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Abstract: [Objective] To investigate the effects of mitochondrial unfolded—protein response (UPR™) on the aggregation toxicity
of AB protein in Alzheimer’s disease (AD). [Methods] By cloning the mitochondrial outer membrane tomm—22, inner membrane
E04A4.5 and atfs—1 genes of Caenorhabditis elegans (C. elegans) and constructing the 1.4440 interference vectors, HT115 competent
cells were transformed to prepare tomm—22, E04A4.5 and aifs—1 RNAI bacteria. The effects of tomm—22 and E04A4.5 RNAi on the
process of paralysis were investigated through transgenic AD disease models CL.4176 and CL2006. The life span of wild type N2 C.
elegans was observed after RNAI of tomm—22 and E04A4.5. The regulatory role of ATFS—1 signaling by atfs—/ RNAi in inhibition of
AB protein aggregation was detected. The dynamic changes of UPR™ in transgenic SJ4100 nematode and the autophagy level in
transgenic DA2123 nematodes were analyzed by tomm=22 and E04A4.5 RNAi. [ Results] We successfully established the UPR™ mod-
el by cloning mitochondrial tomm—=22 and E04A4.5 of C. elegans and further constructing RNAi bacteria, and showed that they can
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suppress aggregation toxicity of Amyloid—B (AB) protein in AD model CL4176, and slow down paralysis process. The life span of
wild type N2 was significantly shortened after feeding with the tomm—22 and E04A4.5 RNAi bacteria. At the same time, the progres-
sive paralysis AD model CL2006 shows a delayed paralysis in the early stage of life cycle but get acceleration in the late. These re-
sults illustrate that the UPR™ can alleviate the mitochondrial stress and improve the function of mitochondria at least in the short term.
The atfs—1 RNAi confirmed that delayed paralysis process of AD model CL4176 is not directly related to the ATFS-1 signal. Howev-
er, tomm—22 and E04A4.5 RNAI can gradually increase the UPR™ response and induce the expression level of autophagy—related
molecules LGG—1, suggesting that tomm—22 and E04A4.5 RNAi may play a role in delaying the AD disease process by enhancing the
activity of autophagy in C. elegans. [ Conclusions ] The study found that the UPR™ can inhibit the accumulation of AR protein by co-
ordinating the signal transduction between mitochondria and nucleus, and can help to restore mitochondria and even intracellular pro-

tein homeostasis for protecting the normal physiological function of cells, and also provides new targets for prevention and treatment of

neurodegenerative diseases such as AD.
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(Caenorhabditis genetics center, CGC) #& L /7T
ALK EE . KB E. Coli DH-5a . HT115(DE3)
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E. coli DH-5aB3Z A5 401 , VK F 735 30 min, T A
IRFEREY S wl, 42 CKIR 90 s, VK I 5 min, il
500 pL LB WA K: 7 5L F 37 CHEIR K 5% 30 min,
B 100 L ¥4 T35 20 R PU AR (Ampicillin, Amp) (%)
LB VA, 37 CHi Rt % . PR V% T 500 L
LB W A 5735, 37 CH55% 5 h, I PCR i 2 PH
TalE . SRR, Xbal F1 Kpnl AU S E I 1% i
AT . BEVIAR . 4Lk 8 WL, Xbal 1 pl.,
Kpnl 1 L. 10 X Quick buffer 3 wL, 7K 2 30 pL,
fiiv)2 he
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W5 H A JE DAY pMD— 18T Fil 14440 2% 14 XL
fitg U1 (Xbal F11 Kpnl) , Byt Jig A 56 Ji8 H 9K fe U0 12 [l
Weo K5 H A FE IR 5 14440 3R E 2 B REIR R

x1 ZAEUPR"TFIEHE
Table 1 Primers for construction of UPR™ RNAi bacteria

Name Primer sequence(5'-3") Function
tomm—22-F TGCTCTAGATGGCACTGGTTCGTGACGA tomm—-22 RNAi
tomm—22-R CGGGGTACCTTGTTGAATGGCCGCAGATG tomm-22 RNAi
E04A4.5-F TGCTCTAGACCAGAGAGCCATGCCCATATC E04A4.5 RNAIL
E04A4.5-R CGGGGTACCGTGGATCGTCGAGAGCTTCTG E04A4.5 RNAi

alfs—1-F TGCTCTAGAGGCATAGAACGACCAGCTTC atfs—1 RNAI
aifs—1-R CGGGGTACCGATTCCATGCCTCCCAATCGA atfs—1 RNAI

Underline were Xbal (TCTAGA ) and Kpnl (GGTACC) cleavage sites, respectively
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1.5 ZHEFEELSL
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Jatf1k 30 s, MR IE M E R 2 ~ 37K, 5500 r/min
(r=4 cm) B0 1 min YA HRON, 57 LiEWR . M9
Gz v E A gk 3 Uk A BT BT 3 mL S,
Medium FJ 50 mL#EFE ML, THEIR 15 CE R F#
20 h, FRf L1 D140 0 E T IR OPS0 1 NGM P4k,
15 CH55% .
1.6 ZZHRERELL
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AR BT AR R AEXT Lk HU LA 4 B )
HEVER o 2R d B, TR 2 50 45 (7 75 pg/ml
5-FU .100 wg /mL AMP F1 1 mmol/L IPTG) , F:4> 52
WA 3. 15 CHiFE36 hEi 48 h )5 THE £ 23 «C,
34 h JE I EE S B REBEIE O, RERE 2 h T4 1 IR
DRI 4R R AT S o BT S R, L %R A
WL, CL2006 by i E PEFEHLAI Y | W] fh 26 i
F T B NGM P4 (7% 75 pg/mL 5-FU . 100 pg
/mL AMP 1 1 mmol/L IPTG) . F:#z %y 50 54k dt,
FALIG 3, 20 CHEFR , BERGETF—KRESE
HEARRERE , JH GraphPad Prism 5.01 4k {F#47
B B2 1A
1.7 £HEGIE

N2 2 Rl 204k, 4 L1 4l A% 2 07 31 35 14440
25 HAR | tomm—22 Fll EO4A4.5 RNA T3t B 09 & 14
B3R W4 (4% 100 we/mL AMP F1 1 mmol/L IPTG) .
BHWESDEAL, B 20 540, K345 h R
FLIMA LA E 75 wg/mL 5-FU (5-Fluorouracil ) , &
T 20 CHEEAA SR, B2 dG it — KA. M
GraphPad Prism 5.01 #X {41 T8 b BEANZ: 5]
1.8 Zhifk UPR" M E

5 LN SJ4100 e B LAY (hsp—6: : ofp) T LUK
M UPR™ 7K. [Al 25 AL 4k HU & F NGM P4l (7% 75

pg/mL 5-FU,100 pg /mL AMP F11 mmol/L IPTG ) ,
3, X HRL M A 14440 25 5 AR A HT 115 14,
S 2H A ML tomm—22 . E04A4.5 RNA T4 14 .
20 CHEIERE F% 24 h F148 h )5 , i i i 9 TR &
45 (ImageXpress@® Micro XLS, MD) W 2L £k & UP-
R"IKF-,
1.9 BEFEMERN

BB DA2123 28 R A A (lgg—1: - gfp) H T
3BT B WK, o 1gg—1 0 H W AG AR IC R A
[ 25 fb 26 B F NGM T3 (7 75 weg/ml 5-
FU. 100 pg /mL AMP 11 mmol/L. IPTG) , &4~ 3¢
B2 30 o X R 2 MR 7 14440 75 2R 1 HT115
B, SIS 2H 2 DI tomm—22 . E04A4.5 Fl afs—1
RNA T4 . 20 CHEIRIEF 72 h 5, it 508
BT (B B 307, BXST) W8I 20 AT 28 1L [ W 3%
P

2 % X

2.1 RNAFHEHE

DA 5% St — %% cDNA AR £ 4T PCR &34
I3 A5 E] 2 310 bp 440 bp #1550 bp 1Y tomm—=22 .
E04A4.5 Fl arfs—1 F B (1) o KU BIUSCERAS Y
H i3 R B #2 3) pMD-18T 3% B 8 1k I,
28 WUEE Y I AR B B X R R 75 T 2R
tomm~=22 . E04A4.5 1 atfs—1 T4 . ¥ tomm—
22 E04A4.5 1 arfs—1 R 51 528 44 42 51 14440
TPkt b, Z0EFED] 5 5 AL HT 115 2R

A shows the target gene cloning; M: D2000 plus; a: tomm—22;

b: E04A4.5; c: atfs—1. B shows the plasmid extraction and enzyme di-
gestion. M: D2000 plus; a: Plasmid L4440 extraction; b: Plasmid
14440 by Kpn T and Xba I double enzyme digestion; ¢: Identification
of recombinant tomm~—22 plasmid by double enzyme digestion.
Bl1 Z4ik UPR™ RNA T EMHE
Fig.1 Construction of mitochondrial UPR™ RNAi

bacteria
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ZASYNM, T PCR 575 16 P T o
22 RNATFHILRMNE

X} A 2H M E A 14440 25 AR B9 HT11S, 64
55N WS tomm—22 \E04A4.5 Fl atfs—1 RNA T3
WEFESHALRMEREFHEN . WL N
tomm—=22 .E04A4.5 F1l arfs—1 RNA T3 J & i 52 91
W 2% 5, Hod tomm—22 Fl E0444.5 RNA T3 )5
YN BR R IEAR, L R BRAATG I 01, 5™ O i
W, M arfs—1 RNA TG, gk & &
BEREF AL, 7= B i 55 A4 bR oA DL W g
H(E2),

A shows the control ; B shows the tomm—22 RNAi; C shows the
E04A4.5 RNAi; D shows the atfs—1 RNAi. Scale bar = 200 pm.

2 RNA TG4 R CL4176 KR E
Fig. 2 The CL4176 phenotype after RNAi

2.3 tomm-22, E04A4.5 RNA F#f iE 2 CL4176
e i3t 7R

¥ tomm—22 M E0444.5 RNA T 4 B4 M £
CLA176 £k dt, I L& 14440 25 AR 19 HT115 & N
XFREZH S B TR (15 °C) 43 B35 36 h 148 h,
SRJG 5% 3 23 Cifs B ERE , IF 5 IR 2 h B THRERE
B, 455K, tomm—22 F E0444.5 RNA T4k
J5E REME SEZE AD FRHi iR 2k HURR CLA176 Y e 7t
B 10 L, ZE AR (15 °C) B 3RI}HE], CL4176 £k 1
FA e R B B 48 J5 (P < 0.001) .
2.4 tomm-22,E04A4.5 RNA F i Xt N2 % 45 #0
CL2006 7z I 5 1

DAMEEr 75 14440 75 2K HT 115 B 4 B4,
tomm=22 F1 E04A4.5 RNA T30 B 2 B A= 78 N2 28
HULFE 20 CE R A RS R T 0L EZ tomm— 22 FlI

1007 —Control 100 7 — Control

== tomm=22 -~ tomm—22

< 80 - E04A4.5 80 - E04A4.5

S 5

g 60 g 60 A

= =

< <

g 40 3 40 A

2. S

Z 20 Z 20 ] .
e e, .

0 Ty 0

75 100 0 25 50 75 100 125 150
A th B

A shows the paralysis rate of CL4176 after RNAi 36 h under
15 °C; B shows the paralysis rate of CL4176 after RNAi 48 h under
15 “C.

B3 tomm-22 %1 E04A4.5 RNA T4 R CL4176 e H
Fig.3 The CL4176 paralysis rate of fomm-22 and
E04A4.5 RNAI C. elegans

E04A4.5 RNA T4 J5 X i i 52 . 35 A= 80 N2
WA tomm—22 Fl EO4A4.5 RNA T3 J5 F- 39 5
IR (P <0.001; & 4A),

g 3 — B tomm—22 Tl E04A4.5 X528 i
S 1) 5% W, LA 4 R RE B AD AR AU CL2006 PR &
tomm—22 1 E0444.5 RNA T4 1% . 45 3 & 0,
tomm~—22 F1 E04A4.5 RNA Tt 76 5 1 BE 0% 4iF 2% i
SETHEFE T W SO AR | 5 0 R L ik 22
AW (P> 0.05;14B)

100 — Control 100 = - Control
= tomm=22 i == tomm—22
801 1 E0444.5 ¢ 807 -+ E04A4.5
s il g
E 601 [# E 60
= g
£ 401 3 407
= 3
£ 207 Z 201
0 T T ) 0 T T - \
0 20 40 60 0 10 20 30 40
t/h A t/h B

A shows the wild type N2 lifespan; B shows the paralysis rate of
progressive paralysis AD model CL2006.
B 4 tomm-227F1 E04A4.5 RNA T3 N2 % 5 0 CL2006
AR
Fig.4 N2 lifespan and CL2006 paralysis rate of tomm—22
and E04A4.5 RNAI C. elegans

2.5 atfs—1 RNA F# 7 % I & | CL4176 FE &
Eiid

WFFT /R, ATFS—1 ik A 2R A (I RR AT 8 5
UPR™ 7K 4EFr 4 i 2 1 e . 2R, e ]
S50 0L, 5XF B AH FE , arfs—1 RNA T4 2H )
PERETCIH B 25 (P >0.05) . [HiL, kK UPR™
TE R AR 5 ATFS-1 155 A B A G
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100 1 — Control 100+ — Control
- atfs—I = - atfs—I
80 : . 801
60 L 2 60

R I
3 3
2 401 g 401
B 3
z 20 z 201
0 - - ) 0 " . \
0 20 40 60 0 20 40 60
t/h A t/h B

A shows the paralysis rate of CL4176 after 36 h under 15 °C; B
shows the paralysis rate of CL4176 after 48 h under 15 °C.

B 5 atfs—1 RNA T2k B CL4176 FERR R
Fig.5 Paralysis rate of atfs—1 RNAi CL4176 C. elegans

2.6 tomm-22.E04A4.5 RNA F #1838 UPR™ ik
VA

FI %% FE R S14100 28 BT (hsp—6: : gfp ) K
M UPR™ K- s A48 Mk, LR lidfidR 24 h )5, o

1 N AR ZR 50 R B B R tomm—=22 | E04A4.5
T4l 2 A 34 K B B 4ok R UPR™ ., 4R HUTE
Fr 5% 48 h Ji5 tomm—22 . E04A4.5 T #L 40 2 W] B
UPR™ v (&1 6) o
2.7 tomm-22.E04A4.5 RNA T3 8%k B B I
&

DL 36 A DA2123 2k UM BE RIS I T tomm—
22 E04A4.5 Fl arfs—1 RNA T4 5 2k duii iy [ w4
Kg3F GFP: : LGG-1 Kb Ko W58 KB, 5%t
WA LE , 2B arfs—1 RNA T35 X A 05 A0 56 4
+ GFP: : LGG-1 JC 2 M ; 1M Z& R0 A& tomm—22 F
E04A4.5 RNA T4 RBUE 3G in F WEAH G 53+ GFP:
LGG-1 1 FRIE K-, Ui tomm=22 . E04A4.5 RNA
THEAE S AD P g 2F AR 2 38 0 £ v e AR Y [
TEPET R FEER (B 7).

A shows the control after 24 h; B shows the tomm22 group after 24 h RNAi; C shows the E04A4.5 group after 24 h RNAi; D shows the control
after 48 h. E shows the tomm22 group after 48 h RNAi; F shows the E04A4.5 group after 48 h RNAI. Scale bar = 200 pm.
B 6 tomm-227%0E04A4.5 RNA F#i /5 UPR.Bh7AKF
Fig.6 The dynamic changes of UPR.after fomm—22 and E04A4.5 RNAi

A shows the control ; B shows the tomm—22 RNAi; C shows the E04A4.5 RNAi; D shows the atfs—1 RNAi. Scale bar = 50 pm.
Bl7 tomm-22.E04A4.5 fatfs—1 RNA TG B lEKF
Fig.7 Detection of autophagy level of tomm22, E04A4.5 and atfs—1 RNAI C. elegans
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1T 1 RS T s 2 R 400 M A 3T
(BT, M R LR T2 R A R
RN HAET, CH SR IR 1T PR AR K
T R EE R YT & 2 RAE (40 AD T i AR S
B, s R R EMREPLEL T A E A )
AV 2R G0, DTS e BB F2 N, HE 3h 2 (5
S TR M BRI R s S T
TR R SFRATERG AR SRR DG A5 53 i
T OGBS SR AR A W0 AR 1 Bh AT
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