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Abstract

Role of Selenoprotein S Regulating Lysosomal
Homeostasis in Selenium Deficient Cerebellar Neuronal

Apoptosis in Chicken

Abstract

Selenium (Se) is an essential trace element for humans and animals. It is widely involved in
many biological processes and plays a variety of important biological functions. Studies has shown
that Se deficiency can cause brain damage. Selenoprotein S (SELS), as one endoplasmic reticulum
localized selenoprotein, plays an important role in the protection of brain injury. Highly expressed
SELS can relieve brain injury by alleviating endoplasmic reticulum stress and inflammatory
stimulus, however, inhibition of SELS expression may aggravate the brain injury. Lysosomes, as
the "digestive center" of cells, play a key role in maintaining intracellular homeostasis through
degrading and removing intracellular harmful substances. It’s found that many degenerative
neurological diseases are accompanied by lysosomal dysfunction. Se deficiency could decrease
lysosomal stabilization and SELS expression. However, whether the imbalance of lysosomal
homeostasis is involved in Se deficiency-caused cerebellar injury, and whether SELS regulates
lysosomal function and homeostasis are still unclear. Based on it, we propose a scientific hypothesis
that Se deficiency can mediate the lysosome imbalance and induce apoptosis through reducing SELS
expression in cerebellar cells. To clarify this hypothesis, we established the Se deficient chicken
cerebellar injury model, Se deficient chick embryo brain neuron model, SELS knockdown chick
embryo brain neuron model and treated with the oxidative stress inhibitor N-acetyl-L-cysteine
(NAC), the CTSB inhibitor E-64 and the CTSD inhibitor Pepstatin A respectively. And based on
these models, ICP-MS, histopathological observation, immunofluorescence, TUNEL staining,
transcriptome, RT-PCR, Western blot and flow cytometry were performed; metal ion homeostasis,
pathomorphology, mRNA transcriptome, antioxidant levels (CAT, GSH-Px, SOD, T-AOC, ROS,
H.0,, LPO and MDA), endoplasmic reticulum stress-related indexes (GRP78, IRE1, XBP1, PERK,
ATF4 and ATF6), lysosomal-related indexes (pH, ATP6V1A, ATP6V1B2, ATP6V1D, CTSB and
CTSD), autophagy-related indexes (LC3-2 and P62), and apoptosis-related indexes (BCL2, BAX,
CAS9 and CAS3) were detected. The results showed that:

(1) Histopathological observation showed that Se deficiency led to the thinning of cerebellum
granular layer, increase of cerebellum white matter, decrease or disappearance of Purkinje cells,
increase of eosinophilic Purkinje cells, the accumulation and tangle of nerve fibers in the Purkinje
cell layer, the disorder of nerve fibers in the granular layer and the decrease of Nissl body.
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Immunofluorescence and TUNEL results showed that Se deficiency led to cerebellum o-syn
aggregation and apoptosis.

(2) The detection results of metal ions showed that the contents of K, Fe, Zn, B, Ni, Hg and Sh
decreased and the contents of Ca, Cr, Mo, V and Cd increased in the cerebellar tissue of chickens
under Se deficiency, which indicated that Se deficiency affected the metal ion homeostasis in the
cerebellar tissue of chickens.

(3) mRNA transcriptome analysis showed that Se deficiency resulted in the differential
expression of 421 genes in the cerebellum, of which 171 genes were upregulated and 250 genes
were downregulated. Go and KEGG enrichment analysis showed that the differential genes were
closely related to neural function, antioxidation, metal ions, lysosome and apoptosis.

(4) Se deficiency resulted in the decreased expression of SELS at mRNA and protein in the
chicken cerebellum and brain neurons, increased mRNA expressions of endoplasmic reticulum
stress-related genes GRP78, XBP1, ATF4 and ATF6, and increased protein expressions of GRP78,
IRE1, XBP1, PERK, ATF4 and ATF6. Besides, SELS Knockdown led to increased mRNA levels
of SELN and D102, decreased mRNA levels of SELT and SEP15, and increased protein levels of
GRP78, IRE1, XBP1, PERK, ATF4 and ATF®6, indicating that the decreased expression of SELS
could cause endoplasmic reticulum stress.

(5) Se deficiency decreased the activities of CAT, GSH-PX and T-AOC, increased the contents
of ROS, H20,, LPO and MDA in the cerebellum and brain neurons. SELS Knockdown decreased
the activities of antioxidant enzymes and increased the contents of free radicals and lipid
peroxidation products in brain neurons, which indicated that the decreased expression of SELS led
to oxidative stress in brain neurons.

(6) Se deficiency inhibited the protein expressions of lysosomal V-ATPase, CTSB and CTSD,
and increased the expressions of MCOLN1 and cytoplasm CTSB and CTSD in the cerebellum and
brain neurons. SELS knockdown also caused similar changes in brain neurons. NAC treatment could
effectively alleviate the lysosomal changes caused by decreased SELS expression. These results
indicated that the decrease of SELS expression led to the disruption of lysosomal acidification, the
decrease of enzyme activity, the release of calcium ion and the permeability of the lysosomal
membrane, resulting in the imbalance of lysosomal homeostasis.

(7) Se deficiency increased the expressions of autophagy markers LC3-2 and P62 in the
cerebellum and brain neurons. SELS knockdown also increased the expression of LC3-2 and P62.
NAC effectively restored lysosomal homeostasis and alleviated the increased expression of LC3-2
and P62 caused by SELS knockdown, which indicated that the decreased expression of SELS
inhibited autophagy substrate degradation through lysosomal dysfunction, leading to
autophagosome accumulation and autophagic flux inhibition.

(8) Se deficiency inhibited the expression of BCL2 in the cerebellum and brain neurons, and
increased the mRNA and protein expressions of BAX, CAS9 and CAS3. SELS knockdown also
caused similar changes in the above indexes. Flow cytometry showed that Se deficiency and SELS
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knockdown caused the increase of apoptotic cells in brain neurons. Besides, NAC, CTSB inhibitor
E-64 and CTSD inhibitor Pepstatin A could alleviate the apoptosis induced by SELS knockdown.
These results indicated that the decrease of SELS expression could induce apoptosis via autophagic
flux inhibition and leakage of CTSB and CTSD.

In conclusion, Se deficiency led to the imbalance of metal ion homeostasis in the chicken
cerebellum, resulted in mitochondrial pathway apoptosis, induced 171 mRNA expression
upregulation and 250 mRNA expression downregulation, which were closely related to neural
function, antioxidation, metal ions, lysosome and apoptosis. Se deficiency led to the decrease of
SELS expression, and further investigations showed that the decrease of SELS expression caused
endoplasmic reticulum stress, promoted ROS accumulation, led to oxidative stress, induced
imbalance of lysosome homeostasis, inhibited autophagic flux, and finally led to apoptosis. These
results indicated that SELS could regulate lysosomal homeostasis and induce apoptosis in Se
deficient chicken cerebellar neurons. These results enrich the molecular mechanism of Se deficient
cerebellar injury and provide references for further research.

Key words: Chicken cerebellum; Selenoprotein S; Oxidative stress; Lysosome; Apoptosis
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Berzelius T 1817 E R K B (Selenium, Sed. ¥, AM1—HIARNZE—FE 5T
Fo HEF| 20 el 50 B4R, KREMFARYE, W2 ANMAWTLTRHHMETLER, | 2253
WUk Z A fEvp, RIEZ M EZEREYZII6e. AN 3 2l g Yk, H
MAVAR K5 By il & 2% UK. shili< SR i, KET%N, 880Uk, &
KB MR TTEEN . A, KEVFFLUESE, 2 Mg &8 5 Sam 25 VI A 5, G BOPR e M
GEURWIRE PR L, 0 A IR B, BT R MR (AD) R4 A% (PD) S5 #h & 1B AT MR
(461, 33X, 78 43 F BA AT XS AL A4 (1) B LR UT o o R B 22 A B T IR R B, A ATTXS TG 1) A 4
LIy RE B SRAT 0T AL 52 e AR FHATLER A BIF 98 0 R O

1.1 MEWMZRGHHARIERE

T AEALAA N 3 23 A, ST AT FE S R R T AR R G T e U TR HE R EE AR,
Win] 2 5 R KA 2 FDIRE, WiEshtes. hRvE. CIZA R, R UIAR AL NS 5 1%
AR R AR B, R AN R IR N Th e AR L, N A DR RIS R BOA
KN T e DL G M 28 R G0 2000, 3 2 kb FE AN FT S M 0 2 AR AT PR i RO IR T il 1 45
IR SE T LA 208 70 2 < JR AN PR S5 B 0 P 4 2 e A 43 45 120 1,

1.1.1 XAl %

WEFUR DL, AR A A R A IR, IR RPN S ANRE R, R XK Rl A
AR, T 5 R A R A XA 2 RN R R AR A B T AR X g 2 13
Prohaska %5 (13 o K A2 B2 75 8 75SeOq? v i B wh il K B o, A BN 2 i o 1 2E 2 - 3 1 20 0
45d, [AIAL 3R 8 LA I A LG X v Al 2K 1 b v AR OO /N B AT AE R . Trapp 48151 IE
/NI BRI KT v R R v TR, R R (P 2 R ST S B s . AR
R BRI T A B, 0 o R 5 o SR AR AT 3 A B 5 R v 125 280 AR TR R I, AR P I
FH RV VA PR i £ S AR AT B 3E o BN, IR L mR A R I S G T BRI, B A SR AL
A% i v B VA EE B A e R G N i T e T SRR ST A R BoR, B ALR, I AR R
RRABAL . WP IR FAEERT CADD 53 il 5 RN i 2 23 b il 7Kl 25 eI, 3 — 2B by
R, AD BRI L R AN R 5T DX AR KT B ARG, T AR AT A O 5 B A KT T e 18

1.1.2 MERMESHRIER

W2 A TSR K A L2 i, 32 B LR B (A SOR R HL T RE . Ali7E
BLAR P AR 2R (Sec) HITEZ 5EIMEH KA M. Sec & M ILH Y1 UGA Fré
PR 5 21 PR ZEmR, LB PR A AR b 75 B R U A A R A R S R R T A A B
FIREA LI (SECIS) HIAFFE. 1973 55 — /Ml il A A e H ik S L ol 1 (GPX1) %



ARABARMY R 2 AR S 2 AR S

EHK, BIHAT AL, CF 45 Pl B S M AFHARY P e ok, Hop AR & 25
filf 5 191, A% 25 Fhal 25 (1200, /N BRAOK B 24 Fhal i 2 221, 39 25 i 1280, Bk 38
TR 5 (0 Uk 24 FRUSE A5 21 FhAN & A E G B HESIV A AE, ARSI H IS Sy
1. 2. 314 (GPX1-4), WAL EHIEHE 1 A1 3 (TXNRDL 1 TXNRD3). Jiiflllg 1.
2 Fi1 3(DIO1-3). filizk H H(SELH). fifiZk 4 I(SELD. fifi 8 H K(SELK). ffiZ 4 M(SELM).
i8I N (SELN). filfiZE 1 O (SELO). filiZk [ P (SELP). HZ ML -R-ILHNIEJF A 1 (MSRB1
NZWEA R, Bl SELR). i H S (SELS). ik H T (SELT). i W (SELW) X 15
KDa fifizk 1 (SEP15) [, 38 25 Fhfifi & [ A H V.48 i 5E o7 W& 1-1.

K& SELP 41, 2%l &5 5 () mRNA &R 3 — NS ) Sec B 3 AT — /N REER (1) A5 48 F bk

FIRHE N Ju-SECIS. RAEM R AR 74 Sec MM BEAF, Kifisk [ F 2 H =3
F—H & Sec FRIENL T C Ku, WFEEW ALK NK SELK. SELS. SELO. SELI. SELR f1

TXNRDs %; 25 RN T N K, TR EHAH-CxxU 5i-CxxC 7 1 08 5 1 451
B A, 45 SELH. SELM. SELT. SELV. SELW. SEP15. DIOs. GPXs Ll K fiff i iz
G 2 (SPS2) %5; ZE =R H &5k Bk MR & B AN &, a1 SELP &5 [24,

2016 4, HUGO K4 Z& 514 (HUGO Gene Nomenclature Committee, HGNC) i
TR (RN 2L, AR AMEERNE Y T - EAHEAS ek R, WRASRC
FIThRERIG 2K AR AL E G JREE TXNRDL. 2 f1 3, &MtH kS Skl GPX1. 2.
3. 4 M1 6, fERIRFEZRBLEE DIOL. 2 A1 3, HMAE-R- KK RE 1 MSRB1 AR
A R 2 SEPHS2 4 HAth AL 48 - F SEL 5t SEP #7527~ (Il &5 (14 7] I SELENO I 7 REH)

77 k44, W SELS 7] 5 iy SELENOSI?I,
 1-1 25 Filh 5 1 44 B E Ar

Table 1-1 The subcellular localization of 25 selenoproteins

i 2 45 S 48 Al 5E A
A e ko AL 1 GPX1 P 3% 4 e H ik E AL Y i, GSHPX1 41 5
A e H IR A 2 GPX2 B a2 bt E ot B, GSHPX-GI 41f R
2 MO E AP B 3 GPX3 L 5 A5 e H o A v g Badl
\ SRR . LRk
A e ki AL B 4 GPX4 e A A D H Ik 4L Y, PHGPX
. 4l %
fi U | A 5 g 1 TXNRD1 TR1, TRXR1 iﬂ@}ﬁ’ i
A
i L B T SR T 2 TXNRD2 TRXR2, TR3, ZR AR ILEHITREE  Zohifk
i | A )5 g 3 TXNRD3 TGR, TRXR3, TR2
il FFOIR R s = RR Bt 1 DIO1 D1 Jo JE
B FFRR T S 2 BR I AL 2 D102 D2 5T
P FPLR Ji SR 2= R Sl Al 3 DIO3 D3 J5T g
AR BE IR & il 2 SEPHS2 SPS2 211t 5T
EHR-R- WL 1 MSRB1 SELR, SELX, SEPX1 4 B 5T

(BRI
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il 2 45 EZ V48 i 5E fir
& F SELENOF selenoprotein 15, SEP15 P J5T 1Y
g e H SELENOH SELH, Ciliorf3l 1 i A%

fili A | SELENOI SELI, EPT1 il

il = K SELENOK SELK MBI, 5
iz E M SELENOM SELM, SEPM P 5 R
lisE = N SELENON SELN, SEPN1 5T A
fliZE = O SELENOO SELO

it A P SELENOP SELP, SEPP1 4y, o 5
i H S SELENOS SELS, SEPS1, VIMP MBI, 5 g
lEAT SELENOT SELT 5T 1
i H U SELENOU SELU

MER W SELENOW  SELW, SEPW1 9 L IR
e 1 P2 SELENOP2  SEPP2, SELPb

1.1.3 WX #HE RGHIRIP1ER

i — A HAA KRERWFRNST, WEAIGLEUETEZ—, XK E R R
AR CHE B BRI 2 IR R, W DA A A S A 3 a2 S A R Tk
YEFEIG ) AE LI RE . GSH-PX KIG M H M EZ K 5, BABKPPEEH, Hd GPX1
F GPX4 ki b F E ) GSH-Px JE 3, AT A R0H Br 40 AR = 4 13E P (ROS), R4
TIAEKEKBE., SELP £ —Fh &6 2 Al M 2 B2 ik Sec M4HIRAMNE H, 745G 1K
R R ES 3 A, A A N FE AN R e ds R AL i b R S OB, RSk SELP wldid 45 & i
24K ApoER2 TE i AL I A, 6 4 28 S0 A7 % A Th g 4 ¢ B 2026, JL[R| Rk SELP 5% ApoER2
AT S B AT KT PR AR, 51 & A T RE RS 7, e AL, WAL S R B R G AR R, i R SELW
AT R IE K, Raman 528158 SELW |2 4775 T/ BRI Y A 2 e fi & £F 4 ey, oo
Je 5 A B HEAR B 22 0 T SELW RIE KT8y, o5 AME /NI R 1 B 00 22 0 X R SRRt
FE I SELW. HRIEFR H, [ Bk = FEAC 7 b ik B2 AT GPX ¥ PR AH I A B I o 1
SELW 7K, B SELW W] GefE4EFF 1 22 1E 7 D g K #5 46 B 22 1290,

Ji S5O T BB R BB R 4Kl (CS@Se) AT LI il i i A AL B BB A%, ) tau B
i B AL, ZMEAE, RS AT R A ST, /N AD kR, GRS
6] 2 )il B ig , #2708 AD /NER IS SR AZ B8 7 . S I T R A 100 S N s 3 S I A R
(Na;SeO3) I & 3 FEAKHR L FHHEVE CIRD 55 (1K BT AU fe )= Anig S 2 4 TNF-o F0 IL-
1B WK, 39T & AKE T (NGP) /KF, AR ATt &= Mg CAL X4 tat
=B, BRI B R A TN AR & R R EEME . A AT ZZ @4 (Cisplatin,
— R A PR YD SR Wistar 14k K BRI ZH 205 FE AR, RS 4 i T 182,
Rk B2 SR 50 R BTG R 0% A B 5 B0 RS i 2 ZPUR0 X S Ao 2 AT B SR Ab R U8, 2 410 1) R0 %
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i N5 PR ATG T B 03 T, DR G 53475 o 1R B 3AISIE ST T 2 i P 665 5 1 00 P 2L 205 1 SR A T 3
TR BT AN, SRS 51 RS VTR B A0 M R B e RN s VA o AT R ST I e S A\ R B
AR A A SH-SYBY AR B FR AR, R BUAN AT 1R B 404 B 1 IE IR B TXNRDL (K, B
R 51 1 ROS AK-F, FHHMGIHECRET:, REMERYFIER .. AMETEH SELS 75 ) M
STV A R 0 SRR O, T aE I ek b TR R T R SORE T FE A A AR AS TN 4R RE A
TR T 40 B (1) 56 BE PR 381, X sB i A g AR B, X M R B RIFEH .

1.1.4 BRIAXTIREZE RGN

W TR WY, AR 7 0 T i 248 455 Al 7K T~ ) RE 73 v T AR A 4 R T o itk S A Y F) 7
HOR I, RS TR OR B B0 S A . SRR R R S T MR OK B 13 A, A IR BRI
B B A, PRI  5 BEEAS R AN o HE A RO B Rl MR 555 6 AN, RBLAT . B %
JUURIT L YR A F) 80 34 58 A 380 1 K B8 1%, 1 i 0 5 B A AR RE A 21 I H KT 60%,  IE W I
2 2R ) 0 S A A 124

TF S0 DUAR iR =2 2 3 3K SRR B J2= A B v (R B 25 BRI, R B il A/ i o
GSH-Px HUIHVE N B, i o fig Bt S8 A 3G 0, (] I 38 s o\ k0 B RE R B 1371, Ik SCHE BB IR
Al FOR AR IROK B = ARG, A Bk Al mT 5 BUA H 91K ORI B J2 A S (0 S A AR KT B A
[ B 51 2 K0 B2 2 R Sy P2 JU D RE S o b Ah, RN ok = W 5 3R XS AN [R] i [X 7t AL RE
JIFEAR, 512 H202. NO. MDA S58 BN, A S EOR M N 7 RETH s AR T 0k g, 3§
AW R BL SELW Al 3@ i 41 ) 2 1 PR 7 AR T2 JE PR 3808, DR # 48 Je % 32 AL L 3 B0
KPR T H05 . AR T BUK XS i 20 24 SELW Rk 8 B AT 51 A2 1 Hr AL B JJ FEAIC, X W]
RE 2 GG 3500 fidi 2 23 45 495 (R A R P 2 — 24, SELP k2 S BUNRATE LA, AiFEs)
PRI RN EREE I G IR A AR 1) S Ik A 120 400,

1.2 fiZEA S (SELS) S5#HZRAGIRGMRHER

fli& [ S (Selenoprotein S, SELS) X 44 SELENOS. SEPS1. VIMP %5251, 2002 4F Walder
G AR R R T RS PR R i R I, KERAEZE ] 24 h JE R — DR R IE 230
AR BT, UESE N R R IR 2 Ay 44 N Tanis (A H R E, BONCEEE) . 2003 4F, Kryukov
Sl NSRBI R T — PTG & (1 SELS. BFFURIL, AZE SELS F:[HA1K R Tanis
B DR 2 G B [F) — AN S S R . SELS BAT Al 8 (1 BE R ke A3 I RRAE, RIZE . mRNA JF
TR B TEAE N S b Sec B9 UGA FAS+-, R 3 JEHH B X AFAE TR 1 A 2 & 1 i Al A e
AN Juf-SECIS.

1.2.1 SELS RYZEfaFn4H 4R 9570
Walder B0 ] Expasy %+ T B0t SELS HEAT 40 BF AT T A& 4 8 AN AT AL 2

IR ACAL 55 1 DI RBE RIS 5 . 3 ANATRE) O-FE L AL A7 SR 4 AT e 1 25 (1 il
C WEERALAL i o TN B 44%0) a-B2 €, 17%F) ZE {4 5E A1 39% ) T M 6 1 .
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AR SELS [z /e KR ZANHL, BFEULA . Il . /M. K BEls. o
BLoBR. B B, BEARATO AT, BRAh, 2. SRS A A b IR KGN B SELS Ik,
AT IR FE R B, SELS I Z 40 A T XS I & AN 4, dnfTeal, s, LA teel, fk fiterl, g i
(481, Jigp g 4ol A 01, g SUSE , SELS A& — Fh o fml (1) 5 IR R 1, 3 50 A T 40 M P Joia 1 520,
TSR — BRI N-uii Jr B (1~25 AL s R ik ) A TN s N, #5636 2 HH 26-48 i 2 2k
R 7 3 2 110 PR 5 PP B S X, i TH ) 49~189 A7 % 2k R ke 3 U 7/ &4t S5 [X 1531, H i %+ SELS 7
YRR X R L g 2, Hodh 52~122 (SRR L B T P BL B 1Y o-1 8 H1 fil H2,
xRt R e 45 K 4, SELS ] Bl i X 3k 5 HAh 2R 1 45 & BUB B Ak . Wil 1-1 FroR
N HEBTAT RN SELS B3R M &5 R . BRIE 2 4b, Kryukov 5:1221F1 Bubenik 25 B4F FUIIE S SELS
72 A T R AL B R SR

I ER membrane
ER lumen 25
"?’z?" zzzzﬁﬁzﬁ ER region
?ﬁi&l o 5 m Coiled-coil region
H1 .~ Disordered region
| 188Sec residue
| 174Cys residue
H2 122
18944

K 1-1 SELS #4147 & e
Figure 1-1 The topological structure schematic representation of SELS

1.2.2 SELS B9Ih&E

S Z WKL, SELS BA T NI R, B RO SO RN & AR R T
fE[55.561, Jf: b5 — e 1 kA R R B UIAE 5%, W ML AP 7Y, TT BUHE PRI A1 B SR 9K VA R
J% (AD) 581, Jg (52, 5914% |

1.2.2.1 SELS B A &M R 8

P J5t ¥ Cendoplasmic reticulum, ER D J2& 41 i P9 1 9 B8 B A M 4%, 2 88 A a3 &
B SRR BT, RN Ca ML 7S, MM ZAMMThae 5 N MNA K. 4
P95 R R B R T B B 1R AT B TR s N SRR RN /EY Ca P LT, 2336 RPN T W D e R
L, BRI L3 (ER stress) o 41 i w] 3 i 3 20 P95 AR 5% B 1 B % (ER-associated portien
degradaiton, ERAD) 42 R 75l P 5T 9 A oK 3 B Bl 2 9 2 B 1 DA ) % 8% 1 07 2XOM P9 Joia X R
FIGH 0T TR AT B AR, DA R BT B PR O DR R, T PR P R AR S o T K B TR PR P R
WL, 22153 ROS (A 0, FRRB0E N B AR SC I 45 S @ik R4 T . SELS
YE R B M BE B, CF 92 /2 ERAD B34 /%, SELS 78 A i M _E 5 4 5 W 2 1 1 Derlinl)
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-2 B IERG E3-p9TATP B IE 4 2 G4, DIBEME ER R 4 2 BUES 1R 3 & 1) 8 1 Jig (61651,
Gao 56U T SELS J K 1 5 3l X 488 2 7 — A A J5it 19 R 0w B o #4F Cendoplasmic reticulum
stress response element, ERSE) (GGATTTCTCCCCCGCCACG). 513 WA 4 J5i M 5 47 5 771
KR (TM), HEE MR (TG) M B-FikE 4B AT L RAW264.7 EREZH i . HepG2 i 4
il HEK293T A &' 40 i Fl /) B8 T2 B T 40 i SELS 3R I8 167701, Jif 3R 8 SELS W Z5fif TG
ATTM 7531 RAW264.7 EL R 40 I A7 7% 28 T R AN GE MR T 3G hn, AT A2 A Joa I S S 1] i 3
R AFIEET, HH) SELS IRk 2t — B BRI -5 ks S BEAL PR ) HepG2 i 4H i 1 4 i 7%
73, INEAHE TR, fEARUNRERRFEMY, H ER MEE SR TM 1 TG 4 # )5,
SELS FRiA/KF5 b, i ik SELS 1] PAFEAIK ER MR 104 XBP1 A 7 T2 %% 3% [K ¥ C/EBP
[FYE R 1 (CHOP) 3Rk, 75 /N R 2 i o 40 f v 4 i) SELS 1R IEHE— LRl 7 T™M 1
TG i S 20 i i% S R BRAR 8, b ah, Ffik SELS M58 T TM 55 K WML V- ¥ UL B 1 ;Y
JT W REE,  RIA N AR 78 kDa i AT FE T R 1 (GRP78). PN i I JBL % B 4% ol B 1k,
A RNA FE N 5 M EE (PERK) Al CHOP ()& /KT TFm 72, ix se gk B B SELS #£
PR3 20 I G 52 3 R I SN S Il S T h R PR E AR A

1.2.2.2 SELS B S LI

AN (Oxidative stress, 0S) ZHUAEESE (ROS) A= s i Fi/sk B & Pt 4k i 1
RGBT FE A PERE . WFRR R SELS HAHAIhRE, B TS IE & ARkt
R, J&—Fh B S AR G, R E B A I A A PR, BRI HL0, 4 fif ik H20,
S SELS RS 4 iR Ha02, (AR —FiG 2 E 3 1 A B 731, K& Ik 7t LA
SELS A% il 12 LAk L S A SR R 4B 35475 . Zhao 54T &k Bt ik SELS Af & #4255
H202 Kb J5 N P4 57 41 B 1 40 i v 77 F0 8 A AL M) AL B (SOD) i 1%, BRI & (MDA =
o TR SELS 2[R )2 25 B AIK 1 40 i iE 71 F0 SOD &, [RIES 512 MDA AE s i, 1X—
WF 7L B SELS R ARG N PN B2 40 it e 52 S840 . Ye SR 07205 50k B mit A SELS 36t [l ml s if 5
S LAH A G HoOo 15 5 1 240 i 453495 58 9 UEK, TN T Ho02 15 5 110 1 35 ~F 78 L4 B 48 Ab R 38
S5 ROS Al MDA /K Fi#t—5 T+ 5, GSH-Px iGtE#E—DEMK. Gao ZEUSIF 58 & B SELS it
FIB AT 3G 58 Min6 JiE 5 B 4 X Ho02 75 F AL RIS HEHT T, R H202 75 5 I 40 i 251,
SR MG F, kD AHIE T . Zhong SEUSIE FlE Sk I SELS 2 ST B30T 5 1 1
BN AR FRNZOE R Z R R E SN BBk A 41 (HAECs) Ak
WIEA SELS 1 EHRIE . XL FL 7m0 3R B, SELS B A ORI 4H A b 52 Ak IR 47 (1 F
A

1.2.2.3SELS AR RER N

Walder Z5M7E 1 Yk & Bl SELS I st W28 SELS 5 &k 4 0 I M 2K [ - I 7 e M AL 2R
(Serumamyloid A, SAA) HHHAEH, JFIESL SELS AJfE N SAA (%S 5 RIELFE. L
41, Karlsson S U7k 300 PR 28 355 42 52 g 15 25 U 0B B JULAI IR D7 41 23 b SELS ) mRNA
Fik5 SAA BIEAHK, FH SELS 5 RIEM KCHL. Gao Z5ESIF 5T Kk LA KM SELS & 3 X
WA SH 2 AN S KT NF-«B 456 A0S, 78 SELS R ATERZ NF-xB ff1— 41
BB, D0 BUE RAE SRR T A 40 F-18 Cinterleukin-18, IL-18) K g IR FE A
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F TNF-o B8 &3 805 HepG2 4 fgrh SELS 1) ah 1 i&E, 3hn I R F & (1 R IE K.
Fradejas Z5BSRiE, %S C57BL/6 /N RN 4L 43R A B/ SR T IR R 4 B 4 1k S e, 451
SELS RikREW M, H SELS IRAEWFFKAEZHE LPS BIFH IL-18 A1 IL-6 K&, T
SELS #fil <= i3k— 548 n LPS M IL-1B A1 IL-6 [IRiE . Zeng S8 50 R B 24 /N T4k
RNA (siRNA) #4] SELS J&, <t —nE LPS #llii% F 1 HepG2 41 il GPX1 mRNA #ik
FE 1 BEAR, LA K ROS 7K\ SAA 7KF . — S LA (NO) /KF L i B — AL A & B (INOS)
MRNA RIEKFRE T, KW SELS 752 M 40 e b it EEA/EH, X AgEs SELS 1
N A R O B B A (ERAD) HROE ) 4 32 3 18 1 H O o S BT A 6 . Cui 25191
W F0 K I ik SELS 9 AIK TNF-o 75 5 I AN BF i ik N 2 4Bl (HUVECS) (1) #0E Rl 13RI,
BAE AN R-1p (IL-1B). 1L-6. I1L-8 A A& E H-1 (MCP-1), fH&, SiRNA &
% SELS ml 451 TNF-o %5 5 /) HUVECs {55 . X SerF 745 B 7 SELS 5 &% PIA 5%,
SELS &1E RIEMI KA FF=AENE, FHIERIER T REPESEEENERH, SELS MRIEAEL
23 RO 98 E VL ) 5

1.2.2.4 SELS FT5 & E #E 15

AR T G R A S R AT, FOI R A2 B A R s s,
() B A5 P 2 BT s, W S R . R IS R OSBRI R S5 . WFAUIESE, SELS
AT — ol () R A B VR TS AR . Walder S 4UEE TT 288 PR 93 AR U £ 5 FIE AR AR 1 K B P R B,
JF2H 2R SELS RIAE A B E M Z S, HESE 24h 5, IR KR M+ SELS K%
55 T KRR G R 2 3G 00, kA SELS 3 PR 3R 1A 7K P 55 44 A IS I B\ JBR B 3 7KSF R L
5 5 = R R B I LG o i — 2D Ak B 2 W 0 T 4 M DL R A L b 4 i 2 B
SELS LK ()R IE, $E7~ SELS 3Rk 525 4 M A, 878 SELS 78 T IE A A bR i b it — 2
YEF . Karlsson &5U74 2 B0 11 0 6 JR 0 i 2 5 i B N BEAE B B LA A 5 404 SELS mRNA
RIEIKFEARMFA; HYENESRE, T8RS RN 4400 SELS mRNA RixfH &
EMEIE . Gao SR I T 4H L HANE it 318 SELS 2> BRAR 1 AT B S . JERIDIR S
IR B 2% BT BB R G R DA R ORE RS B, USSR 3R 0 Wl R A I X R R
(PEPCK) Jik Rl IA F A, AEAS 52 M Joe 5 2 0 S 1D JBR 5 32 52 ARl R A B HP ol =R G i, R
B SELS W RES 5 7 HECUM GRS, SELS FRIAH I AT S SO I 5 2 HKPt. 5 L F 4y
FUNG 197 B B IR BR 37 Hep G2 4 M figé 5 s KPR, R I PTER SELS 5 BA mJ 1) A\ JH e 24
(Hep-G2) #li 5S¢ AE7K -, 5@ S & UK M, WA RS FE S @M E S, o8 &R AR
o

A Windmill SE82057F F ik & I SELS AT RerERE 7 K A /E A . SELS mRNA RiA/EH
FHR R E R IRIEBE, BESERNEEHENIEPREAEMT 4 52,
SELS TEMS T RAEFE PR Ak R rh Rk, KRB SELS AT HETE 22 ALE AR T R IER
PE SRS T R A R PR B o
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1.2.3SELS EHZ ARG HIER

SELS AI{EVF Z A I L 2 rp Rk, i fRI8S1, R84l JRRI8S14% g 1 /) o A0 o Ath fing
PR R IF] SELS ERIAE, FHFFIUESE, SELS fEMRI A KRG T KIES HE
YEF . Fradejas 5Bk 5 SELS 7E [ B A2 T 0 48 B o (1 R I8 B s, HF B SELS wlid it
/0> P S5 I L JORT 98 I 4 5 7 #2809 AR PR A T B TR M I 40 L 1) 52 M . Rueli S5 058U ILTE SH-
SYSY A R, SELS A KBl 5 A ot 99 2380 K 39 i v, 4] SELS (1314
e 338 PN 5 X 305 3 I AR B AE T . L FRIE iR Y, SELS 78 i S £ ok $E < BE/E A, SELS
T 5 98 Al S 8N W 5 AR it v JRUB7L, Liu 520881 B 7 K B 0 8 S e M i B ot
A e 3-7 d ERIA% O X SELS B /K N, T 4RI S I A% O (1 BRI 1 i e SELS 3Rk b
W, 5B E R R —E, SELS 1 FyH R T 5K 5 20 M 5 48 5 i i =
Fi. RNA ZE 550t ks SELS 5N &) BE I <F (OGD) 53 A T8I Jog 24 Jfa s Ifn A5 32 e 75 =
Fik, /NTHE RNA #] SELS INE 7 OGD 5|2 i 2 R R 4n f 615, $7k SELS Ry 2 ¥
B2 53 248 A, 52 ke i 453 47 1890

MR B (AR FERIEBUMBEIY AN ZE AD BRI R CHERI 2R, C99 A& UM
FEEE A B AT CAPP) £ 99 MNRIERR M C i B, WIAE y-/0 W B IAE L F =4 AB. Jang 5%
[00147f 5% 2 BLAE SELS FZLEMS UL, C99 mlifiid ERAD &4 #iE M, SELS ik /K Py nar
BEAIC C99 [M/KF, MTidl AR =28 . Bt on i SELS ] 340 i o3 X S 34% 4 T B
FISEEE Tau FIBERRAL, WAEHE T BERR1L Tau | AE ML ISR A AT R4, Tau AN
o BB AL T B & R A Y g S5 R A, T B AE AD REEAES KK, SELS Rk 54
JRAF e a5 A0 — 3. BhAh, RN FEREER R T I N SELS M F A H I Tau R ABERIL, X —HF
FLE AN R 25 v]aE G AD At R 22 R AT PR R SELS HYERIA K IR Tau HIBEER AL,
HEM I A 235140 081, IX BBl 7 WA A5 %419 SELS Kk #filt ERAD &2l 9/b Ap BEEF Tau
MR AL, X AD R B2 B AR w

1.3 BEBASHEZRFERHFRZNMRIHR

20 tH2 50 FAAWIH, BTN SRR TR RS040 L 2H 53 1, ORI — PR VE B R
BT UK AR TBCE — BURT 1) J5 B v PE IS AR A2, 30E— D Wt 90 R T ol 9 P Tl PR I e 7 T S 6 4 11
AR, TR LA R, M-S SRR O Y e e . SedT, TR M B R I P
ekl RIS = NG = Sl 5 A v s TIPS T s = Rl R T K R N (g
FREE AL, Jo R X Bh kS th 4 Fhedr (B i dn B, BONIX el = 22 5K R B, 8O0k
X — W A 2% i 24 NV A (lysosome) [94,

T T A 2 — b 3l A AE ) R AR MRS, B MURR ISR ER I N i pH R R A TR 1 K A
B, RO AR B R B E R RSO R B AR R A o W BRAR N 207 60 22 FhAS [E] IR AT I 1 K
MR ERS 5 MUY, MR IeEE . AR E AR, RIS, XK WREEE N
AR (ER) H& R, HiEdm/REE SHREH B NIEIEERG . WA EE&H Y 25 Fhp
HAHBMARED, FEOFEKIEEA. &7 88 LR A F 7 B A D e 75 T i 2 44
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1 MCOLN1 4 A lEIA Ca B, V-ATPase E AWM FIAEERIRAL, 70 4k 1A B 1A I 52
P, BERML. BFHEMRS. BEARSAABEESHE 7 imiis EE2EH, X5 MK
TR Tl 7 L B 1 A VA T R T R S AR S R HE DR I 9200 A Dy P 7 A 1 WOk 3 4 1 S i % i
2, VA AR AE S 20 O T < BA Hh O T 4 R 2 M PN AR S 1 R R R DGR A R 192, ok LR R <y
W Ve AN, EEERE S E R LR . RG-S . QRS S A 560,

1.3.1 /AEBIRINRERERS 5 B RN

W N O P A (TRIAR B WD fEGH i AR B 22 bt g SR R APE A, s AR S
71, ERAEYR (BEEARREEER. ZRNARE. @RNmEEE, sk adiEd
P ST DA K% 815 1 DR 2 40 0 A 04 A 4 P e JER 4 B8 T B A 1) 05 RN TR, — Bk Ay v =
MR, BEAW. AW THEBAE, HPE AU RBON T AR, R 5L
AW R E AW, AW RS NG . AR, RIS TE RS A 1 H
Wit /IN i A B A R SR A AL AE UL T 25 5 ) B WA o, OV AR R S T R B VR T
M, I i AT B R K B R, 7 25 1R 0 A A i 3 A I ) 44 R ol G A A L TR
FORMBERED. AW S SHAER. KB ZEMo, AL TR uEE, FHe
IMERIE RS Z MR IEH S OUT 4R A B 1 — AL TR, 32 B Ah SRR B
H WK AR 2 . E TR AR OSSR ROE, LR, SR REEENR .
PR X S A S R, 2 (IR A R SE AT T B RS Y, A R E A
JREREEAR . ARG B 52358 20 1 4 A0 0 1 P s DA ) PR A

B W RAK BRSBTS e I A DL B U R P
W T DSOS 1 W PR S SIOIR A o BT TER B, S A L AR IR AT PR L D IR
AIUHE PR PR B W 40 1 071, (AR FE 22 R vt H B0 A T D BE ) TS P98 90, | W SR AE ] A
55 VA g A R 5 D TR A TE FC ARSI R PR AR R0 A T 7 A AR 2 8 S 5 1409 g £ 001,
MM A Z M2 T E W, FEEWRRAMG . SRR AL 2205 R AT O i 1
T Bl AR A R TR R BT RTTE S 2 R -1 (PSD) SRR AT BRI B AR IR AL, 1507 F I
JRADI) T B VR B AR OF SR I B AR Ca RS, S EUEMEBREED, BAREER AL AR I M6
V-ATP IV 300 1 7 g R R AL 110 51 RSV A pH T i 3 B3UER 11 R A A 52 80300 1 12020, [ B 41
A T S 5 S AR T VR B A 1103 B S An A T AR TOSTR] 5] R T il A ik
A< TV B ARG o VA I A Ty RE FR RS T 3 B30 A WA ] o 4K A RE T S 40 i ROS 17
A, UV BER Th RE T BOE MR ST A 108, IX SRR TUR B, IR AR AT Oy A L AR I L, HLTh
FE B A5 A 3 380 E W A

1.3.2 R RBIEN S @pET

BE & BT TR, W A CUIE SEAE 40 M A8 T b R ¥ B EAE . Al A0 T 5 S BT R
WE b AR A B ORI ZUER 1 WA ) SR 1R KT BLR T A R B AL (LMP)
REFEA K WBRIRIO) Z B v S BURSE, B BEENE S S B RRE T Btk
B R AE A R T RE R R RO A, VR BRRBEE (LMP) R AR TR R A

9
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B, XTHRRE TS S R B BOE R OCE T, S 5 ME IR, AT IR E S R,
T AR RS R A 4 2 W R SR A LS B A B 47 [P R fiE 2 —, ROS v R BUABE R EEL, F
A BB EE , JRE T RRA S EE L2 ROS (K774, R BREE, HE—3 hn 5 A Bk
WE, RIS gE TR, SR AN FEUARMAEE, JF5I RN AB49 bR A K
A TR0, 2H S B e — PP AR AR B AR N E A A BRI R AR TR G S R
B, AR A B AR R BRI A M S e, O A A AR A R A T A AR T, B 2 IR A
POE B R AR R A TR 7 R 0 9Kk &4 (GNRs) R R RAN, S5 B0 B 4@
E R HGVE A D MEE, F R RGOSR AT T, EIBR R BE 51 i BRI B A SR
B LR EI 2R, AR T . AR AR L HF Z-FF-FMK GG 200 i1 ENBR 2 15
SRR R LRI E ABE-3 (CAS3) WAL T, 209 BB Z n] DL I 7 B iR & 1%
FaiE T, HLEAN LB R IR AEOE CAS3 & BIE T i /E 2, %A g
PR CF SCE AR 23 1 B L A1 D 2 5 40 M g T (R A s, B e s, 4B D
Al YIEI 2K+ Bid Sy t-Bid, #F S R AT BAX Al BAK & A4 SR ISR R, &
K FHBRARIMEILE K, MMtz C FIR, B4t C 5T & A MmEusH T
Apaf-1 56 T A T2 /MA, #0E CASPASE KRN, e 24 3 SUAH B 121 A A= 4, 3 Le
REW, HHARESKREEMBET P REEEER.

1.3.3 M5 ABARSMRER

AL AN B H B R A4 9 i AR 3 R I R R T S 1S, U1, o A 5 U AR R A5 U T
WREEZEN, XA Aes LA IE S DIAROG . A R B Al a5 P9 IR IR (VPAD S EUK
B SR A2 T S 0 T B, SR AL, PR IR B AL KT R B2 GSH 5 &, 3K
ZEEIIRIR (VPA) KCHE G EAE N ARSI, OOE WA DI REMT. PROKE R AT S BURRUE
R g A B A G - I A B T VP I MR ST T v 9 A TR /K AR g R TR, il R 1 T A 2k P
UV Tt A A2 7 VL FRD D' PR AT 5 R e R 7K 00 Tl DR T, A PROK 3 K6 3 IOV B AR I AN R e
A ORI AE P8, ARGRRL (SeNPs) ] 5 I 1 T B AR AT W AR A 2 ), 38 A A I e
g B Wg9), Cao ST FUHE LA R A Al i 2 PR R A T AR T 2R BB IR R B, WS
PR T RN S8 SR A SCIA B AR M DG I AR 1 (LAMPS) . 4 7 5 98 30 (1) 2448 TR 5 40 5% (1) 3 B A4
BEMBRER (LIMPs) 1 mRNA JKF, MAMNABEARRIEKMNE, OFFEAN. Tk, MRk
FEmE, R DT WG NESE mRINA JKOT B 25 S e, S W0 AT e A A A AR A SR AR R R
RS 0 S B Lh At . X LW FUUESE, 0 7E 4R R V4 B R AR S 7 T R A AR L, il sk = m] 3
PO B RS E PEREAR . SRR RT3 BOK B JIE S BT HE A B S AL s o, W B R g 2, R
W i AT B2 45, B2 s R 3 00 g A A 1R AR 22 020, 1200, G BB SR WY, T g AR D RE I
AL SRS DR AE SR L 1R 05 i) L R B — e B

1.3.4 BABARSEMERRKR

BRSP4 ) PR A TR R AR N AR A, LR A T B AR A RE P
WY, AT DGR 22 0 G 32 AR A P B AR T S B . T TR LA 28 T TR A Y

10
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ATERA AL, b A SO E R, MR PG AR, 5 RS P b AL 02,
SRR 2 (R T FUR T, o 8 T O A 375 15 9 Tl R T RE PR R8P DDA 5 o 8 X AL T 5 L
L ABAT PR I AR A 5 AN Th RE RO T R B, -V AR R 4 PR A R X SR AT PR
T A S TR] R, i BV T A 4 55 R OR 97 s 22 JC D e 7 T A 3% B A 0230, SRR R AR W, AR
] — Fof 7 Bl A Bl = A 5 BUHR € JRDAE IR BRI AR, AME T — D g R 2 20 BR 1 sk B
P R] 5 G A R iR SR B R T 3 B0 i AR A QU P S AT Al R T RE RS, IR S BN, B
RIRIAGERR T BRI BURE (LSD) 1241, S B A 2R [ At JER 420 1) 88 A ] 38 0 9 I A 5% 1) 3 58
Ve, AT T S0 Bl A 22 1 R TR B M SR P, RS R AR TR, o- Rl % B Ca-syn)
(AR RN R AT B2 B AT R I S AR (PD) [ E ELREAFAE . a-syn 3 5 2R A4t i
B R ARG RUAE a-syn REFEREZMEN, £ a-syn M [R5 DX 00 5 23 Mg 1 iy
WVEREAR, ESE o-syn JEAE B WS BEA 05 Z R RE V), R B WA BE AR D) 6E K 1
£ PD R AR AEE Ji v 4% i EAR 02

1.4 AIREHNEEX

Bl i) S50 SELS RIA KT BEAK, SELS 1A —Fhse 0 F P95 o 1) /N4> PRl 2 1, {E 4
FFAN R RS 5 T R E AR . WFFERI, SELS AT It 5 W N i DL K 7B 78 I AL &5
TR o TR A0 M N R A B, FE 2 KR AR 20 4 B IE R ThRE T T R FE R EAE A
5% F| ROS 3551 51 A Th g 0L, WA FRS R &5l K4 R g X ELiE s . wi i
1t 75 B n] 5 80 SELS Rk PRARAA B R RS o, SRR B AR S R 2 15 2 5 L
PR 32475 LA e SELS & 75 1 2 v Bl 4K Th b S A i N 2

AR 78 AT AR ARG 45 77 2 52 1) 17 X0 /0 o R0 oG e 8 G SR AT B AR, A B 2 42
BB TR mRNA #3041, SELS RIA. WM. PrAKTF . WEEARARES. AR
SR T 7 T AR T SR S % /0 i 28 20 e i 4 48 645 4% . SELS /KT R IR B AR Fa S RO s2 M, [ B
FIH SIRNA T4 3 AR 708 R i #2270 SELS AR RS, #R 4 SELS VA 4% 1 Bl 44 A 45 (1 MLl
T FCAE AT IS 0 453495 TP U FPL . ASHIE 7S B TE e W SRR P 0N A G PR T FE AL, RN
SELS 7F 4 £ ¥ B A4 R 25 75 T BT R 44 0 V6 FH R e el v /N i 8243 IOV R LA, 2% SELS 1)
AT Re, RIS S B AE OC IR SRR AL S 2, DR M /N 545 R S A AR O A LML
(FIF 78 H it 22 T BB KA

11
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2 MMETE
2.1 EFEWFSHH

2.1.1 FE{UE

AR5 rh P A P A 2 AR IR 2-1.
*2-1 FEAUG

Table 2-1 Main instruments

€ Y Eith

I3

i = 3 B0 AL Sorvall ST 8R
i R 2 0L Picol?
B KB AL TD25-WS

B OBl LE-80K
R B LBl BE6100
R 47 4% Infinite F50
#BiF TAE & SW-CJ-2FD
KB HWS-12
S 9¢ 9% £ B PCR 1 LineGene 9600

12 R 6B R 48 Azure 600
37°C _HAAEFE TR QP160
H AE IR S IR 48 WP-25AB
LB 1R FE GFL-230
T #H FH GRX-05A

W& & 1% QuickDrop E113783

ik 1% PowerPac Basic 1645050

NFY T B PR 1658001 K B ELRY 1903930
/NLE R SLK-03000-S
Z NRERE IR ZQPL-200
B 7K ME104. MES02E
L 2% JLX-3
Pt BB 1X50
Hns {5 & B BT CKX53

" HUK 4 BCD-600WDEA
-80°C VK4 DW-86L626
R4l FZCSARIA

FEER KRB R ED A F]
FEER KRB R ED A F]
WA S B AR R A R A 7
% [ Beckman A
T 17717 AR DUJR A 1l 3 A BR 2 )
i 1- TECAN A &
R SEE A BR A #
g BRI A IR A A
M R R A R 2 5]
%[ Azure Biosystems 2 7
W AR RHEY =LA R 2
REFR WA R A
TR T SR RS B A A5 B A IR A |
b AR A I A A R A
¥ Molecular Devices 2 ]
[ BIO-RAD A 7]

S [ BIO-RAD A 7]

% H s A A
R T TIT 3 45 i A3 4% e o5 A PR A )
MR -450 2 E bR R 5 (Rig) AR A
TLPH T A X < 2E WAL VA T
H A< BRI bk X2 4k
H A< BRI bk X2 4k
H 5 ifg R B A A R 4 7]
IR
S [E BD A

12
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2.1.2 FEIKF

A B i A A A 3 B0 AR 2-2,

® 2-2 FEAF
Table 2-2 Main reagents

A e
S 7% 3 4 8 E BT 4L M R Sigma A #
Trizol FAEY LR OGE) AR A A
S SRR & BUME H R B R 7]
96 E T MR & BUME H R B PR 7]
i ECL fh2 Rk e JEa AR A R A A
RIPA £ )¢ PMSF LEEZREDHAREGIR A T
EZ L) S ok BR AL 2R 70 PR A 7] 7

2 Iy 17 5 WA R &
—HAMNEAH (NOS) 4Bt &
—EME (NO) &R &
HEMAE (H202) e R &
TEAER (CAT) e RkF &
Wl (MDA & iRH &
AN EALEE (SOD) W 5E W&
RE Bt &4k (LPO) 52 w5 &

B H R E AL (GSH-PX) I iR 7 £
BPUEMEE T (T-A0C) kil &
TGRSR B &
Neurobasal™#H5 7i 3=
Opti-MEM % 77 3%
DMEM-F12 ¥ 5: 3
B-27
GlutaMax
G B LR &
Lyso-Tracker-Red
D-% EM A W
KRJNE
0.25% ik ity
HHREA
JBE By 2
Nycoprop 1.077

A o AR TR T A BRA T
P AR ) AR ST A BRA T
A o AR TR ST A BRA T
R TR AA RA A
MR TR ATA RA A
O RE ) TR ST IR A F
A R AR ST A BRA T
P BRSO BRA T
A AR ) AR ST A BRA T
o AREY) TR AT IR A F

75 5] 2R v 42 A1 Sigma 2 ]

FRBRREE (RED AF
FEBR A REBHE CRED
FEBR KRB CRED
FEBR A REHE CRED
FERRM KB CpED
B R REDHEARERA

EEEIREDEARGIRAH

7[5 2R v 42 A Sigma A F

18 5 BR s AL HIHE T Sigma A #

BREREVMHERERA A

Je st AR A R A A
Je st AR A IR A A

b AR I R 2 R R TR A A

N>
[

D\
_l al

13
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(= 1D
%l e
TUNEL e il i 71 & #it 1 Roche 22 7]
Stealth siRNA 2% [H Invitrogen 2 &
Lipofectamine RNAi MAX Reagent %[ Invitrogen A 7]
N- 2 Bt ¥ bt 2 R e B AR AR A IR A A
E64. Pepstatin A LT REMHARARA A
Annexin V-FITC/P1 4 il J8 1 6 Il 1 77 & bR T RAEMBIARA R A A
ROS it 77 & B AR LR AR R A A

2.2 R HE

2.2.1 BYRBINEL REFRRE

1 F#R ) AA XS (180 FOBENLZ AP 2, HI B 4H (Con Group) 5 Bl 25 (-Se Group ).
Sl 2L R PR B RS (A B4 0.008 mig/kg) (L AR TR KRN R 28 0 T P [ BB R VT 45 B b
X eyt B, IR WA 5 B0 0.2 mo/kg U4 ERR CHIVAR RS JE Atk b % 76 S04l BR 4 )
B XS 3 3R, A HR B FIROK . HARZH R P S 3R 1.

230 Bk R (R R R 95 R R BUE R (0N 20~30 HES) K HARBE, I Sr R4
NI ARLY, ERAEAET-80 C& R, 8T J54: mRNA & FIREL, #40FE V) & 5 kN s
ET 4% RHPREMWEHF T 4 C&HH, SR H & HAS KK (10%), BHATHEMAK
BRI

2.2.2 BIRKHMZ TR BSAHUREE

2.2.2.1 MBRERK#HEZ T B RIEF

U7 HEEXGIE, FHRS Mo R A A 109, BENEIE e &t L, MO ERK
REMET, FIRRME I H IR A 10% FBS DMEM-F12 () 10 cm [0 (BT
UKEE b, BRI EFRK B FERT A IR 5, AR B ok, JFE T —HRE
10% FBS DMEM-F12 [ 100 mm 85 F2 ML A o /N0 25 B i 5 R LA, K 3RAF (1 I 2H 2R N —
AN F A 10% FBS DMEM-F12 (1) 60 mm 357 ILH, FR B Rk 1~2 mm3 41238k, Fl )5
BV 2~3 5, A 1.5~2mL AN [ B - R R S A, TN 37 CHRIREF=M ik
20-30 min, F-A&EIAIFE 5 min R RRE B — K.

WA FERE, TN 2 mL 10% FBS-DMEM-F12 & 1Lk, # B A ARG /N0 E B
BAW, M 1.5mL % 3& & DNAse | ) DMEM-F12, #ZEMWR3T 10 %, # & 2min 5% Fik
WRNF 15 mL &0 F, FEEFILF I 1.5 mL & & & DNAse | ) DMEM-F12, #
FWRAT 10 K, #E 2min 58 EEBRBEAR M 15mL 808 F, 3RRITIE, FEFImdk

14
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WRHI ) 2R . 4 i Bk v] SR A 1000xrpm 250 5 min 3RHL, AR A Nycoprop 1.077 k%%
T 9 B RRE 1500xrpm B0 5~8 min J7 ik EAT A& e Atk .

H4 35 B 2 o P R % 72 2 10% FBS DMEM-F12 FlAs 3 O 4 FH D-% B 8 10 4 47 1)
AN, HEE T 37°C, 5% CO2 G FR A 18597, 6 h J5 L BR824, IF L il iE DMEM-
F12 JE7E 1 8 L BRARNGEE 40 Mo Angn ot R ph 48 o0 & R R 97 55 77 2% Neurobasal+2%
B27+1% GlutaMax (Hil 3 k), 3 KRLAJFHE# AAE GlutaMax [#) Neurobasal+2% B27.

2.2.2.2 BIERKHMEZE TTHEE

0 i 41 22 0 1 5 2 R MAP2 (1 938 58 ik o v B 4L A i 7E 24 FLAR P 8595 % 3 d
B AT A 9% 98 e e AR A B EAT MAP2 (U535, 1: 100) RS E. HIEW T Bk
ZBRREFRFIEIE A PBS EVE 2 3, RSN 0.5 mL 4% 5 HES [ 2 WA € 10 min Bl E K
) Zfa 2, FHBES (TBSTx, Bl 0.1% Triton X-100 ) TBS) ik 3 ¥k, £k 3-5min;
F & 5% BSA [#] TBSTx /£ N E A I 60 min: £ E AR, SIREKEE MAP2 Fifk 60
min 8 4°Cik s BIYR—H0, PPk 3 Ik, B[R 3-5 ming IR U 1258 bR id i — 1
WEFEEE 60 mins RIS T, Pk 3 RGBT e i K i, Bl Js 78 58 6 Bt e,
I EAT 2 HT

2.2.3 BRI ZF T MER R EL

Fr 20 P EL A I5 80%IN) () 48 h) TH B Bl 1% 95 5 . 1Rl 3% 1% 9% I R () SR D B27 TR
A, R B27 MR INRIA B GG FRAET S E, B B27 S & (HEM 2%%EA
0.4%) RN AMFE 10 pug/mL B8k E AR 5 pg/mL [ 5 K DA4ERF I 5%, I 4L d 4h 78
S i P8 A o 448 5 I il KT . AR BRAR R 3R 24 h 5, ARPERIG T BT R ek E. R4l
(Con Group) K #EkAfiZH (-Se Group) 1a)FE$% 7% LML i L3¢ 2-3, VAR 4 45 /30 F B AC.
F 2-3 HRATBE F7 1 )

Table 2-3 The preparation of selenium deficient medium

B 1 Wi % )
Neurobasal B27 (50x) At R 4
(10 mg/mL) (2.5 mg/mL)
Con Group 50 mL 200 pL 25 uL 100 uL 7 ng/mL
-Se Group 50 mL 200 puL 25 uL 100 uL 0 ng/mL

2.2.4 JBRARNLE T SELS RURRBI AV E 3 R AL IE

2.2.4.1 ERERNHEE T SELS MURIREL A E T

Fraf &1L 80%)5 (£ 48h) #EATH Y, WEBAMXT YL (si-NC Group) FI SELS @
R4l (si-SELS Group). /NMUrZFRiEFEE, PBS BERIEWRIEEH AN 800 pL #Hyet Rl 55
Opti-MEM, Ffhn AFiVE L i) RNAIMAX 5 siRNA £ &4 200 uL, BFRIEAJEET 37C, 5%
CO, WIHE T A 4k 2285 972 .6 h J5 L PRt e i 77 58, 4 AN GlutaMax 1] 2% B27 Neurobasal
BBk SR RE R & 24 h, ARAE RIS T BT 5 LR E . BT SiRNA JP5I IR 2-4.
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% 2-4 Stealth siRNA JF %1
Table 2-4 The sequences of Stealth sSiRNA
SiRNA (JP 4L 55) 31957 5
1E X% : 5°-CAGCAGUCCCGAAAUCUAAACCAAA-3’
Xk 5°-UUUGGUUUAGAUUUCGGGACUGCUG-3’
1E X 8%: 5°-ACCAGAUUAGCGUCUCUUUCGUCUC-3’
Bk 5°-GAGACGAAAGAGACGCUAAUCUGGU-3’

SELS_Stealth (480)

NC_Stealth

2.2.4.2 SELS B {RXGRE RN 1042 T NAC A8

WG/ 4 4H: si-NC. si-SELS. NAC % si-SELS+NAC 4. NAC 4 F1 si-SELS+NAC 4
7E Si-SELS #£ 4t 6 h J5 N & NAC (100 uM) A7 GlutaMax (1] 2% B27 Neurobasal £ 77 %
PEEREFER 24 h, WIE IR TF BT f5 248 1E .

2.2.4.3 SELS BUK B AL X #0432 JT E-64 4bI8

RIE4H N si-NC. si-SELS. E-64 & si-SELS+E-64 4. E-64 il si-SELS+E-64 44T
Si-SELS % 4Ll 43 M 64T E-64 (10 pM) TRALFE 1 h, BE 5 HE4T Si-SELS #4%, #4L 6 h j5
e oNAE GlutaMax Y 2% B27 Neurobasal 55 72 3E 4k 2215 95 22 24 h, IR0 75 kAT 5 a4
,f/';o

2.2.4.4 SELS R{KIEAE X 42 JT Pepstatin A AL IE

R4 N si-NC. si-SELS. Pepstatin A }% si-SELS+Pepstatin A 241, Pepstatin A /% si-
SELS+Pepstatin A 2017 si-SELS % 44 i 43 5317 Pepstatin A (20 uM) FiALEE 1 h, [l J5 ik
1T si-SELS ¥4+, #: 4% 6 h J5 B # YA GlutaMax [£) 2% B27 Neurobasal £ 757 3k 4k 4L 3% 75 &
24 h, RIS T E AT G SR AE

2.2.5 3B/NEX2H O fRIB LA 40 F A R

W I8 g T R SR b 2 B AT B AGE B RS R L B R I S R AT I e e € R i K
A, RGBT S R E SR B AL A AR

(1) HE Beth. FuSU)I A RIRE — HER-IRS K BEAT B i, BE S AT IR R - e,
FRUR K Ve G R E J ORI A - — R BUK, i Ja T Ja A PR IR P R AR S S
KA BB BEAT 70

(2) PR gt CHERRIIR ML gt ) S Y] v MR 2 — W R A K BEAT B, JF
W H MR G C Jeth, HEMRMAIMK B A3, HFHATHERRER A 0, BEH
KB GERH G MR IR - — W R IBK, d5Ja BT i A b PR B P R A R 8%, R AR
BB BEAT T

(3) e RiAGets (HORIEIE Gt ): WD ik 22 — W ORI RS /K HEAT i i, 60 “CRLAE
HY 1% 28 1 i e 4 40 min,  BE 5 Z8 /K P19 GURLE R 208 - — WER UK, R T Ja H
PR B R R TSR, R ERIHEAT
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2.2.6 B/NENLELUFT-RY TUNEL R4

KM TUNEL B A TS S /N il H Rl T 00, ik s

AED) AR IR W R IR K EBEAT I, 2R AR KB B R AT OB, k5r) 1 (TdT) A
A 2 (dUTP) 4% 1: 9R&GRERAL, VA FRTREN, 37 CHEMAESE 2 h, M5
DAPI =i 8t 10 min Z4L4Rfii%, PBS Pedk)atn T, MPUIOCHKE FflE F, EFROLE
P N IR B BT M

2.2.7 GBERx 22 TR T RO T 4 B AR A

i Annexin V-FITC/PI ¥ T4 W8 7 6 36 ok 3t QA AR R A7 R oA, LA 8 2D B
WRW T N0 B EERCT SO T g PBS JE SRS, N 500 ul £ EDTA
JHEEEEAE 15 s JE AN 1 mL 10% FBS DMEM-F12 £ 1b 4k 40 22 ks 40 i A 35 F AR 4T R
K, WCEEMMER T OfF LSS0, 1200xrpm B0 5 ming PBS i 40 i 5 IR S i
A 500 pL binding buffer; B 5uL Annexin V-FITC, ®##%J8%): fNA 5uL propidium iodide

(PD, BEIRE; 1h Z N5 M BN,

2.2.8 BB LFEEEFIKEEN

K ICP-MS VEAG I XS /)N i 20 24 1) 2 Jas 18 5 7K1 o FREUMINAL R 19, I HNOs A1 H202
TR A GE I, HEE TR T 5o mL AR ER . RMERAZE,
A [0S R Tl SRR AE ) BT S0 E 23 AT IR S8 o X ICP-SM A 38 HEAT AR %A EAT tRAG JS E AL € .

2.2.9 IB/ENZELZE mRNA 4% %28 B9 46

WMAEITR: (1) & RNA B : $#2B0UE RNA, FF Agilent2100/Labchip #4746,
K RNA FE A 554 PR 2 24 1% (RIN/RQS>7). 2% N % : RNA FEA AN IR A& 7 &
S 1935 G B FE IR IR 2 15 A B AR DL A RNA 7 B K/l Nanodrop &3l RNA 44

(0D260/280 7 1.8~2.0 X [H], OD260/230 7 2.0~2.2 Z[i]), & EUFR & i i (AE T it 4T )5 4L
SEOG . (2) K ployA SCJFE K Jfifs: $EEUEE M RNA J5, A Oligo (dT) MIRiER & %K
AW mRNA, JN fragmentation buffer % mRNA T W7 A B, LL mRNA AR, FHA
TZEBENL S (random hexamers) & B 5 —2% cDNA B, SRJEIMAZZ ik . dNTPs. RNaseH
F1 DNA polymerase | £ 26 — 4% cDNA 5%, fE4 1t PCR 4t If N EB £& 1l e bt 2 5 80K Ui
B A FEEEN Tk, SR G F B BEEE RS UK AT i BER/NIE$E, ® 5 HEAT PCR ¥
W, BRI SR (200~300 bp) #EATSCERURE . (3) EMLINR: A GA% BIRE kAT Il
¥

BAR M B S HUEE #4713 643 3 Clean reads, ¥4 Clean reads 52 % LK 41 ¢ 41| i# 4T
Bt AR F J5 DR] 4 PR B SO A reads EU N B JE R AH A7 B, Goih R AN R R B 5 1) reads 2P
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FKiLE, REHITHIBRFKEERLIEREN, KX ERFTIEERNITIHETEL GO.
KEGG E#/K5, FEERKAENITEEN GO. KEGG #£4.

2.2.10 SRR fx#H 22 TT ROS 7K Ry

AL IR S W G, ZBRIGFREIA PBS Yk 26 )5, MM 1 mL % 1 uL DCFH-DA %)%
WEF I IMLE DMEM-F12 £5 7% 38 F 37 C 4k 2285 7% 20~30 min J5, HRBRE;FEIEIFH PBS Bk
3 DL R H IR A, RIS 1 mL DMEM-F12 ¥ 37 578 % Ot B 1 N gL ROS ¢ a8 4k,
FE IR

2.2.11 BRI 2B 2R K AR 2E TR AL 2K B4

(1) MRHEGRTR G U BH 15, {6 AR 3 2 7K 1) 44308 B I BE 1R BE AL 2R A1 3R (A 10% 3L itk
FAEF R KT R ). (2) IS5 R 5, PBS Peisk 2 3 i, AW 1k US4 40 A I A 7
EhK Pk 2 3 J5 1% FH 40 AR 7 5 R ASCRM W 40 it 5 3000x rpm 5.0 10 min HY_FiE . B S5 44
F UL BT ER A, BRI TR R SRS 2 96 FLIR CREFLINA 200 pL) 1, A
FA G AR OCI f5 OD 18, o AR U6 A BIAE T 7 h as B . RI e bn G . 55
SEEAWE .. BANYBULES (SOD) FwE /). E Al (CAT) BEiE /1. At H kS
FALYIEE (GSH-Px) BEIE /1. BPFiAMAE ) (T-AOC). FES M —E LA AR (INOS) G
71. —EMAHE (NO) &, TEMEA (H0) &, iFdEMmeY (LPO) K iH i (MDA)

A EL
5]

%E

2.2.12 IBRE P # 2 JTiAES R pH N

b S W G, ZBRIEFREIH PBS Pedk 2 # )5, SO 1 mL & Lyso-Tracker-Red 7%
FEIRE 85 7R 5 T 37°C 4k 445 9% 30~60 min J5, ZBRErFREILA PBS ik 3 i DL LBk H
PREF, BJE N 1 mL B 77 B85 Wt N W8 e I 4 I A # o

2.2.13 38/)\fixi 2B 28 K7 35 BE i 480 22 T PR B A A 3R BY

A Y Sigma ¥ I 14 12X 77 6 $ie ORI fif 2 230 i 4 22 0 rh I AR o SR DG A v SRR S 4
G R T A 4L 20 P B 0 2 PO A B 2 1 P

2.2.13.1 38/)\fxi2H 4R Fh A BRI AR EX

HURE BT 2025 5 — W, B8 — R AR BEIRBOHT i /N 4L 23 s FH 704 1Y) PBS A7 40 IR 2 T Be 4121,
b J5 AR K AR b, AR 2B 2 R AR I FILE B, JEBT R 1.5~2 cm K/N RIS BE s TROK 40K
2 KD FFIATRRE, HKAZBIR 0.3-0.5 K/, HEBBIB LKA T M 4 FEE
1xExtraction Buffer (411 g fin 4 mL), FHFEATEIHRK, K2y 20~30 kA4 AR EO
B, 1000xg, 4 CES.Ly 10 min; B EJE TH L& H, 20000xg, 4 CE L 20 min, YT
IR, BIE NI A sy . HIERE LxExtraction Buffer B2 &R IAL >, i
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AT 25 B B B RO B 0>, 150000%g, 4 CES L 4 h, WTuE B A3 4l [ A g A 44y
2.2.13.2 8RR 2 T PiAES A RY IR EL

ML PR S, fEH EDTA BG4 ML, I 600xg, 4°CES.C 5min YA, F:H PBS
EWCHIR: INNIE & 1xExtraction Buffer B 2400, K 40 i S 056 8 21 T4 1O 3 58 &) 3% 2%
HATAIH, R 20~30 IR e fr s FUAFE R B .08, 1000xg, 4°CE O 10 ming B 3G
TR LA R, 20000xg, 4°CEG 20 min, JUTE AR VERRAL 5y, BIE MR A . H
& & 1xExtraction Buffer H 2 fH #& 1A B AL 70, JEAT 25 FE A6 BB I &5 00, 150000%g, 4°C B0
4h, PLEERIASRA AR 5 .

2.2.14 38/)\ix 28 20 fh A B O fr 2R B R T Y 480

3 SRS WU 28 23 v R Tl P R VE BRI CACP) R B-N- 2Tt 22 25 i 41 BB H B (NAG) 1)
W% 7)o 1l 4 10% B e L S R, (RIS SR AL 2 rh s g A o AR A ) U W A5 42000 R ik
ITEAT, AR AR R SR 2 2 96 FLAR CREFLINA 200 pL) v, JF A I s 00 &
OD e, i) MR i WA B ik S5 ik TS Ah AR

2.2.15 38/)\ 2B 20 K% B #0222 T G TR o SR

(1) HL G : A WY AKRIR G — HIR-IRS K HEAT i, R e R K2R 5 H
IE] 72 VR B € 10 min BSEACHS 8] (F] 4°CRER0); (2) 4 e e 56kl . 40 AE 24 FLAR T iE
FRACE R, H e EBRREIREIFM PBS IR YE 23, SRJE I 0.5 mL 4% 25 5 I [ 52 v [ € 10
min BCERIE], 2 #R1ER 2.2.2.2, A58 H] S 20 A I ) i i W& 2-5:
R 2-5 FT e 2L I ¥ g

Table 2-5 Antibodies for immunofluorescence detection

EIIR LS [ e iy

a-syn Abclonal 1: 100

P62 Abclonal 1: 100

CTSB Abclonal 1: 100

CTSD Abclonal 1. 100
ATP6V1B2 Immunoway 1. 100
MCOLN1 1 B A% 1: 100

11 2 Hi % 19G-Alexa Fluor 488 1 1: 1000
1 £ P 19gG-Dylight 594 kA 1: 1000

2.2.16 38/ ix2B LA R IERE x4 T RNA 12 BU K RT-PCR #&30

K H 48 i Trizol vE 32 UG /)N i 25 23 K 38 B i 4 28 o0 8 RNAG 77500 F « COFREL 60~100
mg /N ZH R B T A R, N TR BE SR AR S NN 1 mL Trizol 720 R &) H %
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£ 3] 1.5 mLEP FHF E 5~10 min; (2) ARG, XHiEFik, PBS BN iR
J&, N Trizol S FH 40 M 7] 78 53 W B8 J5 4% %% 1.5 mL EP & i & 5~10 min. )5, #HEE
2-6 35 DR FE AT R /N ik 45 23 R 8 S o 0 22 76 . RNA 4R B IEAR 95 Bio RT Master HiSensi cDNA
First Strand Synthesis Kit 171 & FCH ) kA R (10 pL): 5 pL Hybrid mix, 0.5 uL Enzyme
mix, 1pg~2pugRNA, %h78 Nuclease-free 7K & 10 pL. Bt J5 [ 5% il cDNA, SFEUnF: 37 °C
Wik 5k 20 min, 95°CHEIE 5 min J5 T-20 CORAF (UL R oA H ISk A EP B H 285 RNA
Wit KA TG T AR PR
# 2-6 RNA 2D IR
Table 2-6 RNA extraction steps

L %l e
1 400 pL S {jj FlZ1E% 158, #E 5~10 min, 4 'C 12000xg & 15 min,
HU b3 T8 i EP vk
2 SEARAR TS (1) 5 T BRA], #E 5~10 min, 4 °C 12000xg &t 15 min, # b
., AMUERA RNA
3 1 mL 75% DEPC ¥  &BMW4T, 4 C 7500xg 2.0 5 min, 7 Lif, #HETE
4 20~40 uL DEPC 7K BIRWATH M RNA,  F I 52 W B K 4l fF

RT-PCR X H 2 & 1) SYBR Green %t 4 kHiE . #% BioEasy Master Mix i 7l &4 H
YL BEEAT, RMAKRZRAN 10 puL (3.4 pLPCR &K SuL ROe4ekl; 0.3 ul LiF514; 0.3
ul F#E5I40: 1 pL cDNA)Y. ARSI h EilEE THRA TSR, SIMFH L% 2-
7. FH QuantGene 9600 System A7k I, KM FELF: 95°C, 1min; 95°C, 155, 60 C,
1 min, FE¥ 40 IR ; &% )5 AT RlE SN (95 °C, 1 min; 65 °C, 1 min; 95 °C, 20s, £ # 0.5 C/s;
30 C, 1 min). ®ANFEMTFATI 3 MEE AL, LL B-actin NN Z, HEATEH mRNA FRi&/KI
X BN, BJa R 2:88Ckitar i, Hodr

AACt= (Ct pmum—Ct spum) wma— (Ct pwen—Cl spuem) wea

® 2-1 1519
Table 2-7 Primers used in this study

£ Bsb/ 1Y) Y

B-actin CCGCTCTATGAAGGCTACGC CTCTCGGCTGTGGTGGTGAA

SELS GCGTCGCCATCTATCTCATCGT TCTTCTGCCTTCGCTTCTGTTCTT

GRP78 GATTGGACAAGAGAGAGGGTGA CCATAACACGCTGGTCAAAGTC

XBP1 TTCGGCTTTCTGGACAGTCT GGAGGTCGGTATGGAATTTG

ATF4 TCACCCAATGACAACCCG TCACCTTTGCTGACGCTACC

ATF6 CGTCGTCTGAACCACTTACTGA CCTTCTTTCCTAACAGCCACAC

CTSB CGGCAGAGGATTTGCTGT TAGAGACCCCCAGACACGAG

CTSD CCAAGGAAGTGAAGGAGCTG GTGACAACAGGCAGAGACGA
ATPGV1A CGGGACGACTGGCTGAAATGC AACAATCGTGACGCTGCCTTCC

¢ 2P
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(3% B0
230N L5 TiF 514
ATP6V1B2 ACTGCCCTCCTTGTCTCGACTG CTTCATGGCCTGCACGTCCTTC
ATP6V1D GGCAAGGACCGCATCGAGATC AATCGGAGCGTCAAAGCGTCAG
MCOLN1 GCTGACATCAAGGAGTGCAA GGCACAGAGGATGAAGGAGA
BCL2 ATCGTCGCCTTCTTCGAGTT ATCCCATCCTCCGTTGTCCT
BAX TCATGGGCTGGACATTGGAC GCGTCCCAAAGTAGGAGAGG
CAS9 CCGAAGGAGCAAGCACG AGGTTGGACTGGGATGGAC
CAS3 CATCTGCATCCGTGCCTGA CTCTCGGCTGTGGTGGTGAA
GPX1 ACGGCGCATCTTCCAAAG TGTTCCCCCAACCATTTCTC
GPX2 ACGGCACCAACGAGGAGAT TTCAGGTAGGCGAAGACGG
GPX3 CCTGCAGTACCTCGAACTGA CTTCAGTGCAGGGAGGATCT
GPX4 CTTCGTCTGCATCATCACCAA TCGACGAGCTGAGTGTAATTCAC
DIO1 GCGCTATACCACAGGCAGTA GGTCTTGCAAATGTCACCAC
DIO2 ATTTGCTGATCACGCTTCAG GCTCAGAAACAGCACCATGT
DIO3 CTGTGCATTCGCAAGAAGAT GCCGACTTGAAGAAGTCCAG
TXNRD1 TACGCCTCTGGGAAATTCGT CTTGCAAGGCTTGTCCCAGTA
TXNRD2 GCTCTTAAAGATGCCCAGCACTAC GAACAGCTTGAGCCATCACAGA
TXNRD3 CCTGGCAAAACGCTAGTTGTG CGCACCATTACTGTGACATCTAGAC
SELN CAGGATCCATGCTGAGTTCCA GAGAGGACGATGTAACCCGTAAAC
SELK GAAGAGGGCCTCCAGGAAAT CAGCCATTGGTGGTGGACTAG
SELW TGGTGTGGGTCTGCTTTACG CCAAAGCTGGAAGGTGCAA
SELT AGGAGTACATGCGGGTCATCA GACAGACAGGAAGGATGCTATGTG
SELH CATCGAGCACTGCCGTAG GACACCTCGAAGCTGTTCCT
SELM AAGAAGGACCACCCAGACCT GCTGTCCTGTCTCCCTC ATC
SEP15 ACTTGGCTTCTCCAGTAACTTGCT GCCTACAGAATGGATCCAACTGA
SELI TGCCAGCCTCTGAACTGGAT TGCAAACCCAGACATCACCAT
SELU GATGCTTTCAGGCTTCTTCC CTGTCTTCCTGCTCCAATCA
SELPDb AGGCCAACAGTACCATGGAG GTGGTGAGGATGGAGATGGT
SELP CCAAGTGGTCAGCATTCACATC ATGACGACCACCCTCACGAT
SELO CCAGCGTTAACCGGAATGAT ATGCGCCTCCTGGATTTCT
SEPX1 TGGCAAGTGTGGCAATGG GAATTTGAGCGAGCTGCTGAAT
SPS2 CGTTGGGTATCGGAACTGAC CGTCCACCAGAGGGTAGAAA

2.2.17 8] fxi2A 20 K% 36 BE i 4 22 7T S 2R B R B Western Blot #8311

(1) FRHL 60~100 mg /M ZHZUE T WA A 248, TN 1 mL & 10 mM PMSF [ 24 #
W B, A FEN 1.5 mL EP &+, B TUK E#FE 10 min LTS 2#, ; (2) 4
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MIAbFREE R f5, MBS A0 M, PBS BIR LG MM f5, IR E T UK b IF F 48 s
WERE PR G TR . B JS, 4 °C 12000xg B0 15 min, GBI RE A, e R B IR 1 ik
SHE IR BRI — 8, BEJE M SDS EFEGZ v T3k /K3 o & 10~15 min, 4 23% )5 T-20°C {&
TE45 M BREUHY) S A AT 3547 Western Blot #6:31, 25 5% W% 2-8.

% 2-8 Western Blot 20 B

Table 2-8 Western Blot steps

g i HAE
1 SDS-PAGE ¥tfii i3k 80V 35 min, 120V 1h
2 i 200 mA 1 h CRARRSEARYE H 8 oK /N7 1 5
3 ki) 5% TBST-fitfle¥., 37 C, 2h (3 5% TBST-BSA, 37 °C, 1h)
4 —HiE 4 °CiEf, TBSTiE¥E 3 ik, i 15 min
5 “HiE i 90 min, TBST i&¥E 33, s 15 min, ZE1H/K 13 15 min
6 2Rk 100~200 uL &6 (A: B=1: 1)

M 2RO R G BEATIROG 0 I8, I Image J M #EAT A 26 K THERL . HEEHE
&KV FH 8 B K FEEIACTB K FEAE T 55T LL“Fold of Con” i 47 4b HH /5 il fE AT IR I . A58 v
Pk & 2-9.

% 2-9 FrRPiE
Table 2-9 The antibodies used in thisstudy
E/IREN JE i R A 4 KN
ACTB (B-actin) Abclonal 1: 100000 43 kDa
SELS Sigma 1: 1000 21 kDa
GRP78 ES 1: 500 78 kDa
IRE1 Jik 1: 500 120 kDa
XBP1 Jik 1: 500 29/40 kDa
ATF4 Tik 1: 500 39 kDa
ATF6 Jik 1: 500 75 kDa
PERK ES 1: 500 125 kDa
LAMP2 JiZk 1: 500 120 kDa
CTSB Abclonal 1: 1000 38/44 kDa
CTSD Abclonal 1: 1000 28/44 kDa
ATP6V1A Immunoway 1: 1000 67 kDa
ATP6V1B2 Immunoway 1: 1000 57 kDa
ATP6V1D Immunoway 1. 1000 28/35 kDa
MCOLN1 PR 1: 1000 65 kDa
LC3 Abclonal 1: 1000 14/16 kDa
P62 Abclonal 1: 1000 62 kDa
(F&F 70
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(B 10O
BN "% i R A5 4 PNUN
BCL2 ik 1: 500 26 kDa
BAX EES 1: 500 21 kDa
cle-CAS9 Abclonal 1: 1000 17/35 kDa
cle-CAS3 PEES 1: 500 17/35 kDa
GPX1 EES 1: 500 23 kDa
44 19G (H&L) Immunoway 1: 10000 g

2.2.18 B/ xR RIS AERN AR TTIER S (SELS) KR M R AY
Sl

K H RT-PCR Az Western Blot £ A4 I 3 /)N i 2H 21 vf SELS J% P it 9 S 8 kH 5% £ K] GRP78.
XBP1. ATF4 1 ATF6 mRNA Fix/K¥ % GRP78. IRELl. XBP1l. ATF4. ATF6 il PERK & 4
RIEKF, FrH TR 2.2.16 ) 2.2.17.

2.2.19 38/ fx2H 20 K2 38 BE Bix 48 22 JT oh A B 14 48 o< £ E A4S T

K F RT-PCR H3 A W /I i 2H 23 52 Ji #1282 7 v i Bl A A DG 2 K] CTSBLCTSD.ATPEV1A,
ATP6V1B2. ATP6V1D & MCOLNL ] mRNA Fik/KF, FrH %A 2.2.16.

K HI Western Blot 5 A6l /I fidi 41 25 &% fisi #1 22 Jo i 28 (1 CTSB Al CTSD 2 (A R ik K
-, K2R 5y CTSB Ml CTSD & HRIE K, LA KR4 734 CTSB. CTSD. ATP6V1A.
ATP6V1B2. ATP6V1D /& MCOLN1 )& HEKIE/KT, A7k 2.2.17.

2.2.20 35)\fxi2B 28 K% 38 BE i #5022 T A B I oA 2 E A

K H Western Blot 57 A A X /1N o 4 23 b W i A R FE (R LC3-2 F1 P62 I8 R IA K
¥, AR 2.2.17.

2.2.21 35\ B2 20 K2 38 B #5125 7T RO T B E A
i ] RT-PCR J% Western Blot 57 A4 I /)N fiv 25 23 K i 4 28 698 12 AH 5< 3E K] BCL2. BAX,

CAS9 fll CAS3 mRNA Fikt /K F & BCL2. BAX. cle-CAS9 Fl cle-CAS3 & [ FiL/KFE, T H
FVEE 2.2.16 K 2.2.17.
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2.3 BTG TS o

FIT A K505 ) B Microsoft Office Excel 2019. SPSS 18.0 il Graphpad prism 8 #4174t it
ST AR . BT E BUE 3R 8 N “mean=SD” I JE . p<0.05 HIANE AR EMEZES, WHZ
H) 72 S PE > T SR t-test v, £ 412 8 FH one-way ANOVE . WIG4E R, b */ 5
AN TR B ) R IR AFAE 2 3 PE 22 7 (p<0.05), FRA “ns”BUAH [F] 7 BRI 328 2 55 A 2 3% (p>0.05).
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3 HRETH
3.1 BRERG /) B4R AR AR AR LS R

3.1.1 ERAEAG/AXLE R FRIRLEHI Y R EE R

R LE AR R BRI RY 20~30d I, i Y IR ok = SRR AR -2 PR R i, UM RSB T
H IR 2 (O R R PR O B RS AIE, AR XS SRAR AR RS ST Rl T . WP 3-1 B, HE Befash
R, w0 T G B /NI UL AT, /NI A IS 22 CZDRED, I B AR R A R (R
#i2k0, PRI E B AIE 2 GRS, ARXADEMAEITILT (A7), HIFR W E
HIRVEANIRIE . PR G R P TU MM R LT 4E ) T E e tik, &l 3-2 o, PRt
KRB, GG BUNEEE B AR, WEEHRE e R GRS CROETL), It
HRURLIE A e 2R 4 2R ELMG D CRRAE D o & RS2 A 22 T8 B AR BORR 5% PAY DK ) Wi Tl 1 [T ke R R
B DT & B H A A T AR A AR R S RO 22 5 T R SR LA SRR I e R i,
220 B B R T, JE IRAR AT . AR R, HUE IRAK AT Dy 4 e D REIR
SR E. W 3-3 Fin, JBRAEGEERER, U SEUNEHRE RIEEERD . o
syn JEfi N —Fh S BT M AEEE AR, IEWEEOT BT RO AR, SRR
ANEPETERARR, Al gL et WK 3-4 s, o-syn REFOCROEIR o, 8t
WAl 3 EUNRA LT o-syn RIFEIE L, MO KERE. DL EATARRY, Gl 5| XS /I
ML 1
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A HE Jeta 58, AL C. E: XHHE4L; B.
Figure 3-1 HE staining of chicken cerebellum, A, C and E: Con Group; B, D and F: -Se
Group.

Bl 3-2 Mg/ AR AR e g5, AFIB: XTHEZL; C Al D: SRAl4
Figure 3-2 Silver staining of chicken cerebellum, A and B: Con Group; C and D: -Se Group.
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=@
AN o)

. <.\
o Ry >0 . V {

Con , ' 50x  =Se : 50

B 3-3 35/ ik 4 218 R Gy (.45 2R
Figure 3-3 Nissl body staining results of chicken cerebellum

3-4 /N ALZR o-syn Gl 4
Figure 3-4 a-syn staining results of chicken cerebellum

3.1.2 TRAAAS /2B ZHA TS TUNEL JEMZER
1 3-5 FfR, TUNEL SA 4 5 R o%, el S 300 /NI 4 40 e 40 M J T S e s, %6

B R A P75 3 X /0 i 2 S A I O T R R A, DT 55 A0 i A AT
TdT-dUTP DAPI Merge

Con

3-5 M/NfxdH 23 Tunel Gt 45
Figure 3-5 TUNEL staining results of chicken cerebellum
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3.1.3 RIMG/MXBERERE T KFENER

S5 X L7 B /N I 4 2R il AT AR, Al 3-6 PR, IEEAEBLN, ANl K S
M H AR —F (I3 180.015 +0.689 ug/Kg, /M 173.963 + 10.842 ug/Kg), HAl S 8508 1
B S B AR 77% (B2 41.728 £2.952 ng/Kg) (p<0.05), /N il 2 B FAAIK 32% (i
iZH 9 117.840 £ 4.141 ng/Kg) (p<0.05), R H KRG = 51 & /N ilh 2 5 PR AR, HL /N o A ik
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Figure 3-6 The effect of Se-deficiency on Se concentration in chicken serum and cerebellum
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Fig. 3-7 The effect of Se-deficiency on ionic level in chicken cerebellum
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Figure 3-8 Volcanic map for genes expression analysis, blue: down regulated genes, red: up
regulated genes, gray: no different genes
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Figure 3-9 GO enrichment of differentially expressed mRNAs in chicken cerebellum
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Figure 3-10 KEGG enrichment of differentially expressed mRNAs in chicken cerebellum
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Figure 3-11 The effect of Se-deficiency on SELS expression in chicken cerebellum, A: mMRNA
level; B: protein level
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Figure 3-12 The effect of Se-deficiency on ER-stress related indexs in chicken cerebellum, A:
MRNA level; B: protein level
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Figure 3-13 The effect of Se-deficiency on antioxidative ability in chicken cerebellum, A: CAT
activity; B: SOD activity; C: GSH-Px activity; D: T-AOC activity; E: iNOS activity; F: NO
content; G: H>0> content; H: LPO content; I: MDA content
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Figure 3-14 The effect of Se-deficiency on lysosomal V-ATPase in chicken cerebellum, A:
MRNA level; B: protein level
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Figure 3-15 The effect of Se-deficiency on ACP and NAG in chicken cerebellum, A: ACP
activity; B: NAG activity
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Figure 3-16 The effect of Se-deficiency on CTSB and CTSD in chicken cerebellum, A: mMRNA
level; B: protein level
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Figure 3-17 The effect of Se-deficiency on lysosomal MCOLNL1 in chicken cerebellum, A:
mRNA level; B: protein level
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Figure 3-18 The effect of Se-deficiency on CTSB immunostaining in chicken cerebellum
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Figure 3-19 The effect of Se-deficiency on the subcellular localization of CTSB and CTSD
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Figure 3-20 The effect of Se-deficiency on autophagic flux in chicken cerebellum
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Figure 3-21 The effect of Se-deficiency on P62 immunostaining in chicken cerebellum
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Figure 3-23 The morphology of chick embryo brain neurons cells in different incubation time
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Figure 3-24 The immunofluorescence identification of MAP2 in chick embryo brain neurons

3.2.3 FRHMXG AR AX R ST AR IS MR EE R

iR KK B LTFER. WK 3-25 Frow, GRS B0 IR 4 oo kAR /b 48
A, MO AL AR R IR, IF T EOGRRN LT R BLAE T (WIS R,

o\t 3

] 3-25  SRA 0T XS il 1 42 T0 T 25 ) 5 R
Figure 3-25 The effect of Se-deficiency on the morphology of chick embryo brain neurons cells
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Figure 3-28 The effect of Se-deficiency on GSH-Px activity in chick embryo brain neurons
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Figure 3-29 The effect of Se-deficiency of SELS protein level in chick embryo brain neurons
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Figure 3-30 The effect of Se-deficiency on ER-stress in chick embryo brain neurons, A: mMRNA
level; B: protein level
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Figure 3-31 The effect of Se-deficiency on the ROS level in chick embryo brain neurons
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Figure 3-32 The effect of Se-deficiency on antioxidative ability in chick embryo brain neurons,
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Figure 3-36 The effect of Se-deficiency on MCOLNL1 in chick embryo brain neurons, A: mMRNA
level; B: protein level
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Figure 3-37 The effect of Se-deficiency on the subcellular localization of CTSB and CTSD in
chick embryo brain neurons
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Figure 3-38 The effect of Se-deficiency on autophagic flux in chick embryo brain neurons
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Figure 3-39 Detection of chick embryo brain neurons apoptosis by flow cytometry, A: the
results of flow cytometry; B: percentage of apoptotic cells
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Figure 3-41 The effect of SELS knock down on SELS in chick embryo brain neurons, A: mRNA
level; B: protein level
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Figure 3-42 The effect of SELS knock down on the morphology of chick embryo brain
neurons
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Figure 3-44 The effect of SELS knock down on ER- stress in chick embryo brain neurons cells
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Figure 3-51 The effect of SELS knock down on CTSB and CTSD immunostaining in chick
embryo brain neurons
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Figure 3-52 The effect of SELS knock down on MCOLNZ1 immunostaining in chick embryo
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Figure 3-53 The effect of SELS knock down on MCOLNL1 in chick embryo brain neurons, A:
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Figure 3-55 The effect of SELS knock down on autophagic flux in chick embryo brain neurons
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Figure 3-56 Detection of chick embryo brain neurons apoptosis by flow cytometry, A: the
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Figure 3-59 The effect of NAC on the inhibition of V-ATPase induced by SELS knockdown, A:
protein results; B: ATP6V 1A protein level; C: ATP6V1B2 protein level; D: ATP6V1D protein
level
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Figure 3-60 The effect of NAC on the inhibition of CTSB and CTSD induced by SELS
knockdown, A: protein results; B: CTSB protein level; C: CTSD protein level
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Figure 3-61 The effect of NAC on the increase of MCOLNL1 induced by SELS knockdown
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Figure 3-62 The effect of NAC on the increase of CTSB and CTSD in cytoplasm induced by
SELS knockdown, A: protein results; B: CTSB protein level; C: CTSD protein level
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Figure 3-63 The effect of NAC on the inhibition of autophagic flux in cytoplasm induced by
SELS knockdown, A: protein results; B: LC3-2 protein level; C: P62 protein level

3.4.4 NAC T8 SELS B {iK %8 B fixi 481 22 JT B T 46 M 25

&l 3-64 }% 3-65 Fiian, NAC A R4 %{% SELS ik 5l & T- MM & (p<0.05) K&
cle-CAS3 & H Kk /KF (p<0.05), AL fif E AL BT 22 /i SELS MK 5| A 4r i =, H
XM 52 W] e 5 VA AR D e AR S R AT IR A G .

60



si-NC Group
5 o Q2
100 41.15% 1.70%
10 4
3
P 0
1
£
5
o
107 4
10‘ 4 Q3
93.0% . 410%
T T 1 T T
|0l 10 10 H:lh |Elg
Comp-FITC-A
NAC Group
5 {ot a2
107§ 0.396% 3.05%
T
4
i
E
5
o

cle-CAS3
ACTB

si-SELS
NAC

Comp-FITC-A

K 3-64 NAC XJ SELS @i fIk 51 A2 XS JWE i #h 22 e A M I T B0 5, A IRt X4 B AR A Pl 45

B B: T4 Lk

Figure 3-64 Effect of NAC on apoptosis induced by SELS knockdown in chick embryonic brain
neurons, A: the results of flow cytometry; B: percentage of apoptotic cells
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Figure 3-66 The effect of E-64 on the increased CTSB in cytoplasm induced by SELS
knockdown
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Figure 3-67 Detection of chick embryo brain neurons apoptosis by flow cytometry, A: the
results of flow cytometry; B: percentage of apoptotic cells
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Figure 3-68 The effect of NAC on the increased cle-CAS3 induced by SELS knockdown
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Figure 3-69 The effect of Pepstatin A on the increase of CTSD in cytoplasm induced by SELS
knockdown
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Figure 3-70 Detection of chick embryo brain neurons apoptosis by flow cytometry, A: the
results of flow cytometry; B: percentage of apoptotic cells
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1% . Feng SER630% KRR IE A % S BB LI, SRl AT 3 B00 IE 4931 A~ mRNA % 73R8,
Horf 2514 ARk B, 2417 ANRB TR, W ERRAA SRR OB M RASIH . K
B MRS FES R % ST FECSIIAHL 687 1~ mRNA Rik%xSR, Hrh 285
W, 402 T, EEMITERZESR MRNA EBEERELFEAE. OV . PPAR 5516 %18
By MR A>T RAERE R . S BEE R . iR P450 SR AE AR T S ik AR 164,
AT 8 R L ERAT AT 3 B0 /N i mRNA 5k 4 421 A~ mRNA Z 7 RIA, Haf 171 NMER
Fik B, 250 SRR IE T, i IX 2 7 S R IA L REAT GO & T KL, % 7 KLk mRNA
MUk S&RBE 746 (ERBE TG, BET4E. EBRNKEESE. BB ras. /i
BE A, Pial GEEAE D AT . NADP) % H B M. SIS FEE S K4
ML T (Toll FEZAR{E 58 . T DNA Widd) S5AHC, AT KEGG @ik & 50 i K I,
EENGESEES LT UTHE VA, WMEIhse (MEE RS2 A E/ER . iR
TR T2 AR A EAE . ARG O dE TS (MAPK (5 5@, Toll REZ1k1E 5
W BE S B TR (RS, AEIERH . AU, K2R A2 R
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(AW NI 3 N = 7 RN DI S T 4o S P R T T RS G CRANY D 20 ) o 12 PR ]
Pl SRE T A IR SR TN REAESRAN NI T R AR, X MR AT
TRV ) H R

4.4 SELS 3t B #8122 7T A 53 X 1R 3850 %) 52 )

W FE AT, A O] DA E S 00 ) P O DX S A o B ) T K AR B 0 5 5 1 0 R I 4 Ak
FIORYE FHUESST, 442K A (Nano-Se) I Jak b S A 4 475 A4 ] P Joia o) 2 i DA 436 0 0 2 4L o 501
K BRCE2 AL 197 12880, 8 2% A 0 P B 5 I X 52 AL PN O IR S A6 AT T 5 B0 A 2R Y i
W 878 A o I T BH 25 68 TgE 55 R BTG T DA 75 5 K B0 UL ZE 20 o B X U B, FE 2 500
VLA R R T o 3 T St [ROOURHF 5 3R R AR AR A 2 Il T-2 25 32 51k 0 B LA a4 47, 2 B
JULEH B & A= B8 T 7™ B F A8 A o7 ORI L . e Ak, Ak - P X S S SRS S T B
1 JE AR X JEF A 9 T OR700 X 4 ok CLSSVRIF 5 A 3O s G T 500 i 4 R A PN DX LB . I S I A
OB, AR R T S RO T R FE R AR . SR ETREE R 8 AW AT R I s AR ]
SEY /N i B 0 I 22 T8 N 5 R NSOk 5% 3 K (GRP 78 IRE-1. XBP1.PERK . ATF4 J2 ATF6)
HAFREACFBE T, RS ] 5] 4848 0 P 5 R R

HRrCammE ey, A 7 Fals A i e €A TR M, 498 SEP15. D102, SELK.
SELT. SELM. SELN Ml SELS, iX$Shfi & [ 75 A ot N 2 1 s 4 & () i s ), I S &
15 A PRI TP 281 4 R 5 1 300 2 5 o B PR Jot TS A S 1A R YT O T R 4 R Y. SELS
SELK 2 P4 J5fi (9 #H 5% 25 [ [% /i ( ER-associated portien degradaiton, ERAD ) i 4% 8 B 4H p 4 77,
THEBT SRS HERREA (p97 (VCP)) MIZ&&Z 5N M b RiIFBE AN MR, 4
RN R AR, RN M N, EBFFRIESE SELK 5 p97 (VCP) 4 & B4 SELS K iitE
(2721 SR AT T SELS Rl A2 75 23 51k P 5T WX B2 380 THI A7 7 4+ 18 - Speckmann S8 78] LS174T
HT29 A1 Caco-2 45/l 4 i =+ SELS RiA, KA 2 5| AL sl ] 15 oy 5 9 REis.  Lilt7 4t 52 &
P SELS Mkt A 25142 Hepal-6 4 g P9 )i IS, 1 fF 5T K B SELS RIA (K, w584
JRLXF PA 5T DX 7 a5 A R ) BB A, B N N Joi R ohn EL D68 721, iy Du AE TSI I SELS R
AT 530 HepG2 40 i P9 52 I S b 54 GRP78 25 [ % ik TH i, JFINEE p-mercaptoethanol (-
ME) 52 1) P 5T I RL 3 . ASHIF 72 & B0 XS R i+ 28 S 40 i SELS Rt AT 51 A P J5 9 82 A 5% 45
Fr GRP78. IRE-1. XBP1. PERK. ATF4 [ ATF6 [ EET i, £ W SELS mfl vl 5 Sk
PR OB A A PN T X S8 . 3 7 b 5 R 1) B AT R DR D A R 2R 25 S BRI . A T
PRACUHEE AR, Sy r=Afhmr 2 & e, M-S BN 5 N & 4178, SELS /Ey ERAD HEH
FRAEAERFA 22 0 N T I AR A JU N B 2L, HLERIK TR 3 B0 IR i #ih 28 70 % A2 1A 5 I 7 80

4.5 SELS K Tt S L BE TR M

kA R, RS RS, PUARET S, KIS 52 B S A R i 77, 78 IR W1
DU A AR R T A ROS BT 5 820 R A 20 B A LS AR 730 b A, 3 A g 3R] UG
ROt AT AR E A A A BRE . 2 ROS 7= AR 5l P48k B &R G TS R e
W, W KB B AR A IR B A, U B A S B S B, RS R

70



Wi

ZRGMIET DIRe e, JEGE, ROS 25K Z P4y T BE R B, 390 ifn fixi f B i 575 P4 g
ARIEAS, MM S B4 K A2 e sE T 079, H A SRS B NS BT R R B . S 1
7 R 4 AR 78 S5 A 8B AT M 5 A o (11801,

it 3 3 e A R AR T R A AR . HRT, ThAE ORI Rl A b o A AL
W JFE R, A PUETIRE, W o K S ALY EE GSH-Px. i Uik B H I8 R G & SELW 4%,
ATEBRAUAR N H B2, W1 ROS, 8 Had J5 sl o5 (KB EE . GSH-Px 2 5 2 A BA i
ANTHRENIG & 1, GSH-Px fil SOD. CAT VLKA #2542 MMM ROS 14
fift o AT LIS AR B 5] 2 ) GSH 7K - Al SOD. CAT. GST. GSH-Px 35 1 (1 P& LA 22 LPO. NO.
MPO 301, JREEARIE, SRARRR TS IO BRAT i T8t AR o s I mT . 25 B XS K
T AN AR AR B, R AR B 7 51 NO. INOS K& MDA 7t , M SOD 1 GSH-Px B i P
P, % MR A A R ORI 2 2955 3 2 R A7 L0, Sl mT 0 ) B G B AR A RS 1, T B A R
W R AT S| R A o SR AT T BN ORI R JE S BRI/ K] GSH-Px & PE R FEET ., il
B2 S EOE MG SN S & . GSH-Px Al CAT iGHERAK, N (MDA) & &EF&, 31 K4
A 457 47 1182 1831 A A 5 R LA 5k = AT T BOW /) il P A AL B CAT . SOD . GSH-Px ¥ 4 & T-AOC
%MK, iINOS 2 NO. H202. LPO 2 MDA Ft &, St ] 5 208 AR i #h 28 7 SOD Ft =, CAT.
GSH-Px 351 2 T-AOC [#{%, iNOS & NO. H.0,. LPO }x MDA F+ &Ml ROS &M, ZiHFE
HF R T 5 S0/ i R R ik 8 o0 R AR SR AR, Bl R AR

WFR M, SELS EAFH AR, HEREF ST EICAM A ROS /K A0 R
s SR A AR A%, T SELS 232k A mT S B 40 %ot S804k R 380125 5 7] F B P 8 o 174, 2841,
i SELS Jn il i 55~ 4 LAH Mg % Ho02 I #iUE%, 531 ROS F1 MDA /KFit— B J+ &, GSH-Px
TG 25 FR U2, Gao ZE 7SI 70 &k B SELS i 3234 AT 1958 Min6 il 5% p 4 iu Xt H.0, i 511
AACRLE I HPT ST, R H202 5 T I 4n fR d b, Y omgn i is 7, Wi i . XL AL
Iy, SELS B AR 41 % 52 A A RIS SR HIAE R « KEEHERA, P IN R T 5
# ROS WIZERGIE I, 5l AN KA, FIFE ROS B 3G I £ I P Jofi o) 97 i [185-1881
SR fifE PN IR X 2 SORT A Rk ROS AR R, i TR IR S SR 1) 4-2K 5 TR (4-PBA) TR R =
IR PR 51 1 P 5 W BRIk ROS TRy, R RA LRI, ARG TR B SELS Rk rT
OGN #1426 ROS. MDA K H,0, & &, CAT. SOD & T-AOC F#Mik, FKEH SELS @i
AT 51 R 42 e R AE B AL B, s SELS ZEHTEAL T R IE EEAER, M SELS FIX F
PUEAAE F 5 FL4ERE N TR RS S 7 TH B VI AH G, SELS 3Rk PRI E ik 51 /& v #h 28 76 19 52 X
PR ROS A i, - F BRI KA.

4.6 SELS ¥ X8 22 LA BRI F2 7S R 52 M

KEWF TR, A NS 516 7 B 1 ) e B bS SRS 1 AR A 3 22 5 [R] 22 — 1290 1911
SEP R R A o N S K 70 T B I A R 7 A 1S B R T A A 45 O A R M T i A
ST, Wl AR A D SR A 1 1) o e A e, T R R BT A A P P ) 40 N A1 Jo A i
o BB AR P Ry, PR AR A A, R LR R 1 4 P P B AR kS B O A
FY o A AR R 20 5 2 A 35 M P s 1k O (2t LA AL D e R (R B . V-ATPase & — Fft
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SFIR IR, (E4ERRIATRAR pH T RER EEAER, nl@ i KeE ATP Mk & 5 122 A
AR A DAZE 5 18 1 2R 855 1102 5 AR B 4K 2 5 SOV IO 7 M) T v P OBl 553, BT 552 M G A o4 i
. HAEAMARRATTEREE, AAEAMBLHRENNAYERES S5 IERK+
JE A BRSO AT R A, pH A m e B B FEERS VEEEAA pH E A T
%S TRPMLL %5 i v Bl /R 45 25 7B OB MCOLNL /1 S EEIA Ca B TR INE, &
I Ca B FF+ =%, MCOLNL nf ¥ TS B (A iz it 2 (MRS, 55 S
FES 7 RS S5 (1961 TRPMLL 11 58748 ] 3 S04 M A ¥ iy Ak JI502 i 25360 91 G v T A I AR g 11071,
[Fif, MCOLN thJ&iAREAR I ROS BN &%, ~MEPESEAL B2 bk ROS /KP4 in B 4% 5+
PR A B R MCOLNL J83E, 5 I BG A BRI, A 5 485 1 1+ 428 Tl 1% TG 44 08t 1) % S K7 EB
(TFEB) #5101 BAMEESRAERAAEY KA, 150 E 0% LE 2 Al & ROS 17
[ (198, 1991 25 il i 58 2 5 P PRI T 5 S50V T AR IS8 38 AL, 51 62V i R P 4L ik B 2 g 2 12000

TF 50 IRRP LE S R v B AR FR S 7 R ¥ EEAE A o Al m R Jd i 4 =y ki 0o JUL GSH-Px 3
PE, BHIE A B3N TR AL, A R I AR e M, PR A T S T 1 R Ui A
B PR LA, DT 98 O BR O UL L 95 £ 1200 o i e s o VA AR I, R A 51 2. Wistar
KBRS I /N A AR B RO, DT A5 P O U ) 45 AR (2020 R T 2% il B A A R B
ICR /N BR O JUL 2 T A FE A 2 1 TS A A 308 55 2 386 o 2030, A 0 iE S, A 5 = 5 09 g R e e
BEAR o BRAN AT 3R R0 1) GSH-Px TG I, i P A0 0 5k, 2 SV T A Uit 2 Tl
B LB T 5, VBRI A2 4%, IX 3R O Sl o] 5 BT A A AR D BRAK, 51k AR o ARk 1 S X
VAT A IS A e M AR 221020, 1200 SR MG T SR B, I AR AR S R AE SR M AR A g RE R B —
SE MR o 2 B R AU HE R I 2% 5, VA B AR AR 4E RF i 1B DhBe REEA T B BER, wld
ok B WA EE R R PR A T S S AR AR R R . IR T e R RS B PR AT 3 L
W45, WFFCR A, E WA B R 2R G0 A 2 2 LR 28 DL ) b 28 18 AT M 1) JE [R] s 128l
PR 00T ¥ B AR Th e S BORE SR SLIORIT B E S 453 40 5 ¥ T A Th A S TR RS T R RE R AR
IR AT P 596 R (R 2 —TS) AT 5 i ISR ] 5] S X /)N i e A S ok 448 s A A I 380 D[] B T
FEUA B A V-ATPase JE kTS, WEEARZHZIE B8 CTSB Al CTSD 35 Mk 55 MCOLN1 #
T[] ISV l AA  3 3 E 1E 0 S| VS AR CTSB A CTSD Ahitt, 25 B Bl 5| 2 1 i 4 W2 1L,
% BEL T 355 1 U 5 6 T R % I 3 3 A T B PR A 2 O T A R RS o I VA B AR 2 MR BR ST Lyso-
Tracker-Red & ¥4 Bk pH 281k &K L, SELS Mk SRV RIS, RHIEEL pH T+
=, BEAk V-ATPase MRNA K (R IAPEAK, TRIESLIA BRARIR 1L 32 B . [, SELS R fik FEA
TR CTSB 1 CTSD S HI/KF, T MRS, & 1 B JUETE MCOLNL, g+ CTSB Al
CTSD BEHFXEETHE, FW SELS Mk T EUAB A fa S K.

NAC & —Fi A 7 2 32 3 i 18 109 FEE 300 375 1 1 P JOR S w4k, DA 1) 5 00 Jot S G A
FIAMM A, RS NAC BENGHL S, 2 I K MR ISl iR, 1 R R 2 GSH 1 BR il 14 717
. GSH g N Pt E i, CUAERE G 77 XS 5%F ROS 5l & i AL #5345 I AR
AL Ha0p S i ALY 1) 43 #1204, [H Ik, NAC /& — A3 2 Bt A7 A B 365 i n), @
T3 NN AR P9 GSH R4 41 il % 52 S AL BE 3 208, (Rt , ASHF FUIE L8 N NAC SR B SELS i
K24/ ROS 5%, WA N NAC J5 & 7] LLZZfif SELS mfik 512 IS BE A S K. WF
FLR I NAC BIIIN, A R PR SELS M 51 & i ROS i1, Z2ff SELS Mk X V-ATPase
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Pm, $Es V-ATPase M IR, WEHIEME, R NAC oG WM SELS mufk 5] m)
CTSB 1 CTSD & H & i& F# A MCOLNL HUE , 2/ SELS @K 5| #2 i ffa sk b CTSB #1 CTSD
HARIETE, R NAC 7T LLZEMF SELS mfik 51 & 1S BE A IR0 2 P B g ERE(R. Ca &
Tl R e TS BB E AL, KB A ARRS . AR RIS R R SELS mKIE T AL R 5]
VA B IRFR S AT, ZZRAAN NI B AR SELS Mk 51 & 1A B R A 2 R i .

4.7 SELS Xt Beif8 22 T B R a0 =20

H W FAZ D b R B AN S A AR, 2 EIR N AR A AR, IR 40
WS T HEE B REERMER] . B WIS bR 40 32 451 B AL 175 A 8 SR 40 g % (A
PR ) R A B W A ), 3 Tl A e AR 3K 6 49 J i T DL T USC A P P 3 A3 3 140 6 19 5 R 40 i
#3(206.2071, |L.C3 5 M Ml A W B B T IARAC Y, T 5 B AR A K 45 [2081, LC3-2 AT LA
5 AR N IRES &, SR B A T P, [, LC3-2 ONHT R B AR B br S 120,
BEAMZ R ES S EE P62 WA T AR AR, P62 W LIZEE LC3, JFME AT —
LA R 1210, Ak, P62 KT FEARARER AR tE 98, P62 KT T AUk B Mg i #1224, 5 g
Z 5B A0 KB ML, W2 ME RGP EA B WD Re g 12, 5 s i
BRI L T S A T AR AR R O5 T R B R, R AR T e X AR A BOR T 2
BUm 1451123, fEXT AD 8¢ PD MIBT U R L, BWERPEIR . H IR A R . IR
IR 52 PR B A W A B A Sz g A 218 204 R TR B R A2 A R] S B R SRR, XA
SRR G 5 05 (0 R R 2 28], ORISR IR, S SlEEEER Cafa s H, W AW
JRAI T B VR B AR, 3 BB MR B PG, RN A R R R A 2 T BOE MR R vk
B2 figg 1101-1031, Wang 45 DOSVF 5 A B0 ¥4 il 4 T e Pt 3 B0 B IR S 5 485 2 10 rPT 4H e 75
PEAT G . Gu S 1045 T B 3e 3of 411 ) ey 2 4 IR ¥ g A 0100 102 RSO A T ABOR RO . DA (R F
AESE, YR VABE DD AT BT B MR R IOV R . i Bz 3 AT G M 9 175 3 10V I AT AL L T
Wi R [ MR RE 70 1 B, DR WU, SRR 1) 400 B 1 (200 U T I 2 R SRR 3 T A
i A R Tl R B AR E 0 R 5, PR R I B AR Th e, YRR AR R e T B B RS, ek B
PR R 12051,

WF 70 DAY P e 3 5 I P, < 0 T ) R R AR SRR ) R LA A, Ao
5% 4 v < B4 €00 AT 67 B AT PO M B, AT W OAE B S 21, A T A U R T 5 BN /N i
KGRI 28 70 LC3-2 Jr P62 & I ARIA T i, R WISRAN T 51 3k B W /R B8 AR K B R A, I
RES IR AR S R ATA OC. HATMARA DT UR I SELS £ M AWy A #/EM, AWt
KPL SELS RAR AT 51 S AR ik £ 0 B e, 278 SELS R AE SRAR 51 & i 7E B I it
i o 5 A AR T AR T R BLBE A NAC BN, SELS Rtk 512 ¥ g R e 25 R A 15 2 22,
Rl LC3-2 K& P62 7K1~ T e #5 B Z2 il , 2R W] B Wi 1k 52, X AT e 5 ¥ g K Il i 075 P VR SR AT K
XG5 RRW], SELS i ml i il S0 P05 |k v Ml A A 2 SR A T S B0 A MR A . B AL
il F 3t — LI
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4.8 SELS 3t i #8122 7T 28 B T B9 52 M

Wt 7o 4 A o] DUA R A B R SR AN R T, andm s, grUeT. PR EER, Ak
ROV KB R FUAE S, AR 2 v] S BN LR A B R TR R A o AR = Tl I 2R KR A T 1
BT Wistar KRR O ULZH A R 112200, B n 0@ ik AR Ak B A S 0 SRR R T IR 4R R 28 0
(ERER A D AN U7 Y ot oy =1 73 4 SR 1 R N W W N S A IR - R S T
O 0 222 TN, JLPAIR2SY, FE R4, G CRRAE. VEIREE. MR 2251, ' fiE(226]
Ko B k227 g A T R AR . FEARTEFCH, Tunel Y (i 4 5 AN 20 2 i A 45 5 26 0 By vl 5]
FEC XS /) o 2 X6 IV fii #2808 T2 (R R A, TS A R KR R BCL2. BAX. CAS9 K& CAS3 ) mRNA
S E AR AR A TRUE S TR TR . WHFE R I, SELS SAML T-% UIAH K . Yu F5 2281
Pt ik SELS Wiz mbE (HG) WS IME N KA MM A M IE T, 1m SELS SN mE HG
e A AR 4R T Lt 3L Hepal-6 4Hi/fl SELS mufk nl 5 BUH A LA T
SELS @K 7] 5142 HepG2 4l & AE AT, [RIETInjal B-ME 5142 ()48 f i 10751, SELS i ik
A AT P 3 I S AU SO p38 B R AL S e i i EE I A (OTAD 4% PK15 4H ifd () 48 il
B AR To229), X LLfF FL R B SELS TE U U0 T R ¥ B AR A o AW AT R BN IR i # 22
SELS M2 SE P TR N BCL2 Mk, T3 BAX. CAS9. CAS3 EKikFtm, M
SELS Mk 5l L kiR 2 i T

WFFLFR B AR A d TR AR T s E R R BL (AFBL) 5l HepG2 4 Jfd % iy 14
pH JH7&, R AR EE, HAE A MM, [ LC3-2 Ml P62 tEH KA T &, £ AFBL
AT 3E I B AR RS R A T 3 B MR, JE S BAX/BCL2, CAS9 Al CAS3 JHm, T3
LR A7 R T 12300, A ] 3 I A IR 51 PC12 40 AN BB AR AR 2 T R A R AR g AR
R PE TR, EALA SR (GO) THLIARERRE M pH [EABLEE M, FEUAREAREEIIRE
TR, sl ARG, P62 & A B 51 ALY M IE T2, T R R Ak 52 BE RN A
A 2H 2R 1 T 1 PR AT T 50 PR VA B AR AR S R M R B W -V AR R ik, Sl B R TR A,
S0 T3S, AR SRS, [ W A A ) AT R 2 AN RO 5 Y 40 R T 1234, 2381, R
FERIL, SELS R fi vl S0 H W i M FI4n fE 98 T2, 1 NAC 13 2022 M H W e #00 ) I s 2 4 i
JHT2, R SELS R iE i # ] B Wiyt (e gk gn p g o, AH HARMLHIMT 7 33— 20 B 5.

AT R, WEEARIEE T 5] R LRARIB AT T o RAEM, 2360 I AR 5 72 ] 5] 2 i g 44
WIEL T E CTSB M CTSD B BN K, SIRANMF T . 40K (GNRs) AI 4R 7R
g 1k P B S 0 B AT M T, BRTI CTSD I 51 A 2% b 4 5 i Ao B AL, A1 3 e 200 L v T
(1), Vs Al i AL 2 5 2 5 SELS m ik Sl A T M ANE 4 . CTSB Ml CTSD 72 JL-F
P MM & A AR AR, IEEEL T, el EER THEEARd, SR — A4 2]
B B A T e PR 0G4 5 B0A B AR 8 & AL T 3 B CTSB A1 CTSD & i 2 Jf 3¢ rpr (257, 2381, iy gk A\
M i) CTSB F1 CTSD A] 5 & 4 B 03 T2 i 1 — R AR S, B35 Bid 859, 8 T2 B i BH0E
AR JiG 452 F 28 ot 4 4 11110, 200, 2391 AR 5 S B, BTG 5 A A /0N i B X U i A 2 G 2k R AR i 1R
P, X0 Ae S T BG4S A 5| RS 4 2R AR AN OC o Jyadk — 20 BRI I i A 0 A R TR R
M2k CTSB il CTSD &2 5 SELS mifik 5l & M4 Ma i v A5 4 Al CTSB i 71
E-64 fil CTSD #1il7] Pepststin A #l#1 i %% & CTSB A1 CTSD /KF, A& ILEHEH #H| 7 8N,
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Hud H CTSB Fil CTSD 35 B&AIK, [FIRT, %M@ SELS mifik 514211 cle-CAS3 F+ &, #4r 2% 4
MIdE T2, KB CTSB #1 CTSD 25 SELS @ik 5| &4 Ma i 1. ix s g R 8 SELS mifik 5l
A B A IEE L, S8 CTSB 1 CTSD i B2z v, M HE 40 i

B E 2, ABHFEE 7R SELS fE4EREFRI M & o IR DhRe 7 1 K E E AR, HRX
KB AT 51 R 2 o0 A AR N B I R, FERE ROS B AR, 51 KA Ak S mT 5
VAR SZ P . B v PERRG . A5uEs . @ E M3 il S 2Us e Sk, SEME
JCE VR ANE], A SEMMET (K 4-1. AW SELS 8 SR N i 454 i
HIEAEMH, F& 7 SELS MAEWHIER, R A0 54880 5 M.

\
1 “ﬂ cat H
- iud cus (loplasmlc reticulum (@] /-ATPasq 4
2+

CAS9 |
A
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/ Mitochondrion

\
Lysosome
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Figure 4-1 Molecular mechanism of selenium deficiency regulating lysosomal homeostasis and

Se deficiency—

inducing apoptosis of chicken neurons by affecting SELS expression
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(1) BRAR 5| EE G /N 2 2R b 4 & B T AR A R AT, 52 /N 1) 1 DI RE

(2) BRAfFEG /N 171 D mRNA ik Eif, 250 > mRNA £k R
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TR E X B AR Bl AE 4T B TE (31772814) X ASHE 5E 1K) 2 B
M 2015 F| 2021, NERIRE, X2 —BUEKWMMESK S H. EXNFER, FRIGF A
e R LR A, AN E LR E T ARESE, IFAEEIT 20 N H B EIR L

SUF, B A e P -T ITAR Th SC o B DA SR e R AR AT H AR R IR SR 3] L AR
NNEETT MG T HO4R SRS B, RO A A N AR IR BRI 28 7 I B AR AN SCRF, g3
A 3 F R S S N 2 T ISl SRR R IR R E BN W RN T 33, Sl OURATEE, AR
WTL&HES.

U FEARZN . PG, FeZm. KT EEm. BWAREIM. &AW Z Ik
o AR, ZIMAT™ RV 27 25 B — 22 AT I ABOLRS # 2 J K G 27 ST RS R o IR 3R
PR U S Jk v 2% AR AR B 2 of 3 2 S RS B RS B, RO IR TR SR I ARATT, UM TR
IPRATT, BRI LA 00 2 R 2 R T80 T RO 2 e A S 8. mIEA .
EER WNETE . A sSR!

bl 2, ISR, A RERIR IR TS IR L ORI T RL SO 4 5 Sl e B BLE
FFARE5 T AT A B KB J7 5 S 2 N T X L IR ST A Ak 8 AU 1 e 2 R ) L
SRR A LB IR, ARG ] 2 H, ARIAE A A1 A I B S A
JR A SR . ZRINA QIR TR K.

OB G e, RO SRl AZIMAE 2, AR ER AT 2 B R AL
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Table 1 Diet composition
FER S FE (%)
E5F/S 64.73%
KEH 28%
K& 2.5%
BEER S5 2.3%
Ak 1.3%
M (70%) 0.4%
#h 0.27%
HAR 0.19%
JIR T3k 0.07%
ARLEZ 3 0.04%
APy -RE R/l 0.2%
Fe SO4-7H20 16%
CuS04-5H20 1.5%
ZnS04-7TH20 15%
MnSQ4-5H20 20%
10% S A0 £k 0.4%
F R 45 0.9%
VER) 46.2%
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K2 WBMEPETFHE
Table 2 The ions concentration in chicken serum

X e 2 i TUEER
WEITER
Na (mg/Kg) 2779.102+144.603 2928.121+45.265
K (mg/Kg) 199.826+15.864 174.464+17.639
Ca (mg/Kg) 87.657+4.678 91.815+3.163
Mg (mg/Kg) 26.621+1.530 25.502+1.096
MEITR
B (mg/Kg) 8.645+1.123 7.19740.602
Si (mg/Kg) 7.910£1.247 7.590£0.241
Fe (mg/Kg) 4.845+0.357 7.148£0.727
Zn (mg/Kg) 1.657+0.054 2.222+0.197
Cu (mg/Kg) 0.256+0.017 0.281+0.004
Se (pg/Kg) 180.015+0.689 41.728+2.952
Cr (ug/Kg) 81.455+3.172 75.413+12.587
Mo (ug/Kg) 58.373+5.620 126.423+5.927
Mn (pg/Kg) 55.391+9.412 71.837+13.999
V (pg/Kg) 31.361+1.104 29.977+3.707
Ni (pg/Kg) 28.992+1.392 35.720+10.171
Co (pg/Kg) 8.886+0.830 7.925+1.139
TI (pg/Kg) 1.35740.141 0.993+0.065
BEILH
Al (mg/Kg) 2.491+0.030 2.274+0.064
Ba (pg/Kg) 547.493+98.229 536.717+68.815
Sb (pg/Kg) 95.308+2.850 93.273+6.317
sn (pg/Kg) 88.074+10.771 101.827+1.530
Pb (pg/Kg) 57.509+6.581 86.136+5.180
Li (pg/Kg) 31.888+0.188 27.021+0.945
As (pg/Kg) 24.300+3.763 27.061+0.378
Cd (pg/Kg) 11.075+0.120 5.069+0.243
Hg (pg/Kg) 0.554+0.0488 0.407+0.016

T RPE TR DR, SEAF.
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Table 3 The ions concentration in chicken cerebellum

xof g2

A 21

WEILER

K (mg/Kg)
Na (mg/Kg)
Ca (mg/Kg)
Mg (mg/Kg)
WMEITER
Fe (mg/Kg)
Zn (mg/Kg)
Si (mg/Kg)
B (mg/Kg)
Cu (mg/Kg)
Mn (pg/Kg)
Se (pg/Kg)
Ni (pg/Kg)
Cr (pg/Kg)
Mo (pg/Kg)
V (ug/Kg)
Co (ug/Kg)
Tl Cng/Kg)
ARILR
Al (mg/Kg)
Ba (pg/Kg)
Sb (ug/Kg)
Sn (pg/Kg)
Pb (pg/Kg)
Li (pg/Kg)
As (pg/Kg)
Cd (pg/Kg)
Hg (pg/Kg)

2746.285+84.841
1136.449+92.762
354.866+41.866
193.356+9.185

18.129+1.795
12.266+0.189
8.378+0.700
4.580+0.067
3.318+0.244
447.883+26.077
173.963+10.842
146.394+2.631
76.563+1.679
63.803+1.939
29.106+1.625
4.203+0.0980
1.003+0.027

2.611+0.160
640.443+£40.388
107.637+0.0.687
78.245+10.977
74.543+6.058
25.203+0.626
24.024£1.377
1.835+0.848
0.323+0.013

2573.299+44.569
1115.765+45.762
523.928+13.530
191.402+6.175

15.675+0.962
11.356+0.478
8.450+1.391
4.231+0.212
3.402+0.233
456.481 £29.011
117.840+4.141
86.366+18.634
95.854+1.799
81.250+7.895
32.308+0.981
4.431+0.721
0.973+0.032

2.617+0.057
627.552+40.898

95.931+5.488
82.245+8.508
72.450+2.775
24.766+0.690
24.305+2.226

3.224+1.552

0.256+0.005

e RPE T ENE

Ko
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Table 4 The components of Neurobasal™ Media

4oy oy TR i mM
(mg/L)
SR
Glycine (H&®) 75.0 30.0 0.4
L-Alanine (L-IHZ& ) 89.0 2.0 0.02247191
L-Arginine hydrochloride (L-¥&2 B hmE ) 211.0 84.0 0.39810428
L-Asparagine-H20 (L-K & B fé-/K &) 150.0 0.83 0.0055333334
L-Cysteine (L-}Bt& ) 121.0 31.5 0.2603306
L-Histidine hydrochloride-H20 (L-#HE MR EE-K &)  210.0 42.0 0.2
L-Isoleucine (L-5 74 131.0 105.0 0.8015267
L-Leucine (L-7%(M) 131.0 105.0 0.8015267
L-Lysine hydrochloride C#fi% /% h iz &) 183.0 146.0 0.7978142
L-Methionine (L-EZ& ) 149.0 30.0 0.20134228
L-Phenylalanine (L-Z &) 165.0 66.0 0.4
L-Proline (L-filiZE) 115.0 7.76 0.06747826
L-Serine (L-Z%& &) 105.0 42.0 0.4
L-Threonine (L-J7% &) 119.0 95.0 0.79831934
L-Tryptophan (L-{0 % 1) 204.0 16.0 0.078431375
L-Tyrosine (L-F&ZR) 181.0 72.0 0.39779004
L-Valine (L-#i# ) 117.0 94.0 0.8034188
Choline chloride (& fkfEH#) 140.0 4.0 0.028571429
D-Calcium pantothenate (72 245 ) 477.0 4.0 0.008385744
Folic Acid (M) 441.0 4.0 0.009070295
Niacinamide /M) 122.0 4.0 0.032786883
Pyridoxal hydrochloride ;2% 204.0 4.0 0.019607844
Riboflavin (1%#& %) 376.0 0.4 0.0010638298
Thiamine hydrochloride (&%) 337.0 4.0 0.011869436
Vitamin B12 (4E/E£% B12) 1355.0 0.0068  5.0184503E-6
i-Inositol CLEE) 180.0 7.2 0.04
TR
Calcium Chloride (anhyd.) (J&7K CaCl2) 111.0 200.0 1.8018018
Magnesium Chloride (anhyd.) (JG7K MgCl2) 95.0 77.3 0.8136842
Potassium Chloride (KCI) 75.0 400.0 5.3333335
Sodium Bicarbonate (NaHCO3) 84.0 2200.0 26.190475
(R0
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(= 1D

Wy gy H R mM
(mg/L)

Sodium Chloride (NaCl) 58.0 3000.0 51.724136
Sodium Phosphate monobasic (NaH2PO4-H20) 138.0 125.0 0.9057971
Zinc sulfate (ZnSO4-7H20) 288.0 0.194 6.736111E-4
HAth 2H 73
D-Glucose (Dextrose) (D-7 %ij##) 180.0 4500.0  25.0
HEPES 238.0 2600.0 10.92437
Phenol Red (T41) 376.4 8.1 0.021519661
Sodium Pyruvate 5 fi 2 44) 110.0 25.0 0.22727273

E: W Z W E M 5 https://www.thermofisher.com/cn/zh/home/technical -resources/media-
formulation.251.html.
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5 B-27 N A4y
Table 5 The components of B-27 supplement

H oy WE (mg/L)
UE R

Biotin (A¥%&) L
DL Alpha Tocopherol Acetate (DL-a-4: & Fy B B2 fig ) WL
DL Alpha-Tocopherol (DL-o-/E & B}) Gl
Vitamin A (acetate) (4E4E 2 A (BEFREE)) WL
E4EPil

BSA, fatty acid free Fraction V (FIiEHEH, TRKRAS V) W%
Catalase (i %1k M) ML
Human Recombinant Insulin ( A\ 820 i & ) Bl
Human Transferrin ( A58k A HIA
Superoxide Dismutase (% 1k B 1D WL
HoAth 4 5y

=

Corticosterone (JZ Jii il )

=

D-Galactose (D-ZL¥#)

=

Ethanolamine HCI (L& 2 B %)
Glutathione (reduced) (&BEH L GEEDD
L-Carnitine HCI (k% % e A 5D
Linoleic Acid C3F i &)

= =

=

Linolenic Acid 7 #2)

=

Progesterone (Z2fii)

Putrescine 2HCI CJfi j& XU 8 5

Sodium Selenite 7l B2 44

T3 (triodo-I-thyronine) (T3 (=HLHRIEE )

e EW R EMER, MRARM B27 Sl AEKE, BEHESAEITRR
https://www.thermofisher.com/cn/zh/home/technical-resources/media-formulation.250.html .
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