M EEMIBHE Progress in Biochemistry and Biophysics, 2006, 33(8): 738~744
www.pibb.ac.cn

PI:

% B 2 Bl M #2275 #2 B F(AN39) -R9
T AR FE o 1 A 5 BE RO A 3R
EOHY % 0 Lmagor

ORI ZEBE 2 B ARSI, 550 2500125 2K KEFGEBCE AR 5 250012,
I R R 2R S 2 SRR 2T, H 5 266003)

s ==
} I:

-—I=

BE O TR A IR 2275 7 N 7 (GDNF) 7E TP KA RGBT Gy N, BN As . A A& Rk
A RAE RIS T e B /N GDNF(AN39) R A BE. ¥ HIV-1 Tat 85 %5 S X (protein transduction domain, PTD) f¢] 9
AN 2R “RKKRRQRRRY B 9 AN KSR (R9)5 GDNF(AN39) G A Begh &4 ik, 3434l A 95%LL | ) GDNF
(AN39)-RO f@li#5 2 1. ¥ GDNF. GDNF(AN39). GDNF(AN39)-R9 43 5l B A JAREE 75 1 v fidi 2 (4 i i 26 S B % & GDNF %2
& GFRal 1 Ret [¥] PC12 i ffurtr, GG AT FRim PR Pk, 32 F I G4 P B2 40 bk B-Endo 3, W% GDNF(AN39)
RO FR [k I P R 4 R IBE K B g s 38 FH A I A P B 41 B AT Matrigel ARSI % 57 i, Transwell v 6l Tat-GDNF
(AN3O)ER [ 28 i 1065 P 2 2 B AN b 8 e SR (¥ 66 7. &5 R 47 . GDNF(AN39)-RO 7 [ 17 5Bl GDNF [ &8 7RG 1,
AR AR 37 10 P i 22 L I i o 48 TE MR 2 %634 GFRal A1 Ret 224K () PC12-GFRaul-Ret 40 MURRKIAE 3R, WA Boniitt, Jf

HLREAR G 1t 2 e i A7 PAY 2 0 2 AL PR I i 7 .

KEEIA A R 22 IR I (GDNF), Rl 8, e 3 B2 20 He(B-Endo 3), Rz,  Iffi o b

FRSES Q73

Ji2 I 41 e 5 o 4278 7R R 7 (GDINF) A& H A&
LI DI Re sk 12 2 R RE A & e R B P42 T
L% ARG M E B R N1, WA A= Tin
S AR 93 R 1 00 22 B A E 1) Ao 48 8 AT 1 05 1R 96
1. {H GDNF AfeIE Ik i B4l i B 40 i, 41
I T 14 5 5 T e LA B A o A R A 71 ) T I e 20
SPGB, A A H R ) T GDNF 7E I IR G T
TN DR R . 24k, MEREERAIC %
R T Z M 515K GDNF 5 N H ARl 28 2 48 3 LU
TRIT AR LT, L B R D S s A
i IO SR L RS T B e S R AL TR
B VA DA, (HIX e 7y Y 8 DR A L il e
GDNF T I RIS IV FH v g e . A i ik ) S S s
AR RGP A0 S A s A 451005 K EL R EAS 7
i1, Sy |Gk WIS B m i PN HE I I B B
S T B AASE RIS AR VAL T A — N I A S A 1)
Jiiks EREFFEEAKI L AN S FRIR T, (HSEEG
ORI, S P ) G I R,

NGBS b 3 T B (HIV-1) 5 K 21 g 5 (1)

K% S R F 86 11 Tat H1 86~102 AN 2 KRR Tk HE 41
B ALHE N ORI . PR E X . o X
AL 20 3 1R B 4R X (49 ~57, RKKRRQRRR)FL
K SEEGUE W, Tat & EH 13 2 MoK F Y 5
AN BEE NG, JE AT IR S TR
T I fi e R L S RS I, Tat BT K>
T ST N A0 L P S A R R DR AR
RPN R e PR R S - S D
(protein transduction domain, PTD). f5 5% Tat-PTD
PR G311 N0 P J3F ok o g e R A
B A PR R AT T R . S SERR UE W,
Tat-PTD nJ f1 3 2 it 8 1 J502E A\ 20 i P9 B 41478
a1 Cdk #1365l ¥- p27Kipl. pl6INK4a. Caspase 3
R B- P FUBE R RS, AT TURIL, 9 A
KRR AR Tat-PTD 1] {5 S36 PR 1Y 54 20 59,

* [ 5% [ ARBE I L B I H (30572171), [E 5K 1 i 2 a5 A it
K1(973) %t B3 H (2003CB716400).

= I IHIER A

Tel: 0531-88382561, E-mail: chromeffin@hotmail.com

A H Y 2006-05-08, #:52 H#: 2006-06-22



2006; 33 (8)

EYE: REREmEEHEESFET (AN39) -R9
R E IR AN I 0 AX R B AT R - 739 -

AT, 43 e /N B S o7 1ok ot figi R B
BT AEA SIS, ZEAR1IF GDNF A= 4035 1 1 iy 32
T, FATFRIE 81 N i 39 AN BRI B PN
G PE Bt GDNF(AN39), ik a5 s 1) 9 A
AR RIS Tl & K&, RIS el B m)
GDNF(AN39)-9R fili 85 . 78 AR IR (1 i 22 B2
g geth & s Mg B iz sh a2 oo, M %¢ GDNF
(AN39)-9R [P FH £8 75 F 3% VA B3 M. 32 FH i it 55
W AR kR, M%< GDNF(AN39)-R9 £ [ %F i ifi
PR 4 M 1Y Dy g s s P I I A Py R An i R
Matrigel #f A5 A% 400 1M [0 BF B, Transwell i £ Wl
Tat-GDNF(AN39) 5 [ %% 1 i 1L P 5z 48 B i b J)
JBE TR RE 7. 45 R B 7n, GDNF(AN39)-R9 21 H
A AL GDNF [P 28 Feim 1k, ek IR AR RS 7R 11
HHEIZ 54 A PC12-GFRal-Ret 40 bk (1) 4735
FZGE AR, I FLABAR G M 2 i i e Bz 40 g
JZERRSAUL I AL Ji ot it IX G 25 B TN — 20 (1 B s
B0 R SR I PR Y. FH BE 38 T R P e A,

1 ®MEfRAZE

1.1 ##Y
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Trypsin. HEPES 2% ¢ i J Sigma 2 ] 7= i ,
Matrigel 1 Tanswell 4 BD /A & /= 4 ; anti-
hGDNF. IgG-FITC. anti-TH $ii{4 % Santa Cruz A
CilE

1.2 A

121 EA KL, ditb L. ¥ pET28(a+)
-GDNF. pET28 (a+)-GDNF (AN39). pET28 (a+)
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Fig. 1 Schematic representation of bacterial expression vector: pET28 (a+) -GDNF-
mutants (a) and SDS-PAGE of purified GDNF and GDNF mutants (b)
M: Molecular mass marker, /: GDNF(AN39)-R9, 2: GDNF(AN39), 3: GDNF.
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Fig. 2 Mesencephalic dopaminergic neurons from newborn
stained with TH
immunohistochemistry (x60)

(a) Control(BSA); (b) GDNF (100 pg/L); (¢) GDNF(AN39) (100 p.g/L);

(d) GDNF(AN39)-R9 (100 p.g/L).

rat after 14 days culture

#* o

Percentage of survival/%

BSA GDNF  GDNF(AN39) GDNF(AN39)-R9

Fig. 3 The statistics of effects of GDNF and mutants on
mesencephalic dopaminergic neurons survival
*P<<0.01 vs BSA; # P>0.05 vs GDNF.

2.2.2 X} PC12-GFRal-Ret 4i i 5 2 A4 K 1) 52 1.
B 5x10° X Y GFRal Fl Ret ¢cDNA [f] PC12-
GFRal-Ret 4f fil 270 %) L ] Poly-L-lysine fu.4% 4f (1)
24 FLEH, 02 ml B 5% A= 35 A 5% 55 135 (1)

Fig. 4 Neurite outgrowth of PC12-GFRa1-Ret cells
(a) Negative group (PBS); (b) GDNF (100 pg/L); (c) GDNF(AN39)
(100 pg/L); (d) GDNF(AN39)-R9 (100 p.g/L).
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Fig. 5 The statistics of effects of GDNF and mutants on
PC12-GFRa1-Ret cells neurite outgrowth
*P<<0.01 vs BSA; # P>0.05 vs GDNF.
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GDNF (AN39) F1 GDNF (AN39)-R9 Y fig ¢ 3t
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Z )R 2 S, K B E 41 5 ) GDNF,
GDNF(AN39)#1 GDNF(AN39)-R9 ¥ A 1 £ 7
IEPE (4 ATE S).
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5 ED A A B R R e e, Horf iR
5 J5 k% % ik 1Y) GDNF (AN39)-R9 B 4 % [ — 2
(K 6). 115 GDNF F1 GDNF(AN39) L% & /) 41 A »
35 A0 W ¢ SRS I AT 96 A (18 6), B IR
TS DU AT I S AR S 1 A R (B 7). kgl AR
KW @A 9 AR AR (R9) W E 4 & 1 GDNF
(AN39)-R9 nJ %% Bk 41 ffg i, 1) GDNF HI GDNF
(AN39)UIAEE.

Fig. 6 Immunofluorescence cell staining of B-Endo3 cells for transmembrane assay
(a) B-Endo3 incubated with 100 wg/L GDNF. (b) B-Endo3 incubated with 100 wg/L GDNF (AN39). (c)
GDNF B-Endo3 incubated with 100 pwg/L GDNF(AN39)-R9.

ku
25
-. | N
| I — 15
1 2 3 4 5
10

Fig. 7 Western blot analysis of GDNF and its mutant
proteins in B-Endo3 cells

After incubating with GDNF and its mutant proteins, B-Endo3 cell
lysates were analyzed by Western blot with anti-GDNF antibody. I/:
GDNF (AN39)-R9 positive control (protein expressed in E.coli); 2:
B-Endo3 incubated with 100 png/L GDNF; 3: B-Endo3 incubated with
100 pg/L GDNF(AN39); 4: GDNF B-Endo3 incubated with 100 pg/L
GDNF(AN39)-R9; 5: Protein molecular mass marker.

2.2.4 Transwell £7ll. $% 200 wl B-Endo3 41 iy (2x
10°) 2 Fh 2 &6 A Matrigel 19 =9, FEA
500 pl 10%J134- I35 ft) DMEM 5% 75 55, 45 240 i it ke
15 100%f A FE R, n A 100 pg/L GDNF. GDNF
(AN39)Fil GDNF(AN39)-R9 W 7 24 h &, W T =
LR, At -GDNF i i L yive, 1748
FED AT . 25 7R 55 GDNF(AN39)-R9 %
AT EHEFFW A HENR AN, Hao 10

5 5% £k ) GDNF(AN39)-R9 BH 5 i — £ (1]
8). 1fii 55 GDNF 1 GDNF(AN39) L0 & 4 i, T
HREIRI AT W R AR (B 8). kA 9
ANKEZ R (R9) 1) T 41 25 11 GDNF(AN39)-R9 1] i itk
L) I 45 P B RN S SIS, 17 GDNF Fl GDNF
(AN39)NIANHE.

ku
-— - 2°
1 2 3 4 5

Fig. 8 Immunoprecipitation/Western blot analysis of GNDF
and its mutant proteins across Matrigel model by transwell
1: GDNF (AN39)-R9 positive control (protein expressed in E.coli); 2:
B-Endo3 incubated with 100 wg/L GDNF; 3: B-Endo3 incubated with
100 pg/L GDNF(AN39); 4: B-Endo3 incubated with 100 pwg/L GDNF

(AN39)-R9; 5: Protein molecular mass marker.
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P08, Ak o2 451405 5, GDNF e 5 4 12 3 fih 28 70
TEE ML S GDNF i 95 38 172 8 [ X-linked 1 i
PRI -7~ R 28 T T B 5 - 20 3 %85 DA SC09L. A i
it B B k0, GDNF B8 L i35 Ret 5244
Vi 2, P VRS A A0 2 R A 22 TG AR R,

GDNF HA 2 P 28 70 /47 Dy BE AN HE ZE 1 R Y.
% 6E, 12 GDNF ANGEE ik i b fe, B K H BR
i T EAEIR IR N L AEARSEE . AT S
LA AT T g 0 G B B R 1Y) GDNF-

RGeS F IR R, K
TR T 82K N i 39 A2 JERRBE L I) GDNF 44
wH, A PREMESEANFEG ), 1
Wender 250 5T )t b, £ C impl & 9 MR
% (GDNF (AN39)-R9). & {11 1) 52 5 &5 S F 52 -
GDNF(AN39)-R9 il £ [ H A7 A1 4 % GDNF A
FER I 2 B e o 22 o0 (B 2 AT 3) A
PC12-GFRal-Ret 4 f 58 A=K B A= Dhie (K 4
R 5y, JFH &AW R0 k. 70 sk 2k at L,
FRATTFH 20 s i o o s 1) s 73 22— o KL P9 5z &40 kL
TP AL i 57 [ ) Transwell J5 3, 76 P R K~F- itk
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ZEFREYE. JF H R AR SMEEHL I ik 57 B3 (1) Transwell
JiiE, BT A w0 o i i e R ) R
HAT iy AW % P R s 7 32 40 0 R € ) 1K) GDNF
(AN39)-R9 Frilfh & E, Fohit— B s Wik n
TR B E R AT AR5 AN T A

2 % X
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Analysis of GDNF (AN39) -R9 Fusion Protein Delivery Across
The Cellular Membrane, Blood Brain Barrier and Biological Function®
Cui Min?, Pan Xin?, Wan Li-Mei¥"
(Vnstitute of Physiology, Medical Schoole of Shandong University, Jinan 250012, China;
2Department of Surgery, Shandong-Qilu Hospital, Jinan 250014, China,
Department of Pharmacology, Marine Drug and Food Institute, Ocean University of Qingdao, Qingdao 266003, China)
Abstract In order to study the application of glial cell line-derived neurotrophic factor (GDNF) in clinic, gene

mutation, fusion protein expression in E.coli and purification methods have been used to obtain the fragments of
GDNF, GDNF (AN39), GDNF (AN39)-R9. Using primary cultured dopaminergic neurons and PC12 cells with
transfected with GFRal and Ret to observe their biological function and cytotoxicity. Using B-Endo3 cells and
Transwell method to analyze their delivery across the cellular membrane and blood brain barrier. The results show
that GDNF (AN39)-R9 has the same neurotrophic function with wild GDNF and nearly no cytotoxicity to
dopaminergic neurons and PC12-GFRal-Ret cells and can get through effectually the cellular membrane and
simulacrum of blood brain barrier with matrigel and B-Endo3.
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