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FNANE =Sk S X CANI DN ) 3l R N
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Agoo, BEUMCHETR . B T 10 B Ak DL R 26 K02
(3%8E 0.1 19 A gofE b 10 wl FAK I ELH) , SR
NEEARFL 2 x SDS- 28 T M Bk e g Fg vl vk b % e
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PRI TR M J P ok 73 BT DA S s i &5 1.

1.6 FTiXF-YARMESR
W RIATR, 1= PBS 220 (140 mmol/ L

NaCl, 2.7 mmol/L KCI, 10 mmol/L NaHPO,,
1.8 mmol/ L. KH,PO4, pH 7.3) &¥%)5, Mk

B, 12000 g, 4°CEL 20 min, 2050 HL 55 R iC
VEREAT SDS- 58 A s Ik ik g Je v Dk LA 43 At 2R IK = 4
PRV R AE.
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1.7.1 PCI12 402 ¥5 9% PC12 40 M 7E 4% poly-L-
lysine GG L (G SR T 37 CHF 9%, BRI E S
6% Mifi 4 L35 « 6% 1L 75 ') DMEM. ﬁ%u mA
10" % mol/ L. GST-PACAP Bl & 1. 107 % mol/LL
GST . 10” ® mol/ L #4847 (NG ) K&
A 107 % mol/ L. GST-PACAP # F1 /1 PACAP
Pidk, 3 dJEMEE PCI2 HBIMIIES.
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e, THESAN BN 1 x 100 AN ml, R T
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CO, HiFR M (% 5% C0O,), 37TCHiFE. HiFFEW 2
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K, BN T 29% B27 [ BT EG FR 3L, 4y Bl
10™ * mol/ L. GST-PACAP fli #5211 . 107 mol/ L GST
HE .10 mol/ L NGF . K [d i in A 107 ® mol/ L
GST-PACAP Z A F1 PACAP Fiifk. LUGHERE 3~ 4 K
Wl —Ik, EFERAF—HEFREE 14 K, WA HE
MZ T AR EH.
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HILRTREMY DNA J#41, 75 DNA R4 S ik H
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5" i I b Bam HT P AZ £, 37 3 1 _E Xho TR 51
{7 25, 75 6 APACAP eDNA FBE, S AT 741 -
F1: 5-GATCCCACTCTGACGGCAT CTTCACAGACT -
CTTATTCCCGCTACCG -3; F2: 5-CGTGAGACTG
CCGTAGAAGTGTCTGAG-3; F3: 5-AATAAGGGC-
GATGGCTTTTGTTTACCGACAGTTCTTTAT GAAC -
CGCCGGCA-3'; F4: 5-AAAACAAATGGCTGTCAA-
GAA-3; F5: 5-ATACTTGGCGGCCGTGCTAGGGA -
AAAGGTATAAACAGAGGGTTAAAAACAAATG AG
3; F6: 5-CGATCCCTTTTCCATATTTGTCTCCCA -
ATTTTTGTTTACTGAGCT-3 . # it 4f ) DNA J
B AR 21~ 56 bp 2 [0), “EATTZ A1) B AL X
K ELE 15~ 21 bp 2Z[H].
2.2 DNA RERIEERFINDHT

HAMY DNA B &G mi, Bk . EEES
% BamH1 . Xho X?\ﬁé:&-lﬂjﬁ’] pBSK (+ ) #AkiE
%, AL TGL, i % P E 50 B J 52 Y TR 40 J5ORE
DNA #EATFFHIIE, 45 REVHEHAR DNA J751 5

WA e a3 ().
CAC TCT GACGGC ATCTTC ACA GACTCT TAT TCC CGC TAC
H S D G | F T D S Y S R Y

CGA AAA CAA ATG GCT GTC AAG AAA TACTTG GCG GCC GTG
R K QO M A V K K Y L A AV

CTA GGG AAA AGG TAT AAA CAG AGG GTT AAA AAC AAA
L G K R Y K Q R v K N K

Fig. 1 Nucleotide sequence of PACAP ¢DNA and deduced

amino acid sequence
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2.3 PACAP EREXBHEPHSHRIE

F i BELE pBSK (+ ) JRL A PACAP &
K BELL BamH 1« Xho 1 UGV, ARKA 55 B4 25
JG5 94 BamH 1 . Xho 1 XLHE Y 1Y % 14 3% &
pGEX-4T-3 #Hi%EH:, WH T tac A3 F#E F &
i N PACAP ¢DNA [ & ik Jit Bi pGEX-PACAP
(F2).

pGEX-PACAP

(5.0 kb)
-

Fig.2 Schematic representation of the pGEX-
PACAP expression vector
The PACAP gene was ligated into pGEX-4T-3 expression
vector utilizing BamH ] and Xho I sites.

H5 b IR by e 16 0k TR 5 AL K AT IR BL21
(DE3), ffiik %AW Pk BLPACAP, 34T IPTG %
FRIE AE3TCTHFIEFRIE3h, 4 SDS ENMHE
I FL K 20 BT L ER B 4E 30 ku b — B IFE SR
ik%kalr, 5 GST-PACAP fil& 8 A 1 BRI 01 0t ik
—H (B 3). BB RY], RikEY
W AR ERAF30% 4. 3 — LW R IE H

ku 1 2 kc o 5 6

Fig.3 Analysis of overexpression and purification of
GST-PACAP in BL21 (DE3)

I': protein molecular mass marker; 2: bacterial total

proteins before induction; 3: bacterial total proteins after

induction; 4: the inclusion body of the sonicated cells; 5:

the supernatant of the sonicated cells; 6: the purified GST-

PACAP fusion proteins.
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RIE PR 1gG. B A BTED S5 SR AE 4y 1 i it b
30 kukbfy —W R RIA AT (K 4), UEWI RN &
KA PACAP £ kIS,

12 3

97 @
66 3

43
31

20 ——

Fig.4  Analysis of GST-PACAP protein expressed
in BL21 (DE3) by Western blot
1 : protein molecular mass marker; 2: bactenal total

proteins before induction ; 3 : bacterial total proteins

after induction.

2.4 PACAP ZER4i{L

fi bk ik &Gk 800 ml KW, 4¢C
5000 g 5 min, AR, 40 ml 1 x PBS &iF
Jii, HEERLE, 4°C 12 000 g #5020 min, 53 5 H
b3 R Puie BEAT SDS- 2 T A Ik e e e L Uk 43 AT,
RIVFIEF=) LB AR L. W R, A
1£0.44 uM [FIEMLIE, W P Pharmacia 7%
B H K ACHE ) Sephrose 4B £, 20 ml PBS ¥E)i5,
6 ml BTG BE M ZE M (10 mmol/ L s J5i 28 B 1
fik, 50 mmol/ L. Tris-HCI, pH 8.0) JEME, 41 ml/ 5
WA, Bradford i&UI5E 8 F BT K, SDS- 28 P I ik
Jide g Je Hh ik 65 o B 1 Al A 90% LA, .
2.5 PACAP EB*f PCI2 AR E KA

FATUEE PACAP 2 0] PC12 41 o 58 ke A K 1
S (FS). N 107 ® mol/ L GST-PACAP fili &5 2K
F1) PCI2 41 e 45 F i oc i m ok, £
Hean e K KK s, mimA 107 mol/ L GST
HAMPCI2 4 H 2B, EARBARE,
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A 107 8 mol/ L NGF 1 4 BH ¥ 6F B PC12 40 o 4
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Fig.5 Morphological differentiation of PC12 cells
(a) 10™® mol/L GST-PACAP fusion protein; (b) 10~® mol/L GST protein; (c) 10™® mol/L NGF; (d) 10”* mol/L GST-
PACAP fusion protein + 2 mg/L PACAP polyclonal antibody.

2.6 PACAP EFMEHHLTHEEENEM
AT RS e MR ARG 78, fERE R0
2 K 2% B27 (K6 L7 15 L LA 1 4o 28 Jie Jog
0 M6 10 A A R I B I 355 i 40 o Ao 8 A K 1 S i,
PRANEE TR AT BE AP 22 TCAERT IR0 7~ 10 d &R —
ANARFETIME R, RAIER TR 14 KA MTT
e A A TG . 45 RE W, GST-PACAP &y
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% 0.4 * I
203
S 0.2
2
< 0.1

0

1 2 3 4

Fig. 6 Effect of GST - PACAP fusion protein on the
survival of spinal cord neurons by MTT measure
1: 107® mol/L. GST protein; 2: 10~® mol/L. GST-PACAP
fusion protein; 3: 107% mol/L. NGF; 4: 10~® mol/L GST-
PACAP fusion protein + 2 mg/L PACAP polyclonal antibody.
" P<0.05 vs . GST protein group and GST - PACAP fusion
protein + PACAP polyclonal antibody group.

PACAP jili 5 25 (1 F1 PACAP Hu A 41H Lb fig B 42
HEFBE I TCAENE (P< 0.05), 1fi5 NGF 2414k
BHRENZER (KHe).
3 iF e

[El4h K 2 38 ik 2 ik 45 i3k 74 PACAP £ ik,
Okazaki %611°1 1992 4 7 CHO 40 g h R & T
PACAP HIAER A, BATR A S 4 38 5 4 il 18 7
BT T PACAP JEIN, If BAE KB #
93T ki Ay RIE, XL Py A SCHR IS R LR
. HIERIRI KGR RIS RG AT RIE, W
KNI IR Z T, EA SRR IR BRI 51 11
HIPE T, X DR i F AT 4%, cDNA 7535 [ B
MUFFER T A E ke, SCBRUEM, SRAX AN ik
B — e 4 ik R ) SE AT AT G, (HAE
DNA B, T % I8 REA F BOANBE B R I 45 1
FOBKHE S vE, DA KRR R R AC. pGEX
RYVRM AR G RIEEA, BEAXKNSE
B IR R B SE R 7y, AR T 2R (R AR
aifh. WATR pCEX RYAE KA i h s
T GST-PACAP &8 A, XA{E N — L Hk4T
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PACAP &K 5D e 7841 F 7 R &F i3k ath, b
N4 Ja AT RALAP R AR AT T 4 2 22

WATHK 107 ° mol/ L 114 GST-PACAP fil &5
ST A A7) R AR 4 SCHRARIE ) PACAP 1)
ECsoit 2 1. HATET PACAP #ZE FE 35
WIFST R ke i 5| A AT D%, B AT ¥ F 50 3k B
GST-PACAP {85 FREfEEE PC12 4 dh 58 4 1K,
Tk A5 48 4P 22 0 A7 7S, AR NGF 44, $#oR
PACAP A5 0] i F 145 i K2 0 J& w22 452 493 1) 96397
PACAP 1 T3040 F s/, g% 58 % 1% ok i Jii
BEf, TR 5405 (i T A 4 25i&4R i 18
MR H ATERATTIE AL HEAT 2R A MG AR GST-
PACAP 58 H, JRlel HPLC 2i{k3k7F PACAP
2K TAE.
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Abstract

In order to study the expression and the feasibility of scaled production of neuropeptide in the routine

expression system such as E. coli with the pituitary adenylate cyclase activating polypeptide (PACAP) as an

example, the following experiments were carried out. First, on the basis of the reported amino acid sequence of

PACAP, DNA sequence of PACAP was deduced and six partially complementary oligonucleotide fragments were
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designed. The coding region of PACAP was obtained by renaturing the DNA fragments and ligation and
identified by DNA sequencing. The coding region of PACAP was cloned into plasmid pGEX-4T-3 and
transformed into E. coli BL21 (DE3). An expression strain BLPACAP was selected. SDS-PAGE analysis
revealed that the GST-PACAP fusion protein was highly expressed and accumulated to about 30% of the total
bacterial proteins. By affinity chromatography, up to 90% GST-PACAP was purified by one step from bacterial
lysate. The purified protein could promote neurite outgrowth of PC12 cells and the survival of spinal cord

neurons.

Key words pituitary adenylate cyclase activating polypeptide, gene cloning, gene expression, PCI2 cells,

spinal cord neurons
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