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MMP23 regulation of potassium channels

Table S1. Average R, R, and R|/R;, values for MMP23-PD.

Region R, R, Ri/R,
C) C)
MMP23-PD 1.16 +£0.03 10.79 £0.03 0.21 £0.02
Transmembrane domain, o1 0.95 +£0.04 17.71 £ 0.05 0.06 £0.01

(residues 16-40)

C-terminal helix (a2; residues 1.16+0.02 | 11.59+0.03 | 0.11+0.01
45-60)

Longitudinal (R,) and transverse (R,) "°N relaxation rates were obtained at 600 MHz and 30°C for a
solution containing 0.7 mM ""N-labelled MMP23-PD in 20 mM sodium citrate (pH 5.0), 100 mM
DPC, 20 mM TCEP, 0.02% (w/v) sodium azide, 95% H,O and 10% ’H,0.
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Supplemental Figure S1. Sequence alignment of the IgCAM domain of MMP23's with ROBO
proteins. The C-terminal IgCAM domain of MMP23 exhibits high sequence similarity with the
ROBO, CDON and brother of CDO proteins. Identical residues are highlighted in yellow, and
conserved residues are highlighted in grey.
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Supplemental Figure S2. Biophysical properties of Ky1.3 in cells expressing MMP23-FL or
MMP23-PD versus normal Ky1.3. 4, averaged current traces elicited by a +40 mV depolarizing pulse
for 200 msec during whole-cell patch-clamping recordings. The activation and inactivation of
Ky1.3-GFP were the same in cells co-expressing DsRed-MMP23-FL, DsRed-MMP23-PD or the
DsRed vector. GFP-tagged Ky1.3 channels showed no differences compared to those of untagged
Ky1.3 stably expressed in the L929 cell line (1). B, Current-Voltage relationship of Ky1.3 was the
same in cells co-expressing DsRed-MMP23-FL, DsRed-MMP23-PD or the DsRed vector.
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Rat MMP23-PD1 MGWRACLRPEASGA-VQGRWLGAVLSGLCLLSALAFLEWLGSPTETAWNAAQGNVDAPDV 59
Mouse MMP23-PD 1 MGCRACLRPEASGA-VQGRWLGAALSGLCLLSALALLEWLGAPTETAWRAAQGNVDAPNV 59
Human MMPZ23-FPD 1 MGRGARVPSEAPGAGVERRWLGAALVALCLLPALVLLARLGAPAVPAWSAAQGDVAALGL 60

Rat MMPZ23-PD60 GGSTP-QVPSLLSMLVTRRRRYTLTPARL 87
Mouse MMP23-PD €0 GSSTA-QVPRLLTMSVTRRRRYTLTPARL 87
Human MMP23-PD61 SAVPPTRVPGPLA---PRRRRYTLTPARL 86

Supplemental Figure S3. Comparison of sequences of rat, mouse and human MMP23-PD. Rat
MMP23 is not processed (cleaved) in mammalian cells despite containing the RRRRY furin cleavage

site (6).
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Supplemental Figure S4. Co-localization of MMP23-TxD and MMP23-CatDom with Ky1.3. A4,
confocal images demonstrating that Ky1.3-GFP co-localizes with DsRed-MMP23-TxD. The
MMP23-TxD construct contains the pro-domain, the catalytic domain and the TxD. B, confocal
images demonstrating that Ky1.3-GFP co-localizes with DsRed-MMP23-CatDom. The
MMP23-CatDom construct contains the pro-domain and the catalytic domain. The deletion constructs
are described in the main text and in Fig. 1, B.
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Supplemental Figure S5. Quantification of Ky 1.3 on the cell surface in cells expressing the DsRed
vector versus DsRed-MMP23-FL or DsRed-MMP23-PD. 4, Confocal images of Ky1.3-GFP plus
DsRed vector. B, Ky1.3-GFP plus DsRed-MMP23-FL. C, Ky1.3-GFP plus DsRed-MMP23-PD. In
each top row, the left panel shows a bright-field image, the second panel shows the Ky 1.3-GFP image,
the third panel shows the DsRed image (vector, MMP23-FL, MMP23-PD) and the right panel shows
the merged images. Scale bars indicate 10 um in length. Each bottom row shows z-stack images of
the respective cell taken at four consecutive planes. D, membrane Ky1.3 plotted against
co-localization index between Ky1.3-GFP and dsRed (vector, MMP23-FL, MMP23-PD).
Quantification of membrane Ky1.3-GFP was calculated from averaged intensity at four different
regions of interest (ROI's) at the membrane surface (outlined by dotted-line based on the bright-field
image) in each cell. Quantification of co-localization was determined using LSM Zeiss Zen 2011
software (n = 10 cells were imaged for quantification of membrane Ky 1.3-GFP and co-localization).
Statistical significance is determined by Student's t-test and indicated by p-values (¥, p <5x107, **p
< Ix10
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Supplemental Figure S6. MMP23-PD trans-membrane domain (TMD). Predicted TMD for
MMP23-PD based on various TMD predictors. “X” denotes residues predicted to lie within a TMD.
Predictions of trans-membrane regions were obtained using the following programs: TMPred (2),
MEMSTAT (3), PHDhtm (4), DAS (5), Pred-TMR2 (6), SPLIT (7), TMMOD (8), and OCTOPUS
9).
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Supplemental Figure S7. Secondary structure of MMP23-PD. 4, predicted secondary structure for
MMP23-PD using various web-based secondary structure predictors. The predicted TMD is
highlighted in red. “H” denotes predicted a-helical regions and “E” [B-strand regions. Secondary
structure was predicted using the web-based secondary structure prediction programs Jpred (10), PHD
(11), YASPIN (12), Profsec (11), PsiPred (13) and SSPro8 (14). B, CD spectral analysis of
MMP23-PD in DPC micelles at 25 and 40°C.
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Supplemental Figure S8. HSQC spectra of MMP23-PD at various temperatures. The sample
contained 0.7 mM MMP23-PD in 20 mM sodium citrate buffer (pH 5.0), 100 mM DPC, 20 mM
TCEP, 0.02% NaN; and 10% “H,O. Spectra were acquired on a Varian Inova 600 MHz spectrometer
at the indicated temperatures.

S10



MMP23 regulation of potassium channels

Relative
Intensity .

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Residue Number

Relative
Intensity

0 10 20 30 40 50 60 70 80
Residue Number

Supplemental Figure S9. Relative cross-peak intensities in ['H-'""N] HSQC spectra of MMP23-PD at
30, 40 and 45°C. The secondary structure for MMP23-PD is shown at the top. Overlapped peaks are
denoted with a purple diamond. Proline residues are denoted with a “P” and residues for which no
data were available an asterisk. Note that cross-peak intensities are more uniform at the higher
temperatures.
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Supplemental Figure S10. Conservation of residues within the TMD of MMP23-PD. 4, sequence
alignment of MMP23-PD from different species, where the predicted TMD is highlighted by an
orange box. The sequence alignment was performed using ClustalW (15). Residues that are identical,
conserved or semi-conserved across species are denoted by the symbols “*”, “:” or “.”, respectively.
Residues are numbered according to human MMP23-PD. B, helical wheel representation generated
using the web-based program WHEEL (http://rzlab.ucr.edu/scripts/wheel/wheel.cgi) for residues
within the predicted TMD of (human) MMP23-PD. Identical and conserved residues within the
MMP23-PD TMD are denoted by “x” and residues that cluster on separate faces of the helical wheel
are denoted by a dotted blue line. Residues are represented as follows: hydrophilic - circles,
hydrophobic — diamonds and potentially positively charged as pentagons. Residues are color-coded
according to hydrophobicity/hydrophilicity, from red (most hydrophilic) through yellow (moderately
hydrophilic) to green (most hydrophobic). Potentially charged residues are colored light blue.
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