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(fission) g, 27124 (autophagy)efl 2%t &4 =g
olo] A 74, UPC (uncoupling protein)of 9]t njE==
2lof B} sfaipy, 1e]ar ofejh vjEF =Ll Ay
oF Al wahke Al HHcancer)d} E8YA A7 Egh
(neurodegenerative diseases)?H| 1A dijs) Atu] 1L
A qhet,

OJEZC2|0F ATP AjAtabgol oA @
(ATP vs ROS)

njEFEg|ok= AlALe] o JA AR A] ArgA|e] 5= o
UAQl ATPE YAkt (1a 1). o] ATP BAFHEE AbA
8] AmEY, oy gea (F2 Bt AH)E A7)
(substrate 0X1dat10n) 0|5 E3d}o] NADH, FADH29| #
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Z(electron)E #&3tcH 1], NADH, FADH2-= n|E#=
gjofe] Mg A o] MRS ddstal o] Axb=z HEH o
B akaizfel] daEe] 2 shdEt of2jgh At
g2 &l /A (proton, H+)7F nlEF =]} wjE 2] Ao
A W7EE7E (intermembrane space) & ©]% Al HZI}

ZErlo] nEZ=a]ol W9l (inner membrane)®] proton
gradient”} FAEh o] proton gradient o %] ATP
synthasell 23l ADP2} inorganic phosphates AgHA#
ATPE W= Whgo ARSEITH1], 91 2ol Eebdst|
o] FO| A AU HAAGA 7} F1toll #71= A9 1L ks
2 &AL (ROS, reactive oxygen species)”} WHE0] 4]
TpFo] gdakae mEFZE o} it 0}‘4‘1} Az o] o
Ao} &S 2ffste] aldtE 01071 dolog of
A QleH2], webA mlEFE]oke] ATP A4k Aol A
Fof| FA oAk FakE R vHEol A= Dj’*é*\_} =
3} = 1L Aol whet 2ol 7] o] 2 A & 4= 9l
S R I i e e
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Uncoupling Proteins (UCP) : DIE—?’—':EW}?
Zu 3P SiAE S8t ROS U of

u|EZCgjole] AAAYTAS 5] vhEo] A proton
gradienti= ATP synthaseol 2|3} 3}8H4] ofju]z]2l ATP
2 Az Z 2o UCP(uncoupling protein)f 23§
H(heat) JUYAR Hgo] H7|&= gt} (19 19 L&
UCP), olo] ol thl A2 ZHA kA sLo 4 UCP1

Fatty acids, glucose

ATP Wark for biological process
\ Mrp AThrp ATP mmp K LSRN

171, DjE22l0te] BE U ATP AMZIEO| i3t DA,

o] & o] 9lit 1 ejof Tk Z2olx] UCP29} UCPS
7 B 7)5E she Aow A UrL, 2). ol
uncoupling proteing2 H|EZ=2]0}2] proton gradient
o ATAE TS| MG £F 0= GATHO =M Hefo]
proton gradient2 55 - AR S] AYARS A A5}
= 715e 8 Aew Az,

ROS scavenging: &A=l ROSE 4
MYLZOZ ZLUA|F = et

nEFEeob] TEIAoA WSk superoxidess V]
EFegol Y MnSOD(Mn superoxide dismutase)©] 2]
o IAA(H,0,) % BF o] glutathione peroxidase
+ peroxidaseol| oJsf &= A= o] ¢ ol wAE ¥
o712 Al HoH3] (29 2). ©] AL mitochondrial
ROS scavenging system© 2 2|1 o] thioredoxin,
glutathione¥}t 2% small molecule 2} glutathione
peroxidase, MnSOD, perociredoxin - aAghulz
2 FAE A3, 4], o] AavASE dAxd
(transcriptional regulation) ¥ o}je} Post—translational
modification®] &J8) A% =] nEFL=e]oto] EA =
Sirt30] 2]3F deacetylation®] &40 B4 sto]| FQ 8k olske
Sh= Zlo] defA QIeH5]. 3 peroxide’t MO R EA T
A peroxiredoxing®] hyperoxidation o] Thaal 32} 9]
W37} doju) peroxidase A4
SO & Hgto] Yojuh= Zlo] A UrHe, 7.

=

53 W31 chaperone 7|

H,0
H,0 <—— "OH + OH-

Prx-O  Trx-R

C Xom

Prx-R
Trx-O

0, — ‘0, —IMnSedi— H.0, ——|Catalasel— H.0 + O,

Nol GPx-R GSSG

“ONOO* C x D-

GPx-O GSH

712l 2. ROS scavenging 2HE0]| Chet BAIE
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of FrHrH8]. nEFEote] fejHd> dynamin—
related protein 1 (Drpl)o]l 23l fEE=d] AlE2lo] &
A5}= Drplo] v|EZE=goe)] ZA5}= Drpl receptors
of oJsff mEFEeol® FAAA Fejrbde 8t o
7R 22 n|EHE= ol Drpl receptore= Fission 1
(Fis1), mitochondria fission factor (Mff), mitochondrial
dynamics protein MID49 183 mitochondrial
dynamics protein MID510]tH11—-13].

&4 D|EEE2|0fe] X7 HEATRYo
fst M7zt

AHEl n|EZEgol= membrane potentialS )
W25 7R el ofstel A EE S A4 el
o] A HS EASA mitophagy (mitochondria +
eutophagy)eh 012 RE/|E Gk @i Ao o
Sl o] M-S Parkin THiE o] FA4lo] E o] ojub= i}
% (Parkin dependent mitophagy)d} 1%%] %2 34
(Parkin—independent mitophagy) & U0l & 4= Qlc}
(8] (1% 4).
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1. Parkin—dependent mitophagy
AA7HA 7 & A57E o] Fol%] mitophagy #Hd
=2 serine—threonine kinase®l Pink1¥} E3 ubiquitin
hgaseol Parkin] %+4lo] Hjo] Jojup golch14], v]
FEEjo}o] uASl7E AFAE G A Es|EAR) PARL
o Pinklg ZehA glofA] Jtab7] wiol wEF=e|of
] Pinkl thal o] QHYbe| Al HTH15]. ofFA SHste
Pinklo] Parking v|EFZEe|o} WO R o] FA|7|A =il
Parkin®] Thr1759} Thr2172 QAFSIAA A E3 ublqmtm
ligase AAZME-S SASIAIZITH 16, 17]. o= Qlsl n|&
= gjolo] thl A5 9] yhiquitinatione 427 mitophagy
IS AASHA Hd, o] W0l A Pink1S QM SHA]7]
= el A e TOMMT7, E9Hg3hA 7]+ w2l e STAHS
7} Wiy, B3 HSPA1LY BAG4 w22 Parkin
of mEFEL otz oFsle Ale sk oz WAl
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18], @43yl Parkind Mitofusion—1, Mitofusin—2,
MIRO-1, TOMM7, VDAC 59| HEZE=a]o} thil g
ubiquitination A|#A A mitophagy ¥7go| A|ZE| == gk
tH19-22]. Parkine] 9|3t wjEF=elol efuf thiz o]
ubiquitinatione A2 A7}LAS G EsHs pe2 Tzl
= MEZEZoR fregitH2l], EZELolR ik
P62+ AZFEAAE FA = LC39F Aol mitophagy
S AYAZITH 23, 24], Optineurin®A| p622] 7151}

GARE 7158 sl Ao ok A QuH25].
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2. Parkin—independent mitophagy

2|t oAqtdate] ofskH A Tl Parkino] EAs)
A g¥olte mitophagy”t dold &= 150l e Fiet, o] 7]
ol Tola= thi A2 BNIP3, NIX FUNDCL o] 8|51
Al Tl W A AR AR A fEEE A nETE
oFe] Ap7EALAlE LC3 whil A at A3 Aglsto] 012715 7
o® w1 EQIeH26-28]. T Rt ofye} mEFE
o} Yukof A gH5o0] 2= phospholipid dimer¢! cardiolipin
°| mitophagys F=& 4= S50l deAe}, nEL=elo}
S T WSl oal] A Sl A Ekoll EAsh
9 cardiolipin®] 9JuoR o|Eslo] Ap7fEL A Sm chul
2l LC3E WEFEeolR fidh= 7| Ho] draf HlrH29].

Parkin®]o] E3 ubiquitin ligase® 4] SMURF19]
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oA AA %= 7ol Tofeh= Ao m A HTH 301,

Parkin-Dependent Mitophagy
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=

3 9 3
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ofe] 2] 9l WAl nEFL =0} respiration®] 2
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28 AF A AT 52 A= k4 (benign)
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ﬂil
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= J
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EdviolEol B A7 A fdat deh Aol qlral W 7)16S fAdks 713 7HAAL Qltt, Akt Ak ‘Q%
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2 EAA]o] A= m}71~ v (Parkinson's disease)o]t}. 9o oJ 5o w2} Parkin—dependent®} —independent pathway &
A 15 mitophagyoll Al 83+ 98-S 4=adk= Parkin ¥} LHro] & 4= it
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EFEold] fragmentation©] FZ=sto|m B0 Al 2| QL
ot [41], wepA] mEZEeol £4 e 75S AR F

A AVBHIEE] 7528 T BEAI7| IR} Bl Al HBA
A3}

A7 o) e A= Aol B 4 9 Aolth

>}L

1. Krauss, S., C-Y. Zhang, and B.B. Lowell, The mitochondrial uncoupling-
protein homologues. Nature Reviews Molecular Cell Biology, 2005.
6(3): p. 248-261.

)

.7;1% W 2. Papa, S. and V.P. Skulachev, Reactive oxygen species, mitochondria,
apoptosis and aging. Mol Cell Biochem, 1997. 174(1-2): p. 305-19.

Ao 3| o013 ST [¢) Hzlo] Al
co= 7\] 01—7] "46} U]E “qu]—'J 7] ] il 3. Fischer, F, A. Hamann, and H.D. Osiewacz, Mitochondrial quality

[e}
of "WAQl ATP A§AF Wt o} /\ﬂi«] Zﬂ—/g— J X] control: an integrated network of pathways. Trends Biochem Sci, 2012.
37(7): p. 284-92.

& 4. Chung, Y.W,, et al., Dual function of protein kinase C (PKC) in
2o -CH Hk]h 1:}0%} Oﬂf\ﬂ = 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced manganese
superoxide dismutase (MnSOD) expression: activation of CREB

2k ol and FOXO3a by PKC-alpha phosphorylation and by PKC-mediated

WA 7] 4 0 72 SAJARA /\(]Sl/\ A3} 11]74 %A 7];< o549 inactivation of Akt, respectively. J Biol Chem, 2011. 286(34): p. 29681-90.



-

MOLECULAR AND CELLULAR BIOLOGY NEWSLETTER

10.

1.

12.

16.

17.

19.

Tao, R, et al,, Sirt3-mediated deacetylation of evolutionarily conserved
lysine 122 regulates MnSOD activity in response to stress. Mol Cell,
2010.40(6): p. 893-904.

Cox, A.G,, et al., Mitochondrial peroxiredoxin 3 is more resilient to
hyperoxidation than cytoplasmic peroxiredoxins. Biochem J, 2009.
421(1):p.51-8.

Rhee, S.G. and H.A. Woo, Multiple functions of peroxiredoxins:
peroxidases, sensors and regulators of the intracellular messenger
H(2)0(2), and protein chaperones. Antioxid Redox Signal, 2011. 15(3): p.
781-94.

Ni, H.M., J.A. Williams, and W.X. Ding, Mitochondrial dynamics and
mitochondrial quality control. Redox Biol, 2015. 4: p. 6-13.

Lee, .Y, et al, MFN1 deacetylation activates adaptive mitochondrial
fusion and protects metabolically challenged mitochondria. J Cell Sci,
2014.127(Pt 22): p. 4954-63.

Lee, J.Y,, et al., Disease-causing mutations in parkin impair
mitochondrial ubiquitination, aggregation, and HDAC6-dependent
mitophagy. J Cell Biol, 2010. 189(4): p. 671-9.

Westermann, B., Mitochondrial fusion and fission in cell life and death.
Nat Rev Mol Cell Biol, 2010. 11(12): p. 872-84.

Gandre-Babbe, S. and A.M. van der Bliek, The novel tail-anchored
membrane protein Mff controls mitochondrial and peroxisomal fission
in mammalian cells. Mol Biol Cell, 2008. 19(6): p. 2402-12.

. Palmer, CS., et al., MiD49 and MiD51, new components of the

mitochondrial fission machinery. EMBO Rep, 2011. 12(6): p. 565-73.

. Youle, RJ. and D.P. Narendra, Mechanisms of mitophagy. Nat Rev Mol

Cell Biol, 2011. 12(1): p. 9-14.

. Jin, S.M,, et al., Mitochondrial membrane potential regulates PINK1

import and proteolytic destabilization by PARL. J Cell Biol, 2010. 191(5):
p. 933-42.

Kim, Y., et al., PINK1 controls mitochondrial localization of Parkin
through direct phosphorylation. Biochem Biophys Res Commun,
2008.377(3): p. 975-80.

Sha, D., LS. Chin, and L. Li, Phosphorylation of parkin by Parkinson
disease-linked kinase PINK1 activates parkin E3 ligase function and
NF-kappaB signaling. Hum Mol Genet, 2010. 19(2): p. 352-63.

. Hasson, S.A, et al,, High-content genome-wide RNAi screens identify

regulators of parkin upstream of mitophagy. Nature, 2013. 504(7479):
p.291-5.

Chan, N.C, et al., Broad activation of the ubiquitin-proteasome system
by Parkin is critical for mitophagy. Hum Mol Genet, 2011. 20(9): p.
1726-37.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

Gegg, M.E, et al., Mitofusin 1 and mitofusin 2 are ubiquitinated in a
PINK1/parkin-dependent manner upon induction of mitophagy. Hum
Mol Genet, 2010. 19(24): p. 4861-70.

Geisler, S., et al.,, PINK1/Parkin-mediated mitophagy is dependent on
VDACT and p62/SQSTM1. Nat Cell Biol, 2010. 12(2): p. 119-31.

Poole, A.C,, et al,, The mitochondrial fusion-promoting factor mitofusin
is a substrate of the PINK1/parkin pathway. PLoS One, 2010. 5(4): p.
e10054.

Huang, C,, et al., Preconditioning involves selective mitophagy
mediated by Parkin and p62/SQSTM1. PLoS One, 2011. 6(6): p. €20975.

Ding, W.X,, et al., Nix is critical to two distinct phases of mitophagy,
reactive oxygen species-mediated autophagy induction and Parkin-
ubiquitin-p62-mediated mitochondrial priming. J Biol Chem, 2010.
285(36): p. 27879-90.

Wong, Y.C. and E.L. Holzbaur, Optineurin is an autophagy receptor
for damaged mitochondria in parkin-mediated mitophagy that is
disrupted by an ALS-linked mutation. Proc Natl Acad Sci U S A, 2014.
111(42): p. E4439-48.

Schweers, R.L, et al., NIX is required for programmed mitochondrial
clearance during reticulocyte maturation. Proc Natl Acad Sci U S A,
2007. 104(49): p. 19500-5.

Bellot, G., et al., Hypoxia-induced autophagy is mediated through
hypoxia-inducible factor induction of BNIP3 and BNIP3L via their BH3
domains. Mol Cell Biol, 2009. 29(10): p. 2570-81.

Liu, L., et al., Mitochondrial outer-membrane protein FUNDC1
mediates hypoxia-induced mitophagy in mammalian cells. Nat Cell
Biol, 2012. 14(2): p. 177-85.

Chu, CT, et al., Cardiolipin externalization to the outer mitochondrial
membrane acts as an elimination signal for mitophagy in neuronal
cells. Nat Cell Biol, 2013. 15(10): p. 1197-205.

Orvedahl, A, et al., Image-based genome-wide siRNA screen identifies
selective autophagy factors. Nature, 2011. 480(7375): p. 113-7.

Guo, J.Y, et al,, Activated Ras requires autophagy to maintain oxidative
metabolism and tumorigenesis. Genes Dev, 2011. 25(5): p. 460-70.

Perera, R.M., et al., Transcriptional control of autophagy-lysosome
function drives pancreatic cancer metabolism. Nature, 2015.
524(7565): p. 361-5.

Yang, S, et al., Pancreatic cancers require autophagy for tumor growth.
Genes Dev, 2011.25(7): p. 717-29.

Guo, J.Y, et al,, Autophagy suppresses progression of K-ras-induced
lung tumors to oncocytomas and maintains lipid homeostasis. Genes

Egm201712 06



35.

36.

37.

38.

39.

40.

41.

Dev, 2013.27(13): p. 1447-61.

Guo, JY, B. Xia, and E. White, Autophagy-mediated tumor promotion.
Cell, 2013. 155(6): p. 1216-9.

Rosenfeldt, M.T,, et al., p53 status determines the role of autophagy in
pancreatic tumour development. Nature, 2013. 504(7479): p. 296-300.

Karsli-Uzunbas, G., et al., Autophagy is required for glucose
homeostasis and lung tumor maintenance. Cancer Discov, 2014. 4(8): p.
914-27.

Corti, O., S. Lesage, and A. Brice, What genetics tells us about the
causes and mechanisms of Parkinson's disease. Physiol Rev, 2011.
91(4): p. 1161-218.

Baloyannis, S.J.,, Mitochondrial alterations in Alzheimer's disease. J
Alzheimers Dis, 2006. 9(2): p. 119-26.

Casley, C.S,, et al., Beta-amyloid inhibits integrated mitochondrial
respiration and key enzyme activities. J Neurochem, 2002. 80(1): p.
91-100.

Wang, X, et al., Impaired balance of mitochondrial fission and fusion
in Alzheimer's disease. J Neurosci, 2009. 29(28): p. 9090-103.

dx g
1994-2001 Maristy SSAHnstnt stAt
2001-2003 7tEE eyl of2|St A HA}

2004-2009 North Carolina State University BfA}
2009-2010 Sanford-Burnham-Prebys Medical
Discovery Institute Postdoc
2010-2016 H Lee Moffitt Cancer Center Research Scientist
2016-311 SHUs EANST| S Zus

o &

1991-1995 Matisty SSAHnstnt stAt
1995-1997 MErist SSAHRStn At
1997-2002 SYYHIATA MYHTFHE
2002-2005 7tE Tt o Htstat HiAt
2005-2012 Duke University Research Scientist
2012-34xH Sgtisty MRS fu



