Journal of Food and Drug Analysis
1995, 3(2) : 95-106

Overexpression of the Catalytic Subunit of Protein Phosphatase
Type 2A in Escherichia coli

JIN-YI CHIOU AND HUEY-JEN DUH
National Laboratories of Foods and Drugs, Department of Health, Executive Yuan

161-2, Kuen Yang Street, Nan Kang, Taipet, Tabvan, R.O.C.
ABSTRACT

In this study we have established a system for expression of the catalytic subunit of protein
phosphatase type 2A (PP2A) of bovine adrenal medulla in E. coli. Expression of PP2A in pQE31
vector, based on use of the phage TS promoter and two /ac operator sequences, produced the enzy-
me as an insoluble aggregate which constituted up to 30-35% of total cellular protein. Although en-
zyme activity was not detected, the protein had an Mr of 36 kDa, comparable to that of authentic
phosphatase 2A isolated from human red blood cells. Both the recombinant protein and the authen-
tic phosphatase 2A exhibited cross-reactivity with specific antibody against a synthetic peptide cor-
responding to PP2A amino acid residues 296-309. The insoluble protein, fused with a 6x His af-
finity tag was directly applied to a Ni-NTA column for purification by affinity chromatography.
Approximately 90% homogeneity was obtained by a single purification and the enzyme was essenti-
allv homogencous after further passage through a gel filtration column. These procedures yielded
about 15-20 mg purified PP2A/liter culture, which will facilitate further renaturation experiments
and future studies on structure-function relationships of the enzyme.
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wards inhibitors 1 and 2. It 1s distinguished bio-

INTRODUCTION chemically from other type 2 phosphatases (pro-
tein phosphatases 2B and 2C) on the basis of di-
Protein phosphatase. 2A (PP2A) is one of valent cationic independence“®). The catalytic

four major classes of protein (serine/threonine)
phosphatases which catalyze the dephosphoryla-
tion  of a number of intracellular phos-
phoproteins, thereby reversing the actions of
wrotein kinases''’. PP2A is set apart from type |

bhosphatase by its specilicity for the x subunit
of phosphorylase kinase and its insensitivity to-

subunit of PP2A [termed C subunit] isolated
from mammalian tissues has an Mr 36kDa
which is complexed with a 65kDa regulatory
subunit [termed A subunit] to construct a core
dimer. The core dimer 1s associated with a third,
variable subunit of 54, 55, 72, 74 or 130 kDa
[termed B subunit] which may confer the distinct
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characteristics on the holoenzyme'®>-9).

In fact, recent interest in serine/threonine
protein phosphatases may be explained by the
awareness that these enzymes are not simply
passive ‘‘off-switches” of protein kinases, and
that they may play a number of important roles
in cell growth and regulation. Specific inhibition
of PP2A by okadaic acid, a tumor promoter,
has been investigated by several research groups,
who have hypothesized that PP2A may be a tu-
mor suppressor'’-®. The increasing expression of
PP2A 1n rat liver tumors has partially supported
this hypothesis®-'?. In addition, the importance
of the PP2A 1in cell growth control is indicated
by the selective association of PP2A with tumor

antigens of polyomavirus and simian virus'!!-'+

t3.14.15.16.16.17.18) " The enzyme activity is sub-
verted by the binding of T antigens, and thereby
may permit uncontrolled cell growth and viral
replication. Moreover, the crucial insight into
the function of PP2A in vivo has been obtained
from the experiments on yeast, which have sho-
wed that the mactivation of two C subunit genes
(PPH1 and PPH2) results in cell growth inhi-
bition while inactivation of all three C subunit
encoding genes (PPHI1, PPH2, and PPH3) is
lethal. By contrast, inactivation of A subunit
causes the cell morphological and transcriptional
defects'!® The catalytic subunit of PP2A was
also noted to be phosphorylated and inactivated
by an autophosphorylation-activated protein ki-
nase, which could contribute to the significant
phosphorylatin of cellular pro-

increase in the
teins in response to insulin and other mitogens
(20.21) " These reports imply that PP2A may play
a crucial role in the cell growth control as well
as in the signal transduction pathways. Fur-
thermore, our previous study also revealed that
PP2A may play a positive role in regulating the
NGF- directed neurite outgrouwth i PCI12 cells
(22}'

The recent evidence that cellular functions
of PP2A extend beyond cell growth control to
other signal regulatory functions, particularly in
response to extracellular stimuli, has initiated a
greater impetus for understanding its structure/
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function relationships. However, the lImited
amounts of enzyme that can be obtained from
natural sources have limited further biochemical
and crystallographic studies. In this study we re-
port the successful expression of the cDNA en-
coding the catalytic subunit of PP2Ax from bo-
vine adrenal medulla®*?) in E. coli. Because most
of the enzyme was being aggregated in the nsol-
uble protein, we also describe here our attempts
to refold the recombinant PP2A« to its active

form.

EXPERIMENTAL PROCEDURES

1. Materials

Protein phosphatase 2Ax cDNA clone was
isolated from bovine adrenal medulla as previ-
ously described“?). The pQE31 vectors, Ni-NTA
resin and E. colijpREP4] were purchased from
QIAGEN Inc. (CA, USA). pMAL-p and pMAL
-¢c were from New England Biolabs, (NJ, USA).
p-nitrophenol phosphate was obtained from Sig-
ma, (FD, USA). Guamdine hydrochloride was
from BDH Limited, (Poole, England). Bam HI
and Pst 1 were purchased from New England
Biolab, (NJ, USA) and Takara Biochemicals,
(Kyoto, Japan), respectively. Primers were syn-
thesized by TIB Molbiol, (Berlin, Germany).
Purified protein phosphatase 2A holoenzyme
from human red blood cells and PP2A peptide
antibody were purchased from Upstate Biotech-
nology Inc. (NY.USA). Prestained SDS-PAGE
standards and HPLC gel filtration column (Bio-
Sil SEC-250, 600 X7.5mm) were purchased from
Bio-Rad, (CA,USA).

I1. Methods

( 1). Insertion of the PP2Ax ¢cDNA in pQFE31
General cloning procedures used in this stu-
dy were as described by Sambrook er al.**. The
PP2Ao ¢cDNA®Y was used as the template se-
quence for inroduction ol a Bam HI site at two

bases downstream from the initiating methionine
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codon by PCR amplification. The sense primer
5 3]
TGGCATCATGGATCCGAAGGTGTTC
(nucleotides -7~18) was used for the 5' end of
the coding region (underlined residues show the
Bam HI site and the mitiating codon ATG is
shown in bold). The antisense primer 5 -3’
GTTTACATCTTATCTGCAGTCTCTC
was used; which 1s corresponding to PP2Ax

cDNA 3" noncoding region nucleotides 1209-
1233 comprising a Pst 1 site (underlined re-
sidues). PCR (94°C, Imin; 51°C, Imin; 72°C, 4
min) was carried out for 30 cycles in a total vo-
lume of 50 ul in 5S0mM KCI, 10mM Tris-Cl (pH
8.3), 1.5mM MgCl., 0.01% gelatin, 200uM of
each ANTP, 1.5 unit Tag DNA polymerase, 30
ng PP2Ax ¢DNA template, 200ng 5’
3" antisense primers. The PCR product was as-

sured as a single band of 1.2 kb. This was di-

sense and

gested with Bam HI and Pst I and inserted into

ATG

174 1 Protein phosphatase 2A cadmg region

EcoRI/RBS

| per

pQE31 vector which had been previously di-
gested with the same restriction enzymes and
puritied by agarose gel electrophoresis (Fig.1).

(11). Expression of Protein Phosphatase 2A from

pOE3]

Single colony from E. coli MI5[pREP4]
cells harboring pQE31-2A (pQE31 vector contai-
ning PP2Aa ¢cDNA) was taken from cells plated
on LB/carbenicillin/kanamycin agar plates and
used to inoculate 5Sml LB/carbenicillin (100ug/
ml)/kanamycin  (25ug/ml) media and grown
overnight at 37°C. These were used to inoculate
I-Iiter super medium (25g bacto-tryptone, 15g
bactoyeast extract and 5g NaCl per liter) and
grown at 37°C until the absorbance at 600nm
reached 0.3. IPTG was then added to a final
concentration of 0.3 mM, and the culture main-
tained overnight at 28°C or 37 C.

(). Purification Recombinant PP2A
The cells from two 1-liter cultures were ha-

|

3' CTCTCTRACGTCIATICTACATTTIG S (antisense primer)
Pstl

J Bam HI + Pst 1

I Ligation

Xma |

BamHI Sphl Sac] EpnISmsa I Sall

GxHis

pQE-31

Figure 1. Cloning strategy of the expression of 6xHis-tagged protein phosphatase 2A in pQE31 vector. PCR con-

dittons are described under experimental procedures.
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rvested by centrifugation (4000xg at 4°C for 25
minutes) and resuspended m 0.1 volume (200ml)
of 50mM Tris.Cl, 500mM NaCl, 10% glycerol,
pH7.4. The cell pellet was disrupted intermutt-
ently by Bead-Beater (Biospec products, OK,
USA) at 1 min intervals (4 C) and the lysate
centrifuged (20,000xg) at 4°C for 20 minutes.
Subsequently, the supernatant was assayed for
PP2A activity and the pellet resuspended in Bu-
fter A (6M Guamdine HCI, 0.1 M Na-phosp-
hate, 0.01M Tris/HCl, pH8.0) at 5ml per gram
wet weight and stirred for 1 hr at room temper-
ature. The suspension was centrifuged (10,000xg)
for 15 minutes at 4 C and the supernatant ap-
plied to Ni-NTA column for purification.
(1V). Ni-NTA Affinity Chromatograpy

The procedures were performed at room
temperature. The pooled supernatant was added
to 8 ml of a 50% slurry of Ni-NTA resin which
was previously equilibrated in Buffer A. This
was stirred at room temperature for 45 minutes
and then loaded into a 1.6 cm diameter column.
The column was washed with 10X column vo-
lume of Buffer A and 5X volume of Buffer B (¥
M Urea, 0.1 M Na-phosphate, 0.01M Tns/HCI,
pHE&.0) until the Ao of the flow-through was <
0.01. Next. the column was washed with Buffer
C (8 M urea, 0.1 M Na-phosphate, 0.01 M Tris.
Cl, pH6.3) until the A was <0.01. The enzy-
me was then eluted with 20ml Buffer D (8M
urea, 0.1M Na-phosphate, 0.01M Tris. HCI, pH
4.5). Fractions of 3ml were collected and ana-
lyzed by SDS-PAGE.
(V). HPLC Gel Filtration Chromatography

Fractions contaming PP2A protein were

pooled and dialyzed against HPLC column bu-
ffer contaming 23.5mM Tns base, 0.1mM
EGTA., 2mM MnClL, 2mM dithiothreitol, 800
mM NaCl, pH7.4 and centrifuged (20,000xg) for
20 minutes. An appropriate volume (20ul,
100ug protein) of supernatant was loaded onto
an HPLC gel filtration column (600x7.5mm, Bio
-Sit SEC-250, Bio-Rad, USA) equilibrated with
column bufter. The fraction size was 0.8ml; tlow
rate 0.8ml/min, and the wavelength of detector
was set at 280nm.
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(VD). Assay of PP2A Activity

The preliminary assay of the recombinant
enzyme activity was performed as described by
Silberman et al. (1984)12°), Basically, the reac-
tion was carried out in 100ul of solution contai-
ning 50 mM Tris-HCI pH7.5, 0.1 mM EGTA, 0.
1% (v/v) 2-mercaptoethanol at 30°C. Enzyme di-
lutions were made in 50mM Tns-HCl pH7.5, 0.1
mM EGTA. 0.1% (v/v) 2-mercaptoethanol, Img
/ml bovine serum albumin (BSA). One unit de-
fined as the amount of enzyme that hydrolyzes |
nmol of p-nitrophenol phosphate (50mM) per
minute at 30°C. |
(VID). SDS-Gel Electrophoresis

SDS-PAGE was performed as described by
Laemmli (1970)* in 10% acrylamide. Gels
were stained with Coomassie blue.
(V. Protein Determinations

Protein determinations were performed as
described by Bradford (1976)* 7 using bovine se-
rum albumin as a standard or by comparing la-
ser densitometric scans of gel tracks of unknown
samples with known amounts of bovine serum
albumin.
(1X). Western Blotting

Western blotting was performed following
the procedures outlined in Immuno-blot assay
kit (Bio-Rad). In brief, proteins mn SDS-PAGE
gel were transferred to nitrocellulose membrane
and then submerged in 5% BSA at 4°C, over-
night. PP2A was identified using antibody agai-
nst a synthetic peptide corresponding to PP2A
amino acid sequence 296-309 followed by goat
anti-rabbit IgeG(H+L) conjugated alkaline phos-
phatase. The primay and secondary antibodies
were diluted at 1:2000 and 1:3000 dilutions,
respectively.

RESULTS

I. Expression of Bovine Adrenal Medulla PP2A
as «an Insoluble Protein

The msertion of the coding sequence for
bovine adrenal medulla PP2A mto pQE31 vector
led to the protein as insoluble aggregates found
in incluston bodies clearly visible by hight micro-
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scopy. The same results were also observed for Accumulation
the expression of cathepsin D in E. coli*® and We attempted to obtain soluble PP2A from
protein phosphatase 1 in insect cells*?. Ex- | | B
amination of the E. coli pQE31-2A transformant
lysates failed to reveal any protein phosphatase
activity. The insoluble pellet obtained by cen- kDa

trifugaiton was resuspended in SDS-PAGE sa-

mple buffer and subjected to electrophoresis. 106

The result showed that the major components in
the particulate were 36 kDa and 28 kDa pro-
teins. Neither protein was found in the E. coli
host and the E. c¢oli transtformed with the con-
(rol plsamud pQE31l. The 36 kDa protein was
comparable to that of authentic phosphatase 2A
isolated from human red blood cells. This indi-
cates that the 36 kDa protein was encoded from
the inserted PP2A coding region and the 28 kDa
protein may be a proteolytic product of 36 kDa Figure 2. E. coli harboring pQE31-2A expresses the
recombinant protemn (Fig.2). , , S
protein having an Mr 36 kDa which 1s comparable

to human PP2A. The E. coli colony harboring plas-

IL. Antibodies to Synthetic PP2A Peptide Cross- mid pQE31-2A and a colony transformed with the
react with Recombinant PP2A Protein control plasmud pQE31 were selected and trans-

§ , ferred to Sml of LB/carbenicillin/kanamycin media
Western blot analysis showed that both . , |
, , . and grown at 37 C, overnight. Subsequently, 1.25ml
rocombinant PP2A protein and authentic phos- | ,
. . , ‘ of saturated cultures were inoculated into 8.75 ml of
phatase 2A exhibited a cross-reactivity with anti-

, , , , prewarmed LB/carbenicillin/kanamycin media and
body against a synthetic peptide corresponding

to PP2A amino acid residues 296-309. In addi-
tion, the 28 kDa protein, a putative proteolytic

ogrew for one hour. The Aswe of the cultures were
measured to ensure that uniform cell densities were

,. , k achieved. Next, the expression of PP2A was then in-
product of the major recombinant PP2A pro- o . _
. - L . duced by adding IPTG to a final concentration of
tein, also exhibited a positive immunoreactivity | ‘ *
q » L e o 0.3mM, and the cultures were grown for an addi-
with the peptide antibody. This 28 kDa polypep- |
‘ | . , | tional 3 hours. Cell pellets were harvested by cen-
tide was therefore believed to be a carboxyl ter- L * ‘ .
trifugation and resuspended in 1 ml of 50mM 'Tris.

Cl, 500mM NaCl, 10% glycerol. pH7.4. Cell sus-

pension was disrupted by Bead-Beater and the ly-

‘x

minal containing fragment of the recombinant
PP2A. An endogenous cross-reactive protein
(Mr 49.5 kDa) was also detected 1n the insoluble

. . | ‘ sate was then divided into supernatant and pellet
pellet (Fig. 3). Since the peptide sequence used

fractions by centrifugation. Aliquots of pellet were
mixed with 100 gl 2X SDS/PAGE sample buffer
and heated at 100°C for 10 min. Subsequently, the
mixtures were subjected 10% SDS/PAGE. Lane S,

protein molecular standards; lane 1, purified PP2A

as an antigen for raising antibodies uniquely
corresponds to PP2A carboxyl terminal sequence
and thus far no phosphatase with an Mr 49.5

kDa has been reported. We suggest that 49.5

kDa protein band may be a nonspecific signal . | , |
N . B from human red blood cells (The major protein, ap-
caused by overloading of secondary antibody. , ,
parent Mr 80 kDa, i1s a serum albumin added as an

enzyme stabilizer.); lanes 2~4, crude extracts of E.

. Znsolubility of Recombinant PP2A is Inde- coli host, E. coli transformed control vector pQE31,
pendent of Rate of Svithesis and Degree of and £. coli harboring pQE31-2A. respectively.
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18.5—

Figure 3. Both the E. coli recombinant protein and
the human PP2A exhibit a cross-reactivity with
specific antibody against a synthetic peptide cor-
responding to PP2A. Duplicate samples in Fig. 2
were transferred to mitrocellulose membrane and
then subjectd to Western blot analysis as described
in experimental procedures. The primay and second-
ary antibodies were at 1:2000 and 1:3000 dilutions,
respectively. Lane S, protein molecular standards;
lane 1, punified PP2A from human red blood cells;
lanes 2~4, crude extracts of K. coli host, E. coli
transformed control vector pQE31l. and FE. coli

harboring pQE31-2A, respectively.

cells that were grown at lower temperatures and
the expression period kept to a minimum after
induction. These conditions slow the rate of pro-
tein synthesis and allow control over the ac-
cumulation.

Cells harboring pQE31-2A were grown mn
LB/carbenicillin/kanamycin at 37°C to Aw—0.3,
a density at which no synthesis of PP2ZA was de-
tectable. Cells were then shifted to 28°C and in-
duced with IPTG. Cultures were analyzed at 0.
I, 5, and 24 hrs intervals. Proteins from pellet
and supernatant fractions were separated on
SDS/PAGE. Duplicate samples were used for
Western blot analysis to determune 1if soluble PP
2A could be detected in the supernatant frac-
tions after protein became visible in Coomassie
blue stained gels. Our results showed that PP2A
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was present in an insoluble fraction under con-
ditions which lower its rate of synthesis (Fig.4
A), and that no significant amount of soluble
PP2A was detectable by Western blot analysis
after the recombinant protein becomes a major
cell product(Fig.4B). Similar results were ob-
tained when cells were grown in super medium
(25g bacto-tryptone, 15g bacto-yeast extract and
S5¢ NaCl per liter), 2X YT medium (16g bacto-
tryptone, 10g bacto-yeast extract and 5g NaC(l
per liter), and Psi-broth medium (LB medium +
4mM MgSO4, 10mM KCI per liter) at 28 and
20°C in the presence of inducer. Different E. coli
host strams E. coli IM109 and E. coli SG13009
IPREP4] used for the production of recombinant
PP2A 1n the same culture conditions, were simi-
lar to what has been observed for E. coli M15
IPREP4] (data not shown). We conclude that 1n-
solubility of recombinant PP2A i1s not a func-
tion of the rate of protein synthesis, and 1s not
correlated with protein accumulation, temperat-
ure-dependent factors, nor related to either E.
coli host strains or culture media.

These results differ from other reports
which have suggested that nsolubility of recom-
binant proteins in E. ¢oli may be a tunction of
overexpression or a high rate of synthesis??*!
3233 gqnd that solubility of recombinant proteins

is favored by growth at lower temperatures'>*’.

IV. Purification and Renaturation of the Recombi-
nant PP2A Protein

Due to its msolubility, the recombinant PP2A

protein was purthied by a process of denatura-
A 2
grown and induced as described earlier. Cell pe-

tion and renaturation. liter culture was
llet was resuspended and solubilized 1n 6M gua-
nidine HCI. Subsequent to centrifugation, the
supernatant was collected and subjected to Ni-
NTA aftimity column, After a senial washing
with buffer containing either guanitdine HCI or
urea. the tinal elution with bufter D (8M urea,
0. 1M Na-phosphate, 0.0IM Tns, pH4.5) was
collected and analyzed with SDS/ PAGE. De-

nsitometric scanning of the gel revealed that it



Journal of Food and Drug Analysis. 1995, 3(2)

RURIONN]

LI \

—tur

Figure 4. Insolubility of recombinant PP2A 1s not

favored by low temperature and 1s independent of

extent of accumulation. (A). E. coli cells harboring
pQE31-2A were grown at 37 C (see experimental
procedures). After IPTG induction, the cells were
incubated at 28°C. Cells were harvested at intervals
by centrifugation and resuspended 1n lytic bufter (10
mM Na:HPO:, 30 mM NaCl. 0.25% Tween 20, 10
mM f-mercaptoethanol, 10 mM EDTA, 10 mM
FEGTA). This suspension was disrupted by Bead-
Beater and the pellet and supernatant separated by
Lane S,

Protein molecular weight standards; lanes 1™~4, su-

centrifugation (20.000xg) for 20 minutes.

pernatant fractions of cell extract harvested at 0, 1,
5, and 24 hours after IPTG mduction, respectively;
lanes 5~8&, pellet fractions of cell extract harvested
at 0. 1, 5 and 24 IPTG mduction,

respectively. (B). Duplicate sample were transferred

hours aftter
to nitrocellulose and assayed by Western blotting
for the presence of PP2A as described in experimen-
tal procedures. The primary and secondary anti-
[:2000 and 1:10000 dilutons,

respectively. Immunoreactive material was detected

bodies were used at

only in the pellet fractions.
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accounted for over 90% homogeneity of the re-
combinant protein obtamed by one step pur-
ification and the enzyme was essentially homo-
genous after further passage through an HPLC
gel filtration column (Fig.5). The yield in each

case produced approximately 15~20 mg PP2A
per liter culture. The purified enzyme was ex-
amined for phosphatase activity by numerous re-
folding conditions, including those used for
reactivation PP1©?, However, none of the refo-

Iding protocols generated active enzyme.
DISCUSSION

In this study we employed vector pQLE3]
using TS promoter tor PP2A expression. Our re-
sults show that overexpression i1n the vector
pQE31 results in the accumulation of enzyme
protein as an insoluble aggregate. Densitometric
analysis reveals that the protein expressed from
pQE31l accounts for 35% of the total cellular
protein. A vyield of 15~20 mg of purified pro-
tein/liter of culture was obtained 1n the E£. coli
expression system. This amount is higher than
that reported by Zhang er «l.°> who used ve-
ctor pTACTAC (with #rp-lac promoter) and
Berndt er al.*®’ who used pAcYMI1 (a baculovi-
rus vector and polyhedrin promoter) to express
the catalytic subunit of PPl and is two folds
higher than the expression of rabbit muscle
phosphorylase b in pTACTAC",

Some laboratories have noted that the dif-
ficulty of expressing complex mammalian al-
losteric enzymes may be overcome by using wea-
ker rather than a stronger promoter for express-
ion and by lowering the culture temperature as
well as modulation of the promoter activity””
36-37-38)1 - Based on these observations, Zhang e¢f
al.*> subsequently reported that utilizing the
vector pTACTAC at a lowered growth rate
(28~30"C) produced soluble active PP1. Prior to
pQE3]
pMAL-p and pMAL-c were tested using the trp-
lac fusion promoter to express PP2A. Basically,
pMAL-p and pMAL-c
the only difference between these

used in this study, bacterial vectors

the structure of vectors
are similar;
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Figure 5.

Homogenous recombinant PP2A can be

obtained by passage through a Ni-NTA affinity and
an HPLC gel filtration column. Lane S, protein mo-
lecular standards: lane 1, PP2A eluted from Ni-
NTA affimity column; lane 2, homologous PP2A
eluted from a NI-NTA column and an HPLC gel

filtration column.

two vectors lies in the signal sequence of the
malE gene on pMAL-p which 1s intact and po-
tentially allows fusion proteins to be exported to
the periplasm. However, our 1nitial attempts to
express PP2A at any appreciable level in E. coli
were unsuccessful regardless of the varibles
which were tested and included culture medium,
E. coli host, culture temperature and metal 1on.
The expressed protein from both pMAL-p and
pMAL-c was completely insoluble and could
only be detected with antibodies (date not
shown). The present results are similar to those
of Tamura et a/. who reported the expression of
PP2C in E. coli®”; and may be attributed to the
structural difference between the catalytic sub-
unit of PPl and PP2A. If so, the trp-lac fusion
promoter may not facilitate in the expression of
PP2A as under the same conditions for PPI.
Protein phosphatase type 2A is a heterotrimeric
enzyme, thus the catalytic subumt may possess
significant surface regions of hydrophobic nature
that are involved in protein-protein mteraction.
This may explain why the catalytic subumit is
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present as an Insoluble aggregation rather than
folding to a relatively unstable tertiary structure
during the process of bacterial expression in the
absence of i1ts other subunits. In fact, the {ree
catalytic subunit of PP2A rarely occurs in ma-
mmalian cells. In addition, in our experience bo-
vine adrenal medulla PP2A raises its specific ac-
tivity when the concentrate enzyme is greater di-
lution. These lines of evidence seem to suggest a
role of the regulatory subunits that contributes
to enzyme specificity and the solubility of the
catalytic subunit of PP2A. Thus, the expression
of the active enzyme may be controlled by the
availability of those regulatory subunits which
bind to the catalytic subumt of PP2A. One pos-
sibility to test this attractive hypothesis would
be to co-express the catalytic subunit with the A
subunit of PP2A.

The significance of this current work 1n
which we have expressed the protem i E. coli
in mg amounts i1s that it provides an optimal
means to obtain a pure preparation of a single
isoform in lieu of 1solation from tissue sources
which is likely to result in a heterogenous yield.
The fusion protein containing one 6xHis affinity
tag, which binds to the Ni-NTA resin, facilitates
the purification protocol. Moreover, the binding
of the 6xHis/Ni-NTA does not require a func-
tional proteinaceous structure and thus unaf-
fected by strong denaturants such as guanidine
hydrochloride or urea. Since 6xHis tag protein 1s
itselt of samll size, non-immunogenic and un-
charged at physiological pH, the purified 6xHis
fusion protein may be used directly to elicit an
antigenic response in an immunized animal. Ve-
ctor pQE31 employed in this study has been
proved to be a rapid and efficient system to ex-
press enzyme*Y), transcription factors**! and
antigens*?).

Berndt er a/.*® has shown that PPI can be
renaturated by rapid dilution out of 6M guani-
dine hydrochloride with buffer containing Mn*"*
and 0.8M NaCl. However, we found preliminary
refolding conditions via smaller dilution steps
during dialysis against the buffer containing 50
mM Tris/Cl pH7.0, 50mM dithiothreitol, ImM
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MnCl:, and 600mM NaCl reactivates about 1%
of the total purified PP2A. The study of opti-
mum conditions of refolding and characteristics
of the reactivated enzyme 1s still 1n progress.
Nevertheless, the active enzyme obtatned 1in mg
amount in our present work will be of signifi-
cant use for the further study of PP2A since less
than 1 mg of protein can be isolated by conven-
tional preparations from about 100 bovine adre-
nal medulla glandsZ*’.
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