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(57) Abstract: The present invention relates to a use of JULGI in diagnosing and treating guanine-quadruplex-related disease and, more
particularly, to a guanine-quadruplex (G-quadruplex) detecting composition comprising JULGI protein or a protein having a homology
of 80% or higher to the JULGI protein, a diagnostic composition comprising the detecting composition, a diagnostic kit comprising the
diagnostic composition, a method for providing information for diagnosis of a neurodegenerative disease, cancer, or a viral infection
disease which are in pathological correlation with G-quadruplex, and a pharmaceutical composition for prevention or treatment of a
neurodegenerative disease, cancer, or a viral infection disease, the pharmaceutical composition comprising JULGI protein, a protein
having a homology of 80% or more with the JULGI protein, or a mutant protein thereof. Thanks to the activity of binding to the
G-quadruplex structure, JULGI according to the present invention is expected to be advantageously used in diagnosing or treating
various diseases that are in pathological correlation with the abnormal formation and dissociation of the G-quadruplex structure.
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[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

8
EE A2 Ad
A7) B BA ANA A oF 1= vlo] 2] A 7491 A 3-8 G-quadruplex - ¢}
EBEV—*, FRAAE 7 a=3

=S EAoR &
o ulR A s A= 29 E A4 =4 812 (Amyotrophic
lateral sclerosis; ALS), A =53 ] vll (Frontotemporal dementia; FTD), A 13
A sg A 27 A 1A (Progresswe myoclonus epilepsy type 1; EPM1), F <F X
2" (Fragile X syndrome), & =44 & 2! % 3-(Spinocerebellar ataxia;
SCA36) 9 754 7o)l =8 E ofF ¥ (Familial Creutzfeldt-Jakob disease;

CID) .2 o Fo 71 ol A A3z Bh} ol 49l 219 4 QloLk, ool Al 3 s
e ok,

7] e vRRER B S, A ek g, A J g, W e
ek Aok AUk Mok A Rk Qe T Ao AT g,
W, A DA, DR BRI, £, 90 DAY O o] Fol
Fol A A EE = o] = Shp ol 46l A 5 Qont, olo A= AL ohr)

3
immunodeficiency syndrome), 217 vlo] 2] Z<(Human papilloma virus)= <1 gk
Ab-g" 74 - % (cervical cancer), §12~EFQ1-B} vlo] 2] 22 (Epstein-Barr virus) 2 1%t
3 A7 ¥ 3 & (Hodgkin’s lymphoma), ¥ 7! ¥ 3Z <& (Burkitt’s lymphoma) %
2k(nasopharyngeal carcinoma) 2. & O] 0 X ol Al A Bl %] = of = 3}
A9 % glont, olo] A= AL ot
ol 9}01%1 Mﬂ JULGI ol 7] e 2} 80% o] /d2] s d=
2 JULGI H=5= o] 9] A& @A 2} G-quadruplex o] 2 g
o A i RNA == DNAE ¥ 35h= At
J= ol 1 S Fol AR A @ FdATE

o =
or 9
5y

rl
i
i)

l o

14
(2 folr AN g
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e 1oz rr

L o o
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> Mol o?i
_l

>

S

1

o

o cp oL fo
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w
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& A D oyo e
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N
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[e]

B |
71 JULGI &= o] il d e A S 12 FA| 5 & opv| =it Ad =
o] F o] X JULGI ©9 2 (JUL1 &% &) 2] RanBP2-type ZnF(Zinc finger) 5= €1

201, 80, 'E= 146 A o} Z 7] W (Arginine) 7], B A EHE 28 FAH =

ofu] =4k A & o] Fof X JULGI ¥ (JUL2 w2y 2] RanBP2-type ZnF(Zinc
finger) = w] Q1 W} 20%1, 799, H5= 152 A o} 27| 7|7} v & ofn| 4k, BT}
vl b2 31 A = ¢ el (Alanine) 7H7] 2 x| 3 o] RNA 23 €4 o] 24 ¥ 1Y
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T e, vk s JULGE m o] e & 242h MM s 5 =
MAUZ 602 FA ¥ = ob] Al AR o] Folx] Ad 5 3tk

[65] LG P2 JULGE @ 2 7] @A 3t 80% o) el e e 2
G ] G A S s stelE R AAE FEA R R ¥3ekE, &
iz vpol el A A she] o iz A58 ofohA 22 & AT

[66] 7 A NS, oF A vpeld A~ A
ok -AFE S (G-quadruplex) 122k ¥ w4 GARA S THA = A&
£4 0% 3},

[67] < ol A AR = gof, “ol ol g 2 ol mhE ofshA 2402 9
Fofoll ofsf H A A7 g, oF, HEis npol e 2 gl #hE A A AT A Y
S AN = BE BN E o] gt

[68] 2 el A ARE = gof, X wre B ol uh2 ofshA 24 B o Fofo
olsl B3 A7 g, oF Bi= npol e 2 ghd A ghol]l that S AI7F 2 H A
ol FA MAHE BE FAE s},

[69] < Lol 910l 7] JULGL & Bz 7] whad 1} 80% © /-2
FEAE e dmA s de el A AVl G S sd sk Al

2
DNA®} cDNAE .7 83 5= gt} vpgh Al sl A=, &
MAWME 308 FAIE = AV LR o] FX] JULL
FAH = VIR o] Fold JuL2 A A 4= )lEh
D7 LS ML Z 19] o mAt AR o] ol A & o3 38k
Mo, A Z 49 AV D2 AN T 29| ofn|mqt M A& o] Fo| Xl
A S G sbehs Aot R, Y] Y] AL ] "ol A7E &g <

Ml el Eddrh FAH R, Y] A MR 3 R AW S 49
D71 A D 247 70% o)/, vl vk sEAl= 80% oI, T Ul 5 vk s Al
90% ©17¢, 7Ha vk A &A= 95% ol el M d e THAE I AL s
Z3he o 3l

[70] ZdEd e =) ek«
ol

S

[71]

[72] olsh, & el old & w71 Asto] vt g AA[ & A A T 1
Bl7] 9] AA| o= Bouy & 1o} A7) o 35H7] Y5t Al FEE AL B 5]
ool o sl & g o] f-&o] R = A2 okt

[73]

[74] ERE

[75] A A A 1. JULGI B2 5} G-rich 7] ¥ 2 G-quadruplex 73912 A¥

£ adll
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1-1. JULGIS] 2% ¥4 © 2 G-quadruplex 2 E| = &9l

= lac] =A1 ¥ vhel o] JULGE @A & 371 2] RanBP2-type ZnF %= M| ¢1&
7FA a1 gl o A7 T ol ZZEe RNA Aol E ot HER ol 27|
Z+71(ZnFl, ZnF2 2 ZnF3°l 217 R20, R80 2 R146 =A)E 714 2L 9l v}, whelA
Py A58 g9 132 F 25 2HE JULGI © A o] Gorich 9714 4 2
Trold-ALE 3 A (G-quadruplex) -0 5ol 4 07 A=A of 5 Hol B
A&ll, SELEX ¥-41-2 A A5t JULGI ¢ Hofl 235 RNA X2 H &
AEA o g FHata 714 LD-E g0 A, & 1boll Ve vhef 2o
JULGI®] A3t RNA= G(r-ob)o] 78 M d& EhataL glglon,
0] G-quadruplexE & d 8191 316171 RNA =0l 4] 577 ol A G-score”}
=5 (G-score > 20)), 22} -1-Z 1= Hoogsteen-bonded G-quartet stacksS & 4 5} =
A& Gl

e

o

1-2. JULGI &% & 3} RNA G-quadruplex ZE| = 7to] A A A 2¢L 5
G-quadruplex 4 &9l
A7 AR vt o ®, A& 72 9 G-quadruplex 4 ©] 715 & Gerich
A7 LS 2= SMXLSE o] &3te] JULGI ¥ 2 o] A}7] SMXL52] @ 7
mRNA == RNA G-quadruplex®l] 27 4 o & A3}sl=4] o -5 ol x 7| ¢4,
G-quadruplex &gl & 8 3k ZH-Fo] EASAV = EAeHA| e 2710l A
GST-JUL1 3 GST-JUL2 ¥b¥d & o] &3l EMSAS 3ttt 1 23}, =
2a0ll e Ble} 2o JULIC] %A t 20 2 A& ¥ G-quadruplex 84
RE|ZE ZF= SMXLS 5’UTR X & H 9} A3+ o & 4 G-quadruplex &4
REZ o] o] Fol A A& A&} L G-quadruplex 4 FE[ L7}
2= mSMXL5 5'UTR (1), mSMXL5 5°UTR (3)9] 74-5-oll &= 4719} & A3}
LFEFLUEA] @bt} o] o wHal, G-quartet®] F 7 =& A A 8= ¥ o] A ¢ mSMXLS
5'UTR (2)2] 7 $-°lli= SMXL5 5’UTR B.t}= @ 582 A7 JuLl w4 =}
AzstE AL Felsteln). wak A JUL1H SMXLS 5°UTR 23] 3 &)
FHEKDE SAT A, S 2boll A & = vke) ol ZAF ] EAlsHA] &
ol = 130 nM, ZF 2] EA] Aloll = 230 nME FA = 1o m, o] = JULL 9|
922 0 & 12} SMXLS 5’UTR A Dol A3Hatthi= 318 o] shi= Zlo|t}.
& 2 &, SMXL5 5°UTR G-quadruplex €} JUL1 ¥ A Alol o] 45 28-S
Alzretstr] fal Al o] e vl = T o] N A|-a1 A AHel A RNA
3z 2 8ol t) &l G-quadruplexs Z3HA| QA 3IA 7] = ZHE, Al SEA A 7=
EF, £ G-quadruplexE FA3IA 714 &+ 25 S5 A2 10 A%
Al 2818 o] §ato] AFstln) o] & H8l, 74 A &7 & 2col] A H vRe} ol
Cy5% %A ¥ RNA Z2 B QI SMXL5 5’UTR-E GST-JULI S5 I & #
= FEFE] - A 3} 2 Q@ 2 (glutathione-sepharose) H| =0l A €] 5lar, A2 o 2
HI = ol 3 A ¥ G-quadruplexE Cy5 ¥ G-quadruplex 4141 91 Thioflavin
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T(ThT)E AH&-8
ThToll o3| S 7F ,_ZH(+KC1) 0}01] JUL19] :/a_ﬂ H]
st sl o4 Bheto L LHE F(+NaCl) 3= S FLICHS] E4)
Aolli= g3 NErt gastgla, whe)] Bl = wulal 1= Cys 43S
UEF Bz gF EA4 A F7EsSi o] 2] 8 A 7= SMXLS 5'UTR 9
G-quadruplex ]l 4] JUL12] RanBP2-type ZnF<} 2 5] 41 Q1 A3jlo] dojdr}= A&
ol gty

MN'
(i,
oﬁi’
)

A el 2. JULGI ©¥j 2 o] B3] MAAS 3 o 5o W FHA W Gerich
S71ME ¥ G-quadruplex Tx912] A3 891

A7) A A4 19] A3E vl o 2, 5 W 2158 JULGI w2 o] B gl A
AA% Ei g @& A%] W #8714 ) RNA Gerich 917142
3 G-quadruplex -9} A3 ek o] 5 eholn 17 s, o] & 914,
B A4 Aga Wy FHAAE 7= Corf72 7 A A R A F 474 <]
A 2 QF-1- 7 2} (proto-oncogene)(THRA, NRAS, FLI1 % BCL2)2] 5’UTR]]
EAl 8k RNA Gerich 99714 93 JULGL @A of Agto] 75 v = 39
/\]—EX]—_Q. J;L/H% E(,H 74%0}93\14_‘

5= 3a0l M & a7 Qi vkl ol A1 589 # A A Aol G-quadruplex- 4
] & (G-quadruplex-forming sequence)< 7+ 2 & 7 a1, 23 A3 & 3po)
ebd vRe}l o] GST7F 83+ JULL @9 -2(GST-JULI)©|
AFE Ae YA Y BEE B Gelsiglch 47 A
o) gafo] Hal A7 A% E ok S uy)
TZE go]x%p_;._ ANEs ]
D

|1j [“z,

i

&

ri

7] 7t AR
= JULGI A &
o] &l F-7+¥ G-quadruplex
o] o] &

>,
[ >,
o,
)
oy
!
=
Q
au
1:)
i,
| O,
¥
o,
i
2,

N
N3
N
L]
o[\
{0,
T,
o[\

ol v X = gk

&7 Ao 29] Aol Hsto], ¥ W AHES JULGL @ o] 217 = 34

Azke] sl 9 &4 54 74 315 (amyotrophic lateral sclerosis; ALS)2] ¥ <
fratoll WXz Q4 gk dolR Al kA o] & ¢le, JuLL vl 2 4]
kA o] Ranbp2 type zinc finger 51| 1ol A 3H= o} 27| AV & depd
7)1 &2 A gketo] RNA 29 242 gld JULIRA)E SHHA 547 3k<
Zupe] Zdo A A

1 7%} % 40 thebul vhsh o] obAlE JULL whu S whel A1 71 7 §-
LA =M= v Fo] f-98HA Z713F b, JUL 1R0s0145AS- HES] A] 71
Ag-olli= ZHHAA S 3154 HFol thET(G4C2)5 3} Bl L ko] F-of 317
A AL Fdolstlnt. A A= G- quadruplex A%t vl Al o] 2}

=
G-quadruplex folder$?! JULGIE ©]-83lo] ¥ 58 243 5= 1 2™ JULGI(RA)E
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[P 1] JULGI & 3= A7) w5} 80% o] 42l e 2=
A & E9ketE, ol -AlE 9 Al(G-quadruplex) -8
2AE
%473 2] Al 1ol he A,

A7 TJULGI @ A& AN T | B A EH T 29] ofn] 2}
MARE o] Fozl Ag EAH o= o=, A& A E.
[7d 73 3] A&l 9lofA,
JULGI ¥+ 2 2 ol rich A& T3= RNA ol -AL5-§HA) o]
Aol 2l& 50 R o=, A=
[7d 73 4] A1ge] 2 =& sk, g A= EA,
JULGI &9 A o] -0l A5 34| (G-quadruplex) 2 3 24 o]
7191sto] B & A7 A g oF = vhol Y A~ A A S-S
et 21& EH 0= of=, A=
] A4ske] 2A &S Lol kg v E,
Al ol A JULGI @9 A iEi= A7)
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[7d-7-8F 10]

0%
N
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c
=
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bt
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= Ho| gl o AN 19 ofv| A D =
o] 5o} %l JULGI ¥ A 2] RanBP2-type ZnF(Zinc finger) 5 W] ¢1 W]
201, 80W, == 1461 A o} 2 7]\ (Arginine) <H7]7}
et} (Alanine) A7 &2 X 3HE] o] RNA A3 &Ado] A H AL
EA 0 & ahi=, of 4] A=
1970l 3101 A,
}7] JULGI Sl ¥l o] vl .o X A & 29] ofn] Al Aol &
o] F o] X JULGI w9 A o] RanBP2-type ZnF(Zinc finger) &= ™| 1 WY
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200, 791, == 152 A o} 271 (Arginine) <H7] 7}
et} (Alanine) A7 &2 X 3HE] o] RNA A3 &Ado] A H AL

S0 s, ooy 2R R,
Al9slol] glo] A,

A7) ngﬂ 273 A k2 ol d AL A (G-quadruplex) -2
Z1Qlsto] A sh= A& 53 07 sk, oFsh4 24 &

2

19l 9L A,
A7) B A ANEA
sclerosis; ALS), A=
A1E ZA8Ad oA ZHE (Progressive myoclonus epilepsy type 1;
EPM1), # oF X 59" (Fragile X syndrome), & =4~ | 4]

&4 Z 5 (Spinocerebellar ataxia; SCA36) X 7F54]
AR o|=HE ofF ¥ (Familial Creutzfeldt-Jakob disease; CID) 2. &
o] Folxl ol A ME ¥ = ahi o] 9l A 5 o= Bz,
oFstA A&
JULGI & = 4

32 2 FA A4 3)35(Amyotrophic lateral
==

A x| uj (Frontotemporal dementia; FTD),
7

—S-m P, - =
2=,

A 143l Ao A,

71 JULGL 9 A& IS | = A I T 29 op] x4l

ol ri=glo| g A~ A AL

1 <
ol AL A (G-quadruplex) “T-720l 7]Q18}o] vhAY &= A&
O 2 &=, okshA] A&

A7 A AL, A Y, WA, A, A, =1,
el A, A S, e, Ak, Lo, ke Ad
Ak, gk, WA, A GG, ook, weh, Wk, £,
g E A G er o] Fol X ol A B = o] - Fh o] el
Ae SR 8k, st 24 =

Al 1470l Lol A,

7] vpel el 2 A 3k Q17 | A 3] ule] 2] 2+ (Human

immunodeficiency virus)= ¢1¢F Fd A H A F-F 3" (Acquired
immunodeficiency syndrome), ¢1-fF& H}o] 2 2:(Human papilloma
virus) =2 18 A}z 7 - S (cervical cancer), S Z~EF1-1}

ulo] & 2= (Epstein-Barr virus) = 218 T A 71 H 32 F(Hodgkin’s
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H] €152 (nasopharyngeal carcinoma) & & 0] Fo] % o] 4|

lymphoma), ¥ %! ¥ 3 <& (Burkitt’s lymphoma) 2

s} 19]

Q_—rL

[

s} 20]

Q_—rL

[

3k 21]

Q_—rL

[
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[
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T =

I
A=, &
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[Fig. 1a]




WO 2020/111753 PCT/KR2019/016419

2/9
[Fig. 1b]
566 TT el G GeG G GGG
GGG ATG GGG GAA GGG G GGG
&G GG GGG TA G565 GGG
GGG TGTAT 5GG GITT 636 GGG GGG
GGG G GGG TAGT 566 TA GGo
GGG A GGG 666 TAT GGG
666 CAAC GGG CTTCATT GGG GGG GGG
GGG GCTAAAT G66 TTA GGG TACTAGT GGG
600 GG GGG - TATATT GGG TA GGG
605 GGTG GGG TATGG GG ATIGCATT GGG
666 TITATTC eele ccle GG CIGITICC 666
e GAG GGG ATATTIT GGG TATICATA GGG
GGG TATGGT GGG GGG AG GGG
600 GG GGG TAAGG GGG ATTGCCTT GGG
GGG AGG GGG  TAGATAGTT GGG GTAAA 6Ga
GGG TATGGT GGG G5G AG GGG
86g GG GGG TAAGG GGG ATIGCCTT GGG
GGG AGG GGG TAGATAGTT  4GG GTAAA GGG
GGG AATATGGAT GGG AATAGTAC GGG G GGG
aGG TGGTA GeG GGG ATTGCCTT GGG
GGG T GGG TATATATATT 645 TG GGG
G656 AT GGG GG GGG AGCTGATICCAS 6566
GGG TACTGTITGT GGG GGG G GGG
GGG ATTICGTATAC GGG GGG G GGG
656 TCT GGG ACAGTTTATTATT GGG GT GGG
666 G GGG G GGG AATCCTTACTATTT GGG
GGG TCTGTGGTACGATICAT GGG G 565 GGG
a6 G 9% T GG @ GG
56 G 56 G a5 G 65
GG GA e AT oG GG GG
56 ACGT 8% TAGG 65 GGTG GG
GG ATAT GG GTIG 86 AATT GG
GG T GG G GG G GG

57 clones in total 61 clones
have G-guadruplex motif (G-score » 20)
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[Fig. 2a]
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[Fig. 2b]
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[Fig. 2¢]
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[Fig. 3a]
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[Fig. 3b]

GST-JUL1

Fluorescence Bright field

Neurodegenerative
disease

Cancer
(Proto-oncogene)
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[Fig. 4]

vsvi/osfozy L INM + TINM +

%(zovo) % (zovD) % (zopD)

¢1Aep e sisolsu

#

Buiuiejuod a8k jo uonoesd

b

z

v

o

g

0

0

0

0

| (v TINC+
(Zovro)

TINr+
%(@ovo)



WO 2020/111753 PCT/KR2019/016419
9/9

[Fig. 5]

Neurodegenerative
C

G-quadruplex b
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