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ABSTRC
Catalase is a tetrameric hemoprotein which degrades H202. Recom-

binant phage clones containing the human catalase gene have been isolated
and characterized. The gene is 34 Rb long and is split into 13 exons. The
precise size and location of the exons has been determined. In addition,
essentially full length catalase cDNA clones have been isolated and
sequenced and used to tentatively identify the 5'-end of the gene. This
assignment, if correct, predicts that the region upstream of the gene does
not contain a TATA box. This region is GC rich (67X) and contains several
CCAAT and GGGCGG sequences which may form part of the promoter. Transla-
tion of the catalase mRNA appears to begin imediately upstream of the
amino-terminal Ala residue of catalase.

INTRODUCTION
Catalase (E.C. 1.1i.1.6; H202-H202 oxidoreductase) is an enzyme

which catalyzes the decomposition of hydrogen peroxide to oxygen and

water. It is found in virtually all aerobic cells and is partly respon-

sible for protecting cells from the toxic effects of hydrogen peroxide

(1, 2).

Mammalian catalase occurs as a complex of four identical subunits.
Each subunit has a molecular weight of approximately 60 KDa and contains
a single hematin (Fe(III)-protoporphyrin IX) group (1,2). The amino acid

sequences of bovine liver and erythrocyte (3) and human erythrocyte

catalase (4) have been reported.

In mammalian tissues the highest levels of catalase are found in the

liver, kidney, and erythrocytes while the lowest levels are found in
connective tissues (1,2,5). Shingu et al have reported the absence of

catalase activity in human vascular smooth muscle cells and endothelial
cells (6). In tissues such as the liver, catalase is found predominantly
in peroxisomes. However in mature human erythrocytes catalase is found
free in the cytosol (1,2,5).

Catalase deficiency was first described by Takahara in 1948 (7).
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Acatalasemia is inherited as an autosomal recessive trait and is

characterized by an erythrocyte catalase level that varies from 0. 2-4%

of normal. Catalase activity may or may not be deficient in other tissues.

Surprisingly, the manifestation of clinical symptoms is rare and res-

tricted to a progressive oral gangrene (5,8).

The gene for human catalase has been mapped to chromosome 1i, band

pi3. Wilm's tumor, a common childhood neoplasia can be associated with

deletions of chromosome il centering around band pl3. In some individuals,

the deletions are associated with reduced catalase activity (9,10,ii). The

human catalase gene is currently being investigated as a unique marker for

a gene or genes located in llpi3 which predispose individuals to this

tumor (12).

A knowledge of the structure of the human catalase gene would

facilitate studies into the regulation of catalase levels in different

tissues and is essential for determining the nature of the mutations which

result in catalase deficiency. In addition studies into the etiology of

Wilm's tumor would be facilitated by the isolation of probes for i1p13. In

this report we describe the isolation and detailed characterization of the

human catalase gene. In addition we report the isolation and sequence of

essentially full length catalase cDNA clones.

MATERIALS AND METHODS

Genomic Southern Plots
High molecular weight DNA was isolated from human lymphoblasts as

described (13). Restriction digests were done using the appropriate core

buffers as supplied by International Biotechnologies Incorporated. DNA was

run on 0.8x agarose gels and transferred to nitrocellulose filters as

described (14). Prehybridization was done at 420C in 50x deionized

formamide, 3X SSC, 0.05M sodium phosphate pH 6.7, IX Denhardt's and 15

.g/ml denatured salmon sperm DNA for at least 1 hour. Hybridization

was done in this buffer containing 10% dextran sulfate and 1-5 X106 cpm/ml

of nick translated probe. Restriction fragments were nick-translated using

the Amersham kit and a32P-dCTP (3000 Ci/mmol, Dupont New England

Nuclear). Filters were rinsed with 2X SSC, 0.Ix SDS at room temperature

and washed at 650C with O.IX SSC, 0.1x SDS. Autoradiography was done

at -700C with intensifying screens.

Isolation and characterization of Phage clones

A library constructed in XCharonAA from a partial HaeIII-AluI
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digest of human fetal liver DNA (15) was generously provided by T.

Maniatis. The library was plated at a density of 40,000 plaques per i50 mm

round petri dish.

A human liver cDNA library in Xgt1 (16) was generously provided

by S. Voo. This library was plated at a density of 75,000 plaques per 24.3

X 24.3 cm2 Nunc plate.

Phage DNA was transferred to nitrocellulose filters as described (14)

and hybridized to nick-translated probes as described above. Positive

clones were picked and rescreened at lower density until single pure

plaques could be isolated.

Phage DNA was prepared as described (14). Restriction fragments were

subcloned into pSP64 and 65 (i7) using the low melting temperature agarose

(Bethesda Research Laboratories, BRL) method (18).

PR& SeQuencing

Restriction fragments were sequenced using the dideoxy-nucleotide

chain termination method (i9) with double stranded templates (20) after

subcloning into pSP64 and 65. In some cases fragments were sequenced

after the generation of a nested set of deletions using exonuclease III

(BRL) (21).
Northern Blots

RNA was isolated from cultured cells by guanidinium isothiocyanate

extraction followed by CsCl centrifugation (22). RNA was run through ix

agarose, 6x. formaldehyde gels and transferred to nitrocellulose as

described (14). Prehybridization, hybridization, washing and autoradio-

graphy were as described above.

RESULTS AND DISCUSSION

In order to obtain an estimate of the size and complexity of the

catalase gene, a Southern blot of human lymphoblast DNA, cut with various

restriction enzymes, was probed with a 2.0 kb PstI-SnaBI fragment of

pCAT4I. pCAT4i is a previously isolated 2.2 kb cDNKA clone that extends

from amino acid 76 to the carboxy terminal residue of catalase (23). Each

digest contains hybridizing bands that total 15-20 kb (Fig. 1).

A human genomic library in )Charon4A was screened with a 1.2 kb

PvuII-HindIII fragment from pCAT4I. Six overlapping phage (XCAT 4,

13, 14, 21, 23, 78; Fig.2) spanning a total of 34 kb of DNA were isolat-

ed. The orientation of the catalase gene was established using 5' and 3'

restriction fragments from pCAT41. The region upstream of the gene
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Figure i. Southern blot of human lymphoblast DNA. DNA was cut with EcoRI
(lane i), HjndIII (lane 2), EstI (lane 3), SstI (lane 4), and Xba I (lane
5). The 2.0 kb PstI-SnaBI fragment of pCAT41 was used as probe. The
positions of the molecular weight markers are shown on the right.

was isolated by screening the library with genomic fragments. Using an 800
bp ScaI-jnaBI fragment from XCAT13, a phage extending another 4.0 Rb,

ACAT17, was isolated. Three other phage (ACAT2, 18, 142) were

isolated using a 450 bp SmaI fragment from XCATiV. One of these phage,
XCAT2, extends an additional i3.5 Rb beyond XCATi7 (Fig. 2).

Overlapping restriction fragments were subcloned into pSP64 and 65
for fine structure mapping (Fig.2). All of the bands in genomic digests
hybridizing to pCAT4i were accounted for, indicating that the cloned DNA
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Figure 2. Structure of the human catalase gene. The restriction map of the
human catalase gene is shown below the XCharon4A recombinants isolated
from the genomic library. Enzymes represented are B, DamHI; E, EcoRI; H
HindIII; K, KRnI; P, PstI; S, SstI; Sm SmaI; X, XbaI; and Xh, XhoI. No
sites were found for SaII. Exons are shown as solid boxes. Fragments A and
B are the 450 bp SmaI fragment and the 800 bp ScaI-SnaBI fragment referred
to in the text respectively. The Alu sequences flanking fragment B and
their orientations are indicated by arrows.

was not rearranged. Exons were located by probing Southern blots of

subclones, cut with various combinations of restriction enzymes, with

pCAT4i. However, because the 5' end of the catalase mRNA is missing from

pCAT4i, the corresponding exons were found by using cloned genomic

fragments to probe Northern blots of HeLa RNA The fragments hybridizing

to pCAT4i or catalase mRNA were sequenced to locate the intron-exon

junctions.

As shown in Figure 2, the catalase gene is split into 13 exons by 12

introns and spans a region of approximately 34 kb. The introns range in

size from about 400 bp to 10.5 kb. The largest intron separates exons i

and 2 and contains the 800 bp ScaI-SnaBI fragment that detects a previous-

ly described TaqI polymorphism (24). Nucleotide sequencing has shown that

this fragment is flanked by two Alu sequences in opposite orientations

(data not shown). A previously isolated cDNA clone, pCATi, contained a 462

bp insertion that had the characteristics of an intron (23). The nucleot-

ide sequence of intron 7 (Fig.3) corresponds exactly to this 462 bp

insertion. This confirms that pCATi is an intron containing cDNA clone.

The nucleotide sequence of pCAT4i, corresponding to amino acids 76 to

the carboxyl terminus of catalase, has been previously reported (23). The

complete sequence of the catalase mRNA, together with the intron-exon

junctions is now shown in Figure 3. This sequence is in complete agreement

with the previously reported sequence with five exceptions. These differ-

ences do not change the reported amino acid sequence of catalase. Nucleo-
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gtcccagggcggcctgaaggatgCtgataaccqggagC ccgcCCtgggttcggctatCccgggcacccc
320 -300 -280 -260

gggccggcggggCgaggCtctccaattgctgggccagagcgggacccttcctttccgCaccctcctgggt
-240 -220 -200

atctccggtcttcaggcctccttcggagagccctgctccgagcccattgggcttccaatCttggCctgCc
180 -160 -140 -120

tagcgccgagcagccaatcagaaggcagtcctcccgagggggcgggacgagggggtggtgctgattggct
-100 -80 -60

gagcctgaagtcgccacggactcggggcaacaggcagattTGCCTGCTGAGGGTGGAGACCCACGAGCC
40 -20 -1

1
METAlaAspSerArgAspProAlaSerAspG

GAGGCCTCCTGCAGTGTTCTGCACAGCAAACCGCACGCTATGGCTGACAGCCGGGATCCCGCCAGCGACC

10 20
lnMetGlnHisTrpLysGluGlnArgAlaAlaGln
AGATGCAGCACTGGAAGGAGCAGCGGGCCGCGCAGgtacactctgtgetccccgagcgggcccgaaggtc

cgtttagaaagcgggggcgteggcaagtaaaggcccggcttctcccggggcggcgcttggagggactgta

ccgcggctcactgggcaggggggatccccttcggtgcagacggacttttacattcgccgaagcaggggag

ggg.... about 10.2kb ....... tggcccatcctgtcagattttagtactttggacacagg

aaattaaaaaagagggcagatggtataaacattgcaaagctatgtacccgtgacagtgtaaatgaaaggt

Ly3AlaAspValLeuThrThrGlyA
ttgattgtgctaactctcctgcactttctttctgtgttcctgtagAAAGCTGATGTCCTGACCACTGGAG

30 40 50
laGlyAsnProValGlyAspLysLeuAsnVal1leThrValGlyProArgGlyProLeuLeuValGlnAs
CTGGTAACCCAGTAGGAGACAAACTTAATGTTATTACAGTAGGGCCCCGTGGGCCCCTTCTTGTTCAGGA

60 70
pValValPheThrAspGluMetAlaHisPheAspArgGluArgIleProGluArgValValHisAlaLys
TGTGGTTTTCACTGATGAAATGGCTCATTTTGACCGAGAGAGAATTCCTGAGAGAGTTGTGCATGCTAAA

GlyAlaG
GGAGCAGgtaagtgctgtgt ....... about 1.6kb ....... aatgtctgagtaatggtctcatg

80 90
lyAlaPheGlyTyrPheGluValThrHisA3pIleThrLysT

gtaaggatttctgtgtctttctcgttagGGGCCTTTGGCTACTTTGAGGTCACACATGACATTACCAAAT

100 110
yrSerLysAlaLy3ValPheGluHisIleGlyLysLysThrProIleAlaValArgPheSerThrValA
ACTCCAAGGCAAAGGTATTTGAGCATATTGGAAAGAAGACTCCCATCGCAGTTCGGTTCTCCACTGTTGg

taagttggtttattggcgtgattggtatggcttaactcaacttcaccttttgggg.. .about 1.Okb.

120 130
laGlyGluSerGlySerAlaAspThrValArgAspProArgGlyPhe

...... ccatttgaatattgtagCTGGAGAATCGGGTTCAGCTGACACAGTTCGGGACCCTCGTGGGTTT

140 150
AlaValLysPheTyrThrGluA3pGlyAsnTrpA3pLeuValGlyASnASnThrProIlePhePheIleA
GCAGTGAAATTTTACACAGAAGATGGTAACTGGGATCTCGTTGGAAATAACACCCCCATTTTCTTCATCA

rgAspProIleLeu
GGGATCCCATATTGgtaggtaatagagtattttgcactcaacaaatgtttgttgacttaaattgatttca
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.......about 1.0kb....... ttcctgtaaacttagtttttggatttttttctctcttttttcta
160 170 180
PheProSerPheIleHisSerGlnLy3ArgA3nProGlnThrHiSLeuLy3ASpProAspMetVa

tttagTTTCCATCTTTTATCCACAGCCAAAAGAGAAATCCTCAGACACATCTGAAGGATCCGGACATGGT

190
lTrpAspPheTrpSerLeuArgProGluSerLeuHisGln
CTGGGACTTCTGGAGCCTACGTCCTGAGTCTCTGCATCAGgtatgaacccttttttgccattgtattata

ValSerPhe

tcacctgggatgcagt ....... about 0.6kb....... tttatatttctgttctttagGTTTCTTTC

200 210 220
LeuPheSerAspArgGlyIleProASpGlyHi3ArgHiSMetA3nGlyTyrGlySerHi3ThrPheLySL
TTGTTCAGTGATCGGGGGATTCCAGATGGACATCGCCACATGAATGGATATGGATCACATACTTTCAAGC

230
euValAsnAlaA3nGlyGluAlaValTyrCy3LysPheHi3TyrLyS
TGGTTAATGCAAATGGGGAGGCAGTTTATTGCAAATTCCATTATAAGgtatgtgtt... about 2.3kb

240 250
ThrAspGlnGlyIleLy3A3nLeuSerValGluASpAlaAlaArgLeuSerGlnGluA3pPr

...gtagACTGACCAGGGCATCAAAAACCTTTCTGTTGAAGATGCGGCGAGACTTTCCCAGGAAGATCC

260 270 280
oA3pTyrGlyIleArgA3pLeuPheA3nAlaIleAlaThrGlyLy3TyrProSerTrpThrPheTyrIle
TGACTATGGCATCCGGGATCTTTTTAACGCCATTGCCACAGGAAA,TACCCCTCCTGGACTTTTTACATC

290 300
GlnValMetThrPheA3nGlnAlaGluThrPheProPheA3nProPheA3pLeuThrLys
CAGGTCATGACATTTAATCAGGCAGAAACTTTTCCATTTAATCCATTCGATCTCACCAAGgtgagtcagt

aaacaactatattgttttcttttttaagtctcttcttacctaattagaaaaaaaatctagtcaaacaatt

ataataatggggaagtcatatacaaaatacagagggtaccacttcagagtgtcctaagctgtgaatgagt

gcttaccagcatcttacttccacgttcctgtttgtcatttcattgagtatgtgtatgtggcttcatatat

tgttattaacagggaacagattatgaaaagctgatgtactttttcctggggaaactgtcagtatttacca

cttactattgtgaaagatttaactaaggcactcatcttaaattcttatgttttattggatttaaaaatta

ttttcattggcttgattgtatttgaaatctggtatttttgtgggtagctttgatttccttcagttgattg

310
ValTrpProHisLy3AspTyrProLeuIleProValGl

cctggtaattgtgaatatgacatcattttcagGTTTGGCCTCACAAGGACTACCCTCTCATCCCAGTTGG

320 330
yLysLeuValLeuA3nArgA3nProValAsnTyrPheAlaGluValGluGlnlleAlaPheAspProSer
TAAACTGGTCTTAAACCGGAAT.CCAGTTAATTACTTTGCTGAGGTTGAACAGATAGCCTTCGACCCAAGC

340 350
AsnMetProProGlyIleGluAlaSerProA3pLyaMetLeuGln
AACATGCCACCTGGCATTGAGGCCAGTCCTGACAAAATGCTTCAGgtgagcctggtggattgagatgttc

tgagg... about 4.3kb....... ccattcctatgttatatgttactgcccctagtcagtgtct

360
GlyArgLeuPheAlaTyrProAspThrHi3ArgHisArgLeuGlyProA3n

attgtatttattactgcagGGCCGCCTTTTTGCCTATCCTGACACTCACCGCCATCGCCTGGGACCCAAT
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370 380 390
TyrLeugi3IleProValA3nCy3ProTyrArgAlaArgValAlaA3nTyrGlnArgA3pGlyProMetC
TATCTTCATATACCTGTG;AACTGTCCCTACCG,TGCTCGAGTGGCCAACTACCAGCGTGATGGCCCGATGT
y3MetGlnAgpA3nGlnG

GCATGCAGGACAATCAGGgtaggcctaaagacgttgggctccccctgcgtgggcagagggcacgtggagc
agatgggcgggaggccagg.... about 2.6kb.... aaatgcgggaaattaaaaataatatgtgtgcg
ttgtgtttatatctgtgtatgtgtacgtgtgtatttgattaccacttgaatttatttctcatcacagtga

40
lyGlyAl

ttatttgcagacttacttgacttttcttattcctaagtgcatctgggtggttttgttttgaagGTGGTGC
0 410 420
aProAsnTyrTyrProAsnSerPheGlyAlaProGluGlnGlnProSerAlaLeuGluHisSerIleGln
TCCAAATTACTACCCCAACAGCTTTGGTGCTCCGGAACAACAGCCTTCTGCCCTGGAGCACAGCATCCAA

430 440
TyrSerGlyGluValArgArgPheAsnThrAlaAsnA3pA3pA3nValThrGln
TATTCTGGAGAAGTGCGGAGATTCAACACTGCCAATGATGATAACGTTACTCAGgtaatgacttctcttt
atctgctatggaagtcacctgctaattc. about 4.Okb. aattttgttggtgataa

450
ValArgAlaPheTyrValAanValL.u

actggtgattcaattctctgcacttgctcttttctctgagcagGTGCGGGCATTCTATGTGAACGTGCTO
460 470

AsnGluGluGlnArgLysArgL.uCyaGluAsnIleAlaGlyHisLeuLysA3pAlaGlnIlePheIl*G
AATGAGGAACAGAGGAAACGTCTGTGTGAGAACATTGCCGGCCACCTGAAGGATGCACAAATTTTCATCC
lnLysLy3Ala
AGAAGAAAGCGgtgagtctttgtaagctgaagggtgtcctt. about 2.4kb. ttg

480 490
ValLysAsnPheThrGluValHisProAapTyrGlySerHisIleGl

catttattttcctttggccttagGTCAAGAACTTCACTGAGGTCCACCCTGACTACGGGAGCCACATCCA

500
nAlaLeuLeuAspLy3TyrAsnAlaGluLysProLya
GGCTCTTCTGGACAAGTACAATGCTGAGAAGCCTAAGgtaagctgqgaggagcctggccatgcagaggct
gtgtgtgctggg. about 0.25kb. gaattctgaattattattttcatttgcataca

tattaaaactgagtaaatatcacgttgctqcccatgaggtgattaacctgctcatcttgttcttttaaaa

510 520
A3nAlaIleHisThrPheValGlnSerGlySerHisL.uAlaAlaArgGluLy3AlaAsnLeu***

cagAATGCGATTCACACCTTTGTGCAGTCCGGATCTCACTTGGCGGCAAGGGAGAAGGCAAATCTGTGAG

GCCGGGGCCCTGCACCTGTGCAGCGAAGCTTAGCGTTCATCCGTGTAACCCGCTCATCACTGGATGAAGA

TTCTCCTGTGCTAGATGTGCAAATGCAAGCTAGTGGCTTCAAAATAGAGAATCCCACTTTCTATAGCAGA

TTGTGTAACAATTTTAATGCTATTTCCCCAGGGGAAAATGAAGGTTAGGATTTAACAGTCATTTAAAAAA

AAAATTTGTTTTGACGGATGATTGGATTATTCATTTAAAATGATTAGAAGGCAAGTTTCTAGCTAGAAAT

ATGATTTTATTTGACAAAATTTGTTGAAATTATGTATGTTTACATATCACCTCATGGCCTATTATATTAA
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TCTCATAGGAAAAGTACATTTAATACAGCAGTGTCATCAGAAGATAACTTGAGCACCGTCATGGCTTAAT

GTTTATTCCTGATAATAATTGATCAAATTCATTTTTTTCACTGGAGTTACATTAATGTTAATTCAGCACT

GATTTCACAACAGATCAATTTGTAATTGCTTACATTTTTACAATAAATAATCTGTACGTAAGAACAgaga

tggtattttctttctttcgactccatatgtaactgtaaactgctaccagactcttaatttgaacatcatc

attttcagatgtttacccttaaaaatggaaatgccagtatctcgag

Figure 3. Nucleotide sequence of the 13 exons of the human catalase gene
including intron-exon boundaries and flanking sequences.Exon sequences
are shown in upper case. The predicted amino acid sequence is shown above
the nucleotide sequence. The putative translation initiation codon appears
in the upper case. The TGA translation termination codon is indicated by
*"M. Arrows indicate the positions of the GC boxes. CCAAT sequences, the
AATAAA polyadenylation signal, and the oligo-dT tract flanking the gene
are underlined.

tides 1403 and 1850 of the previously reported sequence should be G and GC

instead of A and T respectively. Due to a typographical error, nucleotide

1823 was reported as a C instead of a G. The other differences are clearly

polymorphisms. Nucleotides 1409 and 1497 are C and T respectively in the

cDNA clones analyzed, and T and C respectively, in the genomic clones

sequenced.

The amino acid sequence predicted by the nucleotide sequence of

exons i and 2 agrees with the partial amino acid sequence of human

erythrocyte catalase reported by Schroeder SI Al (4). A number of

ambiguities in the amino acid sequence can now be resolved. Amino acid 3

is the Ser residue reported to replace one of the Asn or Asp residues

found in bovine catalase between residues 2-9. The Gln/Glx ambiguity at

residue 12 is a Gln. The sequence of residues 30-31 is found to be

Ala-Gly. Other ambiguities and corrections to the amino acid sequence have

been previously reported (23).

Immediately upstream of the GCT codon for the amino terminal Ala

residue of catalase is an ATG codon. This ATG codon is most likely used

for translation initiation. The sequence around it, ACGCTATGG, is a close

match to the consensus sequence, CC(A/G)CCATG(G), proposed for translation

initiation codons (25), differing from it in only two positions. In

addition, the sequence of the region upstream from this ATG codon contains

no other ATG codons for 368 bp. The ATG found at position -300 is not in

the correct translational reading frame.

Furuta jj alL have recently reported the isolation and nucleotide

sequence of rat liver cDNA clones spanning the length of the rat catalase

mENA (26). These clones also code for a Met residue immediately preceding
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Figure 4. Northern blot of HeLa BNA. 10 and 20 jg
of total HeLa RNA was loaded. The 1.2 kb
PvuII-HindIII fragment of pCAT4i was used as probe.
The positions of the 18S and 28S ribosomal RNA
bands are shown.

28S

18S-

the Ala residue believed to be the amino terminus of rat liver catalase.

These results are consistent with work demonstrating that catalase and

all other peroxisomal proteins thus far examined, with the exception of

3-ketoacyl-CoA thiolase, are synthesized at their mature sizes (27-31).
The exact site of transcription initiation has not been determined.

St nuclease and primer extension analyses have been hampered by the low

levels of catalase mRNA in cultured cells and the poor availability of

human tissue. Therefore, to define the 5'-end of exon l, a human liver

cDNA library in Xgtii was screened for full length catalase cDNA

clones. A fragment carrying a portion of exon 2 was used to isolate

pCATi6, a 2.4 kb catalase cDNA that includes 68 bp of 5'-untranslated

sequence. The size of the catalase mRNk, as estimated from Northern blots

of HeLa RNA (Fig.4), is approximately 2.4 kb. Therefore pCATi6 is close to

the mRNA in size and should contain most of the 5'-untranslated region.

The restriction map of pCATi6 is shown in Figure 5.

The rat catalase cDNAs isolated by Furuta et al (26) have a 5'-

untranslated region of 83 bp. Residues -83 to -62 of the rat clones

(5'-ATTGCCTACCCCGGGTGGAGAC-3') include two blocks of sequence (underlined)

identical to sequence found at the 5'-end of pCATi6. Thus the 5'-untrans-
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Figure 5. Restriction map of pCAT16. The enzymes represented are A AvaII;
Ap, ARAI; D, DraI; , NaeI; Pv, PvuII; Sp, SphI; and T, TthIII 1. Other
enzymes shown are as in Fig.2.

lated region of the rat liver catalase cDNIA even though 15 bp longer,
actually extends only two nucleotides beyond the end of pCAT16.

The sequence of the 5'-untranslated region of pCATi6 is colinear

with the 68 bp of genomic sequence upstream of the translation initiation

codon (Fig.3). While the possibility of another small exon coding for

additional 5'-untranslated sequence cannot be excluded the similarity of

the 5'-ends of the human and rat catalase cDNA clones makes this less

likely. This data allows the tentative assignment of the transcription

start site to the region of the 5'-end of pCAT16.

Exon 13 contains the codons for the 21 carboxy terminal amino acid

residues, the TGA translation termination signal and the 3'-untranslated

region of the catalase mRNKA. The position of the translation stop codon is

identical to that reported for pCAT4i, confirming that human catalase

consists of 526 amino acid residues (23). The nucleotide sequence of the

rat liver catalase cDNAs determined by Furuta et al also predicts a

protein of 526 amino acids (26). The different carboxy terminii for the

liver and erythrocyte proteins reported by Schroeder et al (3,4) are most

likely a result of proteolysis during the isolation of the protein.

Artifactual proteolytic cleavage of catalase during purification has been

reported (32). In addition, Furuta et al have shown that the carboxy

terminal amino acid sequence of rat liver catalase, isolated in the

presence of a protease inhibitor, matches that predicted by the nucleotide

sequence of the cDNA clones (26). Enzyme preparations done in the absence

of inhibitors, appear to be shorter and contain different carboxy terminii

(26). The 3'-untranslated region of catalase mRNA, as determined from

pCAT4i, is 628 bp long. A polyadenylation signal, AATAAA, is found 18

bp upstream of the polyadenylation site (33). Polyadenylation occurs at a

CA dinucleotide as observed in several other genes (34).

The sequences of the intron-exon junctions are shown in Figure 3.

These sequences are a close match to the consensus sequences proposed for
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the donor and acceptor sites of introns (35).

The region upstream of most genes transcribed by RNA polymerase II

contains a TATA box and a CAAT box found 25-30 bp and about 80 bp respect-

ively, upstream of the transcription initiation site (36,37). If the

tentative assignment of the 5'-end of the gene is correct then the region

upstream of the 5'-end of the catalase gene (Fig.3) does not contain a

TATA box. However, the sequence CCAAT is found at positions -97, -126,

and -229 relative to the 5'-end of pCAT16. The significance of these se-

quences, in relation to the catalase gene promoter, given the absence of a

downstream TATA box, is unknown

Another element found in the promoters of some genes is the sequence

GGGCGG (GC box). The GC box has been shown to be important in the tran-

scription of the herpes simplex thymidine kinase gene (38) and early and

late genes of SV40 (39,40). The GC box has also been found in the promot-

ers of a number of cellular genes (for review see 41). Spi, a

transcription factor isolated from cultured human cells (42), has been

shown to bind at sequences containing GC boxes (41,43,44,45,46). All Spi
binding regions contain one or more perfect copies of the sequence GGGCGG

(41). A consensus sequence ((G/T)GGGCGG(G/A)G/A)(C/T)] (or its inverse

complement) has been proposed for strong Spi binding sites (46).
The sequence of the region extending 320 bp upstream of the catalase

gene is GC rich (67') and contains copies of the GC box sequence GGGCGG,
or its inverse complement CCGCCC, at positions -71, -281, and -314. Two of

the GC boxes found upstream of the catalase gene are found within sequenc-

es which closely match the consensus sequence for Spi binding sites. The

sequence at position -71, GGGGCGGGAC, is a perfect match, while the

sequence at position -281, GCCCCGCCCT, differs by only one nucleotide.

Three other genes have been described which have promoters lacking
TATA and CAAT boxes and which contain GGGCGG boxes within GC rich upstream

sequences. These genes are mouse hypoxanthine phosphoribosyl transferase

(47), hamster 3-methylglutaryl coenzyme A reductase (48) and human

adenosine deaminase (49). Therefore the GGGCGG motifs found upstream of

the human catalase gene may be part of its promoter.

The sequence downstream of the catalase gene is shown in Figure 3. A

comparison of the 3'-flanking regions of a number of genes coding for

polyadenylated transcripts has revealed a conserved sequence, YGTGTTYY (Y
= C or T), found downstream of the polyadenylation site of approximately

67x of the genes examined (50). Many of the genes which lack this octa-
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nucleotide sequence contain T rich regions (34,50). These sequences are

thought to be involved in the polyadenylation of mRNA transcripts (50,51).

The catalase gene lacks the YGTGTTYY sequence but has a T rich sequence

10 of 12 residues - T) which begins 10 bp downstream of the polyadenyl-

ation site.
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