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19784z Tatemoto and Mutth® ¥, a-7 3 F{k
73 JBOKRILHEE 7 = M XS REEYHELL,
FhERAWTT 2MNE»D a-7 $ FME LI _TFF T
% peptide YY (PYY) & peptide HI (PHI) %4
BEL7:. XDHIC19824E, PYY ol z Rk B <
a-7 3 MEINIERSTF F & 72850 SEERE
L, ZTOMCEEICHFIET 57 F F% neuropeptide
Y (NPY) L@&f L%, PYY RO NPY (3o X
5 LERIRIRI X b SHEREShic< 75 N Th s
7%, Edman ¥EIC X% —kEERELY LTARB E, LT
D D HES R, AW T A bR T
\ 7o pancreatic polypeptide (PP) L5 CHEZEN T
YT srENRRGHIRI®. NPY, PYY, PP Lic

K KFBEF IR —IRE S
(@530 ABRATILR A2 4-3-57)
FRSER : IBA6sEIZA210 ()

6EDT7 I VBEL VB, CHRNBT : FMeXhicF 5
FT, 7% NPY 04 F 813 4,254 dalton TH o7
1) Thb32o0x7F FILRHM I 458 o 18 456
BEFHLRELICBRETOENEEL SR T 59,

NPY o3 Ficii\  T% O i i L8957 25/
HNBh, Ty b, b bNCERENORRC GET
MRS > KB B E YR > TERE > ) FfeT 5 &
Hig_7F VN THBHEIREIh, Fhi T PP ERsE
PEE LU HFELTW S EEX DR T W27 F I
X NPY ThorE NPY o HRE Hifka Fu-CH
Bar ke o719, NPY ##ED /345 CHER 7T,

—RENC COMERTF P #TF25 5 v (CA) L3t
FIHHETHHYD. Lo l, KANEETI~VIE
NPY KU NPY mRNA % RB3 2% &)\ 5% 714
L, T bk somatostatin KUY GABA LIFEL, &
URETEECBES- L C W AN R S h T\ 51219,

Bz X, Alzheimer JETiXZ @ NPY W&o 1 #iy%s
P, BHENRBEDENHFESR T, hiRERERT
13 NPY #f@iE: (NPY-LI) 38K TR b AR
FEEL, BElc NPY MiRRHESER2ZD Hh, NPY
TR TEEEE, FHC%  ORIKTEA A & v o R
e TwBEELbRT WS (FE2). KRR
TIXE BT Z DR 7 F 32 H D SRR RIC 4
fil, CA LIFELTWS. Flzid, M Emacmmmeg
DIFFEFT R\ WT NPY 1% CA LItFELTEDY, &
B MREHWE %\ % cotransmitter & LTD
ANEZbhIS® (£3). Znkdc NPY 14%
TRAEBE R FEONY, 19844ERERIC B\ T, 1R LT
EZ ¥ THREEDED D X HRBHME L LTogk
HEiGlcT A RETH 7. ChicBI LT, REIX
FERERIE 7 r~ 7 4 VIR MR Y Vv T
NPY HAEEMICE B in 7 7 N RG-S B/ ik
BHWEE LTETUW B WSR2 B S b
NPY =GR MR W EBT5%E, r5vA
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Comparison of amino acid sequences of NPY, PYY, PP and PHI

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18
porcine NPY Tyr — Pro — Ser — Lys — Pro —Asp —Asn — Pro — Gly — Glu —Asp — Ala — Pro — Ala — Glu — Asp — Leu — Ala —
porcine PYY = ~—Ala—= s — o = Glu—Ala—- « = « = ¢« =« =« = Ser —Pro— + —Glu— - —Ser —
human PP Ala — —Leu — Glu - -Val =Tyr =~ & = & = Asp—Asn— ¢+ —Thr—Pro— « —GIn —Met— - —
avian PP Gy - - — . - Gin - —~Thr —Tyr — + o= & = Agp— & — ¢ = & = Val = » = & = ¢ = Ile —
porcine PHI His — Ala —Asp — Gly — Val —Phe — Thr — Ser —Asp —Phe — Ser —Arg —Leu — Leu — Gly — Gin — — Ser —

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
porcine NPY Arg — Tyr — Tyr — Ser — Ala —Leu — Arg — His — Tyr — Ile —Asn —Leu — Ille — Thr — Arg — Gin — Arg — Tyr —NH»
porcine PYY - — « — . -— Ala —Ser — « — « — « — .« — Leti— ¢ — & = Val = ¢ — ¢ = ¢« =+ — « — NH >
human PP Gin — « —Ala —Ala —Asp— + — - — Ag—= ¢ = ¢+ — @& — Met —Leu— - — -« — Pro— » = & = NH
avian PP + —Phe— + —Asp—Asn— + —GIn-Gin— + —Leu— + —Val—-Val - « — .« — Hig = ¢ — & = NH 2
porcine PHI Ala —Lys —Lys — Tyr —Leu — GIn — Ser —Leu — Ile —NH

Fig. 1 Comparison of amino acid sequences of NPY, PYY, PP and PHI.
There is a marked similarity in amino acid sequence among three members
(NPY, PYY and PP) of the NPY family. Amino acids identical to those

in the NPY structure are indicated as dots.

NPY: neuropeptide, Y PYY:

peptide YY, PP: pancreatic polypeptide, PHI: peptide HI.

v+ 7 F 4 7 (transsynaptic) %FRH#Z T 53, in
vivo @B W T bk, MImEREBOEET NPY A4
ROVEEIT5 & ERBILME Lic. Ebic NPY 44
Bz & LC NPY BEFREOEBCKLHEL, 7
—=v 7L} NPY cDNA #Ji\~T NPY mRNA #
EETAHHETHLICRD, I OMWRERIGEETREL
OB LM I o055, SEIZOKHTIE, FA
FBOfFIc - totE R iz, BaEo NPY offsaicoun
TR L7,

2. NPY [£&3Ah5735 3 ving —aIBEHE 0
7 4 VHBRERWNT—

NPY #ufeiftt (NPY-LI) i, 4RIV TE
L1LT/ r=¥x7) v (NE) @B 7r~7 4 vfilla

ACh, acetylcholine; AP, activating protein; APP,
avian pancreatic polypeptide; CA, catecholamine;
cDNA, complementary DNA; CGRP, calcitonin
gene related peptide; CPON, c-terminal peptide
of NPY; Epi, epinephrine; GABA, y-aminobu-
tyric acid; HPP, human pancreatic polypeptide;
mRNA, messenger RNA; NE, norepinephrine;
NGPF, nerve growth factor; NPY, neuropeptide Y;
NPY-LI, neuropeptide Y-like immunoreactivity;
NPY mRNA, prepro-neuropeptide Y messenger
RNA; PHI, peptide HI; PP, pancreatic polypepti-
de; PYY, peptide YY; TH, tyrosine hydroxylase.

iz, Fl-—ifiL varicose %> NPY 4FMHERCIES
s B 4E 3 5 1P, Met-enkephalin fEsiEM:2 =
ex7y v (Epi) @67 r~7 4 YA RETHD
CHAN, MBTHS. AFRCMTAfERAN5
L, NPY-LI iz 7wv=7,; vfilaR D 7 r=7 4, V5§
P REELTWA, 2oz &1k NPY BN SRR
nb= Y b= ATHRSRC it S h 53 ERE
L5, B, FRIBER Y A7 22 BT, PHERH
B’hbDT72Fra2) v (ACh) R=aF=, 775
) vEREEIML, 7e~<7 4 villanb NPY
IEFTRPC R EEAHELALM - 10, Zh
B THRNS X 5, NPY {HiBifE& (prepro-NPY) i
—RBHEDHRE Y 7PV _RTF VREATED, {Mof
7+ X5, pro-NPY »VdFE/Nak AR
N B/NAGERBEANBITL, T EABE L2 D
Trty YV IERZTT, TOBRRARTF FHES5WE
R SRS ~ERE R S h s & ) BRI —BUT 5
HEE Bbhs. 20X EIBHECKs\ T NPY i
NE &6 7 v~ 7 4 vHlRGWENFEELTEY, =
aF=y, 27 Fa) VERERIKT, HT2F53I v
(CA) LIRKEHMENDE DT, ZOHREEREMED &
L, RWRARE \WC NE L3155 NPY 0
cotransmitter & L TOBEZHELXETHORBEL TS
LEzbhic. KM2RESRAFRESEY AW TREL
to, BE7e=7 4 VRN LD = 2 F VI X B NTER:
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Fig. 2 Inhibition of nicotine-induced NE (A)
and Epi (B) release from chromaffin cells by
NPY. The release of endogeneous catechol-
amines from cultured chromaffin cells was
induced by nicotine at 3x10°M (@) and
2x105M (O) or 56mM KClI (A). NPY
inhibited the nicotine-stimulated NE and Epi
release in a concentration-dependent manner.
The inhibition by NPY was expressed as the
percentage of the nicotine-induced catechol-

amine release in the presence of NPY per that
in the absence of NPY. *P<0.05, **P<0.02.
(Ref. 21)

NE, Epi oi#licsi3% NPY ofEfEAMELRL
TW522, NPY (k=25 vizk% NE RO Epi il
HER TS & S RBRCIH Lic. LasL, MRl oL
KOS 5\ B » ) ¥ AT X 5 R NPY (38
Bl fehote., Lind NPY 0ZnfEfii=a5v
o CA BEEEHE R LT IRETRNC fEAT 532 8 B
nkigote. HHNWREEMEZEMAEY, o NPY

D CA FEEEMEERACBS LT 2 00 EZHR{N5
D, a-y, B~y KRNV =y 2T V2T = AL HEERER
EIRT, =25 viEH CAlERRcx-35 NPY ol
RN L D, ThbDT7 vxT=RA HRFELTH
NPY ol HxBbMc@Bd bhi. Sbhic NPY
B~ F & LT~z e b pancreatic polypeptide
(HPP), + v PP (APP), PYY o, HPP |z NPY
L AROE- CA FEENSIERAAZRD b, Zhbo
Z &k NPY o CA BEEEMHIERS, FRE NPY %
BHEXNLTHELTE Y, HPP 2 NPY 13CERFH
MRS R Fo0 T NPY Z&M4 S # ki NPY
D CRBAVEETHHHEN RS e, HEE, N-
propionyl (*HJ)-NPY % - EAER X v 481
BEBEC: NPY 2kt 3 5 R &AL e
L, ZOEEHAME NPY & HPP i LT ARED
EULEMMEAY B LTV, 2o X 51ic NPY 1 1EIE 2
r <7 4 vl BT EERE NPY ZaM4%HY, CAlE
HER IS5 2o # 7 Bk IC50=2x10°M
THY, ThETHLRTWAMDORTF Ficks CA
WEHEEMEWER X DA v D Thote (H3,
#1). NPY 2EIE 7 m~7,; vl BREFET
50T, WEEERHC X b NPY 13 CA &L EdiciE
B hi-t%, CA OB AEBNCAT T4 774 —F
RNy 2ENTHESRE L DRI, NPY 12 X5 FEED #
7 = A AH KIS REAER O R HERIC 3517 5 THRIGE
PR, o F D, v S ARIMEIEZOERZ LT
W5 & B2, Hakanson Sk v 97 A Bl
ZBib535%5 NPY Z&{f%E NPY o NRUGOHEM:
B Yy, Yo RHBETELHEER L. v 7 AR
L NPY 13-36 o CRFHFCHoEARRD LR, Y
ZERENEE L TWM®, = NPY S5k (Y. 5%
BE) o CA EHEHDHIEE, &THWEER JAP) T
HETH. 2F 0 Y ZAEFXIHE GTP EAEAE
Gi RUoAd &b 3 (L, T, N &) oEEMEFN:
Ca Fyvi &y, 7115 GTP #45EHKE Go
ZHLT, £h £ h e cAMP SoEd KO e
WD Ca 1 4 viRAOIHZ O ERLETEEZ DR
5262 Zhife, NPY (1Mo thiRiEEy B R
ERLED, AIE7eF1r2) volElyMEL> %
$7b;ﬁ< g hf;ZS,ZO).

3. NPY DELZDLEE{EAL NPY ZRE

PR EEER D B \ I SRHER O MK R Co v 7
AEEDTEICIL 21278 X 7o NPY o #R{EEWE b



206 M on

Table 1 Inhibitory effects on nicotine-induced catecholamine release from
chromaffin cells by various peptides that exist in the adrenal glands

Amount (pmol/g tissue)

Effective concentration

Peptide
Neuropeptide Y 120
1500
1200
Substance P 4.1
1.2
1.5
Met-Enk 6700
8.5
300
Leu-Enk
Somatostatin low
VIP low

10% of Met-Enk

(bovine) IC50=2x10*M

(rat)
(mouse)
(bovine)

(rat)

(man)
(bovine)

(rat)

I1C50=10"¢ M

IC50=5%x10+M

(Guinea pig)

1C50>>5x 10+ M
1C50=2x 10-5 M

probably

A large amount of neuropeptide Y (NPY) exists in the adrenal glands, and
its effective dose is much smaller than those of the other peptides.

NOREPINEPHRINE
CONTAINING CELL

SPLANCHNIC NERVE

NPY CONTAINING FIBER

EPINEPHRINE
CONTAINING CELL

BLOOD VESSEL

Fig. 3 Model of NPY function on catecholamine release from bovine
chromaffin cells. (Ref. 21). bhml: NPY receptor, (—): Inhibition of cate-

cholamine release.

HESEIE AR e BB e Rl 12 e LCWw 5 & b
n5. LnL—FT, NPY s 72iMc bER%
Fo229, ¥ NPY (1 B¢ A EHEIICHR-IR
fEERELTERSDY. CoMEFHEHTET S NPY DIL
FEERIMASTA X D NPY ~DRSZHEARR D, K
I BZMEA E . Edvinsson B®R X5 &,

M FRGCs T s NPY oo+ 7 2o R
NPY B CTHBIh S HREOIMERL, a« XEHK
sa AT 5 SR IER NPY 235835 BEER O 2
ONEIET 5. BE, 0 200EA0GFFLILTD

TEABFIZALA TR, NPY v+ 7AEED s
D 2 ODOEIEHIGERERIEAR, v 7 AREDH 7=
73 viEEEMEER E R Y, TofEARB NPY ©
— AN DEE &h, Y1 REEY N THENR
ERTHBSB, Y, ZHEMN Gi, Go Ly F1T5
D rEy, Y ZHEEL GTP E4EEE Gp 2L
THRAKRY A—ECEHEBRL, FAKS 7 V21 FO5
fBE A U AR S 7?9 (Wahlestedt HARFESE).

F7c NPY ZAEM#i3 Nat/H iaRaimikihl, Ml
ApH 27 A2 VETHEIMORTWLB. L,
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ZhicBi5 T2 Z/thkow 7 7 5 29, #%+5 GTP
WAEAEOBBECE L TRBEZ LI O, T,
#2, 3, 41 NPY o s, RBERROHEREEDOH
HERL TS, ThbofEfic NPY S840 X0+
7 a4 TRERLTWAENLSEROFETHS.

4. NPY &S —NPY BERFHEELRBERU
NPY &&R

MEMAC BT 5 NPY R0 L &R IR b
NOLGTEYERITFFE 1L, 198448 Dixon Hile b
NPY ¢cDNA /7 e—v&be b 72427 rvEHf b—=
cDNA 54 75 ) = b BEEU7cHET 1h % - 7232,
HKWTZy b NPY cDNA 7 r—v, L b RS » b
NPY @&ET 7 v — v B « FEXHh, NPY mRNA
RO NPY @{nT ok, NPY HiEk{s (prepro-NPY)

DT 3 7 BEFIDE O E IR 57268, FERS 5|
L ARk, NPY #{ET, NPY mRNA & 4T pancreatic
polypeptide (PP) &ET R %D mRNA & E\ i
[k, HWEORLMELY D, LBOHLEET» DS
hicbDkELBRES®, v P RUT » F NPY 5§
{&Fix Southern blot 347 T# 8kb 0 & X ¥ ¥
single copy gene ThH, v+ NPY EETIXE 7§
fufk B 7 fE$ 563739, pro-NPY & pro-PP % His
LTHBREWENR, 7 efE0 CREFCH 5 CRHERT
F FORMIIRENEZE L BB ETHD. 20 CKS
T RFFD 2 — FifF5% NPY @ET RO PP RET L
b, F{3=F Y VILFEL, pro-NPY CiZ CHE~ 7+
Fide b, 7y FRETSHOEERFELRLTEY, —
75 pro-PP TIX11 % DFAE LasiR LT U 7n| 182~35,40,4

D%Y, PP BEFORLDOES=FY vHRELL =

Table 2
Proposed central functions of NPY Reference
1. Enhancement of gonadotropin-releasing hormone (GnRH)
and gonadotropins release 69
2. Elevation of circulating luteinizing hormone (LH) after
steroid-treatment 70
3. Reduction of circulating LH after gonadectomy 71
4. Elevation of corticotropin-releasing factor (CRF) and
circulating adrenocorticotropin (ACTH), corticosterone
and aldosterone 72, 73
5. Reduction of circulating growth hormone (GH) 71
6. Reduction of circulating thyrotropin (TSH) 73
7. Elevation of circulating prolactin (PRL) 74
8. Elevation of circulating vasopressin 73
9. Reduction of a-melanotropin (a-MSH) release 75
10. Shift of circadian rhythms 76
11. Increase in feeding behavior 77, 78
12. Decrease in systemic blood pressure 79, 80
13. Enhancement of centrally evoked pressor response 81
14, Decrease and/or increase in heart rate 80, 81, 82
15. Hypothermia 82
16. Bradypnea 79, 80
17. Sedation 83
18. Synchronization of EEG activity 79
19. Elevation of circulating insulin 84
20. Protection against stress-induced gastric erosion 85
21. Suppression of sexual behavior 78
22. Suppression of open field and home cage activity 86
23. Suppression of grooming behavior 82
24. Inhibition of memory retention 82
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Table 3

Proposed peripheral functions of NPY Reference
1. Vasoconstriction 15, 16
2. Potentiation of vasoconstriction 15, 16
3. Increase in systemic blood pressure 24, 87
4. Presynaptic inhibition (Inhibition of CA release) 11, 21, 22
5. Positive and/or negative chronotropic action 88, 89
6. Negative inotropic action 90
7. Coronary vasoconstriction 90
8. Inhibition of cardiac vagal action 91
9. Inhibition of colonic motility 92
10. Relaxation of colon smooth muscle 93
11. Reduction in short circuit current in gut mucosa, i.e.

effects on epithelial ion transport 94
12. Inhibition of basal insulin release 84
13. Inhibition of glucose-evoked insulin release 84
14. Inhibition of stimulated glucagon release 95
15. Natriuresis 96
16. Reduction of circulating atrial natriuretic factor (ANF) 97
17. Suppression of renin secretion 98
18, Reduction of circulating vasopressin 99
19. Inhibition of contractile response in vas deferens, uterine

cervix, and fallopian tube 100
20. Enhancement of stimulated thyroid hormone release 101

Table 4
Proposed disorders and pathological conditions
with relation of NPY ’ : Refarems

1. Hypertension 16, 56
2. Cardiac vasospasm 16
3. Cerebral vasospasm 16, 102
4. Pheochromocytoma 103
5. Alzheimer’s disease 14
6. Major depression 104
7. Parkinson’s disease 105
8. Ganglioneuroblastoma 103
9. Eating disorders such as bulimia 77, 78, 82
10. Schizophrenia 106

4 7R LT T ABDTH BN L ORRIIAHTH

Tk,

Zh S OBETORKBERPEBLD 2 = X &

%. pro-NPY o Lo NPY & CHK#i~< 75 F (CPON)
DOFE L DORMIRFEOBINLE L, AHEMCER
BT FFTHBEELDNS. S bICIBHEERIET
2 bagahic NPY RO PP EIETFOMMFRIRB O
WAk, NPY i 3ffEMla, PP XML B TRz

L ERYE. BLEx, NPY SEETRBL OHEE NPY
DR E TOEABBRY NS HIYT, J v b NPY
cDNA 7 r— vxH 1L, NPY mRNA #5& (0.8kb)
AT LM (K4). Xbic, NPY cDNA %38
<y x—HICEAL, & NPY mRNA #{ERL, =
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Rat §' ==~ GCGCCCAGAGCAGAGCACCCGC—-UGCGCAGAGACCACAGCC

Human 5' ---ACCCCAUCCGCUGGCUCUCACCCCUCGGAGACGCUCGCCCGACAGCAUAGUACUUGCCGCCCAGCCAC-GCC
1

1 10__Signal Peptide 20

et MetLeuGlyAsnLysArgMetGlyLeuCysGlyLeuThrLeuAlaLeuSerLeuLeuValCysLeuGlyIleLeuAlaGlu
Rat 41 CGCCCGC e

$900000000 oo seecessesssese ssee

Human 72 CGCGCGCCAGCCACiUGCUAGGUAACMGCGACUGGGGCUGUCCGGACUGACCCUCGCCCUGUCCCUGCUCGUGUGCCUGGGUGCGCUGGCCGAG

1 10 20

30 40 Neuropeptide Y 50 60

GIyfTyrProSerLysProAspAsnProGlyGluAspAlaProAlaGluAspMetAlaArgTyrTyrSerAlaLeuArgHisTyrIleAsnLeulle
Rat 133 ;;EMQSSHCWWMWEWWW

30 4 0 50
70 COOH -Terminal Peptide so

ThrArgGlnArgTydGlyLysArgSerSerProGluThrLeulleSerAspLeuleuMetArgGluSerThrGluAsnAlaP roArgThrArgLeu
Rat 229 ;;E;E& MGAGi;;gAQQcgngagagagzgmEm_gaga_“;ngmaau_gagaganggacaga AA B!LGS.CCSCBGB ACAAGGCUU

ssese sssccsss $000008008 0000000000000 000 2000 00000Eese0N00cssREEsES SEGGOEES cssoe

Human 264 ACCAGGCAGAGAUAUGGAAAAC CCAGCCCAGAGACACUGAUUUCAGACCUCUUGAUGAGAGAMGCACAGMMUGUUC CCAGAACUCGGCUU
lyLysArgs:ngz roGluThrLeulleSerAspLeuleuMetArgGluSerThrGluAsnValProArgThrArgleu

60 70 80 90
98
GluAspProSerMetT
Rat 325 GAUGGGAAAUGAAACUUGCUCUCCUGACUUUUCCUAGUUUCCCCCCACAUCUCAUCUCAUCCUGUGAAACCAGUCUG
Human 360 GAAGACCCU GCAAUGU@GAUGGGAMUGAGACUUGCUCUCUGGC CUUUUCCUAUUUUCAGCCCAUAUUUCAUCG===== UGUAAAACGAGAAUC
LR
97

Rat 421 CCUG--UCCCACCMUGCAUGCCACCACCAGGCUGGAUUCCGACCCAUUUCCCUUGUUGJCG---UUGUAUAUAUGUGUGUUUW

ees sssssscces se  sese seee ssse o see sse es  seee

Human 451 CACCCAUCCUACCMUGCAUGCAGCCACUGUGCUGMUUCUGCMUGUUUUCCUU——UGUCAUCAUUGUAUAUAUGUGUGUUUW
511
Rat 506 GUAUCA ---3'
Human 539 GUAUCAUGCAUUC-poly(RA) =---3'
551

Fig. 4 Nucleotide sequence of rat brain NPY c¢cDNA, deduced amino acid
sequence of rat prepro-NPY, and comparison of rat sequences with human
sequences. Identical bases in the mRNA sequences are indicated with dots.
Nonidentical amino acids are indicated with bold type in both rat and
The initiating codon of the rat mRNA is presumed to
be the first AUG. Triple stars indicate chain termination. The putative
AAUAAA polyadenylation signals are underlined. (Refs. 34 and 35)

human sequences.

hxzavie—2e UCHEBKA NPY mRNA #ERL
7z (5). NPY mRNA jifixffir NPY & & X<
BILT¥ Y, NPY mRNA REELHD S BETOE
BEED VLT NPY EERVRH IR TW 2 HERER
LT, FiRAER CHE—BIHE NPY 2239k &k
EELET A B THic NPY mRNA 234 i
ThsH. THIUTIERISD b OSSR NPY HRERHED L
KT IER S\ EEY % 2 TSR L. FBREW
HiY, REAEMCRsWT, O, B, Buc NPY mRNA

R LNAETHSH. L, ek - TIHEE NPY
RO FER X Vi Ih 52, NPY (g
DFEL T WEEIC s\ T NPY mRNA 2F#ET

BEY, JEMRELTo NPY BEFRELRLTE
D, i Ericsson BHiz ko TG ShicERRC ST
% NPY BETFORHD L#E 2 b8, NPY oI
MR B 2 BB FELE L DS,
HREMIIC 317 5 NPY SBETFOIREIL RNA R Y »
-2k b 7.0kb DR XD —KEEEDNIMED
5. BE NPY BETORE V-~V CHRETBRLS B D
Wi o0H 5 h, EELFE (post-transcriptional )
TOFEERE, HlE NPY §iRED RS54 v v 7D
TS O W TOBIERIRE A TUh Tn v, [k,
NPY mRNA 0OFFRE Uz LA (post-translational )
DOTFFE B 1D bt Em b ThB. Dickerson H4 (%
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Table 5 The distribution of NPY mRNA and NPY immunoreactivity in rat tissues

A, abundance of NPY mRNA

B, abundance of immunoreactive
NPY peptide

Tissue
pg/rg RNA % of striatum pmol/g tissue % of striatum
Central nervous system
Striatum 6.1+£0.9 100 54+ 4 (8) 100
Frontal cortex 5.0+0.8 82 55+ 5 (8) 102
Hippocampus 2.1 34 23+ 1 (8) 43
Hypothalamus 2.0+0.1 33 120+10 ( 8) 222
Medulla oblongata 1.1 18 8+ 1 (10) 15
Midbrain 0.6 10 3+ 1 (8) 6
Cerebellum 0.4 J <0.3 <0.6
Spinal cord 1.8 30 7+ 1 (6) 13
Other tissues
Adrenal 2.4 39 210+70% 390
Spleen 1.3 21 1+0.3 ( 4) 2
Heart 0.7 11 274+ 70 (4) 50
Lung 0.4 7 2+0.9 (4) 4
Skeletal muscle 0.4 7 NT * NT
Stomach 0.3 5 NT NT
Thyroid 0.2 3 NT NT
Liver 0.1 2 <0.3 (4) <0.6
Kidney 0.1 2 0.8+0.4 (4) 1
Small intestine® 0.06 1 55+26° ( 4) 102¢
Testis <0.06 <1 <0.3 (4) <0.6
Pancreas <0.06 <1 NT NT
2Ref. 52. PPeptide values are for atrium only, while mRNA values are for whole heart. °©Peptide

values are for duodenum only. High values are probably due to cross-reacting peptide YY. A. the
NPY mRNA contents of total RNA preparations from various brain regions or tissues (pg/zg RNA),
B. the absolute amounts of NPY immunoreactivity (pmol/g tissue), NT: not tested. (Refs. 35, 52, 53)

7r—v Lt b pro-NPY cDNA % AtT-20 <
ATEANEMRCLERC FFvAZ7=2v 3V L,
pro-NPY % 3B3 5 MlaRa Mz L. AtT-20 iy
1 NPY #4< #&33, pro-ACTH/endorphin %
ETHMETHBH, TOFEEER L AT-20 i
%, NPY gEtmiRfifamtt, pro-NPY D7 riy v
v VEY)THB NPY L CK#~<7F F (CPON) %
Elt. o7 ety vy /i3 5 BEERN pro-
ACTH/endorphin D7 rty v v 7 H{EA LTS
BIY, 2007 F FRiRED T v v, v v SI2BS
LT ABRBIERELH 0, AL MRt b
FEEL > 2EIRBI .

THEMIFA Tk NPY mRNA (:fifatkicfige L, #t
REEPHARTIZTRD DRI, —RIC iR~ 7+ 1
AR o HENaE LT mRNA 25 BiEREH 8

REh, IACETT vy, vV 7% 5350
i b PHEARHER RSP BhIRZE R~ 0 #i5 R D FEM L 4
B L FEOEMN I BECHETIR . Al
HCAERI R NPY 2Bl S h 5 kA bme
FEB IR TV 549, % 20 - NPY (24 Rk,
CRhE S, BTG UTaw s 748,719 NPY
D WFERIT VW B ‘large dense core vesicles’ 1
—F L, ‘small dense core vesicles’ 1zt NPY 1%
ELRV. 2EH NPY (R ENE NE o
IO RMERRNOBFR I RAZZIhicwEE 2 bh
%. WEHEShic NPY Bl EAS MERTHRSh
55, NPY OGO MES T+ F B#E ik k
{, NPY oFffefo—2o0BEREELZLLS (T4
b (8T AR 2 REHI A ETH % (Higuchi, KF
*)).

=2
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5. NPY AQMOE(L—FICEFRNTOMRS LUS
MEICEES LTOEE

—#¥ic NPY mRNA £+ NPY B2 X MBI 55
X, NPY & EOHEIERT NPY HEETFRE LV
~v (NPY mRNA #) o Fffic X - TfilcbhbhTuw
5 ELEbhB®, NPY 0Lk 5 fiRiEl~~7+ 23,
A BV TERBCRIETRB VS VO RMiEZ0 v
BDTHH50? B fEx 0FHINEE Ly, &
BEFLSy & AWT NPY isiEE (NPY-LI
B) oF{tx PELTHS L, NPY-LI Eixficxng
BT TEBT5H b 540759, HEBREVINT, KK
O RMIERIC B0 5 e X 5 NPY B3 LWk
L, MFERBY LT NPY B0zt (R im e
7y b (SHR) OBAIALTOZELL, BEFIEST
DELE) HEDOILETHS. FlxiE, KEERT
555y FEIBIIZ 3\~ T NPY B3E (Inig) ik
W, #9200 6% S BAMEINTS. —7, PREERCE -
T AE S, BOREEN T D, MEEEFR
DEFET HIER « FHT /101, &k WET20
BWAER L. NPY ofiR#ELE X5ERD, FELw
BEEMTH Y, MR I3 M AE S O eI
WEOEBIL, ToEE L TRCAERIEZE LS
BHENDEZ, NPY 23t 5 mEFR BRI
BiEA LT3 EEL BRI,

ZoinmctE > NPY BoZ e NPY BIEFHRBEO
ZANBEELTOENE I &AL AWNT, Fy bEl
Bzt 5 NPY mRNA BxHlET % & NPY B0
> T NPYmRNA 0Z LN E = ->T
7250, OE D, EEPNIIWT NPY %47 % FIRE
B7e=7,; YHIRRAT, NPY BEFREILELL,
FoRER NPY 0BEANF2001% S #NT2H 50
it ote., O X5 NPY 4o B ZE e
Th5AEMEOTIMNC X VKT B2, D% h N
FENBD LT v AYFFFy 7 (transsynaptic) 7o7HEL
Xy, 7e=7; HROEECM LD, R T
D, Thic X - THilaN NPY BIZFREIRG I hic
tEZbRE. 20X it ver e vRET BT S
PR D FEENHEINAS, EIEIE tyrosine hydroxylase
(TH) BEToREAXHASE, THHFOLEARELH
MIXEBLEVWHIEESRL, [ voa ) VI kT hHHEK
HREOIEEMA S Z b NPY BEFREAV WA LIL
W I ST BB bR TW5.

EENTOINPY 7+ FOREIIERIhE <75

FEOERRT TR, B Bz >05. flzE
5y PRI BTN E & 3 1ic Met”? ofpfb3hic
Met (O)-NPY 2GR BT %5, =0 Met (O)-
NPY o HBUTHREFERICED by, RESHE,
BBz oz@dbhsd (zvvAatrF=v (CCK)
Met (O) Fix hiRiE R B35 0 LI HRWTH
%) 5, o sulfoxide B AFPFRIC OVWTLE
TERBATH %5359,

6. MiEEE), )T REECHLDS NPY BEFRER
DE{t

W X 5 NPY mRNA Eozs (i, B
e X5 7 rn=7 4 ViliADEEOZEL NPY BETF
RAXFLIRIIDLEL NS, HENIIAEEDE
i, HREROBETFORBLED LI ELIES
DEAHIM? Mz T NPY sr5=25 3 v (CA) ©
cotransmitter ‘T%» b, CA KU ACh o ¥E#EA S
BETY 7 AGEEYENERS. o NPY EETH
Bo MRS X 2 Ffs G HERhE, i E
koo, ¥TREOHBTH S v 7 ATEMR DL
MEBRED =7 1R EEZ BRI, Thikic,
BEMEY LT, REERR v ABEC LD
NPY EEFREOFMCOWTRE L M TaRle. &
MefEen s v — LMY A7) —=v7L,
NPY mRNA »# HHT5MlaRx 2Ll (36).
NG108-15 #ifg (GR4b) 12 NPYmRNA % $ %<
&%, NPY BETFEREEEEORA LML Bbhs.
C OTRAINAETE » U 7 A% & A7 krebs-bicarbonate
B T304 —13mV FTEELXESE & ¢ T NPY
mRNA BoOXEH Y &Zic. 3KHEIHKIE NPY mRNA X
2v b r—AD0%OHEMERL, 6RKHEETHI13%D
BEINA R LTz, actinomycin D (5 pM) 12 & D
MEE L. coz bix, = omEmpaEo b v
TFAMALHD LIV Ay vy —NLTER
»% NPY BIETIHEEEE LR A — 4 —CTHAIES
Bk D 5T A RE L T\ 7z (Higuchi and Yoshida,
RFF).

7. NPY BEFRECHTIRIVEY, HEaAEHY
FXwEYY+—DFE
PCI2 5y +7=F27rmrEYS +—<filQET F LI
) VMR TH D, NPY BIZTFRBEFAMLANLE
Bre@ELT\Ww5. Tz offifazfHvT, NPY mRNA
Bt Arey, EEPE, €HVFRyry
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Table 6 The neural cell lines which express NPY mRNA and NPY

NPY mRNA

NPY

pg/eg tcRNA  molecules/cell

pmol/g tissue

Cs rat glioma cells <0.05 <0.4 (=)
NI8TG2 mouse neuroblastoma 0.13 0.9 35
cells (inactive) : :
NGI108-15 hybrid cells 11. 4 1900 44
(cholinergic) :
PCI12 rat pheochromocytoma 0.23 L9 19
cells . :
NI1El15 mouse neuroblastoma
cells (adrenergic) =03
AtT-20 mouse pituitary cells (=) (=)
NCB20 hybrid cells
(cholinergic) 8.2 39
rat striatum 6.1 54

These cells were cultured in 90% DMEM and 10% fetal calf serum in
75 cm? flasks, and the growing cells (in the growth phase, undifferentiated)

were used for the analyses.

P4 —DEELDOWTHNMD, ZEAT S Fih
Y (BEBarsFafy, gBarFa2( ¥, Btk
v, THrrEY), BREBEALEY, fvva) v
DO LEE LT 2, FEAXEOAT S FhLE v
D&HM, NPY mRNA BXHEC#HMIE. T0H
HREL Y COEOREERAL, HEars 21 FEA
FENTHRIETHY, 7+ NPY BEFIIEE =1
F a2 FRBFIC X Y BEE VvV CIECHEfMiSh? &5
zbhi. EEEF, + NPY EBETF 5 LR
BarsFad FEZRECHEESL S5 HEED cis elements
PEFETH. Lirl, Thbo elements 2/ LCHE
Bansaf FEEEN NPY BETFEEZ LD LS
FET B DONWTIE, NPY BETF S v —x -4
L CAT (chloramphenicol transferase) X7 % — o
I =BEFERERLT, EEEEEEOFEXFAE TS
DENRDS.

¥ 7 AMBRRC IS 5 MHEEEN B « MRt
AR MREREs v F 2y vy —ICERTS. FAE
eIV P Ayt ey—& LT cyclic AMP R,
cyclic GMP I 5., phosphoinositides [Al #5125t <
protein kinase C jE#:1k, fia Ca 1 + v EAMN
NPY BEFHRB L 5 PETD OKICBRE Lic. f
KN cAMP % R &% forskolin, dibutyryl cAMP
JLBE, protein kinase C #{EMALTS 7 4 4 E -1 =
ATVIER, Irvyadts 747 (A23187) LR

1, FhZh¥EMC NPY mRNA B2 BREEMNIEs
ENRTE. D0ED, cAMP o LR, protein kinase
C DAL, MRy Ca D LA NPY #ETHRE
 ERIRBELR LTS, L RBREEL,

IHHDERICE L\ HEVEA (synergistic action)
DRDONIETHS. ChbOMEFERO S S, Ml
M cAMP #n R & protein kinase C DG X
> TRBBOCHEFEEA LR (B5). 2%Dh, A
FEMIRAN T cAMP (KEMEH Y vELEE#K L protein
kinase C OWH O EM: LR E Uiy, NPY &ETF
DERREEESEE AN S EAHELRE LT 0
HFEERZ, © Mk SK-N-MC HilzcbBD b
hic. 2%h, e rROT» FOEEXBLTRESIhS
NPY #EEF D cis-elements (%437 v € — x —4HiRIC
FEETS) 2%, WY vIMbBERER O B2 EZ L,

NPY BEFEEEHZBELI®BLEE L bR &
DT LxPEXT NPY #ET 5 ERRCRKETS &
7 28bp %Y v Fr — A (palindrome) K
(GGGAGTCACCCGGGCGTGACTGCC) »f##F
TRTW®, Zofhiciiv1¥p 5 phorbol ester cis
elements (T(G)T)AGTCA(G/C) » % it CCCC-
AGGCQC) KU cAMP cis element ((T/G)ACGTCAG)
XL P ENE TR TS, MRS RO SN TR
FEM:E LT, Thbo cis element HEAL S 5 BN
EEHEHRT (AP-1, AP-2 59.6) 53, cAMP K7
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PC12 cells

16

Prepro-NPY mRNA Abundance
(relative to zero-time control)

F + PMA
+ A23187

F + PMA

F + A23187

F
PMA+ A23187

Hours

Fig. 5 Effects of forskolin, TPA, and A23187, alone or in combination, on

the NPY mRNA abundance in PCIl2 cells.

PCI12 cells were treated with

20 pM forskolin, 0.4 oM TPA, and/or 0.4 M A23187 for the durations
indicated. Forskolin (F) alone elevated NPY mRNA moderately. TPA or

A23187 alone had little effect on the NPY mRNA abundance.

The com-

bination of these agents elicited the positive synergistic regulation of NPY

gene expression. (Ref. 35)

PERE Y vEMLEEFE S B L protein kinase C 2 X b
) Vg b EhAH T, NPY MIETESE%177c5 RNA
AV AT =X EEAHFEACHENTE S X5 sd
NELZORS., TOXdEI VA, vy —[HD
BIETRBUCKT 23 LOCAREML, ATt
NETHRENEEAEL SR T WD, BETZHEHA
HCREFEER THS LEbhs.

Lito X 5w, MREEESC > o 7 AR X ) fifam
CH YV Ay VY —EE)T S L, NPY EET1%
BU3E LT ARV b L leofe. 2 D NPY
mRNA FEoZbix NPY EREoLE#%> XL »
TG VERR LB YIS ALED BRI AR R b
T ET DR EENE v S A TO v S AR D
120 FCieh &b,

8. WEHEEADMEY—H—& L TD NPY EEF
E3i]

% & DRIERR L O X b NPY (3R M58 o
BF, P 725 3 v (CA MfRc I fFT 550
o THBESY D% ), CASREEENOFEN X

T 5 iR, NPY AR ELHAR LT
5. Fhifge, =0 NPY AfHED A7 =R 8L LT

CA fiEfEA T NPY {5 TGS o 13,
calcitonin/CGRP THBNW A X 5 e IR AT 54 &
v 7 (alternative splicing) OFH, H5 X FRv
S TOAEGHIENEDE 2 bhie. 2o NPY o CA
AR TOR RO~ 5t 35 BN T,
fixn 7z e —vAbMiEMIfAE A2 ) —=v 7 Lic. flx
¥, Nirenberg WFTHEZ ENFz = 7 A MY, HEifE
gk, 5o b PCI2 7 o 7 e 1 b —<#ll,

< A AtT-20 FIEMAHl, 27V +—~ M,
7 5 = CELEL offifan b (Zh b orEka
L, MRREME GRS, AABHBERRE I E X
o SEEhTn5.). 2oH5b, NPY #RBLT5H
Jax e R S h T e s, FHERK LTRSET
w52 ) v (ACh) 4745 fikdiia NG108-15 i f,

NCB-20 fifaicixd &80 NPY 25, —Jh&s1k CA
A MM PCI2 fife, NIELL #ifgwcixd & o
NPY AT 500 bn i1 (#6). NPY %
PEAT B iz it Northern blot Z3#7T, B4PICED

=7nr
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PC12 cells

285

185
 0.8kb-

FR

CDNDN CDNDN CDNDN

1 day

3 days

6 days

Fig. 6 Long-term effects of NGF on the NPY mRNA abundance. PCI2
cells were treated with 60 ng/ml NGF (N) and/or 1 #M dexamethasone (D).
The total cellular RNA was analyzed electrophoretically, and Northern blot
membranes were hybridized with a nick-translated rat NPY c¢DNA probe.
NGF or dexamethasone alone elevated NPY mRNA abundance remarkably,
while dexamethasone diminished the effect of NGF when both were present.
(Higuchi and Sabol, unpublished data)

bhb & U 0.8kb op# NPY mRNA 725585
B, BHMCESE ACh SAHIIC 58 L
Ttz (E6) o Lk NPY i1—#tic CA o
cotransmitter & LTCid LI TWAA, L~
BT CA oRH e NPY BETRBE LG —FKLxw
BAENBDEAR LT . 44, NPY BETRBlc
1%, CA AEBBEEHREFOBETRBLE 08 S RSN
BIG LT WA Ha R LTV 5.

L, ZThbo R LeE#iasy PCI2 fifax
2,58 MR RAT (NGF) T2 tiiac e, %
7= NG108-15 #fifad %\ i3 NCB-20 #fiffiiz cAMP %
DMSO T ACh tEpfitfifimics® spbx ¥ % &, PCI2
WHETIE 4 AT NPY mRNA SE23%45EH o 100 %
gL (X6 ), NGIL08-15 ffiffa T vk 45 fhic 1
\», NPY mRNA &233 HRT 110 eiid Lic. &5
IZ nuclear run-on experiment = X » NGF 2 k5%
PCI2 fifazr ks NPY {AFIRZEM D 25 1L % 75
N5 L, WHENCHTO NPY SEET OEEIGME A
LT\ 7 (Higuchi and Sabol, £¥#). —iic B

MBS T 5 12 TATA £, 7 2 %> CCAAT
F oy 7 ACKEAT B IEANCLADEEFHHERT Dt
b7 R = 2 — ALK AT B IREETY o MR R Y
transacting factor WHFEfETAHE E2DBRAE. Z DX
ST T PRI A FH T, SRR a2 (LRI
X, NPY JEETFIAHD HEGR O FEH 5\ %
TR EAMHA T OFEAIHI S Z > T A ELZREL T
fo. Fic ACh M fpgffas LT s\ T, R&ato
Banrg LTnws &z bht.

R NPY 2388135 Hila < bic Bl 5
7oz, PCI2 fiffaic 135 NGF » NPY mRNA J
BB A2 2T~ 72 (Higuchi and Sabol, £F3).
PCI2 fiffaix NGT i k5 e v, BT b 4:
LA & 2 < DZE LA B & A%, protooncogene %
GO DEE RO Wb NGF /o PCI2
R S W TRZ IR TW A = h b o Zic i
~, NGF 2 X% NPY mRNA o#nidix b #E b
DTH%. NPY mRNA ot NGF &, 3.5
BT I35 b5 L, NGF 12 L 53f(ET-HBlo #FE 0
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5 TChIicET A4 THS. Linl, ok
EAAKEERTHHEh 55X, NGF Xafb
NOEAUIRERTOEAEZNTS 2RI DLEL
bR’ (Higuchi and Sabol, #3). #lx ¥ c-fos
EETRAFEIEAAPELERCMH S h ¥, NGF
DR SHEENIEREEZBRLY, cfos BETFEY
2 NPY BEFRBECEE LTV A2 IBERHO
TH%®. Minth 50, FEHIA T NPY BETFH
RBETHHCHEAD S v — 2 Pt e ¢ NPY Sz
FTix —530bp @ 5 EififHEIRE Slbp D1 =%V
VORGDFCHHERR LI, LrL, Mo
ot G fiE~D4r{k) «wBd%5-+% transacting
factor T 5 cis elements 23 B DB FELE
THNEIDIITRHDOEFTHS. NGF 13K MED
St i D A ERC VBD RT L LTabh,

WHWBILAHL « BB 5 BET D IEEEEY |k
AIRHHERAON T, ZoEicounw Tt
ARBPOEETH-7%. NGF i L % NPY BETFR
B AOBRSE oML, NGF OfF AR OB By

FrnveELD EBbh%.
9. ¥ B

neuropeptide Y (NPY) (XH#RR UK HIAZ REMFE SR
B AL, BEESER% & ek lerh iR E <o i
ERGIRIE, fHRRER X v o CA EEEIHIrE A
HEO. ThboABIERARRBT% NPY Z&MAC D
P b 22097 x4 7 (Y, Y2) b, HrD
GTP fEABRHBL Y » 7T 2 HE N b T ¥ .
cDNA ROBET 7 e —=v 7 olEREc e b
RS » + O NPY FilRE—kBEENRE SN, LD
VR RESE R D NPY i34 e Fe A 7o A A
EORTF FUEMREEME L E 2 bR, Thisrk
THMENER L TETWB. NPY 0L EihEER
R, NPY BIEFRES, pro-NPY o4&, 7 r
vy vV, BT AMREATI ot FEDE
Bic X v, NPY BIEFREAROCAEAGBITIHEES, -+
NEYV, WEREEDBESBEENT S IV F Ay Y
T - X VBRI TV AERHALM R,
ZhboRFIz X5 NPY BETREFAMNT, NPY o
EEER IV EL, vr S ABEOEHY EL, v
FATEED 1 DD BRWELFEREFLEEZ DR
E Bz NPY 3R MlaN e B L, ¥/, CAH
RS LR O YNPY SEEFREANEZFWFCH KT 5
Hnh, ZOBEETRERSEHEODIRIR, MRS

{LOBFBBDORVWF2R Y2525 ¢Ex bhi.

HE R OMIFE L W W HFEEEE, kb0
KEEVHEEPER (NIH) @i\ T3EREY LT
o2k Hsiu-Ying T. Yang f#i:, Erminio Costa
{84, Steven L. Sabol {# 4:, Marshall Nirenberg
gL ET.

X [

1) Tatemoto, K. and Mutt, V.: Proc. Natl. Acad.
Sci. U.S.A. 75, 4115 (1978)

2) Tatemoto, K. and Mutt, V.: Nature 285, 417
(1980)

3) Tatemoto, K., Carlquist, M. and Mutt, V.:
Nature 296, 659 (1982)

4) Tatemoto, K.: Proc. Natl. Acad. Sci. U.S.A.
79, 5485 (1982)

5) Kimmel, J.R., Hayden, L.J. and Pollock,
H.G.: J. Biol. Chem. 250, 9369 (1975)

6) Minth, C.D., Andrews, P.C. and Dixon, J.E.:
J. Biol. Chem. 261, 11974 (1986)

7) Adrian, T.E., Allen, J.M., Bloom, S.R., Ghatei,
M.A., Rossor, M.N., Roberts, G.W., Crow, T.].,
Tatemoto, K. and Polak, J.M.: Nature 306,
584 (1983)

8) Allen, Y.S., Adrian, T.E., Allen, J.M,,
Tatemoto, K., Crow, T.J., Bloom, S.R. and
Polak, J.M.: Science 221, 877 (1983)

9) Everitt, B.J., Hokfelt, T., Terenius, L.,
Tatemoto, K., Mutt, V. and Goldstein, M.:
Neuroscience 11, 443 (1984)

10) DiMaggio, D.A., Chronwall, B.M., Buchanan,
K. and O’Donohue, T.L.: Neuroscience 15,
1149 (1985)

11) Lundberg, J.M., Terenius, L., Hokfelt, T.,
Martling, C.R., Tatemoto, K., Mutt, V., Polak,
JM., Bloom, S. and Goldstein, M.: Acta
Physiol. Scand. 116, 477 (1982)

12) Hendry, S.H.C., Jones, E.G., DeFelipe, J.,
Schmechel, D., Brandon, C. and Emson, P.C.:
Proc. Natl. Acad. Sci. U.S.A. 81, 6526 (1984)

13) Terenghi, G., Polak, JM., Hamid, Q.,
O’Brien, E., Denny, P., Legon, S., Dixon, ]J.,
Minth, C.D., Palay, S.L., Yasargil, G. and
Chan-Palay, V.: Proc. Natl. Acad. Sci. U.S.A.
84, 7315 (1987)

14) Kowall, N.W. and Beal, M.F.: Ann. Neurol.
23, 105 (1988)

15) Emson, P.C. and DeQuidt, M.E.: TINS 7, 31
(1984)

16) Edvinsson, L.,, Hakanson, R., Wahlestedt, C.
and Uddman, R.: TIPS 8, 231 (1987)

17) Majane, E.A., Alho, H., Kataoka, Y., Lee,



216 b A

C.H. and Yang, H.-Y.T.: Endocrinology 117,
1162 (1985)

18) Allen, J.M., Bircham, P.M.M., Bloom, S.R. and
Edwards, A.V.: J. Physiol. 357, 401 (1984)

19) Hexum, T.D., Majane, E.A., Russett, L.R. and
Yang, H.-Y.T.: J. Pharmacol. Exp. Ther. 243,
927 (1987)

20) Higuchi, H., Costa, E. and Yang. H.-Y.T.:
Fed. Proc. 46, 1448 (1987)

21) Higuchi, H., Costa, E. and Yang, H.-Y.T.:
J. Pharmacol. Exp. Ther. 244, 468 (1988)

22) Lundberg, J.M. and Stjirne, L.: Acta Physiol.
Scand. 120, 477 (1984)

23) Colmers, W.F., Lukowiak, K. and Pittman,
Q.J.: J. Physiol. 383, 285 (1987)

24) Hakanson, R., Wahlestedt, C., Ekblad, E.,
Edvinsson, L. and Sundler, F.: Prog. Brain
Res. Vol. 68, Edited by Hokfelt, T., Fuxe,
K. and Pernow, B., p.279, Elsevier Science
Publishers, Amsterdam (1986)

25) Hakanson, R. and Wabhlestedt, C.:
Meeting Abstr. S679 (1987)

26) Fredholm, B.B., Jansen, I, and Edvinsson, L.:
Acta Physiol. Scand. 124, 467 (1985)

27) Kassis, S., Olasmaa, M., Terenius, L. and
Fishman, P.H.: J. Biol. Chem. 262, 3429
(1987)

28) Ewald, D.A., Sternweis, P.C. and Miller, R.].:
Proc. Natl. Acad. Sci. U.S.A. 85, 3633 (1988)

29) Stretton, C.D. and Barnes, P.J.: Br. J.
Pharmacol. 93, 672 (1988)

30) Wahlestedt, C., Yanaihara, N. and Hakanson,
R.: Regul. Pept. 13, 307 (1986)

31) Clark, J.D. and Limbird, L.E.: Fed. Proc.
47, A783 (1988)

32) Minth, C.D., Bloom, S.R., Polak, J.M. and
Dixon, J.E.: Proc. Natl. Acad. Sci. U.S.A.
81, 4577 (1984)

33) Higuchi, H. and Sabol, S.L.: Fed. Proc. 46,
2182 (1987)

34) g2, Sabol, S.L.: #fE{ka: 26, 58 (1987)

35) Higuchi, H., Yang, H.-Y.T. and Sabol, S.L.:
J. Biol. Chem. 263, 6288 (1988)

36) Allen, J., Novotn¥, J., Martin, J. and Heinrich,
G.: Proc. Natl. Acad. Sci. U.S.A. 84, 2532
(1987)

37) Larhammar, D., Ericsson, A. and Persson,
H.: Proc. Natl. Acad. Sci. U.S.A. 84, 2068
(1987)

38) Leiter, A.B., Montminy, M.R., Jamieson, E.
and Goodman, R.H.: J. Biol. Chem. 260,
13013 (1985)

39) Takeuchi, T., Gumucio, L.D., Yamada, T.,
Meisler, M.H., Minth, C.D., Dixon, J.E., Eddy,
R.E. and Shows, T.B.: J. Clin. Invest. 77,

IBRO

-

1038 (1986)

40) Boel, E., Schwartz, T.W., Norris, K.E. and
Fiil, N.P.: EMBO J. 3, 909 (1984)

41) Yamamoto, H., Nata, K. and Okamoto, H.:
J. Biol. Chem. 261, 6156 (1986)

42) Gu, J., Polak, J.M., Allen, J.M., Huang, W.M.,
Sheppard, M.N., Tatemoto, K. and Bloom,
S.R.: J. Histochem. Cytochem. 32, 467 (1984)

43) Ericsson, A., Schalling, M., McIntyre, K.R.,
Lundberg, J.M., Larhammar, D., Seroogy, K.,
Hokfelt, T. and Persson, H.: Proc. Natl. Acad.
Sci. U.S.A. 84, 5585 (1987)

44) Dickerson, I.M., Dixon, J.E. and Mains, R.E.:
J. Biol. Chem. 262, 13646 (1987)

45) Chan-Palay, V., Yasargil, G.,, Hamid, Q.,
Polak, J.M. and Palay, S.L.: Proc. Natl.
Acad. Sci. U.S.A. 85, 3213 (1988)

46) Fried, G., Lundberg, J.M. and Theodorsson-
Norheim, E.: Acta Physiol. Scand. 125, 145
(1985)

47) Pelletier, G., Guy, J., Allen. Y.S. and Polak,
JM.: Neuropeptides 4, 319 (1984)

48) Bastiaensen, E., Miserez, B. and De Potter,
W.: Brain Res. 442, 124 (1988)

49) Lundberg, J.M., Saria, A., Hokfelt, T., Franco-
Cereceda, A. and Terenius, L.: Acta Physiol.
Scand. 123, 363 (1985)

50) Nagata, M., Franco-Cereceda, A., Svensson,
T. and Lundberg, J.M.: Acta Physiol. Scand.
128, 321 (1986)

51) Allen, J.M., Schon, F., Yeats, J.C., Kelly, J.S.
and Bloom, S.R.: Neuroscience 19, 1251 (1986)

52) Higuchi, H. and Yang, H.-Y.T.: J. Neurochem.
46, 1658 (1986)

53) Higuchi, H., Yang, H.-Y.T. and Costa, E.: J.
Neurochem. 50, 1879 (1988)

54) fEOsRs, HiE B, FH OE: Rk 27, 276
(1988)

55) Maccarrone, C. and Jarrott, B.:
345, 165 (1985)

56) Biguet, N.F., Buda, M., Lamouroux, A.,
Samolyk, D. and Mallet, J.: EMBO J. 5, 287
(1986)

57) Fischer-Colbrie, R., Iacangelo, A. and Eiden,
L.E.: Proc. Natl. Acad. Sci. U.S.A. 85, 3240
(1988)

58) O’Hare, M.M.T., Tenmoku, S., Aakerlund, L.,
Hilsted, L., Johnsen, A. and Schwartz, T.W.:
Regul. Pept. 20, 293 (1988)

59) Angel, P., Imagawa, M., Chiu, R., Stein, B.,
Imbra, R.]J., Rahmsdorf, H.J., Jonat, C.,
Herrlich, P. and Karin, M.: Cell 49, 729
(1987) '

60) Roesler, W.]., Vandenbark, G.R. and Hanson,
R.W.: J. Biol. Chem. 263, 9063 (1988)

Brain Res.



NPY OfEH - LG L BIZTFFHB 217

61) Greene, L.A. and Tischler, A.S.: Proc. Natl.
Acad. Sci. U.S.A. 73, 2424 (1976)

62) Nirenberg, M., Wilson, S., Higashida, H.,
Rotter, A., Krueger, K., Busis, N., Ray, R.,
Kenimer, J.G. and Adler, M.: Science 222,
794 (1983)

63) Guroff, G.: Cell Culture in the Nervous
System, Edited by Bottenstein, J.E. and Sato,
G., p. 245, Plenum Press, New York (1985)

64) Greenberg, M.E., Greene, L.A. and Ziff, E.B.:
J. Biol. Chem. 260, 14101 (1985)

65) Milbrandt, J.: Proc. Natl. Acad. Sci. U.S.A.
83, 4789 (1986)

66) Dickson, G., Prentice, H., Julien, J.-P.,
Ferrari, G., Leon, A. and Walsh, F.S.: EMBO
J. 5, 3449 (1986)

67) Feinstein, S.C., Dana, S.L., McConlogue, L.,
Shooter, E.M. and Foffino, P.: Proc. Natl.
Acad. Sci. U.S.A. 82, 5761 (1985)

68) Leonard, D.G.B., Ziff, E.B. and Greene, L.A.:
Mol. Cell. Biol. 7, 3156 (1987)

69) Khorram, O., Pau, K.-Y.F. and Spies, H.G.:
Peptides 9, 411 (1988)

70) Allen, L.G., Crowley, W.R. and Kalra, S.P.:
Endocrinology 212, 1953 (1987)

71) McDonald, J.K., Lumpkin, M.D., Samson,
W.K. and McCann, S.M.: Proc. Natl. Acad.
Sci. U.S.A. 82, 561 (1985)

72) Haas, D.A. and George, S.R.: Life Sci. 41,
2725 (1987)

73) Harfstrand, A., Fuxe, K., Agnati, L.F.,
Eneroth, P., Zini, I., Zini, M., Andersson, K.,
Von Euler, G., Terenius, L., Mutt, V. and
Goldstein, M.: Neurochem. Int. 8, 355 (1986)

74) Kerkerian, L., Guy, J., Lefévre, G. and
Pelletier, G.: Peptides 6, 1201 (1985)

75) Danger, J.M., Guy, J., Benyamina, M., Jégou,
S., Lembuolenger, S., Coté, J., Tonon, M.C.,
Pelletier, G. and Vaudry, H.: Peptides 6, 1225
(1985)

76) Albers, H.E., Ferris, C.F., Leeman, S.E. and
Goldman, B.D.: Science 223, 833 (1984)

77) Clark, J.T., Kalra, P.S., Crowley, W.R. and
Kalra, S.P.: Endocrinology 115, 427 (1984)
78) Clark, J.T., Kalra, P.S. and Kalra, S.P.:

Endocrinology 117, 2435 (1985)

79) Fuxe, K., Agnati, L.F., Hérfstrand, A., Zini,
1., Tatemoto, K., Pich, E.M., Hékfelt, T.,
Mutt, V. and Terenius, L.: Acta Physiol.
Scand. 118, 189 (1983)

80) Hirfstrand, A.: Acta Physiol. Scand. 128, 121
(1986)

81) Lightman, S.L. and Vallejo, M.: J. Physiol.
371, 96p (1985)

82) Gray, T.S. and Morley, J.E.: Life Sci. 38, 389

(1986)
83) Zini, I., Pich, M., Fuxe, K., Lenzi, P.I.,
Agnati, L.F., Harfstrand, A., Mutt, V.,

Tatemoto, K. and Moscara, M.: Acta Physiol.
Scand. 122, 71 (1984)

84) Moltz, J.H. and McDonald, J.K.: Peptides 6,
1155 (1985)

85) Heilig, M. and Murison, R.: Eur. J. Pharma-
col. 137, 127 (1987)

86) Heilig, M. and Murison, R.: Regul. Pept. 19,
221 (1987)

87) Dahlsf, C., Dahlsf, P. and Lundberg, J.M.:
Eur. J. Pharmacol. 109, 289 (1985)

88) Wahlestedt, C., Wohlfart, B. and Hakanson,
R.: Acta Physiol. Scand. 129, 459 (1987)

89) Balasubramaniam, A., Grupp, I., Matlib, M. A.,
Benza, R., Jackson, R.L., Fischer, J.E. and
Grupp, G.: Regul. Pept. 21, 289 (1988)

90) Allen, J.M., Bircham, P.M.M., Edwards, A.V.,
Tatemoto, K. and Bloom, S.R.: Regul. Pept.
6, 247 (1983)

91) Potter, E.K.: Neurosci. Lett. 54, 117 (1985)
92) Hellstrom, P.M., Olerup, O. and Tatemoto,
K.: Acta Physiol. Scand. 124, 613 (1985)
93) Wiley, J. and Owyang, C.: Proc. Natl. Acad.

Sci. U.S.A. 84, 2047 (1987)

94) Cox, H.M., Cuthbert, A.W., Hakanson, R. and
Wabhlestedt, C.: J. Physiol. 398, 65 (1988)
95) Pettersson, M., Lundquist, I. and Ahrén, B.:

Endocrine Res. 13, 407 (1987)

96) Allen, J.M., Raine, A.E.G., Ledingham, J.G.G.
and Bloom, S.R.: Clin. Sci. 68, 373 (1985)
97) Baranowska, B., Gutkowska, J., Lemire, A.,
Cantin, M. and Genest, J.: Biochem. Biophys.

Res. Commun. 145, 680 (1987)

98) Hackenthal, E., Aktories, K., Jakobs, K.H.
and Lang, R.E.: Am. J. Physiol. 252, F543
(1987)

99) Aubert, J.F., Burnier, M., Waeber, B,
Nussberger, J., Dipette, D.J., Burris, J.F.
and Brunner, H.R.: J. Pharmacol. Exp.
Ther. 244, 1109 (1988)

100) Stjernquist, M., Emson, P., Owman, C.,
Sjoberg, N.-O., Sundler, F. and Tatemoto,
K.: Neurosci. Lett. 39, 279 (1983)

101) Grunditz, T., Hakanson, R., Rerup, C.,
Sundler, F. and Uddman, R.: Endocrinology
115, 1537 (1984)

102) Allen, J.M., Schon, F., Todd, N., Yeats, J.C.,
Crockard, H.A. and Bloom, S.R.: Lancet ii,
550 (1984)

103) Adrian, T.E., Allen, J.M., Terenghi, G.,
Bacarese-Hamilton, A.]J., Brown, M.]J., Polak,
JM. and Bloom, S.R.: Lancet ii, 540 (1983)

104) Heilig, M., Wahlestedt, C., Ekman, R. and



218 B oo = W%

Widerlév, E.: Eur. J. Pharmacol. 147, 465 Res. 337, 197 (1985)

(1988) 106) Beal, M.F., Svendsen, C.N., Bird, E.D. and
105) Allen, J.M., Cross, A.J., Crow, T.J., Javoy- Martin, J.B.: Neurochem. Pathol. 6, 169

Agid, F., Agid, Y. and Bloom, S.R.: Brain (1987)

Abstract—Neuropeptide Y (NPY): Functions and biosynthesis as a peptidergic neurotrans-
mitter and the regulation of neuron-specific expression of NPY gene. Hiroshi HIGUCHI
(Department of Pharmacology I, Osaka University School of Medicine, Nakanoshima,
Kita-ku, Osaka 530, Japan). Folia pharmacol. japon. 93, 203~218 (1989)

Neuropeptide Y (NPY) is widely distributed in the central and sympathetic nervous systems
and has a variety of central actions including regulation of blood pressure and peripheral
actions; e.g., continuous vasoconstriction and inhibition of catecholamine release. The
NPY receptor can be divided into 2 subclasses (Y3, Y;), and these subclasses are coupled
to GTP binding proteins (Gi, Go, Gp - ). Recently, human and rat prepro-NPY
mRNA and NPY gene structures have been determined by cDNA and genomic cloning
and sequencing. The strong evolutionary conservation of these structures suggested that
NPY is an essential peptidergic neurotransmitter. Little is known about the biosynthesis,
processing, degradation of NPY and NPY gene expression. We showed that NPY gene
expression and NPY biosynthesis are regulated by neural activity, hormone, and intra-
cellular second messengers via neurotransmitter receptors. The change of NPY gene
expression by these neural factors is considered to be a good model for a synaptic plasticity,
because these changes cause the changes of synaptic transmission. Furthermore, because
NPY is expressed in sympathetic neurons and its gene expression increased markedly on
the differentiation of adrenergic cells, this study about NPY gene expression could provide
good clues for elucidating the differentiation of sympathetic neurons.



