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The increused uctivity of glutathione peroxidase (GSHPx) in rat lungs is associated with the development of tolerunce of the animals 1o hyperoxiy,

To understand further the regulation of expression ol this enzyme, the moleculur structure of the corresponding rat gene was clhiuracterized, The

rat GSHPx genc consists of two exons interrupted by a single intron of 217 base pairs. The sume initistion sites for transcription were found to

be utilized in both lung und liver, The promoter of the GSHPx gene contains neither a *“TATA’ box nor 4 *“CAAT" box. Instead. it comprises two

copies of Spl binding motil' and one copy of AP-2 binding motil. These features of the promoter may offer # clue to the mechanisms by which
the expression of this gene is controlled,

Genomie cloning: 81 nuclease maupping: Primer extension: Regulitory sequence

1. INTRODUCTION

Glutathione peroxidase (GSHPx) plays an important
role in cellular antioxidant defense by reducing hydro-
gen peroxidase or various hydroperoxides using glu-
tathione as a reducing agent to lorm waler or corre-
sponding alcohols, respectively (H,O. + 2GSH — 2H,0
+ GSSG or ROOH + 2GSH - GSSG + ROH + H,0)
[1]. This enzyme, which contains selenocysteine at the
active site, is present on both cystosol and mitochondria
in eukaryotic cells [2-5]. Molecular cloning data have
revealed that selenocysteine is encoded by an opal non-
sense codon (UGA) in mouse, rat, bovine and human
genes [6-13]. However, the mechanisms by which sele-
nocysteine is incorporated into this enzyme are less con-
clusive [14-16]. The recent discovery of a unique species
of opal suppressor selenocysteyl-tRNAS* in rat mum-
mary tumor cells suggests selenocysteine is inserted co-
translationally during the synthesis of this enzyme [17].
It has also been demonstrated by Berry et al. [18] that
the 3’ untranslated sequence of rat glutathione peroxi-
dase cDNA can substitute the 3’ untranslated sequence
of Type I iodothyronine 5’ deiodinase cDNA (which
also contains an opal stop codon coding [or selenocys-
teine) in directing insertion of selenccysteine in response
to UGA codon [18]. Their results further substantiate
the co-translational mechanism for usage of opal codon
in selenium incorporation into this enzyme.

Exposure of mammals to hyperoxia can cause exten-
sive lung injury [19]. This type of pulmonary damage is
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due to the overproduction of reduced oxygen species in
the lung. Resistance to a lethal concentration of oxygen
(100%) does occur in adull rais afier exposing them to
a sublethal concentration of oxyg.n (85%) for 5-7 days,
and this resistance is associated with un increase in the
activilies of lung antioxidant enzymes including gluta-
thione peroxidase [20,21]. To elucidale the molecular
mechanisms that regulate the expression of this enzyme
in rat Jungs during hyperoxia, we chose to first under-
stand the structure of the corresponding gene. *n this
report, we describe the isolation and characterization of
the rat GSHPx gene, and the nature of its promoter
sequence which may play a role in regulating its expres-
sion under normal physiologic and hyperoxic condi-
tions.

. MATERIALS AND METHODS

Ao Isolation of genomic clones and DN A seguence analvsis

A female Sprague-Duwley rut genomic DNA library, constructed
in vecior A Chuaron 4A with Aaelll partially digested genomic DNA
(Clontech Laboratories Inc.. Pulo Alto, CA). wais screened with the
3 EcoRl frugment (from buases 625 10 1161) of the rat glututhione
peroxiduse cDNA according to the progedures described by Benton
and Davis [22). Two positively hybridized clones, ¢lones 12 and 18,
were isolated und subsequently determined to be identicul by restric-
tion digestion analysis. The 3° end genomic DNA frugment was ox-
cised from clone 12 by EcuRI digestion. and then ligated into plasmid
pKS (Siratagene. Lulolla, CA) for DNA sequence analysis {23], The
5’ end genomic DNA fragment which wus found nol 1o be releused
by EcoR1 digestion. presumibly due to loss of §' EcoRI cloning site
during the library construction, was excised from the phage arm by
Kpnl und EcoRI digestion. Single-strunded plasmid DNAs were gen-
erated by infecting bacteria harboring various plasmids with helper
M3 bacteriophuage VCS [24]. and then sequenced by Sunger's dideoxy
chiin-termination method using universul and complementary oligo-
nucleotide primers [25].
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DNA blot anulysis of rat genomic DNA, and RNA blot unalysis
were performed according to the methods described by Southern [26]
and Thomas [27], respectively.

2,2, 8! nuclease mapping and primer extensicn experiments

One antisense oligonucleoticde with sequence 5' CAGCGGGCGC-
GCGGAGAAGGCATACACGGT 3’ complementary to nucleotide
residucs +72 10 +101 was used in these experiments. For 81 nuclease
mapping experiment, the oligonucleotide was initially labeled uat 5" end
wilh y-[*P]JATP and polynucleotide kinase, and then annealed to a
sense, single-strunded plasmid containing the 5’ end BamHI-EcoR|
fragment of the rat GSHPx gene. lollowed by synthesis of the comple-
mentary strand of DNA using the Klenow fragment of £, cofi DNA
polymerase I. The resultant double-stranded DNA was digested with
restriclion enzyme BwnHI and then the labeled single-stranded DNA
was purified afler separation on a polyacrylumide-ureu gel. Filty
micrograms of total rat lung and liver RNA were used for 81 nuclease
mapping according to the procedures described by Graene and Strubl
[28).

The §' end “P-labeled oligonucleotide was ulso used in primer
extension experiments. Fifty micrograms of total lung und liver RNA
were used in primer extension experimenis following the methods
described by Kingston [29].

3. RESULTS AND DISCUSSION

3.1. Isolation and characterization of the rat GSHPx
gene

Two identical rat genomic clones were isolated from
a Sprague-Dawley rat genomic library using the 3’
EcoRI rat GSHPx ¢cDNA fragment as a probe [9], and
the nucleotide sequence of the DNA containing the en-
tire GSHPx gene was completely determined (Fig. 1).
By comparing the genomic and cDNA sequences, the
rat GSHPx gene is divided into two exons interrupted
by a single intron of 217 base pairs. There is no sequence
homology found between the first 316 base pairs of the
¢DNA sequence determined by our laboratory [9] and

clone 12
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the genoimic DNA. Furthermore, the sequence of the 3’
EcoRI cDNA fragment for rat GSHPx cloned by Reddy
et al. [7] was also not found in the genomic clone. These
portions of cDNAs isolated by us and Dr. Reddy and
colleagues are presumably derived from cloning arti-
facts, since no potential splicing donor and acceptor
sites capable of generating those non-homologous
¢DNA sequences are found at the 5’ and 3’ end of the
genomic sequence.

3.2, DNA and RNA blot analysis of the rat GSHPx gene

In order to understand the complexity of the GSHPx
gene in rat genome, DNA blot analysis of total rat
genomic DNA digested with various restriction en-
zymes was performed using the cDNA (from bases 318
to 1161, generated by the polymerase chain reaction
[30]) as a probe, Fig. 2a shows that two Pst] genomic
DNA fragments of 1.2 and 0.8 kilobases (kb), which are
identical to the sizes predicted from genomic cloning
data, hybridized with the probe. The numbers of other
hybridized restriction genomic DNA fragments were
also consistent to those predicted {rom the cloning re-
sult, These observations strongly suggest that a single
gene coding for this enzyme is present per haploid rat
genome.

Expression of GSHPx in rat tissues was also exam-
ined by RNA blot analysis (Fig. 2b). A single species of
1.3 kb mRNA was found to hybridize with the probe.
The rat GSHPx gene expresses at a higher level in the
liver than does in the lung,

3.3, Mapping of translational start site(s)
The transcriptional initiation site(s) in rat lung and
liver was determined by both S1 nuclease mapping and

dem

1kb

Fig. 1. (a) Restriction map and organizution of the rat GSHPx gene. E, B, H, Pand X represent restriction sites for enzymes EcoR 1, BamHI, Hindlll,
Pstland Xhol, respectively, Solid and open boxes represent trunslzated and untransluted regions of the mRNA, respectively. The map of recombinant
phage clone 12 is shown at the top., E* denoles EcoR1 restriction site artificially generated during library construction,
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=842 TCCACCCTTACAAAAACAGCCAAGAGAAAATGCCCTCTGCAGTGCTGTTTTCAGTGCTACTAAAAACAGAGTTGGACATGAC%TTAGTGC =753
=752 CTTTACCCCCAGCATTCAGGTTCAMNAGCAGAGAGAAAGGCAGATCTCGAGTTCTAGGCCAGCCTGGTCTTCATACAGAAACCCTGTTTGA =663
=662 GACAGACATICCECCTCCRCCAAGCAARAAACACTGCACTTAGAGGAGGCGAGTTCCAGATGAGCCAGAGCTCTGCAGCGAACTTGTETC ~-573
=572 AGAAACAAAGCAGTCCCCACETGATGTGATATCATCCLTGCCTGAGTTCAGTTTCCAAATTATCACCCAGCATTAGGAGAGAACCANCTC -483
-482 TGACCTCAACGCACATGCTCCTACCATT IAATTARACAATAAGCGTAATTAAACTTTTTAALGACCCTATAACCTTATAACTAGGAACGT =393
=392 GTGAGTT.\AG'I"I‘TCACAATATMGGGAGCTAGCTG‘I‘GCGTGAGCTGCCTTAQGCTTTGTTGTTGCCAGCGGCCAGCTTCCM‘%& ~301
. . . . . . . . . &
=302 TCTAGACTAATTAAGAAACCGTTGAGTAAGCCAGAGCTGGAGGATCCCAGCTITTAGEGAGAGEC TAAGCAAGCAGETTCCAGTCCAGTGC =213
=212 TACTGTGCCTGGGCTAGCTAGACCAGACCGGLEEL ACCTCCTGECAGCTTTAGCCTGGECGCACCETCTTGCTAGTCCCTAGATGAG -123
. . . AP.2 . . . . .
=122 GGAGGGTAGAAGUCGGATAAGGEAGEACCCTCAGATTTAGAGCTEACAGTGAGGCCGGAAAGTTGAAGCCACGTEGATCTCAGCCCCATCL =33
. . B [r——. ’ . . . .
=32 AGTTAAAAGGAGGTGCTGGGCTCTgACTGCGCTACAOCGGATTTTTGAGTCCAATATCTTCTACAGTATGTCTGCTGCTCGGCTCTCCGC 38
MetSerAlahlaArgLouSerhl
59 GGTGGCACAGTCEACCATGTATGCCPTETCCGCGCGCCLGCTGECAGECGGEAAGCCCEGTAAGCCTIGGGCTCCCTGCGEGACAAGATGET 148
aValAlaglnSerThrvalTyrAlaPheSerAlaArgProLleuAlaGlyGlyGluProValSerLouGlySerkouargdlylysValLle
149 GCTCATTGAGAATGTCGCGTCCCTCTGAGGCACCACGACCCGGG&CTACA:&GAAATGAATGATCTGCAGBAGCGTCTGGGGCCTCOTGG 238
uLeulleGluasnValilaSarLeuSeCGlyTherThrThrArgaspTyrThrGluMetasnisploutlnlysArgleudlyProArgGl
239 CCTGGTGGTGCTCGGTTTCCC&TGCAATCAGTTCGGACATCAGGTATGTGAGACGGGATGGGTAGCCTTGGGCTCCAGGCTTCCAGGGGC 328
yLeuValvValLeuGlyPheProCysasnGlnPheGlyHisdln
329 GGGACACCACT IACTTTCCoTCTGAGTACTACAGETGGAAT TCAGGCLCTGTCCTCCAGTATACAAQGGAGGGCGACTTCCTGGTAACTCATC 418
419 GGGAATCI I ITGTICECAS ITTAGAAAGTCCATAT I T CCCCCGAAAPCCTAGCTCATAAATGTCTTTGCTTITCCETAGGAGAATGGCA 508
GluAsnGlyL
509 AGAATGAAGAGATTCIGAATTCCCTCAAGTATGTCCGACCCGGTEGTGGGTTCOAGCCCAACTTTACATTGTTTGAGAASTGCGAGGTSA 598
yaAsnGluGlulleLeuAsnSerLeulysTyrValArgProGlyalyGlyPheGluProAsnPheThrleubheGlulysCysGluvala
599 ATGGTGAGAAGG SR CACCoLC P eI PACCT TCCTGCECAATGCCTIGCCAGCACCCAGTAACGATCCCACTGCGCTCATGACCGACCCCA 688
enGlyGlulyshAlaliisProLeuPheThrPheLeuArgAasnAlalouProalaProSerAsphspProThralaleuNetThrAspProl
6§83 AGTACATCATTTGGTCCCCAGTGIGCCGCAACGACAT I TCCTGGAACTT TGAGAAGTTCCTEGTAGGTCCAGACGGTUTTCCAGTGLGCA 778
veTyrIlalleTrpSerProvalCysArghsnAspileSerfrpdsnPhedlulysPheleuvalGlyProAspalyValProValArga
779 GATACAGCAGGCGCTTTCGCACCATCGACATCGAACCCAATATAGAAGCCCTGCTGTCCARGCAGCCTAGCAACCCCTAAGGCATTCCTG 868
rgTyrSerArgArgPheArgThrileAsplleGluProAsplleSluAdlateulouserlysGlnProSerhsnProkind
869 GTATCTGGACTTGGTCATAACTGRCTECCCTCCAGGEGOAGGTTITTCCATGACGOTATTTCCT CTAAATTTACATGGASAAACACCTGA 958
959 TTTCCAGAAAAATCCCCTCAOATGGGCGCTGGTCTCGTCCATTCCCGATGCCTTTACGCCTAAAGAAAGGCGGTTTCACCACTAAG&AE& 1048
1049 AQPTGCTGAATGTCAAAGAACTGTTTGTGTGTCCCGTCTCAATGTCACCaCACTGTCAGGOATA&GGAACTTAGTCCCCGAGTCTAAACT 1138
1139 TCCCTTTAGACGGCACCTTACCCATATCYCCCTGTCTCOGEACATGCTTAAGGGTAGTCCCGAGTECGETGTTACAACAGAACCCTTACTC 1228
1229 CAGAMAGAGGAAGACAGTAGACAAGGGCTGACAGTTAAGGCCACCCTAACCCCAAGCUTGAACTTETCCTTTCTGAGTTITTTTGCTGGAA 1318
1319 GAGGAAGTGACAGTGTGCCTC&GCTCACBCAGGACTCGAGAATCTAGGTCTGTTTTG:ACAGCTGCAG 1386

Fig. 1. (b) Nucleotide sequence and deduced amino acid sequence of the rat GSHPx gene. The transcriptional start site is numbered as m_nclcolide
residue | of the gene. The sequences homologous 1o the known eukaryotic regulutory elemenis and polyadenylation site are underlined,

primer extension experiments (Fig. 3). A single-
stranded DNA probe encompassing nucleotides —260
to +101 of the genomic sequence was used in SI nucle-
ase analysis. As shown in Fig. 3, multiple S1 nuclease-
resistant fragments approximately 100 nucleotides long
were observed. The amounts of the protected {ragments
derived from the protection of RNA isolated from lung
or liver were proportional to the levels of the GSHPx
RNA in each tissue revealed by RNA blot analysis. The
same size, multiple primer- extended DNA fragments
were also obtained from primer extension experiments.
Furthermore, identical Sl nuclease protected and
primer-extended fragments were derived from lung and
liver RNAs, These results indicated that the same mul-

tiple transcriptional initiation sites were used in rat lung
and liver. The most prominent band revealed by both
mapping experiments corresponds to the transcript ini-
tiated at 35 basc pairs upstream from the first AUG
cadon of the gene. This transcriptional start site was
then designated as nucleotide residue 1 of the rat
GSHPx gene.

3.4. Characterization of 5' flanking region of the rat
GSHPx gene

The nucleotide sequence immediately upstream [rom

the transcriptional start site contains neither a “TATA’

nor a ‘CAAT’ box. However, several potential regu-

latory elements were found within the promoter region

7
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Fig. 2. DNA and RNA blot analyses of the rat GSHPx gene. (a) DNA
Blal analysis ol the rat GSHPx gene, Ten micrograms of genomic
DNA isolited from Spriugue-Dawley rut liver were digested with var-
ious resiriction enzymes, and used for blot anulysis. The restriction
cnzymes used iare shown al the top of the autoradiograph, DNA size
markers are Hindlll-digested 4 DNA. (b) RNA blot analysis of
GSHPx mRNA in rat lung und liver, Filty microgriims of totit] rat
lung and liver RNAs were used in blot analysis. The positions o RNA
size murkers are shown on the lefl.

(Fig. 1b). Two stretches of DNA sequence homologous
to the Spl binding conscnsus  sequence,
(GTHGA)GGCG(GT)GA)NGA)XCT), are present at
positions =312 and ~104 [31]. One copy of AP-2 bind-
ing motif conferring activation ol gene expression in
response to phorbol esters of cAMP locates at position
~181 [32,33]. Since the regulatory sequences for tran-
scription of a particular gene are often conserved across
species during the evolution of mammals, we further
compared the promoter sequences of the GSHPx genes
among rat, mouse and human [6.13]. The promoters of
rat and mouse GSHPx genes share a high degree of
homology (Fig. 4). Nonetheless, there is virtually no
homology found between the rodent and the published,
short sequence of human promoter (134 base pairs) [13].
The human GSHPx promoter was originally defined by
comparing the cloned genomic and cDNA sequences,
rather than by S| nuclease mapping and primer exien-
sion experiments. It is possible that the ¢cDNA for
human enzyme might be derived from a rare species of
transcript initiated 5’ to the normal transcriptional start
site. We, therefore, further aligned the human sequence
upstream from the first AUG to the promoters of rat
and mouse genes (Fig. 4), Interestingly, several regions
of homologous sequence were found among these spe-
cies. The Spl binding motif present at position —104 of
the rat promoter apparently is conserved in all species.
The AP-2 binding site was found to be unique in rat

8
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Fig. 3. Mupping of the wanscriptional initiation site(s) of the rat
GSHPx gene. The transcriptional initiution site(s) was determined by
both S1 nuclease mapping (lunes [~3) und primer exlension (Lines 4-6)
experiments, Fifly micrograms ol yeuast IRNA (lunes | and 4). totul
rat lung RNA (lunes 2 and 5) und total rat liver RNA (lunes 3 and 6)
were used in cach esperiment, A dideoxynucleotide sequencing ludder,
obtained with the sume primer and single-stranded DNA wmplate
used Lo prepure the prabe for S1 nuclease mapping, was generated and
used lor estimation of the sizes of the resullant DNA fragments, The
identical primer extended [rugments derived from lung RNA 10 those
from liver RNA can be seen afler a longer exposure ol the autora-
diograph. The arrow indicates the major S1 nuclease-resistant und
primer-extended frugments,

promoter. Additional three regions of highly homolo-
gous DNA sequence between the second Spl binding
site and mRNA start site were also evident. Further
experiments are required (o dissect the function of each
of the conserved DNA elements in regulating the ex-
pression of the GSHPx gene.
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