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1.1 ##y

Tk NEMZ Tau 55444 tau23 (1B K BL21
FH 2% R 204% (New York Institute for Basic Research
in Developmental Disabilities, USA)/il4. A#fiz
TESH 9% 40 1 22 (SH-SYSY) Hhr v [B R} 2 e A= A 7
TR IR 5 i v 65 52 6 = 114D i 5 2 1
1%. SP-sepharose, Q-sepharose AEHLRHNE H Amersham
Biosciences 24 @] (USA). DMEM/F12 #5736, it
IfiL 7% W T HyClone 2% #] (USA). .50 [ Hi44 Taul.
HRP- 1l i/ B 1gG 43 7 8 B Millipore 22 ]
(USA). Fili&trad. HEHR. A FE %5
B2, IPTG W H Sigma 2 H|(USA).
1.2 A%
121 Tau23 HAMRIELAML. 5% Lee M
(17798, F RIS f R A7 IR iR R e A T LB [ 44
FFRBE (T 100 mg/L 20 N H R 2) . 37°C Higrid K.
PRI B 3 V4 S A T LB AR RS 23 (5 100 mg/L
ARTHR)THATY KR, MR R
FE A (Ag) 35 F 0.5~0.70F, A IPTG (43K &
0.2 mmol/L)4k £ 55 9% 3~4 h, 2::(6 500 r/min,
4C, 20min), WEEBEIK. 4% 1 100 (u/v) ELBEE
P AR BT Pipes 28 ¢ (7% 2 mmol/L Aprotinin,
0.2 mmol/L PMSF, 2 mmol/L DTT, 1% TritonX-100,
10 mmol/L B- $iKE 2. 0%, 20 mg/L W HE)H, WKk
HOE AR EE . B0 1 B CE N /K 20 min,
TR B0 (15 000 /min, 4°C), &L G &t

Q-Sepharose I SP-Sepharose 25 122 #:4%, H Pipes
ZZ (7 0.3 mol/L NaChPeMi, WM & 14
10 mmol/L Pipes (pH 6.4)Z¢ M &N, T 5 T
~70°C PR A7 25 M. A R o a8 il 12%
SDS-PAGE % Western-blot ( 2 7% [ #T & Tau-1,
Millipore 23 7, USA)BEATRII. &% 1 0ok %
BCA 5 (Pierce A 7], USA)MEATIE.

122 WEEANS S, S% Williams 55091
Jiik, RIMKHRIHE S A 7E 0°C R . 37°C RAEM
PE, IS 4°C . 25°C PRIRAGFR B B 0 J3 B B
F, PRl P11 SRR 4 2% B FAC kiR 22 3L Bk
B Taw 251, APIR: FOHEENE Tk B, /o
SR 25 M A 5 I, FH VA IR 2% PR #(0.1 mol/L Mes,
1 mmol/L EGTA, 0.5 mmol/L MgCl,, 1 mmol/L
B-ME, 0.1 mmol/L EDTA, pH 6.4)%:#ik, R)a
Fi¢ 0.75 ml/g 1R EE A K 92 o8I0 N i 2 2R P ik AT 4]
K, 0100 000 g, 4C, 1 h)JEFUIIE. M
N5 FESARRU Mes 2008 (+% 1 mmol/L GTP,
8 mol/L Hi), WRALRIELB7C, 20 min), HIHEZE
L2100 000 g, 25C, 1hyEF EiE. % 0.2 ml/g [
L7l n N Mes 22 P (% 1 mmol/L GTP, 8 mol/L
Hn) R TIE (VK 30 min, £FFE 5 min B4R —
W), B ELN100 000 g, 4°C, 1h)EFUUE.
WINANE s SR Mes 2% 147 (55 1 mmol/L
GTP, 8 mol/L H i), WA {RUL(B7C, 20 min),
I 200100 000 g» 25C, 1 h)E#E LG, HHA
) Mes-EDTA 2% /%% (25 mmol/L Mes, 0.5 mmol/L
MgCl,, 1 mmol/L B-ME, 0.1 mmol/L EDTA, pH 6.4)
R A RPN, IR P11 R AT 4l & B 1Al i
K, R, ARG ERAET-70C . 14
EEAMEE S Tau23 KR 5 A A,

1.2.3  Tau SEEEVERSE. AR E B A 4785 6 R
R “RUE R AR 1LY, EME R ARE
), WEE 350 nm Ab SR 1) AR Ak, DA AS: W
Tau FERETE. ] Mes-EDTA 22 mi e I 2
F¥ (0.4 g/L), 20°C 7K 5 min Ji7 s $ i
£ 37C, MANLWE K 1 mmol/L GTP, 7F44M)
66 FE T I E 350 nm [ W' FE A (Hitachi UV-
2010, Japan). AHFEISAET, WlE e o 1 (R
0.4 g/L) 5 A [ ¥ FF Tau & (X W FE 0.1 gL,
0.2 g/L) I8 A W WAE 350 nm &b (1) W ' 5 {8 (Hitachi
UV-2010, Japan).



2010; 37 (11) NAQVI Sajjad Haider %: B#iFS Tau EAFEK “FLEWH” BELEW « 1197 ¢
124 HEESG Tau HAMEE. BALKME 2 2 xR
Tau 3 [ (LK E 20 wmol/L) 5 0.5 % H 1 %5 Wi
. . 21 TauZHTE BiRPR R MRS TR
(50 mmol/L PBS, pH7.3) T-37°Cii# 24h. Wkt = 2 BREFEBRPR LR QRS
MR EY

(10 pl/lane)il ik 12% SDS-PAGE BEAT AL, F0
S S E.

1.2.5 ThT %¢ )% i% . Congo Red Wt i . 6
BOH . CD G fle. FEEEE S I Tau &
(2R 2 wmol/L) 5 ThT (&K & 10 wmol/L) £
50 mmol/L PBS(pH 7.3)"" i & (37°C, 15 min), HL
FEREAT 9896615 399 (A o=450 nm) (Hitachi -4500 ¢
Hor e EEAL, Japan). MIFE&AE T, KRR S
Congo Red (&R JE 5 wmol/L) [ N, H-I & [ M. 4)
) W5 AT 5 3% (400 nm~ 600 nm)( Hitachi UV -2010,
Japan). [ WU 5 R K (480 nm),  I5E HT
LB G ARINBRIFE S U GO, teAh, SRR
(R — (A3 EAT I 5E (195 nm~ 250 nm)(Jasco J-720
CD i, 43 ik &4k, Japan). K& H R
B Tau & AIVEA XTI, D2 R BSA 1E 0 &
EPRoyics

1.2.6  ANMIEEFR KGRI, A BEA f e 4n e
% SH-SY5Y 7& DMEM/F12 3535 35(5 10 % G4 1.
i, 100 Uml % 2%, 100 mg/L 5% %), 37°C,
5% CO, FrFRAA TR R TR, W 39T J5 10 20 B 7 4k ol
T 96 FLIEEFEN P, 10000 A4S / AL, SZI6 4 T8
FRIEFIMALE 0.5% HIEEE 24 h J5 1) Tau A
GEEDERR L, Tau & KA 10 wmol/L), 4k
BEREFE 48 h. BEFERLFECR, A 24 h AN MU MTT
TR R, BpRTrik: WAREIRIE, LN
A 100 pl T g/L (1) MTT % #(50 mmol/L PBS, pH 7.3,
0.22 wm JEALILE), 37°C, 5% CO, B F-4 ity
% 30 min. W MTT ¥0, REALIIA 100 ul
DMSO, & T-#&KH (150 t/min, 37°C)H#H 10 min.
W5 560 nm AL IR B (Multiskan MK3 BgbRAX,
Thermo, USA).

1.2.7 AFM £l Tau SR ISR, BHBERE S
f] Tau 25 A FFE 4L 1~ 10 nmol/L(50 mmol/L PBS,
pH 7.3), HX 10 I #F i 35 0 210535748 F 160 = BF 3L i
(), HCE 1 min. 200 Wl BZEKHEE 3 XK,
ZWT 3 min. W Nanoscope MultiMode 1T a
(USA) A Gl AT F i (tapping model). 1T HEEHF
JE I Tau 8 F 2R, DIHA SCR F i s%
e v 58 (0 77 ORI Hr H RS IR A, e iR
F Nanoscope 6.11r1 software.
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SDS-PAGE |28 #2517 (27 50 ku). K S
ER RN N 5E Tau & A0S YE, RIS
I 350 nm YEHBAE 84k, FE45 R IR Tau 21
(135 1 5 Tseng SEUMRIE I — S (KIHK).

¥ B aifhr) Tau B 5 0.5% R A, 24 h
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2.14) nm, 4R O B2 A 2T 4E (paired helical
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MEEBIRAL ZR IS (8] 2d), BRI S 10
BSA B i 58 0 3 M2 S (3R D).
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Fig. 1 Characteristics of Tau protein aggregates in the presence of formaldehyde
(a) Tau protein (final concentration is 20 wmol/L) was incubated with 0.5% formaldehyde in 50 mmol/L phosphate buffer (pH 7.3) at 37°C for 24 h,
followed by measurements with 12% SDS-PAGE. (b) MTT for cell viability. B : Native Tau as control; [1: FA-treated BSA; [0: Self-aggregated Tau;
: FA-treated Tau. (¢) ThT fluorescence. (d) Congo red staining. (e) Light scattering. l: Tau+FA; [0: Tau alone; [1: BSA+FA. (f) CD. —:

FA-treated Tau;-----: Self-aggregated Tau; ---: Native Tau. Protocols in detail were under Materials and methods.



2010; 37 (11) NAQVI Sajjad Haider %: B#iFS Tau EAFEK “FLEWH” BELEW «1199 ¢

Native Tau Tau incubated alone Tau with FA

20 nm 20 nm

aw

20 nm 20 nm

100nm

25l Native Tau 16k Tau with FA
=] g
3 | S 14+
S 20 S 121
215} é" 10+
5 g 8 L
& 10} g 6l
2 &
=~ 5| & 4f
2 H
0 | o B — 0 —/
7 8 9 10 11 12 13 14 15 16 17 30 40 50 60 70
Horizontal distance/nm Horizontal distance/nm
Native BSA BSA with FA
251
§ = 257
3 20} § 20l
>
% 15+ g 151
g 10 210t
£ g
st = 5k
0 — 0 —_—
12 14 16 18 20 22 24 26 28 12 14 16 18 20 22 24 26 28
Horizontal distance/nm Horizontal distance/nm

Fig. 2 Aggregation of Tau protein in the presence of formaldehyde
Incubation conditions were as for Figure 1. Atomic force microscopy (AFM) was employed to observe the protein aggregates. Aliquots were taken and
diluted to the desired concentrations using the phosphate buffer, samples were dropped onto mica surfaces and dried with nitrogen before observed
under AFM. Panels and Bars were as indicated. Two pore-like aggregates in the presence of 0.5 % formaldehyde (panel a, three dimensional image and
panel b) were shown in a high magnified image. Native Tau protein (panel ¢) and BSA (panel d) were used as controls. Under the AFM images, the

frequency counts of the horizontal diameters (explained in the text) of the protein particles in the same image were measured as indicated.
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Table 1 Sizes of Tau protein aggregates in the presence of formaldehyde

Particle size/nm

Pore diameter/nm

Filament diameter/nm Ratio of pore-like aggregates/%

Formaldehyde-treated Tau 42.35+2.61
Self-aggregated Tau - -
Native Tau 08.62 + 1.26 -
Formaldehyde-treated BSA 17.34 £2.43 -
BSA 16.68 +2.25 -

08.94 + 1.62

- 20.13 £ 2.64
18.32+2.14 _

Ratio of pore-like aggregates was in Npor/(Npor + Npar) where Npor was the number of pore-like aggregates and Npar was the number of

particles. It was difficult to measure self-aggregated Tau because of the amorphous aggregates. Measurements of these sizes were at least 100

particles (n=100) under the AFM.
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Fig. 3 A putative scheme for Tau protein aggregation in the presence of formaldehyde

Conditions were mentioned in Figure 2. Three dimensional atomic force microscopic images for native Tau(a) and formaldehyde-treated Tau(b) were

shown. Tau protein misfolded in the presence of formaldehyde and then aggregated. Part of misfolded Tau protein assembled into pore-like aggregates.

It suggested that the pore-like aggregates may interact with cell membrane where they could form aspecific pores disrupting cellular homeostasis (c).
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Pore-like Aggregates of Tau Protein Induced by Formaldehyde

NAQVI Sajjad Haider"?, WANG Wei-Shan?, MIAO Jun-Ye"?, HE Rong-Qiao"®™
(" State Key Laboratory of Brain and Cognitive Science, The Chinese Academy of Sciences, Beijing 100101, China;
? Beijing Hospital of Elderly, Beijing 100095, China; ® Graduate University of The Chinese Academy of Sciences, Beijing 100049, China)

Abstract Though the hypothesis of "aspecific amyloid ion channels" has been proposed by Lin, et al (University
of California, Santa Barbara) to explain the mechanism of metabolic dysfunction and cell death during protein
conformational diseases, the "pore-like" aggregates of misfolded neural Tau have not been observed. Revulsants
involved in the formation of "pore-like" aggregates have not been found yet. According to the hypothesis "chronic
impairment resulted from abnormally-increased endogenous formaldehyde is one of the important risk factors
related to sporadic senile dementia", formaldehyde has been utilized to incubate with Tau protein resulting in
amyloid-like deposits with marked cytotoxicity. Under the experimental conditions, 0.5% formaldehyde-treated
Tau could form "pore-like" aggregates. These results may deliver a novel approach to study the mechanism of

cellular metabolic disturbance, even cell death, which is induced by formaldehyde-treated neural Tau.

Key words Tau protein, formaldehyde, misfolding, pore-like aggregates, neurodegeneration, chronic
impairment, sporadic Alzheimer's diseases
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