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WE O T R4S I TN M 5 2 R 7 524K al (glial cell line derived neurotrophic factor receptor alphal,

GFRal) JFF50I0 A9 25 05 ¥,
GFRal ¢cDNA. ¥ GFRal eDNA &[4 7
KW HFiHE BL21 (DE3), k74215 # Bk BL GFRal.

StkG, Ak 90% LLL,

KHEIR M Al M IR R SR IR T2 K al (GFRal),

EFRHES Q73

B 5T 4 Y PR A 227 FR I F- (GDNF) 4 % 12
[ REAN 22 TORNIZ B 41 28 T0AT 5 e A7 7% AN B 105 DR A
TER, WA A 31 4 0 s AT Rl 00 2 A A0 2%
PR ATYE O 36971 GDNF [ #0208 3545 )
TG S R A T, RIS ot 4 st o
LB IR 524K a (GFRa) EALAT RET (rearranged
during transfection) WP3E, FIX —=H 70 776 4 i L
ATLUE K = B 5>, GFRal 321k 5 GDNF
s A, H A A GDNF 2 b 15 2 i 1
GFRal k35 RET H A4+, 9102 RET %
1 B B A R AT mi tlf?éifé?ﬂz 1M e i — 20
i MAPK . PF3K . PLCY %515 538400, Wil os
5 REMRN L T, 45870 H1 8 GFRal % 464 4
TIERIRIE, N Uiy K2y 24 DN IERRTEIE 1) 70 WA
SHE, C AT K2y 20~ 23 AN FEER IR LA s K X
GFRal FE3L C 3 (1) = AN D2 LRI AE (Ala, Ser 1
Ser) JERHIHEILWENGIENLEE (GPY) &5-G 0 fi i e
Tanupisb &Y. {H GDNF . GFRal Fl RET —=#
AR B2 F R A B . 38 GFRal 4 1
b5 GDNF AHHEAE g tet, AT LR AL IR
GDNF & 754E B2 7oL, o8 et A #h
ZERENB Ny 2 KR AR A EN
GFRal /& 7T J£ GFRal £ A1 L)y e WF 5 ) i & A1 Ak
fill, ASZHEI H IR AR A GFRal B,

1 #MRl57H%

1.1 ##
11,1 R mokifgnig: KIgFrE TGl . BL21

MO 4 K0 SD K BLIE S 41 20 HEHLE RNA,
T7 IR 8T MR pET-28a (+ ) '],
PR FEZ | mmol/ L IPTG S 3~ 5 h /5,
ik, FFE AL, R QS TR, GFRal RiAht N

il RT-PCR Jiik, 4Kl
¥y il 4238 Fi ki pET-GFRal, 1k
GFRal 1%

W REMM 21.5%, H N -NTA BIE 4l kAl

SPEMEL GFRal | AT 53545 GDNF 2 PC12 42 141 42 3% R4 4 1.
RT-PCR, JE#iA, PC12 4060

(DE3) . pBluescriptSK (+ ) JiUki . K& KL pET-
28a (+) . PCI2 4ty th A5l 50 % {7 A7

1.1.2 i&5: RNA #hEAM & h.
FEAT PR A 7. RT-PCR & A Qiagen 2w
fh. Pyrobest DNA SR . BRGITEAZER A D)l . T4
DNA ¥EHREA MBI A7), Brkimse . BEe
&M Viogene 2RI ih, A3 B o B U FUAE T
B (IPTG) « %¢ 6 & L Wt & 18 % (FDA) X
Calbiochem 22 7] 7 fh, Ni**-NTA #: % Sigma 24 @) =
.
1.2 FE
1.2.1 RT-PCR

BRNA HH: HUBHAE 4 d 19 SD K R 5 40
25150 mg, 2% RNA i $& 6 7 & F M 2 &
RNA. ¢DNA [/, 2% RT-PCR A& KT
Mk 47, PCR 4 4%: 51 %) ¥ it 2 % GenBank
(AJ002072) KM 74 Je ik #k pET-28a (+ )
2 FEAT A, N DNAstar #00F 3, i Bifgdg

) Ik

LS 5 gecalalgttectagecactetgtacticegeg 3’;

FE sk LY T

Nde 1
NS 5 geeaatlcctacgacgtitelgecaacgatac 3.
EcoR 1
CIHE AR LG (30000048), it il AR FHEL pl &1
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WSS =) 2.0 w1 BB, 4% B PCR &
A, SR RES T 94 CASPE S min, I 2.5 U
Pyrobest DNA 24 By, % T %) Z 846 W 35 ¥
94 CAPE 1 min, 53CIE K I min, 72°C iE {if
1.5 min, &) —MEHE, 72 CLEH 10 min.
1.2.2  cDNA JFFI sz Fe 3 ih 3 A ke 2t

¥ RT-PCR 745 pBSK (+ ) Fbii&d:,
KA TGL, Hhide Bk, By b) % e 350 Ja,
M Nde 1 1 EcoR 1T X EgV), KRFHWEYS &L
Nde 1 F1 EcoR 1 XU V) &L B Ak pET-28a (+ )
MUERE, 8 T7 38 7426 Ny pET-GFRal %
LR (K1)

Nde 1 GFReal

EcoRT

Fig. 1 Schematic representation of the pET GFRal
expression vector
The GFRal gene was ligated into pET-28a (+ ) expression

vector utilizing Nde | and EeoR 1 restriction site.

1.2.3 GFRal [RIE . 2itbFn 52 1k

45 pET 28 GFRal 1A TR 1L K AT 1 BL21
(DE3), R4S 3 ml LB Hi 983, 37 T et
B, 2% 5% 4T LB Bi R (550 mg/ L B %
%), 3TCHIFESE 0.6< Ago< 1.0, MIANLHKE
1 mmol/ L IPTG, %S 3~ 5h, g0k, it
1T SDS ZE NI I i B ik (SDS PAGE), i /=4
R GFRal RiAH:, 5 RIEWHE SRS,
W LAk, VRS (2 mol/ L JKFE, 10%
o, 1% X-100, 0.5 mol/L NaCl,
50 mmol/ L3k 412, pH 8.20) PE¥k. 500 ml F#Hk
4% P ALIRAAYE T 20 m] AR ZE PRI (6 mol/ L JR
#, 10% H ah, 1% Triton X-100, 0.5 mol/L
NaCl, 20 mmol/L Tris, pH 11.20). {1 T GFRal
(N Sl T 6 x His, FTLARIEHI LA NP -NTA
PR RAEE. WR &R AR BTG CL 3 AR
(3CV) EE AP0 N -NTA FEJ5, %L

Triton
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10 CV &8G9 rP e, M0 alLl 10 CV [ NTA-
pH 6.5 ZZ M (6 mol/ L JKE, 10% H i, 1%
TritonX-100, 0.5 mol/L NaCl, 20 mmol/L Tris,
pH 6.50) F1 NTA-pH 5.80 ZE ' (6 mol/L J&
#, 10% H ah, 1% TritonX-100, 0.5 mol/L
NaCl, 20 mmol/L Tris, pH 5.80) ¥t i 24 & .
BEEAE N -NTA £ B, s6M 10 ov 9%
PEGEMH A (6 mol/ L JRZE, 1 mmol/ L & iR 23 Jik
TFlk, 0.5 mol/L NaCl, 50 mmol/L Tris, pH 8.0)
vk, P15 OV AEPESE M B (1 mmol/ L i&
JER A B IR, 0.1 mmol/ L 4 1k B 45 Bt 15 Ik,
0.5 mol/L NaCl, 50 mmol/L Tris, pH 8.0) ¥k,
S DR 22 v (500 mmol/ L WK™, 0.5 mol/ L
NaCl, pH 8.0) &Ml Hi&E A, 4i4L¥ GFRal &
WK E G, - 70 CLRAT.

1.2.4 4] GFRal (135 PEM &

FIFH GFRal fiE/S GDNF it PC12 41 J{d [ 47
AN ALK U L PELSY . P12 40 Mo B 9% AE ik
H poly-1-lysine 47 &f (T 40 MO K5 7R, Ki9R3E N
DMEM 7% 5% JIifi 4 i 1 5% & i, 37°C, 5%
CO, K595, R HETFRIE 2 K.

Ao AN 5% 10° PC12 40 i #ERb 3 &
H poly-1-lysine W ar i) 24 fLAH, MFLINsES
FigR JE 2 ml, A% 400 K0 BEJS, N 50 kg/L
GDNF!'™ J R[] ¥ % () GFRal, 7 d )i i i 1 ¢
PC12 FEREARK NG DR HIWT A RS, REKER
DR AR AR 2 5 4E A arfe i da ks, 20
50 g/ L GDNF ZUAEN A, R4 10 /S RLET,
R UHE 200 MU, BT 3 .

A HAEE RIS . 5 % 10° PC12 40 B Rl 3 ©
H poly-1-lysine €45 &f 1) 24 LA h, H 5L 5¢ 4
KRk 2 ml, FRa M BE JS, W 2 58 A R IR 3,
AL MG EFFREE 2 ml, FFIIN GDNF 50 bg/ L
R WL I GFRal, H59F 48 h J&, &40 i,
AN 10 Bg/ L FDA Bal® 5 min J5ETHEOR L it
Bm A, 35 a e 98O WABE R I SE A (.
K2 50 g/ L GDNF 4145 Jg % . &L 114 3
R, R A A AF 75 AE R 100%, R Ak FE41H
xof 2L LA A g Ak B4 40 PO A7 7% 6.

2 5 R

2.1 GFRal ¢DNA BI3%18
SD KRHF 20 2158 RNA, 28 W1 A8 1 o ik,
SRAMGIAC R T WLSE aF 4 28 S, 18 S rRNA, %1
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PEEL 8 RNA TG 4.
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RT-PCR 4" #4331 K /2y
5 GFRal 73 ¥ JBUhE A B2

T2 (E2). BRSNS, ZY R
GFRal ¢DNA 5 Cik#iE #4130,
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Fig. 2 Analysis of PCR product by 1%

agarose gel electrophoresis
I': DNA marker; 2: amplified rat GFRal ¢cDNA.

2.2 GFRal BiESFRiEL . G REMS

mE 3 Hl: L IPTG %SG, 760 FihE
51 ku 44 W R ER IR IA 44, K/ GFRal
ST IR R 8 B AR TR
B, REF-PWEEHSEAM 21.5%. RIEHE
BEAERRS, KIMEKEYU R FE. QO
R PER: . W . Ak IE RS, 4 SDS PAGE
MY, FE 51 ku 4B GFRal ¥ 544, BEAT
oA 4%y, W9 45 T WAl A 90% LA L.

ku 1
97.0

66.0
43.0

31.0

20.0

Fig. 3  Analysis of overexpression and purification of rat
GFRal in BL21 ( DE3)
I': bacterial total proteins before induction; 2: bacterial total proteins
after 5 h of induction; 3: protein molecular mass marker; 4: purified

GFRal protein.

2.3 GFRal j&H4EN
fESE R FRIE T, I 50 Bg/ L GDNF FUA[H
WL GFRal, ®i3% 7 dJa, 0.1 mg/L GFRal+
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50 g/ L. GDNF 55 PC12 40 i 5314 (¥ 1 F Fouf
ML W FE T (P< 0.05). 100 mg/L
GFRal+ 50 Mg/L GDNF 55 PC12 40 Jiw 73 tL A HI
KK (P< 0.001) (& 4). 760G M 5 95 2k
. PCI2 AR PRZET:, A 50 Mg/ L GDNF FiI
AR E GFRal, X597 48 h 5, PCI12 4 A7 %
B4 2 . 0.01 Mg/ L GFRal+ 50 Hg/L GDNF
PC12 41 il A7 3% 1 FI AN 20 AH Ll B A7 B & 22 Sy
(P< 0.05), 100 mg/L GFRal+ 50 Bg/L GDNF {i
PC12 A A7 AE ik K (P< 0.001).

(a) (b)

R

{
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Fig. 4 Photograph of PCI2 cells neurite outgrowth induced by
50 vg/ L GDNF + different concentration of GFRal
(a) control; (b), (¢, (d): GFRal at concentration of 1.0 mg/ L.,
10 mg/ L, 100 mg/ L respectively.

percentage of survival/ %

100 1000

0.01 0.1 1 10
p(GFRal) /mg * Lt
Fig. 5 The ability of 50 tg/ L. GDNF+ different concentration of
GFRal to promote the survival of serunr deprived PC12 cells
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Asterisks indicate significant difference from control { medium containing
serum) treated cells { P< 0. 05).
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GFRal fEME G B KR A RGP 2
oA . AT BAE 4 K SD A B T 1E k4141
K, HRT-PCR J5iERZh3k1F GFRal ¢eDNA, iX
VEIILE R Wl B4 20 45 GFRal mRNA &Ik,
55 Sarabi 259N 458 — 3 % GFRal ¢DNA g% 4
pET28a (+ ) Joiki, Hgl RIkHMk, 7 5% 40 iy
KIGAF v BL21 H3RfFRIL, RikE A LRI

NAEE. IXTfigS GFRal 40 Tk, HAMR
L AT . T GFRal 9 N %t &7 6

x His, FTLLEIEF“Y ] Ni*-NTA HR4ith. 16
B R IR VR, ARG miE b S kiR
B (B 24 h), DBREB (B L RCE BN
W), AREEERREEER, BAREKR HEX
AR, LGB IR BN A G 2
S, EORARRURR R R i 20 S K 1R o 4 s R AN
St iR, WAV T M, H A N -
NTA H: FEATE M. ke bRk 54 SE 035 bl
FRe S A Lo v 2 Al T T g e A
), fiCEYEDER, SCEETEREL, PEm R
O a BAE N BEER C HIY His 5 [
FI A8 N2 A7 RSB A Ry, FLIX Bl 55 A/ A

#M\nJH’Mw%%erTt’Jﬂ:ii g7, AR R K
PRI 3% R ) 5w AN K ﬁéi T3 K His 11K

FURAM L. 3895) . mk. frllkm'- Ni**-NTA FE4k
B, AR s LA 1 34 B Y 2 IO S R R AL 2R 2 ik
TR 1) S PRI LU AL Be 03B ik SE G . S AU H
ARARYE TR, )T AR 0 8 AL T AR 5 T A B
NI AL PR A0 okl AR M R T A
M, KRORGaRL SRR ), $m s YRR, (HIk ik
HISE AT AT — s SR PR, e —MeiE T AR AR 1 44
AR 2F RS 2 i bR e Ak 1

PRI, GFRal 7E 4k A (1 17 76 1K X A7 5 Fb,
PP AE GPT R E 4 Mo B Ah 1T, 55— b LA
AT T 3 40 A 7 40 i A 3 > BT gk b
46 GPT BB E 90 g B b i (1) GFRal £E A 3

GDNF #2575 3505 Mk vh i = 4 S, (H mT s
GFRal [ 4E 1] 8k b5z ) 4 Treanor 2%

WAE 1996 4wt fi . 0 N BE UL Y 6% IS A C
(PIPLC, —Fpigdr e UlJr GPI BIEE) AT 2
Fikh GDNF A3 HOB It A 28 7, R B AL 22 )5 (1) ol
22 G RIMELE ML FT B () GDNF W'hiz‘iﬂiLTI%'r
i1 90% . 1F PIPLC AbH i g shih & o s 32,
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A I GDNF Hl GFRal, A figtk & GDNF
Elﬁ'*a“%%ﬂfﬁ]'z'. NGB R R = Y
WECCHN i) w20 Wl ¥ PE GFRal. ARE #4451 45
Ja, étbﬁ’ﬁ ol PR T HE S 40 B o GDNF F1 GFRal
[k @R T, XA TR ameE, W
PWPE AT % YE GFRal {21 GDNF *wmm'ﬁ,
R TR 2 N LIS - g o -3 7 B
GFRal o] 541 i 4k ) GDNF & 1231314 0 = 3%
HEWEN « RET R4 ALK IX ¢ Ret (41
2, AR ¢ RET, MIfi/-5 GDNF [{#eE 55
EH. X % PE GFRal £4 % GDNF [
S PR AR, AL M EL
GFRal 5 GDNF [ (50 Mg/ L) — b b B G 1fiL 3%
Wi AR IR PC12 49, 0.1 mg/ L GFRal B nf
B A5 GDNF {2 PC12 40 0 (1) 47 35 A 434k 16 15
A1, 100 mg/ L i AE A de W) &b, 3k — 20 1iE W AT ¢
£ GFRal BE/ S GDNF (A28 J8 k.

ARG DA T AT G 4] GFRal HH,
RIRAWESE GFRal HEWE DI RESE T R AF 1 4k
fi. GFRal 23112 5H1 GDNF 45 45 (1) 5l 7
(RIS IEAEREAT .
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Cloning, Expression and Biological Activity Analysis of Rat GFRal Gene'

WANG LiMei”, CHEN Zhe Yu"™ |, ZHU Wei", ZHANG Qing”,

HUANG AtJun", LU ChangLin", HE Cheng"
(v Department of Neurobiology, The Second Military Medical University, Shanghai 200433, China;

3 Shanghai Institute of Biochemistry, The Chinese Academy of Seciences, Shanghai 200031, China)

Abstract To obtain recombinant glial cell line derived neurotrophic factor receptor alphal ( GFRal) and study
its biological activity, the ¢cDNA encoding the mature rat GFRal was isolated using RT-PCR with total RNA
extracted from newborn SD-rat hippocampus tissue. The expression plasmid pET-GFRal was constructed by
inserting GFRal ¢DNA into plasmid pET-28a (+ ) containing T7 promoter and transformed into E. coli BL21
(DE3). An expression strain BL GFRal was selected. SDS PAGE analysis revealed that the rat GFRal protein
was highly expressed and accumulated up to 21. 5% of the total bacterial proteins in the form of inclusion body
after the induction. By Ni** chelation affinity chromatography, up to 90% GFRal protein was purified.
Purified and refolded GFRal protein could significantly mediate the ability of GDNF to promote the survival and

induce the differentiation of PC12 cells.
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