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Figure 1 Expression of autophagy and Calpain pathway moleculesin thetissues of mice detected by Western blotting
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Figure2 Expression of protein degradation pathway moleculesin the spinal cord and sciatic nerve of mice detected by
Western blotting



Dec. 2020, 40(6)

SIS L% Laboratory Animal and Comparative Medicine 467

M LC3A/B. Atg3. Rab7 S &EWE T (P <
0.01), H A& MF LC3A/B- 1 F5HE A
BT Calpainl large M & (5 4 KA 4
T~ 80 000 FEY I ALAH X 4> 1~ 75 000) HH ik
TR (P <0.05), {HE§)% Calpainl large 7%
AN 0, 1) Calpain small B & (4K
AHX 4315 26 000 F185 1A X431 18 000)
WA (P < 0.001), HE§)#Y Calpain small
R ANAA B, Calpastatin 75 f G H B % 5
(P>0.05) (K2B).

3 itig

UPS &k mi B E A i, H
TS5 Z RIS, R R
IR AN BT AN e & . UPS 1
Ubiquitin, Z ZBULM (EL). ZE4 AN
(E2). ZH&iEHM (E3). EABMAMEZ
FALEA . £ ATPYERT, Ubiquitin #5465
HEL44G, BB E2, Wil E3 5HEAL
G ZRMSE FEEAN 26S & A A (ATP K
R KR ST A BRI R 2 KB AT
292 FALEF TR Ubiquitin WY EARE Tk, 4%
SRR FL A A P 2 1 B4, Pasquini 55051 5L A
WIEH, SN AL B RGZ % - B RS
AT R, 5 SCAHLE, SN Ubiquitin 75 & 1
WD, XN R ST FAGE R AZ R, T
SRS AR UPS B A7 8 (A 5 DI BEIKES «

H IR & BLAZ 20 i T IZ AR AL I — s i A4 A
W PR, B UPS HAT MM BR R RE Sy, Tl
ek AEaEOm (iRTEEA. BEHREs
Y. BURYD LAKZ A0 40 M s A 40 B P o i A4
BRI FE A 3B G R, B
WEERIHE 4% (ULK1, ULK2, ATG13. FIP200
AIATGI0D) MR e, AL ULKL n] LA
TEEWEAOCEA (Atg) B AWGATE AT &S, ik
AIEAATE RS . F B IRAL5H (pre-autophagosomal
structure, PAS) ¥ U] CLERF R, BE
Jr Tk Atgs-Atgl2-Atgle Z 54, 5 3- BRI IR
TR JULIE 25 5 Hw A 3] B AR A e (s B3
Atg8 £z FE AL Atg7 A1 Atg3 I T ), SRk

ZEg (phosphatidyl ethanolamine, PE) 4547
& Atg8-PE, Atg8-PE v T HIEAAML, {21k A gk
RS ANRR S AR PR AR O . 40 T ) Atgd KRR
(1 TT ABY D) LC3 AL LC3 T, LC3 T nlidid
Atg7 1 Atg3 5 PE 5 TE R LC3 1T, i LC3II
Bttt 5 AMEALE S, LC3II/K 5 AR s R
ARG, TR BWRAATE i bs 400 £ 2 fF
R Airp 2 11 0T B J 4% 1) F A& Cautophagosome)
B3z i B A T AR, BLRRAR AT
PHEAFIH, Ui oy iads. Cathepsin D J2
WA EEK R, LAMPS J2 IR B4R B35
FEEEMEREN, LAMPLA LAMP2 3t 5%
AR 12 80%, T 4EFFHS I (A g 4 R0
LAMPs 7175 W A4 13 1 14 2 B AC o v B AL, DA
By 1 I AR s P T P A AR il 0 G 11 5 g g 1
NS 2B AT A AR, S PR A T 485
R MR, SRS S AT R R
Rab7 BEA TR 44, et T amgk, 251
7 AR S BRI S5 G, B IRAR R ARZ
fna . BRI, 5 SCAHLE, SN H Cathepsin D,
LAMP2. i1 LC3A/B. Atg3 fll Rab7 7 &1 Bk
b, HARKE] LC3A/B-11 . 33X Ui WA
WA = Z o0 A AL AR T AR, B R A B AR TE
RIS WA O3 AT S AR I 2> o BRETTR I, 4
SN ZF 35 11, LC3- 1T & A& =2 &1,
B W K3 ] (e gl 5 . EA T AL AE 3 D e
Amﬁ[ls-lﬁ]o

A0S R R AR T A 2T K
Tl sr, Calpain #igft, &KIFEE A IRE.
Calpain M /K40 Ml 288 . BEAHORE .
it RV R 6 Sk DR TR TR DG B 25 1 4 ol
wHBL, ZHEPHERSH. F9% T,
SR8 RO T A 2T 7 e T
Calpain 43>} u-Calpain (Calpainl) F1 m-Calpain
(Calpain2), 7 &I ¥L.3) 935 i ek KA,
B3 11 ELAG A5 1 TP R R B A T T 3G I 1
WAL, Calpain KWW A HA 44 E g .
™ Calpain KV HEAAS 25 05, gt 1 R 4E
B, T REE KGR, S5kl & & ik
filf () FZ TR, T 1 afll b, 5% 7K
VAR, P X B A, A AR A PR R



468 SIS LA % Laboratory Animal and Comparative Medicine

Dce. 2020, 40(6)

SEMIBITAT L, 25 Calpain B i 4
SRRV 5 5 BF TS5, A58 T
i, MMEREE, KAWHEG S, &L
Fa K RIEPE LML a1l b, 25 EYKARR,
AT+ Calpainl large LAl 4K CHIX 2y
T80 000) A28 fsead iR H BV (AHA )
T-& 75000) [f Calpainllarge & . 5 SCHALL,
SN 1 {1 Calpainl large 7 & W s/, fH 85 5]
Calpainllarge & 1 (A} 4y 75 75 000) 7 &AH
X[ AT, Calpainl A1 Calpain2 H. 45 A1 [A](¥) Calpain
small, Calpain small 4w, HA 1. 11
PG ER,  6) T4 Calpain i 1t H AT B2 A
. AwF5ir Calpian small HifAnl#il 4K CH
X4y TR 26 000) FlE BT DI CHHA 2y T
18 000) Calpain small. 7 & BL, 5 SCHLL,
SN 1 it Calpain small & & B 23, Haji)H
Calpain small 7 & A1AHX ] &, #27~ Calpain
small #5354t . Calpain ii% 4 il 45 25 1< FE 4 a1y 3
M, Y Calpain i JEiGALI, Calpastatin 45 571t
ik Calpain 35724, Baudry®2HfF 5742 i, Calpain
IS T a5 | RN 22 A N 1 ¥ s 81
ML RS, SC 5 SN ML, Calpastatin 7
I 25, 1 SCHI SN 1 Calpain A/ ¥
R AGE R B2 R, $EoR Calpain 7T 1) &
(R AR 2 B R A e o, A RAET
MAk . " SN SZHIIT, b5 N AT & T KPR
Th i TGS Calpaint23), [ fif 4 B 1 4 2 114 b
SRAFPERA, i Cal pastatin %) 4 58 K15 fih 45 1) )2 T
AE A IR E AL,

BT B PR ~Y 1 2 A 5 40 i P A 1)
FEIAT, B TR AR E B2 B R B A S
AR 33 2 Pl IR AT VR o AT R I,
5 SCHALL, /N SN H UPS AT [ 0 4% AH 5C 8 1
P R RS, IO T 25 T 1 Calpain R4eH
Calpain small & B34 h0, X$Em UPS Fl H I
FEREAR A TR B BT, TSR 328
It Calpain B2 MR . TEIE R AT,
Calpain Z 5 15 4 T B A o8 K & 55 (HATA
RN B MR AR, e
T R®mWA, Calpain ik, T RE S EUhR
e Wi, HEMLIT . &AM RE

BT H SR R R R R AR, IRAWIIUER H
JoR i i S Bt S FL O 7)1 T A 2 R DI I
I S L 10 S

S

[1] Pohl C, DikicI. Cellular quality control by the ubiquitin-
proteasome system and autophagy[J]. Science, 2019, 366
(6467):818-822.

[2] Duquette PM, Lamarche-Vane N. The calcium-activated
protease calpain regulates netrin-1 receptor deleted in
colorectal cancer-induced axon outgrowthin cortical neurons
[J]. I Neurochem, 2020, 152(3):315-332.

[3] David Y, Ternette N, Edelmann MJ, et al. E3 ligases
determine ubiquitination site and conjugate type by
enforcing specificity on E2 enzymeq J]. JBiol Chem, 2011,
286(51):44104-44115.

[4] Kleiger G, Mayor T. Perilous journey: A tour of the
ubiquitin-proteasome system[J]. Trends Cell Biol, 2014,
24(6):352-359.

[5] Pasquini LA, Marta CB, Adamo AM, et a. Relationship
between the ubiquitin-dependent pathway and apoptosis
in different cells of the central nervous system: Effect of
thyroid hormoneq J]. Neurochem Res, 2000, 25(5):627-635.

[6] ChenY, YuL. Autophagic lysosome reformation[J]. Exp
Cell Res, 2013, 319(2):142-146.

[7] LeeJK, Shin JH, Lee JE, et al. Role of autophagy in the
pathogenesis of amyotrophic lateral sclerosig[J]. Biochim
Biophys Acta, 2015,1852(11):2517-2524.

[8] RussHlRC, TianY, YuanH, eta. ULK1inducesautophagy
by phosphorylating Beclin-1 and activating VPS34 lipid
kinase[J]. Nat Cell Biol, 2013,15(7):741-750.

[9] ChunY, Kim J. Autophagy: An essential degradation
program for cellular homeostasisand life[J]. Cells, 2018, 7
(12):278.

[10] MoulisM, Vindis C. Methods for measuring autophagy in
mice[J]. Cells, 2017, 6(2):14.

[11] Leibiger C, Deisel J, Aufschnaiter A, et a. TDP-43 controls
lysosomal pathways thereby determining its own clearance
and cytotoxicity[J]. Hum Mol Genet, 2018, 27(9):1593-
1607.

[12] Saftig P, Klumperman J. Lysosome biogenesis and lysoso-
mal membrane proteins: Trafficking meetsfunction[J]. Nat
Rev Mol Cell Biol, 2009, 10(9):623-635.

[13] PereraRM, Zoncu R. Thelysosome as aregulatory hub[J].
Annu Rev Cell Dev Biol, 2016, 32:223-253.

[14] HegedusK, Takats S, Boda A, et d. The Ccz1-Monl-Rab7
module and Rab5 control distinct steps of autophagy[J].



Dec. 2020, 40(6)

SEE A S LIPS 2% Laboratory Animal and Comparative Medicine 469

Mol Biol Cell, 2016, 27(20):3132-3142.

[15] Huang HC, Chen L, Zhang HX, et al. Autophagy pro-
motes peripheral nerve regeneration and motor recovery
following sciatic nerve crush injury in rats[J]. J Mol
Neurosci, 2016,58(4):416-423.

[16] Li R, Li D, Wu C, et a. Nerve growth factor activates
autophagy in Schwann cellsto enhance myelin debrisclear-
ance and to expedite nerve regeneration[J]. Theranostics,
2020, 10(4):1649-1677.

[17] Neuhof C, Neuhof H. Calpain system and its involvement
in myocardial ischemiaand reperfusion injury[J]. World J
Cardiol, 2014, 6(7):638-652.

[18] Zatz M, Starling A. Calpains and disease[J]. N Engl J
Med, 2005, 352(23):2413-2423.

[19] Hanna RA, Garcia-Diaz BE, Davies PL. Calpastatin si-
multaneously binds four calpains with different kinetic
constants[J]. FEBS Lett, 2007, 581(16):2894-2898.

[20] Goll DE, Thompson VF, Li H, et d. The calpain system[J].

Physiol Rev, 2003, 83(3):731-801.

[21] Hanna RA, Campbell RL, Davies PL. Calcium-bound
structure of calpain and its mechanism of inhibition by
cal pastatin[J]. Nature, 2008, 456(7220):409-412.

[22] Baudry M. Calpain-1 and Calpain-2 in the brain: Dr. Jekill
and Mr Hyde?[J]. Curr Neuropharmacol, 2019, 17(9):823-
829.

[23] Martensson LB, Blom CL, Dahlin LB. C&* involvement in
activation of extracellular-signal-regul ated-kinase 1/2 and
m-calpain after axotomy of the sciatic nerve[J]. Neural
Regen Res, 2017, 12(4):623-628.

[24] Sundaramoorthy V, Green D, LockeK, et a. Novel role of
SARM1 mediated axonal degeneration in the pathogenesis
of rabieq[J]. PLoS Pathog, 2020, 16(2):€1008343.

[25] Yang J, Weimer RM, Kallop D, et al. Regulation of axon
degeneration after injury and in development by the
endogenous calpain inhibitor cal pastatin[J]. Neuron, 2013,
80(5):1175-1189.

Expression and Distribution of Molecules Regulating Protein
Degradation Pathway in Nervous System of Mice

SONG Binbin, DONG Wenzhou, JIA Bingquan, ZHEN Ran, PENG Yu, YANG Xuan, YU Jia
(Beijing Geriatric Hospital, Beijing University of Chinese Medicine, Beijing 100095, China)

Correspondenceto: YU Jia, E-mail: jyu319@163.com

[Abstract]

Objective To investigate the expression and distribution of the molecules regulating

protein degradation pathway in the nervous system of mice. Methods The eye, olfactory bulb,
cortex, hippocampus, striatum, midbrain, cerebellum, brainstem, spind cord, sciatic nerve and muscle
of 6 weeks wild-type C57BL/6J mice were collected. Then the distribution and expression of key
proteins in protein degradation pathway in different tissues, anatomical sites and subcellular
structures were determined by Western blotting. Results Cathepsin D, lysosomal-associated
membrane protein 2 (LAMP2), microtubule-associated protein 1A/1B-light chain 3 (LC3A/B),
autophagy-related protein (Atg3), Ras-related GTP-binding protein7 (Rab7), Calpain and Cal pastatin
had different expression levelsin the eye, brain, spinal cord, sciatic nerve and muscle. Compared to
the spinal cord, the sciatic nerve showed decreased levels of ubiquitin, Cathepsin D, LAMP2, total
LC3A/B, Atg3, Rab7 and full length of Calpainl large subunit (P<0.05), and increased level of Calpain

small subunit (P<0.05). Conclusion

The ubiquitin-proteasome system and autophagy mainly are

widespread in the cell under physiologica conditions, which mainly occursin the cell body of neurons;
but the level of spliced Calpain small in axon isrelatively high, which suggests that Calpain degradation

pathway may play amajor role in axon.

[Key words] Ubiquitin-proteasome system; Autophagy; Calpain; Spinal cord; Sciatic nerve; Mice



