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Abstract

Sense and antisense DNA constructs of rice (Oryza sativa L.) a]ternative oxidase (AOX) gene,

OsAOX]a, under the control of maize Ubiquitin promoter were introduced into rice. Leaves of

transgenic plants with sense OsAOXla were shown to produce high levels of AOX protein, which was
not usually observed in wild type leaves. Transgenic plants with decreased levels of AOX protein were
identified by the invcstigation of AOX protein in calli derived from mature seeds with antisense

OsAOXla. Transgenic plants with increased and decreased levels of AOX will be useful for studies on
the role of AOX.
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Abbreviations

AOX, alternative oxidase.

Higher plants have two mitochondrial electron

transport pathways from ubiquinone to 02 (Moore
and Siedow, 1991). One is the cytochrome pathway

coupled to ATP production where the terminal

oxidase is inhibited by cyanide. The other is the

cyanide-insensitive alternative pathway, which is

not coupled to ATP production. A terminal oxidase

of the alternative pathway is an alternative oxidase

(AOX), which is encoded by a nucle~~r gene. It has

been suggested that the AOX is involved in reduc-

ing the harnrful reactive oxygen species under stress

conditions (Purvis, 1997; Wagner and Moore,

1997).
Investigation of the role of AOX under stress

conditions has been facilitated by the use of trans-

genic technique. Transgenic plants expressing sense

~nd antisense AOX CDNA were successfully pro-

duced in tobacco (Vanlerberghe et al., 1994). The
studies using these transgenic plants showed that

AOX Iowers production of mitochondrial reactive

oxygen species (Maxwell et al., 1999), that AOX
acts as a modulator of a programmed cell death

(Vanlerberghe et al., 2002) and that AOX may play

a role in the hypersensitive response at the viral

infection (Ordog et al.
,
2002).

In rice, three AOX genes, OsA()Xla. OsAOXlb
and OsAOXlc have been identified (Ito et al., 1997)

and one of which, OsAOXla, has been shown to be
expressed at relatively much higher levels than

OsAOXlb and OSAOXIC in leaves, roots (Saika et

al.
,
2002), immature anthers (Abe et al., 1997) and

calli (Abe et al., 2002). In the present study, we
report the production and selection of transgenic

rice plants with either increased or decreased levels

of AOX protein by introducing sense or antisense

OsAOXla under the control of maize Ubiquitin

promoter.

OsAOXla CDNA taken from cultivar Hayayuki
(Abe et al., 1997; DDBJ accession No. AB007452)

was cloned into a binary vector, which was con-
structed for expressing a gene under the control of

maize Ubiquitin promoter based on pBIIOI (Yokoi

et al., 1998), in either sense or antisense orientation

(Fig. IA). Each construct, designated as Us a~bi

pro::SenseAOX) and Uan (l~bi pro::~y2tisense

AOX), was transferred to Agrobacterium tumefa-

clens EHAIO1, and then introduced into rice cul-

tivar Yamahoushi by the method of Yokoi et al.

(1997).

Hygromycinresistant rice plants, 23 plants for

Us and 16 plants for Uan, were regenerated. All of

the transformants were of normal appearance, and

selfpollinated seeds were obtained. Integration of

the transgene and the number of copies were inves-
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TDNA region of transformation vectors (A) and DNA gel blot analysis of

transformants (B). A: Schematic diagram of the TDNA region of the transformation

vectors, Ubi pro::sense-OsAOXla (Us) and Ubi pro::antisenseOsA(jXla (Uan).

Abbreviations: RB and LB, right and left borders ofT DNA; KmR, gene for kanamycin

resistance; Hyg~, gene for hygromycin resistance; Ubi pro, ubiquitin promoter fro.m maize;

NOS TER, terminator of nopaline synthase. The regions used as probes and ECORI
restriction sites are indicated. B: Genomic DNA (1 !1 g) from transformants (Us and Uan)

and a wild - type plant (WT) was digested with EcoRI, and the blot was probed with probe

a (left) or probe b (right). The fragment sizes of a transgene containing Os'AOXla CDNA
(Us, 2.4 kbp; Uan, 1.8 kbp) and an endogenous O,s'AOXla (13.9 kbp) are indicated by

arrowheads. The molecular markers are indicated in kbp on the left.

tigated by DNA gel blot analysis (Fig. IB). Bands
of expected size, which are 2.4 kbp in Us and 1.8

kbp in Uan, were detected in each plant, demon-
strating the integration of the transgene. The num-
ber of copies varied from one to four.

To examine the amounts of AOX protein, we
performed SDSgel blot analysis. Crude mitochon-

drial proteins, which were extracted from leaves as

described in Abe et al. (1997), were subjected to

SDSPAGE and AOX protein was detected with

monoclonal antibody against AOX of Sauromatum
guttatum (Elthon et al., 1989). No AOX band was
detected in leaves of a wild--type (non~trans-

formed) plant, whereas a 32 kDa AOX band was
detected in all of the Us transformants (Fig. 2A).

Sinee we were unabi.e to detect AOX protein in

leaves of wildtype plants, it was considered to be

difficult to identify Uan transformants in which
levels of AOX protein were reduced below those of

wildtype plants. On the other hand, we found that

a large amount of AOX proteip was detectable in

calli of wildtype plants. Higher levels of AOX
accumulation in calli would be attributed to higher

mitochondrial activities and induction of AOX gene
expression by the stressful culture condition of calli.

Therefore, to screen antisense plants with reduced
levels of AOX protein, we induced calli from T1

seeds of each transgenic plant and compared AOX
protein from wild-type and Uan transformants.

Three Uan transformants, Uan4, Uanl9 and Uan21,

were found to have undetectable AOX protein (Fig.

2B), although the other 13 Iines had high levels of

AOX protein similar to that of wildtype (exam-
ples, Uan9 and Uan22, were shown in Fig. 2B). A
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Fig. 2 Detection of AOX protein in ieaves (A) and

calli (B) of the transformants. A: Crude mito-

chondrial proteins (20 /! g) extracted from leaves

of the Us transformants and a wild-type plant

(WT) were subjected to. SDS PAGE. The elec-

troblotted membrane was reacted with a mono-
clonal antibody against AOX of Sauromatum

gutattaum .
The molecular markers are indicated

in kDa on the left. B: Crude mito~chondrial

proteins (30 /lg) extracted from calli of the

transformants (Us aild Uan) and a wild-type

plant (WT) were subjected to SDS- gel blots. An
asterisk at the right indicates a nonspecific

band that is eross reaeted with the secondary

antibody. The n]olecular markers are indicated in

kDa on the left.

common band of 62 kDa, which was rcvealed to be
cross--reacted band with secondary antibody,

showed that the same amount of callus protein was
loaded in each lane. In contrast, Us transformants,

Us~9 and Us25, showed considerable increase of

AOX protein in calli (Fig. 2B). Thus, transgenic

lines with increased levels of AOX protein, Us9 and

Us25, and decreased levels of AOX protein, Uan4,

Uanl9. and Uan21, were identified.

Transgenic rice plants produced in the present

study will be useful for studies of the role of AOX
under various stress conditions. Progenies homo-

zygous for the introduced genes are now under

propagation for further studies.
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