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e�ects of the pharmacological compounds. Overall, we did not identify statistically signi�cant KChIP2 trans-
location based on the pharmacologically induced acute elevation of intracellular Ca2� in vivo.

Figure 1. KChIP2 expression and subcellular localization in human hearts. (A) Representative 
immunoblots showing detection of KChIP2 in cytosolic (C) and nuclear (N) protein fractions from heart 
samples from heart-failure (HF; n � 3) and non-failing (NF; n � 2) patients. Lanes with molecular weight 
marker are indicated with M. Arrowheads indicate KChIP2 and �-tubulin bands in the upper and lower 
panel, respectively. The double band of lamin A/C is indicated with a �{�. Detecting �-tubulin and Lamin 
A/C confirms equal loading of cytosolic protein and successful fractionation, respectively. Each sample is 
analyzed in duplicate. (B) Quantification of the total amount of KChIP2 in the two experimental groups. 
(C) Quantification of Lamin A/C in nuclear and cytosolic fractions. (D) Ratio of the nuclear KChIP2 and 
nuclear Lamin A/C in NF and HF samples (�P � 0.025). (E) Ratio of the nuclear KChIP2 to total KChIP2. 
P values from Student�s t test.







www.nature.com/scientificreports/

6SCIENTIFIC REPORTS�������|�ã�x�~�}�|�v�������������ã���w�v�ä�w�v�y�~���•�”�‡�’�x�~�}�|�v

Figure 4. Regular KChIP2 (WT) and KChIP2-�EF (�EF) expression and localization in COS-1 cells. 
COS-1 cells transfected with WT KChIP2 and KChIP2-�EF and treated with 10 �M ionomycin for 40 min. 
Pictures showing representative cells stained using a KChIP2 antibody (green). �e nucleus is stained blue using 
DAPI. Both KChIP2 and KChIP2-�EF are present in the nucleus.

Figure 5. Ca2� depletion in HL-1 cells. (A) HL-1 cells transfected with KChIP2 cDNA and treated with 
0 �M A23187 in a Ca2�-containing medium or 10 �M A23187 in a Ca2�-free medium for 40 min. Pictures 
showing representative cells stained using a KChIP2 antibody (green). �e nucleus is stained blue using DAPI. 
(B) Quantitative analysis of KChIP2 localization a�er Ca2� depletion and the control. Five cells from each 
transfection (n � 2�3) were chosen for quanti�cation and compared using a Student�s t test.
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promoter region of Cacna1c was sensitive to CaMKII-mediated repression of transcription. When CaMKII was 
activated by rising cytosolic [Ca2�], KChIP3 would translocate from the cytosol to the nucleus, bind to the DRE 
and repress transcription of Cacna1c, the gene encoding CaV1.2, the cardiac calcium channel. Based on the overall 
similarity between KChIP2 and -3 and given the physiological expression of KChIP2 in the heart, we decided to 
test the hypothesis that KChIP2 was transcriptionally active.

KChIP2 is palmitoylated at the N-terminal which causes e�ective localization of KChIP2 to the cytoplasmic 
side of the plasma membrane and is required for achieving the full e�ect on Ito in heterologous expression sys-
tems30. Palmitoylation is the addition of palmitic acid derivatives to cysteine residues, and it has been suggested 
that it may not serve as a targeting signal per se, but rather stabilize the ion channel complex at the cell surface30. 
Both KChIP2 and -3 has a comparable cellular distribution, with clear staining in both cytoplasm and in nuclei 
in primary neuronal cultures18. In the present study, we show that KChIP2 can be identi�ed in nuclear protein 
fractions from cardiac tissue from humans and from mice, and we show by immuno�uorescence that cell lines 
transiently overexpressing KChIP2 have immunoreactive protein in the nucleus.

Figure 6. Expression of genes encoding membrane and ion-channel proteins in WT (n � 3) and KChIP2�/� 
(n � 3) hearts using the A�ymetrix Mouse Gene 482 1.0 array. Colours indicate log2-transformed and mean 
normalized expression levels from high (red) to low (blue) shown in pseudo colours of the z-score (standard 
deviations from the mean). �P � 0.05 (Student�s t test). �Gene not expressed above the level of background noise 
(indicated for genes with statistically signi�cant di�erences only). Integrin �-9 (Itga9) and the �2 subunit of the 
L-type Ca2� channel (Cacn2b) were expressed at 82% and 135%, respectively, in KChIP2�/� hearts, relative to 
WT. KChIP2 was not detected in KChIP2�/� hearts.
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