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BWE. B AT 242 T4 K L6 Keima(mt-Keima) 3% 2% & #F 7 & 808 3 & 31 A0 2 L& 4k
B0 %, Hik 2 & mt-Keima 3tk B 4= C57BL/6 %7 & A A f6 /s RR Is A0 2 0 (5 3 4 % A
mt-Keima # 2 ;T4 C57BL/64F 25T ), JA sk 5 £ M4 K mt-Keima #F 2250 /£ 561 2 458 nm # & %k
| T %A, 5% mt-KeimaAh 2 7T mt-Keima 5% b & G 69 £ 38, A A #3675 & %% %% A1 100 nmol-L™
4k 32 mt-Keima #F 2 70 24 h, J R 3 B B B AL AP 250 N 89 3 615 5, 547 561 42 458 nmi# & ik Kk
T % 05RO AE At mt-Keima At 2 Ui ik @ w269 7T S, 2288 24 100 nmol- L™ 4 22 mt-Keima
A2 24 h, bR B RBATYLEAY 2570 % b T AL, 447 561 = 458 nmisk &k K F 5 3R Al 3R
FEEFENE IR GRERNHa, FEEE 5100 nmol-L7 432 C57BL/6 4 22 7T 24 h, %75 3 ikt
M C57BL/6 4 2 7L E AR IME R & & Tom20 84 £ ik , v P F FH W s bt 3 &, )5 MO R £ R asehn)
KRR BT, HR SAEREIRELE R DT, 5 54 mt-Keimait 2 T4k mt-Keima®&a ., 5
Z ¥ A (DMSO) *F BB A48t , & &% A1 100 nmol-L ™" 4 #2248 561 A= 458 nm gt & ik K T #9 3 6 3% & 1k
18 F % (P<0.01), A A& A1k A& KFBAL, mt-KeimaAb 2 LT A FToanib Z X Bk AEER, 5
DMSO st B 2B 48 kb, 2,5 3 % 100 nmol- L4 22 28 mt-Keima 4y £ 7012 561 2 458 nm ik ok K F 58 6% E
S A3 3% (P<0.01) , A i mt-Keima W 2 L & Ak QK- F M m, LR ELERAN, FALHEE
100 nmol- L4 32 , 5T 4% C57BL/6 4P 2 7T Tom20 & & & A B4R (P<0.01) ; it A X R B R AWK LR B
T, F A F 2100 nmol-L 432, 2+ C57LB/64Y 2 A K kI w1z LA ¥k, &b FAEE LT ERE
PREFR TG G AT T TR 8 RRRAY 2 LB A
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RTERRL I E , FEAE 5 : 028072, 4% 5 46 &= B0
C57BL/6 BfHE A1 ZE /N, 225 14.5~16.5 d, Jb st 4k
IE ) 4 S0 B W BR A BR A FL L B AT IE S
SCXK (3% )2016-0006. ff £8 7T H: il 1% 57 | i 4
Mg \N-2.B27 JC Il & 75 57 # DMEM f& 8 15 77
%, 3% [F Gibco 2 Hl 5 D LI M A G F R R (F
DAPD) , Jb 5 i 2 G AE M E R A RS 7] 5 75 55 %= -
BERE R APUR 2 R AR , rhRHE A R A R
] PR R A1, L E Selleck Y RHE A BR A
A, SCIG AT T O H A (DMSO) |, 33k N
100 umol - L ; LA 5 R (5 & 99.36% ) , g5
AR A BR A |, SL 80 TS T DMSO, BRI ik B2
100 pmol « L™ Ji 25 11 il A Bk L 5 Ak SR
(carbonyl cyanide 3-chlorophenylhydrazone , CCCP ),
F 1 Sigma 2 w5 /N BRAT N R AR S IR AZ IR
Tom20 .72 444 , 56 [ Santa Cruz /A 7 ; Alexa
Fluor 488 #r ic ¥ ¥t /M B 1gG £ ¢ B& it 1k F
Hoechst 33342 4fi il 1% 4Lkl . Lab-Tek /\ i % Al U HI
% J} W Z g (tetramethylrhodamine, TMRM) , 5% [
Thermo Fisher Scientific 2 7] . #0063 R L5
T, 2[5 Zeiss 23w 5 (31 AH 22 W 445E , H 4~ Nikon
o5 H) 5 R 96 FL AR Ay N TR R AR A AT AN, 3R
Perkin Elmer/A ],
1.2 ER#EZTH S B RIEF

43 B mt-Keima % 55K Fl C57BL/6 B A= AU i iy
/N i Jz S 2805 (43 i 44 4 mt-Keima i 28
JCHI C57BL/6 fl 4270 ) , 450 T 5 10% i 4= 1L i
10% S 175 1 1% 5 % R -5 R PR G WY
DMEM 5323, F 37°C, 5% CO, fH i 55 F- A K 7
6 h, e L oT iR AL (2% B27 (1% N-2 A2k
JHig A % 7 8 2R B R 2 LI A Y Neurobasal J:fil
FEFRH ) B Wi 6~7 d T35 .
1.3 mt-Keima %3t E 0 & mt-Keima #Z gt F &

53 B 13 2 1) mt-Keima # £t 5L 2x10%
SJHERDT Lab-Tek /\[EE H , TEph &t F e h 57
7 d, B HOCI R A DA T WS TEN K Oy 561 il
458 nm Pk RN D R S i mt-Keima 78 't £
IRk
1.4 BFHEEE AT mt-Keima#Z T&hiik 5
M P 5 0

A3 8515 2 i mt-Keima # 28 50 78 14 40 43 AL 55
6 KT, 43 5l EL 55 9% 2 25 A1 100 nmol - L™ R 2
J£ 4 0.1% ) DMSO(DMSO X HR 2l ) Ab P 24 h 5 , &

WO IR A WG T WL, 7E < Ol 561 F11458 nm
WO TR 2 TR TR, H Volocity x4
AR Y R, 3 B RSP 2200 561 1458 nm
DGR %GR FE A R LR R B WS B, R
N i Eplves @ RN E R0
1.5 XEEEZ(TiH mt-Keima 2 T &R K B L
kil

43 B 19 2 1Y mt-Keima i 28 70 78 7K S0 4 AL 26
6 K, 735l HI 25 480 28 523X 100 nmol - L™ A4k Ji2
70.1% () DMSO(DMSO Xf fi 20 ) kb 3 24 h, [7] 1.4
RS ves 9 AN R T o
1.6 C57BL/6 #1425T Tom20 3 i& B9 46l

# Platinum Line Cover Glass 3§ H & 24 fL. it
LI Z B2 % 300 ul, & 37 CH 345551 h
J& , FALIE RN 4%10* C57BL/6 &0t . TEARSMN b
556 KRBT, 435I 2 4 5 702K 100 nmol - L™ ik
J&# 4 0.1% f) DMSO(DMSO % i 4H ) 4 B 24 h, F
20 4% 2 B W T 37C Rl E 15 min( £ R H
1 T R BT WD), F 1XPBS I Uk 1%k % 0.3%
Triton X-100 % PBS T 4L 10 min, H & 3% 1L
() PBS (3 1) &= i B 1 h, B S AN BT A
Tom20 H 7L 1A (1:400)4°C M5 i 7%, JH Alexa
Fluor 488 tric -4/l 1gG £ se btk (1:400) %
HEIEE 1 h, e PO R H (5 DAP  H A =
TR, B RO R B N o tsR g, R
7 Tom20 £ [ 6 157KF
1.7 C57BL/6 #4 JT &k i B BB 9 ZE

C57BL/6 & TTIEMRIM LR 6 KB, 73 i H &
S 2572 100 nmol - L Zb ¥ 24 h A1 CCCP 10 umol- L™
A3 12 h(CCCP Sy A 4% fift A 1] , 1l PR L hr 4% s
HLAV, R PHAEXT D) o 75577 DMSO (K i 0.1%)
A3 24 S DMSO X BRAL, W 3 /\ Jis == v () pf
ZIuHEARAL I e T LA 5 7 5 B TMRM, B il
B TMRM e 7 3 (2834 B 4 100 nmol - L) o £
37T 30 min J& , W5 YL o ik, FH PBS Pkisk 4 i
1K, R R R 2T 57 3% , Hoechst 33342
(1:1000)¥% T PBS 144 8 min, BHOGILR A W
T Tl K 2T (458 e 3, SR 2k fA
S E 3 7K S o
1.8 Zit=50h

S 45 BB DL x+ s & o, [Tl GraphPad
Prism6.0 3 F A1 Geit 2750 Z 41 SR ]
LR Ty 22500, PR R] FLBCR HDBUREAS th 56 . P<
0.05 HZESEAGI L,
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2.1 mt-KeimaZ}*EB7E mt-Keimat & oK%

BB s, 45 B 1Y mt-Keima # & T4 4%
27 dJE , WOLIERETOL S N ISR R, 7
561 nm ik T A B A SSOIR R A 2D (A9 F8 R
HEAFRYE T WA v i 2R A4 ; 75 458 nm ik T, #i
22U 22 IR GR(A 5E , FR 7 TR PR R i Bk
. Wt B, mt-Keima %% 68 1 7E mt-Keima i
ZIuhRIE,
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Fig.1 Expression of mitochondrial-targeted form of
fluorescent reporter unit Keima (mt-Keima) in primary
neurons isolated from mt-Keima transgenic embryonic

mice detected by confocal fluorescence microscopy.
The neurons were excited with 458 nm laser (green) and 561 nm
laser (red). Green fluoresce indicated mitochondria in neutral cyto-
plasm. Red fluoresce indicated mitochondria in lysosomes.

2.2 mt-Keima %X E B kKB mt-Keima # & T4
LA B T 1 B 3 E
TEOEIL R 9 WA TR mt-Keima ¢
JEoREE, S5 LT, 5 DMSO XA AH L, L R
% A1 100 nmol-L "4 # )5 , mt-Keima i 22 04T
EIOCAE TS , SRR A e 20T [ (P<0.01)
FEUH L 909K B 2 A1 ATl mt-Keima #ift 28 5T 26k
& A g, mt-Keima 2¢O HR 1 AT ARG i s i 2ok (4 [
WEIETE(E 2) .
2.3 EFLEEH(Z#H mt-Keima #12 L&Ak B
mt-Keima #1122 645 T 24 555K 100 nmol - L™
AbPR)S 5 DMSO X HRAL A HE , i ot h 21 6.5k
TSR, SRR F RS EOE in (P<0.01) (B13), 5%
2= 4 SR B Z AL i mt-Keima i 2 e Rk | ik

Bafilomycin A1

A DMSO

Mitophagy index

T T
DMSO Bafilomycin A1

Fig.2 Effect of bafilomycin A1 on mitophagy in primary
neurons isolated from mt-Keima transgenic embryonic
mice detected by confocal fluorescence microscopy.
The primary neurons were treated with bafilomycin A1 100 nmol - L™
for 12 h. Mitophagy index=red fluorescent intensity/green fluores-
cent intensity. B was the semi-quantitative result of A. x+s, n=55
(DMSO group) , 51 (bafilomycin A1 group). **P<0.01, compared
with DMSO group.
A DMSO Deoxyshikonin
it - , e

Mitophagy index

T T
DMSO Deoxyshikonin

Fig.3 Effect of deoxyshikonin on mitophagy in primary
neurons isolated from mi-Keima transgenic embryonic
mice detected by confocal fluorescence microscopy. The
primary neurons were treated with deoxyshikonin 100 nmol - L' for
24 h. B was the semi-quantitative result of A. x+s, n=55 (DMSO
group) , 45 (deoxyshikonin group). **P<0.01, compared with DMSO
group.
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2.4 KELEEZ(RiH C57BL6 #122 T Tom20 HIFE AR
B PE AN 25 R R W], 5 DMSO Xt A ZH AH
I, 224 2290 K 100 nmol - L7 b 335 4 4,52 G55
#2755 C57BL/6 # 22 5 Tom?20 75 [ % ik /K F F& 1%
(P<0.01) (&1 4), £ LA E LR L C57BL/6 Hf
ZETCERLRREA: , SRR B s PERG 5
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18 b

Tom20 expression
(fluorescent intensity)

| T
DMSO Deoxyshikonin

Fig.4 Effect of deoxyshikonin on expression of mito-
chondrial import receptor subunit Tom20 in primary
neurons isolated from C57BL /6 wild-type embryonic
mice detected by immunofluorescence staining. See
Fig.3 for the neuron treatment. Nuclei were labelled with DAPI.
B was the semi-quantitative result of A. x+s, n=73 (DMSO group) ,
46 (deoxyshikonin group). **P<0.01, compared with DMSO group.

2.5 K FLEEEXT C57BL/6 18142 T £k f {4 b5 B8 fif
Eap=Al

WE 5 s, 5 DMSO X B8 20 F g, BH A X IR
CCCP 4bHJ5 , C57BL/6 # 4 CLT (A A 5 1 i
FEARR, 2% BHE KL PR B H 0 T B (P<0.01) 5 25 58 7L
KA ¥R, C57BL/6 Mt R AR A, 5
DMSO Xif B4 AH L TC i 3 25 5%, R LA R R X
C57BL/6 #fi £ Ju L b4 5 i 437 TG Atk 520
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Fig.5 Effect of deoxyshikonin on mitochondrial mem-
brane potential (MMP) in primary neurons isolated
from C57BL/6 wild-type embryonic mice detected by
confocal fluorescence microscopy. The primary neurons
were treated with deoxyshikonin 100 nmol- L™ for 24 h or carbony!
cyanide 3-chlorophenylhydrazone (CCCP) 10 umol-L™" for 12 h
and stained with TMRM. Nuclei were labelled with Hoechst. B
was the semi-quatitative result of A. x+s, n=43 (DMSO group),
49 (deoxyshikonin group) , 41 (CCCP group). **P<0.01, com-
pared with DMSO group.
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R, ARWFFE 9B mt-Keima % 55 R IE g /N BRI
A 20T, 2 W IR R R A IS B & o dokn
PR B 0 ), 26 B mt-Keima 25 11 1l FH T 46 £
LA B MR

B ] SRR W 24 AR T B e R R
H g AKF Ry 0 o S A I A DG 4 BT Y %
e H R iyl R G e A4k
TR A, O RN BN, B ETHRIE 915
FYRR AR ARG, IR AR A A L
S TBE Bl A% IR 45 , AT DR AP 20 B T 38 31 HIE 2 5 2 1Y
P HIe- 19720 SRR I R v AT )3z i H ik AR D
KLU, 1 & 8T R A PR 28 T 2R AR B ek 1) R AR fb A&
WHABEZEZ L, KRR EN, T mt-Keima
TR R AT B W KRN T B Y L E R R T
P2 mt-Keima il £ 70 B BORLAR 0, i 1 e e ¢
5L H C57BL/6 # 2ot Bt — L Bk

S A R FEL A7 2 S IR AT L PN R A T BB R S
MWEESHZ —, ARG REN, LAEER
100 nmol-L™ kb3 C57BL/6 #1 45 JC , I A 5 i £k i
AR AST , 2% BH AR AN i R b A3 40 B RT3 R Tl
TP TCERR AW . T #i 2o BUSS
WP R R R AT R A oeAe T, R A A 5 e
#5100 nmol - L™ #4750 . SLg0 25 R R W] IR
KFEZTCH  H RS SRR B

O 0 85 N5 1% L 3 3 i (phosphoinositide 3-
kinase , PI3K ) /%5 H # i B (protein kinase B, Akt)/&
A1 %5 % # % 14 (mammalian target of Rapamycin,
mTOR) &2 &40l [ WErY B 25w i . H A s
FeH B R0l P PISK/AKYmTOR {5 53 [
V5B S0 A A R LR e A L A R, DA
RIEZAD MM E R o BRI, A S R R ik
M ITLRLIR [ 1 75 W4T 0] PIBK/AK/mTOR {5
I A i — DY

Ll WS 20 S I K B 2 w5 Y TR NI
W, 75 3E 2% 5 2 AR YT A 2R A1 9 9 T m] g 5
A BN T St . ARWEIE IR YT 5 SATE IR A
KRR AL T 58T L
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Effect of deoxyshikonin on mitophagy of mouse primary neurons

LU Ding-yi, LI Ting, YAO Cheng-cheng, CHEN Jia-yi, ZHAO Jie, HAN Qiu-ying, LI Ai-ling, PAN Xin
(National Center of Biomedical Analysis, Beijing 100850, China)

Abstract: OBJECTIVE To explore the effect of deoxyshikonin on mitophagy of primary neurons
using the mitochondria-targeted fluorescent protein Keima (mt-Keima). METHODS To validate the reli-
ability of the mt-keima system, the primary cortical neurons isolated from mt-Keima transgenic embry-
onic mice (mt-Keima neurons) were treated with autophagy inhibitor bafilomycin A1 100 nmol-L™" for 24 h,
and mt-Keima fluorescence signals were observed and quantitatively analyzed by confocal fluores-
cence microscopy. Then, mt-Keima neurons were treated with deoxyshikonin 100 nmol-L™ for 24 h before
mt-Keima fluorescence signals were observed and quantitatively analyzed using the same method.
The expression of mitochondrial import receptor subunit Tom20 in primary neurons isolated from
C57BL/6 wild-type mbryonic mice (C57BL/6 neurons) was detected by immunofluorescence staining to
further reflect the changes in mitophagy 24 h after the neurons were treated with deoxyshikonin 100 nmol - L™.
The changes in mitochondrial membrane potential of C57BL/6 neurons were also detected by confocal
fluorescence microscopy. RESULTS The results of confocal fluorescence microscopy showed that
mt-Keima neurons expressed mt-Keima fluorescent protein. Compared with the DMSO group, mt-Keima
displayed a lower fluorescence ratio (561 nm/458 nm) in the bafilomycin A1 100 nmol- L™ group (P<0.01),
indicating that mt-Keima could be used to evaluate the extent of mitophagy. Compared with the DMSO
group, mt-Keima displayed a higher fluorescence ratio (561 nm/458 nm) in the deoxyshikonin group (P<
0.01). In addition, immunofluorescence showed that deoxyshikonin promoted the degradation of Tom20 of
C57BL/6 neurons (P<0.01). The results of confocal fluorescence microscopy showed that there was no
change in mitochondrial membrane potential of C57BL/6 neurons in the deoxyshikonin group compared
with the DMSO group. CONCLUSION Deoxyshikonin promotes mitophagy in mouse primary neurons
without causing any mitochondrial damage.

Key words: deoxyshikonin; mitochondria; Keima fluorescent protein; mitophagy; neurons
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