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SUMMARY: The tntracellular and Lntramicrosomal dlstributtons of 

hexose 6-phosphate dehydrogenase were examined In the livers of normal 
and starved rats before and after phenobarbital treatment. The results 

have revealed that the administration of phenobarbital (75 mg/kg body 
wetght, 4 days) causes a significant increase of the hexose S-phosphate 
dehydrogenase activity only in smooth-surfaced, but not In rough-surfaced 
endoplasmic rettculum, wtth concomitant increases of the actlvttles of 
NADPH-cytochrome c reductase and aminopyrine demethylase. Starvation 
prior to the phenobarbital treatment enhanced the effect of phenobarbital 
on the microsomal enzymes. 

INTRODUCTION : G6P dehydrogenase has been known to exist almost 

exclustvely in cytosol (1,2). However, recent studies demonstrated Its 

existence tn a large parttculate fractton (3-9) and in microsotres (10-13). 

Ohno et al. (10) designated this mtcrosomal enzyme as H6P dehydrogenase -- 

inasmuch as It was found to be as active on GaL6P as on G6P. Subsequent 

works on H6P dehydrogenase have revealed that this enzyme LS resistant 

to inhlbltors of cytosol G5P dehydrogenase, has a broad substrate and 

coenzyme speclflctty, 1s not preclpttated by antibody against cytosol G6P 

dehydrogenase and 1s probably identical with the enzyme formerly known as 

glucose dchydrogenase (14-20). The physiological role of this enzyme LS 

stLl1 unclear, but tt LS posstble that one of the roles of this enzyme 1s to 

supply reduced NADP and NAD f or the mlcrosomal oxldast system involved 

111 drug and steroid metabolism (16, 17). If this holds, HoP dehydro,enase 

--- 
Abbrevlattons : GGP, glucose 6-phosphate; GalGP, galactose G-phosphate; 
HhP, hexose G-phosphate; SER and RER, smooth- and rough-surfaced 
endoplasmlc reticulum. 
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,nlbht be induced by phenobarbttdl, a potent Lnducer of drug metabolizing 

enzymes located Ln SER (21-2.j). In order to test thus posslbrlity, an 

attempt was made to exa,nLne the change of HGP dehydrogenase actlvlty 111 

hepatlc mlcrosomes before and after phenobarbital treatment, which 1s dealt 

with rn the present commanicatron. 

MATERIALS AND METHODS: Male W1sta.r rats weqhlng 150-200 g 

were given daily lntraperltoneal lnlectlons (10 a.m.) of Na phenobarbital at 

a dose of 75 rng per kg body wetght during 4 ctays, starved overnIght and 

kllled by decaprtatron. Some rats were starved for 2 days before the 

phenobarbital treat,nent. Control rats were starved overnight or for 2 days. 

All rats were killed dt a:30 a.m. 

Llvcrs were rinsed Ln cold 0.25 M S~ZL-os,c, blotted wrth filter paper, 

weighed and minced wLth sczssors. The mlrlced ILSS.ICS were homogenLzed 

w Lth 3 volumes of 0.25 M s~rose and centrrfuged at 350 x g for 10 mLn 

(nuclear fraction). The pooled supernatant was centrifuged sticcesslvely at 

3,000 x g for 30 mln and 144,000 x g for 50 mLn to o btaln mLtochondrla1 and 

mrcrosomal fractions, respectively. Each fraction was washed once with 

4 volumes of 0.25 M sucrose, suspended In 1.5 volumes of 20 mM phos - 

phate bJfer, pH 6.4 dnd sonlcated for 3 mtn IusLng a Umeda sonicator. 

Sabfractlonatron of the mlcrosomal fractron was carried out by the methoc 

of Rothschild (24) as follows : 3 ml of the 9,000 x g supernatant were 

layered over 1 ml of 0.31 M sucrose and centrifuged for 13 hours at 

G3,OOO x g using a swinging bucket rotar (HLtachl RPS-50) In order to 

sediment RE K . The resdltlng supernatant was transferred Into a new tube 

and centrifuged at 144,000 x y for 50 Ir.Lti to sedrment SER. It was proved 

electronmLcroscoplcally that the SER fraction contained no KER and that 

the RER fractron contained only a very few SER fragments and mltochondrra. 

The fractions were then sonlcated for 1 mln wrth 2 ml of 20 mM phosphate 

buffer, pH 6.4. 
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G6P dehydrogenase and H6P dehydrogenase were assayed spectro- 

photometrically, ReactIon mixture conslsted of 0.7 ml of glyclne-NaOH 

buffer (1=0.2, pH lO.O>, 0.6~ moles NADP, 6 pmoles G6P or Gal6P and 

enzyme Ln a final volume of 1.0 ml. Reaction was started by the addltlon 

of substrate and extinctlon changes at 340 nm were measured at 21 + l°C 

for 10 min. G6P dehydrogenase activrty was corrected for 6-phospho- 

gluconate dehydrogenase activity by the method of Clock and McLean (1). 

The actlvitles of G6P dehydrogenase and H6P dchydrogenase In the 

fractions containing both enzymes are calculated as follow’s : 

G6P dehydrogenase actlvlty at pH lO.O= o-7’ A - B ; H6P dehydrogenase 
0.69 

activity at pH 10.8= 
A - G6P dehydrogenase activity 

0.6 

where A is the actlvlty with G6P and B LS the activity with Gal6P at pH 10,O. 

This 1s based on the following flndlngs with the enzymes purified according 

to the method of Horl and Sado (20): G6P dehydrogenase, optnnal pH, 10.0, 

activity with Gal6P is 2.2% of that with G6P at pH 10.0. H6P dehydrogenase, 

optimal pH, 10.8, activity with Gal6P 1s 71% of that with G6P at pH 10.0 uhlch 

in turn 1s 60% of the actlvlty w tth G6P at pH 10.8. 

The oxidatlve demethylatlon activity was assayed using amlnopyrtne as 

substrate according to the method of Orrenlus (25). With this technique, the 

rate of oxidatlve demethylation of amlnopyrlne was linear with varying 

amounts of microsomes (up to 2.5 mg of protein). The NADPH-cytochrome c 

redactase actrvrty was assayed at 22 f l°C by the method of Horecker(26), 

except a NADPH-generating system which consisted of 5 mM dl -lsocrtrate, - 

10 PM MnC12 and lsocltrate dehydrogendse (type IV, Sigma), 0.62 units. 

The rate of cytochrome c reduction was linear with time and with enzyme 

amounts ( at least up to 0.4 mg protein ). Protean was determined by the 

method of Lowry et al. (27). -- 

RESULT5 AND DISCUSSION: Table 1 shows the lntracelltilar dtstrl- 

1066 



TA
BL

E 
1.

 
In

tra
ce

llu
la

r 
di

st
rlb

ut
lo

ns
 

of
 

G
6P

 
de

hy
dr

og
en

as
e 

an
d 

H
6F

 
de

hy
dr

og
en

as
e 

In
 

th
e 

liv
er

s 

of
 

no
rm

al
, 

st
ar

ve
d 

an
d 

ph
en

ob
ar

bt
ta

l-t
re

at
ed

 
ra

ts
. 

F 
ra

ct
lo

n 

N
uc

le
i 

Tr
ea

tm
en

t 
N

o.
of

 
ra

ts
 

N
on

e 
(9

) 
St

ar
ve

d 
(4

1 
Ph

en
ob

ar
bi

ta
l 

(6
) 

St
ar

v.
+P

he
no

. 
(5

) 

Pr
ot

ei
n 

H
6P

 
de

hy
dr

og
en

as
e 

m
s/

s 
un

its
 

/p
g 

liv
er

 
pr

ot
ei

n 

27
.1

 
rt 

0.
9 

1.
4 

f 
0.

2 
32

.1
 

i 
1.

3 
1.

0 
;t 

0.
2 

24
.9

 
i 

1.
4 

1.
5 

rt 
0.

2 
27

.0
 

it 
0.

7 
1.

5 
ct

 0
.2

 

G
6P

 
de

hy
dr

og
en

as
e 

un
its

 
j+

g 
pr

ot
ei

n 

2.
1 

rt 
0.

5 
1.

6 
* 

0.
2 

2.
5 

f 
0.

2 
4.

5 
f 

0.
4W

 

ho
ne

 
37

.6
 

i 
1.

1 
1.

8 
f 

0.
1 

3.
1 

f 
0.

3 
M

ito
ch

on
dr

ta
 

~~
e~

o~
~r

bi
ta

l 
:2

 
36

.6
 

f 
1.

7 
2.

1 
k 

0.
3 

2.
1 

f 
0.

1 
(6

) 
36

.2
 

f.
 1

.2
 

2.
0 

rt 
0.

2 
4.

4 
f 

0.
4t

t 
St

ar
v.

+P
he

no
. 

(5
) 

34
.5

 
f 

1.
4 

.&
 

2.
6 

f 
0.

2 
tS

 
13

.7
 

h 
0.

6 
f?

 

N
on

e 
(9

) 
41

.4
 

2 
1.

1 
15

.3
 

f 
0.

7 
2.

7 
i 

0.
2 

M
xr

os
om

e 
St

ar
ve

d 
(4

) 
40

.1
 

it 
2.

3 
14

.2
 

f 
0.

6 
L 

2.
4 

i 
0.

3 
Ph

en
ob

ar
bi

ta
l 

(6
) 

49
.1

 
f 

0.
8 

tt 
16

.7
 

f 
0.

5 
3.

3 
kO

.3
 

t 
St

ar
v.

+P
he

no
. 

(5
) 

43
.9

 
f 

1.
0 

tf
 

13
.5

 
zt

 0
.6

 
T
P

t 
8.

6 
zt

 
1.

6~
 

N
on

e 
(9

) 
71

.5
 

2 
2.

3 
2.

5 
zt

 0
.3

 
33

.2
 

* 
3.

3 
C

yt
os

ol
 

St
ar

ve
d 

(4
) 

2.
0 

f 
0.

3 
22

.8
 

f 
1.

44
4 

Ph
en

ob
ar

bi
ta

l 
(6

) 
2.

9 
f 

0.
6 

37
.3

 
zt

 1
.5

 
St

ar
v.

+P
he

no
. 

(5
) 

5.
6 

f 
0.

8 
tf

 
12

8.
8 

+ 
6.

5 
tq

 

Ea
ch

 
va

lu
e 

is
 

th
e 

m
ea

n 
f 

SE
M

. 
Th

e 
dl

re
ct

io
n 

an
d 

nu
m

be
r 

of
 

ar
ro

w
s 

in
di

ca
te

s 
th

e 
di

re
ct

io
n 

of
 

ch
an

ge
 

an
d 

de
gr

ee
 

of
 

si
gn

ifi
ca

nc
e 

of
 

th
e 

di
ffe

re
nc

es
 

re
la

tiv
e 

to
 

th
e 

co
nt

ro
l 

va
lu

e.
 

Fi
sh

er
ss

 
P 

va
lu

es
 

ar
e 

sh
ow

n 
as

 :
 

t 
, 

P 
< 

0.
05

; 
tt,

 
P 

< 
0.

01
. 



< 
TA

BL
E 

2.
 

In
tra

m
lc

ro
so

m
al

 
dt

st
rrb

ut
ro

ns
 

of
 

H
6P

 
de

hy
dr

og
en

as
e,

 
N

AD
PH

-c
yt

oc
hr

om
e 

c 
re

du
ct

as
e 

0 & 
an

d 
am

rn
op

yr
tn

e 
de

m
et

hy
la

se
 

In
 

th
e 

lrv
er

s 
of

 
no

rm
al

, 
st

ar
ve

d 
an

d 
ph

en
ob

ar
bi

ta
l-t

re
at

ed
 

ra
ts

. 

Fr
ac

tio
n 

Tr
ea

tm
en

t 
N

o.
of

 
Pr

ot
ei

n 
H

6P
 

de
hy

dr
og

en
as

e 
R

ed
uc

ta
se

 
D

em
et

hy
la

se
 

ra
ts

 
dg

 
un

its
 

/p
g 

liv
er

 
pr

ot
ei

n 
Ah

E5
2p

h;
;;/

 
m

ol
es

 
fo

r,m
- 

al
de

hy
de

/m
ln

/ 
m

g 
pr

ot
ei

n 

N
on

e 
41

.4
 

f 
1.

1 
15

.5
 

f 
0.

7 
93

* 
11

 
3.

5 
f 

0.
3 

To
ta

l 
St

ar
ve

d 
40

.1
 

f 
2.

3 
14

.2
 

f 
0.

6 
h 

14
2 

zt
 3

7 
3.

5 
f 

0.
3 

m
lc

ro
so

m
e 

Ph
en

ob
ar

bi
ta

l 
(6

) 
49

.1
 

* 
o.

at
* 

16
.7

 
zt

 0
.5

 
17

3 
f 

12
++

 
7.

2 
f 

0.
2*

t 

St
ar

v.
+P

he
no

. 
(5

) 
48

.9
 

k 
l.O

fT
 

19
.5

 
f 

0.
6w

 
27

7 
;t 

9 
tt 

7.
3 

f 
0.

4+
t 

N
on

e 
iz;

 
23

.2
 

f 
0.

6 
15

.7
 

zt
 0

.5
 

59
i 

9 
1.

5 
f 

0.
2 

R
ER

 
St

ar
ve

d 
19

.9
 

f 
0.

6$
 

Ph
en

ob
ar

bi
ta

l 
(6

) 
21

.0
 

f 
0.

G
 

:p
: 

; 
A.

2 
1.

7 
f 

0.
3 

St
ar

v.
+P

he
no

. 
(5

) 
23

.1
 

f 
0.

7 
$8

 
i 

0:
7 

,tT
 

;z
 

* 
15

* 
i 

7+
 

2.
6 

f 
0.

3t
+ 

13
3 

f 
3M

 
3.

7 
f 

o.
3w

 

N
on

e 
(9

) 
16

.7
 

f 
1.

1 
9.

5 
* 

0.
8 

88
 

f 
16

 
13

.0
 

f 
SE

R
 

St
ar

ve
d 

(4
) 

1.
4 

11
.2

 
f 

I..
8 

15
3 

* 
39

f 
Ph

en
ob

ar
bt

ta
l 

(6
) 

23
.4

 
i 

1.
5t

t 
12

.9
 

i 
0.

7 
tt 

20
7 

zt
 1

0 
tt 

5.
2 

8:
9 

f f 
:*

i 
0:

5w
 

S 
ta

rv
 

. +
 P

he
no

 
. 

(5
) 

23
.0

 
f 

0.
6-

w
 

16
.1

 
* 

0.
9 

It 
26

1 
f 

16
W

 
9.

5 
f 

0.
5+

? 

N
on

e 
96

.4
 

81
.0

 
71

.2
 

76
.0

 
R

ec
ov

er
y*

 
St

ar
ve

d 
94

.5
 

89
.7

 
78

.3
 

70
.0

 
Ph

en
ob

ar
br

ta
l 

90
.4

 
77

.6
 

72
.2

 

St
ar

v.
+P

he
no

. 
94

.3
 

81
.7

 
g:

 
. 

85
.6

 

Ea
ch

 
va

lu
e 

1s
 t

he
 

m
ea

n 
f 

SE
M

. 
Th

e 
di

re
ct

io
n 

an
d 

nu
m

be
r 

of
 

ar
ro

w
s 

ln
dl

ca
te

s 
th

e 
di

re
ct

io
n 

of
 

ch
an

ge
 

an
d 

de
gr

ee
 

of
 

si
gn

ifi
ca

nc
e 

of
 

th
e 

di
ffe

re
nc

es
 

re
la

trv
e 

to
 

th
e 

co
nt

ro
l 

va
lu

e.
 

Fi
sh

er
’s

 
P 

va
lu

es
 

ar
e 

sh
ow

n 
as

 
: 

t 
, 

P 
L 

0.
05

; 
tt,

 
P 

< 
0,

O
l. 

* 
R

ec
ov

er
y=

 
R

ER
 

+ 
SE

R
 

---
---

- 
x 

10
0.

 
F 

to
ta

l 
m

ic
ro

so
m

e 
g c/

l 



Vol. 61, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

buttons of G6P dehydrogenase and H6P dehydrogenase. It indicates that the 

two enzymes are predominantly located In the cytosol and mrcrosomal frac- 

trons, respectively. 

Phenobarbital treatment caused a srgnlficant tncrease tn the amount of 

microsomal proteins, while the change in the nncrosomal H6P dehydrogenase 

actlvrty was slight (6% increase, P>0.05). However, the effect of 

phenobarbital on thts enzyme became evident when the enzyme was assayed 

with the submrcrosomal fractions, as shown in Table 2; i.e., about a 37% 

increase of the specrfrc activity was observed Ln SER wrtho~~t any change In 

RER. Since the amount of protean also tncreased 40%, the Increase LII 

enzyme actlvlty amounted. to 90% when expressed In untts per g lrver. 

The activltles of NAIIPH-cytochrome c redactase and of amlnopyrlne 

demethylase were also Increased In SER Ln good agreement wrth prevrotis 

data (25). Starvation prior to the phenobarbital treatment intenslfred the 

effect of phenobarbital on the three mlcrosomal enzymes. In this case, the 

H6P dehydrogenase actrvity was also increased In the cytosol fraction. On 

the other hand, starvation alone had no stimulative effect on the HGP de- 

hydrogenase activity, although rt enhanced the TJAGPH-cytochrome c 

reductase actrvrty in both SER and RER. 

The cytosol G6P dehydrogenase activity was low In starved rats and was 

Increased by the phenobarbttal treatment of starved rats, but not of fed rats. 

Thts LS consrstent wtth the previous data that refeeding strmulates, but 

phenobarbital alone has no effect on the hepattc G6P dehydrogenase activity 

(28,29,30). The G6P dehydrogenase astivrty was also increased tn the mito- 

chondrtal and mrcrosomal fractions by the phenobarbttal treatment of fed and 

starved rats. It IS uncertatn, however, whether this Increase would suggest 

an Increased adsorptlon of cytosol G6P dehydrogenase onto the partlculates 

or a net Increase of the enzyme intrlnsis to these organelles. 

As 1s clear In the above experiments, a slgnlflcant increase of H6P de- 

hydrogenase activity occurs In SER concomitantly to the Lnductron of NADPH- 

1069 
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cytochrome c reductase and amlnopyrine demethylase after phenobarbital 

treatment, with no change In the cytosol GGP dehydrogenase acttvtty. It 1s 

thus possible to assume that HGP dehydrogenase may be butlt In the mtcrosomal 

membrane as a member of the electron transport system, thus Involving drug 

metabolism. That this enzyme is reststant to several tnhibitors of cytosol 

G6P dehydrogenase favors the above view (13,17,20). 
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