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Microcystin LR, which is a monogyelic heptapeplide containing two Laamino ucids, lougine and arginine, ix n new inhibitor of protein phosphatases

1 and 2A. Microcystin LR-affinity ehromatography was used to purify protein phosphavase 2A as a holoenzyme. Five mg of microeystin LR were

immobilized 10 ECH Sepharoxe 4B by the earbadiimide coupling reaction: Following DEAE-ccllulose column chromutography, microeystin-affinity

chromatography, us the second step in the procedure, resulted in purification of protein phosphatase 2A in u pure form. The enzyme isolated from

mouse brain consisted of two regulatory subunits of 67 kDa and 58 kIDa and a catalytic subunit of 41 kDa. Micraeystin-affinity chromutography
ia uselul for isolation of protein phosphutase 2A.

Protwin phasphatase 2A; Microeystin; Aflinity chromatography

1. INTRODUCTION

The recent discovery of potent inhibitors of protein
phosphatases 1 and 2A, such as okadaic acid,
dinophysistoxin-1, calyculin A, microcysting and
nodularin, has revealed that protein phosphatases 1
and 2A are involved in various biological events, such
as tumor promotion [1-3], hepatotoxicity {4], regula-
tion of mitosis {5], expression of the AP-1 complex [6]
and induction of nuclear factor kB (7], It was also
reported that viral antigens are associated with one
catalytic - and one regulatory subunit of protein
phosphatase 2A [8,9].  We recently reported that
okadaic acid binds to a catalytic subunit of protein
phosphatase 2A by the photoaffinity labeling of
(*H]methyl 7-0O-(4-azidobenzoyl)okadaate {10].
Although catalytic subunits of protein phosphatases 1
and 2A are intensively studied on the level of molecular
biology, regulatory subunits are not well characterized,
due to heterogeneity of the enzymes in various cells
[11]. Because of the significant functions of protein
phosphatases, it is important to study protein
phosphatases as holoenzymes. We developed an af-
finity chromatography using some of these above men-
tioned inhibitors. Okadaic acid did not give successful
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resulis, because its carboxyl group appears to be func-
tionally important [12], whereas microcystin LR (Fig.
1) was found to be useful, Microcysting, including
microcystin LR, are monocyclic heptapeptides and are
reported to be potent hepatotoxic compounds [13],
Recently, we reported that inhibition of protein
phosphatases 1 and 2A by microcystins is related to
hepatotoxicity [4]. This paper reports a rapid purifica-
tion of protein phosphatase 2A as a holoenzyme from
a cytosolic fraction of mouse brain by microcystin-
affinity chromatography. The purified protein

Microcystin LR

Fig. 1. Structure of microcystin LR, which contains two L-amino

acids, leucine and arginine, two D-amino acids, alanine and glutamic

acid, methylaspartic acid and methyldehydroalanine and Adda.

Adda - stands for = 3-amino-9-methoxy-10-phenyl-2,6,8-trimethyi-
deca-4,6-dienoic acid.
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phosphatase 2A consisted of two regulatory subuniis of

67 kDa and 38 kDa and one catalytic subunit af 41
kt)a.

2. MATERIALS AND METHODS

34 Marerialx

Mwm;win LR, helted l‘ rom Micrecrstis, was w gonerous gife of
Dr Wayne W, Carmichacl {Weight State University, Dayton, OH,
USAL ECH Sepharose 4B wax purchased fram Pharmacia Fine
Cheawivals (Uppsala, Sweden). Phosphorylase & and bethyb3-(3-di-
methylaminopropyivatboditmide (EDC) were obtained From Sigma
Chemival Co. (81 Louls, MO, USA). Phosphorylise kinase and
inhibitor-2 of protein phosphatase 1 were purified Trom rabbit
skeletal musele aveording 10 the method deseribed previously [14).
Protein kinase C was pirtially purified from mouse brain by DEALR.
cellulose column chromatography.

2.2, Protein plmsplmmxv assays

Auwny of prmcm phosphatases 1 and 2A way measured by the
refease of P fram “Plabeled proteing, Phosphoryluse @, which was
phosphorylited by phosphorylase kinase, was used ax the substrate
for protein phosphatases | and 2A, aad histone Hi, which was
phosphorylated by activated protein kinase C with i tumor promorer,
teleocidin, way the substrate for protein phosphatase 2A [18). The
reaction mixture (200 al) for phosphorylase phosphatase included 50
mM Tris-HCI (pH 2.0), 0.1 mM EDTA, 0.1% 2-mercaptoethanol, §
mM calfeine, 0.12 mg bovine serum atbumin and 10 ug of ¥*Puabeled
phosphorylase a {20 000 cpm) and was incubated at 30°C for 30 min,
The reaction was terminated by addition of 25% trichleroacetic acid,
Remaining *Pulabeled phosphorylase a on the filter was counted for
radioactivity. The reaction mixture (250 al) for histone HI1
phosphatase included the mixture containing SO mM Tris-HCl (pH
7.0), | mM EDTA, 0.1% 2-mercaptoethanol, 0.003% Brij 35, 0,075
mg of bovine serum albumin, 2 mM MaCl; dnd 1 pg of PP dubeled
histone M1 in place of **P-labeled phosphorylase &, and was in-
cubated at 30°C for 10 min, One unit of protein phosphatase activity
was defined as the release of 1 nmol phosphate/min from the
substrates.

2.3, Preparation of microcystin-affinity chromatography

Microcystin LR was conjugated with ECH Sepharose 48 by a u\r
bodiimide coupling procedure, Briefly, 5 mg of microcystin LR
dissolved in DMSO were combined with § ml of ECH Sepharose 48,
suspended in a coupling solution containing 42 mg of EDC, and in-
cubated at 37°C for 6 h. Another 1| ml of ECH Sepharose 4B was
then added to the reaction mixture and kept at .room temperature
overnight. The microcystin LR-coupled Sepharose 4B was equilib-
rated with buffer A containing 50 mM Tris-HC! (pH 7.4), 2 mM
EDTA, 2 mM EGTA and 10% glycerol.

2.4, Purification of protein phosphatase 2A

Fifty mouse brains were homogenized with buffer A comaining
0:25 M sucrose, The supernatant, which was obtained by centrifuga-
tion at 100 000 x g for 60 min, was subjected to DEAE-cellulose
(Whatman DE-52) column chromatography (2.5 x 20 cm) equilib-
rated with buffer A (Fig. 2). Peak 1 containing protein phosphatase
1 was eluted with 0.1 M NaCl buffer A and the peak 2 containing pro-
tein phosphatase 2A, with 0.2 M NaCl buffer A. Proiein phosphatase
1 was defined by the evidence that its activity was inhibited by a 100
nM concentration of the inhibitor-2 isolated from rabbit skeletal
muscle, as described in section 2.1, and protein phosphatase 24 was
also defined by an activity that **P-labeled histone Hi was
dephosphorylated, Each peak containing protein phosphatase 1 or
2A- was further subjected to rmicrocystin-affinity chromatography
(1.5 x 3,0 cm) equilibrated with buffer A, Proteins were eluted with
various concentrations of NaCl.
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Fig. 2. DEABE.ccllulase column chromatography of the supernainm

ebiuined  from mouse brain, The activity  of  phosphorylse

phosphatase was mensured by 20 ul ol each fraction (X) und that of

histone HI phosphiauise by 0.3 ul of each fruction (@), The NaCl

congeatrations were indicated by urraws angd absorbunee "80 i
(7Y ix qtbo shown,

3. RESULTS AND DISCUSSION

The DEAE-cellulose column chromatography of the
supernatant obtained from mouse brain by elution with
0.1 M and 0.2 M NaCl buffer A gave two main peaks
containing activities of protein phosphatases 1 and 2A.
Peak | contained the activity catalyzitig the dephos-
phorylation of *?P-labeled phosphorylase b, but not
histone H1. The activity was completely inhibited by a
100 nM concentration of inhibitor-2 (data not shown).
We defined peak 1 as the fraction containing protein
phosphatase 1. Peak 2 contained the dephos-
phorylating activity for *?P-labeled histone H1. These
activities were not affected by a 100 nM concentration
of inhibitor-2, suggesting that peak 2 contains protein

- phosphatase 2A.

The protein phosphatase 2A (2,2 U/1.3 mg of pro-
tein) of peak 2 was subjected to microcystin-affinity
chromatography. As Fig. 3 shows, most of the inactive
proteins were eluted with up to 0.2 M NaCl buffer A.
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Fig. 3, Microcystin-affinity chromatography of peak 2 (1.3 mg of

protein). The activity of protein phosphatase 2A was measured by 20

ul aliquots of each fraction (@). The NaCl concentrations (~==)
and absorbance at 280 nm (O) are shown,
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Protein phosphatase 2A wax ¢luted mainly with 1 M
NaCl buffer A, but was associated with an additional
minar peak of activity, suggesting the presence of
heterogencous  protein phosphatase JA. The 8DS-
polyacrylamide gel clectrophoresis of the fractions
cluted with 0.1 M buflfer A showed three protein bands
of 67 kDa, 38 kDa and 41 kDa (Fig. 4). Protein
phosphatase 2A has a molecular mass of 180 kDa,
estimated by the gel fileration method, and we assumed
that this purified protein phosphatase 2A consists of
each of these subunits in a ratio of 111,

The protein phosphatase 1 (0.0 U/3.8 mg of pro-
tein) of peak 1 was also subjected 1o microcystin-
affinity chromatography. Although protein phosphat-
ase 1 was partly ¢eluted with 0.4 M NaCl buffer A, most
of the remaining activity was found in the initial elu-
tion, suggesting that over 50% of protein phosphatase
1 did not bind to the microcystin-affinity column (data
not shown). The fractions eluted with 0.4 M NaCli buf-
fer A contained protein phosphatase 1 with several con-
tamined proteins (data not shown). These results, that
protein phosphatase 1 was eluted with 0.4 M NaCl and
protein phosphatase 2A with | M Macl, are in a good
agreement with our recent evidence that inhibition of
specific [*H]okadaie acid binding by microcystin to
protein phosphatase 2A was about 10 times stronger
than that to protein phosphatase ! (unpublished
results), and was as strong as that by okadaic acid [4).
Therefore, microcystin-affinity chromatography seems
to be suitable for isolation of protein phosphatase 2A
rather than that of protein phosphatase 1. Although the
results were not here presented, we found that protein
phosphatase 2A per se does not bind to ECH Sepharose
4B with buffer A,

The advantage of this microcystin-affinity chrom-
atography was the rapid purification of protein
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Fig. 4. SDS-PonabrylamideEel electrophoresis, (a) Three subunits of
protein phosphatase 2A, 67 kDa, 58 kDa and 41 kDa, (b) Molecular

mass markers.
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phoasphatase IA in two-stép procedures, resulting in ob.
taining the ¢leetrophoretically pure holoenzyme. One
disadvantuge was the small binding capacity of
mierogystin-affinity column for the enzymex, We
estimated that 3 ag of protein phosphatase 2A max-
imally binds to | mg of microeystin uttached 1o
Se¢pharose 4B, Although microcystin LR was used as a
Higand to ECH Sepharose 4B in this experiment, strue-
ture/function relationships of microcysting are not well
investigated, using several derivatives or other protein
phosphatase inhibitors besides okadaic acid. Okadaic
acid was conjugated with EAH Sepharose 4B by the
carbodiimide reaction between a carboxyl group of
okadaie acid and the amino group of EAH Sephurose
4B. Okadaic acid-affinity chromatography did no. give
good purification  of protein  phosphatases, The
significance of the ¢carboxyl group of okadaic acid was
recently confirmed by a structure/function relationship
study of a series of okadaic acid derivatives [12]. Fur-
ther study on various inhibitors will give more signifi-

cant clues for developing affinity chromatagraphy of

protein phosphatases.
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