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The vat gustric H ™ K™ -ATPase « subunit gene was eloned and the nucleatide sequence of its $-upstream region was determined. Sequence comparie

son with the corresponding part of the humin gene indiedted the presence of highly eonserved regions which muy be impaortant for specifie transrip-

tion of the = subunit in gastric parietal eells, The amino-terminal sequence (Met-Gly-Lys-Ala-Glu-) of the rat enzyme was similar (o those of the

pig and humin enzymes, The gene organization of the rut enzyme was alse similar to that of the humun gene: Introns 1, 2 and 9 were locuted

in exuctly the yime positions as those in the human gene, and, us in the latter, exon 6 wus not scpurated by an intron. The sequences of introns

1 and 2 were highly canserved among the i, human and pig genes, but were entirely different from those of Na* K *-ATPase eatalytic subunit
genes. Northern blot hybridization indicated that the gene was transeribed only in gastric mucosa,

H*, K*-ATPuse; Unstric specific transeription; Control region

1. INTRODUCTION

H™* ,K*-ATPase participates directly in acid secretion
into the gastric lumen of the frog and various mammals
{1). The enzyme is a membrane protein with an ap-
parent molecular mass of 100kDa and is phosphoryl-
ated during the catalytic cycle [2]. The primary struc-
tures of the catalytic o subunits of the pig [3], rat (4]
and human (5] enzymes were deduced, respectively,
from the sequences of cloned ¢cDNAs (3,4} and gene [5].
The amino acid sequences and gene structures of the
H* K*- and Na*,K*-ATPase catalytic subunits are
highly homologous, suggesting that these two ATPases
have evolved from a common ancestral protein [5].
Consistent with these similarities; the' @ subunit of
H*,K*-ATPase has been found to be homologous to
the corresponding subunit of Na*,K*-ATPase [6-9].

In contrast to Na* ,K*.-ATPase, H',K*-ATPase is
specifically expressed in parietal cells, as demonstrated
by immunochemical analysis [10]. However, the
mechanism regulating its gene expression is unknown.
The human gene for the o subunit has sequence motifs
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in its 5’'-upstream region that may be recognized by
various transcriptional regulatory factors [5]. A prac-
tical method for identifying the motifs related to gastric
specific transcription is comparison of the 5'-upstream
regions of the genes from different mammals, since the
expression of H* ,K*-ATPase seems to be regulated by
a common mechanism. Inthisstudy, we cloned the gene
for the rat H* ,K*-ATPase o subunit. Sequence com-
parison of the rat and human genes demonstrated
highly. conserved regions upstream of the initiation
codon. We also nbtained evidence that the o subunit
gene is transcribed only in gastric mucosa.

2. MATERIALS AND METHODS

2.1, Screening of a rat library

A rat (Sprague-Dawley) liver Haelll genomic library (using £coR1
linker) constructed with bacteriophage A Charon 4A, originally made
by Drs. L. Jagodzinski and Bonner (Caltech) was kindly donated
through Dr. R.D. Andersen (UCLA). Phage plaques propagated in
Escherichia coli NM539 [11] were transferred to nitrocellulose filters
(Schleicher & Schull). The filters were pretreated and hybridized with
randomly primed DNA fragments of a pig gastric H* ,K*-ATPase &
subunit ¢DNA clone (Neol-Apal.l positions =1 to 720) [3].

2.2. Southern hybridization of cloned gene .

Positive clones. were digested with EcoRlI restriction endonuclease
and the resulting DNA fragments were separated by agarose (0.7%)
gel electrophoresis. The fragments were blotted onto a nitrocellulose
filter for Southern hybridization [11]. The 5’-endo-labeled synthetic
oligonucleotides: (synthesized in an Applied Biosystem Synthesizer
381A) corresponding to rat cDNA [4] were used as region-specific
probes: N-probe was used for the amino-terminal region of the coding
sequence (sense-strand oligonucleotide corresponding to positions

Published by Elsevier Science Publishers B.V.
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Fig. V. Revtrivion map of the eat gasteie H™ K7 -ATPase e subunit gene, Positions of EeoRl sites {arvew leads) snd sizes of segmonts (in kilobase

paivsy are shawn. The reglons carrled by phage clones are alse depivied. The frsgmants which hybridize with N, B6, B9, M and € probes are shown

by corresponding bages, Open box indientes the reglon whese sequence ix determined (Flg. 25 The arraw indivates the divectian of tmnwrip!lan.
The weminals of AHKART were not identificd,

41=60 from the fiest lotter of the initiadan codon), E6.probe (posis
tians S84-802 of the sense-strand) dnd EY-probe (positions 1237-1276
of the senve-strand) were uved Tar the central part of the ¢oding se-
guence and C-probe (positions J019~3054 of the anti-sense strand)
wits used for the carboaxyberminal region of the sequence. M-probe
(poxitiony 1823-1852 of the anti-senie sirand of pig ¢DNA [3)) was
ulso used. EeoRU fragments were subcloned into pUCIE or
pBlueseript KS{+ ) and both strands were sequenced by the dideoxy
chain-termvination method [12).

2.X. Northern hybridization of 1otal RNA fram various fissues
Total RINA was extracted from the tissues of a S-week-old Sprague-
Dawley rat by the guanidine thiodyanale-CsCl method (11, An
cquivalent weight of RNA (20 ,4g) was denatured using formaldehyde
and fractionated by agarose gel (1.0%) electrophoresis. RNA was
blotted and hybridized by a published method (1] with randomly
primed DNA fragments of a pig ¢DNA clone (Ndel-BamHI positions
2500-288R) (3] of the H* K*-ATPase & subunit as specific probes,

2.4, Polymterase chain reaction (PCR}

To clone part of the pig H* R'-ATPase & subunit gene, we
synthesized oligonugleotide primers corresponding to the pig cDNA
sequence [3) (positions ~18 to 11 and 111-138 of the antisense
strand, and positions 41-66 and 185-212 of the sense strand). PCR
was performed using Tag DNA polymerase (Perkin-Elmer Cetus)
with an ATTO AB-1800 DNA amplification system (Tokyo; Japan)
{13]. The ¢lones carrying introns ! and 2 were thep isolated and se-
quenced.

2.5, Chemicals .

Restriction enzymes, T4 DNA ligase, T4 polynucleotide Kinase and
the large fragment of E. coli DNA polymerase | were purchased
from Takara Shuzo Co. (Kyoto, Japan) and Nippon Gene Co.
(Toyama Japan). [a-**PJdCTP (>3000Ci/mmol) and [y-*PJATP
(5000 Ci/mmio}) "were products of the Radjochemical Center
Amersham Corp. A rar.domly primed DNA labeling kit was from
Boehringer Mannheim, All other chemicals used were of the highest
grade commercially available.

3. RESULTS AND DISCUSSION

3.1. Isolation of clones carrying the rat H* K*-
ATPase « subunit gene

A phage library constructed from rat genomic DNA
was screened with a pig H™,K*-ATPase a subunit
c¢cDNA as a probe. Five positive clones were obtained
from among 2 X 10° plaques. These clones gave positive
signals with' specific probes for the coding sequence:
AHKAR3 and AHKAR4 with the N, E6, E9 and M
probes but not with the C probe, \AHKARS with the N,

E6 and E9 probe, and AHKARG and AHKAR? with the
E6, E9, M and C probes. From these results and the
sizes of the EcoRI fragments, a restriction map of the
gene was constructed (Fig. 1). The EcoRI fragments
from AHKAR3 and AHKARS (4.8 and 8.2 kb, respec-
tively) were subcloned and a sequence of 3.2 kb around
the initiation codon was determined (Fig. 2).

3.2. Characteristics of the sequence

Harr plot analysis demonstrated striking smulamy
(boxed regions A and B) between the rat and human
5'-upstream sequences (Fig. 3); although most of the
sequence motifs in the human gene {5] were not found
in the rat sequence: 68% and 61% of the residues are
identical in regions A and B, respectively. Region B
seems to be particularly important for transcriptional
regulation, because it contains TATA-like sequence
(boxed, at 65 bp upstream of the initation codon) and
conserved sequence (tandem repeat at 47 bp upstream
of the TATA-like sequence) (Fig. 2). This organization
conforms to that of a eukaryotic promoter site forming-
a transcriptional initiation complex [14]. Other typical
sequence motifs as well as a TATA-box were also found
in the upstream sequence (Fig. 2).

Sequencing of AHKAR3 and AHKARS demonstrated
that the priniary sequence of the rat-enzyme from the
amino terminus is Met-Gly-Lys-Ala-Glu- (Fig. 2) as in
the pig and human enzymes [3,5]. The codon corres-
ponding to the Ala-4 was deleted in the previous rat
¢DNA clone [4]. Furthermore, the cDNA clone had a
200 base sequence upstream of the initiation codon [4].
However, we could not find this sequence either in the
deduced 5' upstream region of the gene (Fig. 2) or in
the further upstream sequence (Fig. 1) using synthetic
oligonucleotides for the corresponding part of cDNA as
hybridization probes (not shown).

The organization of the rat gene seems to be similar
to that of the human gene [5], introns 1, 2 and 9 being
in the same positions in the two genes (Fig. 2). Further-
more, as in the latter, exon 6 was not separated by an in-
tron [5]. The sequences of introns 1 and:2 are also con-
served in the rat, human and pig genes: pairwise com-
parison of ‘introns 1 of the rat/human, rat/pig and
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“human/pig genes demonstrated 62%, 63%s anc 7%
nucleotide identities, respectively, and similar ¢om- size and showed no sequence similarities (13-18),

parisons of the introns 2 showed 63%, 61% and 60%

{dentitles, respectively. The sequences of introns 9 of
the rat and human genes showed 62% conservation.
The corresponding introns of closely refaied Na™/K”-

RAT -2435 GﬁhfttCKAAAIGGGTTCITTtAﬁGAﬁﬁCtAﬁﬁBGAtATGtCAtTGCkl51AAAGTﬂAtATtTATtAGﬂTttAG&TtﬁC&OACTGCAAQ@AﬁTTCAGTGGGAA&AS1G1KGAAC1CAkAT
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ACGTTCTCATACTTAGATAAMAGTGACTTAL TC T TGT TACTT TTTEARATTGTTLATCTOATTATT T TTRYAAMARATGACCTTATTCATAGGTAGCACCTOCCTAAATATAGTTTAMAA
GEATCTTCTYTCTCACCAGRCATOTCTOYAACCCCAGCTTTTCUCAGCTCAMGUCAGOAGECTTAGGACTTCANAGTTATCACCOAT TACAGIAGAGACL CACARAACTCAAACAAACAA
AAGTTCCTATCTGTAAATTTTCTAAATAATTCAGYCAGAACAAAATAGAAATCTCTTCTTGLIIESTGGAACAATCCAACAATCTAYTCATTTGQTTCTCTCCCTCTTTTCCTCICCCIG
TATCTATGYGTCTATATATATATTTTTTAT ITATCTITCATATALGTTTUTCTATCCTATCCTATETALC ATCTATCTA Al JAILT
ATC1CTATTQAQQQATTGATCYAYTTATCTAGAACAAATGTGCChAGTTGCTAAATCAGATGAAGGGTAAGTCGAA&CCTCATTTTATTATTTCTGTAACATACGAGTﬁTCAAACATTTA
AACATTAAT§ TGTTAAATTAGCTAATC&TATTAAAATTTACAATAGC&TAA?AACACTAAGTCTTAAGAGAGAAGAGAAAGCCCACTGAGGTAGAGACCAAAGTGGGESQEEIIAIGT
AOGCAGAGATCCCAAAGCATCTTAGCCATCTGCYGCCGCTGATAGAGTTGGTCTCCTAATCTGTGGCYTTGCTTGCAGAIQ&A&]CCCTCACCTCCCACAGCT?CCCCAAGCCCTGAGCA
TGCCGﬁGGGCAOGGGCTGGATGGCTGGGOTCOGGGT?TGAAGATACCAAGITGTATCCAAGATATTCCCAAAGGGTAAGGGTTC?AGAGAOCCTGCCTGGTG%;SSéGESTTGT%KUTTG
X?GCTTAQAEQQATCAITGAGCCAAAAGCTGTTCACACTCAACOGIQQQIQTGTGGGTTACCAAAOGCAATCAAGTCCCGGCTTCCTTCCACATGOKGCCA ATGACCAAAATGAATAGA
ATACGATGCCAGAIIQQAACAQQAAQISTGGCTAGG&GACCGCTGIGGGGCTGCAGGGCICCAGGGGGGACTCTCAGAGGAGGTGACATTTGCAGOAGACTTGAAGGAGATGAGAAAGTG
CCACTCAGCTCTCTGGGAAAGGGAACCACATAMTGGTGTTGEAAGCUCTAAGUTGCCOAGGCCTGRCTGACATCGETCTGCACAAAGCATAGAACTTAGAGYCACCCTGCACAGGOACT
GKGTCCGGAT(CTCACGTGCGCTAGTOAGGAGATAAAAGETTET%LETTETVGAACCACACAAACTTTGCATGCTCOGCTCAGATG G CATCCATGTTCCIGGGATTTCACTGCAGT
GGCTGTCACTACGCCTGTCTCTCCTTGGGTTTCCTGGAGTCAGCCAGCCAAGTGAGTATIGCAGAACTCAGGCIGCCTACCCITTACTTCCCCAGGIGACCTGCTCCCAAGGAGGCATTA
CTAAGGTGATAGTATTATCAACATGCCCTTGGAGACATGGCCACTATGﬁGAGGCCAGTGCAAAATCCTATCAAAGGTCCTACCGTTTCCCCACTGCTGCCCCAAGE&IEEEI&C GGOA

Ps
TCATGGTCTCTCAQAQIIQQTGACACCTGAQAQQQAGCTCAGGCCAGGGGCCCCTTOGATACTGCCTTTC(TCAATGTOTGCCACAGTTTATTTGAGCAGAGTGCGGTGGGGATAGGGGA
~1357  CTGLCACCCaACACCAAGATCAAGCCA=-aGaCClITGAACATBLLCTTTCCCCA---TATLECAC-cTTgBT TTeceCA~LeTe0G0TA0GEA-COG00A

AAGATCGGGTGCTCTAGGCAAGCAGCCAGTGATTAAGCATGCCAGTGGGACCCTGTCAAATTCCCCACAAGCCTCTGTTTCCTGTCTCCGCATGGTGGGAACGGTAGACATGATACGATQ
AtGgTtGaGaGCIOTA  -1249

TCATAGGTGACTGTGCCCAATACTTTACGGCT TCCAAGAGGACACTATG ==~ CAGATGATE == mmne e TGTCCTAGACTAGGGTG(A===mm"~ GAAAGTGA-TGA=~~
-488  AMGAGGACACTCTGeageCAGCTGATCtggtteteactacattaTGTCCTAGeCTgtGaTGGAgccatagGAgART G ACT ARCE

------- GCTCCAATTTCCCTACTGOTAATGGGTACTCLTCACCTCAGAGGOTTTCTGOAAGCTTCAGCGACTGTATCTGTOAGAGCCCLTCTTCACACTG-TTGGCATGAAGCCAGAGT
ceteeatGCctCARTITCOCCALCLGTAARGGGT-CT tgTCcOLTCARNGGATTat TAGAAGGT TaAR L aACT - TAgeacatglAagCCgTCagCACAaTGeccatlgeathntAGeal

TCCATOTTTGCTACTCTICTTOTTG=ATAG-~~CCCATCAG-TTCLTOATCTOAGTCACAGGTGGETATGGAG - ~~TTTGGACA= =~ +GGCTCGAACAGCTCAGTAG == mrmmm = AA
ctLATGTTTGCTCLTCTTgTTGcTGcAchgLtcccAgszcFcCCTGATCTcAG GgCAGGTt GacATGGGGEgaTeTO0RCARERE0E0GERACECCAGCCCAGEAGESaatgnatRh
T TATA
fmmcrMaccmAAGGTTAccccmumccrc,«mmﬁmmcmccrcmccc—»Tcr.ccc-AAcmc m GCCTGGCCCAGACECTAGTAGGCTCT
80TCcCCARGCCTagARCTCACCCCAAGBAGCLT -gTAATCAGCTO T8 T R0RCC LT TECTCCACCEcaclatlltacCTOOG GaCTGELeCa0gLeC-~~~AGGLTCT

] K A INTRON 1
GTAGACCAAAGAGGGCAGAGCACCAGCCACCATGGGGAAGGCAGTGAGTGGCATCTGGGGGATTCTGTGGcTGGAAGTGGTGGCGGGCAGAACTCCCGGTGGTATCTGACACCTCCTTTG
GTLG- gstgsGAGcaCAG GCACCgORCASC -1 - GTCACTOORECE calhi-~T0eG-408T0cA--—-6T00-00aCA0RRETLECAGTOARATCTOARLLLTCC T

(TGAGaGG8ETCaGGG----aCgG8GGaTGGA~-~GGT £ GgatGCAGEEETLCCAGTGRRATCTOALECCTLC TG

Y ELYSVELGTGPGOGDY AAKNS KKKAGE G GG

]
TTCCATC—~—-CCAAL ----- CCCAGGAGAATTATGAATTQTACTCAGTGGAACTGGGGACTGGCCCTGGTGGGGACATGGCTGCCAAGATGAGCAABAAGAAGGCGGGAGGCGGGGGAG
cTCCATCetgtOCAtL -~ CCCAG

TeCCeTC~--~CCcACccat tiCLAG

KK KEEKLENMNIKTKTEHMHEHN INTRON 2
GCAAGAAGAAGGAGAAGCTAGAGAACATGAAGAAGGAGATGGAGATGGTGAGCATGGGGAGGGGGA ~GCCT--GGGCAABATTGA-GGTGGGATCCA---GAAGCCAGGACAG--~TG G
GTGAGC-TetGactGGGGA~G-gg~-GeGgeAGeTeGABGGTaGG~-C tg~~~GgAaCCAGG-CAG~--TG LG
GTGAGchGGGccGGtccAngCTugGGGtggﬂngGg»BGTGGGgagCAtgnggGCCﬂGGanGggcaGGG

N D 8 QL 8V S E LEQKY QT S A K
C-AGOATGGGACTGTGAGAG~ CCAGnCAATGAGCOTCTTuTCCCA~-TCATCCCCCAGAACGACCACCAGTTGTCAGTGTCTGAGCTGGAGCAGAAGTACCAGACCAGTGCCACCAAGGT
CgrGlAgGGGECeagBAGAGCCOAGAZCA-~AGCatCeT el CCAcceCActaCaCAG
C-t008TGeecCeGTGAGAG- CCgGACABTGAGtﬁTCaTGcCCC»--~CAcCatatAG

INTRON 8

GAGCUAGGAGTGGGPGGGGATAGTAAGGGGGCGATGGACAGGAAAGAGGAACAGCGAGAGGGAGAAACCACCAGAGAGCAATGTGTGTGGGAGGAGTGGGhATAAATGGAGCAAT .....

ATPase catalytic subunits (], a2 and &3] differed in

1,3, Specific expression of the gene i gastric mucosa
It was important to know whether the mRNA for the
¢« subunit of H” K™-ATPase is transeribed specifically
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RAT A.As wmosmcemrer NTROR B e & 1TV [ R B G DK F Q | N ADQGLVYGDBLYEIN
RAT oo o GUTAMOTAACTTCTACTATCATUCTOCCLLGEECCACAGL AAGE CACAGTRATECBAGACLELGATAAGTTELAGATC AACCLGLATCACCTTRTRCTRLACOACCTEE T AGAGAT
RAT A.A. E 66D RVYPADIRILSAQGCKY D X SSLTGCGESEPQTRSEFRCT R
RAY GAAAGECIGGTACLLCOYICCCAGCAGACATCRUAATTCTOTCACCCCAGCELTRUANGGTORACAACTCCTCUCTTACTEUACAGTCTGAACCGCAGACLCRETCACCTGAGTETACACA
RAT A.A. $ P [ 3R F s 4 1XTRON @

RAY camo'rccccf'reacacccnmmcccmcﬂmmccmmcfcmnm’rmmmcmAcmw:cvmccc«mmmmmnccmmacscc
RAT TITACTGTCTTGAGIGCTCCATACLA. . ..

RAT AWA. L ] F K Q v P v Pi INTRON B

RAT CTGTGCMCCGCGCTGCHTCM@TCTGGL‘CAGGACECCGTGCCAGTGCC(AAOGTMGAGACtCAGGGATTC’?AGA ==2a==JOATGTCTCGAGTCTCCUGTTTCAATCCYC
RUMAR GTGAGAG--CCAGGGgReCTeeAGLGaRt cocRUanbaCT00 0TagCC06eTTCaee (TR
RAT A g T V1EGDASET ALL

RAT ACACTGGACCTTSCACACAGCOCATLOTCATCOGAGACGCATCTCAGACTGCGETGETC. . ..

HUNAN ACACCGGLLCecOltlaCAl

Fig. 2. Nucleotide sequenee of the $*-upstream reglon of the rat gasirie H® K 7-ATPase a subunit gene. The nucleatide sequence around the initiu-
tian codon of the rat H* K*-ATPuie or subunit gene ix shown. Nueleotides are numbered on the right of each line from the finst leter of the Injtla.
tion cadon. The regions (=1357 1o ~1249 and =466 1o = 1) of the human 3’ -upstream sequence {3) corresponding to the highly conserved regions
A and B, respectively (xee Fig. 3y are alsoaligned, The human and pig sequences carresponding to introns 1, 2 and 9 and introns | and 2, respeetive-
Jy, are included. These sequences are aligned with gaps so (hat the residues are matehed as much as possible. The nucleotide residues of the human
and pig genes identieal 1o those of the rat gene are indieated by capital letters and the different residues from the latter by small letters. In exan
parts, amino acid residites are also indicated. Patential binding sites for RNA polymernse 11 {TATA box, consensus, TATA(T/AIA(TZA)), Spi
(GC-box, GOGCGG or CCGCLC), API (CCCCAGGC), NF-Y (ATTGGY, OTFI (ATTGCAT or ATGCAAT), E4ATFI (GGAAGTG or
CACTTCC) and STM4 (AATCTT or AAGATT) are underlined {5,19,20], CACCC box (CACCC and GGGTG) and CAAT box (CCAAT) se-
quences [20,21) are also underlined. A TATC repeat (double underline), direet repeat (DY, tandem repeat (T) and palindrome (P1-P$) sequences
are indicated.

RAT in stomach. Therefore we examined the mRNA levels in

=800 =400 -} 409 total RNA fractions from various rat tissues. On No-
thern blot hybridization analysis, the mRNA of the o

" , subunit was detected in the stomach, but not in the

‘ brain, lung, heart, liver, Kidney, spleen, intestine, or

testis (Fig. 4). Furthermore, the mRNA was found in
the mucosa layer, but not in muscle from pig stomach
(Fig. 4). These results indicated that the « subunit
mRNA is transcribed only in gastric mucosa, consistent
with immunochemical finding [10]. The sequence
ALU similarities between the control regions of the human
’ and rat genes (Figs. 2,3) suggest the presence of com-

-1200
T

-800

HUMAN

=400
T

Origin =»

B * 28s rRNA
X 185 rRNA*' ‘e
T ES

\§/
' Front =s

Fig. 3. Similarity of 5'-upstream sequences of the rat and human ; Rat Pig
H* K*-ATPase o subunit genes. The nucleotide sequences of the

400

5'-upstream regions of the rat (this study) and human [5] genes are

compared using a Harr plot program (GENETYX, Software Devel-

opment Co. Japan). Each dot represents more than 19 identical

residues within a span of 30 residues. Highly homologous regions are

boxed (A and B). The positions of exons 1-3 (E1-E3) and the Afy
sequence are also shown.

Fig. 4. Tissue distribution of H* ,K"-ATPase « subunit mRNA.
Total RNAs (20 xg) from rat tissues were apalyzed by Northern blot
hybridization as described in Section 2. The filter was autoradio-
graphed (4 h exposure at ~80°C). Samples other than stomach and

 gastric mucosa did not give signals even after 18 h exposure. The posi-

tions of ribosomal RNAs (28 S and 16 S) are shown.
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mon gastrie speeifie transeriptional factors recognizing
these regions. The & subunit has also besn demon-
strated to be regulated at the transcriptional level [7].
Thus, it seems important 1o compare the control
reglons of & and & subunit genes.

Acknowledgements: This research wus supported in pare by graats
from the Minksry of BEducation, Science-und Culture of Japur and the
roundation for PFromation or Pharmaceutical Selence.

REFERENCES

(i1 Faller. L., Jackson, R., Malinowska, 0., Mukidjam, E.,
Rabon, B., Saccomani, G., Sachs, G, and Smolka, A, (1982)
Ann. NY Acad Sel. 401, 146-163.

(2] Sachs, G., Chang, H.H.. Rabon, E., Schackman, R., Lewin, M.
and Saccomani, G, (1978) ). Bial. Chem, 251, 7690- 7698,

(3} Maeda, M., Ishizaki, J. and Fuwai, MU {1988) Biochem, Biophys,
Res. Commyun. 1587, 203209,

(43 Shull, G.E. and Lingrel, 1.B. (1986) ). Biol. Chem. 261,
1678816791,

(5] Maeda, M., Oshiman, K., Tamura, S. and Fural, M. (1990) J
Biol. Chem. 265, 9027-9032, -

[6] Hall, K., Perez, G., Anderson, D., Gutierrez, €., Munson, h.
Hersey.SJ I\apl:\n. JH, t\nd Smhs G. (1990) Biochemistry
29, 701-706.

{71 Shull, G.E. (1990) J. Biol. Chem. 265, 12123-12126.

[8) Teh, B.-H., Gleeson, P.A., Simpson, R.J., Moritz, R.L.,
Callaghan, J.M., Goldkarn, 1., Jones, C. M., Martinelli, T.M.,
Mu, F..T.. Humphris, D.C., Peuitt, J.M., Mori, Y., Musuda,
T., Sobieszezuk, P., Weinstock, J.. Mantamadiotis, T. and
Baldwin, G.5. (1990) Proc. Nath Acad, Sci. USA 87,
6418-6422.

254

FEDS LETTERS

April 1991

19) Reuben, M.AL, Ladter, 1.8, and Sachs, G, £1990) Proe. Nuil,
Acad. Sl USA 47, AT67-4771,

(Vo) Saccemant, G, Helander, H.F., Crago. 8. Chang. H.M..
Dailey, D.W. and Sachys, G. (1979 1. Coll Blel, 83, 371283,

[H] Maniats, T, Fritieh, E.F, und Sambrook, 1. (19821 Maleeular
Cloning: A Laboratory Manual, Cold Spring Harbor Laber:
atory, Cold Spring Harbor, NY.

(F2] Sanger, F,, Coulwon, AR, Barrall, B.G., Smitls, A LH. and
Rog, B.A, (1980] 1. Mol. Blol, 143, 161-174, .

(F3} Saiki, R.K,, Gelfand, D H.. Swaffel, $., Schaef, 8.1, Higuchi,

- Reg Hamn, GUT, Mullis, KB, and Erlich, H.A. (1988) Science

219, J87-491,

[14): Sirubl, K. (1989) Anou. Rev, Biochem. 38, 1081«1077,

- {13) Ovehinnikov,: Y.A., Monastyrskaya, 6.8, Broude, N.E..

Allikmetx; R.L., Ushkaryow, Y.A.. Melkov, AM., Smirnay,
Y.V, Malyshev, LV., Dulubeva, LE., Perukhin, K.E..
Gryshin, AV, Sverdlov, V.E,, Kiyatkin, N.1., Kostina, M.B.,
Maodyanoy, NN and Svedlov, E.D. (l‘)lﬂ) I"l‘ﬂg Lew, 213,
7380,

[16]): Ovehinnikov, . Y. AL, Monastyrskaya, G.S., Breude. N.E.,
Ushkaryov, Y.A., Mdkov, AM,, Smirnov, Y.V., Malyshey,
LV, Allikmets, R.L., Kostina, M.B., Dulubovs, LE., Kiyatkin,
N.J., Grishin, AV, Madyanoy,. N.N. and Sverdlov, E.D.
(1988) FEBS Leu. 23}, 8794,

117} Kano, 1., Nagai, F., Satoh, K., Ushivama, K., Nakao, T. and
Kano, K. (1989) FEBS Ler. 250, 91-98,

(18] Shull, MM, Pugh, D,G. and Lingrel, 1.B. (1989) J1. Biol
Chem, 264, 17532-17341.

[19) Breathnach, R, snd Chambon, P. (1981) Anmu. Rev. Biachem,
50, 349-383. '

[20] Jones, N.C., Rigby P.W.J. and ZifT, E.B. (1988) Genes Dev. 2,
267-281.

{21} Muller, MM, Gerster, T

.and Schaffner, W, (1988) Eur., J, Bio-
chem. 176, 485-4935, .



