.I.T K P W E V. Q 8 K V a& L 'L V A A EF
TGGGAGCAAGGTGACCTGGAGCGCACAGTGCTGCAGCAGAATCCCATTCCCATGATGGAC 2
W' E. Q ¢ D L B R TV L Q Q N P I P M M D
AGAAACAAGGCGGATGAGCTCCCCAAGCTTCSAG%CGGCTTCATCGACTTTGTGT%CACT
TTTGTCTATAAGGAGTTCTCCCGATTTCATGAGGAGATTACACCCATGCTGGATGGGATC 2520
F .V Y S P M L D G I 802
ACTA%CA%CCgCAﬁGGgATGGAAGGgGCTGGCTGATGAGTACGAAGCCAAGATGAAGGCC
T

3

2 3 wf ,,;n,..CAGCAGGCAGCCAAGCAAGCTGCTTCCGGGAACCAGCCA 264
L E E E--K-Q K Q Q A KQ A Q 84;

GGAGGGAACCCACTCCAGGGTGCACCTGCATCTAAGTCCTGTTGCATCCAGTAGCTGACT
G "GN Q G K8 "Cir e Q-

GCACTGCAGCAGGGCACAGCCCTCAGGAAGGAGGAGGTCACCCTGGCACTGGACAGTTAA 2760
AGAACCAGGAGCTTGGAAGTCCTGGCAAACACAGCAGGCATCTATATCATCAAATGGTCT
TAGACATIGGTTCTGTTCTGTTCTGTTCTCTTICTGTTCTGTTCTGTTCTGTTCTGTTCTG 2880
TTCTGTTCTGTTCTGTCCTGTCCTGTTCTGTTCTGTTTTAGACAGCTCTGGCTGGCCTFG

AACTCTCTATGTAGACTGGGCTGGCCTCAAACTCACAGGCCTCCACCTGCCTCTGTGTCC 3000
TGAGTTCTGAGTTAATAAGCAAGCACCATCACACAGGGACTTAGAGATTGTCTTTAATTC
TAAMARGTCTATCGAGTCTAGCCTAATATTCTAGACTTCATATACTGACTTGATAATTTT -3120
TTGTTCTTATAATGCTTGTAATTCTTATAAGCTTTTTAAACTTAGTGTTTTATTATAAAA :
GTGTTCGCTAATTCCCAAAAGTACAGAATTATACGGAAEEEI

Fig. 2 continued
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Coerminal probe (660 bp LeoRE fragment of the
bovine sequence (21D resulted in the isolation of
overlapping  a-subunit  clones MPA-1S, MPA-11,
MPA-4, and MPA-B (Fig. 1). The 3 -untranslated
region of MPA-4 contains a variable number tandem
repeats (VNTR) of (TTCTG): and MPA-R of
(TTCTGH0. The significance of this VNTR is unknown.

B
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TGCCCATCAATACTTITCGOAAGAAGTTUAGCCOCTGAARNTGTIGUC AGOAGLCTURGANGDA 120
AR Q ¥ I G K K S R BE NV A G A C E D 8

Tanuary 199)

s conservation in human may prove usetul for hinkage
studies ax has been reported for (CA), repeats [15),
Using a combination of relaxed-stringency screening
{sec Section 2) with the Ceterminal boving w-subunit
probe and stringent screening with PCR amplified full
tength bovine g-subunit [14) ¢eDNA, we isolated a set of
clones tabeled MPB (Fig. 1). Sequence analysis allowed

AGACACCATGRGCCTCRGTiKGGAACAQQIAﬂﬁCAGﬁfrc@jﬁﬁAxﬂGGAAﬂQ@CACGTT
4 8 L 5 E B Q V R 5 ¥ L B OO '3

N T F

pisier (el GCUGGACTGTGGCAGCCTCCGAGAGCT GTOCCAGG TSGAAGAGAGTGCAGC
L A D C G 35 L " S A A

Fe
=

G oW
«—WHS

WO~

ACTTTTTG&ACTQQIQQQQQAQA;QQQS
L ¥ B LV Q DM Q

R B L. C Q Vv & B

GAGAGTGT CANTATGGARCGTGTGGTCTTCAA 240
E S5 vV N M E R V V OF K- T8

GATCCTGCGOCGCCTCTGCACCATCCIGCATGOCOGALCGCTGCAGCCTCTTTATGTACCG
I LR R L C T I L H A D R C F M ¥ R

N b

W87

W82
«-W81

Q $ L

CCAGCGCAATGGCATAGC TGANCTTGCTACGCGECTCTTCAGCHTGCAGCCTGACAGCCT 360
R N G & A E L A T R L. F 8 Vv ¢ P O 118

*

TCTGGAGGATTGCCTGETGCCCCCTCACTCTGAGATCGTCTTCCCCCTGGACATTGGGAT
L E P C L VvV P P DS E I V F P L-D 1 G 1
TGTGGGCCATGTGGC TCAGACCAAGAAGATGATANACGTGCAGGATGTGGCAGAGTGTCC
vV 6 H vV A Q T K KM I N V @ D V A& E C P
CCACTTCAGCTCATTCGCCGATGAGCTCACCGACTATGTGACARAGAACATTTTGTICCAC
¥ F § 8§ F A D E L T D ¥ V T KN I L § 7T
ACCAATCATGAATGGCAAAGATGTCGTAGCTIGTIGATCATGGCAGT!
P I M N G K D V V A V I M A V

CCCATGCTTCACGAGTGAAGATGAAGATGTTTTCACGAAGTACCTGAAT TTTGCTACATT
p ¢ ® T8 BE D E D V F T K Y L N F A T L

AANCCTGAAGATCTATCACCTARGCTACCTCCACAACTGTCGAGACACGCAGAGGCCAGGT
N L K I ¥ H L 8 ¥ L H N C E T R R G @Q V

TAAACTGGATGG
N K L D G

GCTCCTCTGGTCAGCCAATAAGGTGTTTGAAGAGC TGACAGACATCGAMAGACAGTTCCA
L L Ww 8§ A N K V F E E L T D I E R Q@ F H

CAAGGCCTTCTATACTGTCCGGGCCTATCTAAACTGCGARCGETATICAGTGGGCCTCCT
K A F Y TV R A ¥ L N C E R Y 8 V G L

L

' GGACATGACCAAGGAGAAGGAGTTCTITCGATGTUTGECCTCTGCTGATGGEAGAAGCCCA
D M T K E K E P IF D V W P Q

vV LM G E A
GCCATACTCAGGCCCACGAACACCTGATGGCCGGGABATTGTCTTCTACAAAGTCATCGA
P ¥ 8 6 P R T©PD GIRE I V F Y K V I D
TTATATCCTCCACGGCAAAGAAGACATCAARAGTCATTCCCACACCCCCGGCTGATCACTG
¥ I L. & K E D I K VvV I P T P P A D H ®W
GGCCCTGGCCAGTGGCCTTCCAACCTACGTAGCAGAAAGTGGCTTTATCTGTAACATCAT
A L A S G L P T ¥ V A E S5 G F I C N I M

GARTGCTTCAGCTGATGAAATGTTCAACTTTCAGCAGGGSCCCCTGGATGATTICAGGATG
N A 8§ A D E M F N PF Q E G P L D D S G W

GGTGATCAAGAATETCCTCTCTATGCCCATTGTCAACAAGAAAGAGGAGATTIGCTGGGGGT
v 1 K N VvV L 8 M P I V N K K EE I V G V
GGCAACCTTCTACAMACAGGAARGATGE ;
A T F ¥ N R KD G K P F D D Q@
CTGGGGTGGTCAGTGCTGAACACAGACACCTATGACAAGAT
F L G W § V L N T D T ¥ D K M

GAAGTCCTTAT.
D E V L M
E § L T Q
GAACAAGCTGGAGARCCGTAAGGACATCGCCCAGGRCATGGTTCTGTACCATGTGAGATG
N K L EN R KD I A Q D M V L ¥ H YV RC

TGA
DK D E I Q E L P R D L G B

CEAAGATGAAATCCAGGABATCCTGCCAACAAGGGATCGCCTTGGGA&ASAGCCTG%
I T R E P

1440
478

Fig. 3A. ¢cDNA and predicted amino acid sequences of the mouse PDE #-subunit. The start point of _clone MP:B-IQ is indicated apove 'the
sequence. Primers used for DNA and RMNA sequencing, and for PCR amplification are underlined. The vertical arrow indicates the 10 bp insertion
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the Asubunit clones to be divided into two cliasses
depending on the presence or absence of a 10 bp inser-
tion near the 3" -end of the ¢DNAL The first ¢lass, com-
prising 12 clones (three of which, MPB-1, MPB.Y,
MPR-10 are shown in Fig, 1) represent putative PDE -
subunit ¢lones as judged by their homology to the
bovine g-subunit [14}. The second class contains two
clones (MPB-3, MPB-7, Fig. 1) which predict a trun-
cated version of the &-subunit, termed @', Apart from
the TTCTG VNTR and the 10 bp insertion, overlap-
ping sequences of MPA, and MPB clones, respectively,
are identical,

FEBS LETTERS

January 1994

PDE ex anel o subunic sequetees

The - and g-subupit ¢DNA sequences and their
deduced amino acid sequences are shown in Figs 2 and
JA. The a-subunit sequence is & composite sequence of
the 4 ¢lones shown in Fig. 1, the o-subunir sequence is
that of clone MPB-10 (Fig. 1). Clone MPB-10 starts at
residue 21 lucking the first 14 nucleotides of the coding
sequence. The sequence was completed by RNA se-
quencing exiending an antisense oligonucleotide primer
(W107) lovated at pos. 119-130 in Fig. 3.

The a-subunit cDNA sequence predicts a polypeptide
ol 859 residues, exactly the same length as for bovine

AC?GTGAGGAGCFTGAQCPGGGGAQAATCTTGAA&CARGA&L TLCAGgGC;GA%LAQ

L ¢ E E

+ E

GUTTCACATCTATGAGTTICCACTICICTGATCTIGOAGTGTACAGAGCTGGAGCTAGTCAA 1560
¥ Db X Y B F OH OF S I L ¢ P E L E L -V K 518

ot s

ATGTGGCATCCAGATCTACTATGOAGCTGCSTGTAGTCCGAMAGT TCCAGATTCCCCAGGA
¢C 6 I @ M ¥ ¥ EBE L ¢ V V R K F Q I P Q &

GGTCTTGGTGCOCTTITCTATTCTCTGTCAGCAAAGCCTATCGANGANTCACCTACCACAR 1
vy L V R'F L F § V § K A ¥

6680
R R X T ¥ H N 558

CTGGGGCCACGGCTTCAATGTAGCCLAGACLATGfTTALCCTACTLATGACAGGCAAACT
G Q T L M T K L

MOF T

GAAGAGCTATTACACTGACCTAGAGGCCTTCGCCATGGTTACAGCTGGCTTGTGCCACGA 1800
K 8§ ¥ ¥ T D L E A F A vV T A G L € H D 598

M
W97 —
CATCG!\CC&Q&&I.G,GQAQQA&QMLQE.&ACCAAATGWGCAGMEQQEQIAQQC
«-W83 Q L A K
GTTACATGGCTCCTCAATTCTGGAARGGCACCACCTGGAATTTGGGAAGTITTCTGTTGEC 1920
L #H 6 8§ § I L BE R B H L E F G ¥ F L L A 638
AGAGGAGAGCCTGAACATCTATCAGAARCCTGAACCGGCGGCAGCATGAACATGTGATCCA
E E § L N I ¥ @Q N L NR R QH E H V I H
Wg4— CCTCATGGACATTGCCATCATTGCCAccGAcgzgggggmgxagmxgggggagggaacAAT 2040
A I A F KK R 678
GTTCCAGARGATTGTGGATGAGTC TAAGARC T ATGAAGATAAGAAGAGTTGGGTTGAGTA
F Q K I v D E 8 K. N Y E D K K 8 W V E ¥
CTTATCCTTAGAGACCACACGARAGGAGATAGTCATGGCCATGATGATGACTGCATGTGA 2160
L § L E T T R KE I VM AMMMMTTAC D 718
CCTGTCTGCTATCACCAAACCCTGGGARGTCCAGAGCAAGGTTGCTCTTCTGGTGGCTGE
W88 L S A I T K P WwEUVQ S KV ATILTLUV A A
TGAGTTCTGGGAACAGGGGGALT ATCAACAGCCCATTCCCAT 2280
«—W93 E F W E @ 6 D L R T V L D Q Q@ P 1 P M 758
—W99 AGCTGAGCT GDITCATTGACTTCGT
M D R N K A A E L P K L Q VG F I D P V
W100-
ATGTACTTTCGTATACAAGGAATTTTCTCGATTTCACGAAGAQAQQQEQQQQB&QEIIGA 2400
«W101 cC T F P M F D 798
«~—W108 QQQACTGCAAAATAACAGAAAGGAGTGGAAAGCACTAggxﬁﬁgﬁﬁglﬁgggggggééégg
L Q E W K A L & DT E Y E A K V
CAAGGCCCTGGAGGAAGAAAAGAAGAAGGAAGAAGACAGAGTCGCAGCCAAGAAAGTGGG 2520
E E D R V A A K K VvV G 838
«-W9] CACAGAAGT TTGCAATGGTGGTCCAGCACCCARGTCCICOGACCTGCTGTATCLTATAAGC
T E V ¢ N 6 G P A P K S 8 T C I L *
~W102 COTGTTTCATGECTTTGGGTCCCTCCTGCCACTCACCCACTGOATACGEAGTCIGROTAT 2640

AGCAATTTGGTATAAGCCATTAGGARCAGGAAARAADARARGATCGGGRAATTC

Fig. 34 continued
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Exon intron
2332 uTATGTACTTTCG‘IATACAAthgcgccaggaggtat:tcca <ivv1.4Kkb....gagccec |
778 vV C. T F V Y K | ‘ B
: ‘ A2 Al Exon
«—W90 tecgggatcagtgaaacagcatggtgactteteag | RECQCTCTAG| GAATTTTCTCGAT
E F S R B
F P L G I F § I Br

2366 TTCACGAAGAGATCCTGCCCATGTTTGA
789 F H E E I L P M F D.,..
S R R'D P A H V * Br

Fig. 3B. Junctions of the 1.4 kb intron that is alternatively spliced. Predicted amino acid sequences of the g-subunit and the 8’ -isozyme are shown
below the sequence. The 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 #; A2, junction two used for g'.

MGEVTAEEVEKFLDSNIGFAKQYYNLHYRGKVISDLLGAKEA~AVDFSNYHDVNSVEESE 59
MS-LSE Q RS G PT H FGKKLSPENVAG--ACEDGWLA CGSLRELCQ A 57

IIFDLLRDVQENLQAEKCTFNVMKKLCFLLRADRVSLFMYRTRNGIAELATRLFNVHKDA 119
AL E VQDM SVNM RVV KILRR - TI H C Q S Qp 8117

VLEDCLVMPDSEIVEPLDMGVVGHVAHSKKIANVPNTEEDEHFCDFVDNLTEYQTKNILA 179
L P T I QT MI QDVA CP SSAE DV 8 177

SP IMNGKDVVAT IMAVNKIDEPHFTKRDEEILLKYLNFVNLIMKVFHLSYLHNCETRRGQ 239
T v L GC SE DVFT AT NL IY 237
ILLWSGSKVFEELTDIERQFHKALY TVRAFLNCDRYS VGLLDMTKQKEFFDVWPVLMGEA 299
v AN F Y E B 297

PAYSGPRTPDGREINFYKVIDYILHGKEDIKVIPNPPADHWALVSGLPPYVAQNGLICNI 359
QP \% T A T ES F 357

MNAPAEDFFEFQKEPLDESGWMIKNVLSMP IVNKKEE IVGVATFYNRKDGKPFDDMDETL 419
S DEM N EG D v Q VvV 417

MESLTQFLGWSVLNPDTYESMNKLENRKDIFQDIVKYHVKCDNEEIQKILKTREVYGKEP 479
T DK A ML R KD E P DRL 477

WECEEEELAEILQRELPDAESYEINKFHFSDLPLTELELVKCGIQMYYELRVWDKEFHIPQ 539
AD D GK  KE GPTKFD YE EC: G VR Q 537

) -
EALVRFMYSLSKGYRRITYHNWRHGFNVGQTMFSLLVTGKLKRYFTDLEALAMVTAAFCH 599
v PV A G A T M S Y F GL 597

DIDHRGTNNLYQMKSQNPLAKLHGSSILERHHLEFGKTLLRDESLNIFQNLNRRQHEHAL 659
F AE. Y v 657

HMMDIAIIATDLALYPKKRIMFQKIVDQSKTYESTQEWTQYMMLEQTRKEIVMAMMMTAC 719
L E N DKKS VE LS T 717

DLSAITKPWEVQSKVALLVAAEFWEQGDLERTVLQQONP IPMMDRNKADELPKLQVGFIDF 779

Ge ToR DR TR DR TR TR TR R TR TR R WL DR R

Q A 717

b
VCTFVYKEFSRFHEE ITPMLDGITNNRKEWKALADE YEAKMKALEEEKQKQQAAKQAASG 839
L F RLQ : v K EEDRVA KKV 837
¢ FPLGIFSISRRDPAHV* 799
NQPGGNPLQGAPASKS| CCIQ* 859
GTEV G-GP- K S8T| ° L* 856

Caax Box
Fig. 4. Alignment of mouse PDE a- and #-subunit amino acid sequences. Gaps are-indicated by a hyphen, identical re51dues by blanks. The.C-
terminal 16 residues of 4" are shown from the point (arrow) where the trame shift oceurs in the cDNA sequince. ‘An asterisk depicts a stop codon:
The conserved domam thought to be mvolved in catalysns 1s bracketed. The Caax monf at the C-terminus is boxed

12



: Volume 278 number 1 - FEBS L
‘ 'and human [21] The predlcted ﬂ-subumt 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 = cys-
~‘teine, a = aliphatic, x = any resxclue) [16] signaling
multistep posttranslational processing [12,17].
C-terminal processing -involving lipidation, pro-
teolysis and carboxymethylatnon has been.shown to oc-~
cur: on the bovine. PDE a=subumt, but not on the
B-subunit [25]. Smce aCaax tetrapepude is sufficient to
signal processing [26], it appears likely that the G-
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 G-subunit Caax processing which could ac-
“count in part for the size discrepancy observed in the a-
and @-subunits.
Alignment of the two amino acid sequences (Flg 4)
shows that the:overall sequence su'mlanty between the
- mouse PDE - and g-subunits is 73%. The domain
with greatest sequence similarity is located near the C-
~terminus (bracketed in Fig. 4), consisting of approx-
imately 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
re‘sidues) and at ‘the C-terminus (last 30 residues).

3.3. Theg '-zsozyme is generated by alternative splicing

Two & 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 se-
quence (Y)eXAG Y= pyrnmldme, = any-nucleotide)
of the 3’ end of an intron [19]. The insertion causes a
‘shift in the reading frame, and a stop codon is en-
countered' 16 codons after the insertion (Fig. 3B). The
predicted amino acid sequence of 4’ thus would have
‘a C-terminus different from @ (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) mRNA pool with the 10 bp insertion

was verified by PCR amphfxcatnon of normal adult

‘mouse retina ¢DNA ‘using an N-terniinal primer com-
mon to both' 4 and 8! (W89 in Fig. 3), and an insertion

, spec:flc primer (W90 in Fig. 3B) : :
~To verify that the msertxon is due to an:alternative
4cceptor site usage and not the product of another
i gene, we amphfled al4 kb intron with two exon
~ primers W98 and W108 (Flg 3A) .Direct sequencing of
- the amplified DNA showed that the 3’ end of the i in-
tron has two mtron/exon Junctxons, Al and A2, that
are - preceded by (Y)sXAG consensus sequences
. (Fsg SB) Junction Al is prererenuauy usea to proauce

LETTERS

“the ,6"-Subuni‘t ‘mRNA

i | anuary 1991

Junctnon AZ to produce
@'-mRNA. Although alternative splicing as a means to

produce protein diversity has been shown to be a ubig--

uitous phenomenon from Drosophila to man [6], this is
the first example of such a pathway in a gene involved
in mammalian phototransductxon. 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 &’ is currently bemg
prepared
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NOTE ADDED [N PROOT

Hince submission of this manuseript, a paper deseribing a partial seguence of the mowse PDE F-subunit has been published {Hawes et al. (1930)
Natuce 347, 677-680], Comparison of their sequence with Fig, 3A shows & discrepancies: B (Fig. 3A) vo O (Bowes et al) at position 8, A ve ¥
atpos. 19 Evs Dt pos, 49, Lovs Viatpos, 30, P s Tavpos, 138, Lovs U pos, 176, Gy S at pox, 236, ainl 1 v Q at pas. 752 All deviations
are within the N-terminal 236 residues (except D vs (Q pos. 7323 OQur sequenee has been further verificd with two full temgthy clones which were
isolated since submission of this manuseript. Moreover, rasiducs at positions 8,19, 49, 138, and 236 of our sequence are identicnl with residues
ina bovine g-subunin sequence published by Lipkincoal, [Proc, Natlo Avad, Sci, UsA (19900 265, 12958--12939), Since the Neterminal 236 residues
af the Boawes et al. sesquence were determined Ly analysis of only one vloned PCR copy of MPBI and MPBGI-12, the differences may be the
result of PR artifacts (o.g. sec Ennis et al., *Rapid cloning of HLACA B ¢DNA by using the polymerase chain reavtion: frequency and nature
al errors produced in amplification', Prov, Natl, Acad. S, USA (1990 87, 28332817,
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