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Adenylate cyclase activity from human renal cortical plasma 
membranes remained in the 100,000 xg supernatant (2 hrs) fol- 
lowing treatment with 0.25% Lubrol PX in 10mM Tris buffer (pH 
7.451, 1 mM EDTA, 0.25 M sucrose, and 5 mM NaF. Solubilization 
decreased total adenylate cyclase activity by at least one-half; 
responsiveness to calcitonin, glucagon and guanyl nucleotides, 
but not to parathyroid hormone, was preserved. Glucagon and 
calcitonin-stimulated adenylate cyclase eluted near the void 
volume on Sephadex G200 columns; two other peaks of non-hormone 
stimulated activity eluted later. 

Through a collaborative arrangement with the National 

Diabetes Research Interchange (3624 Science Center, Philadelphia, 

PA 19104) we have obtained human renal cortex for the purpose of 

characterizing the adenylate cyclase activity in this tissue. We 

herein report the solubilization of adenylate cyclase activity 

responsive to glucagon, calcitonin, and 5’-guanylylimidodiphos- 

phate (~pp[~~lp) from this tissue. Human tissues have not 

previously been used for extensive characterization of solu- 

bilized adenylate cyclase. Moreover, the properties of this 

enzyme contrast to all other systems reported. 

Solubilized adenylate cyclase in which the hormone respon- 

siveness could be restored by removal of the detergent and/or by 
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the addition of lipids has been reported for a few tissues (l-8). 

One report suggests that glucagon- and epinephrine-stimulated 

adenylate cyclase can be obtained directly in solubilized form 

(9) rat liver plasma membranes treated with Triton-305. However, 

other workers using Lubrol PX instead of Triton-305 in rat liver 

plasma membranes obtained active glucagon receptor and guanyl 

nucleotide-stimulated adenylate cyclase, but the adenylate 

cyclase did not respond to glucagon (5,6). Moreover, the solu- 

bilization with Triton-305 could not be repeated with subsequent 

lots of detergent (Daniel R. Storm, personal communication). 

Previous studies from our laboratory have described an adenylate 

cyclase solubilized from por tine renal cortical plasma membranes 

by Lubrol PX treatment in the presence of NaF; unlike the enzyme 

described in this paper, solubilized porcine adenylate cyclase 

lost responsiveness to glucagon and parathyroid hormone (10). In 

both the porcine and human systems the hormone response that 

survived solubilization with Lubrol also showed enhancement by 

low levels of NaF. 

METHODS AND MATERIALS 
Porcine calcitonin was the generous gift of Dr. R. Schleuter, 

Armour Pharmaceutical Co. Bovine parathyroid hormone (1425 MRC 
units/mg, Lot 1508G OU7) was purchased from Inolex Laboratories. 
Crystalline glucago d was obtained from Eli Lilly 
(~pp[NHlp) were from BoeringerMannheim. [Alpha- 3s 

nd Co. GTP and 
PIATP (30 to 50 

Ci/mmol) and cyclic [8- 3H]AMP (5 to 15 Ci/mmol) were purchased 
from New England Nuclear Corp and Amersham. 

m cvcu w--Adenylate cyclase (ATP pyrophosphate- 
lypase [cyclizing], EC 4.6.1.1) activity was assayed by a 
modification of the technique of Salomon ( 11) in the reaction 
mixture previously used in our laboratory (10,12), except that in 
the current studies 0.96 mM ATP was used as the final concen- 
tration of substrate in the assay since this concentration of ATP 
gave maximal activity of the adenylate cyclase from the human 
membranes. The assays contained 75 to 150 pg of protein/100 ul 
of reaction mixture and were incubated for 15 min at 37’C. Under 
these conditions with these membranes, cyclic AMP formation was 
linear with respect to time for at least 20 min and with respect 
to protein up to 200 pg. Linearity of cyclic AMP formation with 
respect to time was observed not only for basal conditions but 
also for NaF and hormone-stimulated conditions. Protein was 
measured by the biuret reaction with bovine serum albumin 
(crystallized, lyophilized from Sigma) as a standard (13). 
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Acouisitionpfhuman‘--- Tissue donors were Caucasian males 
with no history of chronic disease. The kidneys were harvested 
according to standard protocols used for kidney transplantation 
and flushed with Sacks&II or Collins II solutions. The kidneys 
donated to the National Diabetes Research Interchange and used in 
these studies were judged not suitable for transplantation by the 
attending surgeon on the basis of length of ischemia, quality of 
perfusion, or unfavorable structure. Perfused kidneys were dis- 
sected with a scalpel to yield sections of renal cortex and 
quickly transferred to chilled preservation buffer. These 
se tions were further dissected to yield tissue 

9 
cubes of u. 1 

cm . The tissue was transferred to Eagle’s minimal essential 
medium with 100 ug/ml gentamicin, frozen and shipped on dry ice 
from Philadelphia by air. Transit times have generally been less 
than 8 hours and the tissue remains frozen during shipment. 

Membrane --- Partially purified plasma membranes were 
prepared by the procedure of Marx et al. ( 14). Comparison of 
purifications from frozen tissue (-70°C) and fresh renal cortex 
showed the frozen tissue to be equivalent or slightly superior to 
fresh tissue in terms of yield of activity. Mean yields of basal 
and fluoride-stimulated adenylate cyclase 
units/g wet weight, respectively, 

were 5845 and 74,108 
for 6 samples shipped at -70 C 

versus 2368 and 42,117 units/g wet weight for 3 samples shipped 
at 4OC. No difference in hormone responsiveness between mem- 
branes derived from fresh or frozen tissue could be detected. 
Patterns of hormone responses were also consistent from sample to 
sample, suggesting small variability in the normal population 
from which our tissues were derived. For all the studies on 
solubilized adenylate cyclase, plasma membranes derived from 
tissue stored at -7O’C were used. 

RESULTS 

Low concentrations of the non-ionic detergent Lubrol PX in 

the presence of NaF release adenylate cyclase activity from 

plasma membranes prepared from human renal cortex (Table I). The 

enzyme activity that is released retains the ability to be stim- 

ulated by the peptide hormones calcitonin and glucagon, as well 

as the guanyl nucleotide analog, Gpp[NH]p. Responsiveness to 

parathyroid hormone is lost following detergent treatment. Very 

little adenylate cyclase activity could be detected in the 

pelleted membranous material remaining after detergent treatment, 

although significant amounts of protein were present in that 

fraction. Centrifugation for 30 min at 6500 xg or for 2 hrs at 

100,000 xg yielded supernatant fluids with similar adenylate 

cyclase content. Simple dilution of the plasma membrane pre- 

parations in the presence of NaF leaves the bulk of adenylate 

569 



Ta
bl

e 
I 

d .- 

Re
co

ve
ry

 
of

 
ho

rm
on

e-
re

sp
on

siv
e 

ad
en

yl
at

e 
cy

cla
se

 
ac

tiv
ity

 
in

 
su

pe
rn

at
an

t 
flu

id
 

fo
llo

w
in

g 
tre

at
m

en
t 

of
 

pl
as

m
a 

.g
 

m
em

br
an

es
 

wi
th

 
Lu

br
ol

 
PX

 i
n 

th
e 

pr
es

en
ce

 
of

 
Na

F.
 

if 

ou
 

i 
at

' 
h)

 
S 

(fr
 

6)
 

z 
1:

 
In

cu
ba

tio
n 

30
 m

in
 

2:
 

Su
sp

en
de

d 
in

 
Bu

ffe
r 

Aa
, 

3:
 

Su
sp

en
de

d 
in

 
Bu

ffe
r 

Aa
, 

8 
in

 
Bu

ffe
r 

Aa
; 

no
 

5 
m

M
 N

aF
, 

0.
25

%
 

Lu
br

ol
 

PX
; 

5 
m

M
 N

aF
, 

0.
25

%
 

Lu
br

ol
 

PX
; 

ce
nt

rif
un

at
io

n 
90

 m
in

 
at

 
65

00
 

XP
 

? 
hr

 
at

 
10

0.
00

0 
xp

: 
Ad

en
yl

at
e 

cy
cla

se
 

O
rig

in
al

 
O

rig
in

al
 

_a
ss

av
 

co
nd

iti
on

 
su

sn
en

sio
n 

Su
sn

en
sio

nC
 

Pe
lle

tC
 

Su
ne

rn
am

t 
0 

C 
el

le
t 

Su
ne

rn
at

an
t 

C 
K 

Ad
en

yl
at

e 
cy

cla
se

 
ac

tiv
ity

, 
pm

ol
 

CA
M

P 
fo

rm
ed

/l5
 

m
in

ut
es

/m
g 

pr
ot

ei
n 

$ 
Ba

sa
l 

57
 

* 
3 

86
 

+ 
3 

16
 

~7
3 

92
 

+ 
13

 
<5

 
15

5 
+.

 
26

 
F 

Pa
ra

th
yr

oi
d 

ho
rm

on
e 

5u
 

M
 

14
46

 
+ 

13
b 

84
 

+ 
17

 
<5

 
10

1 
+ 

9 
---

 
W

V-
 

; 
VI

 
Po

rk
 

ca
lc

ito
ni

n 
10

 u
ni

ts
/m

l 
49

3 
* 

2b
 

22
0 

* 
lib

 
23

8 
+.

 
8' 

E 
d 

92
 

+ 
46

 
<5

 
34

9 
f 

18
b 

G
lu

ca
go

n 
1 

un
it/

m
l 

b 
98

7 
+ 

5 
47

8 
+ 

24
b 

<5
 

49
9 

+ 
23

b 
16

 
+ 

19
 

b 
48

7 
-c

 
25

 
$ 2 

G
PP

CN
HI

P 
IO

mM
 

10
20

 
+.

 
15

b 
b 

31
8 

+ 
11

 
<5

 
39

9 
+.

 
lgb

 
<5

 
35

1 
* 

14
b 

; 

Na
F 

IO
m

M
 

12
80

 
+ 

20
b 

b 
b 

39
8 

A 
26

 
15

9 
f 

21
 

38
9 

+ 
20

 
12

 
23

2 
42

4 
+ 

36
b 

r z 
Pr

ot
ei

n 
re

co
ve

ry
 

10
0%

 
10

0%
 

14
%

 
86

%
 

43
%

 
57

%
 

%
 D 

aB
uf

fe
r 

A 
= 

IO
mM

 
Tr

is-
HC

I 
(p

H 
7.

45
), 

1 
m

M
 E

D
TA

, 
0.

25
 

M 
su

cr
os

e.
 

z 
bS

ta
tis

tic
al

ly
 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

es
 

fro
m

 
ba

sa
l 

ac
tiv

ity
 

wi
th

in
 

ea
ch

 
co

lu
m

n 
(S

tu
de

nt
's 

te
st

). 
'I.2

5 
m

M
 Na

F 
is 

ca
rri

ed
 

ov
er

 
in

to
 

th
e 

ad
en

yl
at

e 
cy

cla
se

 
as

sa
y 

fo
r 

al
l 

sa
m

pl
es

 
so

lu
bi

liz
ed

 
in

 
th

e 
pr

es
en

ce
 

of
 

Na
F.

 
8 

Pa
rti

al
ly

 
pu

rif
ie

d 
pl

as
m

a 
m

em
br

an
es

 
(fr

 
6)

 
we

re
 

di
vi

de
d 

in
to

 
th

re
e 

al
iq

uo
ts

. 
Th

e 
fir

st
 

al
iq

uo
t 

wa
s 

di
lu

te
d 

in
 

E 
Bu

ffe
r 

A 
to

 
5m

g/
m

l 
m

em
br

an
e 

pr
ot

ei
n,

 
he

ld
 

on
 

ic
e 

30
 m

in
, 

th
en

 
as

sa
ye

d 
(fi

rs
t 

co
lu

m
n)

. 
Th

e 
se

co
nd

 
al

iq
uo

t 
wa

s 
di

lu
te

d 
in

 
Bu

ffe
r 

A 
an

d 
ad

ju
st

ed
 

to
 

a 
fin

al
 

co
nc

en
tra

tio
n 

of
 

5 
m

g/
m

l 
m

em
br

an
e 

pr
ot

ei
n,

 
5m

M
 N

aF
, 

an
d 

0.
25

%
 

Lu
br

ol
 

z 
PX

; 
an

 a
liq

uo
t 

of
 

th
e 

su
sp

en
sio

n 
wa

s 
ce

nt
rif

ug
ed

 
30

 
m

in
 

at
 

65
00

 
xg

 
(4

'C
) 

an
d 

th
e 

re
m

ai
nd

er
 

wa
s 

as
sa

ye
d 

as
 

th
e 

F 
su

sp
en

sio
n 

(c
ol

um
ns

 
2-

4)
. 

Th
e 

th
ird

 
al

iq
uo

t 
wa

s 
di

lu
te

d 
as

 
th

e 
se

co
nd

 
al

lq
uo

t 
bu

t 
th

e 
en

tir
e 

su
sp

en
sio

n 
wa

s 
ce

nt
rif

ug
ed

 
2 

hr
s 

at
 

10
0,

00
0 

xg
 

(4
'C

); 
pe

lle
t 

an
d 

su
pe

rn
at

an
t 

we
re

 
as

sa
ye

d 
(c

ol
um

ns
 

5 
& 

6)
. 

$ cn
 



Vol. 108, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table II 

Effect of NaF + Lubrol PX on solubilizing adenylate cyclase. 

Adenylate cyclase total units 
(pm01 cAMP/15’) 

Sauwle Protein Yield Basal PCT lOu/ml NaF 1OmM 

Partially purified 
plasma membranes 
(fr 6) 

5.0 --- 294 449 3830 

fr 6 in Buffer A 
with 5mM NaFa 

Pelleta 
Supernatanta 

9.8 100% 1674 4583 3756 
3.7 77% 1705 3922 3256 
1.3 24% 81 286 234 

fr 6 in Buffer A 
with 5mM NaF, 
0.5% Lubrol PXa 

Pelleta 
Supernatanta 

5.0 100% 238 816 972 
1.2 24% <5 <5 <5 
4.3 76% 258 640 809 

aAll of these samples have a carryover of 1.25mM NaF into the adenylate 
cyclase assay. 

Partially purified plasma membranes (fr 6) from sample 006-01 were divided 
into three aliquots. The first aliquot was diluted in Buffer A (Tris 1OmM pH 
7.45, EDTA lmM, sucrose 0.25M) to 5mg/ml membrane protein, held on ice, then 
assayed as shown (data in row 1). The second aliquot was diluted in Buffer A 
and NaF to yield 5mg/ml membrane protein, and 5mM NaF. The aliquot was divided 
in half and one half was assayed directly (row 2); the other half was 
centrifuged at 6500xg for 30 min. Pellet and supernate were separated and the 
pellet resuspended in Buffer A, 5mM NaF before assay (rows 3 and 4). The third 
aliquot was treated as the second except 0.5% Lubrol PX was included in the 
membrane dilution. 

cyclase activity in the pelleted membranes, following centri- 

fugation at 6500 xg for 30 minutes, whereas dilution in the 

presence of both NaF and 0.5% Lubrol PX both releases adenylate 

cyclase activity and lowers the recovery of total adenylate 

cyclase units (Table II). There is also an apparent increase in 

adenylate cyclase response to calcitonin when the partially 

purified plasma membranes are assayed in the presence of sub- 

maximal stimulating levels of NaF. 

The ability of 1.25mM NaF to potentiate the response of 

adenylate cyclase to other hormones was tested in partially 

purified plasma membranes (Table III). In this experiment, NaF 

greatly enhanced the response of the enzyme to glucagon and cal- 

citonin but had no effect on parathyroid hormone response. 
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Table III 

Effect of low NaF concentrations on hormone responses of human 
renal adenylate cyclase. 

vlate C&se Activitv 
Partially Purified Partially Purified 

Asaav Conditti Membranes Membranes + 1.u NaF 
pmoles CAMP formed /15*/mg protein 

Basal 165216 576+33 

NaF 1OmM 2276+58 2122k33 
(13.8) (3.68) 

PTH 5uM 2339239 2444~55 
(14.2) (4.2) 

Calcitonin 4u/ml 191*12 2914k66 
(1.16) (5.1) 

Glucagon O.lu/ml 338213 301562 
(2.05) (5.2) 

Partially purified plasma membranes were divided into 2 
aliquots. One was diluted to 4mg/ml protein in Buffer A (Tris 
1OmM pH 7.45, 1mM EDTA, 0.25M sucrose); the second was diluted 
identically except the final dilution also contained 5mM NaF. 
The samples were then assayed for adenylate cyclase activity by 
standard procedures. The numbers in parentheses are the ratios 
between stimulated and basal activities. 

Adenylate cyclase activity solubilized as described in Table 

I could be resolved into several peaks of activity by Sephadex 

GZOO chromatography (Fig. 1) . Catalytic subunit activity (as 

measured by forscolin-stimulated activity) is observed in 3 

distinct peaks, one near the void volume. Fluoride-stimulated 

activity is found in the large molecular weight peak and in the 

region between the smaller two peaks of forscolin-stimulated 

activity. Calcitonin and glucagon responsive adenylate cyclase 

activity, not measured on the column shown, was associated 

primarily with the peak nearest the void volume in the three 

other columns run under these conditions. 

DISCUSSION 

Sodium fluoride enhances the response of the human renal 

cortical adenylate cyclase to calcitonin and gluoagon (Table II), 

but not to parathyroid hormone. This enhancement of response 

occurs at NaF concentrations below those required to maximally 
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Fig. 1 Sephadex G200 column chromatography of solubilized human 
renal cortical adenylate cyclase. Sephadex G200 
(particle size 40-120 u) column (1 x 58 cm) was loaded 
with O.gml of a 37,00 xg supernatant fluid obtained from 
partially purified plasma membranes (code 082-55.01) by 
treatment with 0.25% Lubrol PX and 5mH NaF in Buffer A 
(10mM Tris pH 7.45, 1mH EDTA, 0.25M Sucrose). Elution 
was with Buffer A containing 5mM NaF and 1mM 
dithiothreitol. The void volume of the column as 
determined by Dextran BLue elution was 14 mls. 

stimulate the enzyme. The synergistic interaction between NaF 

and calcitonin has also been observed in por tine adenylate 

cyclase ( 12) but no similar enhancement of glucagon or para- 

thyroid hormone responsiveness was observed with the enzyme from 

that tissue. Interestingly, the adenylate cyclase forms in both 

tissues that show enhancement of hormonal activation by NaF are 

also the forms that survive solubilization by Lubrol PX. These 

observations suggest that the porcine and the human calcitonin- 

responsive adenylate cyclase and the human glucagon-responsive 

adenylate cyclase from kidney represent a class of adenylate 

cyclases that differs from other classes in the degree of inter- 

action with the plasma membrane in which they are embedded and/or 

573 



Vol. 108, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

in the degree of interaction between components of the adenylate 

cyclase complex. 

A recent study supports the hypothesis that activation of 

adenylate cyclase by calcitonin is not typical of hormonal 

stimulation of most forms of adenylate cyclase (15). Lamp &L jai 

report that calctionin activation of adenylate cyclase is per- 

sistent in three separate lines of human breast cancer cells. 

Binding of calcitonin in this system is tight and poorly re- 

versible. The results of these workers were interpreted thus: 

calcitonin led to an enhanced association of the regulatory and 

catalytic components of adenylate cyclase. 

Our results for both the porcine and human renal cortical 

adenylate cyclase would also suggest that the calcitonin- 

stimulated adenylate cyclase is capable of a greater degree of 

association than other hormone-responsive adenylate cyclases. 

Hence, this hormonal stimulation survives detergent treatment 

whereas most others do not. In our system the association is 

induced by NaF, whereas in the study on human breast cancer cells 

calcitonin itself induced the association. We have not tried 

solubilizing with calcitonin, but not NaF, present. 

The fact that the glucagon response also solubilizes with the 

human renal cortical adenylate cyclase suggests that this system 

may also show enhanced interactions of components. This question 

remains to be resolved by directly comparing the interactions of 

glucagon-stimulated adenylate cyclase components from porcine 

kidneys to those of human kidneys. 
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