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Cloning of phosphorylation mutants of CA IX and transfection  

In vitro mutagenesis of Thr443 and Ser448 to Gly and/or Asp was performed by 

inverse PCR using the pSG5C-MN/CA9 expression plasmid containing the full-length human 

CA9 cDNA as a template (15, GenBank no. X66839). PCR amplification was done with a 

Phusion polymerase (Finnzymes) using the primers listed in Supplementary Tab. 1. PCR 

products were gel-purified, cleaved by EcoRI and SacI and ligated with T4 DNA ligase 

(Invitrogen). All constructs were verified by sequencing. MDCK cell lines constitutively 

expressing wild type CA IX protein or its mutants were obtained by co-transfection of 

plasmids containing CA9 cDNA or its mutated versions with pSV2neo plasmid in a 10:1 ratio 

using NeoFectinTM transfection reagent (Mid-Atlantic Biolabs). Transfected cells were 

selected in 500 μg/ml G418, cloned, screened for CA IX expression by flow cytometry and 

expanded. Clonal cell lines expressing similar levels of each CA IX mutant were chosen for 

further analysis. The cells co-transfected with empty pSG5C and pSV2 neo were used as 

mock controls. 

 

Cloning of chimeric CA IX with heterologous catalytic domains 

Chimeric CA IX was generated by replacement of the original catalytic domain (aa 

137-390) with corresponding regions of CA II (aa 2-259) and CA XII (aa 29-289), 

respectively. Relevant regions were amplified from cDNA of the human cell line Caki-1 

(kindly provided by Prof. Parkkila, Institute of Medical Technology, Tampere, Finland) 

incubated in 2% O2 for 24 hours. The amplification was done with chimeric primers matching 

the intended junctions between carbonic anhydrase IX, and CAII or XII. pBluescriptII-KS-

MN/CA9 vector containing the full-length CA9 cDNA (15) served for generation of the CA 

IX N-terminal (aa 1-136) and C-terminal (aa 391-459) fragments using specific internal 

primers and vector-specific sequencing primers (Supplementary Tab. 1). These fragments 



were joined with CAII or CAXII, respectively, in two rounds of PCR to create a fusion 

product. The chimeras were cloned into the eukaryotic expression vector pSG5C and 

resulting constructs were verified by sequencing.  

 

Inhibition of PKA activity by dominant-negative PKA 

Inhibition of PKA activity was achieved using pcDNA3.1+dnPKA plasmid which 

encodes the murine dominant-negative mutant of PKA regulatory subunit I. The plasmid was 

obtained by recloning dnPKA sequence from M7 pdnPKA-GFP (16716 Addgene plasmid, 

16) to pcDNA3.1+ plasmid to remove GFP that would interfere with FITC-labeled inhibitor 

of CA IX. MDCK-CA IX cells were transiently transfected with pcDNA3.1+dnPKA and 

empty vector similarly as described above. After 24 hours the cells were subjected to 

normoxic or hypoxic treatment for 44 hours. Then 100 μl aliquots of growth media were used 

to measure pH. Next, 0.1 mM FITC-CAI was added to cells followed by cultivation for 

additional 4 hours. Finally, accumulation of inhibitor was imaged by flourescence 

microscopy. 

 

 

 

 
 
 


