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Antisense inhibition of the iron-sulphur subunit of succinate dehydrogenase
enhances photosynthesis and growth in tomato via an organic acid-mediated

effect on stomatal aperture.
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Abstract: Transgenic tomato (Solanum lycopersicum) plants expressing a fragment of the Sl SDH2-2
gene encoding the iron sulfur subunit of the succinate dehydrogenase protein complex in the antisense
orientation under the control of the 35S promoter exhibit an enhanced rate of photosynthesis. The rate
of the tricarboxylic acid (TCA) cycle was reduced in these transformants, and there were changes in the
levels of metabolites associated with the TCA cycle. Furthermore, in comparison to wild-type plants,
carbon dioxide assimilation was enhanced by up to 25% in the transgenic plants under ambient conditions,
and mature plants were characterized by an increased biomass. Analysis of additional photosynthetic
parameters revealed that the rate of transpiration and stomatal conductance were markedly elevated in
the transgenic plants. The transformants displayed a strongly enhanced assimilation rate under both
ambient and suboptimal environmental conditions, as well as an elevated maximal stomatal aperture.
By contrast, when the Sl SDH2-2 gene was repressed by antisense RNA in a guard cell-specific manner,
changes in neither stomatal aperture nor photosynthesis were observed. The data obtained are discussed
in the context of the role of TCA cycle intermediates both generally with respect to photosynthetic
metabolism and specifically with respect to their role in the regulation of stomatal aperture.
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Supplemental Data. Fristedt et al., (2009) Phosphorylation of Photosystem II Controls Functional 

Macroscopic Folding of Photosynthetic Membranes in Arabidopsis. 

 

 

 

Supplemental Figure 1. Locations of TDNA insertions within STN7 (At1g68830) and STN8 

(At5g01920) genes.  

Exons are indicated by black boxes, 5’ and 3’UTRs by open boxes and introns by thin lines. PCR 

was performed on stn7 and stn8 in the wild-type (Col-0), stn7 (SALK 073254), stn8 (SALK 

060869, insertion B) and stn7xstn8 (SALK 073254, SALK 060869). The primers STN7fw (7f), 

STN7rev (7r), LBb1 (LB), STN8fw (8f), STN8rev (8r) used are indicated. The products of the 

PCR reactions with 7f and 7r, LB and 7r, 8f and 8r and LB and 8r obtained with the DNAs of the 

indicated lines were fractionated by agarose gel electrophoresis and detected by fluorescence 

after ethidium bromide staining. M indicates size markers. 
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Supplemental Figure 2. In vivo pulse-chase experiments with chloroplast proteins of wild-

type and stn7xstn8 plants labeled with [
35

S] methionine and exposed to high light of 1000 

μmol m
-2

 s
-1

. 

(A)  4 week-old wild-type and stn7xstn8 plants were labeled with [
35

S] methionine for 2 hours 

under normal light (100 μmol m
-2

 s
-1

) in the presence of cycloheximide. After one hour chase 

period in low light, including 30 min with lincomycin, plants were exposed to high light of 1000 

μmol m
-2

 s
-1

 for 1, 2 and 3 h and proteins were analyzed by SDS-PAGE and phosphorimaging. 

Positions of the labeled AtpA and AtpB subunits of ATP synthase and of the D1 protein are 

indicated.  

(B) Time dependence of the labeled D1 protein degradation in leaves of wild-type and stn7xstn8 

plants subjected to in vivo pulse-chase experiments under high light as shown in (A). Amounts of 

labeled D1 protein were normalized relative to the sum of AtpA and AtpB bands and the CP43 

band below. The values are means ± SEM of three independent experiments for each genotype.  

 



 3

 

 

 

 

 

Supplemental Figure 3. Immunoblotting analysis of SDS-PAGE separated thylakoid 

proteins from wild-type, stn7xstn8 and stn8-1 plants exposed to normal light of 120 µmol 

photons m
-2

 s
-1

 or high light of 900 µmol photons m
-2

 s
-1

 with the FtsH-specific antibody. 

The thylakoid membranes containing either 0.3 or 0.6 μg chlorophyll were loaded on the gels, as 

indicated.  
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Supplemental Figure 4. Blue Native PAGE and Blue Native PAGE/SDS-PAGE gel 

separations of thylakoid protein complexes from wild-type and the stn7xstn8 plants 

exposed to normal light of 120 µmol photons m
-2

 s
-1

 or high light of 900 µmol photons m
-2

 s
-

1
 for 3 h. 

Thylakoid membranes were solubilized with 0.75% (w/v) n-dodecyl β-D-maltoside (DM), and 

the mixture was incubated on ice for 5 min. After centrifugation BN-PAGE with a gradient of 5-
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13.5% acrylamide in the separation gel was performed. For separation of proteins in the second 

dimension, lanes were cut out and incubated with 5% β-mercaptoethanol for 30 min at room 

temperature and then subjected to SDS-PAGE with 15% acrylamide in the separation gel.  

(A) Two dimensional gel analyses of thylakoid protein complexes from wild type and stn7xstn8 

plants exposed to normal light (120 µmol photons m
-2

 s
-1

).  

(B) Blue Native PAGE of thylakoid membranes from wild type and stn7xstn8 plants exposed to 

either normal light or high light (900 µmol photons m
-2

 s
-1

) for 3 h and solubilized with 0.75 % 

DM, with different chlorophyll loading, as indicated.  

(C) Replication of Blue Native gel like in B from a different experimental preparation. 
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Supplemental Table 1. Electron microscope measurements of thylakoid membranes in 

wild-type (Col-0), stn7, stn8-1, stn8-2 and stn7xstn8 plant leaves. 

 

 

The length of thylakoid membranes was measured for grana regions (means ± SEM). Appressed 

membranes were counted twice.  Numbers in parenthesis indicate numbers of grana measured. 

 

 Col-0 stn7x stn8 stn7 stn8-1 stn8-2 

Average grana 

size, nm 

439 ± 155 

(70) 

667 ± 223 

(40) 

487 ± 138 

(23) 

623 ± 234 

(30) 

551 ± 212 

(78) 

Average number 

of grana layers 

3.7 ± 1.8 3.9 ± 1.2 5.0 ± 1.7 3.9 ± 1.2  3.0 ± 1.2 


