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Molecular cloning and nucleotide sequence analysis of a cDNA encoding
pea cytosolic ascorbate peroxidase
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A cDNA clone encoding the cytosclic ascorbate peroxidase of pea (Pisum sativum L.) was isolated and its nucleotide sequence determined. While
ascorbate peroxidase shares limited overall homology with other peroxidases, significant homology with all known peroxidases was found in the
vicinity of the putative active site.
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1. INTRODUCTION

Aerobic organisms possess enzymes capable of remo-
ving toxic intermediates of oxygenic metabolism. Cata-
lase, peroxidases, and superoxide dismutases are such
enzymes functioning to scavenge the toxic forms of oxy-
gen [1]. Although the molecular properties of many of
these enzymes are well-established, no structural infor-
mation exists regarding the key enzyme that participates
in the detoxification pathway of H,0, in higher plants
namely, ascorbate peroxidase (APX). The physiological
significance of ascorbate peroxidase was first noted by
Foyer and Halliwell [2], and the enzyme has been puri-
fied to homogeneity or near-homogeneity from several
sources [3-6). Ascorbate peroxidase exists as two dis-
tinct isozymes, chloroplastic and cytosolic, both of
which catalyze the reaction:

2 ascorbate + H,0, — 2 monodehydroascorbate +
2H,0.

Each isozyme possesses a distinct preference for as-
corbate as an electron donor, The importance of APX
in providing a means to rid cells of excess H,0, is sug-
gested by the increase in APX activity in response to
several environmental stress conditions [7,8]. We have
recently purified to homogeneity cytosolic APX from
pea shoots [6]. The current report is the first describing
the molecular cloning and complete amino acid se-
quence of an ascorbate peroxidase. We hope that this
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report will contribute to further molecular studies of
this key enzyme in detoxification of reactive oxygen in
plant tissues.

2. MATERIALS AND METHODS

2.1. Screening of the Agtll library

A cDNA library, constructed from pea leaf mRNA [9] in the expres-
sion vector Agtll, was generously provided by Dr J. Stephen Gantt
(University of Minnesota).

The library was screened according to(10), using the Escherichia coli
host strain Y1090, Plaques expressing proteins which cross-reacted
with polyclonal, affinity-purified antibodies raised against pea cytoso-
lic APX, were detected enzymatically with goat anti-rabbit IgG conju-
gated to alkaline phosphatase. Purification of pea cytosolic APX and
antibody preparation will be described elsewhere [6]. '

2.2. Isolation of a cDNA Encoding Ascorbate peroxidase

Recombinant Agtll DNA was isolated according to [11] and subse-
quently digested with EcoRI to release the cDNA insert. The restric-
tion fragments were separated by electrophoresis in 1% Seakem
(FMC) agarose gel and eluted and purified using GeneClean (Biol01).
The 1 kb fragments were cloned into pBluescript KS- (Stratagene),
which had been linearized with EcoRI. Transformation of E. coli
XL 1B (Stratagene) was carried out according to [12].

2.3. DNA Sequence Analysis

Plasmid DNA was isolated by the alkaline lysis method {13]. The
¢DNA inserts cloned into pBluescript were sequenced by the dideoxy
chain termination method [14), using modifications for double-strand-
ed plasmid templates [15]. Sequencing reactions were carried out with
T-7 Polymerase (Pharmacia) with [a-**S]JJATP as the radiolabeled
nucleotide. Synthetic 17-base primers, compliementary to the plasmid
cloning vector and to internal sites in the cDNA insert, synthesized on
a Milligen Biosearch Cyclone instrument, were used to prime the
sequencing reactions.

3. RESULTS AND DISCUSSION

Immunological screening of a Agt11 library construc-
ted from pea leaf mRNA revealed that 7 out of 8000
plaques expressed protein that cross-reacted with the

257



Volume 289. number 2

a bec de

Fig. 1. Western blot analysis of recombinant E.coli XL1B cells expres-
sing pea ascorbate peroxidase. (a) Purified pea cytosolic ascorbate
peroxidase (1 ug). (b) Transformed E.coli XL1B cells harboring re-
combinant pBluescript plasmid encoding pea ascorbate peroxidase
grown in the absence of IPTG. (¢) As in lane b, however grown with
I mM IPTG. (d) Transformed E.coli XL1B cells harboring the non-
recombinant pBluescript KS- plasmid. (e) As in lane (d), however
induced with IPTG. E.coli cells (XL1B) were grown in M-9 minimal
medium in the presence of ampicillin, | mM iPTG where indicated.
and glycerol as a carbon source. Cells (0.4 m!, ODy,=1.2) were
hurvested, washed, lysed and boiled in Laemmli sample buffer. SDS-
PAGE, electrophoretic transfer of proteins and immunodetection
were performed according to [16] and [17], respectively.

antibodies raised against peacytosolic APX. Two strong-
Iy cross-reacting plaques were purified by rescreening at
lower plaque density, and phage DNA was subsequen-
tly isolated. The cDNA inserts (I kb) were re-
moved and subcloned into the plasmid vector pBlue-
script. The expressed product, immunodecorated with
the APX-antibody, was of the same M, as is APX itself,
indicating that the insert contained the entire coding
sequence (Fig. 1). Expression of the cloned cDNA was
independent of the lac promoter, as it was affected nei-
ther by addition of isopropylthiogalactoside (IPTG) to
the medium nor by reversing the orientation of the in-
sert with respect to the /ac promoter. Therefore, internal
to the cDNA 5* flanking sequence is a pseudo-bacterial
promoter sequence as well asa potential ribosomal bind-
ing site.

The sequencing strategy is shown in Fig. 2. Synthetic
primers corresponding to the plasmid vector and inter-
nal sites in APX cDNA (as they were determined) were
used to prime the sequencing reactions. Both strands
were sequenced with no ambiguities. The nucleotide
sequence and deduced amino acid sequence of the
¢DNA insert are shown in Fig. 3. The cDNA contains
an ORF of 753 nucleotides, encoding a protein of 27 275
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Fig. 2. Sequencing strategy of the cloned cDNA insert. The bar deno-

tes the coding region; the single line indicates the noncoding regions;

arrows show the direction and distance of the sequence obtained from
each primer.

M., in reasonable agreement with a M, of 29 500 as
determined by SDS-PAGE. A putative polyadenylation
sitt (AATAAA) appears 41 bases upstream from the
start of the poly(A) tail. The deduced amino acid se-
quence at the 5’ N-terminal region of the cloned cDNA
coincides perfectly with the first 33 amino acids obtain-
ed by automated Edman degradation of the purified
APX from pea [6]. These results indicate that the cloned
cDNA does not harbor a transit peptide and is additio-

nal support for the cytosolic location of the isozyme.
GAATTCGGCTTGTGCTCTCCTCGTGTCACTAGGGTTTARACTTCTTCGTTTTIGCTTCTTA
1 S50

3

M G K s Y P TV S P D VY Q K

GATTTCOAGAATCGTTTGCTATGGGAMAATCTTACCCAACTGTTAGTCCCGATTACCAGA
70 90 110

A I E K A KR KILRGU FTI AMZEI KIKTCRMLP

AGGCCATTGAAAAGGCTAAGAGGAAGCTCAGAGGTTTTATCGCTGAGAAGAAATGCGCTC
130 150 170

L I L RL AMAWUH S AGTF D S$ KTI KTG

CTCTAATTCTCCGTTTGGCATGGCACTCTGCTGGTACTTTTGATTCCAAGACAAAGACTG
190 210 230

G P F G T I K H QAT EULW AHGOANNDNGTL

GTGGTCCTTTCGGAACAATTAAGCACCAAGCTGAGCTTGCTCATGGTGCTAACAACGGTC
250 270 2%0

D I AV R L L E P I KE Q F P I V 5 Y A

TTGATATCGCGGTTAGGCTGTTGGAGCCTATTAAGGAGCAATTCCCTATTGTGAGCTATG
310 330 350

D F Y QL AGV VAV ETITSGSGUPTEV P

CTGATTTCTACCAGTTGGCTGGTGTTGTTCCTGTTGAGATTACCGGTGGACCTGAAGTTC
370 390 410

F H P GREDIKUPEUZPUZPUPETGRTULUPDA

CTTTCCACCCTGGTAG ACCACAAGCCTCAGCCACCACCTGAGGGTCGCTTGCCTGATG
430 450 470

T K G 5 D H R DV F G K AMGL s V V
CCACTAAGGGTTCTGACCATTTGAGGGATGTGTTTGGAAAGGCTATGGGGCTTAGTGTAG
490 510 530
Q DI V. A L S G G HTTI G A AHIEKER 8§
TACAGGACATTGTTGCTCTATCTGGTGGTCACACCATTGGAGCTGCACACAAGGAGCGTT
550 570 590
G F E G P W T S N PULI F DN S Y F T E
CTGGATTTGAGGGACCATGGACTTCTAATCCTCTCATTTTTGACAACTCATATTTCACTG
610 630 €50
L L T G E XKD GULULQUL P S D KATULTULT
AGTTGTTGACTGGTGAGAAGGATGGCCTTCTTCAGTTGCCAAGTGATAAGGCACTTTTGA
670 690 710
b s VvV F RPULVEI KYAA ADEDUV F F A
CTGACTCTGTATTCCGCCCTCTTGTTGAGAAATATGCTGCGGATGAAGATGTTTTCTTTG
730 750 770

D Y A EA HL KL S EUL G F A E A
CTGATTATGCTGAAGCACATCTTAAGCTCTCTGAGCTTGGATTTGCTGAAGCCTAAGTCA
790 810 830

CAGTTCTTTGGTGTTTAGAGAGGAGCACTGTCCTGAATCTTACATAAATTTCATAGACGT
850 870 8§90

TGCTTTTATTTTCAATGTGATTCATCTTAGTTGGGTAGCATTTTGGATGTATTTTGGAAG

TTTGATTGTTTTICTCTATTGTTGATCCTTGGTTANATAACATTGTTAAGTGGTAATGCCC
970 990 1010

AGCTATTGCATTTTCCTGATAAAAAAAAANCCGAATT

1030 1050

Fig. 3. Nucleotide and deduced amino acid sequence of the cDNA

encoding pea cytosolic ascorbate peroxidase. The putative polyadeny-

lation signal and possible bacterial promoter and ribosomal binding
sites are noted in bold.
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a.
Distal His Proximal His

w *
PEA APX ¥KCEPL WHSAGTFDSKTKTIGGP
HRP C2 ¥RIXAS FHDCFVNGCDASILLD
TUN P7 S'RMGAS FFHDCFVNGCDGSILLD
TOB PER 'RAGAK HFHDCFVNGCDGSILLD
POT PER IFHDCFVDGCDGGILLD
PEA APX
YEA CCP
ECO HPI
BAC PER **HY

PEA APX
SPI APX
TEAR APX

Fig. 4. (a) Comparison of the deduced amino acid sequence of pea cytosolic ascorbate peroxidase with sequences of proximal and distal histidine

regions of plant, yeast and bacterial peroxidases. HRP C2, horseradish peroxidase C2: TUN P7, turnip peroxidase 7: TOB PER. tobacco peroxidase:

POT PER. potato peroxidase; YEA CCP. yeast cytochrome ¢ peroxidase: ECO HPI. E.coli catalase-peroxidase HPI: BAC PER. Bacillus

stearothermophilus peroxidase. Sequences were adopted from [18]. Amino acids whick are identical to pea ascorbate peroxidase are shaded.

Asterisks indicatc proximal and distal histidines and the conserved arginine. (b) Comparison of the deduced N-terminal amino acid sequence of

pea ascorbate peroxidase with the N-terminal amino acid sequences of chloroplastic ascorbate peroxidases from spinach (SPI APX) [21] and tea
(TEA APX) [5].

Sequence homologies to pea APX were searched in
the EMBL data bank: a 33% identity over a 235 amino
acid overlap was found with yeast cytochrome ¢ peroxi-
dase (CCP). while even lesser homology was found with
bacterial peroxidases and classical plant peroxidases.
All known peroxidases share three conserved amino
acids, namely, His*’, His'”® and Arg” of mature CCP
[18]; these amino acids are known to be part of the CCP
active site as determined by its solved crystal structure
[19]. The deduced amino acid sequence of APX was also
found to share the same amino acids (Fig. 4a), and it
is suggested that these APX homologous residues parti-
cipate in charge stabilization (Arg®, and distal His*)
and as a heme axil ligand (proximal His'®). Yeast and
bacterial peroxidases possess a Trp* residue rather than
the conserved Phe*' seen in all previously described
plant peroxidases. Altering CCP Trp®' to Phe resulted
in changes in its catalytical properties, such that it is
more similar to HRP than CCP [20]. In contrast to
classical plant peroxidases, APX also possesses Trp*
rather than a Phe'; thus, in this respect, APX is more
similar to yeast and bacterial peroxidases than to plant
peroxidases. Lastly, we note (Fig. 4b) a high degree of
homology (70% identity) when a 16 amino acid overlap
at the N-terminus of pea cytosolic APX is compared
with the recently published N-terminal amino acid se-
quence of spinach chloroplastic APX [21], although les-
ser homology was observed with the N-terminal se-
quence of tea chloroplastic APX [5].
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