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autophagy), 1] M| 2} 7} 3 2] (microautophagy), AR} 7} 2
(macroautophagy) Al 7= W= 4 Stk o] T wlo]Edx|= Ay
ApZFEA O et wlo|EFZ =g ol E4be WekE w AlE U
A TFAE 8 E4E rolEZEgolE AlASE 9E
Riasy

HMGBI1o] o]2f3t A7k A3 yedo] Qvhs Wgo] By §)
om & MEd Tgla AME Fro=z FH|E
Zdgtta BasEan gl

AT e 2Eg 2 o) mlo]ERA|7F ¢ 2 o) HMGBI1Y]
= T8 A=A, HMGBIVTO] Sl MxdR olF 3 F

PN
T

o

HMGBI1©| A}7}EAS

2
ok

1



Ay7} ol EREolz )X sta, 22 FReM AL e

K

5 T/ vlolEnkx| o] 1Yo A2l Ay A Parkin, p622}
HMGB1YTo] Z}2} Agehs gelstit). Tdk HMGBIAYVKA HEK293T

A E(HMGB1 ©o}7]%:=4F No. 175-178 H-99o] FHAE AL AXE
oA A7FEA 9 mpo]l ERA Y] f e Art SRS gQl ek
1, HMGBIAYVK* HEK293T AlEo] HMGB1S Add AAS

HMGBI1VT HEK293T Al E 9} ml37Fx| 2 2F7pE2] 2 mlo] En}x| ¢

e}
o
T AT 2ATS g & 4 ddrt oldd AxEsS EuUR
N

N

ol
o

=)

v = AN AN
w A= HMGBLS] ahEdo] A7k 8l mlo]lExx S 2
Al71H HMGBIAYYKAS] ofsfo] 2p7kar 2] B wpe] B x| 7) 571
o 4 ok 1Y HMGBIAVYEA ghul g o] e sl AprhE A

93t EAH AAe FF F U AT Hojop @ Fiolth

o

12
>,

N % &= ' HMGBI, mitochondria, mitophagy, cellular stress



AT 2Edam fuEs

n}o] & 5} 4] (mitophagy) ol A1 HMGB1 ] <] &

High mobility group box 1 (HMGBI1)< 215 79| o}n|=4to 2 o] Fofzl

g d e g A E EAsks o diidoln, ¥fRsEolAMe
99%°] s zbar glth! HMGBI & A Al HRE oA,
DNA o A% sl= =m0 A box ¢ B box, 18] AHJE HaL & C-
ok =l o® A E o] 2t HMGBI1 2 non-histone DNA 23 iz =
o=

&9 2 F(nucleosome)=  HF38 A|7]a1 DNA 9] minor groove ©ll
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HMGBI1 < lipopolysaccharide (LPS), tumor necrosis factor-o. (TNF-a), reactive
oxygen species (ROS), interferon-y (IFN-y) & TS WA =0 <3
FAshe AL ohAEE, QANE, Wdse ge AA 5 o

g 714 DNA oA 28 © F T4 HAHs T8 AE He=

FHE AU I A necrosis) S Y o7]E=  AMES o FEHoR
wHE T FHE HMGBL 2 Al €] g3tellA 224 §lo] vYethde 45

g9l HofH A(sterile  inflammation)ol]  #ojsle= E£AF FAH 7R
7} ¥l (damage-associated molecular pattern, DAMP)S. 2 2}-8-3tt}, =74 7=

12} 9l¥l o] = HMGBI, heat shock proteins (HSPs), S100 T+ & [L-1a 5©]
gJom, Wl A FA 3 ¥ (pathogen-associated molecular pattern,
PAMP)3} frAFSHAl A5Rb-e& FAA G

ANEH O G% AH, & 37

gho] A (lysosome)s VN E  EEfete] Aol AAAES  FAGE
71-olt. olg ArFEA L AA Al MR ud 5 ded E4E
o v} A &l o f e ApH| 2 ZH A 7R A,
A7} A A (autophagosome) & FASHA] dar ZholaFakel A A A S
2385 F3 JAE= AR, AE A7|H T3 Zo] wud 2
=de wallshs AR Al MR uewE o de] dE A e

ANEA] Ade ARALZA AFRn B 5 Yk
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48R mlelEFrgote] A mlolEZ=dol iy el EAsks
PTEN-induced putative kinase 1 (PINK1)<> mitochondrial processing peptidase
(MPP), presenilin-associated rhomboid-like protease (PARL), m-AAA “1&|3l
ClpXP & Yl 7FA Z=ZH o] Z(protease)°l 23] A|&Ho=z Fa|sar
JAIRE, mlolEFZE oyt AEY S gkl st HW Zelrh TehEa
mlo]l EZ=glo} FwHo] E|sH  Fho]d]o] Z(kinase)® ZHg3FA AL
PINKI Tuido] wlo]EFgfol npgs wo] A&7 il o PINKI
Gl A2 E3 FH|F Y ligase ¢! Parkin & vlo]|EZE=glol2 Kol &7
skal (PINK1 ¥ Parkin ¢ A2 As2E T+ PINKI o 93
Parkin &] linker ¢ < 175 ¥ Thr, T ¢ ZAdA< AAFst= Parkin 2
olsol Wizl %) QIAtsiAlItt. #4438t ¥ Parkin ©] mlo]EZ =g oo
E=A3}= VDAC (voltage-dependent anion channel), MFN (mitofusin), NF-«xB

essential modulator (NEMO) ¢ WA =S {17 © Sh(ubiquitination)

=

A7 AZEEA FEAl2 == p62

L

Mo UBA EH|2S o]8-3F

rU

ol

U1 7 € sh(polyubiquitination) ¥ T A& <14 ZAgtstal, p62 ] LIR
Erls Fd  LC3-Ie  Adeted  “h(phagopore)s A SFHA
nlo]| Est A & 7| Al gk}

F o= HMGBI ©] ol2gk A7kEA 3} fdo] vks W& A7t

Bol s gl=d, AA A 7 7Ebe FEl ATREA . o
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sttba <A gk A "R @ Yol A HMGB1I & A7FEA S § 538



9~ 9+ heat shock protein beta-1 (HSPB1)9] T&dHE F7MAZItE

(L

Az Ahet mEwX gF AF 5ol A=l s Abskekd kg (redox)

B

714E Fatel AEAR o] HMGBI 2 A7bEse] 8 Z7]d
ol dt= whulE 9l Beclin-l ¥ Z2E3}9] Beclin-1 9 #] @Al Bel2 =
Beclin-l S 25E HzEA gdozn A7tEs zHd Fa3d IS
Sop B mpxmto 2 Ax ¥oez #HjE HMGBlI & oA FEA<
receptor for advanced glycation end products (RAGE)®} 2335l A7} A&

}3 9+ mammalian target of rapamycin (mTOR)E & A|g o =4

ol
off

A
AZFEA S frestAl |k

B dATedMeE Axe 4 4 9 ZE#Zzdd o HMGBIY °]
Aol A AEAZ EuEo] mlo]lEZEgols olEaE S Qs
tol EpA o Wz daks gelstalzt sielth. o] & flste] HMGBIY

3wl EHA Ay v

lo

A4e

s
)
ol

}3 a1, HMGBIWT HEK293T
A3 "% CRISPR-Cas9 Al|2~Elo® %3 HMGBI1AW* HEK293T wWo|

AlZE ©]§38te] HMGBI ©] mho]ExtA|o] mA|= F&a &Ikl
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1. N ¥8]g 2 271 ¥ 2] (autophagy) 5=

QI1ZF wijo} A% A3 (human embryonic kidney, HEK293T)2} HMGB14VV¥A
HEK293T MX& AFE3lTh o] 10% S-Elo}Ed % (fetal bovine serum,
FBS)(Gibco, Rockville, MD, USA)°| % 7}% Dulbecco's modified eagle medium
(DMEM)®l| 5% CO,& 33 3tH, 37 CollA vl g3l

A7bEA S szl fleke] § AEE I ¢ MY &
confluency”’} 70-80% <] vl el A & FA@3C, 30i) E carbonyl

cyanide m-chlorophenyl hydrazone (CCCP)(20 uM, 6A|7HE A 23} th

2. Western blot 4]

2EY 2] o3 vlo|EdA| 7} fimE=A] 2418ty 9fshe], HEK293T
Aol & F4, CCCPE A3t § vpo|EZ=gotel Alxds #¢2she]
SDS-PAGEE A] 33} Tt} ©] 3 nitrocellulose membrane (Amersham Bioscience,
Piscataway, NI)Oll transferdt & Z}7}FE2] f% 215 93| rabbit anti-LC3
o] &)(Sigma, USA)Z 7 Z35F3t

2E 2] o8] HMGBI©] wholEFEg|olr o] §dh=A] &lst7] <
atel, HEK293T A2l & F4, CCCPE A3 & mfo]EF=gfofe} A

X AS FE 5t SDS-PAGEE A 335} tl. ©] % nitrocellulose membrane®]|



transfer¢t - rabbit anti-HMGB1 & A](Abcam, Cambidge, UK)Z 74 &3} T

3. A9 A7+ (immunoprecipitation)
Protein G7} Z3¥ Dyna-bead®] HMGB1 & A|(Abcam)E 25°Col Al 1A%}t

H3AZl & 2EY RS FA] G Alxe ~EY A

il
MN
X
b
o
>
M
Au)

& nfo|EZ=go} &alEF 4°Co A dEH wRSAIZTE o] F beadS
AA3ste] mlolEwbx] A9 dulAel Parkin, p629te] AE o {R= zhzhe
S} A (rabbit anti-Parkin, Millipore, Massachusetts, USA)(mouse anti-p62, Abnova,

Taoyuan City, Taiwan)E AF-8-3}o] western-blottingS &3l <13} T

4. YA FY (transfection)
A7FEA o] 13 = w LC39 lipidationo] €3+ puncta] 1S F3

Fol sx2AEVA omAE 7] $138] GFP-LC3

Oft
ol

AEA S FAZ LS
Z o} 2~1| =9} polyexpress(Excellgen, Rockville Maryland, USA)E 1:3 H| &=
=3stel HMGBIY' HEK293T Al 3 HMGBI1*VV** HEK293T Aol ¢
Al o2 16A|7F 59t 7} (transient transfection) A] % T},

HMGB1*"W** HEK293T A ZolA I2d¥ HMGBI1C 9|8 vio] &b
7} HMGBIY" HEK293T A9} 2 FFo 2 3w = glstr] 93|
Myc-HMGB1 Z2F2=2H] =9} polyexpress(Excellgen)E 1:3 H| &2 &35l

HMGBI12VVEA HEK293T A|3Eo] AA| A o= 16A17F EoF w3 A 7 ),



wa ARG HE o]835te] Parkin® HMGB1V'e] A3t o= Fels}
7] SEl Flag-parkin} Myc-HMGB1 Zelan = 7} 7}

polyexpress(Excellgen)¢} 1:3 H| &= &3}3le] HMGBIV" HEK293T M ¥ %

HMGBI14VV¥A HEK293T A 3o dA]H o2 16A]3F 5QF FdAA AT

Tt 2B Aol ol Az o3 HMGBIY' ] mfol&

cejobz olEah=A sy fstel MANTYFANNS AN

HMGBIYT] A Z ] &2 nlo]|EFEgolz 9] A& 33 t)

o]E ¢33 HEK293T A|3EE LabTek2 4-wells chambers (Nunc, Roskilde,
Denmark)®ll 1.5x10° A|3/chamber= w] et | ~Ex Ay F wjx &
AAst PBSZ s xb#] AH3FITE 4% paraformaldehyde(Biosesang,
Seongnam, Korea)= oAl 303 A F 0.2% Triton X-1002-Z 10
% &9t permeabilization 53] 3}l PBSE A% &} Th Ao W] Eo
ol Agrs WA & 7] 9ste] 1% BSAZ 1 AlZF blocking 3+ F, 1% BSA
of 3]Ag 7 mlo]EF=golE AMEL7] & mouse anti-COX IV 34|
(Abcam, Cambidge, UK), rabbit anti-HMGB1 & A|(Abcam)E “o]F3L 4°C
cold room chamberol 4] S}&%F WESAlA ATt 1% BSA®I rabbit Alexa

488°] conjugate’ 2x} & A|(Life Technologise, Carlsbad, CA, USA)E 3]2]&}

10



of YojF H, 25°ColA 1A &9t HEg A Y. dE JAsr] 9Ete
DAPI7} (EZ3$HE w28 -8 (Vector Laboratories, Burlingame, CA, USA)S 9|

g3l &Egol=E WHEo T FH, FxHE A7 (Olympus Optical, Tokyo,

w3 GFP7} %A ¥ LC3E HMGBIWT HEK293T A3 W= transfection
A7) 5 oej7h ~Ed2 4aelx HMGBIY'e] rle]EEE ol o
shof vhol Eop sl BEAREA A Asho] 2o WAL Barel AN

shiut.

6. CRISPR-Cas9 A ~H]-S o] &3 HMGBI12VYX* HEK293T Wo| M ¥F T

=

:l.'"

e

A

il

HMGBIY'e] 7I's& ZAtel7] §lske], HMGB1o] Wold AEF5

st A 39T HMGBIS ez oz Zdmo] Al7]7] 984 CRISPR-

rlo

Cas9 A|~®HlS o] g3} F4x HAS 3} th** CRISPR-Cas9 A ~H)

Caso & wastz WEle] WY A4 GG gugon AA T

sgRNA insert& AU 5 AEol| FAFA AAFL, L5+ & Ax
& Adgste] fFHx o] Axnks 48 5 e Yot

Casos st e 4 F-A= ol A717] faid= thd w4k

o

il
Ho

[eZ] 7] /\102]‘]4, }\]—E_ZJ o7 [e))] X] 6‘]_ gu1de RNAA = e} O] jé_g_a‘]‘q O]

& 4] online CRISPR Design Tool (http://tools.genome-engineering.org)s ©]-85}

11



o] HMGBI1 34 exon$(5’- CCGTTACCCTGATTTGCCCCGGGAAGGAA
GCAGCAGGCAATGTTACCATTCACTGGGTGTACTC-3")E F 4O 2 top (5-
CACCGAGCAAAAAAGGGAGTTGTCA-3’, 25 bp), bottom (5’- AAACTGACAA
CTCCCTTTTTTGCTC-3’, 25 bp) guide RNAZS A& 3} o] 9=
HMGBI1 ©}7] =2t No. 175-178 (Val-Val-Lys-Ala, VVKA)oll & 338l= H-9 o]

T}, Guide RNAE A2} & wjjo] = genomic DNA oA 3 exont]oll A <A

LAY

b

H 209715 7|22 PAM @7IME(5-NGG)E 238 A7 3L, online 3%

il

a3 Ao A ALt # ooff-targete] 7HE A2 GUIANEE A FOEA
off-targets 3 4~ 3}8} 3 T,

A2t top} bottom guide RNAE 100 M 5 =2 o] Z4z2F | ¥, T
ligase 1 pl, T4 PNK 1 pl, 32k 57 6 uls 412 F 37CAA 304, 95T
A osE 3 25T @ wizbA] B 5TH 25 W Fo] sgRNA oligo
insertE W59 & ¥ 32 TFT 1220002 A5G TE Oligo Al #to|
9tg =W, pSpCas9(BB)-2A-Puro (PX459) (Addgene, Cambridge, MA. U.S.A)
WE] .77 ul(100 ng), 321 % oligo 2 nl, NEB 2.1 buffer(10X)(New England
Biolabs, Ipswich, United Kingdom) 2 pl, DTT(10 mM) 1 ul, ATP(10 mM) 1 pl,
Fast Digest Bbs I (New England Biolabs) 1 ul, T4 ligase 0.5 ul, 3% &%
11.73 plE 42 % 37CAA 53, 21 CoAlA 58S 3 cycleZ 6 cycle & 1
AIZE EF WA 7]o] WE o] dekdt oligo insert®] AFIERATh o] % E

Coli DH5al transformationA] 7] mini-prep (Qiaprep spin miniprep kit)3} i3l

12



insert7} AFJ A ARFAIA W= Bbs1 a4 54& &3t Bbs1 ¥
Age 1 (New England Biolabs, Ipswich)S AF&3l 37Col|A 2A]7F &< Aot
AlZ1 2 2% agarose geloll electroparation’] 7 DNA =7]& 1315tk FHF
A O 2 U6-Fwd primerg AH&3ste] Q71 E AHHS A5t construct®]
A 2s gl aith

12wellll seeding ¥ HEK293T Ao A% =¥ construct(1.2 pg) 1.7

FAFA AT A

b

o

ul, polyexpress(Excellgen) 1.2 plE 1:1 H|& =2 4

kel
il
Oft
H

]_

43t pSpCas9(BB)-2A-Puro ¥lE] &= puromycin A A FHAE

£
ofk
i)
N
RS

7] ol 2 pg/ml FE=2] puromycinS 72A17F &<k A g sk
A AzZwe duon Relsolv

A e A ¥ = genomic DNA prep (QIAamp DNA Mini Kit No.51304)3}¢]
forward, reverse primer [Fwd 5’-AAAGGAGTGAGTTGTGTACAGGG-3’, Rev 5’-

CCTCCCTTTGCTTTGGAAGGATA-3* (Primer set 1) Y+ [Fwd 5’-

CAGGACAGGGCTATCTAAAGACACA-3’, Rev 5’-TCCCTACTGTTTTATCCTC

CCTTT-3’ (Primer set 2)]E 2} 1 ul, Ex Taq polymerase 10 ul, DNA template(2
ug/ul) 1 pl, 32 S/ 7 wlE 412 F 95Tl A 24, 95Tl Al 20%, 60T
oAl 20%, 72Coll A 30%E5 3 cycleZ 40 cycle, 72°Cl|A 33 polymerase
chain reaction (PCR)¥+-5-= X3 3}5lth. PCR A=l loading stars 419 2%
agaroge gelol| electroporation?]7]0] U&= 7]2] DNATHS F&3 & A

o]z DNAE 95To|A] 2%, 85C7HA] 29 2TH &EE t3Fo] F 3 25C

13



HA 23 0.1TCH =25 & W0l 50 heteroduplexs B3Il A+

A

H AlEAA Cas9o]l A= 7]58k=A 2HQlsty] fgelH Casool 7]

olr

< ST EdWel7t NS Aol heteroduplexs FA T ol
unmatch® = DNAZ}Eo] A=A &<218l7] 913} heteroduplex 10 pl,
T7E1 0.5 pl, NEB 2.1 buffer 2 pl, 3% S/ 7.5 ul& 4ol & F 37CoIA
2047+ WES-Al A 2% agaroge gel®ll electroporationd} ] €+Q15}] T

F7H4 0.2 SDS-PAGE W& AHE-8to] HMGBIAYYEA HEKI293T Al 3]

A AMGBIVYT Bt} & 77]9 HMGBl1o] &% #HE& 3ol

rob

<, genomic
DNA prep (QlAamp DNA Mini Kit No.51304)3}%] 2% agarose gel®l
electroporationd}©] ¥3k= DNAWHS =3 Wl ¥ TA (pGEM-T easy) ¥ H

o Ez4dsit. 24

(it
3

2} ~n] =+ DH5a°l| transformation?] %7l 3~
Mini prepé}oﬂ EcoR 1 (New England Biolabs) 2 = A3ste] inserts Q1)

A3 T7 primer®Z F7]4YE AARS Adqste] FF2 o2 HMGBIAVVKA

G4 FES 47 AAE puromycinol] o]3] AMElE AEZE 96wellol

TAA O 2 F A5l seedingdt - Y AM|EZAA e colonyE 6well,

100mm dish, 75T flask= 2} <2 A F T}

14



m. 2 3

1. Z2E#H 29 23 HMGB1V'9 rlo]EZ=golZ o]F FQl
AEYAZ AMEE A F4L 2ked AEd a9t FAH ROSE
o mlol B2 =g ol A4S FE81H,% CCCPE wlolEZE=glol A

49l &4 KRS A7LEA #olshs HMGBIVO] A7bEAe] &

o\
i
o
=
o

JEapAol] Fofshi=A] 2Qlstr] 95t ¢AdHom d T4 &=
i+ CCCP A2 A] HMGB1V'e] mlo|EF=gfotm o]Fsh=A #zal3iTh
HMGBIYT HEK293T Ao 43T, 30%< € 243 20 pM, 6472
CCCP A § wholEZrgol of AxdE Felste] HMGBI A& A
&35to] SDS-PAGE "W o2 A3t 7L A¥ tiEw o A= HMGBI™
o] mpo]EZ otz olFshA Wi AL FAso, AEYAT oA
T Vol EZ = ol2 HMGBIYO] ol dhs Qe = vk (2d 1A).
ot AEH AT vholEZEeob® HMGBIM ] o]F 9] ®
A& Image J ZEIHS o]§ste] A 86 3S wolk= HMGBIY'E] ©]
ol FolstA 7t NS FAE = AT (2™ 1B).

UgoR vlelEEselolet HMGBIVY ¥ES Hlstud o 7

ofj
o

gst & nfo]EZrgolE A& Y] 9 coX IV A$ HMGB1 3
AL o]gste] WAYFAMAS AASSLE 1 A3 23 v s

9 %7 AolA HMGBI"Te| wlo|EZEalol oS AT 4

15



AN (L 10).

\ﬁ\

& .
\\) W
A B et B
& G 5 10
>‘l-
= T
Heat shock B gé
[
CCCP - -+ - -+ ‘E 8
(kDa) 5E 5
o5 | S Sas | 1B: HMGB1 8=
] 2=
_
35 4 IB: VDAC 25 )
eI
s - . C 7 C,
35 | 1B: GAPDH ong, ea’% Cop
(%
*
C HMGB1 Merge DIC

Control

GRER

Heat shock

Iy 1. 2E# 29 93 HMGB1Y'9 mlo|EZ=glol2 o]F &el. (A)
HEK293T MXEZE 43°CollA 307t € 54 AgstAY CCCPE 20 uM
FER A7 AEd T HMGBI IAE ALg3le] SDS-PAGE W< &
&3k (B) Image ] =135 ©0]-83}9] loading controlq! VDAC®] “Jtf 4 <l
HMGB1%Y"¢] band intensityS 3. (C) 4 chambero] HEK293T A%
seedingdlo] & 7 A7 ¥ COX IV, HMGBI &AE o]&3lo] HWAAE
FFFAHEG AAE

16



2. CRISPR-Cas9 A| 2~ o] &3 HMGBI1*"Y** HEK293T ®Wo] AEF F
=

HMGBIVTe] 7]%5S %Alal7] 91&}o], CRISPR-Cas9 A 2=ElS o] &3&}o]
HMGBI*VWKAHEK293T Al X5 53T (298 24).

22kl YAl =4S ARR3te] HMGB1 Al WA exont$1(HMGB1 ©}

e T A H9H)E EH O R 3 sgRNAZ

|

ofl

1] =4k No. 175-178¢1 3l

O

Az 7 5 4% pSpCas9(BB)-2A-Puro BjE{ ol AAAIF L A2t

™

t%‘l;d_jzﬂo] |

ko3
T =

constructS HEK293TA|3Z o] F&F9 A
ste] HMGB1*YY** HEK293T M|ZE +53I5ith (1" 2B).

sgRNAE AP ] ALEste Bhs1 84 A= insert7F A9 HAS
f Ao HE o] 83k construct AlZ; &R1S 9l BbsIF Agel

S AF&3te] DNA A $ agarose gel’dolA] A7]15 E138F31S W, insert

Alo]

ALl )

=

4

il
ol
&2
rlo
Ay

o] 9 BbsI T Agel 02 Aetdo] ¢F 12 kb =

"

719l M@ EE BA)7F

i

ZHel ubE sgRNAZ} insert®l 745~ Bbs

2 1A 7F AFEAAl Ho] ggeIwto 2 AdE o] oF 92 kbo] @ Wi=(3}

(

AER FAHD

sl
i

s e 5 dMY (3" 20, 29 4
construct”} 7|5 3F=A] &213}7] 913l genomic DNAE &3l heteroduplexE
A BFA AL, construct7} 2H-E38ke] DNAS] Aol dojts w H4 DNA
7Vg 3 Aol dojd DNA 71E9] unmatch™ &= F-91& Adsh= TIElS
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A F agarose gel’dolA A7]1S 218 A3l gRNAS FAFY & &

2.5 units®] T7E1S 37°CollA] 20 &3+ A 2|3t AMZoA 23 DNA HE=E

A wesh 2707 gE Al BAEA et (1% D).
HMGBIWKA 2 8helaly] glehA Al &32< o] 8540 SDS-PAGE

e Al Caso FWEF FAFYE LA HMGBIO] BAHS

rU

o,
ol

19331, Cas9 M E o] HMGBI1 sgRNAE 413 construct® &3

d

AZAAE Cas9 FHHE AYst Axe] HMGBIETE 22 =7]9]
HMGBI°] ®# ¥ Z& gQleaitt (1" 2E). AFA HETHo=
genomic DNAE TA #E o] S22 3 = T7 primers AF-8-3F9] DNA 7]

g

A

il
iR
)
f

S 38 39932 HMGBIVTY B box E=w|¢lT} C-EHE ol=

.

[

AA F-919] 521-523 bp #1A] =, B box =wQlY} C-2d =wHQle A

ol
il

= linker F-9191 175-178H o}v] :=2k(Val-Val-Lys-Ala)°] 2<% HMGBI1 t

I Z (HMGB14YYEY S &R18k3Ith (28 2F).
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A sgRNA SpCas9 ¢ transfection @

O HMSSJ::TKA @@ (®
> @@L »>@®->
o T Tegee
pSpCas9(sgRNA)

B Genomic DNA prep
transfection

b 4 -Indel mutation
9 9
sequencing N\ !’!’! F 4 Western blot
Puromycin 5
selection 2 . . .
Single cell Q00O XN
selection @
Single cell

¥\

sequencing @

Clonal expansion

2000000¢
3000000¢
2000000¢
3000000¢

Primer set 1

Primer set 2
& & 9 B, & 9p, 9
M Emp gRNA T7E1 - + - + - +

10000 bp >

2000 bp >

1000 bp >
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?}(\Q (§,$>
(kDa)

25 - IB: HMGB1

o 1B: GAPDH

© WT * * % * * * * * * *
E < HMGB1 491 ctazaggaaagcctgatgcay gggEgttytcaaggcty: goaag gaagyg gatgaggaagatgaagaggatga 590
[l \H\\H\HHIHIHIHHIIHH\HIIHIHIHHIIHIHHH\\HHIHIHIHIHHIIHHHHIHII
50 HMGB1AWKA 92 CTRRAGGRARGCCTGATGCAGC GG CTG GCRAG GRLGGAAGRGEAGEARGAT GAGEAAGATGARGAGEATGA 179
- * 521-532 (12bp) p
% * * * * *
< wT 501 CTRAAGGARRGCCTGRTGCAGCARARRRAGGGAGITGICRAGGCTG GCRAG GRAGGRAGRGGAGGAAGATGAGGRAGATGRRGGAGGRATG 600
E |HMGB1 IHIHII\HIHIHIHIIHIH\_HIIHI\HIHIHIIHIHIHHIHIHIIHIHIHHIHIHIHIIHI
AVVKA 485 CTAAAGGARRGCCTGATGCAGL GGCTG GCRAG GRAGGAAGAGEAGEAAGATGAGGALGATGAAGGAGEATE 572
© | HMGB1

1 79 89 162 186 215

1 MGKGDPKKPRGKMSSYAFFV
21 QTCREEHKKKHPDASVNFSE
41 FSKKCSERWKTMSAKEKGKF
61 EDMAKADKARYEREMKTYIP
81 PKGETKKKFKDPNAPKRPPS

101 AFFLFCSEYRPKIKGEHPGL
121 SIGDVAKKLGEMWNNTAADD
141 KQPYEKKAAKLKEKYEKDIA
161 AYRAKGKPDAAKKGVVEAEK
181 SKKKKEEEEDEEDEEDEEEE
201 EDEEDEDEEEDDDDE
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I3 2. CRISPR-Cas9 A|2H-& o]&3F HMGBIAYY** HEK293T WHo] A X
F T5. (A) CRIPSPR-Cas9 A|=HlS EA L2 LER. (B) CRISPR-Cas9 A
28-S o] &3t HMGBI EdWelE wHE7] 91 43 J8) #4S 24
=2 e () Cas9s HdstE WEl] HMGBIS XAOE &=
ngNA S AdAIZ F construct A2 SIS —‘?43]] Bbs 1 TJr Agel HEAE

H=

] ©)ol A A2k constructE 2 Z?J A7l

okQlsl7] 9135le] genomic DNAE PCRYUH o= S /\]ﬂ heteroduplex
& A3te] T7TE1IC. & unmatch® DNAS dAwsdle] 2ol A of 3
1%k (E) HMGB19] =d®olE glslr] fste] Az &S Ak
3] SDS-PAGE <& F3#3le] HMGBI A5 A3t HMGB1S &
A8k, (F) TA ME 9} genomic DNAE 1:3 H|&=2 =24 3 & TA HHE
T7 primerE AME-3Fo] DNA @7]A4 <9 A WS 530, M, 1kb DNA marker;
Emp, pSpCas9(BB)-2A-Puro empty vector; gRNA, pSpCas9(BB)-2A-Puro vector
+ HMGBI1 guide RNA; Primer set 1, Fwd 5’-AAAGGAGTGAGTTGTGTACAG
GG-3’, Rev 5’-CCTCCCTTTGCTTTGGAAGGATA-3’; Primer set 2, Fwd 5’-
CAGGACAGGGCTATCTAAAGACACA-3’, Rev 5’-TCCCTACTGTTTTATCCTC
CCTTT-3".

D) o]:o mim ruim ok l-l~
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3. HEK293T ¥ HMGBI1*YY¥A* HEK293T A ¥4 A71¥2] 9 unlo] ExX]
X9 Aol

HEK293T % HMGBIAVV®A HEK293T A|¥EoA] A7FEA 52 AES &

o

¢13t7] #18to] SDS-PAGE WH & AH&ste] s st 4 542
43Coll Al 20, 40, 60, 90, 1201 F 37CollA 3A13F &<t 3

£ 0,5,10,15,20,25 uM FE=Z 5AI7F B9t AL st (2™ 3A). AlXE
&S 743l SDS-PAGE & 3§ ¥ HMGBIY" HEK293T Ao
H] 3] HMGBI14YV** HEK293T A|¥Eo|A gy oz we o] LC3-I & ¥
A g AJAH (2H 3B).

O % vlo]EF ol AxAE #Este] SDS-PAGE WHE )
ATt vlolEF=gol 915 9138 w, HMGB1Y" HEK293T A3 H]
& HMGBI14YVEA HEK293T A|EoA Ay oz @ Fo] LC3-I7F §A4
B8 gold 4= QATE (1™ 3C). GFP-LC3%} mlo|EZ=glol s FH o=
3l pDsRed2-Mito(Clontech, Mountain View, CA, USA)S & dF<3tx

CCCPE 63 A3t & dFAvnds 53t

r\il

ze9 S w, HMGBIYT
HEK293T A|3e] "3l HMGBI*VVE* HEK293T A|EoA oz @
ol 720 Y H S LC3 puncta® EHQ1E 4= Qlglom, wmlolEEZE
2lole} LC3 puncta®] co-localizations ¥2Hsto] HMGBIY' HEK293T A3
of H]3] HMGBI1*YV** HEK293T M Eo|A wmlo]Ewtx] JA] Aojdo= pr

o] A7 Ha e FAY 5 AU (2 3D).
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CCCPE AHYsyYS w HMGBIYT HEK293T A3, HMGBIAVVEA
HEK293T A|3¥oA Z}Z} LC3 puncta®] W3tE Q1str7] $lste] FxHd
Mg AHgstel 7t 100719 AEE B F puncta®] £F HA S ]

J# =2 e 23 HMGBIYT HEK293T AlEZ9] control®] 749 ©d A

—

X 0.74+0.207], CCCP A2 4% 8.97+0.91712] punctas A3+ =
1l oW HMGBIAVVEA HEK293T A X9 control®] 7-$ 0.75+0.177l, CCCP
Ao A9 19244278709 punctaEs FFolE 4= vk, HMGBIM

HEK293T A|329] control “Z59141¢] LC3 puncta -5 12 7]+ 34

rU

o, AthAo® HMGBIYT HEK293T A9 CCCP A ga-o A= 12.14,
HMGBI1*YV¥* HEK293T A*9] CCCP AHzlol A= 26u2] puncta’} ¥z

AT (LH3E).
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1
0 1 (min)
1
43C Heatshock 1 37T Incubation

5

(hr)
CCCP 0, 5, 10, 15, 20, 25 uM

3¢ ) < o3t
22 » o> 2
] 9‘\ A o
B W WO
Heat shock 0 120 0 120 20 406090 20 4060 90 (min)
(kDa)
IB: LC3
14 -
M - IB: GAPDH
< o3t
) W
R e o e
e e
CCCP 0 5101520250 5 10 152025 (uM)
(kDa)
14
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Mitochondrial fraction

HmeB1"'  HmeB12™*
HEK293T  HEK293T

O'Vé'o

NN \&9 YRS

(kDa)
14 -

IB: LC3

IB: VDAC
26 -

Cytosolic fraction

HMGB1"" HmeB1*""*
HEK293T HEK293T

X
e e O3

(kDa)
14 - IB: LC3
41 - IB: B-actin
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D HMGB1"T HEK293T HMGB1*""" HEK293T

Control Ccccp Control Ccccp

o
<
(=]
(]
(&)
-
o
L
o
9
=
N
el
Q
14
[7]
[a]
o
(]
o
Q
=
1
=}
(=]
| ,
P %
40
E —_—
s
e 20
=]
o
™
. i
-
O — —
WT HEK 293T - + - +
HMGB1*""* HEK293T - + - +
cccp - + - +
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¥ 3. HEK293T 2 HMGBI1AYY¥* HEK293T M| ¥ A A71E2] 2 blo]
EA FE9 Zol. (A) & F=ZL& 43Tl A 20, 40, 60, 90, 120 3 37T
o A 3A1ZF FoF 3| E3 L CCCPE 5, 10, 15, 20, 25 pM FE=2 5A3F
¢k Agh B) € 4% ccCp AY F AE B ES AHEste] SDs-
PAGE WS Fdste] LC3 IAE AEste] LC3-T9 HAEE F1ls7]
%3l SDS-PAGE W2 433t (C) 43°Coll A 3083+ & %7, CCCP 20 1

SERE 6AXF AP F mlol|EF oot MEdS #Este] SDS-PAGE
WS 3% (D) HMGBIY" HEK293T¥ HMGBIAYV*A HEK293TA| 39
CCCP 20 uM = 6AIZF &<t Ags & FFAn A4S AL&ste] #E3
(E) 7} 10070e] AM3E°] LC3 punctags FAISte] @ MED punctas] T5
a# 22 YEY. One-way ANOVAZ w2413t % BonferroniZ X 7%
(*P<0.0001).
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4. Pl Extx d# dAn HMGBIV'Y) A
2E# A Aol mlo]EZE ol o] §d HMGBIVIO] ~E A W

o molEueoloq Qojuh @ae] (holERA) ojmd WAL B

& o] dt=A Felstax HMGBIVIZ vholEvbx] At @l date] 4
S st AdS asksith. HMGBIYT HEK293T Aol Flag-parkin

7 Myc-HMGB1S F2FY & & 4 $4& 71, vfo|EF=gole} Al
TA4S Bgste] nlo]EFZ=g|olo] A Flags Ab&ate] HAHARHS 3
shith 2 A3 dizad v s W, d 4 AsbelA Parkindt
HMGBI1Y"e] ZAzte] S74gs &1e 4 AT (17 4A).

HMGBIY" HEK293T Ao & F45 &+ §F vlo|EZ=glotg Ax4d
S B8t vlolEZ=golo|A] HMGBIVT ©huld S Alg-3lo] WA R
He TP 1 A gi2ad vl S9ls W, @ F4 ASelA
p629F HMGBI1V'9] Aol F7Hghs &2le o Tt (19 4B).

°ol& vt o2 HMGBIV'o] mlo|Edx]E x4 & wf Parkin?} 23
% 175-1789 ofn At B9 S E& Parkin® E3 FHFAE ligase FES
wAW pe2st Agtete] pe2= <ls wiZiE = LC3-Tek #u]FEe] 14
& st st ARAom wlolERAE 24 o= 98-S & b

& AN vholut.
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A

In put IP: flag

Flag-parkin ++ + o+ o+ o+
Myc-HMGB1 S
Heat shock

(kDa)

IB: Myc
26 - Y

49 - IB: Flag

Mitochondrial
Cytosolic fraction
fraction (Co-IP: HMGB1)
Heat shock -+ -+
Co-IP: HMGB1 - - + o+
(kDa)
80 - IB: p62
53
4 - IB: GAPDH
41 -
IB: HMGB1

a3 4. vlo|ENX d@ @¥ds HMGBIY'Y A (A) HMGBIY
HEK293T A|32ol| Flag-parkin®} Myc-HMGB1= 25 pg¥ dA59 s &,

H
43°Col M 3027 € TAS = F molEZ=gobet AxdS Est

o]
WX NS ae (B) HMGBIYT HEK293T Ao 43°Col A 3087+ 4
TAS T F vlEIZE=gotst AlEds Feste] HMGBIY WS
AHgste] HARNAHS A
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5. HMGB1*YY** HEK293T ®¥o] A ¥ HMGB1 IJ&¢do| w2 z7FE4
R mlo| ERA] A adte 35

HMGBI14YV¥* HEK293T Mo HMGB1S HEEAIA FAS o A7t
2 g mlelEvkA] A3 FE7F HMGBIY' HEK293T A¥¢ Ze AER
3| 5w =x Felsly] 9ste] HMGBIYT HEK293T Al¥<9F HMGBIAVVEA
HEK293T Ao+ pDsRed2-Mito(Clontech)2} GFP-LC3 Z&Av|=E

bl exat

32

olt
|

polyexpress (Excellgen)®} 1:3H] &2 &3tste] AT ;

HMGBI14VV¥* HEK293T A|*°lli= pDsRed2-Mito(Clontech), GFP-LC3, Myc-

HMGB1 =2}2H|E=%E polyexpress(Excellgen)2} 1:3H] &2 =3 3to] &4

F9 3} F 20 pMEEY CCCPE 6A17F EoF AHgslgtt. o] =
HMGB1 A& ALE35lo] HAANEHFANHS A 3 & FxHdv] 7

S Ags] #FEET. HMGBIAYYKA  HEK293TAH|Zo A HMGBIW!

HEK203T A% ot} B %ol A7FEA 9 vho|Evpas} Aqge] el

Elot}, HMGBIYYKA HEK293T A|¥o] HMGBIS a3t Ay
HMGBIY" HEK293T A9} frAFgE B2 A7p2] 2 vlo]EabA] 2

AL7b ZFAEAT (LH5A).

GFP-LC3E ¥& F¢ 3 F cccrs A39S wW HMGBIY
HEK293T A3, HMGBI1YV¥* HEK293T A3, HMGB14VV¥4 HEK293T A3
o] Myc-HMGB1= &3 M EZA A Z+Z} LC3 punctas] W3S gHQls)

7] St TN

o

ARgsto] 7} 10070 e MEE #ZES 2 puncta
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o &5 FAstY g2z yYehd A3 HMGBIYT HEK293T A 9]
control®] 75 &Y AMEG 0.56+0.097], CCCP A &2 749 7.14+0.657)
o] punctaZs 18 5 919l ow HMGBIAVVKA HEK293T A|¥2] control?]

7% 0.46+0.0571, CCCP A 2lwre] 7% 19.62+1.79712] punctas &< &

rob

Al

B

4= 2113 HMGBI1AVVEA HEK293T Al o] Myc-HMGB1S & A 5<)
o] control®] 73-%- 0.47+0.17}, CCCP &< 4% 8.37+0.7870¢] puncta

gelgt = A}k HMGBIYT HEK293T A13£9] control L&A1 LC3

il

puncta /S 12 75 7SS o], AhE o= HMGBIY' HEK293T Al ¥
o] cccp A glToll A= 12.89], HMGBIAYYE* HEK293T Al ¥2] CCCP A&
ol A= 35.08), HMGBI12YVKA HEK293T Al %] Myc-HMGB1S &+
Sk Mol CcCCP A TAAME 1494]9] punctaZ} #EES FRAsISITH
(L¥5B).

HMGB14VVkA HEK293T A 32 Myc-HMGBI ZgamEE
polyexpress(Excellgen)®} 1:3H] &2 &3 sl AT 3 * 20 yMs=
°] CCCPE 6AIF &<t AHPskgitt o] % LC3 FAE AFEste SDs-

PAGE ®HIHo=m BA& 9t 1 A3 HMGBIAVVY HEK293TA] 3ol A

pu

HMGBIYT HEK293T A|Eo|A] Rt} @ ko] 27tz A o] g gl

39l o HMGBI14VVKA HEK293T Al ¥o] HMGB1S & A A FALS o
HMGB12YVEA HEK293T Ao BHls] Ajd oz xr7lxEsle] 7tadEs &

QI8 Yh (ZLH5C). HMGB1AYY®A HEK293T A3l Myc-HMGB1 Z2F227]
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= E polyexpress(Excellgen)2} 1:3H] &= 23t 3lo] AT 3+ & 20 p

it

ME X2 CCCPZ 6A)7F

oft

F Aelsiditt o] F mlolEF=glotet AlXE
A& skl L3 FAE AHEse] SDS-PAGE Wi o= A ekqivh. 1
A3 AEPeA et pp7kA R vlo] EFZ =] ool Al EF HMGBIAYYA
HEK293TA| 0l 4] HMGB1YTHEK293T A ¥ oA Bt} %o ko] wlo] Es}
A7} fFE=ES golskgl o, HMGB1AYYKA HEK293T Al ¥ HMGB1S o

A A FAE wW HMGBIAVVEA HEK293T Aol H]al Atz o2 mlo]

an
<
®
@
!
o]
<}
«
[©]
o
o]
=
2
w
o
>
o
o,
oq
[¢]
=
o
w
i)
it
fru
fo
o
O
ol
£
i
N
RS
rot
o

20 pMEE2] CCCPE 641%F &8 A sl wlo]EFZ=gjobet AlLd S
Hgste] L3 &AE AFE3Sle] SDS-PAGE W oz Rt 1 Ayl
HMGBIY" HEK293T Al¥°] Myc-HMGBIS IEEA A FAS 0
HMGBIY" HEK293T Al 3o Ha] gdef# o= A7FE o] g 2418t
St (19 5E). 234 o= HMGBIVT HEK293T, HMGB14YY** HEK293T A
3 B Myc-HMGBIS FZAAA S90S of LA 7IA] &2 Al

W) AEY ARt FHHOR BARTS e

skl = AUk

HEK293T A|¥o] 9 %7 X CCCPE A E|dhd HMGBIVS dof A
AEARZ o] 5 =i, o] & I¥= vo|EZ=gol2 o] F 35t Parkin,
p629t A¥atA ™ HMGBIV' A7k Bl mlo| A& A &gt

(7L¥ 6A). HHA No. 175-178 F-919] frdxE A& HMGBIMYA whaja]
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& A F vl EshAE Asstn YW VKA A& A% mE T

zage] wvz odd AvHor A7txA % volEdAE fEE)

(L9 6B).
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HMGBIWTHEK293T + + - - - =
HMGB1" " HEK203T - - + +

LC3 punctalcell

+ o+
Myc-HMGB1 - - - -+ O+
CCCP - + - + - +
HMGB1"T HEK293T ~ + + - - - -
HMGB1*"""HEK293T . - + + + +
Myc-HMGB1 T
CCCP - + - + - +
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IB: HMGB1
IB: Myc
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D Mitochondrial Cytosolic
fractionate fractionate

HMGBI"T HEK293T  *+ * - - - - - - -
HMGB1Y "““HEK293T - - + + + + - -+
Myc-HMGB1 - - - - + + e e e e+ 4
CCCP - + - + - + - -+ -+

(kDa)

15- IB: LC3

25 .| IB: HMGB1

25 - IB: Myc

35 IB: GAPDH

E Mitochondrial Cytosolic
fraction fraction

HMGB1WT HEK293T + + + 4+ + + + o+

Myc-HMGB1 R I + +
CCccpP -+ -+ - IR 4
(kDa)
15 - IB: LC3
25 IB: HMGB1
25 .| IB: Myc
IB: GAPDH
35-
35. IB: VDAC
IB: SP1
70 -

I 5. HMGB1AYY** HEK293T W o] A|¥¢] HMGB1 #23 o] u}& =7}
¥2 9 vlo]ExR] AdFHaFde 3E. (A) HMGBIYT HEK293T A<}
HMGB14YV¥4 HEK293T A X9 GFP-LC3, Mito-Red Ze}Av| =5 FAF9
31931, HMGBI1AYV¥A HEK293T Al of|i= GFP-LC3, Mito-Red, Myc-HMGB1
“‘ﬂ'/\“]‘ze ZF 0.2 pug®S polyexpresse ©|-&3ste] FAF & 20 uM
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o] Myc-HMGB1S #HAFU3 A Eo] 20 uM 552 CCCPE 66X &
ek AEsk * LC3 FAE AMESte] SDS-PAGE WHS T (D)
HMGBIYT HEK293T A|¥9 HMGBI12YVKA HEK293T A%, HMGBI1AVVKA
HEK293T A|3Ze] Myc-HMGBI1S FAFdgE Axze] 20 pM FEe
CCCPE 6AIZF &<t A $F wlo]EZ=gfolet AxdS #elste] LC3
A E AFE3to] SDS-PAGE WS 433 (E) HMGB1Y"T HEK293T A3
of Myc-HMGB1S A3 A Eo] 20 M X2 CCCPE 6A17F &
ek Aed & mpolEFZgfolet AlEAE st LC3 FAE AME-SHA
SDS-PAGE W& 333
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3% 6. HMGB1 o 93 A7tx2] 9 dulo]Exx| e 24 Rd. (A)
HMGBIY" HEK293T M X & F74 Hi= CCCPE AHZstd 3 o &4
St HMGBIVTS A2 d 2 o]5d £ dF& mfo]EZEgolR o] 53}
o] Parkin, p62¢} A4 H. HMGBIV! @l d e nlo]|Exx] S A )t
(B) HMGB1*YV** HEK293T A4 = HMGBl ©¥ Ao % Wy F2
HMGBI19] VVKA o}r|iAil 59 Ao Jggo=w Ayx oz nfo] B
7} =% 7] wFo] HMGBIVT HEK293T A0 ®l&] @& LC3-1I7} 3%
A,
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Abstract

The roles of HMGBI1 in mitophagy

as a targeted defense against cellular stress

Jang Bin Jeong
Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jeon-Soo Shin)

High mobility group box 1(HMGBI), an abundant non-histone nuclear
protein is translocated to cytosol under cellular stresses like oxidative stimuli.
Translocated HMGB1 has been reported as a kind of regulator of autophagy,
which is a process where eukaryotes degrade various intracellular materials
such as damaged mitochondria. In this study, we show that HMGB1"" could
translocate to cytoplasm and migrate to mitochondria in stress condition. And,
we also found that HMGB1"“" interact with Parkin and p62 that are mitophagy
related protein. To determine the roles of HMGBI1 in mitophagy, we
confirmed the difference in degree of mitophagy induction between wild type
and HMGB1*YV** cell line under stress condition. We demonstrated that
HMGB14YV¥4 cells showed higher rate of mitophagy induction than wild type
cells did. And in case of HMGBI1 overexpression to HMGB1*YV¥* cell line

the degree of autophagy and mitophagy induction is recovered as much as
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wild type cell did. In summary, we suggest the possibility that the deleted
amino acids of HMGBI might be critical to negative regulate mitophagy
induction or that of HMGBI1’s flexibility change caused by deletion of
hydrophobic amino acids could increase the binding with proteins relating to
mitophagy induction and as a result it could induce higher mitophagy in cells

in response to stress.

Key words: HMGBI1, mitochondria, mitophagy, cellular stress
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