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1. BYEBROBERBHICEHT S cyclic AMPO#&)
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"B AGERE L E WM ke oy v ARE BT = eYeFh T 3 a\>, pf{t’;,*,g
nlﬁﬁ’tﬁ dic AMP v G B 3ok run e 7L, L L, cyclic AMPUER
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3@7@%&5%>7¢‘J Al tamine ([mM) % ouakain(0.06mM) it cqelic. AMP o 77X E
fm 3P BACTABIRE L LS, FDP, Dviocwe PoifBtdu 324 £150,
SRR 3 4 cbic. AMP 20 ph, Wdo@ﬂmm”DZT‘}77fd_z%Lez—c’LZE
Rt e LRt BRI RTIE T /aﬁoﬂ,/:%: elobinade o (iM% » B3 = 32 BIFRAE &
BEpF 3 oL DiBEo X ottt o F 3 EL B,

Gt 2 e FABEBRIF A0, EHitass cifs L iz erel
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e x b at-gFe it 120 r@t&?@i_t?m > v 2 BRERIAE AR L,
BATE o BEFE L ) 0 AT L E (umotes /g Mices)e X % 40 D0 B 4 FBJE Smi
EEWLOmM 0 LA 1z, XA A At cyelie AMPE E 12 5'AMP 9 BRRERJE 5 & w
%mdzﬂ/tpﬁiibfgm,%f/'frrﬁ e s rrobd. Bl kb, 0 Hs
Bl o B0 BV 42 F L £,

(RERHER c £ B) Bhu 22, BABHIFELEY F)e & w340 50080,
phosphopructoteinase WEREPBEE 225 3 v ey, T US> tus EREREE B 0 sy
CTRAREwREOYERIE R L 20 3 fd 5 w3 EEN, b 55 < Diowphplals
debigdnogirace 2 Rl > B8P0 35 wEF 25 3 55 e g5t £, % 0% n ikl
R k3 0k t, $tbs, x¥banr)balhs %Mﬁ‘?ﬁﬁ)v«;‘"’ﬁ)’?u(%x
Th3 v, 20mM t 2 /;Hﬁ.ﬂr‘w#} Qv o HiE e < T, 20 ET L
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(& 1)

Effect of Cyclic AMP on Aerobic Glycolysis(K' 5.1mM)

Cyclic AMP giﬁ:z::. FDP  TrioseP PEP Pyruvate Lactate
- 11,925. 20.9 57.5 34.0 368.7 12,886,
0.0066mM | * 8,759. 4.9 53.6  31.5 347.1  11,730.
0.033mM 11,230. 46.8  71.6 32.4 422.9  13,91k.
0. 1mM 11,217, 60.3 777 37.3 325.1 12,407.
1.0mM 12,061, 63.5 85.7 34.3  329.8 11,668,

Mean of five experiments. mpmoles/g slices.
Incubation: Glycylglycine Buffer, 30 min.

(k2)

Effect of Cyclic AMP on Aerobic Glycolysis(K* 20mM)

Glucose

Cyclic AMP consump. FDP TrioseP PEP Pyruvate Lactate
- 12,064, 93.3  105.1 32,2 304.,5  12,065.
0.0066mM 15,008, 157.1 125.3 28.9 394.2 * 13,795.
0.033mM 12,631. 158.2  122.6 27,7 275.6  11,522.
O.1mM 14,037. 259.0 118.7 28.0 351.0 13,806,
1.0mM 13,413, 271.1  149.9 24.0 320.8 13,183.

Mean of five experiments. mymoles/g slices.
Incubation: Glycylglycine Buffer, 30 min.

(£.3)

Effect of 5°AMP on Aerobic Glycolysis(K* 5.1mM)

57AMP giﬁ;ﬁ::. FDP  TrioseP PEP Pyruvate Lactate
- 11,925, 20.9 57.5 34.0 368.7 12,886,
0.0066mM 12,082, 23.7 Sh.h 39.6 401,413,498,
0.033mM 11,077, 62.9  75.2 43.6  398.8  12,665.
0. 1mM 13,352, 60.0 7h4.9 34,6 365.0 13,815.
1.0mM 12,502, 51.7 82.2 33.5 356.1  11,773.

Mean of five experiments. Epmoles/g slices.
Incubation: Glycylglycine Buffer, 30 min.

(&4)

Effect of 5°AMP on Aerobic Glycolysis{K* 20mM)

5°AMP gi:ZZ::_ FDP  TrioseP PEP Pyruvate Lactate
- 12,064, 93.3 105.1  32.2  30L.5 12,065.
0.0066mM 13,256,  103.1  105.1 32.% 407.9  14,129.
0.033mM 13,171.  183.5 128.5 28.4 342.2  14,103.
0. 1mM 11,737. 226.8 132.1  27.7 317.9  12,428.
1.0mM 14,946, 201.2  141.1  31.8 L410.1  14,503.

Mean of five experiments.
Incubation:

oles/g slices.
Glycylglycine Buffer, 30 min.
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(% 5) TFOPRE sl v Bo
Effects of Histamine & Ouabain on Aerobic Glycolysis d’( ﬁ N >
Additions Glucose FDP TrioseP PEP Pyruvate Lactate i 5 [l , % 3 jﬁ\ & ﬂ"/%é L/- i~ CT'-
consump . . ; _
Control | 11,925. 20.9 57.5 34.0 368.7 12,886. TE5 iz, §5AM Pek>zi 5
M = ' #E
Histamine i 9 dy&&& AMP & /E] N ﬁ)\,ug\
1mM 13,359. 67.8 85.3 39.4 449.6  13,967. Lo ’ 2 A ,
LS W, SAMPo AL ¥
Ouabain w & > .
(“)B.OS‘“M 11,916,  92.h 102.1  35.6 241.3  11,92%k. Y o0lmM S ua ;/%ﬁg VAL
Histaming " 5 "
e & e 12,224,  97.3  96.0 33.9 250.0 11,819. A A4 FDP/%JE 12 l%h 7, é;
Ouabain }%%{Zom &FX !$€<%},2g1 W T3
Mean of five experiments. mpmoles/g slices. . " .
Incubation: Glycylglycine Buffer, 30 min. i, FDPo» vigﬂﬁ 2 1F R h,mup

o pimky t§efr s s R,
elic. AMPLBEVETH 3,

Fks? ers €, histamine (ImM), ouabuin (0.05%M) 1= & > 7 BEtT o cyelic AMP
ﬂéﬁia-“%aﬁ ctmpt 3, tzsa, rLa- AFEALEEH AL 2w S otk o
TR R T, FOPL oo PR 2 B T8 B 15 eyelic AMP £ i 7 ¢ 2 2 A
TH 3(kE), didtamine (1uM) EBALIE 0 ATPEE P T2 > 29 L A4 Lo BB
Fr i CREEB LA A 508, ouskain (0.05mM) G ATPRE 2 X 2 BT L, AMPEtEm
Lo B, oualuisg 12212 i+, CblLfﬁ“/ﬂﬁi‘g‘}?LS\“Bﬁa 2z BF T 3> $, Rotleston
5D nay yizBlolEMo &3z Lawefs ' 3,

VAL o PXEB £ BE45 L 1745?1 3 7s i e?o&‘e, AMP it 57AMP & fel#%. 1= p&pMO/watb-
hinase o Bt o0 e B0 15 ffectr TH 3 2 € WREH S M2 Fi5i. 4 Wik
0043 AOTERAEIEEY <A RS el e Bl z w3 e idbas T, tL Tt Ko &
RNEL EHT I v L2 R 5,

VAL o iRFE > Selsk ' 3 - v i, S5AMP = £ > 24 cyclie AMP = &> z &, FDP
¢ e PO iR byt 3wt BREAES B sz sn i FRI B T,
phosplopuclotinase 3" direct s BEPRIG 2 H Eu= L ER L 2 3753 7,

(L#R)

1) Rall,T.W. & Gilman,A.G. Neuroscience Research Program: 8, (3), 1970
2) Rolleston,F.S. & Newsholme,E.A.: Biochem. J. 104, 524, 1967.

3) 3%*24;:2 p R RIAY 9,(Supple.) 1, 1570.

k) ;g,;ég?;?,p' WEEICT 9, (supple.) 14k, 1970.



2. ABDcyclic 3, 5" -AMPER
B = B OB (KR - AR

LA
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7
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R FATOBRIAE D N B AR5 sty (ERAPEL $L 0 IERAE) tA VT, £t o
ALER4E 0 cyclic AMP (adenosine 3,5 monophosphate) % o432 28\, % 2£ %,
Ot | o KBLE 4= cyclic AMP, adenyl cyclase, phosphodiesterase 3%

T3 CERMAEL . cydic AMP seir Ra®@ v 1.4x167/g wet weight, g% %

REBBH L Shosy0hol THo 1.

@ 1L F 7Y, BRI (4L T304v0 = >) AR AN cyclic AMP
BEEL<WmItl, B /L3279 >SRN et EIER, (V1L TR
TiLtwl, Subk, *v¥2) ¥ T FRBb cyclic AMP R 1T 3 AR Rt B L.
HWBEHEN 25 % i F L, J LI SH7 ) B 63RO [ > % 2N -3
TRVERT, 05mM TREVEERL, i2E, MAE R TR =T,

® agonjst o & EF antagonisto 4ot £%r 5, Qo527 vEXZME

B-adrenergic receplor fype LB T M £
@%%ﬁﬂ%ﬂivwﬂﬁﬁm(mme)%/w1877ﬂyiﬁmﬂﬁﬁﬂ

cyclic AMP(E E&4ER £ L, JILZEFY> ¢ veralridine 9 BEg /e 73

W75 R & T L, %ok sk adenine wk o nutleolhides o 73% 445 cyclic AMP w#28R L <,

AR oBm b nT. BEtoBrtL 7 & (< B adenyl cyclasem,” hospho-
diesterase FE 18 3 B L, eyelic AMP o #JE 43 biogenic amine™ BERAAE, T T
DS AL T N R SR I Bricgun ST LA, LasL Ao i ocyelic
AMP 23T h REKBR AL EETH R,

BoomoREOET cyclic AMP 45, ik =217 L TR A O HBENR m
TS S EuAY, e v b IR A O opelic AMPRREHEINT 5. £ HIRROK
HhZany, AMoocic AMPROIWEESS ¢ cis. BE W 4L H wfo
mYNERS Lt - T h L Bbis,

(%l&%fﬁ)

ARBERL THOOMEER ARRER, aROMEME, WEBH &, BRE K
feo 56, fitkod V RVREEBA L O LD B BT - k BE ARE SHTE
BiMrtords @M >0 T o, —BXEIRE) BBEEMEL
1, BRTHMEABE  LtoThh.

MBAD cycdic AMP O ERBIswx. $A4TREHEL M EBBEE DG, P31 P I1X1—
T b VvBRTREME L. EARE 75% TC AR == T homogenate E1T70.
¥aoLAP OEEBE Ebadi 590 %% ( give-$£ly  uciferin-luciferase #@) =&
Y. RBEECFL -2 Ay F— 1= TRIE TR,

ABE cyelic 35-AMP Aok LELE NI 2 RelE b iz, FHHES
(3 ﬁﬁﬂj{&jﬁs i< k4 KyebS-Rinjek‘-'B),carboma,‘te-GLAwSe (NaCl, 122mM: Kc,




3mM: MgS04, I-2mM: Calla, I.3aM: KHipOs, 0.4mM: D-glucose, 10mM: NaHCO;,
25mM:) WAL, TEREEEX <, A74 AGMERL, B O AETF. 155
BOPLA S *2 A—va Tk, /§7K50>7?u|32 labelling &= &Y B %
ademy| C/clas‘e 2413, Krishma 54)55/2‘\’6 (ﬂﬁ-/’;?ﬁﬂ/}?éxﬁﬁiﬂﬁ’mt L, &
ERl EEG T RTH R, Phosphodiesterase zEl4d . Brooker 370 F5h = &
> o

(R £%8)

(D ¢relic AMP. adenyl crelase, F/—msrhod/esiemse d)(Aﬁaillﬁ)ﬁ-H_

REE AR 0 endogenous gelic AMPHE G, BET:X =& ) . HyoERiF
Hrts, BRHOEBBEBELT ORI LR
ST h, HLABAREHOTHBRBIET 9 Distgifutliin of ¥,5-cyclic AMP
m< vHY, BREOMEMI<dH T H1Re 1FI13—FL$  in human brain

h. —F . PIRABAEIA (perikanyom) oA L 4y Tissue (pmo;gg};}lg gfgtein)
EETaB BT, ELLBEEAE . B4k = #F  Cortical 28.0%

. . gray matter :
FRABRE Oy S 4L7s . AXEETBARRBL O glioma xo memin Subcortical <o

white matt =

gioma =HLTE. aBEEEEH TP . 5 Gliomam = < 3.5
Lx#ﬁ%ﬁi—; B9 by Fote'ntlal wAERMEE >R Medulloblastoma £1.5
A B medulloblastoma = Hu> 7t . L3EAEMBE  Meningioma £3.5
'ﬁ() 7&&7 TV7iLy. R nanomoles/g wet weight

AR & BB D Bul= 13 ademyl cyclase 2 (£ 1)

ﬁ'&—a’ 7a (;2 ). i ‘Dﬂ;ﬁtﬁ&ﬂ"‘ L Adenyl cyclase activity of human cerebrum
T/’Wﬁ’ﬁﬁ%ﬂ =@ 1T A C“ﬁc &']‘é& Fox 7d measured with the particulate fraction,
= Ve

cyclic AMP formed

A . NaFARa0 < Y. 2~3 4‘5 d\fﬁ‘,‘ii%ﬂﬂﬂ‘\‘ (n mole/min/mg protein)
I 5Athoe Addition Exp.l Exp.2 Exp.3
N None 0.19 0.24 0.20

AB% o rhosphodrestmmse sk, £ ILEw None 0.19 0.24 0.18

W NE* 0.19 - —
FPARRMO % A ITIFBEFEEOBE T, ) LT NE(O.1 mD) 0.18 - -
N . NE#+HN##* 0.13  0.26 0.19

A7) DX ERY S VRIS Y, SEIEO yprenyes - 0.27 0.18
RACIRERD73D - 1=, NaF(10 mM) — 0.58  0.60
NaF(10 mM) -- 0.57  0.57

(m orelic AMP i HEREPE 3 1= > 1> T,  NaF(10 mM)+NE* -~ 0.58 =

N . NaF(10 mM)+NE*+HN## __ 0.55 0.61

(0 A ABhcyclic 3'8-AMP Rop. NaF(10 mM)+NE#+EN*% - -—  0.57

biogemic amine 1=¥33 % Rl &, aw#iy veratridine 0.18 - -

B FoNRNE ohAEL, JiLT 2% 7 The cyclase activity was measured with
2000 xg precipitates of homogenate of

IR k] b@%l'ﬁ i, £ ABRIEH L)'C% human cerebral cortex in a reaction mix-
ture containing 40mM Tris-HCl,pH 7.4, §
LLBOORNEBEBITHA . ©F , 5. b mMMgCl,, 6.7mM Sffeine, 3mM [8%]1-ATP,
. and enzyme(0.3-0.5 mg protein) in a total
o= ROoKBREB &, )ILT 4 volume of 0.2ml. Incubation: 30°C 10 min,

% 0.5mM l-norepinephrine bitartrate

A Di‘l%ﬂc’i)%ﬂ{ N S AV ol 3—&717 T #%0.5mM histamine hydrochloride
HY, IR ELEY TR, ERFS L OBROBTRBI HA. L=
ORI EB L.

By Jnrezrs)  HR ABHT % ) L TR 7Y RO time course



(1)

Cyclic AMP-HC Formation (conversion rate)

] 10 20 30 40 (%)

Guinea m Control
pig =2 Norepinephrine (0.5mM)
MR Histamine (LOmMM)

The response to biogenic amines of cerebral
slices of various animals

Number of experiments are 3,1,6,3, and 2 for
human, squirrel monkey, guinea pig(Hartley),
rabbit(New Zealand White), rat(Wister),
respectively. Incubation times are 7 min
for control, norepinephrine, and serotonine,
and 10 min for histamine. Other experimental
condition was the same as was described in
Table IV.

(8 1)
40 4
Addition

g

3

g 30F Norepinephrine

o (0.5 mM)

>

o

o

18]

£

o 201 4
-
-

g

A 1o0f 4
1] Histamine

> (1.0 mM) g

Incubation Time (min)

Time course of cyclic AMP level
in slices of human cerebral cortex
after exposure to biogenic amine.

The slices were incubated with/c-
adenine for 40 min and, after wash,
further incubated inth presence
and absence(@® ) of amines.

E3oNET ¢HY, exogemous = 5 2 5 AL = "C-adenine &Y tath R TFEX T M7=
‘t-odemine mucleotidesss 5 crelic AMPADEIRF R, 1> %2 A —>5 > HIHA
e BIERL. 6 4B eRECE (R, REGTOBRRISA. €2
FIL B0 TE., (05 ABRIT P ELPHEROEBmIIFSMTE, JILI e
7Y >R 6A1%) 9) Dose-effect mlationship o) KBt R W 1= 5 45,

ERORREOLEE @R | < AR E

k )

The norepinephrine effect on formation

fﬁ F. 2l T, A& ﬁﬂ'ﬁﬁﬁ\ ﬁllﬁé%znp) of cyclic AMP in incubated slices of

human cerebral cortex

b33, BBALBAE - & A EBsEmEes
»o . Aﬁ&cycl.‘(_ AM'P,‘:RI:X}\TT{k\/
T X 7)Y DEREH B R x, £

With NE(O0.5mM) 7880(1030) 187(49)x10"

Cyclic AMP level
cpm/mg prot.* ‘moles/mg proth*

Without NE 310(65) 14(5) x10™12

12

pulse labelling % 02y735 3. Bty k A
o crclic AMP BERZE | 482 5t M
So>rhhr(R T ). Tu(Sc labe liing

No.

of expts. N=5 N=3
Stimulation X25.4 X13.4

After preincubation, slices were incubated

HRow, T"AE#Q 254 'fEd)fg 7n ﬂt%{&) 5 with or without norepinephrine for 7 min.
Figures in paretheses indicate %SD.

nh o= TT L. £ G‘JL‘JEQ AM f’ﬁéd)fﬁ"ﬁ'&‘ *Newly formed "C-cyclic AMP in slices pre-
incubated with 4C-adenine.

@F. 13.4 i ’)féﬂnﬂ{‘%—l&d’b Y (0N f‘f)g HF FTotal endogenous’cyclic AMP

SN s )VREOROANE RS b gebd b
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273 > agomistF TR )y d Yt TERT Yy, TE5EAY BT L)
N BREHNTHA(R T ), Chasin 5‘:3. FILE Y FMBETE, cychedMp
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ﬁiﬁﬁfjgé3¥lﬁ\ Yg“YECL?tOY 191>€ 2'36;5 4 %3”7 ﬁ1.43a (“E BIJ
W tookni %ﬁﬁm@béNﬁkﬂyyo Cyclic AMP-'C Formation

trehe AMP BBRE R EFIHEL. #7250 > AHKRE
Hed Y. B0 SEmM N ) ILIEZ7Y) Ltz 0.05mf rone
AN EY D vE AR EBE. Lo v2b K e
t & G(W)OC 4)53\#%}1#\ ZE SN EBEM . /’éﬁ%’ﬁ',& Isoproterenl
Rut., IMNFTEB2BREBEIETHY) . RIDATHET

F=y oReAeETR, crelic AMP =851 (#F> = ¢ Ot AP0 fomatin
SR LTO A, COBRIDAIFNETT=>HDFELELET  None

TEYRILASE . o OMMREAREERID S c g, Ve

o 25 50 (%}
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ademyl cyclase NDREE A FRI ) e W bTH b Jo o Phendanine
autoradiographic teknigue =& ) CHEBEL KL FPopemd g
22 Hh. Effect of catecholamines on

1) Abdula,Y.H.& Hamada,K.,
Lancet, 1 378 (1970)

2) Breckenridge,B.M., Proc.Nat.
Acad.Sci. 52 1580 (1964)

3) Broocker,G.,Thomas,L.J.,& Appleman,

the formation of cyclic AMP
in human cerebral slices,
and its antagonism by ol -, 6-
adrenergic blockers.

M.M., Biochem. 7 4177 (1968) Doses of agonists were 0.5mM
4) Buther,R.W.& Sutherland,E.W., and incubation time was 6min
J.Biol.Chem., 237 1244 (1962) throughout this experiment.
5) Chasin,M., Rivkin,I,, Mamrak,F.,
Samaniego,S.,§ Hess,S.M., ( %% “7J
J.Biol.Chem., 246 3037 (1971) Effect of biogenic amines and veratridine
6) Ebadi,M.S., Weis,B.,& E.Costa, on the formation of cyclic AMP in slices
J.Neurochem., 18 183 (197é) o of human cerebral cortex
7) Goldberg,N.H., Larner,J., Sasko,H, N
[3 Otoolg,A.G‘, Analyt.Biochem., Cyclic AMP formation (%)
28 523 (1969) Addition ¢oncen- Incu- Case NO,*
'8) Kakiuchi,S.& Rall.T.W., Mol. tration bation
Pharmacol., 4 367 (1968) (md) (min) I I o Iv v
9) Kakiuchi,S., Rall,T.W.,& McIlwain, None : 0. 3.2 - - .6
H., J,Neurochem., 16 485 (1969) 5 - 1.8 - - 1.4
10) Xodama,T., Matsukado,Y., Suzuki,T. 10 - - - - 1.9
Tanaka,S.,§ Shimizu,H., Biochim. 12 2.0 - - 1.6 - =
Biophys.Acta, in the press NE 1.0 6 - - - - 38.4
11) Xrishna,G., Weiss,B.,& Brodie,B.B. 0.5 2 - - - - 21.4 -
J.Pharmacol.Exptl.Therap., 163 0.5 6 39.3 34.5 37.2 40.8 38.7
379 (1968) 0.5 10 - - - 33.3 -
12) Sattin,A.,& Rall,T.W., Mol.Pharma- 0.05 6 - - 30.4 - 28.1
col., B 13 (1970) Serotonine 1.0 6 y,1 - - - -
13) Shimizu,H., Daly,J.W.,& Creveling, 0.1 3 - 2.0 - - -
C.R., J.Neurochem., 16 1609 (1 Histamine 1.0 5 - - ¥.2 - -
969) . 1.0 10 8.8..6.0
14) Shimizu,H.$§ Daly,J.W., Biochim. 0.1 10 - - 3.2 - -
Biophys.Acta, 222, Uu65 (1970) Veratridine 0.05 8 - - 4.0 - -
15) Shimizu,H., Creveling,C.R.,& Daly, . 0.05 10 U4 = - - -
J.W., Mol.Pharmacol., 6 184 (1970 NE plus 0.5
‘6) Shimizu,H. , Tanaka,S, Suzuki,T., & Veratridine 0.0S5 10 - - 72.6 - -

Matsukado,Y., J.Neurochem., 18

1152 (1971) Cortical slices labeled by prior incubation with
17) Steiner,A.L., Kipnis,D.M., Utiger, [*C]-adenine was incubated with various amines for

R.,& Parker,C., Pro.Nat.Acad.Sci., a certain period of time and the radioactivity of

64 367 (1969) [#Cl-cyclic AMP in the slices was measured. The
18) Sutherland,E.w., Rall.T.W.;& Menon, results were expressed as the percentage of [C]-

T., J.Biol.Chem., 237 1200 (1962 cyclic AMP in the total C present in the slices.

% - *Details of cases, from which brain specimens were
7!‘%- 2% '6) K%%Lf“" taken, were described elsewhere .
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B o kK FRe Israel , ML A. ( EFE K- #&# ; N.Y.
( %) State Univ, Dawnstate Med. Center)
Swiss albino ¥ ¥ X (£) = //iﬁ\@}]/*.{» BTy f - AR EMRE O RF LA
ﬂ%;"] adenyl cyclase & ¢ cyclic 3,5 - nucleotide phosphodiesterase JhA4L 9 ;{ Lt . Adenyl cyclase »
S WIECRT? SR Ay S ga k) BB s it s L g~
EHp s E o1,
Ty - wWor B hF (/-3 BA) & KJEK A nomogenate & adenyl cyclase AL £ o
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cycrase G4 § A 1 MTz L0 T 5/ - UJ%—?’—# CaFe s &3 bt s »
W SR [,
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)qcyclicmp94t,3ﬁg o't A1 Ews F X fﬁff v, 9\@),17,0 7 -y Faf
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YIS i‘%fguﬁz ﬂf\%i 5,
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kA F o,z ;;é_ﬁ,&ﬁ]ﬁ F 6/ PR Metrecal PRT2L z i
R Fpay —o EMr o EMK A R . APH A RE 1y s - oK
FRf e B GEo Fras— o Bbfi pUARE ¢ }'f.ﬂ.ﬁ%f o S T
g1 = PHMRA 233y g S RIBEASN AT 54— o B
T 25-5/ g/l T 2 Lo, KIGA Y 2 acenyd cyclasesBAEA 0.52 Fagspt <
nomogentze & Tu / Kxishna ¥ (4) 9}5;&;0 68 Phare & 2 £ Lt cyelic daanp thgj 5
Fodh )R e o, N3a702pr75 770 wb s ARE > KHu ok > cyerse
apt /g f' o kg HEEC 7, R A ka Tris-Hel (i 7.3): 40 mM, MgSO0,,3.3 mM, theophylline :
10 mM, tris ATP: 2 mM ( 0.125 mM “H-ATP(S.A, 7.93 C/mi) ¢ 4 €) A w" /=2 my(protein) # homogenate & f /f;‘f
Bev o REEG o7k w88 7 cyolic AMP £ £ i snimigu F (129 9 &K & modity F 5 f,
) A v . 8- ¢y agentne & # 17 adenosine-5'-triphosphate £ pulse-labelling & /2 /H. = 9
Mt ¢ KREMNELAS 3 ABA ¢ tmowmste, 5 & Jfoo ph b 7 1gmole » cyclic AMPAN 70
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{ﬁ/f 3 ﬁ/j]é\/"fa—. homogenize f 35 4 .5 . # =70, - 9 homogenate &//f,;bf’ Lﬁi}ﬁ#,@_
:;‘L< v o ff }/{,,f: t ’ig/ﬁ/fé ’T:Jsuspend L, L’U" v 2, @‘/Xﬁﬁj z,,—'/{#\; b )H/—}j //Z-

GHE v nfg, evelie Yoawp { X F sk £)2 xrishna F 6> 4 A & (s 1abelled nucleotides & J

BB v EBAEE s BHA Angentne = A T & cyeric Moaupn s ﬁéxfb‘f—‘ £ v p mole cyclic

e/ 3 EEE/R CA 4 U 5. phosphodtesterase A #f & Butcher and Sutherland (2% & modify

v Wetssy 9 SEE o K HWE v 1, @ﬁ%%f/ﬁﬂ{ # Martin end Doty (10) 2 F A & modify &

& swanson ¥ (19) .5 L JHH v 1o, Bt /ﬁé‘)ﬁf dlomy ¥ o FEGIE £ L oLy

J = W B B g verchloricscid gAML 4, 5, .L/",ﬁ/‘i'v o C,gf,f\/:g I€)) a",i/,"{ LR,
RIS R A I 5

Table 1 Effect of chronic ethanol administration on cyclic AMP formation in
mouse cerebral cortex

Slice Homogenate
% Conversion Cyclic 13C-AMP Formed Adenyl Cyclase Activity
(p mole/g w.w./min.) (p mole/mg protein/min.)
Control 0.35 + 0.08 412 * 13 176 * 20
EtOH-treated  0.60 + 0.02(+71} 835 +124(+102} 253 + 22(+443

Both control and EtOH-treated animals were fed by liquid diets for 2 weeks. Incubation;
Homogenate 30°C, 7 min,; Slice 37'C, 4 min., Results in this table indicate mean + 5.D.

obtained from 4 separate experiments and numbers in parenthesis indicate percent -Ehanges
compared with respective controls. * p{0,01

15/ -y B0 kF (280 5 F 4 ﬁ%ﬁm ::clase;ﬂg_,;?,]ﬂ t i b
(ravle 1, J v Mc-adenine g’ pulse labelling £ 7 5> 2, KA E G it ¥ M 2K G 4
cyclic Mc-amp éf_a}f’rm ' AR YN 4574911{@01:1(: ap & ;f,,ﬂ T/ ,;JM, ry
/ - /L),/S'(/J?:ﬁ' o b /,@—@J 70/';}‘,. a2 /.‘/f:fb j‘\j}ﬁ)ﬁﬁ 9 phosphodiesterase }f{f_n; o I//
—;IU/{;I‘J{) /ﬁﬁ? & é 41‘4(_”1 f > /';,{ ﬁ"{ ﬁ);g,a CV(Table 2,

Table 2 Effect of chronic ethanol administration on cyclic nucleotide
phosphodiesterase activity of mouse brain

Phosphodiesterase activity#
(mumole/mg protein/min.)

Duration of

Feeding Control EtOH- treated

1 Week 57.6 * 2.9 59,2 + 4.0 (+2.8)
2 Weeks 59.7 + 10.7

56.6 + 6.5 (-5.2)

° S.D,
Incubation; 37 C, 6 min. # Mean T_'oBtained from 5 separate experiments, Numbers in

parenthesis indicate percent changes compared with respective controls,

PSS > rerie e £ 5 @ s yiewo oy S Ao 7 S s g £y f B
Hrws ?‘o"fﬂv‘ *ozo § sy T R RIAEE 7 A o bomogenate ¢ i ok
iﬁﬁ‘)jﬁ;ﬂ' a;mMMy JSAITER ) g R F /lﬁ/%z%/chclicAMP 2

LRSS F oMo S L (Table D, 4oL J 6 T — gk t)Ho
homogenate T & A& 7 & ﬁ%& e #4455 /Z“’;;g ofj;g S ,/UZ:wzf;,-j’(Fﬁljfuﬂjﬂ?,
A0 5 H3 5 nomogenate 9 adenyd cyclase AL KA i T § ) — WRFFF € #S005 w oy
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Table 3 Effect of various drugs on cyclic AMP formation in cerebral cortex from
control and ethanol~treated mice

Drugs Slice (% Conversion) Homogenate (p mole/mg protein/min.)
Control EtOH-treated Control EtOH- treated
None 0.35+0.08 0. 60+0.02 176:20 253+22
dl-Norepinephrine 0.68+0. 04(+94f 0.7740.23(+28) 289:24(+64’ 260+42(+ 3)
: 0.1 mM o
Histamine: 0.1 mM 0.56:0.05(4-60’ 0.781-0.07(1-30’ 230:36(+31) 242:40(— 5)
*
Fluoride: 10 mM - - 387+68 (+120) 405+59 (+60$

Mean + 8,D. obtained from 4 separate experiments is shown. For experimental conditions see
Table 1. **p{ 0,05, * p{0,01 compared with value for same preparation without drug
addition.

'i’ﬁl%;a}\'t -?-’“/:E(/y v . "‘7#4'17/ - Y % cyeticapt G 9 £ 48 7 2
s 3 E AL B FARBE A Tt B« > IR C # B S A Lo grante 9,
:"U?’j‘?%’%mli/—'u"é—%ﬁ'ﬁ;’”dﬁﬁ cycucAup‘!fb/ﬁ‘L{"Ib"‘ AR 3
Qoo+ 287 LS Ufs s BRES R o i 4K g
AIsHEM e fr evsfrclvsws A/ vt 79 /a7 28 f =
9)M'1 Ty /- 9@4@#?”#7{@’ 551‘4&5,}(’5; v 3 (& §) o fod o
w3 e ~F Tao b = » o turnover ““9)?/10 () & £S5 Y2 %Kﬁvﬂlgiu
LIy /) -ws Bf hi o phi adenyl cyclase 54 5 L4k 7 ¢ v c A B AT
o Fo R b8k s s SE E oo,

5 A XA

1. Bonnischen, R., in Méethod of Enzymatic Analysis (H.U. Bergmeyer ed.: transl. by D,H, Willamson),

p 285, Academic Press, New York (1963)
2. Butcher, R.W., and Sutherland, E.W., J. biol. Chem,, 237, 1244 (1962)

3. Ellis, F,W,, J, Pharmmacol, exp. Therap., 153, 121 (1966)

4. Freund, G., Arch, Neurol., 21, 315 (1969)

5. Higgendal, J., and Lindgvist, M., Acta Pharmacol.Toxicol., 18, 278 (1961)

6. Krishna, G., Weiss, B., and Brodie, B,B., J. Pharmacol. exp. Therap., 163, 379 (1968)

7. EKuriyama,K., Sze, P,Y,, and Rauscher, G.E., Life Sci., Pt II, 10, 181 (1971)

8. Kuriyama, K., Ratdscher, G.E., and Sze, P.Y., Brain Res., 26, 450 (1971)

9. Lowry, O.H., Rosebrough, N.J., Farr, A,L., and Randall, R,J., J. biol. Chem., 193 265 (1951)
10. Martin, J,B., &nd Doty, D.M., Analyt., Chem., 21, 965 (1949)

11. Robinson, G., Butcher, R,W,, and Sutherland, E.W., Ann, Rev., Biochem., 37, 149 (1968)
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13, Swanson, P.D., Bradford, H.F., and McIlwain, H., Biochem. J., 92, 235 (1964)

14. Weiss, B., J. Neurochem., 18, 469 (1971)
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4. gD cyclic 3', 5 —nucleotide phosphodiesterase,
N. “Ca2+p1us Mg2+~dependent ” phosphodiesterase {CDOWT
W A FeE N R BeF B & FOBEBRERE)

(E®)

bobi@. 5y bR ) Br oopoxg ke REEERF 0 3,8 nucleokide phospho.
diesterase o z£4$ ov Ca2t R M>*nmE-ARLT W3S EER0RL., 2 7 cadt
plus Ms”- dependent " Phos’rhod!esterase tHh>tHlco 77 0 - AE6BT3a47B=}
T974 ~128 -2, oL REA SN, 2> WBXEH (Frs. I T) $4%L =
o Fr, 113 cele AMP , cyclic GMP # 4< BE L, cyelic UMP % 36 A e/Affe T, Ca°
nHBFLE T . Fr T o8I G =& > 2 BE2 KT, oyelie AMP, cyclic GMP,
eyelic UMP % A B L 2 %0 5- AW zT3, " Ca plu: Mg’r- dependent “ phospho-
diesterase T Fr. L 1= ¥ 3.

E3grs a7o0=2Fr9571 —1=¢ >3, —-> 0 IEI ( PAF; Phosphodies‘fe'-
vase activating facter ) o Fr.H ¢ L 2 AWz K k. Fr. T & Fr L & 9 5 3 BHK
E. FrO Bmstig el @ ;@) G2 e 1T 3mEHnk <. %o (7 dove-
activity #— 9" ov 0.5 pCa Bt KE £ 3 & Shift 2 h 3 4% . 2 x16° M T 127 B
maximom = E WEBEE SEEN 1S k3. C 2 oo 1E 3 TR o brigger & T2 3 c* R
- 93 0 eHfEN ) ., @) G respmse A L 7 0 amplcbude € Ca? ﬁ;*flﬂ{-
BAgosu / QU MR B ) NKI < m3 . M. Fr T 03648 FFH(PAR) ohte
1= ¢ R WBPE Krwon.

eyelic AMPIZ ATP S ) 5% = 1 ¢ adenJR c:,cﬁase ), 5-AMP I= KB W3 ([ phospho
diesterase )o iw BRI L T M E MR 0T 38 (, WK KARE T Hh3 . RLRAKY
o oeyelic AMPARIR . Hao il é> 1o T L. ToMEOMBIELL?
adenyl eyelise 128 33MPovs < MK 2 S b ubhiz, AREIE 2T EHR
Lo $3ITHEI LB IR L7, M phosphodiesterase 6 1 oxvtd KR o C&' = & > TR
I M3 s, BUWE: AMERWS ) FREZMEI (PAT; phesphodiesterase
octivaling factor) WIS L 720 32 ¢ ERELTHFF 020 B ATIHKEL ko X0 1k
bhbur, ERAN4LRET BRI o BB E L, % oM egtithi
Su T RN 02 e MT i1z s o REE ( G2 plus Mg"- dependent phosphodieste
rase) oM ¥ > n 7 B RHRBEHE T3 #A% o —~FHIXHEIWE ,
(?!6:5552 Bt BE ) #1smremme R edkiet 2B L, #2323 w13 (H)

cyelic AMP 2 A0 T, Ric#M3% B ture N3 AaMEL < ET L
e M ZnBRITEA <~ RHLT(ERL), RARCIRQ so/meﬂas imidazolef§
R, PHEY, B/AM,QQS Mng s L8 umofos CJQOJC AMP % AL ° Eé?ﬁ; 5. b AES ) ?g =
106p00 x gilu‘?ﬁl’i kx5 C GEDTA, ooSmmshitn) 3384 (/0 mM Taa-HR | PHZE
Lo Mglh) Lz Mnrco MEWEITIN T = R A& L= B L 1k,
(ﬁ%i wie k¥ M) Bt ol e M omArtkilzn3 e, Qolm
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1. B %o abscchiometiy

AR g | PR EE
154 30%| 604 1204
1.9 « T(£rk%y)| 109| 203| 363 621
16™M ﬂ{tsm 91| 197| 320| 563
Aa%%| no| 167] 361] 601
6.2x | T(£m¥) 320/ 580| 9461026
,10-6M nin‘(#@ 322 577| 8691 963
o X ¥ 324] 557] 930] 1016
%2. 348 218 cation 0 SBluk s,
¥ | ¥ % M catisn (o.12 mii}
01 mM | 1.0 mM | Mg@a(3 mM )
jumofea P: /30min [/ mg prolein
- Mg, | 0.53 0.71 —
Call, 0.06 0.06 3.1
SrCl, 0.04 0.04 2.5
BRCQZ —_— 0.08 1.0
Zn(l, 0.34 0.66 0.60
. FeSh 0-17 0.02 0.45
COCﬂz 0.53 1.8 2.3
NiCl, | 0.09 0.15 15
MnCl | 2.0 1.5 1.8
CuS0, 0.01 0.01 —
None | 0.02 0.95
3. Frl v Fell o B8§ 61t Y
| 3% A3
“‘;‘“‘& o %7 Yool [120R7k] 2404%%
Fr.
eyelie AMP[Wi"‘ GEDTA| 18 | 20 | 15
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cyebie GMP{w;sn 2 |21 | 19 %2
) with GEDTA| 111 09| 1.1
eyelie UMP{IWM | 11l 4| i
activity ratio (with C2*)
cychic @MP/cyctic AMP| 1.1 11| 11
cyedie UMP/ cyclie AMP 0.1 | <0.1] 01
Fr I
, withQEDTA| 51 | 31 | 21
cyekie AMP{wnAw 103 | 60 | 33
el withQEDTAl 43 | 18 | 12
chuwp{wi%g;m 59 | 28 | 18
: with 18 83, %6
qyebie ”Mp[wm G | 47 | 27 | 23
activity  ratio (with G&¥)
cyelic @MP/ eyclic AMP 0.6 05| 05
eychie UMP/cycic AMPl 05| 05| 06

(£%) §4%:8. 8 13, 10mM(GEDTA) 213 0.04 mM (G2*)
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Ca* 12 Ma ae Bl 3o X I EDTASK
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VLS 2*!4)&[3,4 >, 1>—Mg"
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2)e bl , 203 W BE 3/ o2 -
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-7  ERN 25 0BEA (I, I) 2 4KEL
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3,875, cyclic AMP L C* O RMEEATE L o2, @7 rFL I3, negative

foed back hoop o BR2H 3 T gE s Il L= v,
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5 3", 5 —cyclic AMPRHEEEVEBRIBERO SRS L UHAER

r X e Bl & & F
(KRB~ 24£1)

(&)

HErew L {oMBTH, ~BHEOEBLAERIEBEENLSHORELER L LTHEE
Ly, 22 ¢ NBEEOARAERE RSB I N L ChbEEBOEHEEBRILBER L
FThEnHl RS 3,5 -cyclic AMP (cyclic 4MP) — A EHBHHE(R-EHHE ) Lt OB 4
BT Do cyclic MP WA BEAKROR—EBHEL 7T X7 )Y 27 CEALTEBRES
BIABELTEHE I, TOBERERTRBA IS0 CNLITCETEMAAXAZREED
HEtho S THEER.1.8x10°, 1.2x10% 2 L f7.5x10%TH b, Th a1 EoE
MEBERLLEE (SFR. 3x10M ¢1BoR —&EBE (S FHE.1.5 x 107, 9 x 104
RiE5x10M EALHMREINTnE, CALEBEOAEHERME, WICHBLAL R-
ERHELEHEBRBRILER LR 2CHER LB L0 RO TAEHE OSZHEBEE. R
—BHHOERBRHELENTWVWE, ZA LD R—EBHF aging CXIHETELAIN
BOB—® cyolic MP — A HHE (A FRE, 4 x 100 CHET 2, COBBELHR
BRrRERBEESEL2ERLBE w, OTR—EAERZTOBEL2 AT KR, B
BEAFRFOBEBEEFRBRT S0 i, MWEEOARFHEHEE (L cyclic AMP (L T 5 Ka &
HMEKREL, COC LT FEREBBRMBEED cyclic MPOREVWEBEZELCHG L
TREINIZLEEBRL, TOERBEOIDERRNEBEEERR T 50

Cyelic aMP — REM E B HBRAL BRI, ERHBRULERL » 5O cyclic
MP — A ERE( R-HFHHE) LOBRERTD D, BRLZOFEHI R-EREKE
VI IN T ERERE L THFET bo cyclic AMP [, HABKOR-FEHAE~T = X
TV ZCBEETACLECLVEOHGBRICG R BERI L, AROBRELERHA
BHDo MEOEZLEKTH, ZOBRE2 B EHRRILE RO cyclic AMP (€ X 5 RIEH
BLOWTHE LAY, TOREAROBAEBRAUBRLCOVWTIEBEZ BEOHF A
BHEINRDDHH (16 ) BECEBAHABKR

Table 1. Assay System for Cyclic AMP-
CBERICESHOREMR A HEEST S 25, & Binding Protein =

DTLEDATHBRCHEMLALTDLTED Acetate buffer, pH .5 40 pmoles
Mg CL 10 1
(7)0%@ﬁ5ﬁ6Kﬁﬁﬂ@§ﬁﬁ@%ﬁﬁ% 3Ig{—cyglic AMP 0.4 gﬁ;oizs
VFCHBRCRENTHRET 50 (1.2 Ci/m mole)
Theophylline 3 pmole
ES B el b2 Enzyme 200 pl |
EHHEBEBLEIGOBEERA R, LN 0K 0.4 ml:]+o, 15 min

® (7)) WD ko cyelic AMP — s D The reaction was terminated by the
° B S v et 5 ml of ice-cold 10 mM

HRELZ, E—ROEH/HTHODRo EAEM M Tris-Cl bufger, pH 8.0 containing 4O
. 5 oM MgClo. H-cyclic AMP bound to
LBEARCXTOREEREREME R-&AH proteinzwas trapped on a Millipore

filter and washed four times each time

PR, BE# () WELTHEEL o BBy M yitn 5 0l of the same buffer. The

IR T et N s radioactivity remained on a filter was
(20 o) OFBHEE S EME # L F Caleiun counted in a Bray's Solution with a

phosphate gel HLE o » 1 NaCl (0-0.5 M) ¢ x Packard Tri-Carb Liquid Scintillation
Spectrometer. .
% DEAB-cellulose column chromatography % 47 2
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o 0-0.25 M NaCl THEMHI N 54 HCE, &
BOES BB E (Enzyme IDH L 2O AFE MK
#l (Enzyme I) WBE L /4 o00.3-0.4 M NaC1 T &
Ha3hbsA4BKE, R-—EAEL IVFAFESR
B % (Enzyme I11) DB E L Ao I H K
hydroxylapatite column éhromatography kb
Enzyme I, I1, III H L X R—E R EN SR
BIhko bAEAIWC, Enzyme IT LHBEHER
ILEBELTO b0 TH hEnzyne I L (FIII &
EIARAEHRB(XREIETORE) Tdbo
¥ R kR U ZE B

(1) Enzyme I, IIH X CF III Lk B & X b ¥
D B R AL fr

¥ LU cyclic AMPIT L Hh BR{EZ
h % Bnzyme I & III & % A\, ATP-Y-32P H &
TFTlCe = rfop 2HBRILL o BRIL e X
FrE by Ty THLL, TOHEMABOS
Ey Bk IC X 5 ER#® . radicautography
FfiDko TORR, 2 TCH—OHFH®E~T
£ A4V —vEELKo ERERILE X b

Enzyme IT,

YOBKBORBR, THENLRALELET LY
vEIVRVA=EVYRETHBRILT A ED
HEBE Lko O &L, Enzyme I % L ¥ III
M Enzyme II& A —HEEZHAL TWEZ L ER
T o '

(2) Enzyme I% X Uf III O HE A

1l Bnzyme I, II ¥ X X IIT @
hydroxylapatite column (¢ X Arechromatography
OER%ETL ko 1—A e ®meELT
Enzyme 1 % Y A IIOBHABE R L ko
IV BICEHIN

Enzyme III {4 Enzyme II
5 (M t—B ) ox L. Enzgyme I [IBnzyme
I by mIhiae (B 1-C o

Enzyme II % cyclic AMP [C X ARGt & % 1J
4, cyelic aMP LA LAW(BEH 1 -4 )o
R IEM R @ Enzyme I F X OF III {d,cyclic AMP
L hBME\EIND &I, cyclic AMP F R
LB 5 ( 1-4, 1-B, 1-C) o Z ORECHE T
MMBYRECTH OO AEHEEEE T | cyclic

AMP (107% M) @ % % F IC [F] # Orechromatography

Fig. 1 Hydroxylapatite column rechroma-
tographies of protein kinases (Enzyme I,
IT and ITI) in the presence and absence
of cyciic AMP

| |
ENZYME LI A
f

-6 i
i ENZYME | 5&
(o] t
— : o
[ ‘) 4~
a L]
o a
~ (o]

E a

o g

[N (@]

= m
=
[
<1

A e

&

)

Eibeed 19

M - .y o,

0 T i o

R-PROTEIN ENZYMEIl D =]

Y LAY R-PRQTEIN 3 3

g =

ca] (&)

52 12

~
o,

FRACTION

Bach enzyme preparation was chromato-
raphed upon a hydroxylapatite column
%2 x 5 cm) with potassium phosphate
buffer (0.05-0.25 M), pH 7.5. Protein
kinase activities were assayed under
the standard conditions in the presence
{-@-) and absence (-O-) of cyclic AMP.
Cyclic AMP binding protein (- ) was as-
sayed by the method described in Table
I. A. Enzyme I and Enzyme II. B.
Enzyme III. C. Enzyme I. D. Enzyme I
in the presence of cyclic AMP (106 M).
E. Enzyme IIT in the presence of eyclic
AMP.
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479 &, Enzyme T ( Fnzyme 11 % XU “MBOR—BEEICHEEL (B 1-D ),
Bnzyme III [} Enzyme II % X (A —FEE O )
RoBREECHELE (B1-8 )o @ 5,0 jeietsitie dlaselaiion of fhree
& BB AT O B Enzyme I3 X {F IIT 4 & @ %ﬁfﬁz%%%nﬁ? 2 jwotedn
B LABER ESEMILEERE L 3 KEnzyne
IIZ03dD0TH 52, R—BEHHEEHAE
CEDTwb, IbAFEHBOmEDE
X RE-—&ZAHCHRT A ENHB LD & 100
% Pko
(3) THERBEREBERILEBEZEORE
B

Sephadex G-200 [T L A ¥ L3P BOEE
Enzyme I3 o FETECT L =18
DAEBRELILR AT ENHAL L E AR D
Z(®2-4 ) TR PLhOHLFER
1.8 x 105 (Enzyme I-1), 1.2 x 109
(Enzyme I-2) % X U 7.5 x 104 (Enzyme
I-3)EBEEh (K3 ), wFh i
t2 b ORI —WAAEHEBRIT S0 TN
TOAREHER DT R-EBEEELFE

200 * T 20
ENZYME |- | A
ENZYME I-2
lENZYME -3

o
(epm x 10-2)

100

(pmoles/10 min)

BOUND

TNCORPORATED
AMP-3H

LB 2—4 ). cyclic AMPIC & b — !
BORHABRILMEL=MEOR - & frrPROTENS b
AE (R A2 e rORY ) remBL | fﬁ& 1.4
7 (2 B )o MM LABREABR ; '1’ ap
BEE L cyclic AMPIC & BB IE{L & 20 f % 1%
T EER (B 2-C ) (€ X bEnzyne X
ITIRMHEE Lkhko —HEM LA =FEOR ——ENZYME -1 E
~ERBCRTE, 2OAFEH 1.5 x ENZYME -2
105 (R-1), 9 x 10% (R-2) % L (¥ 5§ x 10% 100
(R-3)TH Y, T FhiX Enzyne IT KTH
MFBEXZOERENH L, COAED o
RiXcyelic AMP L X WV BUBEIN L, 4
DRI Enzyme IO R—EHEBWHE28EF

Fach preparation was chromatographed on a

ETHN, Thboo R~-FHAHEE I KD Sephadex G-200 column (2.5 x 93 cm) together

_ with standard proteins (cytochrome C, ovalbu-
MREEIL L ( 2—-D)o E4® (& min and human gamma globulin). A. Er,lzyme I.

F B 5-15 x 204 ) W Bnaywe 1T KO LT §r RS 110 phe prosence of evlie MO
MEHRE S ON, £ D R-_FBAHHo 2nd R-protein.

BELAIDO TS DR, BIAM (BP, #FB. 4 x 10% ) [J cyclic AMP —EAEAHB T
X% %2, Enzyme 11 [ LTHEBEIREDL Do M2 —-C I 2-D THWE

Enzyme 11 XU R-—&BHLEZBEALARI AV FBREFOLLETSD, ZHEORE

CYCLIC

PHOSPHATE

200

FRACTION NUMBER
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HEAERINAZ (R 2-E J)o RIh A TEHLE

Fig. 3 Estimation of mo-

O FBE L cyelic AMP (O 3 HKafE L\ Fnzyme T lecular weights of protein

—1 | Enzyme I —2 | ¥ X Of BEnzyme I —3 X h{C— kinases.

Bliko COBREBEZTERRAD, EOEHRLE “TocdTochrbME Tc

FE R-BHABELOORLCEHE LESo CENZYME I

V) R-ZBBHEOEHH 25 -
Enzyme I % 4° T aging S ¥ 42D b, 2—-B & A

{Ceyclic AMP BE FR F 23 B2 o2 (®MY% Yo *

D RER Bnzyme II L F—FEED cyclic AP A& B é OVALBUMIN

B (P, HFE 4x 1000 B M aAhkds, FHE ;- =0 | ENZYMEI-3- ]

zyme IX h B+ A=FBE0O R-&HH (K 2-38) ENZYME t-2—

GHHIhzLDkeo COT EE=EED R—-&HHE '

# sging IV AHFRUMNOEAACHELEL 15 | N P LOBULIN ]

LERTEHC, R-BERELLTERDDBRIE S Y

ME( R—3"y AFHSx10" 065 L 5 AT X% MOLECULAR WEIGHT (log M x 107
om0k iy, n-gan gl
ELTAHRIEMA cyclic AMPHEASEBEHE (B, # T & Zligigw?Y the method of
L1 FEL L EERBRLT NS, BCHMEARFICLIDOT, R-EAHDOSH
HOMEIHECERT AW DO20RFRIDVHFAHAI N L IDOEBbN bo

(5) AEHBEOEABBRLEROSHEMEOI OER

Fig. 4 BEffects of aging on R-proteins PEEEO REMEE @ cyclic AMP (T L 5

in protein kinases (Enzyme I-1, Enzyme )
o I=2 and Enzyme 1-3). REEHDT, HECPLTFDOREL, D
g/_\ ] to mf}? Enzyme I-1 | Fnzyme I-2 , Enzyme I-3 3
Egm 08 L F Bnzyme TIT (3 3 BKa i, TN T
o
29 SENﬂ’LHOxlO‘BM 2.4x10°8 M, 2.3x 108 x
a5 Eozaw:z»loxlo-BM*céofc(BIS)o
<3 S0z 0c & eyelic AP BESHMT BIC
[FI) x .

~ % O - -
;o’: 30 60 50 50 89n’c\ Enzyme III . Enzyme I-3 . En
a FRACTION NUMBER zyme 1-2 % Y {F Enzyme I-1 © JH ICHE 5 &

Fig. 5 Effects of varying con- = i
centration of cyclic AMP on “the nrclERLTHH, AEHBO & B # eyelie

catalytic acthJ_tz of various ic AMP =) g &
forms of protein klnases eyelle DL~ RERMICHIET S camaD

& 100 BWBE T2 EEL 0N bo

=

e X R

o 80 5. ERLICHMAN, J., HIRSCH, A.H., AND ROSEN, 0.M.

< Proc. Nat. Acad. Sci. U.S.A., 68, 731 (1971).

1. GILL, G.N., AND GARREN, L.D., Biochem, Biophys.

w60 Res. Commun., 39, 339 31970)

&% 2. KUMON, 4., YAMAMURA, H., AND NISHIZUKA, Y.,

= Biochem. Biophys. Res. Gommun., 41, 296 (1370).

g 40 4, REIMANN, E.M., BROSTROM, C.0., CORBIN, J.D.,
KING, C.A., AND KREBS, E G. Blochem. Biophys.
Res. Commun., 42, 187 "(19713.

5 2 3. TAO, M., SALAS, M.L., AND LIPMANN, F., Proc.

= Nat. Acad. Sci. U.S.A., 67, 652 (1970).

S o | I 1 6. YAMAMURA, H., KUMON, A., AND NISHIZUKA, Y.,

S -9 -8 -7 J. Biol. Chem., 26, 155k (1971).

CYCLIC AMP CONCENTRATION (log M)  T. dtilis {mékip, 19ﬁ,4:1,g;m5;&,mﬂ@,z?(19707.
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6. Synaptic membrane TP Ca® &k , ¥ I X FhICHT 5 caf feine OF 2%

FEE AFH BORK-E- LER)
(EH)

() Rat KBER G L) Whittoker 5 o F /% T " ¢ Sucrose Gradest o Syna/stt'a Memdrore
2%l L - Ca-Uptake £EI~ R 2 & D nug s gy o L2,

@) > o Synaptic Membrine & Mg B-FET © AP & & v BTl Vs 0 Co-liptake & 7 L
B%% Sarcoplismic Reticalume £ 3B G ), Oxalate 12 5XEBEG v T v = a Co-
Uptate @ f2h7RE A BHeEL, ANMWUEAFKY 2665 5.

3 O3 Strmalated APase %349 % R Catte HE (Egra B veF)r Sxw* 1 % Y, G-
Uptote 2 R Cacb BB (EGTA B TF) & sxiv N éh %,

BRI A T < Brorn Microsgme 1112 & A &7 Ca- Uptake & Zx Tinve F % Shtra-
Synaptosymal  Mitochonds/a 1k Syneptic Flewhrone » 31E 9 (o- Uptoke T TF o,
HHr B a9 e sp0p B L, Olgompern 7 7 FAFT B, (£ IST Spyte
Membrone. 2 G-Uptabe 2 Microsome, Mifochkmarna = (o~ Uptske &3 B0t
EZ hh oA,

G) Synaptrt Hlewbrane = Uptake 3 w & “Ca 13 Gifferne = 4 ,T Refease (T < 2o
Mitochomaleta o Carz Refease L T = 7211,

) Snaptrc Membrane 12 (reatine Phosphote (Cp)* (reative Plogoho kinase (cpk) 1= & ) Go-lyptake Z 7 <
8\, 37T, /09 B incubate #T @ CPrcpk £ ) (o-lptabe s T F & 2wl b,
MitatanEERE AL, -, BEARCMZMBNM D T oM, KB = b

TR BEMBLAHNI O B Ko BEAFH P Ba K 2 64 UEx 59, M-

KtAPase W51 TN 2. 4 bt Iopulie EX 9 MELAMBANEEA2 9 w2dMELE

Ny Tronsnitter o PBA B L iy i’ l5 5 5 <, Ha & F e RMWHE) 71 4] &4 15

HoWETH o 40 bt BEMEEI cbbn AN 2 G KWL, Tronsmethr

D BB 0 LEL y hh, o BBt AFEERL L O ST 05 9 K

By, haw abaillNag G a8 v )4 SIS E T MK ATPace 2 15 &

B e ATPase 615 L Cv B BB e i s hs, “hoact 4L ¢ B

RN Synaptic Newdrame - Caa#h 4 EREIN B, Fo B AIP depenclent 75 Co- Uptoke g

RAL he o C Lol eTlN, 5 4w Gpem s @B s8pg = 2 CHES 5.

(9% )

Synaptic mndrore 2584l ¢ 1B 20072599 9 DR KB G+ ) whittober b0 %

0t 17 modily (T L L 2" (Fig 1)

Mot pTPase. sty (o Stimubsted AlPaseh b0 HIE 2 som 1 Toas -HeL Butter (pH 74D, /0D

mi] Nacl, SmI] KL, 2m1T Mylh, 2mt7 ATP T 9 ATP B BB & Kom I Tpis-HCL Buffer, 2

MM Myle, 2:mM AP, 0 /M Quabarr g AIP 5 47 0 EE M’:K"/%7/70;¢E‘§ vee L’

G Stimulared ATPase 4 413 4om M Tos-Hel Butbr Cpr 7.4) , JoomM KCL, MM [ lh,

0./ Oushain, o, /mMECGTA , 2am A «Gis# F DEENER G o PBF L T7 WD

oAt E 3 e LE, _

SPHAIE 2R ¢ Gomir Phosphate Buffer C pH 74) 5 imM Cotochrome ¢,  Neofetragolium
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Figl Preparation of Syraptic Membrane
Rat (erebmal Cortex
°Homogenized with 0.32M Sucrose
*Centrijuged ot Qooxg, [Omin.
R 1
*(entiifuged dt | 1,500x9, 30min.
P Sa
*Suspended in 0.32M Sucrose

*Centrijuged on sucrose density gridient
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.3 -/ “Diluted with 2 vol. of witer
3} ° Centrifuged ot 105,000%], 30min
Synaptosome
. 'DiSrupTecl with water
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308BIPBME, KALo Ca e HIE L £,
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[0oomM KL, 2mt1 Mgllh FT RICILT K
0w /ﬂ\%%iﬁ%n%{){( w A5 eFNE ¢
» Retise € AN =,

G421 Rgr 2 74 CHYL L Symaprte
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BN 9 SoH Ve, Nkt AlPase O, G-
Stimubted APose b0 BHE Fg2 « 5 F
o Mot K ATPse 0%, GO Stimubsted AlPase
1 Symaptre Hewbrone =53¢ B T 2. 13 &

b

C3" Stimdated ATPase V45 & Ca h¥E 5 Q2 Fig 3 ~7 3 &2 « 1071 EBIA TSR T T

Fig2 Distribution of SDH-, Na-K* ATPase,
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7. B—=s-n YRECETS TR ¥ - B RBEROEY

moEE o = CEKR-E - M
Lowry , O.H. ( Washington K% « 3£98 )

(E#)

1) BEEE0BWeRIr=n 1= EBB o EFEE I CH L BEE TS 7
v 73 (NAD) 2R L t=

@ 2AFHE(HEUREATE 70 >R EB YT TR =0 v
REiHI- H173 HK, PFK, GGPPH, ¢PGDH, ICDPH(NADP), MDH, LDH astife
ALt e (12 =202 #Ra ST v 3. KRR a4hiBepls, 7 > %
v Ao SEENRE, VeETHEFREN A BE X4, rurkInE 482, DEITERS XBWE, FEEMEE
TR, 7R BaeRt, (RRPAEELERL.,

@) SHHo ==L XN ANHR ABETE I T, BRI =5
—v > MDH a%@ﬁﬁl?’o 7e YT HEL GGPPH E‘E*iﬂfﬁﬁﬁ'ﬂf#—) Srh K2

BHEHRE T OR 15~ 2kg) nBRENKERRBET (<o fiho B
v L, RIAEF TAKL < Freon-12 ( —150°C ) WIFRAT 3. O 0 BEEaRERN
> 8~I0f DIFEI N1<L (7 Y AR T o b =24C), -50°C CHEEFIG (1< B
Frn i b 0 SLD T ) IS0 B E WERRUE (KEBF ST > R) 17, z0°C, BE
50% MBRIBRE 1TT 1. MEor M DM o LR EN K T 3 o
Wi 3 @%ﬁﬁ%ﬁ%’ﬂgﬁv I YL, BEEERISIE LR LTS,
BsEats IODHY MDH £& w0 LDH® HK, G6PDH, 6PadH” PFK” kB
T3k SRR L TBIEL 1<
HRTE o weld metnod  REBBIEME < HBn, HK, GEPDH, CEPDH,
ICPH 13 o16pul, PRK LDH 12 0.83ud, MDH (32 4dpl OHRIRNTRIEL
= X < CEEEAZI170.3 < 31 G6PDH, (PEDH 84780 T & 5 (= 48013
GE6PDH  Glucose~6-phosphste dehydrogenase
HK Hexokinase
ICDH  Isocitrate dehydrogenase (NADP)
LDH Lactate dehydrogenase
MDH Malate dehydrogenase

PFK Phosphofructokinase
6PGDH  6-Phosphogluconate dehydrogenase

2o FFFE  Washingbon KT EIZTIE U 1TrbNnr=ta T, —¥Pra Second National Neeting,
AMFRICAN SOCIETY FOR NEUROCHEMISTRY (March 15-19, 1971) 1z JrwT %%’: (T=.
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pl)o RIGRE R, RED=FT 17 ) > 73028 > TCHR L

T 70 ARIRS MBS 3mm, ST 2mm ovzhiis, 100 BE/7 74 23b
(FLE 083~ 086) EFH U, ARLRICRORIHE 4o fki=k 437 ¥ ) 12 Lrckafia s
BB 2B U T RIVRN~w2, 22.5°C (2R) T 60RIRIRT tr<fz, HC(NAD
EPRRAC) 7212 NaOH (NADPH R ER) EWb 2 TRIGE LS 3, HCL NaOH
OIEBRIz 01N, TREARTAE 2 Z~ /0l TH 3, v TsbH & 60T, 05
AOEL, HERRIMTNAD K& NADPH &Izt AL R4 -2 3T, BHF o
NADH 3 &1 NADP & Rmig(r<?

BBRIVT A 71> 7 NAD R#ETL<EX LT<NAD 14 79 > 7"hi= £ ),
NADPH @#¢ko NADP 74 7 ) > 787124 57, o0~150,000 5 (=PE¥B (re. 3]
Lvs NAD T4 79 >7"=1% ADH & MDH E R ey, #BHEF 12 6o,000 $21=H&
W BEIE LRI TH I HEKI N B NADP BT IR R = e, BT 7Y
S XA

BEr79>7 FseBo NAD Zr:z NADPH & RARIINZ TRHR S
FR(r:10eBRe (T, 2027727 ARRRN EFRRI=IB L T2 6 3BT

# 2 (reagent blank) o

FUrsLtB-=a-voafiehodERin 02 mg (SRIFHE) 15 1omg(BEX
#fE) o B AR T3 (F T E)  jRIRWEERERE © PVEP 1= (1&BFEA%2NER L
(RRrEHLN 325, fHodPETER 2 (=< v, KR mhEoteles (1228510 B 2,
BB IBFE TR TAAEES L I N D D Y § ROR L 7 3. SRIRRERE TIRERAY
BIRELE %25 32 L9573 B,

WERNE S B B — Z1B  NEAIR D A%/ EF-Tige

PR IBIE o g BE O 4L

ng ANKEI NS BEME & .
ROT=a2—7WTRIKT ¢ H1é & 3 9 o / 3
BB B W TR €1 ng * 8 8 » -{
Blieo v TEREEB( T %o < 2k ° ;

11 LT ATY T — 3550 §

BRGFEF BRI, BEe 3=

NGB I LA TR —FL, %L . )

G2 B EN TR L3 4 o EARRR | T TWRRE | ERNRE
THITELETLTVI, o 38 weteet 1200mg i 1ng i
CHERROBEF I - v 1 L, ~

¥YXT-EELEH O, T Bk WAL (2 R NADPH ’ElL/ka ERER/CoRr
ATAEEBYEr< 1200 Shrs, (22.5°C), & (B3P 22 5°C(ERY) 1=

24 B5FR BUE 1.0 R & 4.
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1% B o-=v ioltitrsrs BEElLosH
F2
B T PEK  G6PDH G6PGDH ICDH MDH  LDH
R ABAUEEHp) 6 - 0.7 | 1.73 2.36 0.286 0.153 0,73 28 7.6
fmps, % (40) @n 49) 7 37 39 (24)
0.06 0.23 0.022 0.009 0.02 1 0.6
W A&eBE|5-07 | 1.8 2,54 0.349 0.189 0.74 44 3.75
(31) (31) (25) (26) (45) (29) (25)
0.06 0.10 0.036 0. 0.05 2 0.14
PURKINJE fufili.8- 0.3 | 0.32 5,01 0,280 0.123 0.40 86 10,5
27) (28) (28) (¢%)) (21) (24) (36)
0.02 16 0.017 0.006 0.02 3 0.2
§E1ki2 o N0 - 0.7} 2,06 1,90 0,083 0.128 0.71 52 2,82
E Xt (18) (30) (16) 19) (16) (26) (23)
0.105 0.11 0.007 0.009 0.05 2 0,10
DEITERS fgffg| 5 - 0.8 | 2.39 1.42 0.124 0.055 0.65 51 2.67
(19) (30) (23) 7) 16) (26) (25)
0.08 0.009 0.005 0.05 1 0.12
@3- 05| 1.03 2,93 0.147 0.122 1.11 52 2,95
“9jiz, ] (23) (30) (26) (24) (19) (26) (25)
0.07 0.12 0.009 0.007 1 0,06
26 14 %a 1-0.2| 0.8 2.25 0.036 0.095 1.36 59 9.5
(X¥& BUE) (24) (29) 19) (39) (19) (21) (25)
0.1 0.003 0.007 0.4
SRR awlE |1 - 0.2 | 0.8 .52 0.038 0.074 0.74 54 10.6
¥ >£‘/%) (25) (32) (15) (25) Q19) (22) (28)
0.06 .08 0.003 5 0. 1 0.6
FH{E BT NAD(Er (2 NADP) %)u/k 55559 % /o9 (2286°C)

TR o B 12 F 1988 (5.

e IV AL 24Y T ) A E AR
Za-uyzonT, %M
1A IEIR). =2 —urH]acE ¥ 25
£ 5 g gL 5 ¥ ?b% Lyvralz
GEPPH Th ), RIKNSEFEBIE & 1.5}
Bf of Araitr o B =870 0 G
P2k 3, RERKIUMATER 9
TORHK TH3, MDHEM paw N 1.0}

P& 3 5Ny s e b o,
i BB A =2 — B 1= §
X T G6YDH, 6PGDH mcetsnsi -
Y FHY, Kz G~ DEITERS
B2 PFK, CPGDH o BifcEits
j~3. PURKINJE Amﬂ%(;ﬁ{g]q TPFK,
MDH, LDH %32 | R4i& o HK ICHH
EtE e U, RIZFY Ut U 3.

MKy H

ED.

77 o Iz o E .

50 205 5cEiel, B L $18ER 0

ﬁﬁﬁlﬂﬂfﬁilt U BB 19— 4

0.5

k) ADE PRI

$

ICDH  G6PDH  ICDH  G6PDH

ZrenBiz cF 18 L x5 U,
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W EAEERE = X o N B tea Fry—tr H2BEHT £ 7 ix, FiANE o ICH
£ G6PDH sE181s, &1 U QRSN U5 1FEEMEIRSRIL = C 5 N1, hiEn
STV EPEFERT O 2o 2 b (a5 AWML LRI 0%BRERG 1 S PRI L T
3:>tefwgd 3,

% %

LowRY %= L, THEREI MIEERIREE, g3 T W EORMEBR L R T
n, Fim&ERk nBIKHENFBT=KY GRE L r- ;\tﬁaﬁ\@’ »n%EFi1=L,13
b R AMBIL TR F 5 (=0e, FHFRss0REe =811 7Y > 735 (HL<
EEIN= NAD Y 4 70 >7 <) s 888 - GUH AL, &@=x-v>
PEPE L =BT BRREE RIS 3 8 v b=, ZERET o FRE ==\ § IRERNE
ZOBRAECEL T, HUwEEZ R0 Th . ;

NGB T TR F B EBEOIT— T B Y, EALFIEAIIB R 3 2 bR
LT3 pgErw mMEEBARMREE (F18) FROES-EHMELE
BAABIRtE I = LT TAOERBBLE 52300 b v 7 TR

OB THITAF & e L 83 o =2~ 08 % N P80y REETOEL O
;e L2 3(F 1%, F38) BT ERASBFEATTHF 2 en TR,

)T B kol t BB ARAE RGN, (DB Kewle ¢ Delters spfe  GYSEIASERE (MR TR
FIW FvH)
DIRITIRER 2o he %38 WEEELET R -wr 0oL

PURKINJE .
() PURKINJE %3 JiZ.. 6PGOH 4pGon 6PGOH wroH

M_Y— % ”’l %*\ m@lﬂﬂ% GéPDH/ - 1COH -~ T~ ICDH  GOPDH  ~ cD}G&PDH/ CDH\
PBo ¥R, HY / \/copon\l/\ / | ,,Fé . N
'?(ﬁ“] 15 %ﬁl‘”“fi 3 ?E PEK o = e MDH  HK /
T3¢7, Dﬁ’?ﬁg \HK/I\LDH/\ HK/T\LDH/ \HK \( wi

LIOE S ER iﬁﬁrlﬂ‘ili W LDH LOH

wi wt
W2 R & 3¢

Anterior Horn Celt Facial Nucleus Cell Darsal Root_Ganglion Cell Purkinje Cell
- o _—_— focigl Mucieus oo Yorsal Root tzang
AT"\WN3, F1= Al ﬁ

6PGDH  ICDH

f-‘mmgf‘ﬂs ’7’ Flrd 7 soon 6PGDH gy

Zig5aA X NEBREN G6PDH

o BRI 2 3 P o

e &, FRIL~ 288K \ /

FORAE co-z " | |
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(1) FRIEDE R. (1966) Topographic Brain Chemistry, p. 70, Academic Press, New York (2) LOWRY 0.H, (1953) J.
Histochem. Cytochem. 1, 420 (3) IOWRY 0.H., ROBERTS N.R. & LEWIS C. (1956) J. biol. Chem. 220, 879 (4) LOWRY
0.H., ROBERTS N.R., SCEULZ D.W., CLOW J.E. & CLARK J.R. (1961) J. biol. Chem. 236, 2813 (5) LOWRY O.H., PAS-
SONNEAU J.V., SCHULZ D.W, & ROCK M.K. (1961) J. biol. Chem. 236, 2746 (6) LOWRY 0.H., PASSONNEAU J.V, & ROCK
M.K. (1961) J. biol. Chem., 236, 2756 (7) LOWRY O.H. & PASSONNEAU J.V. (1966) J, biol. Chem. 241, 2268

(8) MATSCHINSKY F.M., PASSONNEAU J.V. & LOWRY 0.H, (1968) J. Histochem. Cytochem. 16, 29 (9) OCHOA S. (1955)
Meth. Enzymol. 2, 699 (10) FERNANDEZ-CAMPA J. & ENGEL W.K. (1970) Nature 225, 748
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8 RaFHCETLHr -7 /FBR(GABA) O
WM Tem P BAT-X ® E 4%
(HEHEK & - &%)

(BEH)

TR BT peaBA 9 A ETN, RHL B 36aBA 9 BEMBE L | T 94k &
L.

K 2 ﬁf(%,Zﬁé\éab cryostat % 7 B §150p o)ff%\}jft?ﬁ"‘&’:‘? 9. Y dET G R 500x
500x1500 | ¥ 1< 14200x200x150u 9 B % 1A SR PHT ( =, B2 o MBI K gcam £/ E
E  Hirsch & Robinsd BRI L & £k (%\@5{& 1x10 " Mmoles ), &' & ¢ Lowry b
7) enzymatic cycling %R A | 4B EF 5 (HEMA 5x10 P moles) E M v T AR E
T2 k. thBoacaps BET 2 ~2.6mt LHBgo6 ~13mMer~THoBEAR L
. —AGoll &R 9B o Htho G o BER LR, R UF s BE s
r<o @ Rexed oM, WRTW 22d » r=. Ricwall 9 BCH L K v AR
RENT 3 Epiio QB THREZ B o E L @ T k. 8 A= REas A
B R LR e L Rk 3R T B - AR ¢ YRR EL B B L
CRF LR~ MU T @ EYB ) o RBEN L ILEET 5 > Lok e,
GABAD A RN T H 3. MXARAhA Ao T oBARE 2B | v iaT B R 2,
LAk g 8pitie aSB% m T AT B b Rt A 5 . WAl 98 B B o3 caBa o A<
& ¢ T presynaptic inhibition ¢ /lft)g-/ﬁ)rﬁ H DY #lE= >3 % 5-/?:- L =,

oASFRY R MR AR(ONS ) 1w B T, y-T Y ) BEEA(GABA) 9 PG R8RS i § 3 ok
A, GABAOCNS K AT 3B ERD ErH I ERTHL . X 12 B B 1t h 0 T
MR T3 1k, 4 U GABASEALIE ONS = &' T GABA(RARIMEIPE|ML = 2 - @ L P w EAR
AT 5L 3T, ONS FoGMBAA R EX0B 2 L in$ > THHoW# Itz —- b
VOREEME pxF 3 kT Ty H B g(6,7). MAW I MIPTH 1 EMREIN
BMaAcE wTtiREC B o MB X BHG)L M1 t, oNs B —D5EEM4Z4000 0 GABA &
REnBIE 447> TT(1,8). 29AK0TaAL » LAGE bR T B GaBA S
e b @AF v, BRI A GEBAL LN LR Lo RA R IE4AES ) GABAS % T 3R
N33AEERELEavRETA. 2 5w o sshkPoT, 4 chiley, &%
EREHBr I o hrB hmc o3k oML ko v TeaBA A AN, 3 RER
LR G9RR LT TR m T D aama 9f%B 1< > 3 R T 0 &

28 5k
tPH — Pentobarbital BREFT 1« A1 2 AR L F5BH L, dry ice—acetone 7% -70°Ci< AR L
= iso-pentane ¥ ¢ REE L, cryostat® 1"#&[411’))5 {6 = tp YRy 150u0tp F"" £ 7% P . 7’*%(’& e
L6, 171 9ofhsBuvr,
Slide glass ~ Slide glass. .k <4950y 9 /B § 7 epoxy resino BB g %L , 2948
149 3000 2 & T 0 cover glass & BMAR 1= % ) 5] &,
’%?\HE >4 Bi— 1) f@ 9 150p WM@W H’ % ki 9 slide glasst 1=®3, g-")ﬁ’—"\ 910
S8y orth, SRMARE R R REI LA Lo PBEL B v re. 2) 24x30x22¢m ) 7 5 A4
7 8 cold box(1) 1k slide glass.k o 4RMCIP H & NM25 ~-28°C 7 B o R4 L &=, BRIE
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P @ RA L T Ny-gas & cold box 1< R.Lfz. 3) 2 o slide glass @ T 1= 100n (B9
micrometer® 1§ F , P2 Y Yo rikocT 47 % B iﬁ-ﬁﬁmﬁn TrtpH A A
9 cover glass £ 1= F U = E 1< 4 5 T s00u 3 1= 172000 ) g HVBEIPH £ 7P 9 A T K.
4) cold box B 2 2B/B E-45~ -50°C (= F 4 & R a LAEK\ B % fluorometer tube ¥ 2 0.1N-
HC1 20p1( 500x500x150p444¢ /h B o 5 £) 3 12 3 5p1(200x200x1500 408K |- H o HA F =
L Tz, 5) Fluorometer tube %#5 ¥ B 38°C <{k 5, HCl oK% HFCw=I W3,
GABAZ TR & 0 BVE 54T 2 (=, 6) 4AAHMKAK LML Mo T fh, epont o § 7 EhE B
SEumil® L, T otPy B e BN o BB EHE L, Ao camREEH & L
k.
A
500x500x150n 4AMK A — Hirsch & Robins(3) o % 35 <38 ¢ = % ¥ 2 (1x10  tmoles 3 o
BIEFTRE) <& VeBAR A EERILL 5,
200x200x150p 4BE K — FnBMEEc G ey TR E L e MELEAG) IR
e L BE R T B%E E4T- fe, = 9 57 B lovry b 9 enzymatic cycling(4) L ARB L
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RFLE, B2 kR EHBENS T LT H
3, Jimpy 2 (NP B IRITEO EFa Dttt B L2 B AL 23 2 b
3. Jimpy 9 Aho CNPIBIE 2B IR, R E1RISEn 528D 0 fl iy AE-ET
H 3. EBa D UmBltFs e BHe< , 5E 5288 it 2k vIBE 9 A0
NRH L3, ki J-'w«lm} W4 e TIivwgthi2ze b0, Y xt/yaF
2B E(e R i2me Yy, REa (NPHBILEME(LLIBETH B, Co 12812 CNP 9

Bt £ > T Qiiflz/p\ﬂ\h, Byl ilﬁ [ IR wTF % Jl‘mp«&’c"% > ez N 3,

Baka Rk e £4E0p =Hh 29T 223 (A2), CNPiBrEe:£3 R % 9 &)
FERETK > . Quma& REW 30490 > IFE, guR, Aka 5>/ B, Lo
CNPZEitLa ms;jz;f%\/m ms jaoBRRCIzO> v G220, Quakw’é@ A9 ¢
NP ctrivuilk%::f@wﬁ\“, Timpy iR %W ve o > id &MW} v g
Torpy OB NE ) 2L Sy YRIFERT & v BFRE-FL T3, Quakimg ¢

Yivpy tre#l 2 ¢t 5> -2 B3 kg, Quatcing 2 1% 5514 N 2| @ 3 T3 PBL #eor3 ot
U, Jimpy T[S0 % TGBHN-B o bAwcEL2L3) 2t TH3, £33@mE
BV RILEWAREWER CNPIBIcER T, €FMH > w2 TR R

SKIPE X A NR S A me N H B R B) IRBA R BIE NIRRT (2 v, R
Qundeing o BRRT 18 5B1E NERR L2 LB,

MEO KRR (NP N RRMBPIEBCIEIRIZ Y RBRLFTI e TTE5 -2 2
B RFEeTH s, BizX, CNPIRteadb i o5 PIBFF 3 &, Timpy T1F 212/50 2
(AEN a,uk;w}z’ o209 STy LR LET 3 LB I nE, 2 0thEF Hogam
amd Joseph (5) NREB AR M 5 (R TR rQuwgﬁ?hi?izos/:S VS Y R
Ty, L8~ XT3, XHEREIS Ro s 2y > RIFGaA, BT 7< 3 2 y o X'
RAE 3497 H3t 3502 5,
bz Timpy. FEWEGatBRe 2R 2pn 5@3 0T vy 2 5% L, 1%
Hogsaibocnp v )20 BRMELB LT 53, Y2y > 6256 L 2 U< L g
ot b RDH BB >2 w2, $Fh3zy > /xﬁ&mwm 259 4B H »
Fo 2ot 1t Junpy o BB 1 HREABINEATREL XL > et T 33,
L O s ) BEIST 9> @I hy CNP B2 B TIF 3% TH I A, J-‘myg
TEOT NGB TH B, 2o P RAT LT 3 2K EANTRET H B, (i) J;m,? 9 x
Y@ ke Sy >k TNt F Lt , i) Timpy 9 § 2 UL IEBN TR e EHT
bhrd ondTe2bilets gz Sz y > &S =32 L 3>, (i) J:/?
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1% Brain homogenate in 0.32 M sucrose %( l'.
CNP Centrifuged ot 12,500 revimin for 15 min (rotor 30) CNP AND PROTEIN IN DIFFERENT STAGES OF MYELIN PURIFICATION
i 1
E VN Precipitate Supernatant
ﬁf; 7 (P,Py) Centrifuged ot 30,000 rev/min Mice  Fractions CNP Protein
@
. Suspended in 0,85 M sucrose containing for 60 min Specific  Total Recovery Total Recovery
ST 1mM Na,EDTA ond centrifuged at 25,000 activity  activity (%) protein (%)
vy rev/min for 30 min (rotor SW2511) Precipitate Supernatant U/mg of (L) (mg)
(Py) 8) .
- 3 protein}
- ‘;) Precipitate Floating layer and suspension
. Jimpy  Homogenate 0.304 284 100 932 100
3 o (Pl PZB) Diluted to 0.32 M sucrose and centrifuged
at 20,000 rev/min for 30 min (rotor 30) P'IPZ 0.388 245 86 630 68
\
L I P3 0.336 30.4 1 qi10t 90.6 10}98
L Precipitate s 0.062 1.8 4 91 20
» (P|P,A, crude myelin}
J"mr,‘a Suspended in water and kept standing for 30 min at 4° P]P2B 0.284 128 45} £9 450 48 } 57
. Centrifuged ot 30,000 rev/min for 15 min (rotor 30) C’“Pde myelin 0.800 67.5 24 84.5 9
T l (P;PA)
N Precipitate Purified myelin 1,15 39.7 14 34,5 3.7
Suspended in 0.32 M sucrose and layered over 0.85 M sucrose N " 2.53 1830 100 722 100
- — te .
y Centrifuged ot 20,000 rev/min for 30 min (rotor SW251) ormat Tlomogenate
. P] P2 3.05 1520 83 499 69
N Interphase between 0.32 M and 0,85 M sucrose Py 1.66 - elor a2 9Z 100
Y Suspended in water and centrifuged ot 30,000 rev/min for 30 min s 0.375 58.4 3 156 22
{rotor 30)
' P.PB 1.00 312 17 mn 43
1= d?) Precipitate C] : myelin } 68 } 61
rude my
1< B (purified myelin) ® o) 7.30 937 51 128 18
T . Purified myelin 10.6 789 43 74.5 10.3
2 pR. B3 3z vomy

FEH3CNPORIANG N, b Tiempy Mo R L YTy > o9 #4569 %[5 B IE
%&2“ h 1=,

Rz YRIBYVDVRI MGz CNP & Frempko dzy > o BiknMe A
PrRRULBEN, CNPA Sz > B BrTl tidke s hiv, (NP 1RHT DT
Fdh 3 oVHRo RRIDEAIK (/2) ) +3 R L= RRAAD (/6), BRIRARR (20) 154 BT T 3,
TeNPR STy R CRAEIRCAHETIMETED 4 En I AE (1) IR
ftazr:3%5 03253, FIEMIR Mo HYL 32y > 12 homonite 13 € 5N
TEIBH N IZT AL LG LT v tw) e (20) £ 22888 k> 2 B8PAT 3 3,
B o BITTHI R a3 29 HRLTIR B U N PR 12 54t > 15,1975 3
3, Ouazoof,e»«o(ﬂu%k t32a—272H iz N v, O&‘}odwobw%‘& 2 7(/9/93%
RS S Y WASEK ST 12 (N0, 39 B o CNP N SZyrmphiroTdh
3y, Coa &Y T RN EW D 9SS T y =) T3 Qgrawnl 5(2) 9 % 2 x £ —XK
3. %L 7y R o2 0 RER Cis) 1aPIBBE( Sz 5y 22 X, 27 up
RIBORE ) RHBRL R BB FE AL S22 3= e %3 53 5,

O

(1) Qomns st al. J. Newrochaun . (2 363 (9630 ;(2) lgn. ok, Bodum. I (20 £35 (17705 (3) Bamih amd
Dawvison Buwsdnm. T 1E 1057 (1567) 5 (4) Drampmsnd ot al. J-Bcol, Chim. 237 3635(/942) 5 63) Hogan
O Jotepeh, J Newro i - (2 /207 (1970) 5 (8) h'B E/B, #FRIE 2 puppl. 22 (1570) 5 (7) KuriBara and
Tsukads J. Newrvodam . 18./16 (/367) 3 (#) HunAara and Toukada. J. Newsochum . 18 $27 (1960) 5 (9)Hirihaa
At al. Brain Res. 13 401 (1969) 3 (10) (Gwihana stal, J. Newrochun .12 993 (1990) 5 (1) Kunibora st ol
Lije Sec. Pt 12 427 (7397 5 (/20 BRI KRE; (/13) Lowry stod. T Beol, Chaen . (23 265 (15 £7) 5 (14)
B 130 RPILCF 2 auppd PECILT) 5 (I5)A<EIF 1N RRIBIE/EL Aokt 22.(1770) 5 (16) R PRaTAT P4
B9 (177105 (17) BFHE Fop™ AT 8 puppd. $6 (1967 ; (1€) Ollafosn stad. Camad, J. Beothom  £2 96/
(1769) 517 ) Sidmam et al. Sclomce 2% 307 (1764 )5(20) Sudo st ol imprep. 5 Q1) FEAT 132 IPREAL/F-2 bl 77 (1 776)

3
+
2
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290 7Y rBO AMP deaminase O £iEM: & FOME

MER fE O (FmRan=-)
HH OB FEI M K BE(HKE-2414)

(E®]

BMEBHOT YT TIMEBEICTITUDINEMIZKC TEPKCETNT 2 U 155
bMTVB., LPLITORERLTAMACOVTEIHI VAL P TELS. E6E.
TTINEE, TN YETELLSNTUD., ABHRRIIT T ZALBRERT Y/ L.
L 7% adenine-guanine nucleotidef M |T X eyt T2 T k&Y 2 2 24 5 M 5 AvP
deaminase |7 5 ) T EFEWET B & 4T » & . B4 () AMP deaminase | (I P-cellulose U" A& | 1§
5 4@BOEOICHYEE BICT ? Isozyme P37 § 3, P-cellulose 7 74 7 O T b TrNaCl
B % gradient IT LB 5 T % £ 0.3, 0.5, 0.65, 0.8 M Nacl T % YL ¥ LI, IT, ITI, IV% p¥
B TFrN3d, %% @ | DEAE-cellulose K % 4 B Sepharose-6B T F @B E CHFY T3
2. FHQTLO-XTECF-FBRAWTCIHYWEL BT, BUNT 28 EM
13 MIIIIKIY DR TWR I RL RETHSB, 4 2 0% % (Tactivator Dare T 77
VARV BE L TORETITEN AMPRE ¢ E N OB (R i1signoid Il I heT7ax7T
Yy I BRECELSND, HUONRBEIIROHS 3~4T, 11, 111, W X CT 2T H 3.
BT OKMENORTTICIT KIKIIKIV OBFHENH Y, I NIl Activatorz 73 T T A
HUupd., AP AT LN Y ARS K WL Activator T H ). 6T IEEE TAREIC
FEE 7T oI, izv o, ® KN THE I AL, IBRAMH TIT100,000 x g L
J§, Mitochondria, Synaptosome B IS4 EIC AT 306, BHL/LBCIIIR NS,
(RE D E)

AMP deaminase () ;5[] 5 mM AMP, 5 mM ATP, 50 mM KO, buffer, pH 6.9, 0.02 % mercapto-
ethanol (F L FIZ37°C, 5 A THENT 57 »E - 78 % EH tndophenol SATHEL K,
Kinetics () £ B(T ] Wucleotide |T /4 T rris ffi K buffer [ (I Tris-acetate buffer.pH 6.9 &
ML AR LKT VF 27 & selingson() £ TILEL+ 7 v 7 fhIndophenol 3 T 3] %
L 72, P-cellulose /; 74, 7 O 7 } IJ 0.1 % mercaptoethanolk 4 {3 0.02 M Kpo, + PH 6.9
EAU Nacl DBE T 0D H1.2M jigradient [T LR TR, CLO-XTEF - b
FXIKE T 0.1 % mercaptoethanol ¥ & L' 0.05 M KPO, buffer,pr 8 ¥ T/F » =, R/ B& 11
Eichberg Hh D H A K L » K.

WERRUZE]
Fig. 1. P-cellulose column chromatography of a8 KA & Waring‘blender T hiE
of rat brain AMP deaminase EE 0) 0.1 % mercaptoethanolﬁ /l?t‘ 0.02
1.0 M KPO, buffer, pH 6.9 ( Homogenize f%
. I v NaCl 414,000 x g L 5% ¥ P-cellulose /] 7 7/,
E 1T 21T nacL B B % gradient (Z0.1M D®
Zos iy 118 H1ow ELR T 5 LrigalhHild
<

SO EMONG - RS ND,

I, I1, III, IVY 1T 7 fL T MLNaCl 3 &

s = 55 0.3, 0.5, 0.65, 0.8 ;G Peak ¥ & ~
THELHIN D, HH (T E(Tomas UL

Fraction Number
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Fig. 2. Cellulose thin-layer chro-

matography of reaction product. Fig. 3. Cellulose acetate electrophoresis
R
£ IIT
1 L Iv
0.8 II
Poa
o6 Q0000 g0
el
3
&
0.4 0
0 0000 R
0.2 . v b 'y ®© -
0 ) Origin
. o-x, =4 /~F Sepharose-6B )L iFi@ KL > T

10,000x gl ;F >/ I T % 1T ¢ 100 & %I 350 %
VAT soo EIZCAER L K. % 1B 5 (] Adenosine ge-
aminase £ £ I T I ¢, RIEKRWIT M D) Jr
THDH I YL (pig. 2) B Id Pcellulose 1 H B —EZENDNCL ERE CELTH I &
"6, 4020% 1T 72N T Nave deaminase D Isozyme UHD L E L HND. L E4 2D
Isozyme ) Combination & T 2 T 1L # L 1) ® NEEZ 11 NTT LT L. HEAOR»HITE
PREPERINTOILE0HEMBER Qaypeia THATNLEZLSMND . FEIT Fy 3
CARTOWCELD - CELAWTLHBWEr EN ). IH R+ R BBIHMTS .
T e O A opnon®: OR ACEWIR AN (e B LM O BB
1.0 Activator Z"i) %) ATP ’—)7)[/7] y %& 1))/_?_\
(BrLTHE) AR RELEEORBAR
% Fig.4a (AL, 0T 0 awp 0) K, 13
I, 11, 11, VE CE T N 8, 11, 17, 42
meUU@mgmbb.m%4@®m
MHHELOMBERFETHILIHTIY
3, I, 1o, wRTEH200 ) ENE
H M Kk, Activator T & % ATP(5 mM)NaCl (109
. . . my BEBEF CTERCEEN BRI
Fig.05. Effle(::t of Af’lg concnz? on acigvity iz Fig- 5 [T Y 70 Ryperbolic [T UT) ame
the presence of activator. N K,4E13 1, 11, III, v T FN Tio.s,
2.4, 3.8, 5.2 mM L Iy BV T D, Acti-
vator) BT ZR D amp KT T 32 KB E
NI TDNHT yp T A HEVIT
11, 02 I3 4% K Monod, Wyman,
Changeu;f)ﬁ) )y AT K-system ILETD
TOXT Y v IBRETHLILERLT

sutsouspy |

sutsour
dWI |
I
III |
AT

Relative Velocity
o .
wn

o
wn

Relative Velocity

AMP ( mM ) ns.

5 10
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Fig. 6. Kinetics of thermal stability Fig. 7. Heat inactivation at different temp,

100 }
>
i)
Bal
k4 by
+ ol
9] >
o 2
g &
-
5 50 1 &
: .
g 3
® §
~
+ = = e
2.5 5.0 7.5 10
. . p— N
Time in Min. " 40 45 50 55
Temperature (°C}
G T D HEMD
Table I. Effects of alkali metals and ATP Fig. 6 R U Fig.7 TR LImd{ . mj—
Additions I II IIT IV o ~ R
SRR BMIZL4O0R TEDIT) 0)MEED
None 0 % 0 % 03 0 %
~ . S
Na 50 mM 34 30 8 21 Hd, BRYBIRETHDINDIINHT
K 50 mM 20 9 16 6 BN, Rt TRECLELANANDIAL
ATP 2.5 mM 83 84 83 96 .
®HThHD.
ATP 2.5 mM + Na 50 mM 100 100 100 100 ] e
ATP 2.5mM+ K 50mM 80 94 76 85 GAMEAL R TR EY

aMP deaminase |J By #8&% 17 4 < it
L_:m&rm%&mium%Kvnzqfv
NEELDLD., FIzITErofmEKNEBERITT
WY ABEMTIIKD I EMIFERANDHY,
0 (mM) 100% 100% 100% 100% Na,Li,Rb,Cs | T A { )72—]]% 5TCl) . L >3 ATP B

0. 2 -
o Y BTAWBEUNUDAT LR FABT D
UM peRsd, Ll 43X %30OKRMOTKEE
RO are OFHIC S o TCEMILINDIBTILE Y
Table III. Cellular distribution BBITACWENTS ”? -5y 4;»”). 35 v ]\"). -k

Table IT. Effects of GTP

GTP concns. I II IIX Iv

)
Homogenate 1300 VDHBOBRIITILN ) AR TEMILI NG, 7 ¥R
Pl (nuclear fr.) 143 . — ' . N
P,a (yelin Fr.) o5 NEEZTIITITILY }Z;j%% ) ActlvAatort’_ £ Y183 p are
P,B (Synaptosomal Fr.) 211 DT GWMEDP K 30 °. MLodL oK ?]JW&H“‘\%& Kk J: 7.
P,C (Mit. Fr.) 251 GEMEMAICIIPIYDMEEID DB, Ty D4 OIOR

P, (Microsomal Fr.) 67 IZ20THTILY Y AEEBE Y are im0 WE & Table
%3 UOLARLE. 400®A A (K4 0 TEMEL S NG,
. Na,k 14 ATP [T IEN B V1) R TEELTEN H 5.

BAME TR, Li TR P esTITALKE AT,

e IO 2R T HREL DU TIT Tanivitor L L3 T ¢ BB IMNT 5. L
L. Z7F Y RMIEECTT BT Activator ¥ 11 59 T v F ) 4 O ¢) &) ¢) AMP deaminase (T
RICEEAEDere ITL > THEE T3, LL Table II (TR LKW ave BR
> CH O WHE T T IR ICHEN, FAENRE TR,
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Fig. 8. P-cellulose column chromatography of
supernatant fraction.

>y

32

-

2 1M
0.2 tH

P
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Fraction Number

Fig. 9. P-cellulose column chromatography
of mitochondrial fraction.
0.4 NaCl

Dy

b

> 1M
0.2

3]

=4

10 20 30
Fraction Number

FE

GERE N 4 F > .
Eichberg % N FEITL » TT7 7 F K
B2 ) 4mRE fr 8, & 1T > IO . AMP deaminase

Macl |T X ¥ U T supernatant ¥ P, O & 47 73

BT 5. P& T b wyerin B CITH
{ Synaptosome Y Mitochondria £, IC
37 5, Supernatant % P-cellulose JJ
TLR DT ame R EOLDH LM I T
gradient IC L H S ¥ 2 ¢ Fig- & D L )
N9 - 958 »H yL 5. Mitochondria
A& TITFig.9 DWI VI - Y WEDH
K, A 55 Ed 2IT470%
D 9 5 N1) T AP particle bourd T,
7% Y 1 Supernatant mEZzOLIJL pREW: |
W T A ) % 1T T8 1) 0F pareicle ICIT T
B0 gn,
DD HEE
AREEBHITHECHD. 2F
€ II sepharose-6B TILFBTIT 4 E
Iy EMBICHELING0T THD.

"7 if LowenSteiny)B KENVBTOT EZ T OEKITU P D purine nucleotide cycle
(AMP > TMP— Adenylosuccinate » amp»IMp J (T L B Z VU DSBOE I 4. 2 cycle D 1 Y.
BEZLTNDT I/)BOMRT 3,2 e cycred) P &I ) £ FX. 3% Adenine nucleotide ()
BENDBH AT Y EZTHAKITL D Phosphofructokinase DA E HIT TS, BIC
AMP deaminase |] Adenine - Guanine nucleotide X RO B %D () stepMBEE T H M, are TEM
LI e CTHEIND»SFRNINBEPAGEBRIIERZLTERREL "TU2L D
Y ELoND, BMTOMEERIK T34 ) 0IsozymelN pOfGTL3 £ IEEVERE L DD UT

S0 BRXHIHBLEL S5ND .

It . Birnbaumz) HbIL » TRITY = 0) B ¢) AMP deaminase 173"%}5‘: B% T, p-cellu-
lose 7 ORPMT22ITABETDI I, RU kL ICL 2@ HRICPHPENNDENHD 2L

PEREINTOHD,
()

1) Askari,A., and Franklin,Jr.,J.E.,Biochim.Biophys.Acta, 110,162 (1965).
2)"Birnbaum,R.S.,Stine,W.R.,and lowenstein,J.M., Fed.Proc., 30,1114 Abs. (1971).
3) Eichberg,Jr.,J.,Whittaker,V.P.,and Dowson,R.M.C., Biochem.J., 92,91 (1964).
4) Kawamura,Y.,Yoshino,M.,and Ogasawara,N., Seikagaku, 42,524 (1970). *

5) Lowenstein,J.M.,and Tornheim,X., Science, 171,397 (1971}.

6) Monod,J.,Wyman,J.,and Chandgeux,J.-P., J.Mol.Biol., 12,88 (1965).

7) Ronca,g.,Raggi,A.,and Ronca-Testoni,S., Biochim.Biophys.Acta, 167,626 (1968}.
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9) Setlow,B., and Lowenstein,J.M., J.Biol.Chem., 242,607 (1967).
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2 1. f¥adenosine kinase { #HKER , HHE , I L (F adenosine OBUARICEH T H & E

W KE®B-B ILHEABTE Z(FEKE- 15K8)
BOE 5 M (B <R « BPRRE)
(26 |

WMxLe v FALE 4 adenosine kinase EFE% L&, 80,000x§ LA eeke @ L1
4%, DEAE Sephadex column chromafography & ) ¥E®%L =, B% 3 N #5512
adenosine deaminase, AMP deaminase, AT Pase »° 13 1T A 2o i T v 72 4°,
mgokinase U B L, Zokinase B BB TOKREEL L, M e 0B v L
2i#pH 255 adenosine HF 3 K 520 x107°M Tayotz,

(2) ¥c-adenosine A B4\ D FRAN} % in vivo, in vitro TR E L v, WBEMK AN L
11580 KeLtr B ¢ incubate CreMicuiirz2 koo e ) > «
LVITRZEI M, DEP c3-F ¥ incubale 43 ¢ 0% MRy »igwsn (£~
WMT73)4e89) T, BAZERINTEmA N FITYERANIMN %,

(3 2,8—’H—u—"‘6—adenosine DBVIFERADRAN > ) LELIL O P oM /fue tANE L, ade
nosine a RN = ) SERL A Kinase 158 - TREIN TV D RRMETRL &, -
adenosine 9 WA R ~o BA# 9 kinehic analysis nE Y o di el ke 1t

@) ouabain (5x16°M) 13 &inase activity 1t ademosine iflux P E AU -
Tzo 3N Y M 310 unnalural adenosine analogues 1 kinase achivity,
adenosine mflux (info slices) D@ LIAE | %,

Menosine & W B 08 0 o B 1 IRADYE T 109 cyelic in vivo n slices
3,5~ AMP 1BE %L < 5B 2 ¢ 35 Rhonlr dadenosine ¢ tomemmnim - tomsperiien,
Fen=mn o, We s Y VBT 3 00 e oo
seadenosine o E3FER CIRR L7 VW3 2 eV &L S 3 o
WP VDAL M TRCFRTH T

PP ¢ R REOAEIE L invivo Rt B 3 N7 o o of
BEAT 0 9 o b 0 s ABENIK - "Cadenosine (8.1 m/umOIe,oArml) ‘E"" f/%///m///

EAM LT 244810 KTER, LB OB sk AR VERX 9 3

L
LSERAKHEE LIS NI IR I N T T, XEmo 2T 2 i
I OVBA AL T 25 %W B ) VBRI L TR R D 30 30

{em from Origin)

n 3 (Fig.i)e 2065 TH05 0 Anode O 3P00 €000

Adenosine OFRA->Y) YERALE ¥'0) & 5 12 NHIAEEE T4 acid extracts of brain ciamme expe.
L d 1Y BT, "8, & w3k i 12 aderosine kinase 973 Q,izﬂbzz;?;ﬁﬁgg?i“e in vive and as
SRS T 03 9T WMo BA Lt kinase s 3 E% ) YEEALAE Z SN, L

U (3" - adenosine L g4 o B AT 2 -t FRAR, 3 B3BEAD CATP BaF
AvXaX—F LTd, 2k ¢n inosinex hypoxanthine = X3 3 n, REKRE o'
nucleotides D Bt T A AR TH 3, — Fhe-adenine o jgt B A 9 5L 3 & phosphoribo-
sylfransferase v L 3 o T, (8*e)- @ "“o-Adenosine + app 2denosine kinasq kinasg #c_amp+ Ape

adenogine @ ) YL IIE 1= )5 9 Wo-Adenos ine PUEine nucleosidase e \genine + Ribose

2 - 97444 7;)\"}& Z 5B, %_Adenine + PRPP adenine phosphoribosyltransferase “‘C—AMP+PP1
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S Ak v R KRR A R (2,8-2H-U-“cl-adenosine (1,3x 3/l Ratio in metabolites of
0M) v A v X ax—F L, 2o =BRBusym ot [2,8-"H-U-T"Cl-adenosine in

B RBIT 0 jagege (dpm) bk 2H/%e £l § 3 ., incubated slices of brain,

Al uradenosme P Tork v & b1 v (B%). H ok Compound Incubation
adenosine ¥ oMC 17 purine moiety ¢ ribose moiety ¥ analyzed time (min)
EUREARE G T oA L, FH i purine moiely @ 9n iz . v
Birt30T, ALQ0EBTRMI NG 775 f g Adenosine

3
H/1'+C

7 nucleotides & o 3H/1%¢ te @ precorsor adenosine ﬁinosme** Z :2
DX 2B I NG THI, wIh N RRBE are 6 5.0
L HLEIRE \ 0 adenosine 9 BA> Y T B (D 0 4252 AMP 3 4.9
18 TVU32 YERT, ST A A B eenen AMP 6 5.0

Adenine®®#% - 9.2

A% V- adenosine kinase 75342937, 7 Tl —
EAA N DN ;I%’F % 80,000 xg§, 15%}35\3@% L, * added in the medium.
recovered from the slices.

N - - ~ Ex
L:/% E/ﬁ’i% %\L@q‘- 5%, 5o~75 %@Z?ﬁﬂ'ﬁ\,ﬂ, E%‘%J@R B wwn prepared by acid hydrolysis
'3 Lk’b%/’a\ﬂ)M‘C"‘&.dﬁ’h@Si‘ﬂC@@#%ﬁgiﬁ%l# ATP(O-'] (0.1 N HC1, 100°C, 1 h) of

the precorsor adenosine.

mM) DA TE 2B BIA LR, ) A & R1Bih DEAE Sephadex A-25 975 o
b TASB T3, ATP ARG BB E « i34t 985 F ¢ ik 500 LD (Fig.2),
BEOBE S n'c-inosine o » PP IN D )T adenosine deaminase ¢ %
ywmd, Fid 5 5@ ATP(5%), ADP (11%), AMP (70 %), IMP (4%) # isotope 1X34t49
L L T#HIX IM, adenosine kinaSe Dz myokinase | AMP deaminase 9384 »°
T oMD, %T (M- Sephadex LR 7
Lo B ER Y, AMP deaminase s ATP-
ase ¥ ZA LBl ¢ 7)‘"&2% =, mljok;‘nase
OB LT L fe A > o, BT adenosine
kinase 3, BiasE, 717 ) 3, DEAE -
cellulose, Hydvoxylapatite, 7 L ¥ 7% ¢ B
WU myokinase » 5 9 N AR 5 T O
595, RERAL T 1w :
1% 5 Nk adenosine kinase ?dk» 7 1 % ¥ oF; T
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Fig.4 Time course of uptake
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slices of guinea pig.
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min, slices were incubated
with [8-#Cl-adenosine(0.01
mM, 48pnCi/umole) at 37°C in
Krebs-Ringer-bicarbonate-
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B & 30 #(AKE - 14814k)
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teb=vanga-wfyy, crR9IvLIAMTERRTI v e L TERGL
AT HE. %o EBIMIAEE coihI e 5 LI o B3hald AT TSRS UL AVEN
Em e LioiBliihrr Bbis. st ee b=vao $K, XMl bi8n
R o L’@%ﬁ-ll%‘ Lvdboalhy, 1%;&‘\4)’5?;&?% L % i & M2 tryptophane S-Hydroxylase
X0 % o 4¥ aromatic amino acid decarboxylase, monoamine oxidase B o % 5 multiform, serotonin sulfo=
transterase r{ "% ( 9 22 B o8 L L 71 v 2, 1 & ) b serotonin sulfotransterase BEJ3:5 YE%
bt YaEI RT3, ca BRI Ao UBIMa By iz A0 = 2 )
o b= vNFRMAT RS Y SBBENEEEI T b, BHE L0 BE LAWK
AR K IPRE S50 kivetics B I 1T A F LA T H L LELDL LA 0 TAE
AE BN AR TR AR O B ARlokakicen b2 v 53R
MR O 5 vEEE 512l TR I € Ton § Biorex aresine ], J TE D J 4y {0 product
Tharteb=vog7z-b 5% sQBLHUEY v 5L -5 v N9 2§ - T
) Z’Kgﬁﬁé&?ﬂ‘l}iq 3. 2aBlRA%ed 5 v U AP AR C o serotonin sulfotransferasen/
11’ % Ll AT, Hypothalamus T Fod By oo 324E 63 thalemus = (R SCELHGIK L 3EAE 03B 3 > L oY

ST ANE) <, E_l:_ Mg, Mn** p_chloromercurybenzoate, cysteine, pargyline 1§ \(_m‘\%/ﬁi?b (% f,) A (<.

e bzviaBl ot Lt h B libuivo v T8RS Uhrs’, &
Bt raBEME L Ui R e R ca Bt m i L TR T Ay h T 3 -
7YV, erxd s b BATEMRT I voREIum Chr, ikte b= vo £
A S AR L) ’é%—fi%?\mﬁf";{,ﬁ@:/\/ T, 9 <anteloBbp1vbe 20> H
Serotonin sulfotransterase o A& 13 Y ) SEE AT, TE B Y Ko TR, ad 1 v
v LB BB R L (20 Ace b 2 vl s8R X ) i b
MR B Tt UL N5 U oS (3). LoL %’ﬁ bo X% e AehE oAUz K () T2
CATitEE EHEY xreties N EF TR A L EL biLd o CH L ABERIFE HsbiE
£ UN 22 2%‘21/ 2, 3 a;:fwga)%’ﬂgl’ﬁ LhRre, APAAY Tt e b= v 0T L7 = —
Fo il otkeR ¥ g L% ) 4 Fm%ﬂﬁn:%ﬁm teb=vo-T L7~ l‘ﬂP}Ftﬁ’)w{
BEorbhtvd (5,00t h b TAR (B 0 ABFAMAIR 0 IS 2770 0
THT U ot A AR 0 A5 F 0 /37 Lo BB A <o v T4 AR
470 .
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APflo iy x RBRHIE CRA S8 0 B 30 4 o Bk sl L ) L EHR R
Roeree Aia %t it hoo Bpitt BMC Ry <3 g0 R 0081 o 24 o ) ¥ BEAE
PR TG T 4 & CRRENEET S ) (/o5oaox3)i§?ﬂﬂi.1;2‘ﬁ'23%, BEE oy LT tiv
%o bt o, ko mashay Btk CiiErde. S arlattL
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B RZRE ot ot s M1 et ikdBhowet=~ <iBAD
LY PR BFo sidd 0 FhL oM R ENR BT TEIE  (2) i 5 Y
Omission cpml)/30min cme)/SOmin_ C RBER U< &
. i B S it
omplete 3450 7090 % ) s 2}?\5\\\, "
-Serotonin 146 138 ‘; 2000 r—\ we € g
-pApS 3 20 48 K b =< o~y
-Enzyme 100 120 E 1000+ 7=z - ~
Boiled enzyme 160 152 § D ;llﬁ‘ A, &
1) 10 mg of brain tissue of rabbit g 110 2:) 3!0 I«ﬁ, 2L.Xx.(7)

2) 20 mg of brain tissue of rabbit incubation (min) Lo faic

Q) EXL

e R aaalkaR - 3 KA vy A2 26D o Bachavat BHE X )4 1o, 4 1 > £IRABIRE
(Blorex 4 % 0 ) 13 Biorex -8 ) % o jelAE (1 Ix1¥HBRor Do kb 50 e, BE R
/L-;Rm aE;;;{j.;;Zm Sr ¢ T, eclmMoaeabtb=v1797 4 = yﬁﬁ,ﬁi%’ o‘o//“c o
AR 5™ otmbo [ ) BRI ¢ s EEK CEE noml iz T A . RAizsre O
BFEAT LS > kS 0480 5. Rtk 2 AN L T Chk oA Lok
ZMﬂﬂL, ‘B&H’.*] LN 7 %_‘)i’/ﬁ,lpé\\( R 4&}?\%{?\0) J v 7 'E:pi":y vk 312 1o }k
PRl HeE L b o, i@?\%){ll f~tery yﬁlﬁ—ﬁff(_ﬁ/{'~y71’(0‘ﬂ/é7m, pH2E) T
Q;jf( L -20C CiATF LTe, prouct® 4 m b= v o~'1) b7z b B R T 3 1< i< paper
chromatography k paper.electrophoresis %47 Tz , [=, paper chromatography |J n-butanol-acetic acld~
HO (4:1: 1, v/v/v), 20 % KC1, isopropanol-&N ammonia (20 : 3, v/v), butanol-pyridise-H,0 (1 : 1 : 1,
virey o 4o B1i 5> 1o F T4 5> [<. paper electrophoresis 13 0.1 M citrate buffer (pH 5.5)
*r 7 120V 1 4T tX » <. chromatography (L electrophoresis % {,j ri > T’Jﬁ\ paper strips ¢ | -,
Fo v 74i1vh0% %/% Je g }_ﬁﬁﬂﬂ%?‘_‘:j‘(i UAXETRE & detect L [, product o X B 1%
nrtionBAR amnitroso gonasnenet F 0L 4 ~ r<BhABE ] T 1 BRE L D),

ZiRtER A w s B
Serotonin sulfotransferase g 34281 5{53\ £ o product g J8] }(_

BRml s 9 shredbRe v 5 o CRIREIT U0 [l 37 TR L MR AT €
(Lo § Blorexg n I v 7 9 ta (08emX3om W PREE LI iSHio r_;/ﬁ %o T Bizsoml
AoNTL TN T AR L a1 ) o 2B L R AL B e R
1 ~ %"’\ﬁk Llice o8| B558 o o/ ~7.0ml ﬁBray's;ﬁ,‘T 27 17 SV SV PR X B
7 1 & Y FREFECHNE L <. Biorex 4 recine # I 4 Hﬂilfl o BT o/ N HCT 200 ¥ K 20
MLl T bR T By w3 S L IS I B F o BAT Lie. =
A MENEITE & § C BB L U & 53K (8) T paver chromatography & I eleotrophoresis 1<
Y E R L e, BUTEET BFX L 1 cerotonin O-sulfate 7) -E:}Hﬂ_lt. B AT — BLL product ¥ X o
Eiewa b=v 0-7 )L Jr— k% 38 T coromatograpny B (4 electrophoresis & § 1L » <k
L H g1t s B 6%}5}11 ten }‘ =0T L7z~ }Fa BRég A< —%L LTw, product
o EAC R AL <3 T3 BM9 ¢ p 9 BFRE tpli . (B 1)
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%’2 ﬁ_ﬂﬂim{m %—ixii\l‘i/\ hal ¥ 7325%? @ 2 p-chloromercurybenzoate (p-CMB)a3hi%
12 FOHTT RSB
Addition (M) cpm/10min % of change
100
none -3 1190 - .
cystein 10_2 1680 + 14 i
DIT 10 1700 + 43 i
1073 - 1500 + 26 3 sol
MgCl, 5x 10 1900 + 60 <
5 x 107 1200 0 X
_MnCl2 5x 10_, 1460 + 23 s
5 x 10_3 1180 4]
Pargyline 10__4 1170 1] t 5 v
5 x 10 1210 n 10 10

Concentration of p-CMB (M)

%,3 Arﬂﬂ&{lﬁ} serotonin sulfotransferase o) ﬁlq Py j’wﬂ PR YL TS E\!i@ %Zi?

>R Eo2 7 3 Tk MM 134 WLt I ExioM
tissue . cpm/100mg of tissue 1 60 % R u 23% & Z\nﬁ?\aﬂi J’—%"fT‘ﬁﬂ N B
Rutamen 1110 22 b o e, Doyl liman L oo #Rg
gﬁ:fifnﬁf—. 1%51; L /< phenolsulfotransferace £ & Q farcd o’
gﬁiﬁﬁﬂus : f‘fgg %2‘\;;\”]) 3, R cysteineX dithioerytaritol
Hopocumpus vt w15 ¢ si 10 (3 phenolewitotransterasel J|

B ARE L F iRl Xk b LB b-
chloromercurybenzoate | RIRVBAENER N L H b LT, (A2) 2 WL = v o b
serotonin sulfotrancferase | phenol sulfotrancferase | m}éﬁ gﬁ%’ﬁq 22 LIl BRI o N
Ao B Bvrs t L3t Bbnso
Aﬁﬂﬂ\z‘l; X % Serotonin O-sulfate gy % AX b 4 o 3b4%.0 ﬁ&'ﬁ”ﬂ@\ﬁp
APERY R T b AE R0 A k3 a2 k< U H B, Hwothalame » 3fRENE
Epnrey v %\b 1%1 { ‘thalamus CiaEd i 0 o 1<, AR o %Eﬁ?&éﬂ\im TESLRRA
?”'7% LB ) BB T /2L LD s o U Hypothalamus ) homogenate o) X7H % 4 b
v { product pX - < Serotomin O-ewitate U b T b ¥ L asB A cAATL 0 L Rk 574
r /ﬁ\m L <, #% ¢~/% Authentic g Serotonin O-sulrate b Ji| U "M o2 X3 WL v 5> k ¥ 7R
[ AF ) CEN
A Lﬁﬁﬂq&‘i’/&)ﬁibﬁjﬁ% b 5o Tﬁ%’f L \* Serotonin Sulfotransferase » 3H}F7RI 2K ¢ /kﬂﬂﬂgj
Tosahto BlrtBrdvro ThHa W, APRAY o AL R oo % oL PEBL L 7 Y
Vo (BB by ) asbbL e il e, Sz d 338 v o> 2013 AP o i o HhE
T a1 FoAU A 2. LorL T TicBE S (2) i & THRE I Lt v 2 tkic
721 PRSI M S 73 STV AL 1B P SIPE Y I RS § S F IS NS TR T
s B s ek aing.
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BINKLEY 31951 £ 8 % z° ¢ BT &£ 4 #F = HOMOCYSTEINEE SERINE © # % CYSTATHIONINE % A
KT 3SBERrS3 ¢ Bl A L AQ), Bz &5 3 CYSTATHIONINE AKEE R o 7§ /= 13
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CeE R L ICYSTATHIONINE E ABEER ( £ 2 ¢ icg > TH 5 £z & w =(2), BFo AXEE
Ee ot @BREY T B UK SR Y o BEN B 306600 L L& s Me-
T s HOMOCYSTINER S »* A A& » Ffz 694 PHERF L AENET KD B v
AET SFRT 3 = e e M (Wt b BK) e CYSTATHIONINE WA S = ET3 zc £33
CYSTATHIONINE & w20 ARBE R « b > AT o M= m o cH < o RETRR # & 2
MTREO-D, BEYEITEMT oo toBEe Y E o, £ o CYSTATHIONINE AR
BEREMo @3 X o RE ARSI BRH I BRETI R, WMoBETMFfLo,c - o
PR BB RS (i RoBEATHNITHA L TEREAHETI 227
VIR0 HmARES s 2 ~ LASHHEAREr B3I EAIBETI s 1 AET
3R F =00 RIKE < S CYSTATHIONINE AR E (0 B3 X S M oI T AE = >
VTHNI e Kz, SKISCRYXBEA:BETI e A25h 3B Eo TR & v
RMEMe L3 RY YEAABEE IS 3BE > T ETATS .

( FEBx%)

CYSTATHIONINE /BNAK A & » SR IR s He= R/ U BN HG,10 =y R. G122 B
MR R 9 HA (1) x BAR = CYSTATHIONASE o :EtepE © 4 « L T o & fusR Faz (yt (
FREGAR ) EAMERMEFT b h. BRRELBEF 0,09 M =Fst . BEEEM«
B TR vRG@HM: oM e EHRBErHosnet (@),

0 ACTIVITY OF ION OF 16
L. 2MOUNTS OF HoMOGRNATS OR Tectoemim wra o CYSTATHIONIRE AR £ o
PR 9 (ERR I MDD 29

o ,
i :Ef Ik (12) 2Rk L TR R,
s & 1000} BPs TCA PRVE & & 3§ EDOWEX .
3 10 24 50 (H) Xu(100-200 mesH) 2 37
4] ® o g
S g ,§= 500 SLHQxT W= E % &k
E g st 5 (100 ML), 0.4 N HCI(100 ML),
g~ g K00 MUTIRRIE > & 2 5
2 1 s 30 50 150 L-SERINE-U-14¢ (2.3 x 10%
Protein (mg) Incubation time (min}

DPM/pMoL) & DL-HOMOCYSTEINES
5t A U 1= LUC-CYSTATHIONINE % 2 N NH,OH (20 M) = 3R 29 — fe & BRAY SOLUTION

A3) oz prz ALOKA LSC-502 R Rk 2 4L -2 a oy 27 —THMAE, BWAE T
AN TEAAER 042 oL, T4V Lk~ 73K<0,37 oL 9 CYSTATHIONINE #% 120 A2 B
RERE sk, 3~ ) BRRAEFEE e S ha s by v o Bl (200, Ems

PENNINGTON 9 ¥ (=¥ > THIE \ fas), WAREMEoER & ¢ T [ AMe 1oL @



CYSTATHIONINE v @ F k5 V') va k< ¢ e Xk T3B T 1NT 2 (. &

EEsEmFT LSS S EFEr Loy by PRI TR R . MITEHEMR G
(B s mEMa%) ~ (B s /BEF > %) TRA c LR L,

& 1.PREPARATION OF SUBCELLULAR FRACTIONS FROM RAT BRAIN ® E‘Q = E 5 MR A

20% (w/v) Homogenate (0.32 M sucrose} § 250-350 6> B * Yo T L

Filtered through several layers of £ tTI*T\ = kﬁ%ﬁs/ﬁ\t ’ﬂ o

gauze =, A2 /B3 EICHBERG » 2

Agsayed for enzymic activities

Diluted to 10% (w/v) with 0.32 M Fxas) =fEL ¢l & (£

sucrose

Centrifuged (1,000 xg, 10 min) 1 ) o /%\;‘% R & 0-4°C Tnﬁ i

] N
Precipitate Su;;!'xatant : ﬁ' 5w b BEAMir 0.32 M A’\%T
Two combined ﬁiﬁ =2 ‘E‘ﬁﬁ LT m vk 3'
washings—.—_’ 17,500 x g, 60 min f;ﬁﬂﬁE E/ﬂ\" E‘E & ﬁ'ﬁfét
5 r 0 &
Nuiiei and Precipitate Super?latant ?E %L §P7ﬁ£¥ E l ﬁ [‘é“ ? :3(
cell debris Crude mitochondria v = ;
(p-1) (p-2) 105,000 x g FEFRE &> THIB]W

60 min &f‘ﬁ?at W,

Precipitate Supernatant TRITON X 100 & 0.2% =% 3
(P-3) (s)
¥y s 0,32 MARKER = SRER
Discontinuous sucrose density 31 o ¥R L. Eg%ﬂ}’\ﬁ

gradient centrifugation

54,000 x g, 120 min \'X‘ﬁ-ﬁ Eﬁﬁ L wiBy 20 KC;‘
Mye'lin . Synaptosomes Mitochﬁondria 7/ﬁ‘ 'C“ﬁa = ° m 2 Z—i 4
(pP~23) (P-2B} (P-2C)
AT W BAG 40 T 30-40 ANEFR. BEw s .
(EERGEL v AR]

VOLPE  » (8% 9 1 9 A% CYSTATHIONINE & w2 o /n\ﬁf(ﬁﬁ?ﬁ M 9 RS INAF E BN CYSTA-
THIONINE 5 =2 ~ 0 > AR T WliF:F~ ¥ | GR-ERTI rombE s
T3 BFORRTARBE W EASHARA LS 4 - h ol T BACT
ET3 oL Bran 1. & 2145 %2
h3Ho R ES= & - bR o sk SUSCHLIULAR DISTUIBUTION of CYsTATEIONTNS
THAE \ ¥, EMUEF:E o 377 pop-2  RAT BRAIN T. FRACTIONATION OF HOMOGENATE

0 ; ., F i P-1 - P-3 s
E/"\‘:w u3% SE/ﬁ\’:%ofza =NT raction P Rsa P-2

% RSA % RSA % RSA

ok %Eﬁ%iﬁ't‘t @i h @205 p-2 BAN Protein 11 64 4 21
. CTS* 17 1.5 37 0.6 3 0.8 43 2.0
EUL s ke ToBKRED 2 — kM SpEr+ 7 0.6 921.4 10.3 00.0

o ABACHT BN BT, I, e st sy
CYSTATHIONINE AR BA £ < 1112, =~ 7 BB £
KEBECSL cp. m, WY Las Py :

SUBCELLULAR DISTRIBUTION OF CYSTATHIONINE

)" Eﬁ\ % % = ﬁ% .‘T 3 Ea) . T ﬁ!\ﬁ&*ﬁ SYNTHASE AND SUCCINATE DEHYDROGENASE IN

RAT BRAIN II. FRACTIONATION OF CRUDE

E”i mEE K AR L % E xR 3i=x ( £ MITOCHONDRIAL FRACTION (P-2)
° Fraction P-2A P-2B P-2C

P-2 BAmy 2o ABMITT 3 B Fe & % RSA % RSA % RSA

. 2 . i 21
GET 714 OVSTATHIONINE AVKEE & © 74%, Bgtein 2L 45 - 34

A 7@%%*?%? S7% &~ = h*. Ay SDHE** 30.1  220.5  752.2
ﬁ% 5 K'EPA“" P-2C E/%\“ D"K ¥ 0 t:_( &l * (Cystathionine synthase activity

** guccinate dehydrogenase activity
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WEEREM 9 808 )o 2 of@RERNMF o0 — > 3 TERBEX EBE 2 2 K c kA
RV T H3 (RFTw 750 "P2A BA - 53 ), w9 @E ¢ CYSTATHIONINE A
BErTEmo t o x LIS RyYXHRo | 9r 2-H3 22 iR (T3, E
B sHEIOZ ARBRErACH o tx3n, KXo emilfrsy 4 a
CHEIo AR EE Y. LT, ARTHES LI > Ry v e v FRAREE S
1o FRWRABR 21 9. S Xx@ERBR- 1 orEE (T L3 tH3 6 03
B h cERrs AXBFERr Tt mosEolonfiTcrehkhron, r LDE

U Ho W, =

EFFECTS OF VARIOUS TREATMENTS ON CYSTATHIONINE SYNTHASE ACTIVITY OF CRUDE 2 w:% * ﬁ a
MITOCHONDRIAL FRACTION (P-2) 3 7

& s
Treatment 105,000 x g 105,000 x 4 Sum of Recovery LI 9y < éfi
Supernatant: Precipitate activity* of 1= ’773‘ ok ﬁ
activity
S.A%¥* T.A%R* S.A%* T AYRE ) BErswm o3
None - - 2.1 132 132 100 - .
% Distribution 100 B zxms
Triton X 100 7.1 253 2.3 63 316 239 P-2CEMi= T
% Distribution 80.1 19.9
Lcat: RBE-BET
Sonication 10.3 305 2.6 87 392 297
$ Distribution 77.9 22.1 3 T x |3;/ﬁ\’?&
0.064 M Sucrose 4.4 48 2.5 131 179 136 St
% pistribution 26.6 73.4 i3 S I
0.032 M Sucrose 8.5 101 1.6 82 183 139 WEE 0
% Distribution 55.4 44.6 .
bRy X

* units x 1000 .
*% Specific activity, units/mg protein x 1000 E{\/%l: »3 x
*** Total activity, units x 1000

ki o,

ELTEHEY r3> Ry X BAP-2)E M ¢ CYSTATHIONINE AXBEE 2 TR » 8 %
T <D0 AT CEELRT o H R UEPL EROEEFEEA
A 17,500 x 6, B0OMNEwe Lz P2 BAEE. 20 BEA-E =7 T4« ABo AT 14T
5 f=. TRITON X 100/& w'ABE-3p ARG s EIGCAE Bk » 807 € 105,000 x 6, 60 Aho =Fc¢ E
. BREe RATE9 400 AFtMo 2403007 =AAE. EEAT HAL{ B4/
DEMLAE TR LB, chSOKECaI XTI PRASEL BT ) ABYBE
ad A L EC & < AKEEE »HTER ‘OCCULUDED’ B v @ 'LATENT' o e =& 3 ¢ %
Lo, ShEMOZT >R BArG s iz > 3TRME FokT 3 . TRITON X 100 *8
Foamoesr IRy xoffamr o LR Fay s e3,. CBERR.
0.064 M = M v = ¥/A\is 105,000 x 6, 60 Ao JTEEF/M=70% SR 2B MM K> T o3«
BENDAL (20) & SALGANICOFF (19) o $RH = ¢35 H 34n < . 0.064 MABJER e s L3I = Ry ¥
OMMRIX =38 Fombaldps, I FI>Ryx-FOHeyeiiEes 23 286
CERBEBMATBr T34 ot Az g, 0.0 MEER o BB B EEA
Tz . CYSTATHIONINE AKX B & e SV S > R Y X o ATRIX v > T L0 e B 3 < &
AlTo3zx §BRr«e3 . 0,060 MoasEa oAy ESM (kFhke Lr gy
X107 uniT/meBE ) o R S MY & & 3 . 2w BIEEF ORRY FAE o MY o
—BrFozTo3ekisa3. )

A5 vEBEES tRF 5o BAo Ikt RT. FsTREEM S
RI-R Yy XBEMP2A 25« TFM10-15me/M =53 &) «ERL 490 9 ART <
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EFFECT OF AGING* ON BRAIN CYSTATHIONINE SYNTHASE ACTIVITY ﬁ[ﬁf-& y - E_ﬁ
Expt. Fraction KM** Cystathionine synthase activity*** m,g, 3 %Ag
used (units/ml x 1000}
0 Day 10 Days 17 Days /.:\F\(Eﬁ %\5!?!% &
(% increase) (% increase) ;B
T p-2C - 35 32 - 9 77 + 120 ‘E \ r:" P_ZC
s - 45 37 - 18 145 + 222 BEANE @%ﬂﬂ\
P-2C****x + 10 22 + 120 22 + 120; ) .
s + 7 22 + 214 20 + 186 (%9 105,000
s - 17 41 + 141 115 + 576
s + 17 42 + 147 112 + 559 x6otFo
e - 22 36 + 64 142 + 546 A & %9 3 Me/ML
s - 28 30 + 7 42 + 50 < X
. A ER T
* Aging was performed by keeping enzyme preparations at 4 C.
% Kanamycin, 50 ug/ml. 'ﬁ%: By k.
*%* The enzymic activity was assayed at the day indicated after
preparation of each fraction. A§ ©0.32 M BE%E
*¥*** A supernatant obtained by centrifugation (105,000 x g, 60 min) p
of a sonicated P-2C fraction (20 K¢, 5 min). \4“2 3 /& me. ﬁ

EoRFrI2 co— 8o FROS NMCINER . R e >3 3aBi
Ew Al < EMEs HF - F o v bF L <30 2oeF o FAcAER:S
S THrRY RS 03 . RIEFLOLE T By, ERE, (Bt {5, A,
KANAMYCINTE ¥tk o Xt 97 o X Bu BAR & A 5 v 4™ e § AKBIA SR ET Y
FEA LT LI RMIBCRART I HEMBeRT F Ry r ANRBIRE M
BB B T3 e ¥RF o 2 v A 5 H 3,

e
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The Biosynthesis of Plasmalogens during Myelination of the Rat
Hildegard Debuch

(Physiol. Chem. Inst., K&8ln)

After Professor Klenk and myself were able to elucidate the
chemical structure of plasmalogens from human brain, I have
been particularly interested in the biosynthesis of these
glycerophospholipids which are present to a special high degree
—up to 90 per cent of the phosphatidyl-ethanolamine-fraction —
in the myeline as ethanolamine phospholipids. Knowing the
types of aldehydes and fatty acids, we first prooved the incor-
poration of 14C.acetate into the plasmalogens after application
of the isotop intracerebrally into 14 days old rats. 24 hours

after injection the aldehydes were labelled much less than the
corresponding fatty acids, which however after a longer sur-
viQal time showed a higher specific radioactivity. This indica-
ted a slower turnover of the plasmalogens with respect to the

carbon chain at the l-position of the glycerol.

Using different hydrolysis procedures — enzymic and chemical
ones — we could estimate the special incorporation of acetate
into the four different chains of the ethanolamine phospholipids:
Into the 1- and 2-position of phosphatidylethanolamines as well

as into the 1- and 2-position of the ethanolamine plasmalogens.

In this way we could not only show the ratio of activity between
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the diacyl - and the plasmalogen - type of the brain lipid, but
we could also estimate the different specific activities of the
different chain lengths of fatty acids resp. of -aldehyd‘es.
Palmitic acid of the 1-position of phosphatidyl-ethanolamine
hada 2 to 3 times higher specific activity than hexadecanal, the
C g fatty acids were double in activity than the corresponding
aldehydes. Since we knew from the work of others, that long
chain alcohols condensate with dihydroxyacetonphosphate to
glycerolethers and these can be precursors of plasmalogens,
the question arose for us, when does the oxidation of the
etherlinkage takes place. To proof this and to exclude the pos-
sibility of reduction of the esterlinkage we administered three
possible precursors of plasmalogens labelled with 14C in the
carbon chain:
(1) 0-(1, 2-diacyl-sn-glycerol-3-phosphoryl)ethanolamine
(phosphatidylethanolamine)
(2) 0-(l-alkyl-2-acyl-sn-glycerol-3-phosphoryl) ethanolamine
(ethanolamine etherphospholipid)
(3) 0-(l-alkyl-sn-glycerol-3-phosphoryl)ethanolamine,
and measured the radioactivity of the aldehydes after a special

incubation time.

Whereas this was very little withthe compounds (1) and (2), the
last one seems to be a direct precursor of the plasmalogens.
Between 12 and 96 hours after injectionthe specific radioactivity

of the aldehydes were considerably higher than that of the total
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fatty acids. The mean value of the ratios: spec. activityof
aldehydes: spec. activity of fatty acids after 48 hours was
about 30, after 60 hours 15.

Since the specific activity of the aldehydes was highest 60 hours
after application of the radioactive lysophosphatide, we again
isolated the ethanolamine phospholipids as mentioned above.
About 50% of the total radioactivity administered has been found
in this fraction, 64% therefrom was in the aldehydes. We also
measured as well the !4C-content of the ‘aldehydes of the
ethanolamine plasmalogens as that of the fatty acids from the
l-position of the phosphatidylethanolamine., — Here again: the
labelling of the aldehydes was ten times higher than that of the
fatty acids (the latter indicates, that some de novo synthesis
occurred during that survival time). The distribution of the
radioactivity between the different Cjg - and Cyg - chains had

also been estimated.
We concluded from the results, that the oxidation of the satu-
rated etherbinding to the enoletherbond only occur, if the 2-

position of glycerol is not substituted but free.

The biosynthesis of the ethanolamine plasmalogens in the brain

should therefore follow the way: 0-(1l-alkyl)sn-glycerol
0-(1-alkyl-sn-glycero-3-phosphoryl) ethanolamine ——— 0-
(l-alk-1'"-enyl-sn-glycero-3-phosphoryl) ethanolamine

0-(1-alk-1' enyl, 2-acyl-sn-glycero-3-phosphoryl)ethanolamine.
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Furthermore the high uptake of the radioactive lysophosphatide
into the plasmalogen led us to conclude, that acyl coenzym A:
l1-alkenyl-glycero-3-phosphorylethanolamineacyltransferase —

an analog of LANDS acyltransferase is active in brain.
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