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Supplementary Figures
Figure S1. Structural overlay of GstCCA and EsiCCA. For the GstCCA enzyme (red), the pdb entry 1MIW was used. Structure prediction of EsiCCA (blue) was done using the program i-TASSER 1. The overlay clearly represents the close similarity of the thermo- and psychrophilic enzyme. Lower right part: For enzyme chimeras, proline 206 (yellow) of GstCCA, located between two α-helices in the corresponding crystal structure (3), was selected as a compatible fusion position. In the predicted structure of EsiCCA, a corresponding proline position 202 (yellow) was identified. In the bar diagrams, the Esi part is indicated in blue, the Gst part in red. N-terminal catalytic core motifs are shown as green blocks. Upper right part: Blow-up of part of the C-terminus of both enzymes. The cold-adapted EsiCCA enzyme shows a reduction in α-helicity that might contribute to the increased flexibility required for low temperature activity.

Figure S2. Kinetic parameters of CCA-addition at different temperatures. At optimal temperatures, the meso- and thermophilic enzymes show the highest turnover numbers (kcat, blue) and outperform their psychrophilic counterparts. At 25°C, cold adapted EsiCCA and PhaCCA show an activity comparable to BsuCCA and GstCCA. At 4°C, only cold-adapted enzymes exhibit a considerable activity. The KM values (orange) of EsiCCA and PhaCCA are dramatically increased, indicating a typical strategy for adaptation to low temperatures.

Figure S3. tRNA genes in the investigated Bacillales. The relative amount of tRNA genes with encoded CCA-ends is indicated in colour and compared to tRNA genes without CCA-end (white).

Figure S4. CD spectroscopy of CCA-adding enzymes. CD spectra were recorded from 200 nm to 260 nm. (A) For GstCCA (red) and BsuCCA (green), distinct minima at 208 and 222 nm were detected, indicating a high amount of α-helical regions. For PhaCCA (cyan) and EsiCCA (blue), only the minimum at 208 nm is detectable, indicating that the psychrophilic enzymes have an altered or less ordered structure. (B) CD spectrum of chimeric enzymes. For the thermophilic parental GstCCA (dark grey), the minimum at 222 nm indicates a high amount of α-helical elements in the protein. In the psychrophilic parental EsiCCA (light grey), this minimum is absent, indicating a reduced α-helicity. In the chimeric enzymes, only GstEsiCCA lacks this minimum, while it is present in EsiGstCCA. These data show that the reduction in α-helices is located in the C-terminal part of EsiCCA, as indicated in the corresponding structure prediction shown in Figure S1.



References
1.	Zhang Y. I-TASSER server for protein 3D structure prediction. BMC Bioinf 2008; 9:40.

