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Abstract 

 
Chloroplasts are cell organelles responsible for photosynthesis. Although chloroplast 

have their own genome it is not sufficient to encode all the proteins which are located 
there. Most of the proteins are imported from the cytosol through the so called toc/tic 

pathway. It has been recently showed that Arabidopsis CAH1 is transported to the 
chloroplast through the secretory route in a fully new pathway. It has also been 

demonstrated that the N-terminal signal peptide of CAH1 targets it to the ER where the 
protein gets glycosylated. Structure of the Arabidopsis CAH1 suggests that its C-

terminus might be responsible for targeting the protein to the chloroplast. By expressing 
N- and C-terminal labeled CAH1 we show that the expression level of the N-terminal 

labeled form is high and the majority of the labeled protein is localized in the 
chloroplast. By contrast, the C-terminal labeled CAH1 expressed weakly if at all, and 

due to the low expression level immunolocalization of the protein is difficult. We also 
demonstrate that the strong expression level of the N-terminal labeled CAH1 makes it 

feasible to affinity purify the glycosylated protein for structural studies.  
 

Chloroplasts are cell organelles responsible 

for photosynthesis which are located in 

plant cells and eukaryotic algae.  The 

structure of chloroplast is almost the same 

as cyanobacteria (blue algae). Chloroplast 

like cyanobacteria have a non-

chromosomal structured DNA-genome and 

they have their own protein synthesis. The 

chloroplast ribosomes are from 70S type 

like by prokaryotes. Further the chloroplast 

ribosomal proteins show a structural 

similarity to those in cyanobacteria. All 

this support the endosymbiotic theory 

which stipulates that chloroplasts were 

cyanobacteria which have been ingested by 

a cell. The result of this event was the loss 

of a large amount of DNA which is 

supposed to have been transported to the 

nucleus. This means that over 90% of the 

proteins which are found in the chloroplast 

are synthesised in the cytosol and then 

transported to the chloroplast. Thus a 

process has been developed to transport 

cytosol synthesized proteins to the 

chloroplast. It is generally accepted that the 

cytosol synthesized pre-proteins are 

targeted to the chloroplast by their transit 

sequence which is located at the N-

terminus of the pre-protein. This transit 

peptide interacts with a complex which is 

located in the chloroplast membrane. The 

so called toc/tic (translocon outer/inner 

membrane) complex allows the entrance of 

the protein into the chloroplast and so the 

import of the protein into the stroma 

(Jarvis and Soll, 2001).  

 

The Arabidopsis CAH1 belongs to the -

carbonic anhydrase family. This zinc 

enzyme family, which is divided in 3 

groups ( ,  and ) catalyses the 

hydratation of CO2 to H2CO3. The 

structure of CAH1 shows that it carries a 

signal peptide at its N-terminal and a lysine 

cluster at its C-terminal (highly 

hydrophobe). This lysine cluster is a 

conserved region in -carbonic anhydrase 

from other organisms. The C-terminal of 



the Arabidopsis CAH1 has some similarities with the acyl carrier protein of 

the malaria parasite Plasmodium 

falciparum (Foth et al., 2003) which needs 

lysine for targeting to the apicoplast of the 

parasite. This suggests that the C-terminal 

might also play a role in the targeting of 

CAH1 to the chloroplast. CAH1 also 

carries five putative glycosylation sites 

which have not been defined yet. It has 

been previously showed by 

immunolocalization analysis and 

biochemical fractionation that the 

Arabidopsis carbonic anhydrase CAH1 

(accession number AAC32523) is located 

in the chloroplast stroma. CAH1 is 

predicted to enter the secretory pathway by 

neural network-based tool TargetP 

(Emanuelsson et al., 2000 and Nielsen et 

al., 1997).  

 

Arabidopsis CAH1 appears to be 

transported differently from the common 

accepted protein transport pathway. It has 

been showed that Arabidopsis CAH1 is 

targeted to the chloroplast through the 

secretory pathway (Villajero et al., 2005). 

Indeed they have demonstrated that the 

Arabidopsis CAH1 is targeted by its signal 

peptide to the ER (endoplasmatic 

reticulum) where the signal peptide is 

cleaved off. Also the N-glycosylation of 

the protein starts there before it is 

transported to the Golgi. The N-

glycosylation of CAH1 is completed in the 

Golgi then the protein is either directly 

transported to the chloroplast or indirectly 

to the chloroplast (Villajero et al., 2005). 

 

The N-glycosylation of proteins has a great 

impact on their physico-chemical and 

biological function. The N-glycosylation of 

protein in plants starts with the transfer in 

the ER (endoplasmatic reticulum) of the 

oligosaccharide precursor 

Glc3Man9GlcNAc2 from a dolichol lipid 

carrier to specific Asparagine (Asn) 

residues on the nascent polypeptide chain 

(Rayon, Lerouge and Faye, 1998). After 

the transfer, Glc3Man9GlcNAc2 

undergoes trimming of the glucose (Glc) 

and some mannose (Man) residues, first in 

the ER and then in the Golgi, giving rise to 

high–mannose-type N-glycans from five to 

nine mannose residues (Maia and Leite, 

2001). Plant N-glycans can be further 

modified in the Golgi into complex-type 

N-glycans during the transport of 

glycoprotein from the cis, through medial 

to trans cisternae (Lerouge and Faye, 

1998). N-glycans can still be modified after 

their maturation in the ER and the Golgi 

either during their transport or in the 

compartment of its final location. Some 

glycoproteins in bacteria are glycosylated 

in the chloroplasts (Upreti et al., 2003) but 

this doesn’t happen with CAH1 since its 

glycosylation goes through the secretory 

system.  

N-glycosylation of proteins prevents them 

against proteolytic degradation and plays a 

role in the correct folding and biological 

activity of the protein. It has also been 

suggested they might contain targeting 

information or are directly involved in 

protein recognition or cell-cell adhesion 

pathway.  

 

The aim of this project was to express N- 

and C-terminal labeled CAH1 proteins in 

Arabidopsis cells, analyse their expression 

level and localisation and finally, to purify 

the expressed protein for structural studies.   

To achieve these goals we first fused a 

HA-SBP (Hemagglutinin-Streptavidin 

Binding Peptide) tandem-epitope tag to the 

N- and the C-terminal of the CAH1. This 

gave us N- and C-labeled CAH1 constructs 

to analyse the role of the C- and the N-

terminal of CAH1. 

Then the constructs were transfected into 

Arabidopsis protoplasts and the protein 

expression were analysed by 

immunoblotting. This allowed us to 

conclude which epitope-labeled CAH1 is 

expressed or better expressed in the 

Arabidopsis protoplasts .  

We then made immunolocalization of both 

C- and N-terminal epitope-labeled CAH1 

in Arabidopsis protoplasts to determine, by 



confocal microscopy, where in the cell the 

protein is located. 

We used protoplasts from the Arabidopsis 

Columbia and the Erecta ecotypes since 

the expression of protein is better in the 

first one but the second one is more 

suitable for confocal analysis.  

Since we also intended to analyse the 

expression of the proteins in vivo, we 

wanted to create constructs in a binary 

vector and then transform Arabidopsis 

plants. Finally the extracted proteins 

should be purified and analised by mass 

spectrometry.  

 

Results 
 
Expression of N-and C-terminal labeled 

CAH1 protein in protoplasts 
 

Previous attempts to express tagged CAH1 

in plants indicated that the C-terminal 

polypeptide might be important for 

targeting the protein into chloroplasts. 

When CAH1 fused at its C-terminal to a 

6xHis tag was produced in planta the 

protein was expressed but could not be 

detected in the chloroplasts. To test 

whether this is due to the charged character 

of the 6xHis tag or due to the disruption of 

a functional targeting sequence present at 

the C-terminus of CAH1 protein, a tandem 

HA-SBP (Hemagglutinin-Streptavidin 

Binding Peptide) epitope tag was fused to 

the N- and the C-terminus of CAH1. The 

HA epitope tag is useful for a variety of 

functional studies including 

immunolocalization, immunopricipitation 

and analysis of binding sites using 

immunodetection. All constructs were 

controlled by the 35S promoter 

(CaMV35S) which gives high expression 

levels in plants.  

Scheme of the fusion constructs is shown 

on Figure2. Both 35S-SP- and CAH1 

fragment were cloned in to a HA-SBP tag 

containing vector (a modified pPE1000 

vector).  

 

 

 

MKIMMMIKLCFFSMSLICIAPADAQ*TEGVVFGYKGKNGPNQWGHLNPH

FTTCAVGKLQSPIDIQRRQIFYNHKLNSIHREYYFTNATLVNHVCNVAMFF

GEGAGDVIIENKNYTLLQMHWHTPSEHHLHGVGYAAELHMVHQAKDGS

FAVVASLFKIGTEEPFLSQMKEKLVKLKEERLKGNHTAQVEVGRIDTRHIE

RKTRKYYRYIGSLTTPPCSENVSWTILGKVRSMSKEQVELLRSPLDTSFKN

NSRPCQPLNGRRVEMFHDHERVDKKETGNKKKKPN 

 

Fig.1: Amino acid sequence of Arabidopsis CAH1. The underlined amino acids indicate 

possible N-glycosylation sites. The star shows the predicted signal peptide cleavage site. 

 

 

For the N-terminal labeled CAH1 the 35S 

promoter and the signal peptide were 

amplified by PCR reaction, the product 

was digested and cloned in front of the 

HA-SBP tandem tag. The rest of CAH1 

was amplified separately and inserted after 

the HA-SBP tandem tag (Fig.2). To build 

the C-terminal labeled CAH1, the CAH1 

fragment was fused between the two 35S 

promoters and the HA-SBP tandem tag of 

the pPE1000 vector. 

 

 

 

 

         

 

 

 

 

 

 

 



 

 

                              (a)             

 

 

                                                                                                                                        

        (b) 

 

 

Fig. 2: Simplified structures of the C- and N-terminal labeled CAH1 in 

pPE1000 modified vector. N-terminal labeled (a), C-terminal labeled 

(b).  

 

 

Plasmid DNA prepared from the positive 

clones was used for protein expression 

analysis in Arabidopsis protoplast.  

 

Protein Isolation from Arabidopsis 

Protoplasts  
 

We analysed the expression of C- and the 

N-terminal labeled CAH1 in vitro. For this 

purpose the C- and N-terminal labeled 

CAH1 were PEG-transfected into 

Arabidopsis protoplasts. The expression of 

the protein was analysed at 24 and 48 h 

post-transfection. The proteins were 

extracted from protoplasts and their 

expression was analysed with a western 

blot. Anti-HA and anti-CAH1 antibodies 

were used to detect the labeled CAH1 

protein. 

  

 

 
 

 
Figure 3: Western blot detection of the expression of N-terminal labeled CAH1 in 

Arabidopsis protoplasts 48h after the transfection. The Ts represent the positive clones after 

the cloning. The control is protoplasts transfected with water (Col-0).  

 

The western blot pictures of the N-terminal 

labeled CAH1 showed that the protein is 

highly expressed in Arabidopsis 

protoplasts. The HA epitope and CAH1 

protein were clearly detected by the anti-

HA and the anti-CAH1 antibodies, 

respectively. From the western blot of the 

different N-terminal labeled CAH1 clones 

we could see which one was better 

expressed in the protoplasts.  
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Fig. 4:  Western blot of the N-terminal labeled CAH1 in Arabidopsis protoplasts 24 and 

48h after the transfection.  

 

  

The expression of the N-terminal labeled 

CAH1 was also tested in protoplasts 

prepared from Arabidopsis erecta culture. 

The blot pictures (Fig.4) showed that the 

protein expression was visible 48h after the 

transfection. On the western blot with the 

CAH1 antibody the presence of proteins 

could hardly be seen 24h post-transfection. 

This suggests that the expression of CAH1 

protein is weaker at 24 h than 48h after the 

protoplasts transfection. All this results 

confirmed that the N-terminal labeled 

CAH1 was expressed in Arabidopsis 

protoplasts. The expression of the C-

terminal labeled CAH1 was also analysed 

in Arabidopsis protoplasts. Protoplasts 

were PEG transfected and the protein 

expression was analyzed by western blot 

24 and 48h after the transfection. The 

western blot shows the expression of the 

C-terminal labeled CAH1. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Western blot of Arabidopsis (Erecta, Colombia) protoplasts PEG transfected with 

C-terminal labeled CAH1. 
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The expression of the C-terminal labeled 

Arabidopsis CAH1 was also investigated 

both in Erecta and Columbia protoplasts. 

The signal in Erecta protoplasts was 

weaker with the anti-HA antibody than the 

signal in Columbia protoplasts. We have 

also made a blot with the anti-CAH1 

antibody but there was no signal either in 

Erecta or Columbia.  

 

Immunolocalisation of the C- and the N-

terminal labeled CAH1  
Since the results of the western blots 

showed that the proteins are expressed in  

protoplasts, we also wanted to analyse their 

localisation within the cells. In order to see 

the localisation of the protein in the 

protoplasts, cells from Arabidopsis (Erecta 

and Columbia) were transfected and fixed 

for immunolocalization analysis. Since the 

expression of the proteins was better 

observed on the blots 48h after the 

transfection, the fixation of the protoplast 

for immunolocalisation was performed 48h 

after the protoplasts transfection. The 

localisation of the proteins in the cells was 

observed by confocal microscopy.

.   
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Figure 6: Localization of the different proteins in Arabidopsis protoplasts. All protoplasts    

were PEG transfected and the incubation time was 48h. I: localization of the N-terminal 

labeled CAH1. II: localization of the C-terminal labeled CAH1. Protoplasts under visible 

light (a), Chlorophyll autofluorescence (b), HA immunofluorescence (c).   

 

 

The protoplasts were analysed by confocal 

microscopy under different illumination 

conditions. The autofluorescence of the 

chlorophyll was observed  as well as the 

immunofluorescence signal of the labeled 

HA-tag. Comparison of the chlorophyll 

autofluorescence pattern with the HA 

immunofluorescence picture of N-terminal 

a b c 

a b c 



labeled CAH1 expressing cells showed that 

majority of the protein is localized in the 

chloroplasts.  

The localization picture of the C-terminal 

labeled CAH1 shows less autofluorescence 

of the chlorophyll although the protoplasts 

are from the Erecta ecotype which 

contains more chloroplasts than the 

Columbia ecotype. This weak 

autofluorescence of the chlorophyll made it 

difficult to compare the HA 

immunoflurescence picture with the 

chlorophyll autofluorescence pattern. The 

fluorescence picture showed some strongly 

fluorescent areas which were not present in 

the chlorophyll autofluorescent picture. 

Thus evidences were not sufficient to 

determine  the localisation of the  C-

terminal labeled CAH1 in the protoplasts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Detection of N-terminal labeled CAH1 after immunoprecipitation.  

Protoplasts were transfected either with the expression construct (Ntag) or 

with the empty vector (Ctr). From cell extracts proteins were immunoprecipitated 

with an anti-HA antibody, the purified immunocomplexes were resolved by SDS 

PAGE and immunoblotted with anti-HA-POD, anti-CAH1 and anti-Fucose antibodies. 

Bands marked with an asterisk are cross-reactions with IgG heavy and light chains.         

 
 

 
Immunoaffinity purifuaction CAH1 
protein 

 

The previous results show that the 

expression of the N-terminal labeled 

CAH1 was better than expression of the C-

terminal labeled CAH1 and that the N-

terminal labeled CAH1 was better 

expressed in Columbia protoplast than in 

Erecta protoplasts. Thus for affinity 

purification of the protein the N-terminal 

labeled CAH1 was PEG transfected into 

Columbia protoplasts. The proteins were 

extracted 48h after the transfection and 

were immunoprecipitated with the anti-HA 

antibody. This method allows the fast and 

gentle purification of epitope-tagged 

proteins. The purified immunocomplexes 

were then separated on a SDS-PAGE and 

immunoblotted with the anti-HA-POD, 

anti-CAH1 and anti-Fucose antibodies 

(Fig.7). The immunoaffinity purified 

protein was detected with the anti-HA-

POD and the anti-CAH1 antibodies. More 

importantly, the protein was also detected 

with the anti-Fucose antibody indicating 

that the expressed protein is glycosylated. 

These results suggest that expression of the 

N-terminal labeled CAH1 protein in 

protoplast can be a suitable experimental 

system to purify the glycosylated protein 
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for subsequent mass spactrometric analysis.

  

Discussion 
 

Previous results showed that the 

Arabidopsis CAH1 is targeted by its N-

terminal signal peptide to the 

endoplasmatic reticulum (ER). It has also 

been demonstrated that CAH1 

glycosylation starts in the ER and matures 

in the Golgi. All this evidences have 

supported the idea of a novel route for the 

CAH1 protein which is targeted to the 

chloroplast through the secretory pathway 

and is N-glycosylated.  

The aim of this project was to create C- 

and N-terminal labeled Arabidopsis CAH1 

fusion proteins and to analyse their level of 

expression. These results should determine 

which labeled CAH1 is better siuted for 

affinity purification experiments and 

structural analysis.  

 

To achieve our goals an HA-SBP tandem 

tag was fused to the C- and the N-terminal 

of CAH1 and the expression of both 

proteins were analysed in vitro in 

Arabidopsis protoplasts. The expression of 

the C- and the N-labeled CAH1 protein 

was determined by immunoblotting with 

the anti-HA and anti-CAH1 antibodies and 

by immonolocalization studies. 

 

The expression of N-terminal labeled 

CAH1 was detected with anti-HA and anti-

CAH1 antibodies. We could also notice 

that the expression of the protein was 

higher 48 hours after the protoplasts 

transfection (Fig. 6) than 24 hours after the 

transfection. Another interesting point was 

the difference between the protein 

expression in Columbia protoplasts and in 

Erecta protoplasts. When comparing the 

expression levels of the protein in Erecta 

and Columbia protoplasts, it was clear that 

the expression was weaker in Erecta which 

has more chloroplasts than Columbia. An 

explanation for this could be that in the 

chloroplasts the protein might have 

degraded. We also performed an 

immunolocalization of the N-terminal 

labeled CAH1 in protoplasts by confocal 

microscopy. The protoplasts were observed 

under different illuminations. From the 

pictures we could notice that the 

chlorophyll was highly fluorescent which 

was useful for the HA 

immunofluorescence analysis. By 

comparing  the  chlorophyll 

autofluorescence pattern with the HA 

immunolocalization signals we could find 

some evidences suggesting that the HA-

labeled CAH1 was immunolocalised in the 

protoplasts. These results confirmed that 

the N-terminal labeled Arabidopsis CAH1 

was present in the Arabidopsis protoplasts.  

 

Fore some reasons the C-terminal labeled 

CAH1 was hardly detectable, if at all. The 

blots of the C-terminal labeled CAH1 did 

showed a signal with the ant-HA but not 

with the anti-CAH1 antibodies. Again the 

expression of the protein was better in the 

Columbia than in the Erecta protoplasts. 

Somehow the protein was degraded 

making any detection impossible. We also 

analysed the localization of the protein in 

Arabidopsis protoplasts. Similarly to the 

N-terminal labeled CAH1, the transfected 

protoplasts were fixed 48h after the 

transfection. The first thing to notice was 

the weak autofluorescence of the 

chlorophyll in the Erecta protoplasts. For 

some reasons the chlorophyll signal was 

very low. This made the analysis of the HA 

localization more difficult. In fact we were 

not able to determine whether the HA was 

indeed localized or not. We were able to 

see some signal which could have been the 

HA immunolocalization but we were not 

able to make any affirmation at this point. 

But since the C-terminal labeled CAH1 

was expressed with the anti-HA antibody 

it’s somehow confirming that the protein 

was present in the protoplasts. 

Furthermore the results of the 

immunoprecipitation of the N-terminal 

labeled CAH1 and its immunoblotting with 

the anti-HA-POD, anti-CAH1 and anti-

Fucose antibody show that the expressed 



protein is glycosylated. This indicates that 

the N-terminal labeled form is more 

appropriate for affinity purification and 

structural analysis.  

 

Conclusions and perspectives 
 

The results of the expression of both fusion 

proteins clearly show that the N-terminal 

labeled Arabidopsis CAH1 is more suitable 

for affinity purification and structural 

analysis. Further, we could confirm that 

the CAH1 protein is glycosylated. This 

will be particularly useful for the analysis 

of the N-glycosylation of the Arabidopsis 

CAH1. 

In order to gain more information on the 

expression of the N- and the C-terminal 

labeled CAH1, both constructs are being 

cloned into a binary vector for Arabidopsis 

plants transformation. The expression of 

the fusion proteins will be studied in wild-

type and homozygous cah1 Arabidopsis 

null mutant plants. The labeled proteins 

purified from the transgenic plants will 

also  be purified for structural analysis. All 

these shall give us information about the 

N-glycosylation of the Arabidopsis CAH1. 

 

 

Methods 

 

Construction of the C- and the N-labeled 

CAH1  
The construction of the N-terminal labeled 

Arabidopsis CAH1 was performed as 

follows: 

The 35S-SP (signal peptide) segment was 

amplified by PCR from the GFP reporter 

plasmid CaMV35S-sGFP (S65T)-nos3´. 

The two primers for-pUC18 (5´-

GTTTTCCCAGTCACGAC-3) and rev-

XbaI 

(TCTGTCTTCCTCATCACAGATCTAG

ATC) (underlined bases show the 

restriction sites) were used for the 

amplification. The 35S-SP fragment was 

digested with BamHI then a Klenow filling 

was made before a second digestion with 

XbaI. The pPe1000 NanoT was digested 

with XhoI and XbaI to remove the two 35S 

promoters and a Klenow filling was also 

performed to allow ligation with the 35S-

SP DNA fragment. The CAH1 DNA 

fragment without the signal peptide was 

PCR amplified using the two primers for-

BamHI 

(CAAGAGGATCCTCAGACAGAAGGA

GTAG)  and  rev-BamHI 

(TATGGATCCTTAATTGGGTTTTTTCT

TT). The CAH1 fragment was then cloned 

into the pPE1000 Nano T vector 

containing the cloned 35S-SP fragment and 

digested with BamHI.  

 For the C-terminal labeled Arabidopsis 

CAH1 following steps were made: The 

entire coding region corresponding to the 

coding region of Arabidopsis CAH1 was 

PCR amplified by using the primers for-

BspHI 

(AAGCTTCATGAAGATTATGATGATG

)  and  rev-BspHI  primers 

(AAACTCATGAAATTGGGTTTTTTCT

TTTTG).The CAH1 DNA fragment was 

digested with BspHI and cloned to the 

pPE1000 NanoT vector digested with 

BspHI. 

 

Protoplasts Preparation from 
Arabidopsis cell cultures 

 

A three days old Arabidopsis cell culture 

was collected in a 50 ml falcon tube and 

spin down five minutes by 1500 rpm. After 

discarding the supernatant the tubes was 

filled with B5-0.34M GM solution (B5 

powder (4.4 g/l), 30.5g/l Glucose, 30.5g/l 

Mannitol and pH 5.5 with KOH) to 25 ml 

and 25 ml of enzyme solution 

(1%Cellulase, 0.2% Macerozyme, in B5-

0.34M GM (see bellow) solution) were 

added to the cells suspension for a final 

volume of 50ml. The suspension was 

transferred into a Petri dish and shacked 

for 3 to 4h. After a quality check the cells 

were transferred to a new falcon and 

centrifuged for 5 min at 1500 rpm. The 

supernatant was discarded; the cells were 

resuspended in 25 ml B5-0.34M GM and 

spin again 5 min at 1000 rpm. After 

removing the supernatant the cells were 

resuspended in 25 ml B5-0.28M S (B5 



powder, 0.28 M Sucrose (96g/l) and the pH 

adjusted to 5.5 with KOH) and spin 5 min 

at 800 rpm. The floating protoplasts were 

collected in a new 15 ml falcon tube. The 

number of protoplasts was counted in 

microliters in a haemocytometer with the 

following formula:  Total of counted 

protoplasts in the microscope x 50 

(dilution factor) x 10
4
. The protoplasts 

were PEG (polyethylene glycol) 

transformed immediately. 

 

PEG transfection of Arabidopsis 
protoplasts 

 

For the transfection 5 g of each plasmid in 

15 l water was used to transform 500.000 

protoplasts resuspended in 50 l B5-0.34M 

GM. After mixing the DNA and the 

protoplasts by ticking 150 l PEG were 

immediately add to the suspension and left 

15-30 min in the dark by room temperature 

(RT). To wash the PEG 0.275M Ca(NO3)2 

was added  to the suspension in two steps 

of 0.5ml, then mixed and centrifuged for 7 

min at 800 rpm. The supernatant was 

carefully removed with the vacuum pump 

and 0.5 ml B5-0.34M GM was added to 

cultivate in the dark by room temperature. 

The proteins were extracted after 24 and 48 

h cultivation.    

   

Protein extraction from Protoplasts 

 

The transfected protoplasts were first 

centrifuge for 5 min at 1200 rpm in a 

swing-out rotor and most of the 

supernatant was removed. To remove the 

rest of the supernatant the suspension was 

centrifuged for 30-45 sec at 8000 rpm in an 

Eppendorf centrifuge and the supernatant 

was gently and carefully sucked. The 

protoplasts were resuspended in 25 l 

extraction buffer (see bellow) and frozen in 

liquid nitrogen. After thawing on ice   the 

samples were centrifuged for 10 min full 

speed by 4°C (Eppendorf centrifuge in a 

cold room). The clear supernatant was 

removed and mixed with 5x loading buffer 

(DTT); after 4 min incubation at 95°C the 

proteins were separated on a SDS page gel 

(12% separating gel). 

 

Western blot 
For the western blot analysis the antibodies 

raised against HA and CAH1 were used. 

After the separation on a SDS gel the 

proteins were electro-transferred to a 

PVDF membrane. The membrane was 

rinsed two times (10 min) with MQ water, 

protein side up and stained with Ponceau 

solution; this step makes the proteins 

visible. After washing the Ponceau 

solution with 1% acetic acid and TBST the 

membrane was blocked with a 5% 

blocking buffer (5% milk in TBST) for 2 

hours at room temperature (RT) on a 

shaker. The membrane was washed with 

TBST and incubated with the primary 

antibody (1:2000 in blocking solution) for 

2 hours at RT. The antibody was washed 

out with TBST (2 times) and blocking 

buffer for 10 min each and incubated with 

the secondary antibody (1:20000) for 1 

hour at RT. The membrane was washed 

with TBST (2 times), blocking buffer and 

MQ water. To detect the antibody-antigen 

conjugate after exposing an X-ray film 

(Chronex, AGFA) the membrane was 

incubated 6 min with ECL (enhanced 

chemiluminescence).   

 
Immunolocalization  

The PEG transfected Arabidopsis 

protoplasts were collected and fixed: 1ml 

of MBS+GM+PFA were added slowly and 

drop wise to the protoplast and left for 45-

60 min at RT (cells were gently 

resuspended when they settled). The 

suspension was centrifuged, the 

supernatant removed and the cells were 

washed 3-5x 10 min with MBS+GM 

solution. A drop of cells (ca. 50 l) on a 

Polysine glass slide and leave them in a 

wet chamber for 30 min at RT to allow 

them to bind to the slide. After letting the 

drop dry (white) the protoplasts were 

covered with MBS+GM+0.5% Triton-X 

100 (TRIT) or FITC (Fluorescein iso-

thiocyanate) for 15-20 min at RT. After 3-

5x washing with MBS+GM the protoplasts 



were blocked with MBS+GM+2%BSA or 

MBS+GM+3% donkey serum for one hour 

at RT or overnight in the cold room.  Then 

the first antibody (1:200 anti-HA diluted in 

MBS+GM) was applied and the protoplasts 

were incubated for 1 h at RT in the dark. 

After washing 4-5x 10 min each with 

MBS+GM the second antibody was 

applied (1:200 FITC conjugated anti-

mouse lgG in MBS+GM) and incubated 1 

h at RT in dark. Then followed 4-5x 10 

min each washing with MBS+GM. The 

protoplasts were covered with Citifluor 

(prevents bleaching) and cover slip and 

seal with nail polish. The cells were 

observed with a confocal microscope. 

 

Immunoaffinity purification of proteins 
 

Labeled CAH1 was immunoprecipitated 

from protein extract of transfected 

protoplasts with an anti-HA monoclonal 

antibody. Immunocoplexes were collected 

on 20 L of Protein G-Sepharose beads, 

the beads were washed three times with 

extraction buffer and once with 20 mM 

Tris pH 7.5. Bound proteins were then 

eluted with 35 L of SDS loading buffer 

and resolved by SDS-PAGE. 

 
Confocal microscopy 

 
All confocal work was kindly performed 

by Stefan Burén, PhD student at the UPSC. 
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