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FIG. 1A

SEQ D NQO: 1 sicesats; Citrin, wi, isoform 1)

< TERNGEFFMS NIFGESQPNPKTVE

CAFPDALER ’TFyTFthGBVMV TEIVEOVEGQ
‘Ligklf“hm SEFVQLHFG EFTOFLLEIQLEH! DNARTGR

VIAIDFRDIMVTIRPHVLTPRPEVED VAAAGGTTSHQVIFIY NNMELTRKI

YSTLAGTRKDVEVTKEREEVLE \Eung“ ; "LADIERIAP

LERGTLPEFNLAFRAQRY SDSARPVLLEVY I\rvTHJVHGAV;AT“vYP DLVKT

LL3GVVD LISPOEFVAET

RMONQRETGSEFVGELM FOCEFREVLRYEGEEG POLLGVAPEKATKLTVND
FVRDKIMHRDGS VP LAAET LAGGCAGGSQVIFTNPLEIVKIRLOVAGRLITTGPRVEALS
VVRDLGFFGIYRKGAKACEFLRDIPFSAIYFPCYAHVREASFANEDGOVS PGS LLLAGATAG

MPAASLVTE r”?KTPJOJAAﬁKthﬂYD:JTPnﬁhKITRFEUPKALVYFﬁGnRVFPOG
POFGVILLTYELLORWEYIDFGEVREMGSERPVE GYRLAVATEAG
ITENKFPGLYLRPLEFRFIVSTSKALGGGEE

See Calcium-binding mitochondrial carrier protein Aralar2, Uniprot Acc.
No. QOUIS0. This is the ‘canonical’ sequence. All positional information
in related variants and isoforms refer to it
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FiG. 1B

Feature Bosition | Length | Description
Initiator
Methionine 1 1Removed
Calcium binding |86 - 77 12|Calcium binding site 1
Calcium binding 100111 12| alcium binding site 2
Calcium binding  |171 - 182 12]Calcium binding site 3
[Transmembrane  |332 — 348 18]Heldical
[Transmembrane  |383 - 412 20[Helical
Transmembrane  |436 - 449 1dHelical
[Transmembrane |485 — 504 20Helical
[Transmembrane |524 - 541 18]Heldical
[Transmembrane  |581 ~ 600 20[Helical
Domain 51-86 36[EF-hand 1
Domain 27 - 122 36[EF-hand 2
Domain 125~ 157 33|EF-hand 3
Domain 158 - 193 36[EF-hand 4
Repeat 326 - 418 S93|Solcar 1
Repeat 426 ~ 510 35[50icar 2
Repeat 518 — 606 &95aicar 3

All positional information refers to the ‘canonical’ sequence
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FIG. 1C
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AATGGATTTA

TCGACTTCCGAGACATCAT
G GAGG

CGCTCCTTAACAACATGGAS TGGCACCAGGAAAGA
GTGACTAAGGAGGAGT T TCAGGTTACACCCATGGAA
TCTTCTTTCAGTTAGCAGATTTATATGA : GACGTATGACCTTAGCAGACATTG
AARCGGATTGCTCCTCTGCAAGAGGGAACTCTGCCOT TTGGCTGAGGLCCAGAGGCAGAAGGC

CTCAGETEATTCAGCTCGACCACTTCTTCTACAAG CGEOCTACAGET TTEETOTGGET
TOTGTTECTEGAGCTETTGGAGCCACTGCTCTETATCCTATCGATCT TETARAAACTOGAATGCAGA
ACCAACGATCAACTGGOTCT T T TG T GEEAGAACTCAT T CAGCTTTGACTETT T TAAGAR

o} A P Vatt
GTGCTACGCTATGAAG

;I

,J>'

CCACAGTTATTGEGAGTTGCC
AAAGATGETT

S TCACALA
CTTTAGRAATCGTCAAGATCCETTTECAAGT GETCCTCEAGTCAGT

GTCTGTCETGCEGGGACCTGEGEETTTTTTGC AANGCATGCTTTCTGC
CTCEGCCATCTACTTTCC TTCCTTTGCAANTGA
AGCCCAGGAAGCCTECTCTTAGCTGETGECC \GCTGGETATGCCTGCAGCATCT
TTAGTCGACCCCTECTGATGTTATCAAGACGAGS
ACAGCGGAGTGA GACTGCTTTAGAAAGATACTGCGTGAAGAAGGACCA] = ;
AGCTGETECTCETGETATTTCCGATCCTCACCCCAGTTTGETGTAACTT T GCTGACTTACGAATTECTA
CAGCCGATGETTCTACATTGATTTTGGAGGAGTAAAACCCATGGGATCAGAGCCAGTTCL
GGATCAACCTGCCTGCCCCEAATCCTGAT CACETTGEECECTACAAACTGGCAGTTGCTACATTTGC
AGGGATTGAAAACAAATTTGGACTTTACCTACCTCTCTTCAAGCCATCAGTATCTACCTCAAAGGCT
ATTGETEEAGGECCCA

TA VAAGET

AATCCA
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SEQ D NO: 3 (51025413 ; Citrin, wt, isoform 2}

MAAAKVALTKRA
LLSGYVDQTEDGL
TTIHQHT
VTAID
YSTLS

CI:)(\‘J‘

DPARLRTT

ELLTY ALLQK
GILENKEPGLYLPLEKFBVSTSKAIGGGEY

GDSA RP"LLC‘ TARESA
YENSFDCEFREVLRYEGEE

BF uu\’I\L"\’Iboh PVE

PCT/US2017/033421

FLEYASTERKNGEFFMSPNDEVIRYLNI FGESQPN
CAPDALFMV
KRHLTYAEFT

RMTLADIERIAP

PO
JCIOAA

GAVGATAVYPIDLVK
GLYRGLLPQLLGVAPERATKLTVN

See Caiciun’rbmding mitochondrial carrier protein Aralar?, Uniprot Acc,
No. Q8UIS0-2. The seguence of this isoform differs from the canonical

seguence as follows:

FIG. 2B

311-311: Q> Q0

Feature Position | Length | Description
Initiator
Methionine 1 Removed
Calcium binding |66 - 77 12| alcium binding site 1
Calcium binding 100 - 111 12|Calcium binding site 2
Calcium binding  |171- 182 12|Calcium binding site 3
Transmembrane  [332 — 348 18Helical
[Transmembrane  [393-412 2{[Helical
[Transmembrane 436 - 449 14Helical
[Transmembrane 485 —-504 20Helical
Transmembrane  [524 - 541 18|Helical
Transmembrane [581 800 20Helical
Domain 51 - 86 36[EF-hand 1
Domain 87 — 122 3G[EF-hand 2
Domain 125 - 157 33|EF-hand 3
Domain 158 - 183 36[EF-hand 4
Repeat 326 — 418 93|5aicar 1
Repeat 426 —~ 510 85l5aicar 2
Repeat 518 - 606 BYSolcar 3
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FIG. 2C
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FIG. 2D
D. SEQIDNO:4

ATCOCGL00OC
TGCAAG

GAACATTTTTC

e

CCAGC

GAGCTTAGAACARATATTTTIGA
GTCACTCGATACTT
CTGGAACTTTTAAGTGCAGTGGTGGATCAG
ACCAAAGATGGATTAATATCTTT GTTGCCTTTGAATCTGTCCTGTETGCCCCTGATG
TETTTATGETAGCCTTTC! GACAAAGCTGGCAAAGGAGAAGTAACT T TTGAGGATGT
TAAGCAAGTTTTTGCGACAGACCACAATTCATCAACATAT TCCATTTAACTGGGAT TCAGAATTTGTG

CAACTACATTTTGGAAAAGAAAGAAANAGACACCT GACATATGCGCAATTTACTCAGTTT T TATT GG

A alar

FCCCCCAATGACT

ATACAACTGGAGCACGCAAAGCAAGCCTTTETGCAACGEGACAATGUTAGGACTGGCGAGAGTCAC
AGCCATCGACTTCCCGAGACATCATGCTCACCATCCGCCCCCATETCTTGACTCCT GTAGAAGAA

TETCTAGTAGCTGCTGCTCGEGAGCTACCACATCCCATCAAGT TAGTTTCTCCTATTTTAATGGATTTA

ATTCGCTCCTTARCAACAT GGAACTCATTAGAAAGATCTATAGTAL TGGCACCAGGAAAGA
TETTGAAGTGACTAAGGAGGAGTTTGT TCTGGCAGCT CAGAAATTTGETCAGGETTACACCCATGGAA

GCTTGACATCTTETTTCAGTTAGCAGAS ATATCAGCCAAGGGCACGTATGACCTTAGCAGACATTG
AACGGATTGCTCOTCT GGAAGAGGGAACTCTGCCCTTTAACTTGGCT GAGGCCCAGAGGCAGCAGAA
GGCCTCAGGTGATTCAGCTCGACCAGTTCTTCTACAACTTCCAGAGTCGGCCTACAGETTTGETOTG
GGITCTETTGCTGGAGCTGTTGGAGCCACTGCTGT CTATCCTATCGATCT T CTAAAAACT CGAATGC

AGAACCAACGATCAAC CTTTTCTEGGAGAA ATGTATAARAACAGCTTTGACTETTTTAA
GAAAGTGCTACGCTATGAAGGCTTCTTTGGACTGTAT TGTTGCCACAGTTATTGGGAGTT

TATGCACAARAGATG
CCCAGGTGATTTTCAC
AAATCCTTTA CGGCAGGAGAAATCACCACTGET CGAGTC

TGCTCTGTCTETCETGCEEGACCTEEEET TTITTTGGCATCTACAAGGGTGCCAAAGCATGCTTTC
PGCGGCACATTCCTTTCTCGGCCATCTACTTTCCGTGCTATGCTCATET
TGAAGATGGGCAGGTTAGCCCAG CTTAGCTGGTGCCATA
CCCTGCT AAGACGAGATTACAGGTEGCTGCC RO
TAGACTGCTTTAGAAAGATACTGUGCT GAAGAAGGACCAARAAGCTCTGT GGAA

C TTTCCATCCTCACCCCAGTTTGEET G TTTGCTCGACTTACGAATTG
GTITCTACATTGATTTTGGAGGAGTAALAACCCAT GGGATCAGAGCCAGTTCCTAAAT

G CCCGAATCOTG CARACTGGCAGTTECTACATT
CATCAGTATCTACCTCAAAG

GCCCCAGAGAAGTC

GTTCGGETCCCACT

CCAGGATCAALA
GCAGGEATTGAAAR
TTGETGCAGGCUCA
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Theoretical ~ Theoretical
Protein Length Minimum U Minimum U
(%) (abs)

U Contentv
. U Content v . ~ UUpairs v
Nucleic Acid  Length U Content U Content Theoretical UU pairs uuu Uuuu uuuuu
WT (%) WT (%)
Minimum (%)

Citrin-WT

Citrin-CO01 [ 2025 343 16.94% |€1.03% 43 10 3 G
Citrin-CO02| 2025 342 16.89% | 60.85% 17 /7.,05% 6 1 G

Citrin-COD3| 2025 352 17.38% |62.63% 41 |8e7 2| o | oo
Citrin-CO04| 2025 246 17.09% [€1.57% 15 |73 o1 L | o
Citrin-CO05| 2025 246 17.00% |61.57% 42 les.enx| iz [ o | 2
Citrin-CO0G| 2025 348 17.18% |61.92% 2 |es.es5s| 10 | 1

Citrin-CO0Q7| 2025 347 1. 6l.74% 43 T0.49%) 12 i G
Citrin-CO08| 2025 359 17.73% ¢3.88% 42 $8.85%] 11 0] 1
Citrin-CO0%| 2025 356 17.58% ©3.35% 472 68.85% 3 2 1
Citrin-CO10| 2025 354 17.58% t3.35% 34 55.74% 12 4 2
Citrin-CO11 2025 339 Lo.T74% G0, 32% 40 oh 7 z
itrin-C012| 2025 263 17.92% | €64.59¢ 52 |8 Q 1 0
Citrin-C012
Cirin-CO13] 2025 355 17.53% 63.1L7% | 123.285% 45 7 G 0 1
itrin-CO1:3
Citrin-C0134| 2025 343 16.94% 51.03% | 119.10% 48 78.69% 7 1 G
Citrin-CO15| 2025 339 L6, T4 5G.32% [ 117,718 48 TR.59% 1 3 2
Citrin-CO16| 2025 357 17.63% ¢3.52% | 123.96% 48 80.33% 11 1 8]
Citrin-C0O17| 2025 349 17.23% 62.10% 18% 45 T3.77% 3 2 (
Citrin-C0O18| 2025 350 17.28% 52.28% | 121.53% 10 65.57%| 14 1 !
Citrin-C018| 2025 347 15.89% 6G.85% | 118.75% 46 T5.41% & i G
Citnn-CO20| 2025 3472 16.89% cC.e85% | 118.75% 40 65.57% 14 1 8]
Cirin-C021 2025 34 & 61.21% |1 119.44% 42 0 G
itrin-C027
Citrin-C022| 2025 348 17.19% 5l1.92% | 120.83% 50 1 ¢
Citrin-C023| 2025 339 Lo.T74% 5G.32% [ 117,718 43 i G
itrin-CO23
Citrin-C024| 2025 344 16.99% ¢1.21% | 119.44% 45 0 1
Citrin-C025| 2025 345 17.04% ©1.39% | 118.79% 47 G
itrin-CO2E
MAX 363 17.93% 54 .59% | 126.04% 52 85.25%] 14 4 2
MIN 339 16.74% 6G.32% | 117.71% 34 55.74% 1 0 0
AVERAGE| 347.76 17.17% 61.88% [120.75% [ 43.8 [71.80%9.64]1.16] 0.586

w

.
N
fy

7
o
o
u~
~J
SC

120,143 43 [70.4

s
O
)
f)
-
<

MEDIAN

e8]

STD DEV .69 0.33% 1.19% 2.32% 3.88 [ 6.3
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Theoretical Theoretical
Maximum G (%) Maximum G (ab

Protein

G Contentv

Nucleic Acid G Content(abs) G Content(%) G Contentv Theoretical
WT (%) Maximum (%)

Citrin-WT
Citrin-CO01

Citrin-CO02 2025 610 30,
0 0

bt
A]
A
i
!
!
A]
I=N
o
wd
Ja
(XN
(&)
e

Citrin-C003 2025 €20 20.62% 124.25% 72.43%
Citrin-CO04 505 29.,88% 21,245 13.68%

Citrin-C005
Citrin-C006

Citrin-COG7 627 30.96% 125.65¢ 73.25%
Citrin-C0O08 613 30.57% 124.05% 72,31%
Citrin-CO08 2025 512 30.22% 65% 71.50%

Citrin-CO10 2025 €19 30.57% 124.05% TZ2.31%
Citrin-C0O11
Citrin-CO12
Citrin-CO13

Citrin-CO14 2025 520 30.91% 45% 73.13%
Citrin-CO15 2025 ell J0.17% 44% /1,385

Citrin-C018 2025 520 30.9
Citrin-C017 2025 clz 30.22% 122.65% 71.50%
Citrin-CO18

o
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v
(€]
o
v
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(&)
(&)
e
~1
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co

Citrin-C01%8 2025 619 30.57% 124,05% 72.31%
Citrin-CO20 2025 c14 20.32% 123.05% 71.73%

Citrin-CO21 2025 520 30.62% 124.25% 72.43%

Citrin-CO22 2025 €20 30.62% 124.25% T2.43%
Citrin-CQ23 2025 625 30.86%
Citrin-C024 202

Gz
Citrin-C025 2025 A4S 21.75%

MAZ 647 31.95% 129.66% 75.58%
MIN 605 29.88% 121.24% 70, 68%
MEAN 621,32 30.68% 124.51% 72.58%

MEDIAN 620 30.62%

STD DEV 10.04 0.50% 2.01% i7%
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Theoretical Theoretical
Maximum C Maximum C (a

Protein Length

C Content v
Nucleic Acid Length C Content(abs) C Content(%) C Content v Theoretical
WT (%) Maximum (%)

Citrin-WT
Citrin-CO01 21

o)
N
o

Citrin-CO02 2025 c57 152.08% 72.92%
Citrin-CO03 2025 €40 71,032
Citrin-C004 2025 571 32.14¢% ENYE
Citrin-CO05 2025 €71 33.14% T4.47%
Citrin-CO06 2025 659 22.40% 151.85% 7Z2.81%
Citrin-C0O07 2025 629 31.56%2 147.92% 70.92%
Citrin-CO08 2025 €56 32.40% 151.85% 72.81%
Citrin-C0O09 2025 652 22.20% 15C.93% 7Z.36%
Citrin-CO10 2025 648 32.00% 71.92%

Citrin-COL1 2025 657 32.44°¢

Citrin-C012 2025 542 31.70% 1438.61% 7L.25%
Citrin-C013 2025 c28 31.01% 145.37% 69.70%
Citrin-C0O14 125 €47 % /7% 71,812
Citrin-C0O15 2025 568 32.99% 54,635 P4, 145
Citrin-CO16 2025 €28 31.01% 145.37% 69.70%
Citrin-C017 2025 647 21.95% 71.81%
Citrin-CO18 2025 625 30.86% L44.68% 69.373
Citrin-CO19 2025 €46 31.,90% 149.54% TL.70%
Citrin-CQ20 2025 548 32.00% 150.00% 71.82%

Citrin-C021
Citrin-C022 2025
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Citrin-C023 2025 32.35% 151.62¢% 12.70%
Citrin-C024 2025 €47 31.85% 149.77% 71.81%
Citrin-C0O25 2025 628 21.01% 145.37% 59.70%
MAX 671 33.14% 5.32% T4.47%
MIN €25 30.86% 144.68% 69.37%

AVERAGE o48.64 32.03% 150.158% 71.9

MEDIAN 48 32.00% 150.00% 71.8

STD DEV
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Theoretical Theoretical
ximum GC ~ Maximum GC (al

Protein Length

GC Content v

Nucleic Acid Length GC Content(%) GC Content v Theoretical
WT (%) Maximum (%)
Citrin-WT

Citrin-CO01 2025 128¢ 62.51% 13% 83.
Citrin-C0O02 2025 1287 62.57% 136.05%% 52.41%
Citrin-CO03 2025 1280 07 . 22% 125,342 8L.20%

Citrin-CO04 2025 127¢ 63.01% 137.06% 93,0

Citrin-C0O05 2025 1285 63.,46% 138.02% 93.73%
Citrin-COGS 2025 1267 02 . 57% 136,003 G2 . 41%
Citrin-CO07 2025 Lzee 62,527 135,889 2. 347
Citrin-CO08 2025 1275 &z 136.95% 93.00%
Citrin-CO03 2025 1z2c4 6z 135.77% G2 . 20%
Citrin-C0O10 2025 12e7 62.57 136 32

Citrin-CO11 2025 127% €3.16% 37.38% 93

Citrin-CO12 2025 1269 o2 136.31% 82.56%
Citrin-{013 2025 1259 62 135.23% 31.83%

Citrin-CO14 2025 1273 07 .86% 126.733 8Z.85%
Citrin-CO15 2025 1279 63,0 137.38% 93.29%
Citrin-CO16 2025 1254 €1.93% 134.€9% 91.47%
Citrin-C017 2025 1259 82 .17% 135.23% ¢1.83%

Citrin-CO18 2025

r‘
y)
A
[o)
y)
[se]
ey
o0
s
A

G
(&)

{
0
Iy

y)
@
>

Citrin-C019 2025 1265 €Z.47% 35.88% 92.27%
Citrin-CQ20 2025 12¢ez 62 .32% 135.55% oz
Citrin-C0O21 2025 12706 62.72% 136.41% 52.63%
Citrin-C0O22 2025 1278 ©3.11% 137,277 G3
Citrin-C023 2025 1280 63.21% 137.45% 93
Citrin-C024 2025 12e6 €2.52% 135.98% 92.34%
Citrin-CO25 2025 1271 82.77% 136.52% ez . 71%
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AVERAGE 1269.8¢ 62.71%

[9X])
e}
s
[s*

o]
xS}
o
[9X])
i

s

MEDIAN 1269 62.67% 136.31% 32.56%
STD DEV B.3% 0.41¢ 0.89% 0. 612
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FIG. 13A

Plasma NHg+ levels
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FIG. 13B

Plasma NH,+ levels
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FiG. 14A

Construct 2 Construct 1 Construct 3 Construct 4 NTFIX

Citrin

g-tubulin

FiG. 14B

Citrin Expression
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