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BE  ZXE S T EKIXEGFP-LC34HEK293 402, £, vA10 umol/L#9 ABIK A E R B #isk
MR IRBR A o9 B AE T X AL 22 40 .24 h, 1+ $LLC349 % A 5,5 4L, Western blotid M LC3B & 32 & 49
T AL, MTTA M 4F T ABE T 40 e § 75 &F 4 it & M09 £ 5 B4 w4 hIA 8 AR 8 tm iR A8 1k 4%
#. RE T, G418(700 ng/mL)if 6B &, # T #8% £ A EGFP-LC3#9HEK293 40 it % ; AB25-35.
AB40A= ABA2H5F 4 J  LC3 3 A3, 5. 69 R 49 25 Western blot#s R 2 < LC3B#9 Bk, BPLC3BIE
LC3BII4: % ; MTTH M & I, 5 AB40AE bk, AR424L 22 /5 1 I § w4 0% 4m L 24 3% 45+ VA JLEAB
09 B MR, R, APRRA LR 69 KM R BT 55 A0, Bib5 A a9 R 5 B A
KB AFRX; FIAT, AB424nfedfith 5% T AB40. ZARR At —H4RITAD B " UH R4 T 230 K sk,
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Establishment of EGFP-LC3-HEK?293 Stable Cell Line and the Role in
ApB-induced Autophagy

Fang Fang, Zhang Ying*, Peng Xianglei, Wang He, Zhang Zhao, Zheng Yanpeng
(College of Life Science and Bioengineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract  In this study, an EGFP-LC3-HEK293 stable cell line has been established. The cells were incubated
with 10 pmol/L of A and the truncated peptides with various percentages of hydrophobic amino acids (AB40, AB42,
AB1-11, AB12-24, AB25-35 and APB35-42) for 24 h. The expression of LC3 was detected by fluorescence microscopy
and Western blot, cell viability was measured via MTT assays and the ultrastructural morphology was studied by trans-
mission electron microscopy (TEM). As a result, the best concentration of G418 was 700 pg/mL for EGFP-LC3 stable
clone screen. The quantitative immunofluorescence microscopy data showed that AB25-35, Ap40 and AB42 induced
autophagy significantly in EGFP-LC3-HEK?293 stable cells. MTT assays showed much stronger cytotoxicity in AB42-
treated group than in AB40 group whereas both peptides induced autophagy. LC3BII/I shifting which indicated LC3B
lipidation was detected via Western blot. AB-induced autophagosomes could be observed by TEM. Our data suggests
that autophagy can be induced by AP peptides and the truncated forms of hydrophobic amino acids fregment, but the
autophagy induction is not correlated with the percentage of hydrophobic amino acids. Furthermore, AB42 is much
more cytotoxic than AB40 during autophagy induction. Based on this study, our research lay the foundation for further
mechanisms of autophagy in Alzheimer’s disease.

Keywords  p-Amyloid peptide (AP); autophagy; Alzheimer’s disease (AD); microtubule-associated protein
1 light chain 3 (MAPLC3, LC3); autophagosomes
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BT /R 7% s R 9% (Alzheimer’s disease, AD)s& —
Tt M o 22 AR AT PRI, A S8 AR R ) — P AL
T e e 32 B B SR AE NBYE B A 2] F (amyloid
B-peptide, AB)YITERIE 1 & 4F- B (senile plaques, SPs). tau
I FEBERR A T K IR TC AT 4EYE 4 (neurofibrillary
tangles, NFTs). & 0 R Ml D ae 7 M =0, A,
ADWJ&E T8 F it 5 F T B ™. EAD/ RS
R ZHZA A B, ABER S AR AE /) B, SR fit Ay o i 280K
AR, X R AT e S ADARAH .

F I 2 Y8 B3 A 1T 44 & [ (amyloid precursor pro-
tein, APP)fR it () R 125, APPE —FhiE &
iR, FEAR N & H LA I AR AR, DU 2H 2R b Rk
5 =7 APPHERAIY 7 WA I, 72 248 BG40, 428K
B3N IERRIIABIKY, X —Id F8 5 H MR 1) & B )
FHIRPY, WA 5 5 T A2 A 445 5 2 200 T 2 0 RV
FRAPHIEZEIRRY, ADHRAELE R E W s Al
G ) 1 Wk P P P A8 2L, (LA, LML IR AN 2R,
W LR, ABFEARAR AT DL S F Wl (2 AL
DL S MRAE T IR R IEA B

AB42FIAB40 2 ADHI 7T I HE fi 2 —, H P Ap42
T EAEAE T AD B K UE K FF Bt Pl T Ap40
0 AR TG I R U, ABA2 L ABAOTE 75 5 5
£, 0T 20 AR B A BT, (R AR AR N E R Y
TERRGHZH, HAiMAIEE. ABIKI 2 FhigisK
PESE AT e 5 B MGE E A OC. o, AB1-112B
AHRIR A X, FEHUIA AR B e A kil 21 3 A AU,
AB12-2472 S BT B TE AU SR B AL, X AB42 4
RrE e — e RN AR25-3 58I A A2 4 Al 7 v X O
APB35-42'F & B K R & FE R, XTABA2I) FE A A H %
PERE, (H S, 3X L B 7K AN [F] 1) U 22 IR B 45 74
ot M UuE T AWK KA, B ETR ILHRGE .

ALY T R € % 1A EGFP-LC3fJHEK 29341
KR, H T A IR RARS 5 40 e H k8 2 1A
o RPN B MERLC3 R IEHE m JF € =T,
Western blotfs Il FH W 73 1 b1 HELC3B A LB AL 15 L,
1% Y} ¥ B (transmission electron microscope, TEM)¥{
SN NI Ry N il R T S AN
75T 10 B Wk A Bl 20 s 0 22 R, U it — 2D it
FUAP H BEHLHI T FHOB B ADIE YT HE 5 B9 JEAlh

1 MRISREE
1.1 RAL. EHkX AR

A2 S DHSa. pEGFP-LC3Jiifi. pCD-
NA3.1(-) f pCDNA3.1(-)-ABJF ki AL B 40 i
(HEK293) 34 R A% S8 = AR A7
1.2 iRk

NABRZ PRZFE g4 T A TR ARRS A
BRAFIA R, 46 995% A 15 759 m I EE(L,1,1,3,3,3-
Hexafluoro-2-propanol, HFIP) & %fi 1-Fluka A &) 7= fi;
B A1) A D) Bl (BamH 1. Bgl ). HGE AR T &
Fr#E(Marker)H 2 [EINEB A 7] 7= i JoRE /N2 3055 &
(E.ZN.A.TM Plasmid Mini Kit) & OMEGA BIO-TEK /A
H] 7 i, DNAZY T AR #E(DNA Marker) A H A< TaKaRa
oy &) 77y BE AR G 4 571 N Polyplus Transfection
A 7=y BCARR R I 52 7 6 S A 2 RO IR
Y)(SuperSignal® West Pico)’y 3% [E Thermoa & /= fi;
DMEM(Dulbecco's Modified Eagle's Medium) = ## 1 57
H NGibcos B 77 i, G4 i 4 3E [E Hyclone A &) 7=
i RPILCIBZ T PR, EWEE S H I =1
H 3% [l Sigma-Aldrich 3 7] H WRAR—VA B A 45 & 1) BELIKT
7] B2 4l ¥ 2% 25 Al (bafilomycin A1, Baf A1)/ H Invivo-
gen’A H); Hoechst 332580 F VIR 135 = RAEVIHIAR
WEICHT; SiB-actinZ Te PRI A L st B AR D)
FEARA BRA AL R Bip62 #1 5 B SR H Abcam A 7;
AR AP B bR 1 1 1L 2E B SRlgGARILL 2 P RRIgG
T B b S AE R AR AR AR
1.3 #HIAEGFP-LC3RIEE R APE R IAAIHIE

5 215 R pEGFP-LC3 %% 1 DHS ok 52 25 41 i,
HEA SR IRE R WLBR L, PREUE K RIFH
By R R VR I RO IR, SRIUSURL. FHBamH 1H1Bgl 11
HEAT WU ) % e 2,

Ak 2 & U APA2 Ik S HFIP B T-UK b7,
1 mg AB42/i1A\220 puL HFIP, % &5 & 60 min. %
R IF IR ABA2I BT UK F5~10 min, 2 )5 T 5 iR 45 38 X
fisf W AEHFIPYE KR, 2~3 hG B O RE TR G (%
BH B K o B 45 N 44 nLTE /K — F 3 T AR (Dimethyl
sulfoxide, DMSO), AT IR A1 JERE N2 156 uLAE
41 fIDMEM/F12, 4 °CJ{ & 24 h.

1.4 HpIEFR 555

HEK2934 ffil % 7% T DMEME? 7% (5 10%/ 2
1135 %100 U/mL7 2 & 1100 pg/mLiE 5 )+, B T
37 °C. 5.0% CO,Hi A1 5 1) 1 77 46(3 [E Nuair NU-
425-400E) F 55 5. YA 1R, B Ak 0 B4 K
HEK2934H g #% F T-6 el v, 52K, 40 i £370%L
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I, G A G iR 5 BURIpEGFP-LC3. peD-
NA3.1(-) 2 pcDNA3.1(-)-ABF IR it B kA T G
1.5 BERIAEGFP-LC3MARE

T SCHf 5 B R P GAISHI BRIE IR B, 418 vk
LAFT IR AT AR Gy #5424 WG, $E10FEAK, F &
TEIR P GAI8 N R i3, B3R, FrE2 2 IE
B S 1Y) e B, DAGAISYERFIR B, ¥ KB %, (BIE X
6 2 444 (H ANikon TE2000-S) T, BENLIEELSMASH]
PLEF T RI4u iR I RRRI Gt 22 2 A, TS 4n
EGFP(enhanced green fluorescence protein)FH 4%, LA
FRA5AE & 4 il REGFP-LC3-HEK 293 .
1.6 BENIFESREE

FEAB42. AB4OLL Az # K A BL(AP1-11. AP12-
24, AB25-35. AB35-42)LA10 pmol/LAIFIE A J7i2:1.5
FT#3 FIEGFP-LC3-HEK 29341 fitd, 5% & 24 h, Jf 153741
JOXF RS2 i 4 DL K B 0 55 2R (rapamycin, Rap)FH
PEXTRREH . I FH 2% o i e A e NS AN AL BT, W42
EGFP-LC3B i 11 #0IF 11 HEGFP-LC3HE mi 2 Hu/ 4
Mo S B A . R, FRATTRIFH ABTURLE YsHEK 293
YT, FE5E S 40 X HE AL AR Aot R AL
1.7 Western blot#NLC3BHp62 AR iA

# 60%~70%7 4 ) EGFP-LC3-HEK293 41 /ity
NIRRT R . R P ZH . AB40ZH(10 pmol/L).
AP424H(10 pmol/L). 5 M %5 2 2H(100 nmol/L). Ifi
EEGA. Xt E+Baf A14H. Ap42+Baf A1ZHA
Mg 2:Fr+Baf A14l. {EJGHMALT, 4T Ap42
B ML 25 B AL EE12 h/s i A Baf A1(20 nmol/L) %
24 hfg, H & & B EE 06 F)(Roche) I 41 i 24 i 5
(50 mmol/L Tris-HCI pH7.5, 150 mmol/L NaCl, 1%
NP40, 0.5%lit EAHEREN, 0.1% SDS, 1 mmol/L PMSF)

(A) 1 M (B)
bp

pEGFP-EC3

2000

1 000
750

500

250
100

769

A FRZRAD; T4 °C. 12 000 r/min 210 min, B3,
FABCAVEM 2 AW . 550 EFE40 ng, £15%FK)
SDS-Z VA 4 I e B8 1 LUK 0 B, 5 Il Wesstern blotht:
Mo —H 5 A HPILCIB(1:1 0007 F) . FPip62
(1:1 000K B) Al f Hip-actin(1:1 00077 ), ECLAL %
RAGVERTIN H %1
1.8 MTTARN4ARE

¥ EGFP-LC3-HEK2934H g LA 5x10°/FLEH 196
FUR A, BT 37 °C. 5.0% COIBEF-FHIFE 24 h, 4
WIS AS X IR . X IR A . ZErh 4. AP40
H. AB424H. FiHERA. MmiEXHEH. N
20 pLAIMTT(0.5 mg/mL)4k 415374 h, W F L BS
FEM - B FLIMAL50 uLI{JDMSO, f# 45 S Y78 70 i it .
T5E 490 nmAb %-FLHI W (D)
1.9 TEM#IA BB R L5

Bt APAOFT APA24L FE24 15 1K) 41 il FH 2% % 56 H
fi-2.5%)% B [F %2, 1% 0s0, T4 °Clil & . L
B, AR IS Epon8 12603 . B4, Y]
Je 2% TR DU Bl AN 0. 2% AT iR IR E YL €. I FHIEM-
140037 5 B3 2 f 85 (H ATEOL)TES0 KV Ik i
THHMT WS IR
1.10 FitZEHHh

SE 536 20 ¥5 LhmeantSETE . 3K 7, HSPSS 19.0
WA AT BE M E R e P<0.058 % 7 & 3%,
P<0.01 /% 3.

2 R
2.1 FAERIAEGFP-LC3HIHEK2934Mp A 1Y 3¢
MREE

4 7 21 5 BipEGFP-LC3 [ BamH 1/1Bgl 113347

Hoechst ~

A: pEGFP-LC3[{ XA 1% 5E » 1: pEGFP-C13 A RI769 bp & FEIILC3FEK Jr Br; M: DNAZF & Fr#EDL2000; B: fi & FIAEGFP-LC3HHEK 293
MR o LR EANREGFP-LC3R (3R I, W G ARRAMMIAZ, TR IA 4% (05 8 1 1 40 M 2 4 i i 8 H T 5 28 LC3BH M 4 i B o5 174 B

(kR )R=50 um).

A identification of pEGFP-LC3 plasmid by restriction enzyme digestion. 1: 769-bp-band represented LC3 gene fragment, and the upper band was vec-
tor gene fragment; M: DNA marker DL2000; B: images of EGFP-LC3-HEK293, green indicated EGFP-LC3 expression, blue indicated Hoechst-stained
neucli, and the percentage of LC3 positive cells was calculated by the ratio of green/blue (scale bars=50 um).
E1 F8ERIZEGFP-LC3HHEK293 R RE S R £ E
Fig.1 Establishment and identification of EGFP-LC3-HKE293 stable cell line
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Fig.2 AP peptide-induced autophagy in EGFP-LC3 stable cells

A: AB4OFIAB42LA10 pmol/LIFIE 5S4 24 h, [FI S Z Xt 2 . SRppolia . B A 2 4RI I 22 Bk 2, R P 28 0 S G B 2 2 (2.8
BE S A (bR R =50 pm); B: RFIABRL(ABI-11, AB12-24, AB25-35, AP35-42 )2 AB42)LA10 pmol/LEIF 1% S 4 fI24 h, [w] N5 7 40 fo s B 20
SEph L. I 2R AL, R 9t B M I IR (RN =20 um); C. D: 23 B2 AFIBII G 24041 E: ABBURLEE Ye(hrJN=20 pum); F: AB421%
S E SRR R . *P<0.05, ¥*P<0.01, A BFIE, i3k Fra ALCIHOLBE S A & .
A,B: images of EGFP-LC3 puncta in EGFP-LC3-HEK293 cells. A: cells were treated with AB40, AP42 (10 pmol/L), rapamycin, serum starvation and
AP buffer for 24 h, and autophagosome formation increased as demonstrated by the fluorescent puncta (scale bar=50 pum); B: cells were treated with
specific AP peptides [AB1-11, AB12-24, AB25-35, AP35-42 and AP42 (10 umol/L)] or serum starvation for 24 h (scale bar=20 pm); C,D: quantification
of the results from A and B; E: transfection of AP plasmids (scale bar=20 um); F: the dose-dependent effects of AP peptides on autophagy. *P<0.05,
**P<0.01. Arrows indicated the LC3 puncta.
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WU U) % 5, Bt RE B e s HL VK 2 7769 bl B I H
BURN4.7 Kb # A BL(1A), 2B 5 H 1A B
KA 5.

G418 16 1) i & & W JZ 2700 pg/mL. H
Hoechst 444 fi i J5 1H $ 7R, ATk Fe € R IAEGFP-
LC3/JHEK 29341 B EGFPH M ZiA£ £]100%(E 1B).
2.2 APIFESHILHRE B Mk

M6 B S AR TS T A0 W, 114
LC3%IEBE f H 3t AT it 22 0 W (K2 AR2C) . 45
IR, AMIEABA0TE T IILC3 % G B A0 v T AR
AB42, (RG22 R . A 12 WIHE 3w L
i, AT A I AR B AR AL R AN i . 45 SRR,
APB25-35FNAB42 7 2H Hh 43t ¢ e B A H B B3 £
(P<0.01)(E2BAL a7k 7w), Geit 40t WL E2D.

[, FATIH FH AR b % Gtk — Dt 5 4 g Y
FKIEABTE FHEK29340 iy B W 1 2 R . 45 B TR,
5523 (2 AR BRAL A bl ABJFURIZH HHLC3% Ok
BE A58 H B B £ (KI2E).

T HE— IR AR S 4 [ W TS AR AE &

(A)

LC3BI —
LC3BII —

~~
LC3BII/I (relative to control) E
S = N W kA B

Q

> 4@ : >N D
& sz\ sz‘ A S
R i V”q,@@& & 8,%‘&%\
RS AN
%—%.&x%b\%@
& Y
&
%

P62/B-actin (relative to control)

AR R, BHABZ BRI EE3E N, THELC3 7% M B i FF
HATGE T FATRIL, £E0~20 pmol/LI¥TE
M, FEBEABA2 2 IR FE 1) FF i, 4 R 1 W B A B 2
% (K2F).
2.3 Western bloti&;MLC3BII/IF1p62AYZE 1L

Western blotfg I &7, 525 (XS HEZH DL K 22
AL ELH AH L, AP424H K FHPE XS B 4H I LC3BIF A
B8 n(E3A). ZidBaf AVAEE 5, BHIKE T H 6%
B R B A, 5 35001 WA G B I R 19 N, LC3BI&
LC3BIIFR iAW 38 (E3A). LC3BIV/I ELAR £ il 40 i
£ I 488 0 1T 186 40, E Baf A 1AL 3R ) = 20 o, LC3BI/
TEC B 35 R AL LA B B 3% 2 R (EI3AFI EI3B); [H]
B, AR E W RS, p62 & (R 1A B A Mk (K
3A), ZidBaf ALK )G, p62 1 R R 52 240, Rik
KV AR 38 T, AB424H Je 17 25 Bk 41 R A B4 )
A W3 7 e (BIBAFE3C).
2.4 MTTHNARIE S B M5 R ZHARE M

W4, 5 28 2 B 4 A B, AB404H(P<0.05).
A 55 K 41(P<0.05) M AB424H.(P<0.01) 4k F J5 41 ity

1.8 7
1.6 1
1.4 1
1.2 1
1.0 4
0.8 1
0.6 1
0.4 4
0.2 4
0 4
> &N N e D AN DN
C F TP Y
& & & W F
F XX
¢S Y'@&
%‘ZJ

A: Western blotf I LC3BI/IMp62 ({1214 /KF; B. C: FIFH AlphaView SAH A XA Western blot2 5 #EAT 5 &40 Hr, H (112 (AR NS B-actinidk 4T

KIE(¥P<0.05, *¥P<0.01, NS: it &% 7).

A: Western blot analysis of LC3BII/I and p62 expression level in EGFP-LC3-HEK293 cells in the absence or presence of 20 nmol/L of Baf Al; B,C:
quantitative analysis of optical densities of LC3BII/I and p62 via AlphaView SA software and normalized to the expression of B-actin (*P<0.05,

**P<0.01, NS: not significant).

[Z]3 Western blot#ULC3BI/IFIp62HIZE 1L,
Fig.3 The changes of LC3BII/I and p62 were detected by Western blot
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)

Cell viability (% of control)

e FIAEGFP-LC3fHEK 29348 fitd H 43 71l il A AB40. AB42(10 pmol/L).
185 2% (100 nmol/L) RN % B 73 HIAL FEAN 24 hJs, FIFMTTh:
TS PE(+#P<0.05, #*P<0.01).

The EGFP-LC3 stable cells were incubated with AB40, AB42, rapamy-
cin and serum deprivation for 24 h, and cell viability was detected by
MTT assays (**P<0.05, **P<0.01).

El4 APIESEMEEAIMAIEN
Fig.4 The cell viability of AP treated autophagic cells

TETERH B R, S5 ABAOLLAR L, AP424L HI4N TS 1
3 PEAR(P<0.05). A 5256 45 5t 37 AH B ST 11
HAE ST
2.5 TEM#N B IE/MABRH AN

N T WG A 5 F K T R A A B L I R 2L
H, FIFH TEMM 2 2 A5 SR AE —— B W /MA, I
HATR T F 0. SR EIR, 5253 HAE AT
YAHEL, B Y ARJT R 4 P RN AR H B R 2
(K5),

3 g

TERAZ D, AW 5 B2 A 35 A B
IR PRI HLAR 55209 JRNAZ LA R AE B = e R
S5 RS AT T B AR K 2 A O A R o R
[ —FRALEE 20, X Fh e R4k b B IR 57 B AR
ThRETEADSE i 40 1R AR PRSI I R A2 R LN
BN, R 5UR] AR E RIAEGFP-LC3HEK 2934
M2, VIR R T RARS 5 4l i 1 Wk e L % 41
J A= K A FE AL o

SCHRES 2 Y, LC3 58 % Bt A1 e SR 1k 2 A
T 4 0 19 e ) S AR v . ASIE T X R T 948
“ABXTAN Y B WA EEE SR, RN, B
Wik P B A 20 B T IR S U8, BB ABYS = (1 B g nT
REZ 5 T MG HLE] . B E2AR 40 %0, AR
Z1F T AB4OFIABA2YY 7] 75 5 41 it Wi, 1H /& AB42
XoF 20 BT 1 RS A B R, B U MR R T . B

(A)

ok

ey
=]
s

N
W

)
o wn o

Autophagic vacuoles/cell

Control ' Vector AB
A EEY) R & ST LB R AR AME, FE RO BRAE, 5 R
NIRRT, 7N B e G AB ORI SR AL, 4 B O I 2 Bk
(KT E S R AMATI A B); B: ARSI 540 4T, #£P<0.01,

A: TEM images of the autophagosomes via ultra thin section: In upper

=]
S W

Serum free

panels, the left picture was cell control and the right one was vector
control group. In lower panels, cells were transfected with AP plasmids
(left) or treated with serum starvation (right) respectively (arrows indi-
cated the autophagic vacuoles); B: quantification of the results from A,
**P<0.01.

[El5 FE 5T R Bk MAEB LS
Fig.5 TEM ultrastructural morphology of autophagosomes

SRABAOFI ABA2AY 7 2 Jk vy AH 22 W A & I 1R, (H 4]
SHABRTE R G RERAERE, SUE - HFEFH
W P TIE 5 AT REAFAE 22 0, IX— &5 5 30k
TEAHRET, [R, AR T 4 Baf AL B /S,
LC3BIILL K p62 781k /K-F-(1&13), 45 3427, Baf A1R]
DL BEIT AB75 5 1) [H Wit if £ (autophagic flux) 7K.
KPR EERR I N 7 A U R R R . Sy T
WHEARIE T H IR A 75 5 HEi K I 2 B R 2 B AH O,
BATHE H B2 NABI-11. AB12-24. AB42. AP25-
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35HIAB35-42(i 7K Y 7 7 99.1%+ 46.1%- 50%-
63.6%F187.5%, WK Tt &), H X SFl#k 4 i AP
S AW 2RI, BRI ST A I ABHS AT
LU SHEK 29340 i H Wi, (2 2O R AN, 9 H A&
KRR & E A G . AB25-35F1AR4215
S E Ve RCR IR, R A g EE
YEFPT RE S B AR ZEX 1 LA -

gr BT, FAl18 7 M EGFP-LC3-HEK 293 41 iy

FHBTABS 5 BWIIHT I, Ayt — D W] B g AE
ADMPZE IR AT B R A B8 A
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