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CLK2 inhibition ameliorates

autistic features associated
with SHANKS3 deficiency

Michael Bidinosti,"* Paolo Botta,?>* Sebastian Kriittner,” Catia C. Proenca,’
Natacha Stoehr," Mario Bernhard,' Isabelle Fruh,' Matthias Mueller,'
Debora Bonenfant,> Hans Voshol,> Walter Carbone,' Sarah J. Neal,*
Stephanie M. McTighe,* Guglielmo Roma,' Ricardo E. Dolmetsch,*

Jeffrey A. Porter," Pico Caroni,” Tewis Bouwmeester,’ SCIENCE
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> SHANK3 (SH3 and multiple ankyrin repeat domains 3) S At2| 25 &2 (haploinsufficiency)= AtH AEEZ FO{(ASD) £ HE-WHO
McDermid syndrome, PMDS)2| 414 & HOE RYUSts AQY. A9A LHIE|A MEO|SE AL A Jvan Galimberti BfA G EI2 HEM cH XSS 0|2
5t0], Shank3 AHE AMZA M ZOjA 214t THHEEH| (phosphoproteome)l| H2lE ES A E2 CHEE F|LEA| B(PKB/Akt)-mTORC1(mammalian target of
rapamycin complex 1) 2 H 29| &3 XA (down-regulation) S 7HEl PP2A(serine/threonine protein phosphatase 2A)2| Q14t3tet 2Hd5to| ZAnto|H, O] =
PP2A ZF- MERJU B56p2| 7|LHH| 2 CLK22| =F 57t M-S =Qleh £ Akt 2| H/fTH Rl 2d%t = CLK22| A7t Shank3 ZHE 2 PMDS 2HAt
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(Lower) Plots of recorded mEPSCs.

(D) SC79 and TGO03 correct synaptic transmission impairments in PMDS neurons. (Upper)
Representative traces of recorded sEPSCs. (Lower) Plots of 24 hours treatments on sEPSC frequency
and amplitude of PMDS patient-derived neurons at eight weeks in vitro.
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Activation of Akt or inhibition of CLK2 corrects Shank3-associated deficits.
PMDS Neurons (A) SC79 rescues spine density in Shank3 knockdown neurons. Neurons were treated on day 14 in vitro
20 —Ns for 24 hours with 4 mg/ml SC79 before immunostaining for green fluorescent protein.
Fusl™ . a0 . (B) CLK2 inhibition restores normal spine density in Shank3 knockdown neurons. Organotypic slices
“g'- 8 . . g N - were treated for 24 hours with 20 mM TG003 and 10 mM Akt inhibitor (Akti).
g 1.0 ° 32" o o 8 (C) SC79 rescues impaired synaptic transmission frequency in Shank3 knockdown neurons. (Upper left)
. & Representative traces of mEPSCs recorded from CA1 neurons in organotypic slice cultures prepared
e ® |18 and treated as in (A). (Upper right) Average traces of the mEPSCs amplitude for the cells shown
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A hippocampal network for spatial
coding during immobility and sleep

Kenneth Kay', Marielena Sosa', Jason E. Chung!, Mattias P. Karlsson!, Margaret C. Larkin' & Loren M. Frank!?
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N units fire more at low speeds and during immobility. a, Firing of four example CA2 N units during task behaviour. Each row corresponds to an N unit,
with spike rasters plotted above the traces. Left y axis and grey fill trace: head speed (cm s—1) of the subject. Right y axis and blue fill trace: instantaneous
firing rate (Hz). Right panels: spatial firing maps from corresponding task epochs. Grey: positions visited; coloured points (darker colour values at lower
speeds): positions at which firing occurred, with each point opaque and plotted chronologically. b, Distribution of correlations (Pearson’s r) between firing
rate and log speed for each hippocampal unit population. ¢, Mean firing rates during task epochs (mean + s.e.m.; number of units: CA1: 478, CA3: 271, CA2
P: 142, CA2 N: 84). Across unit populations, N units showed the highest firing rates during non-SWR immobility (Kruskal-Wallis ANOVA, Tukey's post hoc
tests for CA2 N greater than each other population. Moreover, N unit firing was higher during non-SWR immobility than during locomotion.
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Failure of RQC machinery causes protein

aggregation and proteotoxic stress
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Failure of RQC results in impairment of cytosolic quality control. a, CmCh* was expressed in WT, Itn1A and Itn1Arqc2A cells and degradation followed by
cycloheximide chase. CmCh* was detected by IB with anti-mCherry (top) and quantified by densitometry (bottom). b, ¢, Models for the aggregation of stalled

NCs (b) and NS-proteins (c), resulting in chaperone sequestration and proteostasis impairment. Stalled NCs without poly-basic tract are generated from
truncated mRNAs.

X cytosolic carboxypeptidase Y* (CPY*), CPY* fused to mCherry (CmCh*), the nascent chain (NC), ‘'non-stop’ (NS)
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