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(57) Abstract: The present invention relates to a human dual-specificity tyr-
osine (Y) regulated kinase 1A (DYRKI1A) transgenic Drosophila or a min-
ibrain gene transgenic Drosophila, wherein the DYRKIA is a human Down
syndrome gene and the minibrain gene is a Drosophila homologous gene of
DYRKIA, to a method for producing same, and to a method for screening a
Down syndrome-related phenotypic drug by using the transgenic Drosophila.
More particularly, a Drosophila having a transgene of the human dual-spe-
cificity tyrosine (Y) regulated kinase 1A (DYRK1A) or minibrain, according
to the present invention, nervous system-specifically overexpresses
hDYRKIA or minibrain, thereby expressing shorter lifespan, reduced motor
ability, and abnormalities in nervous system development, is simpler to ma-
nipulate compared to existing rat models, is very economical, and displays a
phenotype allowing easy observation of Down syndrome symptoms, and thus
can be useful in effectively screening the Down syndrome-related phenotypic
drug.
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syndrome and DS murine models: a spiny way to learn." Prog Neurobiol 74:
111-126; Altafaj, X. et al! (2001). "Neurodevelopmental delay, motor
abnormalities and cognftive deficits 1in tfansgenic mice overexpressing
DyrklA (minibrain), a murine model of Down's syndrome." Hum Mol Genet 10:
1915-1923; Epstein,lC.J. et al. (1987). "Transgenic mice with increased
Cu/Zn-superoxide dismutase activity: animal model of dosage effects in
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(1993). "Introduction and expression of the 400 kilobase amyloid
precursor protein gene in transgenic mice." Nat Genet 5: 22-30.; Chrast,
R. et al. (2000). "Mice triéomic for a bacterial artificial chromosome -
with the single-minded 2 gene (Sim?) show phenotypes similar to some of
those present in the partial trisomy 16 mouse models of Down syndrome."
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defects associated with Down syndrome." Nat Genet 16: 28-36; Altafaj, X.
et al. (2001). "NeurodeVelopmental delay, motor abnormalities and
cognitive deficits in transgenic mice overexpressing DyrklA (minibrain),

a murine model of Down's syndrome." Hum Mol Genet 10: 1915-1923).
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<2-1> DYRKIA T& 9E 9 F2Y
°o1zkel ot
Kinase 1A) FdAE 7IAE ¥ ‘Xdﬁ* zﬂrﬂa A Zsl7] Yol pENTR223.1

=37 DYRK1A(Dual-specific tyrosine(Y) Regulated

o

vector (Invitrogen, W]|=)dl ?,1_91 DYRK1A -5 A}(Genebank - number :

BC156309; A d®E 1)7} S0}9= cDNA clone(Openbiosystem, ™ =)& Tk

fr

=, 71];’1591]0] A2 (Gateway system)& ©]&3td atr]et #ZE WRO
229e SR .

TA)A o0 Z | pENTR223.1-DYRK1A & 150 ngi’} UAS 1B 150 ngS 419
TE W3 (buffer)= 8u7}A] 2-& Z, LR Clonase 11 &A(Invitrogen, V=)E
2wt gol  25TolA 1A F
AZsAHE 1)

QF '?_—8—/\] Zo=EX  UAS-DYRKIA HHE

<2-2> minibrain E 2@ WEe 22y

DYRKIA Axtel Z3g] 4% AR Drosophila minibrain EE
AE FZ3AF  299E AFE) 98k,  mnb  E(Genebank
number :NM_167581.2; AE®¥3 2) A7AEL EUYRE 379 Zo] E2YS
Fastgic. |

FAHoR, WA Zvel=HE easy-BLUE RNA extraction kit (iNtRON
Biotechnology, @#)E ol4ste] A RAE 23 ¥, @A RVA 3 st
Oligo-dT 1 wd(Invitrogen, Bl&)o] ZF45E 13 w7hA AL 3, SuperScript
First-Strand Synthesis System(Invitrogen, ®©=)& o]&3so HFSAZAT.
a8 e, 65TColA 58, 4TolA 28, 50CoA 60 &, 70CA 15 £3F
BhS-5lo] cDNAE AT, A7) DNA 1 g FFoZ sk, mob E (N-
term)®] & el ADHE  4(5'-CCATGTATAGATTAGAGGATACGAATAG-3') R

AaAM 3 5(5'-ACCGCCTGTTTCCACTCCGAGGATG-3") 9] =Z&gtolw A3 mnb E (C-
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term)9 E#E Yt A EHIT  6(5' -AGTATCTGCTCGACCAGGCGCACAAG-3') H
AEHE 7(5' -GTGGAGGCGTTGGITGGCGGTGCAAT-3")9] X &tolw 48 Z+Z} PCR
mastermix(iNCRON Biotechnology, @#3)E o|&3te] 95Tl 5 £ %<
WAS) 31, 95T 30 %, 58T 30 %, 72T 1 ¥ 30 %9 o= 30 JH&
EY &, 72CoA 5 & B AZAAE H, 4TCA d4Y &ME PRE
F3stgdct.  olEA Yol DNA ©H-E pGEMEasy vector system(Promega,
U] Z)S o]&3ste] Z+Zt pGEMEasy-mnb E(N-term)® pGEMEasy-mnb E(C-term)
AEE A9t mnb EY full-length ORFE 7FA& ¥E A& 35149
1981bp $1H0] EAFE Hindl[1 AFEAE o] &89, pGENEasy-mb E (N-
term)¥ HindlIl A@&ELZ  Ze} £H8kL, pGEMEasy-mnb E(C-term)<
HindI119} Spel(Roche, ®=)2Z Z2} mnb E(C- term) #E& FTHISAH.
724z} F¥)® 9WELS DNA ligase(Bioneer, ¥F)E ol &3t dAFo T A
pGEMEasy-mnb E(full-length) We2 AZsg.

T3k, mnb E(full-length)E 7IAle ¥I ATz E TE7] S8t
31719} e W o2 UAS-mnb E(full-length)E #1=Haksich.

TAHeZ, pGEMEaéy?mnb E(full-length) #E{e} UAS HEE Agtas
EcoRI(Roche, m|=)o.2 Z&} mb E(full-length) @A XAgdsd UAS HHE
DNA ligase(Bioneer, @3)E A&3te] UAS-mnb E(full-length) ¥EE
Az A= 2).

<2-3> minibrain H Zd A F=24
DYRK1A SAxo] Zdel A% AR Dfosophi]a minibrain HEZ
HAE d2AAZS x9gE A7l 98], mnb H(Genebank number:
NM_170659.2; M EWZ 3) F7IMEE vigoez 292 s3SAT. mb H

(N-term) & st A7) =98 DNA 1 S FEo2 3lo, AEHs
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8(5'-GCGATTCCGATTGCCAGTGATATGT-3") g AEAHE 9(5'-
ACCGCCTGTTTCCACTCCGAGGATG-3')  =Zztol® 4<%  PCR  mastermix(iNtRON

Biotechnology, 3F=)& o]&3l 95CA 5 & FoF WA 3, 95T 30

P

, 58T 30 %, 72C 1 ¥ 30 29 2702 30 AL Ed &, 72CA 5

e

B AFAAE F, 4ToNA B9 &M= PRE w8, °] PR
93 S pGEMEasy vector system(Promega, Yl=r)< AF23}o] pGEMEasy-mnb H(N-
term) HMEE AZ3TE.  mb HO C-term &2 mnb E(C-term)2} Z&
B7NMERE ol FolA ReBR mib H(C-term) & E2|3h= Al mnb E(C-term)
& Agstgdth. mnb H(full-length)¥ mnb HS 1717bp F&l EAgE
HindIII ATHAALE o] &3t driet o] A28,  pGEMEasy-mnb H (N-
term)& Hindlll ATHEAZ e} FH|Sk3, pGEMEasy-mnb E (C-term)=
HindI11¢} Spel (Roche, ¥®|=)o= ’2’3} mb E (C-term)E-E& FnH|3 I,
2t7zbe] SHHES DNA ligase (Bioneer, 3dFE)E o] &3}o] pGEMEasy-mnb H
(full-length) WE]E ﬂ]l}ﬁ}‘/’i‘jr.‘

wd, mnb H (full-length)® 7I1AE FAAS =xdz& #2357
#15ted  pGEMEasy-mnb H(full—length). wlglol UAS WEE Agtas  EcoRl
(Roche, ©]=)o = Z& mnb H(full-length) ©¥H 3} A¥3ld UAS HEE DNA
ligase (Bioneer, @&=)E& o|&3t] dZTo=MN UAS-mnb H (full-length)
A E AFsi T (= 3).

<2-4> hDYRKIA 2 minibrain 2@ 2 g =y 48 AS
A7) AA ] <2-2> 2 <2-3>0) 4] AlZ¥ hDYRKIA 2 minibrain 23
el S zvigd dAAGE7] Y, TR Wy P-<lA iz AAAAME

8 A W3 (P-element-mediated germ line transformation)& &3] UAS-

hDYRK1A9} UAS-minibrain @@ #WEz FAHgd x4 & 5313 [Rubin
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GM et a/.(1982) Genetic transformation of Drosophila with transposable

element vectors. 357 Science 218: 348-353].
<0-5> HDYRKIA 2 minibrain ¥AAY zgele $24 FHwd w3

A7) AAlo] <2-4>o| A A ZH hDYRKIA EZ A3 Zulg] 2 minibrain
FAAZ Zua]7} 22 hDYRKIA 2 mlmbraln GAHAe BHE FET F
o].E_]] o)

golsly] ¢35k ?}_M}ﬂ«] Gal4/UAS Al2=HlE o] &3t 217 A
20|89l Elav-Gal4ol 27 UAS-IDYRKIA §24d% Z%elet UAS-minibrain

‘PAAs zueE mulst = do]@d  Elay>hDYRKIA, Elaveminibraind}

Be)

z2 EBlav-Gald 2339 #elE 2ste] DB FHT F hDYRKIA
o 2 minibrain ﬁ\“/‘rc’l‘ﬂé o] &3} P(RS 33+,

FARoZ cDNAY AL easy-BLUE RNA extraction kitE ©]-83}4
AA RNAZ 323 5, @A RNA 1 pg¥ Oligo-dT 1 wb(Invitrogen, ¥]=)ol
Z25E2 13 w7bA e 3, SuperScript  First-Strand Synthesis
System(Invitrogen, ®]=)o] ¥o] wh-&-A]zit}, 65°C°ﬂ/*1 5%, 4TolA 2%,
50ColA 60 &, 70TColA 15 ¥, 4TolA 5 &3k w33t cDNAE A3ttt
471 cDNA 1 & FPoR Fto, AT 10(5'-TGATIGCACCAACAGGTCCAGA-
33 HEgWE 11(5'~TTICTCCCAATTCAACCGCTCA-3' )] hDYRKIA Eholw 4 o2
MEHE 12(5'-CGTGACTTCAATTGGATAAATAGCT-3" ) &} MEw s 13(5'~
GCTGAAATTGACCCTCAGGTCC-3") minibrain Zatolw 4 % PCR Premix(Bioneer,
F3)E o83l PRS F3stATE. PR 95Tl 5 & &< wA# i,
95C 30 %, 60T 30 =, 72C 30 29 702 30 AL 5 &, 72TA
5 & B AFAAT H, 4T FZe] £ME FH5AH.

o A3, = 4o YEeERd wke} Zo], hDYRKIA FHAAHE 44) H
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minibrain &AA(E 4b)E 2T Bla] oF 4-58] o] FoHo=z ol

<284 1> hDYRK1 2 minibrain FZAR}o] 23k X3}z

KDYRKL 2 minibrain S@7el o8 zve) 4
35, Gald/UAS Al=8 = FxA FA4A 2&¥(inducible gene expression)
Asdel §A7 2917 GeneSnitch) & ol 5kl gAle] AFA SolHoz
hDYRKIA 2 minibrain 5429 AL HFEZ3t7] 938 ElavGeneSwitch-
Gald(E1avGS-Gald)Sh UAS-HDVRKIAZ Wujslel ore we = wb7|o]A 7ol
29 olel WAAD zHE A 1007E o] zuy SHe

7

A

19tk 9 4L A 29X (GeneSwitch)E &4 3HA 7] = RU486]
e A AAEA e dET WAE olgsgon 3d eAE WY
dol AHRlE sl £9 SHe AAs

O A3, & 59 Ve

o

o
=
e}
il
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Ho
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flo

EzT (ElaVGS>hDYRK1A—RU', Maxiam lifespan=57, Midian Lifespan=34)¢]
H]&)A]  hDYRKIA FAx #2+d(ElavGS>hDYRK1A+RU, Maxiam 1ifespan=45,
Midian Lifespan=22) 93] fojx ez 9ol dFHe A& FARHUHE
54). %, minibrain ¥}'2%d (ElavGS>minibraintRU, Maxiam 1ifespan=36,

Midian Lifespan=19)°l 98 HogHoz 9ol ©FHE HO=E
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A 2B FHE Ak iﬁ’—]ij(GeneSwitch)—i— o] g3ty Aol AAA FolHdoz
hDYRKIA 2 minibrain A x}2 %}%% FE37] Y3 ElavGeneSwitch-Gal4
(ElavGS-Gal4)Sh UAS-HDYRKIAS v wifate] &g e & wdrleA Aold 2
ole] HAAZ zlg "éiﬂ% 42 2 A (GeneSwitch)E FAZA 7=
RU4860] A7t wixlel AHA/FEA G oz WAE ol&std 30¥7tA|
ME F 30del B AAME ol8stel 4Tt g loml Aol zels

ey XA & GPAIZB0R) WY xFE ojeAYE FHA
2

Hats AU,
a A3, T 69 Jebd vle} Zo] hDYRKIA 2 minibrain 34 of

we} woto] ME £F 58 Zat AN FAHE AL FARATCE 6).

<23 d] 3> minibrain AR Edo)| 9% 23] AAA AG BA
minibrain fA7 Bdel g zute] AHA VYL EAE] St

2929 Gald/UAS A2 ol g3kl AZFA Soldez Fguhwiol

AH == driverq! Elav-Gal4;UAS-GFPE o] €3} UAS-minibrain FZA Mg
z32lE uulgk & ol ElaV>GFP minibrain®} 27 Elav>GFP 2 3}8] 9
HlobE 24417 B9l T T ds 24A & ug N mASe] GFP
2dg SOl ABA BT e ARG,

T A%, = 7ol Yl wher ol A3 (Elav>sytGRP) 9 =2 e
%5277 (Central nerve system)st $417 7 (peripheral nerve system)d]
e Y ABA FFE 4ol F olFolQ WR(E 74), minibrain L

S, A% (Optic lobe) B EA7HM(ventral nerve cord)d && o] (% 7B
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(379 9]
(373 1]

1) ¢17F DYRK1A(Dual-specific tyrosine(Y) Regulated Kinase 1A) &=
minibrain FA2E Egsl= HEE Axs= A, 2

2) A7 @7 1o AHE xdd FAABANE BAS T

(i

eEEE A% BAAS 3ty A=Y,

[T 2]
A 18 oA, A7 @A DY DYRKIA FAAE AEdHS 12
ZNAEE G7IEE e AL EAOER e OS5I 43 FAA

zvhe] A=y,

[+ 3]

A 18] golA, A7) DA 1) minibrain $FAAE AEHE 2

rr

Az 308 7[AEE d7IMEe Ze AL EHLE = vUeT

o
M

SRR BAAR 29 A=Y

(7% 4]

A 1l Qeld, 47 wA 2)9 WEHE U #EHA Re SPo=

oot

[T 5]

A 1gel QolA, A7 @Al 29 WHE PR wA AT

3 A A8 (P-element-mediated germ line transformation)g ©]-8-3}
EUHE AL EAOR = SIS AA 44 298 AU
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