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TOM TAT

Bénh Pakinson 13 bénh thods hda he thin Kinh van dong pho bicn o m.um €a0 tuor. nguyén nhin L do ndo

b ngudi b¢nh khong sin xudt duge ch
dong vin déng co. Nhimg nghién ciru g
ché¢ phat simb bénh Parkinson nhe s

lhong ubiguitin-prot
méc dis nhiéu nghién ciru di dugre thye qun
cic bgnh thodr héa than kinh kh.
protin UCH-L1, ching 16i
gmm lI'OIIIZ rum

VA0 rudi

eidm nham 130 r cac dang ru

hudmz dUCH 12i cac mé dich thong qua phire l\O‘p GAL4-
GAL4 dUCH duqe bidu hién dinh huemg o md mit, phan tich cho thay proteiy dUCH biéu hién manh o vis
phan bao thir cap ¢6 var o quan trong trong quit trinh hin thanh méi va o ving
mat chimg 10 ¢6 méi heén hé¢ gitra mure do bu,u hién dUCH va Ki¢u hinh mit ru

din 1euyén |h1n kiuh dopamine, din dén mat kha nd
diy cung cap nhicu bang chimy
tich 14 a-synuclein, sy thuy phin chud ubiquitin trong
ubiquitin-profcasonte bi sai hong, syr mat chire nang ca ty thé va hién tug
L1 (ubiquitin carboxyl-terminal hydrolase 1) Ja mét protein plm bién o n
ome nhim phan hiy cu protein gip cudn
m ra mér quan h
d& nay vin con nléu tranh cii. DE huéu 18 hom vé vai tro cua
icn I\.ml\ bi¢u hién protein dUCH. mat proten wong dong vor UCH-LI o rudi
dm chuydn gen va nghidn clru vai tra cua no |k

inh hoc phan |

tress oxy hoa. Trong do, U
vatn 1rd quan 1rong trong h¢
bio. Trong nhimg ndm gian diy.
-L} va bénh Parkinson ciing nhu

a U

cdch o vector pUAST-dUCH. vi uém
2en mang phirc hop UAS-dUCH i biéu ién dimh
AS Kb cac dong UAS-dUCH vai dong GMR-

dudi cua dia nen phin sinh
Nhu vay. rudi gidm chuyén

gen dUCH 12 mét mé hinh tot dé ¢6 thé nghién clru vai tro cua protein nay déi ven bénh Parknson vé sau

Tir khéa: gen dUCH. ruds gicim GMR-GALK, chuvén gen. biéu hién diuh Inring md mét

GIOI THIEU

Bénh Parkinson la mot wong nhimg bénh vé roi
loan than kinh pho bién nhat. dimg sau bénh
Alzheimer Trong sudt thé ky 20, yéu 16 di truyén
khong dugc xem 1a nguyén nhan gay nén bénh
Parkinson (Corti es al, 2005). Tuy nhién, nhimg
nghién ciru gan day da bac bo quan diém nay va
quan trong hon nira 13 cac nghién ciru nay da cung
cap cac bang chimg dé hiéu duge co ché phan tr ién
quan dén co ché phat sinh bénh Parkinson (Gasser.
2007). Nghién ciru chic nang va hoat dong cua
nhimg gen nay giip hiéu dugc mdi lién quan cia
mot s0 co ché vé1 nhau va sy hén hé voi co ché phat
sinh bénh Parkinson trong 1é bao, nhu syt tich 1y g~
synuclein, sir thuy phén chuén ubiquitin trong hé
théng ubiquitin-proteasome hu héng, sy sai chuc
ping cia ty thé vA hién tuong stress oxy hoa
(Dawson, Dawson, 2003).

Trong do. UCH-L1 la mét protein hi¢n dién rat
nhiéu trong nio (khoang 1% - 2%) (Wilkinson ef al..
1989). thudc ho enzyme c6 vai tro trong viéc hinb
thanh lién két & déu C cua protein trong quy trinh

2dn ubiquitin cua nhimg protein gip cwin sai.
protein 21d 6 khong mong muén cn phan hoy bai
proteasome (Amenk. Hochsmrasser. 2004) UCH-L1
tach chud ubiquitin ra khoi protein tmude khi protein
vao hé théng phan cit proteasome, bén canh do
UCH-LI ¢on phan tach chudi ubiguitin thanh cdc
monomer ubiquitin, &1 st dung ubiquitin cho hé
lhoxm ubjquitin-protcasome (Larsen el al . 1998).
Mac di co ché gay bénh Parkmson vin chwa dvoc
biét rd, nhung hau hét cic nghién ciu déu qQuy e
mot moi n\ng sirosar hong hé thong ubiquimn-
proteasome va sur tich tu nhimg protcin by bién doi ca
lien quan dén benh Parkinson (Hegde, Upadhya,
2007) Pratein UCH-LI €6 vai tro trung tim trong
hoat dong phan huy protein cua hé théng ubiquitin-
proteasome nén ¢ic nha nghién ciru cha ring UCH-
L1 ¢ lién quan dén bénh Parkmson (Leroy e al..
1998: Maraganore er af . 1999 Nishikawa et al.
2003). wy nhién van aé nay van con nnéu tranh ¢

Trong nhiéu thap k¥ gan day. bénh di truvén o
ngudi Judn 1a dé i thu hit su quan tam cua cac nha
khoa hoc. Cing vor sy phit wién cua k¥ thudt sinh
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hoc phan 1, cac cong teinh nghién clru co ché sinh
hoc phan tir cua bénh dugc tien hanh ¢ cac mic do
W in vitro, & bao déng vat cho dén in vivo. dong vt
chuyén gen. Trong 6 ciac mé hinh dong vt chuyén
gen, voi nhimg wa diém wugr trdr, rudi giam
Drosophila melanogaster ¥a mé hinh duge chon su
dung pho bicn trong nglsén cini y - sinh boe hign
nay. Trong nghién ciiu nay. ching (6 xay dyung mo
hinh nghién ciu bénh trén dong vat chuyén gen. md
hinh rudi gidim D melanogaster nham {mg dung
trong nghién ciru vai tro cua protein UCH-L1 dor véi
bénh Parkinson. Cae két qua dat duge bao gom 130
dong gen dUCH vao vector pUAST va chuyen vio
co thé rud 2idm nhim o rudi gidin chuyén gen
mang phire hgp UAS-dUCH phuc vy cho nghién clru
val tro cua prolcin UCH-L! déi v&n bénh Parkinson
va xem sir bicu hién vugt mire caa protein dUCH
trong rudt gram chuyén gen.

VAT LIEU VA PHUONG PHAP
Chiing vi sinh vit va vector

Ching £ colt DH5a (F-endA | hsdR 17 (rk-/mk-)
supEd4 thi A-recAl pyrA96 A lacU169 (¢80 lacZ
AM15)) duge st dung lam thé nhan, nhin va chon
dong.

Vector pUAST (Chromosomal Technology
Laboratory. Kyoto Institute Technology. Japan) dugc
su dung chuyén gen dUCH vao ruor ;:lam Vector
PUAST bao gom doan UAS la trinh tw gan protcin
GALA4, doan polylinker gitp viée 1ao dong duoc dé
dang va mot rinh ty ngimg phién ma. 1at ca duoc dit
trong mét vector ¢6 thé chuyén vy nhd nhan 18 P, ¢6
gen Amp’ c6 kha nang khang Ampicillin giip sang
loc trong qua trinh 130 dong

Chiing rudi gidm Drosophila melanogaster

Canton$ va W1 118 duge sir dung nhur dong rudi
hoang dai (Bloomington. My) GMR-Gal4(X) dueac
dung dé bieu hign vugt mirc gen dUCH & mo mat.

Thu nhiin b gen rudi giém

Rubr trugng thanh (10 - 15 con) duge thu va giir
¢ -20 C qua dém. Sau d6, hoa trong 0.1 ml dém ly
gidn v nghién bang chay. bo sung 0.4 ml dém ly
giai. Hon hop dugce bo sung protease K 0.5 mg/ml va
01 25 & 37 C. Sau khi ly tm 10 phat vai 10000
vong/phut, ¢ 4°C, dich nd1 duge bo sung 250.250 pl
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phenol: chloroform. déo ki va lac rung. Sau khi ly
1am nhu wén, dich noi dugc bo sung 500 pul
chloroform va dio ki. Sau ly tam nhu wén va dich
nd1 duge bo sung 1/10 thé tich 3 M Na acetate pH
5.2 v 500 ml 99% ethanol va 4 30 phit ¢ -20 C, sau
do ly tam 30 phut v6i 13000 vong/phit & 4°C. Tua
dugc rua lai bang 500ul 70% ethanol, ly tam 30 phit
véi 13000 vong/phit & 4°C. Tua duge dé kho ny
nhién va giir trong 50 ul MihQ.

Thu nhin plasmid pUAST-dUCH

Plasmid pUAST-dUCH duge tach chiét tir £
coli DHSa theo phuong phap kiem SDS (Bimboim,
Doly. 1979).

Khuéch dai gen dUCH bing phwrong phap PCR

PCR khuéch dar gen bao gém 5 pl dém 10x
PCR. 5 pl 8 mM dNTP. 5 ul 25mM MgCl, | pl
DNA b6 gen (Y ng). | pl 1 unit Tag polymerase va |
pl moi moy (I0 pmol). dugc b6 sung 31 pl nude cit
1én thé tich cudr cung la 50 pl. Phan img PCR dugc
thyc hién theo ché dé nhiét: 95°C/5’. 30 chu ky
(95°C/1", 55°C/1°, 72°C/1°), 12°CN O

Thiét ké plasmid v bién nap

San phdm PCR gen dUCH duoc cit véi enzyme
han ché EcoRl va Xhol. cheén vao vector pUAST tao
thanh plasmid 14 16 hop pUAST-dUCH va duge
bién nap vao £ coli theo phuong phap shock nhiét
va CaCl, (Sambrook. Russell, 2001). Khung doc cia
gen dUCH dugc kiém tra bing PCR. cat han ché vi
doc trinh ty. Tat ci cac thao tic gen déu thuc hién
theo phwong phap co ban trong Sambrook va Russell
(2001).

Vitiém

Rudi dung dé chuyén gen phai c6 hai dic diém
khéng mang gen ma hda transposase va khdng
mang chi thi chon loc (thudong 1a ruoi don bién mat
tring). Rudi diroc nudi trong my truéng dé rimg 2
- 3 ngay trude khi vi ném. Vao ngay vt tiém, ci
cach 60 - 70 phat thay moi trutmg SY (5% dubng,
5% nam men, 1% agar) mét lan. Trude khi tiém
pha dé ruéi dé tramg trong 20 - 40 phut trong mdi
truomg thach SY. Lép mang day bao quanh rimg
dugc loar bo giup cho qué trinb vi tiém dé ding.
Helper P - element va plasmid mang nhin 10 P
duoc tém vao trimg cing mot lic & phan dudi cua
trimg noi hinh thanh mém té bao.
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Trimg rudi sau khi vi tiém duge cho trg lai mdi
trudmg SY dé lru'ng phat trién. M&i kén rudi duge
nu0| trong mét dng méi trudmg, dé ching ng thanh
rud truong thanh hodc chd cho dén khi kén nd thanh
rudi lruong thanh thi ba trinh nix. Toan bo thé h¢ Fy
€6 mau mat ring. Mai con cal Fu dugc giao phér vin
ba con dyc WI18 va méi con dyc Fy dugc giao
phOl véi ba con car W1118. Thé he F. ¢6 kicu hinh
sau' | Tatca !he h¢ con F| c6 mau mit tring. Day la
nhimg con ruoi khéng dugc cl\uyén gcn 2. Mot sd
ruol Fy (khoang 10%) mit co 54 10 do. Day 1a dony
ruél dugc chuycn gen 3. Thé hé Fy (hon 30°0) ¢
nhiéu kiéu mau mit khic nhau. Didu may ¢o nghia la
co l\hICU doan 2en da duge chnyen vao b gen rui.
Rudt co mau mit nhat duge ding de lai tiep theo.
Sau khi sang loc dé thu durge dong rudi chuyén gen,
cac dong rudi ndy duroc xic dinh nlnem sde thé ma o
gen cheén bing cic phép lai voi rudi mang chi thy
nhigm sic hé (balancer).

Lai Western

Mau protein trén gl dién di SDS-PAGF. duoc
chuyén [én mang nitrocellulose bany tic nhan dicn.
Khoa mang trong dung dich sira gay 5"» trong PBST
(80 mM Na;HPO,. 25 mM NaH:PO; 100 mM NaCl.
0,1% Tween 20), lic nhg trong | gia cho dung dich
tiép xuc deu vor bé mai cuoa mang lai Sau do. ngam
mang lai trong khing thé khing dUCH (1/10000)
trong 1 gio, déng thai lac nhe nhang hép. Sau dé ria
ki mang 5 1dn trong dung dich PBST. o lin $ phat.
Tlep tyc u mang vai khang hé thir cip danh dau
bing HRP pha lodng trong dung dich PBST vén u lé
1720000 rong 1 gidn. dong thén lic nhg hép. Sau do
rira ki mang biing dung djch PBST § fan. m lin 5
phit Hién phim bang dung dich ECLI va ECL2
(Thermo Fisher Scientific Inc., Waltham, USA).

Mién djch huynh quang (Immuno Flourescene)

Tach dia tién phan smh mac 1 du trang thir 3
trong PBS (140 pM NaCl. 3 pM KCl. 8 pM
Na;HPO,, va 15 uM KHiPO, . pH 7.4) trén da. Co
dinh dia rong 2% paralormadehyde trong PBS ¢
4 C qua dém. Sau do rua 6 lan bing PBS o nhigt
¢ phong. U véi khing thé so cip - dUCH
antibody (1/10000) ¢ 4 C qua dcm Rura 6 1an bing
PBS vé U vdi khang (hé thir cap «-FITC antibody
(1/1500) 4 pio ¢ nhiét do phong hoje 4 C quit
déin. Rua 6 lan bing PBS va i mau trong 100%
glycerol trong 30 phut. Xem tin hicu bing kinh
hién vi huynh quang.

KET QUA VA BIEN LUAN
Thiét ké plasmid t4i (8 hop pUAST-dUCH

Sin phdm gen dUCH van khuén DNA b gen
rudi giam va cip méi dac hidu co kich thude 980 bp
ding nhu iét ké (Hinh 1A, gieng 2). San pham
PCR gen dUCH durere tinh sach, ¢t vér EcoR1. Xhol.
tinh sach va ndr dau dinh vio vecior pUAST ciing
dirge it vai EeoRL va Xhol, bing DNA 8800 bp
(Hinh 1B, gitng 3) (o ra plasmid i (6 hap pUAST-
AUCH. Plasmid duoce bién nap £. colt DHSu 120 ra
cie dong £ colt DHS@WpUAST-dUCH.

Kiém (ra khuin lac hﬁng PCR vai cip moi
wizl/wiz2, cic kKhudn lac @ gicng 4, S, 8,9, 10 ¢ho
mol bang DNA - 1030 bp nim gira 1000 bp va
1500 bp. wrong (my vér san pham PCR plasmid tai 16
hop pUAST-JUCH van ¢dp mar wazl/wiz2. Cic
Khuan lac mang pUAST-dUCH duoc nuds cay va
taeh plasond bimg phuong phiap SDS-kiém dé kiém
trit bing méy diic méu gen

Trong sd § khuan lac ¢o PCR khuan lac duong
tinh ¢hi ¢ 2 plasmid pUAST-dUCH & giéng $ va 6
tiép e cho s pham PCR 980 bp vér cap mén dac
Miéu cho aen dUCTT (Hinh 3, giéng 2) Plasid tin 1o
hap duoe et vai EcoRl va Nhol (Hinh 4, giéng 4)
cho hai bang co kich thuge bing pUAST mo vong
(Hinh 4, giéeng 2) va bing 6 kich thudc bing vii
gen dUCH (Hinh 4. giéng 3) Plasimid néy cing cho
sin pham PCR voi mér dite hicéu cia gen mo1 b
dung kich thuee, Nhur vy gen dUCH da dong hoa
thanh cdng vao plasmid pUAST. Plasmud pUAST-
dUCH a1 16 hop duge gidi trinh ty kiem tra
(Macrogen, Han Qudc) va vi iém vio Tudt nham tao
rudn mang phie hap UAS-dUCH.

Biéu hién dUCH & cic dong rudi chuyén gen

Sau khi chuydn gen bng vi tiém. cae dong rudi
chuyén gen dirge tuyco chon dia vao gen chi thy w+
6 Ki¢u hinh mau mit d6. Bao dong rudi di dosin ¢o
minng, gen muc e (hang qua mao ni A 124,023
4, #50-5. va #59 diroe 1am thuin va xac dinh nhiém
sie thé mang gen mue tidn (UAS-dUCH).

Phire hop gen UAS-dUCH frong e thé chuyen
gen durge Kkhuéeh dai PCR ven «ip moi dic hicu lao
quanh v n UAS-dUCH (Hinh SA). Theo Iy
Ihuyét, dirn tie dang cia yéu (6 chuyén vi gen ' Khi
plasond pUAST-AUCTE duoe du vio phon rudn, von
hogt dng caan transposase, phn‘ hop UAS-dUCH
niam giita cac trinh wr IR cua yéu 1o P duge chen vao
ahiém sic hé cua rudi wam. Theo thier ke thi
nghiém chuyén gen, transposase chi hién dicn duy
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nhat tong the h¢ P (phoi ruoi) khi chuyen gen va
hodn toan khong higo dign « cie 1hé h¢ sau do. Do
d6. gen chién vao nluén sie theé (6n i on dinh.

Nhwmy dong ridi chinyén gen v ruds hoang dat
duge lai Western dé Kidm e sy biéu hign dUCT)
protem trén rad chinen gen (Hinh $13). Buong trimg
et eie dong rudi chiyén gen va dimg g di
duee e nhin vioprotem dUCH dinge bicu hign
manh o budng g rdi. Khang the dUCTE nhin
dien durge dUCH protein (30 KDa) & roadi chuyén
wen v rudn hoang i

Bidu hign dinh luning 10 mé mit o dong rudi
GMR-GALA

Surdung dong rudr GMR-GALY mang promnter
chuvén gl cho md mdr cho phép sem sét su bicn
e gt mire potein moe Gén e dia phan sl i
tnon hink i min o rudn truemy hanh, cimg nbr
phiin tieh i hom ve e dong cua protem muae tiéa
(UICTEL DY 1én chu tinh & o v s bigl haa cie e
biao oo mire dd ma phin sinh.

D¢ tha nbdn vae e 1hé i chuyén gen mang

bp 1 2
10000
8000

1000 980

750

500

250

Hinh 1 San phdm PCR  gen dUCH (1A).

PUAST/ECORI. Xhiol (3B). pUAST (2B). thang DNA
chudn 1 kb (1)

1000 bp --»

fOrr A 18

Hinh 3. San pham PCR plasmid vé1 méi dac hidu clia gen
dUCH vo1 khuon gen dUCH (2. chimg duong), khuon
PUAST (chirng am, 3), khuon plasmid tch tir cac khudn
lac (4-8). thang DNA ¢huén 100 bp (*\
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déng thisi hai yéu 16 UAS-dUCH va GMR-GAL4
trong ¢ the, ma 16 hop gen mang promoter GMR va
GAL4 nidm (rén nhigm sic thé X, cho nén rudi duc
mang phire hgp gen UAS-dUCH duge lai véi rudi
cii GMR-GALA, Do ca thé rudi cai mang GMR.
GAL4 déng hop r trén nhiém thé X nén 1l c
rudi con a thé hg l'I deu n\.mb GMR-GALA4, K

i dUCH & ruoi
‘Im)m gen (hnn kidm 1ra hing lai Western gita
protem duge tach ra ir Gic dia }lun phan sinh mi(
ciin A tramg hir ba vi khing 1hé khang dUCIH, cic
dimg ndi chiyén gen co i bicu hign vint mire
profein dUCTE (Hinh 6A). Ngoai ra, hinh (ha mit
it raon rrong hinh 1 kicu hinh macnhim (mubjl
vyeh o dong rudi \]!ll)\ll gen dUCTE so v kica
hinh mie binb throng o reor hoang dai (Hinh (xll)
Protein dUCHT ¢d the duge bico hign verat e,
doe 1E B vit gy nén s bién dén trong quis rinh
hinh thinh mat €8 cic dong rudi chuyén gen, protein
AUCH bicu bién manh o vang phin bio thr ciap. noi
dong v e quan trong trong quid trinh hink thanh
IV o ing dudi (posterion) cua i tién phan simh
miit (Hinh 61))

bp

1000

Hinh 2. San phdm PCR khudn lac vér mbi
wiz /w122 100 bp va khuén pUAST (chung
am, 2). khudn nuoc (3). khuon cac khudn lac
sang loc (4-10). thang ONA chudn (1).

Hinh 4. San phdm cét bing EcoR| va Xhol cia
PUAST (2), gen dUCH (3), pUAST-dUCH (4& Sén
phdm PCR cta pUAST-dUCH bing cgp mol dic
higu gen (5). thang DNA chuln 1 kb (1)
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Cs #12-4 (1234 H530-5 #59

67
43

S kL XS

Hinh 5. A Dign di dd s&n phdm PCR gen UAS-dUCH 6 cac dong rudi chuyén gen str dung khudn pUAST-dUCH (2. 3.
chung durong). knuon nuoc (4. 5. chung am). khudn b gen CantonS (8, 7, chung néx). khudn b gen #12-4 (8, 9), khuon bd
gen #23-4 (10, 11), khudn b gen #50-5 (12, 13), khudn by gen #59 (14, 15) von cap mbi dac hiéu plasivd (giéng chiin) va
mé) dac hiéu gen (giéng ke ur 1), thang DNA chudn 100 bp (1) B Lai Weslern dUCH protein bibu hién 6 1uéi chuyén gen
voi khang 1hé khang dUCH

(-) H12-4  H23-4 #50-5 #59

A .
———— -“ Tubulin
—_ =—— —— 4 ducH
B CantonS #12-4 #H23-4 #50-5
CantonS
C

Hinh 6 Bidu hien JUCH dinh huding tai mé mat & dong rudi GMR-Gald A, Mirc d bidu hién dUCH & dia tién phan sinh mat
& ruds hoang dai (-) va rudi chuydn gen JUCH B-C, Hién lugng mat nham & rudi hoang dar CantonS va rudi chuyén gen
dUCH khi protein dUCH duoc bidu hign virol mirc & mét rudi (B) Hang trén va hang duo lwong ing voi dé phong dai 200x
vA 700x (C) Nhuém dia tidn phan sinh mét cua rudi hoang dar va rudi chuyén gen béng khang thé khang dUCH (a) dia
duoc chyp & val kinh 10x; (a') dia diwoc chup & val kinh 40x M tén:protein dUCH duwc bidu hign manh & second mitols
wave va & dudi mal
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Gen dUCH div duoe 1ao dong thanh cong vao
smid pUAST v chuyén vio co e rudi pian, 1o
rudi gidm chuycn gen ma hinh mang gen dUCTHL K
yuit bude divu da cho thiy mén hén quan itra mire diy
bic¢a bign protein UCT-LT v Kidu hinh thai i
rude Hon i,
eac thi nghiém phin tich van trd cua protein UCH-1 L
A v Dénl Parkmson vé s

md hinh ndy chinh Einén Ging cho

D¢ 1 chroe thee hién vin sieha 1o
Kindt /:Iu e gus Nafosted va su li o K it cuo
phing the nelen K thit nhicor s the, Licn K
thicir Cong nehé Kvoto, Nt Ben
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SUMMARY

(D) s o
population older than 63

Parkinon’s diseing progressice

neuradegeneratinge

movement disorder that affects the

ic neurons in P paticnts lead to the
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impairment ol movement Now .o day. several studics Tave Tound mutant forms ol genes linked to famihal
forms of PD which suggests that osidative stiess, mitochondrial dysfonetion, impairment of the ubiquilin-
proteasome system, and profen aggregation may coniribule o P pathogenesis. Among them, UCH-L] 1s one
ol the mostabundant proteins in the bram and plays an important ole in ubiquitin-proteasome system in order
to degrade the unfolded profein in ihe cell Despite much ¢l over the last decades, the relative between
VCH-LL and other neurodezencranse diseises such ax PU is sl unelear. In other to investigate the role of
UCTLE, we expressed dUCHL a homolog of UCH-LL v Drodopinla.  transgenic (ies and studied (s
function BBy constructing vector pUASTUCT and mierasnjeeting into Drodophila, we ereated the transgenic
1y lines carrmg UAS-dUCH and expressed dUCH in specitic tissue vin GAL4-UAS sysiem. Crossing UAS-
AUCH Tnes with GMR-GALA, we found that dUCH 15 overexpressed m posterior ol eye imaginal disc, an
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important part 1o the eye devel herelore, the oy ol dUCH aflected the eye phenotype.
Morcover, transgenic Mies carring UAS-dUCT can be i muded Tor Turther investigation of Parkinson dis

Tir khdu: gene dUCH, Drosapluls GMR-GALA, genete transformation, eve specific epr ossion





