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Deletions in the N-Terminal Segment of the Plasma Membrarfé Bamp Impair
the Expression of a Correctly Folded Functional Enzime
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ABSTRACT. Mutant cDNAs encoding h4 plasma me
segment have been constructed and expressed in
was expressed at a high level similar to that of the

mbrané'Qaumps with deletions in the N-terminal
COS cells. As judged by immunoblotting, each construct
wild-type enzyme. The removal of the first six amino

acids had no effect on the &atransport activity, but deletions in the segment+I% reduced the activity

to undetectable levels. The d@86)h4 mutant, lackin

g amino acids486, was also efficiently expressed

in stable form in CHO cells. The @atransport activity of d(4356)h4 in this system was about 40% of

that of the wild type. The d(4356)h4 enzyme exhibited a similar affinity for €a a slightly increased
apparent affinity for ATP, and a slightly lower sensitivity to inhibition by vanadate than the wild-type
enzyme. Analysis of the phosphoenzyme intermediate formed in the presence of lanthanum showed that

the phosphorylation reaction was not affected, but
to the same extent as the Taransport activity. Th

was a mixture of fully active and inactive enzyme.

by proteases and had a higher sensitivity to heat

the maximum amount of phosphoenzyme was reduced
ese results suggest that the expresseed- 563134

The d(88)h4 enzyme was more easily degraded
inactivation than the wild type suggesting that the loss

of function was due to the improper folding and instability of the mutant protein. On the basis of these
findings, it appears that the N-terminal segment of the plasma membr&heg@ap is neither essential
for synthesis nor for catalytic activity but is critical for the expression of a correctly folded functional

enzyme.

The plasma membrane €gpump (PMCA} extrudes C&
from the cytosol to the extracellular space against its
concentration gradient at the expense of ATP hydrolysis. The
pump is a single subunit P-type ATPase of molecular mass
about 134 kDa with 10 membrane-spanning domains{M1
M10) and two major cytosolic loops between MRI3 and
M4—Mb5. These regions are highly conserved in all P-type
pumps unlike the N and C terminal segments that are highly
variable (, 2). It is well-known that the C-terminal 120
amino acid segment of hPMCA4b functions as an auto-
inhibitory domain and can be removed from the molecule,
either by proteolysis or deletion mutagenesis, resulting in a
fully active calmodulin-insensitive Ca pump @, 4). In
contrast, the function of the N-terminal segment of the
PMCA is unknown.

We have previously shown that deletion of amino acids
18—-75 of the hPMCA4b lead to the expression of an inactive
pump indicating that unlike the C-terminal region, the
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sulfate.

10.1021/bi001222c CCC: $19.00

Zz -

h4 PMCA

d@2-7)
d(2-14)
d(2-27)
d(2-33)

d(43-75)

d(43-56)

d(57-75)

FiGure 1: Scheme of the deletions in the N-terminal region of the
plasma membrane €apump. The numbers on the top refer to
the amino acid position in the sequence of the wild-typ& @amp
human isoform 4 (h4 PMCA). The dotted lines indicate the deleted
amino acid segment, and the black boxes correspond to the first
transmembrane segment (M1).

N-terminal segment of the PMCA is important for a
functional enzyme J). Here we report on the functional
consequences of smaller deletions involving amino acids
from the segment-175 of the PMCA isoform h4 (Figure
1). We found that the activity of the enzyme was not affected
by the removal of the first six residues, but it was
substantially reduced by deletions involving the succeeding
amino acids. The reduced activity can be accounted for by
the expression of lower amounts of functional enzyme and
a misfolded inactive pump. Thus, it seems that the N-terminal
segment of the PMCA is not necessary for catalytic function
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but is important to either generate or stabilize a properly the Sal —EcoRl and EcoRl—EcaRI fragments obtained by

folded protein. digestion of the pMM2-h4 DNA. To express d#36)h4
in a stable form the pMM2/d(4356)h4(ct120) DNA was
EXPERIMENTAL PROCEDURES digested withSal and BsgEl, and the cDNA fragment was

Materials. Reagents were purchased from the following cloned into the corresponding posmon of pED-h4.
companies: enzymes used in DNA manipulations, New CHO (dhir-) cells were obtained from the ATCC and
England Biolabs and Promega Corp.; oligonucleotide prim- Maintained in Dulbecco’s modified Eagle medium supple-
ers, DNAgency, Malvern, PA, USA; columns for DNA mented with 0.1 mM hypoxanthine, 0.01 mM thymidine, 100

purification, Qiagen“Ca, DuPont NEN; Immobilon transfer ~ units/mL penicillin, 100ug/mL streptomycin, and 10% of
membranes and Nitrocellulose filters, Millipore; Immuno- fetal calf serum. The cells were grown at37in humidified

chemicals, Vector Labs.; reagents for cell culture, thapsi- 9% CQJair on standard plastic culture dishes. Confluent
gargin and other chemicals, Sigma. The expression vectorsdishes of 3.5 cm in diameter were transfected using lipo-
pED and pMT2 were a generous gift of Dr. Randall J. fectamine with the empty vector pED or with the pED
Kaufman, Genetics Institute, Boston, MA. The vector pMM2 containing the cDNA coding for h4 or d(4356)h4. Two
was derived from pMT2 as described previousy. ( days after transfection, the cells were split into three dishes
Construction of Mutant cDNAs and Expression in COS-1 ©f 15 ¢m in diameter and cultured in minimum essential
Cells The construction of the cDNAs encoding h4(ct120) medium Ea_lgle alpha _modlflcatlon without _ribonu_cl_eo_sides
and d(18-75)h4(ct120) was described previously §). The and deox_yrlbonucle05|des, supplemented with antibiotics _and
new constructs were obtained by polymerase chain reactionl0% Of dialyzed fetal calf serum. After 3 weeks, the colonies
using the following oligonucleotide primers (nucleotide We'e isolated using clon|n.g cylinders and five clones were
sequence '5— 3): (2—7), aacccgtcgaccATGgtcttgectge- analyzgd for the integration of thg transfected DNA by
caactcgat; (214) tgcaggtcgaccATGgcecgagagecgtgaaggg; IENOmic PCR gnd for the expression of the pump protein
(2—27) tgcaggtcgaccATGgaactgaggaagcicat32) tgcag- by mmgpoblottmg. Membraneg were prepared from one of
gtcgaccATGgagcetgegticgagggatg: 308 tetccaggatgatgagegt the positive clones, and th(_a activity of the expressed enzyme
gacat; Al ctgcaggtcgaccATGgcgaacceat; 3Q43R gacat-Was estlmg'_[ed by measuring the_ATP-depende_nt thapsigar-
taatacgegtecagtgcatecctcgaacy; 5S56T gaatctctgcacgcgtctgg'”"nsens't've C# uptake into microsomal vesicles.
aaaacctccectgt; 3S56T ggttttcagacgegtgcagagattctgtacacct; Detection of Expressed €aPumps SDS electrophoresis
Oligonucleotides (27), (2—14), (2-27), and (2-33) and immunoblotting were carried out as previously described
included the sequence recognized by 8a nuclease and  (11). Proteins were electrophoresed on a 7.5% acrylamide
the consensus initiation translational sité), (which is gel according to Laemmlil@) and subsequently transferred
indicated in capital letters. They were used as thprBner to Millipore Immobilon membranes. Nonspecific binding was
together with oligonucleotide 308 as the@imer. The PCR  blocked by incubating the membranes overnight a€4n
products were digested witBal and Dralll (internal site & solution of 160 mM NaCl, 0.05% Tween 20, and 1% non
present in the wild-type sequence) and the fragments ligatedfat dry milk. The membranes were incubated at@7for 1
into the pMM2/h4(ct120) in place of the wild-type DNA. hwith 5F10 or JA9 antib_od_w@) from ascitic fluid (dilution
A DNA coding for mutant d(4375) was constructed 1:1_000). For stglnmg, blotlnylated ant!—mouse immunoglo—
using primers Al and 3Q43R. Oligonucleotides A1 and Pulin G and avidin-horseradish peroxidase conjugate were
3Q43R contained &al site and aMlul site, respectively. ~ Used.
The product A1-3Q43R was digested wiltal—MIul and Assay of C& Transport C&* uptake was assayed as
the fragment, coding for residues-42, was inserted into  described previously4j, in 500 4L of a reaction mixture
the pMM2/d(18-75)h4(ct120). The cDNAs coding for containing 10ug of microsomal protein, 100 mM KCI, 50
mutants d(43-56) and d(5775) were constructed usinga mM Tris-HCI (pH 7.3 at 37°C), 5 mM NaN, 400 nM
similar strategy with primers 5S56T-308 and 3S56T-Al, thapsigargin, 20 mM sodium phosphate, 88 EGTA, 8
respectively. The digested PCR products were inserted inmM MgCl,, 6 mM ATP, and CaGl to give different
pMM2/d(43—75)h4(ct120). The sequence of tBal —Dralll concentrations of free Gaas indicated in each experiment.
fragment from all the mutated DNAs was verified by dideoxy 4°Ca was present at a specific activity of about 20° cpm/
sequencing of double-stranded plasmids. The plasmid con-nmol. The free C& concentration was calculated using the
structs used for transfections were purified on Qiagen program of Fabiato and Fabiatd4). When the activity of
columns according to the supplier’s protocol. the full-length C&" pumps was measured, 240 nM calm-
The transfection of COS-1 cell8)was carried out either ~ odulin was added to the reaction medium. In the experiment
by the DEAE-dextran-Chloroquine metho®) (or using shown in Figure 4, panel C, a lower concentration of ATP
lipofectamine (Gibco) and harvested after 48 h. The mi- (375 uM) was used because high concentrations of ATP
crosomal fraction was isolated as described previougly ( partially release the inhibition of the PMCA by vanadait, (
Protein concentration was estimated by means of the Bio-16).
Rad protein assay (Bio-Rad Laboratories, CA), with bovine  The vesicles were preincubated at%&7for 5 min in the
serum albumin as a standard. reaction mixture without ATP, and the reaction was initiated
Stable Expression of Wild-Type h4 and d{&®)h4 by the addition of ATP. The uptake was terminated after 5
Mutant C&+ Pumps in CHO CellsFor stable expression of  min by filtering the samples through a 0.4% filter. The
the C&" pumps in CHO(dhfr-) cells, the pED vector was “*Ca taken up by the vesicles was determined by counting
employed 10). The cDNA coding the h4 enzyme was cloned in a liquid scintillation counter. Uptake activities were
into the pED vector in two steps involving the insertion of expressed per milligram of membrane protein.
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The ATP dependence of the €aransport was measured
in the same medium, but the total Mg@las varied to ensure
a constant level of free Mg. The concentration of Mgl
in the absence of ATP was 4 mM, and ATP and Mg@ére
added in equimolar amounts.

Formation of the Phosphorylated Intermediaidie reac-
tion was carried out as described previoudyif 250 uL
of reaction buffer containing 1ag of membrane protein,
100 mM KCI, 25 mM Tris-HCI (pH 7.0 at £C), 400 nM
thapsigargin, and 58M CaCk. When indicated, 5@M of
LaCl; was added to the reaction medium to stabilize the

PMCA phosphoenzyme. The membranes were preincubated

in the reaction buffer for 5 min, and the reaction was initiated
by the addition of 1uM (y-*?P)ATP. The reaction was

stopped at different times with 18 of 100% trichloroacetic

acid. After 30ug of bovine serum albumin was added, the
denatured proteins were collected by centrifugation at 1000
for 10 min and washed twice with 1 mL of a cold solution
containing 7% of trichloroacetic acid and once with 1 mL
of distilled water. The proteins were dissolved in a gel

loading buffer and separated by electrophoresis in a 7%

SDS-acrylamide gel according to réf7. The gels were dried
and exposed for-224 h at—70°C. After the autoradiographs
were produced, the slices of gel containing the PMCA
phosphoprotein were cut and counted in a liquid scintillation
counter.

Limited Tryptic Digestion of the Expressed Proteihsn
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Ficure 2: Expression level and €atransport activity of mutant
Ca&" pumps expressed in COS cells. (A) Immunoblot of mi-
crosomes from COS-1 cells transfected with the empty vector
pMM2, and pMM2 containing the cDNAs encoding ct120 or the
indicated N-terminally deleted ct120 mutants. Three micrograms
of membrane protein were applied on each lane of a 7.5% SDS
gel and subjected to immunoblot analysis using monoclonal
antibody 5F10. (B) CH transport activity. The Cd uptake in

micrograms of membrane protein were resuspended in amicrosomal vesicles was measured for 5 min at@7n a reaction

solution containing 100 mM KCI, 50 mM Tris-HCI (pH 7.3
at 37°C), 5 mM NaN;, 20 mM sodium phosphate, 98V
EGTA, 8 mM MgChL, 6 mM ATP, and 0.15 mM Caghlnd

5 ug/mL of trypsin at a protein/trypsin ratio of 40:1. The
mixture was incubated at 3T for different times, and the

mixture containing kM Ca" and 6 mM ATP. The values shown

in the figure are the average of two to seven determinations using
different microsomal preparations. The error bars correspond to the
standard deviation.

mutant enzyme with about 55% of the activity, and deletions

digestion was stopped by adding a 10-fold excess of further downstream in the segment-1% reduced the rate
aprotinin. The samples were incubated on ice for 10 min of Ca*t uptake to a value close to that of control microsomes

and then subjected to immunoblot analysis.
Thermal Inactiation. Ten micrograms of microsomal
protein were incubated in Gauptake medium without ATP

from cells transfected with the empty vector. Experiments
using the full-length h4 enzyme instead of its ct120-truncated
version indicated that the loss of activity was independent

for 5 min at successively increasing temperatures following of the C-terminal regulatory domain (not shown).

which the samples were immediately transferred to a water

ice bath. After the sample was incubated for 30 min on ice,

ATP was added, and the €aransport was measured at 37
°C as described above.

RESULTS

Expression and Ca Transport Actiity of PMCA Mutants
with Deletions in the N-Terminal Segmektutant PMCAsS

containing deletions in the N-terminal segment were tran-

siently expressed in COS-1 cells using a C-terminally

C&* Transport Actiity of the d(43-56)h4 Mutant C&"
Pump Expressed in Stable Form in CHO Cell®. obtain
larger amounts of expressed PMCA, stable CHO cell lines
expressing the h4 and d(#36)h4 enzymes were isolated.

In agreement with previous finding4,(18) immunoblot
analysis showed that the h4 enzyme expressed in CHO cells
had a migration similar to the PMCA from human erythro-
cytes but slightly faster than the endogenous PMCA (Figure
3, panel A). The intensity of the endogenous PMCA was
significantly weaker in CHO cells expressing either the

truncated h4(ct120) construct. Figure 2, panel A shows thatd(43—-56)h4 or the wild-type enzyme than in CHO cells

in membranes from transfected cells antibody 5F10 recog-

transfected with the empty vector pED. This probably reflects

nized a band corresponding to the endogenous enzyme an@ downregulation of the endogenous enzyme, as it has been
a lower band corresponding to the expressed ct120 proteinspreviously describedl, 20). The measurements of theTa
The intensity of the bands indicated that the mutant proteins uptake showed that the d(436)h4 expressed in the CHO
were expressed at a level similar to that of the h4(ct120) cell system retained a €atransport activity close to 37%

enzyme.

The Ca&F" transport activity of the mutants is shown in
Figure 2, panel B. The activity of mutant d{Z)h4(ct120)
was 95% of that of h4(ct120) indicating that deletion of the
six residues following the initial methionine did not signifi-
cantly affect the ability of the pump to transport Ca
However, the removal of amino acids-24 resulted in a

of that of the wild type (Figure 3, panel B).

The C&" transport activity of the d(4356)h4 from
transfected CHO cells was tested as a function of free Ca
concentration. As shown in Figure 4, panel A, despite the
lower maximal velocity of d(4356)h4, the C& dependency
of the C&" uptake was not significantly different between
microsomes containing h4 and d436)h4.
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FiGuRe 3: Stable expression of wild-type h4 and d{4®5)h4
mutant C&" pumps in CHO cells. (A) Immunoblot using antibody
5F10 of microsomes isolated from CHO cells transfected with the

rate of Ca2+uptake (%)

empty vector pED and CHO cells containing the expressed h4 or 0 ‘ '
d(43-56)h4 proteins. The number on top of the lane indicates the 10 100 1000 10000
amount in microcrograms of microsomal protein loaded. RBC, ATP (uM)
membranes from human red blood cells; ct120, microsomes from C
CHO cells expressing the ct120-truncated mutant. (B) Time course = 100
of Ca" uptake by microsomes from CHO cells: control (pED) =
(squares), h4 (circles), or d(#36)h4 (triangles). The Ca uptake F)
was measured at 3T in a reaction media containing 151 Ca?* s 57
and 6 mM ATP. 1y ¢
a&, 50+ X

The activity of the mutant enzyme was also measured as gﬁj
a function of ATP concentration (Figure 4, panel B). The © 25 1
response to ATP of the d(4®56)h4 and h4 enzymes was B \
similar, and both reached their maximum transport rate at 0 , , 1
about 1 mM ATP. However, at low concentrations of ATP 0.1 1 10 100
the activity of the d(43-56)h4 enzyme became close to 50% Vanadate (M)

of .th.e corresponding Wild—type -activity ;ugge;ting that the Ficure 4: Kinetic properties of the Ca transport by the d(43
affinity for ATP at the catalytic site was higher in the mutant 5g)n4 enzyme. (A) Ga concentration dependence of?Caiptake
than in the wild-type enzyme. by h4 and d(43-56)h4. Ten micrograms of microsomal protein
Vanadate is a potent inhibitor of all P-ATPases presumably from CHO cells expressing h4 (circles) or d¢436)h4 (triangles)
by binding to the E2 form of these enzymes. As shown in were preincubated for 5 min at 3T in the reaction media, and

Ei 4 | C . f d the uptake was initiated by the addition of 6 mM ATP. The reaction
igure 4, panel C, concentrations of vanadate up &6 55 terminated after 5 min. The maximum rate of Captake of

reduced the activity of h4 to about 75% but did not the wild-type enzyme was taken as 100%. The lines represent the
significantly affect the activity of d(4356)h4 indicating that  best fit of the data given by the Hill equation. Data points are the
the mutant had an apparent affinity for vanadate slightly average of two experiments. Th&. and Ky, values were h4,

: - - 100%, 0.23:M: d(43—56)h4, 30%, 0.22:M. (B) C&~ transport
lower than the wild type. Thls_result 5“99?35 that in f[he activity of the h4 and d(4356)h4 pumps as a function of ATP
d(43-56)h4 enzyme the proportion of E2 during the reaction concentration. The rate of €auptake was measured after 5 min

cycle slightly decreased. incubation at 37C as described under Experimental Procedures.
Formation of the Phosphorylated Intermediaée ability The free C&" was 154M. The symbols are the same as that for
of the d(43-56)h4 enzyme expressed in CHO cells to form panel A. Data points are the average of two experiments. The best

. . ) . fit to the data was obtained by adjusting a double rectangular
the phosphorylated intermediate from ATP was investigated hyperbolic equation with the following parameters h4, ¥56%,

(Figure 5, panel A) both in the presence and the absence ofy2 = 50%, Km1= 17 uM, Km2 = 311uM; d(43-56)h4, V1=
lanthanum. Lanthanum is known to block the decomposition 16%, V2= 15%, Km1= 5 uM, Km2 = 179 uM. (C) Effect of

of the phosphoenzym@{, 22). In the absence of lanthanum, Vvanadate on C4 transport. C& uptake assays were carried out

: for 5 min at 37°C in the presence of-6250 uM vanadate as
a band corresponding to the PMCA phosphoenzyme was Onlydescribed under Experimental Procedures. The symbols are the same

detected in microsomes containing the wild-type pump. AS 5 that for panel A. The concentrations of ATP and fre& @ere
expected, the intensity of the wild type phosphoenzyme 375,M and 15xM, respectively, and the rate of &auptake at 0
increased substantially in the presence of lanthanum. UndeuM vanadate of microsomes containing the h4 enzyme was taken
these conditions, a small amount of phosphoenzyme becamés 100%. Data points for each curve are the average of wo
visible in mutant d(43-56)h4. determinations. The lines represent the best fit to the data given by

; . the following equation \.= Vr + Vs/(1 + [vanadate]/Ki) with the

Figure 5, panel B, shows the time course of phospho- following parameters h4, \is 94%, Vr= 4%, Ki = 19uM; d(43—

enzyme formation by h4 and d(4%6)h4. Although the  56)h4, Vs= 23%, Vr= 8%, Ki = 29 uM.
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0 : ' Ficure 6: Tryptic digestion of membranes from CHO cells
0 50 100 150 containing the h4 and d(43%6)h4 proteins. The treatment with

trypsin was performed at 37C as described under Experimental
Procedures. The number on top of each lane indicates the duration
FiGurRe 5: Phosphoenzyme formation by wild-type h4 and éf43  of proteolysis in seconds. (A) The proteins were separated in a
56)h4 mutant C& pumps. (A) The formation of the phosphoen-  7.5% SDS-acrylamide gel, and the PMCA fragments were detected
zyme intermediate from ATP was studied on membranes obtainedwith antibody 5F10. (B) The proteins were separated in a 12.5%
from CHO cells transfected with the empty vector pED, and from SDS-acrylamide gel, and the PMCA fragments were detected with
CHO cells expressing h4 or d(4%6)h4. Thirty micrograms of antibody JA9.

microsomal protein were phosphorylated &Clfor 1 min in the . .

presence of %M of (,}/_SZP)RTp,psoﬂKA CaCl, with or without 50 6, panel B). The epitope for JA9 has_been prewous_ly located
uM LaCl; as described under Experimental Procedures. The between amino acids 5175, but it did also recognize the
phosphorylated proteins were separated by electrophoresis using anutant d(43-56)h4. In agreement with previous studigs§,(

7% acidic SDS-acrylamide gels, and the radioactivity was detected 24), fragments of molecular mass of about-®B kDa

by autoradiography. (B) Time course of phosphorylation. Micro- . .
somal vesicles containing the expressed h4 (circles) and-d(43 accumulated as the digestion progressed. These and other

56)h4 (triangles) enzymes were preincubated for 5 min &C3ih smaller fragmen_ts were .produced faster in the _d(g%)'
the presence of 50M CaCl and 50uM LaCls. The reaction was 4 mutant than in the wild-type enzyme. Experiments (not

initiated by the addition of 1uM of (y-**P)ATP, and it was  shown) using the nonspecific protease Pronase also indicated

quenched at different times with 6% trichloroacetic acid. The {nat at short times of proteolysis the mutant enzyme was
phosphorylated proteins were separated by electrophoresis, expose&;]; - b . .
to X-ray films, and quantified by cutting gel slices and counting ore susceptible to degradation than the wild-type protein.

the radioactivity in a liquid scintillation counter. The maximum  The structural stability of the d(4356)h4 protein was also
amount of radioactivity of the h4 enzyme was taken as 100%. The assessed by comparing its heat inactivation profile with that

data points are average of three experiments. of the h4 enzyme. As shown in Figure 7, the?Caansport
activity of the wild-type enzyme dropped to 50% of its initial
amount of phosphoenzyme increased rapidly in both en-yajue after incubation for 5 min at 49°& while incubation
zymes, the d(4356)h4 mutant showed a maximal level of = at 46 °C over the same time period sufficed for a similar
phosphoenzyme of about 40% of that of h4. This value is |oss of activity of d(43-546)h4. This result suggests that

close to the relative Ca transport activity of the mutant  the structure of the active d(4%6)h4 enzyme was less stable
suggesting that the decrease ofCaransport activity was  than the wild type.

accompanied by a similar reduction in the amount of
phosphorylated intermediate. DISCUSSION

Structural Integrity of the d(4356)h4 ProteinCHO cell We have performed several small deletions covering the
microsomes containing the d(436)h4 protein were exposed  N-terminal segment of the h4 plasma membran& @amp.
to trypsin, and the pattern of proteolytic fragments was The mutant proteins were correctly expressed in the COS
compared with that produced by the wild-type h4 pump. The cell system, and none of the alterations significantly affected
immunoblot of the proteolyzed samples with antibody 5F10, the level of pump protein present in microsomal membranes.
which reacts between amino acids 7188, is shown in The mutant d(27)h4(ct120) had a Ca transport activity
Figure 6, panel A. The treatment with trypsin caused a about equal to that of the h4(ct120) enzyme, indicating that
progressive disappearance of the intact wild-type enzyme andhe residues closer to the N-terminus of the protein were
the production of peptides of 9’6 kDa as previously  neither important for biosynthesis nor for function. Deletion
described in erythrocyte membrandS)( In contrast, most  of amino acids 214 decreased the activity to about 55%,
of the d(43-56)h4 protein was rapidly cleaved after 30 s of and further deletions in the segment-1% reduced the
digestion. activity below detectable levels.

The production of tryptic peptides from the N-terminal The mutant d(4356)h4, lacking only 14 amino acids, was
portion of the pump was followed using antibody JA9 (Figure also efficiently expressed in a stable form in CHO cells. The

time (s)
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the phosphorylation 22, 25), differences in the rate of
s 100 phosphoenzyme formation between the d(88)h4 and
g wild-type enzymes under normal conditions in the absence
‘; B of lanthanum cannot be discarded.
g Limited proteolysis experiments showed that the &(43
= S0t 56)h4 protein was more sensitive to degradation by proteases
3 than the wild-type enzyme. This result is consistent with the
2N existence of at least a fraction of the expressed d&8h4
e )\ protein in a structurally altered form. The increased rate of
0 — ' ‘ proteolysis of d(43-56)h4 may also result from the local
37 42 47 52 57 exposure of peptide bonds that were partially protected by
Temperature (°C) the N-terminal segment in the native structure.
FiGURe 7: Thermal inactivation profiles for the €atransport The expression of nonfunctional d(#36)h4 enzyme may

activity of the h4 and d(4356)h4 enzymes. CHO cell microsomes  indicate that the removal of the N-terminal segment impaired
containing the h4 (circles) and d(436)h4 (triangles) enzymes  the jnitial folding of the protein, which is likely to be the

were incubated for 5 min at different temperatures, and the residua imiti ; :
Ca* transport activity was measured for 5 min at’87as described rate-limiting step for the synthesis of an active PMCA when

under Experimental Procedures. The concentrations of ATP andthe level of translation is high. It is worth noticing that a
free C&" were 375 and 1&M, respectively. The activity of each  Similar situation is frequently found after overexpression of
enzyme after incubation for 5 min at 3T was taken as 100%.  other mutant and wild-type proteing@, 27). Also in this

The data points are average of three experiments with different c535e the limitations of the expression system for the proper

microsomal preparations. The lines represent the best fit of the data - : : :
given by the equation V&= Vm/(L + e~ — 50 with the following processing of increasing amounts of newly synthesized

values h4, Vm= 96%, b= —1, t50= 49.7°C; d(43-56)h4, Vm polypeptides results in variable yields of functional products.
= 100%, b= —2, t50= 46.0°C. Alternatively, it is possible that all the d(4%6)h4 protein,

o _ o although initially similarly folded, was less stable than the

Ca&* transport activity of CHO cell microsomes containing ild type. Indeed, we found that the d(#36)h4 activity
the d(43-56)h4 mutant was clearly higher than that from \yas more sensitive than the wild type to heat inactivation
control microsomes and a.bout 300% of that of mi- suggesting that the d(4%56)h4 enzyme had a higher
crosomes containing the wild-type pump. Apparently, the tendency to denaturation than the wild type. In all likelihood,
d(43-56)h4 produced in CHO cells had a higher relative the production of inactive d(4356)h4 was the combined
activity than that produced in COS cells. This result suggests jasylt of misfolding problems during biosynthesis and
that the level of functional d(4356)h4 enzyme was affected  jnstapility. Accordingly, although the N-terminal segment
by the biosynthetic processing in the host cell. is not essential for the catalytic activity of the enzyme, it

Despite the lower maximal rate of transport, the df43  seems to be important to either generate or stabilize a
56) enzyme expressed in CHO was functionally similar to correctly folded PMCA.
wild type displaying a normal Ca dependency and high Previous studies have shown that deletions in the N-

apparent affinity. for ATP. In addition the d(.é%e) was terminal region of the yeast plasma membraneATPase
slightly more resistant to vanadate than thg Wlld—type pump. (28) and SERCA 29, 30) cause a rapid degradation of the
These results suggest that the loss of activity in the d(43 protein and drastically reduce the expression levels. We
56) mutant was not caused by a reduction in the CONVErsIONt,nd that this was not the case of the PMCA mutants with
of the enzyme from E2 to E1. : . _deletions in the N-terminal segment since their cellular
Although in the absence of lanthanum, it was not possible expression was not hampered. This fact may indicate that
:&det?a :hg ;t)rr]esence of ph?lspht?]enzyme n thﬁw i fthe expression of PMCA is less tightly regulated by the
mutant, in the presence of lanthanum, a small amount 0 quality control mechanisms that degrades misfolded proteins.

phosphoenzyme became visible. Under these conditions theg , the other hand, it is tempting to speculate that regardless
maximal level of d(43-56)h4 phosphoenzyme was about of the low consérvation F(;f gming) acid sequenge, the

40%.0f that of h4. Because Ianthanum blocks the decqm- N-terminal segment may have a similar structural importance
position of the phosphoenzyme, arresting the enzyme in &in different P-type pumps. Moreover, in agreement with our
fhosghor¥:]ated form, th? Ia”t‘ﬁum Of. pTﬁsphﬁte?Z)éme |°b' previous proposal for the N-terminal segment of the PMCA
tal?r? tlr: | e pres;an;:e ?. anthanum IIZS thoug Oth%gose(m), the recent elucidation of the crystal structure of SERCA
0 the tota ar_n_ounf% igg’g ﬁzzyme. urthérmore, t hi a (31) has shown that the N-terminal segment is part of the
transport activity o ( )h4 was proportionate with Its ¢ 5169 “domain A”, which also includes the segment
maximal amount of phosphoenzyme, suggesting that SOMEhetween M2 and M3 highly conserved in all P-ATPases

of the expressed d(43®%6)h4 enzyme was fully functional ; p ; -
while the rest was neither capable of transporting'Geor s(r)erxgﬁflég? lled the *transduction domain” or thiéstrand

of phosphorylation. Further supporting this interpretation, we

found that the d(4356)h4 enzyme was phosphorylated ata AckNOWLEDGMENT
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