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Abstract

Alzheimer's disease (AD) is still an untreatable neurodegenerative disease.
Neurofibrillary tangles (NFTs) formed by hyperphosphorylated tau protein is one of its
key pathological features. In recent years, increasing evidence has shown that the
formation of neurofibrillary tangles alone is sufficient to cause neurodegeneration. The
oligomeric intermediates that precede fibril formation have stronger cytotoxicity, and tau
oligomers may transmit between neurons and induce tau misfolding in neighboring cells,
a key pathological process in the progression of AD. The ultimate goal of this study is to
develop drugs that can inhibit oligomer formation or promote oligomer clearance.

At present, the definition of tau oligomers and their size range remain unclear. The
instability of tau oligomers makes them difficult to study. Although different methods for
preparing tau oligomers have been previously reported, it remains a great challenge to
prepare recombinant tau oligomers with similar conformations as those found in AD
patients. Currently, the only available tools to probe tau oligomer conformations are
conformation-specific antibodies.

In this study, we started with very high purity tau proteins (2N4R, 441 aa) prepared
from E. coli expression system. Tau misfolding was induced by heparin, a polyanion
known to trigger tau aggregation. We optimized the induction condition to maximize the
yield of oligomeric species, as determined by size-exclusion chromatography (SEC). We
obtained a continuum of oligomeric species that range from 300 KDa to 3 MDa (7-mer
to 70-mer), and they share conformational epitopes found on oligomers from AD patient
brains, recognized by conformational tau antibodies Alz-50, TOMA, and T22.

The tau oligomer peak position in the SEC chromatogram corresponded to the

Stokes radius (Rs) of 18.0 nm. When this peak fraction was submitted to analytical
v
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ultracentrifugation, the sedimentation profile peaked around 24.5S. Under transmission
electron microscopy, they appeared as granular aggregates rather than rod-like
protofibrils. According to Siegel-Monte analysis, the most abundant species in our
preparation has a molecular weight of 1.85 MDa (~40-mer), similar to the size of tau
oligomers isolated from AD patient brains. By developing these protocols, we obtained
granular tau oligomers with around 20-40 protein units at milligram scale with a
reasonable yield. They carry conformational epitopes similar to tau oligomers found in

AD patient brains, which is useful for future drug development targeting tau oligomers.

Keyword: Tau oligomer, heparin, size-exclusion chromatography, conformational

antibody, analytical ultracentrifugation, transmission electron microscopy
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AP beta amyloid
AD Alzheimer's disease
AFM Atomic Force Microscope
APP Amyloid Precursor Protein
AUC Analytical ultracentrifugation
BSA Bovine serum albumin
DLS Dynamic light scattering
DTT Dithiothreitol
ELISA Enzyme-linked immunosorbent assay
Hep Heparin
HPLC High Performance Liquid Chromatography
MOPS 4-Morpholinepropanesulfonic acid
NFTs Neurofibrillary tangles
PBS Phosphate buffered saline
PHFs Paired helical filaments
PMSF Phenylmethanesulfonyl fluoride
PTA Phosphotungstic acid
SEC Size exclusion chromatography
TEM Transmission electron micrscopy
ThT Thioflavin T

Xl

doi:10.6342/NTU202203914



!
|
i
s
%‘;

11 FPRARE
111 PasBREN S

& =~ 1906 # > 4%, B <1 Alois Alzheimer 5}35 FFE T R AR ?,"F'i‘ PP B ILIGINE
Mg~z A (plaque deposit) % 42 5~ gk % (neurofibrillary tangles) # 4
f6 AT Rt o £ 5 R TR Bk (Alzheimer's disease, AD)[1] o Fr %R By Lk
(R CE CAT 'H_ﬁflia P AT A ég—";iﬁﬁ BlP AT 2 258 «‘fﬁﬂiﬁﬁ =i ie
Wehde £ grindeit 4 THRDEFRFEAEEL L F TR IREDEREL
Froad EAeF i REE R AR TR TEE ERS - R
A 2021 & lf’é:,& FPoiis B e DA AR A T B 5500 B 0 F oAt ﬁ}?? v
Fooxr2 REBD AMEF 2IRA T X G E 2050 & 2affe kPR BOR &K

R-gATE 1 RA[4] -

WORLDWIDE PROJECTIONS OF ALZHEIMER’S PREVALENCE

FOR THE YEARS 2005-2050, BY STAGE OF DISEASE (IN MILLIONS)

2005 fipRRReE o 0dE
S e T T TR LU o= vivion ks
|1:

2 Million Late-Stage
Cases of Alzheimer’s
who require a high level
of care equivalent to that
of a nursing home

s fiiit i1
S

SR U R - -

oo FiiTITTIIAERE it

4600000000000 0000000000000000 s 00008000000

2050 AEEETETTTTORETRTRITETRTRTTYON TIrrreTeTYNNY

er, Elizabeth Johnson, Kathryn Ziegler-Graham, and H. Michael Arrighi, 2007,

W 1.1 23RFF 68 B & 04 v FRRIF 4]

1

doi:10.6342/NTU202203914



a
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A - A FEFFAELE D Tau B0 BB H @ * B hTau 39 JEA (100 pM)
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rTau 3= QuM) ¢ $IRFT UF LA R EF B F 58 ThS ¥ A 478 %
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6
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F e AL Tau 36 (QN4R) el > ¥ B ET F A F E 2 e
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AR dnih o THFRSREREL G R RAF(E[44] -

(DN Ry
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1.2.3 Tau & X8+ /|
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acid) F# F 4 Tau F B> T30 - RM AR E =~ Tau B h- fa7 & 4R[48]
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ASI] Hehia ey o 75 FRE%BEEINLN Taw FRM | BL A b5
REM ) RAFTREDFH Ty DERR S AT H R £
et g b BAIY LRSS 2 ke A FREEFIRLE Tau &
FRE e my L3 g mmie 314 (63% hmie lgor NXFF % ) @ Lt
Tau 3k 82 2R84 Bor J - TARR cha 12 (3 F| 6.5% ) 2 i& <3 Tau & B AY #7ig
hnfe 3f 5 [49] 0 ¥ b o iEd AR IR WA BE Y PRI AR F[50] 0 HF A
A REREY B F £REF 5 @ Lasagna-Reeves % X » 7ozt Tau % RAH § %
NADH-ubiquinone oxidoreductase (electron transport chain complex I) s73/& 4. /5 it &2
fmve = 2 e MR T AP B i £ caspase-9 0 i R ARAE 4 L B H[49] 0 20t o 3B

AT R Tan 39 it 3 A G AP > F i REDNA L X F R4 14
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BEREAERAYRB RGOS g BRI P ITHIRESHIFA
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132 JEHIER 472
PRI PR RA 2 b ¥ - kAT Tau FRM S 2

/\
T
7}:—/{;-_'# PP%%%/Z o 1 ;;"LﬂH»‘}' (pOI’OLlS materlals) it % ‘ﬁ]q:\;fg , /g»ﬁﬁlfﬂ_ /fﬁﬂﬂ—l g

=t

IV HE eI IR & 50-2000 A 2 4 s 4RHEA T X 2 A5k 41 5 I eA
FEEFPEEAY AL F A LEN TR  F g RS AR OK ) A
+ P dt o Lasagna-Reeves & A % AB42 £ B A2 7515 Tau v B FHH > 1
RS E  45 2 A 4t Tau % BAE(S BA8)% Tau ¥ #8[42]: Flach % < pl4]» »+
3% Tau v B &> SERICE A 172 % Tau E RA(H 40 BEA <)) Tau

H 55 2 4[36] -

1.4 Tau & R 8l 47
1.4.1Tau % BMenc < 2 355

L ¥ Tau ERM A P2 RA1TL R EERS 4 Biks (AFM) &% 7
% 3 R akcst (TEM) > 2006 # > Maeda )5 #- Tau % P 708 g & F o7 @
i R 4 BTACALIE 7 A 490 Tau B ROH ¢ 4 8 & 5-50nm> T #5520 nm([27] -
Kanaan % * 1% 14 = Gph % Tau Rk o ARG R 4 i 2 8 Tau % RO 05
FI* FH RS AS TS ) 0 Tau F R 175 & 6-16nm > L35 12nm[39] - ¥
= BT E R <] e 2 BB B R4S A 47 &k (dynamic light scattering,
DLS) > I 83 i% ¢ B4 £~ | > Flach % < 1% 574 3 % Tau R § > © g
e R 45 % 1 Tau % BAR(S 11* DLS R4 ]+ #l4¥ Tau % RAR-k & L

X% 14nm = +[36] -

11
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1.4.2Tau ¥ F 8 F2_

Boav i ok ¥ Tau B R #E T 0 & H£:E LK 4 772 (immunoassay) » 4ofit % £
F iRl 02 (enzyme-linked immunosorbent assay, ELISA) ~ & & & gk/2 (western
blotassay) fesagLEr§r ;2 (dotblotassay) % - % &% Fl{odihm 2 BF chf - o

PR S D RS A LA

(B)Tau % B &8 il

B e P Tau % B8 cndf 3 TOCL ~ T22 ~ TOMA % ; TOCI1 ¢ Binder
i1 g Taw o g misdl g s & BEAGRE LR AL
(conformation-dependent epitope) 7 Tau(209-221)5 7| » ® i iF & M4 5% Tau F-v
Hi- FALZ K RAL 0 7 e AN Z B0R[39] T22 & TOMA % % Kayed B # B
2% kg4 Tau & R A oFull > T22 £07 AR B B A E Tau v B & 2 Tau %
BAGEFR AT A A B Sk RS 14 Tau B RS § 3D
- 14[6]; TOMA R E MR EZFLARFn BRI FE¥ Tau B R HE
Lok 7 gymnTan B4 54 AP H A0 2 AP % BAE[38,39] ¥ ¢ > Davies
B 1y 8 i e Alz50 ke % k333 Tau 30 mf# |#z % (conformation changes) »

FI* 2 i yas i F o Tau A 71(2-10,312-342) ks Tau 39 7 & F i 2][40]-

12
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(A) (B)

1.6
1.4+ 14+ Elisa using TOMA
1.24 1.24 I
1.0 1.04
a 0.84 & 001
~
~ 0.6 © o6
0.44 0.44
0.24 0.2+
0.04 oo lg— —— +
¢ & N & &
Tau M. Tau O. Tau F. A O. ¢-Syn O. S & ¢ 4 &
& 8 P o\\cb ©
& 4 A a, o
.qb‘\' A &b‘ )

W 1.7 1% ELISA 4 45 #uf8 T22 &2 TOMA # Tau % B 42 & - &

(A)R] P $88 Tau-5 & ¥ 973 o Tau Fv > T 22 Tau & B AR FRE T22 v e &
> B % Tau H 48 ~ Tau & B 42 ~ Tau % 2 ~ AP % B4 ~ a-synuclein & R 48[52] ; (B)
B8] 5 Tau & F A8 48 TOMA[S3] -

15 &3

fooih Bop £ F R ehd A 0 B4 Ropicz - 5 BRI (5 Tau v
BRmAEA S i G ARARE  FRA GRFIIF L F s T 7R
kA% kA% 5 AT 0 Tau BB A S ARBER{ Ewed o Ryt n
ABESTAT LG MEREZLA > LXONERMA L T A2 BB
AhEen s i p B AR 27 2 Tau B RMEP AA BRSSP 27T ¥

B 2 RFES R Tau 39 BEVSERM > Y P2 - 2% Tau &

FRe 2 > BiE A B o4k T 2 Tau B RAEHE -

13
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2R REHPE

210 R%AHPEREZRE
2.1.1 v & 2 2. gy 38R

%21 7 BFRARH

A

-3

iz

5 LA R A 5
Ethanol Bioman E23
Heparin Sigma-aldrich H3393

Methonal Macron MA-3016-68

MOPS Sigma-aldrich M1254-250G
PBS buffer, pH7.4 (10X) Omics Bio IB3011
TBS buffer (10X) Omics Bio IB3051
PMSF Sigma-aldrich P7626
Phosphotungstic acid Sigma-aldrich P4006
SEA blocking buffer Thermo 37527
Sodium chloride Bio basic SB0476
Sodium hydroxide Bio basic SB0617
Thioflavin T Sigma-aldrich T3516-5G
Tween 20 Bio basic TB0560
14
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212482 %
222 EHELERT

2 Rt )
0.2 um Syringe Filter Sartorius Minisart RC4 17821
1 mL disposable syringe Terumo MDSS01S2613
10 mL disposable syringe Terumo MDSS10L
SmL Stainless Steel Rheodyne 1755009
Sample Loop
96-well microplate Thermo 442404
Black 96-well microplate PerkinElmer OptiPlate-96F
Nitrocellulose membrane Odyssey P/N 926-31092
Target Polyspring Insert Thermo C4010-630P
TEM * $Epx 4 Ted Pella 01800-F
BCA protein assay kit Thermo 23225
Gel filtration markers kit Sigma-aldrich MWGF1000
2.1.3 - & A
% 2.3 - Byt
i ey Host Clonality R/ 3%k A e
Alz50 Mouse monoclonal Dr. Peter Davies -
DAY Mouse monoclonal Dr. Peter Davies -
DAKO Rabbit Polyclonal Agilent A0024
T22 Rabbit Polyclonal Sigma-Aldrich ABN454
15
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TOMA Mouse monoclonal Sigma-Aldrich MABNS819
2.1.4 = &FRY
% 2.4 = B3l
oty - Host Conjugation R 9
Jackson
anti-mouse IgM Goat Alexa Fluor 790 ImmunoResearch
Jackson
anti-mouse IgG Donkey Alexa Fluor 680 ImmunoResearch
Jackson
anti-rabbit IgG Goat Alexa Fluor 680 ImmunoResearch
Jackson
anti-rabbit IgG Donkey Alexa Fluor 790 ImmunoResearch
215 %K E
225 RHRRFAT
WE LA R A S
Mill-Q -k & st ELGA CLXXUVFM2
pH EZ-DO PL-700PV
75T AR FEI Tecnai G2 F20 S-TWIN
A ST 3 HCS FD-1818
B Thermo Heraeus Megafuge 8R
LakiEE TAITEC VC-15S
5RO S & kR iR BioTek Synergy H1
G I R B AR P P T Li-cor ODYSSEY CLx
16

doi:10.6342/NTU202203914




UV-Vis & iz ik Thermo 840210600
B ATA R AR AT R Agilent G1311A
B PTae R AR R T R Agilent Gl311C
e g RT R YIH DER TS 505D

Foip B Lawson DHC-100

96 it BLig G X R Major Science MDHM-96

B AL SR AT BT RT A 4T & Zetasizer Nano ZS

i

Malvern Panalytical

HAT R TR Cytiva HiPrep 16/60 Sephacryl
S-500 HR
Fs i kAT E Agilent Bio SEC-5
AT AL e 4 Beckman XL-A

2.2 Tau 3-v chfl &

Gd FokgorEF o Tan v WE 22 A S RFALRD ER0 0 L SR
ﬁf ’? At @R A2 3B R Tau v o ii%—%“’ﬁ > & 2N4R Tau #v z
]2 ¥ &% (plasmid) # % I % i ‘0 -One Shot BL21 Star (DE3)# » 2 LB 32 % f it
F¥ & > & ODgoo B~ 3t 0.8 FF » 4e » ImMIPTG % 5 3 4~ » B¢ ~ % & Tﬁ% R
PEFY BEFE4 | PFS 2 4°C, 7500 xg 2 10 248 0 23 &k~
AR RO B0 R IR RS YR AR 18 itk 47 (pellet) 4 20mM Tris buffer
(PHO.0)¥ 73 » £ 1A Kis i k4 d 10 A4 TR KB R e BT ERT » b
fo ok i Rip P FE-R A d 10 2 48 0 32 4°C > 12000 xg &t 1 /] PFis > o B+ ‘)ﬁ‘
s S NPl IS4 2 b (HiTrap Q HP) % A 3 Tau 36 » fcf 5 4
Tau F-v 22" 3%0% > A R T B 18 0 £ 1 Ut e & 47§ 4(HiLoad 16/600

Superdex 200 pg)E# { B H A Tau v » B S ¥E L ERDE T 4 mg/mL > %
17
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7+ -80°C o

2.3 Tau 3-v o3k $ 5

4 2.6 Tau 35 FEiFE e

o Tau #~v (uM) | Heparin(uM) PMSF(mM) NaCl(mM)
1 20 2.5 1 -
2 20 5 1 -
3 20 10 1 -
4 20 15 1 -
5 20 30 1 -
6 75 9.375 1 -
7 75 18.75 1 -
8 75 37.5 1 -
9 75 18.75 1 100

24 L% 7 F 6 WR

5% 4 T(ThT) - % %43 > 24 Gl 4Bl (B-sheet) chiFlt » A i
*OREBE AL Psheet 5 OATAE Fod 8 Tau 39 e @ THT 4 5 ¢
B BABSw-BELEG T D RIS A2 ¥ R MAE ) - BRET A S A S
R-RE A D R > A ¥ ki) kot i § § P-sheet A pE > ThT 4 5 i 4 »

Hoe oo B p s H 4 0 £ 5 d 440 nm k£ sk e 18 0 a3 5 ) 490 nm

18
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(A) (B)

60

| ThT | = without fibril
——with fibril

.
=
7 R
i . & E +
Fluorescence (norm.)

9.50 500 550 600
Wavelength (nm)
W) 2.1 ThT & 3 22 H & sk k2§

(A) ThT 4 % 544[54] : (B) ThT # % %3[55] «

%A 3 ¢ ThT assay % !4 5 uL ThT (75 uM) ¥ 100 uL 5% > 96 3¢ 2 4
(OptiPlate-96 Black, Black Opaque 96-well Microplate)® » 12 % #4 it fic & 4 ¥ ] & i&

iR K PR B § 2

2.5 d T 45 & 453

AFTF R TP K 47 (size exclusion chromatography, SEC) ¢ {13 82 3 %
GRAP AT RABAA G Tau Fv ERM > 1R S A AR KT -
A % ®W# % SEC ¢ 41- HiPrep 16/60 Sephacryl S-500 HR » ¥ - % % & 7% SEC ¢
ti-Agilent Bio SEC-5 o SEC g {rp H2edr 5 534 PR T 175 B2 4p > R WAL
B AR L Fp e F A 2 A I St S EERBEF AR A4S
FEGEN FIVHALN o BRI S IV 2 F AL eI T € RS AR
Koo A FRIEEN FIVHREPN o A REBLAR D R .

19
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Sample

Larger molecules
unable to
enter the pores

Small molecules
able to
enter the pores

Chromatogram

A B C D

W 2.2 SEC 7+ % W

2.5.1 §l % % SEC ¢ 1+ (HiPrep 16/60 Sephacryl S-500 HR)
HiPrep 16/60 Sephacryl S-500 HR # % 47 # [f] 7 40-20000 kDa o & o ¢ £ *
0.22 um B /g iE G > ¥ 20 mM MOPS, 20 mM NaCl(pH 7) 2 i##% » inig 5 1
mL/min ¥ % 280 nm BTk £ TRTFH o TG A ERT O Fed R I keh
PR AT R A+ B o Fp @ * Fod F R % & 0 Thyroglobulin (669 kDa) ~ B-
Amylase(200 kDa) ~ Bovine Serum Albumin(66 kDa)f= Carbonic Anhydrase(29 kDa) -

P N I
IF,—;\A%-:‘E;%{{IR%f’

20

doi:10.6342/NTU202203914



2.5.2 & 7% SEC ‘§ 11 (Agilent Bio SEC-5)
Agilent Bio SEC-5 ¢ 1+ 8 & %‘r% ¥ < ** 10000 kDa- i 47 fo # € 55 0.22 pm
R A 0 14 20 mM MOPS, 20 mM NaCl(pH 7) % 5# 3 5% » i%i % 0.5 mL/min &
B 280nm BT R TEF IR AIEG R IEET 0 R PR R ATE

2 G 0 Flpt i * Fed BRI & Thyroglobulin (669 kDa)~ 5 -Amylase(200 kDa) -

Bovine Serum Albumin(66 kDa){= Carbonic Anhydrase(29 kDa) » i 5 & + & %3 i%
;y% °
%27 FHRAE
R HiPrep 16/60 Sephacryl S-500 HR Agilent Bio SEC-5
AL 28935606 5190-2541
S B % s A s
B EXE R 16 mm x 600 mm 7.8 mm x 300 mm
B oL AR ) avg. 50 um 5 um
Houpatis N/A 2000 A
% 44 [l (kDa) 40-20000 > 10000

N/A #71 Ba 7@ A4 i4p B 731

21
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2.6 B ELER B
s ghEr i (dotblotassay) 2 f1* el & - » MR T SR 2
MAThTd e A - BB E RS PR F0 LA 2 G FRA RS

ZmpUMR H - AT > RS d - i ay RN ke e 07

g

CHA R A ER P AR E RS R R FER R F £ B30
BB A BRI R F 1] B R R S 5o B R B A~ 2
£ 1™ > 4~ S5mLblocking buffer » 12 75rpm 3% 30 4 4875 B34 5 HF 4o » 3
- P e3 iR 0 1 T5pm d5& 2 o) BF 5 R 12 washing buffer (0.1% Tween 20 in
PBS)#5 “ﬁ% A - BRI 75 pm 35 10 4 4818 0§44 + #790 washing buffer>

TAFZ = b r Sml § 3 = R n e 0 0 TS pm Hk 45 A 4B 0 mHE

washing buffer 7 = =t > #% § fens B > Bt i o Aok Y o it

e A SRR T T

NC membrane ——

g Pump down for 1 hr
;.‘w — [=———— 4

el W | Pumpé".._ =
30 pL sample

Blocking buffer Primary antibody Washing buffer wash*3
————3 — =—————27
Orbital Shaker Orbital Shaker Orbital Shaker
75 rpm, 30 min 75 rpm, 2 hr 75 rpm, 10 min
Remove Blocking buffer
Secondary antibody Washing buffer wash*3
[—nn——4 4
Orbital Shaker Orbital Shaker
75 rpm, 45 min 75 rpm, 10 min

%] 2.3 Dot blot ;=427 3, ¥

Odyssey CLx
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# 2.8 Dot blot assay i€ * ;3 /& 2 fe

%R fie =
Washing buffer 0.1% (v/v) Tween 20 in 1X PBS buffer
Blocking buffer 50% (v/v) SEA Blocking Buffer + 50% (v/v) Washing Buffer
Primary antibody 0.1 uL 0.5 uL 2.5 ulL S5 uLT22 5 ulL
Dako in DA9 in Alz50 in in SmL TOMA in
SmL SmL SmL blocking SmL
blocking blocking blocking buffer blocking
buffer buffer buffer buffer
Secondary 2.5uL 2.5uL 2.5uL 2.5uL 2.5uL
antibody anti-rabbit, anti- anti- anti-rabbit, anti-
Alexa mouse, mouse Alexa mouse,
Fluor 680 Alexa IgM, Fluor 680 Alexa
in SmL Fluor 680 Alexa in SmL Fluor 790
blocking in SmL Fluor 790 | blocking in SmL
buffer blocking in SmL buffer blocking
buffer blocking buffer
buffer
23
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2.7 # R e FTEHRIT A 5 R

# s & $084 T A 47 % (dynamic light scattering, DLS ) #_i% i 2% » 33 ;%
BB RS 34 BIFRT FOr SR P REER RN M G k2 E R B
R RS A ] o d TRl BT RIB IR Y § R P E R a T ST b
koesk ap B 2T PRV R R T 4R & p Ap B 3 e (correlation function) 0 2 AR B S
Beg "L R T feen® F 0 R FER S HATE R (BT L ) 0 T

ek & ® & (hydrodynamic diameter,

Stokes-Einstein = 42.3% » 12 F 47 izt & Jk

di) > Aged ek 8T g 2 B0 BHe R BRI FEHE -
4 = kT
H_6T[T]D

(dH:’}ié\':ﬁ’:/;_’K ) ‘/i#ﬁ'{’ SRR n: éi\k’&'ég{'D %('ﬁ&)

B dcdg A~ 47 b o 0§ & 4¢3k (Polydispersity index; Pdl) i 4 47k % 35— 42
Bihdph s 30— S a5 o PAI< 0.1 4 BH 24k s e iR @ ARk
P2} bupF o PAT<0.2 #RfE2 & B A4 ks e

0.2

Pdl = —
%

(0:*%137122(1:&&;%,]\)

)

Ay 2 DLS % > £d ¢ L@yt (CAOTRIRERR Y SR E R T
Malvern Zetasizer Nano ZS » *t 25°C ~ B[ & B 5 0 R T (TR E > N KRBp &

Wt Bz £4F -

24
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28 7 &N T T MAH

7 3% 3% ¢ 3 ¥ ks (Transmission Electron Microscopy, TEM ) 14 & & T #7 &
F R FARTLRF TR I RFTERS I NT I EREY DRI A
23 PARRZATH BT S o P RABEBRRSSHEE R TE K S & F TEM
fRITR R RF AR RE RFSESS st eI PR A SAE AR B
WHRBUETRERT I AL REEF EITADRG 4o TEM #2477 £ 0.1
nm 7% § o

wTEM? ¥ g E P S a g 50 ER o - ST ¢ @ % P R0 k= e
Mg ifd §HEHR S AT OT I AR BT S 0 §FFTF R R
At E R s B Heandl R B £ PR S A0S N T S AR R BT

o EEITEALE A REF 0 i

e gun e gun
P B 3 &R
& e % &
lenses sample lenses sample
- 70 nm slice 551 i
m oy — . (70 nm siice)
A A
i | - |
transmitted e § . scattered e transmitted e : scattered e

== — objective aperture

= f8 lenses B B tenses

= objective aperture

sl iMaging plane —— imaging plane

Bright-Field Dark-Field
W 2.4 TEM P 3522 o 3= x’gd,%‘!ﬂ
P BB R T BEHSOT T o A ow R B R R S8 T 5 [56] o

AT TEM %% > & ¢ LI d i m SRR Y % R RS
HiE 5 %3 T F HACEL(FEL Tecna G2 F20 S-TWIN)iE (7 L% 5 TEM Bk 7 4 3 -4k

S-iF 4k % (200 mesh formvar-coated copper grid, Ted Pellalnc.) * > # % 5 4 45 >

25
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Mg ARG A Mg e £ TBS buffer Gk £ B AR A (2%
phosphotungstic acid, PTA) » # % 3 & 45{s > Mg A% ",4rf S AR FIETRR dC

%;?’P?‘TIJ? '7“32;\4 F & ?&ﬁﬁ?ao

2.9 A’}ﬁ’.&ﬂ;ﬁ% ii%,ﬁ-'\"’

A 15 2AZ B i# 3w (analytical ultracentrifugation, AUC) & - #& & F T h g 4

Yo

"«1\\-

BT e A o RBRESPA TR 2 AR
¥ o AUC A 4@ * 587 & 5 SV (sedimentation velocity) ¥? SE (sedimentation
equilibrium) & 45 SV Ho5% B 4R 505 55 < andee 4 > B3 7 ek it TR
St AR AR AR EAAP R T AP R 0 G TH s o TR
SIS FAR2 3 BRCFZERE LI e OB FES > THE D AT T
% #c (sedimentation coefficient) ;& SE #5¢ & » dtw 4 g R SV k] > 2l
PR A ST R IEARY 0 A BT S ARIUTE > R R §E
AR A RF LG ERHAT I HIC e BRI e pF - KRFERF A AT 4
g&iz\lifgj—’ AFER A g - S RIS A H Ay B 5 mgt:})% guz e
B fitting o SV BV EECE ks A3 A EAGKRE TN SEH R T ER
Sy B %fr;_é‘_kf’%é‘. Tl AT 2ot gRaddelds 247 L7 %

et F EmE L AR FiE A TN AR F i HE o 8 (Beckman XL-A)R] £ % & E 1%

o

26
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A Sedimentation Velocity

T T T 7 N T T L
M=50 kDa, s =4 S, 50,000 RPM
N ,w.oW"‘”"{E
P 7]
— J/x* -'Ij
1] .
5 | / VAR
77 / P
o y / ]
Jf' “/)l
] A ]
e et ccmsrassrin s TR
6.2 6.4 6.6 6.8 7.0

Radius (cm)

B Sedimentation Equilibrium
0 R I A S ) A UG 12 2T L T
: M=50 kDa ;
- ——12,000 RPM :

_ —18,000 RPM _
; —— 24,000 RPM :
32,000 RPM

Signal
T T
lasaaly

T e e e o e e e e i o RV PRSP PRSP RPAT

(02r 635 640 645 650 655 660 665
—_— Radius (cm)

W 2.5 AUC 2. * $2[57]

(ASVHN @ ¥F3A3BHEZH > 2A4d 5 RS>0 ¢ Bl5 blank; + B 5
s @ 4S » A3 £ 5 50kDa z F-v F 12 50000 rpm & {7 F B o X 0uE 20 A4
PRI - XTENPERAGR B)SERN @ F A BRYGLE 2 A
5 RPIHRE 9 ¢ B G blank; + B 5 48 FEETERNRDTIGFERYR -

27

doi:10.6342/NTU202203914



2.10 Siegel-Monte 4 $7 i+

Siegel-Monte A 477230 2 £SR3 0 Fd F A F £ S0 R Fv

Foon A0 Bk o gt d SR iE7 - BEROSE Flrtad g

12 Stokes radius (Rs) (T8 % o

(F: B3t

n .

f = 6mnR;

% ABR Trdkc 5 Rs ¢ Stokes radius © ¥ = nm)

VoA T PR A2 e TR et R R RAARR AL £ A

RS F9 Tt PR 0 RF R P HRYE

[58] «

M :

4 A

M = 4.205 * SR

ki Ay Feha 3 R

>3 > Hi=KkDa:S:iw's hdic ¥ S)

%29 39 FRHALF £ Siegel-Monte A {728 T2 £ F L ik

o B 1244 + £ (kDa) Siegel-Monte 4" 47 i
&8 2 & + £ (kDa)
Ovalbumin hen 42910 44 888
egg
Albumin beef 69,322 68,667
serum
Aldolase rabbit 157,368 147,650
muscle
Catalase beef liver 239,656 247,085
Apo-ferritin horse 489,324 451,449
spleen
Thyroglobulin 606,444 679,107
bovine

28
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w4 AR A Tau B R0 2 54 2 i AR R AT TR R F Tau 3

9 BB o 1T A I B TE % X818 ThT 3 6 G 2 47 Tau 3o R Bt 5 -

3.1.1 3% # % Tau v B 8

(=) * F pH &

AP IFR A Tan 3v B2 3 pH &> 54 v o7 {1 9 F LA §
Tau v B B2 5% > &% pH T > 12 10 uM *% % 20 uM Tau F-v i (735
o & A37°C~200rpm EF > B3 FuE 12 ) PR~ = ThT ¥ ks g o
#pHG6~7 8 =484 Ir pH @& > /£ F1 3.1 ¥ 15 5| pH 6 T > ThT & %3 A& i
PRt om apH7 2 87 > ThT ¥ AR F ¥ 22 A pHT7 T §F L% R
FA LR PR AR AW Tau 35 BB o pHT S ahpH B 2 TR

kL BRI S RPE e pH B 2 G RPITR AT RE £ A L

29
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©
(N}

>

% 0.8

3

£

EOB

S —e—pH 6.0
C

= 0.4 —e—pH 7.0
(]

8 —e—pH 8.0
(4]

£

o

pra

0 12 24 36 48 60 72
Time(hr)

W31 &%k pHET » 23543 % Tau 3-% B $2 ThT ¥ %44

(=) * B2 ER

SR pHT7 52T > 2 B2 kA Tau v B2 B 5 # 20 uM Tau
B0 UAREREZFEFE S A8 5301510525 uM > B 06 3L P 32
2 uE 2 ok ipl- = ThT & k3 B o KRB 32 7 w FMA 10 uM & 5 uM

kR T ThT & %3 R 5§ P AT 2485 > £ s @375 k&~ ThT ¥ %3 A

FTRIEFRC AFAFVFEEASET > Tau Fv it B E 253 B-sheet th
3 R RUE N WRFZER Y € 8 Tau v R E > B % H o & 20 uM Tau

Fo ERT o EREAGSUMPE o B B Eai ek > TR I BIEFEL T4
B Tau 3ov (*7% TEF Rk a g AT EAF  FEAFI R 18

kDa>4 % Tau 3=0 A~ 382 1 B2 3 nE Fv 5 5 102 -

30
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1800 -
= 1600 -
2 1400 A
ol s
2 600 - wVETEp
§ 400 - ——5uM Hep
E 200 4 . e—a—" ——2.5 uM Hep
= o [ I”“"’"“C"“‘,I"»‘:;.."."'I'f""‘: 0 :‘.I,", et \w.’

0 12 24 36 48 60

Time(hr)

B 32 M7 B33 3% Tau 39 B 82 ThT ¥ %445
220uM z Tau 39 JER T 2301510525 uM "% LR 75 8 o

(Z) 8 Tau 39 kR

S EEUE Tau BB 29 % E %/ F Tau v k& > % Tau 39
ERE20uM #£ % ) 75uM > FE R R R0 375~ 18759375 uM g A o T
2 ThT 4 % 3 58 60 -] pF o

WA SREERT TS5 UM Tau 3% AT > R kR 5 18.75 uM P& » ThT
FRBERVAGRELIPRE > A& 5 | BFF A FE 4% Tau v 7% 7 25 &
g Handk o 2 bR % Apke o B ThT & ke B end ZABH L dp i > F 24 /)
Piedrgd Flp o PR TR A E Tau 39 REF L1 B4 43 %3

WA Tau v REPF > F k547 o

31

doi:10.6342/NTU202203914



6000 1

'S 5000
S
>
'3 4000 -
3
<
8 3000 1 37.5 pM Hep
3 ——18.75 pM Hep
(@]
S 2000 ——9.375 pM Hep
E
< 1000 -

O T T T T T 1

0 12 24 36 48 60

Time(hr)

W33 %% Tau 39 kR 2 ThT ¥ k447
B Tau 30 EARZ 75uM> & 0 = f&5%F % kR 37.5-18.75-9375uM & (734 4 -
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Protein standard Molecular weight (kDa) Retention time (min)
Carbonic Anhydrase 29 103.5
Bovine Serum Albumin 66 96
B-Amylase 200 93
Thyroglobulin 669 84
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“t4 B.1 M4 475 SEC 4 37 F 3¢ F 1% 52 Retention time

Protein standard Molecular weight (kDa) Retention time (min)
Carbonic Anhydrase 29 21.1
Bovine Serum Albumin 66 20.3
B-Amylase 200 20.1
Thyroglobulin 669 18.9
Blue dextran 2000 16.0
60

doi:10.6342/NTU202203914



