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SEARESEA Ngb A BERRREIE,
S R A E RS R T +

FIE4ED F&S? B AR HFE
OF LRI R S = BE B 25 R, T 510630 2l 48 K S ERB AL AR, B 250012)

f5Z DL SD KRMiZ1Z{ RNA Rt , FIF RT-PCR HAR, ¥ HIV-1 & B0E 8 A(TAT) T BAG & i S0 REm 9 a5t
BRIT 45, B i S I(PTD)SE R S I 4T 3 T(Ngb) JE R il &, M T-A s R M b5 5 5 pMD19-T simple 2540 2,
2000 7 TET i vo e 22 K IA 34K pET28b 1, HALI& 2 A E.coli BL21 (DE3) plysS, 158[\H4L 14 IPTG %S5 i3 ik %
ik, JFEEAREN R 2P e RIE T N SR Al 20T R S A R ARG R 0K BB T & AT A W A T
K, #5345, TAT PTD-Ngb il & 85 (7] LUK IE N 20 A, 7F 48 h W TR B HLA7 4, FERE S B e 4 1F T i
PG TCAFE R YD BAES T AP T T, X 45 RN E— 2B HF5T TAT PTD-Ngb [P R HLEIR UL T &R, IF)

REA M2 RGN JCHOR IS R« A2 REUBAT PRI S SR IR T S,

KR AT, WAER, HABRGT
FHROES Q8l6

Burmester 551 2000 4F ¢ X HRE, EHHES)
YIS RE N AR — MR RS R )
AR ERE T, B2 1 (neuroglobin, Ngb). H A
WEFHED, Ngb [T e ] Be A2 (L k4 n ph & oo I
GRAEYH, BN SR SRR LIER,
Wy¥ ATP 17748, DTS 1 4 28 240 o 1) e (1) 4
FRE S EAE . X Ngb LRy #i 2 ST LI EAT IR
WEST, KA nT BT 22 Fof Ji D] S50 R A e oo A R
22 RGLIRAT VSR 7 A B VR IT J7 2. AR AT
ARG I pR 2R 0 N XA B AT R PR F I ER
TR, B EEOC R BB BN H AT .
Jiii % 535k (protein transduction domain, PTD) & i
RILE— P e s I A B ) R, JF HOR &
fiff 90 AE B, N 28 e % B BB 55 1 2 (human
immunodeficiency virus type 1, HIV-1)%m it 1]z =X
P B M (transactivator of transcription, TAT) [ £&
it 3 A A 3] DA ks 5 2 AHE TR B
BUHR T AR IR s B NS AP L2, T
AR AR I HLOH A A B0, S, PTD
AT E L 2 n) DL R e ot fi i g A
JC8, B AN TR M4 R A 2
B AR SEE 1 OF A RT-PCR J73%, ¥ HIV-1

TAT h H A & s A i 5 D ae g 9 e 2L
PTD ¥4, HJ RKKRRQRRR f#fi# A Ngb 5%, 4
5  TAT PTD-Ngb @il & 55 8 TR AZ 2% ik 301k,
HERIE, ¥, 4itk T TAT PTD-Ngb il & &
H, FERIEFT T HOR K SR ST 28 TG 1) 5 i 4 3
Ihiie M HARST SR AT X W I 26 70 [ AR Rl e
PR, ARk — 09T Ngb 1) L G FF 4 3 3 H
T L S5 R 20 R GE N (PIR YT B R A, $R it
Hr R RNG YT ik

1 ME577E

1.1 ##

111 FURLRIEE RE. T7 RNA 584 Bl 47 () 2658 it
ki pET28b Jx % ik T7 RNA F & i 1) K o #F i
BL21 (DE3) plysS ¥ 4 Novagen /A #@]; pMDI19-T
simple /A B KIEF ALY TN K E
DHSo HH LK 27 2 B 2% Z00F 5 92 11 k.
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1.1.2 5. Trizol WX H Invitrogen A ;s 5 ik
cDNA 2 —BE 110 % 587 &)W H Fermentas 23 7 ;
Taq DNA ZE4E. T4 DNA 432 B A1 & R 1k
DIBE T K& =AW TREAF; X-gal. IPTG T
AMRESCO A #l; ORI calif ik
A& M Ni-NTA £ 128 Faitb 20151 T QIAGEN
Nl AR PD-10 column W | Amersham
2 s His-Tag 9 % B $T 4K W T Cell Signal
Technology v ], HRP 40/ R =Pt T il 11
TP E R AR A A s Ngb 3 2 50 STk
MAP-2 £ saEdiik. FITC i/l —$i. FITC
Fhr —Pi. FPLFE U T SANTA CRUZ 2
73 MTT B H Sigma 2 # ; ECL ik 7 4 H
PIERCEAH]; R R E#HZE. FIFR. AH5ERY
4 Sigma 2 ] 43 %% 4 BB % 7% H] Neurobasal 1% 7%
. B27 %M H Gibeo 7], A MRy Hy it
1R = oy Hraf,

1.1.3  PCR 5|4. 51438 th b2k TR A TR
Nl R WS GenBank H oK fil Ngb fil TAT-PTD
FER R A HEAT 519 % . @& 8 (1 TAT PTD-Ngb
(15| PI7E Negb RIKIE R P51 57 sl &5 T & F
9 N MR 74 L N Y PTD 41, BI L3514
Pl, 5 CATATGAGGAAGAAGCGGAGACAGC-
GACGAAGAGCTAGCATGGAGCGCCTAGAGTC-
AGAGCT 3’ (%5 Nde 1 « Nhe 1 BEVINT ) FiF5]
¥ P2, 5 GAGCTCTACTCCCCGTCCCAGCCT-
CG 3' (% Sac 1 BEVINL D), 48479 v BL 24 500 bp.
W 6 B Neb 6 R B3 51 4 P3, 5" GCTA-
GCATGGAGCGCCTAGAGTCAGAGCT 3’ ( &
Nhe 1 B VAL 50), NS4 5 TAT PTD-Ngb T
IR, 335 i B4 467 bp.

1.1.4  SEEEh#). SD KB 1L K 27 S2 56 3 4y
O EE.

12 BMEEREAEMNTME

1.2.1 RT-PCR ¥ 14 H L. $2H0 SD K fl 2 23
JE RNA, 42390 37 s R 6 1 5 B cDNA B — 4%
B, DLW W) BN, LA PLL P2 §7 3% TAT
PTD-Ngb il #%E A, P2, P3 §7 14 Ngb FE[N. [
ZAFWR: 94°CTIAYE 5 min, 94°C 30s. 68°C
40s. 72°C 1min, 5 30 ¥, 72°C JE{# 10 min.
PCR J= AT 1.5%I IERE B vk o0 #r,  JF X H AR 4%
g7l iEIlLe

1.2.2  PCR /=i i 5 5. PCR =928 e [Rliic
alifk 55 pMD19-T simple 2 4A ] T4 DNA 3% £

16°C I 2 h, ¥4k DHSa 2 &, B AT &
100 mg/L 5 N5 8 219 LB P L, HEyR4H A0
ik, AR5 53 ] Nde T /Sac 1 8% Nhe T /Sac 1
B Sl P DD XU D) 25, R EC T H AR /N B
PP B B T U DR AR AR AT PR 4
123 RIEFORI I EE. H Nde 1 /Sac 1T 8¢ Nhe 1/
Sac T BR$IPE N )l 7 151 (1) TA b B 2844 F
Y1'F TAT PTD-Ngb 5; Ngb £ A F BOF R alfe, 5
[ #¥ B V) (1) & His-tag ) pET28b FKiA# & 16°Ci%E
RN 2 h, g 5K I8 FURL pET-PTD-Ngb ( 17 FR
pET-PN) 5 pET-Ngb, %1t KW+t % DHS5« Jk 52
B, WATH S0mg/ L -RABE M LB b, #k
WPV BURLRITR, Aol 1) % 5E I ade BH 1 5 v I O
1% b IR AR AR B 2 w0

1.3 BEEANFE, dh5ETE

131 HEAFM A TERIA . il &R, 207
1E i i) pET-PN 5 pET-Ngb Jii ki &% 44 K [ T 4
BL21(DE3) plysS /&2 4, JE Mt ERILHEk, 16
50 mg/ L RISE 51 LB b FRIAE %, BRI
PEHEEM T Sml LB B R b (5 F IR HE £
50 mg/ L, &% % 34 mg/ L), 37°C 200 r/ min 4%
A HFE 12100 (IR 2 10 ml A LB
B IR, 37°C 200 o/ min JRFE, B R4 2~3h, A
2 0.6 Zid7, MAZERIES 0.4 mmol/L 1) IPTG,
37°C 200 1/ min %5 FKIE 8 h, BSR4 B UTTE,
FHE 10 mmol/L WK P[P i 92 1k B, 68 75 I e
e O BiE, IO Ni-NTA SER3ER, 2550
B 20 mmol/L, 250 mmol/L BE M 1) 22 Mk 454t
FISMHEE . 20 R4 PD-10 B Sh AR AT
Bk, W5 10%H i i) Neurobasal 35 7# 3L,
-80°CIRfEEH.

132 HEFEEZESH. difemEome
SDS-PAGE HiJk, HLk ¢ S4B H 1 i ENE A IR 21
YEfE b, 5% WKy B A 2 h, $T His-tag 51 50 [
PP Ngb 2 PR 4°CIl &I H, HRP Ax
W PR E 1 h, TBST W, ECL ) ps
6 E RO

1.4 TAT PTD-Ngb ¥pE%%: S N R IR
EHT KRR E TR

141 J5ARR T2 JO I 7% 5 A A A 2R 1 o
7% W4 18 K SD IR, LW AM T s km, &
JERETH AL B, AN RDTEE P 7 Ca¥s Mg IRl
WP fE s o % B, A E 2%B27 1
Neurobasal £ 73, LL 0.5x108/ml 1) % 5 Rl ke 7
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FH 2 Z M = R A U 1 35 mm B5FE L2 ml/ L) Az
96 FLAR (150 wl/ L), & T 5% CO,. 37°C[1Hs
FAATT TR, B 3~4 RPREIE— IR AE TR IR
BT R, HME TR bR Id MAP-2 HEAT %
SE, MAP-2 BHE 3R >95% [ 4 B REA ] T 5256 4
B RO SR Tohils, sz & AR %=
MMEIGE T %At NERDEANE
95% N,v 5% CO, FIRG A, 29 15 min, 3 A
7E A A E R EIR T 1%)5, Wm0 S
HAE, HEET 37CHEFMT, 9240 )G,
K0 M N P S I, AE IR 5% CO,37°C
IR FEAE TP AR S5 97 24 h

1.4.2 TAT PTD 4~ ] Ngb &5 (155 46 5 K HAG
W), BEFE) Bz i 28 76 Neurobasal £ 77 3k 4> &
W, BRI INNAS A 49 JE TAT PTD-Ngb A&
Ngb @l 4 % (0, 0.1, 05, 1.0, 2.0 wmol/L),
3TCREFFMANME 2h, W EHFRE, PBS ULk,
Wt . RAERA N, A0 M 2L AT B N I )
B, FPUEEE A B 6xHis-tag . e B T AR H
HENGNM P (k& B, DAZlAG R B O BE
PEXT . R, W E2HE N 40 g 1N TAT PTD-Ngb,
W B IR0 B R AR 2 0 R R R P o N &k B
2.0 wmol/L ff] TAT PTD-Ngb, X 41 i A A [A] &
WL Ngb 8, 37CHFRH NG 2h, W LE;
I3, PBS MUVEEE 2 K, 4%% ZH UK L 2
30 min, # PBS Ve 3 WK, 1E W LA I = il 3
M 30 min, ¥t His-tag ¥ 0 FEHLAE 4CiE i, ¥
PBS ¥t 3 X, FITC bric ) —PiE T H 0.5 h,
PBS Pk )a, PLod e KRB G, 2Ot iEs ~
MEE.

1.43 TAT PTD-Ngb 4 py s P e . J5 =10 B2
JRAH 22 0 W bR P B i N 2.0 pmol/L TAT
PTD-Ngb, 37CHiFFM N IFH 2 h 5 ¥ 35 I8 L
e, IMAB R AL, 3wl 0h, 24 h, 48h,
72 h W ERRIE, VA PBS YEEk, WCEE. 244N,
0 o SRR AT B 1 IR EN R A b, ARG R e b
1) 6xHis-tag F. o [ o 4K I 40 1 Py 1) ik 5 2 11 7
i, DAAAG IR Rl S A B R

1.4.4 Gk S0 05 B2 AR 28 T A T R I E
MTT £ BEAT 41 A7 3% 2200 52 4870 20 10 41,
BUIE 5 B dl . 25 A AL . AN R IR & TAT
PTD-Ngb 1 [ & Ngb & [ il &b ¥ 40 (£ K £ 0.1,
0.5. 1.0, 2.0 pmol/L), &4 ¥ 6 N T4THE, 37C
GTREANIEE 2 h, JFHATEA . BEE, A

15 pl/ FLI) 5 g/L MTT IR Eh 2% i, 4k 2L 15 5%
4h AW R RS, N 150 wl/ FLI 100% 1 3
WA, Y% 10 min, FrAL P R0k 5E 4 iR
Joi s AE IR S P A WU A4S B s e R A (D K
490 nm). [ JTAHZ TOAEIE A% LA R i
M%) A grmmasranmn /A inmnx100%
1.4.5 TAT PTD-Ngb X 64507 5 (1 B2 i w48 0 9
iSRRI E S e N (Wi LR v | AL 3 i3
2.0 wmol/L [¥] TAT PTD-Ngb A Ngb % [1, 37°CH;
NS 2 h, % BRITEEE . BEJE, TR
Rigedt, 4°CPBS Bk 1 1K, A 4% % K H %,
4°C [ 3E 20 min, MZE/KYE 2 K, 4°C HARIET 5N
A 5 mg/L Hoechst33258 4% & 10 min, XL ZZ/K VL 2
R, TG 9O A T g
2 &% R
2.1 HHBIEFH RT-PCR ¥ &4

M SD K oG 2H 2R 42 B i 41 21 RNA, 3
Bk 5 PCR 788, 1.5% [ 30 I B o6 Jie vl vk 0 At
PCR 724y, 335 WK /N —3 1 DNA J B
(500 bp 5 455 bp), £ TA w5 I I 5 58 42 1 Hf
(K1, #ikR).

1000
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Fig. 1 Analysis of RT-PCR products by agarose gel
electrophoresis
M: 100 bp molecular marker; /: RT-PCR product of TAT PTD-Ngb
fused gene (directed by arrow ); 2: RT-PCR product of Ngb (directed by

arrow).

22 EHREFRNAIEEE

BEHRIEJTRA Nde 1 /Sac T 8% Nhe 1 /Sac T XL
U5 ik, SRR UIHS E AR KR N — 30w
DNA Jv Bt (&l 2), W] 5 B 24k 5 7 TAT PTD-
Ngb JEH 5 Ngb £ K741,
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Fig. 2 Agarose gel electrophoresis of recombinant plasmids
pPET-PN and pE-Ngb digested by restriction enzymes

M: 1 kb molecular marker; /: Recombinant plasmid pET-PN digested by

Nde 1 /Sac 1 ; 2: Plasmid pET-PN ; 3: Recombinant plasmid pET-Ngb

digested by Nhe | /Sac 1 ; 4: Plasmid pET-Ngb.

23 FBrEERRRIESEK

pET-PN BL21 (DE3)plysS 5 pET-Ngb BL21
(DE3) plysS 4] # £ IPTG (0.4 mmol/L)i%5 3 8 h
i, ik &% SDS-PAGE 23 M1, 5 H¥s%> Tk
BT A BLAcal AE. RIA R TAT PTD-Ngb (K
/N 20.7 ku)FT Ngb CK/NT 19.4 ku) filt 28 150U
Oy PR 5 ES (AL, TAT PTD-Ngb 5 Ngb 4>
SIEEAT Ni-NTA B JIE 2 fglifh, J£47 SDS-PAGE
N, BEREKEERR AT R oR, AL TR 95%
DL 3).JLh & T Ecoli FIKW, W34 7.7 mg
44k [f) TAT PDT-Ngb, ZliE KT 95% .

W M 12 3 4 5 6 7
425
375
25 l
16.5

Fig. 3 15% SDS-PAGE analysis of expressed and purified
soluble fusion protein

Expression and purification of TAT PTD-Ngb and Ngb in E.coli with

0.4 mmol/L IPTG induced 8 h was analyzed by 15% SDS-PAGE gel. I:

supernatant of bacteria containing expression vector pET28b; 2: TAT

PTD-Ngb; 3: Flowthrough of TAT PTD-Ngb; 5: Ngb; 6: Ngb by Ni*

affinity chromatograph; 4,7: TAT PTD-Ngb and Ngb.

24 FEAREINEEE
NIRRT RIA A R, Kaith A
J5 53 il T His-tag 5 50 B SR (4] 42) F1HT Ngb $it

PR 4b) TR A REN S, 4R BN, GE
0 alfE 20 ku B & BoRB—400, STtrHE
()3 17 AR A
(@) (b)
ku M 1 2 3 4
40 -

30 M—

D) —

10

Fig. 4 Identification of purified fusion protein by Western
blot with monoclonal anti-his-tag antibody (a) or
polyclonal anti-neuroglobin antibody (b)

I: TAT PTD-Ngb; 2: Ngb; 3: TAT PTD-Ngb; 4: Ngb.

2.5 TAT PTD-Ngb FEiR4t S RIMER

AR &K E TAT PTD-Ngb fill & 8 (A M Ngb &
FIIN JEARES 77 B i 28 J(MAP-2 %6 52 BH M Rk
95%LA b, B 5)EFRHEP, EEEEL R BN,

(b)

Fig. 5 Identification of primary cultured cortical neurons
by MAP-2
(a) Phase contrast image. (b)Immunofluorescent image of MAP-2.

(100x)
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21 i P9 K 1) TAT PTD-Ngb @i & 4, I H210 e
P R B 1 R A T R TR (1 4 i 3 v
(B 6), {H4H ) ARAT I E] Negb 8 (45 BRI H).
[F IS, 40 M A e 52 ML & I, NN 2.0 umol/L
TAT PTD-Ngb il 85 [ (K] 7a) 552 56 241 iz ot pift 42
JCHILEE S, TN 2.0 wmol/L Ngb (K 7c¢)
IR AL T o e H I, SR UL, TAT
PTD-Ngb fili &5 £ [ % 5 38 N SRS 77 10 B2 i &
JCH.

(b)

Prog. Biochem. Biophys. 2007; 34 (6)
1 2 3 4 5 6
TAT PTD-Ngb — —
P - - —

Fig. 6 Dose-dependent transduction of TAT PTD-Ngb into
primary cortical neurons

2.0 pmol/L TAT PTD-Ngb was added to the culture media for 2 h.

Transduced TAT PTD-Ngb into the neurons was analyzed by Western

blot. 1,2,3,4,5: 0, 0.1, 0.5, 1.0, 2.0 wmol/L; 6: Control.

Fig. 7 Transduction of TAT PTD-Ngb into primary cultured cortical neurons

The immunofluorescent activity (using the anti-his-tag antibody) is not detectable in Ngb pre-treated neurons (c) but is visible in neurons
after treated with TAT PTD-Ngb for 2 h (a). (b) and (d) are the corresponding phase contrast images of (a) and (c). (200x)

2.6 TAT PTD-Ngb ARt E 1%

WA EN IS B W, 40 TAT PTD-Ngb
TR BE N ) I B WD, KEEHER R, 24 h
Ja4i My TAT PTD-Ngb /K205 e #140 fg N TAT
PTD-Ngb /K-F-#] 53 %, 48 h NI NZ) 6%, 72h
I Rl B AR A0 R P LT AR R ().

2.7 TAT PTD-Ngb X} SR&R 3515 R B 2 JT R R 37

A E A, MTT 45 1 58 2ok, TAT
PTD-Ngb & [ Ab BE 20 52 25 11 6T B AL B2 4 28 Je A7
WET R, Er ARG REMN, HMY% 7 TAT
PTD-Ngb & [ & (1) 14 v 1 T, 170 Ngb 82 1 41
L7055 23 PO BT E 2 3% 72 S (1 9). B S N

FRZIC N ) TAT PTD-Ngb fift & 2 1 % Bl 48 52475 1)
R i e LA R e, IR AR EROBE.

1 2 3 4 5
TAT PTD-Ngb — o~

Fig. 8 Stability of transduced TAT PTD-Ngb in cultured

cortical neurons

B-actin

Neurons pretreated with 2 wmol/L TAT PTD-Ngb fusion protein were
incubated for various times and fusion protein was identified by Western
blot. 7,2,3,4: 0,24, 48, 72 h; 5: Control.
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Fig. 9 Protective effect of TAT PTD-Ngb or Ngb on
cortical neurons after exposure to hypoxia for 24 h

Cell viability, measured by MTT absorbance, in cultured cortical
neurons maintained for 24 h without oxygen under no treatment or after
pre-treated with 0.1~2.0 pwmol/L TAT PTD-Ngb or Ngb for 2 h,
respectively (n=6). Each bar represents the x +s. obtained from five
experiments. *P <<0.05, **P <<0.01 resrespectively, relative to no
treatment by ¢ test. #, P <<0.05 relative to normal control by ¢ test.
[J: Normal control; [[]: No treatment; 7Z4: Ngb; ll: TAT PTD-Ngb

(a) (b)

2.8 TAT PTD-Ngb [RREIF SR RHFZ TR
AT

Hoechst 33258 Jeta Wy 2% 0 FUAL(J#] 10a)
S Ngb 25 [ PilAb H# 20 (B 10c) 57 J 1 28 e % W i vk
B [WgE. AN RRGERR), BRI TINE
W, JesE N SRR KR, g0 fu4s /N (& 10d,
Kl 10e); 52 ALk, TAT PTD-Ngb i kb B 41 (]
100) B¢ AR 2 TR T2 Bl M IsSEAA 1L, 40
MBS (E 100). Ui TAT PTD-Ngb X #4175
S0 B T TC IR T A R .
3 3t T

Ngb A& Hril I —F e HES P R G
BN 53 W JR AR T K B R S P SRR (R A R B
5 L 4¢ % A (myoglobin, Mb) Al Ifi. & & [
(hemoglobin, Hb) L2 R 154y 20% [F]J .,
[i] Mb fl Hb —#£, Ngb 5 O, iR ERA S, X

(c)

Fig. 10 TAT PTD-Ngb protects against apoptosis induced by hypoxia

In this hypoxic model, untreated control neurons (a) and neurons pretreated with Ngb (b) display small, condensed damaged nuclei

reflecting apoptosis. Neurons pretreated with TAT PTD-Ngb (c) display ellipsoid, smoothly and regularly limited morphology of neuronal

nuclei. (d), (¢) and (f) are the corresponding phase contrast images of (a), (b) and (c). (200x)

$&78 Ngb "I BEXT O, MfifiA7, Feia MU AT B 2
PEFINTSL H HT EARKT Ngb [SE R e pe . a4 14
PR 1 A AR T PR RORT S, (ERT I
DIRERIWESUNIWIE 20 B ST R7s, S B i &
Ngb ik, Jf I 78 Sk S A 75 DL R R
S ANTTB e A 2 MO ) A7 T R M BE AR A A s B
% Ngb 22 32 ) 25 14 Jin 28 23 F0 40 g 1) ke 4 45 5 e

FEOL BRI HED, Ngb nJ BeAE A — A& R4 KT
MERAER, TAE A P U5 2 CR A R ok ¥R 7 kil
SR B 3 I H . SR, 41 2 12 TR OR
100 28 G S 52 i AP A0 T B0 i 4 B 1 PR 4 L
T2 35X ) A — R A 2 B2, H ETA Ngb
LIREHEMIA Ky, B4, Ngb (20205040 M 0 40 i &
PEFH, Ngb fEXA KB RIMAE RG] 12K
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K HE S Neb 48550 M U 612 55 D e 2 YT AH OCH,
Jy—J7lfl, Ngb nJ Ge A5 57 385 NO 5 CO
S LT RS G W A DG 121, [ 2 1145 8 - 3k
PREARTNEERERCAZ R, 77 HWEEE], Ngb {F
hy B WA R A S A A 003, m e sE a5 £ e
FA, A4E Nat, K-ATP BEA flotillin-109, LL K
Wids G &M, BEEE C A EAE M SE LT
L IO RS BB IIBEFUR I, Ngb AR N A fig il
RN eNOS [ IA > S i 4 7 FH U, D]tk
Ngb BE 17 LA L& an gy H - #h 2 R Ge i 1 2 (5 15
it

ITAEIBTGEAE I, HIV-1 TAT H A JURr () 15 i
iy, T RAS 3 2 R 2 IR B IO N H ARt
L, ANZ SR BRI, b B SRR
BANTHREE SRR, AARZ E w2
Jik A BO(TAT 40 M 49 %5 57 (1) 9 N ILFR IR IE)
RRRKRQRRR, HJ PTD, &5 TAT,s 11 A% IE
R (1 PTD J7 51 A AHBL 2 1 U4 S R0 08, TAT
PTD HAJ kW& O SEH, S,
e, I H e S i & A ] LR IR K 4
TR, BRlEARN 7T IS 1000 ku 18 T
LS et pNEEA N BRZIL 7 R P TR DN R A 2 5 2
NG AN 5% e 48 13 ) R B B PR S D Re e, 3L
T A N s i A A Z L, 5 A 1)
SFRANEYIRSE, 2 TAT B E K5+ 5w
K PEP) ST, 1A (1) 2 — P e = OB N IR A,
Bt 5 RS TRCEE AR, TR TAT SR 1K 2 Ik
B BAT /N3 1 1E N A0 R )2 3 et 5 4 i 3R 1 A
A LA P B B R T S8 NN, B R O R e
RO, Bt TS NG M AR S B A
U FALE B AR FUARIE SR AR L, Tat PTD
IR AU A B IR

ARSI DL pET28b R34k, & UCK HIV TAT
B O T DR B/ B TATs
RT-PCR [ 5 ¥kl A N\ Ngb 1) 5 %, I T
fili 5 25 (1 TAT PTD-Ngb [ A% KA R IEi5 S T
WAL, BN T 8 AT S O |
SHEAB . JAF H pET28b ¥ 6xHis-tag
ali 6t 2l B /) AT PE ) TAT PTD-Ngb il & &
H, gl 5 i A i Ee i S R A, S ek
Pk BAT RAF R e e S N AT T — e IR I 2
44k (1) TAT PTD-Ngb @l 2 115 IR AR 77 (1 1 i
PR TCILFME R 2 h o, R0 30 40 B N A7 AR Rl 2
(1, LN P B N5 9% 3 P il B B RO

b TP =T EN - e A S (P e DN L E bW =
48 h WA fe e M B Ho A7 5, XKWL TAT
PTD 13, Ngb il 4 Mok N4 L v, TAT
PTD-Ngb fili & 25 A7 5 4 305 M JF AT — 8
IR ETE. RN, 7RGSO, TAT PTD-Ngb fil:
G HE A TIAL B B B 519 0 s A4 0 1) SR AR 7 B
PR TEIIAFIE . ERATIER A BRI Ve X,
2.0 wmol/L ) TAT PTD-Ngb *it ¢ J5 #1 28 Je 1E 47 Tl
AEBRJS, I TAT PTD-Ngb 5% [ 41 AH LE A B 2%
R 2N RS U LT A1) TE N 2 AN LS 3
(PIRCAR, HEI Ngb AT 8 A 8 o gf b i 4 3 B 2
TCIAPA TR SEBU AR 2 TC AR YT, (H AR IR PR 4738

FERIBLEIA Rt — D IE, I R TR A BEAT
Wt

A SZ I T I TAT PTD-Ngb fil & 85 A 1) %
kL gtk RILAEYPEETERShRERIVID IS, it
— PRV Ngb IR R HLHI 29 T Al JfF B
A Ngb I - i it A5 9% 9 B JLAth ot 28 22 25 9 9 )
TR ReNE, N U R EORAE R — Mg R 4y
TRIT RN TG RS T S i A4t

2 % X W

1 Burmester T, Weich B, Reinhardt S, et al. Avertebrate globin
expressed in the brain. Nature, 2000, 407 (6803): 520~523

2 Couture M, Burmester T, Hankeln T, et al. The heme environmen to
mouse neuroglobin. Evidence for the presence of two conformations
of the heme pocket. J Biol Chem, 2001, 276 (39): 36377~36382

3 Schwarze S R, Ho A, Vocero-Akbam A, et al. In vivo protein
transduction: Delivery of abiologically active proteinin- to the
mouse. Science, 1999, 285 (5433): 1569~1572

4 Schwarze S R, Dowdy S F. In vivo protein transduction: Intracellular
delivery of biologically active protein, compounds and DNA. Trends
Pharmacol Sci, 2000, 21 (2): 45~48

5 Asoh S, Ohsawa I, Mori T, et al. Protection against ischemic brain
injury by protein therapeutics. Proc Natl Acad Sci USA, 2002, 99
(26): 17107~17112

6 Dewilde S, Blaxter M, Van Hauwaert M L, et al. Globin and globin
gene structure of the nerve myoglobin of Aphrodite aculeate. J Biol
Chem, 1996, 271 (33): 19865~19870

7 Couture M, Burmester T, Hankeln T, et al. The heme environment of
mouse neuroglobin. Evidence for the presence of two conformations
of the heme pocket. J Biol Chem, 2001, 276 (39): 36377~36382

8 Dewilde S, Kiger L, Burmester T, et al. Biochemical characterization
and ligand binding properties of neuroglobin, a novel member of the
globin family. J Biol Chem, 2001, 276 (42): 38949~38955

9 Trent J T 3rd, Watts R A, Hargrove M S. Human neuroglobin, a
hexacoordinate hemoglobin that reversibly binds oxygen. J Biol
Chem, 2001, 276 (32): 30106~30110



2007; 34 (6)

BEEE:

SEAR¥SHA Neb MEEBMNERERE. GUREENFEEHMTAR

. 641 -

10

11

12

14

15

16

Sun Y, Jin K, Mao X O, et al. Neuroglobin is up-regulated by and
protects neurons from hypoxic-ischemic injury. Proc Natl Acad Sci
USA, 2001, 98 (26): 15306~15311

Schmidt M, Giessl A, Laufs T, et al. How does the eye breathe?
Evidence for neuroglobin-mediated oxygen supply in the
mammalian retina. J Biol Chem, 2003, 278 (3): 1932~1935

Van Doorslaer S, Dewilde S, Kiger L, et al. Nitric oxide binding
properties of neuroglobin. A characterization by EPR and flash
photolysis. J Biol Chem, 2003, 278 (7): 4919~4925

Wakasugi K, Nakano T, Morishima I. Oxidized human neuroglobin
acts as a heterotrimeric Galpha protein guanine nucleotide
dissociation inhibitor. J Biol Chem, 2003, 278 (38): 36505~36512

Xu WL, Wang C L, Liao Z Y, et al. Identification of interaction and
interaction domains between neuroglobin and Na(+), K(+)-ATPase
beta2 subunit. Acta Biochim Biophys Sin (Shanghai), 2003, 35 (9):
823~828

Wakasugi K, Nakano T, Kitatsuji C, et a/. Human neuroglobin
interacts with flotillin-1, a lipid raft microdomain-associated
protein. Biochem Biophys Res Commun, 2004, 318 (2): 453~460

Khan A A, Wang Y M, Sun Y J, et al. Neuroglobin-overexpressing

20

21

transgenic mice are resistant to cerebral and myocardial ischemia.
Proc Natl Acad Sci USA, 2006,103 (47): 17944~17948

Fawell S, Seery J, Daikn Y, et al. Tat-mediated delivery of
heterologous proteins into cells. Proc Natl Acad Sci USA, 1994, 9
(2): 664~668

Park J, Ryu J, Kim K A, et al. Mutational analysis of a human
immunodeficiency virus type 1 Tat protein transduction domain
which is required for delivery of an exogenous protein into
mammalian cells. J Gen Virol, 2002, 83 (Pt 5): 1173~1181

Dodd C H, Hsu H C, Chu W J, et al. Normal T-cell response and in
vivo magnetic resonance imaging of T-cells loaded with HIV
transactivator - peptide -derived superparamagnetic nanoparticles. J
Immunol Methods, 2001, 256 (1~2): 89~105

Rothbard J B, Jessop T C, Lewis R S, et al. Role of membrane
potential and hydrogen binding in the mechanism of translocation of
guanidinium-rich peptides into cells. ] Am Chem Soc, 2004, 126
(31): 9506~9507

Shen H, Mai J C, Qiu L, et al. Evaluation of peptide-mediated
transduction in human CD34" cell. Hum Gene Ther, 2004, 15(4):
415~419

Prokaryotic Expression, Purification of Ngb Fusion Protein Containing

Protein Transduction Domain and Its Biologic Activity*

ZHOU Guo-Yu", ZHOU Sheng-Nian?, LOU Zhi-Yin"”, ZHU Can-Sheng”, HU Xue-Qiang"™,
(" Department of Neurology, The Third Affiliated Hospital, Sun Yat-Sen University, Guangzhou 510630, China;
? Department of Neurology, Qilu Hospital, Shandong University, Jinan 250012, China)

Abstract The fused gene (TAT PTD-Ngb) which included nine amino acid transactivator of transcription (TAT)
protein transduction domain (RKKRRQRRR) of HIV-1 and neuroglobin gene was amplified by RT-PCR from rat
brain RNA and cloned into the expression plasmid pET28b. The recombinant plasmid pET-PN was transformed
into the FE.coli. BL21(DE3)plysS, which was induced with IPTG (0.4 mmol/L) to express TAT PTD-Ngb fusion
protein. Ni-NTA resin was used to purify the product, which was identified by SDS-PAGE and Western blot
subsequently. After being purified and desalted, the biological activity of TAT PTD-Ngb was deteced in primary

cultured cortical neurons. The results showed that TAT PTD-Ngb could transduced into cortical neurons, increase

cell viability under hypoxia and attenuate apoptosis induced by hypoxia. The present study provides a clue for the

research of neuroglobin and seems to provide a protein therapy strategy for CNS diseases,especially in

cerebrovascular diseases and neurodegenerative diseases.
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