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SUMMARY
(4 & & F A

To generate neurodegenerative disease model dogs, we have established a stability of
somatic cell cloning efficiency in the first year. A stable somatic cell line has also been
established by genetic screening of Parkinson’'s disease and Alzheimer’'s disease.
Moreover, genetic screening has been tried not only various cell tissues but also
neurodegenerative disease-related reference genes in dogs. We have obtained three
hundred fifty million raw data from seven tissues with the consequence that.

In the second year, neurodegenerative disease model dog has been successfully
generated using Parkinson’s disease transgenic cell line generated based on results
produced from the first year. The cloned dog has been confirmed through molecular
biological test and DJ-1 gene transgenic dog was beyond doubt. DJ-1, also known as
PARKY, is a protein which in humans is encoded by the PARK7 gene. DJ-1 has been
identified as a gene linked to early-onset familial Parkinson’s disease. It has been
reported for the first time in the world from us that it may also function as a
glyoxalase. In addition, APP gene, which is swedish type, has been introduced to
generate Alzheimer’s disease model dogs. This gene was produced by V5 tag
gene—cloned Lentiviral vector system during second co-project. The produced full-length
cDNA from major candidate genes of Parkinson’s disease and Alzheimer’'s disease has
been done by genetic screening during third co—project.

In the third year, the position of DJ-1 insertion in the Parkinson’s disease model dog
generated from the second year has been confirmed through molecular
biological/ethological test. Parkinson’s disease and Parkinson’s disease-related behavior,
which is similar phenotype to human disease, has been observed. Interestingly, normal
expression of DJ-1 gene has been confirmed in two pups which were born as a next
generation. Based on the results of DEG analysis obtained from two pups, 45
up-regulation genes and 29 down-regulation genes has been found in DJ-1 gene
transgenic dogs. Furthermore, Alzheimer’'s disease model dogs have been successfully
pregnant by Alzheimer’'s disease transgenic cell line. Three pups will be born from 1
surrogate mother in the near future. Taken together, we expect that those results,
which were conducted for the first time in the world, can be submitted to the most

prestigious journals such as Nature, Science, Cell etc in the near future.
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Hoa B aEAT(2004, Selkoe, Nat Cell Biol.).

(2) #20&H WIS 2 3 7313 4
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Hole PDe #d oS 9 tH1998, Kitada 5, Nature.).
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AR7F 4% 7] A 3ME7FERE BEE ] wdol, AT Ao R g Ao (HFE
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o] low nigrostriatal® 417 pathwayoll UolA AlWizo] FAA I Aol UGS
B th(2009, Kitada %, J Neurochem.).
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o] o] FolHthal Hekow wHjgh & 72A A A

HE 5 HEAAA YA
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Table 1. 353 G2 A5AES} 3 5+&

No. of matured No. of immatured No. of aged
No. of oocyte
oocyte oocyte oocyte
1541 318 190
2049
(75.21%) (15.52%) (9.27%)

(2) A Al o AU HEdAY H5e S AT
SO BAE UE FEAY EHAM dag f5ske] AdudE UAE o gaht A3 g
o wAs] ANAE Agseloh s Aol Aeh. e RAREE FA17
garel WAz Badt A% AAHew wAo] & mANAE ABE(G-1271/

85w Qs BAEgo] A AsH B AT

ﬁl
;

41 <

=

X
2 b 2

T N BAZES] AstadE Ndstr] 9 st
B Z27]9 PMSGS hCGE o] &3t 7H.4 Uzt2 g A AA thEke] uAE srE 4 9
= b S dolr 7] fste] AAlsA T

- M) WA F7] A WA 2 7] (proestrus) ARl AN E o] &5l AFRLS FI EF



P4 level “0.170.96pg/ml”¢] W3ol| &£atE 4] 11FE o] &3dte] F 1808 U¥Fo] ATE

5ute], B1w AN 6mtel & o] &ste] A3S s qitt.

Gruop A : PMSG 200IU(ImD< "I FoIstal P4 levele] 172 pg/mldl =39-S w, hCG
1000[U(ImD < Foste] m&s Fi.

Group B : PMSG 500IU(25mD)<S o|E7FA o2 Foldtal, P4 levelo]l 172 pg/mlo] E@39<
W, hCG 1000[U(ImD < Foiate] miehs

H&s 53 5, @5 P4 level S AEds F3lA w4 7]E 22 H uterine tube

flushings EafA wigte dxpE 3¢ete] A3dE dRlstdth A 43 AaFoA= F 8370

o dx(mtE]F 16.671)E, BLwol = 5070 dak(wte]d 857 & 3l48tala, 1elar CLY

A S Aol 9470, B o] 53/ E TEE H| AT 49utE] o A HLt 3] % dap Fro

6.471°1 Hls) 453 @ dAES g

Table 2. Effect of superovulation in proestrus bitch.

P4 level of No. of collected

Donor dog ID ) ) Quality
ovulation time oocytes

KS 9 5.34 42 immature
KS 15 10.71 2 bad
KS 19 4.86 4 immatured
KS 24 4.71 7 matured
KS 40 6.99 9 immatured
KS 41 4.52 4 immatured
KS 42 4.43 12 immatured
KS 43 493 12 immatured
KS 44 6.01 5 immatured
KS 45 5.51 8 immatured
KS 56 3.63 29 immatured
KS 88 8.63 1 aging
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(3) AIxE EA wjo} BiEE v
- Confluency Z13, serum starvation “Li5 (0.5% FBS #7}), 970¢] acteoside “Li5 (10, 30,
50uM acteosideE 24h, 48h, 72h A e))ez2 o] A F7] 5782 Ad3yE v us

Serum starvation 13 (79.2%)°] A contact inhibition 13§ (74.6%)H.t} U]

GO/G1 w7l

acteoside® 48417+ A 2]8}91< uf (78.3%)7} 7+
A7E Bt (Fig. 6 , Table 3)

Courts

0 100 200 300 400 SO0

Counts

0 100 200 300
PP PP P

Counts
0 100 200 300
T

ounts.

4
100 200 300 400 500

0

A9 9709 acteoside L& Frolli= F2A< Aol

== 0o}
& A

Data 001

unts

Cot
0 I?U Z?U 3?0 ‘t(‘lU 500

Data 002

200 a0 600 500 1000

400 500
'

1000

2o AxET}

LA wE - 30uM

HA A

400 500
L

Data 004
Data 005 = Dats.003
ot g g 5.
& 2]
&1 384
24 83
e e =
200 400 500 800 1000 200 abo 600 200 1000
FLZA FL2-A
Dats 002 = Data.007 - Data 006
24 a3
wSd R
854 Sg4
8] =X
T = T T T T =
1000 200 400 600 800 1000
FLz-A
Data 011 - Dats.010 s
& B
s 2
287 ws
| i
2] 8]
250 b0 600 5o 1000 200 b0 600 500 1000 7
FL24 Fl2-A
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Fig. 6. Histograms of canine fetal fibroblasts analyzed by flow cytometry for cell-cycle

stage. A @ contact inhibition, B : serum starvation, C : 10 uM acteoside treatment for 24 h, D : 10
30 uM acteoside

uM acteoside treatment for 48 h, E :

10 uM acteoside treatment for 72 h, F :

treatment for 24 h, G : 30 uM acteoside treatment for 48 h, H : 30 uM acteoside treatment for 72

h, I:

acteoside treatment for 72 h.
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50 uM acteoside treatment for 24 h, J : 50 uM acteoside treatment for 48 h, K : 50 uM



Table 3. Cell-cycle synchronization effect of Contact inhibition, serum starvation and
acteoside treatment on canine fetal fibroblasts.

Cell cycle Phase, % (mean + SD)™

G0/G1 stage S stage G2/M stage

Contact inhibition 746 £ 3.2 2.4 £ 0.4 89 £ 0.2
Serum starvation 79.2 £ 1.2 21 £ 0.3 9.0 £ 0.2
24 h 765 £ 2.4 40 £ 0.5 11.8 £ 0.4

10 uM 48 h 776 £ 1.0 3.1 £ 0.3 11.4 £ 0.3

72 h 776 £ 0 26 £ 04 109 £ 1.2

24 h 781 £ 1.6 38 £ 04 12.1 £ 01

Acteoside 30 uM 48 h 78.3 £ 0.4 29 £ 0.3 10.7 £ 2.0
72 h 77.8 £ 0.5 29 £ 0.4 106 £ 1.2

24 h 76.4 £ 5.4 39 £0.2 124 £ 11

50 uM 48 h 76.3 £ 1.6 3.3 £ 1.1 10.9 £ 0.3

72 h 756 + 1.4 2.4 £ 0.1 9.2 £ 0.3

- Confluency 13, serum starvation L3, acteoside “Li5°] 3k ROS (Reactive Oxygen
Species) o] 7FA FYE Yolr T} Fig. 75 ¥=A7F Q8Z0F o]5ad4E f @& ROS
7F At AS Hoth Acteoside 1H©] contact inhibition 33X UHE R

serum starvation TLEHTHE o] %o Qs AL B £ vt o] acteoside # g
7} contact inhibition®} serum starvation L& E.TF ROS A S A AZ & v A8 &
o
T U
A B C
; 1 : 0| fut1
3 M2 ] M2 M2
S ¥y L T Ty S A 11 10 a2 1d et T L YL s < 11 < A T
FL1-H FL1-H FL1-H

Fig. 7. Histograms showing level of ROS detected in canine fetal fibroblasts. A : contact
inhibition, B : serum starvation, C : acteoside treatment. Canine fetal fibroblasts were treated with
30 uM acteoside for 48 hours.

- T3 o Al 1Fo] W3k apoptosis A EHE GolH T} o] AIS E3) apoptosis
Ay contact inhibition & (2.6%)3} acteoside 135 (2.9%) Ztoll rel&Ql xtol= §le
Rnow BYPT (Fig. 83 table 4). 121} serum starvation Ii52] apoptosis A&
21.8% % thE F IFETh v =S AdE Btk T3 Holdes M Hl&XE contact

inhibition & (90%)3} FAFS 90.2% ] At}
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o g0t a2 10® 0t b ! g qa® g0t CEL V1 L T~ i I i
FLI-H FLI-H FL1-H

Fig. 8. Distributions of Apoptosis and viability of canine fetal fibroblasts. A @ contact
inhibition, B : serum starvation, C : acteoside treatment. Canine fetal fibroblasts were treated with
30 uM acteoside for 48 hours.

Table 4. Rate of survivability, apoptosis and necrosis in each treatment group.

Cell, % (mean = SD)

Live Necrosis Apoptosis

Contact inhibition 90.0 + 1.4° 56 + 2.3° 2.6 £ 0.5°
Serum starvation 60.5 + 8.5° 15.9 £ 5.1° 21.8 + 12.3°
Acteoside 90.2 + 1.1° 53 + 1.8° 29 £ 0.6°

- Contact inhibition 353} acteoside 1F2] AEE o] &35le] 7] AAEL BAS A5
th N A A QoA widko] ofH 7] wiitel, v HATe] A wigA] 10 AlE7]
7hA Rk skelsk o= 9lelt) (Fig. 99 Table 5). ActeosideE #8]3F Al XS AFE AAE Ex|

&2 36.1%=, contact inhibition T1&= AF&3F HEAE (206%) R FolHoz =
Ak 4 AE7)9F 8 ME7] EA T ¥ &2 acteoside LFolA= ZHZF 295%¢9) 14.8%
™, contact inhibition ZiFolA+= ZH2F 11.1%9F 3.2%= ol 4 o= vk,

Fig. 9. In vitro development of cloned canine embryos derived from fetal fibroblasts
treated with 30 uM acteoside for 48 h. Magnification 200 x.
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Table 5. Effect of acteoside on developmental ability of canine nuclear transfer embryos.

No. of Cleaved 4—cell 8—cell >10—cell
embryos (%) (%) (%) (%)
L 13 7 2
Contact inhibition 63
(20.6%) (11.1%) (3.2%)
) 22 18 9 1
Acteoside 61
(36.1%) (29.5%) (14.8%) (1.6%)

- AAZE B R A1) Wk BRG] ol glo], ol F Aol AFstel FAADAS
F2 olgstud AEFE BALES 2

- 4l 309l WEA ol AR o 3Fstel LA 5% COZ PTR LE
FFASE WA A AL S wA sl wFsh ol F Sol el AHgs]
3 38 A S AMEE 34D Bk B wFste] GAY drpel AE 247 E o
&, FAFORA 9 ol TS WEAL

S ER AR, FrAU) FAREN A

[e)

- MEFEZ o

T =

B

gdste] AxFE A AT
Blobfref el A7 54%<] EEE&S e

N
ot
=
i3
i
o
|
BN
>
ot
oy,
_E

ydom, 164327

¥FE o] 83} canine DJ-1 2 A AEF=
slo] wjtetaS 2AME Ay 52%9] EIEES Uehjo] A A

LS
Ml ox
Ol
O
My &

N
SO i}

oo (%
o T

=

Fig. 11. cDJ-1 GFP 3338 MEFE 0] &3t AXEA F &T4E Hjo}
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(4) HA 9 AME EA o] 2 F A

- e Yo w 343 AW AsdAs GHAE AA F 10% (v/v) FBS % 5 ug/mL
H| ZWl A1 = (bisbenzimide) (Hoechst 33342)¢} 5 ug/mL Ale]lEZE2l By ®ZEH
Hepes-buffered TCM-199 ®i A o)l A w4 Z27] (Nikon-Narishige, Tokyo, Japan)® 23
skt 1 % A4 dass E9 vtolaEy 3l (WA 150 um)o® 18 skar, 23 whxto
A (perivitelline) &3te 2 79 Ejol=FH Fs ddeo] HFolAXE FYT
A (couplets)E 0.26 M TFYE, 0.1 mM MgSO, 0.5 mM Hepes %2 0.05% (w/v) BSA
s & w Al A7, vbE PO d5E AREste] §RAIHT

G ME-I2 AFAE v M 27| (Shutter, USA)ol F-2E o] Q= 2719 viFres A
Atolell wat AlZEAA 9 3 Fo] AE Atelo] JHFHE A= HIYSA FiL, Electro—Cell
Fusion apparatus (I.Works inc., Osaka, Japan)® #7] A=S F%th. 70-75V, 15 usec A%
AZbo® 2 A5 7hshH, A7) A5 30 & Foll 3 FoAAEe} dAAEAA e S AA
An 7 StollA] #HEgth g3 FAANS dAdste] riee vrek 22 ¥E 10% (v/v) FBS
7} BSE TCM-199 viA] el A 2A7F &b viekstm, A-88 7 8T 8% &4 &
39C9 10 uM Zg oFo]x=¥9] (calcium ionophore)E ¥33tE W@l AujA] (cSOF; 4
T 2 pHe=E 242 270 A 280 mOsm 2 7.2 WA 7.3.4)oA wjdstozn HA|44 o
gAE FEsATh 1 %, A" FASES AT % 19 mM 6-tHEolr] = Fd
(dimethylaminopurine)©] E.Z% cSOF Woll A 4A| 7 %ot #7112 wf a9l o).

- 9o WHoR 3ge I A F 4TFY A AlFHeERY B3N] dAE It
Row, o] T g3y MEFY o] & F dv FHo dAE 20279 AEFYF A7

A g Tl ATdE dAE BINEA §EES 647%E HYEHAY (Table 6).

i ot
By
ool ol

O
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Table 6. Qoctyes collection rate and reconstructed embryos following SCNT

Donor P4 level of No. of Quali No. of NT  No. of fused
dog ovulation collected oocytes uality oocytes oocytes
1 4.23 12 good 7 7
2 9.05 11 good 10 10
3 5.36 5 good 5 4
4 4.16 12 bad 12 12
5 55 16 good 15 12
6 4.2 4 normal 2 2
7 5 9 aging 6 3
8 4.69 10 good 10 8
9 7.35 12 aging 7 3
10 455 8 good 8 ?
11 5.14 8 good 8 8
12 5.68 12 good 10 8
13 6.31 6 bad 6 3
14 4.13 13 bad
15 5.23 8 good 16 )
16 717 14 good 14 5
17 4.46 9 normal 5 4
18 791 13 good 13 9
19 7.45 13 good
20 9.26 11 aging 21 13
21 8.23 14 aging 13 10
22 5.15 15 immature 13 7
23 8.51 8 bad 8 7
24 9.67 15 aging & good 9 7
25 7.83 11 bad 9 2
26 7.98 2 bad 2 0
27 55 7 normal 5 3
28 6.06 18 good
29 8.07 12 aging 22 1
30 4.47 10 bad 10 7
31 5.08 9 good
32 7.3 4 aging 1 7
33 5 11 aging 6 3
34 4.83 11 good 9 5
Total 353 292 189(64.7%)

(5) —?—-—'—t}l— X‘“ HHO]— A A }\]_}_\_@ ?_%
SRR AAE 2 Hae

EoA FEMS 18G HlEo] €9 10ml FAHE BE T
Rold A= x}aﬂl A & GFFAIETE 35 ol EEate] Qa AlEHo] Hdd WAk
S Aste] A QA SA I olw] HYA-™/AERMERtolAl 10% FBS, FSH, EGF, sodium

pyruvate®} cysteine©] H7FE media-1999] A 22-24A17F A ] < A 7Ith AL dxE W
ME AA $ 10% (v/v) FBS 2 5 ug/mL H]|Z®#X| 1] = (bisbenzimide) (Hoechst 33342)%} 5
ug/mL  Alo]EZetA B7F HFE  Hepes-buffered TCM-199 A oAl w] A z=%7]
(Nikon-Narishige, Tokyo, Japan)Z ©astdvt 1 & Z}7te] x5S 29 wlolazuldl
(W7 150 um)e.2 14 3tar, &3 wate] 97} (perivitelline) &7t 2 APP TG AZE F
sl & A3tA (couplets)E 0.26 M WU E, 0.1 mM MgSO4 05 mM Hepes 2 0.05% (w/v)
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BSAE x3ste &3 wiAlel A 7|2, vt F d=5S AMEste] §FAAT. T AXE
-2 AgAE v A 227] (Shutter, USA)oll 2= o] 9li= 2709 wifr = 2= Abold
A AlEEA W o] AR Alole] HEWHES AT ”3633”“ =31, Electro-Cell Fusion
apparatus (LWorks inc., Osaka, Japan)® 7] A=< FAt}. 35—37V, 15 usec A|EAI7FS
2 2 325 718k, 10% (v/v) FBS7F B3 ¥ TCM-199 vl =] WellA 2A17F &b wjjefsto)
ATAE -7 BAge 3tety &AL 39T 10 uM Z4 oFo] =39 (calcium ionophore)
£ ¥k dae FAuA (mSOF; A% % pHe 22 270 WA 280 mOsm 3 7.2 u{x]
73. ) A wjstomA EAFATe] 45tE FEstAth 1§, EAE FASS A
F 19 mM 6-tjwdoln =& (dimethylaminopurine)©] H.Z ¥ mSOF Wlol A 4A17F &<t
7hE a et
- Canine APP TG AZFE o] &sto] &alg 4o dxfo] Fojste] AFA4e HAlTo wjd

&5

]_

;

2 Table 2041} 7ol 17.8%9] wiwtx 74 Ueto] H @A A A E o] wint A
(9.5%) ¢ Hls=3k s YEtdo] ddds AE7F wdged S vAA e Aow wE

= At

Table 7. Development of interspecies SCNT embryos reconstructed with bovine oocytes and
canine APP TG cell

No. of No. of

Cell 2-cell 4-cell 8-cell 16-cell morula blastocyst
NT fused
Type (%) (%) (%) (%) (%) (%)
embryos embryos (%)
32 26 15 11 10 6 4
APP TG 45
(71.1) (57.7) (33.3) (244) (22.2) (13.3) (8.9)
34 24 15 13 11 6 4

Non-TG 42
(80.9) (57.1) (35.7) (31.0) (26.2) (14.3) (9.5)

Fig. 12. Blastocyst of interspecies cloned embryo using bovine oocyte and canine APP TG
cells

- APP TG A EZFE 2 A o] o]
A ek E‘r 2t} wiRkE Qtell Al GFP a2 F91E 4 glolth
H
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o2 AME HAE At ol APP¢F hDJ-1 TG AlEE A&l ow, Adnt Bjopid &
oMl E AFESt AAE FASHH S wet v e ES v as itk

Table 8. Embryo development rate with different canine TG cell line

. No. of Cleaved 4-cell 8—cell >10-cell
Cell Line
embryos (%) (%) (%) (%)
22 18 9 1
Non-TG cell 61
(36.1) (29.5) (14.8) (1.6)
10 3 1
APP TG cell 23
(43.5) (13) (4.3)
21 14 11 7
hDJ-1 TG cell 57
(36.8) (24.6) (19.3) (12.3)

g BAlwole] WADEE Blobd ol MEE o §HL

- APP¢} hDJ-1 TG MEXFTE
o Asbsh A A0E B 5 Utk o) HobHFolAEst 2ol F AmF mF YA

o

reprogramming®] 7}s3dtthe AE& ST 1y SolstA APP TG MEFHT hDJ-1
TG AZFE AHERS W widE o] FoH s & A34E 49 & + U3
. 921E FAHE ) ALt
(1) DJ-1 F2 A% AN B4l
- hDJ-1 TG MEFE ol&ste] AAE EAZ & F 579 el 65719 HEAHS o]
st o2 F 26dA el 259 TS Fote] dAAFRE ER1s A 1w 9 "Hﬂ‘j"ﬂ*ﬁ
FAle Bl
Table 9. BAI& o] 43 Jil&
No. of No. of No. of No. of Day-30 Full term
NT Fused oocytes  transferred  recipients Pregnancy (%)
oocytes (%) embryos (%)
65 25 65 5 1 1

(38.5%) (20%) (20%)

Atk 33 A= Ejorel =77}

- 79 Ao w 23 AES ato] yole] A AHE BFa} o)
2 A abEg ghelshed o

35.1mme] i1, 409 A= 40.8mm= g on 474 = HFa4
(Fig. 13). dale] E7bA FA = o] HAZ 1vke]7h AT 412go= Hojyttt.
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. C o)y 47

- BAALE 22 F Hojd v=d F ovhg el o] e dEsddn. LR A v
AFS 45l 442 mUEYse 3nte ke 49 P4 vl FrsA 2498 AA
= Aubd 2neleh BAAY] ATo] HlmEley, 1 F2 HA AT Zpolrh EoA vt 7
A FE = o lkgZ7hA zHol7 U= FES Fel8k
HE
(g) 10000
9000
82000
- —t={_ontrol 1
6000
5000 ——Control 2
4000 7
3000 —dr—Transgenic
2000 : dog
/4
1000 ﬁ/‘
D T T T T T T T T 1

OmIm 2m 3m4m 5Sm 6m 7m

Fig. 14. ¥248 EAAS 499 =4

(2) DJ-1 32 A% HAMN AFHH £4
- Wendy Volhard Puppy Aptitude Test& &% &34 #£4 ZAIl social attraction,

1

following, restraint, social dominance, elevation dominance¥} #& A2 & Ho]F+= X F A
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= DJ-1 A EAAY dubde] Zpol= vERA eFgke} (Fig. 15A), =4 2 7H7}o
thak Wk3-S HOJFE retrieving, touch sensitivity, sound sensitivity, sight sensitivity,
FAds HAAHR dvbde] g ZolE: &<l & & dsloen, 53
DJ-1 ddAds EA 7§ AA touch, sound, sight sensitivity test o4 W&o tj
2y

>,
N

RS #FE & & AJT (Fig. 16B).LwHAQ Ba HAES T8 23 3 243 =
s W3k Aol Auzlel sl REF AL & 5 AUk
a L 1
A
4 e a
CR i) TG
. ] acewr mCorel
Comel N Corid
14 I
1
@ - L o
Anraction FORyE EEarging comin Bevatie Regrieving Touch Sound Sight Stohiiby

Fig. 15. Scoring of Wendy Volhard’ Puppy Aptitude Test.

10m AL A A JeoE e B 5
A AWAE 172 Agom 29 FYoA 4Pe AAHALNE BFekn ¥ FOw ofF
sho] o)A o 10cmAE WolAH B wel Aojei o] wAHA (Fig. 17)
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Fig. 17. & o2} #1343 ZoJe+ DJ-1 F3HE EAANY =2

- o] depression T7F°] 74 AL FAHTIF A HE dRbA I 2 stabledt AdEHIE
Eokgk o stable FEi7F 159 A= FAHATE. 22]aL BHA] depression A EI7F 109 FA =T}
7} stable HIZF 11YAE FAHZE & o 1de] A Augk EqrEAdom
depression¥} stable “El7} 2] ¥ 1L 9tk

- DJ-1 Edx% BAM7 *é"é%

4 e

T

Fig. 18. DJ-1 A AZ E AN 245

o gx3lol FAAZ A A
- APP TG MXFE o] &3t AAE EHA = F 379 gt /i EHAlzS oAt
Ay 1wk 7t dalel AFetsdth o4 35d Al F 379 Holrt Heolm dzxlde]l AV|E
50mmel ™, o] 47dA = HF FAES B den, AgutEns #Fed 4 9 o]
g 2o Eytedde 8¢ 11do|t}.

_23_



Table 10. EA & o] &3 JA-&

No. of No. of No. of No. of Day-30
NT Fused oocytes transferred recipients Pregnancy
oocytes (%) embryos (%)
47 18 47 3 1
(38.3%) (33.3%)

NERE DR S L T

Atghe]l DJ-1 FARAIQlL A %9 DJR-12+ MER glyoxalasedhs= A& # A%l
A g om AAZ glyoxals (glyoxal®} methylglyoxal)e] SA o 2HE HES
Hogithes Ze Basglv =3 e A5 theo (Dauer ZEHd oot &
o] starvation? w DJR-1.29] vz dtg Z7lE sk = Q) o] A A
Az th9-o] (Dauer) AEjolA glyoxalsell #3+ glyoxalase %/‘JE FoF3om,
glyoxalZ Q13+ 4o 2HYH AFS HIFAT. o83t DJR-1.2¢9] iz =y
Z7}+= DAF-16°] 2+ transcriptional regulatorel] 2o]&] ZdAHtt= AL 313t
T3k SCNT (Somatic cell nuclear transfer)& ©]83to] W= Agh DJ-1 s &
A3 7 BA QY= A4S genotyping? mitochondria sequencing g =3 B
Fom FAHAZ JolA Abgte] DJ-1 ©@jde] AgHow ddHN deS AFT

A2} genomic DNA & H

A7 Qz‘sg)\ég] Hl A Aol &9l Y= dAsto
L F2A Ao "¥(resting tremor), T2

=]

=

5% (akinesia)e] YElATE 371EH
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Sare] wWeeAel 542 =awl AAe HAaHoem EdE Hole= Aot AAEA
early-onset &S 8ot FAA RS Aol oA AR FHA7F o] AW #d

= = ol
EdWolet Bl ¥ F A= alpha-synuclein, uchLl, LRRK2°]
S

H 2 oA AEdA 54
A A4 Wolel waE fxAE Parkin, PINKI, DJ-12 <& 9t} Parkin 3}
15 $HA4e] 50% A Eoll A EdWolr7t HHE AERE F8% FAelL, DJ-12 Z7]o &
Bole 9218 1%l SdWoel 7 BAE L ks 4 ~Ed 2~ (oxidative stress)E A
7= 23 7]%5S st} =3 PINK1 (PTEN-induced putative kinase 1) A x+= 74 %<l
AF/228 9 kinase® 371 &3EAFe] 8-15% 74 ol Al Wol7k At PINKIf#A7F DJ-1
I Aszbget mEZEgotd] Vst we vk B vk gl we] iy g9l
I W7t E MESS W7 f8iA, 2 A3 3 fFAAES BAsA T (Table 11).
Table 11. #71&W #H FE&FHA &4
Locus Protein Human Dog

Park 1/4 A-synuclein 421 *

Park 2 Parkin 6q25 Chr 1

Park 5 Ubiquitin C terminal 4pld .

hydrolase L1 (uchll)

Park 6 PINK1 1p35-37 Chr 2

Park 7 DJ1 1p38 Chr 5

Park 8 LRRK2 12 cent *
- DatabaseE Z-&3cto] @As] 2 A3 /oA AGAA 94 Wolet d-dd FHAE #
st Feld £ 9l Pakin®  chromosome 1% (52,931,268754,245,604), Pinkl&

chromosome 2% (81,170,891781,187,985), DJ-1 chromosome 5% (64,576,104764,590,535) oI
AASL Ao e dAAA AEE BAS FS vE o= ko] Bacterial artificial

chromosome (BAC)ZH-E a3 F42 5 DJ-1 97] vidS &xg & AU}

(2) Mok AMEZES] DJ-1 @9 wjg Hl
- DJ-1 family 9 A EL Al )&, AR5 o|F 1+ 724 FARA o ml¢- & Aow
e x 9ltt (Ying Wei 2007). AF&el A9 870¢] alpha-helix®?} 1170¢] beta-sheet® ©] Fo]
A A3 o]FA(dimer) = EA St} (Tao X, Tong L. 2003). @A7FA DJ-1< oncogene
(Nagakubo, D 1997), antioxidant 7| (Taira, T 2004), chaperone (Shendelman, S 2004),
neuronal protection (Menzies, F 2005), protease (Chen, ] 2010) 5 o2 7}x 9a& 3
A o2 dHA doy A3t 7|5 ofF ERdeit. & AFKE AP oA )

S} Abghe] DJ-1 ¥ W HaE 8] o]Ho] Arhi} fFAEA Lelugitt,
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B wl p2 [33 |34 Ba [T iy
Human

Human
Dog
VE] o B7 ] ps nl  wk ﬁ‘l

Human =+ RQOOoQ000 GoO0RQDOa0On — Aenad TT = Aga64000

80 20 100 1lao 120 130 140
e N L P G N LG AN L E A AVEE I LKEQENREG LI AATCAGPTALLAHEIGFGEEVITHPLAKDEMMNGERY |
Dog LPGGNLGAQNLSESAAVEEILKEQENREGLIAAICAGRTALLABEIGFGSEVTITHPLAKDEMMNGHAEYE

[iall B na o7 wh LE

Human ™ ] Te— 0000600 "_2_2'_'.\‘_5-1_-_;-\-..4_-" GJH_G.MC‘_LH-L

150 160
Human 1bENR\I‘EKDGLILTSPFPGTS?EFALB.I\'!ALG.K.\l'.\ Q\FFBFLULFD
Dog YEENRVEREDGLILTERGPGTSFEFALAIVEALBIGERVARQVEAPLVLED

Fig. 20. /1< Ab¢e] DJ-1 @9d v g ®ju

- Databasecl Al 7H¢t At&e] DJ-1 @¢ld wjdS A& 5 ClustalWet ESPript 2.2 213
A3 95%01”01 obmj =4k wj el o] A

o]ﬁ’s}oq ‘i“‘—ﬂﬁ M FAM S AT 1
S Ao, 3 Fx oSl mEH g4 FHUF HEH] VTAHOER

FZ9tt (Fig. 20).

(3) FAAS /| ALE S HE A" 75

- P ERZvlolg A 79SS E3F Red fluorescent protein(RFP)o] wa ¥ = A A3 747 war

#ouk Adnk o= RS wjopAFrotAl Eel AAE 3 A% Ve HdrIFHS ol q

Z1 Aeltt (Hong, S.G. 2009). = A3} ¥, HF a3k A%, 7, 2%, 11 9 5 B2 7] 3ol A

RFP7} & ¥ = Zlo] gl¥ ot

Fig. 21. 7/l¢ A1 DJ-10] 224 € HE=Znolg& HH 75

- A3l wpgste] A fE el A DJ-1 #AAE 7R dERbolHAE A58
Atk pMSCV(murine stem cell virus)-puro ®HE o] &3t =4 ©] WEHE mscv T2 N EH
of ols] A%, long terminal repeat (LTR), virus packaging signal (w'), puromycin # &
b5 Eetal Atk o] WE 9 PCRe o]&3te] 7Het Abgre] DJ-1 445 PCR=E <
E A$F 22 Xhol#} EcoRle.®2 &gt F24Y39t (Fig. 21).

)
o
Al

(a2}

(4) 7§ DJ-1 FA4A HF 9 A=

- fAA AF U A WA fae e oldshed $89 T At f14 A
AAE 1989 AT ol F we FAA 5 v Mg St fad 4F %
BE O8R4 AE AAL AR BEL A0 A9 AP G @ 8 Fav
A9 ez ogRw At
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E1 |r°

N # . 4
, ; | 5, ¥
N, I | . -
L3 # — — .,

s

s AT ] b
s

-1 I Purpl H Kanf : E3

Fig. 22. 719 DJ-1 #44 A%< 98 A= 44

A& AFHE A o 220]= homologous recombinations ©]-83}Fo]
| 1+ Exon 2& AAsE stoh (Fig ). A5 ¥WHA = @7 4 W
&t ol A 2] positive selections ¢ 3] kamamycin¥ puromycin W
F24Y3t9 . ol2 8 Exon 22 7|Fo® dlo] 993 222 DNA 97] widS
T Adsar (Fig. 23).

Fig. 23. DJ-1 #3d# A5 ¥9g 73

- BASE 20 AR WEASS FUsy] skl DNA 971 WY AR AFEL
(EcoRL Notl, SalD® °]§% W32 A=starh. 43 DNA 971 wjdo]l Agseigts 2
3 @97 DNA 3 27]% oA dgat dxshs Qo JEdom nep Fge] Avz v

oS g%

(5) 709 Hjo}A f-o} M E(canine fetal fibroblast)e] HEZulola] 2~ 7#4g &3

- FAAS ) AAE Al e "HEZvolE 2 WE Jjet Alghe] DJ-1S SR sk,
olF AA AMExFol EdMAIAH(transfection) A 7l & #HE=Eulo|H 25 LSttt HE&En)
ol ~E s wjold frolM el HTAAH oM, T HAEE dolry] 9 GFP7F F24dd
dEzHoY A xR ol & th(Fig. 24A, B). ol2 FEH #AY 842 Loti7] 9
dl Fluorescence Activated Cell Sorting (FACS) 2 9& 33 th (Fig. 24C). 1 23} 97%
ojfo] Htolj s JHA I ASs & T AU ob=# Jhet A DJ-1°] 7He] ujol Al
oA A T AS MHAA T =AE golr7] Y A" E3H(Western blot)S F33 4
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7 7R (ecDJ-1)9 4%+ endogenousdtAl EEHE cDJ-19] %ol
@o] hDJ-1& Mo Arh =717} 17@%18% #@d 5

KN

ot

—

x x
— Control CFFs cﬁq% e

- GFP CFFs
cDJ-1— | M- “ii" hBd-

&0 o j"(/ \.\
Fi 1 B-actin
p W
4 Pryrey T T - P T

x
w1 Wt i

FITC-A

Fig. 24. /N9 ol frolAEo] that HEZuolal2e FY £447 DJ-1 v¥de H@FAFE §

2l

¥ Call
B

(6) AVE9 DJ-13 #AHA] & (homologs)S A 2% glyoxalase©| .

et o] glyoxalase M+ Hl & &4 Fu &4 F9jo ofF9] =vils 74 AR
DJ-1 o ade did =30 FAM S 7FAAL vk e Abs, AF, A5 DJ-1S %
o] A tAh sty oz HAw ZFuf Ao A3k 7] (residue)$! histidine, cysteine,
glutamate’} €4 F-9olA oA HE }H(Fig. AB) H = A&+t DJ-13% A, AF, A% DJ-1
< d35E Al e Fu A7E 7FA L JARE o] 5 Tl A dddd BEE A T
Q3]e], s|2E " YEhu= 912749 X} o= Z+7te ﬁ]ooﬂ uet sYHHow e Ao
2 Bt e DJ-1 34 24 AYds ""oe® go 2 A3 AbsH(hD]-1), A4
(mD]J-1), A%(cDJR-1.1, 1.2)ol %= & glyoxalase M Ao YEIY=XE LolH ot} A
AE DJ-1 &AL DNPH assayS 53 &4 A4 v vgS Y3 218 SHs =
AFEE Y AEgAdy RE g4F% A3 A< Michaelis-Menten kineticsS . 521 tH(Table
12, Fig. 25BD). DJ-1 FAMAIE S glyoxalel H]3] methylglyoxalol thal 2 o =& 3=

E B ¥bH 84 % (specific activity)© methylglyoxal 2.t} = glyoxalell W& o =4tk

=

o

o

_28_



e

. GO
CIMGOD

HIS (126)

ket (min'T)

2 &~ N \\“’ s,

Fig. 25. A%l DJ-1% 2 #4449 99d Ads 72 dlx 2 52 84

Table 12. ZA € DJ-1¢ &4 &4

Type Methylglyoxal Glyexal
Ko Frew Fear Koy Ky Fean Fear IR

(mM) (min™) (min” M™) (mM) (mm™) (min™M™)

hDJ-1 0.60 7238 1.21x10° 139 1993 143x10°

mDJ-1 0.84 538 0.64x10° 1.48 184.0 124x10°

¢DIR 1.1 0.30 138 0.46x10° 3.61 356.4 0.99%10°

¢DIR-1.2 0.39 60.0 1.53x10° 0.78 146.4 1.88x10°

- Methylglyoxal ¥ glyoxalel] ™3t glyoxalase &4 S Zd 22 WA E+= lactic acid 2
acid®] ¥g AHEELS 1H-NMR %2 HPLCE T3 Ay AH(Fig. 26AC0).

o

=

R

glycolic
Acetaldehyde, acrolein, glyceraldehyde, 2, 3-butanedione, % 2-carboxybenzaldehyde$} &
SgE FiHe GUH=E /ARA HiERGoL, FAT FYAES o] F

A ookt
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A hDJ-1

B hDJ-1
l os [ L ] GG
¥ Lacticacid U Syalicacid T 2 s MGO
| MGO v o s GO E o B
L] i _H " L
''w ! g el ¥
i 5 0 mirt g T
| 2 ]

——— '—_--—|~- e - lC i ""'-'-'I""""'""",f 30 miin g;:" i et
— ek, W —— R ._-'—--_-‘ "—_"-"_'—"-[4'|.|1 o | . =
PEMm 2: b1 e [} LES LAY 75 a8 g5 o 8 a ] ]

Substratas (mk )
c D | cDJR-1A
cDJR-1.1 3 3
® 50 P § S -
¥ Lactc acid ap, SIMGE J,,f’
I.
d |
o
s Ed v
vﬂ’ —_— 4 T
. “ e MEmin L "“( . —
% tDJR-1.2 P
v & | // E
= 1y A
P Chyeolicacid ¥V =5 -"./f"’
x a Pl
o 0wk
/\J 5 g ’
1 = o =
1 = &
|/ L h 8 b !J
“\‘J .-.1 - Bl B il
’: __E = 5 = ?‘-.J‘LI — o ’(.-
a z 3 1 ] 1 i [ Ml
Tiime {1 nInJ T1 e {mlu Substrates (mM)

Fig. 26. GlyoxalaseZ4 DJ-1 fAIA &9 w8 A& I3 Michaelis—-Menten kinetics

- A, AF, AsY 24 S Bee diEe e A fARRE x2S 7P A o) 2 AV)E
of ¥MolE Efiste] 22 IS sh=A dolR T AR DJ-1 @¥iES 7EX Al EI8A,

E18D, EI8N, E18Q, C106A, HI26A mutantsE ¥FER L 7H7he] mutant 9 A ES A A8kl
T4 g4 AFS S Yrt (Fig. 25C). 1 Ay, didwe &4 @4 A" cysteined
glutamate®] mutants+ T4 A4S Hd3] 242> WA histidine®] mutant® WE 10%3 = @
o}2llth. Familial ParkinsonismollA 2AE = L166P mutants A <213k cysteined}
glutamate mutants®} vF37FA] 2 glyoxalase &4 ] ¢l At

- AgolA o] d3tE EdE sto] A2 glyoxalase’t co-factore} F¥ahAl UERL=A]
olr 7] Q&) AZF¢ DJ-1°o] ZtzZ} ZA<+¥E mutantset & U A<£¥ mutants, AF A=
Wild*typeiﬂr DJ-1¢] A" AL AE3Ath wild-type N2 AFo2HE dir-1.1 2/%E
djir-1.2 F3dAE AAS 5 glyoxalase EAlo] AEFHU S (cDJR-1.1 A9 ol& GO9I
ek aAhgAe] oF 70%7F Ao, cDJR-1.29] Ao o of 30% <2 &Ao] #AiaH),
dir-1.1 T=¥ djir-12 ddAs HFd A= glyoxalase EAo] thA] Ex itk cDJR1.19)

or

F

C106S mutant 9A] &4% FAS H3 Holx % tHTable 13). A4 2 mDJ-1 2% A
of = FU3 AFE ATl Table oA Hol: niel o] DJ-1 A& A 42
glyoxalS glycolic acid® A$3sl= A4S Holx &k}
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Table 13. BF ¢} A Fo) A2 glyoxalase &4

Genotype Activity * {(unit'ig protein)

M. prisetdns CSTBIG
WT brain 5.82+£099
mDJ-1 " brain n.d

C. elegans N2

WT 7.23+026
dii-1.1 223 0347
an-1.2 528+ 0.35
dir-1.1;4.2 n.d
dfr-0.4:4. 2 4 Py pudii-1. 1 gip 402+ 029

dir=1.0:0.24 Py pidir-1. ICT 068 gfp nd

dir-1.1:4.2 + Py aiigfpudir-1.2 310092

(7) A% ¢ cDJR1.1¢ cDJR1.2¢9 =AY £ %

- EREES BUY DIl AAAE 2AR, A9 A4S 27449 isoformE 2tk Fael
AFAst) o5 DJ-1 B RE FF 24 ool REsGE Ao LA Yk
Aol A DI-1 fAkAle] 7158 1sh] 98, dir-11 EE dir-129) TRRE 296 42
H GFP &% H2EYE(Pdjr-1.1:djr-1.1:gfp 2 Pdjr-1.2:gfpidjr-1.2)& 2+ FEAE 45

o /] W& o] =43} (localization) S o} H kc}.

-]

DJR-1.1

Head

3 g o
. [

N - _- : 3
i pormaihecs Py T I TLA L
-
5
=] ey

1] Flag - FITC
c E Z

(=3 mits  ayin o

- ]
:'c oyt A
E DR T = - -

™
rg Lamin - T
- o
® — 2
K WEAL a
o Tubulin i —-—

Fig. 27. 459 cDJR1.1¢} cDJR1.29] XA ¢ @iz 43 Id

- cDJR-1.1:GFP¢] &
]

22 A(intestine)oll MRt A=¥ ®bA, GFP:ucDJR-1.22 Q1%+
(pharyngeal muscles), <! H

o
-7 M (pharynx-intestinal valve), %217 Al (ventral nerve cord),
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(spermatheca), 274l (rectal gland), +5
X

8'd o] W54 (inner labial, IL) Aﬂ;‘Tﬁ, e =
#1o] PHA/PHB 3}stalA] &l @ A =9 = =

A
A GAZ Ea AA /A TS T3

cheFst Ao HAE AT (Fig. 27A). 54 & o] A A 7] A = HMC(head—mesodermal cells),
v A ¥ (excretory canals) 2 7% 2 A (coelomocytes)oll A cDJR-1.2¢0] F7F4 oz & ¥t

(Fig. 27B). ¢cDJR-1.1 2 ¢DJR-129 F& o3 R A= FEFA ¢gron ojgst A
& 7] AA H AT AAVIE F3 vl dASA FAEHAT cDJRe] AMEU A E
ZAVEFA S W, cDJR-1.1= & Al E(intestinal cells)9] 3} AN EH RFo|A ARG O
cDJR-12+ 75 wHlo MEHAAT HEH Ak (Fig. 27C). ©]&]18 cDJRs¢ & = A s} 7
B2 Flag-8l 4% cDJRse.2 A A3HE COS-7 NEES F dAsA e, FITCo 574
olE¥ ¥-Flag FPHo= 3t A A I o o= A=At (Fig. 27DE).
cDJR-1.1> A AXE T3] RE FEoA ddH 53] oA Fdo] A vERE A,
cDJR-1.22 M2EAAA T A=, o]t AHES> EGFP-cDJRo s F7t4 o= gl

= A h(Fig. 28).

FITC DAPI Mito Merge

Fig. 28. EGFP-cDJRs®] A ¥ =A]3}(localization)

(8) Glyoxalel 93 XAlZHE A ¥ AFS HIFE DJ-19 9 7449
- DJ-1 A< AFAZEH AFA o f-oFAl 2 (MEFs, mouse embryonic fibroblast cells)< A
zstal, MEFAI A9 mDJ-19 #dde] w¢ vt7] wjZo] npojg|x ZmHES o) Abg
hDJ-1& <t AH o= WA 7]= MEF FEAXZFE A=At hDJ-19 wild type¥ v
F9] Wolyd S zt= hDJ-1 Z<& MEFe| dd] glyoxals 23k 79, wild-type hDJ-15 }
A AEE AE B Fuf 59 Wold o Alxef vlusto], glyoxal = H-E K I ¥ AlX A&

o] AA 4 63%)E+ AHs BRI (Fig. 29A).
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Fig. 29. Glyoxaldl 93] =8 A EXAte] t3 DJ-19] 9

- o9} 2o glyoxalel WF AERE A§S A7k EvpuA T AE(SH-SY5Y)ol A, #e
GEE M FYROR WRAL WDJ IS BAAAL. SHSYSY ALAH 27149

hDJ-1¢] &Alst= 49 glyoxaloll thak B A-8o] Fr7letom, AE AEEo] 45% oldo
2 Z7189 vt a-oxoaldehydes FEA|Eo A A EAHapoptosis) S FEdtE Aoz <A
gewv R DJ-10] glyoxalel 9&) =% Al LA apoptosis) ZH-E A EE W I a=x o o &l
ZAFSFATE  Fig. BellA ®<Ql upe} o], DJ-1¢] @2 M xe} vluste], DJ-10] A2 Ao
A, PARP-19] "wto] F7hstar, p38el QI4bstrt F7ke = Zlo] ##H . o83t AA}ES
glyoxal 2 -1 ¢] DJ-1°] && AxHE 2E2 ofute glyoxal® AEW FFS 5o Ax
AP e AEE AT A 9% Aom AT E3F glyoxaldl oF A EAE @t
(glycated) @z ol Fp2E AW Elglo]xl (CML) 9 &% o2 o]lofx]i=d|, o]i= glyoxal¥} HF-&-

st sHEQ ol =Tl (AR Y 7R ARRRIY dbdel kst 4 (hydrogen
peroxide)ol ¢3F 21zt EublA FH AE(SH-SYSY)S A FEAE ofn| oy U (AG)o 9
d RoEA ggtow JlEAvdgiel(CML)Y FHA3E A#HA Fke=d, o=
glyoxaldl 2]t &0 FAHMNAZT(ROS)E FHsues AL usit). AAZ Al Xl A2
ROS %S =A&=1 AR EHE CM-H2DCFDAE o] 83t9] glyoxal®t #HAaksta=4ol ol &l A
A5 E ROSE =4 gt (Fig. 30).
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&0

% of Max

Fig. 31. ¥323dv" 73 # FACSE °]&& ROS A

- Shasieael osiAw ROSH F74@ ¥, glyoxaldl SlsiAE WEE @lglth DI-le]
glyoxal = F-€ A 5F =

EE H35EE Zgo el AEo A glyoxal =+ methylglyoxalS A=
of Hgldt & AEFE A5 HuFstAoh (Fig. 30CD). ¢DJR-1.1 mutanti= wild-type2]

o
Ao Hs] AETo] A FAE whH, cDJR-1.2 muatantol] A+ glyoxal®] < gFo] oFiF A

o=, olgld A3 = cDJR-1.10] dHs= sSF==FE AFS Bosted oA F8
3 Zgxteds oA stE Aotk ¢cDJR-1.19 84S cDJR-1.1, 1.2 FE mutantol A
cDJR-1.1 Wo] &4 & 5431 wild type T+ <H3 FEo2 S (GO U
H3Ags & due AR s = EEAT. cDJR-1.19 FwjgA  F-9
mutant(C106S)+= 22 S4AH(GO) 3] FEse Abde] #-olA F5 mutante] TAH S &
T(rescue) A 71 Al E3tF =], o= M=o A glyoxalase AHA] EAo] w3k Fasitts S oF
Alste= Zlolth, REHol, GFP:ucDJR-1.29] FA W3 Id2 A Bs 285 AA F7HA71A

waidtl, ol cDJR-129 Wlaste] cDJR-119 £ A9 Fow 2w cDJR-1IC]

glyoxal detoxificationol] 83+ 9a& srpe= ASE A Wild typelZ2HH djir-1.1 =&

| d3Fo] gid=ul(17 WA 18 ¥), glyoxalase [

AASH FHo] Fagriar BHiFl7] wiel, o9 &2 A cDJRse] A|19] glyoxal®l

AAAZA 284 e TR Ats AS dAIH. 2318, cDJRs glyoxal®] Al=uf ®
o

sfo] wrgst: e 24 98 @ 5 9 b4l Utk

(9) AZ=9 DJ-1s= glyoxaldl 9d FEHE 72 EH3EFES 4347
- DJ-1& sRlew s dodle FEE RN wids BEshs A8 o

= =
o} AZolA 4709 FF 79 (cephalic neurons, CEPs), 27§¢] <& L 27| 9 (anterior

o 8 =W wdol  EASH. =Ny FHd A&k AA5AER
6-OHDA (6-hydroxydopamine)< CEP fr¥ol thal =2 =& 7HAWHA olF wileo Hs3
5 doyle Aoz dEA o wH2 32 3k(blebbing), AlXEA Y3 Skcell body rounding)
U Fadoz A EA A2 (cell body loss)¥ £ A WstE BAu A5 & glyoxal =+
methylglyoxalZ A 2]et51& o, CEP fr¥le] s= °|&4 WHow HaiHs= g ddsdin
(Fig. 32).

fe T
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Fig. 32. A3 =37 74 A& glyoxals® =4

40 60

- =gulAl g EAH 248 $=¥3(blebbing) % A¥EA 22 (cell body loss)e] 7
ol M3lE HoF= Pdat-1:mCherry @2 A3 AFoA EYHHSAY (Fig. 33A). 50 mM
glyoxal =+ 20 mM methylglyoxal® wild type % mutantZFE 35 @AY AEFS Ao
Azl 49, wild typedt st djir-1.2 2 dir-11;:dir-1.2 ¥olFol A CEP7} #AsA &
A(20% ol )= At (Fig. 33B). GFP:cDJR-12 @2 Hd3 AF5S 7wl AES wild type

Frog EFAZY. CEP =394 w7H& REsts ZEo QoA cDJR-1.12] 4o F
Algkqbst =20l 7] W, dir-1.1'djir-1.2 mutant A5ANA ] dir-1.1 55 ZAXEZHE U
3l glyoxal &&= HIAESHA &dth glyoxalo]l 1 593 Ao A, cDJR-1.1/1.20] A2
¥ mutanti= wild typed} Wliste] CEP &5l ow gk 2ol BojF4] okt oA A&
5 =0l TH“B‘H o] "zksiohe
A g 4 Utk Djr-1.2¢] v
of| &

| %=
=9 glyoxalel W&l @ ¥ += CEP WE*«] 22 o] 35k
3l XS Hol= cDJR-1.29] 93|

2 FHS BIsteA RS HAESy] 98, WA, T o AAek= 12709 3t
St FAF 270 w9l ASH % ADL wHES A|ZF3st=d AF85+= Psrb-6:mCherry =
717 A48 #FE AxskAn ol wHd =SS Agstd FANA Fxs)
(dendrite blebbing) % M ¥EA] A2 (cell body loss)e] x4 W37F A7]=d (Fig. 33C), ©]
+ glyoxal®] A7ZA=Adol =awlg grdolwt SolF oA gue= As dAgH LY,
cDJR-1.2= glyoxal gl ths] o]& wHS HZIA %31 +=d (Fig. 33D), ©l= cDJR-1.2
o 7l Bo Ao BE EFY Y wrdol diE] E3E yERE 3ol ofya, 2388 =3
Rl SolAolgt= AS HAET
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A Dopaminergic neurons B i C Sensory neurcns D
war | = = None
e - GO
Mone (| - x a a0
L m ? S
b * . ww
a0y E {l —
_ ©
GO 2
® af =
£
£
" P | i
MGD E
J =
nl o -
None WT A2

t 4%9 DJ-15

(10) BFS o &3 ﬁJrfl{f
- 2 A" A= DI-13%

oz DJ-19 AA +2E
ob# 1 A3 7)Fo] WE
o} HHE tAbEd A4S
oy o] ©uWAy FxAo

= %311 %7@ E’ﬁ DJ-1¢] 4 stE wEetal, o] Aol &
Aste] FEH S FEdE B ]4 %7473: 3%317\} 3?914. 1&g HeEdgsdd 54 5
2 A5 (substantia nigra pars compacta)®] =37 AAAEZ7E EH = Aotk AFH ¥ =
2 AAHNA A xA3}eHS 3+ TH (tyrosine hydroxylase) $A7#H e WH3lE =H3Fo
2 2oyl AAAMES] EHIPARE HFAH

A,

ot i Substantia nigra pars compacta [Shpe)
E, B-QHDA Methiyglyoxal Glyoxal
R _ e

- Glyoxal 3g=S HAY F&& Tt FoAFo=zZN 1w ol A l—zvxo];‘“’i :'1‘017}L
nigro-striatal =3W A G A XS] £4S doA 1zl =

striatum %+ 9= SNpcoll 7]&o] 37l Ted=2 <¢#Z2  6-hydroxydopamine
(6-OHDA)%} $H7 methylglyoxal?} glyoxals U324 3 nigro-striatal =371 4173 A

o



¥2] degeneration©] “EhbE AL F1E 4 ST (Fig. 34AB). =9t rele] w2 A}
£ %= tyrosine hydroxylase antibodyE A}&3l9] immunohistochemistryS F8go 24 ©
Rl o] EAE S ElstArt 7159 HAN & HE 3 FASY unilateral 321
< W B F fubgE dEN B4 A7 BE 5 EY 54 Aol BHe
AthS whe+=
6-Hydroxydopamine(6-OHDA)o| A ¢} wlz7FA] 2 methylglyoxal?}t  glyoxaldl %= =
= o]

striatum¥} H] 23] & ] injectionS 3 F-Sstriatume] =37 FH ] HIE dFsA T

B
_% 6_‘__]- _/,: g)\ = XC]—XJO] PARR=4 7‘\__} oElg:];ﬂ =27

. A=

i

(11) < = 2d AFANAY 54 o #F &<

- 71 o] EAAC FAE FAA O "W (resting tremor), 59 HAA, dFo] #X
T Al'&%(bradykinesia) ¥ 5553 (akinesia) ¥ 22 &% o]dolth wtA Il md
TEIAANE AsHATFS Fall 5 ool dEueE AS g0 2ot o B A4e @
AL 421 fucose mutarotase’t AR H AF WolA Y Ax D AT FAAFE T o
o] AEARESE B 7 de WS 25 U e 303 B2l AF A =
xl AAAMES] Ege] AF O EAAA FFS vAE=A ERlsHy] f3 B HAIES T
sttt Aedol #A4E 9 & AH&EHS

CatWalk method(automated gait analysis system)
E AUrtes g F, fFEldel A3 WA= ol intensity,
At} Controloll wla] wzlE oA dho] A3 Ylo]e}

S
7F 298 AL g9 g9, 53] = nigrostriatal pathway 2] &40

%
Ol

Unsffected side
Sfferted zide

Prinl asea [om?) Ewing Speed [cmis)
T r L]
- et -
Paremsans | 5 [* Poailele 3ot 4 O
- | | .' | |
. | : | ‘ T | ]
»
»
LIS L . i I b
RF RH LF LH RF RH LF LH

RF: right front, RH: right Hind, LF : l=ft front, LH: Left Hind

Fig. 35. %71<H B9 ARNAM #2d ¢34

- 2 AT A AFAA FJE FEY = =42 methylglyoxal?}t glyoxal ¢ =3}
g Folv BEEES #4317 f8 d5S ol &Skt
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A DIEIE Y SESEU oS 2012 =8 2 degeneration.
Methylghroxat

B. EES2EU & & screeningZ It

1o

o
*

Dopaminergic neurcn
survival (%)
o4 &

[

red fluorescence

- o7l AR Ase =W grde] ™AV sl B ¢ UEF
] ° Al glyoxale A@latAl = =vpwl 7dQl

proteing E=37 o] LH A Aot} o] A

CEP &3 ADE “dlo] Hstu = zlo] ®Welth (Fig. 36A). o Al=gS g o=w wxlsy
o AmAY FAstA Y] AEom Azl Ao FRELASS AT A & TR 4=
AZAAl Agste] FREAE T AFY =97 w4 HIE 448 = 7 de A5S @4
sttt 1 A3 ks Tl mannitol, L-arginine, aminoguanidine®}

fllo
o
rlr
pa
o
-
mO
AN
2

HE A 8qA AR de 7 ropinirolee] 7FY YA oE HEF FHE HIFE HoE

sk 5|21t} (Fig. 36B).

(13) One step inactivation W& o] &3 FAA AF 9y ML

- One step inactivation W2 Barry L. Wanner®} Kirill A. Datsenkool] 2]3] 725 it} o]
W2 PCR primersell EFZl frdxtel dXstes A7IAES o] AAsta s

o}zl PCR product= wZgireto = 2 wWalec}, o

Ao 71 9S PCRET}. o]#E A o

S A AR A7 de] e HES 7W PCR products e Al Ao 4

A} AFEE o] FA HW, A A FAAE 71%S 2A Pu) olgd WS o] &dte] B
Sa=

AT 2oy gA =2 282 /9 DJ-1 34 A5 ¥EHE Alsie
- o] WHE 7|E AEHWA FHA A dwy Az wEe] 9lolA,  homologous
recombinations ©] &3t Mo A= 2l &AWk homologous recombination®] dojvt7] ¢
sto] 7hs 3k 3 1 B A AR AVIMES F2Yd Zavt gy wEe £49A4 A A
FHE 9 o] JhesAl " WHE ol EAmo] Aty (Fig. 37).

BAC 215 kb Exont | Exon2 | |

Sel ® 7
'h..(\ ""f
- e
L -t

L S L

A

s Puro’

Fig. 37. One step inactivation W& o] &% 719 DJ-1 FAA HF HE AF
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- 99 mA =9} o] Jlo] Bacterial artificial chromosome (BAC)E A A& WEZ A}

&3ttt PCR productsE ™ ol & W35t homologous recombination®©] & ofu7|

At FYA S 7Eow o] FZo g zhzt 100 kb ol 4o 7] AMde] FRYd E9E o
P

S g 7] "WEed 1&&°] homologous recombination M1XE& 7FA A & Folw, 7]¢] ujjo}
d f-oFA| E(canine fetal fibroblast)E ©]&3te] Bt &4 WHE 4 A4S Aot

(14) Zinc Finger Nuclease 7] < °] €% /19 DJ-1 34X 2& AEF9 34

- Zinc Finger Nuclease 712 2005 Fyodor D. Urnove} Michael C. Holmes Sl 23] 7}
Wyl o] 714S Fok (Fig. )olgtE Alstasr E& DNAC 97 AdS Axstx Aot
st 971 Mol 1E Type IIs ATFE A0 2Fd AT Foll Zetsto] vt x4 =
2t wEbd  Fode DNA binding domaing fFd&stz oz WA 7l AL Zinc Finger
nuclease (ZEN)e} gt} wheps -7k sk 719 DJ-1 9714 Eel @A ZENS RbEolF2
24 Faa A& xS ggo] 7hsskA €t (Fig. 38).

Fig. 38. FoklI9] 7% (PDB : 1FOK)

DNA
recag:ﬁl_ion ‘& domain
5'-NNiw. 1950 L GNNNNN NNNNNNNNNNNNNNNNNN-3'
3"-NNNNNNNNNNNNNNNN NNNNNM’ MNNNN-5

- ZFENS o] &3t 7|&2 oln] dg o851 9Ju} Rats, Rabbits, Zebrafish & B2 Ad &
o /] oju] =3y 3 glon wWEX FEEUE Q) o WHES fHA HF WEe QA
S WA g, ZENS A Ao g7 FHx AE AT EES ws 5= gl7|o 7)Aot

(15) E‘r%°1 (Dauer) A ®jolA AZF9 DJR-1.2 @& & Z7}
&y BEFAA dir-1.13% dir-1.291 GFPE &

|
ra
o
Lo
;a
r7
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sto] T d S WHAAZAY. DJR-12 @9 2y sjHS HH H A A<t (pharyngeal

muscle), ¢15-% ¥ B (pharynx-intestinal valve), %3 (spermatheca), % %4 (rectal gland), +
Homde) ¥ <(inner labial, IL) MX, xEl% & PHA/PHB &}&-4lA F# 5 thefst
Az T S st At

- SHAIRE AdFo]l vt-o] (Dauer) HEl= o2 W= DJR-1.2 &g wgo] AFo & AA
oMM el HAHL e FAE F AAAN DJR-1.1 @A S A A S el =
= AZol7b gle S F1T F AT (Fig. 4OAB). aga 5oldk 2 DJR-1.27F th5-9
(Dauer) HH Y W Hol& FA HW F4AQ FH=E A Sotes AS gAd 5 sl

A DJR-1.1 DJR-1.2

nan-dauer dauer nan-dauer dauer

N2 Adal-16

non-daver dauer starved
DJR-1.1 | -
Rtz |
sacin I

0

recovery - 1 day recovery - 3 days

Fig. 40. 4359 th$-o] (Dauer) Zei¥ #We DJR-1.2 ©9d &#d F7}

DJR-1.2::GFP

(16) A%< tt$-9 (Dauer) ZElolA glyoxalased 4 = XALE "l

- A% v9ol (Dauver) BEelA DJR-12 @¥ldo] dadgs SQgte] wel & A3
I F7FE @wAo] glyoxalase A S AAFoRE ZoAFEA XAEZ] 98] glyoxals
(glyoxal?®} methylglyoxal)oll that &4 A3 =33t

- dutA ol Aol e N2 (wild type)$t dir-1.1 2& AZFolA e th$-o] (Dauer) A
2 MEZE=RtE glyoxal (GO)Y methylglyoxal (MGO)oll thell &47% Ao] =rhe
18 = QAAAN qir-1.2 AE AEH dir-113% dir-1.27F BAol As® AF9 thgo
(Dauer) AEEAA = ol S7HE ST a;\ME} (Fig. 41A). ©]# 3 glyoxalased] &4

t}
3}

KeX
T
S 3
=

POV

o

4 84 Z74= DJR-12 9w e By 27 g S v
- a%EuH AA R oo (Dauer) %EelA DJR-1.2 E‘rﬂﬂé‘ HE F7HF GOol 5o R2N
H AFs Ei‘ﬂ?bﬂ% 2 v w s B gkth (Fig. 41B). djr-1.1%

ol 7] 93l Aol XAME
& Wild typeRE.t}t 1 2AES
FTHT I XARgo] G&& #E

SARY dir-1.2%F AEE Aol

NRNew, dir-1.1% dir-1.27% A

Folss 9% + UM

f
o
12 ¥ ro o

=
N
B
i
)
o
K-
8
N
N
fll
f
of
o,
%,
of
2
>,
N
>
o
>
N



UNEL] - 10mM GO | & mM MGO

= Mon-daver
71 Daser

B

-mm

N2 &1 a2 & Ade2 dElZ dal-Z)16 nz A1 A2 Ah o AneZ  oahd dabdii6

Fig. 41. ©}9-9] (Dauer)dl A 9] glyoxalase &4 % XAl& H I

Survival (% )
S

Glyoxalase activity {unit / mg protein) I»

(17) Starvation©. & <13 DJR-1.2¢9 o3 Z7}+= DAF-169] 93] =&t}

- DJR-1.2 @A o] By 717t %o (Dauer) I4 Oﬁ?}%ﬂ A=A dotr 7] 98|
wild typed} daf-16°] A<&¥ AFE& o] &3kt o] AFE dir-12°] Z=ZE¥H (promoter)
sloll GFP7F 225 Wi HMEHE Yo J2dA3) ﬁ%% N5, GFPY #d fEe #Fs)
At daf-16°) AEH AFS th9ol (Daver)E FAG3HA 7] wiito] £ A731e thgof
k= skl st Si ot

= %79l starvation Aol
- AU Z starvation ¥l wild typedl X GFPe &d Z7FE ##3 = QAR dar-16

L

o] AEH HAZFolA= ol WstE #EFE & QAT (Fig. 42A). »Fz7HA 2 real-time PCR
S &8 dir-1.2 mRNAE SAHMNEYAT dar-16°] AEH AFAAAE 1 718 #FT F
At (Fig, 42B). wegtA o] A23}E<S %38 DJR-1.2% starvationd} th$o]d w DAF-16¢]
os) wuAe) wdel F719S Hed 5 Ak
A Control A daf-16 B
normal starved normal starved 6t
i
3 I Mormal

[ Starved

djr-1.2 mRNA expression (AU)

‘nl

Control A daf-16

Fig. 42. DAF-169] 98] Zd 5= DJR-1.2 @A vy

(18) §2AE A 79 &

- A A 2d Ut dEoulel AR dXsteAE gdstr] s FEAS
7Hv4 Az, dAATAL] ¥, te el v, dyojsfe] AAEZANM genomic DNAE F &3]
% 871 (FH2054, FH2010, FH2079, PEZ12, PEZ01, PEZ03, PEZ06, PEZ08)2] canine specific
microsatellite markers®] 93t genotyping®} cytochrome c¢ oxidase subunit II (CO 1II),
cytochrome b, 16S rRNA, D-loop region® primersE %3t} ulo]EFZ=2]o} DNAQ
sequencing S =3 3}

- WA Table 14914 & F lxo] Fdd%

I

d )¢} dM-FolJl= microsatellite Z|Eo] &=



locusEelA dAgttE 1S & 7 AU ol9ks =24 GdAATAY g Leles A=
£ microsatellite Z ¥ < :
- 98 2d A7t BAE Aolehd, vholERrelol DNAL WA E e o] Rz o}
DNA$ dXA|3tofof 3t} o]83t E2xog 7] mlo]EFZ=g]ole] cytochrome c oxidase
subunit II (CO 1II), cytochrome b, 16S rRNA, D-loop regions sequencingd}e] H|nl&2]35}%]
t} (Table 15).

- BN ey FAAF 29 A% DAAFAL vl ERE ol DNAL dAstgon
g0l el wohs vatks 482 98 4 A9y, Haey 9948 29 JjE SONT
2 59 A g 4R ug 5+ At

Table 14. Canine-specific microsatellites 3] &l 9] &4

Transgenic Dog Nuclear donor Surrogate Docrte donor
Canine markers

Peakl Peak2 Peakl Peak2 Peakl Peakl Peakl Peak2

FH2054 151 155 151 155 151 151 176
FH2010 231 31 235 237 231
PEZ12 27. 273 269 295 258 in
PEZ01 115 123 115 123 113 119 115 123
PEZO3 120 120 120 120
PEZ06 1580 184 180 154 184 192 172 192
PEZ08 232 240 232 240 228 236 236 240
FH2079 280 288 b ] 258 7 276 76

Table 15. Hlo] EZ =g o} DNAS g7 A ¥ ®H =

Nucleotide positions®

con Cytochrome B D-loop region

7145 14329 14383 15652 15665 15814 16025
Transgenie Dog G A C A C T T
Nuclear donor A G T G T T T
Oocyte donor G A C A L% T T
Surrogate G G T G T C T

*GeneBank accession number : Ud6639

(19) 3243 2d Jjo A hDJ-1 @9 d e &g
- 2 d7e ey A48 2 R A
& DJ-10] FAd= 1 Jd=AE FFst7] 3] immunoblottingS

< 18l A FerAlEel A hDJ-1 A3 2d Jjef tixete] Gl A S 747t &R al o
= A& RIPA buffer (20 mM Tris - HCl, pH 7.5, 100 mM NaCl, 1 mM EDTA, 2 mM
EGTA, 1 mM Na3V04, 50mM B-glycerophosphate, 50 mM NaF, 1% Triton X-100 and
protease inhibitor cocktai)E ©]&3}] lysisE Al AAF cell lysatesi= SDS-PAGEE
o] g-3lo] F2]A1Z 3L, nitrocellulose membrane®l] transferstith. 5% skim milk® blocking <
3t Flag, Actin, DJ-1 antibody 4TCel|4l overnight incubationd}th. Al H Al &3 &
horseradish peroxidase conjugated secondary antibodyE ©]83}%] incubations} il
LAS-4000(FUJIFILM) 2. 2 3}t 7l kAol hDJ-1 JFFds = e} gzt vy

=l
%

Aolek= A

A

, olel weh A}

2 4
oft

_O‘L

32
o

Immunoblottmg
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AS 7}7} 35391, o] & Flag antibody$ DJ-1 antibody S Ab-&3lo] ZAFSFS T
- Y x2Tole 23 EA ¥+ hDJ-10] 223 2d Joas Aoz dags sl
t} (Fig. 43)
bo"ﬂ 0%
& &
&% {,@‘%
QGQ ,VJ} CPQ Q{%

Actin — e - —

Fig. 43. ¥9A XA hDJ-1 @92 & &<l

(20) Inverse PCR< ©]|-83% hDJ-1¢ mapping
- hDJ-1¢] 7§¢] chromosome el integration® & Z743}7] 93l inverse PCRS 333
1= IN_hDJ-1_F (ctgagaatcgtgtggaaaaagacggcee) 2t IN_hDJ-1_R
(gatgaccagagctcttttggaagccat) primerE 7F4 1 PCRS 43319t Genomic DNAE BamHI
o7 A2 F o]= T4 ligaseE ©]-&3}o] self ligation 3ttt PCR 24L& th&-3 v} 95T
5 min (1 cycle), 95C 30 sec, 61.4°C 40 sec, 72C 6 min (35 cycles), 72°C 10 min (1 cycle).
lane 1, 2% control® AF&3F AMZo]H lane 3 A 73t 7it}. Controlol 4= PCR products
7F YoA kAT FAAS Ao M= 3 ~ 4 kbolA9] PCR productsE #&E 4 ATt
(Fig. 44A). ©] PCR productsE 743 tA] IN_hDJ-1_F (ctgagaatcgtgtggaaaaagacggcc),
IN_LTR_R IN_LTR_R (gcccatattctgetgtctetetgttee) primers ©] 83 second PCRS a3
a1 ~ 2 kbolA PCR productsE 4< & AAT} (Fig. 44B).
- 9]%= sequencing ¥ Ay HEFEHo=RE flag tagged hDJ-12 chromosome 9%l
integration ¥o]&S& &9kt (Fig. 440).

&

¥ .

|

1kbh —

et
2k — - 2k —
o 1kb —
C
50,667 K 50,674K
Che9 | | 1 1 | | | | 5
(61,074K) | 50,668 50,669 50,670 50,671 50,672 50,673 1

Fig. 44. Mapping for integrated ADJ-1 gene
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(21) 243 5A Ao BAHAAE &<
- FAAE A R BAE AHASA] ATFBE S Hold DopAEAAN ArEe D1
AR A HIA=A geletr] f8 4 AEE59] genomic DNAS F%3% $ PCR
S 339tk PCR 212 g3 2t} 95C 5 min (1 cycle), 95C 30 sec, 58C 40 sec, 7
2C 6 min (35 cycles), 72C 10 min (1 cycle). AF&3F Zglo]m &= positive control &4
djlddetect_F (aaatgatactcactctgggte) R_Notl_right arm
(ccatatggGCGGCCGCAAAGTGAATCTTGAGAAGCAAQ) eIt} o] 7119l genomic DNA#HH
%% PCR AH=& 48 4 o, Fig. 459 1Ho] 1 Axfolt} 22 Alge] DJ-1 FHdA}
F29dd A Yo xZglo]w el pMSCV_5 (CCCTTGAACCTCCTCGTTCGACC)®F pMSCV3’
(CCCTTGAACCTCCTCGTTCGACC), 3¥2> ®E e =Zgolml pMSCV_5¢ Abgg
DJj-1 7229 hDJ-1_EcoRI_R (gggaattcc tagtctttaagaacaagtg) Zzlo]™HE o] &3t PCRS
Tt ok

- 1 A3 Controloll A= 1HS A9k YA PCR setll A 5% A¥

= o] o
= = BA —
344 A A 1 ANEL BF Age DIl 442 A0 doe A
A

2 Fag 5
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- Human cDNA libraryol 4] Forward primer
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o1 sequencingg E3Fe] APP F4A A<9S AHZ3s3d
- Bea Rite] xsholmyel sle] Wi FHA Ahola FEMLS V5 tage] ALoltt.
- APP =4 AMell FAS=S AL V5 epitoped] tagE S8kl wAEA A Tl
&otA WEHE YA AT (Fig. 46).
wide-tvpe APP cDNA sequence

A

GCTCGCCC GG I T GG CACT G ICCTGCIGGCCECCT GEACEGGCICGGECECTGEAGEIACCCACTGATGCTIAATEGCTGE
TGCTGGCTGAACCCCAGATTGCCATGITCTGTGGCAGRCTGARCATGCACATGRAATSTCCAGRATGGGARAGTGEGATT
EGATCCATCAGGGACCAARRCCTGCATIGATACCRAGGRRAGGCATCCTGCAGTATIGLCRAAGRAGTCTRCCCTGRACTS
ACAT CACCART TGO TAGRAGCCAACCRARCCACTGRACCATICCAGARCTGCIGCARCCOGCGCCOCRAGCASTOCRARAGAT
CATCCCLC TGATTCCCTACCGCIGCTTAGT IGGTRAGTITIGTAAGTGATGCCCTICTCAGTICCTGACRASTIGCR
TTCTTACACCAGGAGAGGATGGATGTITGCGARACTCATCTTCACTGGCACACCGTICGCCARRGAGACATGCAGTGAG
AAGAGTACCAACTTGCATGACTACGGCATGTTGCTIGCCCTGCGEAATTGACAAGTTCCGAGGEGTAGAGTTTGTGTGTTE
CCCRCTGGCTGAAGRAR ST GACAAT GTGAATTCTGCTGATGCGGAGHAGGAT GACTCGEATGICIGET GEGGCGEAGCAS
A RCAGARCT AT GCAGAT GG GAGT AR GACRR A GTAGTAGRAGTAGCAGAGGAGGARGAAGTGECTIGRGETIGGARGREAGRR
GAAGCCEATGATGACGAGGACGATGAGGATGG T GAT GAGRIAGAGGAAGAGHCTGAGGARCCCTACGAAGRAGCCACAGA
800 GAGAACCACCAGCATIGCCACCACCACCACCACCACCACRGAGICIGIGRARAGAGETGGITCGAGTITCCTACARCEGCAG
CCRGTACCCCIGAT GCCET IGACRAGTATCT CoAGACACCIGGGGATGAGALTGRACATGCCCATTTCCAGRARGCCADD
GLGAGGCITGAGGCCARGCACCAAGAGAGRATGTCOCCAGGICATGAGAGARTGGGAAGAGSFCAGRACGICAAGCAADLGAL

CTTGCCTRARGCT GATRAGRARGGCAGT TAT CCAGCATTTCCAGGAGRRAGT GGART CTTIGGARCAGGARGCAGLC
GACAGCAGCIGGIGEAGACACACATGGCCAGAGTGEARGCCATGCTCARTGACCGLCGCCGCCIGELC -GGRGAAC
TACATCACCGCICTIGCAGGCIGIICCTICCTCGGCCTCGTICACGIGITCAATATGCTARAGRAGTATGICOGCGCAGRACE
GARGGACAGACAGCACACCCTRAARGCATITCGAGCATGTIGCGCATGATGLATCCCRAGARAGCCGCTCAGATCCGGICCT
AGGTTATGACACARCCTICCGIGIGRAT ITATGAGCGCAT GARTCAGICTICTICICCCIGCICTACAACGIGCCIGCAGIGGLC
A EACA T T A GG AT ARG T T AT A IO I AR R A RGO R L CT AT TCAGATGACGICII GG CCRACATGRTIAD
AGTTACGGAALCGATGCTICTCATGCCAICTITGACCGARACGRARRACCACCEIGEAGCTICCTICCCG
CAGCCTGGACGATCTCCAGCCATGGCATITCTIITIGGGGCTGACTCTGTGCCAGCCARCRCAGALARAC
AT T EAG LI G IR GO GL LI G GG CGAGGAC T GACCAC T CGACCAGEITCIGEGIIGACAARTRTCOR
GACGGAGGAGAT LT CTGRAGT GARGAT GEATGCAGRATTCCGACATGACTCAGGATATGAAGTTCATCATCAARARTTGG
TETTCTTTECAGAAGATHTGEGTTCAARCAAAGETGCAATCATTGGACTCATGOTGOGOGETETTGTCATAGCEACAGTG
ATCGTCATCACCITIGGIGATGUIGAAG EAHREALPG:R:LMRLC CATTCATCATGGIGIGEIGGAGEITGACGCCGLIGT
CRCCCCAGAGGAGCGCCACCTAICCAAGAT SCAGCAGRACGGCTRCGAAARTCCARCCTACRAGTTICTITGAGCAGRTGC

2080 AGAACGATATCHEAATTCCTOCAGGACTACAAAGACOATGE

B0

(s g =]

E

1600

[y R |

G
G

Fig. 46. Cloning of APP wild-type gene from human cDNA library.

(2) Human < x3lolHd AHFHA ¢cDNA FH 2L family Alzheimer’s disease
mutant APP (swedish type) A%+

- Site specific point mutagenesis WHO 2 wild-type APP ##A}ol A sense primer<l
5'-CGGAGGAGATCTCTGAAGTGAATCTGGATGCAGAATTCCGA-3'¢} anti-sense primer
¢l 5'-TCGGAATTCTGCATCCAGATTCACTTCAGAGATCTCCTCCG-3'E o]&3te <=
StolHH S FEdl= ZAox I swedish-type APP= A 2881 27 sequencing WHH <
o]-§sto] AAFTE HAISAT

- FEMo g FAFHO = A7|ALEo] site-specific point mutation ¥ F-&o]t} (Fig. 47).

swedish APP cDNA sequence

1600 GAAGTITGAGCCTIGITGRATGCCCGCCCIGETGCCGACCEAGGACTGACCACTCGACCAGETITICIGGLTIIGACARRTRATCAR
GACGEAGGAGAT CTCTGRAAGTGAATCTGEATGCAGAATTCCLGACATGACTCAGGATATGAAGTTCATCATCALLAATTGE

TGTTCTTTGCAGAAGATGTGEETTCAAACAAAGETGCAATCATTGRACTCAT GETEEECGETGTTCTCATAGCGACARTG

AT CGICATCACCTTGETGAT LI GARGRARGARACAGTACACAT CCATTCATCATGETGTGET GEAGETTGACGCCGCTET
CACCCCAGAGGAGCGCCACCTIGICCARGRATGCAGCAGRACGECTACGRAAARATCCARCCTACARGTTCTTIGAGCAGATSE
2080 AGARCGATATCGAATTCCTIGCAGGARCTACARARGACGATGA

Fig. 47. Cloning of APP swedish-type gene in lentiviral vector sequence.
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3) FF ¢ FAAY &xdtolH¥ FAHA [FAAF AMEF o=z ZkzZE FAY TEH
lentiviral vector A%}

rr

- Lentiviral vectore] swedish-type APP+3AE cloning3d}”] 91314 gateway systems ©]
&3FA k. WA, entry vectorell Forward primer 5 -ATGCTGCCCGGTTTGGCACTGCTCCTGCT-3'
7} Reverse primer 5 -GTTCTGCATCTGCTCAAAGAACTT-3'S ©]&3t4] cloningstioH,
LR clonaseE ©]&3}o] plenti6.3 ¥ plLenti7.3 ¢] destination vector®l cloningd}$it}. w37}
A2, sequencing 2.2 FEF 8l st (Fig. 48, 49).

APPswe

fee o)

A H . .A. LR cionane

B PCR product Gelextraction Elation

|

!

™ plenti7.3/V5-

DEST
SE30 b

APPywedihk gene

AR Sl "CMV 2 APPswe V5

Fig. 49. Cloning of APP swedish-type gene of lentiviral vector (pLenti7.3).
(A) Schematic illustration of lentiviral vector cloning. (B) PCR product purification for APPswedish
gene (2.1 kb). (C) Map and features of pLenti7.3/V5-DEST gateway vector. (D) Schematic
illustration of lentiviral vector construct. pCMV, human CMV promoter; APPswe, amyloid precusor
protein swedish type; pSV40, SV40 early promoter and origin, emGFP, Emerald Green Fluorescent

Protein.

(4) Lentiviral vectorg ©]&3 amyloid-8 A4 2 $HA A /MY AAEF T

- GFP #33duwAy swedish-type APP #F3dA7F sA]o] &%= Lentiviral vector
(pLenti6.3) (Fig. B0A)E o]g&3sle] A1gs AAxrt F=3 e AAEFo infectiond}o]
swedish-type APP¢} Vo-tag FZAE S35 Ex/AAsHs wyo=z dd S g2l (Fig. 50B)
3o, Confocals ©]-83to] MEFo WHS AASTsIITE (Fig. 50C). H3H FAEZA 7]
(FACS)E o] &3t g3go] wdst= 7 AAES sortingo]l 7Hedt o™ sorting & vl FA|
=} A}t (Fig. 51). ol21& Al=glE o] &

[¢]
FAm A otgel A FAAS AEFE o] &3 HAS g FAo] Jhest

oo
()
el
)
__>f1_'9
=
kel
N
i

2,
ftlo
o

il
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- Blasticidin A3 A #e} swedish-type APP & A7} S Alo] 43l ¥ = Lentiviral vector
(pLenti6.3)E °]&3ste] AlPds YA 53 7le] AMETFT] infectiondt ¥ 8ug/mL<]
Blasticidin &A1& o] &3te] 90%0°]/de] MiEzE AE3tAt 90%0ld AEE AEE o] &3
of Bt} HeletA & 2 3to] 7hsattt

pL7.3-APPrwe
PCMV 2 APPswe (MB© °SV40 4 emGFP !
| £
& i E
B (kDa)
APP-N-term
97 i
- =
Vitag = =
97+
E-Actin
I

Fig. 50. Expression of APP swedish-type protein of lentiviral vector in Canine Fibroblast
cells.

(A) Schematic illustration of lentiviral vector construct. pCMV, human CMV promoter; APPswe,
amyloid precusor protein swedish type; pSV40, SV40 early promoter and origin; emGFP, Emerald
Green Fluorescent Protein. (B) Western blot detects APPswedish and V5 tag proteins expression in
canine fibroblast cells transduced with pL7.3-APPswe lentivrial vector. (C) emGFP-positive canine
fibroblast cells 48 hours after infected with pL7.3-APPswe. Scale bar = 100 pm.

Sorting M Seorting £

No expreszion Expression Mo expreszion Expressicn
I P

0 1.

Fig. 51. &=3lo|W¥y #AHP {FAXY GFP FFo] TAld ddH= JFAAE 7 AAEZFY
sortingd # sortingd ddET S

(5) g¢=3olHy #AA FHAY TP AEFY Hr/ 2 =Y 23 &4

- dzstolmy A-FFHAAY] FAAS AxF] HrF 2 =9 Vs FF6] A& 2 w5
H viral vectord titer 7I& wldsl7] flste] 719 viral vector titeration R

23 #Hg s Kitd 49 viral vector titerationS 338ttt (Fig. 52, 53).

- ol kitE AFEEH FHo 205 ¢tol titeration®] 7} dtH, H]E A WA E p24E o] &

_47_



™

-

rob

e
=

o

TYTE
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Fig. 53. Lentiviral vector titeration kitE ©]& 3 APPswe lentiviral vector9 titeration 43}

- T3 GFP d3uwzalo] W3stE=  Lentiviral vector® AMg3te] FAEZEA  (Flow
cytometry) & ©]&3le] HdA g & =74o] 7}l

- =2 titer® Lentiviral vector

S
op
-

= sto] Jle] AAEe] virla vectorES H %% infection %
% GFP g% " Aol wd S 3<lsle] viral vectord ¢Hg2 9l v A|AElS E5}o]
zstolw ¥ S B = MY AAEFE IAHHoR 75 JFesHA HAT

L D E = 5U3 titere] Lentiviral vectorE 7 A A E5ol infectiond}<]
e g 8-S =435t HAF = Lentiviral vector titers g H3AtH (Fig. 54).

e
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Fig. 54. 719 AAMEFo| F=E=Z viral vectorg infectiondls GFP F3 g Fdo @ A&
E3le Lentiviral vectord &% 9.

6) 3AAZ A3 /] 2EdE A3 9% HF AEF Y £ 4d HU YY)
- =2 titerd Lentiviral vectorE ©]&38lo] &d=3dlojy I [zxpe] vt

ﬂlﬂl
o
ofo
ol
ML g
>
~
=i

Ao m FYIbee AladlS 58kl en, Vb tag B B-amyloid 75LZ4] 51
Astx HF P GFP F3dwd HdS gt AlxFo H7F 7heskAl §
- d=3tol FHAS swedish-type APPZ Lentiviral vectorE ©o]-&3to] &A1zl 7] A
AT JAA JEE B-amyloid A& o] &3te] &2l stF o, o]d ZAIo|A V5 tag
o 2% gQleo] 7hEds Tt (Fig. 55).
A B
APP 6E10
I,
et &
s> & &
:':b @H kba “ é-.
& « e
kDa bl
“mAPP
H <imAPP 19 |
97 15
?
43 \gu) @ P-actin Monomer

Fig. 55. €¢=3lo|¥ ] {FAR7} L&+ Lentiviral vectorE o] 83ty FZAZAZ 7] AAESF
o FHEHAY Ht

- FAAdg Ag ) mdE AAsr] A% HAY =1 B HAY AEFE FHE] A

thetdt 552 AEFA Lentiviral vector?] ©d v&l W3sls golsloict

- Mo AMEFGE= té 2 0E Ax —r«] Lentiviral vector«] ‘é‘?ﬂ el WslEs gst7] 9
[e)

56).
- g EE AR ofu Algte] EATAAE BHe] ¥ 208 89 2 435
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Flurerescence image Bright ficld image

Fig. 56. Fluorescence image of lentiviral-vector infected embryonic tooth budderived cells.

(7) A FHAAS A3 BEde F&S F0]7] A% AAAZTAANY 2 AFS
3t %Xqﬂ Hq4 X*?l 2d A" E 75

- FAH3 zol7] 93 AAAMEAANY B AFS Foto] H

Ao A g | 9dted & die=<d #HAE FHA Lentiviral

vector?] A 3+ (Fig. 57).

- Hx 9 % I 5= Lentiviral vector?] =4S F3 =A< Ha

ol A 0}7‘*7‘“’& ted 7ol A3 md §8&& =o]7] 918 A2 Azl A9

ey o

FArlgdTL
20104 5939
(A2 s 20

After 33 davs

N $4 15%2)
ged sohe

Fig. 57. sl A 2] B4 M £ A Lentiviral vectord =gl 9% &+d
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- w3, g=slolmy @z} ¥ o] wAmebH L (microglia)7h M AAA R B stE o] AAA

E AP JEgS F= Aol HaEAT

- A WSS do71A & lentiviral vectorE ©]g3dle] mEZ=go} Eojxow
DsRed2 dtwido] ¢tga oz WSt HHuoNEFTE F55t9 o, 53] 29& 9=
G

- HAZgA o2 dAstE Aol A HEZEgole] FHo]l Tty = S RNl
o, nEZEg ol A AAd oA mMaolAze] BHAA Q] o] FATS AT
ARt (Fig. 58). (accepted at J Neurochem. 2013 Jul 2)
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Hag 7428 Hoﬂ 245 BEH B2 AU o] QWA BH 2 XX
S MAMH profilingg 3 7| QPR 7|H1xS Ba= ¥

7} M9 AAMA profiling
(1) RNA sequencing and Unigene Construction
- & 10708 A% =4S (WA, #H, A%, A%, 8, A, A
total RNA<9] 2
- Oligo(T)7F €& 3= M =(beads)E ©]-&3te], AA RNACA E2AZF €8 A= mRNAES
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- FZ% mRNAELS 9F 2007700bp= 22l F, dig Ay zelolHE o]835lo] cDNAHH

- 54 =279 2245 A¥F H, PCRE o831 F%

- SEE AEEL dF VU GAIIx B HiSeq20002 °]-&3te] A49& =
Total RNA
¥
mRNA
LUEEUE L T
-‘ Fragrraeriation

Fragmanted mRAMNA
'. Random haxamar primaed cONA synihasis

ds cDNA
' Adapior ligatan
= I N Il =
= H B . . |
JP  sweselecton
= = m - = . = = =
m - - - - m = m = =

HiSeq™ 2000 sequencing

Fig. 59. RNA-Seq® A3 9y 2 A

-7 F=F oy, #H, A v A, AR daholA ok 5HWE read, Hir 4.6G ¢ raw

datas &H 3}

)

Table 16. RNAseq A3 summary

Samples RTI;}EL NucTI[%%?!des Q20 percentage percer‘rlwlage GC percentage
Cf | 51,688 888 4,651,999,920 9212% 0.00% 52.02%
it | 51,688,888 4,651,899,920 94.30% 0.00% 49.57%
o & 52,266,668 4,704,000,120 94.48% 0.00% 48.68%
AlE 51,511,114 4,636,000,260 93.85% 0.00% 48.79%
H| & 51,688,888 4,651,999,920 94.12% 0.00% 50.05%
il 51,688,888 4,651,999,920 92.79% 0.00% 54.26%
Ha 51,688,888 4,651,999,920 9393% 0.00% 48.65%
A 51,688,888 4,851,999,920 93.97% 0.00% 50.14%
Aok 54,488,850 4,904,000,100 92.94% 0.00% 49.70%
2t 55,066,664 4,955,999,760 94.27% 0.00% 50.38%

- °F 59 2dWNe raw readE HIH O =Z JolAM WHEE= FHAS] mappings & 3HA

assembly & %l 3§ 3}k
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COG Function Classification of All-Unigene.fa Sequence
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Fig. 61. COG Function classification of Unigene
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(2) 7N reference gene selection
- e i AAFA expression profiling®] Al FEW SR FAAE)

systemics}Al & = AA =

Decipialy \
[ R | Y Procean
| Eres
Margimal — Optic rerve
gyus - Hippozampus

< n“’ é{% n

Spinal carg
Fi

=
.
e

Mecla PO N

b aLa Y T
Tamporsl )
he N

Fig. 63. 7l brain ¥$¥ o193 £3 sample

Table 17. Zt2E¥ ZIAR

9] patterns

‘Whole brain Peripheral tissues Forebrain Cerebrum DGiencephaton Hindbrain Metencephalon
Thalamus Cerebrum Thalamus Qceipital lobes Thalamus Pans Pons
Pans Cerebellum Hypothalamus  Prarean gyrus  Hypothatamus Cerebellum Cerebellum
Hypathalamus Kidrey Greipital lobes  Temporal lobe Medulla shlongata
Occipital lobes Liver Prorean gyrus  Hippocampus
Spinal cord Lung Tempordl lebe  Marginal gyrus
Prarean gyrus Spleen Hippocampus
Optic nerve Pancreas Marginal gyrus
Tempord lobe Testis
Medullz ablongata Owvary
Cerabellum Heart

Hippocampus
Marginal gyrus
Olfactary bulb

- S|k 5} o
2S o] 83 qRT-PCR% internal reference gene®l selection®o] ¥r=A] & Q3
- Melting curve analysisE® %3] gRT-PCR 23S 93] #A|zd zgolHy

validation &t

off

(6]
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Fig. 64. ¥ %3 o] &3 melting curve analysis 23}
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Fig. 65. geNorm £4
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- NormFinder®] 7-$ stability#t= AlAbste] 713 b A o2 ke 5

rr
il

A 7be

et

A7

Calculation of gene stability value by Normfinder

Whaole brain tissues Whole body tssues
Gene name Stability walue Gene name Stability value
RFLE 011z HMBS D339
RPS5 0116 RPL32 0 258
TFE 0340 GUSE 0.383
MRPST 0143 MREPST 0431
ShHA od9e HPRT1 037
RPS1© 0206 RPL1I3A 0511
HMBS 0209 HMNRMNPHL 0.328
RPLI3A o237 RPLB 0.545
RPL32 D.240 RPSS 0614
HMNRMNPHL 0271 TPEB 0.645
GUSE 0.293 SDHA 0.665
GAPDH 0330 RP5IO 0.692
ACTB 0373 ACTB 0820
BI2M 0544 SAPDH 0950
HPRT1 0.552 YWHAZ 1.247
YwHAZ 0.552 B2M 1.613

The genes with low stability value mean low variation and a stable
expression and high stability value mean high variation and a
unstable expression.

Fig. 66. NormFinder %4

BestKeeper #41%-2 SD 3 CV# A dl s FHARY] F9E
7l ZRIOo RN, 7MY v g

Detziled axprezsion stability analysis of raference genes by Bestesper
ACTB BIM CAPDH GUSE HMBS HMWRWPHLI HPRT1 MRPST RPLES RPL13A  REL3Z RPSS  RES10 SDOHA TPE YWHAZ

Whale brain

[ 13 13 13 13 13 13 13 13 13 13 13
geo Mean 191 2148 1733 18337 1966 2085 1815 ID.L 17.84 1811 228 175
ar Mean [CF] 2149 1734 1658 19487 20385 1815 1912 i7.84 1812 233 1751
mirt {CF] 159 158 1873 2047 17.22 15.29 17DE 1731 2236 1614
max [CP] 2251 1833 1819 2043 2158 1860 ai4 1B30 1921 2343

stdday {= CP| 047 0B HER 44 D36 029 0:54 029 026 027

OV ECR] 22 367 1483 223 1\ 159 283 Lpd  f46 147

Whole body tissues

" 16 o ) 1o 10 ) 10 10 13 16 1 jit)

g0 Mean [02] 1726 1835 2073 1885 1755 1455 2388 164 1093 1827 23 194

& Mlean [CF] 1733 1857 2075 1889 1755 1456 230f 1696 1555 183 2306 1953
i [CF] T O2L03 1441 1685 1526 1659 16.71 1803 2234 1602 1478 1677 2083 1634
max [CP] 723 19l 2018 2234 17.99 1535 25BL L1853 1992 2584 2344
stddew [2 CF| 199 128 &76 093 1 03 os 034 O5s 7 083 128 182
v [ CF] 416 EBO2 738 42 43 5.82 L74 338 393 2o 46B 508 557 933

abiorevistions: n: number of samples; GM [CP]: the geomstric mean of OF; &M (TP the arthmetic mean of CF; Min [CF] and Max [CP]: the
eatrerne valugs of CF; 5D [+ CFL the standard dewiation of thie CF Cv %CF] the coefficent of variance expressed a5 a percentage an the CF
level, Min [x-fold] and Max [x-fold]: the extrems values of expression levels expressed as an absolute #-fold over- or under-regulation
coefficent; 5D [& =-fold) standerd dewaton of the absoluts regulation cosfficients.

Fig. 67. BestKeeper ¥4

- HAFEH o A9 B T2 a9S £39519] candidate reference gened =9E Wi, 2
(e}

E2Aow Jhe tdd ¥ 22 tissue Aol Ao A=A THAEZAM A= RPSALEY FAA
o] 7F¢ %53 normalization FdA= W glow oly3 FHAAE o]&F B¢ APAU

validation®] ©j-$¢- &o]gS & F A
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Ranking of 16 candidate reference genes according te geMom, MormFinder, and Bestkeeper.

Whole brsin Forshian Larcham [Rzncechaion Hindzsain Meteroephsion \Whois beody teamt
Gare

M BENEOM S N MSMEGY & 0N EID B 5 N WOIEOM & N EBMDEDS & W HDEGM & M BST BV
ATE 13 OIL13 3 15 3 I 8 T 4 0% 1 I oH o 1l o WoB 1 & L 1 12 %
BM M #1134 o312 0§ W oM 13 o O 7T 9 o 8 O OB 14 0B 45 % 1 K I
G P o7 e oW 11 B ¢ 1% ] £ i1 13 ] ¥ 13 1 1 = 1 3 [ E 14 12 12 ga
Gish (- S = TR+ S e o H o\ e i 7T & 3 + 1 3 5 1. &€ B 3 6 7
s 7 T W W o= o1 o3 B W W 1L $ & o4 4 & 5 % B ouH T L 3 3
HMRMHLIE 22 T & B 3 1 L 7 o4 F g ETE N L L T A T T A
HPET1 15 15 1|8 I3 4 1z 2 k) 15 5 15 15 LIE B 2 1z 5 g : J w I 11 1z 13 5 5 L
WES 9 4 ¥ 1 T % 4§ % Lo i W B % 8 T 1 3 iIE B ¥ T T
FE 4t 3 7 & 4 % o4 & W oBp o3 & 3 o4 o o& 5 E & & T 7 L 3
B 1 & & 8 P 0T Z %+ 1} 5 14 3 S T E Ll : 4 E 4.3
iz B 3 O§F 5 & § B T & 4 1B 3 a i H B8 W LB B DK 6 I W 4
s 3 i L 3 W 3 3 505 0§ & 7 ¥ ooE F £ Hop L 3 o3 4
ped L F o7 L% & 7 S . 1 ¥ b F 3 4 B R E o8 B 1
ERCTUE I S T woWw & P 7T oW oW Onwm ¥ & F # 7 T OT ¥ ¥ U O B oW
TR ¥Fa3 &£ 8 T 4 & 3 IO 7 5 & 3 ) oW oo o » 3 2B F 8 B W B R
TWHAZ $6 18 15 16 16 4 M- 15 # M U M 5 & M @ D I W 1oH 9 4 4 & 15 15
Abbreviations: & geMorm; N: NommFindar; B(SB): standard devizfion of BestiKeeper index; BICVY: coefficient of variation of Besti(eaner indax.

Fig. 68. Candidate reference gened <9

. 7l 23 Eo] fAAY A
(1) &=3olH o] FQ candidate 7 A A full-length cDNAS A

APP (Amyloid Precursor Protein)

— APP pathwayol #dH F42F 871F RefSeq2]

Mon -pathogenic I Pathogenic

ADAMIOD/LT
fa-sacretasa]

Ce3

s

PSENZ, NCSTI,
APHL, PSENEN

[wsecretasa]

ACID

P3

APPa

BACEL

[f-secretase]

¥
—

sAPPE  Co9

PSENZ, NCSTM,
APHL, PSENEN
[y-zecretasea]

¥
—

ACID AP monomer

¥

AP aggregation

\ 4

Senile Plague

Fig. 69. APP processing pathway
status”’} prediction e} = Genbankoll
250 & 7T FAAE AWEle full-lengths &4
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amyloid beta (A4) precursor protein PROVISIONAL
ADAMI10 ADAM metallopeptidase domain 10 MODEL
a-secretase
ADAM17 ADAM metallopeptidase domain 17 MODEL
Bsecretase  BACE1 beta-site APP-cleaving enzyme 1 MODEL
PSEN2 presenilin 2 MODEL
NCSTN ‘nicastrin MODEL
y-secretase
APH1 anterior pharynx defective 1 homolog A MODEL
PSENEN  presenilin enhancer 2 homolog MODEL
* PROVISIONAL RefSeq: This record has not yet been subjectto final NCBI review.
MODEL RefSeq: This record is predicted by automated computational analysis.
Fig. 70. APP pathway & # A X E9 RefSeq A H

- WA BERRIAR VIHE T3 FHdAE sAsta RACE % sequencingZ| H< 53l
4 FAAE FASA v P
In silico analysis of APP processing-related gene in dog genome using BLAST
Primer design
Full-length cDNA synthesis for RACE
Cloning and sequencing for RACE fragments
CAP contig assembly
Full-length cDNAs
Comparative & functional analysis
Fig. 71. APP &4 #3d#9 54 &3
- gRE Bx Hd27F 5UTR, CDS, 3UTR, 183 poly(A)7h<]¢] HAHo] 28 =9
BACE1 #+3d#e] - CDS¥F &4go] vy, & gol i StAY, 54 dA A
25 = A A5 olFA FAA A4 FE 497 =, ok A= 23 A
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Gene Symbol S5-UTR  CDS  3-UTR Poly(A) Note

ADAM10 & L ] ® ®

a-secretase

ADAM17

BACEL full-length sequence is

Bsecretase BACEL = [ ) ‘fullynotidertified, but CDS is:
identified:
PSEN2 ® [} @ @
NCSTN @ [ [ ] @
y-secietase
APH1 ® ® & &
PSENEN ® [ ] (] (]

@ Torget regioniscompletely (dentified, - Target regionis not identifisd

Fig. 72. RACE A3 ZA3

- RACEAZ g 23 APPHH FAAES] gHEL 27Fe] RefSeqet vl S w ¢ we A
AHAE 7R E Aoz ZAE AT (APHL gene®l 7% <lzto] 7io] AS-HU 27y @&
alternative transcripts® 7FA+= Zo 2 9138 )

e bol The number uf Thenurnber of Human
P identified transcripts  deduced isoforms  RefSeq*
ADAM10 4 ea 4 ea 1l ea

a-secretase
ADAM17 4 ea 4 ea 1 ea
Bsecretase BACEL 6 ea 6 ea 6 ea
PSEN2 4 ea 4 ea 2 ea
NCSTN 4 ea 4 ea 1l ea
y-secrefase
APH1 2 ea 2 ea 4 ea
PSENEN 1 ea 1 ea 1 ea

* MCBI Reference Segquences

Fig. 73. RACE 23d<& %3 #3x A% HAALAI ¢ alternative transcripts

- BAYE AN FAAE BAS Ay Az RefSeqol TEE MFrEt 4 ¢ @
alternative transcript® X slom, Al FEAre} AZE FHREebe] ofpn| =4t

=13
=l
EEEAT B B Ao A vhyaste) mumnn 94 0 hee ¢ F A8
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The identity of protein sequence

HCETH

L L

BACEL

ADAMIT |

ADAR 10
EBF Lo B s G0 Lo R h o 100
% of identiity
NECEE protein biastprogram

Fig. 74. @A X d 9 identity &4

- APP##E AF FAx 54 2L B4 Ay ADAMI0, PSEN2, NCSTNo| A & =) ¢] reference
gene®| matching ¥ # &+ exon® o] &4 HIAo oleg FFo] WAL AR A
reference genome®] ¢F 75X A|xo 2 Bt Jejoa] WA = Q= LAl o], reference
genome®] boxer ¥ E 3 $-2]7} £43F beagle 5719 variation® 2 A2 ¢ U= A,

BACE1

5

facs

[

i

Jmmotcﬁedmgmn

Fig. 75. AR TR A7
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“Gene Symbol Sequenos 15°-37 Gene Symbol T Sequence (57 37)

TCATGATRAGGRTRTTEAGT

ADAIO

NEETR

BPHL_1_AS ACTETCCACTTEACCTTEE
3 TER APKH1 CIATCCACCTTTECGOTTTE
5.T3P_PSEMEN

g 5.TSP_PSENEN  TEGCTTTCCTGLLTTTTCTE

SRACE Primer GTCTACCAGGOATICGETTEAT
. 3/-RACE Primer ﬂG‘I’EAﬁ'I‘G('I’BOmCI‘f\CE.A‘I’

BACEL 2 15 ECTGCTCOODCAGECAGAAD

e BACEL 4 £ TGLTTCCAGG TATCGEALLT

= BACE1 & A5 AGETGACCCACTITCTTTSS

BACEL 5.5 TTECTTTCTGACTGATCCTGAR.
BACEL 5_AS GTTTEETGALCTTGECTGAG
BACE1 6.5 ATGHECCCARGCCCTGIONT
BACEL B &5 GEACAGLTECOTCTEETAGT

e manrd e e

Fig. 76. Primer list

(2) Comparative gene analysis

- & A3 A W= vacuolar protein sorting (Vps) FAA=2 A ¥ retromer complex
7F HAd WA 71 Aol e Ae® Hiy

- "xEAA HaAd HHEI Fo sl Alzheimer’s disease®] FHAfollA EHlE] A}
retromer complexE T3t vps F AR Wdo] Ao Ao T Ay ABeta’t FE
Hol Aok RS gdskls (PNAS, 2008).

- 7, Az AFAF vt # Vps29 gened full-length A¥ % transcript variants] €<
locus specific PCR ¥ RACEA ¥ S F3] AA35te] nluE43t

H'l.s!'ffm ann_l_ysl-s of vp.s.?étrunscrll?t varinntsln five mammalian 5p-ed- es | &
{Human, Rhasus mm;,::_ﬁgun, Rat, and Dog)

Experimental validation of vps29 transcript varlants by RT-PCR
[Human, Crab-sating macague, Mouse, Rat, and Do)

RACE for full-length cDNA
= - china synthesis - : i
FoRACE B-RACE
1" 5-RACE PCR |

2 5 RACE PCR Remove non-specific

5 .AACE fragment

_ Clone and sequence RACE fragments -
-

_EAP centig assembly

Full-length cONA

| Gﬂmmm & functional analysis

Fig. 77. Comparative analysis flow chart
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- In silico A 23 7Ne 47FA 8149 AARAIZE EAlste Aoz Iy, sHAIR 4 A B}
[e]

o] 44 RT-PCRS %3 validation2 &olA &&= S

- Neafeafend cf- B fmpi - F T 0§ -

wamm ezt 1] 7] E_l [] Az vEs ¥ES vE:
s [0 DEOEm e = o= o=
s s [1] CIEE  rewm = o ow
e [ ] EI_‘EI ] s ves ves ves !
w7 E_!E' [E_' [T] aapiaTEr wES ves o "
S [ e N | 3 R P
i [7] x| e fa) by o
s [0 MG e m om ow
w1 =] @ CERE Evarans uo ves ua %
me oy 1] _[_'3 E N amteEE vE vem vEr !
s 1 CCIEIE o= = o= o=
bo et [1] =] D prsee vEs Ve v i
waz [1] EI_-E' =] EI_ astinasth v ves vEs .
wmay [ 11=] E E‘Lﬂ masgnzr ves vis na ¥
S E ENRE rnzesr - wa s "
e i ez 1 Sevoesprar

a
Fig. 79. tt %% UTRY 9 ¢ VPS29 A=

(3) 7§ Unigene €A

- AAH o2 61597702 7B unigenes SATIF oW, o5 F AwWH/lEES 7] Genbankel
o)

B %A ¢kkE noveldt f-Axfolt}, 3 y|Eo] L4 FHAALY] H9E A EE alternative
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splicing® AAAI7F 24 E Zlo] 1483570 % Al /N FAA A7 obF wujgk @A Y-S ®E
=] [e] =] =
Sotal vk & A7 N Awel AES dsAE AT dFe RNAseq HIolEHE #Ht
g o2 Unigenes Moz 7ot dradd g A Zokel 2 g2 78 & Ze
PR
Ganes
Sum Known Knowni{=new transcripta) Mowvel
61,597 4 486 | 14825 37948
aok B Al gznes [l
35 & Known Ganes |
k- s Fnowni{+Haw Isaform) .
25 2 MNavel Gznes
2054 E
1% Z
10K =
5.0k A
ity TEII0R281_1 TG 1-DIEIR26-1_II TGIFORZE5 1 TGI10R286 11 TG I:I.F!Zﬁ?_ﬂ
45% E All Ganes .
g3 Knovwn Genes ||
g;: 5 Known{+Maw Isatomm) .
éfﬁf— 2 Movel Genes
20k 5
= 2 I
A 1
5.0k = d
s TG1EI1(11283 1 |G1L'F1EIR289 1 G‘1I]1UR290 1 TG“{HEIREGQ &4 TG‘:O1I:|IF12§3_I'I
Gena
D Mame
sUmM KNOWN Nowval MOD UNEXP
S00m TGI010R251_ 10 36,650 2781 19,951 14,130 24747
50002 TGID10RZES 11 44121 2923 27111 14.087 17470
So003 TGI010R285_11 37 .364 2577 21145 15.642 24233
S0004 TG 0R286_11 34002 2.432 17833 13.737 27585
50005 TGIDOR287_1 42,703 2510 26028 LER 15.594
S0006 TG IG10R2EE_1N 25,051 1688 10165 12905 36,546
s0007 TEI010RIE9_1N 45,276 . 3418 30,323 14534 13,521
s0008 TGI010R280_11 44233 20956 [ 26072 14,298 17.354 .
So0oe ToI010R292_1 23,308 251 21,835 14142 22 689
S0 TOII10R293_1 27232 2.20% 11,826 . 15,200 34,365
Fig. 80. Unigene summary
(4) 70 expression profiling®#4] & 53 DEG #4]
- F 107049 7] 21 F dseh 2xe) A9 F 24 o) vw A4S F3) differentially
expressed genes< WA 1 Ay TG HolE Hol= 150719 FHAE FGSA
t}. DEG¥4 & CUFDIFFZ o] &3te] HAS 39l om, Ax oA up regulation ¥+ 47}
447801t o Al up regulation¥ = A A7} 10670 ©] T},
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Number of Up-regulated Genes between Two Organs
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Fig. 81. Up-regulated genes

Number of Down-regulated Genes between Two Organs

Fig. 82. Down-regulated genes

Number of Organ-Specific Expressed Genes Between Two Organs

P-‘b, ,=355H§”§

Fig. 83. Organ-specific expressed genes
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Genes
Mo Name
Up Down

1 TGIMOR281_11 v=. TG1010R292_1 =4 106

25

— et L)
= un =
.

-log(p-value)

un

=

-6 -4 -2 e
1og2 ( FPKM2 /FPKM1)

Fig. 84. DEG &4

o. 7 23 5o FAAS FA
- 7129 w3 A Boxerd A%S (Nature, 2005) reference® AF&3to] UCSC Genome
Browser® ¥MOR o] faa w4 wlolEmlo]~E F5aE. X wH k949l reference
genomeS 7HE HZo] GHlolEH 2011 HAS AFEFIAS. I ALEAY HAYES 95
UCSC Beh¢=9 AtgH iy 593t Wiow A2 Ao 7l%53s%EE Blat search 7]1%5<
F7Fetad, 7 RTX AFE I8 HIO|HH|0|AE 2tk +.

(H< F24: http://dog.myomics.net/cgi-bin/hgGateway)

Browser on Dog Sep. 2011 ilarmllﬂ CananS.i.'c.anFlam:_i] Assembly
sl e Lo [ o] avomin iws | 3 | [ e [ maf

=1 I i | a0 et

CRCK O B WA P O RO G o) T

'; B i G
ras o L
= e veesesineees  EE

Fig. 85. 7/IZ4¥ Genome Browser
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ga EA FARe] o]&S &4 ¥ DNA i RNA dFEo Hadus dAH

o
< 9% Blat search & ©]-§3}¢ %%_13& Ao 2 g8 5 g

*

Dog BLAT Ssarch

BLAT Search Genome

{12 glat gy o AL EIFILHY Cualy vpa SO oubput Dutpul w'pa.
g | | B PORT iDimed CAnFand opnFmmi] | [BLATR guess o] ey smmre o] iy i =
skl | | Fiey bt kg (| b |
FRASLE U St RO DO THOED 115 B TRoah b T TR G T I LT e 5ot | e o5 TThaly e S irien

i SFIL-\'!‘ ¥ ll.".'l !3" "“E“S sEare "U- wan ﬂlw SO Dy TN EEUEnCe NAme

Fiim Upload: Faiber han pasiing 8 ssSquancs . voudl S8 cheess i Gpaan = ms fie contsaneey bhee
e LG

LIEH CAaT B e s ORI | mmm R |

ACatnly CHWfs s roos of 20, 000 of fowa i Doeses anc prodeln or innsisied ssgecnos af 0 00 G feesy
k=it will ha procassec Up jo 2% ssquencoecs can ba subrméted al the smnse Lune The tolal ms for
muitiple sequeEncE submeseasTe w50 OO DEseew ar 35 0000 Eetters
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Fig. 86. 7/&H Blat search tool

2}. DJ-1 transgenic 79} A3 712 AAA vz B4
- DJ-1 TG 7i¢t Ad7heke] dAbAl vlal &4 5 Ha F MA=FE dd4S FE8ke] A
A vl F4S 35192 RNA-seq 28 T34 7FE 23 AL AZ RNAQ quality ©]

=
22 AZA% V|ES AHg5e] oz ME RNAE testdlo] A RNAF 90%°]Ao] completedt

FHE S AT AT AAT] Aol Feh

BA
RIN | 28s/18s | Sample | BA2|E

NO. | Delivery ID Theragen 1D _Conc, . 260/280 BE
value ratio Vol.(ul) | & ug)

(ngy/ul)

1 Bl T1209R509 173 83 19 35 6.06 206
A

2 T1 T1209R510 231 94 18 35 8.08 205

Fig. 87. AAMNS TGN AE AH 2 QC
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< Bioanalyzer Z3} AFEl >

) Y TR
Ladder TI209RS... S10 100
m- J
0 A MJL
== sl it
4000 — — 5 a0 00 40 In]
2000 — — EFU] 510
1000 — s—
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200 = w— DE
- | " A
. 5% i1 |
5 20 1000 [nt)
L 1 2

Fig. 88. AZ quality £4& $3t Bioanalyzerd3} AL

- DJ-1 TG 7N} A247Me] RNA-seq A4S B35 U AFJES 8839 F AAAA}o] 9
Al DEGE #7] 93l deglo|"EE AA]

READ 1 Strand(+)

No | 1D Name Total Mapped PROPER I i Splice
READ 2 Strand(.)

63,152,047 46 417352 29026 405 28.871.275 17.527 837

1 1 Tt 9 55.649.021 :
soee 20IR00 0 (92.0%) (67.8%) 28,740,828 | 28895958 (25 5%

61,141.645 42,034,854 26.300,519 26,172,819 15,489, 261

T
2| s 1205R0510 PR 192.4%) (636%) | 26058214 | 26185914 (24.9%)

Fig. 89. &&o|"E summary

- DEGEA S 2AAsted 243 A3 DJ-1 TGHAAE 45709 Fxx7F up regulation®] How, 29

Mol #AA7F down regulation®] E.
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Fig. 90. DEGE4]

- DEGEXHE {FAAE °]L34 Gene Ontology®4S A% Z3} molecular function® 749 DJ-1
TG/l A binding 2 catalytic activity 7}E]laglel] &ale FHdA50] o] Heyd 23S HAFUO
™, biological process®] “d-$ biological regulation, cellular process, metabolic process, regulation of

biological process 7t B2 FHAAEo] &3t A4S HoFT}
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Fig. 92. biological process ¥4 A3}
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AAA = ¥4 9 targeting vector |2t

wE o] AL FEoA )
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