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ORIGINALS 
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Summary. 1. In  normal leucocytes, glyeogen-trans- 
ferase was only found in the glucose-6-phosphate depen- 
dent  D-form. An increase in activity was observed within 
30 rain after glucose feeding, and is assumed to be media- 
ted through the action of released insulin. A late secon- 
dary increase in activity occurred simultaneously with an 
increase in serum growth hormone. -- 2. In  most diabetic 
leucocytes, glycogen-transferase was found in both the 
I- (independent of glucose-6-phosphate) and D-form. The 
I -~D activity was low in uncontrolled diabetes and incre- 
ased in response to insulin treatment.  The I-activity was 
low immediately upon isolation of the leucocytes, but  
increased during incubation of the enzyme, especially in 
the presence of NIg2+; indicating that  diabetic leucocytes 
possess transferase-D phosphatase activity in contrast to 
normal cells. The D to I transformation of the enzyme 
was greatly increased by insulin treatment.  -- 3. Km for 
UDPG and Ka for glucose-6-phosphate did not  vary 
between normal and diabetic leucocytes. -- 4. The D to I 
intereonversion of the incubated enzyme from diabetic 
cells was found to depend on the eoneentration of ATP 
and ADP in the incubation medium. I t  is suggested, that  
the activating effect of Mg 2§ on the D to I transformation 
is due to an activation of an endogenous ATP-ase and 
adenylate kinase. 

Activitd UDP-glueose-glueau ggucosyl-transf&ase de 
leucocytes polynuclgaires de su]ets diabdtiques 

Rdsumd. 1. Duns les leucocytes normaux, la glyeog6ne- 
transf~rase n ' a  dr6 trouvde que sous la forme-D glucose-6- 
phosphate-d@endante. On a observ6 une augmentation 
de l 'aetivit6 duns les 30 rain consgeutives ~ l 'absorption 
de glucose, et on a suppos6 qu'elle 6~ait provoqude par 
Faction de l ' insuline lib6rde. Une augmentat ion seeondaire 
ultgrieure de l 'aetivit6 s'est produite en mgme temps qu 'une 
augmentat ion de l 'hormone de croissanee du s6rum. -- 
2. Duns la plupart  des leucocytes de diab6tiques, la glyeo- 
g6ne-transfdrase a 6t6 trouvde ~ la lois sous la forme-D 
et la forme-I (ind6pendante du glueose-6-phosphate). 
L'aetivit6 I~-D 6gait faible duns le diab6te non-eontr616 
et augmentait  en r@onse ~ nn  t rai tement  insulinique. 
L'activit6-I  6gait faible imm6diatement apr6s isolement 
des leucocytes, mais augmentai t  pendant  l ' ineubation de 
l 'enzyme, partieuli~rement en prgsence de Mg 2+, indiquant  
que les leucocytes de diabgtiques possbdent une aetivit6 

transfdrase-D phosphatase contrairement aux cellules 
normMes. La transformation de l 'enzyme de D e n  I 6taig 
fortemen~ accrue par le t ra i tement  insulinique. -- 3.Kin 
pour I 'UDPG et Ka pour le glueose-6-phosphate ne vari- 
aient pus entre les leucocytes normaux et diabdtiques. -- 
4. La transformation de D e n  I de l 'enzyme incubd ~ partir  
des eellules de diab6tiques s'est av6rde d@endre de la 
concentration d 'ATP et d 'ADP duns le milieu d'ineu- 
bation. On sugg6re que l'effet aetivant du Mg 2+ sur la 
transformation de D e n  I e s t  due h tree activation d 'une 
ATPase endog6ne et d 'une addnylate kinase. 

Die Ak, tivit~t der UD P Glueose-Glucan-Glucosyl-Trans. 
ferase in polymorphkernigen Leukozyten von Diabetikern 

Zusammenfassung. 1. In  normalen Leukozyten wurde 
die Glycogen-Transferase nur  in der Glueose-6-Phosphat- 
abh/ingigen Form D angetroffen. Ihre Aktivit~t  steigt in 
den 30 min nach oraler Glucosezufuhr an, was auf die 
Insulinfreisetzung bezogen wird. Eine zweite sp~tere 
Aktivit/~tssteigerung erfolgte gleichzeitig mit  dem Anstieg 
der Wachstumshormonspiegel im Serum. -- 2. I n  den 
meisten diabetischen Leukozyten fund sich die Glykogen- 
Transferase in der D und der I Form (Glucose-6-Phosphat 
unabh/~ngig). Die Iq-D Aktivit~t war bei entgleistem 
Diabetes niedrig und stieg nach Insul inbehandhmg an. 
Unmit te lbar  nach der Isolierung tier Leukozyten wurde 
nur  eine geringe I Aktivit~t festgestellt, diese steigerte 
sich aber w/ihrend der Inkubat ion  des Enzyms, vor allem 
werm diese in Gegenwart yon Mg 2+ erfolgte, was dafiir 
sprieht, dal] diabetisehe Leukozyten im Gegensatz zu 
normaIen Transferase-D Phosphatase Aktivit~t besitzen. 
Die Uberffihrung der D in die I Form des Enzyms wurde 
dureh Insulinbehandlung stark gefOrdert. -- 3. Die Km 
fiir UDPG and  Ka fiir Glueose-6-Phosphat untersehieden 
sieh bei normalen und diabetisehen Leukozyten nieht. -- 
4. Es wurde festgestellt, dal3 die D zu I Umwandlung 
wghrend der Inkubat ion  des aus diabetischen Zellen 
gewonnenen Enzyms vom Gehalt des Mediums an ATt '  
und  ADP abhgngt. Die F6rderung der I zu D Umwand- 
lung dureh Mg 2+ seheint auf der Aktivieruaag einer endo- 
genen ATPase and  einer Adenylat-Kinase zu beruhen. 

Key-words: Polymorphonuelear leucocytes, glycogen 
transferase, diabetes, insulin action, serum growth hor- 
mone, glycogen transferase D phosphatase. 

The enzyme uridine diphosl?hate glucose: e- l ,4-  
g lucan ~-4-glueosyltransferase (EC 2.4.1.11, glycogen 
synthetase  or transferase) exists in  two enzymica l ly in -  
terconver t ib le  forms in  muscle [15--18] and  liver [9], 
and  the in terconvers ion system has been characterized 
as a phosphoryla t ion/dephosphoryla t ion  react ion on a 
serine residue of the enzyme [6, 10]. 

The I form of the enzyme is independen t  of glueose- 
6-phosphate for act iv i ty .  The proport ion of the to ta l  
enzyme ac t iv i ty  which is present  as the I form is 
increased by  insul in  [22]. I n  liver this effect has been 
demons t ra ted  as early as two hours after the in jec t ion 
of insul in  to al loxan diabetic rats  [20], and  10 minutes  
after the s tar t  of an  insul in  infusion to normal  dogs [3]. 
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With muscle extracts as well as with the rat  hemi- 
diaphragm in vivo, the insulin effect has been elicited 
within 5 rain [23, 7]. 

The I) form of the enzyme is considered the less 
active form as it requires g]ucose-6-phosphate for acti- 
vity. In  liver, Km for UDPG is higher for the D than 
for the I enzyme. In  muscles, however, the reverse is 
the case [9, 3]. In  liver tissue no difference in D activi ty 
between normal fed and fasted rats was found, but  
insulin administration increased transferase I) within 
two hours [20], i.e. the increase in I~ - i )  activity was 
much larger than the simultaneous increase in I neff- 
-city. The I~- i )  activity was unchanged when the in- 
sulin effect was looked for within 10 rain [3], and, simi- 
larly, was not detectable in muscle tissue 5 min after 
an insulin injection [2]. 

An action of insulin in vitro on the I) to I conver- 
sion system has been found with ra t  hemidiaphragms 
[7] and HeLa cells [2], but  reportedly not with liver 
tissue [20]. 

The prompt  action of insulin in the direction of 
favouring the appearance of the dephosphorylated form 
of the enzyme has been amply discussed by BisHoP 
and L A ~  [3]. Adenosine 3', 5'-cyclophosphate sti- 
mulates the transferase I kinase, and insulin may  be 
thought of as acting by  lowering the concentration of 
the activator. Recent experimental evidence [7], how- 
ever, has shown tha t  the concentration of cyclic-ad- 
enylate actually increases concomitantly ~dth the in- 
sulin mediated I) to I conversion in ra t  diaphragm. 
Evidence is now emerging [23], tha t  insulin may  change 
the form of synthetase I kinase from an independent 
to a less active form dependent on cyclic adenylate. 
In  these experiments, insulin did not change the acti- 
v i ty  of transferase I) phosphatase. 

It has previously been found, that the form of 
transferase present in normal human polymorphonu- 
clear (PMN) leucocytes is absolutely dependent on 
glucose-6-phosphate for activity, and that no I) to I 
conversion system exists in these cells [14]; whereas 
such a system is readily found in normal human lym- 
phocytes and is activated by Mg ~+ (ref. 15). The pre- 
sent experiments demonstrate the appearence of a I) 
to I conversion system in PMN leucocytes from dia- 
betic subjects and its dependence on the metabolic 
state of the patient. I )a ta  are also given on the effect 
of fasting and feeding on the level of transferase I) in 
normal leucocytes, together with an explanation of the 
effect of Mg 2+ on the D to I conversion. A preliminary 
report of these experiments has appeared [13]. 

Material and Methods 

Material. The investigation comprised leucocytes 
from 16 diabetic patients, one of whom (IHJ)  was 
investigated thrice with intervals of one year. I)etailed 
information on the age of the patients, the agen t  onset 
and the duration of the diabetes, the insulin treatment,  

the occurrence of late diabetic manifestations together 
with information on the metabolic state of the patients 
at the t ime of the investigations appears in Table 1. 
Summarizing, 4 patients had maturi ty-onset  diabetes 
(over 40 years) and 12 were juvenile diabetics. The 
duration of diabetes in the group of juvenile diabetics 
was 0--1  year in two cases, 1--5 years in four cases 
and 14--44 years in 6 cases. Similarly, the known 
duration of the disease in the four patients with matu- 
rity-onset diabetes was three months, and 8, 17, and 
28 years, respectively. One patient  (PMN) had had dia- 
betes for 6 months and was investigated after the ter- 
mination of a remission period of five months. All 
patients needed insulin for the regulation of their 
blood sugar and were held on N P H  or lente insulins, 
eventually supplemented with regular insulin. In  most 
cases the duration of insulin t rea tment  coincided with 
the duration of the disease. In  the group of patients 
with recently diagnozed diabetes, however, the length 
of insulin medication ranged from 4--20 days only. 
The patient  (PMN), who was investigated after a re- 
mission, had received insulin for 48 days 6 months 
previously. 

All patients were investigated on insulin treatment,  
and in 9 cases the investigation was repeated after in- 
sulin had been withheld for 36--48 h. The degree of 
metabolic control has been evaluated from the averages 
of the blood sugars at  7- -8  a.m. and 4- -5  p .m.  the 
last four days before the investigation on insulin, and 
these figures together with the actual fasting, morning 
blood sugar on the day  of investigation are given in 
Table 1. The table also shows the fasting, morning 
blood sugar for the diabetics, who were also investi- 
gated after withdrawal of insulin. In  one ease (JStt), 
however, the patient went into preeoma and was in- 
vestigated at 5 p.m.,  and the corresponding blood su- 
gar is given instead. In  four eases ( I H J  1965, MAS, 
BWS, and MAP) the first investigation was done when 
the patients were out of insulin t rea tment  and the 
second investigation was made when the blood sugar, 
in 2 - -4  days, had been brought to normal with insulin. 
In  these cases, naturally, no values appear for the 
average blood sugar for the last four days of insulin 
treatment.  

I t  is apparent  from Table 1, tha t  the blood sugars 
of nearly all the patients were satisfactorily low for the 
assay of transferase on insulin medication, and tha t  
the 9 patients investigated after withdrawal of insulin 
all had high fasting, morning blood sugars. 

The investigation also included an examination of 
10 normal, nonglucosuric subjects chosen among lab- 
oratory personnel and students. 

Methods. Leucocytes (approx. 85~ PMN cells) 
were isolated and sonicated, and the act ivi ty of trans- 
ferase was measured as radioactivity incorporated into 
glycogen from ~4C-labelled UI)PG,  without (I form) 
and with 0.01 M glucose-6-phosphate (D form) present 
in the assay mixture, as previously described [14]. In  



T
a

b
le

 
1.

 A
ct

iv
it

y 
of

 g
ly

co
ge

n 
tr

an
sf

er
as

e f
ro

m
 l

eu
co

cy
te

s o
f d

ia
be

tic
 p

at
ie

nt
s 

L
e

u
c

o
c

y
te

 
h

o
m

o
g

e
n

a
te

s 
w

e
re

 p
re

p
a

re
d

 
fr

o
m

 
su

sp
e

n
si

o
n

s 
o

f 
c

e
ll

s 
(0

.8
 

--
 

1
.6

 •
 

1
0

S
/m

l)
 

in
 

5
0

 
m

M
 

tr
is

 
--

 
5 

m
M

 
E

I)
T

A
 

b
u

ff
e

r,
 

p
l-

I 
7

.8
, 

a
n

d
 

w
e

re
 

in
c

u
b

a
te

d
 

in
 t

h
e

 
p

re
se

n
c

e
 

o
f 

5
0

 
m

M
 

m
e

rc
a

p
to

e
th

a
n

o
l,

 
1

0
 

m
lV

i 
M

gC
12

, 
a

n
d

 
a

ss
a

y
e

d
 

fo
r 

tr
a

n
sf

e
ra

se
 

a
c

ti
v

it
y

 
a

t 
v

a
ry

in
g

 
in

te
rv

a
ls

 
o

f 
ti

m
e

, 
w

it
h

o
u

t 
(I

-f
o

rm
) 

a
n

d
 

w
it

h
 

(D
-f

o
rm

) 
G

lu
c

o
se

-6
-P

 
(1

0
 m

M
).

 
T

h
e

 
a

c
ti

v
it

ie
s 

o
b

ta
in

e
d

 
a

ft
e

r 
4

5
 m

in
 

o
f 

in
c

u
b

a
ti

o
n

 
a

re
 g

iv
e

n
 i

n
 t

h
e

 
ta

b
le

 

o
o

 

In
it

ia
ls

 
o

f 
p

a
ti

e
n

ts
 

K
M

 
VM

R 
IS

I-
I 

P
S

 b
 

CC
EM

 
!V

IS
A 
~ 

IH
J,

 
19

66
 

IH
J,

 
19

65
 a
 

V
N

 
K

E
J 

B
W

S
 a

 
P

E
N

 

E
1V

i 
G

H
S

 
P

M
M

c
 

C
A

S
 

1
K

A
P

a 

Ag
e 

Ag
e 

Du
ra

ti
on

 
I)

ur
at

io
n 

Lo
ng

- 
Av

er
ag

e 
bl

oo
d 

su
ga

r 
Bl

oo
d 

su
ga

r 
at

 
(y

ea
rs

) 
of

 o
ns

et
 

of
 

of
 i

ns
ul

in
 

te
rm

 
th

e 
la

st
 f

ou
r 

da
ys

 
7 

a.
m.

 
on

 
th

e 
da

y 
of

 
di

ab
et

es
 

tr
ea

tm
en

t 
di

ab
et

ic
 

be
fo

re
 
as

sa
y,

 
of

 a
ss

ay
. 

d
ia

b
e

te
s 

(y
e

a
rs

) 
(y

e
a

rs
) 

m
a

n
i-

 
(r

a
g

/1
0

0
 

m
l)

 
(m

g
/1

0
0

 
m

l)
 

(y
ea

rs
) 

le
st

 

7
9

 
3

5
 

4
4

 
>

 2
5

 
+

 
7

5
 

4
7

 
2

8
 

2
1

 
+

 
5

1
 

2
5

 
2

6
 

2
6

 
+

 
4

8
 

3
0

 
1

8
 

1
8

 
-R

 

6
6

 
4

9
 

17
 

17
 

~
- 

2
3

 
7 

1
6

 
1

6
 

-R
 

4
8

 
3

3
 

1
5

 
1

5
 

+
 

4
7

 
3

3
 

1
4

 
1

4
 

+
 

A
c

ti
v

it
y

 
o

f 
tr

a
n

sf
e

ra
se

 
a

ft
e

r 
4

5
 m

in
 

in
c

u
b

a
ti

o
n

 
(~

m
o

le
s/

1
0

 s 
le

u
e

./
h

o
u

r)
 

7 
--

 8
 a

.m
. 

4
--

 5
 p

.m
. 

-~
in

su
li

n
 

--
 i

n
su

li
n

 
+

 
in

su
li

n
 

--
 i

n
su

li
n

 
I)

-W
I 

I 
%

 
I)

-R
I 

I 
%

 

1
4

6
 

1
9

0
 

1
0

8
 

--
 

3
.5

7
 

0
.1

1
 

3
.1

 
--

 
--

 
--

 
1

0
8

 
1

3
2

 
8

0
 

--
 

2
.5

3
 

0
.1

0
 

4
.0

 
--

 
--

 
--

 
1

2
6

 
1

8
2

 
8

0
 

--
 

4
.9

5
 

0
.4

3
 

8
.7

 
--

 
--

 
--

 
7

8
 

1
7

3
 

6
5

 
5

0
2

 
4

.7
8

 
0

.3
8

 
8

.0
 

4
.8

8
 

0
.5

2
 

1
0

.6
 

9
6

 
2

1
5

 
8

6
 

--
 

1
.7

2
 

0
.0

 
0

.0
 

--
 

--
 

--
 

-
-

 
--

 
1

9
8

 
3

1
9

 
3

.8
4

 
0

.2
5

 
6

.5
 

3
.9

9
 

0
.0

8
 

2
.0

 
1

6
5

 
2

7
0

 
1

0
2

 
4

1
3

 
5

.1
8

 
2

.0
2

 
3

9
.0

 
3

.5
8

 
0

.2
9

 
8

.1
 

-
-

 
--

 
1

5
8

 
2

7
7

 
6

.6
0

 
3

.9
0

 
5

9
.1

 
4

.5
0

 
0

.1
1

 
2

.5
 

2
5

 
11

 
1

4
 

1
4

 
@

 
1

0
1

 
9

7
 

8
1

 
2

7
5

 
5

.0
3

 
0

.6
3

 
1

2
.5

 
3

.2
6

 
0

.1
6

 
4

.9
 

5
4

 
4

6
 

8 
8 

--
 

1
3

7
 

1
7

6
 

1
4

8
 

--
 

1
.7

4
 

0
.0

 
0

.0
 

--
 

--
 

--
 

1
8

 
13

 
5 

5 
--

 
--

 
--

 
1

4
0

 
2

3
8

 
3

.2
2

 
0

.0
9

 
2

.7
 

3
.6

3
 

0
.0

3
 

0
.8

 
2

1
 

18
 

3 
3 

--
 

1
0

4
 

1
1

9
 

7
0

 
2

6
5

 
5

.3
7

 
3

.5
3

 
6

5
.8

 
1

.0
2

 
0

.0
6

 
5

.9
 

3
0

 
2

8
 

1
.5

 
1

.5
 

--
 

9
8

 
9

0
 

9
4

 
--

 
4

.5
6

 
0

.8
8

 
1

9
.4

 
--

 
--

 
--

 
2

0
 

19
 

1
.5

 
2

0
 d

a
y

s 
--

 
1

2
8

 
9

3
 

1
4

4
 

--
 

1
.2

2
 

0
.0

 
0

.0
 

--
 

--
 

--
 

2
9

 
2

9
 

0
.5

 
7 

,,
 

--
 

1
0

0
 

1
3

2
 

9
0

 
--

 
2

.3
2

 
0

.0
 

0
.0

 
--

 
--

 
--

 
1

6
 

1
6

 
0

.2
5

 
17

 
,,

 
--

 
1

2
3

 
1

5
0

 
1

0
6

 
2

8
8

 
5

.4
1

 
0

.1
6

 
3

.0
 

5
.7

2
 

0
.3

2
 

5
.6

 
5

2
 

5
2

 
0

.2
5

 
4 

,,
 

--
 

--
 

--
 

1
5

7
 

2
5

4
 

3
.9

1
 

0
.2

1
 

5
.4

 
3

.9
6

 
0

.1
2

 
3

.0
 

In
it

ia
ls

 
o

f 
p

a
ti

e
n

ts
 

K
M

 
V

M
tr

 
IS

I-
I 

P
S

 b
 

C
C

E
M

 
M

S
A

 a
 

IH
J,

 
1

9
6

6
 

II
-I

J,
 

1
9

6
5

 ~
 

V
N

 
I~

E
J 

B
W

S
 ~

 
P

E
N

 

E
M

 
G

H
S

 
P

M
M

c
 

C
A

S
 

M
A

P
~

 

O 0~
 

o O~
 

| 5~
 

| g o 8 5~
 

a 
Th

es
e 

pa
ti

en
ts

 
we

re
 

in
ve

st
ig

at
ed

 
fi
rs
t 

wi
th

ou
t 

in
su

li
n 

an
d 

ne
xt

 
2-

-4
 

da
ys

 
la

te
r,

 
wh

en
 

th
e 

bl
oo

d 
su

ga
r 

ha
d 

be
en

 
br

ou
gh

t 
to

 n
or

ma
l.

 
An

 
av

er
ag

e 
bl

oo
d 

su
ga

r 
fo

r 
th

e 
la

st
 f

ou
r 

da
ys

 
be

fo
re

 
as

sa
y 

wo
ul

d 
th

er
ef

or
e 

be
 
me

an
in

gl
es

s.
 

b 
Bl

oo
d 

wa
s 

dr
aw

n 
at

 
5 

p.
m.

 
be

ca
us

e 
of

 i
mp

en
di

ng
 

co
ma

. 
c 

Th
e 

pa
ti

en
t 

ha
d 

re
ce

iv
ed

 
in

su
li

~ 
fo

r 
48

 
da

ys
 

6 
mo

nt
hs

 
ea

rl
ie

r 
an

d 
wa

s 
in

ve
st

ig
at

ed
 

af
te

r 
th

e 
re

mi
ss

io
n 

ha
d 

te
rm

in
at

ed
. 



184 V. Es~A~x et al. : Glycogen Synthetase in Diabetic Leucocytes Diabetologla 

addi t ion ,  the  enzyme was incuba ted  for 60 min  a t  30 ~ 
wi th  5 • 10 -~ M mercap toe thano l  and  1 • 10 -2 M 
MgC12, and  assayed  a t  in te rva ls  for bo th  D and  I form. 
I n  some exper imen t s  para l le l  incuba t ions  wi th  and  
wi thou t  a d d e d  Mg 2+, or wi th  or wi thou t  the  add i t i on  
of a Mg-dependent  ATP-ase  and  adeny la t e  k inase  f rom 
kidney,  were performed.  These enzymes had  an  act iv-  
i t y  of 20 and  13 vmoles A T P / m g  pro te in  per  hour,  
respect ively .  

Blood sugars were de t e rmined  convent iona l ly  on 
capi l la ry  blood,  except  in  oral  glucose to lerance  tests ,  
when venous  b lood was used. I n  some exper iments  
p l a sma  growth  hormone  was assayed  b y  an  immunolo-  
gical technique  [24], and  A T P  b y  a luciferase m e t h o d  
[m]. 

Results 

Total transferase activity. The to t a l  ( D + I )  a c t i v i t y  
of t ransferase  measured  i m m e d i a t e l y  af te r  p r epa ra t i on  
of the  leucocyte  homogena te  was no t  s ignif icant ly  dif- 
ferent  f rom the  no rma l  in  a series of 17 p repa ra t ions  
f rom 16 diabet ics  on insulin.  However ,  9 diabet ics ,  
who were inves t iga ted  bo th  on and  off insul in t r ea t -  
ment ,  showed a nea r ly  s t a t i s t i ca l ly  significant decrease 
in D 4 - I  a c t i v i t y  upon  wi thd rawa l  of insul in (Table 2). 

Table 2. Activity of glycogen transferase from leucocytes of 
normal and diabetic patients a 

Total ( D + I )  transferase act ivi ty  
n (~moles/10 s leue. /h:~s.e.m, and range) 

+ insu l in  -- insulin Difference 

Diabetics 17 3.48-t-0.41 
(0.72--6.05) 

Normals 10 2.85-1-0.54 
(1.06--4.92) 

Diabetics 9 4.50 
a) cf. legend to Table 1. 
b) t = 2.25; to.e5 = 2.30. 

3.46 1.044-0.462 b 

D to I conversion of transferase. W i t h  norma l  leuco- 
cytes  no I a c t i v i t y  was de tec table ,  b u t  wi th  leucocytes  
f rom insu l in - t rea ted  d iabet ics  a small  b u t  s ignif icant  I 
a c t i v i t y  of 1.5% 4- 0.5 of the  t o t a l  a c t i v i t y  was found  
i m m e d i a t e l y  af ter  i sola t ion of the  cells. 

Upon  incuba t ion  of the  leucocyte  p r epa ra t i on  (Fig. 
1) a large D to I conversion took  place in severa l  homo- 
genates  f rom insu l in - t r ea ted  d iabet ic  pa t ien ts ,  and  i t  
was observed  t h a t  the  add i t i on  of Mg ~+ to the  incu- 
ba t ion  med ium increased bo th  the  t o t a l  enzyme act iv-  
i t y  and  the  D to I t rans format ion .  Add i t i on  of ATP-  
Mg caused a fas t  and  comple te  d i sappearence  of the  I 
ac t iv i ty ,  and  also, more  slowly, a decrease in  t o t a l  
enzyme ac t iv i ty ,  especial ly in the  incuba t ion  w i t h o u t  
a d d e d  Mg 2+. This means  t h a t  no t  all  the  d i sappeared  I 
a c t i v i t y  has  been conver ted  into  the  D form of the  
enzyme.  

Fig.  2 i l lus t ra tes  t h a t  insulin depr iva l  leads  to a 
decrease in the  D + I  ac t iv i ty ,  and  to  an a lmos t  com- 
ple te  abo l i shment  of the  D to I t r ans format ion .  Exac t -  
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Fig. 1. Effect of Mg 2+ on the D to I conversion of glycogen 
synthetase from leucocytes of an insulin-treated diabetic 
pat ient  (PEN). The enzyme was prepared by  sonieating 
a suspension of 0.936• 10 s leucocytes (83% PMN) per 
ml in 50 mM Tris --  5 mM EDTA buffer (pH 7.8), and 
was incubated for 65 rain with 50 mM mereaptoethanol,  
with or without  10 mM MgC12. At  45 rain 2.7 mM ATP 
and 5.4 mM MgCI2 was added to par t  of the incubated 
enzyme. At  intervals transferase was assayed iI1 a system 
containing 50 F1 of enzyme (corresponding to 4.7 • 106 
leucocytes), 4 mM UDPG, and 7 mM glucose-6-phosphate 
when present, o o, I enzyme; o o, 
I enzyme+Mg2+; �9 0,  to ta l  enzyme ( I + D ) ;  

�9 - - -  � 9  to ta l  enzyme ( I + D ) + M g  2+ 
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Fig. 2. Effect of insulin t rea tment  on the D to I conversion 
of leucocyte transferase from pat ient  II-IJ (1965). The 
enzyme was prepared from leucocytes isolated when 
insulin had been withheld for 39 h, and again 48 h later  
when the blood sugar had been brought  to normal by  
insulin t rea tment .  The incubation mixture contained 
buffer, mercaptoethanol,  Mg 2+, and enzyme from 1.49 • 10 s 
leucocytes (89% PMN) and 2.08• 10 s leucocytes (84% 
PMN) per ml, respectively. Otherwise as in Fig. 2. 
o . . . . .  o, I enzyme without  insulin; o o, 
I enzyme with insulin; �9 � 9  I + D  enzyme 
without  insulin; �9  � 9  I + D  enzyme with 

insulin 
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ly the same pattern was observed one year later, when 
the investigation was repeated in the reverse order 
( IHJ  1966), i.e. first on, then off insulin. 

The D to I transformation is maximal after 45 
rain incubation of the enzyme in the presence of Mg 2+. 
Table 1 shows the I activity at this time for all the pa- 
tients. Four patients showed no D to I conversion, 
whereas homogenates from 8 patients reached an I 
activity of less than 10% of the D + I  activity, and 
those from 4 patients reached between I0 and 66% I 
activity. The average I activity at 45 min was 14% =~ 5 
of the total activity. The results of the addition of 
ATP-Mg, which was done in each experiment, are not 
shown in the table. In  each case the I activity imme- 
diately disappeared, which proved that  even the low 
I activities measured in some cases were not artifacts. 

In  7 out of 9 experiments done on patients both on 
and off insulin treatment, the I activity measured after 
45 rain incubation of the leucocyte preparation showed 
a decrease, when insulin was withheld. The decrease 
in the average percentage I activity was from 22.5% 
to r (p < 0.1). The extent of the D to I transfor- 
mation was not correlated to the age of the patients, 
the age of onset of the diabetes, the duration of the 
disease, the occurrence of late diabetic manifestations 
or to the duration of insulin treatment. 

these were stimulated by insulin. Leucocytes from two 
normal subjects were therefore isolated before and one 
or two hours after the intake of 100 grams of glucose, 
and the homogenate incubated for 60 rain in a similar 
way as illustrated in Fig. 1. No D to I transformation 
was, however, elicited, but it was observed that  the 
activity of the D enzyme increased approx. 60% in 
both cases. 

Fig. 3 shows the results obtained with leucocytes 
from two other normal subjects, where the D activity 
was determined during an oral glucose tolerance test. 
In  each case the activity of the D enzyme closely fol- 
lowed the rise and fall in the blood sugar, but sur- 
prisingly a second increase in enzyme activity took 
place after the blood sugar had returned to basal 
values. A simultaneous determination of serum growth 
hormone was therefore included in the second of the 
experiments, and a considerable increase in growth 
hormone activity was observed parallel to the second 
increase in transferase activity. 

A T P . A D P  and D to I transformation. The stimu- 
lating effect of Mg ~+ on the D to I transformation 
(Fig. 1) was investigated in an experiment with leuco- 
cytes from a diabetic patient (II-IJ 1967, not included 
in Table 1), when the control of his diabetes was 
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Fig. 3. Effect of glucose on total ( I + D = D )  transferase 
activity in leucocytes from two normal subjects. An oral 
glucose tolerance test with 100 g glucose was performed, 
and simultaneously transferase activity was determined 
in leucocytes immediately after preparation of the homo- 
genate. In one case serum growth hormone was also 
determined. Values below 0.5 mFg/ml are not detectable. 
o . . . . .  o, blood sugar; o o, correspon- 
ding transferase D activity; @ @, blood sugar; 
@ - - @ ,  corresponding transferase D activity; 
@ . . . . . . .  @, corresponding serum growth hormone 

activity 

Tra~sferase activity during a glucose load. The sti- 
mulating effect of insulin on the D to I transformation 
in diabetic leucocytes suggested, that  a D to I trans- 
formation might be achieved in normal leucocytes, ff 
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Fig. 4. Influence of Mg 2+ on the ATP and ADP concen- 
trations of the incubation mixture, And on the D to I 
conversion of transferase from leucocytes of a diabetic 
patient (IHJ, /967) in a slightly uncontrolled diabetic 
state. The blood sugar increased from 82 nag % to 
r rag%, and the leucocytes were isolated when the 
fasting blood sugar reached 206 rag%. The conditions 
of the expt. were as in Fig. I, except that addition of 
ATP-IVIg was omitted. Enzyme corresponding to 5.5 x 10 G 
leucocytes was used in each assay, o ..... o, I en- 
zyme; o - -  o, I enzyme + Mg ~+; @ @, 
I + D  enzyme, @ @, I + D  enzyme + Mg2+; 
[] •, ATP; • •, ATP + Mg 2+; 
�9 A, ADP; A A, ADP -F Mg ~+ 

slightly eased (Fig. 4). The D to I transformation was, 
as expected, very small without Mg 2+ added to the 
incubation mixture. In the experiment without Mg ~+ a 
simultaneous slow decrease in ATP and increase in 
ADP concentration occurred, and the ATP + ADP 
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concentration only decreased during the last 20 min 
of incubation. In  the presence of Mg 2+, however, the 
concentration of ATP fell rapidly to very low values 
within 5 rain, and the concentration of ADP showed a 
similar decline. Apparently, 5Ig ~+ had activated both 
an ATP-ase and an adenylate kinase. 

Since ADP might also be effective in phosphory- 
lating the I enzyme, the posibility of obtaining a 
further D to I conversion was investigated in an ex- 
periment, where an authentic preparation of a Mg- 
dependent ATP-ase and adenylate kinase from kidney 
was added to par t  of the incubated leucocyte homo- 
genate. Addition of the enzymes caused an increase in 
I) to I conversion (Fig. 5). The ATP concentration of 
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l~'ig. 5. Effect of a Mg-dependent ATP-ase and adenylate 
kinase from kidney on the D to I conversion of leucocyte 
transferase from patient EM. The homogenate contained 
1.32 • 10s leucocytes per ml Tris-EDTA buffer, and was 
incubated in the presence of mereaptoethanol, Mg e+, with 
or without ATP-ase and adenylate kinase corresponding 
to an activity of 2 ~moles and 1.3 ~moles ATP/min, 
respectively. Otherwise as Fig. 1. The change in total 
( I+D)  activity observed upon addition of ATP-Mg was 
very small, and has been omitted from the figure. 
o o, I enzyme; o o, I enzyme @ 
ATP-ase and adenylate kinase; 0 - -  0 ,  I@D 
enzyme; �9 . . . . .  0, I-t-D enzyme + ATP-ase @d 

adenylate kinase 

the homogenate fell in both experiments from 53 FM 
to 3 ~M in t5 rain and to less than  1 ~M at  30 rain. In  
a comparable experiment done with normal leucocytes, 
the addition of ATP-ase and adenylate kinase did not  
elicit D to I transformation, even if the ATP concen- 
trat ion decreased from 43 ~?r to 1.3 V~ within 15 rain. 

Kinetic constants. In  three experiments no signifi- 
cant difference was found for the kinetic constants: 
the Km for the substrate UDPG and the K~ for the 
activator glucose-6-phosphate, between leucocyte- 
transferase from insulin-treated and insulin-deprived 
diabetics. The values were within the limits obtained 
with transferase from normal cells [14]. 

Discussion 

The activating effect of Mg 2+ on the D to I trans- 
formation was first found in normal human lympho- 
eytes [8], and the present experiments have established 
a similar effect in human diabetic polymorphonuclear 
leucocytes, which appears to be best explained by 
assuming that Mg B+ activates an endogenous ATP-ase 
and adenylate kinase of the homogenate. The D to I 
transformation observed by adding adenylate kinase, 
suggested that ADP is also effective in phosphory- 
luting the I enzyme in leucocytes, as has been found in 
crude muscle preparations [6]. It is possible, however, 
tha t  Mg 2§ in addition stimulates a Mg-dependent 
synthetase D phosphatase. 

The equilibrium between the D and I forms of 
transferase during an incubation of the leucocyte 
homogenate, appears determined by  the available ATP 
and ADP. The equilibrium is, however, first displaced 
in favour of transferase I, when the nucleotide concen- 
t rat ion is very low. The phosphorylation of the I enzy- 
me by  ATP-Mg is fast, but  it has been shown else- 
where [12] with rat  PMN leucocytes, that  the extent 
and duration of the I to D transformation depends on 
the amount  of added nucleotide. 

The transferase of rat  muscle has been found 
shifted in the direction of the I form, when tissue ATP 
is low [21]. In  the circulating leucocytes of diabetics, 
transferase will presumably be in the D form, unless the 
concentration of ATP is very much lower than in the 
normal leucocyte. The concentration of ATP in the 
homogenates, which kept  the enzyme in the D form, 
was 43--56 ~M, which is equivalent to 0.7--1 raM, 
when calculated in terms of cell water. In the normal 
leucocyte the ATP concentration is approx. 6.5 mM 
when the cells are in a metabolic steady state [5]. 

The total  enzyme activity often increases during 
the first 15 min of incubation, when the ATP concen- 
trat ion of the homogenate falls, and decreases upon 
addition of ATP-Mg (Fig. 1). This would be consistent 
with observations tha t  the addition of ATP-Mg in- 
activates the D enzyme of muscle and liver of both ra t  
and frog [18, 1]. The inactivation is enhanced by  3'- 
5'-AMP, suggesting the formation of an inactive inter- 
mediate which is more phosphorylated than the D 
form. 

The total  transferase act ivi ty was decreased in 
leucocytes from untreated diabetics, and corrected by  
insulin, as formerly also found in liver [20], where the 
increase in enzyme activity was observed already 
within two hours. A still faster response was observed 
in normal leucocytes, where the transferase D activity 
increased within 30 rain of a glucose load or simultan- 
eously with the known release of endogenous insulin. 
In  previous experiments [4] an increase in glycogen 
synthesis was first observable 24 h after insulin admini- 
stration, and no effect was seen 25 rain after insulin 
given intravenously. These observations need not be 
contradictory, since the glucose uptake of the leuco- 
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eytes was inh ib i ted  after the insul in  inject ion,  and  the 
concent ra t ion  of the necessary act ivator ,  glucose-6- 
phosphate,  was therefore p resumably  low. 

The D to I t r ans format ion  observed in  diabetic 
leucocytes was s t imula ted  by  insul in  like t ha t  of the 
enzyme in  liver and  muscle [22, 20, 3, 23, 7]. As was 
described in  the in t roduct ion ,  insul in  m a y  act by  form- 
ing a less active transferase I kinase, bu t  for leucocytes 
a s t imula t ing  effect on transferase D phosphatase has 
no t  been ruled out. 

Normal  leucocytes showed no D to I t ransforma-  
t ion  either when s t imula ted  b y  endogenous insulin,  or 
when the nueleotide level of the homogenate  was de- 
creased b y  addh~g Mg ~+ or ATP-ase and  adenyla te  
kiuase. This suggests, t ha t  normal  leucocytes have no 
transferase D phosphatase,  and  the presence of this 
enzyme in  diabetic leucocytes might  be regarded as 
related to the disease. 
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