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Structural analysis of the reversible self-assembly mechanism by intrinsically
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T-cell intracellular antigen-1 (TIA-1) plays a central role in stress
granule (SG) formation by self-assembly via the prion-like domain (PLD). In TIA-1 PLD, amino acid
mutations associated with neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) or
Welander distal myopathy (WDM) have been identified. In this study, we uncovered the implicit
pathogenic structures caused by the mutations. NMR analysis indicated that the dynamic structures of

PLD are synergistically determined by the physicochemical properties of amino acids. Molecular
dynamics simulations and 3D electron crystallography together with biochemical assays revealed that
the ALS mutations P362L and A381T enhanced the self-assembly by inducing b-sheet interactions and
highly condensed assembly, resEectively. These results suggest that the P362L and A381T mutations
increase the likelihood of pathogenic amyloid fibrillization following phase-separated droplet
formation.
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L 133 ; 028 gemgt‘n'c,mean
1.58 1.56 1.56 1.57

Five amino acids model

Predicted values

1 0
tag 323 333 343 353 363 373 383 tag 323 333 343 353 363 373 383 tag 323 333 343 353 363 373 383
residue residue residue

K 1 NMR DAEFNEEEEARAT
A)ST 2 /BETNLVOELIK B)S 7 2/ BET /T LD FHRNE & FERIHE O g

WIZ, BB T 2 ) AR NI IC S 2 DB L R L~V T+ 5 72010, 2R+
SFEE MD) YR alb—yarEFEmLE, 22T, fEEk 1 (P361-P372) @ WT 7L
P32L O MD I 2 b —31 a3 v & 757, 20D 57 Y OFEET > 7% il
DI, FHE mAIC L D ERMSSOHT (PCA) 217572 (XI2A), WT & P362L @ PCA Tld,
%1 RSy (PC1) OFHN 15.6% T, SERITHOTAEE D G A o 7o~ DR b K & e
EAZF LTz (K 2B, C), PCl BT L= WT & P362L Ot A b 77 A5, P362L (2
1T WT 12172V PCLfE 3.0 OARZREM N B 5 Z Loz (M 2A), ZDEMIE, 570MLP:,
& 36PLPsgs BT — 7 ORI OBUKMEFIBAERH & KFBRESIZ L o TLREILENT BT EUHETH
V. BEITIE PIG2L BRI EG ENTUNVE, WT IO G 2R F L7208, 23T 36 PPPsgs

TF—7 O H A OH (A) (B)

fRiZ & @BV“ b*HE 48 wT 5 020

TERZ R TE R o a0 " Pos2L H

oo EHEE ST, < a2 g o

INDHORERIE PIL £ ., U

73 N K¥ifi 361PLP3es & é 16 é 0.05

— 7 & C K 30MLP37; = 08 € 000
F—Tolopr—

I
W
!
)
I
-

0 1 2 3 4
PC1 (15.6 %)

MEEAVERH 2858 L C
Wb EERBELTH
5, HEEHTRE(E, MD

(©)
Yial—varT
PCl DFAF 37 AIZ K‘/\,.\ "F\Lj\? @Q > e
-1.46 -0.62 1.83 2.81

FHELTWARBEN,

NMR ZEBRIZHBWT WT

& P362L L T—ELT PC1 score
RIQDIEMEEZRL K 2 MD EHEIC L 2 B4AR & P362L DLH#k

o ThD, (A) FHHAIZ KD PCA MY  (B)PCl EA~NT MLOIREK

(C) % PCl Bz BT A FM#EE

WIZ. TIA-1PLD O OBk % A38IT & E384K DA A #EERIIZH ST 5728
(2, fiEIEk 2 (G377-Q386) (ZBT D4 FRIFAE/ERIZHEE L, Fx L WT (R2wr), A381T (R2ass11),
E384K (R2g34x) DFEI 2 X7 F FOFERAL AT & 2 A, Rk CIIEMESD Z ENTE A2
o1z, R2wr & R2assir TN E 72 EHRAE S O BT A LTe, fhdmay/h & <z, X
FYHEIARAEECH - ToTod, 7 TA A ETHMEZ AW CTEFRET N — 2 ZIE LT,
R2mssim L EFEEIC L ANVABRE 21TV, R2wrlE R2assir BT /L& AW FEHUEIZ L WA AR Z
WE LT, FOFEF. R2wr & R2air DFEERETINERER L, FI I Ruon/Riee = 25.98/32.54%,



27.90/34.85% DJFE+ET V&%= (X 3A, B),

R2wr & R2assir DFEELHE CTld, R2 X7 T RBERT D FABALIL, Y378, V380, Y383 DE/K
%mEW%&RW9kBM&®ﬁ$%WE¢% W E o TEEN LT ATBY — M Th o7z, —
. WT & A381T Tl W ATV — MR T D EMAEEN R B> TnD Z Eboolz,
R2wr %, R2 X7 F ROKMZH D YR:YE EF —7 DKEHAIT L > TR2 X7 F Rl L0 5
L (K 3C), HAHEAME LT 3 BELZERLEEZAFBO NI MMEELZ & > Tz (K 3A),
R2assir 1IPT— M EIRICHE AT, RN % B e A381T, Y383, T385 725 72 H# i A Y383 D
ﬁ*ﬁﬁEW%%A%H&sz&@K%%é@f@ﬁﬂ%%ﬁ%ménfwk(Emlmo

@ii@%ﬁ@ﬁ@%L@&w L PRI 2 O IREBICEER T D, WT O HIBLSIE 35 VAGsg T

FERETR OBECEH L TWS, —J7. A381T O FIEH 350VTGago (34 237 B IR B AR
#L—? L A

Tb\fr_o Z
NLOWKE & ﬁ\ﬁ %«%
75)%\ R2wr N

_TF KD
oL T &
ONY %f_
VAR AR
FZHESEH
535
2. A381T
z R OZ
R2A381T /\070
F R
%B’a’: VAT
-E v
2N 7 T A
TERIZHF]
(2 H L C
WanHZ N
RS K3 RRIF b@ﬁ?égkiu A381T £ RA L g G
7 (A) R2wr DFE R (B) R2assim DA At
(C) R2wr DERIRIZ & 5 YR:YE EF— 7 DKEHES
(D) R243511 @ Y383 (2 L D B/AKMAENERH  (B) R2a11 @ A381T & Y378 D/KEFES




TIA-1

ALS

2022




