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TE 1
TSH o F&FF

— 2+ 2k cyclic AMP & L T—

W T &RER
WRASEEE I 1 RIS

X UBIZ

FRIgRIE AL € v (TSH) 3 FTERELLSWSh ThPCHBCHFEEL, FRIBOBEY L
TwbbDEE2HhTW5, L L TSH oFRCK T 2EHREMTH Y, = — FREOfRIC
LEEE - HE - BAER#H R EOPRRHCLIFAT 22 L8@DLR TV 5,

TSH x4 5 FRIBOFE IS XBMEC L 2EZRIBEHLH, R CBHHEC I\ TH i
vivo 3 B\ L in vitro TOEEBSEHDOEL (7o & 21X medium > glucose DFEE) KX HR
ehERNELR TR b, TSH O4BPIEHE LOCOFRABF 2@ T 558 CER ¥ B 5.
F-HFRBCEHEEY B+ 5 WE iz TSH offiic 3, prostaglandin, long-acting thyroid stimulator
(LATS), acetylcholine, NaF 7g &% { OfEAMbA T hP, TSH O L BB T2 Lk
ERBFOMBIcAIRTH S L Bbh . _

Sutherland —JRiIC & 4RIE X ht-k L € D second messenger T3 % adenyl cyclase-cyclic AMP
R biér < ®ﬁﬁ¢?l?&® bhTkb, BAOBHOFRBCISNTLZOFELHEIr DB, BE
FCHELOWENTTHOLRTE TS, FHBRBICKT 5 cyclic AMP 3§ L0V 2D FEG O {F
BeonwTL &L 0MEAELRTWA, ABCHEW T E & L T TSH o adenyl cyclase-cyclic
AMP Rz x4 A1EH, cyclic AMP 3 %\ % dibutyryl cyclic AMP (DB cyclic AMP) Dﬁﬁﬁﬂ;ﬁa-)
£ REARBC KT TSR L O HRIE D guanosine 3/,5-monophosphate (cyclic GMP) /g Kz ou T
BB,

1. TSH » kB¢ adenyl cyclase-cyclic AMP %

Sutherland —jRiz & b F& R X h 7= adenyl cyclase-cyclic AMP }2 3ffix ® + /1 € ¥ @O second
messenger L L CTEADLNATE TV 5, —ARIC second messenger & L TiE-DX D criteria ARG X



2- TSH ofeEiF

HT\ 3%, (1) target {fkH» HFHE L7 adenyl cyclase EE AR mr = Vit X o> CHlfl 2 bz &,
(2) intact TREERIC L & VR IER] X 8708, cyclic AMP e L~ DTEE) 25 AL £ v BEBD
HBIC X ZAUTRIBZ L, (3) hnE YO R methylxanthine (phosphodiesterase ?Ffi 2 #i))
DHFFC XD Eh B &, (4) cyclic AMP ¥ o3 2 DB BEMAERETHL ALV E AE DR
R@BDHbhBZ &, '

L7ehi S TARIC W THRRIRC Z b DRIV TLBRF L TA 5.

Pastan 35 X 0° Katzen (3% v FRIEH €S - 5 — b % B W,  incubation 30'fh%ic3cic TSH
#% cyclic AMP &M & 4% & ZBHID, AROKRIIA 2BFRBEAEY = 4 — b TLELAL,
in vivo T TSH #PHLTCIFHRCHRELX AEY - x— M Lo/ adenyl cyclase kD
ERAEBDTHBL, Fhe 4 P LIV o FRIBAS A 2 AVIERTH TSH w5 cyclic
AMP SR OHMEZED T35, fiid peptide hormone (ACTH, LH, FSH, GH, human chorionic
gonadotropin, prolactin) 2%, FRIRTIXZTh & DIEHLRED B RVAS, epinephrine (3 & ~ B
R A 5 4 AChFAIC cyclic AMP & B RIS T 59, TSH DYERE FRER LA C IR
T lipolysis D{RHENRDHLR TV 5P, MOERM (2, BlIFKE) TRIEARADLR TV
WD, ELRIS I 35 \s T i prostaglandin E\? %5 ¥ {F long-acting thyroid stimulator (LATS)&®
adenyl cyclase {Ei#E%x &, cyclic AMP 4 E%#finX4¢ 5. NaF, acetylcholine, menadiol 7 F'i3H
R A 5 4 AT glucose oxidation % & 54, cyclic AMP & &ixinX ¥/, NaF (31ffi« D
#C adenyl cyclase JE{f# |5 & #1019, FRIR A+ €2 = % — b Th adenyl cyclase JE{:% (R X
BHHD, FRIEA T A ARFIHBRTIE NaF (1 cyclic AMP &8 % #inx8ic\ -, BELD
FEIZBA STk 7oy, NaF (3 FRIE 2 5 4 AT glucose-1-C ¥ X OF glucose-6-C 0 oxidation # {g
# X 1419 iodide organification!6,1”, iodothyronine synthesis!? s X ¢ phospholipids ~® 32P 0
A® @ 5a, TSH rRigh cycic AMP &8Iz FEY 52 IsWOT, FOEFF 1 TSH
ERIBEBDLRS.

fifaPID cyclic AMP (3 phosphodiesterase 12 X ) FHCHICFMINBDOT, HLDERTZD
E#3 » inhibitor T % me,thylxanthine (theophylline, caffeine 7z &) 2 HWHI %, TSH (1 & ©
phosphodiesterase {EMICITEE R RUT X702,

adenyl cyclase {E{E(XFFMila> plasma membrane!® 5o~ b OFRMBRAE 7x ECHFEFET 5 & LR
DR TWieh, bhbhity o BRIEEMSS S plasma membrane #4538 L T2, £+ € . % —
Ml LT adenvi cyclase FE{#EDE\~ specific activity %87 (1), [[Bic Na*, K+ activated
ATPase 3s I ¥ 5~nucleotidase {EM:D R %38 7=. % 7= mitochondria [ #f#E3 % cytochrome C
oxidase fEMIZEDLNT, 3 2w V' — AL H B L B b DPNH-cytochrome C reductase &%
RER ST A, BRI LA D4 D contamination |3 FEHIZ A7\ 2P plasma membrane 43
B3 T RRIBAARR B/ NS e PR % fE b, loose-fitting Dounce homogenizer i X h 4% ¥ = 7 4
A Ufcts, (KO (1850 xg) T nuclear pellet %#{F b, FD# sucrose gradient % F\ T plasma‘



TSH : §{Rfi§ adenyl cyclase-cyclic AMP % 3

£1 vUEREOLAEY . F— b LU plasma membrane {Z}5(} % adenyl cyclase, Na*,
K*-dependent ATPase, 5-Nucleotidase -

Adenylate Cyclase Na*-K*-dependent ATPase 5/-Nucleotidase
(millimi c tomoles/10min/mg* (micromoles/hr/mg protein) (micromoles/15min/mg protein)
protein)
Control 0.012 0.83 0.39
Whole TSH(10mU) 0.025
Homogenate | NaF(1072M) 0.134
Control 0. 248 8.71 ! 5. 61
Plasma TSH(10mU) 1.185

Membranes NaF (1072M) 5.143

The results are the average of two preparations.

membrane %53 520, Wolff & Jones® 4 ffid /i X b o < FRER X » plasma membrane %
5 Ui, TSH 2%+ K, plasma membrane o yield #¢ X ECHjZE® nuclear pellet %3
VB AT CRT\ 5. plasma membrane 0 ARED BEIDBMTH S . K — FRIEHH, tight
homogenizer #{fifi3 % & TSH x4 2 RIGHAPEFTETT2. 0z &2 6 RREBFRMAKRDO
plasma membrane [ZfE7E$ % TSH o receptor (ZIEFITHR LWy, FRBELLERRLT W
DrBh 5. IS5 538 L7 plasma membrane |z %I-glucagon #3454 L2, 1%5I-insulin 23
falififat X O fFMilad plasma membrane [Zf5E5 352 L2 X0 LH 2R TA L
EDRRDHLRTVE®, AL E VO target fINCHT 5 Zh b OfEEA, target HIUC R 2 B X
BHEIBELEEZ LR T, FRIBICH Tk Pastan 53R A 54 2% TSH ¢ incubate
LThb X LTl TSH Bk Li- B4 <3, TSH 2 X 5 glucose oxidation D{RHEME
Ar@EDdLh, IhbiczZo TSH Offfik TSH fiffic X hAHZh B2 L2 B HTWH®, 0
EEH S TSH (3 HRIRD plasma membrane & ¥ 44 LCXOERZ B LT & & 2 MM I
ShTws, Lo LBET CHARZTOMTEDLR T2 X 5 REEN LTI, TSH 0 FRIE
plasma membrane ~D#EAIZFRH BT 7\ [Macchia (% IV International Congress of Endocrinology
(19724 6 /| Washington D.C.) iz 35\»T TSH 0k} plasma membrane ~DfE&ic o\~ Thih, label L7
TSH o HfRf} plasma membrane ~Dfs & Bk Cildtc & i<tz ).

F 7=, HRIEA 5 1 A% phospholipase C ’C‘ﬂﬂtf:%ﬁ, TSH iz X % glucose-1-C oxidation 0
REERAPIHE NS Z X EHHLR TV, 4 xHRIEA 5 4 A% phospholipase C L incubate
+%% TSH itk % cyclic AMP &4 o #is#iz H>h 50T, TSH cif+% plasma membrane
DRIGE Kb 5 b o LE2Hh 3. Zhux TSH A3 plasma membrane [CfE&TEX Tz
tedbps, ERRKEELTLOFORMT adenyl cyclase HIEMETE RO L B b hb, bhb
X FOH, v~ HIRIRO plasma membrane % 1~2units/m/ @ phospholipase A —c»-mg@g-z, L
TSH iz k % adenyl cyclase jE{4 0D (RAE(E RIS ENC{E T3 %23, phosphatidylcholine % % \» i3



4 TSH ofeR#F

5
g
Xl
2 ¥
o
12
> ¥10 (LATS+PM)+TSH
B B
RE 8
3 6 LATS+PM
° B 2
oA ® ¥
g T
g
=
2 .

4 6

LATS(U)

1 v vHURIE plasma membrane Zisit %
TSH o adenyl cyclase jE{#4:{E #E1c i+ LATS
OHIESIF (Yamashita and Field, 1972)3%9,

plastna membrane ¢ LATS % 0°C 30 43+
incubate L #-#%, TSH(10mU) #jnx% adenyl
cyclase ¥ A HIGE L.

50¢

401
@ (TSH+PM)+LATS

e
B
e
L

20

9
@ (LATS+PM)+TSH

10§/

Adenyl cyclase activity (cpom /mg protein X 1000)

10 50 100
TSH (mU)
2 v vHRIE plasma membrane [Z3sit %
TSH ¢ dose response curve & ZiUlRiFxT
LATS o #4i{F F(Yamashita and Field, 1972)3

phosphatidylserine O¥FIMC X Y 2x7c H[EIE T 5 &
& ZRBDHI®,

L#> L 10 units/m/ ¢ phospholipase A I X
b, TSH @3 % RIGHEA LI S hioiRAg
T phospholipid D¥Eimc &5 TSH oGk
EEZBDOREN T, LikcdisT, TSH X
% adenyl cyclase {E#:D{EEic X, phospholipid 23
HERREIZRI-L T3 L Bbh s, i
iz i) 5 glucagon DFEA I L ¥ adenyl cfclasc
IEHEDORAE, £ 2.0 adenyl cyclase {Ei:oD
glucagon, histamine, norepinephrine Z%f3 % K&
t43% % phospholipid i X b, HRMCEIET S
ZENWE XN T B33 NaF o345 adenyl
cyclase @ )Pk phospholipase A 1T & »ThiF
LA ERZT, NaF o adenyl cyclase &4
DRI TSH & % 57 R 5 LBbh3®,
F 7= Burke 55X TSH @ adenyl cyclase E#:D{RE
#ix prostaglandin /M35 4 D L E 2 T 53435,

long-acting thyroid stimulator |3 FIREA 5 1 &
T cyclic AMP S @2 M3 8, KAT¥ - %x—+
T3 adenyl cyclase JEtE% LR X5, bhbh
v ~HURR plasma membrane % Fi\~C LATS 1
adenyl cyclase JEH:HT-p73h 2 fFCHME S
& %7-3 ¥ 1= plasma membrane % LATS 1
incubate L7-#ic TSH %*inx 5&, TSH ic X %
adenyl cyclase JEYEDRENLIATI S D Z L 2B
7o (B1)%. Lad TSH L LATS @ plasma mem-
brane i hnz BEFC L b, HHOBRE L R 5
(RF2). J7ci>H LATS L plasma membrane %
0°C C 30 4rfd] incubate L, ZzD#H% TSH %fnxz T
37°C 10 47> adenyl cyclase {EMEZRET S &
b o & bEGIHSZS b R (@), TSH &

plasma membrane % #F - incubate L, D # LATS % jnx T adenyl cyclase {HEt:% 4% & HligHy
FLCHIEAGE Hh e (R©@), i LATS L TSH %A plasma membrane 12Nz % &%



TSH & §fRf# adenyl cyclase-cyclic AMP % 5
oo MEnR S i (H#RE). Zh bk Lineweaver-Burke plot = X b 53473 % & non-compe-
titive inhibition G %. L7:=2%» C LATS o plasma membrane {353 % Ff fiix TSH®D receptor
site LR77cBLDEEbnBb, Fi normal human y-globulin (X adenyl cyclase Dif{f:{bs LU
TSH o {RHelFRC A3 2 MHIEED b gy,

B-adrenergic blocking agent C# % propranolol (3 HI iRl 2 5 4 2 TSH o glucose oxidation ¥s
O* colloid droplet JRIC X3 5 (RAE(EH 2 MHI L33, FRREA €2 - % — b Tix TSH © adenyl
cyclasefF#Ei 03 5 (RAEE A 2532539, 2 -FRIE R 5 £ AT, propranolol (3 TSH iz & % cyclic
AMP &80 Rz i3 %529, [@rac dibutyryl cyclic AMP (DB cyclic AMP) o glucose oxida-
tion <> colloid droplet JERUZ %3 % (RAE(FH b #HIF 5373 Lich T propranolol (3 HURRIC
U T O DBEICIEI T % & D & i %, Onaya BixA = FRIRA ML T chlorpromazine
(CPZ) 3 glucose oxidation J colloid droplet iz %3 % TSH, LATS, DB cyclic AMP #s k¢
prostaglandin E, OfEf %35 = & %5 L340,4D Wolff L Jones {3 CPZ A3HURIEHE D adenyl
cyclase JEFEIZ T2 TSH OfFR%MEIT 5 2 L 2B DHTL 52, bhbhd CPZ 2114 2 Rl
A5 A4 AL <AT cyclic AMP 253+ 2 TSH o (RAE(EH 2 &3 % = & 20 7-29, propranolol
L CPZ i3 adenyl cyclase—cyclic AMP St LRI U X 5 7o BUBIfE AR b 1 5 23, fbd L TLx
RicHEHGED LTS, $7dh propranolol (3 32P ¢ phospholipid ~D#EA # fig it L,
TSH officii@e b5 2 s\, —7F CPZ (3BT 3P @ phospholipid ~DEEAICIIFEA
E¥EIc<, TSH OffEMEHT2 2 L08R HHRTW53, Zhik ¥7: cyclic AMP &L ph-
ospholipid DR & (XEHEOBIRA T L 2 RTHEEL V25, Wolff & 2 FURIR AR IS %
F#-> lithium 2 TSH o adenyl cyclase {5k OEHEEAEZIHEIT 5 2 & 2RBD T,

medium I OBMERIEDE(IC L D, HA T VORI EDBER LT LA HBR T,
L2 XK OREXYRD B LEIFY, TEAERD»LOFL 2 v FUWHI M EESH, Cat (x LH®
prolactin®® TSH'D fx YOS HE L ThTw5, FLBERIEAS 1 2ick W TLE K i 2P
@ phospholipid ~D#: A, glucose oxidation 7z FO{RHEXH 2 = L AED LR TLEEO L L
K* 1% cyclic AMP SR ELYRIZTXY, glucose oxidation DBtk plasma membrane 3%
BHEOCTIZ LB LD L EZLRBY, ¥1:5 KY 083 medium rf10> NaCl % choline chloride
THEEEZCHCLEHR, K Nat T A UfFA%ZRL T %, medium thod Ca** D FEFET R R
R, glucose oxidation’V |z %f3-% TSH OEHRZHBlE ¥ 5 DI ETH H, /- thyroglobulin
D B DA LLETH S EBbh 5%, i Ca** %< & glucose oxidation j=xf3 2% DB
cyclic AMP OfER 4, #%] X #1550, Las L colloid droplet iz iz 88 3 7c\ . —F cyclic AMP
SEBTRLTLIZEALEEIL L, AT cycic AMP 2MER$ 288 Catt »UEL T2
BELLSTRVWHELRD S LBbh 5,

R D cold nodule iz 35t % adényl cyclase-cyclic AMP R OWTHNTER B E (F 2),
cold nodule o adenyl cyclase FFEHIIEHMAL HEm<, TSH oL L RIGLE, FHATAM A



6 TSH o BB FF
x 2 EETIREHELLE cold adenoma o TSH i35 Rt D Hik

Difference in responsiveness

Parameter TSH concentration to TSH*
(adenoma-normal) P values
mU/m! % increase over Basal

Adenyl cyclase activity 1 145+ 45 <0. 02
Cyclic AMP con(;entration 3 198 +150 NS
Adenine-3H incorporation

into 3H-labeled cyclic AMP 3 690+315 NS
14CO, production 50 16.44+9.8 NS
L incorporatiox{ into phospho- .

Fistds 50 84.8+33.2 <0. 05

TSH-basal (adenoma) ~ TSH basal (normal)
basal (adenoma) basal (normal)

* (Calculated as: [ ]xlOO:

mean differences+ SE are shown; P values based on paired t test.

(DeRubertis, Yamashita, et al. 1972)5®

1= 31F % cyclic AMP 4845 I ¢ 3H-adenine o cyclic AMP ~D#EA & TSHIZ k h{REI N T 5,
L 7z#% » T cold nodule ¢ plasma membrane |z 3, TSH |Zx}3 % receptor ¥t O FhicKIHT 5
adenyl cyclase-cyclic AMP Z23fE7E3 % £ B b, Ui L invitro I3\~ T cold nodule iz 351t %
odide trapping DX F 23388 b TV 555 LA 5 T cold nodule 12 %313 % 2 — FRBOREIT,
cyclic AMP DZELE D step iZfFfET 2 D L Bibh b, Schorr & Ney X 7 o + OFIFD carci-
noma T{¥ adenyl cyclase jEt:2S ACTH X b Ticl, ot v (TSH 7 &) TREI NS Z
&R TN 520, HURIRO medullary carcinoma Tix, TSH o335 Kt RS SR T
7eu % adenyl cyclase yEMEITHE « DMFKIC I T, ZDOMKD plasma membrane [ZHEFET S & &
PRD BN T 525, HMIADo> component = L FFET 25 & 5 XBFERHTH 5. Butcher L
Serif 3 FURIRA ST 35\ T 9000 x g P& =i\ » adenyl cyclase jE#: % 05 T s 52357, plasma mem-
brane 2 ZD DK DG TH b, adenyl cyclase DRI DN TIEZ DEERA BT LTl
U, ; '

TSH (3 R0 plasma membrane i ()< = & #7723, HIRIAOMED component iz 3 ELEE(E
WD B &5 X EERMBETH %, Greenspan 5% fluorescein TEEFE L TSH Hifsx AT
TSH 72 HURIRMRRIC R fET 5 2 L 2B T 5%, Ll TSH Offfi2 plasma membrane i
S LTDARTHSDH, MIAHIZLHBD0T B THATH S,

acetylcholine, NaF 7g & TSH LISz { FURIRESRECER T 2 WESMOh TW 3030, Zhbik
RO cyclic AMP & EA2Z{EZ #7207, bhbhidfo cyclic nucleotide T# % cyclic GMP
SRICOLTHALYD . £ 2 FRIED cyclic GMP 4 B 5872 10~30 pmoles/g wet tissue ¢ cyclic
AMP @ 1/10 LA F T ~7-. TSH (1 cyclic GMP &8I %8 | 7c\ A%, acetylcholine(5.5x 107 M
~5.5x107° M)} L 0" NaF(1072 M) % cyclic GMP & B# MM ¥, W% L 31T incubation 1
IS TiT cyclic GMP &% iS4, 20 5o incubation ¢ 5~10 fEic i €7 (K 3).



holine DIEFIEIT A ENBMES h T v 5 2
: : y 4 i [—IControl
H360, acetylcholine & cyclic GMP &+ £ 250 P Acetylcholine (5.5x107°M)
: . 50
BIER LG LAz, Ficfboffik (BF - i) B X \ﬁ
O'F o P OFEH L0 T 1 acetylcholine A3 cy- g o %
(=%
clic GMP SRFHMS ¢ LABOLATE & ¢ /
nE6LED, acetylcholine DRI B IFMIE o
BRI L OTIRIRL, 'adtvtnyl cyclase A3 plasma 3

G-

TSH & Fir i adenyl cyclase-cyclic AMP % 7

atropine: 7% glucose oxidation =%}3 % acetylc-

membrane (< {13 L7ciRAECIEA 2 5683 5 Dic T
¥, guanyl cyclase (XHIAIDO AL S EICIFAE 3 £ 2RI slice i3 B cyclic GMP
THTLBAROBRTE YD, TORBOZEL.  ARCRET acerylcholine o

cyclic AMP ; R7c 54 DL E L2 bh 5, thyropa- :

rathyroidectomy {Z X b cyclic AMP %5 I 0% cyclic GMP o JRhgE 23543 % 2%, hypophysectomy
& adrenalectomy (¥ cyclic GMP DOHit D2 2 RD X85 2 & DG X T 58480 . B5F  eyclic
AMP I h T, cyclic GMP H3FEfk# 5D growth hormone 5z WE A &% Fore L TLs
BT LGSR TE DD, FRIICHTYE cyclic GMP 13 3H-leucine DA~ DI 0 Ak % 1
mE, FREOEER L BEREAYHMS S, 7 monobutyryl cyclic GMP (% iodide trapping
EIET D L0559, PRI\ T cyclic AMP & cyclic GMP 0 (ERI0 SR L W& S TH D,
cyclic GMP (¥ glucose-1-C oxidation?®, glucose-6-C oxidation, 32P ¢ phospholipids ~®D i h A
2O WL 2 F, o HHES i PRIBAIAD follicle 5D ageregation FfE S X gL L Ly
PHha™ ZoDk5ic cycic AMP L cyclic GMP bijc@:’A‘/ e —AXh BN RI DD
<, SRH® cyclic nucleotide DX b Rx T b, 7RIHIY S5~ X RIEL S\,

2. Cyclic AMP-dependent protein kinase

TSH (3 FRIBEKAD cyclic AMP SE#HINE 255, MlEAT cyclic AMP 210 & 5 7o
BTl TW 002X 0L s, AhbExbhic cyclic AMP &5\ 32 OF#Eik (7o L 2
i DB cyclic AMP) A HURIROGEBIES £ 0 & 5 75 (ERE BT Bk Ed+ 525, &G eyelic
AMP iR C— AT L D X 5 Ie B CIERIT 52 %38~ %. Tgds DB cyclic AMP (i
P3¢ phosphodiesterase DEH % ZIHIZ < £, cyclic AMP OfEf AL DI ERINTLDTH
5. L» LFECEED cyclic AMP . DB cyclic AMP DR 28805 b, FHxLiET2
RRCIXEBSMLETHA S,

Walsh &3+ FFHEAHL v cyclic AMP {kff{h protein kinase % FLHi L, ZTOFMBEFZM~



8 TSH ofrRF

#27 = ¢ protein kinase (B]7E, phosphorylase b kinase kinase } IE3$h T\»3) A% cyclic AMP 2
X b iEME{L X h, non-activated phosphorylase b kinase % activated phosphorylase b kinase 232

Z DFfFiL phosphorylase b % phosphorylase a 2252 T, Zhat glycogen fEM$5Z & &H5
mic Lz, Kuo b i3fi « Ok 5 histone, protamine 7p 2% B§fif{k3 % protein kinase %53 L
o™, bhdbiudy HIRER X b protein kinase % 43Rl CTLOMEEZMH ™. @ protein
kinase (% histone, protamine 7g P #E s L, albumin, casein bébiﬁiﬁﬁfjigg\,\(i 3. ¥z
Fix cyclic AMP i k., TiEM LI B2, cyclic IMP /g P fiod cyclic nucleotide iz & - T 1%
L 5(F 4. Lo L cyclic GMP 7 VOB HWTIEGREXET 5. Kol 7 2 HikiEs 5 DEAE

£ 3 ZHOBEBHBEXLEL Li-Fo v BIRIR protein kinase JEH:

Protein kinase activity

t Amount — . . 3
Substrate (ug) (pmoles P incorporated/mg protein) % Stimulation by cyclic AMP
—cyclic AMP cyclic AMP5 x 10°°M

None } — 6 9 50
40 6 8 33
Bovine serum albumin 100 i é 9 ' 28
| 600 7 11 56
i 40 8 11 38
Casein | 100 10 14 40
| 600 1 18 63
| 40 50, 95 90
Protamine | 100 64 99 53
600 75 117 57
20 32 66 106
) 40 47 110 135
e 100 65 173 167
600 91 191 111

(Yamashita and Field, 1972)™

£ 4 v UHIRIR protein kinase {EEIZRITT & cyclic nucleotide o

| Protein kinase activity

Cyclic nucleotide concn. | (pmoles P incorporated/mg protein)

e 5%10"M ~ 5x10°M 5x10 M 5x10~*M
Cyclic AMP f 177 179 175 82
Cyclic IMP 102 215 174 170
Cyclic GMP 55 138 215 166
Cyclic UMP 57 78 156 190
Cyclic CMP 51 76 156 164
Dibutyryl Cyclic AMP 50 77 146 167

Protein kinase activity in absence of any cyclic nucleotide was 47 pmoles P incorporated/mg protein
(Yamashita and Field, 1972)7



-

TSH i & o cyclic AMP o = — FR#fc kiE+EE -,

cellulose chromatography % F\~C protein kinase EM:HEFD 3D fraction 2SR Tk h, =
D 5100 fraction ¢, cyclic AMP | & b protein kinase DiFEM: FERANEDHL N TWE™, Li
L Z @ protein kinase OFRIFIC 11T 2 HOKEIL FEHH 2 TldigL,
protein kinase (¥ catalytic subunit } regulatory subunit 23:5HE D7 > T BE:EZ2BRTED,
cyclic AMP 3 regulatory subunit k f&& LT catalytic subunit 2{E#ALT 2 LE 2 HhTWL5™,
Calle = C 4 R
(inactive complex) (active form of the engyme) (cyclic AMP binding subunit)

C % catalytic subunit, R ¥ regulatory subunit %753,

3. TSH % X ¢* cyclic AMP o 2 — FRBHNZFIT 3

TSH % #4535 L1 CHICHFRE AL € v D5 WMERE L, iodotyrosine DJff = — Fiz X » T4 Ui
= — FOFRIED L OSWMEENE DR, DLW THIRIECD iodide trapping, iodide organifi-
cation, iodothyronine & 5f, colloid endocytosis 7¢ D @RBAIMEHE X h, FRBEALEVOERED T
CawinREIhBE™, 2 TRIALOBRICKT S cyclic AMP F7-i3 DB cyclic AMP oOfF
HiconwT TSH & B L7 Hik~ %, ‘

7y b, BAEy MieLic TSH 2853 2% & ¥ DR FRIRO mif i 2 i s g™, e 2 271k
QBB EDBRB™, Lo LA 2 TR OBEIBEDBR T, 1 x DEBIIRC DB cy-
clic AMP #%EAT 3L, HREBIBERBEOMBEEOEME Z 558D, iR x 5 EEE
&\ 5 X b pB-adrenergic vascular repector [Zxt3 % {FH & b 5.,

TSH (%, (% LIcHRIZD iodide trapping % #1H] LoV TR X 5%, TSH 0 Z OfEHIL#
BEL7- v o BRIEMBa%Z AT DB cyclic AMP 1 X h BB Xh 5% cyclic AMP,‘ ATP B FTTr
AMP i3 ZOfFRARZED L higy, cyclic AMP X OfERZRD b e\ - DX MIBERIC A - TIE
7% cyclic AMP OREXEW b EBbhs, 4 BREA S AHAGIRBRTE DB cyclic
AMP 3 TSH LARIcT : M 2 ET 225, ¥ TSH O =2 — FERBEFACE LT ou
abain sensitive Na*, K*-dependent ATPase E{:DnxFEL, < OEFEN =2 — FERUCHENT
fFHTAEV5EE 21555, -

in vivo TZ , M DB cyclic AMP, cyclic AMP & %\ % theophylline %##¢5.-4 % J iodide or-
ganification HMREHE XN B, invitro TH 7 250, 4 21610 DRRIRRA S 1 X, Yo v O o
BAEEgn iz 35\~ T DB cyclic AMP 3 TSH [ [A#§iC iodide organification 2 {Rjf X%  F /- caf-
feine DFEFETFC cyclic AMP §, iodide organification #{@ X8 219 =hbOHEEHE TSH 0
iodide organification {gi£{% cyclic AMP '&ﬁ'ﬁ"% LDEEZLNS,

in .vivo TFy bic TSH S35 &, DIT-BI: MIT-BI fH¥s X ¢F iodothyronine ~¢ radio-



10 TSH ofrR#E
odine O h A& A #in X4, = Hhut cyclic AMP, {1 adenine nucleotide 3}s X ¢¥ theophylline ¢
FiHl X 5%, < 2 theophylline (3 DIT : MIT His X 0 iodothyronine & fic %35 TSH
DOIE R R X587, in vitro T, ¥l Uiz v > BURIRMIEZ BV T DB cyclic AMP 2 X b @
DIEHIDNRDH NP, o 2 IR A 5 4 A2 3\~ T DB cyclic AMP (3 thyroxine D % {RHE X & 5
ZE A x T A1, TSH |z X % iodide organification }s X U iodothyronine 5 h{ d {2 iz HoO,
MRS EECH S & BT 525, DB cycic AMP 3 TSH &[RERIC H,Op DR ZRAET S &
Wi 538, . o

4 2RI A 5 4 2% T DB cyclic AMP %5 X O¢ cyclic AMP 3 TSH X [@#ic colloid dro-
plet UM 2 (R X 51659 {1 adenine nucleotide, caffeine 3 %\ (% butyrate Cii = OBISILE
DR TWwWicw, ey SHYREA S 4 2AT1 DBceyclic AMP i X b colloid droplet JER A MRAE X T
o,

i vivo T=v Az TSH %5 2 % &, BRIEH S D radioiodine & M RAE X 505, REEOB
%75 cyclic AMP, DB cyclic AMP & %\ (% theophylline iz X h B H R TV 5% ¥ LHHEIRIC
DB cyclic AMP %A% L FREMALDOFLE VY FWHEE Y, cyclic AMP k5 XU .5-AMP i
EAERDE &V 58D dn vitro T, T o, F OFRIRES 5 X0 2 FRIRA S 1 2% ZHWwC, DB
cyclic AMP 2% iodide & iodothyronine D43ih% 5 Z EMNAEDLN TS,

~

4. TSH 3 X ¢° cyclic AMP O HBREN Rz T8

L BEEABCRETEE

TSH (34§ « DB OFIRIEA 7 4 Ak X OHHE X hi-FIRBEMAZ T glucose uptake % #jnX 4
%99  insulin |z X T}, glucose uptake 2MEHE X3 = EARRIER 7 4 A TRDLI TV 5,
TSH (2RI A 5 4 Alc3\» T xylose 35 X O¥ 1-arabinose ¢ transport #{iff X4, cyclic AMP
Lo TLHERIAD EWH®,

[F9 v, 4 2l EfE%x0EOFRIEAR T 14 Atk T TSH 12 8 iz glucose-1-C oxidation % {
2299 glucose-1-C 1= J~ T glucose-6-C o oxidation o {RiEixIEHIc T/, —F ¥ IR
AT 4 ACE TR S ED TSH (<1 mU/mb) (& glucose oxidation % i3 5%,

1 2 URIEA 5 £ Akt B TSH 2 X % glucose-1-C oxidation o {giEix DB cyclic AMP iz X
TLR L L SRz 22, fiod adenine nucleotide ik Z OfEAIXs\, cyclic AMP HEHRix
glucose-1-C oxidation #{fi#E-+ 5 (ERIL7c\ > &\ 5 #2523, caffeine (1 mM) DFFZETF T cyclic
AMP(3~7 mM)(1 glucose-1-C oxidation % &7z 519. Ui LiEgi#Eo TSH (10mU/m! ) |)
W AH 3 B %Rk DB cyclic AMP ¥ 0% cyclic AMP TG Hh T g™, LTOEHIHE LTI



