Functional modulation of human BEST1 channel by a proline metabolic enzyme, PYCR3
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ABSTRACT ® Loss-of-function mutation ® Regulation of hBEST1 Activity by WT hPYCR3 and It’s a loss-of-
function mutant G252V in hPYCR3 KO.

Bestrophin (BEST) channels, including human BEST1 (hBEST1), are calcium-activated chloride (Cl7) channels that respond to intracellular [Ca®*]
elevations. Recently, we identified human PYCR3, an enzyme in proline metabolism, as a novel binding partner of hBEST1 through IP-MS. The
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interaction between hBEST1 and hPYCR3 was confirmed via Co-IP and SEC, where the two proteins co-migrated, indicating a direct interaction. 3106+ 0. ~ SOl[Ca2+]i=1 1M
To investigate effect of hPYCR3 on hBEST1 channels, we performed whole-cell recordings. We found that hPYCR3 overexpression increased hBEST1 = é twr §-
. . . . fe . . . imer ~
current density in HEK293T cells, whereas PYCR3 knockdown significantly reduced it. Furthermore, co-expression of hBEST1 and hPYCR3 in hPYCR3 g 210° z2
knockout HEK293T cells augmented hBEST1 current levels, underscoring hPYCR3'’s critical role in modulating hBEST1 activity. Functional analysis of the 3 A AT EE 251
enzymatically inactive hPYCR3 G252V mutant revealed no enhancement of hBEST1 current density. This result highlights that hPYCR3 enzymatic activity % § )
is essential for hBEST1 modulation. Additionally, treatments with proline and cofactors further supported a mechanistic link between hPYCR3-mediated <R | gimer 3 ol Ay 50 100 - on |*‘
proline metabolism and hBEST1 activity. These findings identify hPYCR3 as a key enzymatic regulator of hBEST1. We aim to investigate whether the ACPes N S 5 NAchonceitraﬁonﬁ(mM) . Voltage (mV) oLl . ,
effects of hBEST1 and hPYCR3 observed in vitro are recapitulated in vivo using retinal pigment epithelial (RPE) cells, where hBEST1 is highly expressed, -30- :ﬁ‘c’g;; :iiig*
to explore their physiological relevance. Additionally, we aim to resolve the complex structure of hBEST1 and hPYCR3 to elucidate the mechanisms (Escande-Beillard et al., Neuron, 2020) G252V
underlying their structural modulation. Ongoing studies aim to elucidate the structural and functional mechanisms underlying hPYCR3-dependent
modulation of hBEST1, offering new insights into the interplay between proline metabolism and ion channel regulation. ® hPYCR3 Interacts with BEST1 channel in HEK293T.
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* Bestrophin channels are calcium-activated chloride channels. 38 - + 0
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* Four paralogs (hBEST1 to hBEST4) are encoded in the human genome. hBESTA - -~ p— ?P‘;‘m} 08 S —— u:') 2
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* Bestrophin channel is encoded by the Vitelliform Macular Dystrophy (VMD) gene. £ E
* BEST1 is primarily expressed in the retinal pigment epithelium (RPE) and is genetically associated with various retinal degenerative disorders N R [T ———— BEST 28— -
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* The BEST1 channel in mouse astrocytes has been reported to mediate the release of gliotransmitters such as Glu, GABA, and D-ser. §
* Functional regulation of BEST channels in mediated through complexes with metabolic enzymes, such as BEST2-GS and BEST1-GADG65.
® The influence of GS (glutamine synthetase) on BEST2 ® Influence of GADs (glutamic acid decarboxylases) on BEST1 ® Rotation of entire TM helixes in hBEST1-hPYCR3 complex vs. S2b @ Permeability of hBEST1 and hPYCR3 to glutamate/GABA.
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® |P-MS fished out hPYCR3 as an interacting protein to hBEST1. ® Proline biosynthesis < 100, 8
hBEST1 hBESTL hPYCR3 0 £ 50__ N.S.
—_ + PYCR3 alone alone O IS
-k hmBEST1/hBEST1 2 10 E 3 - -
& £ _ E < ST [ PGaga-
A 4 : ot 8 NADP  NADPH Cytosol -100  -50 30 100 5 4- —
& = = oo °E Beuct T 05 cr- =
e (=] %e%ﬁ?é T gl 8 PROLINE < M P5C Glutamine Voltage (mV) A T
kDa Ty .ﬁ"“f ’E’ﬁf::: !‘%é;é@?; ¥ E A A [Ca?*]=1 uM -
198 - st = B 4‘:5?@'““:; i, ) - E: 140 GABA, 10 CI-
g’ 3'3:’; g":%g;‘;-: HE Z oot , , — @ g;gg% 2 I: 157 Cl 0
— B R 7 - SIS oo e P5CS S : At pH9.3, 14 GABA- . .
oc - ‘ . '.-1?,., ’f: ’:ﬁ?;i"'f" Elution volume (mL) PROLINE < P5C < Glutamate g 8DlG hBESTZ, FU“Y qpen ] b hBEST1 hBEST1+hPYCR3
i 0 ; o 0y By 2 AR AN A el 5 8D1K: hBEST1, Partially open @ 5uM [Ca?* -200-
- e 25 00 25 crpgge g 5 MR NADIRIH o e S (Owiji AP et al., Nat. Comm. 2022) H al
—:—< Log, fold change E E E E E E E § E / % v NapEhabEh E
- —1 | 1k9D88- ~ " \ Quiigne oS . i o :
- | o s 18 | heesTLLBTS @ @ e ® The correlation between hBEST1 and hPYCR3 enzymatic activity in hPYCR3 KO cell line.
38 - . ;.lglit Precipitation 62- - | — < " \\\ v
k=1 1% “ooo g . L - hBEST1 \[SLCGA20?] o Prolinase J hBEST1 hBEST1
. _ _hBEST1-BRIL-3X Flag _ _ 38- - 7 hPYER3-Twst / - MMPs pyoline-rich proteins + 20 mM Proli ™
e s S TWSt-PYCR3 h m h m h m 28 - S @ wwe= < hPYCR3 } Protein fragments . "7°"> roline P . m roiline uQ_-
<« Bt ss0n 17- — —3cC ! (Pro-XX, XX-Pro) T (Collagen)—Extracellular Matrix <
* Candidate IB: PYCR3 | v ** gy ™ wue 14- % = «— BRIL-TwSt Diet <
- TIMPs 2 120 -
; N | L Twst (Du et al., Amino Acids, 2021) 2120 1
2 ™ a
° ° (%) o A
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® hPYCR3 enhances BEST1 channel function in CRISPR-Cas9-generated hPYCR3 KO HEK293T cell line.

- PYCR3, a metabolic enzyme for proline synthesis was identified as a binding partner of hBEST1 channel.
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Lo 120 [Ca**]=1 uM - hBEST1 activity is significantly increased by co-expression of hPYCR3.
NBESTL NEESTLIRPYCRS 2:',- 60.- E *¥)=00837 ) - hPYCR3 enzymatic activity is essential for hBEST1 modulation.
'§ ;3 - Understanding the mechanism of functional augmentation of hBEST1 by hPYCR3.
- = e $T 60 - Investigating activity-dependent mutual regulation of BEST1 channel and PYCR3.
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