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1 Abstract 

 

It has previously been stated that K
+
-ions in a plant cell have a counter-balancing role  

in which the efflux of K
+
-ions from the thylakoid lumen charge-balance the light-induced 

proton pumping that is known to occur across the thylakoid membrane, and this in turn 

stabilizes photosynthetic activity. In the present study, two different types of plants of the 

same ecotype (Col-0) of Arabidopsis thaliana have been studied: a wild-type and a T-

DNA exon-mutant (tpk5-e) that has lost the expression of the protein known as Tandem-

pore K
+
- channel (AtTPK5). The plants were grown in a hydroponic system under normal 

light conditions with 70% humidity. Homozygous (HM) tpk5-e mutant plants were 

screened using PCR and gene specific primers. Further, the photosynthetic activity was 

measured in 4 hour light-adapted plants and the photosynthetic activity of the tpk5-e 

mutant proved not to be significantly different in comparison to the wild-type when 

measuring the electron transport rate (ETR). Furthermore, the O2-evolution was also 

measured in 4 hour light-adapted plants and the tpk5-e mutant's O2-evolution proved to 

be significantly lower in the tpk5-e mutant in comparison to the wild-type under high 

light conditions. The plant fitness of the wild-type and tpk5-e mutant was also different 

judging from phenotypic traits such as chlorophyll expression. However, the measured 

chlorophyll amount of pigments chlorophyll a and b proved not to be significantly 

different in the tpk5-e mutant in comparison to the wild-type.  

 

Keywords: Chloroplast, thylakoid, TPK, PCR, ETR, O2-evolution, PAR, PSII. 

 

2 List of Abbreviations 

 

AGI - Arabidopsis Genome Initiative 

Mbp – Mega base pairs 

TPK - Tandem-pore  K
+
- channel 

KCO -  K
+
-channel outward-rectifying 

GFP - Green Fluorescent Protein 

PCR - Polymerase Chain Reaction 

T-DNA – transfer DNA  

BLAST – Basic Local Alignment Search Tool  

kbp – Kilobase pairs 

cDNA - complementary DNA 

PAR – Photosynthetic Active Radiation 

 

3 Introduction 

 

The plant cell is a complex structure containing a unique plastid organelle known as the 

chloroplast which has evolved from free-living cyanobacteria (Martin & Herrman 1998; 

Martin et al., 2002). The chloroplast is responsible for conducting oxygenic 

photosynthesis and has proven to be essential for a plant cell's metabolism and growth. 
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Photosynthesis is also essential for the many aerobic and heterotrophic species on Earth 

since its products are oxygen (O2) and carbohydrates, which are needed to uphold every 

food chain. The light-induced photosynthesis is dependent on two abundant resources 

known as water (H2O) and sunlight in order to produce molecular O2. However, the real 

outcome of photosynthesis is to provide the plant cell with chemical energy in the form 

of ATP and the reducing power of NADPH, which are mainly consumed in the dark-

induced reactions of photosynthesis inside the chloroplast's soluble stroma (Spetea & 

Schoefs 2010). Inside the chloroplast's stroma one can find the photosynthetic membrane 

also known as the thylakoid membrane and it houses the photosynthetic apparatus made 

up of four major multi-subunit protein complexes. They are known as photosystem II 

(PSII), photosystem I (PSI), cytochrome b6f and the ATP synthase CF0F1 (Nelson & Ben-

Shem, 2004). Furthermore, the first three mentioned protein complexes are responsible 

for sunlight absorption and electron transfer from H2O to NADP
+ 

and the last complex 

uses the H
+
 gradient created across the thylakoid membrane in order to synthesize ATP 

(Merchant & Sawaya, 2005).  

 

 

Arabidopsis thaliana (A. thaliana), a small weed of the mustard family, Brassicaceae,  

is commonly used as a model organism in various plant science studies. It was first 

chosen as a genetic model organism by Dr. F. Laibach in Europe back in 1970, and  

with a completely sequenced genome (125 Mbp) gained by the Arabidopsis Genome 

Initiative (AGI, 2000) the appeal for this plant started to increase. There are many  

reasons as to why A. thaliana is a preferred plant model organism, some of them  

being its small size in comparison to other higher plants, its short generation time  

and also its high efficiency of transformation. A. thaliana is not only used for the 

elucidation of many questions left unanswered in plant science, but also for the 

elucidation of fundamental questions regarding biological structure and function,  

which are common to all eukaryotes (David et al., 1998). Among many substrates  

that A. thaliana uses to grow, one of them is of interest for the present project, namely  

the macronutrient potassium (K
+
). K

+ 
is the most abundant cation found in plant cells  

and usually it comprises about 10% of a plants dry weight. The distribution of K
+
-ions  

in the plant is determined by variations in the external K
+
-supply, and the presence of 

other ions found in the surrounding root environment along with different occurring  

plant stresses, such as metal toxicity, salinity and drought (Szczerba et al., 2009;  

Gassman & Schroeder 1994; Amtmann et al., 2006; Shabala & Cuin 2008). 

 

The plant cell employs K
+
-ions to maintain important functions, such as the electrical 

neutralization of anionic groups, and active control of membrane polarization and 

osmoregulation (Lebaudy et al., 2007). In a previous study conducted by Fang et al., 

(1995) on a K
+
-channel in Spinacea oleracea, they concluded that K

+
 affects 

photosynthetic activity by being required to efflux from the thylakoid lumen in order to 

charge-balance light-induced pumping of protons across the thylakoid membrane.   
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Additionally, vacuoles serve the role as sub cellular reservoirs for both the storage and 

homeostasis of K
+ 

(Walker et al., 1996). A total of 15 genes have been found in 

A.thaliana, which express 3 different families of K
+
-selective channels, known as Shaker, 

Kir-like and TPK. In A. thaliana the Tandem-pore  K
+
- channel/K

+
-channel outward-

rectifying (AtTPK/KCO) family originally consisted of six members AtKCO1 to 

AtKCO6 (Mäser et al., 2001). However, Becker et al. (2004) suggested that one of the 

previous members, AtKCO3 of the AtTPK/KCO family should be excluded and in turn 

replaced by AtKCO6, which now is referred to as AtTPK3. AtKCO3 is now considered 

to be a part of the Kir-like family of K
+
-selective channels. At present it is considered 

that the correct nomenclature for the TPK/KCO-family is solely the TPK (Tandem-pore 

K
+
-channel) family and it consists of five members (AtTPK1-5). All the members of the 

TPK family share the same topology of two-pore regions (ion_trans_2) and four 

transmembrane domains (Becker et al., 2004). Additionally, the members of the TPK-

family are known as the plant counterparts of animal TWIK/TREK channels (Lebaudy et 

al., 2007) and KCNK channels (Becker et al., 2004).  

 

The first identified TPK member, AtTPK1 was found in 1997 using in silico searches, 

which were based on the information gained from the AGI. Additionally, AtTPK1 was 

heterologously expressed in baculovirus-infected insect cells of Spodoptera frugiperda, 

which resulted in the observation that AtTPK1 has an outwardly K
+
-selective current  

that was dependent on nanomolar concentrations of free cytosolic Ca
2+

. This finding led 

to the conclusion that there is a connection between K
+
 transport and calcium-mediated 

processes in higher plants (Czempinski et al., 1997).   

 

In one particular study AtTPK4 was heterologously expressed in both Xenopus oocytes 

and yeast. Patch-clamp analyses in both eurkaryotic expression systems showed that 

AtTPK4 is a  K
+
-selective channel that is localized in the plasma membrane. AtTPK4 

was also transiently expressed together with GFP in onion epidermal cells and the 

outcome was that the GFP was predominantly localized in the plasma membrane and  

also in the compartments of the secretory pathway (Becker et al., 2004). AtTPK4 is the 

only member from the TPK family that has been localized to the plasma membrane, 

while both AtTPK3 and AtTPK5 have been predicted to be located in the chloroplast and  

the remaining members are predicted to be located in the vacuolar membrane (tonoplast) 

(Voelker et al., 2006). Recently it has been reported that AtTPK3 is located in the 

thylakoid membrane in A. thaliana (Zanetti et al., 2010). The reported location of 

AtTPK3 might indicate that not all members of the TPK-family except for AtTPK4 are 

located in the vacuole as previously reported (Voelker et al., 2006), but also in other 

compartments of the plant cell.  

 

For this project the focus of all work have been related to AtTPK5, which is highly 

predicted to be located in the chloroplast judging from the bioinformatical analysis 

prediction made through the use of the database known as Aramemnon 

(http://aramemnon.botanik.uni-koeln.de/). 

http://aramemnon.botanik.uni-koeln.de/
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The aims of this project were the following: 

 

(i) to screen for homozygous (HM) mutants, which should have either fully lost or 

partially lost their ability to express AtTPK5.  

(ii) to elucidate the physiological role of AtTPK5 in A. thaliana by comparing plant 

fitness and photosynthesis in both mutant and wild-type plants. 

 

The experimental hypothesis for the project was that a knock-out or knock-down of 

AtTPK5 protein expression will negatively affect photosynthetic activity.  

  

4 Materials and methods  

 

4.1 Plant material and growth conditions 

 

Arabidopsis seeds were obtained from the Arabidopsis Biological Resource Center 

(ABRC, Ohio state University, USA). The seeds consisted of Arabidopsis thaliana wild-

type (Col-0), AtTPK5-knock-out (SALK_123690_C; tpk5-e) and AtTPK5-knock-down 

mutant (SALK_113992; tpk5-UTR). The seeds undergo a sterilization process, which 

involves the placing of ~350 seeds on a piece of stretched out miracloth. The miracloth is 

then folded tightly around the seeds and kept folded by a paper clip and the whole 

miracloth piece is then soaked in 70% ethanol in a falcon-tube for 2-5 minutes (min). 

Later on the miracloth is soaked in 0.5% Sodium dodecyl sulfate (SDS) in a falcon-tube 

for 15 min and later washed in a sterile environment with sterile H20 in a falcon-tube, 3-4 

times. When the washing is done, the miracloth was placed in sterile water in a falcon-

tube for 5 min after which it was dried, opened and the seeds were spread out on top of a 

petri dish. When the whole sterilization process is finished the seeds are placed and 

grown on 0.7% agar solution in sterilized pipette tip boxes for two weeks. After the initial 

two weeks all the seedlings are then planted onto frigolite plates under the condition of 

120 µmol photons m
-2

 s
-1

, 20-25°C, 16 h-dark/8 h-light photo-period with 70% humidity 

in a hydroponic system. The nutrition given to the plants planted in the hydroponic 

system contained; 80 ml KNO3, 24 ml Ca(NO3)2, 16 ml KH2PO4, 16 ml MgSO4, 16 ml 

NH4Cl, 16 ml Fe-EDTA, 16 ml µ solution and 16 ml H2O. 

 

4.2 Primer design and screening of mutants 

 

The primer design tool at http://signal.salk.edu/tdnaprimers.2.html was used in order to 

create the primers that would be needed for the screening of homozygous tpk5-e and 

tpk5-UTR mutants, and the primers were ordered from Invitrogen (San Fransisco, USA). 

 

 

 

 

 

http://signal.salk.edu/tdnaprimers.2.html
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Table 1: Primers used for PCR screenings of the tpk5 mutants.  

Primer tpk5-e tpk5-UTR 

LP (Forward) 401:  
5´-CCTTCTTCCATGAAATCTCCC-3´ 

301: 

5'-AGCAAGAAAATCGCTTGTCTG-3´ 

RP (Reverse) 402: 

5´-ATTTAACAGCTTTCCGATGCC-3´ 

302: 
5'-AAGGGATTTGATTTAAAGTTTGTTG-3´ 

T-DNA LB 1.3: 
5´-ATTTTGCCGATTTCGGAAC-3´ 

LB 1.3: 
5´-ATTTTGCCGATTTCGGAAC-3´ 

 

 

 

 

Figure 1: Structure of the AtTPK5 gene, with a T-DNA insertion in the first exon region. 

It is also shown where the used primers bind in. The coordinates for the exons have been 

found using the known gene sequence from TAIR and SIGNAL. BLAST searches were 

employed in order to find the coordinates for the annealing area of the primers.  
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Figure 2: Structure of the AtTPK5 gene, with a T-DNA insertion in the 5' UTR-region. It 

is also shown where the used primers bind in. The coordinates for the exons have been 

found using the known gene sequence from TAIR and SIGNAL. BLAST searches were 

employed in order to find the coordinates for the annealing area of the primers.  

 

4.3 DNA preparation  

 

Two separate buffers were prepared; one shorty buffer and one TE buffer. The shorty 

buffer contained: 0.2 M Tris-HCL, 0.4 M LiCl2, 25 mM EDTA (pH 8.0), 1% SDS and 

ddH2O. The contents of the TE buffer were: 10 mM Tris (pH 8.0), 1 mM EDTA (pH 8.0) 

and ddH2O. A small piece of leaf tissue (~0.5 cm
2
) was grinded in 40 µl shorty buffer 

with a sterile pestle in a sterile centrifuge Eppendorf tube (1.5 ml). 460 µl shorty buffer 

was then added to the Eppendorf tube, which was spinned down at a high centrifugation 

speed (14 rpm) for 7 minutes (min). 400 µl of the tube's content was transferred to 

another similar tube containing 400 µl of isopropanol. The tube containing the 800 µl 

mixture was inverted ~7 times and then once again spinned down for 15 min at high 

speed (14 rpm). The remaining supernatant was later decanted and the tube with the 

formed pellet containing DNA was dried on a paper cloth for ~3 hours. After the drying 

period ~100 µl of TE buffer was added to the dried tube. Thereafter, the tube holding the 

prepared DNA was quality measured, using a Nanodrop (ND-1000, Nanotech 

Tenchnologies, Wilmington, Delaware USA) spectrophotometer.   
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4.4 Polymerase Chain Reaction (PCR) 

 

The PCR master mix (Fermentas GmbH, Leon-Rot Germany)  volume was 47 µl in each 

PCR reaction tube and consisted of; 1.25 U/µl DreamTaq
TM 

DNA polymerase, 0.2 mM 

dNTP Mix, 0.2 µM of forward, reverse primers and T-DNA LB 1.3 primer, 5 µl 10x 

DreamTaq
TM  

Buffer (containing 20 mM MgCl2), 32.75 µl  ddH20 and 3 µl DNA 

template. The conditions of the PCR program used for the screening of the tpk5-e mutant 

and wild-type were as follows; 1. Initial denaturation step at 95ºC for 3 min with 1 repeat 

2. The second step consisted of denaturation for 30s at 95ºC, annealing with 30s at 52ºC 

and elongation with 60s at 72ºC for 30 repeats. 3 A final elongation step was held at 72ºC 

for 10 min. 4. A final holding step at 4ºC 

 

4.5 Oxygen (O2)-evolution 

 

An Oxytherm respirometer was used in assocation with a leaf disc electrode (model LD2, 

Hansatech, King's Lynn, Norfolk, England) to measure the steady-state photosynthetic 

oxygen evolution from both the tpk5-e mutant and wild-type at 20°C in a humidified 

Hansatech (Norfolk, England) electrode chamber which contained a sandwich with 

different layers consisting of a steel grid, a sponge, steel grid with an unperforated centre, 

and a steel grid with a perforated centre. Each measured leaf (2x2cm
2
) was placed on top 

of this sandwich, as recommended by the instruction manual from Hansatech. One layer 

of the sandwich consisted of a matting which was soaked with 200 µl NaHCO3, this 

saturated the electrode chamber with 5% CO2. The leaf disc Hansatech 

(Norfolk,England) electrode was soaked with a 3-5 drops of KCL in order to obtain 

optimum signal conductance. The top of the electrode chamber was used as a place to 

hold a LED  

light source (Hansatech), which provides red light illumination at 650nm and it can be 

automatically controlled by using the associated Oxylab control unit (Oxytherm). Red 

light was continuously supplied to each prepared leaf (2x2cm
2
)
 
 from both mutant and 

wild-type and photosynthetic flux density was adjusted by inserting commands to the 

oxylab software installed in an Compaq personal laptop computer. The oxylab computer 

software features automated control of the extrarenal red light source and it was used to 

measure the rate of oxygen production (dO2/dt) from which O2-evolution was calculated.  

Every leaf was measured for one minute at different predetermined irradiances  (µmol 

photons m
-2

 s
-1

) after initally being dark-adapted for two minutes.  

 

4.6 Electron transport rate (ETR) 

 

A Pulse-Amplitude Modulated (PAM)-210 fluorescence measuring device (Walz, 

Germany) was used to measure the chlorophyll fluorescence and to calculate electron 

transport rate (ETR) in 4 hour light adapted plants. The ETR was calculated by using a 

specific formula: ETR=0.84xRxPARxY' (Genti et al., 1989). 7 detached leaves were  
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individually measured on their top-side for two minutes at different light irradiances 

(µmol photons m
-2

 s
-1

) for three individual plants of both the tpk5-e mutant and wild-type.  

 

4.7 Isolation of thylakoids by sucrose gradient  

 

A chloroplast buffer was prepared containing 50 mM Tricine, 5 mM MgCl2, 0.3 M 

sucrose. Four different sucrose gradients were made with the following concentrations: 

0.6 M, 0.93 M, 1.2 M and 1.5 M. The isolation would start with the harvesting of 10 

grams of the sample leaves from approximately 3 full grown plants. Thereafter, the 

leaves were placed in cold ddH2O at 4ºC for 30 minutes (min). 100 ml of the chloroplast 

buffer was then mixed together with the harvested leaves in a beaker. Fresh 0.15% 

Bovine serume albumin coupled with 0.106 grams of ascorbic acid and 0.106 grams of 

cysteine was added into the mix The leaves were then grinded in a big grinder 4x1 

seconds (s). The mixed solution was then filtered and centrifuged in 40 ml centrifugation 

tubes at 3000 rpm in a cold room (4ºC) for 3 min. The formed pellet was resuspended 

with 10 ml chloroplast buffer, and the resuspended solutions were transferred into 1 

centrifugation tube. The tube was then centrifuged again at 3000 rpm for 3 min. The 

pellet from the centrifugation was resuspended in 1 ml of lysis buffer (5mM MgCl2) and 

incubated on ice for 10 min. The chlorophyll concentration was checked in 4 green 

Eppendorf tubes containing 995 µl acetone mixed with 5 µl of the sample using the 

Porra-method (Porra, 2002). The sample was then homogenized using a 15 ml potter A 

homogenizer and the sample was incubated for 10 min on ice. The gradients were 

prepared in 5 ml 14x89 mm ultra-clear Beckman-tubes (Beckman Coultier, Inc., CA 

USA). 1 ml of each gradient was added into 4 seperate tubes in this order: 1.5-1.2-0.93-

0.6 M. 0.8 ml of the chlorophyll sample was then added on top of the sucrose gradients. 

The Beckman-tubes were placed in a MLS-50 rotor (Beckman Coultier, Inc., CA USA) 

and centrifuged at 33000 rpm for 45 min at 4ºC in a Optima TLX Personal Benchtop 

Ultracentrifuge (Beckman Coultier, Inc., CA USA). The thylakoid fraction from the 

centrifugation were extracted using pasteur pipettes and then diluted thrice, down to 0.4 

M with 5mM MgCl2 . The thylakoid fraction was centrifuged at 5000 rpm for 10 min and 

the pellet was resuspended in 0.5 ml chloroplast buffer before the chlorophyll 

concentraion was checked again using the Porra-method (Porra, 2002). 

 

4.8 Statistics 

 

All the data were analysed using Student's t-test using open-office, excel and SPSS for 

the elucidation of differences between the wild-type and mutant. The results are 

presented as mean ± SE for the entire thesis unless it is stated otherwise.  
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5 Results 

 

5.1 Bioinformatic analysis 

 

By employing different subcellular localization tools, the predicted subcellular location 

of the AtTPK5 was established (Table 2), and based on the consensus results found at 

http://aramemnon.botanik.uni-koeln.de/  the protein under study is highly predicted to be 

located in the chloroplast.  

 

Table 2 

Aramemnon subcellular consensus prediction of AtTPK5. 

 chloroplast mitochondrion Secretory pathways 

Consensus 

prediction 

16,7 0 4,1 

 

 

5.2 PCR screening  

 

The extracted DNA from the tpk5-e mutant validated homozygous (HM) mutants from 

the first complete screening (Fig. 3). The wild-type was a positive (whole gene) and 

negative control (no T-DNA). No HM mutant plants were found when screening for the 

tpk5-UTR mutant from either the first or second screenings, since only heterozygous 

(HZ) plants could be found. 

 

Figure 3: The first complete gel-image from the HM tpk5-e mutant screening. G=gene 

specific amplification (401 and 402, see Fig. 1), T=T-DNA amplification (LB 1.3 and 

402, see Fig. 1). The second and fourth wells and their corresponding bands (T) 

represent the PCR fragments obtained using T-DNA primer and a gene-specific primer 

(0.6 kbp). The wild-type was used as a positive and negative control. Therefore, it has 

only a gene-specific amplified PCR fragment (0.9 kbp).   

http://aramemnon.botanik.uni-koeln.de/
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5.3 Effects of AtTPK5 deficiency on ETR 

 

The measurements of ETR are based on 51-53 day old plants for the wild-type (Col-0), 

and 54-56 day old plants for the HM tpk5-e mutant (Fig. 4). There was no significant 

difference in the mean values of the ETR measurements.  

 

Figure 4: A comparison of the electron transport rate in 4 hour light-adapted tpk5-e 

mutant and wild-type (Col-0) plants, of which their leaves were measured on the top side. 

Each point represents the mean ±SE of seven measured leaves from three different plants 

of each plant type. Where error bars are missing, it is considered that the error was 

smaller than the symbol's size; p≥0.05 
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5.4 Effects of AtTPK5 deficiency on O2-evolution 

 

The results gained from the O2-evolution were measured on 69 day old plants, 

comprising both the wild-type (Col-0) and mutant (tpk5-e) (Fig. 5). There was a 

statistical significant difference between wild-type and tpk5-e at photosynthetic active 

radiation (PAR) values higher than 500.  

 

Figure 5: A CO2-saturated photosynthetic oxygen evolution irradiance-response curve 

measured on both mutant (tpk5-e) and wild-type (Col-0). Each point represents the mean 

±SE of three different measured leaves. Where error bars are missing, it is considered 

that the error was smaller than the symbol's size: p<0.05 for PAR values 500, 800, 1200 

and 2000.  
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5.5 Plant fitness 

 

The fitness of each plant was observed by taking pictures and measuring their respective 

chlorophyll a & b pigment contents obtained from 10 grams(g) of isolated thylakoids. It 

can be seen quite clearly that the amount of pigments is slightly increased in the tpk5-e 

mutant plants (Fig. 6). The total amount of chlorophyll which was obtained for each plant 

type was: 0.44 g for the wild-type (Col-0) and 0.5 g for the mutant (tpk5-e).  

 

 
Figure 6: The amount of both chlorophyll pigments a and b measured from 10 grams of  

isolated thylakoids from each plant type. Each staple represents the mean ±SE of four 

measurements of isolated thylakoids. No statistical difference could be validated when 

comparing the pigments:. p≥0.05 

 

 

 

 

 

 

 

 
 

 

 

Figure 7: A picture of 60 day old plants taken from the wild-type (left) and HM tpk5-e 

mutants (right)  
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6 Discussion 

 

6.1 Improving tpk5-UTR mutant screenings 

 

Considering that the gene of AtTPK5 is a small gene, it has previously been indicated by 

Haas et al., (2002) that annotation protocols usually miss or make mistakes with small 

genes. It has been proven that approximately 35% of the transcripts found in the 

transcriptome of A. thaliana would need to be modified, and the sequencing of full-length 

cDNA coupled with computational mapping would improve the identification of the 

structures of exons and most notably untranslated regions (UTRs) of eurkaryotic genes 

(Haas et al., 2002). The primers that were used for the screening of HM tpk5-UTR 

mutants failed to comply with the expected results. Additionally, when performing a 

BLAST search (http://signal.salk.edu/cgi-bin/tdnaexpress) with the primers designed to 

find HM tpk5-UTR mutants and comparing them with the annotated gene of AtTPK5 

(At4g01840), it showed that the primers would bind onto the wrong coordinates. Judging, 

from this the gene At4g01840 would need to have its full-length cDNA sequenced with 

RT-PCR as a means to improve the annotation of the 5' UTR-region of the tpk5-UTR 

gene, with its T-DNA insert.  

 

6.2 ETR 

 

There have not been any previous reports on the implications of AtTPK5 loss on 

photosynthetic activity. Judging from the results observed in the present project, it seems 

that the overall rate of photosynthetic electron transport (from H2O to NADPH) is 

unaffected by the mutation. 

 

6.3 O2-evolution 

 

This project was also a pioneer in the measurement and observation of O2-evolution in 

HM tpk5-e mutants in comparison to the wild-type (Col-0). However, there have been 

similar experiments, like the one made by Hurry et al., (1997), where they measured  O2-

evolution in abscisic acid (ABA) deficient mutants. The results obtained from the present 

study clearly show that there is a slight decrease in the O2-evolution of HM tpk5-e 

mutants, since it is significantly different from the O2-evolution observed in Col-0 at 

PAR higher than the growth light. This would mean that O2-evolution is indeed affected 

by the deficiency of AtTPK5 under high light stress conditions.   

 

6.4 Plant fitness 

 

It has previously been reported that one of the components of oxygenic photosynthesis, 

chlorophyll a, is increased during high light stress of A. thaliana (Wulff-Zottele et al., 

2010). The consequence of this would be that the plants will look more dark-green.  

http://signal.salk.edu/cgi-bin/tdnaexpress
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However, the plants that were used in the present project were only grown during normal 

light conditions (120 µmol photons m
-2

 s
-1

), which should not stress the plant's growth. 

This would imply that the loss of AtTPK5 triggers an increase of chlorophyll amount in 

plant cells, which in turn changes the phenotype of the tpk5-e mutant (Fig. 7). However, 

the change in phenotype proved not to be statistically significant when chlorophyll was 

measured in both plant types (Fig. 6).  

 

6.5 Conclusions 

 

In conclusion, the sequence of the tpk5-UTR mutant gene needs to be properly annotated 

using its full-length cDNA. Unexpectedly, light-adapted tpk5-e plants proved to be 

unaffected in their ETR-activity while O2-evolution was statistically significantly lower 

in the tpk5-e mutant in comparison with the wild-type at PAR higher than 500, which 

indicates that photosystem II (PSII) activity is affected by the deficiency of AtTPK5.  

 

6.6 Future Implications 

 

Future studies could use different K
+
-channel inhibitors, such as 10 mM 

tetraethylammonium (TEA
+
), a general K

+
-channel blocker and 1 mM Mg

2+
 and Ba

2+
 

(Segalla et al., 2005) in order to confirm the counter-balancing role of K
+
 in plant cells.  
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