Regulation of the VIP/PHM-27 Gene Expression
by Cyclic AMP and Phorbol Esters in Human
Neuroblastoma Cells
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(FHE 3 4 6 H12E A1)

Vasoactive intestinal peptide (VIP) i, 287 & /EREREED 5 74 3 CRIELI 7 3 F{L R A7 L TEHE
HURTFETH), MREEEWEL LTHBES, T, 5L URBERRL XA EIE0%e: HcmM
HELTw3. VIP 3 hoELIL 727 F F PHM-27 EHWCHBOFIERME 7 0 VIP/PHM-27 B T4E S
BEh, ¥4 2V w275/ >»—) v # (cyclic adenosine 37, 5-monophosphate, cAMP) (3 5#% &
fiiEFEMlE (NB1 fif8) wBwv T, VIP/PHM-27T BEFOEEEEEE2 AL T 70 VIP/
PHM-27 QEBREBME 2 Z e BSH >N T w3, PR TIE VIP/PHM-27 5T O IR Bk
2EHIHLICT 5 HW T, dibutyryl cAMP (BtcAMP) % 3 1, 12- O-tetradecan oyl-phorbol-13-
acetate (TPA) % phorbol-12, 13-didecanoate (PDD) 7 ¥ DA — L L R 5 iz & 3 VIP/PHM-27 bicd
ETREFEL TORFICOEMA L. ImM BtecAMP % %213 16nM TPA ZETF T 9 BRI 0%
#. NB-1 #ilg> VIP/PHM-27 A v > ¥ + — RNA mRNA) Biz 2 L Zh10E5H 2 1013 5 fEizmL
7z. 4nM PDD T#% VIP/PHM-27 mRNA #13 3 f50#M%E & t-. BteAMP » TPA DEET Tk
VIP/PHM-27 mRNA # i3 #3815 L BRI 2 BINK IS %R L 72 AN cAMP #iziz AL E— L2 257
ML DVEBEOELEZED S o7, IZHERD S5 HIRELEREER LA E - VIP/PHM-27 &{zF 7
0% — ¥ —{ % chloramphenicol acetyltransferase (CAT) BEFICS & #7: CAT BH~A 2 ¥ —%
fERL, Zhis% NB1 MBI EAFE & €T BtcAMP %3 313 TPA &2 CAT B0 RBSFE
DHEERA L. ZOFHR, cAMP H2 LR A K — VI A7 112 & 2 8EFREICLE 2 DNA &
B (¥72b B, cAMP/phorbol ester-response element) ¢) 5 ' K84 | EERIEA & D TSHEE EFo S
OUEHEN LHROBICH B Z LS k7. NB-1 MR OB A A7 DNase | 7w + 77U >
T4 v 7RE, £ U dimethylsulfate (DMS) 7 v b 70 > 5 4 » P EEBRIZ LD | VIP/PHM-27 B F
TOE—Y —FEHITEL R L L 3ODOMNR PR GEES S D . 2010 (B S 060EE N -
T 88N il & CoOMib) 13, CAT BE~NZ ¥ — 4 BB TR S 41 cAMP/phorbol
ester-response element (Zf§55 L 72. DNase [ 7w b 70 > 7 ¢ 7EE, 5203 DMS 7w f 71
YT A TRETIE, MM LD DNase [ 12 £33k, 540t DMS 1253 A F {b b o (238
SN X ORBECRBOHETREENED S0 ko EWERL D cAMP B X U851
K= T A7 ik VIP/PHM-27 #{Z - 70T — % —0) §5° b T 5 cAMP/ phorbol
esterresponse element (ZF§E T AMNE f12, A TH ML SBEMEMNAL Z L2 L - T VIP/
PHM-27 BEEFOUBE A EH#ET 5 J L8 — DD a[HEME L LT #2 S4L7z

Key words VIP/PHM-27 gene, cyclic AMP, phorbol ester, cAMP/phorbol
ester-response element, nuclear factor
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Vasoactive intestinal peptide (VIP) i%, 197442 7
FBENSYO T NT287 = /BRENSL S
CHRBNT I P{bah_7FRNTH 2. VIP 3B
B, TR, P, BIUREHRERS, 2O
WSR2 S 0 BOHBR TOFELRDON
THYH, HREEYWE (neurotransmitter) D—2& L
THREREOBEAMCEES L TwsboLELLA
Twa. ZOEBERE LT, MK - MERETE
HoE»ie, SEXFEGHEER, BE»S50XK
& BEESWRIBER, A > AV Y, SAhTr,
FassF it EORVEYDUMBEER, £EHEP
[ o M ERLZ e o Tw»3? 1983
£, Itoh, Okamoto i3, & + VIP Fiftks L U %
DAvErYyr— RNA OfEZ®REL ., VIP i &E
iz VIP Bshie, NRBSERF OV THED CE
WNAFF oY TROL2TT LV BERELOZIFL
LWRZF R, PHM27 Bt BT 2 L 2HRE L. W
ZC, 1985~19864F iz 1% Bodner 59, Tsukada %7,
Yamagami 5% 12k > Tkt b VIP/PHM-27 ;BIZF D
SRENRES N, VIP 04ESEBRES L U2 OB
BELEEFOV AV TRE TS Z LR -
fz. —F, ¥Ee M EEFEMRO—D>TH S NBl
TR, Y42V 27T v r—Y B (cyclic
adenosine 3’, 5-monophosphate, cAMP) 2 & b VIP
DESHENFEEINDL Z EBRH SR TW ™, 1984
4 Hayakawa & %1% cAMP i3 £z VIP/PHM:-27 &f=
FOEELPRETLILICE>T VIP OESKREH
ByazzerBEobiclLl. 54, EELR
NB-1 #ija ik, BB 0t —F —ThHo KR VK-V
ITAF Ny VIP/PHM-27T 2 v+~ ¥ v — RNA %3
MEW2ZEEMELL. KPR TE, VIP/PHM-
27T BEFOXRBRAMKELsHS LTS ENT,
VIP/PHM-27 BEFO 7ut—% —fERE2 707 A
FJrxZd—NTEFLIFFIYAT 2T+ (chloram-
phenicol acetyltransferase, CAT) #{EFizfa L+
AZREFE NB-l Il EA - RE s ¢ 2 BEFH
AEE, BXU NB1 filRoEZEA® VIP/PHM-27
BEFIuE—9 —HBDOEE% S5 DNase I
Ty b YT 4 v S EB, HBVvid demethylsulf-
ate DMS) 7 v b 7V F ¢ > 7 EBE%2{T\v, cAMP,
BIVRLVE—LVZAFLCE2EEREST 28K

FLoORBERMBR I OVTRE L.

HEE L UHE

I.HE S

BireHLoRBOn W EEEHREREEES (1
) 0&IS %, Y7 F YL cAMP (N, O”-dibutyryl
adenosine 3': 5’-monophosphate, Bt<AMP) ¥ <+
#ah (F %), 12-O-tetradecanoylphorbol-13-acetate
(TPA) $ & U phorbol-12, 13-didecanoate (PDD) iz
CCR #: (Eden Prairie, USA) 08l % Z L FhEw
7z. {a-*P] dCTP (Hti&EM3000 Ci/mmol), [y-7P]
ATP (353000 Ci/mmol) B& U [“C] 7o 54
T7xZad=LVREBTRT TV v b vt (B
) poBEALL. ThUAORETRISHELDR
HOZWHDIFLTRHFLME (KR) ORGEE2E
Wiz,

1. #faiEE

g v b SFEMEEE NB-1 M, 1973F 1=
FEZorPick s ME%RTHE. ZoMilRedk
g1k (56°C, 3043) 10% 4R RINE (GIBCO #£, New
York, USA) 8 & U0.005% MY < 1 v > (BHREY
B, BEX) » 867 2RPMI640 i (HARHE, ¥
R) THEELL.

m. /—%3 (Northern) i%ic & 5 RNA ##iF

SHECOETERRIC H 2 NB-1 il cBr 0RE (K1) &
WL, 1~24BRgE L kit EREL, 77
ZY oy A/ AEPIC LD RNA Z2HHL
Tz, TR T2V FA T VBREBER WM 77
=Yy FEAT VR, 0.5%N-—F a4 rdray
vEEF MY YA, 25mM 78 bY v LA (pH
7.0, 0.1IM 2 —Xn AT xS /=N, 0.1%
Antifoam A) WL a2 EHEL, R) T o~—
Fa—7HT, 5.TM#Efbes 7 2O LCERLT
® %, Beckman SW60Ti o — % —35,000E%, 20°C
T16HERIE L L. B L7RNA 2 ¥ / — LR
L=, AKCEBLY. 5xg ® RNA B £1.1M
RALTATE REERLS%T H O — A7 1 TkE
LY =tuotro—RjE BASS (Schleicher & Sch-
vell %, New York, USA) iz 7u v b L7z, 80°CT
QM LEE L. T TN 4 ¥ -v 3
BT NA TV T A4 ¥ —va VEHE G0%ERNVALT L

Abbreviations: AP-1, activator protein 1; AP-2, activator protein 2; bp, base pairs;
Bt.cAMP, N°,0?-dibutyryl adenosine 3’, 5 -monophosphate; cAMP, cyclic adenosine 3,
5’-monophosphate ; CAT, chloramphenicol acetyltransferase ; CRE, cAMP response element;
CREB, CRE binding protein ; DMS, demethylsulfate ; DMSO, demethylsulfoxide ; DTT,
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¥, 5xstandard saline phosphate EDTA buffer
(SSPE), 0.1%4ME7 L7 2>, 0.1%R) E=1 ¢
gY Ry, 0.1%7 4 3—n, 0.1% F 7 VB b
1) 7 A4 (sodium dodecylsulfate, SDS), 100y g/ml &M
+ 7 EFDNA) 1 T42°C, 2B To7:. g 7
YFALE€— 3 VB G0%RLLT I K, 5XSSPE,
01%FMBE7FNTE Y, 0.1% KV E=rtay R
v, 0.1%7 4 32—, 0.1% SDS, 100« g/ml ZH 4
s HEFDNA) 20, 42°CTL2RRE NS 7Y 574
¥—varvifTol. 7409 —-D¥%EIZ, 7
2XSSPE, 0.1% SDS TER T W 105M, 2 E{T- 7
#%, 0.1% SSPE, 0.1% SDS T®E T 21043/, 2 [E
Fole. B, A~ 1594757 4 —I3WRER 7
Y= ERW—80°CTURRTT- 2. BT —70D
#EEiz [«-"P] dCTP (<3000 Ci/mmol) % 31
£LTC, VIP/PHM-27 ¢cDNA* 2=y 7 bS5 v A L —
varE (B 1~ 2 X10°cpm/u gDNA) 2 X b
L, NA TV YA -y s RO Sa -7
BRI 10ng/ml & L.

IV. #i2R cAMP SB0ORIE

—EREMRE 2B OREOFEET CHEBEL R
GR1), EHiERE, ML KSL - HREFHLEA
7k (phosphate buffered saline, PBS) T 3 EI¥:# L,
rubber policeman C#IB L UL 72, EUL L 7k %
0 ANEROFETIC 5 MR L, 3000EEE, 104
DELE, EEEREINL T cAMP OBIEIZ#L 72 .
cAMP fIZiZ ¥ ~=4% cAMP 7oA Fv b (Y=
&) 2HYTHIEL:.

V. %482 DNA OER s & USSR~ DB

1. fAA#z DNA OfER (K3)

t b VIP/PHM-27 BIZFOEERKHUB L U7
U — 5 R & 0206635 KNt (base pairs, bp) @
DNA #¥iK % EcoRI (—1923 bp) ¥ & & Hpall (+
143 bp) Mikiz & 0 BAEL (X 3A 21), Miko 5
Kk KIBE DNA H U 25—+ I D Klenow Bz
SDEWILL L, CAT RERI ¥ —Th 2
PMLCAT™ O ¥4#8{t. L 72 Hindlll EH6TicEA L 2. JE
TaiEAsA b0 % pVIP (E-H L{izdrg LLL
TOERBRICHW. pVIP E-H) # Lo~z ¥ —H
® EcoRV ¥ & UMEAMTFthd Nde I #{ CHIHI L
Nde I it % Klenow Wi S iz & b FiL L2, 47
NTERS S TpVIP (—1372) 287 . R

EcoRV & Nsil #1biz & v pVIP (—333) %,
EcoRV & Dral f#{tic & 0 pVIP (—201) 757 . &
i pVIP (E-H) % Nsil T#H{bL, Nsil K% Fig
1B L 728812 exonuclease Il i & O 5 ~3053fE1L L ,
RIS 242 1E & €72, mung bean nuclease 1= L V%
IEEE L, EcoRV HLESTFHNEREE 2T,
INeDEHFEETZ7 AL FEKBE M09 iwBAL
ru—=y I ETol, SEEOS AIRAERY:
FT 3792328, pVIP (—333), pVIP (—201), pVIP
(—93), pVIP (—74), pVIP (—51) %187, KREHfiiz
VTFFF B LD EERIIREICL VER L.

2. EEMIRE~OHA

INLEDT TR IRNE, 24BFMAETIC 60mm 7 4
v a¥iieh 2 X10°EC# 72 NB-1 HHBg - 3B & L
YUALEDOHEBEDICIDEA L. 1F1vab
72D 10pg @ DNA %Mz, 37°C, 18RFMISEE L 2%
W, 0% Y AFNVANLT %Y R (dimethylsulfoxide,
DMSO) T2053 403 L HAZIE 2 F o 7. DNA RN
9K 2 & BtcAMP H 2\ ik TPA 2Nz, 25
9 RPRLEE R i 2 BN L 7. #Efgiz PBS Tt
BRIy RYFVT7Fa—TBL, 3EOHEERRE
B{Toltk, 60°C, 0AMMEIZ LY AEED T v F
T—EiEMERES Y, 14,000|E, 105REOLT
Bohl- bEEMEMEEE LT CAT BHORIEC
R,

VI. CAT EM e

WM E %, 3mM 7+ F1 CoA (Sigma #:,
St. Louis, USA) 8L 100.4uCi [*C] Zus a7 2=
=N EFHWZITC, BB v Fan—FLE, =
FAT7e7—-bPCHEL, ERErERIEHEESE
(25ul) DZFAT T - MIBEL, ThEHEEY
o= /77 4 —71v—b LK5D (Whatmann #f,
Springfield Mill, England) ic A ¥y L, 7 oo 7 5
N/ xAZ 7= (191) CRELY:. BEE L — +
WL, —80°C, UBMOA -3V 757 4 —
B{Tol.

VI, EEOHY

NB-1 #ifgn & H O #iH iz Ohlsson & Edlund o
HE®W -7, Bb, RAE, 50k BtcAMP,
7213 TPA TOBMOFEE 2177z NB-1 #fg (2
X10°%) v &8 %k &, 40mM Tris-HC1 (pH7.4),
40mM B> PV YA, ImMMIFL oy 7 3 o uREE

dithiothreitol ; EDTA, ethylenediaminetetraacetic acid ; PBS, phosphate buffered saline; PDD,
phorbol-12,13-didecanoate ; PHM-27, peptide having 27 amino acid residues with amino-
terminal histidine and carboxy-terminal methionine amide ; PMSF, phenylmethanesulfonyl
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B (ethylenediaminetetraacetic acid, EDTA) #f0Z 7z
#% rubber policeman THiE % &8 L , 20004, 104
MloE (%, PBS TH#EL & 51220008%:, 105D
FECEDHREED. DBROMEIILTOCHS
W4 CTH-o72. iR ABEED Ny 7 7—A
(10mM HEPES (pH7.8), 15mM 4 V 7 4,

2mM b~ 2y v A, 0.1mMEDTA, ImM ¥ 4
A V4 b— (dithiothreitol, DTT), lmM phenylmet-
hanesulfonylfluoride (PMSF)) # i1z %8 L 100 %
#%, 55000[E#:, 5 5rfE L (RPRISB v—%— (H
SITHE, BHE) U, BICEEO Ny 7y —AEMZ
HEREBL®, FVARESFAP—2HOTEE
FFA4RUTz. 90~BROHEIEEEN TS I L
PEHBECHEIOLE, KTV 32— 29200HEE105
RELL, tEEEL 2 REES 210° MY D 3ml
DNy 77—ACEELY:. BREBREELT2-7
(AL 12PA F2—7) ZBL, IMBB7 v =Y A
(pH7.9) * B#BE0.30M k3 Loz, 4°CT
3043fdE.( (B3 RP65 u—#%—) L, DNA B %k

b

a

B EEERBEIL 2. R EE0.2g/ml OFEE Y
vEZ Y AEIIATE, 40000EEE, 15RO, Bt
% lml ©/vy 7 7 —C (50mM HEPES (pH7.8),
50mM b Vv A, 0.1mM EDTA, 1lmM DTT,
1mM PMSF, 10% 7Y xo—n) BB LE. 5
12, 100fEBRED Sy 7 7—CIZL T, 4°C, 6k
SEF L4, 100008, 10 0®E .0 & D Ty
RPUBRESE TR EEMERE L, BEERTH
R RBERAET-ICCTRELL:. BEADOERR
BCA ¥z k2 EHMEE + v b (Pierce #:, Rockford,
USA) i £ DfFo7z.

V. DNase 1 84U DMS 7w b T F o

KEE™

VIP/PHM-27 BEZFD 5° L% & EcoR1 i
B (—1923~+4360 bp) % Nsil T#¥f L, Nsil.
EcoR 1 WiF (—337~+360bp) 2:87z. Zh#% [vy-
#p] ATP (>3000 Ci/mmol) % HEMMBEEH L L, T4 R
VXZVvAFRFF—¥ (FEE) 2RAVWTS K
Lz, 851 ZokiF% Dralll T#{LL, Nsil

-+=—28S

-+=18S

Fig.1. Effects of Bt.cAMP and TPA on VIP/PHM-27 mRNA levels. NB-1 cells
were incubated for 9 hr without any addition (lane a), with 1 mM Bt,cAMP (lane
b), 16 nM TPA (lane c) or 1 mM Bt.cAMP and 16 nM TPA (lane d). After
incubation, the total cellular RNA was isolated and VIP/ PHM-27 mRNA was
analyzed by Northern blot hybridization as described n MATERIALS AND
METHODS. Arrow indicate the relative migration of 28S and 185 RNAs run on
the same gel. An RNA species comigrating with 28S RNA (lane d) is a possible

precursor of VIP/PHM-27 mRNA.

fluoride ; SDS, sodium dodecylsulfate ; SSPE, standard saline phosphate EDTA buffer; TPA,
12-O-tetradecanoyl-phorbol-13-acetate; TRE, TPA response element; VIP, vasoactive

intestinal peptide




VIP/PHM-27 mRNA relative increase

Fig. 2.
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Time course of VIP/ PHM-27 mRNA
induction either by Bt<AMP, TPA or by both.
NB-1 cells were incubated with 1 mM BtcAMP
(@), with 16 nM TPA (O) or with 1 mM
Bt<AMP and 16 nM TPA (&) for the period
indicated on the abscissa. mRNA levels were
determined as described in MATERIALS AND
METHODS. Each value was related to that for
cells at time 0 without addition of reagents.
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RGO & P FE# & N7 Nsil-Dralll ¥ K (— 337~
=49 bp) 27, 1 ug @ poly(dl-dC) poly(dl-dC)
(Pharmacia #t, Uppsala, Sweden) ¥ 3£i225°C, 2043
M7V 4 v F a— b Lz E8 DNA Libey
A, &5i225°C, 2050/ A v % 2 ~— k L7,

1 ug /ml DNase I (Pharmacia #t, ) ©T25°C, 1 4[5
@ DNasel ¥, 2\ 30.5% Y AF LY L7 2 —
I (dimethyl sulfate, DMS) T25°C, 4 43308 2 + 1
ft#1T>7:. DNasel #{tik EDTA Hilwc & nig -
B, 72/ — Vi ETo7. DMS 12X 2 X 5 1
b4 G RIS 1™ (IM Tris-HCL, 1.5M BefgF b v
b, IMB — XA 7 ) LY =), 50mM BEfg~ 2
#¥ A, ImM EDTA, 0.4mg/ml F5 > 27 7 —
RNA, pH7.5) 2z 7%, 7=/ —L#hl, =4 ) —
MEBEITV, WBELIBENRY S BB b0
#95°C, 3043fA v & ar—} L BICHSEE,
SICHRE AR BREEE 2E@0EL . B
EORMEIE RV AT I F ~BEREHE 05% 1
L7 IR, 01%7OE7 2 /- LT N —) ICIERL,

100°C, 1 2MMEBLtk, 8RRV 727U A7 3K
—8.3M RREY VI TESWKEIL, YLi2EEL, &
B, T— b5 437574 —%4Fo7.

B L

I. BteAMP 8 S UFRNLE~LTIAFILIZ & B
VIP/PHM-27 mRNA 0%
BtcAMP 8 L UKL K- L TR 57 L2 NB-1 #ils
@ VIP/PHM-27 BGFREBIZRIFTEE S /) — >
HICk OMEL 7. LIR¥ &9, #ilgw VIP/

Table 1. Effects of Bt;cAMP and phorbol esters on the VIP/
PHM-27 mRNA and cAMP levels in NB-1 cells

VIP/PHM-27 mRNA cAMP
Treatment .
cpm pmol per mg protein
None 124+ 41 (1.0) 12.4% 2.9 (1.0)
1 mM Bt.cAMP 1053+124 ( 8.5) 297 £90.2 (24.0)
69 nM 4,-phorbol 1864 62 ( 1.5 16.4%+ 7.2 (1.3)
16 nM TPA 6694136 ( 5.4) 23.8+ 8.1 (1.9
40 nM PDD 409+149 ( 3.3) 18.9+ 4.1 (1.5
I mM Bt.cAMP 4436496 (35.8) 319 £26.9 (25.7)

+ 16 nM TPA

Cells were incubated for 6 hr with various agents.

Results from

three independent experiments for VIP/PHM-27 mRNA quantitation,
and from 4—6 independent experiments cAMP quantitation are

expressed as mean=+SD.

Numbers in parentheses give wvalues

relative to those without the treatment.
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PHM-27 mRAN £t 1mM BtcAMP ERi0 9 B IC
13491045, %7 16nM TPA #RiN 9 RERIRICIE#Y 5 =
LACEE s RN E R L. 1mM BtcAMP, B &
U° 16nM TPA #3123 A0L C 9 BERAEISE L 2AIfE T
i, mRNA B3 {H30E L ZFHLEMERL .

BtcAMP 8 X ¢f TPA &ML 2B ED VIP/
PHM-27 mRNA BOHMKIGE, Fhz B
Z7-BED mRNA Bil2 R L 6D LD dHES 1K
K% ¢, BtcAMP & TPA O#RIIEENTH o7z,
TPA TEDSNLFRE, BE 7ot —y —FEHk%
¥ 3O RVE— LT AFNLTHS phorbol-12,
13-didecanoate (PDD) T b R#RIZEED S iz vy, HEE
7o E—F —E% R0\ 4o -phorbol TIREED
mRNA OHINETDZ» -7z (FE1). BtcAMP %
wiz TPA ¥RINE O#EKIA mRNA EORBHNZEH

PHM-27mRNA #3 2 BRI%RCIEH 4 fFoBmE R
L, 6BEFREEICIZHI0E L THRMEWCEL, 20
RENME 248588 HEEL T 7. — 77, 16nM TPA i
f0Cid, mRNA 13 2 B¥RIB & DIRZICHEIML T 9B
B s EoEMICEL R, REMEIIRAL
T2UREBICIZBTIOV _VIZE L. BtcAMP %
U TPA 2 FEIBHCEINL M8 Tld, mRNA &1 2
RER I H010fE, 4 BERTR K306 L BB E R
L, 6EfIgIi3sEOEEICEL 208, TORED
LiE o 4B I3 IMSICE TET L Tw .

II. Bt<AMP % % \ (3 TPA C t 52 #ilRK

cAMP §BOEAL

RNV E—LVITAF VLB VIP/PHM-27 mRNA #
MOBEEFANZENT, FVER—NVIZATN, H3
it BtcAMP 306 BFE% OMIEA mRNA &,

*F 2 AT . ImM BtcAMP 12 X b, VIP/ YU CAMPEBOEL #ME L7 (E 1) da-
TATA Hpall
A RL/ | Ndel . Nsil Dral ¥ aa
2000 1900 1400 -1300 -1200  -400 =300 =200 -100 41
pVIP(-1372) '/ CAT
pVIP(-333) CAT
ovip(-200) —— I CAT
pvirc-93) —— I CAT _
viec-10— R CAT—
ovip(-51) — I CAT
B WA =4+ =t =F—Ft—F—t=t=—F—F—+—-+-+

ByeAMP —— +4+ — =+ + ==+ + ==+ +—=++-—++

3AcCM =1

1AcCM = 5 i 0 8

m“ %m“ Al e

e

L ] 1

—J 1

_ 1

PVIP(-1372) pVIP(-333) pVIP(-201)

Fig. 3.

pVIP(-93) pVIP(=74) pVIP(-51)

Delimitation of cAMP/phorbol ester-response elements by deletion mapping.

(A) Schematic representation of deletion mutants. Thin lines represent the
5-flanking sequence of the human VIP/PHM-27 gene. The solid box indicates
exon 1 of the gene, and CAT is the chloramphenicol acetyltransferase (CAT) gene
fused to the exon. Numbers in parentheses indicate distances in base pairs from
the transcription start point. (B) CAT activities in NB-1 cells that were trasfected
with the corresponding deletion mutants. Transfected cells were incubated with
(+) or without (=) TPA and BtcAMP for 9 hr before harvest. Positions of
chloramphenicol (CM), 1-acetylchloramphenicol (1AcCM) and 3-acetylchloramphen-
icol (3AcCM) are shown on the left.




VIP/PHM-27 &({%F D5 BT 591

phorbol, TPA, & % \»id PDD @M TI, mRNA #
rENZNLSE, 5,45, 3.3f5 L, TPA H2 i
PDD THEEICHEML TW0wisfL, $EN cAMP
SHIEFZNZTNL.IMG, 1965, 155 b onEm
PRLIICGBE R o7 BteAMP & TPA % [F:
WML 72354, mRNA 36 wmL |
BtcAMP BEHEMOKI8. 5/ I LB & iz L ¢
wicht, cAMP SRBHEM TR LA L E 2T
holz.

I. 4 7#EF0 NB-1 i~ Dl A & RIHEY

Yamagami 5% 1% 5’ EH#EE » & b VIP/
PHM-27 BEFOLEHEFI 2 REL, -z vV >
O _EFR28, 145, 772% L TY00bp DLz 4 HD 7o
£—% —E5 (TATA box) 03T 5 28, BtLAMP
PERVAR—NVIATLIZLDEEIN 2 mRNA 35
~NT 28bp EFICH B 7o —5 —%FEL CEES
NbDOTHBZ LR LTz.
BtcAMP BL PRV R - TR 702k 3 VIP/
PHM-27 mRNA BHO®F 2 & 5Bl spicT 2 72
DI, ThoME st 2BEFLOBMORE 22
&l BB, k&~ VIP/PHM-27 @5 F OB 145
i & 7 oE—5 —FHE % &t 2000bp © DNA HF
F(®3A®D EcoRI #» & Hpall T, ¥42bb
—1923~+143bp), HA2WVWIEFD 5 Bl LA L E R
IZR%K &7 DNA k% CAT B~ ¥ — 12 I@H
HICHALZF A 7 BEFEERL, 25 % NB1
HigcHA L C CAT BEFOFEEL BteAMP
TPA I DFEHENEZLELERELE. 2558
EFHEA%, NB1 #ifg% 1000M TPA, 1mM
BtcAMP, $2 Wiz 2 OWHEDEET T 9 Bl %
Lre®, #lamND CAT EMEHEL 2. B3 IRT
51, 5 EWMEMO 1372bp tBE1 7V L D
43bp 2 &L ¥ X 7 BIEFTH 2 pVIP (—1372) D&
A& D, TPA ® BtoAMP %14 7% W B L
T CAT BEHEORE»SFED Shis, TPA Hhnz
LB OBINE, & 72BtcAMP HINTIIH 5 &
DEM%ER L7, TPA & BtcAMP OELE F Tt
CAT EHIZFIL05 1L, TPA & BtcAMP DR
REMERNTH>72. —333bp T TORETIZIESE
HEVIEFEERD CAT EHORFICEIEIE L
TpVIP(—1372) LERETH o7z, —201bp £T5’ F
WE 2 RERE 7 pVIP (—201) TIF, FEHBRED
CAT ¥E M I3 0 {E T L 7245 TPA & Bt.cAMP iz
TARBMEIREI N TV, —93bp FTRESE 72
PVIP (—93) T% TPA % 3\ix BtcAMP i & 255
ERATEETH - 1228, —74bp £ TRk &€ pVIP

(=79) TREILSENTIREHRE(CEDRATY
fz. 57T, TPA % 3\ 23 Bt AMP i & 5ETETH
RBEE LB Ei 5 LH @D ~93bp 2 5 — T4bp
ETOMICHFET S e E1onk. 27, —333

G
A0 51015 20

|
site 3

|

site 2

site1

Fig.4. DNase I foot-printing analysis of the
VIP/PHM-27 5-flanking region. The amounts
of nuclear extracts (x g protein) from NB-1
cells treated with both BtcAMP and TPA are
indicated above the lanes. G+A, a chemical
degradation sequencing ladder used for size
markers.
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bp & % —201bp FTCOMICIE NB1 #ilgicBiF 3
VIP/PHM-27 B FDEBEF I (basal expression) i
S E DNA SO BEET 2 AlREHESE 2 s,

V. DNasel 7w bS5 42 RUDMS 7 v

NN TFaT

Wiz, & b VIP/PHM-27 BT OEEHEEEE I
BETHOMAETORRERN T2 012, NB1 M
PO E BT DNase ] 8L DMS 2 & 3
Ty NV T s v IRBREToNR. BB, 57 LW
I D — 33305 —49bp & TD289bp @ DNA ¥/ D
JE 3 — N84 (noncoding strand) % *P T 5 KiniER
L, 0~20ug EREORMEEE A v Fa—FL
7%, DNasel % \:13 DMS AL %2 1TV, KRIZ
DNase I {LE DB EIZ 7 = / — v HiH, DMS LB D

uninduced TPA

BEBY) U MEBERCEERNRERRY) 72
L7 I VEREBETo k. M4WRLZEI K

DNaseI 7y b 7V > 7 4 »7TRAPZL LY 3HD
DNA 4Hi#»S DNase ] 12 & 2tk fanr. 1z
Y AEW S D5 S EI{RICHEE 1 (site 1), 812
(site 2), HHIK 3 (site 3) L dpHT 2 &, #AEL 113 —88
5 —69bp, FHEK 2 13 —15326 —117bp, $HHL 3 13-
2102 5 —170bp DFERCHE L. FHOERIX
DMS 79 b ZV 74 7 THHE ol (K 5B).
DMS iz k2 AFnibe gz 9BO 77 =V R
HEDI3H TEIZERE 1 ~ER3OFEENAT L.
BETEAEROBRLHESLELETELLL, &
8 113 TPA 8 XU BtcAMP i X 2 RHEFBEICLE
RESICHEY L, B3 IERETOMRICMEbo T

Bto,cAMP TPA +Bt2cAMP

J 1 ]

i |

0 510152051015205101520 510 15 20

site 3

site 2

site 1




VIP/PHM-27 B5F O FEIE FEi s 593

WAERTH 2 ATREM SR s N Rz, TPA & WA FL s REEN ST v BREOE T F
30t BtcAMP 12 X - THERE N D DNA #&iEH DREOEECRIELALELE PO 2o (B
CEESELEDEL 2R T2 -0, EFEE 2 5A 3k U'E 5B).

FFEHEDO NB1 filah o Bt w4 %, DNasel

Ty NPT AV TER, BLUDMS 7y b 7Y % =
VAV T ERET o, BEOEEIT L > T B MR EERBEO > Th S NB1 EHT
DNase I i#ft & R8s 7480 L RBOEE. 52 i, CAMP iz & D VIP DASHHIERENL 2 £ ™,
o
£
B
g c g ©
we a g
M s o

- site 2
M -V/m——
M-

W . €
-84 — o, = 4

1 .

site 1
‘mb“ ]

Fig.5. DNase I and DMS foot-printing analyses of the VIP/PHM-27 5'-franking
region treated with nuclear extracts from induced and uninduced NB-1 celks. (A)
DNase I foot-printing analysis. The amounts of nuclear extracts (# g protein)
from induced and uninduced cells are indicated above the lanes. (B) DMS
methylation protection analysis. The end-labeled DNA fragment was exposed to
DMS in the presence of 40 x g of bovine serum albumin (BSA) or nuclear extracts
from cells which were uninduced, or induced either by TPA or Bt<AMP, or by
both. The guanine residues which were protected strongly or weakly from DMS
methylation are indicated with open or closed triangles, respectively.
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% 7: cAMP (2312 VIP/PHM-27 Bz FOEE 2 {EE
352k T VIP OEAREFET 5 2 &0
SHTW? SEORNTHUFTO®ME L AKIC,
BtcAMP 1z & b VIP/PHM-27 mRNA D105 D1
tnERHHN, MZTEE S 0E—5—-D—2>ThH?3
AL RE—-LITAFLIZTEL - TS, VIP/PHM-27
mRNA B SEOEBEREMERT Z L8O M E
Motz 512, BtcAMP L RNV KR—NVZ ATV D
FIERILC & D mRNA 3#y406F & FBEH ML 72,
Z ORMKIGEEEFOBMRMOEED mRNA @
BWINEEMAbDLD b 2~3EREL, BtcAM:
PLAENKR—NIATLOMBEERNTHILEL
i, FAEOEBYDRIRNVEYIRAT I —CHE
WX DAY 4 7Y v 2 AMP 2HINE €34V 7
FAF L F Y F v (3-isobuty-1-methylxanthine)
EARAR—NVZZATLORIBHRMTHEDONTS
Do BtocAMP ORI 7FLEIZLBDHOTR R
{, cAMP 2D 3 QOOHMREZBEHL T3 LD EZL
sh3. HlaRD cAMP EEE, B ot —5 —
YEM %H &% \» da -phorbol DML, EEEEZE T
5 TPA » 2%\ PDD OFMTIRERTD T, 2~
Fo—nrEREVRLVTHo . —H, VIP/
PHM-27 mRNA £i3 4« -phorbol TRELL o7z
DizxL, TPA, 5wk PDD Tk 3~5FDHS
mrEmER LY. £7, Bt<AMP & TPA OHFT
Ti¥, BtcAMP ERFEMOBFE 2L~ T mRNA Eid
W ABEORMERL o8, MM cAMP BE WX
EOMIZERRED o, o7, RAVF—NVITX
7 it cAMP @ _E& 2N & $° 12 VIP/PHM-27 B{RF
RELBEL W IbOEEZONT.

CAMP, BXUALFE-NIZATFNICL LREFE
OEFEERBES»ICT 570, VIP/PEM-27 #EFO
EERLSERE L U2 CER T3 RFORN 21T
#z. & b VIP/PHM-27 BEF@ 5’ LiEEICIE 4 B
O 7o E—F —fF] (TATA box) BWEET 528, 77
4 < —{# 5 (primer extension) X% ® mung bean
nuclease v v £ 7R EDREBRIZ L > T, cAMP ®
FAVR—VIATFAMZEDFEEENS mRNA F9X
TE1TIV YL 28bp b B 7Fut— —%FH
LTEESNT: DD THBZ L > T3 4[H
@ CAT FEE~R7 ¥ —2BOIRETEARRERO
HERETE, cAMP R AUV R — VI AF NI X 2EHIC
VE 7 DNA BEFD 5" HIOERI1L—930 5 —75bp O
ERichseELON (M3). &£z, DNaseI v
FAVYF 4V IRDMS 7y b AU YT 4 TDE

BHERELID, NBl#flEomEmcEszns@lon

DOAEF b —880 5 —69bp DD DNA 481 (58
1) #RWBLTHEET 22810k, SHOE
TR REEYIE, BCRERT V=7 ATHE
Lz idoBmHEETcH D, DNasel 7w b7y >
T4y TORRIERRNLFEROIRTVLE I 0E
&xn5p8, DNasel 7w bV 7 4 v iR T
IVERKOBVWESDAERE T EE L N2
DMS 7y b VT4 7 ThH, BRIKEET 2
—88, —84, —Tdbp D3 DD 7 = VERENHS 1
AFNAbprSBRBEE NI E LD, ZOREREZI
whDEEZSNS . o T, BETEAEROER

EbETEZDE, ZOHEB1ZDH O VIP/
PHM-27 ;&G FHREFHE L E % DNA R TH LT
feEptRREN L. BB, R 1 CREET 220
BAEFD cAMP R RIVER—VIATLVOMR % &
FBELTw2boe&FE2zs6N 3. RLLFilig,
Tsukada ™3z DEEO L + VIP/PHM-27 #fE
F5 EHliAE CAT BRI —ICHEAL THRE
FEAFEEBRE2TY, —86»5 —T70bp OFEHEH
CAMP iz L 2 REFECLETHI LWMEL TV
%, Z0 DNA SR ESEREES Wiz 1 LiZiE—
T 5. 5% T cAMP TREMFE IR
o THBEEF, FlIZEY RS FUVBET, 7
vZaryr 7 7Y vEEF, RARL/—LVERY
VEANRF Y FF—CHEET, MEEERRIERY
Eva¥Tazy VBETF, 275 —EYBEFRY
D5 EfFSoE—F —EEICE, SERES R
1 L@ L - EEES 5 -TGACGTC- 3’ B"FEET
%2,

Montminy (44 2V v 7 AMP iz X W HRFEL
2 AEEFIHRBIEEL, »DTOMSIT M
D cAMP FIEHOBEFD 7ot — 5 —HH ke
LEBEITH L cAMP RisM 2 {5 T& 2 DNA
E5 % “cAMP IS EE5 (cAMP response element,
CRE)” MR & %12IBL 72 CRE 0 BESIQ
5' . TGACGTCA-3’ L 3R TWL 3 BEETHTES
DEWHTFETS. B, Vo rR¥FEBEF, 7
57— CRETF, BEERBRREALVEY Y72
=y MBEETFRZ YO CRE W, 5 -TGACGTCA-3’T
BBy, FrForyyr7 ) yBEFTES
.TGCGTCA-3'T»32. 4H® VIP/PHM-27 &f&
FTI3 5 -TGACGTCT- 3’ Th 2 WEEMENE LN
% (X6).

cAMP i k 3 BEFESHE I ko CRE K
HNIZEET 5 DNA HEET EQ) B¥HEEL, A
pOY 7 FLE RNA K AT — L1 & DESHES




VIP/PHM-27 B{Z-FORBRITHERE

-100 -90 -80 -70 -60 -50

TTCATCCCATGG | CCGTCATACTGTGACGTCTTT | CAGAGCACTTTGTGATTGCTCAGTCCT
AAGTAGGGTACC | GGCAGTATGACACTGCAGAAA | GTCTCGTGAAACACTAACGAGTCAGGA

A A A

-40 -30 -20 -10 1 10 20
AAGTATAAGCCCTATAAAATGATGGGCTTTGAAATGCTGGTCAGGGTAGAGTGAGAAGCACC
TTCATATTCGGGATATTTTACTACCCGAAACTTTACGACCAGTCCCATCTCACTCTTCGTGG

[,

Fig.6. The cAMP/ phorbol ester-response element of the human VIP/ PHM-27
gene. The nuclectide sequence is from the reference [6]. The cAMP/ phorbol
ester-response element is boxed. TGACGTCT motif and TATA box sequence
are underlined. Closed triangles (A) indicate guanine residues protected from
DMS methylation. Arrow indicates the start point and direction of transcription.

GeEETILENDHD. 4EO DNasel 7y + 7
YUY MEE, BXUDMS 79 b)Y NEBORERE
&0, NB-1 #lEicBWTLENIC VIP/PHM-27 &
EFD CRE #E&7T 5 DNA BEEFSEEL,

CAMP i X 2 EEFHICHE L TWE I L nEZ S
hi-. &7, Bt<AMP LB L /- NB-1 il 0 & HhH &
TfT->7: DNasel, 8L U'DMS 7 v b 7V > hEE&
T, a¥bo—LOEMHBTO LD LEEBL T,

DNase I #H{b®H 2 1313 DMS 12 & 2 X F (b & {RE
ShFEHE R REORECIESTO O R Lo
Jo. ZOMERED cAMP 3 CRECREET2HFOE
HEIVEBEENOES 2RBHET L0z, BELI-E
Fo 70 E—F —DEEHESERIIRA S ORI %
EETLLO0EMEHAG L T2 TEEMSHES L
fz. B Montminy i3V~ bR Y F L BEFD
CRE F251% CL-2B + 7 r u— R iZ#EE & ¥ T DNA
T74=27 497 0%1EREL, DNA 77 4 =5 ¢ 7
RN 7 4 —RfTV, HEROHEEMRR
PC12 &0 CRE & T 259 T8 43K # L b D
EHEHBL, Zh%x CRE #47% M (CRE binding
protein, CREB) &5 L72*. % 7: CREB ®—# 50
TI/BEIIE L LIERLEHA Y IR v 4 F
F7o—7%2BnT, v b RKEE cDNA 54 7
7U—% 0D PCR¥I12k Y CREBcDNA # 27 o—=>
7L, CREB Q&M % thE L 722, %7z, Hoeffler
52 ISIZFEKEICE b CREB @ ¢cDNA 7 o—=
YIRRIIL, ZO&BEEREL TS, Ty b
CREB, = + CREB FEhEh34l, 3277 3/ BER

BoRb, 7 I /BES S ZORFEE T ROKRIC
ZErZshTnw3. BB, CREHMHIZIZ DNA BeE
BT84 (dimer) 2BRT 2 HIbhBErof v >
I E RS (leucine zipper) BEEEL,, FRICBHEEL T
NARGANCHEESET 2 VBICE A DNA BE K A4~
EEZSNIEBBEET . NRBHRKS0%IE 7 o
Vo, BEUITNVG SVBRT AN X B L0k
BRHREBELETI /BICESL, “"BENESER
(negative noodle)” rfrah, MOEEHHEES L O
HEERCLELERLEZNTWS. ZOHEKD
hREICIIE2 OBEHY BILER, Hb cAMP &
FHEOAFT—¥, VVEE - Y7y LS ) ku—n
KEEDOCHFF LR ¥A v FF—FIR I LD
DrBbtEsn2BACHBEDT I VREFISTED SN
T3, Montminy 523 CREB i3 A # +— ¥ Dl
¥ 7 2=y b (catalytic subunit) IZ & V) EERBRETN
TYVB{EaNBZ L, BI UMK cAMP % #1n
EE¥H LI DMBEANTLY YEBBEENB Z L %R
L. &5, BBVENZERE A (n vitro mutag-
enesis) #RAWIERIZED, cAMP ICk3YV < MR
¥ F U RIEFOEEFEIZIE CREB O NKE» & 133
EHO®) VERES ) VBIESh 3 ZLBBEATH S
ZEDEES IR - P, %7/ Yamamoto 52 |3
CREB ® CRE "D#EARBEIRAFF—XIZL 2 ) &
ETRERSZD o722 L2BRTWE ., ZhsDH
GLEBEDORBRTEONTHERLY, cAMP 12k 3
VIP/PHM-27 BETFOEEFEBBII KO L 52 b
DHBEEINS. B, cAMP 3 A++—¥ 2EML
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U, Bbah7zAFF—¥Y Oy 7oz y M3
PIBITLT, o <BI CRE &L T3
CREB O NRiGflleEMEREEA Y v BREL ) V&
ftL, HoEERFEOMEFR2ET LIk >T
BEFOREZRHETI2L I bDTHS.

—5, ALE—=NLIZAFAICL R VIP/PHM-27 &
GFESHESBTH 22, SEOFRID AVvE—
VI ATV cAMP LR U L —884 % —69bp DD
DNA s s> »0fEfA% AL T VIP/PHM-27 &
FEFOEELREEL T15 Z EATRBE N, BB
LBz D%RIZ cAMP EREEZNMEZWHDOTH
2kEZ25N7. ¥/, DNasel 79 vV v F 4 &
TEBEHBVIIDMS 7y N FU VT 4 v S EBROR
BT, TPA CXhBE L -MROZMEBRTHD
shi-REFER L ZORBER, 2vbtu—n, oW
i Bt«cAMP FED b D L EMN o2 L D, K
LER—=NVIZAFVIE cAMP 12k 2EEFEDEE &
BU®», £73@D THEUML - DNA BHE&ERFEMNL
TEBLTWwS Z e BRBENT:. cfos BEF®,
cmyc EEF®, 374 —EBEFY, metallothio-
nein IL@EFPZETRALR—NVLIXATLIZL B
EEOFEHNMONTVE. RALR—LVIATVIZE
NE>DOBREFOTuE—F —BRCHEET 2 £EDE
EEF 5 -TGAGTCA-3' #A L CEHEEFHEICEE
LTWBZ s> TEBY, ZOETIIZ
TPA J5& %) (TPA-response element, TRE) & Fr&
NTwa® TRE HFEEL, &5 *EME{ET 5 DNA
BEEAL L CEERFRFT 774 R—9 —7a7
4 > 1 (activator protein 1, AP-1) RFEIE &L Tw 3
2, KA E—LIAFALCHELAMETIR, AP
O TRE ~OFEEHOHMBTDL 50T 5%,
TRE (5-TGAGTCA-3") & CRE (5-TGACGTCA-3)
RES TEMLTH D, £ CRE iz AP-1 »MER
MR oEETA I LBRESNTWE™. 5T,
SEEDENLFALR~N T AF LIC LB VIP/
PHM-27 BEFOREEZHEOEF L LT, CREB &
APl BEETAHAIEDN—DDWEEELTEZO N
3. Lbhlads, 7y b PV rT 4 v IERT, &
EanEBONF—vPBBECayra—L, B3
Wit BtcAMP FEO LD L DEMRR SN B2
tid, B s2BE TP ELI2EEHRFN
CREB KHE&ET 3 LI RHIBIPPFEL TS,
—HRAVE =NV ZATFNVICE B2EESHEHEICE TRE *
NEZVHOLHS>NTB D, MethallothioneinIl, &
EF, RERVEVREF, F0d 75 VREF, 7
SARI)—FVTITF 4~ —BEF, oy

77 VEGETRETR, BERHETT 77 4 ~—
¥ —7u 7 4 >~ 2 (activator protein 2, AP-2)
AP-2 #EEENAL (5-CCCCAGGC-3) KfEAT AT
EERECLBETHLILWRENTVED, g7,
AP2 fEE T CAMP i X 2 EEHE T b =y
F—rLTE b WMESNLTWEY, VIP/
PHM-27 BEFOHEE, Yot —F —4EfeR
AP-2 #HEEHAL TN WEU L LB EFEEL T,
AP2 2N T2 EEFERBTENTH I LEL A
3. ALVE—LVIATFAI L AEESREREL LTy
S—onufEMe L TE2ZS>N3 b0, CREBDY
CEdH 5. Blb, @izl & 5w CREB @ NKig
BOREREEBNICIRCFF—EIZX > T v Bk
ANZ2BHEHABEOT I VBESISEEL, ER
Yamamoto »® & CREB #C*+—¥ i & VRBE
ATY vEBbahaZe, VoBEHCEAFF—
WEBbOLIZBREBI L, 35 CFF—YITLD
Yoz & D CREB o &b S ha A
FF—V¥TCRFOIIBLILEFRBIOEVWIEERL
7-. fos A, jun EH, AP-1 % ¥ @ DNA #E&KEF
PEEOEMR(ER IT-0E, ACbOEIL,
HLOREMULABEEOBEERET 5 2 Lk
EHThBIEBHLNTED® CREB THRABKOE
BrEeTwaZeyEIoNE. KLVKR—LVIRAT
LRCFF—LrEHtTr iz LA BE
THHNT, "LR—NVITAFTNIZL S VIP/PHM-27 #
FEFORBELCFF—YOEM(IzL 2 CREB 0=
BHRLEICI-TEERZREEL THRAEENEL SN
3. RVE—LZZAFLY cAMP tRUCEERT#
FIELTESE2RETS v, SEO CAT &fE
FREEBRP 7y M 7Y V74 v T EBROBERIILT
AL, H-TZD VU >#bizk 3 CREB 0 _&f&
Lz & 2EEREL WIHEELRLEZH .
Goodman ™3V < + 2 ¥ ¥V HEEFIE cAMP O
HTHELRLVE—LVIATFIUAZ & o T HEEHEEE
N3z, BEFREHREBRIZILIDRALVE—LIATV
OFEFIE cAMP ERIUCRE /v 522k, £7:7
PV YT 4 v TRBROBRIIFVR LT ATLT
FELHDE cAMP THEL L DIEIRM-
rrERANTWE ., TOFBRESEO VIP/
PHM-27 #ETFTCOLDLIEEALYRALTHD, &E
Wk EEEME A IR LTV B . F 7z, cAMP #
CRE %N L TEE#RET 2 BEFO iz, &
NE—NVZAFVIZE->Th CRE 21T 2 E5HYE
BELBZHONDY, o TZOKLEBETOD
CRE 13, AP-2 &t 3 &% 245 —20
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“cAMP/ RNV R — LV L X 7 VISERS|  (cAMP/
phorbol ester-response element)” L F#i L& 2 D b
L.

PlbiwifiRiz ki cAMP H2 0w ighrE—r
AT Y, AU EEUCEERF2 N T2 60
DENTNERZIBFE, $7%bb cAMP 13A %4 —
Yizdd CREBOU B I VMOEERF L0
HEERZEELEL, —F, srvf—LzxF1iC
FFr—¥ENT2Y BEicL ) CREB 0 — &1k
BRET D LRI THEERECH VD LEZ 2
L, TNS OREHBHEEMIZERT 3 2 & b EET4E
ThHd. LLRMS, INSDTRESEERRIEYT 27
DIz, HEERL L ETR TR ERENTO
BEFEERRY, FR24E U BEER T2
WTREZEL-BETOREFREER L ¥ TR
LRBEBH D .

&

BtcAMP BX UKLV R —LZZFNMIZL B & K
VIP/PHM-27 BZFREZH L 2 OBF Iz D s i85
FRESFIEAIR (NB-1 #HH) 2 A TR L, LT ok
wEE.

1. NB-1 #fgm VIP/PHM-27 X v ¥ > ¥ 5 —
RNA £ BtcAMP iz & b #10f%, TPA % PDD %
EDRNVE—=VIAFTAIZEDR 3 ~5 EDHMEE
bz,

2. BtcAMP RV R—L LA F L ORHRITAHRE
BThD, HIlEAN cAMP 8BIZ AV F—1L T R 7
MEEVERBOELERB DR oo L&D, kw0
R—~NVIAT NI cAMP L3RG 28 ET VIP/
PHM27 BEFORELFEL TL 32 epBE2 5N
7.

3. CAT BEETRE~N7 ¥ —2FAL 24 %85
FEARBEERIZLD, cAMP H3 Wik L F—L T
ATVIZ L B RBEZFE IS E% DNA 13220
5’ ﬁfﬂ‘%bfﬁi'gﬁﬁﬁéﬁ@%w%bp Efizh sz r
BHomrriorz.

4. BREBEERVR 7y b 7Y > 7 4 v SERIC
&b, VIP/PHM-27 BEFOToET— % —4EMIZ 1L
Dy SEROMARTFRESESSHD , 20N
D=2 (—69bp #> > —88bp & T) i1 EE FEARKEE
BT cAMP 20l F ARV T AF LIz E 2 RE
KRB £ 2 5 27 DNA S5z —%7 2 EEZSZ
T

S. BEOFHBMILD 7y VAU L T4 v 7D
PV RRECERIRD SR T

E S

6. LEDFERID, CAMP L xR — L TR F L
{& —69bp 225 —88bp % TOHEKIZEEN 2 DNA B
31 (“cAMP/phorbol ester-response element”) I 5
THHAEF ML T VIP/PHM-27 BEFOEE %
REFT 205, cAMP LR L E— L xR F LIZBAET
~NOIERADENFNEL - THREENTRI NI,

E 4

WERZ B, HEE L KA £ L7 BB/
B-BRUERCIHELRLET. 31, RAEZOHIE
BEBD L BB EE-BLERERE F&%C
DSBHVLLET. bbe T, AMEORLS+ 52 TR
&, HEY - IR LB £ L7 BRI EA R b IR
EREL S T ENSTURBAES MEEIE B L
7. 351, FAERTEEROEH M2 LzeR
REBZACFMELE 5%, RhASE - RbymRn
BT EFAML, KR4 A4 4 2> AFFEREBRSE
T, ) v R SV RIHEFEAR S CCSRASE —
PRIBE—AREOBEEHLEL LiF s .
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Abstract

Vasoactive intestinal peptide (VIP), a 28-amino acid peptide hormone, is synthesized in a variety
of tissues including the central and peripheral nervous systems and small and large intestines. The
precursor protein of human VIP contains not only VIP but also a 27-amino acid peptide. PHM-27. 1t
has been previously reported that the synthesis of pro-VIP/PHM-27 is induced by cyclic AMP
(cAMP) in human neuroblastoma cells (NB-1) and the induction is due to an increase in the rate of
ranscription of the VIP/PHM-27 gene. In the present study, the effects of dibutyryl cAMP (Bto-
cAMP) and phorbol esters such as 12-O-tetradecanoyl-phorbol-13-acetate (TPA) and phorbol-12, 13-
didecanoate (PDD) on VIP/PHM-27 gene expression in NB-1 cells were investigated. When NB-1
cells were cultured in the presence of 1 mM Bt2cAMP or 16 nM TPA for 9 hours, the VIP/PHM-27
MRNA level increased by about 10- and 5-fold, respectively. 40 nM PDD also increased the mRNA
level by about 3-fold. In the presence of both BtzcAMP and TPA, the VIP/PHM-27 mRNA level
increased multiplicatively by about 38-fold. The intracellular cAMP level was essentially unaffected
by phorbol esters. To further clarify the mechanism of the induction of VIP/PHM-27 gene by cAMP
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and phorbol esters, the nucleotide sequence in the human VIP/PHM-27 gene responsible for the
regulation by cAMP and phorbol esters was identified, by transient expression assay using a set of 5'-
deletion mutants of the VIP/PHM-27-chloramphenicol acetyltransferase (CAT) fusion gene. The 5'-
boundary of the region required for the induction by cAMP and phorbol esters resided between 93
and 75 bp upstresm of the transcription initiation site. A DNase I footprinting study and DMS
methylation protection analysis using nuclear extracts from NB-1 cells, showed three protected sites
in the upstream region of the promoter. One of the protected sites, the sequence between 88 and 69
bp upstream of the transcription initiation site, corresponded to the region required for the induction
by cAMP and phorbol esters, indicating the presence of a nuclear factor which bound to this site and
might mediate the induction of VIP/PHM-27 gene expression. The DNase I footprinting study and
DMS methylation protection analysis showed no significant difference in DNA-binding activities
among the extracts prepared from induced and uninduced cells. It is therefore suggested that cAMP
and phorbol esters induced VIP/PHM-27 gene expression through the modification of pre-existing
DNA-binding factor. Since the VIP/PHM-27 gene was multiplicatively induced by ¢cAMP and
phorbol esters, it is possible that the DNA-binding factor was synergistically activated, being
phospholylated independently by cAMP-dependent protein kinase and by protein kinase C at the
separate sites.




