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CICR SOICR and Triggered Arrhythmia
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Catecholaminergic Polymorphic Ventricular Tachycardia
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Genes Related to CPVT

Landstrom AP, et al. Circulation research. 2017



Polymerization of CASQ?2
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Sequence analysis



Query seq.,
Superfanilies {:

Protein blast for similar sequences

Putative conserved domains have been detected, click on the image below for detailed results.
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Distribution of the top 5 Blast Hits on 5 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
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Sequences producing significant alignments:
Select: All None Selected:0
11 Alignments o
Description ST::; ;:D;f; szg — ldent  Accession
RecMame: Full=Calsequesfrin-2; AltName: Full=Calsequestrin, cardiac muscdle isoform; Flags: Precursor 796 796 100% 0.0 100% oO149532
RecMame: Full=Calsequestrin-1:_AltName: Full=Calmitine; AltName: Full=Calsequesfrin, skeletal muscle isoform; Flags: Precursor 520 520 89% 00 63% P314153
RecName: Full=Endoplasmic reticulum resident protein 44; Short=ER protein 44; Short=ERp44; AltName: Full=Thioredoxin domain-containing protein 4; Flags: Precursor 466 466 Th% 1e-06 21% Q9BS26.1
BecMame: Full=Protein disulfide-isomerase; Short=PDI:_AltName: Full=Cellular thyroid hormone-binding protein:_AltName: Full=Prolyl 4-hydroxylase subunit beta: Althame: Full 412 412  62% 7e-04 23% P072373
RecMame: Full=E3 ubiguitin-protein ligase UBRS; AltMame: Full=E3 ubiquitin-protein ligase, HECT domain-containing_1;_AltName: Full=HECT-type E3 ubiquitin transferase UBE 28.9 289 8% 6.6  38% (Q95071.2

NCBI BLAST
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Sequence alignment

G3RLH3_GORGO
CASQ2_ PONAB
H2PZR3_PANTR
AOA2K6BI9U7_MACNE
AQA096MW0O8_PAPAN
F7EQW4_MACMU
CASQ2_ HUMAN

i e e ]

G3RLH3_GORGO 61
CASQ2_PONAB 61
H2PZR3_PANTR 61
AOA2K6B9U7_MACNE 61
AOA096MW08_PAPAN 61

F7EQW4_MACMU 61
CASQ2_HUMAN 61
G3RLH3_GORGO 121
CASQ2 PONAB 121

H2PZR3_PANTR 121
AOA2K6BIU7_MACNE121
AOA096MWOS_PAPAN121
FTEQW4_MACMU 121

CASQ2_ HUMAN 121
G3RLH3_GORGO 181
CASQ2 PONAB 181

H2PZR3_PANTR 181
AOA2K6B9U7_MACNE181
AOA096MW08_PAPAN1B1
F7EQW4_MACMU 181
CASQ2_HUMAN 181

G3RLH3_GORGO 241
CASQ2_PONAB 241
H2PZR3_PANTR 241
AOA2K6BIU7_MACNE241
AQOA096MW0O8_PAPAN241
FTEQW4_MACMU 241
CASQ2_HUMAN 241

G3RLH3_GORGO 301
CASQ2_PONAB 301
H2PZR3_PANTR 301
AOA2K6BIU7_MACNE301
AOA096MW08_ PAPAN301
FTEQW4_MACMU 301
CASQ2_HUMAN 301

G3RLH3_GORGO 361
CASQ2_PONAB 361
H2PZR3_PANTR 361
AOA2K6BIU7_MACNE361
AOA096MWO8_PAPAN361
FTEQW4_MACMU 361
CASQ2_HUMAN 361
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Sequence alignment

LENGTH SCORE IDENTITY SIMILARITY GAPS
Gorilla 399 2077.0 397/399 (99.5%) 398/399 (99.7%) 0/399 ( 0.0%)
Pongo abelii 400 2059.0 392/400 (98.0%) 396/400 (99.0%) 1/400 ( 0.2%)
Macaca nemestrina | 499 2053.0 391/400 (97.8%) 397/400 (99.2%) 1/400 ( 0.2%)
Papio anubis 400 2053.0 391/400 (97.8%) 397/400 (99.2%) 1/400 ( 0.2%)
Macaca mulata | 400 2053.0 391/400 (97.8%) 397/400 (99.2%) 1/400 ( 0.2%)
Chimpanzee 400 2058.0 397/400 (99.2%) 397/400 (99.2%) 2/400 ( 0.5%)
[=] Basic Options
* Gap opening penalty (10.0 for any 10.0 e
sequence ): .
* Gap extension penalty (0.5 for any 0.5 e

sequence )



Sequence alignment

Rat

Mouse

LENGTH SCORE IDENTITY SIMILARITY
412 1913.0 365/412 (88.6%) 383/412 (93.0%) 14/412 ( 3.4%)
CASQZ_HUMAN 1 MKRTHLFIVGIY RAEEGLNEFPTYDGKDRVVSLSEKNFKQVLKKYD 50
PEbestes Pl ba e e LELEEEEEEEE R T PEr e 1
CASQ2_RAT 1 MKRIYLLVVGLY RAEEGLNFPTYDGKDRVVSLSEKNLKQVLKRYD 50
CASQZ_HUMAN 51 YYHEPVSSDKVTQKQFQLKE TVLELVAQVLEHKAT GFVMVDAKKEA 100
[ARRRRRRARRRRNRE \IIHIIIIHII\I\IIHI [RERRRREEANN
CASQ2_RAT 51 YYHEPVSSDKVAQKQFQLKE IV, AQVLEHKNIGEFVMVDSRKEA 100
CASQZ2_HUMAN 101 KLAKKLGFDEEGSLYILKGDRTIEFDGEFAADVLVEFLLDLIEDPVE 150
HII:\\I-\\\I|\:\II-\IIIIHII\I\IIHIIII\IIIH||
CASQ2_RAT 101 KLAKR EEGSLYVLKGGRT IEFDGEFA VEFLLDLIEDFVEIVN 150
CASQZ_HUMAN 151 ERIEDYIK KSEDSEYYKAFEEAAEHFQPYTKFFATFD 200
\IIH\II\HI (EREA R R RN R AR NN R RN AR R RR RN
CASQZ RAT 151 NKLEVQAFERIEDQIK KNEDSEYYKAFQEAAEHFQFYIKFFATFD 200
CASQ2 HUMAN 201 KGVAKKLSLKMNEVDFYEPFMDEPIAIPNKPYTEEELVEFVKEHQRPTLR 250
(R R N A RN R RN
CASQ2_RAT 201 KGVAKKLSLKMNEVGFYEPFMDEPSVIPNKPYTEEELVEFVKEHQRPTLR 250
CASQZ_HUMAN 251 RLRPEEMFETWEDDLNGIHIVAFAEKSDPDGYEFLEILKQVARDNTDNPD 300
ST \II\HII\\\|I\\IIIIHII\I\IIHIIII\IIIHIII\
CASQZ_ RAT 251 PLRPEDMFETWEDDLN AFAEKSDPDGYEFLEILKQVARDNTDNPD 300
CASQ2_HUMAN 301 DPDD VAYWEKTFKIDLFRPQIGVVNVTDADSVAWMEI PDDD 350
R NN R NN AR R RO
CASQ2_RAT 301 DPDD VAYWEKTFKIDLFKPQIGVVNVTDADSVWMEI PDDD 350
CASQZ_HUMAN 351 DLPTAEELEDWIEDVLSCGKINTEDD============= DEDDDDDDNSDE 387
[ARARR RNy RNy
CASQZ_RAT 351 DLPTAEELEDWIEDVLSGKINTEDDDNEDEDDDGDNDNDDDDDDDDNSD= 399
CASQ2_HUMAN 388 EDNDDSDDDDDE 399
[ARARRRRRRRE:
CASQ2_RAT 400 EDNDDSDDDDDD 411

LENGTH SCORE IDENTITY SIMILARITY

413 1894.0 359/413 (86.9%) 384/413 (93.0%) 14/413 (3.

CASQ2 HUMAN 1 MKRTHLFIVGIY RAEEGLNFPTYDGKDRVVSLSEKNFKQVLKKYD 50
(AR R N R R R R N AR R R R AR R N R RN

CASQ2 MOUSE 1 MKRIYLLMVGVY AEECLNFPTYDCKDRVVSLSEKNLKQMLKRYD 50

CASQ2_ HUMAN 51 YYHEPVSSDKVTQKQFQLKEIVLELVAQVLEHKAI GEVMVDAKKEA 100
FECREEETEEI et bt r e e e e b b res il

CASQ2 MOUSE 51 YYHEPVSSDKVEQKQFQLKE I VLELVAQVLEHKN I GEVMVDSRKEA 100

CASQ2 HUMAN 101 KLAKKLCFDEEGSLYILKGDRTIEFDCEFAADVLVEFLLDLIEDFVE 150
FEREe bl b e b e e e b e e res

CASQ2_MOUSE 101 KLAKR EECSLYVLKGDRT IEFDCEFAADVLVEFLLDLIEDPVEIVN 150

CASQ2_ HUMAN 151 “KLEVQAFERIEDYIK KSEDSEYYKAFEEAARHFQPY IKFFATED 200
R R R AR R RN AR AR RN RN

CASQ2 MOUSE 151 NKLEVQAFERIEDQTK KNEDSEYYKAFQEAAEHFQPYIKFFATED 200

CASQ2_HUMAN 201 KGVAKKLSLKMNEVDEYEPFMDEPIAT PNKPY TEEELVEFVKEHQRPTLR 250
e PR e b E et a LR el

CASQ2_MOUSE 201 KAVAKKLSLKMNEVCEYEPFMDEPNVIPNKPY TEEELVEFVKEHQRPTLR 250

CASQ2 HUMAN 251 RLRPEEMFETWEDDLNCIHIVAFAEKSDPDCYEFLEILKQVARDNTDNED 300
FEEEE P Eer e e e e b e e et

CASQ2_MOUSE 251 RLRPEDMFETWEDDLNCIHIVAFAEKSDPDGYEFLEILKQVARDNTDNCD 300

CASQ2_ HUMAN 301 DPDD VAYWEKTFKIDLFRPQIGVVNVTDADSVWMET PDDD 350
FECREEEEEI e e e e e b e e e e el

CASQ2 MOUSE 301 DPDD VAYWEKTFKIDLFKFQICGVVNVTDADS TWMET PDDD 350

CASQ2_ HUMAN 351 DLPTAEELEDWIEDVLSGKINTEDD=-—========== DEDDDDDDN<D-~ 386
FERELEETEE el fellbleed

CASQ2_MOUSE 351 DLPTAEELEDWIEDVLSGKINTEDDDNEDEDDD:DDNDDDDDDDDDNDN 400

CASQ2 HUMAN 387 EEDNDDSDDDDDE 399

CASQ2_MOUSE

401

DEDNED:DDDDDD 413



Sequence alignment

Rat

Pairwise Alignment Result

Mouse

Pairwise Alignment Result

LENGTH SCORE SIMILARITY LENGTH SCORE SIMILARITY
2812 10414.5 1965/2812 (69.9%) 1965/2812 (69.9%) 430/2812 (15.3%) 2817 10634.0 2009/2817 (71.3%) 2009/2817 (71.3%) 374/2817 (13.3%)
NM_001232. 1 50 NM 001232. 1 50
AN Pl LTIt
NM_017131. e 0 NM_009814. 1 ==——mmmmmmm e e e e CTCTTGC == === == == 21
NM_001232. 51 100 NM _001232. 51 100
- TN NI P N S P R N R R R RN TR T N R R R
NM 017131. T —— - 30 NM 009814. 22 - 70
NM_001232. 101 - 148 NM_001232. 101 SRR 150
W 017131, - R N T NPTy lanl . o i R .
NM 001232. 151 200
NM 001232. 149 198 —
- T T o T IR NI P . 1
NM_017131. S e 98 NM 009814. 86 -—————- ——--nl- - 120
NM 001232. 201 - - - 246
NM_001232. 199 SRR O 248 PR I T I R T T TP Y
NM7017131. 99 CATCTGTCTTCCATGATCTCOGTTCTG=m mm e mmmmm e 134 NM 009814. 121 ——— 166
NM 001232 247 206 NM 001232. 2417 296
- : IR I R T N N AR
N R R A A e e R e PR AR A NM 009814. 167 216
NM 017131. 135 184 -
NM 001232. 297 346
NM_001232. 297 346 R e R R R RN RN R RN E N R AR A R
N R R AR AR R R A R NM 009814. 217 266
NM 017131. 185 234 -
NM 001232. 347 396
NM_001232. 347 396 I N R A R A R R S RN RN N RN R AR
R R RN R R A A R S R R R N A AR NM_009814. 267 316
NM 017131. 235 284



Amino acid repeats analysis via Dotlet

Window size Scoring matrix
SEQUENCE - 15 BLOSUM 62 l
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Promoter prediction via different tools

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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Promoter prediction via different tools

Location: 1p13.1

See CASQ2 in Genome Data Viewer
Exon count: 11
Annotation release Status Assembly Chr | Location
105 current GRCh38 p12 (GCE_000001405 38) 1 NC_000001.11 (115700003..115768805, complement)
105

105 previous assembly GRCh37.p13 (GCE_000001405.25) 1

NC_000001.10 (116242624. 116311426, complement)

Chromeosome 1 - NC_000001.11
[ 115606471 e

[ 115857876

RH7EL420F WANGL 1 NHLHZ
CHSQE— HHRHWFALP43

NCBI genebank



Promoter prediction via different tools

Homo sapiens chromosome 1, GRCh38.p12 Primary Assembly

NCBI Reference Sequence: NC_000001.11
GenBank  Graphics

*NC_20@081.11:115628003-115722823 Homo sapiens chromosome 1, GRCh38.pl2 Primary Assembly

TACTTACATTCATAAGOT TTATGCTATGAAACTTCTTCTCATTGTGATGTCAGTAACAGAGTTAGTGTCT
CTOATOEAATAGTGTACCTATCACCCAAGTTATTTTGTTCCTTTTTEEATCCTCCAGTATAATCCCCCCC
TCATCCCAATTAACTOTAAAAT AT T TTACACATCACATTTTTTATACTGTAAACTTGOAAAATARACTGA
A TAT CARATTETGTCTTGTTTCTTTTC T TCATGTGATTATTTCAATCTAAAAAGTTGCTTACTTTTTCA
GOGACATTTTTCACTCTCOCATAATTTTEAGACCTTCAGAATTTCAAGACAACCTATCATATTTCTATAA
AR CCAAGACAATTETOATOGATTOEGAAAGT AGAATTACCATTGTAACALAAACTACTAGTTGTCAATC
ATTTTACAGT GAAGAAAATGTTTTGAATAGAT AACTAAAAATGAAATCCTCAGGCTCTAAAACATGGAGA
TOAAACAGATCTTTTGAGTAAACCAGCAAGTOEAAAGETATTTOAGT CARATAAGAAGACAGASAAGTAA
CAGACTTTGRGET TGATOTGOGAGGTGAATATTGGATTATTTTCCTGAGTGECTTAAGOAATTCAAGT TAAA
TTATCAACTOATTTTAGATAGETCTATT TAAAGEAAATTTGATTATT TACAAAGAAATATGAAGCCTGTT
TTCCGCTAACCTCAGTAOTAGAATTTTOACAGCACACAATCAAATTCTTAGCTATTGCATOGACAGARAT
TAGAGAAAGCAATTGACTCAAAGATATTCATTGATTAGATTATTGATAAGCTGTTTCTTTGGGCCATTAA
GCAAAATETACACAATTTATATCTACATAAGTARACCCTOCTAATACACTTTAGTGCTATCATTTGGRATAT
TTETTCCCACCARATCCCCTAT TEARAT T TAATCCCCAGTGCGECAGTATTEGAGAGETAGEATCTAAAGD
GAGTEATT TAAGAACTTOAGAACTTGOGETCATGGGATGOATCTTTCATGAATAGATGAATGCCCTCTCTG
GAGOAAGTOOGETGTEAGTGGETACTCGCTCTGT TAGT TCCCTOOAGAGCTGGTTGT TAGAGGCTGGCAL
CTCCTCTCTCTCATOCT TCCTCTCT CACCATOTEATCTCTGCACACACTGATTTTCCTTTACCTTCTGCC
ATGAATEEAAGCAGC CAAGOCTTTCACCTOATGCCCAGTATTGCAGCCAGCAGAATTOTGAGCGARATAA
ATATTTTTTCTTCATAAATAACCCACTCTTAGTTATTCCTTTATATCAATAAAAACAGACTAAGACACCT
TaTAAGCTCTET TACCCAATAGTGC TOGOEAATTATAGOTATTCTAGTTAATCAATTATTCATCCACCAA
CTCAATARATGAGTATCTACTTTGTGATGEGCARAGCGCTAAGTGCTAGGEATTCTAAGATARMATTCCTT
GLCTCTAAGOAGCCTOCAAT TTAGT GAAAGOACAGACATOCAAATATATGTTATACCTTARATGATAAGT
GACATGATCCAGGGATOCACAAATCACAGGREEGEAAGGOGCACCTTCAGETCACCTAGACAATTGRATAA
ATGOTGCTATCACCCACCCAAACTAGGACTCCATGAAGAGGAGAAGATATTTAGGGEAGAAGGCAATGAG
TTCAGATTTTGT TGTGT TEAGTCTEAAGTACT TATACAACAACAAGT CAAGATATCCAGAGOCAGTTGAA
TEAATATGTCTAAAAATAAGGCAAGEAGTCAAGGTTAGAGACTCATATTTGRAGATAATTAGCACATGGEA
TAGTATTOATGEGCACGATGACATCATTTTOGAAGAGTATGTAGAGT TGAGATGCTATGAAACACCATCA
TTCAAAGAGCAGOCAGADGAAGAGEOGCTAGAAAGOAAAATAGADAAGAAAT AAGGAGOTAGRACTGGAG
CCAGATGAGAAT GAGCAGAGTCAGARAAATCAAGATAGOAT

Change region shown -

Whole sequence (abbreviated view)

® Selected region
from: |115 696 003

to: 115700003

| Update View |

NCBI genebank



Promoter prediction via different tools

A ™
L ———

oG
Berkeley Drosophila Genome Project

Searches

Home Neural Network Promoter Prediction
About BDGP Read Abstract Help

Contact Information, News,

o PLEASE NOTE: This server runs the 1999 NNPP version 2.2 (March 1999) of the
Citing BDGP

promoter predictor.

Projects Enter a DNA sequence to find possible transcription
D. melanogaster Release 5 pro moters
Genome

Type of organism: Oprokaryote ®eukaryote
Include reverse strand? Cyes ®no

ESISEquER g Minimum promaoter score (between 0 and 1):|0.8

Drosophila Gene Collection Cut and paste your sequence(s) here: Use single-letter nucleotides: (A, C, G, T).

T e Bt You can include multiple sequences if each has a FASTA title line starting with =
CAAATATATCTTATACCTTAAATGATAACT - |
CACATOATCCACGGATOCACAAATCACAGGGGGGAACGG
GCACCTTCAGCTCACCTACACAATTGGATAA
ATCGCTCCTATCACCCACCCAAACTACGACTCCATCGAAGAG

AT ANC AT TTTAC S AT AR, A AT, A

Resource

Gene Disruption Project

Promoter predictions for NC 000001.11:115698003-115700003 :

Start
117

336
1751

End
167

386
1801

Score Promoter S5Sequence

@.92 GEGTCCTCCAGTATAATCCCCCCCTCATCCCAATTAACTG | AAAATGTTT
@.87 GTCATATTTCTATAAAAACCAAGACAATTGTGATGEATTEOGAAAGTAGA
@.99 TEAATGTATCTAAAAAT ALGECAAGGAGT CAAGGTTAGAGACTCATATTT

BDGP



Promoter prediction via different tools

DTU Bioinformatics
Department of Bio and Health Informatics

Home

Promoter 2.0 Prediction Server

Promoter2.0 predicis transcription start sites of veriebrate Polll promoters in DNA seguences. It has been developed as i
regions. It builds on principles that are common to neural networks and genetic algorithms.

L mstcons | Output format 1

SUBMISSION

Paste a single seguence or several sequences in FASTA format into the field below:

>NC_0@2081.11:115698023-115700263 Homo sapiens chromosome 1,
GRCh28.pl2 Primary Assembly
TACTTACATTCATAAGGTTTATGCTATGAAACTTCTTCTCATTGTGATGTCAGTAACAGAT &

Submit a file in FASTA format directly from your local disk:

Choose File | Mo file chosen

FuIIoulpu1| Submit I Clear fields |

Promoter 2.0 Prediction Results

NC_eeeeel.ll_115698883-115788€83 Homo sapiens chromosome 1, GRCh38.pl2 Primary Assembly, 2881 nucleotides

Pozition Score Likelihood
lee@ 1.318 Highly likely prediction

Promoter 2.0



Promoter prediction via different tools

NOTICE This website will be decommisioned soon. The associated tools are no
longer be available from this web site.

Dlease contact www-bimas@bimas.cit nih gov if you have any questions.

AGGTAATTAGCACATGGA =
TAGTATTGATGGGECACGATGACATCATTTTGGAAGAGTATGTAGAGTTGAGA
TGCTGTGAAACACCATCA
TTCAAAGAGCAGGCAGAGGAAGAGGGGCTAGAAAGGARAATAGAGAAGARAT .
AAGGAGGTAGGACTGGAG -
CCAGATGAGAATGAGCAGAGT CAGARAAATCAAGATAGEA

Promoter scan



Phylogenetic tree construction



Phylogenetic tree construction

Statistical Method: Neighbor-joining
Test of Phylogeny: Bootstrap method

a6 —Omo sapiens
=orilla
Viouse

a7 ~at
rabbit

41 Blsls

MEGA7



Structural analysis



Human CASQ2 amino acid composition and theoretical pl

Number of amino acids: 399

Theoretical pl: 4.21

21
11
11
53
2

10
49
14
6

25
38

r—IoOomOOg=Zzx >

Total number of negatively charged residues (Asp + Glu): 102
Total number of positively charged residues (Arg + Lys): 43

5.30%
2.80%
2.80%
13.30%
0.50%
2.50%
12.30%
3.50%
1.50%
6.30%
9.50%

Molecular weight: 46435.79

K
M
F
P
S
T
W
Y
V
O
U

32
6

27
17
18
13

14
27

0
0

8.00%
1.50%
6.80%
4.30%
4.50%
3.30%
1.30%
3.50%
6.80%
0.00%
0.00%

ProtParam



AA
DBE_=state
DB _conf

Al
DB_=tate
DB_conf

AA
DB_=tate
DB_conf

Al
DB_=tate
DB_conf

Al
DB =state
DB_conf

Al
DB =state
DB_conf

Disulfide bonding prediction

......... 8. ..., 28000000, .30 e T I L -
MKRTHLFIVGIYFLSSCRAEEGLNFPTYDGKDRVYYS LSEKNFEQVLKEKYDLLC LY YHEPVSSDEVTOKQFQLEETVLEL
<] 5]
B 7
BB ..o BB, . e 1oa 1ie 126, ...... 138, ...... 148....... 158......

e L L e L
YWEKTFKIDLFRPOQIGVVNYTDADSVIWMEIFPDDDDLPTAEELEDWIEDVLSGKINTEDDDEDDDDDONSDEEDNDDEDD

DDDE _ _
«AA amino acid sequence

*DB_state predicted disulfide bonding state (1=disulfide bonded, 0=not disulfide bonded)

*DB_conf confidence of disulfide bonding state prediction (O=low to 9=high)

DISULFIND



Domain Distribution and Structure of CASQ?2

Signal peptide thioredoxin-like domain thioredoxin-like domain thioredoxin-like domain C-talil
- | IC j ( ; I
1 50 100 150 200 250 300 350 399

Structure of CSQ2 with calcium bound

C ""-.plsotdored C-terminal tail

Domain Il
’

Front-to-Front

PDBID:2VAF PDBID:3UOM
Emiliano J, et al. J Bio Chem. 2012




CASQ2_HUMAN
CASQT_HUMAN
CAS02_HUMAN
CASQT_HUMAN
CAS02_HUMAN
CASQT_HUMAN
CASQ2_HUMAN
CASQT_HUMAN
CASQ2_HUMAN
CASQT_HUMAN
CASQ2_HUMAN
CASQT_HUMAN
CAS02_HUMAN
CASQT_HUMAN
CAS02_HUMAN

CASQL_HUMAN

Alignment of CASQ2 and CASQ1

EMBOSS Water

15 55CRAEEGLNFPTYDGKDRVVSLSEKNFEOVLKKYDLLCLYYHEPVSSDK
38 5GVQGQEGLDFPEYDEVDRVINVMNAKNYKNVFKIYEVLALLYHEPPEDDK

65 VTOKOFOLKE IVLELVAQYLEHKATGFVMYDAKKEAK LAKKLGFDEEGSL
I I I I S A P R P R A P e
30 ASQOROFEMEELILELAAQVLEDKGVGFGLYDSEKDAAVAKKLGLTEVDSM

115 YILKGDRTIEFDEFAADVLVEFLLDLIEDPVEIISSKLEVQAFERTEDY
P EEe T PP = ez R = e DR e T e 2 LT T
13@ YVFKGDEVIEYDGEFSADTIVEFLLDVLEDPVELIEGERELQAFENTEDE

165 IKLIGFFKSEDSEYYKAFEEAREHFOPY IKFFATFDRGVAKKLSLKMNEY

PEELE L= 0 = LR = TE T DT T D= =
188 IKLIGYFKSKDSEHYKAFEDAAEEFHPYIPFFATFDSKVAKKLTLKLNEL

215 DFYEPFMDEPIAIPNKPYTEEELVEFVKEHQRPTLRRLRPEEMFETIEDD

PEEE AT = = e T = Eal e DT DTl =D =TT
238 DFYEAFMEEPVTIPDKPNSEEETVNFVEEHRRSTLRKLKPESMYETIHEDD
265 LNGIHIVAFAEKSDPDGYEFLEILKQUARDNTDNPDLSILWIDPDDFPLL

s LLULEEEE = LR EEEEET AP L =D PP =T EEEEL T
288 MDGIHIVAFAEEADPDGFEFLETLKAVAQDNTENPDLSIINIDPODFPLL
315 VAYWEKTFKIDLFRPQIGVWNVTDADSVWME IPDDDDLPTAEELEDWIED

A e e ey
338 VPYWEKTFDIDLSAPQIGVWNVTDADSVWMEMDDEEDLPSAEELEDIWLED
365 VLSGKINTEDDDEDDDD 381

IREIEN
389 VLEGEINTEDDDDDDOD 396

Identity: 251/367 (68.4%)
Similarity: 316/367 (86.1%)
Gaps: 0/367 (0.0%)
Score:1412.0

79

114

128

14

179

214

228

264

279

314

329

354

379

CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN
CASQ1_HUMAN
CASQ2_HUMAN

CASQL_HUMAN

35

53

8%

laa

135

1z

185

2ga

235

253

285

3@aa

335

E)

385

EMBOSS Needle

---------------- MKRTHLFIVGIYFLSSCRAEEGLNFPTYDGKDRY

e P e e i nTEnEn
MSATDRMGPRAVPGLRLALLLLLVLGTP-KSGVQGQEGLDFPEYDGVORY
WS LSEKNFKQVLKKYDLLCLYYHEPYSS DKV TOKOFOLKE TVLELVAQYL
TNVHAKIY KNV KK YEVLAL LYHEPPEDDKASQROFEMEE LT LE LAAQVL
EHKATERVMYDAKK EAK LAKK LGFDEEGSLY I LKGDRT TEFDEEFAADVL
P U R P AR N e e R R N R R A
EDKGVEFGLYDSEXDAAAKK LGL TEVDSMYVFKGDEVIEYDEEFSADTT
VEFLLDLIEDPVEIISSKLEVQAFERTEDYIKL IGFEESEDSEYYKAFEE
N EEnaNI I eI E
VEFLLDVLEDPVEL IEGERELQAFENTEDET KL IGYFESKDSEHYKAFED
AAEHFQPY IKFFAT FDKGVAKKLSLEMNEVDEYEPFMDEPTATPHKPYTE
FEE TP T e T s TR T TR T s T h e o e T T es ]
AAEEFHPYIPFFATFDSKVAKKLTLELNEIDFYEAFMEERYT IPDKPNSE
EELVEFVKEHORPTLRRLRPEEMFETWEDDLNGIHIVAF AEK SOPDEYEF
THRIRIERNEE I RE e
EETVNFVEEHRRSTLRKLKPESMYETWEDDMDGIHIVAF AEEADPDGFEF
LEILKQVARDNTONPDLSILWIDPODFPLLVAYWEKTFKIDLFRPOIGUY
PR T P e PR e et
LETLKAVAQDNTENPDLSIIWIDPODFPLLVPYWEKTFOIDLSAPOIGWY
NVTDADSVMMET PODDDLPTAEEL EDWI EDVL SGK INTEDDDEDDDDODN
FEVVEVETE s bes DR DOTRDR e LD e DER LT L2
NVTDADSVMMEMDDEEDL PSAEEL EDWL EDVL EGEINTEDDDDDDDD - - -
SDEEDNDDSDDDDDE 399

--------------- 396

Identity: 253/415 (61.0%)
Similarity: 321/415 (77.3%)
Gaps: 35/415 (8.4%)
Score:1405.0

4a

94

134

1459

134

199

234

245

284

299

334

349

384

396



Structural comparison between CASQ1 and CASQ2

Human CASQL is colored blue, while human CASQ?2 is colored white.



CASQ2K20N contributes to decreased calcium binding and
Increased spontaneous calcium release

CASQ2 (exon 6)

Human FDEGVAE] EJLELEMN

Eat = ====== =fKQl=F=EV
Mouge & K
Eabbit = ======< Ell======
g @ s=s===s== El=cs====
Human CASQl --SK---JK|-T--L-
c -EndoH +EndoH

120 +
_ 1004
§
[= . 80 -
E =
=
E © 601
g
= o
- 40
]

20

[ 6
0

WT K206N

| 2
—V
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csQ

IEndoH

&S

Basal

=] ] L [
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Kirchhefer U, et al. Journal of molecular and cellular cardiology. 2010



Functional analysis



Network of protein-protein interactions

TRDN
ASP
N FKBP1
CACNAL

=Ll T RYR2
TIANEE ASQ2
L CACNAL

KV AkaPs

I CACNAZDL

' [/CACNG1

[_CACNB

—

STRING



Your Input:

Calsequestrin 2 (cardiac muscle); Calsequestrin is a high-capacity, moderate affinity, calcium-binding protein and
thus acts as an internal calcium store in muscle. Caleium fons are bound by clusters of acidic residues at the
protein surface, especially at the interface between subunits. Can bind around 60 Ca(2+) fons. Regulates the

S release of lumenal Ca(2+) via the calcium release channel RYR2; this plays an important role in triggering muscle - o

contraction. Plays a role in excitation-contraction coupling in the heart and in regulating the rate of heart beats (399 3 5 g2 % 0 o =

aa) Eéggggﬁ‘g

&
Predicted Functional Partners: E’g E 8 §§§§_§

i RYR2 Ryanodine receptor 2 (cardiac); Calcium channel that mediates the release of Ca(2+) from the sarcoplasmic reticulu.. = & (0963
& ASPH Aspartate beta-hydroxylase; Isoform 1- specifically hydroxylates an Asp or Asn residue in certaln epidermal growth fa... . e 0.949
£ FKBP1B FK506 binding protein 18, 12.6 kDa; Has the potential to contribute to the immunosuppressive and toxic effects of FI.. LI 0.911
& TRDN Triadin; Coniributes to the regulation of lumenal Ca2+ release via the sarcoplasmic reticulum caleium release channe... "B ) 0.907
# CACNAIC Calcium channel voltage-dependent, L type, alpha 1C subunit; Voltage-sensitive calcium channels (VSCC) mediate th.. . » 0.876
& CACMNA1S Calcium channel voltage-dependent, L type, alpha 15 subunit; Voltage-sensitive caleium channels (VSCC) mediate th.. . - 0.784
#® CACNB2  Calcium channel voltage-dependent, beta 2 subunit; The beta subunit of voltage-dependent caleium channels contribs.. . o 0.781
® AKAFG A kinase [(PRKA) anchor protein 6; Binds to type Il regulatory subunits of protein kinase A and anchors/targets them 1... L] 0.753
& CACNA2D1 Calcium channel voltage-dependent, alpha 2/delta subunit 1; The alpha-2/delta subunit of voltage-dependent calciu.. - 0.752
#® CACNG1  Calcium channel voltage-dependent, gamma subunit T, This protein (s a subunit of the difiydropyridine (DHP) sensitiv... L] 0.746

STRING



Schematic graph of RyR2 and signaling complex

Current Opinion In Phammacoiogy

Lehnart SE. Current opinion in pharmacology. 2007



A model proposing how CASQ2, RyR2, TRDN and JCTN
function as a whole?

- D)

=7 <7 < - . - ¥
OV TR SR S Oe Y & >
.____,'-’-.‘\\’Iaff’ ~.ﬂ\’ﬂ;¢ s.#\\’lm-’ -.‘.\’f/za-’ + o ciimmaing
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polymer
g’ Ject
CASQ
polymer

Boncompagni S, et al. PLoS One. 2012



FKBP12.67- mice suffer from cardiac hypertrophy and
Increased calcium transient

b 0 FKBP12.6+'+ (n=6)

, FKBP12.6++
® FKBP12.67 (n=6) . W FKBP12.67
04 Male 0- Female 127, 4-1 081 4- ]
o R _ _— E :
< 2] -2 E | T E £ = [
8 | E Eo, =04 @,
5 2 04 a 5 s
= _4 —4 - ’ = 3 3
o |
[
-5 -5 0 0 0 0
M F M F M F M F
10 10-
= 1 ] b 40 8
4 4 — — ] [} 6
€ 6 6 E 11 b= [T =
5 4] ' £ 8 20 — 4 !
= 4 4 2 100- Tz = =
4] ' = ") e
S 2] g 3 22
=i - k5 T
40 20 0 20 40 40 -20 0 20 40 0 0- 0
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Xin HB, et al. Nature. 2002



Perspectives



Therapeutic approaches for patients with CPVT

Drug therapy

B-blockers (e.g. Nadolol): first line therapy
LCC blockers (e.g. Verapamil) ﬁ

RyR2 blockers (e.g. Flecainide) \
Combination might be better

Left cardiac sympathetic denervation

Effective, but surgery required , not universally available, and
only tested in a small cohorts

Implantable cardioverter defibrillator (ICD)

Implantable cardioverter-defibrillator
Potentially harmful effective in CPVT patients

Modified Cas9 Guide RNA

Gene therapy
(Promising)

Genomic g,
DNA

e 111111111
| —
S e

repair
nd replication Base-edited DNA

Cytidine deaminase
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