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APx (EC 1.11.1.11) is a heme-containing, nonglycosy-
lated enzyme that destroys harmful hydrogen peroxide via
the ascorbate-glutathione pathway in plants. This pathway
provides protection against oxidative stress by a series of
coupled redox reactions, particularly in photosynthetic tis-
sues (Foyer and Halliwell, 1976). Three types of APx are
known in plants: a cytosolic APx, a chloroplastic stromal
APx, and a thylakoid membrane-bound APx. They differ in
mol wt, substrate specificity, pH optimum, and stability
(for a review, see Creissen et al., 1994). The APx protein has
been purified from pea, spinach, tea, and maize (Zea mays)
(Chen and Asada, 1989; Mittler and Zilinskas, 1991a;
Tanaka et al., 1991; Koshiba, 1993). Chloroplastic APx iso-
forms have been well characterized as scavengers of pho-
toproduced hydrogen peroxide in the chloroplasts. The
role of cytosolic APx in the cell still remains to be clarified.
c¢DNA and genomic clones encoding cytosolic APx have
been isolated from soybean root nodules (Chatfield and
Dalton, 1993), pea (Mittler and Zilinskas, 1991b, 1992),
and Arabidopsis thaliana (Kubo et al., 1992; 5. Kushnir, H.
Willekens, G. Bauw, M. Van Montagu, and D. Inzé, unpub-
lished data). In maize, the N-terminal amino acid sequence
of a purified APx showed high similarity to pea, spinach,
and Arabidopsis cytosolic APx but not to chloroplastic APx
from tea (Koshiba, 1993).

We report the isolation and sequencing of a maize cDNA
clone coding for a cytosolic APx (Table I). A maize seedling
AZAP library was screened with an Arabidopsis APx probe.
Putative APx cDNA clones were isolated at a frequency of
1:40,000. A clone with an insert of 1.05 kb was purified until
homogeneity and sequenced.

Sequence analysis of both strands resulted in a 1042-bp
nucleotide sequence with a 3’ poly(A) tail and an open
reading frame encoding 250 amino acids. Northern analy-
sis showed an apx transcript of approximately 1 kb in
14-d-old seedlings, indicating that the isolated APx cDNA
is full length. The coding region of the maize cDNA
showed 73% similarity with the APx cDNAs isolated from
pea and A. thaliana (Mittler and Zilinskas, 1991b; Kubo et
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Table 1. Characteristics of a maize apx cDNA from maize

Organism:
Maize (Zea mays L., line B73).
Clone, Source, Method of Identification:
pPMAPX1, isolated from a cDNA AZAP expression library (Strat-
agene), prepared from leaf mRNA purified from 2-week-old,
greenhouse-grown B73 seedlings, by probing with an A. thali-
ana apx cDNA clone (S. Kushnir, personal communication).
Features of the Sequence:
A total of 1042 bp, including a 71-bp leader and a 217-bp tailer
sequence.
Gene Copy Number:
Two or three copies, as determined by Southern analysis (data
not shown).
Structural Features of Deduced Protein:
250 amino acids (calculated pl, 5.25; calculated molecular
mass, 27.3 kD).

al.,, 1992). A putative polyadenylation signal (ATAATA)
was present 146 bp downstream from the stop codon
(Joshi, 1987).

The deduced APx polypeptide from maize showed 83%
amino acid identity with the APx polypeptides from pea
and Arabidopsis. The amino acid sequence from the N-
terminal residue to the 30th residue from a previously
reported maize APx (Koshiba, 1993) is clearly different
from the maize APx reported here. The presence of at least
two APx isozymes in maize was confirmed by Southern
analysis of genomic DNA, which shows the presence of
two or three apx gene copies in maize. A conserved amino
acid sequence motif that is part of the active center in the
Cyt c peroxidase is represented in the maize APx protein as
His*?, His'®%, and Arg®.

ACKNOWLEDGMENTS

We thank Dr. Alice Barkan (University of Oregon) for providing
the cDNA library and Martine De Cock for preparing the manu-
script. DI is a Research Director of the Institut National de la
Recherche Agronomique (France).

Received August 1, 1994; accepted September 6, 1994.

Copyright Clearance Center: 0032-0889/95/107/0649/02.

The EMBL accession number for the sequence reported in this
article is Z34934.

LITERATURE CITED

Chatfield M, Dalton DA (1993) Ascorbate peroxidase from soy-
bean root nodules. Plant Physiol 103: 661-662



650 Van Breusegem et al.

Chen G-X, Asada K (1989) Ascorbate peroxidase in tea leaves:
occurrence of two isozymes and the differences in their enzy-
matic and molecular properties. Plant Cell Physiol 30: 987-998

Creissen GP, Edwards EA, Mullineaux PM (1994) Glutathione
reductase and ascorbate peroxidase. In CH Foyer, PM
Mullineaux, ed, Causes of Photooxidative Stress and Ameliora-
tion of Defense Systems in Plants. CRC Press, Boca Raton, FL, pp
343-364

Foyer CH, Halliwell B (1976) The presence of glutathione and
glutathione reductase in chloroplasts: a proposed role in ascor-
bic acid metabolism. Planta 133: 21-25

Joshi CP (1987) Putative polyadenylation signals in nuclear genes
of higher plants: a compilation and analysis. Nucleic Acids Res
15: 9627-9640

Koshiba T (1993) Cytosolic ascorbate peroxidase in seedlings and
leaves of maize (Zea mays). Plant Cell Physiol 34: 713-721

Plant Physiol. Vol. 107, 1995

Kubo A, Saji H, Tanaka K, Tanaka K, Kondo N (1992) Cloning
and sequencing of a cDNA encoding ascorbate peroxidase from
Arabidopsis thaliana. Plant Mol Biol 18: 691-701

Mittler R, Zilinskas BA (1991a) Purification and characteriza-
tion of pea cytosolic ascorbate peroxidase. Plant Physiol 97:
962-968

Mittler R, Zilinskas BA (1991b) Molecular cloning and nucleotide
sequence analysis of a cDNA encoding pea cytosolic ascorbate
peroxidase. FEBS Lett 289: 257-259

Mittler R, Zilinskas BA (1992) Molecular cloning and character-
ization of a gene encoding pea cytosolic ascorbate peroxidase. J
Biol Chem 267: 21802-21807

Tanaka K, Takeuchi E, Kubo A, Sakaki T, Haraguchi K,
Kawamura Y (1991) Two immunologically different isozymes of
ascorbate peroxidase from spinach leaves. Arch Biochem Bio-
phys 286: 371-375



