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Effect of Borate on the Levels of FDP and F4P

in Anaerobic Glycolysis of Tissue Homogenate

Exper. Sugar phosphates levels in react. mixture
NO. after 30 min.
FDP FeP
Rate of Rate of
Control Borate increase Control Borate increase
pg/ml. pg/ml. %% ng/ml. pg/ml. P
" 1. 9 27 200 5 22 340
2. 17 33 94 8 23 190
Rat liver
L3, 10 22 120 6 18 200
homog.
4. 16 29 81 7 13 86
3. 14 31 120 8 21 160
Average 123412 Average 195 +41
1 18 85 360 il 18 64
2. 10 52 420 8 20 150
Guinea pig
. 3. 29 84 189 12 39 210
liver homog.
4. 31 101 220 4 16 300
5. 23 86 270 12 34 180
Average 291 +43 Average 200+ 39

*0.01 M borate.
The reactions

ot Roe et al.
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Fffect of Borate on Yeast GAPD
with GAP as Substrate

Fig. 1
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Curve A, 0.003M borate ; Curve B, control.
0.0025 M GAP was uscd as substrate, and the enzy-
me activities were measured at pH 8.5, at room temp-

erature by the method of Krebs.

Fig. 2 Effect of Borate on Yeast GAPD

with free GA in Relation to Various

Borate Concentrations
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Curve 1, 0.01 M borate ; Curve 2, 0.005 M bora
te; Curve 3, 0.003 M borate ; Curve 4, 0.001 M b
orate ; Curve 5, control. 0.002 M GA was used as
substrate, and the enzyme activities were measured at

pH 8.5, at room temperature.
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Table. 2 Effect of Borate on GAPD
in Liver Homogeate
opt. density of NADH after min.
*
Borate Control RatioB/C
) 0.010 0.026 1:2.6
Rat 1“'ef 0.011 0.033 1:3.3
homg.

0.010 0.028 1:2.8
Average 1:2.9
0.015 0.033 1:2.2

Guinen pig .
liver homog. 0.010 0.030 1:3.0
0.012 0.031 1:2.5
Average 1:2.5

“0.01 M borate.
The enzyme reactians were pertormed at pH 8.5,
at room temperature. GAPD activities in liver homogen

ate were measured as described in the section of meth

ods.
Fig. 3 Effect of Borate on Lactate
Dehydrogenase
from Rabbit Muscle
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Curve A, 0.005 M borate ; Curve B, control. The
enzyme activities were measured at pH 7.4, at room

temperature by the method of kornberg.
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Table. 3 Effect of Borate on Lactate
Dehydrogenase in Liver Homogenate

opt. density ot NADH after 20 min.

Borate Control
0.025 0.025
0.019 0.020
0.031 0.030
0.024 0.024
0.024 0.022
0.020 0.020

« 0.01 M borate.

The enzyme reactions were performed at pH 7.4,
at room temperature. Lactate dehydrogenase activities
in liver homogenate were measured as described in the

section of methods.

Fig. 4 Effect of Sugar or Sugar Alcohol on
Borate Inhibition of Yeast GAPD
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Curve A, 0.003 M borate and 0.12 M glucose ; Cur
ve B, 0.003 M borate and 0.12 M sorbose ; Curve C,
0.003 M borate and 0.033 M ribose : Curve D, 0.003
M borate and 0.033 M mannitol ; Curve E, 0.003 M
borate alone ; Curve F, control(no borate).

In Curve A, B, C. and D, borate and sugar or sug
ar alcohol were added to the reaction mixture adjusted
to pH 8.5 with 0.03 M sodium pyrophosphate-0.003 M
cysteine buffer and in Curve E, borate alone was add

ed to the same reaction mixture.

Fig. 5 Effect of Glycercl on Borate
Inhibition of Yeast GAPD
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Curve A, 0.003 M borate and 0.04 M glycerol ; Cu
rve B, 0.003 M borate alone ; Curve C, control (no
borate) .

In Curve A, borate and glycerol were added to the
reaction mixture adjusted to pH 8.5 with 0.03 M sodi
um pyrophosphate-0.003 M cysteine buffer, and in Curve

B. borate alone was added to the same reaction mixture.

Table 4 Effect of Dialyse on Borate
Inhibition of Yeast GAPD
Hours Specific activity of enzyme

for dialyse

Control Boron

o hour 1.85010 0.1603{10
24 hours 2.390X10 2.3105¢10
48 hours 1.588X% 10 1.583X10

Dialyses were carried out in 500 ml. of water with
cellophane tube tor dialyse in a cold room at 3°C.
Specific activities were measured by the method of

krebs.

AUEEIC LD GAPD [EEDRAZN

Lineweaver *s X% Burk @Bz kb 0.003 M *+ 7
BRIEA ALY AL LOMBER LS XA B AT ARG
SEEONEE, ThEREE (GA) OREEOYL KK
L<7u v} LC48 bht Lineweaver—Burk plots %
Fig. 6z L1z, Fic Dixon OFEIT LY 0.008 M GA.
0.016 M GAD =R ERECK T 5 KR EOHEK L,
FRENREROFREEECH LT 7Y P LUEbRIC
Dixon's plots % Fig. 7 iRz Lic, WIhDORH b bA
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Fig. 6 Lineweaver-Burk Plots
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V, initial velocity expressed in opt. density of NAD
H/min. ; S, substrate (GA) concentration. Curve A,
no borate : Curve B, 0.003 M borate.

The reactions were performed at pH 8.5, at room
temperature. Km and Vm express the Michaelis constant
and maximum velocity obtained from this graphical an-

alysis respectively.

Fig. 7 Dixon‘s Plots
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4
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V, initial Velocity expressed in opt. density of NAD
H/min. : I, inhibitor (borate) concentration. Curve A,
0.016 M GA as substrate with the inhibitor ;
B, 0.008 M GA as substrate with the inhibitor.

Curve

The reactions were performed at pH 8.5, at room
temperature. Ki expresses the enzyme-inhibitor dissoc-

iation constant obtained from this graphical analysis.

BB U & #4109 (competitive) Ch 3 Z &
HEBBd BN, X BiTFig. 6 X H Michaelis constant(Km),
BAGHEE (Vm) W FhFh 1.72X1072 M, 1.47X 10!
(NADH © O. D) &L, %7 Fig. 7 X hEsg—f0

LR omaER (Ki) 12 2.80X1073 M & LTHHIR
1o

% g
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I OoTHEEINT B, KRR TILRVRBEINADO
5T 5 GAPD OEi&#ET I b 2k bT, F—
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S L CZ OfEEY, BB EIR R VBRET = v
LEEFEENEBENE AT ALDITESTHAD EE2L T
%, GAPD O 1 ViR FLE b RITR~RI L 2A 0D, &
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Ik, LA Zittle BRIXDOTHRULNLTBT LA
YIARTTI—%, YVT—%, TAEF—¥, 7V
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55,
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Lactate dehydrogenase 3+ vERMEIZ X o T BIEEE L
3, %7- aldolase 3, Herbert &5 13) EEIEEHERIE A
DL CHVEBRIE L R T/ b D EHEL DR AITK
L, GAPD i3+ vERMIC X D CELLEIhSZ 20
FdHohicZ Enb, T VBERSEMORFA FDP 0F
i E L LT GAPD ok viglERlEI & &3 RO
WECES LD THA D LHAINS,

DlED Z & b T VBRI L 725 &, A
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1 FyBEIREIOTELEY  OFHSLOREEY 5 —
} DERRHIEERAIC, fructose -6- phosphate 351 00
fructose-1, 6- diphosphate »' % &35 = L 23D b
12,

2 R UBRMEITEE L FAic glyceraldehyde phosphate
dehyrogenase (GAPD) % [T 25 = & 230D bz,
3 Gk UERKEIL Lactate dehydrogenase #FHZEL 70\ o

EpED b,

4 FUERED GAPD I, = OHERAM T CligEs
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BWITICL D BAIEE I NS & & 23D b,
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HELFEFCT =F v & LTRRLEERRAT A
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6 R UBRRERIREINICEMIOFRIC fructose -1, 6 -
diphosphate DE T HDIE, FVBRECLOTELL
T GAPD i s W CRFAOEEEROMEED,
FORERERBA IS WA ThA D LE2 b,
LicioC o D& b fak VERIEIC X B IERLEN, v
EBECEEABEEN HD D LB OND I LR
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15 Studies on the Metabolism of
Borate (Part 4)

Effect of Borate on Glyceraldehydephosphate

Dehydrogenase

Takayuki Misawa, Hiroyasu Kaneshima
(Hokkaido Institute of Public Health)
Masuo Akagi
(Faculty of Pharmaceutical Sciences, Hokkaido
University)

1 It was found that fructose 1, 6 -diphosphate and
fructose 6 -monophosphate were accumulated by bor
ate in anaerobic glycolysis system of liver homogenates
ot guinea pigs.

2 Glyceraldehydephosphate dehydrogenase from yeast
and in liver homogenates of rats and guinea pigs were
tound to pe inhibited remarkably by borate in both
cases free D-glyceraldehyde or D-glyceraldehyde 3-
phosphate was used as substrate.

3 The porate inhibition of glyceraldehydephosphate
dehydrogenase was of competitive and was reversed
by dialyse, but not by addition of excess sugars or
polyhydroxy compounds in the experimental condition.

4 Borate has no etfect on lactate dehydrogenase from
rabbit muscle and also in liver homogenates of guinea
pigs.

5 Toxicity of borate was discussed from biochemical

point of view.



