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SUMMARY 

I Al te ra t ions  In kinetic  proper t ies  of r a t  hepatm glucose-6-phosphata.~e (D- 
Gluc-6-P phosphohydrolase ,  EC 3 I 3 Q) and associa ted PPl-glucose phosphot rans-  
fera~e result ing from al loxan diabetes  and lnsuhn t r e a t m e n t  of such diabet ic  ammals  
have  been s tud ied  

2 Maxmlal  react ion veloci ty  values extrap() la ted to Infimte ~ubstrate  (oncen- 
t r a tmns  (Vmax) and I~hchaeh~ cons tan t  (Kin) valuea for all subs t ra tes  were assayed 
with  hver  homogenates  p repared  from eight  un t r ea t ed  normal ,  seven a l loxan-&abet lc ,  
and  seven lnsuhn- t rea ted  dmbetIc  ammals  Average  enzymm ac t iv i t y  levels (units/rag 
hver  protein) for the various group~ of ammals  were ca lcula ted  on the basis of  Vm,~-. 
values 

3 All absays u ere carr ied out  both  m the absence of added  de tergent  and  ~ lth 
homogenates  whlcll had  been supp lemented  with  sodmm deoxvchola te  to o 2o°,,, 
(w/v) 

4 As de t e rmmed  ei ther  m the presence or absence (if detergent ,  K~.  values f,)r 
glucose were not  affected s lgmficant ly  b y  hormonal  ma mpu la t l ons  

5 K m  values for bo th  Glc-6-P and PP~ increased s lgmficant ly  in dmbetes ,  based 
on assays carr ied out  in the  absence of de te rgent  These elevatlon~ were complete l  3 
reversed b y  admin i s t r a t ion  of  maulln to dmbet lc  ammals ,  and were not  appa ren t  when 
homogenates  p repared  from hver~ of  all three groups of  ammals  were supp lemented  
with deoxychola te  prior  to a~say 

6 Most s lgmficant ly,  p r e h m m a r y  t r e a t m e n t  of homogena tes  with the  de tergent  
m a r k e d l y  po t en t i a t ed  responses of ac t iv i ty  level% based on e x t r a po l a t e d  Vm~-. values, 
to dmbetes  The ra t io  of Glc-()-P p tmsphohydrolase  a c t l w t y  level m diabet ic  animals  
to a c t l w t y  level m normal  ammals  increased from a value of  i 5, no ted  in the absem e 
(if de tergent ,  to 3 5 based  on assays wi th  deox} cho la te - supp lemented  hom()genates 
Even  more d rama t i c  po ten t i a t ing  effects of de tergents  on the d iabetes  response were 
noted  with PP , -g lucose  phoaphotransferase  W i t h  ttus ac t l \ a ty ,  the  ra t io  of Vma\- 
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based activity levels in diabetic animals to Vma~-based activity levels in normal ani- 
mals increased from a stati~tlcallv insignificant value of o 9 ° in the absence of deter- 
gent to 4 2 when assessed in the presence of deoxycholate Admlmstratmon of insulin 
to diabetic rats reversed this response of Vmax-based activity level values These ob- 
servations confirm our previous findmgs on the potentiating effect of detergent on 
responses of enzymic activity levels to experimental diabetes, and further, reveal that 
this effect persists even with substrate levels extrapolated to infinity and hence is 
not explainable simply on the basis of alteratmn~ in affinity of enzyme for sub~trates 
under the various experimental conditions 

7 These patterns of effects of diabetes on kinetic parameters of the enzyme, 
as assessed both in the absence and presence of detergent supplementation of homo- 
genates, closely resemble those previously noted In acutely fasted animals and con- 
trast sharply with glucocortlcold-lnduced alterations 

INTRODUCTION 

Earlier studies In this laboratory and elsewhere have suggested that interesting 
differences exist in the modes of responses of macrosomal D-Gluc-6-P phosphohydro- 
lase, EC 3 i 3 9) 1-7, and PPl-glucose phosphotransferase 1-5,8 also catalyzed by this 
enzyme °-u, to glucocortlcold administration, fastmg, and alloxan diabetes The pre- 
liminary treatment of enzyme preparations with detergents nearly or completely abol- 
ished the response of activities to glucocorticoid therapyL2,5,8, and in contrast, marked- 
ly accentuated Increases in activity levels in response to the latter two experimental 
treatmentsa-5, s Kinetic studies have revealed that these differences in patterns of 
response of enzymic activities to glucocortlcold admmlstratlon I and acute fasting a 
persist even at infinite substrate concentrations and hence are not explamable simply 
on the basis of alterations in MIchaehs constant values induced by such treatments 
l ~ "t 'l ~'O 

SEGAL AND WASHKO ~, and more recently FREEDLAND AND BARNES 12 and JA- 
KOBSSON AND DALLNER 13, have noted differences in Km values for Glc-6-P phospho- 
hydrolase In livers from normal and diabetic animals m the absence of detergents It  
was notedn, ~a that these differences, observed under certain conditions a3, disappeared 
when mlcrosomers or homogenates were treated with various detergents With the 
idea in mind that differences In the extent of response of PP.-glucose phosphotrans- 
ferase activity of this same enzyme to experimental diabetes, which we previously 5,s 
noted in the absence compared with presence of detergent treatment of enzyme prepa- 
rations, might be a reflection of hormonally altered affinities of the enzyme for sub- 
strafes, we have carried out rather thorough kmetic analyslb of this activity an normal, 
diabetic, and insulin-treated diabetic animals Results of these studies as well as those 
of Glc-6-P phosphohydrolase activity which was studied concurreutly for comparative 
purposes, are reported in tins paper, and patterns of response of Km and Vmax values, 
observed in the absence and presence of supplemental detergent, are compared with 
alterations produced in the~e same parameters under identical absay conditionb by 
glucocorticoid administration 1 and fa~tlng 3 
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MATERIALS AND METHODS 

Sources of  most  chenucalsl,9,14 and ana ly t ica l  procedures  for measur ing enzynuc 
ac t iv i t ies  15, pro te in  1~, and  blood sugar  concent ra t ion  ~7 were as descr ibed prevlousl? 
Al loxan  monohydra t e ,  ob ta ined  from Dis t i l la t ion  Products ,  I n c ,  Rod les t e r ,  N Y ,  
was twlce recrys ta lhzed  before use Young adul t ,  male,  a lbino rat~ ob ta ined  fronl 
S p r a g u e - D a w l e y  I n c ,  Madison, W i s c ,  ut i l ized in all studies,  were ma in t a ined  <)n 
Pur ina  L a b o r a t o r y  Chow and dist i l led water ,  ad hb~tm~z, except  t ha t  wa te r  was re- 
p laced b y  a IO°o (w/v) glucose solut ion for 24 h after  mlec tmn of a l loxan 

Diabetes  was produced  b y  the in t raper l tonea l  inlect lon of  145 mg a l loxan per 
kg b o d y  weight,  as in previous studlesS, ~4 Animals  weighed be tween 0o and IOO g 
at  the  t ime of a l loxan t r ea tmen t  Diabet ic  animals  were ki l led or fur ther  t r ea ted  ~ lth 
insulin at  lea~t 12 days  af ter  a l loxan inlect ions Only ra ts  with blo(M augar level .  
exceeding 3oo mg per  IOO ml were considered diabet ic  One group of  dmbet l t  ammal . .  
selected at  random,  was m]e( ted  with 8-units  doses of Lfll} Pork  N P H  I le t in  Isopl iane 
insulin ~uspenslon, 6o, 36, and  12 h befi)re ammal~ were killed Average bl . ()d ~ugar 
levels, l iver  and  b o d y  weights,  and hver  prote in  concentrat lon~ for the  varlou~ group~ 
of ammals  are given in Table  I 

Ammals  were decap i t a t ed  and livers ~e re  removed,  x~ elghed, and  homogemzed 
at  o ° m o 25 M sucroae a~ in previous  studiesl-5,14 Homogena tes  then were appr( ' -  
p r Ia te ly  d i lu ted  with  this  sucrose solution,  and  a l iquots  were fur ther  supplenIented  
with  aqueous  deoxychola te  to a final concent ra t ion  of o 2o% (~/v) Previous1,5,18 and 
supp l emen ta ry  s tudies  revealed t ha t  this  concent ra t ion  of the  de tergent  max ima l ly  
ac t iva t ed  bo th  phosphot ransferase  and pho~phohydrolase  act ivi t ies  (~f the  enzyme 
from bo th  normal  and diabet ic  ammals  over a b road  range of p ro tem concent ra t ions  
(o 15 - I I nig prote in  per I 5-ml react ion mixture)  

Glc-(3-P phosphohydro laae  assay mix tures  (pH 6 5) conta ined  m I 5 nil 4 ° hiM 
sodium cacodyla te  buffer and stadium Glc-6-P concentra t ions  va ry ing  between o 97 
and c) 66 mM Phosphot ransferase  ac t iv i ty  was measured  at  pH 5 5 in assa\  n i l x t u r ~  
of I 5 ml volume (on ta in ing  4 ° mM ~odium cacodyla te  buffer and (a) ~)-glucose con- 
cen t ra t lons  ma in ta ined  cons tant  at  28 2, 37 6, 62 6, or 188 mM and sodmni PPI c~,n- 
cent ra t lona  vary ing  b e t ~ e e n  o 67 and 5 o mM, or (b) sodium PPL concentratlon.~ 
l na ln t amed  cons tan t  at  o 67, I oo, I 67, or 5 oo mM and D-glucose (oncentrat~ons 
va ry ing  from 28 2 to I88 mM Incuba t ions  ~e re  in all cases carr ied out  for IO nun at  
3 ° ~ o I ~, wi th  shaking Supp lemen ta ry  exper iments  ind ica ted  tha t  under  these con- 
d i t ions  ac t iv i ty  was first order  wi th  respect  to bo th  t ime of incubat ion and prote in  
concent ra t ion  with all type~ of p repara t ions  s tudied  

Exper in l en ta l  results  were sublec ted  to s ta t i s t ica l  analysis  is and  are expressed 
as mean values ~ a t andard  devia t lons  of means  The S tudent  t tes t  ot significance 1'~ 
was appl ied  to mean a ( t l v l t y  values for the  varIou~ groups of  animals,  and P valuer  
(the p robab i l i ty  of  observed d~fferences in mean values for normal  compared  with 
d iabet ic  or lnsuhn- t rea ted  diabet ic  ammala  bemg due solely to chance) are Ind ica ted  
m Table I Differences In mean valuer  for whmh P < o 05 are considered significant 
s ta t i s t i ca l ly  

13u~chtm B~ophvs Acta, I9,~ (Iq7O) 66 75 
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RESULTS 

Both PPl-glucose phosphotransferase and Glc-6-P phosphohydrolase activities 
from hvers of normal, diabetic, and msuhn-treated dlabetm rats were sublected to 
kmetm analysis Actlvltms were atudwd both m the absence and presence of deoxy- 
cholate supplementation (to o 2o%, w/v) of homogenates Results of representative 
experiments are presented, for illustrative purpose~, m Figs I A - I D  Similar set~ of 
~tudles were carried out, both m the absence and presence of detergent supplemen- 
tation, with homogenates from eight normal, seven diabetic, and seven msuhn-treated 
diabetic rats 

Glc-6-P phosphohydrolase activity was measured as a function of substrate 
concentration, and data were plotted in conventional double-reciprocal fashion 2° (see 
Fig ID) K m  and Vma~ values were calculated, respectively, as the negative reciprocals 
of the :~-axls Intercepts and as the reciprocals of the),-axIs intercepts of extrapolations 
of such plots -°1 

PPl-glueose phosphotransferase activity in liver homogenates from all groups 
of animals was sublected to "two-substrate" kinetic analysis of the type previously 
carried out with the partially purified enzyme by ARION AND NORDLIE 2~ PP, concen- 
trations were held at four constant levels (see experimental procedure above), and 
ac t iwtv  was measured as a function of varying glucose concentratmns, and v ,ce  ve r sa  

Primary double-reciprocal plots such as those In Figs IA and IB were prepared from 
data obtained, and secondary plots (see Fig IC) were then constructed In which 
v-axlb intercepts of the lines in the primary plots were plotted against reciprocals of 
concentrations of either PP~ (from Fig IA, for example) or glucose (from Fig IB 

I f 
,0 ~o ~o ~ 0 h ~ I0 OI/[D GLUCOSE] I PP 1029 12 15 

17~m ~ 30 
20 

i 
~0 0 I0 20 30 50-25 0 25 50 75 I00 

i /[PP~XlO-Z o, I/[D GLUCOSE] I/[GLUCOSE 6 P]XlO z 

Fig  I R e p r e s e n t a t i v e  k lne tm exper tment~  D a t a  p resen ted  were ob ta ined  m the  absence of 
d e o x y c h o l a t e  s u p p l e m e n t a t i o n  ~ l t h  h~er  homogena t e  f rom a dmbetm ra t  R e a c t m n  m i x t u r e  
compos i t i ons  and  o the r  e xpe r im e n t a l  de ta i l s  are given in the  t e x t  A and B are p r i m a r y  double-  
rec iproca l  plotb of d a t a  ob ta ined  wi th  phospho t rans fe rase  ac t iv i ty ,  while  C is a secondary  p lo t  23 
of y -a res  i n t e rcep t s  f rom graphs  A and B aga ins t  reciprocals  of mola r  concen t ra t ions  of glucose 
( / j )  or PP~ ([B) Vmax and Km values  ~ e r e  ca lcu la t ed  from these  p lo t s  as descr ibed m the  t e x t  In  
A, PP~ c o n c e n t r a t m n s  were held c o n s t a n t  a t  o 6 7 ([Z), I oo (0),  I 6 7 ( ~ ) ,  or 5 oo (©) mM and  
ln l tml  reac t ion  veloci ty ,  v, was measured  as a func t ion  of glucose concen t ra t ion  In  B, glucose 
~ a s  held c o n s t a n t  a t  2 7 4 ([~), 36 5 (O), 6o 8 (A),  or 183 (©) mM and  v was measured  as a f u n c t m n  
of~amed  PP~concen t r a t l ons  D describes r e s u l t s o b t a m e d  wi th  G l c - 6 - P p h o s p h o h y d r o l a s e  a c t i v i t y ,  
K m u a s  ca lcu la ted  d i rec t ly  as - - I / r - a x i s  i n t e rcep t  and  Vma~ as t /y-axlb  in te rcep t  Average  va lues  
for k m e t m  p a r a m e t e r s  ca lcu la ted  from these and l lke s tudies  wi th  enzyme  p r e p a r a t m n s  for normal ,  
dmbetm,  and  insu l in - t r ea ted  d iabet ic  a m m a l s  are g iven in Table  I 

Btochtm Btophys Acta i98  (197 o) 6(;~75 



5c
 

.D
 

~a
 

©
 5 I .m
 

1 
A

B
L

E
 

I 

a*
V

FR
A

G
E

 
1£

 m
 

\N
D

 
U

re
a x

 
X

 %
L

U
E

5,
 L

IV
E

R
 

~*
N

D
 B

O
D

X
* 

\%
E

I(
~

H
T

b,
 

L
IV

E
R

 P
R

O
T

E
IN

 
k

N
D

 
B

L
O

O
D

 G
L

U
C

O
S

E
 C

O
N

C
E

N
T

R
-X

T
IO

N
b.

 
a.

N
D

 A
C

T
IX

lT
Y

 R
~

T
IO

S
 I

N
 N

O
R

M
\L

. 
D

I~
.B

E
T

IC
, 

%
N

I)
 

IN
C

~U
L

IN
-T

R
E

A
T

Ie
.D

 
D

IA
B

~
T

I(
- 

%
N

IM
A

L
S 

N
u

m
b

e
r 

o
f 

ia
tq

 
B

o
d

y
 

\\
e

ig
h

ts
 

(g
) 

L
iv

e
r 

xx
 e

ig
h

ts
 

(g
) 

g
lx

 e
r 

p
ro

te
in

 
e

o
n

c
e

n
tr

a
tl

o
n

~
 

(m
g

 p
ro

te
m

/g
 

u 
e

t 
h

x
 e

r)
 

B
lo

o
d

 
g

lu
c

o
se

 c
o

n
c

e
n

tr
a

ti
o

n
s 

(m
g

/l
o

o
 

m
l)

 
M

m
h

a
e

h
a

 
c

o
n

st
a

n
t 

x 
al

u
es

*
*

*
 

]~
'G

lc
 6

 P
 

~
'P

P
I 

K
G

le
 

E
n

z
_

v
m

lc
 a

ct
)~

 ~
tv

 l
ex

 e
N

 b
a

~
e

d
 o

n
 

Y
ni

ax
 X

 al
u

es
~

 
G

lc
-0

-P
 

p
h

o
sp

h
o

h
y

d
ro

la
se

 
P

P
.-

g
lu

c
o

se
 

p
h

o
sp

h
o

tr
a

n
sf

m
 

a~
e 

V
m

ax
 

(t
re

a
te

d
)/

v
m

a
x

 
(n

o
lm

a
l)

 
G

Ic
-0

-P
 

p
h

o
sp

h
o

h
v

d
ro

la
~

e
 

P
P

~
 

g
lu

c
o

se
 

p
h

o
sp

h
o

tr
a

n
q

fe
ra

se
 

E
 

tp
~ 

* 
zn

l¢
 n

ta
l 

a
n

im
a

l 

.\
 o

l 
It

la
l 

D
~

 o
~

yc
ko

la
h

 
a

b
se

n
t 

8 
2

7
6

 8
 

II
 

4 

D
~ 

o 
~ 3

,~
 k

o
la

h
' 

p
~

es
en

t 

- 
1

0
7

" 

4
-0

5
 

±
 

4 

1
0

0
 

4
- 

2 

2
2

 
0

2
 

1 
7 

o
t

 

2
7

 
~

_
o

 
3 

1 
3 

--
- 

O
 1

 
1

2
7

 
4-

 
6 

1
o

3
 

4-
 

3 

o 
7

0
 

4-
 

o 
o 

4 
o 

9
I 

• 
o 

0
4

 
o 

5
4

 
~ 

o 
0

7
 

i 
2

0
 

4-
 

o 
o

8
 

In
su

h
n

-t
*

ta
h

d
 

d
m

b
et

zc
 

D
za

bE
tz

c 

D
eo

 i
yc

h
o

la
te

 
D

e 
o 

~
yc

ko
la

te
 

D
co

*
yc

 h
o

la
h

' 
D

~ 
o 

D
,c

h
o

la
tc

 
ab

s~
 n

t 
p*

 e
~

 n
t 

ab
s~

 n
t 

fi
t 

~ s
~ 

tl
l 

7 
7 

1
8

0
 

I 
±

 
6 

7
"*

 
1

7
° 

3 
~ 

1
7

 
1"

* 
1

2
9

 
~

o
8

 
9

2
 

4-
 

IO
 

i6
7

 
4

- 
5 

2
1

6
 

±
 

5*
* 

4
5

 
3*

* 
5

2
0

 
~ 

22
"*

 

2
0

 
~

O
1

 
I 

4 
--

0
0

2
 

3 
1 

±
O

2
"*

 
0

9
5

±
0

0
8

*
*

 
3

4
 

4
-0

2
 

IO
 

--
O

1
 

3
0

 
±

O
I*

*
 

I 
2 

±
O

I 

I4
2

 
-~

 
7 

IO
2

 
~ 

2 
I3

6
 

--
 

7 
z

o
o

 
~ 

4 

O
 7

0
 

±
 

O
 0

4
 

O
 8

3
 

4-
- 

O
 0

5
 

I 
2

I 
O

 O
5

"*
 

3 
I0

 
@

 O
 1

0
*

" 

O
 5

4
 

4
- 

0
0

4
 

1 
0

5
 

±
 

O
 0

7
 

0
4

9
 

m
 

O
O

~
 

5 
°7

 
4

- 
O

 4
7

*
*

 

o 
8

9
 

o 
O

x 
i 

5
4

 
3 

4
9

 
I 

oo
 

o 
88

 
o 

q
o 

4 
2

3
 

* 
A

ll
 x

 .
d

u
e

s 
11

1 
th

e
 

ta
b

le
 

a
re

 
p

re
se

n
te

d
 

a~
 

in
e

a
n

 
x 

a
lu

e
~

 
-S

 
E

 
**

 P
 

<
 

o 
o

5
 

P 
n

o
ta

ti
o

n
 

a
p

p
h

e
s 

b
e

tu
e

e
n

 
a

n
o

ta
tc

d
 

\a
lu

c
 

a
n

d
 

~
o

m
p

a
ta

b
k

 
~ 

a
lu

¢
 

fo
r 

n
o

rm
a

l 
ra

ts
 

*
'"

 5
l)

c
h

a
tl

l>
 c

o
n

st
a

n
t 

x 
a

lu
c

b
 

ar
c 

e
x

p
re

ss
e

d
 

a
s 

in
n

lo
la

r 
c

o
n

c
e

n
tr

a
ti

o
n

s 
I~

[B
Z

V
Il

llL
 a

c
tl

\ 
it

) 
x 

al
tl

eb
 a

le
 

p
le

b
e

n
te

d
 

11
1 

te
ll

ll
S

 o
f 

io
 

U
ll

lt
 ~,

 o
f 

a
c

tl
x

 l
ty

 
p

e
r 

11
3{

4 
o

f 
h

\ 
e

r 
p

ro
te

in
 

I 
H

ll
lt

 O
I 

el
]Z

\ 
i]

ll
e 

a
c

tl
\ 

lt
v

 
1 ~

, 
th

a
t 

a
i1

]o
ll

n
t 

c
a

ta
ly

z
in

g
 

th
e

 
h 

3 
d

ro
l 

3 
sl

b
 (

p
h

o
sp

h
o

h
\ 

d
ro

la
~

e
) 

a
r 

fo
rm

a
ti

o
n

 
(p

h
o

sp
h

o
tt

 
an

~
le

*
 a

q
c)

 
o

t 
1 

y
m

o
le

 
o

f 
(d

c
 

6
-P

 
p

m
 

m
ln

 
u

n
d

e
r 

th
e

 
d

e
h

n
e

d
 

e
o

n
d

m
o

n
~

 

"-
-a

 
©

 m
 

>
 ©
 



GLUCOSE-6-PHOSPHATASE--PHOSPHOTRANSFERASE 71 

for example) 23 Maximal reaction velocity (Vmax) values, extrapolated to infinite con- 
centrations of  both  substrates,  were then determined as the reciprocals of  the y-axis 
intercepts of such secondary plots ~ Km values were calculated as --i/.x-axxs inter- 
cepts of extrapolat ions of  theae secondary plots 23 As in previous studies3,22, ~4, Km 
value~ for both  PP~ and glucose were Ul all instances found to be independent of 
concentrat ion of second substrate, as indicated by common points of convergence of 
extrapolat ions of  pr imary plots on the x-axis in each experiment (see Figs IA and 
IB,  for example) Average Km values for all substrates, as well as Vmax values, are 
recorded m Table I The latter values are expressed as specific enzymm ac t iv i ty - -  
IO × unit~ of  act ivi ty  per mg hver p ro te in- - in  the table 

Glc-6-P phosphohydrolase responses 
Data  In Table I relating to GIc-6-P phospllohydrolase act ivi ty confirm the 

original findings of SECAL AND WASHKO 6 in tha t  (a) /£m values for Glc-6-P assayed 
m the absence of  deoxycholate were significantly (approx 50%) increased In diabetic 
compared with normal, control animals, and (b) act ivi ty levels based on Vmax values 
were sIgmficantly higher In dmbetlc than in normal  aminals regardless of whether or 
not  detergent t rea tment  was employed, al though the ratio of  act ivi ty in diabetic 
animals to tha t  In normal  annnals was considerably higher in the presence (ratio 
value 3 5) than in the absence (ratio value I 5) of  detergent This latter difference In 
the extent  of  response to diabetes noted with detergent supplementat ion also is 
apparent  from the data  of SEGAL AND WASHKO 6, although not  discussed by  these 
workers While the latter investigators noted no significant difference in Km value 
for Glc-6-P with preparations from the two groups of  animals as assayed in the pres- 
ence of  detergent,  our data  indicate a bmall, but  statistically significant, decrease in 
the values for diabetic as compared with normal animals when determined with 
deoxycholate-supplemented preparations Our studies extend the interesting findings 
of  SEGAL AND WASHKO 6 in tha t  we have observed (see Table I) tha t  the diabetes- 
induced alterations in ~'max and Km values are returned to essentially normal, control 
values by  insulin t rea tment ,  this generahzation holds for values determined on the 
basis of assays carried out both with and without  detergent supplementatmn of homo- 
genates JAKOBSSON AND DALLNER 13 recently have observed tha t  repeated mlectlons 
of  msuhn at intervals for 36 (but not 5) h after alloxan admlmstra t lon normahze both 
Vma~ and Km values for this act ivi ty whlch otherwise are apparent  in alloxan-treated 
animals 

PPl-glucose phosphotransferase responses 
As with Km values for Glc-6-P, the Km for PP~ In the phosphotransferase reac- 

tion was increased significantly in diabetes, based on assays in the absence of  deter- 
gent, while no significant differences m values for this parameter  in preparations from 
diabetic compared with normal  ammals were apparent  when deoxvcholate was pre- 
sent Mean Km values for glucose m diabetic and insuhn-treated dlabetm groups of 
ammals were shghtly, but  not statistically significantly, higher than those of  normal 
rats Most strikingly, it is apparent  from these studms that  act ivi ty  levels, based on 
Vmax value~ extrapolated to Infinite concentrat ions of  both  substrates, did not  vary  
sIgmficantly among the three group~ of  animals when assessed in the absence of 
detergent supplementation,  but  tha t  a dramatic  elevation (a more than 4-fold increase) 
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was appa ren t  in d iabetes  when all p repara t ions  were supp lemented  with deoxvchola te  
before assay" Fur ther ,  this  large e levat ion  in ac t i v i t y  levels a~ assayed  under  theae 
l a t t e r  condit ions was comple te ly  reversed b y  Insulin t r e a t m e n t  of dmbetm rats  

I ) INCUSbION 

The exper imenta l  results  presented  m thl~ paper  confirm and ex tend  earl ier  
()b~ervatmns inade bo th  b y  ourselves 5 and by  others  6,~ with  Glc-6-P phosphotLvdro- 
lase activity ' ,  and  an this laboratorya,  s wi th  P P ~ l u c o s e  phosphotransfera~e ac t iv i ty  * 
I t  as clear from the pre~ent s tudies tha t  Km values for PP~, as well as for Glc-6-P 
(refa 6, I3) are e leva ted  in diabetes ,  bu t  t ha t  the  differences noted  u l t h  both plios- 
pha te  subs t ra tes  are appa ren t  only  an the  absence of de tergent  t r e a t m e n t  of  honi()- 
genates  SECAL AND WASHKO 6 have suggested t ha t  these detergent-sensl t~ve a l tera-  
t ions in -Kin values for the sugar  phospha te  ester in d iabetes  nught  be due ei ther  t() 
enhanced act ion of a compet i t ive  inhib i tor  or to a l te ra t ions  an mlcrosomal  membranes  
m diabetes  The present  au tbors  believe tha t  the  l a t t e r  exp lana t ion  is the more hkely  
one, since agents  affecting the hpopro te ln  membrane  of  which glucose-6-phospl ia tase  
e i ther  is an in tegral  pa r t  or to x~tilcli it  1~ very  t igh t ly  b o u n d 2 ~ d e t e r g e n t s  (~ee, for 
example ,  refs x, 5, 6, 8, 9, I2, I8, 26-30), organic solventQ ,~°, phosphohpids  and 
phospholipases26,a2, 3a and NHaOH at  high p H  (ref 34) s t r ik ingly  affect ca ta ly t ic  
proper t ies  of  the  varmus  act ivi t ies  of  the  enzyme Inhib i t ion  by  al loxan of glucose-t)- 
phospha tase  has been repor ted  b y  BROH-KAHN el al 35, JAKOBS~ON ant)  DALLNER ~a 
have recent ly  shown tha t  th~s compound,  s tudied  ~ vttro, someu ha t  a t ta r  ates mlc~ ()- 
somal  Glc-6-P phosphohydro lase  ac t iv i ty  and al~o increases Km for subs t ra te  wath 
un t r ea t ed  hver  macrosomes, bu t  not  with enzyme prepared  b y  deoxychola te  t rea t -  
ment  of  microsoine~ We have been unable  to ob ta in  any  effects ~n vttro of al loxan,  
in the  concentrataon range s tudied  b y  the la t te r  workers  is, on ac t iv i ty  levels ()r/x'm 
values for ei ther  PP , -g lucose  pt iosphotransferase  or Gle-6-P phospholiydrola~e a<- 
t lvaty of  hver  micro~omeq under  the as~av condi t ions employed  m the present  stu&e~ 
On the baals of  these observat ions ,  and  an view of  the  marked  inbtabtll tx of al loxan 
in aqueous solut ion (see ref  36), at seems lughly unhke ly  t ha t  al terat lon~ in kinetic 
parameters ,  which we noted  wltb p repara t ions  from diabet ic  anImal~ kil led 12 or more 
day's af ter  admimstra t~on of al loxan,  could be manifes ta t ions  of  direct  effects of  ttns 
compound  on the enzyme 

The observed d iabe tes - induced  a l te ra t ions  m Km values (detergent  absent)  
appear  to be subord ina te  m significance to the no ted  change~ in Vma-.-based a(t lv~t\  
level values The present  findings confirm our earher  observat ions  t ha t  responses ()t 
a c t i v i t y  levels of both  phosph()transferase and pho~phohydrolase  t() d iabetes  are 
m a r k e d l y  enhanced u lien de tergent  t r e a t m e n t  of enzyme prepara t ions  precede~ assa 3 

* I n  a n  e a r h e r  s t u d }  s in  x~hlch e n z y i m c  a c t i v i t y  l eve l s  an n o r m a l  a n d  d l a b e t m  a m m a l ~  
w e r e  m e a s u r e d  as  a f u n c t i o n  o f  a s s a v  m i x t u r e  p H ,  t h e  p o t e n t i a t i o n  bx d e o x v c h o l a t e  o f  t i le  
( h a b e t l c  r e s p o n s e  xx as  m o s t  s t r i k i n g  b e t w e e n  p H  5 5 a n d  7 A lesser ,  b u t  s t i l l  s l g m h c a n t ,  d e t e r g e n t  
e f fec t  w a s  a l so  a p p a r e n t  a t  p H  4 5 a n d  5 M o r e  d e t a i l e d  s t u ( h e s  o f  t h e  e f fec t s  o f  \ a r m u s  c o l l c e n -  
t r a t l o n s  o f  d e o x y c h o l a t e  a n d  T r i t o n  X - I o o  o n  t h e  r e s p o n s e  o f  p h o s p h o t r a n s f e r a s e  a c t l ~ t x  t o  
e x p e r i m e n t a l  d m b e t e q  ( a n d  a l so  t o  c o r t i s o n e  a d m l m s t r a t m n )  w e r e  c a r r i e d  o u t  a t  p H  5 5 (see r c f  5} 
In  l n x e s t l g a t m n q  s u p p l e i n e n t a r v  t o  t h e  f o r m e r  se r ies  o f  s t u d i e s  8, m s u h n  t r e a t m e n t  (5 u n i t s  of 
p r o t a m m e - z l n e  i n s u l i n  d a f f y  fo r  ~ d a y s )  o f  d i a b e t i c  a n i m a l s  w a s  f o u n d  to  r e t u r n  b o t h  I)i'~ - 
g l u c o s e  p h o s p h o t r a n q f e r a s e  a n d  G l c - 6 - P  p h o s p h o h y d r o l a s e  a c t l v l t y  l eve l s  tow a r d s  n o r m a l  a t  all  
a s ~ a v  p H  \ a l u e s  (R C NORDLIE, J R GIISDOR~ aND R N HORNE,  u n p u b h s h e d  o b s e r ~ a t l o n a )  
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Further ,  it is now clear tha t  this differential response pat tern  is not  explainable in 
terms of  alterations in the affinity of  the enzynle for substrates, for these same pat terns 
of  variat ion m normal  and diabetic preparations previously noted with mixtures with 
single, constant  substrate concentrations,  are still abundan t ly  apparent  from an 
examinat ion of act ivi ty values extrapolated to mfimte concentrat ions of  substrates 
A precise mechanistic explanation for the marked differences in extents of  response 
of  act ivi ty  levels to diabetes noted with and without  detergent atlll remaln~ to be 
found However,  the fact tha t  this effect IS much more pronounced with phospho- 
transferase than with phosphohydrolase (see last two horizontal hnes in Table I) 
correlates directly" with the previously observed much greater sensitivity of the 
former than the latter act ivi ty to act ivat ion by  both natula l  and synthetic deter- 
gentsl,5,~,8,9,~2,~8, 26-3°, as well as to phosphohpase t rea tment  and phosphohpid supple- 
mentat10n26, a2.33, and suggests to the authors tha t  conformational  alterations In this 
membrane-bound mlcrosomal enzyme, with concomitant  differential, activity-dls- 
crImmating effects on the active site, m a y  well be involved (along with st imulated 
synthesis of  new enzyme protein13, 37) in the enzyme's  response to diabetes KRAHL ~8 
previously has hypothesized m a general manner the effects of  insulin on hpoprotein 
nlelnbrane~ of  mlcrosomes 

The t (m  values obtained for glucose are of  mterest  in tha t  they did not vary" 
significantly fl)rm normal diabetic animals in which a physiological synthetic role for 
the phosphotransferase act ivi ty prevIouslyiy,i4,24, 39,4° has been suggested These 
kinetic parameters  for the animals in various hormonal  states, presented in Table I, 
should be of  some practical use in the interpretat ion of  results of  physiological studle~ 
relating to the phosphorylat lve role of  the enzyme, and indeed they already" have been 
thus employed (see ref 4 I) 

The questionS, 4° of  whether activity" levels and kinetic parameters  evaluated 
lth, or without,  detergent supplementat ion best reflect properties of  the enzyme in 

the intact  cell still cannot  be answered with cer ta inty However,  as SEGAL AND 
WASHKO 6 have pointed out, al teratmns in Km values for Glc-6-P in diabetes are not  
a reflection of  the ult imate intrinsic properties of  the enzyme, for detergents abohsh 
these differences Extending this same argument,  we suggest tha t  the differences in 
act ivi ty  levels in the various groups of  ammals noted in the presence of detergent 
best reflect such mtrlnsic catalvtIc propertm> of  the enzyme ,n v~z,o As well, 28,4° have 
pointed out prevlously, the precise behavior  ~n v,vo of this catalyst  may  more or less 
cloqely approach that  observed with the maxnnal ly  act ivated enzyme zn z,,lro, de- 
pending in par t  on the intracellular concentrat ions of  such natural ly  occurring deter- 
gents a~ long-chain fatty" acyl CoA esters and lysoleclthlns 

Finally, a comparison of  the responses of  both phosphotransferase and phospho- 
liydrolase activities of  the enzyme to acute fastlnga, 4, glucocortlcold treatmenO, and 
diabetes and insulin admimstra t ion can now be made from a strlctlv kinetic point 
of  view That  is, it IS now posaible to distinguish clearly the effect~ of  such t reatments  
on the affinity of  enzyme for sub~trates from effectb directly- on velocities Variations 
in the enzyme in diabetes closely resemble those previously noted in acutely (4 8 h) 
fasted rats a, and markedly contrast  with responses of  the enzyme following gluco- 
corticold admlnlstrat ion ~ The latter t rea tment  was without  effect on K m  values and 
produced elevations in Z'max act ivi ty  values whicti were nearly or completely abolished 
bv  detergent action x In contra~t, both  diabetes (thl~ study) and fasting 3 produced 
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detergent-abrogated increases in K m  values for phosphate substrates and detergent- 
potentiated increases m actlxqty levels based on ~'max values Since the~e effects m 
the dmbetlc animal were reversed by lnsuhn administration (~ee Table I), ~t appear~ 
hkely that the depression in levels of insulin m blood of the hypoglycennc, fasting 
ra0 ~ may also be the triggering mechamsm producing the enzx mlc responses noted 
prevmuslya, 4 in s u c h  anlmal~ 
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