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WE  ATPRF ALon&Z @ B2 — YR R, R &G 8, T 240 T @Ak iR
Y. FZAREN, Lonk & Best T 44 miet) AR TR EELZER, L HEEREORE
¥z Fa XA 4%, HpPROEXI Hise-Lon® 28 45 /£ Escherichia coli Rosetta 2 #k 7 ¥ 5 & L A
NP A FAn EAT R4, FRIFAER G0 B 9% 8. K405, Lonk & Beed tbsE3i£2)0.17 U/mg.
i8¢ % pkk #HRhodamine 110, bis-(CBZ-L-alanyl-L-alanine amide)[(Z-AA)2 Rh110]#9 g 420 2 =,
Lon%& ¢ B LA RkBaE M, FFARATPAT R, Caseinfo & ¥aik 4% K B F AMME 236 & F, 464L49Lon
G B LA B G R E M, T B & KR E AR T ATP.

KA

W 7L, 250) 40 40 b 0 R A 32 25 A7 AR ATP AL 3t 1)
HE AR, S5 5 Lon, ClpXPFIAAAR (11
FEAAAFIM-AAA, B AT e Ak 3% PR 53 il 47 T
SR A EE A [ RIS )™M . Long 1 B85 775 KW
FFE g & B0, FR hLatk AREY. B2 W,
PR SN N Y 3 7/ = N s U R L7 R e R A L |
AR, DA AR A 1R SR A 0 P 2t vh 4
FI T Lonft 5 Y5 85 9. Lonft) 8% (4 B3 2k % T 4 4
M N IREIRRE . B 5 iR (A TR AR R
R o T A, 6T R A 52 105 1 RE ) A
A OCHEAE . A Lonfg (A H A% L R gm b5 B, 405
95924 LR, J& — Pl [\] 0T 5 R FOIR I ATP ORI 1) 2
P, Lonfk (RS f3 —ANThie s flg, RINf 45 1)
B, e TR S S5 A IR IR A O, ATPIRE 45 1) 1k
(WA AAA L), & 5 A AL, Bla/BA ik
MlalX 38, 53525 455G FKARATP; 5 Ja— A 2P4s
Faydsl, HATH KRG o BR T R AT P i 1) 2 1
Bfig 2 41, Lonk H B B A 4> B R Dhe™. A
A G i, Lonf 38 H AT HDNAZE & (15 1Y,
BATHIWE 5T K IR, Lonfii 7] -1 &5 & 7ED-loop X (4 1Y
mtDNAFE i X)Pe JE 4K, Bk 2 50 R B0,
Lon#g (1§55 32 200 el L K 4% Floic g i i iy
AU B RG D E AR B R R

H AT, B x0T A Lon FIEE BT 7T /D, BEE

ZERiAR; Londr FI; SR A 4liAk; 8 ARG TE

A4 USRI SR AR A5 UIESE T Lon i 1R 18X i 8
AL AR 22O o AR SO LK F AL TR AL E. ol
Rosetta 2B 1k, {ff H 18 3T RIGRIE, Mg —k
o1 R Z AT X 5 47 Hise-taghs 25 ¥ 5541 2 [ Lonidt 47 4l
1k, 343 T B 2l i Lon g (B, FEx 44K i Lon sk
FIREIEAT ATPRE . JIRERE RN 2 eGR4 e, #f e gtk
(R P B AR S OB E o e Ralidk ok AT — 20
AT LonfE FIBG AN S5 . Lonk [ i R &5 F it
FUREHE T4 4F, R BRATINRIR =l 45 /N oy 7
Ak A 1EAT v T R 7 1 Lon 2K 14 1 A0 80 461 751 Rk
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¥ B Rosetta 2)1 Fl EMD Millipore .

1.1.2  EZXHA LB broth. TB broth. A JL6%
AR FLMEEF (Isopropyl B-D-1-Thiogalactopyranoside,
IPTG). ATPW H 3 [H Sigman w3 870 7 bnife
Marker.  PA BRI R Y SCRCP Js 9t i D) 11 5% [ Bio
Rad /s #]; QuantiChrom™ ATPase/GTPase Assay Kitli 5
¢ [H BioAssay Systems”Zy 7] ; (Z-AA)2 Rh110) H 3%
AnaSPEC72 ] ; BCAE 1 W76 1 5 [ Thermo
Scientific/y T ; Casein hy AN 51256 =5 AT {47 : Ni-NTAI
HQIAGENZ ], £ vo [ G fiLlon th Fa 5% 4 W i A2 40)
BT B2 Fl i 5w b T TFAMS A Bl
ECED R A 1< 24 23 W) ol 4 HRPARIC Ll - 50 4 S
PiilgG Pl H Santa Cruz/A &

.13 EEZME
A (35 [ Misonix 2y 7] ); TL-1000 Ultracentrifuge
R B 0L (Beckman /s 1 ); Genesys 10visZ) 66 /&
11" (Thermo Fisher Scientific/A 7] ); Thermolyne type
37 900 culture Incubator}s7£46 (H AASANYOA 7]); MS
LAUDAK #t 4 (3% [ILAUDA 2 7]); Vector i 75 1% (5%
[E|PerkinElmer /A )

1.2 773%

12.1 E48/5# pPROEX] Hiss-hLon#g#)# ¥
pVEX11/hLONH ¥4 Lon s [ cDNAY] Nde 1-BamH 1
v B BRI A DB T R ) 5 A7 2 AL IR bR
25 [ proEx-1 23044 FHAH [ (1) B 11 1 3 D) ket A 7 it 1) 5
F4Lon cDNA v Bt 5 i 4%, PCRY E T .

122 FTHRAELonsmieyisF &L FKpPRO-
EX1 Hise-hLon 20 JiTkz 4% 40 /52 A5 K 1A TR Rosetta 2,
B NLBER VA L A3 B 55 7%, FRICH P e v T
3mLE 2N E R R A #ZLBE IR, 37 °CHRY,
R FR12 h, 2%I1) A 5 e 4 T30 mLBr i (LB ES 7%
%, 'ﬁi@ﬂﬁD(’OO:O-OSNO-l, 37 "Cﬂfﬁ%i‘%%ﬁDmﬂJO.&
TE & T2 i I IPTG 2 44 5 0.1 mmol/L
1 mmol/L, 43 %125 °C. 37 °CiATi% 5% iA3 h, 4>
WIFEO, 30, 60, 90, 120, 180 minif 421 mLE W, g
WA, 1 mL 1 mol/L Tris-HCI(pHS.0) T &, HH4T
Yo 2 BN I A IR IR BRI I A TE 41

123 FTHEHFH LML R A AR 1 2 3k 4% A 3k
TR, B0 a2 Big s B, DUTE PR
H, T80 CCLRAF BB VK 1% Hlo Ni-NTA# JlF2 mL
T4t 54544 IR A ) Buffer A(50 mmol/L Hepes.
300 mmol/L NaCl. 20% . 10 mmol/L MgCl,,

Ultrasonic liquid processoriff

pH8.0)71:4 °C Vi, I Buffer AT B 4114, 1 gl k&
7714 mL Buffer A, 7E0K FaEAT 8 75 IR 22 A1 R
I, 100 000xg, 4 °CE.La15 min, YA i HlcsE
(1) 35 LA LS mL/h ) gt gt ok 790 56 1 467 FRNI-NTA
IR, {F BB A 45 G ERIR o FH20 mLyEs S
# Wash Buffer(50 mmol/L Hepes. 150 mmol/L NaCl.
20%H 3l 10 mmol/L MgCl,. 40 mmol/L imidazole,
pH8.0) A5 mL/hff) it e iAW IR, Bk 25 ARy i 1 45
S M. 4> % 1.5 mLE100, 200, 300 mmol/L
K WA 1) Y56 B 2% 3+ (50 mmol/L Hepes. 150 mmol/L
NaCl. 20%H 7. 10 mmol/L MgCl,, pH8.0)LA10 mL/h
T BEERA E, 70 2 WCEE & H s 8 D I
FIBCAR 115 & 43 il i Goill e A B ik s . 40
5 B 14 B0 4 T80 °CUKAR h & Fl . M 13
TF A7 WS DRI P 20 R SBCRE i, 1E4T12% SDS-
PAGE/#7,

124 Fa@axaehkE 20 pLaifb i E 4 &K
FInS uL 5x 8 Ik EARZEME, 1795 °CIn#AS min,
HE4712% SDS-PAGE. HLIK 45 o 5 HEAT % 1[G il
gett, BUH TR RGO R AR B RR 4T 4k
FME BT S BN S Mo 3% M ok = AT R
YR MEL b, A RPIA LonPifd T =i E 1 h, H
PBSYE: =X, BEX10 min; Ff5 2T -HRPHLAA
H1 h, HIPBSYEZ =k 5 FHECLAGI, ZEI; = h g
FXh L

1.2.5 ATPE&E MM Z P % 4% QuantiChrom™
ATPase/GTPase Assay Kitis 71 &5 b WIS, AR 45 52 X,
PATAS B PR S (1 U) B3 4™ A1 pmol
T PR AR JIT 75 PR il v S5 A 2 1 () S 1P

12,6 FkBgFMHME  FFLCFRERCH B e, Al
W EE 4 )k 1 600, 800, 400, 200, 0 nmol/L, W HY
10 pLARUOMA38AFLAR 115 I JEEYRho AA, JinaA
JIATP, ffiRho AAFIATPIF £ 5 43 ) 36 pmol/LA
2 mmol/L; ¥ [ IR DAY iy A% i v R 4% 1
B B SOV IRG T 37 °CF 3 h, £E485/535 nm4h
WSE HICAH

127 & & BgiE R e B 13.5 uL Casein
(67 pmol/L). 7.5 uLE (8.1 umol/L). 4.5 uL ATP
(100 mmol/L). 9 pL BSA(I mg/uL). 55.5 pLZEi
(50 mmol/L Hepes. 150 mmol/L NaCl. 10 mmol/L
MgCL, pH8.0)/E4, 7637 °C FiF & 60 min. % 156}
B ANINATP, FFISAHEVE. 150, 15, 30, 60 minf, 7>
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ISR AT 20 ul, IS pL 5% EFESE
W, 195 CCINANE, JEAT G2 EN IR 73 4T

1.2.8 TFAMI% 7 52 36 B 4.5 uL TFAM
(6 pmol/L). 7.5 pL§# (8.1 pmol/L). 4.5 pL ATP
(100 mmol/L). 9 pL BSA(1 mg/uL). 64.5 pLZZrk
(50 mmol/L Hepes. 150 mmol/L NaCl. 10 mmol/L
MgCl,, pHS8.0)J& 4, 7E37 °C N & 60 min. ¥ [ %}
T8 AINATP, AR 2 H4E . 780, 15, 30, 60 min
I, 23 ST A R 20 pL, AHANS pl 5% |
FEGE I, T-95 ChnFAARYE, JEAT G35 ENIZE 54T o

2 7R
2.1 EHERMFSRIE

W3t 1) B A B AR AN RS RI37 °C 25 °C
R B A R P Ak A A [ N R AT B B M E
(B, KINAEZT °CHRAF T, RAFH25 CHZ I
ik &, [A I A FHImage) 17 52 &, LonfE 5 53 h
Ji $561.5 W12 hefy B v (1) 36k (43 ) 389 I iE20% 1
15%). DA, Lon® 4 25 UMLK R IE 41 k2 37 °C
TIPTGH 51 mmol/Li%55:3 h.
22 EHERMAENK

Ak HiRosetta 228IPTG% 53 h, 8 7 B i 5,
B0 B, O N-NTAR IS 34T 56 flalifr, £
SDS-PAGE /- # (AL - A£20 uL), 7ESEMGE o i
Gl RE R 4k . HEI2AT WL, fE 4> 1 #2106 kDakk
AR S P 4k iy, 1X 5 TR FT His-Lon 55 41 25 [ 2 i8
KANA =3 B3P 1) B R S R AT e i B i

A: 25 °CIN, AR FEIPTG S S (8] 334 7 1) 1) fa 2 B3 23 #; B
37 °CIN, AN FEIPTG B35 5 N ) 2 125 7 49 1) S 1 ENVEE 53
A: time-course of induction at 25 °C with 0.1, 1 mmol/L IPTG; B: time-
course of induction at 37 °C with 0.1, 1 mmol/L IPTG.

Bl LonifFSRIEFHMA

Fig.1 Optimization of Lon induction

Ja g R AL A & a2, Raith Bk &
FRIH A9 F Lon. ZBCARER I AR, Pl it
() HE2H B R B 40 1135 310076, 0.81, 0.12 pg/uL(FLAR
FAEM— ), W3R152.54 mgf BB AR,

2.3 EEIEMES T

23.1 ATPERE M5 #7 CLATP 4 4, 4 ATP7K
fift y ADPFIE 125 1) 5 B AR 25 7, T8 7E620 nmi K
ARSI R AR, TF AT 2 H 9 8 AT Paseds P
FERCAR IR S DI, hilbauEih £k, H M
F Lon e 22 i i e N I, 20 bt il 4 46 4, 30 s
B3, I3 Lon & B L% 120 0.14 U/mg.

1: marker; 2: B 75 J5 24 3: IS 4 FFIEE 5,60 VEIBRA 7-11:
VBV I(40 mmol/LIK ME); 12-14: (100, 200, 300 mmol/LIK ),
1: marker; 2: lysate after sonication; 3: supernatant; 4: flow through; 5,6:
buffer A; 7-11: wash buffer(containing 40 mmol/L imidazole); 12-14: elu-
tion buffer(containing 100, 200, 300 mmol/L imidazole, respectively).
E2 LonZER#E{LAISDS-PAGES T
Fig.2 SDS-PAGE analysis of Lon purification

1-3: YEME (100, 200, 300 mmol/LIK L),
1-3: elution buffer(containing 100, 200, 300 mmol/L imidazole, respec-
tively).
E3 #ift/FLonfEH Ri& DT
Fig.3 Western blot analysis of purified Lon
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232 ARBgEMSAT PL(Z-AA)2 Rh110K JEH),
T I KR LR, R 2 PR, FEAH R R A
PECAH, B2 B I IRBES 1 o AR SR v 1k 11 &5
R4, g R 10], aifb i Lonts 18 A ARG S
PEo 7ECATPZ A, Lonfs [ BE /K fi# IK#/Rho AA,
P AL 59 1R IR 1% fEATPAE AL 451 T, Lontg

AN LonE 11 5 K #JRho AAZE20 pLJ R A4 5 i A1(50 mmol/L
Hepes. 150 mmol/L NaCl, 10 mmol/L MgCL,), 435 iz AN JATP, 37 °C
U7 753 W5 1-485/535 nmi KA P51 -

Series of concentration of purified Lon(100, 200, 400, 800 nmol/L) was
incubated with 6 umol/L Rho AA in 20 pL reaction containing 50 mmol/L
Hepes, 150 mmol/L NaCl, 10 mmol/L MgCl, in the presence or absence
of 1 mmol/L ATP at 37 °C for 3 h, then read at 485/535 nm.

E4 LonZEHRIKEEEENE
Fig.4 Lon peptidase activity assay

1 PR JOA T 52 2, ORI B S T
233 EABEESN PLCasein ly Jilk 4, I &
Lon1) 85 [ W& ko 2 I 1 I 45 A1 an &S B
N, iR oK, {ERATPAAAESAE T, Lonts AR I
R K ARE I, DRI ) Casein A4 B A, R4FFR
5 R, ATPAFLERT, JEY) Caseinfl Ui [ i, 2% 01
T Lon#k 1 R A &5 RS 1, JF HLontk GV & 1
KA L 52 21 ATP IR I o
2.4 JRYIPERRSILG

LAl 4k 1) 2 R A4 B 5% IR -1 A(TFAM)AE 4 S 40,
Aol 4l A% PR Lon £ 11 X IR A0 1) B v Pk o &5 SR
K67, 16 JLATPA A T TFAMERFFAR AE, 1 ATPAT
W, TFAMAET hiy % Londfu il [ /¢ . 1X 5jCaseinf?]
S5 A2, R W] Lontk 2 ATP I, I H &
I B

A: LonfAk & [ fif Caseintly (% 5 17 5% Wi 44 €4). 1 pmol/L Lon[% fi#
10 pmol/L Casein, 735 I SAINATP, £15, 30, 60 minlhfxf [ fFEAT
5, B: Imagel i {12 52 f Casein 7 it

A: Coomassie blue staining gel of Casein degradation by(l umol/L) in
the presence or absence of ATP. Lon degradation of Casein was moni-
tored after 15, 30, 60 min of incubation; B: the percentage of Casein was
quantified with ImagelJ software.

E5 LonHEBBEEEMENE

Fig.5 Lon protease activity assay

Lon(0.3 pmol/L)ZE {1/ 5 TFAM(0.3 umol/L)iE+, B INATP, 37 °C
SEETT 1 h, ££0, 15, 30, 60 minii HUREREA T G2 BTIZE 70 AT o

In vitro degradation of TFAM(0.3 umol/L) by Lon(0.3 umol/L) in the
presence or absence of ATP. Lon degradation of TFAM was monitored
after 15, 30, 60 min of incubation.

El6 Lon&EBES[&HEZTFAM
Fig.6 Time-course of TFAM degradation by Lon
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A AER, AT Lond [ B IRIAIT T0BRK B T, %t
Lon s i (1) D) Ae A% N 234« LonZk (A A 4 i 5
P, AR R R 0T 40 i P R T S
07 () £ BEAT B FEPE PR AR . Granot! NI Tian" 15
96 2 43 ) I STAR R 1 FH 5 -5 W] [ R 4 1 1.(5-
aminolevulinic acid synthase 1, ALAS1)+&Lon%s [
()W), Kaguni SE56 2= VR I, 7 R4 i rh, TFAM
it Lon®k A B ). LonZs (2 KAR PR
e I, Ngof& Pk I 713 2 1 40 i, Lonk
1 7K ARA, 32 40005 1 B AR 41 e 9 KRR
FE/N BRI KRR, 7 28 AW A A A A AR
Y R B, Lotk RS 3 8. AR50
%o B, 343404k (K Lon’k (A BEX) T HF 9T Lon g
Wi PRI RN D A Ao B2 R

ARSI IGO0 A (R FE AL R AT 5 T R IE, R
PRy IR JE. 7 SR RITPTGY & %5 5 TH #E4T T 4
WINHER, A TR FRIE KA. dREY,
I 29 £ 1 mmol/L TPTGAE37 °Ci% 53 h, 345 T
R AR, @I —UCRRZAT, KA T A
Al Lon [, AL 7 VAT, AICAE, A LS
KRG = 2l E iz s 3R T T e, 417 Hise-
tagf¥JLon%> T84 }1106 kDa, 5B 4> T 40 4%
i, S BN e RIS H W& . B AR 7ERosetta
PR, FRATTARAS B T 4l B = i Lotk 1, (H2
Al (1) Lon i 1 A8 99 IS 2k, DRI T FRAT ) BB ik
FH T Rosetta 2P ik . ik 6 24 ¥ Lon & (1§ (1) ATP
Bl TR FR A 1 R, U I e 2l 1) B
TRFFE TG, B8R ATPHE AL 1) B8 1 7K At B4 i 52 A
BRI AR . NSO FTE KA o 38— IR0k
i Lon® (B LUK, tH 5t F RS AC B 4176 P I %
S % — H A T Lon i A M ¥ b AR &5 A IE 5, (1
BAARREAE AT, 24 K1k, X FLonfk H
B L5 R ) T AR e 5 1 7 WA DA S B 1 &
P B V. 5 g P 445 262, LonZE 11 1) 24k 41
AR R BT 14 I 1t — 20 JF it N\ Lonk 11 45
DL i AR 2 R (R b B IL S5 R N D) BE 1) DG &R
b — 20 - Lon [ 1 1) 40 1 71 B B0 71 LA S kT
LonZk [ B () 25 W0 JT R RIFE IR VA T7 S5 90 B9 5 T 4%
filio
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Expression and Purification of ATP-dependent Human Lon Protease and

Characterization of its Enzymatic Activity

Yao Wei'*, Xia Lei'**, Liu Yongzhang'** Li Zhen'**, Wang Lu'**, Lii Bin'****
('Institute of Biophysics, Wenzhou Medical College, Wenzhou 325035, China; *Attardi Institute of Mitochondrial Biomedicine, Wenzhou
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Abstract Human Lon protease is a homo-oligomeric ring-shaped ATP-dependent protease located in
mitochondrial matrix. Recent researches demonstrated that Lon protease plays an important role in cellular homeo-
stasis, mitochondrial protein quality control and metabolic regulation. Human Lon expression plasmid carrying a
carboxyl-terminal hexahistidine tag was transformed into the £.coli Rosetta 2 strain and we optimized the induction
condition for high expression. Ni*-NTA agarose was used to purify this his-tag Lon protease. The peptidase activ-
ity of Lon was measured by using peptide substrate Rhodamine 110, bis-(CBZ-L-alanyl-L-alanine amide)[(Z-AA)2
Rh110], Casein and purified TFAM as substrates. The results showed that purified Lon retained the ATP-dependent
enzymatic activity.
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