KR ER AR 5 v B LERERE O
HEARB I OWT
e AR D TN i B LT

FBAPRTIGR RIS PR (EfE © B —#d)

Protein Metabolic Change of the
Remaining Cerebral Hemisphere
Consequent to Hemispherectomy
—In Relation to the Plasticity
of Central Nervous System—

Tatsuo WATANABE
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(Director: Prof. Ryuichi TANAKA)

Remarkable functional recovery has been observed in the hemispherectomized animals
and it is conceivable that the remaining cerebral hemisphere is responsible for this recovery.

To disclose biochemical basis of this functinal recovery, rats were hemispherectomized
neonatally or at 3 month after birth, and proteins of the remaining cerebral hemisphere
were analyzed.

At one, two and four weeks after the hemispherectomy, “C-labelled leucine was injected
intracerebrally and rats were decapitated one hour after the injection. The proteins were
fractionated into water—, Triton X100~ and SDS-soluble fractions and analysed by SDS
polyacrylamide gel- and by twe dimensional gelelectrophoresis.

CBB stained proteinprofiles and relative specific activities of the main proteins calculated
from densitigrams of radicautography and CBB staining were compared between the
hemispherectomized rats and the control rats.

The present results revealed that appreciable extent of changes in protein metabolism
in the remaining cerebral hemisphere is not necessary for the functional recovery of the
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hemispherectomized rat.
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Tris base {2 Sigma 8, Triton X100+ K& - &
W7 v &= A8 L0 dimethylsulfoxid (ZF1EEL,
Sodium Dodecyl Sulfate (SDS) (32¥3H8 N,N,-methy-
len bis acrylamide & acrylamide &, SBABEEHK

B3 Eastman-Kodak #, SDS ERWkE 48
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3) BEB DM

Rat Cerebral cortex
10%(W/V)homogenate in 0.01M-Tris buffer(pH7.4)
Ultrasonic treatment at 2.0 for 1 min,
Centrifuge at 210.000g for 1 hr.

|

Insoluble residue (1)Water soluble protein
[ 30.3+2.2%

Rehomogenize in 1¥(W/V)Triton X-100,
0.01M-Tris buffer(pH7.4)

Centrifuge at 210.000g for 1 hr.

|
| l

Insoluble residue (2)Triton soluble protein
i 26,10, 4%

Rehomogenize in 1%(W/V)SDS,
0.01M-Tris buffer(pH7.4)

Centrifuge at 210.000g for 1 hr.

f

l

(3)8DS soluble protein
41.8+0,5%

Negligible residue

Fig. 1 Scheme for sequential extraction of rat
cerebral cortex protein.
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F oy MET—7 VBT T, GO D ERAEAK TR
WLiDb, b LA LT, LUTOBRF
BKE (2~4C) PTefTleote. KBMEEO S M
LTHE & L, Grossfelt and Shooter DFE % %
2fFELL, Fig. 1 OW< 0.01M Tris buffer pH 7.4
DIEIEAZER, 1% Triton X-100, 1% SDS kb
BEFEACHE AT RVWERERS % 3B & L.

4) BRI

Laemmli ®FEY iy, HEOFRS VELRXE
Rl HCOKBR TR -, BEMBRIEAEES
AL HMHEL B2 2.3% SDS, 5% f-mercapto-
ethanol %&1%r sample buffer #%®&n%, 4 CTLUT
CEAEL, 3HELNCERLE. SRS AR 7.5~15
% linear gradient & L, BHEAY VOHF% 15~20mA
constant, ZEEEY NV OEE LD BPB A 100 mm
CH#ETHET 300V constant THkE) L. wEWETH
EbHier v #EH L, 0.1% Coomassie Brillient Blue
R-250 (CBB) %&:50% (W/V) bt U 7 n VEFRES

W T EE A Lic. 0% 7 ¥EFM TS
5 Ly iy, EPEMAE No525 o LRy, /1
BB TRFIINBL 7 ¢ A aRIT L

ZRITEBESKEN A MEED ORKED R 1 DK
WAV TDOLIZE O Farrell OFEN i UT
Tl ot

5) MELOER

T—F VBT TS v bIRIES R o MBA % In 2,
bregma X H4Mil 5mm OFEFOES 5mm DED
2 WP NLAEZE D, (U1C) leucine (12.2GBg/m mol)
740~1,480KBq % 10l <A 7> v o RuTH
& 3mm OFEEA LK. T4V b—THEALRHE
CHE LSRR gt L.

6) radicautography ¥ & U* fluorography

7 4 N LEY 7 5 X-Ray Film NO-Screen type N
BRAG, BRLUCBESKE Y N R T VAR EE SR,
H T AR ES, 20°CT30~90H BEH: L7z, fluorography
¥ Booner and Lasky D22 it - THiie - 7.

Fig. 2 The remaining brain tissue after right hemispherectomy.
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7) Densitometry

Joyece-Loeble #:27 v ® A F v v & 1. CBB T3
BLEE LR LS vE 595 nm 7 4 v R — R
VR BHRGER: T, radioautogram D7 ¢ L A2 ERE
EHETITV M % Hlge U e,

8) EHER

Lowry HOJED # A,

& £

1) sk O RRE & ST R

T v P FEMEECE, WEEETTRSEGS, Fd
75 < EHE LS C RS o HBLIRS S, T e ERS
BRI LA, BT o P RE T, ESE
Bl RE AT 50, BETHOTELLOOLRER
By, 2AMEE CHRERNE L TAETE TRESY
B, MCEOLEBEITS X5 XM VEE
EEWCTREH S 2RT Dbl .

HBFTR T, 5 o FPRBRAERSELCRE
EnTHD, BK - BERIBHELRTHBEL, KT
e SRS - R LREF I h TV BB v b
FIRHTHE O TCREORECETOERS D, H
EONME, ATFEREER, ®EET1HRE LT,
0% EBEINR T L00L%HER L (Fig. 2).

2) EAMHEEORE

KB E D bR ez T, BREEE,
FW I A v EREESEFCH S Triton X-100, &
JOBB NS A v EREEEFTH 5 Sodium
Dodecyl Sulfate (SDS) # BT 3 BB EAE %
MUY, &5 EA~OEABBERLY, (EESEICH30%,
1% Triton X-100 #126%, 1% SDS #142% T,
B2 Z < DO pellet 8 L, homogenate &
HOY%NERE N, ZhbADEL BT 5%
CEOBEEEAOGH Y Lic. BEEAEIT 2A 1
GRS L, BOAEIR 210,000 g - 604 & L.

Fig. 3 Densitometric patterns of the electrophore-
tograms of the rat cerebral cortex proteins.
---CBB: coomassie brillient blue staining
pattern. ‘
—AR: radioautographic pattern of the
same gel.
A. water soluble fraction
B. 1% Triton X100 soluble fraction
C. 1% SDS soluble fraction
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DB

EE M CBB Hefa A% — v, FTEH radicautography /8% — YV TOXE LD
J24..'4

A ETREABERFIRE4EE, B: S v P XBERBIBRE4EE,

H : hemispherectomy, C: control
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3) BRI

BEHBREE5EAEIR, 4 abumin ¥— band
Tk 67 ¥T, BUKBHERSETIE 607 £ TH band
2 CBB K - EEBOMCERNWHEBAL LN
2. L»L CBB #ETiRE4DEOOM cREMH,
R0, Lowry bOHETHE LI EEHE L & &,
B2 X4 albumin % FEBECERE ovalbumin 1295%,
cytochrom ¢ @F70% & %. $7ibt CBB iXBEHAR
LIKHVLR TV ABOREEAETH L A Ec DX
AL > TZOBRREHT LM R L0 DM
SNOECBOLBIIEETCHS. LirL CBB L
VOGO TIHNNESRO LR T - 0. BRIk
Bt Laemmli ®RFED v, YL BE% 7.5~15
9% linear gradient & L:B&R LD HEERTED
BHHRES &<, OB TRERLESEE GBS
Bxhi.

HNERESEOBIKE 4 — TR WTER LY
/Gl radioautogram &&b¥TAT, KBEMLSHET
#J 70 band, Triton AJ¥H:SEITH 60 band, SDS 7]
B ET# 70 band 7 densitogram | TCEHIT &
fo. £4ED densitogram EHMTEAZEAC 71
FEERS T 0ELES L >3 (Fig. 3).

45

densitogram

57

“iﬁ

4

FBERERME HI7TE F15 FRS5E1LA

KRG 2 — v T}, O Farrell %2010k %
RITBS B 5 — v LS BAEL, No4l (358 53.000,
56.000 @ tubulin @ @, B subunit AEX-T1 2K
oo TWwW3 DT, No45 3595 F& 43.000 @ actin
CAM L, No44 (34 T8H 45.000 T Schelanski &
OFFED THEMEAD HB 7 neurofilament ‘i IC—
¥t 5. L Licds Schlaepfer 527, Lien 529
OFER D B neurofilament 1 200.000, 150.000, 68.000
@ triplet 2 bilc-TEH, ZOEDSFEDIE glial
fitrillary acidic protein (GFAP) 7t~ LiZ neurofilament
O degradative product OWIEEM:AEAL D, FOfth No-9,
26, 27, 33, S8% LIRSS FRIETILEHEO RV
DS,

Triton FIEHEEA TR, KBEEAH»LOETO
contamination %5 A% No-7, 15, 23, 37, 47, 53
7 Eid Triton A THEMICHEEN 5. No-17, 21
TR isotope DY AL HE B EEEIZ TR
HIEE R,

SDS BIEMEA T, BXKE E No-39 A tubulin
Y L, No67~70i histone H¥47 5. Hhbd
B 5 hic k9 B FHEIEK T isotope DEWAZDE -
WEAMRE L, HEH turnover AEL- LD LB bR

33

27

L

Fig. 5 Densitogram of radicautographic profile
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5. — RS THEBO No-56, 61, 658 & U67~700
histone i3 isotope DELDAL AT E L { turnover
ML,

4) BEAOEM

EHBEEAOLBHEEOMANM T, KEMESS 1 &
T hi¥, Triton "IEMEDIF 1.3, SDS AEEa
1.2&7%0, MBEACEYAERT leucine (3 EHIH

SPECIFIC RADIOACTIVITY OF

SDS Boiuble Proteins

Water Soiuble Proteins

tubelin

SDS soluble proteins
1y -

3% 41 42 45 86 61 65 68

l Water soluble proteins -2

| nﬂﬂﬂﬂjd

2627 33 41 43 44 45 S5 ST 5B 61 64 67 78 7
cubulis

sl
—

l SDS soluble proteins
1
!

2w

41 41 4S5 49 56 61 65 68
2~ Water soluble proteins

26 27 33 35 41 43 44 45 35 5T 58 61 @4 67 70 73
rabulin

SR DI B ORI BT T 5 Z & hibh B,
Wi vic X 5 radioautography 2EB O MC
JEMEDS 5 ~8 X10'd.p.m./mg protein D& ¥, 507 (¥
3.000d.p.m.) *EKXKB L LEE " V52 1~2 47 A
X7 + VA BT 5 2 i L O BEEBED 4 —
v b it fluorography #7775 2 ik D EBH
B EBS 0 1 CEETE L, HIFdhic CBB Yufs

MAIN PROTEINS

ADULT RAT

| — o T

A Iw post op.
R 2w post op,
EEER 4W post op.

YOUNG RAT

3 Conmtvol
ETEEEIR M emispherectomy
SDS salble proelns

I

3% 41 42 45 49 56 61 85 68 4w

Water sulable proteins -4

LRI

% 27 1 18 41 43 44 .45 55 87 Si &1 84 67 70 73
tubnlin

Fig. 6 Relative specific activitiy of main proteins.
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Isoelectrofocushing PAGE

pH7.0 pH5.0
MW

;(10-3

aov¥d sds

136

68

55
43

28.6

B

Fig. 7 9 v FPABREBREE L OB LALKBEEAOZRITER KD B
ATEET v b4 BEORR
B A TFREARCEERBIER 4 3 B SR K E
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i E T LES o, BLEDTHRETL LN
TEHRWEVWHESADD D, “RTELREO S CFIH
L.

5)  KESPEERBIBRAE & o Hle
FEHBARET, $FEF o P FMBTERETZRS R
¥, FERBRS AodoonhWTlE L, £#H3
BB EERBIER Lo S v DRI CIIRE S
HELTL0T, ZOMHEOKMEESENTEOE
SkEy S 2 — v A YEE - radicautogram TIEF O
b &g TEESY Fig. 4 wRT. BOTHE
BB\ TR ERPIREE & R & o ETOED
ZoNALD LB 5N, BRKE L — v CHBAEL
<BERHERC degradation 7o & & - TES S artifact
FEbhi. FOMOBS TLEREERRF - BT

Lht, ZhHOBRKE 4 — v OEERNERICE
W TKBERBIR BB ARCER R OB B E
{LERLRAEVDOETEONRTEYEEZ 0.
KEEERBIBRE B 5 A EOBLE: & » ERN
Wk BIcbic, By VOBt 82— & 2D radicauto-
gram @ densitogram D& 4L DWTERE — 7 %%
F—7HOBOER, bERCERESA LT VKT
BEYAEL, £42RaRCxd 2E&8 LU
BT 2B AEH L, MHEO LB - TR
fed L7z (Fig. 5). Laytha®) X hif, Bkt
EAAEERIFY 0.6 %/hr T half life I+ turnover
OFEVHDOTE 15hr, FHIOHTH L, LIth-T1
EFfElo> labeling time 235 % B A0 B BEME IS %
DEED turnover DEEERT L - TRWL., IO

Fig. 8 Fluorographic patterns of water soluble protein.

Young A: hemispherectomy, B! control
Adult C: hemispherectomy, D: controle
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B& radicautogram &2\ Tik linear gradient gel #
AvnTwaledicdk Ul B0 B CBIC R L THIES:
fTie -t ThRbbERER S — K& AL acrylamide
 linear gradient gel #2< ¥, ¥ L1-# radicauto-
graphy %fT\», %@ densitogram #» HFIFE% EH
L& — 2 O ic. RRHCIELRS 7 VHTCO
W # AT & 4 A » i tubulin OAX RIS EEE
1 ELT, MMOBEOHMILBHE[ES BH L.
7s% tubulin ERBSIZ B\ TEERBIER % LT b #AL
DOEALERE W, RIEE LB EREAOHEN
RO BRI > T AR IRBIBR T & X BRE & O T T
BEX TP EEZERIR bk -7 (Fig. 6).

FREOKEMER I LT O Farrell OFEN 12 -
TZRTBKKB#TVHE L (Fig. 7). Lhli
5RO T ARMVBIZE T spot DX X &
FRECEVCTERROS AFRLELITL bR, -
o FRZOZRTERGKE Y V% T fluorography
BITWHE S L (Fig. 8). 2~30 spot &
WTHETF density OENET LD, FERBIG L IcFiT
#Hiz leucine PWMORALDBE L le->TW5 ELEbI B
EEEA BRI,

O Farrell A &5 Rk ILBRKENI S BEECE
WCTREROBRIKE I LR e E S A BB,
B TEADANI W &, THEEERAOKEIHNE L
B L, BEITESEASERD pH BB
LEOMBE S VHBEFLETH S, T1EH spot OFE
BHCHEECE S, SEABE CORFTICILOE
WihEREOMENEEN A,

% £

PR R TR AT & V- Bt E -
TOREOHATOBE | cma T MEEORE, K
B, ThHbbiTE» Ry RECEE S S8 »
B0, BEINEROTENE (plasticity) SFHER 5.
ZOFEBEE S TGO L O I BB I UREE L &,
FRCBEET ABERBCEL LR TV AT TH S,

EEMTORT@EY, FoiEBeEBoow g
BBV FTRABR IR VBREREC B VT
T AOTEHEEE oW, AP, oTEYTHW
EHELFEATER. L LESRERBESROBER
T b 2 TR EOFEIC W ToEEE, F&L
TIGRESE: & BB L - T 3 h T 5. flzaild
IR RO B 5 B~ DR ORHED % G L 725
&, BEGHED SMRREZE (collateral sprouting) %

i L, ThhfEomREMln s B LR (v
TAH) BESZ LR, HELLOBRLOLHEEME -
T EABIDENNZ [ AERE Ao h Lynch B
i, — o PIRANE A B REER U 15 B DU B U sR e
TR B D AchE 1&EM: ORI S L5001 i
L7z. %7 Krench 5% |}, visual and somesthetic
cortex MK L, 5Bl ARMEED AchE &
oML BCw%. Young H'® X, FOABAEERS
FR00 A BRI B K EER %A (2P 5% L, homogenate,
I U VB LU 100.000g EESEORSEOEMN,
homogenate = 7 U 7E4rEH O RNA BOHV % R
T3,

KIEERBIER B 1 D\ T D L2RIOpEgE & L TEdE 1S
i, MO >\ TEOMBAETH L, itk
BB oELCShoHEC>W T bhnw & & H
HL, Frrof ol T chbhic cerebroside,
sulfatide, cholesterol ¥ £ U colchitin #&&EB
(tubulin) FHREFHERMERIER ORI, ABEER
AEr7 v b OBEROTEMCE D - T2 NS R
B L., FAALs®0 gy, KBPERABRED NA
& SHT ok, AchE W, LU hbHEEEE
WEDHCIIRTRMAOHE Y 7 bV — A GEADOELD A
LABEEL, BRI v b TR~ 2 BHoRi -
LR GENESEOR ALY, BHNEET
BEBTOECEET A0 ECEmMT s &%
Ric. #9357 o b CIRBE - MK T NA 80
Wi ZHWUKEHE TOREEREHET NA =2~
o v ORI RIFO R REN: % R LTV 5.

AERTIE, KBEEEAS SDS 77 U7 3RS
NVESHE S 5T R TERRE L 0 S L Db,
Fer k5 I O radioauotography #7177/ - CHEBNEC
BASEOB(LEABOBIAY R L 2 Lk AReEER
BB OBAF AR E I BV THRRCENT 2 &A S
BV IAHEESE s TV B & REANFET 5
BEIEELMR L LS ERLN, BETRbBEE
LBRVTHA S VO ERERL. L Lieh b, ¥
FHECHEST SBRAOME, »LBEONELRTTO
HEADPRZ > T TSR RETE b oo &
VORI S L. EHAKROBELYE2 L E, O
R A K > TR BRFEROBE A EM & Ak
FRCTHOILAETEERARVWEE b ool o Tk
R REZLEEZD, $oT v PRI AEEEE
CRAABERILS F 0BG, Fol#L <ALT
TREINDATERLE 2 bR 50, BHET TOEKY
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KBTI, KR, DN, FHOERKE K- v TR
B ERBIBRBRC AR e B LI & B AT ieL . Nakamura
528) % split brain, 2ERBIERY L OEBLH, 120D
EERONBEE N EEMEFASETHL LTV AH,
ChEGARMBE Y, REOBEENBIFAN
BHh3ibBbsd, AMETRLELL Y %X
HaEOfRHHOBILE Ruideginw o &id, tt LAXRA]
BRI L EEBRL.
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RS ROTEMICEE LT, 7 v FRMAERBIRR
HBoOEPEEEORE « MR CBRF ARSI LTw
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RIER R o/t e, BEABERToRR
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