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WE RS ERER, ARME mu felt 5 RREER DNA (ADNA, K DNA LUK PCR ¥ 4
&, Eftan-DNA B &Y. S0 THE an KASKENR6~10 bp BIBREFBRAESE. BT ARMBEERLEST
tan SE LR DNA MG G AR BRI H. R 8 st R PLAA Tau-1, BHAT A LLZ MR Bow, #9722 fau
AMESRECA G ANTE SYSY MM R AME A, RETEFET ALY, FERRERENRER U EERET:
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1975 &, Weingarten MR A TTE B
G THEMERES, BT —HMEERRES
BIRFAAMET, AL au, BWESE
H Cmicrotubule associated protein, MAP). fH%E tau
EA BB MR eEmEMKNER, SWE
HEUGESES. BRERUAREMAXR. E+LE
RIBTFR R, taw EESMERTHEER, FAE
5E2EMER (Alzheimers disease, ADY FURE
EEPIHEKX. Tau AEEBRCK Y EM LT 4
MWE5 (NFTs) RIEZERD, R AD FMEIEAT
PR A RR AL VE A B 2052, 1998 £, Hutton %5
RUTE 17T 5SREAHKMAXHBEERERE
( Parkinson’s PD) #f I M 71 R frontotemporal
dementia with parkinsonsm linked to chromesome 17,
FTDP-17) B E, RiZREE L e BEAE
T3, [ Loomis & MELBINE tau FFETIE
g 4 fir Y AR B A% AT 20 BRI B L 4 B[] B RO %
N[ 35, 1995 E, Greenwood S50 3K FH 8] 429% 3 B
METTE, Bl tan FEEM TEAZ, MEE
P tau #9901 W ELRE AL, A tau BOFFEESR U] tau 25
EHEEZ SRBIEMIAT. FXBEMNVHE
W, tan EE R 5 A FRIE AT DNA 3R4F 7 14
S tau FH B EE DNA T A 588 DNA & &,
AR, tau BESIRTE DNA B9 T, {8, 7& DNA #E
o (AP LR S .

1 MRETE

1.1 ¥k
Tk NBETZ rau KT auddl BIE R

BL21 A®IHF K Geodert #FZ1HME; SP-Sepharose .
Q-Sepharose #+ 1 #l 1] B Amersham Biosciences;
ADNA W) 2 New England 24 %) ; HHJHE EWAF &
W) B Pierce 2y m]; A AU £ 98 40 Bl SH-SYSY (A
% E Sloan Kettering 2 4F 100§ Biedler & 1R ;
DMEM. F12 $53rdk, #iAE4F M. Sk, 5
E. WFE. S g6 18 B Hyclone 25 7); {1 HE
. EHEE. AEEEE. PIC WA Sigma 4
Ay Taul 50 BEIUAR A FE R 2 (New York
Institute  for  Basic Development
Disabilities) 8 & pEGFP-N1 B4 = 117;
BCA EEFEBRXFEI B Plerce 2 d); K
W HHE T Hitachi UV-2010 S50 Je ot 2.
1.2 Tawd0 HHERFTEA LS E

1.2.1 M tauw EENFIESAL: 4 tau BH
MERik, teocmk [5] Fesfeit. RRERR R
TFHMEMNT LB BAEFE (F 100 mg/L A1
TREBR) T, 3TCHEFER HFMLL25 B
ELf A LB A FE (5100 mg/L IATH
BE), 3TCIHEFE 4,155 0.5 ~0.7. MIFFI
PN EIRER 0.2 mmol/L ) IPTG, 4k LEHEF7
3~4h. 6 500 r/min, 4C B L, fHEFE &
10 ml/L 7P PI R EEEET S H &AM
#l3] (2 mmol/L Aprotinin, 0.2 mmol/L PMSF> *I
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2 mmol/L. DTT &) Pipes ZEMEP, ERERPIIAL
WHEA 20 mg/L FIHEEBE. 1% Y TritonX-100 A
10 mmol/L B-FELEE. WBHEAKAE. Holk
£ b, BiBWE KIS 20 min, 15 000 o/min, 4C
B BER. BB Q-Sepharose B 1A
Fe, WEEAR, HHER R SP-Sepharose & A2
Fetl, FIE 0.3 mol/L NaCl B9 Pipes 28 MOBEF 5 1%
PEL, IREE B M. EHE 4L 10 mmol/L Pipes
(pH 6.4) S EN R, & - 70C 47 % H.
SDS-ZF R B Bt I ik (SDS-PAGE) & ¥l tau
Moy FRE M AR, DL tau B8 BEIAR Tau-1 2
BT E B R EE, BCA WF&EHAT
HEREE.

1.2.2 WEHEAMNSSHLGL: FIABERHESEA
OCHE, 37CREMRM, B4, 25C (M
VO EREEELNE. MM EESE. &t ru
BBAE RS TR, BEMB AR tan &
B BN E Tk E, DNOEERBME
SiiE, AT a4 92 5 (0.1 mol/L Mes,
1 rmol/L EGTA, 0.5 mmol/L MgCl,, 1 mmol/L B-
ME. 0.1 mmol/L EDTA, pH6.4) ¥k, P&
H, 120,75 ml EEE AL L #AT AN
E)H. ATLL100 000 g HIEBLEHW L h, FI0
jE. BEWE LEEEME R 8 mol/L HlM R H{L 4%
M CIIAZRMRE S 1 mmol/L 1 GTP), 5 1
AT, 37CRUE20 min. 259 B4 100 000 ¢ MRS
L1 h, #EBE. TEE 0.2 ml SLEMIEE R
AR ER. KB 30 min (RS min B —
K. 4C, 100000 ¢ FBEE L1 h, £IE. 2
EFEZAEMNEA & mol/L H il #9416 25 M
(1 mmol/L. GTPY, 5 EE R4 ES, 37C Rk
20 min. 25°C. 100 000 g BBRE.L 1 h, 3F L.
PLIEEE TTA AR Mes-EDTA 22/ (25 mmol/L
Mes, 0.5 mmol/L MgCl>, 1 mmol/L B-ME.
0.1 mmol/L EDTA, pH 6.4> F, iT P11 B4 2
RE TR, WEzitlE SDS-PAGE Hik4E =
FEFES FHRERAE BCA EEERIAFEH
TEBRER.

1.2.3 Ta EEMEEET: BRATCRAEWEE
FITHBXHEN “MEEARE” FEF-, |
EIME B BENTE 350 nm 774 54N W(E 075
fh, SR E LS tau BIEYE. B Mes-EDTA 291
W e HEENWMEEARE, 34501 oL
MO.4 /L. BHHMEEBLRET 200EF 5 min,

MHEBEFAKBIBEZE 37C (EHEEFRMA
1 mmol/L GTPY>, 25443 X6 B TH M 522 350 nm 2%
AR IR TR AR A i 2 (RIERUE B AR AR,
PN ARIHR R K taw B (RS HIR 0.1 /L,
0.2 g/L>, M 37°CH 350 nm %5 A0 IR () B jE) 2R
1L H &k

1.3 BERFEAT tan 5 DNA B4 &

Biau BB (0.5 ¢/L) 4B 5 A F A DNA
{ADNA, pEGFP-N1, PCR 7=#1), DAARIRERR
L Ctausbp) VB4, tau 5 ADNA EE/R th435) %
0, 125:1, 625:1, 1250:1, 2 500:1, 5 000:1,
7500: 1, 10000:1 CHJY taw'bp 77814 0. 1:400.
1:80, 1:40, 1:20, 1:10, 1: 6.6, 1:5); tau 5
pEGFP-N1 /R L4y 8] % 0, 25:1, 125:1, 250:1,
375:1, 500:1, 625:1, 750: 1 (HIME tau/bp 43 5
A0, 1:200, 1:40, 1:20, 1:13, 1:10, 1:8,
1:6.5); tau 5 PCR 724 (1039 bp) JEER L4171
M0, 10:1, 20:1, 40:1, 80:1, 120:1, 160:1,
200: 1 (AN taw'bp 9334 0, 1: 100, 1:50,
1:25, 1:12.5, 1: 8, 1:6, 1:5). R DNA EAX
1 pg. BAER30 pl. FRHEE 30 min. B 15 pl,
1% ZANENE (EB 5 pg/L) BEARHE K, Ik
100 V, K1) 20 min. &EATRR B ST AL
1.4 RFAEHGELEDN tan TEES DNA M4

DNA % & T W % pEGFP-N1, DNA R &
10 mg/LI2 50 A tau B H, 1F tau 5 DNA FIEE
IREGA 25001 CEEMTRER 10 mmol/ L Pipes, pH 6.4,
2 mmol/L MgClL ). EWME 30 min. K taw/DNA
(pEGFP-N1> &4 10 ul FENE 318 () =& Fm.
HE 1 min, H 200 pl TEEARKMEE3 K BEA%T
3 min. R Nanoscope MultiMode Ma H4E3ATIIH.
1.5 d0fEEESE R rE A

AR R AT i SH-SYSY 7E DMEM/F12 155
E (HEE 100 U/ml, I E 100 mg/L) P,
37C. 5% CO, WAETEEF. HHREDER 10% F
AEMERN SR SME B RBEERE
100 mm SHFMP LM 70% @&, H 10 pmol/L
T (retinoic acid) 1 3 mmol/L 17 #i & &
Caphidieolin} 4bH 5 KJ5, kel 10 pmol/L by
WAL IE 4 RSB orth. VH 46 4 B A aE 21 ST AR
b, A FRBOT SR 3 R. #ELTE 37°CH
Hwkig o2 pi¥E 2 ¥RJ5, 7F PIPES (pH 6.8> £
M PN 49 £ R EZEERBZ 10 min. 7E
100 mmol/L Pipes, 5 mmol/L EGTA, 2 mmol/L
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MgCL, 28 M4 &, H 0.1% Triton X-100 4b 3%
3 min, DASINAFUAEEE. BERESFREER.
7F 50 mmol/L Tris CpH 7.6, 200 mmol/L NaCl 7,
PA3% BSA = 1 h. #HHE LA v BE AR Tau-1
(1:50 000 TEXRIAFREE P F LR, 37°CH B
BIRENRIEE ARG SRR, TR 5L FITC #7
ILEIZEPUR, 126 5 —HAAEITCHE 1 h, 37°CHE
MEMORE 3 K. = EEH N, AL Zeiss
Axioskop 26 BAMEE A RAETS.

2 &5 R

2.1 tan EEMRERIEREEE

SDS-PAGE %R B7~, RIEMALE) AL ME
u FEEEANE—L&H (Hla), REEFESL
AT B/ AE. BEN THRRESL
TRAEAMNE R, FHATEH R PR Tau-1 X
FiFENEAFRHAT T & RS (E 1b).
ATDMER|, RESFRERDNEAMES tau
HAVAREGE, EOHMERN, Brx )RR
tau 5 B HIREEE =M. AR Paudel ™ BIRIE, 104
au 7 FEANME, EREEGHIRTRES
YiEAE. LEMABEATHME wu 5SHMSFH
AEAEH.

B EEERR “MEEEFRE” =Mz
% rau PIIHEET. BIIRE ARG S AR IS
MEEER (B le) fE SDS-PAGE L5 —4&
(50 ku). BLE S M E & O R E RN ZE M2 tau
WL A BS0mBAED B R M ERER M

@
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Fig. 1 Identifving the function of prokaryvotic expressed
human neuronal taud( by promoting assembly of tubulin
in vitre
(a) SDS-PAGE analysis of expression and purification of human
neuronal taud() in E. coli. (b) taud0 detected by Western-blot using
monoclonal antibody Tau-1. (¢) Purified tubulin from porcine brain.
(d) Assay of taud0 function by promoting assembly of tubulin in sitro.
a: Tau alone 0.1 g/L); b: Tubulin alone (0.4 g/L); e: Tubulin
(0.4 g/L) mixed with tau (0.1 g/L): d: Tubulin (0.4 g/L) with tan
(0.2 g/L).

(B 1d>. £RE87 MAE wmu EAKNENS
Williams Z 7 FRIE—2. MHELG T, FAS
FRRIMA tau BB EB E R AR R RER
ma.
2.2 BRMARCIEIESE tan 5 DNA FE(EH
HRAEELEEEOR S DNA HEEHE
HAZ. B 2a iR, A tau BEAJE, ADNA TE
TERRREEE IR K EENT RS tau BRI F KW

Fig.2 Detecting the binding of tau protein and DNA by electrophoretic mobility shift assay ( EMSA)
(a) Tau was incubated with ADNA (48 502 bp) at different molar ratios of tau/DNA in lanes from 2 to &: 125:1, 625:1, 1 250: 1, 2 500: 1,
5000:1, 7500:1, 10 000: 1, respectively. Lane 7 and & hoth are ADNA alone. (h) Tau was incubated with a product from PCR a 1 039 bp-DNA
fragment. The molar ratios (tau/bp) in lanes 2 ~&: 10:1, 20: 1, 40:1, 80: 1, 120: 1, 160: 1, 200: 1, respectively. Lane I is DNA alone and lane 9
is DL2000 DNA marker. (¢) Tau was resuspended with a 4 730 bp DNA. The molar ratios ( tau/bp) in lanes 2 ~§: 25:1, 125:1, 250:1, 375: 1,
500: 1, 625:1, 750: 1, respectively. Lane f is 4 730 bp DNA alone and Lane 9 is ADNA (£eoR [ + Hind [ ). (d) Tau was mixed with a linearized
double-stranded DNA (4 730 bp) under the same condition as ().
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Wb Mtan S DNA BEWMOEAR L A (bp) MERE (taw/bp) BEF 116~1: 10,

(taw'bp) % F| 1:6 ~1:10 &F, 7] LA 2 F FA 5
DNA ST BRI 2 2 Bt 55, % H A [F 2k ¥ £ DNA
(4 730 bp A9 FA 5 30 #E 5% 26 4% X EE A pEGFP-N1
VLR 1 039 bp tau40 cDNA ] PCR 7=47) F 485
Wa, MWENTHELE (E4b~dd. B,
tan BB 5 A FRIFEH DNA T EEE 237
FIEFE M, mEEREWNN tan BB S E

2.3 RFHEHEMNN tau 5 DNA 0748 5 /EH

WE 3 i, £ERTAHEMEBE T, tan 5 DNA
(pEGFP-NL) Z&5ERBHNEEY. %24 tan &
B (Ef&N (28.55+6.09) nm) % DNA X
¥4, EREREN. 45T DNA ST £/
tau HEEEE KT tan FI84E (7 ~8 nm), M
HE tau LLEREFH TS50 DNA &4

{d)
5.0 nm

| 2.5 nm

0.0 nm

Fig.3 The binding of tau te plasmid DNA pEGFP-N1 observed with AFM
Tau was resuspended with pEGFP-N1 € 10 mg/L> at a molar ratic { taw/bp ) of 250: 1 for 10 min before chserved by AFM. Panels Ca), (b and (¢2
show the different scales of the same area. Panel { d) shows the height of particles. The bar is 500 nm in panel (ad, (b) and {¢).

2.4 Tau HBHE SYSY WAL 8 &

REE tan EEEMMA S DNA FEMEE
Hegargett, BitEAENFEE tan EEEDN
B R MBSO e L. AR S b AR,
{# SYSY R RN B A3 B0 Z RIS Rkt
B, DB Tau-l 5% —$F 4k, FITC 71
BIEPUDR 1eG A —Hi#iT Rz AN w4
AtanBAENEEZANEZERSA. MEAR
fadk A5 . RAHE tan A BEL Y MR T
EE—EEH, BEEHOIGFER —FHR

Fig. 4 Distribution of neurcenal tau protein in SY5Y cells

{al S5YS5Y cells under light micrescope. (b Immunoflucrescence
staining of SYS5Y cells. Neuronmal protein tau was detected using
monoelonal antibody Tau-1 and a FITC-conjuncted secondary antibody.
Discrete small dots ¢ arrowhead » can be observed in the nuclear and

diffuse staining Carrow) can alse be observed in cytoplasm.

3 it %

ANERES an EEO 2 —MEBED. HEEE
ERBEHRERANIGRZN, EEFEEENEYZF
et T Z5HUERASHREZ B HEEME
F, migssgid, RESHENETRR".
54, tand4l STFHEEBRFEZERLLE e FIER
A AREC B (40 fyn) B SHI R4
ﬁ‘“[m]. Jenkins %[mlﬁ}m, Frtan EHNEERES
B X i EF A, Thr-Pro-Lys-Ser-Pro-Ser,,, F Bt 5
SH3 %4, R BRES R 5 RAERE C-y (PLC-y)
EHEEH, AAZHRENGENENE, BN tan 78
PLCy M XBIESESTHWAEFE —EMIEH. Tau
R—MEREARNFEEHEARAZHEHN
SRATAR S, WEEIREMNHREERFE
tau 724 S4B AR A

Tau EEARFEETREHN, B EFETH
Rz, AR CARRK. HHRUEM, BF
tan EEFIRE SRBFEEMAEMEN. 2TRER
JUERRF R, tan & E BT 5 A F R IF A XUEE
DNA L VFHIERR RS S, FH tau REB RS
DNA M T, {E. T EF SR DNA A9 XSS
¥, tau JBA] LLRYF DNA S B ENLE. &
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M B, RATRARFAEWME (AFMD KW
Brau 5 DNA WHEEH, ZHETUAEEE
AL IE, HETARAKEWERSN, FMEX
. BRARETHAEEM AT, TEW T
MEHEFER, X4+ (NEE. SRR,
LR WU ETENMRPERER
ZER. AWTHKRM, 1au HHE5 DNA ERIRES
A MR EBENEHS Travers Z P12 H 4 DNA
BT AEL Tau SARZRIE. AREER
XUEE DNA 454, Tau B 5 DNA BB EER MR
bR 1:6 ~1: 10 B, tau 5 DNA §)45 &0k 2 A
IR, & o A D RATERS DNA &4,
Mo, an EARENS6 ~10 bp KEETEH B
e HE, NERw EBUZEANERS
DNA S& M Relk. A TR Az 4 L F ik 4
B EEENEAME tau EH, F5E tau
EAKRNEFET SYSY @l RIHAFZA,. FHE
SRR AN, TR i R PR 5 S 50 38 43 F 5 tau B
5DNA G4, RTFAEMENEENRERBIE

SEX—A. B2 e FAREETSE5 T ERE
ZEYETIRE.
A BORT ALY N S K H RS B AT ST (New
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Disabilities> #1 Dr Haque 57830 {F3 FL R HEAT 40 B
G ST S, RO AT A AT E A E LR tau
B H S ESL Tau-1,

Z F X W

1 Weingarten M D, Lockwood A H, Hwo 5 Y, e al. A protein factor
essential for microtubule assembly. Proc Natl Acad Sci USA, 1975,
72 (5): 1858 ~ 1862

2 Hutton M, Lendon € L, Rizzu P, et al. Association of missense and
5'-splice-site mutations in tau with the inherited dementia FTDP-17.
Nature, 1998, 393 (6686): 702 ~703

3 Loomis P A, Howard T H, Castleberry R P, et al. Identification of
nuclear tau isoforms in human neuroblastoma cells. Proc Natl Acad
Sci USA, 1990, 87 (21): 8422 ~ 8426

4 Greenwood ] A, G V.

Jhonson Localization and in  situ

10

11

12

13

14

15

16

17

18

19

20

21

phosphorylation state of nuclear tau. Exp Cell Res, 1995, 220
(2): 332 ~337

Hua Q. He R Q. Tau could protect DNA double helix structure.
Biochim Biophys Acta, 2003, 1645 (2): 205 ~211

Hua Q. He R €, Haque N, et al. Microtubule associated protein
tau binds to double-stranded DNA but not single-stranded DNA.
Cell Mol Life Sci, 2003, 60 (2): 413 ~421

Hua Q, He R Q. Effect of phosphorylation and aggregation on tau
binding to DNA. Protein Pept Lett, 2002, 9 (4): 349 ~357

M i, WigTE, 2 &, % e a REMESIRREE
RTRREMAEL. Sk S YITEER, 2004, 31 (7):
595 ~ 599

Tian R, Qu M H, Liu Y, et al. Prog Biochem Biophys, 2004, 31
(7): 395 ~399

Williams R € Jr, Lee J C. Preparation of tubulin from brain.
Methods Enzymol, 1982, 85: 376 ~385

Yuon A M, Wadsworth P. Region-specific microtubule transport in
motile cells. J Cell Biol, 2000, 151 (5): 1003 ~ 1012

Paudel H K. The regulatory Ser262 of microtubule-associated protein
tau is phosphorylated by phosphorylase kinase. J Biol Chem, 1997,
272 (3): 1777 ~ 1785

Wrig=, & &, 5%, & "t pH BREBRERETS
MECHETOEMBERNN. £2WkE5£PEHRE,
2003, 30 (5): 711 ~714

Chen D L, Li H. Han B 5, et al. Prog Biochem Biophys, 2003, 30
(5): 711 ~714

Green L. Atomic force microscopy can detect the binding of yeast
replication factor C to DNA. Nano Letters, 2003, 3 (1): 39 ~41
Sekiguch H, Okajima T, Arakam H, et al.
feedback imaging in liquid for biological molecules. Applied Surface
Science, 2003, 210 (1): 61 ~67

Travers A A, Ner 55, Churchill M E. DNA chaperones: a solution
to a persistence problem?. Cell, 1994, 77 (2): 167 ~169

Haque N, Tanaka T, Igbal K, et al. Regulation of expression,

Frequency shift

phosphorylation and biclogical activity of tau during differentiation in
SYSY cells. Brain Res, 1999, 838 (1~2): 69 ~77

Tseng H €, Lu €, Henderson E, et al. Phosphorylated tau can
promote tubulin assembly. Proc Natl Acad Sci USA, 1999, 96
(17): 9503 ~9508

Smith M J, Crowther R A, Geodert M. The natural osmolyte
trimethylamine N-oxide (TMAO) restores the ability of mutant tau
to promote microtubule assembly. FEBS, 2000, 484 (3): 265 ~
270

Rendon A, Jung D, Jancsik V. Interaction of microtubules and
microtubule-associated  proteins  ( MAPs ) with r1at
mitochondria. Biochem J, 1990, 269 (2): 555 ~ 556

Lee G, Newman S T, Gard D L, ez al. Tau interacts with sre-family
non-receptor tyrosine kinases. J Cell Sei, 1998 (Pr21), 111: 3167
~ 3177

Jenking S M, Johnson G V. Tau complexes with phospholipase C-
gamma in situ. Neuroreport, 1998, 9 (1): 61 ~71

brain



2004; 31 (10) =Pt ESERMELE Prog. Biocchem. Biophys. + 023 -

Interaction of Human Neuronal Protein tau With DNA *

QU Mei-Hua'*’, LI Hui**', XU Yan-Juan'"*’, HE Rong-Qiao™*" ™

(Ulabamwrfy of Visual Information Processing, Centre for Brain and Cognitive Science,
Institute of Biophysics, The Chinese Academy of Sciences, Betjing 1000101, China;
2 State Key Laboratory of Magnetism, Institute of Physics and Center for Condensed Matters,
The Chinese Academy of Sciences, Beifing 100080, China;
» Graduate School, The Chinese Academy of Sciences, Beijing 100039, China)

Abstract  Electrophoretic migration shift assay shows that human neuronal tau can bind to ADNA, plasmid DNA
and DNA fragment of PCR produet from human ¢eDNA. One mole of neuronal tau binds to a fragment of 6 ~10 bp
nucleotides. Under atomic force microscope, a necklace complex of tau-DNA has been directly observed.
Experiments in immunohistochemistry with a monoclonal antibody Tau-1 exhibit condense nuclear staining of tau as

well as diffuse cytoplasmic staining of tau. [t suggests that neuronal tau plays an important role in nucleus.

Key words human neuronal tau, DNA, interaction, atomic force microscopy (AFM)
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ZABKATFREDY FTR, FWT EE SRR SRR EATNT A, alibE. AWETEAR.
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BEE. AGMFAMAE. ZRAAGIL 2 TR, SREESFL3 TEEHREY, AREFs, BELTE, T
HEFES . BE. H%F. fE. ERAE. AL BRNEENMRS. ZRLKKHLFNRLE MHRIER R
SR, M THARFE. KCE=NARERMNTEFERNETAN REXFTFRE, U TE. 7. My —EK
FRss g, KNAR®E TESFMEMTE, MemsE, Mo, FER. SRIAS 2 ADER. Ef. %3
AR . . LA EREARENLE. ZARESREZMEHLS =ZFE, WARMNE R ITETHR
S ATEHAZIRE) SR RRBEXATEMEE (HFXHE. HEHIZ. TEM¥R. TERD. BREREES2S
IXRHFZH2ERBFERARNARR TSR, 2EMEREREMN %X, FR2ENFHEMATR=2%. 2HE
AFWAR FE, B mEFANERANESANE.
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