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rca cDNA RCA
Fig. 1. Nucleotide sequence of the 1809 bp rca cDNA clone and the deduced amino acid sequence of RCA protein. The
underlined amino acid sequence denotes the predicted signal peptide. Consensus nucleotide binding sites are in boxes. The grey
region is AAA (ATPase family associated with various cellular activities) motif.
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RCA
Fig. 2. Alignment of the predicted amino acid sequences for RCA proteins from C. quinoa (CHE), Spinacia oleracea (SPI),
Nicotiana tabaccum (NIC), Arabidopsis thaliana (ARA), and Oryza sativa (ORY) using the cluster method of DNA Star
software. The amino acid in identities is shown in box. The accession numbers are AY117142 (CHE), S45033 (SPI), Z14980
(NIC), X14212 (ARA) and U74321 (ORY).
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32P rca cDNA

Fig. 3. Southern blot analysis of C. quinoa genomic DNA. A
50 g genomic DNA was digested with NotI (panel A),
HincII and SspI (panel B), fractionated on 0.8% agarose gel,
blotted onto nylon membrane and then probed with 32P
labeled rca cDNA fragment.

RCA
E. coli RCA
Fig. 4. Western analysis of the RCA in C. quinoa and in E.
coli carrying rca cDNA gene. Lane 1: total proteins extracted
from C. quinoa. Lane 2 and 3: total proteins extracted from E.
coil (pNCHU711) without or with IPTG induction respectively
in T7 RNA polymerase dependent expression system. Total
proteins were fractionated on 15% SDS-PAGE. After
blotting, the protein was probed with anti-rice RCA serum.
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intron (21)

RCA
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RCA
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L S mRNA S
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PCR mRNA RT-PCR

3' rca mRNA RT-
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Fig. 5. Analysis of the 3'-end region of rca mRNA using RT-
PCR and Southern blot. Total RNA (2.5 g) and poly(A)
mRNA (150 ng) were reversely transcribed with a poly(T)
primer (CDS). The RT-products gained from using poly(A)
mRNA-RT reaction (lane 1 and lane 3) or using total RNA-
RT reaction (lane 2 and 4) were then used as templates in
following PCR reactions. One-10th (lane 1, 2) or one-40th
(lane 3, 4) amounts of each RT product used in PCR reaction
were amplified using 5' primer RCA-F14 and 3' primer CDS.
The PCR products were separated by electrophoresis on a
1.2% agarose gel and transferred to a nitrocellulose
membrane. The blot was hybridized with DIG-labeled rca
gene probe. Lane 5 showed the PCR product by using
p3'RCA1 as a template.
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Fig. 6. Northern analysis of the rca mRNA accumulation in
the hypersensitive response of C. quinoa induced by P.
syringae pv. syringae 61 (Pss61). Total RNA was fractionated
on phosphate buffer gels. After blotting, the RNA was
hybridized with 32P-labeled rca cDNA and 18S rRNA cDNA,
respectively. Time is indicated in hour postinfected by Pss61.

RCA
Fig. 7. Western analysis of the RCA in C. quinoa during the
hypersensitive response induced by P. syringae pv. syringae
61. Total proteins were fractionated on 15% SDS-PAGE.
After blotting, the protein was probed with anti-rice RCA
serum. Time is indicated in hour postinfected by Pss61.
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ABSTRACT
Chiang, B. T. 1, and Huang, H. C. 1,2 2003. Expression of rca gene in Chenopodium quinoa during the
hypersensitive response induced by Pseudomonas syringae pv. syringae. Plant Pathol. Bull. 12:93-102. (1.

Graduate Institute of Biotechnology, National Chung Hsing University, Taichung, Taiwan. 2. Corresponding
author, E-mail: hchuang@dragon.nchu.edu.tw, Fax: +886-4-22861905)

A full-length rca cDNA encoding Rubisco activase was isolated from leaf tissues of Chenopodium
quinoa using subtractive hybridization and following 5' and 3' RACE-PCR cloning. This clone comprises
1809 bp, consisting of a 121-bp 5'unstralated region, a 1314 bp coding sequence of rca cDNA , and 374-bp
3'unstralated region. The deduced sequence of RCA includes 438 amino acid residues of Mr 47.8 kDa and
pI 6.875. A single copy of rca gene is detected in the genome of C. quinoa based on Southern blot assay.
According to western blot analysis with a rice RCA serum and RT-PCR experiment, the results indicated
that there are two isoforms of RCA protein present in C. quinoa and the S-form is abundant. The clone
isolated here encodes S-form RCA. Furthermore, the northern blot assay showed that the rca mRNA
expression of C. quinoa declined 6-9 hr after the hypersensitive response (HR) induced by Pseudomonas
syringae pv. syringae strain Pss61. However, the accumulation of RCA protein during the HR was the same
based on the western blot analysis. 

Key words : Chenopodium quinoa, hypersensitive response, Rubisco activase, Pseudomonas syringae pv.
syringae strain Pss61


