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Cloning and sequencing of cDNA encoding the putative insect plasma
membrane V-ATPase subunit A
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For the first time a ¢DNA encoding subunit A of an invericbrate V-ATPuse has been sequenced. The eDNA library was prepared from larval midgut

ol the tobacco hornworm, Mandica sexta. and sereened with moanoclonal antibodies to the midgut plasma membrane subunit A. From the ¢DNA

sequence the inseet subunit A is predicted 1o consist of 617 amino ucids with a relative molecular mass of 68.162. The predicted primary structure

is similar w that of' the published eukaryotic subunit A proteins (Bos, Dawcus, Succlurromyces and Newrosporay; it most closely resembles the bovine
amino acid sequences with which it has an 83% sequence identity.

Vacuolar H-ATPase; Insect midgut: Manduca: ¢DNA cloning: Subunit structure: Potassium pump

. INTRODUCTION

Vacuolar ATPascs (V-ATPascs) are a closcly related
family of preton pumps which, ... cukaryotic .ulis.
usually reside in the membranes of acidic organclles.
However, they are also present in the plasma
membranes of vertebrate renal epithelia and lepidop-
teran insect midgut epithelia [1.2]. The V-ATPase of the
tobacco hornworm, Manduca sexta, i the first
vacuolar-type proton pump shown to energize second-
ary active transport in an cukaryotic plasma membrane
-— & V-ATPase in parallel with a K'/aH" antiporter
[3.4] constitutes the well known *potassium pump’ of the
midgut goblet cell apical membrane [3].

All of the V-ATPascs purified 1o date share similar
functional and structural features [1]. They are multi-
meric proteins with at least three common subunits: a
catalytic subunit A. a regulatory subunit B, and a
proton channel subunit with relative molecular masses
of approximately 70,000, 60.000 aud 17.000. respee-
tively, Although cDNAs of several V-ATPasc subunits
had been sequenced. no sequence was available for an
animal subunit A until those for bovine V-ATPascs
were reported recently [6.7]. We report here the first
invertecbrate ¢DNA sequence encoding a V-ATPuse
subunit A from the model insect. Manduca sexta. Al-
though this insect cDNA appears to encode the subunit
A of an ATPase which is the most prominent com-
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ponent of a plasina membrane, its primary structure is
remarkably similar to that of ¢DNAs thought to encode
subunit A in vacuolar membranes.

2. MATERIALS AND METHODS

24 Consteuction and screening of the DN A libyary

Approximatels § mg of posterior midgut total RNA was isolated
by the AGPC-method [B] using 4 fifth instar larvae of Mundiouw sexia.
PolyA" RNA was purified by oligo(dT) ccllulose chromatography [9]
A ¢DNA library was construcied by divectionad cloning using the
ZAP-DNA synthesis kit from Stetagene, and by packaging 800 ng
of A-DNA with Gigapack 11 gold From Stratagene. The primany
library consisted of 1.2 x 10" independent ¢lones. The ¢DNA library
wirs sereened initially with rabbit polvelonal antiserum to the puritied
Meigeduca plasma membrane V-ATPase holoenzyme [3]. Seventy three
of approximetely 1.3 > 107 recombinunt phage clones were positive,
Three further sereening steps with two dillerent monoclonal amtibod-
fes (22149 and 206-2) 1o the subunit A {HY Kiein, Lepier. Forg-Brey
and Wieezorek. in preparation] yielded 10 double positive clones

2.2, Seheloning and sequencing

The pBluescript SK(-) phagemid portion containing subanit A-
specific ¢DNA from she 10 positive clones was rescued by in vive
excision and infection of £, coli XL-1 Blue [11]. Restriction anulysis
of inserts revealed that at least 4 of the 10 clones dit¥ered from one
anuther with respeet o their insert length, The wo longest clones
obuained afier EeoRE Vol doable digestion showed 6 restriction frag-
ments of 0, 720, 390, 310, 210 and HI bp. Scven approprisie
restriction fragments from double and single digestions were sub-
cloned separately. Convenient Sael, Apal, Beill and By 106 restric.
tion sites (Fig. L, determined when sequencing the 7 subclones, sene
vsed for the construction of 7 gdditionad subsclones, which were nuiinlhy
derivatives of the long 1000 and 730 bp fragments, Restriction frag-
ments for subcioning were sepaniudd by clectrophoresis on 14 FMU
Sen Plague aparose and Jonedimto aBlueseript RS £+ rby inepel
Hgtion-tastornanon aecendme o e MO protocel, NL-1 Mue
amd INTIO competent velbs wo prepared according o o stambiand
CaCl protocol, Plsmid DNA wan usisndly isofated by s moditied
alladine fysis nripiprep procedure (121 A DNA sequencing was per-
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foresed by the didoony nucooiide chain termination method {13] waing
sexquearse 20 (841 froen USR. Moo reactinas were primed by T3 or
T7 peimcrs. some were primad by specific costom synthesized 17-mer
23 Cloming of the cDNA 5-end b PCR

A-DNA was prepaned from the entire cDNA fibrary by growing
phages in LE32 oclls and exiracting phape DNA acconding to a
standand protocol nocommendod by Siratagene. 3-DNA was digested
with Kprl and scparzted on a 1% FMC Soa Plaque aparose gel. A gel
shice with DNA ranging berwoeen 1.5 and 3.8 kb containing insert and
vooror DNA was remelted and wsed dineatly 2s a PCR templaie. PCR
was carried ot aocording to Lion and Haas [15). using a 23-mer
primer (F-AGCGGATAACAATTTCACACAGG-3") binding 117
bp uparcam of the EcoR1 cloning site and an antisense strand 2emer
primer (position 435 10 454, Fig 2) and Taq pohmerase from Cetus,
Annecaling was performed a1 63°C. Agarose pel anabysis of the PCR
product revealed 3 ceardy visibl: bands of approximately 700. 600 and
530 bp in a faini smear of unspecifically amplificd DNA. The whole
reaction product was digested with 3acl which cleaves in the poly-
linker portion and, furthermore, cuts away a 67 bp 3'-fragment in the
case of correct PCR products (Fig. 1b). Analvsis of a 1% FMC Sca-
Plagque agarose gel revealed 1hat only the 600 and 530 bp fragments
uere cleaved to 450 and 380 bp fragments, respectively. Sinee the 380
bp fragment presumably corresponded to the ¢cDNA alrcady sc-
quenced (scc abovel. only the gl slice with the 450 bp {ragment was
used for ligation into pBlucscript 11 KS(-) and transformed into £
«ali. Plasmid DNA from 6 colonics was isolated and analvsed with
Saci for insent length, with Hindlll for tandem inserts and with
Sun:H1 for insen orientation: it was then sequenced. The resulting
Mardieca subunit A cDNA sequence has been submined 10 the EMBL
Data Library and has been given accession number X64233,

3. RESULTS AND DISCUSSION

Fourteen subclones were obtained which allowed se-
quencing of both DNA strands with overlaps at the
cnds of individual subclones (Fig. la). The resulting
sequence consisted of 2792 bp. Comparison of the
derived amino acid sequence with published sequences
lor subunit A suggested that the initiator ATG was still
missing. To obtain longer clones. and noting that only
in-frame clones had been detected by immunoscreening,
A-DNA of the whole cDNA library was purified and
used as a template for PCR amplification of all -
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cDNA ends (Fig. 1b). Three clones found by this
strategy were used for sequencing. The longest one (391
bp) was sequenced completely and turned out to be
identical in the overlapping region with the previously
sequenced., truncated. clone, but bearing an additional
68 bp 5'-sequence when compared 1o the sequence ob-
tained initially (Figs. 1a and 2). This 391 bp clone con-
tained an in-frame ATG codon which is preceded by a
stop codon (Fig. 2) and is located within a sequence
which matches closely the consensus sequence for the
translation start site in eukaryotes {16]. Furthermore,
the mitiator Met codon was located similarly as in the
bovine, carrot and Neurospora sequences. From each of
the two shorter clones (386 and 378 bp) 100 bp were
sequenced and found to match completely with the cor-
responding sequence of the longest clone mentioned
above.

The polypeptide deduced from the ¢cDNA (Fig. 2)
consists of 617 amino acids and has an M, of 68,162,
agrecing well with that determined for subunit A of
goblet cell apical membrane V-ATPase by SDS-PAGE
[2.21]. The protein shows high amino acid identity with
previously sequenced V-ATPase catalytic subunits
[6.7.18,19,20], resembling most closely the bovine se-
quences (83% identity), followed by carrot (68%), veast
(65%) and Neurospora (63%). No striking differences
with respect to hydropathy, predicted secondary struc-
ture or phosphorylation sites could be detected between
the insect subunit A sequence and those of the other
V-ATPascs. An alanine residuc next to the initiator me-
thionine indicates methionine removal in the cell [22).

The eukaryotic V-ATPases discussed above are lo-
cated in endomembranes. By contrast, the Manduca
V-ATPase is located in the plasma membrane [2,17,21].
It is not certain that the cDNA sequence reporied here
encodes the plasma membrane V-ATPase since endo-
membrane V-ATPases are expected to occur in all euka-
ryotic cells and in the membranes of various organelles,
and since we do not know if one or more genes encode
the A subunits of cndomembrane and plasma
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Fiz. 1 Strategy for cDNA sequencing and POR amplification. The scalvs indicate the distancs in bp. bars symbolizc DNA. vector seguences arc

shraded. o ;D.\‘A wquenoing sirategy. The lower bar symbolizes the ¢ A daived from immunoscreening. the upper onc the cDNA PCR derived

Iragment. Each arrow imdicates the direction of sequencing and the sequence length determined from one subclone, The restriction sites shown

WETE W o subcloning. oxoept the Bum dite. shich was scoded onldy for restriction analysis, b: strategy for amplilying 5'+DNA ends by PCR,

Arvows idicate the priming diroctions. The uparcam Kpel site is bocated 3.47 kb distant from the polslinker Suc) site av indicated by the gap in
the bur
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GOTTCGTCTCATCCATCTTTC TCGTC TCAACAGGACAC ACAGATAG TACAAAATGGCGAGCAAAGGCGGT 70
* M A S K G G

TTGAAGACGATOGC CAATGAGGAGAATCACCAGAGGTTCGCATACC IO TTCCCCOTGTCCGETCCTGTCGTAACAGCGCAGAAGATSTCT 1ég)
L KT 1 AN EEWNTETEURT FGT YUYV F AV S G PV V T AET KMS (36)
GOATCCSCTATG P ACGAGC TGS TGCGCGTCGETTACAACGAGCTGG TOGCACAAATCATCCCTCTTGAGGGTGACATGGCCACCATCCAS 250
G S AMY EL VYV RV GYNTETLVYVYGETITIURTLTETGDMATTIO (66}
GIATACGAGGAGACCTCAGGOGTCACAGTCOGTCACCC TG TECTECGTACCGGCAAGCCCTTGTCCOTGGAACTCCGCCOCGGTATCCTG 340
vV YEETSGV TV GDZPVLRTGTERZ?PIL SV ELGU®PGTIL {96)
COCTCCATCTT TGACGO TATCCAGCSTCCACTOANGCACATC AACGAGCTCACACAATCCATCTACATCCCCAAGGOTGTCGAACGTGCCE 430
¢ 8§ 1 F DG I QR PILIEKUDINTETLT®S5TI VY I PZEKGU VHNWVTP (126)
TCGCTCGCCAGGGAGGTTGACTGGCAATTCAACCCCCTCAATGTTAAGGTCGGCTCCCACATCACCGGCCGAGACCTGTACGSTATCGTG 520
$ L AREV DWETFNUZPTLDNU VI KU VG SHITGCOGDTLVZYGTIV (156)
CACGAGAACACGCTCGTGAAGCACAAGATGTTEATECCGCCOCGCGC AAGCGTACCGTCACCTACATCGCGCCCGOCGGCAACTACAMA 610
H ENTTLUVVIE XKMH K MLMPPRAIKTGTUVTY I A PAGHNTY K (186)
GTCACTGATGTAGTGTTGGAGACACGAGTTCCACSGCGAGAAGGCGCAGTACACGATG T TGCACSTGTGGCCCGTGCGTCAGCCCCGTSCC 700
vV T PV VL ETTETFPUDGETZEKAQYTMLGOEV WPV RGQPRP (216)
GTCACCOAGAAGCTCCCCGCCAACCACCCGCTGC TCACTGOACAGAGAGTACTCGACTCCCTCTTCCCCTGTGTCCAGGGCGGTACCACT 790
vV T E K L P ANUHZPILTILTG QU RVILDSILFPCV GG T T (246}
GCCATCCCCGGAGCCTTC GG TTGCGECAAAACTGTCATCTCACAGGCGCTGTCCAAGTACTCCAACTCTGACGTCATCATCTACGTCGGT 8280
A I PG AVF G T S K TVIISOQOQALSZ XY SNSDUVI1IIYVG (275}
TGCGOAGAGCGTEATAACGACATGTC TGAGGTAC TCCG TGACT TCCCTCAGC TGACCETGGAGATCGAGCGTGTGACGGAGTCCATCATG 974
¢ 6 ERCNEMSEVL RDTF®PETLTUVETITEGVTTESTIM (306)
AAGCOTACCCCCCTCCTCGCCAACACATCCAACATCECC TGTCSCTGCCCGTGAGGCTTCCATC TACACAGGAATCACCCTTTCCGAGTAC 1060
XK R T A L V A NT S NMUPVAARTEU BASTIVYTGTITULSE Y {336}
TPCCGTGACATGGATTACAATGTGTCCATCATGGCTGACTCGACCTCCCGTTGGECCGAGACTCTTCGTGAGATCTCAGGTCOTCTAGST 1150
F R DM G Y NV S M M ADSTSRWATE A R E I S G R L A {366}
GAGATGCCTGCCGATTCCCGTTACCCTGCETACC TGGGAGCCCATCTGGCCTCCTTC TACGAGCGTGCCGGTAGAGTCAAGTGTCTCGGA 1240
E P A DS G Y P A Y L GAURULWBASTFZYERUWAGI RUYVIKTCTLULG (396)
AACCCTCACACCGAAGS T TCGETGTCCATCETGGGTGCCE TG TCECCECCCEGAGRTCACTTCTCGGACC CCETCACGECGECCACGCTG 1330
N P DREGSUV S I VY GAVY S PP GGDVF SDUPWV T AATL (426)
GCTATCCTGCAGGTGTTC TCGGCTCTCGACAAGAAACTCGOGCAGAGGAAGCACTTCCCCTCCATCAACTGGCTTATCTCTTACAGCAAG 1420
G I Vv v F W G L DK X L A QRIEU HTFOPSIMNWWILISZYSK 1456)
TACATGCGTGC T TTCGATCAC TTTTATGAGAAGAACTACCCCGAATTCGTGCCCCTTAGGACTAAGGTCAAGGAGATCCTGCAGGAGGAA 1510
Y M R AL DUDTF VY EZ XKNJYU®PETFPUVY PLRTI XV KEILQEE 1486)
GAGGACCTGTCAGAAATCGTGCAGTTGETCGGTAAAGCCTCGCTCGCCGAGACTGACAAGATCACCCTCGAGGTCGCCAAACTGCTTARA 1600
E DL S E I V L V G X A S L A E DK I T L E UV A& K L L K {516}
GACGACTPCTTGCAACAGAACAGCTACTCGTCATACGATCGATTCTGTCCGTTC TACAAGACCGTGGGCATGCTTAAGAACATCATCTCG 1690
D D F L N § ¥ 2 Y DR . C P F Y K vV G M L KN I 1 s (546}
TTCTACCACATATCGCGGCACGCGGTGGAGTCCACGECCCAGTCCGACAACAAGGTCACCTCGAACGTGATCCGCGACGCCATGGGCAAC 1789
F Y DMSRHAUVEST™T A QS DHNIEKUVTWNUV IR A M G N {576}
GTACTCTACCAACTCTCCTCCATGAAGTTCAAGGACCCAGTGAAAJACGECGAGGCCAAGAT CAAGGCAGATTTCGACTAGCTCTTGGAS 1870
vV L Y ¢ L § § M K F K D vV K D G E A K I KA DF D QL L E (606}
CATATGTCCGCCGCCTTCCGTAACCTCGAGGACTAAGCACAGCCGTACTACAGTACAGTACAGTAGCSAGCGCCCACGAGTCGCGCCGCG 1960
D M S A A F RNULE D * (817}
ACATCCTCCGCAGCCGAGAGGACATC TTTATCGACTTG TTTTCATGTTGTCATT TTTATTATAATTTATTGATTAATATGAGGATATATT 2050
TPTTCGTATTCTATTCACGTCCGOASCATT T TGAGACAGT T T TTTCGAGTCTGGAGTGTTTTGCATTTTATCCATATTATCGAGTGTCGG 2140
GCGTCGTTAAGCCGGTACTGT TAGCGAGGTATGCSGTTATGACACACGCATATATCGTAATAACAGCGTTGTTTAAACGGGTCTGTGCGCA 2230
CRCCCAGTTCATACAGCCGTCGTGTTETTATAGTAATTATGTAGTG T TAAATATATTACAACATCGATTCCAGAGGATGGTETCGCGGSCT 2320
AGAACTCCGACAGCGCGAARGCCTACAAAGOGCGTGGC TTGTABACGGCACARTAAGGCCGACTAACAATTCTCCGTTATTTGAAATAGE 2410
AGTTCAAACACACTCGTCACAGTGACGGTAGTCCGAATGT T TGGACCTCGGTTCGTGTTTATAAAGTTCGCCCAATCTATTGTAAATATA 2500
TAACAGGTTCGCTCTTCTAGCCCGCGGGCCOTTACGCCCTTTAGTTGTTTTATGAAATCTATTTATGTAC TATATCGATCGGTAAACCGT 2590
GATTTATAATCAAATATCCTCTTGCATTCCACGT TGT TGTTAGAAATATAGAATTCAAAACGTTTGTTGT TPTCGAGAGCTTTTTACGCT 2680
TAATATGGATGTTCATTCAGTATTAATATAATGCGTACGAGTACGCAGTAACAATAGTCAGCACTAATATGTCTACTCGCTGTTTGARAT 2770
TCTGTGACGTTACGTGTTGAGAAATTATTATAAATAATAATAAAATATTG TAAACAAAAARAAARAAAAARAAAAAAAAAARAARAAAAA 2860

Fig. 2. cDNA and predicted amino acid sequence for the Mandica V-ATPase subunit A. The §-ends of the two shorter PCR clones and of the
¢DNA clone derived from immunoscreening are indicited by arrows. Asterisks indicate stop codons. the presumable polvadenylation site and the
Sael site representing the end of the PCR clones are underlined.

membrane V-ATPases in Manduca. Indeed. there is
evidence from plants as well as from vertebrates
suggesting the existence of more than one gene for sub-
unit A [6,7.23]. Many published sequences for subunits
of V-ATPases have been identified with the organclics
from which the V-ATPase protein had been isolated
(c.g. that of chromaffin granules or that of clathrin
coated vesicles). Similarly, we have evidence suggesting
that the cDNA which we have cloned encodes a subunit
of the V-ATPus¢ in the ingect plasma membrane {rom
which the protein was isolated. The V-ATPasc is highly
con-~enivated in the apical plasma membrane of goblcet
cells, one of the main cell types in the midgut. Indeed,
the protein pattern of the purified goblet cell apical
membrane as revealed by SDS-PAGE closcly resembles

that of the purified enzyme [2.4.21]. The monoclonal
antibodies used to isolate the cDNA clones labeled the
goblet cell apical membranes in immunocytochemical
studics with only slight background [10: Kicin. personal
communication]. Both of these observations suggest
that the plasma membrane enzyme is the principal V-
ATPasc in the midgut. Therefore. it scems likely that
our midgut mRNA preparation was a rich source for
the expression of plane membrane V-ATPusc.
Moreover. foui independent clones from the midgut
¢DNA library exhibited an Jdentical DNA sequence in
the non-conserved. 5-terinal region. This substantial
evidence argues thal, for ihe first time, the ¢DNA en-
codhgsubunh:\(ﬂklphmnulmcnﬂwunc\ﬁA11ﬂmchus
been sequenced.
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