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Br7:o 0B E4F, SME3HL 624 2cmaDowen-1x & (100-200 Fvita)BrEpH
DNT A vBBIEIDEE B A 2 ek, AR EREFREL S € T S00mL € LKk,
3BTRARNE A LA L fBRa kR o k. RO pHEE v D T 526 L 25 L
Y IE 6.5 x 36 cm D Amberlite 1R-120x 8 (100-200 pwiha) 7 & =D 4
e s UBEMSBERET ¢, BREBD 510- 800 mLEFELAI S 00me v
TREBHNE Lk, FIBIRFHE O X 70cm » Amberlite 18-120 x 8 (100 -200 Av3s)
Y DR BRI e, LU A VBRI 8002300 R E R, 450 ml iR
FRFE LR, THEBASHRBRBLIPBLP R 1ISO0m vBBLE, - o5k
BRMA-T2)ERES < DHBITH 3.

CoBopH & FEE T2 £ L 53X 137 em o Amberlite IR-120, x 8 (200~
400)y246) iRk ren, LI dft>T YUY ~Fi-K (1:9 :190) T
TG U TR OB Lk, 1760-2950 mb §RRRE FNELML, 2 Xx30cm o
Dowex-1, X 10 (200-4002 w3 =) vikB x« v, L 2§t 20 24- 143> -
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BFs REBEBLINE Eml o/kk e 0 LA X TERLAALBRERLE L, £181
EK|ImL, £9) - lmh, €L/ 05me 054 T ¢ 18mg, mp. 255" (dec)
5787, 45500k % E 5 0.05rk0BAKK L L, O.lonl DT ) - sz Rb
1984, mp. 2 70° (dec)z Gk, HMBC 14.41, H €57, N 11.12 ,CaHy

NO;P 117 33t EBisC, 14.21, H 644, N 11.20 TI< —8LF 3,

T TERIK A v IR BT S ESAMMELT o IRILT I3 L Vv EBA LR,
L opiI D 2 T o2 —, PHRBAADOME 2-73 ) T3V B %N
LBILT 3 0 CARTHOFBR e DT T L rMEE 1-53 03 2-73) T4
A H BT HI R Lk, BARB(RRAREREAY ho X 0JE%k) Ltk
YI3EEME I I D 2 S5 H-T 2-73 ) THEVHR G PR - Lk, T
13 2R0APR A VS B > R BIRA AN 2 F W IR T TR 17 f-RosBlh
FoboBaRz 0 b T=B LR, FARIB TN IT A - F & SR PARE ANk &
D3INEWrB s E 2w ig, Fologigxz s F wviai@51i 57,

22 THENEo 70 L5 5 ux . B AK
VUL - Pty {9700 n-7'9)-1 - GEBE P AKRREKEN
TIRETKAK PUIN-KBEIK -7 (4:151)  pH34 100V/em

(50:30:5:20) (8:1:1) (c-n‘?\ me;?s;ode)

88! 0.5 0.27 L 0.2 24.6
$hda 2 0.5 I 0.02 0.04 27.7
N 045 0.12 0.12 225
Zrymy  0.02 0.23 0.24 0.¢ £ I v 55ER
B5 4BEss CBK273) T4V EX G B DHREAN) 22232
o I BRUZA N 9 Fiv N3 TAS L LTI
roo JNTOmA O RN,
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T AUTHENTIC ; AEfar LUTBEVT R
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L TIBRL =,
2) 282 L X X 1BE O
WE s aTRIL. TED
. FoboRAX 2 N 2
WAVENUMBER W k4 NEE AT 45
Robots’s, 7-07: ) A7 88 D 2-2- 732 4-0)-3,7- P P I
NT7°F B B3 OIRNA-(3-73) 7PoE-u)-U Y LR LR 3)] > 7 tREIE 7
I)MWBILGHE L m NTEE T ERETH 3, DPMSES S T ) TFNHI
I THRR L k., AEBHER 7DE VP10 3 NI Z oV, BER
AMEL 70} 7 d st BRI M EL 0 TH S 2L E0fLT O, BRY e K
PG ORRA T Ty 2 o R,
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S ABARD Y R FFa =y

MAKER - HEARE  GEF B
(RKXK+-E - #£)

TAYE XN = d o Al kNG, e ARL, T BRA e e L, R0k
L UARL TS U BB AR 3 v vr bR 7 8 )BT H3(L,2), R
MDD A79A=viRAX AT VBB ERI L, Aha3 vl o Xl
Kﬁ%ﬂ&&muvﬂyx7¢z=V%ﬁt%<ﬁSﬂﬁﬁzmnta.mbﬂiﬁ
TR f3RAEE et RefobruiEsrond g4
A 207 P3N LT v, YAIFAZToRRNASR 3 % OTREEI E R L %0
rorE8F B onirtrorwsd brsTun o, REVAISA=vIAA

AHBIOR LT 74 —E e TL) WAL LR, =~ Y YRR
gk BEF I T30, JoyHne IR0 LRI RMET o By N
Ve DMVARFAZ—FT LRI Va5 E9 237 F 1M €3
RAMLHAL T, tog89eALelus 295 A=>02 88 A LK.
ROLMENAACEBR IO LI s I YRIT A= S AT T
AL S kel ik, 2 TNAREIRECARNI C, AU RITEE TANAD
ﬁ&TZ%IMM/—yﬁﬁT%£35.;m%zgmuiA%m?mvz7§js
o, fethdienernonTHEL, PTNEREER,

1 A 294F= vkl FHvcBURBEEBmEBs v 15,
mmz% Ao EBmcBEArw 3¢ ntatBitRercof LTI RomFel,
WHELEBRAT T 2B ell, ompdagd e ReFosb @ yd L v es2
DMk, LBGES rzthu @B RUT T2 cx - e, £ L0852 %
t’-iiﬁ#im% YrA-bel@EBIYRITA = V‘}ﬁﬁ'&iﬂll& L= 4% ﬁ])%?ﬂlf-‘)ﬁ,%_-'
FuRnonun-r, FeTFREER R ¥y, (AR ER, R 318
165 E I H o U thAERBRBREMZTHhET 24 - b L, B> X754
ZVBR RN ERTCLAHE R EEc R s o us ok, b Rl Y,
y@<ttﬂumﬁmmﬂvnmmvx7&%27%Eﬁ%knmnt%i5A%n
2 HRAKOVIIS A= moBTHREOFMeBLEE L) WE»

15 - EBLrs V. Gk 1)
’ s IE l Hiﬁ( £ ’ﬂ v 8 ‘g Concentration of cystathionine in biopsy
eREE ez v -Z2oETh

materials of human brain

3¢ 08 Llg @ AR e R Py L, % (corrected by recovery of 90.8%)

0L RY ")’j = \/:/%{E z :/E'I;T”- L T,_(% 1)° Case(Ag;z bex Disease Part Cystathionine
yr

. (pg/g wet tissue)
;‘\z.a)ﬁiﬁ’? 218 ﬁgﬂf{fl iz 1 43 W

. astro- frontal 218
»2 Y BMEe 9 FREAMLD Y R - cytoma  lobe
_ } - 2 26 k. aneurysma occipital 249
A= >RRrB =B, lobe
s - . 3 22 M. head temporal 511
3 AMRYZRISX = DG e TR i
3B ARG (T HLE) T %jﬂ’ a3 4 34 F. acusticus cerebellum 220
?’l K 2, - 27 2B L 1 neurinoma
73z J ¥ //%/'i Z/EIE = 5 4232 F, meningioma occipital 281

(%2, Kﬂﬁ.’éti/ké‘ﬁnttuég@% lobe
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2) (% 3
Distribution of(c%ystathionine in various Subcellulal distribution of cystathionine
parts of humsn brain, (ng/g wet tissue) in the gray and white matters of human
(corrected by recovery of 90.8%) cerebrum,
Exp. Total Nucl. Hitoch. Micros., Supern.
Case No. 1 o1 ) B (%) AN ¢
Cause of head frozem myocardial Gray o a4 3.0 23.8 43,4
death injury to death infarction  hatter
Hours after Wnite y 07 4.5 14.6 4.5
death 12-1%2 12-14 7-9 matter
Age(years) 63 55 50 Gray . :
C.3%9 11.4 17.1 0.6 69.2
I("rontal lobe) o matter
gray matter 20 14 69 White
(white matter) 233 212 272 mattert® 2> 5.8 13.7 8.1 71.9
Temporal lobe *3ix g of each specimen was homogenized with
(gray matter) 33 43 66 60 ml of 0,32 ki sucrose.
(white matter) 386 282 264
%arie,’cal lob§ (% 4)
gray matter 84 b3 70 s .
(white matter) 330 314 303 Activities of cystathionine synthetase
Occipital lobe and cystathionase in human brain.
(gray matter) 197 79 201 (umole/g of wet tissuelhour)
(white matter) 502 273 426
Corpus callosum 295 226 280 Activity of Activity of
: cystathionine cystathionase
.Capsula interna 154 synthetase
Nucl. caudatus 86 146 127 (cystathionine (cysteine
Nucl, lentiform.222 155 174 formed) formed)
Human
Gyrus dentatus 4
; > gray 0.09 0.03
Gyrus hippocamp. 95 152 174 natter
amygdara S4 white 0.11 0.0%
Thalamus 224 212 206 natter
Hypothalamus 98 4 66 Rat liver 1.94 1.69
Crus cerebri 86 80
Corpus quadrig., 74 66 WRIP K HBENEL, woiLoRkR LA
Pons 2 < o713 pV : N3 .
%Ventral) 149 51 40 Reb Y ZRHsteI e s Boo t R
dorsal) 79 9s 27 FyvREEcadouS B EIN I,
Cerebellum . - —-- .
(groy matter); 143 %2 4y A 255X vnt@iBiNG:  EHRo
it tt 424 1%21 201 “ " . -
funite matter L (RBT 04 2 90 S R) o HithE £ 0%
.edu obl.
Eventri%) 2% gg 101 CKAYE w27, BB E YL nE N Mandel b
dorsa . .
Hypophysis 11 11 17 WoFs474-> 28t An B ~h o 1 258
DRI A =B LAE (%3). Y

*contaminated by a small portion of

the white matter. G tri 294 A5=x+9 K EpA- 34EFA
WA BAH D@3 N3,

5§ YRFS5A=vOAK, ME=KIETIEENBME 254 A= AR#HE
13 Binkley (5)D F:5 7, > 29 4 F = >8B85%E 2 Binkley(8) 0 F 5 THH L, b
NDKEE, REGC Ty FATerr > 0 T Y OB R L B Lt (k4). ARL T @)

B5% 0 M W

CEES ALt ) Tallan,H.H, et al., J.Biol.Chem. 230, 707(1958)

) Okumura,H, et al., J.Biochem.(Tokyo) 47, 31?(1960)
Njaa,L.R. sActa Chem. Scand. 17, 1169(1963
Mandel,P. et al., J.Neurochem. 8, 126(1960)
Binkley,F. J.Biol.Chem. 191, 531(1951)

Binkley,F. "Methods in Enzymology" vol.3 p.311(1955)

O\ N

(
(
(XRE) %
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B R e5A% L kY7708 v(tal =) KAbRERTL-7Y ) TR BIAEE <
T TAEEI N A 2 L 13, Lovenberg 5123 VFRE 3 MK (8) — A, BM 9 QAT
BLEIT R T > 5T %0 ) 7°) 79 > 8 AKBUMER A :w’éx;@\ » EXHic 4
DN 5T, on qito ToZERSBETH» . &2 b1 BFF D. 4. Guokame - Smith
SEHUER s BT ALY 7°F Ty » oXBARRET U T -0 TER(, Wt
Bos @t v 2L k. G)bhbnE, o R0EBEA L) 777
7> 5 KBEACHES. 5 1T XHAEp & VKR, Ao el o i VB URRE T 3,

Ei] Besihb )7L 75> 0 Bk (ZEGHE] (o, 1)
% by 7 F7 7 ~(TR) SAXVEY TR 7, >GHTIR) | DF FZE€ VD ELTF ) >

4 - SHegH- COOH E)T71 77 K /’b@?@‘m -CooH (HeBP) 3ET T°FY ( 2 7

NHa  XEtir bt 3 NH, 1) -4k x - b[12

ﬁ b"CO; Coz Yero it Lo by
et e gh LD ERAORS /78

by Fe9s o (T) EA% L k) 7993 L (SAT)| BIXF U B U T4 - o (6)

e bvoEpsEn s KRR T UEMEL | UF - k. (12)
Di-7 ) PUERTEEEE T EYEBIRh A v 5 @A X ) 4 M AN Uden friend (8)
Avrpara (1) oG & VAR MBRA LK, Bp:nBicTb ) 700 77 > KBkicHE
B oo sEEAR D b NS - 2,
DTEHAEMA FME SFHH T € v > M K &) Staecker 0 it 3 9 KR ( 2003
NF LI EROEATTY) > (HeBP)EAR S Kanfman 0B he & VR, = Mt
e 12e e &d7°79 > (HoBP)¥ 7 4 ME 2 5 HaBP A p B2t 24T » 1<, (1)
DEATTY Y, N1'H, T L-7j‘;gé}‘§m’§ﬁi.7)( BEFE s A h U De AR Maay,
KXBHBH , FAAEK s ) o158 R =35,
5)D,L=FY 7°k 75 > C"*Lindoryl-lalamine 3-C'"*)] D s 4% b9 7°F 75 't
zo fp =>C% Tz=nvy7 3 =% Fo> C" 13 Radiechemical Cemtre Tracer-cab
SYVED, AN BERTEAt 0 2R VR,
[ KBRACREF Elt0 B 2 5 1% ]

FY IR T s KBUETER 2 BIERE A RETL ) TTh7 7 > CHTRIR Y £ (K
SAX b ) 7k 77 (SHTR)ICHPBE cL-7T3) BAMABBEE n 50 Fio 5
Ty b )7°93F > CEHT) €L, = heGrPekBa xR & V28, Fackard
Tei-Carb Liquid Scimtillation Coumteriz & - 1 3fé£\J:v)i§f(}fr§E‘éia'iit <.

(BEE4EE] VERT 52  I5HTRAPE

MEBOBFAREIRY 7 »kBRER - Hlem TEREA(B D0 > 2 R4, B ikt

EROBINTRT Y H ) U, 25°¢C bo HTIBEFLE L, 180°C ) 4 ntethiz 5
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&) ERRES PN (B2)1)7°k 77 2 (TR) & V5 A% b)Y
NEBLLE TR pH 70 100k 2°0 3 L (SHT) 0 % S— B B & K81
D,Lky7°h 7p o C* (5B Cpom) Smu IV L L5 ”R?U%fﬁ
NADP (TPN) 200MUEIV
7N ¥R Sou e - (50T
7R R H B A RE
EAax3 b)) 779 ¢ y200muzv 5
=a¥ By p 20uEWV |
PALPI(EIs Be) 200muziv sb-
7 V) BhALAELDE & -
v 7°h =9 ) -0 40 muENV C
He BPLER £ 7°7)>)  4omuen b
HeBP B4 % ol
Y XN ES =X~ b 8 gl
(£ &) 1.Omf.

YRAEBLTC R, SR EERL TEF o lml & Whatman Nolspdinr Fr, €)Y
s BHIRARATSIE pHS0o n B U 40 FHA 30KV, §amA CERAP 4T - k. FRKw TR
SHT, 2L =>(Ky) sA 54> - wvBfB(SHIA) SR T, V) 7°9 3 (T
PEBEBEAY (, AnbET-nY v ERE TRES € v, WHIEE 05 cm
o bsh BRIFS > T L - S REBTRE 7. (B2) BE: 0 RARENTN
V-7 PO ERKRBFE I NAD PH(=TPNH) 0 B0 mowl, 7' F 95k e
KB — 7 9K G KREREA R R R AR (R =2 4 Sy NI NADP o he
P RN, PALPBLRBMA o B0MSR £ (U, IS SHTIS RR U E U T
o RAFEE BB TS L AR TET ARECROBRE T RN pAT, RER
o RE 132 01z, SHTR-CY 1% Qedame - domith DB LA B & ) (4), SHTCH
I /Masom‘BeYﬁ ﬂff‘ﬁf‘.ﬂ SN M-Batanol -FEFE- K (S 1) 2340128 A~ -
=702 b77 74— hEW Vane n 5B =8 A EWME & > CBIE LT (I5)
D P Y77 > KpSBLE o AH

ARBCER LR DR > = (CTHEL, 4 alfBH A 71 odar et L R
R, E2r el koA, BEEFs =4EFH 1 &
GOV VTt 70 o XKBRABRE 2 AF (BT < C.pom)
Wyl % @ [T [Bm] ¥ @ ot wm| B @ |shT
7y B, £ AK 53 ‘>77)”‘ W AF 6208z \gd—:?ﬁﬂ% 2

@ | RA%EH 2 |Grzs| BhAEMA [1T72) a 1% 48
R R 48 | = K MK 13 ~ 5 1% 182
® BRMERT 224 | ~ il 230~ | & A 6

A L gRE-Ra 198 | 2 | BRC-BIR 15
O BEH o Wi ki

VKRRt o b ) 7Pk 7 cAKBMEBBR s Lo U, T h EBEE
Fr CTRY, TRACERAR, TT AR Lo 4MKURTHET T4 2°( 1t
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NeREABR, 2 M 1o,000x¢, OFTEILIEARE LN B KUTIREEL, pHY0
BB R o rBAB AL, ThREenTE, ) -, NemTIX
ya - w0 ), Tween20 t 30 n BAREANIA®ML, 37°C U 5 A5G
CRM, BT LF Rt BTBRE (e L oS8R TTa@3)ate<, 5T
RERB T BAE, Lhen7BTUAETI L&) TFLINENTHSA

&3) v ) 7 7 oKBUCBER S T B |DRDRIT 2 A ST URAL o PREY S MR 253
A& B SRT T 'rznz% BN, 2 0 TIRACR tk4)

BB R s6cpm oo %] |0 U< HAR L, ezEiE LT #/00
X % (Io,000x8 104) (' K L WRE S0 b n AR EHE R,

JEH BB A7 32 58 (&4)*,!1{4&:@7/* Fori%
N THLTE 240 464 A B ek | W )
VIRl A (82 4 83 (43 | |N7"3 7 JRACR 0,4] | (00
DOC Q3E ‘ [ 68 300 ||ox25% 7°B53y S0 AL 2.3 | 43
Tween 20 + 30 UFF 20¢ 3T | skt 35 ~5o%AERw) | 19.8 385

) BE o 1tE B i TP (40° 347) 42.3 | 550
D Cofactor B K ik Ee B Ve mu e /3518 /miE G

LU IE (RAEASB) EA Y U, o LiRm (1 r K, BRiRENSG
FEDatry) U9Ha, EDTHRs A3 eB),ONADPH, 27 b5V 0T 7°7
Y > (HeBP) DAY LG ) - WNEMIIBTUHS S LT,

&5 1y 7y 77 ‘/kaﬁ"(tmg/;t%ﬁﬂ Cofactor & K%

B o SR 2. pX H. T EMp) | P %5 ) Kawfman (7) V)
F AR 272 | 100 | HKn Phonylalanine 5K i sBE R
— NADP +H+BP (1§ u®n) L2l 48]l {1 TiLndH» 18
~NADP —HaBp 420 15| |FRovky 7ok 77 >0 KB4
~H4BP 4 1T |45 L1 w3 EER

“HeBP+ FRIE N o BB (15w 42| 1T 5N, (@3)
—HeBPEAIEE + HaBP (15w 296 09 2)?’-%4 Fltio 01
—NAP , 7"V xE, fi A F 85 % + NADPH 234 b6 Frecd land b “amd 5 C2) 13 BFAR »

~AWBTTREY ) - N Lo 391|727 7 = > K Fhichh%k o
—AwATkEg ) -V peMB \ 0 4l IR 7R Tr > 0 KBRS
®3) Y7k 7y > KB eniRAY 5 EERE (R, — A AE XS)
FY 7T 72t O I HaBP TP N(NADPP) & YBan T o 2o KBRS
SEXZRY TN T 5 tHao 0 HaBP A TPNH (NADPH) | & 32fz Nz oV, @ nigE,

}')7°f~77>ﬁ(.ﬁlﬁklﬁ&-}"bﬁ"lﬂcuﬁ?"i’?)Mﬁ, ¥7e=ny7 7 =2, FOL
MAMEL R G e T3 (E)NR Yy 7 p 7p s BRI Ta v S Colb e 12 NI,
Ar b bhid, 72207 72>, Fp3¥op k) 7°F 77 oo KBt fa 1R - 1
“aSETANE, Mo B R(E ) F IMUBERL T - VT 322, Fuse
OXBEACRANG v 2k, By 7o 2 7522, T3 2123 SRE U S
RIE DO aRBEE L) 7°F 79 > (2B L Y 1°F 77> S KBEALBEE T2
HieXardong,
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Dtzog k=B Bizon T G 6) Rt i< 17 3 KBt R

Reder—teRv AN IREEO b= -"E |l BE | X & A
Bkt ro BAFBAFur Beph BNkt n K Te=IVT 7=y 0.4
=B RN B THI,  oks ) 02N || HBE Fas > 0.4
KoHMEE 24T5> kea b = > CHO A BPAE ) Ik PV TR 77> 0.
BlUlEAck b etvbhoh, oM INE BRIV Z=Ly7=" 6.7
2o }:yﬁ\"ﬁﬁl}?ﬁ]:ﬂi%( 1L, TivbdY A | Fout> o085
BB Ry BETLEALMNA, R SHTC, || KBMBEH F Y 7"k 77> |3

SHTR-C* 2R T2 % — F A 25° ) 6fpidtRid (&I Y >  Z=0v7 57 =>0GF

WEUR, 1o %K, THT, SHTR 5 VB (g || A& o 4 SHT [meEA
fHBppih FsNT, s> L5 - XBY &\ ([ 4 %
BerkaBgEar <, dememlc ARt ot ||[103MZE=vys2x| 97 42
WHZ 3T ootd £26NM3, jO*M 182 0
% & oM Fuye | 159 5

FRBA 20 b2 >R (M7 77 KDY (R DR R Mo AT 5 SSHTOBY
BRI EBE(T v I2EE (k45 ¢h, *0fa || A3 Y7477 > |tok=>
Hicze b=ow2EA L1, BREHEFL 1L VAN 24 676 epm| | A4cpm

V3o Ungusrnd KR EET, A0 |DELEA 33712 (21
PR LA TN<HE L ED T, Ty JQE |18 T4 439
L% 3] BE 4 ¥ | 20432 3719

DY 7°F 77> o Kdbjchd efhs ) FEE ( k. (Gkq) SHTR-C™, SHTE®, TR-C” ‘
DERRETFLITI ENPET 797 ) L EBBEAK | 2N B o cFBY~ 0 L Y D>

FALERE 13 KBl RR T H 2, 2 4 \cABABEaBs
D7e=ny7F=2>r Fho ek BHc kY [[F)T7°k7y> (TR) 4458¢cpm 2 F4cpm
7 7 S ABRALBEFE U H S - SAXLMY7oh7p L | 2514 rg

PEESS AR IN KL b= 2 g A L ||[SARHTSy (8601 5o

1, Rjcr#g L v o 35 JEIE 2 IR K,

(1; AWAPARA, J., SANDMAN, R, P., and HENLY, C., Arch. Biochem. Biophys. 38, 520 (1962)
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7 Infusion Method |C X 2H47 3 /B - RERHOPR
¥ W B (R - FERES )

Bo73) 8, E6 G5t 2% Boexj)lewygqy) - 7H44#r 8 A
YR rBFeHsm 3122703, (Friedbe;\fa/(/M), Quitonde and Rickley (193), Lagtht ot al (1759.)
Furstef ol (1958 ), Mase ot al (1962) — 3 mpiRk c Koo Bc" 7= 7 BEL iz » %) @& <(l-ajlha etal
(1957 (1989), Appelotol (1760),(hinjgos ot ol (1960) Rt A By 4 = 17 VARG 1= my 2
> k> T HIN2 5 A 3 (Larha ot ol 959)), I DB EE t 3 B 12 IR
mit, WG#, EAEEP N 73 1860 WHIGEH £ BIFRZ T3 2 L= k2 T IR EBES
eI ek 233 ER v, 5Bt Ko 73 ' BREFH NFHF1% < covtinuons
Liguid How Pelector XyFrcd )73 ) BEOWHBHEANE 0 7449 ¢ EFEs>RE
1SIRET 3 I TR 52 2, 2o FIE 7 Infusion Method 1: & 9 L-Loueine-“C 2 At
PE7z /BT~ 1w, WHEE ~ D ncopporation CIBYE L. THE THGHEAET S I B 0 BpHK
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kT HER &, Seineidewit (1945) T RBENGER. |, ol
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b‘éo) 5'0%//\}-’- &Y = 0#/‘]1’“ 13 Aeid Soluble P * i e hhozw 3, A;,o,‘df)’dcfionf
CAX R v e 624 €I 50 » 2o zfa-ﬂyacid’\q iﬂwzpomi‘/’ox #Hg )'c
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DESTRIATION INTO VARIOUS MRAIN PRACTIONS OF €14
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INCORIOMTION 0F C14 DKAIVED Fow U-L-C¥-LBucInk b’ ’f 3 « e o Yoyl el ooem
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ATELTH A DUWEIRCREIAN o /NEE, BT 2 L RETEEE
PR T 03 2 3)5%}2&5?&/7}0»;59&;»@1:; e T QRO AT
R AR} o 2ERER NSRRI U Tros 2 2. BER IR eeAR, FTteleRk, ﬁfiﬁwﬂ?ﬁz
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B BReheo v 7 Lowry BUms)aRBREERE BT, I 7BRITRE
_2(517”) 7wg = /Eﬁiﬁﬁzkiﬁ (GDH)=E¥% ¢ SDH )a‘é{:\‘jjﬁl—& Triton X-100 U ARTE
12, $F)n—aC Bt @ELr=(sw 'm/A) " GDH ¢ ,s\ﬁz A 1§ U< Triton X=100
GERZ 01% %) vaPRiR, NAD' MET £ A L r-(34o mpf  ACKE - ChEELE © Aflh,
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.

Ps 51,0008

1,;,, Y'Y ’; B L et 15 0 RERR I 1)

21n |2+ . HESeoBEE AT =T(1=TECPACERYT S PNAOE
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2 (RIcETER % pe BN, I=EEPR L = BHRIE - hEs,
Y®aABRFFF RS G ( FRIRARIEI=Y 7 7RI 20D 2B o, PHCOD



- 26 -

— Aﬁ:f:/cZE u:":%/g ATPae \sMM 1= X 5 TZEMILI N peNE KX 5 T

o (o BE (9. BIEHBPLPI=E» s R B

P 33.93 3.60 (NaKATPaaczt} 4 1% oell devris, 27 7°kY—Lr, 3% @

£ lzgz PR T VAN RIE= 53 L ATRY, Zhb aBAGRED
e S Gl WUREC0BRRI neCs LR na

B . . ST = 7 7
oSS S PemambmEL cOMNrr ek 7oz
Unit: AEyy,/min (37.5°) 7272, RNATY) f 7 — 2(DNAI%RIH S0 5 3'? Pac

AaiErons: Athah - AthGYOT KDY (2 \BATPINMN 75 = ) kT > R TN
B BEFs haP4li=5g2DNAnERCE L1z v
FITLTERY), PACoPasilimy 54 53> t 8150 & > ol 275,
Dol : ol B s i3b 5 AR 7 1, %ok ) f o
B0y 7Y TIETHIEHRT 32 Lt GARHER TR ), T UH5RAEREL L

7 ﬁ%\ﬁz 3~ 3 ‘ﬂ% TH3. > Z\:%%bvl: = A );]%[: T:’?ICE 5 EZALUATION OF Pi4C
) = s 1, . *

BT R 2t 2o NEBIER 0 K T 3, 0D Temonad = us.0i4 %

29T, BMEEODL U Lo REILe RS 150 L 3L compens Toies SHr250 7

(= 0 Rt 3 i FRB PHAZ 8B o vl § R DNA/*?‘;‘;’!;:%?J::&:%?lS%)
— - = £, =~
R¥EP), =15 AT IR0 012 ) f 0234 ma/mioled §.00:1.13 e
Z,:W/% ¢ 3‘.5X£AEE 25072t EEE C\E T 7Y T Protetn/muc1di .71.0 mue
7 =Fe7) TRa R soBEB, v A3, (50 727 7L )W) 4 B
>3 S . -~ — -~
aFEEanF ) B AY, LWL FFGETH3. BRG =) 4 D LR
TABLE 4 Adenosine Triphosphatases (pmoles Pi/g/15 min, 37,50) I3 bt shw?t
ia()) . (;ﬁ (Z; @ (e ;r) (&) (0 (8)-(e) 4 4 & neuronal,
H 20,1 295, .5 171,0 . . . 8, .
LB HRUE B T B R B e i1
. . . .0 g 0 24 .5 22,2 . N
3.23  2.62 1.2 3.20 3.45 33.25 3.02 1.25 U, PéCI=o 7 B

1,60

0,64 1,02 -~ - 0.98 1,28 1,92 1,18 0,94 N

PYB  0.64 0,88 .. - 095 1oz llzk 108 0.9 Lt=atv%5 TH3.
.7

Phc 1,53 1,26 1,00 1,50 1,48 1,56 1,37 0,06 _ w, e
Belative specific actlvity on a protein basis Zy}')(?_:ﬁ-‘&rﬁﬁm :
B,o1:9 1.00 1,00 1,00 1,00 1.00 1.00 1,00 1,00 B r=21ii= & 3 ¢,
0.76 o041 0,37 oM6 0,39 0,27 0,21 0,28 0,016 Bl 96 x ISHE/ §

(a) 30mM Tris (b) 6mM Mg-30mM Tris (¢) 6mM Ca-30mM Tris _ e
%g; éom NiaggﬁMNTr;s rSle) gmm Mg=-20mM K-30mM Tris pd 7.4 ‘E‘:E g \1’ ") v
m. = a=30mM Tris 5
(g) 6mH Mg-20mM K-100mM Na-30mM Tris (h) g) plus 100pM ouabain M 2.3 xlo”i/ 3

@4%) LFRE T ho IV TR 488% THI0 G, KH 1§ v =t g fr Bat
2 PR R 3R e w3 0 ) O R TAREAPER A2 nonnewronar 1TIH2
NN ETYEI SISSEPR 13y i RS A R R R T TN

1) ALLFREY V., STERN H., MIRSKY A.E. and SAETREN H, (1952) J. gen. Physiol, 35, 529 2) CHAUVEAU
J., MOULE Y, et ROUILLER Ch. (1957) Bull. Soc. Chim. Biol. 39, 1521  3) ELLMAN G.L., COURTNEY
K.D., ANDRES V. and FEATHERSTONE R.M. (1961) Biochem., Pharmacol. 7, 88 4) GLEES P. (1955) Neuro- -
glia. Morphology and Function, Blackwell, Oxford 5) HOGEBOOM G.H. and SCHNEIDER W.C. (1953)

J. biol. Chem. 204, 233 6) HOLTER H. and MJLLER K,M. (1958) Exp. Cell Res. 15, 631 7) HUTCHISON
W.C. and MUNRO H,N, (1961) Analyst 86, 768  8) ymiki) PR (9DTHEHLY 3 Y5012 Foazil F (epR W)

9) KISSANE J,M. and ROBINS E. (1958) J. biol. Chem. 233, 184 10) KORNBERG A. (1950) J. biol.
Chem. 182, 779 11) KUROKAWA M, , SAKAMOTO T, and KATO M. (1965) Biochim., Biophys. Acta 94, 307
12) 8- By (9en) A% 283 19,990 13) MAGGIO R., SIEKEVITZ P. and PALADE G. (1963) J. Cell
Biol. 18, 267 14) NURNBERGER J,I. (1958) in Biology of Neuroglia (WINDLE W.F., Ed; Pp. 193-202,
Thomas, Springfield 15) RICHTER D, and HULLIN R,P, (1951) Biochem. J. 48, 406 16) SPORN M,B.,
WANKO T. and DINGMAN W. (1962) J. Cell Biol, 15, 109. 17) WIDNELL C.C. and TATA J.R. (1964) Bio-
chem. J. 92, 313
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"BRIE » 7, FprERko S0k, TMZEKS Jo0o~bo00 25 (= B X 3v B 5 BEEIEE 7 § &<
PHEL o5 3 ((BREE S ) H2HIR o x ) 1208% B 5TRF 1< 517 2(Nak)AT a2
BEPRD- b, FEARERIS 5 T 4 2 9 ATPace v iR 1< AWpq 3z Lo kBEIN, -tz
IFANBE) A B RIS T BRI T v za%]f\t;nrﬁ%%fa LR Y 0 b A g 2 o
ATPace N B RAPZA N L > TH DL ETF LA H 25 Nr=.

Lo VIR 01812 13% L WEBSII G F19— 4o 1> )=, @mfieANBs |- X3 Xl
=Y EF0 TR L SN TOBIE E BB T 2 13H 1< - T, kaokBR Wi | oo
P4 BT 05 2. BHEBB(NAOATR AR AFF R 1% < 23580 h @ 2= 9 DY — 4
ABUTSHI O N T 208, BCHRG X o beiBERI T o T, FREBIS o+ 4k

/%- INRETITHR T 5 E1E2Tov, K2 1 SFRISREE PR TN TH B =
T 70 Y — R 3) 1 S(NaK)ATP RS 0 EPR & 2 = & 8953 L <05 AT <
PED S RBRL T, 2y 7o - bTRER BT 2 EaE e RE L, ¥ akek
A 2T oprans
2 B 7

PELEL B Y P RIGRE 5 10% TE 2 2% — }(H, 032M EAER)EIE), MFo s
A CREfZINE € 2 1=(§ 154 ~ T Gav),

Prdgy fooog - 10GNEANT | B) PaihE looo g | SANM 281); Py 31003 4omCatkes): SHBy 2%
RNz BBy FERIE & Btk =22 | 715% P REWEN zr- K& =17}
= uGED | 1) 12 ARG F) 245 Ficott @E/z,;t 1= 12T st Bl o T AN,
ACh, ChA, LDH, SDH & % Ap, (CBFR e X% L L r- 1B, 5 x o BSEITR |- 5 >
1L NI BB, kY -a®), 3pa - F)TOREL I 2T 7°R)
T2 Wk EBiR A P GNEy 0+ 5 ﬁ}?&?mmﬁmﬁ; X1, 2T 2kuEBiko BAE 2~
MBENIEIEI= L - T B LT=(Fe) § 5 h b T35 0B PasE & =350 L
(R5ml/§ Frtm), o~4°c, 204 mBESR, 10000 15 n S X (Ws, B8] o 2
t AREREE DRy -8k, 1060004 bofpo K Fikwit, KB LIBALER 980, B8
=A% E 221 7 RAVPEANB(DEIEER L=, ANB L X¥E 1< S]mfffjo'me Fhosts +)
sV THhs ITTH D 0B 1F Freallshict - T Feos b B 8 OB, A =353
(25~35ml/§ pAR8H),  o~g'C T |0 ANRIREIR (120757 ) .er%E‘m%?%ﬁﬁ/ﬂmp
2TORZM I Ll=nd, kFo— 37—t fuo OAFoMNBIERN 1TIF 5 1<,

Bi 20304 5/~ Be 13380 By 1305803 304
B:  4p003- 54 Bs  4/3208 54N P (]
By 8/603- 54 Be  F4ITOF 54

Voo UMEN GG haZae Be T 4, BIRIVPIRIT ~a0 } BG4
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AT raeZEis0 BYE @ (X) LmM Mza@z, 5mM K(f, TABLE 1
oowht Nall, 3owM Tris-HU RREER(pH 14) (@) 0 Tromeim (A 128 uin)
@235 |00mM Nall & F&1 T DO (g b 20 mf)(c  BEBiR 7.6 §§g {8) (a)te)
B (01wl 5 100pg ~300p3 7 > 107 fml BRI % 28 1 & tzvg
FBR)END2T, 305°C, b4 o TihMEIR Tris- P 1 usos 68
ATP (pH 74, %2R 3mM) €4PR T €0 J4H  gianey
BV, 375 SRodEER TCAGERE S% %) R AS R M B
=k o URfTeaEy, BorFov TPk 32 38 3% 1
UTs, B4LIx pomoles Pifj Readi(zr-13 mig>  ° i 60.6 6 6 °
127/ 156 305°C ), (ou—(p)@ 4 > T NaKATPase (£) Na aveont
A‘&Jn BoUt, BEapBIIzE CIRIETR L] T 4BK e Bo s BRERENL
v 7%*:“3@%0 20 :=38T, M7t R K IRFET L TH 3. 9 >0 B e i U<
2% Lowry Fom(1150) 13 5> THRYE L 1= $4213 M3/ T

s .&m,
ol Il iR —— XM%R + AH ————
iy o AT IE ¥ "BV TR o xb B : WRRIE o (NaK)ATPase &1t b L T

Soe »)\ﬁ%kl/ﬁwﬁf(% | 3B R)=ANP § 3 13, BRopFREo—
BURPTR TH 208, ZHrorgboaiNg < Ov & LTIKXEBEL0 0 G N3, IR MNE
(RI=517 2 iy & 5o ia & Csmih s, BHLE | %ty a0 Y Bararva
03B, Kl okER XIS o H 2. K%E%C@yﬁgl =R BN &K 4 O BHF32%
if‘i]:iiin Protein ATPases fCHWﬂRTZ —%-”)Zé/b t)(‘?ﬁ——%{(/ s,
ooll (mg/g) (]Ll;lol%g/g/](.s)xf.}g; BDNT//VCT %INO % LB Y TR Yo B
gt 1 U5 & s 0 2 FRE 12 @omajemazj.t/on,, ANBTRIE, “‘éi\dﬁm

B W2 & 5% 5% RS LRI BB = b L F K b o
c 12.5 28 22 6 FHH 7, }w’ml)jlnizat;pn 22 T3 2933

Sucroge

T2 323 1% 55 28 ) oo LI%IF1& R 2t { TH 3. Doumce
5 wih o b5 1w BT ) e BRI 2T TP T4 -, cleamnce
c 10,0 21 16 5

30~ [204 ?a)ﬁl%%«zsoo B2/ i X §- [0,
ZANE) 5 Bngma iR S~ b QOMM 1= homogenizalion 88T, 2, 3~ RBR7AX) 2 L
CEFHEIFGRET 4o B¥2/ 2 X251, 4/77*l5])2ﬁ3“7(l\/al'<)AT?m O & HE
Hur-ses, %) e #8918t 2% w25 hro ot "GRG p\,?;/ﬁ\@” T3
(WaK)DTPase ok 1= R, P, S Ty h
':‘::f:ion Protein A TPases 377' H"%, 4?7' oh 7}5’)/ ﬁlé!ﬁﬂ\%x' <‘7’\

(me/e) (molesfs/15 min) TP, |=351f 2 AN B2 b 0 B 27

53 3.7 25 1o 13 X 7ob Y —e=m g 2 (NaK)ATPace + Ficoll
B 5o 20.7 8.7 o % BiERsVFhER- 1Y, PihEog

c'

T T )ty 55% o (NaK)ATPase &40 3 (%

2), ClERYIREEEL LT 77 -
MN=X 5 TP 2. BB A TG 3 35355 A (MaKAT ezttt vH2, &
B L F o DBa TR T ) e I ) POl HRE



I 3(NaK)ATPaw 0i8cE)49 5 % 23 ¢, ey
ANTEEINT T ) 212X 5 TERPRY b b |5 By Treotion frotein 53?31‘;37551; 2in
-3

Fo. BeQNRT 2B Bobciikg o LRI (8) ()=(p

W 21,6 125 60 63
Mrkivfeor, e BELimy, 2are I 2.0 20 12 8

e 11 10,6 84 48 36
NERFOERBIEEMA T 3 NI82% 08, Pa =@ 111 6.8 42 24 18

52155 vHa B33P oslpR(28) £34/002- 40k Lt a5 (Pa), Freold
EEGRE=ER V1, A BCollErR—oixi% 7]<§«3E;w Vr=doaha, B
FBP)IRERR D T2 08 032MBIR-3 5 (W) Ficoll aFd1= 23 3(A) 3% Fiesll
Rxizt hEiBER o200, QBRI 1054008 20 ANR] B § 3 L R A DB E

A 2 £58(B) /3% Ficotl FraiBreiR 2 o (R EC
) = 1 TFo. B30y Pact 15 AR D (Nak) AT Pace 35 o
» oip 12t A EF~N 20y, EABOGBIENLT H2155° 7530,
"

) e BRI s AP RAL R EWR 2 TH.
Szt EARIEARD ER=A Y 2 (NaK)ATPaae o 0%
WMEWFERI=X 7 TEBRIND,

=Y 7°E Y — RN & (NaK)AT e Ay = T4, D2 )=
T- VB Fin gy, Bizky 2 (NaOATPae 0 23 7°2
PLURTEC 2, 2y 2ob Y - aPBIIR A U 2 W 3 BRERS 2 ISR R b &
H3e 1050 7 RIENTEY 2, 22 TRCABIERN YT 7”1;)\)?%&7»»«/05—
Some. ghosts EREW:MEVZT AT, R4, Bz i=b b T(NaKATPaue 34
TABLE 5 Moy 7oy — l,:_:;o%//f'ml ' 'B ]

Cation composition (Final concn,) AT Pase s

AR ERE

Bo BB B BB BB S

(p.mo%es/g/lg min) M?&?‘ﬁi]:h )7«}% /,.,._ 4 .
2 23 53 L ol-f 1
None 10 12 &7 b Xed 2 :b ]
2 mﬁ-£~ gl; 23 s MEz%(’ na. o » E
- ) ) " ]
- P A = Rl N P
5 mM-K 10 10 45 70 75 20 95 20 25
100 mM-Na 15 15 L BB HIT 2 e A pH
3 mi-Ng, 5 mM-K 36 60 T
£ mi-vg, % mi-k %o 55 (/faK)ATfM HYL « R
6 mM-Mg, 5 mM-K# Lly 5% EU 23, %5 tht
3 mM-Mg, 100 mM-N 46 90 - L o~
6 mM-Mg, 100 mM-N: b2 87 %6 = MLi=Xx 7 /;: ¢
6 mM-Mg, 5 mM~K, 100 mM-N: 71 130 = i
6 mM~Mg, 5 mM-K, 100 EM-N:* 92 138 1= %Fr’/ ?57 or Ly
6 mM-Mg, 20 mM-K, 100 mM-Na 92 138 47 R, TE.% o
6 mM-Mg, 100 mM-Na, 40 mM-Li% 89 119 s #4570 75 70 85 Fe Fs
e e 4o aM_K* 53 b =l g » 6 RA R pH
0 mM-Rb* 0 NG e )
Lo gM—CS* 75 102 r; t ﬂ)\%\\z B t ?3 B 3
6 mike, 5 ek, 1 4o mi‘;fﬂu* 12;’ 12‘1’ N (Nak) ATPace & FIEBN-250 4 2
M-Mg, 5 mM-K, 100 mM- - .a R
B 100 mii-Bb L;; ﬁé SERTY 5 ?1}],/;,4 X 7543
mM=0s N +
100 mM-NHy* 51 62 sei=® 2. KhaNH,, R, L
+ . -
6‘ mM-Mg, 5 mM-K, 100 mM-Na, % Eﬁ:ﬁi 16»8 1c6>g Cs =X, 74\)%3 ny 3 Nat

guM-ca 35 55 (X hbLaf A g, TIHTRAY

In experiments indicated by asterisks, samples )’\fi Vo a”( 3~ é'mH), ‘\7 7/\“/]
were kept frozen at -200 for 2 days before use,

Chlorides only were used, 7(/00N;00FM)1¢(N&K)ATPM iz
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KR -EEF3. G MEES

7 :"‘"/I—':—T“/ P A (Fiﬁggigiggn.) Pro%a‘%%c_zl%—nP ases Proieilfr;razth.og ases
G /s Y e ) Y )
Tris W)= & 5TB, P Wone 14,8 102 44 58 15,5 128 56 72
ERBF 2L, Fiko-b Cuebeln i M2 w0 5 o
1¥527, 2% 0~ 512277% 2 Loout S5 % %
BLEINRT pEIC )= poiB lopn 13.8 64 3% 30 15,2 83 4O 43
BHTT 305 (aKWTPase  cyetoins 10mi 86 b0 k6 120 50 70
1T RS IL T T, DOC 0.5% (w/v) 12,1 21 3 18 149 30 6 24
S AEFRABITAIr 3 B 50 13,4 18 16 2z 140 35 30 5
y>/\°7 % h d)(NAM)ATPM (Preparations kept for 2 days at =-20°C)

EMEIRIZ S ERG 3HEE RS 12t 3(B. AR 39573 ) a3t Fiany)
BZt:Tv, ZPPRAEAIT2 7;% a3z Y X EEAED 1ERPRI 2 7.‘\;)5‘7.
B8 R 2o BANE I U ) 3(NaKAT e s sz, T B3+ a%720%)=
FETF. L URERI R 2 L AEF R A B ik ey by LR R 3B =
FolaSPAL L) £ §3 L, SATERATEORET A TAZ. LU o7 3 7R
BITIE ) 1= 51 3 T 5Kt VRA 2B L EIT P EIF o D) o
TATNRZT P -op RPN I N trve Pen b 204 337 70y - vy
FRapyoradrvd 3, S asy7oy-osls =85 =30 ( 25 ), FRBINSELF S A
2 PRER AR IOV 0 Y 2 Pt wpE L B 03 (BBRTERRT). L1115 r70ky

TABLE 7 L% 1= 5 2(NaKATRUEEE
Fraction Proteln ATPases . - o1\
o orsamen™® (YYD (B Troppfs me A 277 -nngk
0 rea o [ ¥ 2o o [+ ¥ A X3
P oz sz o RERBFReroy
P3 13,7 111 k7 &k B 3.k hip NTH3e § g ThaPs
Hith lmi CIDTA 1= F13(NaKATPaserr 5, 2 %p
(peilet) -
A 6 b3 20 2 . N1 o
s gs o mw ot gs o A sTTbLofRes
(supernatant) ) ' ) 716‘@39?*\)@\1%‘1 e =
A 20 11 - N B NaKATRL A=} 7°Hy-41
F3 3.5 2 3 -1 /¢~za‘;‘zf+bb\i%m 20 %

X)LBLFE BNET TR, PRIHEEH 223, 2)  (NaKATPaae ZE1E 52885 F B ), 2=
7RI M) U RIBI N0 305 = KB SRR 3N R e RFEa LD
BT 1= Fe v i o0s, 2Bun e B3R\ R ~ B2 B RS S5 05 3. R Tiplk
253t RO BRI T 7R Bk 62748 loojts 32001/482 £ < 2 5 ) (B2, A/ 402 Davi,
1957) ¥1=) o> B BIK R B B0 o0 2 2 7R WL EAT W3 VREINT VB
(o, 785 T, 1969, 220°5 FRE3 Raawdt 2 PRRIR, 2\ 172 %0 K & BBFR
FHEEIN =R YRE A FENR B E Y FHE 378, (KR I RIBB A .

1) ADAMS C.W.M., DAVISON A,N, and GREGSON N.A, (1963) J., Neurochem. 10, 383 2) BONTING S.L.,

CARAVAGGIO L.L. and HAWKINS N.M. {(1962) Arch. Biochem, Biophys. 98, 413 3) BONTING S.L.,,

SIMON ¥.A. and HAWKINS N.M. (1961) Arch. Biochem. Biophys. 95, 416 4) CUMMINS J, and HYDEN

H. (1962) Biochim, Biophys, Acta §Q, 271 %) EICHBERG J,, WHITTAKER V.P. and DAWSON R.M.C.

(1964) Biochem, J. 92, 91 6) KUROKAWA M., SAKAMOTO T. and KATO M. (1965) Biochim. Biophys.

Acta 94 , 307 7) B -tRE-70fk FRLO964) F24T 3, Y87, 8 8) SCHWARTZ A., BACHELARD H.S,
and McILWAIN H, (1962) Biochem, J. 84, 626 9) SKOU J.C. {1957) Biochim, Biophys. Acta 23,
394 10) VHITTAKER V.P. (1959) Biochem. J. 72, 694
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800g=-20min
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v
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\ 4 .
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A 4
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Ao MR b BLE € Y (M),
(CRI g +¢), (Mé'»rNa*fk') a e > o
741 > ko AME T T ) Rx F T
ThIN. =R R4 ERDR LS
v 3 2 27°C 7 ik % J)”ifﬂ‘ffn\f U\ Tre ATP
FamM(BER B R L TR 24l 1 2
N b inenbate LU . 20 % TJeAd 20l P 2 7 R
Fe B £y EREADT EHRBRE)E
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Table 1. Constituents of Reaction Mixture % » . XMEE $% v 73 . m uft#
(1) (2> (5) (4) [AN T 27 S SEEN ’PT ﬁfr"f'f ¢ f\ L3 "34;(/'#”{141163 ®
Tris HC1 (pH 7.6) 150 30 135 30 BN 1w 3w, Mauy v #BG 40y

Tris ATP 3 3 3 3 BizeueRi. pa2ke T
++

e > 3 3 3 RN E LT UL PR RS

Na - 120 - 100

K+ - - 2 20 w3 8 - F U e R T ehm
A1l concentration is mM/l. final BRAE € v & 3 a4« 5 v 7 3. M;’ n
concentration.

N:sniitujnhoﬁﬁﬁ_hl{ﬂ'z
Mk, mmransBegin, Weriz it nhEnn, 48T
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Fig. 1.

Change in the oxygen uptake (x- -x), respiratory control ratie

{(o~—0) and ADP/0 ratio (e- -e) durimg the oxidation of glutamate by

mitochondrial fractiens.
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The oxygen uptake 1s expressed

in millimicro-atoms per minute per mg of mitochondrial protein. Comditionms
gre described umder "Method". Whem malate was added, the cocentratioam
was 1 mM; the concentration of sll other substrates was 4 mM,

Table 2.

Comparison of Fc-and Fi-preparation on glutamate oxidationm

snd ATPagse activity. O uptake measured polarographically at 22°with 4
mM glutsmete ss substrate amd expressed in millimicro-atoms per minute
When added, Mg<twas present at a

concentration of 4 mM, and dinitrophenol, at 0.05 mM,

per mg of mitochondrial protein.

Table 1.
Opuptake State 3 | 17.00 | 45.80
my oiom::/?ntgal‘t;gin4 3.97 3.88
Respiratory conirol| 4.3 1.8
ADP/ O 28 | 29
o 8INo addition| 020| 009
>0
.; ‘5.
+ €| DNP 091} 146
8 $| (0.05mm)
Q<
@ Mg" 1.82 | 098
& 3 (4mM)
[=]
5 E|onp+mg*| 250| 204

Table 2.
Oxygen uptake
Substrate RC ADP/0
state 3 state 4

glutanate 55.8 5.0 11.2 2.62
glutamate + malate 50.7 5.0 10.2 2.99
pyruvate + malate 60,0 8.2 7.3 3.00
a-ketoglutarate 62.7 8.4 7.4 2.70
a~ketoglutarate 59.2 10.2 5.8 2.48

+ malate
succinate 82.3 21.5 3.8 1.97
succinate + malate 61.5 17.9 3.4 2.15
isocitrate 30.5 14.8 2.1 2.78

+ malate
glutamine 16.6 6.2 2.7 1.94
aiutamine + malate 21.0 6.8 3.1 2,48
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I/ 0\/ (, 1% ;' @rﬁ‘NHa k Fum, 8 1,. I ( 0.6)
Wloine 5%, Fr XI 1% wr.xIII 150 7.5 ( 1.2)

a(K.G.k/) hoERIE
2 fmion TR L Cit o Sra./it_'*, EHLE 2 NaHCOs - % ”5;0‘-4@”%"21""’ pAL A
R A ENE T 1L A B A EY R 2ov So Aot B3 b, Gy
TS, Asp = 512, Mad = 2150, it - pbb0 (FMRER1ZEAS ¥, v HY %2
2R LFIB Ikt an T, = a7 F0ns YalnEn (0. BEALEFr 53 Lo
ARG EEL LG =Ry a, B Ry oackin pleted 1007, Ml
e BT 2y h 32 e 1R v h WoORE T WA A By b
o ey 33 fitd e | oo Wi £ LT d o0 A adien wlatid
PROoOT 4 o v el (0, BACE vl ok YIKBLE W/MI ® =7t
2T (0, HEiFe b3, EFo hh,  — 1 T T ettt Pk son
15 mavalf 4 L e 5 T ol f— (FFT v /0~ 50 vild 2 BAE 01 ~ 0F m ot
RRI R rx Tt e Buwilliprte L &, + o Bugte a WA ke TR AL, (0
MU N o, TS PEG Cp fmgped (R BEBFH =) ¢ 2 FRT 0 KRy,
LEBE Sp Ae,n bhu, psp 2K R Ml F séooo P F e w L,
VoMb r®y Lt 01 F 3 50 W it o ThE F S E 26000 b KT iR (
Tu3,

A, O @ agE B Uty bl prep 90t Ak L (R2K),
0Ha -4 v A-K. G 9 Qerborgldione (KF RE b5 T CA T4 7 0 13 R A b 467D R
" @BAET ke vy, (-1
0. Ad 2 it E A e Specific Activity Ratio
sl ) ot 0 Adxn Sue Cit, Glug, of Sp. Ac.

Table II, Degradation of Citric acid.
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26 R ERAER F Nerve Growth Promoting Factor (NGF )
oME (x02)

mOROH ¥ -6 A R
BEEHLED - /N RS - BRI T (K - FPE)

W F o Far Y v TRy MAE L S0 7 K ouvilo o tE R L - FE 4R 2
KEEHB o 27 BIBET 2 v, %o KB B W2 o XHEHN L 25 BT
G 2 redistiibulion 1= 3 Erdboda % <M an ¢ VY ‘i'%\?\('fil;g_ l‘j; -2
¢34 a0 T"H a2 b, ;A?él!;‘fej//k (Schwann cell) GBE 2 7 75107 '»?’#‘ tET
- tEHEL =,

S af N i#ﬂéﬁ%{ié_lﬂl Ne"’eiﬂwm Promoling Factor ( NGF LW %) ¥ L7
. NeF o B diZdh < 2 ANE ¥ <v A fTHRa v 2 XL RNE T
Ko ko Ft T fa %m"f!v) taufrHEr o,
A 9o S FIR & 0 o NeFo WIEXFOTHY b Govim U B Ty 4 1 NEFIE
@ aip 2 w2 AN,
NEFs b (1 1)
%ﬁﬁﬁL%MMﬂzn%wﬁmt«:rﬁar@/v41=é<ﬁf?$”7"
Qv rHa F2RPeb 5B (HMF) 27701 v THEIFERGE P NEFY
STkt NFS (RTE L, REGuFIE 1 F atGHET D J 10 7F
3., TR ENGF-F Lfiih o, REE TS B L o RD,EE T Yo tE
@2 actC1h,
NGEo> 99TE1e ¥ by 11

oy
Fresh non-stored gland Stored gland 5 E_(_@_:Z_)_
— - 2 £)
Homogenize Homogenize ~ %[2:3 fme, [f/f\'/
WE, BB GAYT
HaQ or NaCl extraction HaQ or NaCl extraction

1F homogenous 1" H 3 17
acr/yfame;el i;fé}, 113
wulﬁ)ale HE G
het‘em/emus "% =
o %35 Mo, 1
vl:/m- > 17 T

InCly— Acetone fractionation
0.0067M Zn . 27% Acetone

Sodium citrate extraction

Ammonium sulfate fractionation (N)
0.525 ~0.71, SAS . pH 7.0

NYI9 AYYITIXYWENS IN1AOE WOY4.

(9N} ¥019Vd ONILOWOYd HLMOY¥D 3A¥3N 10 NOILV¥Vd3Iyd -

First acetone fractnionatlo_n {Agp) p}'ﬂf!d)‘e 7" /77/% ¥t

" o by
Second acetone Af()raffiosrn()atgiﬁon { Crude NGF) (A} 1&3\?- » Ak E o ‘{x%
Acrinol fractionation \‘) k?%}i?c " lﬂ 327

0.248% Supernatant , Acetone 50%

v & e, B

- 3,
CM—cellulose treatment () SR 5 & 2wy t ¥
pH 7.0 -
Ha%k Grias (7
DEAE —cellulpse column.chromato (D2)

~pd Big s P)

. 4
Repeated  DEAE—cellulose column chromata. ( pure NGF) (RDp ) L. 2 ﬂ'] i (D7E j'
pH 6.0, 0.12M NaCl "X 1")5%\‘# o & 13
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Properties Conditions S 2 Wiy
. 1% w2 i kR (RO 7
Homogeneousty e = $) o 7 f‘[’tfif £
i {pH4.0 an .
boundary phoresis Homogeneous P p \r») % f#ﬁ N, %4t
paper phoresis Homogeneous {pH8.61 ;c-; % P 5H b BT
ultracentrifugation Homogeneous (pH7.1 59780 rpm) 5 g o9 titer 3 E)E T F
. m x>
acrylamide gel phoresis | Multipleform {pH8.9) S T pw R 0B
' =z >
diffusion analysis Heterogeneous . (pH7.1 . 12590 rpm) @ =z BHetvnrkrion
Sedimentation coefficient | Sopw =5.2X10 a2 3,
. = m
Diffusion coefficient Do w=6.0x10 (Mean value) & =
. Q o
Molecular weight MWgp=84.000 (Multiple form) '\; — NGF @ pnvive 1= &
/ - = £
Ultraviolet absorption 279my 280/260 absorption ratio:1.53 S LR N
v . " 7‘-
Isoelectric point PH6.4 (gﬁllulse_ a(;etate membrane r:?‘ ol T o5 E 3 B
. oresis . o — 79 2 49 \
Sugar content Negilible {Hexose. Hexosamine. Sialic N ggf % 2 H? 09 axm
‘ acid and Pentose ) 2 %G EiEBE - ¥
Phosphorus content 02% - )
@ =4 217" H » 12,
. . ( |
Protein color reactlon. -H-H E WEF 75 vive o} 2
Lipoprotein color reaction | Negilible N T
Susceptibilityforprotease Hydrolyzed, loss activity (Trypsin and Pepsin) L7 /w’unwn Z‘ga o
Antigenic action ) {Rabbit antiserum) ( 39 % Eff; BEK) o 2
BE R REL Y o CCrUEyAed PABEBAoHKus bhn
g'ﬁ oo g- § g @ 0%, '4:1"@%%{"23«7%m:&et.cﬁzra%ﬂ%zv)\
Pt @ = 6 © QA Py e fox
?8'3,'5_.::2:3 4 Tm;;:inﬁqwe, ‘ )
B E 88§ E% [ R (ot ot i) m b VKB K FR) H T a1
Ba o288 . LEAEEPEES cHiS L. Yo s BT FL
© o o ¢ 1] ' - ) ) o K
ESgEED £ A& Bi% BEd gfwraRnd £FH2
E‘ 5 o § § § Q £ BTN fﬁﬁf’ﬁafé.!@ﬁ% VN e, T E NGF-5 € 2ds
8 o g =z 8 5 B (ALY k) NEF-F a4tk & & NEF ¥4
§§ B T T8 5 O FERE gy s ek BT VGF 2 B LH&S 13 % <
g ° g E Rl S el re e o fBE Chute 2 F B
b oo oER B Ory)oT 3T R E T R h g e T 1T,
3 ] P
T e SRe SR Bk e W R ot~ BB (20
s tR2 v3 7 4 4y e
o ® BB a 'éE.E %-u 1% %) TR ju o107 7 4 tplg Lf//(‘f,fé—
g e P99 ?;E 3 E LT a//acydm'n chrom alum. ( Binarson it) 1'% & 0[/
[ o .
SEEBEYL B pe FNIS LU, 5 £ E. 56 1o st 81208
£ S au. 28Kk (Ti=sbompu Ta= 478w ) iht1ED ( ML,
'a et M a
. S Mendelsohn ) . %ff {® 3 = Blae & Z\ *«ﬁf alaC 1 %<
b A N B Areofirwdeyg e wtoer, 3
) g R ) %gg g T:’é';ﬁ_?ﬁfff a3 /;ratsfn;ah)zm'ni'@ 1HE B8 (cerebrosid, Le
. H

ciThin, slbh/'rypm/e/:'n, ‘o 37%) + 15807550 Lt
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RELATIVE QUANTITY OF NUCLEIC ACID IN

NGF-S

40 50 60 day
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NGF-S

500

14-18days after operation
Control ope.side
(NaC1) contr.side

NGF-S ope.side
contr.side
NGF~F ope.side

contr.side
30-32days after operation
Control ope.side
(NaC1) contr.side

NGF-5S ope.side
contr.side
NGF-F ope.side

contr.side
64-67days after operation
Control ope.side
(NaC1) contr.side

NGF-$ ope.side
. contr.side
NGF-F ope.side

contr.side

Values are showed as LaCx10° in Potau's formula of the
two-wave length method of microspectrophotometry,
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hidhh, =hwe 2l HE GG 00 v 5265, DFEE D conplex VMU, normal NMU
veltage 1z % % C recnnernalion volfage o 578, % N¢F-S,-F ¥ 4 2908 r 0 2 «, A T4
H A et sy ) (840 1), (i BEZ 2 THRREBE 155 2
Wt NGFS atbF vithboh % (@4 a2), 24 =ti13 zbﬁﬁﬁ 12 1748 T % v VeF
wifo 2 tHE2BE R IT L0 I  EFF% LT 05, vkt %Bf 6~ 23 2 F 1]
B, D BWAEHLB% »cti spot t 252 p B2 LPd 10 %Wt Bff
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y 5 e R (3 b A CHBRE i1t e 2 ff o r
NEF1h @1 o 44 %
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VEF 2% 4. *Zﬁi?‘?’fézr rhol HhBFaHE L (=~ VafihEF Tt
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B R |

WE T Y NMGF R porntroan 1" %< pvivo (=4 BKIER 0 lp T a s o = tder %z, L
riARdR B aply L axT B2 (o fFQF A, NEF iﬁfffé 5v F 4%
ita REY ik 2w 9, W Cracn 518 mwtreo W NGF € % L /:)/perne«m@(e t 1‘:?1?% o9 ji,
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Sz oMo lEL T, Lﬂ\b/ﬂ\%ﬁ}‘ﬁ@,{l:ii)ﬂuf:?jiill, BLhrry N7
SR situ oKL id Gy Lo e E o Ewl T L FAIEB LG
toT s s, 4 22HKRAL Y RBRTHHKTEN L 0oy vy aeBBT 2
CLAHEL Lo ARERH L, I BET LT vHERR-IBT 2
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GAMatek s, Lor®RHeancs- CHEI LE lcfo}ohosfhof»rotem, Kaw &
s CHEIREY Y RFPF P00 het Ry, Rty BBIHT OEEEF LT W
B, 2o BREIIVERFRETI)BafHN, V> axrt-twoBhBeLL
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St=0 /2 3 s 7 g Hearo®  Orikee st
N (umoles) 64 175 65 28 20 15 | (W) (R
L YBRBAL) Ymoles) o o1l o2 010 oy 013
Ay 3 (umoles) 255 3/9 247 245 222 227
L — /59 2 280 182 /5
VLIRS U] 549 263 114 090 066 | 265 70

7&'3 /SI"D 2 ﬁ'fffﬂ-ﬁ-

Ps 2 3 4 s 6 7 8 7
N (umoles) 2.5 160 72 107 67 102 64 62
RAYEARHAL Q) | 032 049 040 76 044 077 050 120
Ay > (pmles) 452 322 178 348 280 379 355 367
Wfonnykhasty v 81 32.5 182 M7 /857 129 128 52
N/BY v $9 50 40 3] 24 27 18 17

24 Pr o 447

t) HeaLd, R J. (1967). Biochem.J 78, 340.
(2) ORrkABE, E., MATSU1, H., Isnikawa, S., + Swimazono, N.( 1965).
J. of Biochem. 57, 346.
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28*% WLDH7 4 V¥4 o0H%E

FHE F - ZHBER-HK XEBE
SRH - = AR (EX-FEE)

LD H iogymes o FEREB1 81 9 £ B, L3hA & ¢ mitekonariah B ( % F S 5 & B oMb
) BT s pattern, Roo 2k S KT8 RFEE va ko vt HET A,

RETA: BBl (L6108 + 4 B curd 30 BRI SEML
 sodium pentobmpifone UAIBE o1F . BLE ML UL B3 1 teflon Romogensizer 3 Al 1 o
25 M awecrote (0,024 M nicotemamidefiv ) 11 & 3 /0 % HRomogemate I 1EE , IR I: [ 500G
romin. Bt X0 LifE (8000 Gromin BB LTSk AB I, Mehd xRl
Usucnose iRk U2 BISE#R L, oalt solution ( o.15¢M- Nacl , o./84M- MgSog , 0.6M NAA , o.(M-
K- phosphate $uffer TpH 1.4 ) 1> duspemsion € L E & o 3 L0 L1 s,

&agmes o 5B vH b v, BB T Skr3E v (6B o Abcovery ¥ FREATES A A%
o, RErekbssh o 8T Kt Chs o v, A0 20 F 7 cellulose acetote sbctro-
phorescs ( SEPARAX BE M ) ¢ 3 FHRH v s, a0 5 ~tkrgrurs
B804 548 s v 3 e 0 JUE < b s oo, KEoiM v AdUqRE 5 9, BIDIE & BE5

The B ES R, symopame 1@ INTE A v 3 Raabo
%&uadto'ow 17 acetone TIHIE soomu CH ERF L2 2., WF

2,
s T3

I;’fﬁ7 r,

64&5&'01,1? Yo% 2’/

TMa», PRI+ I T iz éf}& Lt 10
FHemtg : Kthadmt e BRI Tao @ ALt hd, B, (/) SEPARANRES
TABLE |

PERCENTAGE DISTRIBUTION OF LDH ISOZYMES FROM CAT
BRAIN AS SEPARATED BY SEPARAX ELECTROPHORESIS

Fractions

Brain arces Cuoes I I I v 4
Frontal Lofe {41 25 80215-302) 294(267-308) 320(m0-305 L4 138-123) 14 (o-22)
Tempnal bbe | 4 1324002 -40.1) 294 @2-32) 280 sgo-322) 43 55y 0T (0-2.8
Occipital fobe | 4 133.2(296-3060 272 (z00-300) 28.2 at5-3000 10.4 55-129) 1.0 (0-20)
Thebarmus 3 |35 70603-9ery 280 2s-290 231 (no-s00) 119 (9.9-5% /.3 (o-35)
Staion body | 3 | 252 (320-300 235 ger-2600 279 as6-309  [3T t2b-52) QT (62-59)
Cerebetllum | 3 {276 (z00-3300 309 (a8s5-100 244 (232-2600 18.5 f52-232) 0.6 (o- 1)
Porns 3 1 520001-5¢0 AT GGagsz00r 164 Gsgoper  I¥ 0- 850 4 (oo
G emina| 3 403 ser-sors 230 arsssm 198 oozsn) 63 (soner 26 (2osm
Medutts cbtongotal 3 |50.3082-520 2T% (39-3000 182 ta-20m) 33 (2t- 402 0.8 (020
Cervical cond | 3 1 56.T(s00-80.0 251 cag-3100 160 (501p9) 22 (6 - 44) 0
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55 o BLMEP(E 2 ) B s patern I A L, KRB R L BXESE T B o K
Bi#wr, (LbH: , LoHg o 55 & w35 %L v) (20 RE S ¢ bu T Ht
b9nE® sk L, LOH: o Dfpo, LbHww o Y ( 0w ¢ 84 %) 2BL o post-natal
matunation /1R T 5. W0 T, LDH isazyme patterm o X 7% FRE®Kite L TH Lo
¥ IR o F o, WIa Iﬁ(\‘é @ Bonavitd nBE (KX o n 1283 ) 1 #nwy =3
LEE WG 00 (3) Rhmitsckonaria "3 E N e LT 89 /0 YA (Eshre o) of3

DISTRIBUTION OF LDH 1S02YMES RFEt B 32 2 ¢ 2%y
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#— 1 PROTEIN SPECIFICITY AND N£URONAL FUNCTION
by

Francis O. Schmitt

Department of Biology, Massachusetts Institute of Technology, Cambridge,

and Neurosciences Research Program, Brookline, Massachusetts, U. S. A,

In this paper will be developed a point of view about the determina-
tive role of proteins in brain functioning.

Documentation will be offered from published and unpublished work from
these laboratories, from the 1iteratﬁre, and from the Neurosciences Re-
search Program.

Neurons from nets and eventually the brain, through chemical inter-
action at junctional sites (synapses). Developmental processes require
specificities built into differentiating cells by genetic mechanisms; cues
needed to form the complex weave of the brain are considered to be mo-
lecular or fabrics of specific molecules, probably protein. Protein growth
factors (e.g., Levi-Montalcini et al.) powerfully stimulate specific
neuronal types. It may be postulated that proteinaceous or peptidic deter-
miners produced by target cells specifically stimulate neuronal multi-
plication and/or growth by evoking necessary homeostatic responses of
derepression and repression, perhaps at the level of the genome. Such
cuing proteins may well occur in salivary gland or connective tissue cells
as targets for innervation by sympathetic neurons. At varying times and
for limited periods, neurons in the developing brain, as target cells, may
similarly liberate proteins which powerfully stimulate growth, primarily
or exclusively, of those neurons destined to synapse with or convervge
upon the target neurons. In such a view the developing brain manifests

temporally and spatially specific patterns of diffusion of large-and small

molecule solutes capable of evoking growth and structural differentiation

of brain cells acting alternately as target cells and as cells responding to
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specific stimulating molecules.

Included in the mechanisms controlling the specific patterning in cellular
reproduction and assembly in growth and differentiation are the processes
that hook up neurons and activate the nets which subserve innate, instinctu-
al behavior. These nets, presumably wired-in genetically, interact with
nets capable, by plastic alteration, of storing and retrieving experiential
information. Rubin and Stenzel (1965) have obtained active biogenesis, from
subcellular ribosomal and microsomal preparations of brain cells, of prote-
ins which combine with antisera directed against purified brain protein.
Such experimental methods provide a means of studying specific growth pro-
cesses in brain cells. Further development may permit study of biosynthe-
sis and products of biosynthesis of small populations of cells.

Linkage, which may be relatively direct and rapid and which may be
reflected in bioelectric changes, may exist between the surface membrane
of the neuronal soma and the biogenetic centers of the cell.. The products of
such syntheses, as well as highly active solutes produced by neighboring . -
cells, after diffusing to the neuronal membrane, may condition the electri-
cal, biochemical, and physiological responsiveness of neurons, bincluding
the making or breaking of synaptic contacts in dynamic physiological process-
es. Partial syétems of brain fragments cultivated i_IlliE"_o’ such as those
studied by Bornstein and Crain (1965), may, when sufficiently refined, give
valuable clues.

The engram, or memory trace, cannot readily be explained at the level
of reverberating circuits but requires subcellular, i.e., molecular, changes
which permit selective switching at synaptic junctions. Electron microsco-
pic findings suggest transsynaptic proteinaceous structures (Hama, De.
Robertis, Gray, Taxi, Van der Loos) whbich may not only link neurons at
synapses but also provide a molecular recognition system dynamically res-
ponsive to physiological alterations. Mihailovi€ and Jankovié (1962, 1965)
observed selective neurophysiological response of particular brain regions

(e.g., caudate, hippocampus) to intraventricular infusion of antisera directed
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against these regions serving as antigehs. In cortical explants, which had
developed synaptic connections in vitro, Bornstein and Crain (1965) observ-
ed blocking of evoked potentials and net firing following treatment with
certain briin antisera. Antisera against a purified protein, thought by B.
W. Moore (1964) to be characteristic of all vertebrate brains, cross-react
with immunogens of all vértebrate brains studied, suggesting great evolutio-
nary stability of this protein (L. Levine and B.W. Moore, 1965). It could
be hypothesized that this member of a family of acidic neuronal proteins
may function as a molecular recognition protein, which is analogous to the
gamma-globulin molecular recognition system produced by vertebrate im-
munocytes but which has appeared early in evolution to meet the needs of
multicellular organisms for neural coordination, for analyzer-integrator
systems, and for information processing necessary to subserve memory and
learning (Schmitt, 1964).

Huneeus-Cox (1964, 1965), in the Chilean laboratories of this Unit,
obtained electrophoretic evidence for at least 14 proteins in sqﬁid axoplasm.
Antisera directed against these proteins reacted, in Ouchterlony plates, to
6 axoplasmic antigens. Attempts at fractionation of these proteins are in
progress. One or more of them appear to participate in membrane process-
es producing the polarization potential and the propagated action potential,
as is indicated by the fact that antisera directed against axoplasm, when in-
troduced into artificially perfused axons under certain conditions, block the
action potential propagating mechanism without substantial influence on the
polarization potential. Proteases injected into the axon perfusion fluid also
block action potentials but also reduce polarization potentials {Rojas and
Luxoro, 1963; Huneeus-Cox, 1964, 1965; Rojas, 1965).

Ubiquitous to all neurons are the neurofilaments seen in the electron
microscope as 80 - 100 A wide filaments disposed in tangential, perinuclear
arrays in the cell body and coursing continuously and unbranched past the
axon hillock, throughout the axon to its terminals. Davison and Taylor (1960)
proposed that4the neurofilament subunits are composed of a globular prote-

in (MW = 10 ) and that these globular molecules aggregate in strands which
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wrapped about each other in highly specific a:rray, produce the 100 A wide
neurofilament. Davison (1961) found it to be an acidic protein (ca. 25%
dicarboxylic amino acids) containing cysteine or cystine ..r'esidUes.l ‘Attempts
are being made to prepare antisera against the purified neurofilament prote-
in in the hope of gaining information, .through immuno-neurological means,
of the function of this universal neuronal organelle which has for so long
remained refractory to biophysical and physiological analysis. The soluble
purified protein (designated "S - 100'), obtained by B.W. Moore and found
by him to be present in all the vertebrate brains examined, is also an acidic
protein. Both may be members of a family of acidic proteins which, by
small chemical alterationé, may change from the 'soluble (monomeric) fo.rm
to fibrous (neurofilament) or membranous (possibly including the axon sur-
face membrane) form through alteration of tertiary and/voir quaternary con-
formational pérameters. In the program of this laboratofy special aftention
is being paid to possible dynamic interi‘elavtio'vnshipsubetween structural prote-
ins of the axon membrane and synaptic rn.’embranes, to contractile proteins,
.and to the neurofilament protein. Results bearing on these relationships will

be described.
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4 —'2 NEUROCHEMICAL STUDIES IN SUBCELLULAR '
FRACTIONS OF THE BRAIN

Professor Eduardo De Robertis,
Director Instituto de Anatomia
General y Embriologfa,
Facultad de Medicina,
Universidad de Buenos Aires.

Modern neurobiology has recognized the importance of an integrated
study of the chemical and structural organization of the nervous tissue.
This concept has emerged, among other facts, from its high degree of
functional complexity brain and the extraordinary cellular and subcellu-
lar compartmentalization demonstrated by electron microscopy. The
need for such a correlation becomes more stringent for some of the more
specific neuronal functions such as that of the biosynthesis and release of
transmitter substances at the synaptic endings.

To consider a substance as a transmitter or involved in some other
synaptic functions, it is prerequisite that it should be localized in nerve
endings. Furthermore the enzymes directly involved in its synthesis or
inactivation should be present within the synaptic region or in its proximi-
ty.

Methods have been developed in our laboratory for the isolation of
two populations of nerve endings in addition to myelin and free mitochon-
dria from the crude mitochondrial fraction (De Robertis, et al., 1962a). In
addition a technique based on the hyposmotic shock of the crude mitochon-
drial fraction permits the disruption of nerve endings and the isolation of
synaptic vesicles {De Robertis et al., 1962b, 1963).

The acetylcholine (Ach) system represented by Ach, cholineacety-
lase (ChAc), and acetylcholinesterase {AchE) was studied in all the above
fractions. The entire system was found concentrated in one of the two
‘ractions of nerve endings {cholinergic nerve endings).

Ach and ChAc were highly concentrated in the synaptic vesicles.

This result is interpreted as definite evidence that synaptic vesicles are

he carriers of Ach as earlier postulated by De Robertis and Bennett
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(1954-55). AchE appears mainly concentrated in the membranes of the
synaptic complex.

Granulated synaptic vesicles have been found in peripheral sympa-
thetic nerve endings and the anterior hypothalamus (De Robertis and Pe- ‘
llegrino de Iraldi 1961, Pellegrino de Iraldi et al., 1963) and have been
shown to change with drugs modifying the catecholamine content. The sy-
naptic vesicle fraction isolated from the anterior hypothalamus has a 10-
20 per cent concentratibn of granulated vesicles and the highest content of
noradrenaline (De Robertis et al., 1965). Dopamine has also been found
concentrated in synaptic vesicles.

Results from our laboratory 6n the localization of 5HT, MAOQO,
5HTPD and COMT will also be mentioned.

The problem of pools of free amino acids (AA) particularly gluta-
mate, glutamine and GABA will be discussed and the key enzymes in-
volved in the metabolism of fhese AA will be localized within the sub-
cellular structure of the brain (Salganicoff and De Robertis, 1963 and
1965). |

The localization of glutamic acid decarboxylase (GAD) in nerve
endings and its association to synaptic vesicles will be discussed. The
presence of a concentration of glutamine synthetase in the synaptic vesi-
cles will be related to the possible role of this enzyme in convulsions
produced by methionine sulfoximine. Several enzymatic and metabolic
differences between free mitochondria and those contained within the
synaptic complex will be mentioned.

The fine compartmentalization of enzymes and active substances
revealed by cell fractionation methods in conjunction with the EM analy-
sis of the fractions seems to be a basic contribution to the study of synap-

tic transmission in brain.
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#— 3 NEUROCHEMICAL CORRELATES OF BEHAVIOR

M.H. Aprison, Ph.D., Professor of Biochemistry

The Institute of Psychiatric Research and Department of Psychiatry and Bio-

chemistry, Indiana University Medical Center, Indianapolis, Indiana, U.S.A.

In previous studies from our laboratories, it was demonstrated that a
quantitative relationship existed between the dose of intramuscularly admini-
stered 5-hydroxy-tryptophan (5-HTP), the precursor of serotonin (5-HT), and
the behavioral effect it produced, implying that the behavioral impairment
correlated with the increase in brain serotonin., The behavioral changes were
quantitatively measured employing operant (learned behavior) techniques.
Further attempts to correlate disrupted behavior ('T') with the brain level of
5-HT were assessed by employing another means of increasing this transmit-
ter. This was done by pre-treatment of the animals with the monoamine oxi-
dase inhibitor iproniazid, prior to injecting 5-HTP, thereby incbreasing brain
5-HT buildup by preventing its rapid destruction. It was possible to correlate
the recovery of the enhanced behavioral effects of a specific dose of 5-HTP
(10, 25, 50mg/kg) With the recoveryb of brain MAO activity, hen‘ce, presumably
with return to normal levels of the elevated brain 5-HT. This correlation was
followed over a period of 50 days during which the MAO activity varied from
9 to 100 per cent of its maximal activity. A similar correlation with behavior
was not possible with liver MAO activity. The enhanced behaviorral effects
fo‘llowing the pretreatment with iproniazid were explained in terms of the in-
creased free 5-HT pool in brain. This conclusion was tested by measuring
serotonin levels in four specific brain areas as well as in several peripheral
organs (liver, heart, and lung) in birds at different stages during the period in
which hehavior was disturbed with 50 mg/kg 5-HTP but without iproniazid.
Onlyinthe case of the Itelencephalon and diencephalon (plus optic lobes)did tlpe
5-HT concentration pass through a2 maximum (at 30 per cent 'T') ana then re-
turn to normal at the same time as the behavior returned to normal. Serotonin

in the pons-medulla oblongata, cerebellum, heart, andlungalso passed through
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maxima (at 25-30 per cent 'T'), but then returned to normal by 60 per cent
'T'. The 5-HT concentration of liver reached peak values at the same time
as did that of the other parts, but did not return to normal during the com-
plete period studied. The rate of change of the 5-HT concentration in the
telencephalon and diencéphalon during the period of the behavioral change

confirms the original explanation of the brain MAO-behavior correlation.

Recently several studies have provided evidence that the enzyme which
synthesizes serotonin, 5-hydroxytryptophan decarboxylase, is the same as
dopa decarboxylase, the enzyme which synthesizes dopamine (DA). Conse-
quently, it has been suggested that when large amounts of 5-HTP are in-
jected, DA and norepinephrine (NE) levels may be lowered or that 5-HT will
be formed in neurons where DA and NE are normally stored in bound and
labile pools. Experiments were repeated in which 50 mg/kg 5-HTP was in-
 jected into pigeons and after sacrificing the birds at various times during
the behavioral disruption the catcholamines were measured in fhe same brain
areas that 5-HT was measured. No significant changes in DA and NE con-
centrations were found in the telencephalon. Changes did occur in the nore-
pinephrine levels of the diencephalon (plus optic lobes), pons-medulla ob-
longata, and cerebellum, but these changes were not related to the observed
behavioral changes. Changes in dopamine occurred in diencephalon (plus optic
lobes), pons-medulla oblongata and cerebellum but only in the first two brain
parts is a temporal correlation with behavioral changes suggested. This rela-
tionship is discussed on the basis of DA being either the NE precursor or a
transmitter in these pigeon brain parts. Although the data suggest that the
-depressed approach behavior noted after 5-HTP administration can best be
explained by the action of free 5-HT on appropriate sites in brain, the lowered
DA levels in the midbrain and pons-medulla oblongata must now also be con-

sidered.

In addition, our group injected @ -methyl-m-tyrosine { @ -MMT) into
birds and measured their behaviorial changes as well as brain 5-HT, DA, NE

and @ -methyl-m-tyramine plus aramine levels at various times after the in-
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jection. Since a@-MMT is known to deplete 5-HT, NE, and DA differential-
ly, a study was made to see which, if any, of‘thé transmitters changed in
concentration and then returned to normal over the same time course as the
behavioral change. It was found that only the brain 5-HT changes correlated
with changes in behavior. It is suggested that inthese experimentsthe change
in concentration of the free pool probably follows the change in the total level

of this transmitter and consequently resulted in this correlation.

In the S-HTP experiments it was shown that increased total (frée plus
bound) brain 5-HT is followed by a period of depressed responding in the pi-
geon Wbrking on a multiple fixed ratio-fixedinterval schedule of reinforcement
whereas in the @ -MMT experiments the data indicate that a decrease in total
brain 5-HT is also followed by a period of depressed responding on the same
behavioral schedule. One explanation for the two opposite biochemical situa-
tions which result in virtually the same behavioral changes is found in the con-
cept that CNS transmitter must be in the free form rather than bound in order .
to produce its physiological effect.. Although the time course of the behavioral
effects due to an injection of 5-HTP and & -MMT are distinctly different, it
appears that in both these cases more free 5-HT can be formed or released
than in the normal state. Therefore, a physiological situation can exist where
greater amounts of the free form are available at synapses to produce its ef-
fect. vThe importance of the presence of this neurohumor in the free form in
the brain rather than in the bound form will be discussed from the standpoint
of serotonin acting as a neurotransmitter or modulator and hence having pro-

found effects on the organisms behavior.
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- #—4  THE EFFECT OF PSYCHOTROPIC DRUGS
ON THE METABOLISM OF - CEREBRAL MONOAMINES

by A. Pletscher

Medical Research Department, F. Hoffmann-La Roche Co., Ltd.
Basle, Switzerland

Most of the major psychotropic drugs cause profound alterations of the meta-
bolism of cerebral monoamines. The nature of these changes as well as their
possible implications for the psychotropic effect in humans will be discussed

in the present paper.

1. Monoamines oxidase (MAQO) Inhibitors

The mechanism of action of these drugs (e. g. iproniazid, pargyline, tranylcy-
promine) consists in inhibition of MAO in various tissues which in general in-
duces an increase of the content of cerebral monoamines such as 5-hydroxy-

tryptamine (5HT), catecholamines, and their 3-0-methylethers. MAO inhibi- .
tors probably act primarily on the intraneuronal amines which secondarily

leads to a rise of the extraneuronal amines. The latter stimulate the adre-
nergic receptors and are probably responsible for some central adrenergic

and psychostimulant effects of the drugs.

2. Thymoleptics

Thymoleptics, e.g. imipramine, amitriptyline, desmethylimipramine,
protriptyline, do not markedly interfere with enzymes involved in the meta-
bolism or synthesis of afoma‘cic monoamines (e.g. MAO, catechol-O-methyl-
transferase, decarboxylase of aromatic amino acids, A-hydroxylase). They
increase, however, the adrenergic stimulating effect of exogenous or endoge-
nous monocamines, especially norepinephrine (NE). Furthermore, they de-
lay the disappearance of exogenous NE in the blood as well as of endogenous
NE released by sympathetic stimulation or by drugs such as reserpine and

benzoquinolizine derivatives. These and other properties suggest that thymo-
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leptics interfere with the uptake or transp‘ort‘ mechanism of the monoamines
located in the nerve vesicles close to the synaptic membrane. Thereby, the
inactivation of liberated NE by re-storing is inhibited. Consequently, the ex-
traneur’onali concentration of the neurotransmitter increase, leading tc stimu-

lation of the adrenergic receptor.

3. Rauwolfia Alkaloids and Related Compounds

Rauwolfia alkaloids (e.g. reserpine) and related compounds {(e.g. benzoquino-
lizine derivatives) decrease the level of cerebral monoamines such as 5HT and
catecholamines. The primary point of attack of these drugs is pvrobably the
storing'mechanism of the amines within the storage organelies. As a conse-
quence of the amine depletion in the storage vesicles of the sympathetic nerve
terminals, the amount of the available catecholamines is not sufficient in order
to maintain normal neuro-humoral transmission betWeen nerve endings and
adrenergic (or dopaminergic) receptors. Hypofunction of the adrenergic sys

tem, sedation and extrapyramidal symptoms may result.

4. Phenothiazines and Related Neuroleptics

These drugs (e.g. chlorpromazine, chlorprothixene, haloperidole) enhance
a) the increase of cerebral catecholamine metabolites (e.g. phenolcarboxylic
acids) after injection of 14C-dopa, and b) the rise of 3-methoxy-tyramine
and normetanephrine following treatment with MAO inhibitors. In addition,
chlorpremazine counteracts the accumulation of cerebral 14C-NE due to ‘
injection of 14C-dopa without affecting the level of endogenous NE. These

effects are independent of the hypothermia produced by the drug.

The neuroleptics probably interfere with the trnasport of the catecholamines
to the storage sites and to the adrenergic receptors. Lack of protection of
newly formed amines by storage or a possible compensatory enhancement of
the NE synthesis might lead to an increase of deaminated or O-methylated
metabolites such as mentioned above. Furthermore, interference with the
transport of NE to the adrenergic receptor (adrenergic blockade) would ex-

plain the antiadrenergic and in part the sedative effect of phenothiazines and
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related compounds, whereas impairment of the transport of dopamine is
possibly responsible for the extrapyramidal symptoms.'
" The causal connection of the psychotropic effects with the alterations of

the metabolism of cerebral monoamines remains to be further elucidated

The following difficulties complicate the problem:

a) species differences in the effect of the drugs on monoamine
metabolism

b) different action of the drugs on the monoamines in the central
nervous.system and in the periphery (e.g. in liver)

c) biochemical drug effects other than on monoamine metabolism

(e.g. inhibition of other enzymes, interference with glucose

metabolism)
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THE INTERACTION OF INJECTED RESERPINE AND DIHYDROXYPHENY-
LALANINE OR D-AMPHETAMINE ON ELECTROPHYSIOLOGICAL AND BE-
HAVIORAL RESPONSES IN A CONDITIONED APPROACH SITUATION IN
THE CAT. K, F, Killam, E. K. Killam & L, S. Seiden. Dept. of Pharma--

cology, Stanford University School of Medicine, Palo Alto, Calif., U.S. A,

Numerous studies have implicated alterations in cathechol and indole
amine levels in brain as a basis for the action of reserpine on the central nér-—
vous system. Injection of dihydroxy-phenylalanine (DOPA), the metabolic
precursor of dopamine and noradrenaline, induces temporary reversal of re-
serpine-induced suppression of spontaneous motor activity (Blaschko & Chrus-
ciel, J. Physiol., 1960; Carlsson & Lindqvist, Acta physiol. scand., 1962;
Smith & Dews, Psychopharmacologia, (1962). This reversal of the effect coin-
cides with increased levels of dopamine in-brain. It has also been shown that
L-DOPA can temporarily antagonize the reserpine-induc'e'd suppression of
the conditioned avoidance response, and that the antagonism coincides with
the accumulation in brain of dopamine but not noradrenaline (Seiden and C’aris-
son; Psychopharmacologia (Ber 1.), 1964; Seiden & Hanson, Ps‘ychopharma-
cologia, 1964). ‘ ‘ .

The present studies were undertaken to investigatev 1) the influence of
reserpine on electrophysiological responses to a visual conditioned stimulus,
and the correlated positively reinforced behavioral responses to the same
conditioned stimulus; a_nd 2) to study the éntagonism of the resgrpine effects

on the EGG and behavior by L-DOPA and d-amphetamine.

Cats were conditioned to press one of three panels in response to an il-
luminated pattern presented on the panel at a frequencyb of ten times per se-
cond. Each correct reéponse was positively reinforced. Before training,
recording electrodes were implanted in all cats in the visual system: lateral
geniculate nucleus, lateral gyrus; in rhinencephalic structures: amygdala,

hippocampus and/or entorhinal cortex; in thalamic nuclei: centralis lateralis,
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centre median, ventralis lateralis or pulvinar; in reticular formation, in as-
sociation cortex; and in one or another of the following: medial forebrain
bundle, ventro medial hypothalamus, superior colliculus, nucleus reuniens.
No more than 8 pairs of 32-gauge wire electrodes were used per animal and

all were confirmed histologically at the end of the experiments.

One hundred micrograms per kg. reserpine reduced or eliminated cor-
rect performance at all discrimination levels and induced general depression,
miosis, relaxation of the nictitating membrane and some diarrhea within 12
hours which lasted for periods of two or three days. DOPA at a dose of 100
mg/kg reversed the pharmacologically-induced side effects mentioned above
and normalized spontaneous behavior in all cats; in contrast, in only 1 animal

could the inhibition of conditional behavior be reversed.

D-amphetamine at 0.5 mg/kg in all the cats also strikingly reversed the
peripheral signs of reserpine action including the general depression of spon-
taneous behavior. In more than half the animals amphetamine also reversed
the depression of conditional responses.

.

These behavioral results were not dependent on the nature of the condi-
‘tional stimulus or the discrimination involved. In different animals the dis-
crimination required was either 1) one pattern (light-dark discrimination);

2) the most intense of two similar patterns (light-flux discrimination); or 3)
one of two or three different illuminated patterns (form-pattern discrimina-

tion).

The electroencephalogram under reserpine showed low voltage, fast
activity similar to that usually described and also bursts-of high voltage poten-
tials particularly in the anterior suprasylvian gyrus. The latter were drama-
tically suppressed by the action of DOPA, so that the electrical activity ap-
peared normal. The high voltage waves reappeared in 2 to 6 hours along with
the peripheral signs of reserpine action. The temporary nature of the DOPA

effect is most readily explained by the fact that following DOPA injection eleva-
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tion of dopamine in brain is temporary, particularly in reserpinized animals.
Amphetamine similarly reversed the reserpine effect on spontaneous activity

in the cortex.

Electrophysiological potentials evoked by the conditioned stimulus were
analyzed by visual inspection and, using a LINC computer, by running average,
auto correlation and pattern recognition computations. Alterations in form
and regularity of potentials evoked in lateral geniculate and optic cortex, en-
hancement of 40 cps activity in the amygdala and marked enhancement of re-
ticular responses were induced by reserpine administration, These, as well
as changes in various other brain areas, were reversed by DOPA for periods
up to 6 hours. The changes in electrical responses induced by reserpine were
also reversed during the peridd of the amphetamine-reversal of spontaneous
and conditional behavior. Reserpine patterns reappeared as the amphetamine

effect abated.

This investigation was supported in part by Public Health Service Re-
search Grant No. MHO 3241 from the National Institute of Mentél Health and
Grant No. DA18-108-AMC-63-208(A) from the Army Chemical Corps.



MEMO



MEMO



MEMO



WMESM(ABCJE)

e W Mie =B WK REA =)0 ER

e =% B B 2 AR

mE R A R ®E W= EREF A
BRRM04 8 H23 H ER B " - I .
A0 8 H25 0 % 4T LA L U
woos o= fe® ® ® W o=

W % Fr - REEBKHARXKHETES T H21H#H

WKL PE AR AS AR HCEN M & b ¢ W 5
£ M EN M WHEERE Y3 TH6EE & 2N
BN ORI R oA REESCREEREL1 THS i BR) B = R
- S A : o5 ¥ 7
5 47 v RECER SO XME Y11 it i vl &

FERAUNDT THREOHEEIZ, KB TER I L3256, LROWEABICBHBAT SV,

EWD W







W& (L ¥  VOL 4 SUPPLEMENT

%8 BRE{LEBEALRE
WIRI404E 9 B16H () |
178 (&)
187 (4)
B Adtme

A AR
Co-mmE

wWHEET



	aa0001
	aa0002
	aa0003
	aa0004
	aa0005
	aa0006
	aa0007
	aa0008
	aa0009
	aa0010
	aa0011
	aa0012
	aa0013
	aa0014
	aa0015
	aa0016
	aa0017
	aa0018
	aa0019
	aa0020
	aa0021
	aa0022
	aa0023
	aa0024
	aa0025
	aa0026
	aa0027
	aa0028
	aa0029
	aa0030
	aa0031
	aa0032
	aa0033
	aa0034
	aa0035
	aa0036
	aa0037
	aa0038
	aa0039
	aa0040
	aa0041
	aa0042
	aa0043
	aa0044
	aa0045
	aa0046
	aa0047
	aa0048
	aa0049
	aa0050
	aa0051
	aa0052
	aa0053
	aa0054
	aa0055
	aa0056
	aa0057
	aa0058
	aa0059
	aa0060
	aa0061
	aa0062
	aa0063
	aa0064
	aa0065
	aa0066
	aa0067
	aa0068
	aa0069
	aa0070
	aa0071
	aa0072
	aa0073
	aa0074
	aa0075
	aa0076
	aa0077
	aa0078
	aa0079
	aa0080
	aa0081
	aa0082
	aa0083
	aa0084
	aa0085
	aa0086
	aa0087
	aa0088
	aa0089
	aa0090
	aa0091
	aa0092
	aa0093
	aa0094
	aa0095
	aa0096
	aa0097
	aa0098
	aa0099
	aa0100
	aa0101
	aa0102
	aa0103
	aa0104
	aa0105
	aa0106
	aa0107
	aa0108

