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The Influence of the Light Stimulus on VIP mRNA in VIP
Containing Neurons of the Rat Suprachiasmatic Nucleus

Shonosuke Okamoto
Department of Ophthalmology, Kyoto Prefectural University of Medicine

Abstract

In this study, an in situ hybridization technique combined with computed image analysis was
performed to examine whether or not synthesis of vasoactive intestinal peptide (VIP) was influenced
by a light stimulus from the retina and diurnal changes of messenger RNA (mRNA) of VIP in the rat
suprachiasmatic nucleus (SCN) were measured. The amount of mRNA was largest at 2 : 00am, second
largest at 20 : 00pm during the dark phase and smallest at 14 : 00pm during the light phase. We also
confirmed the onset of fluctuation of mRNA preceding the diurnal variation of the content of the
VIP-like immunoreactivity established by semiquantative immunocytochemistry and this fluctuation
was abolished under constant dark conditions. The present finding strongly suggested that light
stimulus from the retina primarily influenced the transcription of VIP mRNA and induced diurnal
variation of VIP synthesis. (Acta Soc Ophthalmol Jpn 95 : 562—569, 1991)
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I #

AR _E#% (suprachiasmatic nucleus) (ZRZIER D
FhlicfFET s MEE T, HROREIcL ~THA
HoEm 1 fibhic WEFERETICES T, £HOT
BCHMRERNERICA bR S, 1RF2URRE O B 4o
VAA] LEHERBY—HFTA7 Y XA (cir
cadian rhythm, #H V) X&) OoFREHERM I TE
D, WbhIIERRE LToBER b oL Th, [ER
HEE, BA srxvolh, BREEFOR LR
) X ADBFCEBEboTwaEELBATL
B8 Fio, WA EEA~O ANBRMED— > BIR L
h OERMEFHEOBFVM LA TE HN, WAT E
BRI /T B VIP (vasoactive intestinal pe-
ptide) F#LRERR MR IS 3R FRARME O MR VT AR
WA LRI T2, O HRIIREERS
=BT AT V)X a2k BRBCFRREES
L EERFEHE L0 LEZLRTWA, AFE, &
FEHFHFEIC L b T EFRIT messenger RNA
(ELF mRNA) oR#fEZ#HH 3% in situ hybridiza-
tion B T hic!, AFERICEVWTILT » P RE
R bk 5 VIPMRNA o RERB LT3 E
&b BRI T T oM b X FI Mo FuE T RE
iZxt L, VIP W OSHHEET 5 mRNA oZEHHic->
T in situ hybridization ¥ & 0%, computer E/{&#47
i AERLERL, BRET-1.

I SEERT5E

8 B> Wistar REEZ » P 242ILfER L1z, Zh
O v b IZEAREERFET 6 BralT, % 6 BeELT
D&M, BHAHCTTD 1BREATL, B0
BRI EIG o, REBCHL,

1. in situ hybridization

AAZEEIC L 28 icBAL T, 32D T » % 4
Ficavr, oMM, FRI2E, SRRUFTH2RE,
8RFD 4 Blicdic b, EREEL ., Hi, Bch
T BRI 2B, FESERICEL TR L s E
RRATHLDERBIELXREALE O S £ TT-
o, Fi, KRB X 2BELHRFET LD, ERE
KRBk WCERIABETATLLS » ¢ (Q0E) 24
B 2 B R UY, 4R 2 RRCEREE L, ERGETS
YA E R -V RKEET, K#0.1M  phosphate
buffer saline (PBS) =€, LS X b ERwPM, *
D #%, 4 %paraformaldehyde # &#& 4 % K 40.1M

il
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phosphate buffer (PB) wT#REEL, K\ CHE
ERFT4TC, 6 RHIBERERE 2T - . BIER20%
sucrose &7 0.1MPB = T cryoprotection #1T\>, 2
VAR PEEHAL, E230um, 0LWLE LY
SUMFEHERBBEYRI2ERL L A8 1R
proteinase K i X Bl # v < 7 MMBE & 1T\, TBEHRE
E#®IT -7, kT, ethanol R7|CTHiAKDHE, prehy-
bridization # 2 KFfE1T - 7=, hybridization ZE#& O
RIE, 50%vol/vol formamide, 10%vol/vol dextran
sulphate, 3 %X SSC(standard saline citrate ; 1 XSSC=
150mM Nacl, 15mM trisodium citrate), 1 X Denhart’
s %W, 100ug/ml yeast t-RNA, 100xg/ml salmon
sperm DNA, 10mM DTT, 1.0mM EDTA & L1917

El1 EHEEW e 77t h ANERLEXE
7imA EOBMErrFALANE, =V T AME
WA, WEOIERSrFAvRE (B), 19
FhichoRE I HEOBEYEN L, £EKYAO
BFd ke 1 E{fEo mRNA o0& E L, (A B
75 v v Lo,
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prehybridization {2 (X E# K DO EWE 5> & dextran sul-
phate ZEE\ e b DR FER L, T, 7o —F o3
S-dATP # i \» T nick-translation Z iz X b £ L
7z, #9700base pair @ 7 v + VIP complimentary
DNA (LIFcDNA) o — 2R LYY, GHRRBE
8.7x107dpm/ml =T, hybridization % 37°C iz T 24k
BIfT» 7z, £0#, ARIXERICE\VT2XSSC €154
M & O ®, 0.5XSSCHICEME LITCT 2 BifH
posthybridization # 1T - 7=, &4 OEREEZNCHEH L
e R E—ORIGEtE & T 5w, #REXM TR
OHREEE 2 5 Z L THR—%%%MN T hybridization #
fTote, Fl, HBELTREKBEZZ 2 3 F DNA,
pBR332% ([ L 7= 7 » — 7 % @& © 44 C hybridi-
zation 1T -7z, Zh HDOYH X chrome-gelatine iz
TEEREBLILAFA FF/FARL=Y VL, TA
2 — L RF|Chik#, X 87 1+ & 4 (Hyperfilm Smax
film, Amersham) % F\ T macroautoradiography #
fTote, kW, LA (NTB2, Kodak) ZH\To
microautoradiography # 1T\, BARE R OREHEE T
R TAFRESEBRE YT - 1.

2, Computer E{&fEHTEE 4 A\ 7- mRNA 0 ¥
TE R ARRAT

VIPmRNA hybridization ~ 7 > A+ o B EH K
U, BREHTIERT2EEBENT 2D IcBAE
B (321, n=8), ¥ &M (0K, n=5) 2T
macroautoradiography IZ X % X £ 7 4« A~ & & B

HIRSEE 95% 6%

BB 1T - 7. BN IZ (X personal com-
puter (NEC, PC9801RA5) #, E{&fEti7r 7 5 A
k7 by 2 > 25 A8 Image Command 4198%
AU, X7+ v a bov 7 L 3BE#MECERX
hicETHR A LTS v BECBRLEHZR
5 (F1A), ®kiZ, ZoEGYMERESANEZT V2
v b FALEEEEE Lo, fEAEIC L b FHRE
EhicltEs 7 v ORELTE2ES L (K1B).
ChbHDOEFEBIEOWT (BE) X (AR OREEH
L, 28ZX EEE S0 oY offit R
Blicih l1BEEBIcbofEE L, £0#, B5
%R SRR oW T AR 2T - 1,

IIT # x

1. autoradiography (& % VIPmRNA ®O#H

VIPmRNA & 7 7 VXK T B TREHER
Ezoa@Z s bh, i, B L ER
LW ST ADBEIhT(K2A,B), £, X 87 +
WA FIERBWT LB 7 F AR 2R D
LRl e, BERIC S 500 2 B, A8 R(H
3A, D) iV 7 FAvRD, BEOFH2E (H
30) EBWTELF/V 7A@l i, B
ST TRAH2 R, T2 BMicks TR oH
EZFDbhish - (K 4A, B). X biz, pBR332
PEALCHEBER B 7 3@ Dbl
i)

2 WEREBCETS VIPMRNADA — 5247574 —, BT EBOE
B z3E > 7 F AR AED T TF RSBy Z A 3 Bd bR ot (A
BGEF, B BEHE, C: X741 4), OC:BEH, V. #E=EA B, C: X
78. baa o vERHYE,
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FM3 BEAMHTCREWCHEELES » P OBRER FBodR, @iEA—v <AL TD
XB7aragldsdA—r3047574— (A 502K, B FHisk, C.4
#®2K, D.FHR8E, ABCDileT, A—ABRACTRIGARYEDLE, £
Rz > 7 a2 Bdicdy, BHcHes A, DItk CkiBifio B, Cictk-<
Hhiey 7 F L OE RS, X15,

2. EGMBITEE AR TEHRITCNT 2K
Fgcal:op ki

B R L h BbhEREER/FAFICL, %
Bz ToRERREETRT(FE 1), FRAMcoWT
2, FRi2ReRbEEY, ¥AFH®2RoRIMEY
LT, TORRE, FHRIRNLIHBE, THIH
2 BAFRT 2 BRo A BN g, F 7o 2 BEA DR
BRFICAEREA Y 2 L i, BRES4TICR T
FHI 2R L F3®2FFOMICAERERERIRD LR 5

fo (5 ).
IV % #

HAZY EBTHEK T RO BRI, HAOE b
BEL, FEMEEOWMACFEET AR THY, B
BT — A FA 7 v ) X aticbh, BHY XA
DOFRTHDEEZLRTWE, WHBECETLH—
ATFAT ) X LADHER Richter 5 » F R W
FEbLESCETAWENITELE Y, HKTHD
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AR&EE 95% 6%

F4 WEEHETCEWTHELLS » FOBEZEX EEohs, BIER—LVALrTto
X7 a2 icrbt—bFo475374— (A FRiI2E, B:FHE2E). ¥
B 5B RFT 50D, ERRBCHCEES BMSE LT » 28
R T CReAflE, B MEA R LT 2R, F#2BesERBETEL, HEL:,
M C VIPmRNA Btk 7 F v 0FB X e -7z, X15

£l XB74ALALIBF—FFOFT T 74 —
EEETEEY AV TER LA A
Cleole, BHRHERELYEEZICL, HREXIRE
TOWRERFE LT, &RZIEC VLT, 482
Rrcix s B, ¥oqE2Bci/MERRLE,
TORR, THR2ELLTHEIR, FTHIRILLY
Bl 2 Rric B R iclEing, 7240802 Bd AR 8 B
AR E A Z I & DT,

VIPmRNAOBARES

¥ Z BB x mHE (n=8,M£5.D.)
A : F il 2 BF 34, 93+3. 52]*
B : F#i 8K 2L T 28 31 :':: L
C:F&28 *[18. a6+4. TO
D: %8B 25. 29+6. 84
*p<0.01
*p<0.05

W > THEILEBOY —H 74 7 v ) X A
KTHZLEEEL, BRTFHENCY—2TA 7
A ADRREPFET HREERD THRE LA, Fu
T, SAN EBOMAUEEERCLY, 7 v F OHK
TEISCHE LEH®, ffcardrarxie vy Fgiho
Y=ATAT VI XANRHRTBEZ LY, A HIICLE
RY RAalLbhdd—H5F4 7 ) XabifikTs

FEN|E IR, —F, BEORET EEOWE S
727w PCHEX LEEABETAZETY—HTA7
v ) RAOBERENRDLhD LOWEYL DD,
Sy PEEBWTHAZX BB Y —HTA T2V XA0D
FiREEZONBCE ST, T, BEZX EFKIZ,
RIS LRI X b VIP2®, arginine vaso-
pressin (AVP)? &L UdEEORTF Fhrx v g
AR AR STV 5, TFE, BN EEA
kT AVP 8 MMM mRNA 2R B o &
B BER FREB 2T T &5 Uhlboifg®
2B Y, AVP2EMEMRAY—27F4 7 ) XA
OFREEYFOEESAFVWEFELBRTWS, L
ml, ¥—»FA4T7 v X A0, FORHEND
LA TH S L 5 H A o024k & IEREC—BT 5
e, EBRELDOY—AFAT ) Xa%H
Al @ HE 22 5 FEEARE (synchronization) *#f -
Twb, OB, #EL Y oREHHRILZ o RFEBEE
OMEFICH LIFFCEELREZR - TE0LEE LD
h, KRS L ORREERRTANL, LoEOM
FERia Z o X 5 isFEHEBREY b o0 ANER ShTw
H, MR L D OB - AR ERIC AT
+ % = k% autoradiography, BFHEMEEECL S
FiEEHWTHE ST HP1Y, Terubayashi 52
@ HRP (horse radish peroxidase) % F 7 IE4T {8
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VIP mRNA in the SCN
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E5 VIPmMRNA ¥ X 0° VIP &M AN %S, VIPMRNA 3437 8 BR & -4 2
FRBEWTIRIREER VA% & b, HITH 2 FHOFHE 8 BT IIrH# 2 B~
THEOHMERL, FH2BCREEY L. Zhicxl, VIP SREEs
T4 BHBROFHRIFICE T BREFAVv_ritd b, Fil 2 FewdtEny
RLiz, ZO@ Vv SARFRII0REE CHERk L, Z0RREL D VIPmMRNA o F#)
HEw VIP RO E Iz LAETTL, AR X b o HREEH s galadkric
BUTmRNARBROVvRATCVIPEROTFM R R 5T EAE W EE 2

s,

FWEERICL > T HRAEEh T W3, 5T, Ibata
bk, BEEFEOUMECE: sMERKOT LS
RUOHRo BB~ 77 ¥ ioi 3 5 R bEs e
Y ABCEFERENCEE T LT VIP AR
BRI R RS BB AT A LA HRT S
EEHi, VIP RERIGHLSBAEET5C & 28
HLe®, Larl, VIPEREBOBFE Y% T3 LT
REABCENTFERECS TR VIPEEBRRO&H
EWiEHTsice L b, RERIGEOE L EEE
MREACETLEEOELTH DD, HoH kM
BERTOMBOBIICL B4 D &5 HZFAEAH
Thote, FE, FFEUFHFHRCIL, HEEDY
mRNA o FfE#E#E#ENT5 in situ hybridiza-
tion EAHREI N LB ONBEEEYES
NEWEE L TOR7 7 F2ERT 5BETFOEER
FINEELMCER, ChbOXRTF FERBEFOR

BURIED BT A[RE & fo - 729, &, KEBITI: T
3 VIP EBETORFIVEE IS OThHizb, &
B L7/ DNA (cDNA) % F\ T in situ hybridiza-
tion i #fT\s, VIPmRNA OREYHRATE L L%
Iz, ZhboERE% computer 12X A E G Z H
TEEMERLL, 70 P HEX EBICEIT 5 VIP-
mRNA O REBECHE I h T3 2EERL¥
L aEMMRoBEC—BL, (X EEOBEARO
ZCFED LR, W, ozl bl aEEk
BERNCIEELRh -7, Fo, B L2RII
BWTVIPMRNAO BB AR H LK, <7+ Vit
VIP e Z B Midicks WTElIhs tE2bh
7z, ¥RiZ, computer IZ & AEGAEY H - CTERBLL
k&I S>WTBbhiEic oW TS ELEREY
fTote, £OKE VIPmRNA T 2 B o F 4%
8 REIC (B 2 Bt b~ TR BEoEMERL, FRi2
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BicRElEY & -7, i, A% 2 B4 8 K
Wi, FECRY LFER2FREEBIERVY<A+TH
hEEHAC B e MER R L1, O RE%Y Taka-
hashi 50 VIP REBERIEO H W EE O#®E &t
B LB, VIP RERGIFE 2 FcREMEY &£ -
fofl, HITH 4 BEREIEA LA HI0R E TRAROR
MEPRXfchate, i, FHi2FCEEEY E -
A, ELTH 4 RRRTERR L AR RTI0BS 2 TEED R L
to. ZoFER, VIPmMRNA O ZF B3 E < VIP & KIG
Mo BB LETL, VIP REERIGH B iz miE
MR TOSROMEIC L AFEE ISV LEZD
htc, &z, HABRIBEEBRALICERBREFCSV TR
S0 BREBIC TREEY & - 7R 2, RE
% & -7 2 o 2 EicRel 2t L, BZio
FlhrREOHEC TR L BELEIED bR
+, 053 BEAEBIEEX b OXHBucERL
fcdotEx bR, UhlbofERbh5 AVP &
EEsdlTo BT L RS LE 2 bR,

L, Bk RREENHEEIREBELT
BT, K0k 5T VIP SHMEMRE HER
HBETHEeRTHET 20 I AHTH S, £, #
TR I B ESE S DO E R LB 2
DANBELhTEDY, ChboEHRL ¥ VIPEFH
g L EERE 2 5L E L BRS, HEDZ
L r b VIP &4 mSMkdE X b o EESR OtF
B LAt b A ANEED, ChbERHMIELY —
HFEAT )X LOFREEZ bhB AVP SHMEE
MRS B EET A SRR L ORI S
W EHERIE R,

SR, ##RE® computer % F\ > THE{{RLE L, &
BRI HEABEE R TV A2, in situ
hybridization ¥ (X8 T o BRI KEL &
HTaLwWiHEErELTERY, 20k hEGaE
1z X B EEMHTE northern  blot 12U & A 5 filter
hybridization # & £ 7 b WRETE 8 % Mok L 2ok
fir, #MBABAL &\ 5 AEALRIE T OB RTRE T
HrLELLR, FRBRCE T, BEEHELER X
ZERPRALCH, HieroBbs LT, #EXLE
Bl Y & 0, coREBYIERIC
REL, BT A LXEETHEDTHS, §E,
EB{LF AR in situ hybridization &% 1T 5 wh s
b, 7y bZBWTEYWERT0um ORER Ex 5
L ETs k55 230um Bk Y F 225K, WRETS0
pm iz hERL, 1BEDI b OEEALLE,

A<t 9% 6%

1o, BRI TR oML E 2 b 2 & TRAIR O
YA L L, F#EYFOEECR—ERATRLEE
Wi, ZORER, 1UFBLh)OBHMERT = -7
BEoLEAl, X5IEBETORIGHOBREDTRD A
AEEEELGRE, e, BbERR X Bz r2%2H
\+7- autoradiography #fT -7z, Thil=<r 2 a v
B L % autoradiography & H#7 L T#MEEEICI
2055 L OOAFEECH B ENIC X HELER RS
TERHLEEZLHh, EEBITETOIHE, BLTHD
LEz2 bRz, Lal, colkrlsERBlEH <
FCRARCRIGEZ T - cREHToEMPEERTSH
b, Zhbo VIPmRNA BB EOBAEE O &
OB MO ERNFEOHANULETHH EE X
bz,

ARBOESZ—TIEME HRREES S VCTRRL
T BmEirhedich, HigH L ERBMEERY E LIRE
L ERICSEE 2 M HEmE 8, HEMEED
¥ LB ERAERMERERAFREL, 26T
27w — FRERET SV E LRI R E R R
EBFRCFEB L ET,
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