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1. O|EZ 2|0} Xt7tZ A 20| A PINK10f| ofgt PARKIND} FH|FEl Ql4tstof gk 7
Defining roles of PARKIN and ubiquitin
phosphorylation by PINK1 in mitochondrial quality
control using a ubiquitin replacement strategy
Alban Ordureau?, Jin-Mi Heo?, David M. Duda®<, Joao A. Paulo? Jennifer L. Olszewski®, David Yanishevski®, PNAS
Jesse Rinehart?, Brenda A. Schulman®“’, and J. Wade Harper®" WWW.pnas.org/cgi/doi/10.1073/pnas.1506593112

> PINKL £ 7|LiX|2} PARKIN UB(RHIFE!) 2|7H0lE THl& Tt U Crrst oM QM HE|S SUHOIE, Wty % §._°E Qo) ST + Y& F EHTO| AT 7|5
oefsts He 2 o|u|7}k 1S, PARKINI} PINKLO| S22 (PINKLO| O|$ PARKINT} UB QI4tstet BH21€) O|E2C2|0f 219t By Eo| Za| 8|3 ElsHpolyubiquitylation)Z S £4
IE2Ea(0fe] X7HEA HBmitophagy) OIS 28 TaiLt ol oI LIFS % BB Felshet] B2 ol gol 7] WRH of Bs) olsslol Six| B8

> 0|3 St ECH J. Wade Harper BtAF HEI2 O] A0 A PINK10]| o]t PARKINI} UB Q45171 @ k= AR9| Zt T E2 1 ESl7| flei UB CHA| A|AEI(UB replacement
system)Z Al8350{, E2XQl D|EZC2|ote] FH|FEIZ W Xp7f= A0 F28 PINK1L S UB § & I E-xQ|E H#|L|F(feed-forward mechanism)0j Cist ZHSS HAIE
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1. O|EZE2|OF Xp7tE A ZE0f| A PINK10]| 2|5t PARKIN®} 7 H|F El Qliteto] Hg 1F

e S —

Proximity induced | | | Feed-Forward | ‘Proximity ilhduced—
PARKIN activation? . amplification . Ubiquitylation?

- Schematic of a unifying feedforward model for the PINK1-PARKIN pathway

(Middle) Mitochondrial damage leads to PARKIN recruitment to mitochondria (1) and its PINK1-dependent phosphorylation (2), resulting in the activation of its
UB ligase activity. Because activated PARKIN promotes primary substrate ubiquitylation (3), this process increases the density of UB on mitochondria and
provides a substrate for phosphorylation by PINK1 (4). We hypothesize that maximal UB amplification involves recruitment of phospho-PARKIN to phospho-UB
chains through a direct interaction, and maximal chain synthesis reflects the fact that phospho-PARKIN has significantly higher specific activity than
unphosphorylated PARKIN bound to phospho-UB

(Right) Newly modified mitochondrial proteins with phospho-UB may possibly also recruit nonphosphorylated PARKIN (1) to promote chain synthesis or
ubiquitylation of MOM proteins (2), albeit with rates lower than the rates seen with phospho-PARKIN

(Left) Moreover, binding of unphosphorylated PARKIN to phospho-UB (1) may facilitate PARKIN access to PINK1, providing further amplification. A combination
of these mechanisms may occur.

P phosphorylation; U, ubiquitin.
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Postmitotic regulation of sensory area patterning in
the mammalian neocortex by Lhx2

PNAS
.a - _a . b b H ] a,1
Andreas Zembrzycki®, Carlos G. Perez-Garcia®, Chia-Fang Wang”, Shen-Ju Chou®, and Dennis D. M. O’Leary www.pnas.org/cgi/doi/10.1073/pnas. 1424440112
ZREF Ohklef MO HE(neocortex)2 #4 §EE XNE|otes E4otEl Y (X=)-E0|H(modality specific) FH Y. 0f Y| 7|7} etk St Qo] XY &4 7|su d=0 &
g2 F7| W20 e S2ct PR AKX K42 &2 SHe| S=Hsensory area specification)= L| & 7 M|Z(cortical progenitors)Oi| A &S E|= I Hot REAS0 2[5 X[HY

& Z(postmitotic)0f] H AL QIXQ! LIM homeobox 2 (LAx2)2| XM|7{7} MM ZO0|A HH

0= £3 ME3% A ADennis D. M. O’Leary BfA} HREI2 Cljk| T|HO| MAMNEOAM ZF2LE
I & o}(area patterning in progenitors)0f] &2 FX|= AX|TF Z4Z H(sensory areas)S Z5tA HIlAFH L, Ol MM ZOAM Y HA|Hdol EX317 S261X| UAS2 HOF
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Legend: *WT *WTMean n=6, °cKO °cKOMean n=7

SHT RORb Cad8 EphA7

PMBSF

V1

- A

#42 9 Tt H|of

Postmitotic deletion of LAx2 alters thalamic input and the cortical
molecular profile

(A) 5HT immunostaining on P7 flattened cortex (CTX) sections reveals the terminations of TCAs that project
from the principal sensory thalamic nuclei into cortical layer 4. In cKO (LAx2%x%fiox-NexCre*) brains,

the 5HT staining reveals abnormal cortical sensory areas, compared with WT brains. Quantification of
sensory area size (dotted lines, displayed as percent of WT) reveals that cortical surface (97 + 0.93%, P =
0.0529) and the M area (104.37 + 2.4%, P = 0.1002) are comparable in WT and cKO brains. V1 is enlarged
(171.09 + 2.39%, P < 0.0001) in cKO brains, whereas S1 (65.14 +1.81%, P < 0.0001) and A area (54.31 +

4.69%, P < 0.0001) are contracted. *P < 0.05

(B) ISH for RORb, Cad8, and EphA7 was performed on P7 flattened cortex sections at depths comparable
to 5HT-stained sections. The expression patterns of molecular markers appear superimposable to the
borders of 5HT staining (compare outlines). n, number of samples; PMBSF, posterior medial barrel subfield
in S1. Main axes: A, anterior; L, lateral; M, medial; P, posterior. (Scale bars: 0.5 mm)
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4. £|o| Z7|7|dS RUlSt= L MR 2] Al =x: kst ozt rezesstuam, 2015-05-15

> MicroNano Research Facility (MNRF) 917512, Ctrst HEE SAI0) 7433t HESHs £lo] 532 Ruat 4 o= A 21x0| HA CHt Hlm2| 4
(electron-c multi-state memory cell) 5 3tLE W&okt YBSIQICE £ S S5 ATES Ho|2Y Hl(bionic brain) ol Aol a1zte| kol o By
A
1M Seg Bustn BES O CRE £ YAl EILo0, YAB0|0(Alzheimer) I TH7IE Y

sast
z

Hx
7CIE°I 22 99 FH E A= 7|0t

(Parkinson) 81} 22 = MZsHs Tl HBH /‘(‘

> 2 AxZA4u= ME3 Mz oksk M2 2l Advanced Functional Materials ("Donor-Induced Performance Tuning of Amorphous SrTiO3 Memristive Nanodevices: Pt

wu og

Multistate Resistive Switching and Mechanical Tunability")X|0ff A X | Q! Ct T 1onm
» Z=2ME 2|HO0|X} RMIT Functional Materials and Microsystems Research Group2| &=2|E Q! Sharath Sriram BfAt=, O|HHO| HAH Ol J|tE ES|f |7t & 7| Amorphous SrTiO, 2
719 Qs ALBBHE YAlg RUY 4 | EUCtD BoISIICh /AL Ofd R HEE Hen MEN, NEH FrE ¥a AY + t H=als At & A
oF QARSH A|AEIS JfRtStaD]| oS 2RSLA EQICta L .
Pt S
3
> 19 X704 ofdE0 H2E| A4S JUste SHe, 0jQ Must MEEH MA YEQIES putste uE S ISt ElCh GTLES RMITO|A O|Mof 7Hgsh
SLo =~ = o ,_ = N 2l
AS 7|X2 S83IYr|, DAL QIZte| Oa|7tatect o Hi= o Jh=Cl2t 0jQ %S LWEo| HEZ 7|5 ASHE RS AFRSH0] X104 Lt 37| 2 2|o|Ch Ajﬁr;q E20] 2 _STO
o TT —| -
> 2 o170 HIKMAFQl Hussein Nili HHAbE, 2 9710| 28 A2 |9 WAIN SUSHH YRS HESID 713sHe Chat Mg JiesiQicts FMolatn ZxsULt éﬁ?{éﬁ??fe@qﬁ%ﬂtfﬂqgiﬁ‘iﬁ
ZHWORDI AIRIS WS 4 Qe QFE FHHEE MZS| B SASIK|DH SWO| OfLl DE AAT} AMZE 81 QI M2 52 I8 & YA EQICHs HO| FRS  ALgE a3 -STO 24-MoH-2
2HO[Et D HEQCH HE ML 7|7|7H 00 ‘12 HO|HE MESH: 7|Z0| CIX|Y HPa|Hct 8N O Mo MEE MAS & Jrtnts 3ix|g, 7|Zo ¥y & 7x2 B Al ol 7=
2 7|98 Y SX|gte kot e S30| oL 0|28 Ho|ct
>  O|X ITEIS Ba|AE|= (memristive) TS A CHEE 223L7| Qo) 24 AXIE HIISIHAM MBS FRO| EAS ATSIQICE WalAE Zute Bj@a| HEC| HE0| 7|Z2| AE| o|EES
o|O|$tct. L 37| M2 2| HIO|QY 3ol o ZRs 2Rt QIBX|S HEYIL| MEAQAN ChSH MPH 0| sisict
> 2oL o7t thMoR st AHAM fa/X ENE UoT|X| YT E, MK HO|AM Q7to] L[S BBl 7|7|2 BBl SO £0S MM S JIX|A = ZO|Ct THoF OIN| HIoA] K|S 2
HISE A O
o= T =

UCHH, =|off Tigh X2 SoMel B2|H Z2XME 2aztetez)N MFsty =AdS O Z olsig = AA & Aot
M

2128 "Donor-Induced Performance Tuning of Amorphous SrTiO3 Memristive Nanodevices: Multistate Resistive Switching and Mechanical Tunability." Adv. Funct. Mater.. doi: 10.1002/adfm.201501019
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2. OECD= A H| EX} HL|...3t= =FE2? =x: s#xpae

> BHEENE7|FOECD)7t 7 =2 &2 fe|Uet atet7|s SHH= 2013E 7|

oiCcH H A= P, 5 e
CBIATRIL. A2 MIA 5¥ FEO0IH B 72 2718 & 17| 318 coeee G =2 27} O3t RRD SR ceis
«O=0|3 «O=33 UE =O=Bt «Om FHLICH «O» D2HA AR «O=Bi
> OECDE Ojd Z=Qntst7|& EXIX|ES LESICL SIX) 2013W K| LiQt QICt 0|2 S 45354 47183 387 39.8
40600 40959 42914 ’ 359 36.8 37.6 e
OECD Y& Z7p= 20134 XA 7} E|X| Qof ZLYZAAHGDP) CjH| R&D EXF FR2 fo — 33645 Ommmmmmme O O=== i
N 29,306 :
oI AFSHCH ;
B 18437 51301 2ie0 208 216 210 209 208
—()
> EXE FRE o 01F0] 4711923 HEZ 19/ch 22| 02 fy] 722 1 £F Tace0 14838 15181 16024 7T o 55 = =
O|Ct 5217 5,838 6,445 6,893 O e —0
4,598 r e —— L =0 1 1 .1 10.8 10-1 9.5 i;.)z
= L= AHCral 2 A olBE L = ol l 1 1 1 1 —! 1 1 | |
> GATH A27F AN F B E 2 Lets 3365AF RS £0FR= S=0ICH 0]0f & 2009 2010 2011 2012 20134 2009 2010 2011 012 20134
20| 160292, SY0| 103991 a{Ct. 22| 6892 ZR{2 1 HE 9ln Qlrt FRol AR SEERIEL
A, o|AetAo| oA HY 77710 BECH
> GDP CjH| 22|L}2} R&D EX|H2 4.15% 2 MAl 1|Ct. 2009 3.29% 2 42| =F0|E Z10| 2012 4.03%0]| ==StH 12|0| S =CH GDP CHH| 4.0% YA 3|0 EXISt= =27 ™ M A

Hoz gltt

>  QEO0| 335%2 29|C}. 0|0 WEIE 3.32%, A9l 3.30% 20|Ck. E0[L} 0|2, A, Z2 S0| 2%HS QA/EHT, YZ0|L} 0|ABIAS Z+2t 1.63%, 1.25%C}

> GDP [jH| 7| X917 £X} HIEE OECD S0 M2H 2a|Ltats 0.74%2 M| 1$ICH 2009 0] 0.59%2 T2 A(0.58%)Lt O|2(0.53%) St H|=ot 40| QUC} 2012140) = ZT2HA T} 0.64%,
0|23} 0| AB}A0| 0.46%L}

> gL} ReE|Lats HN R&D §£xF T GRAH| H|S3 Cijstd | H|F0| 43| Rt

>  FRAFH|= UL Z¥A, 0[S, 5Y S0| 30.8~34.3% H|F QI YHHO| R2|Lt2tE 23.9%0] E3f5tCh = et B[S 2 FHLICHt 39.8%, ZY ATt 20.8%Ct. 22|LtEtE 9.2%0f| E1t5t

oOT -
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