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1. Introgduciion

Phosphorylase phosphziase of bovine adrenal cor-
tex [1]. Jiver [2] and skelztal musels [3], has been
shown 1o exist In an active form and an inactive form;
activation of the inactive form can be obiained by
ATP in the presance of Mg ions. In preliminary obser-
vations with gel {iltration |4, 5] it appeared that the
active and inactive forms obiained from advenal cor-
tex as well as from Jiver had diffesent molecular
weighis*.

In this commranication we repor? that phosphory-
Iase phosphatase from adrenal cortex can be separated
by gel filtration into an active form (M, = 195 O00)
and an inactive form (M, = 88 0D0); in sucrese densi-
ty gradient centrifupation two sedimentation coeffi-
cients {correspondng M, 130 000 and 54 500) were
observed for the active form, while the active form
displayed only one sedimentation coefficient (M, =
54 500). The enzyme from liver cowid be sepaated by
gel filiration in three forms: two active forms (M, =
215 D00 and 77 DOD) and one iractive form (M, =
138 DOO). In sucrose density gradient centrifngation
one sedimentation coefficient {toresponding M, =
59 0D0) was displayed by hoth an astive and the inac-
tive form of the enzyme while anothes aciive form
was shown to have a M, of abuut 155 000. Afier acti-
vation of both preparations by ATP-Mg the elution
patterns were unchanged, but in gradients the enzyme
was recovered under the active form.

¥ M, is the abbreviation used Yor molesular weight.
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2. Materials and meifhiods

2.1, Chemicals and enzynes

Marker proteins {*y-globuiin, bovine sesumn albumin,
my oglobin) as well as DNP-L-alanine wers purchased
from Serva {(Germany). The purified {6} f-lactoglobe-
in-A was a gift of L. Vanauifel. Blue Dextran 2000
was obiained from Pharmacia (Sweden).

The active liver phosphorylase was the same as
used previcusly [2].

For the preparation of phosphorylase phosphatase
From adrenal cortex slices were homogenized in 1 vol
of 10 mM Trir-HCI {pH 7.4) and centrifuged during
10 min at 8 00 2. When not otherwise indicated, all
steps were carried out at 4°. The extract was spun dur-
ing 30 min at 40 000 g, and the supernatant incubated
at 30° during 5 min in the presence of 0.5% glycogen.
Afier cooling to 0%, lyvogen was precipitated by ad-
ding 0.25 vol absolnte ethanol at —20°, and centrifug-
ing at —15° for 20 min at 8 GO g. The supematent
was dialysed againg* 10 mM Tiis (pH 7.4) end brovght
to 30% saturation by edding solid (NH3),50, while
adjsting to pH 7 with 1mM NH,OH. Afier standing
for 15 min at D° the mixtore was cenirifuged for 20
min at 3 000 g. The supermnatant was brought 1o 60%
saturation with solid (NH;3,80, and precipitation
was carried out in the same way. The pracipitate was
dissclved n a volume of 10 M Tris (pH 7.4) equal
1o 0.10 of the weight of the iniiiai material and dia-
“ysed against the same bufler, The preparation could
be stored at 20" for months. The ratio of the inac-
tive form of phosphorylase phosphatase pver the zc-
tive form was nearly the same as in the homegenate
{about 1:1), the increase in specific activity about
20-foid. Neither phosphorylase, nor phosphorylase
kinase could be detecied in the purified preparation.

North-Holland Publishing Company — Amsterdam



Volume 22, mamber 2 FERS LETTERS

0

50 ]

mU PHOSPHORYLASE INACTIVATED /min/m!

i

Ka

0B \\
Db

1 Myzgiobin
% B-lactoglnbulin - A
IBEA

£ Y-Glebutin

&0 80 00 120

160

FRACTION NUMBER

June 1973

Fig. 1. Ekation profile of adrenal cortex phosphorylase phosphatase on Sephadex G-200, assayed after preincubation with

(®—a—a») and withoui (4—a—a) ATP-3Mp,

Full aciivation of the enzyme preparation was ob-
tained within 15 to 20 min by incubation in the pres-
ence of 4 mM ATP and 5 mM Mg jons at 30°. An ac-
tivation to the sam= extent was ohserved with high
Mg2* concentrations, the K, for this activation being
abont 60 mM Mg2*, With other bivalent meial ions ac-
tivation of the phosphataze conld slso be obisined
7.

Phosphorylase phosphatase was isclated from dog
Yiver perfusad with 0.15 M Na(l {8].

2.2, Merthods

Phosphorylase phosphatase activity was measuyed
by a method previously described [8], the concentra-
tion of caffeine in the assay mixiore being 5 mM {adre-
mal cortex) or 0.5 mM {liver). Phosphatase activity is
expressed as mlU of phosphorylase inactivated per min
2nd per mi. Activation of the inactive phosphatase in
the elution and centrifugation fractions was obiained
by preincubation for 15 min at 307 in the presence of
4 mM ATP and 3 mM MgS0, {adrenal cortex) or 0.4
mM ATP and 0.5 mM MgSO, {liver).

Colurmnns {2.5 X 100 cm) of Sephadex G-200, equi-
tibrated with 10 raM Tris (ph 7.4) were elated by up-
ward flow at 4° using the same buffer. Constant flow
Tma®s were maintained between 12 ard 18 mijhr by
means of a peristaltic pump. The vltraviclet sbsorption
of the column eluate was monitored 2t 280 nm. The
colurnns were calibrated with the following proteins:
y-globulin, M, = 1560 00D; bovine serum albumin
{BSA), M, = &7 D00; Siactoplobulin-A, M, = 36 00D
and myoglobin, M, = 17 800, ¥V and V; wers deier-
mined with Blue Dextran and DPiP-L-alanine. The
slight retention of DNP-L-alanine when compared to
sierose was of no significance in the caloulations of
M;. After caiibration of the colomm cach filiration
ron was done in the presence of Blue Dextran (4 mg)
and DNP-1-alaniue {2 mg). From the K, values, a lin-
ear plot was calculated by the method of least sguares
angd used to estimale fhe molecular weighrs [9].

Centrifugation in a susrose density gradient {10]
was carried out at 4° with the 9792 swinging bucke?
rotor in an Omega 11 Martin Christ nlizacentrifuge.
The sample {=drenal cortex: 0.1 ml containing 3 mg
of protein; iiver: 0.2 m! coninining 27 mg of protein)
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Fig. 2. Eluticn profile of liver phosphiorylase phosphaiase on Sephadex G-200, assayed after preincnbation with {@—a—a) and

withont {(4—a—u&3 ATP-Mp.

was layered on alinear 5 to 20% (wiv) sucrose gradi-
ent {5 ml}in 10mM Tris pH 7.4. For the calculation
of 89y . either hemoglobin: 84 , = 4.6 {adreaal cor-
tex), or flactoglobulin-A: 845, = 3 {liver), were used
#s refercnce proteins.

3. Bemlis and disenssion

When the phosphorylas: phosphatase preparation
from adrenal cortex was gluted from a Sephadex G-
200 columm (fig. 1) two different fractions were ob-
tamngd: one active form displaying a M, of 195 000
and 2 second with a M, of 38 000 which became ac-
tive only afier incnbation with ATP-Mg. The trailing
©f the first active form {fig. 1) and the frregular ap-
pearance of a small active peak coincident with the
major Iraclive one {not shown), snggest the existence
of another active form with a M, of about 88 000. A
similar elution pattern was ohserved with the fully ac-
tivated enzyme preparation.

With the liver enzyme ithree different Tom'ls were
eluted from 2 Sephadex G-200 column (fig. 2): two
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aclive forms with mwolecular weights of alcut 215 OOD
and 77 D00. and cne inaciive form with a M, of about
1338 D00, As with the enzyme from adrenal cortex a
similar elntion pattern was observed with an enzyme
preparation previously activated with ATP-Mg.

In a snerose density gradient both the active and in-
active forms of phosphorylase phosphatase from adre-
val cortex sedimeniad as amampaakmﬁlsiuw
4.13 corresponding to a M, of 54 500; in about half
of the experiments active phospnmase alzo sedi-
mented with a 854 , of about 7.7 comesponding to a
M, of 139 DGO (fig. 3a). By full 2ctivation of the prep-
aration the inaetive phosphatase was sonverted to,
and regovered as an active form with the same molec-
ular weight (fig. 3b).

Similar resalts were obtained with liver phosphory-
lase phosphatase. Both the active and inactive fomms
sedimented with a s, 4, value of 4.35, corresponding
toa M, of 59000, A second active phosphatase dis-
played a mean Syp y, value of 8.3 (corresponding M,
of 153 000), but with considerable variability {{ig. 4a
and b). After full activation the enzyme remained ac-
tive in the gradient and displayed very sumlax Sexilmam

~ tation coei‘ﬁcwms (fig. 4}::)
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Fig. 2. Sedimentation profile of adsenal coriex phosphorylass phosphatass in 2 sucrose eradient before (A) and after (B) activa-
tion by ATP-Mg, and tssayed after preincabation with (8—s——») and without {a—a»—a) ATP-Mg,

The active forms obtained in both types of experi-
ments {figs. 1 10 4) appeared 1o be inhibited by ATP-
blo. This inhibiticn was clearly evident in ihe absence

of inactive phesphatase.
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From these data it can be concluced that in adre-
nal cortex as well as in liver {wo active and one inac-
tive form of phosphorlase phosphaiase can be ic -3-
tified. The discrepancies between the M, values
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Fig. 4. Sedimentation profile of liver phosphorylase phosphatase in a sucrose gradient before (A) and after (B} ac*3vation by ATP-
Mg, and assayed after preinenbetion with (8—s—a) and *Athout {a—a——a) ATP-Mg.
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cbiained in sucrose density pradient cenirifugation
and pel filtration, are probably related to the different
separalion principles, and similar obssrvations have
been reported by other authors [11,12]). Full acliva-
tion of the enzy.ne preparstion did not cause a change
m the elution pattern with gel filiration, while after &
sucrose gradient «he enzyme was recovered under the
active form. Thezefore it appears that only during gel
filtration could the activated phosphatase bs sepa-
rated from an raknown stabilizing fastor.

The existence of one 2ctive phosphatzse with a
high M, deserves some comments, 11 conld result from
the apgregation of active enzvme of lower M ; indeed,
wien the 4.15 5 active enzyme {¥igs. 3—4) 5 chroma-
tographed on Sephadex {3-200, the same pattern as
that of figs. | and 2 emerges. Since this persists even
when the column is elnted with 10% sucrose, it is piz-
zling that this agpregation is much less apparent in a
sncrose dansity gradient. This high M, could also have
resulted iTom an association with either phosphorny-
Iase or glvcogen. However, no phosphorylase was mea-
sured in the samples applisd {0 the colunn, even in
the presence of 2 mM AMP which confers a definite
activity io phosphorylase & from liver and adrenzl cor-
tex [1]j - Treatment of the sample with-a-amylase did
nol chanpe the elution pattern. Since gel fitration of
the 40 000 g supernatant of an vntreated homogenate
produeed an elution profile similar to that of the
mare purified preparation, it seems that no artefacy fis
responsible for the high M, species of the active form.
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