612.822 :612015.1 : 577.154.2

fX hexokinase I B 3 % # 4

)

"

ETFEBEEKMEE D hexokinase &2\ T

(ARXOEEIIFINEARECFELBRACTRERLE)

MILKFEFME D (R AREE (EE BB

Ex+ W

Z B

(RRFN334R11 §17 H ZF4)

B1E ®IELOTICIEK

BEBDEECIPEN» SREELRORAZHS
MPIT 2D BELOMENREINTEY, E{LEN
HEDE T, FERICH T 2BRBEOENTRB I AHN
DRMFMCSOLCHBRENZKBEEEEZB BT,
WERBOHBEHEL B RHONTEE.

HEBIROWERABOBHE LT, AREDOHE
KBWCHEZ CICHSPRIENTNE2BDDA, &
CKEREN S O EFIEIT NI,

1) cholinesterase jF¥ D £33 & ¢f acetylcho-
line DTS

2) ST I/ BERBOR NS

3) EHAHDOEKTOY
REBEHFENE. CNSOREKIT, BRAKKCONT
WMFEELZRLD2T D Tower™® .70 ODEFEDHE &
ELHTHUL TN B EZA0H 5. TRHH Tower
&S, EEfkRC BT

1) acetylcholine fCHIICEHE4H 5.

2) glutamine 33 7F glutamic acid KB H
BENRHS.

3) FEEEMiAkIC L < Na i34 <, KERSL.

4) 1), 2) O X #RFIE asparagine H 5T
vy-aminobutyric acid Z¥HNT 22 LKL DOCEHR
ELHEEHT 5.

ST, RIICNSOWRED S5 b & ICEEAMOE
¥8RT 2740, T hexokinase |THEHL, H
1REBOTL, FEEDD VT E OKKKE he-
xokinase EMEHFIEL, X 5IC y-aminobutyric
acid, glutamine, glutamic acid, asparagine,
aspartic acid 33X {f e-ketoglutaric acid % ftin
LCz0EBEL 5N, F2RCBLTE, ERIIC

P GEIRIE 2 M 5 SN C & & SN - B7EER
BT+ 74 9% —FKE (UT, MATRECB
) EERL T, 2DOAMKED hexokinase Gk
BILUUCNKRIZTEE 7 I / BOKEEL SN,
asparagine » 3 |3 y-aminobutyric acid D}
M DCHREHGRET 2 & ek,

EITHRCBO TR, EERMBEES I UIERER
B% O KMEE hexokinase #EM & WEL,
i & I¥F ~y-aminobutyric acid, glutamine,
glutamic acid, aspartic acid, asparagine, «-
ketoglutaric acid DEEIZ O TCHERFEBIR
Dk.

B2E X R H &

1) ekt

HEEHRBEN & L Tld, BEOENTHIRL &
KEMWEE (57F6) ORKMEEEdBE. 22
W5 BRI & ISR ERICERERL 2 X & BOXK
<, ZEHERRZAODREEZSADBPD22=HDT
5. ?THOREBECIBERRHEEESBVTCHE4
EREL, ZORHTADHAE 6 & A RITTHFIC
IR KK B 208, CE3THEGERGE
NEIRCAANA=T L TCTIN&EHRL~.

HRE L TIMEEDOFEMcS VL, ARMCER
ERONDIKEEEOMERNRL CHER~. Bkl 2
HRIIKSETHPLEKERIINL, AR L/
ELTKBEDOARE L.

2) RiEFE

1%KCLIZ & 0 _E58-KBME B 010%-homogenate 3
fERL L, hexokinase JE¥DPTEIILong™ DFIC
BUCRBEBDAE. T4&HH, Tumberg &z 0.01M
glucose 0.5ml ; 0.02M ATP 0.4ml ; 0.2M MgCl.
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1% B ¥ # R % @O hexokinase % ¢

—

H F ] 1l Ik | i
initial final glucose used initial final glucose used
glucose | glucose glucose | glucose
GM | TGM) | aM | g M) | M) | M %
1 92.0 57.0 35.0 38.0 1 79.0 34.5 45.5 57.6
2 86.0 54.0 32.0 37.2 2 87.0 47.0 40.0 45.9
3 \ 98.5 59.5 39.0 39.6 3 79.0 43.5 36.5 46.2
4 81.5 51.0 30.5 37.4 4 80.0 5.00 30.0 37.5
5 90.0 61.5 28.5 31.7 5 94.0 55.5 38.5 40.9
6 91.0 58.0 33.0 36.3 6 91.0 56.5 34.5 37.9
7 78.0 51.0 27.0 34.6 7 85.5 45.0 40.5 47.4
8 ! 85.5 51.5 34.0 39.8 8 85.0 44.0 41.0 48.2
¥ o 87.8 55.4 32.3 36.7 ¥ o 85.0 47.0 38.3 45.0
10%%x homogenate 1.0ml ; 0.01M glucose 0.5ml ; 0.2M Tris. 0.5ml ; 0.2M MgCl,
0.1ml; 0.02M ATP 0.4ml; 1M NaF 0.1ml; H,O 0.4ml : pH7.0, 38°C, 204 incubation
2% Glutamic acid ) ¢ &
" 1E 5 i : 3 # £
initial final glucose used initial final glucose used
glucose | glucose glucose | glucose
(M) (uM) uM % | (uM) (M) wM %
1 92.0 ' 38.0 54.0 58.6 1 79.0 35.0 44.0 55.6
2 86.0 42.0 44.0 51.1 2 87.0 45.0 42.0 48.2
3 98.5 52.5 46.0 46.7 | 3 79.0 44.5 34.5 43.6
4 81.5 44.0 37.5 6.0 | 4 80.0 4.5 35.5 44.3
5 90.0 ’ 45.5 44.5 49.4 | 5 94.0 46.5 47.5 50.5
6 ' 91.0 | 50.5 ! 40.5 4.5 | 6 91.0 52.5 38.5 42.3
7 . 78.0 | 43.5 4.5 4.2 J 7 85.5 44.5 41.0 47.9
8 | 8.5 ] 42.5 43.0 £0.2 | 8 85.0 42.0 43.0 50.7
¥y 8.8 | 4.8 ‘ 43.0 188 | ¥ 1 | 8.0 | 44.3 40.7 47.8
0.2M glutamic acid 0.1ml %[N, i 1R L.
0.1ml ; IM NaF 0.1ml; 0.2M Tris.-HCI @i T, €OKREEE hexokinase FHEREL, &5
(pH7.0)0.5ml % &V, iz homogenate 1.0ml CEERERICB X3 glutamine, glutamic acid,
ENZ =ObIFSANC 38°C, 204 incubate | asparagine, aspartic acid, y-aminobutyric acid,
7=. incubate T 7= +%(20.3N Ba (OH); 3ml a-ketoglutaric acid OEB&Ex L 5%k,
BIU5% ZnSO4 3ml %hns, Nelson DHEE 1) E¥ERFRO hexokinase JH{
10 ¢ glucose 3 HETRL%-. #1KRICRT I & HEIEFBMARIC 8L Tl glucose
3 * B % & HRRIX36.7%CTH 5. CNICH LIFRMAIMRICIBLT
Biw - 245.0% T, WECHE D OEEETAHZSNS.
EFHEMEE 8RB L ML L CIMEMEE 8 2) glutamic acid OB

(meningioma 4, ependymoma 4 iZD\» 0.2M glutamic acid ML A=RRTIZ, K



B4 hexokinase |= B + 2 W % 798

#H 3 *E Glutamine () § %

< iE o5 i Il 3E # i
initial final glucose used | initial final glucose used
glucose | glucose glucose | glucose
(uM) (uM) uM % (M) (M) wM %
1 92.0 51.5 40.5 44.0 1 79.0 30.0 49.0 62.9
2 86.0 46.0 40.0 46.5 2 87.0 42.0 45.0 51.7
3 98.5 53.0 45.5 46.1 3 79.0 40.5 38.5 48.7
4 81.5 47.5 34.0 41.7 4 80.0 45.5 ! 34.5 43.1
3 90.0 39.5 30.5 33.8 5 94.0 50.5 43.5 46.2
6 91.0 50.0 41.0 45.0 6 91.0 33.0 58.0 63.7
7 78.5 31.0 47.5 60.5 7 85.5 39.5 46.0 53.8
8 85.5 46.0 39.5 46.1 8 85.5 40.0 45.0 52.9
¥ B 87.8 48.0 39.8 ! 45.3 I ¥ B 85.0 40.1 4.9 52.8
0.2M glutamine 1.0ml %§tin, s 1RCFEL.
R Aspartic acid () & =
=2 iE % L] I 3 8 A
initial final glucose used initial final glucose used
glucose | glucose glucose | glucose
(eM) | (uM) | uM % (M) | (uM) uM %
1 92.0 56.5 35.5 38.5 1 79.0 49.0 30.0 | 37.9
2 86.0 46.0 40.0 46.5 2 87.0 47.0 40.0 45.9
3 98.5 57.5 41.0 41.6 3 79.0 46.5 32.5 41.1
4 L.5 43.0 38.5 47.2 4 80.0 55.5 24.5 30.6
3 90.0 54.0 36.0 40.0 5 9.0 47.5 46.5 49.4
6 91.0 48.5 42.5 46.7 6 91.0 37.0 54.0 59.3
7 78.0 38.0 40.0 51.2 7 85.5 46.0 39.5 46.1
8 83.5 42.5 43.0 50.2 8 85.0 48.0 37.0 ! 43.5
¥ B 87.8 ‘ 48.2 | 39.5 { 44.9 ] T B 85.0 47.0 38.0 4.7
0.2M aspartic acid 0.1ml %Pffpn, MIF1RICHL.
5 & Asparagine () & &
= E # £ I IE ¥ fii
initial final glucose used ) initial final glucose used
glucose | glucose glucose | glucose |——— ———
M) [ M | M| % | GM) | M) | aM %
1 92.0 58.5 33.5 36.4 1 79.0 36.0 43.0 54.4
2 86.0 41.0 45.0 52.3 2 87.0 46.0 41.0 47.1
3 98.5 52.5 46.0 46.7 3 79.0 54.0 25.0 31.6
4 81.5 45.0 36.5 4.7 4 80.0 55.5 24.5 30.6
5 90.0 44.5 45.5 50.5 5 94.0 47.5 46.5 49.4
6 91.0 35.0 56.0 61.5 6 91.0 37.0 54.0 59.3
7 78.5 34.0 44.0 56.4 7 85.5 47.0 28.5 45.0
8 85.5 37.0 48.5 56.7 8 85.0 45.0 40.0 47.0
¥ B 87.8 | 434 [ 4.3 | 504 ) ¥ B 85.0 | 46.0 | 2.0 | 458

0.2M asparagine 0.1ml %fihn, fhiI% 1RICFL.
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# E

g 6 % y-Aminobutyric acid ¢ & &
K E 4 fi | el % 14
initial final glucose used initial final glucose used
glucose | glucose glucose | glucose

(M) (M) uM % (M) (M) wM %
1 92.0 47.0 45.0 48.9 1 ’ 79.0 42.5 26.5 46.2
2 86.0 45.5 40.5 47.0 2 87.0 43.0 44.0 50.5
3 98.5 54.0 44.5 45.2 3 79.0 29.5 39.5 50.0
4 81.5 49.5 32.0 29.3 4 80.0 42.5 37.5 46.9
5 90.0 54.0 26.0 40.0 5 9.0 45.0 49.0 52.1
6 91.0 48.5 42.5 46.7 6 91.0 49.0 42.0 46.2
7 78.0 40.5 7.5 48.1 7 85.5 40.0 45.5 53.2
8 85.5 45.0 40.5 47.4 8 85.0 40.5 44.5 52.3
¥ | &8 | 492 2.0 | 467 | ¥ | 8.0 42.9 42.3 49.7

0.2M y-aminobutyric acid 0.1ml Zffifn, fIFH1RICFHEL.
# 7 %  a-Ketoglutaric acid ¢ & &
H E ¥ fi | I 5 1
initial | final | glucose used initial | final glucose used
glucose | glucose | glucose | glucose

(uM) (eM) ¢ uM % (M) (M) sM %
1 . 920 88.5 | 3.5 3.8 1 79.0 725 | 6.5 8.2
2 | 86.0 82.0 4.0 4.6 2 “ 87.0 84.0 ! 3.0 2.4
3 98.5 97.5 1.0 1.0 3 ! 79.0 78.0 1.0 1.2
4 81.5 75.5 6.0 7.4 4 80.0 78.0 2.0 2.5
5 90.0 84.0 | 6.0 6.6 5 94.0 90.0 4.0 4.2
6 | 91.0 83.0 ! 8.0 8.7 6 91.0 85.5 5.5 6.0
7 } 78.0 72.0 | 6.0 7.6 7 85.5 81.5 4.0 4.6
8 85.5 78.5 J 7.0 8.1 8 85.0 82.0 l 3.0 3.5
¥ B ] 87.8 ‘ 82.6 ' 5.1 ’ 5.7 || ¥ B 85.0 81.4 | 3.6 | 4.2

0.2M ea-ketoglutaric acid 0.1ml -ffiin, fiisE 1 RICHET.

H448.8%, FEEEMIAKA7.8% T, FHEMIANCIIR B D
AL, BRI T3 glutamic acid OfRIcE D TH
BOEESBEEEALTND (F2R).

3) glutamine OEE

glutamine %I NIE, 3RO & < FEMM
45.3%, JEFEMIANS2.8% T, LITNICBWLTHIBLU
5 LWEE DR ES Bz 2.

4) aspartic acid OEH

aspartic acid HINOBAITE 4 B0 = & < FafihE
44.9%, Fr§afiife44.7% <, FEAIRRIC B TOREYE
DEE»ZSND.

5) asparagine (D A

#5RDT & PEMKTIE 50.4 %, FEHEMMCIE

45.8%T, EEAIKICBLTHHU B L FESOREL
TH3RBEREND.

6 ) y-aminobutyric acid QOE%

y-aminobutyric acid M3 NIFEE6HRDT &
£, JEMIRN46.7%, FEREMIAN49.7% T, LWITNHIEH
DOEEERL TSI, & ICHEMBICELL.

7) e-ketoglutaric acid QY%

BTROZ &L, FRMNS.7%. FEHENIk4.2%C,
WINSEBRRERDORENAZSNS.

B4E BIRLOVWICER

RFMICK 2 T X = RIEBIMBEKRMEEO he-
xokinase JEM & WEL, FFMEMIEE KMKEOD
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hexokinase &t & HEME T 22 L& DT, Fil
B CLIFFBERIANIC < 5 hexokinase {EtAi220)
BETLTHEZ LBASRIIRD:.

F 7-, glutamic acid, glutamine, aspartic acid,
asparagine, y-aminobutyric acid X F e-
ketoglutaric acid (f hexokinase |=33 X (T8
BaerFELALER, JEBMBIC® LT3 glutamine
2>~ 0, y-aminobutyric acid |3 %® (RHEMIC/E
B3 59, HEARICR L TlE o-ketoglutaric acid
ERLEAEDT I/ HEOMIMZ L DT TN CREREN

1K KBfH hexokinase | X IFFT TSI
/BORS

glucose
ased

50} * 2
4ot
30f

201

o K E
o & M A

Q.-

—_—
7
7

PR R
L A A

*

E
v

11y

BINEYT IR O

W e
ﬁ&\ 1=y o -

2

succinic

semialdehyde
il

|

————— a-ketoglutaric acid. «

l transaminase

Coo ¢

————

- aminobutyrice——
acid decarboxylase

l
[
[

y-amino-g-hydroxy-
butyric acid

l

l

795

FREL, ERERRICBISMEL D b EAETRL
(#1®), +OIERF asparagine, glutamic acid,
v-aminobutyric acid, glutamine, aspartic acid
DIETH Y, %7~ a-ketoglutaric acid |TEEFHM,
IR DL FICH L TH B LB L < HHIBNCE
AT EBPORICEDE.

T CICHE O FIR0® 1T, EIEFANIRNIIRRERIANIC
WU CHREERAVBPPETLCNIZ EERERLTH
0, BREOKEOWETIE, BHABRCBIRS s/~
OR#%, TRHH Warburg-Dickens RicEBT %
G-6-P, 6-P-G, ribose-5-phosphate /3 & DELILEE
JIDE T . TCA cycle members DEE{LEEDE T
TOREPBDONTEY, LROWEED b EEXD
&, EARC BV TIRER#E RIET O
CHDDTHDH LHBIND.

E2MCBNTEB RO -BIEENRRE 72 ED KN
EEICHRAUSEHETHAES N T 575, hexo-
kinase FHEHKBIIFTT I/ BOEFCOVWTHE
R ERBTRREE E KL CAD &, ZOMEBICH
SN BERHETIE, WFNLO7 I /BOMmcL>
TEEH DWNI LRSI ENTEDIEVIARE
WTHLUOERERL T2, ERKBBLAET I/
D> b, BRERICKL Cld asparagine g3 D& %
R DH 0, DT glutamic acid, y-aminobutyric
acid, glutamine, aspartic acid QIE & & 2 T
0., MBT7RREICHL Cl3 asparagine 2iFEZh% T
L. y-aminobutyric acid 239 HFHT, NS}

Glutamic acid zchL¢ 237 I /BORHBE

t
NH#

T

—— aspartic acid.
t .
NH+* | asparaginase

asparagine

aseulwesue)}
aseud301pAYop

—— oxalacetate

!

glutamic acid

T
ATP «
ADP

T
NH+

deaminase

glutamine



DT I/ BEFTTEHERDOTEY, @RI
THIRIFMBTREE RAROKSEE 2 7~

T I /ML hexokinase HMEIE I D INT
3, F2RMEBOTHRREZ &L, BIMECH SN
% glutamic acid {3}, acetylcholine fti§, Na,
KL & © L3R 4t, asparagine, y-amino-
butyric acid QOC L DO TCEHCEBET S E13
Tower(D #|ETS T L SRT & I THKIE
ULoNd. CNSORRICSBOONAT I /8D,
F2RCTT & E—HORBBRERL LB &
BRADEETHY, COZErS, FTULDRS
DERE, BTN SORBBRS 2LTEN
LBTORBBRBICFELDORBEELLED, CNS
DT I/ BOBAHAEERBHLL T ENDTHDT,
NS EMMT 5 &ic &2 hexokinase ¥ IE
FHEZEFET2OTIRN»EEXTE SIKHELLE
DTS T TITHEODH E(E)8® |3k BT 5
BRET I/ BROBVERELTEY, AREHFE
(F)TP |3 y-aminobutyric acid 2:B%* < y-amino-
B-hydroxybutyric acid o232 & g ohlC L
P, COMEBKICEB T 2EHALEYECHDEND
HRE™S OXBEE H b £ 2 5%, ERKTCE 7
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Studies on Brain Hexokinase
The First Dept. of Surgery, Okayama University, Medical School.(Director : Prof. Dr. Jinnai)
By Takahiko YAMADA
Part III. On hexokinase in the cerebral cortex of epileptics.

The hexokinase activity in the human cerebral cortex of the epileptics as well as the
non-epileptics was measured, and the influences of glutamic acid, glutamine, aspartic acid,
asparagine, y-aminobutyric acid and «- ketoglutaric acid upon the activity were evaluated
and compared. The results were as follows.

1) The hexokinase activity in the cerebral cortex of the genuine epileptics is generally
decreased, compared with that of the non-epileptics.

2) This decrease in the epiliptics is recovered and increased by asparagine, glutamic acid,
y-aminobutyric acid, aspartic acid and glutamine.

3) e-Ketoglutaric acid markedly inhibits the hexokinase activity even in the epileptics.




