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Evidence for a phosphorylation-induced conformational change in
phospholamban cytoplasmic domain by CD analysis
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Phospholamban (PLB). an integiul membrane prolein of cardiue surcopltsmic reticulum (SR), is described as the regulator of the Cal*-ATPase

pump, via its phospharyluiion—dephospharylsiion of Szr-16. Recently (¢ hus been shawn thata diree! internclion between the N-terminal hydrophilic

domain of PLB and Ca¥*-ATPase may be ane of the mechanisms of regulstion. In order to show that this interaction could be modulated by »

phospharylation-induced conformutionai chunge in PLB, we run CD uudies on the synthetic paptide PLB(2-33) in its phosphorylated and

noa-phosphorylated forms, at various pHs. concentrations aad in the abssnee or presence of triflucracthanal. The results show a clear difference
in structure af the phospharylited und non-phosphorylated peptide,
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l. INTRODUCTION

Phospholambun (PLB) is an integral membrune pro-
tein of curdiac sacroplasmic reticulum (SR) and is
known to modulate the activity of the Ca®*-ATPase via
its phesphorylation by cAMP-dependent protein kinase
[1,2].

[t was recently shown, by reconstitution studies. that
PLB in its dephosphaorylated form is an inhibitor of the
Ca*-ATPase and that its phosphorylation by cAMP-
PK reverses the inhibition (3-5]. Furthermore, studies
in the intact heart have shown that B-adrenergic stimu-
latien is associated with PLB phosphorylation [6).

PIB is an amphiphilic polypeptide of 52 umino acids
and can be divided into two domains: (i) the cytoplasmic
hydrephilic N-terminal domain which contains Ser-16,
the phosphorylation site for cAMP-PK, and (ii) the hy-
drophobic C-terminal region that forms an a-helical
transmembrane region.

Although biochemically well characterized, the mo-
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lecular mechanism oy which PLB regulates the Ca?*-
ATPuse activity has not vet been elucidated. Different
studies have led to the hypothesis that Ca* uptake in
the SR is modulated by electrostatic interactions be-
tween PLB and Ca®*-ATPase [7.8]. More recently it has
been shown that a direct interaction between the hydro-
philic domain of PLB and Ca?"-ATPase may be one of
the mechanisms of regulation [5,9,10,11). This interac-
tion could be modulated by s conformational change in
the hydrophilic domain of PLB via its phaspherylation,
as suggested by MHuggins et al, (12] when they showed
that the sensitivity of PLB to digestion by proteases was
greatly reduced by phosphorylation.

In order to abtain direct evidence that phosphoryla-
tion of Ser-16 of PLB could induce a ¢onformational
change in its hydrophilic domain. we ran cireular di-
chroism (CD) studies on the synthetic peptide PLB(2-
33) in its phosphoryloted and non-phosphorylated
forms. Our resuits clearly show that a conformational
change can be observed upon phosphorylation of the
peptide,

2. MATERIALS AND METHODS

2.1, Spliesis of PLB(3.33)

Peptide PLB(2.33) was synthesized manually using solid-phase pep-
tide synihesls. Amino acids were coupted as Boc derivatives (Negsys-
lem Laboratoriss). BOP was used as the coupling reagent. Synthesis
wiss garried oul on 4-methyl benzhydrylaming resin (Applied Biosys.
lems) to praduce the C-terminal amidated peplide. Coupling reactions
weee performed in 25% DMF/DCM (v/v) with a three-feld exsess of
protexted Becramino acids and BOP, in the presence of DIEA (2 ¢q.)
Acetylation of the N-terminal residue was performed using a mixture
ol acetie anhydride and GIEA. Cleuvage of the paptide was performed
using the 'low=high' MF procedure, i.c. anhydrous HF in the presence
of dimethyl sulphur, p<rescl and thiocresol,
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2.2, Purification af the synthetic pepride

The erude synthetic pepride wax (ractionuted on a Fructogel TSK
HW0 (F) (Merck) column using 10% acxtic acid us eluent, Fragtions
containing the peptide were pooled, lyaphilized und purified by HPLC
on i Walers Associales System. Absorbance wus monitared at 206 nm.
A Waters PrepPuk C8 Delut Pak ealumn (300 A, 25 % 100 min) wak
gaed, Miupm wwd IeTlvomed mt A few rave w20 mbimin, wing s lingar
gradient over 20 min from 20% CH,CN/0.1% TFA to 40% CH,CN/
G.1% TFA.

2.3. Phasphuryletion of PLE(2-33)

Peptide PLB(2-33) {1 .5 mg) wus phoiphorylated using the entalytie
subunit of cAMP-pretein kinase (Sigma) €300 U) in 4 medium ¢onsuin.
ing KCi (0.1 M), MgCla¢t mM), EDTA(Q.1 mM), Tels (20mM), ATP
(1077 M} in  tolal volume of 1 ml. Alter incubation at 30°C for i b,
the reaclion was stopped by bolling. Peptide P-PLB(2.33) was purified
by MPLC as deseribed for peptide PLB(2-33}

24. Churacterization of PLB(2-33) oot P-PLB(2-33)

Amino acid analysis was performed on bolh peptides. Alter hydrol-
ysis with & N HCL {110°C. 24 h) amino ucids were derivatized with
phenylisathiosynnate and analyzed us deseribed by the Waters Micotag
manual,

PLB{2-33) and P-PLB{2.33) were characierized by measurement of
their moleculur mass by fust atom bombardment muss spectrometsy
(FAB-MS) perfarmed on a VG Analytical ZAB MF double locusing
muss spectromeier. (i) PLB (2-33), mvz = 3,831, 13 {eale, 3.831.45); tii)
P-PLB(2-33), m/z = 3.911.53 (culc, 3,911.42).

2.5, Cireuler dichroism cxporiments

The CD spestien of both peptides were obtained using a Cary 60
instrument, calibrated with d(+)10-camphor sulphonic ucid.

Peptides were solubilized in phosphate buffer (5 mM;}, at different
pHs (4.0, 7.4, 9.0) and in the absence or in the presense of TFE (10,
15, 30 and 1G%). Peptide ¢concentralions were determined by amino
ucid nnalysis.

The CD dati were recorded ina | mm quariz eell it 20°C and were
expressed in terms af ellipticity unils per mole of peplide tesidues (@
in deg-em?-dmal™!).

3. RESULTS AND DISCUSSION

For our study we synthesized peptide PLB(2.33) (Fig.
1) acetylated as its N-terminus as native PLB, and ami-
dated at its C-terminus to aveid artefactual electrostatic
interactions and also to mimie the hydrephebic charac-
ter of the C-terminal domain of PLB. The
phosphorylated peptide was obtaingd by emzymatic
phospherylation with cAMP-PK,

We then examined the CD spectra of the
phospharylated peptide (P-PLB(2-33)) and non-
phosphorylated peptide (PLB(2-33)) under various con-
ditions af pH, concentration and in the presence and
absence of TFE. Peplide concentrations were deter-
mined by amino acid analysis.

The CD spectra of the non-phosphorylated peptide
(Fig. 2) at a concentration of $x 10°* M in phosphate
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Fig. 1. PLB sequence. The sequense of the synthetic peptide, PLB(2-
33), is underlined.

414

FEBS LETTERS

Seplember 1992
° L
=
-3
N-L

-12 T T T r v T
190 200 210 220 230 240 250 260

Wavetangth (am)

Fig. 2. CD specira of PLB{2-33) at a consenirution of $% 107 M, in

phoesphate bulfer (8 mM) at pH 4 (a). pH 7.4 (@) and pH 9.0 (@). The

duta sre exprossed in terms of menn residue elliptiity. &, in
deg-emdmot,

buffer (5 mM) at different pHs (4.9, 7.4 and 9.0} indi-
cated the absence of a well-defined ordered structure.
No pH-induced chunge was observed, The broad nega-
tive shoulder at about 220 nm and the low intensity of
the negative band at 200 nm suggest that the peptide is
not completely rundom. The same results were observed
for the phosphorylated peptide (dati not shown).

Accerding to secondary structure prediction, several
groups have suggested a mainly helical structure for the
hydrophilic cytosolic domain of PLB. The first twenty
residuss were pradicted to form an a-helical amphipa-
thic structure, while the following ten-resiclue segment
seemed 10 be less structured {13,14).

To confirn the existence of the helical structure and
to compare the conformational behaviour of peplides
PLB(2-33) and P-PLB(2-33), we have examined their
CD spectra in phosphate buffer at pH 7.4 in the pres-
ence of TFE, us TFE is known to stabilize pre-existing
structures [15,15]. The results are shown in Fig. 3A and
B

The CD spectra analysis of both peptides showed that
increasing amounts of TFE induced a higher a-helical
content, characterized by the two negative bands at
about 208 and 220 nm. In 409 TFE, the spectra became
clearly helicul and the negative band at 220 nm reached
=13.1x10* deg-em*dmol™' and -8.9x10* deg-em* dmol”!

for the non-phosphorylated and the phosphorylated
peptide, respectively. Using at laast-squares curve fit-
ting procedure for the guantitative analysis of the CD
spectra [17] it was estimated that the a-helix content at
40% of TFE was 33% for PLRB{2-33) and 25% for P-
PLB(2-33). These results are in agreement with the pre-
dicted helical structure for the MN-terminal domain of
PLB and also show that the non-phosphorylated pep-
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Fig. 3. CD spectra of PLC(2-33) (A} und P-PLB(2.33) (B) a1 4 concentration of § x 107* M in phosphate buller, pH 7.4, containing 10% TFE {a),
15% TFE {@). 20% TFE (m} and 40% TFE (e).

tide hus a more prenounced a-helical character than the
phesphoryluted one.

Comparing the behaviour of both peptides in 15%
TFE, monitored by the CD curve around 200 nm, it was
found that PLB(2-33) was still in a random coil confor-
mation, while P-PLB{2-33) had more structure (Fig. 4).
The same results were found with both peptides, at a
five-fold higher conceniration, in phosphate buffer
alone (Fig. 3).

From these data, it appears that. in the presence of
TFE, peptides PLB(2-33) and P-PLB(2-33) have difTer.
ent conformational behaviours and that the
phosphorylated peptide adopts an ordered secondary
structure at a lower coneentration of TFE than the
non-phospherylated form, but that the latter is able to
assume a more @-helical dsecondary strusture,
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Fig. 4, CD specira of PLE(2-33) (0) and P-PLB(2.33) (#} at a congen-
tration of 5% 10* M in $ mM phasphate bufTer, pl1 2.4. conlaining
15% TFE.

The negutively churged phosphute group (pK; = 5.9)
introduced on Ser-16 of PLB(2-33) probably induces a
conformational change by eclectrostatic interactions,
medifying the intrapeptide hydrogen bends. As TFE is
supposed to lead to an increase of ¢lectrostatic interae-
tions duc to the lowering of the diclectric constant
[L5,14), it is possible that it contributes partly to the
observed difference in ellipticity between PLB(2-33)and
P-PLB(2-33). Nevertheless, the CD data, obtained at
high peptide conceniration in the absence of TFE, con-
firm that phesphorylation of peptide PLB(2-33) does
induce a conformational change.

Simmerman ct al. [18], in a study of detergent-solubil-
ized PLB, reported that phosphorylation does not sig-
nificantly alter PLB secondary structure. However, our
results show a clear difference in structure of the
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Fig. 5. CD specira of PLB(2:33) (o) and P-PLB(2-33) (@) 1t a concens
tration of 25 % 107 M in 5 mM phosphate bufYer. pH 7.5,
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phosphorylated and non-phosphorylated peptide
PLB(2-33). V¢ suggest, therefore, that such a localized
conformational change in the cytoplasmic N-terminal
domain, not detected in secondary structure studies of
the whole protein, may indeed occur. These results
would support the hypothesis that PLB regulates, at
least parily, the Ca®*-ATPase via its phosphorylation by
direct interaction between the cytosolic pari of both
proteins. Recently, however, Sasaki et al. [10] have
shown that PLB suppresses the Ca?*-ATPase at two
different sites, the cytoplasmic domain and the trans-
membrane domain. They suggested that a conforma-
tional change of the PLB transmembrane domain was
induced by phosphorylation of Ser-16 via a conforma-
tional change of the cytosolic domain. 2ZH NMR exper-
iments are now under way to compare the effects of
PLB and phosphorylated PLB on the lipid bilayer,

Ackiowledgemants: We are indebted 1o Dr. B. Luu for scientific sup-
port and to De. T. Barkas for earefully reading the manuscript. We
gratefully acknowledge Prof. Scelig (Biozentrum-Basel) for CD spec-
tropolarimeter facilities. A part of this research was supporied by a
FEBS paost-doetoral fellowship to E. Terzi.

REFERENCES

{1] Kirchberger, M.A., Tada, M. and Katz, AM. (1974) J. Biol.
Chem. 249, 6166-6173.

416

FEBS LETTERS

September 1992

[2] Tada, M. and Katz, A.M. (1982) Annu. Rev. Physiol, 44, 401~
423,
[3] Inui, M., Chamberlain, B.K., Saito, A. and Fleischer, 5. (1986)
J. Biol. Chem. 261, 1794-1800,
[4] James, P., Inui, M., Tada, M., Chiesi, M. and Carafoli, E. (1989)
Nature 342, 90-92.
[5] Kim, H.w., Steenaart, N.A.E,, Ferguson, D.G. and Kranias,
E.G. (1990) J. Biol, Chem. 265, 1702-1709,
[6]) Wegener, A.D., Simmerman, H.K.B., Lindemann, LP. and
Jones, L.R. (1989} 1. Biol. Chem. 264, 11463-11474.
[7] Chiesi, M. and Schwaller, R, (1989) FEBS Lett, 244, 24]1-244.
(8] Xu, Z.-C. and Kirchberger, M.A. (1989) J. Biol, Chem. 264,
16644-16651.
[9] Morris, G.L., Cheng, H.C,, Colyer, J. and Wang, L.H. (1991)
1. Biol. Chem. 266, 11270-11275,
[10] Sasaki, T., Inui, M., Kimura, Y., Kuzuya, T, and Tada, M. (1992)
J. Biol. Chem, 267, 16741679,
[11] Vorherr, T., Chiesi, M., Schwaller, R. and Carafoli, E. (i992)
Biochemistry 31, 371-376.
[12] Huggins, J.P. and England, P.J. (1987) FEBS Lett. 217, 32-36.
(13] Tada, M. and Kadoma, M. (1989) Bicessays 10, 157-163.
[14] Young, E.F., McKee, M.J,, Ferguson, D.G, and Kranias, E.G.
(1989) Membrane Biochem. B, 35-106.
[15] Nelson, J.W, and Kallenbach, N.R. (198G) Proteins: Struct.
Funct. Genet. 1, 211-217,
[16] Dyson, ¥.J., Rane, M., Houghten, R.A., Wright, P.E and Lerner,
R.A. (1988) J. Mol. Biol. 201, 20]-207.
[17] Hennessey, J.P. and Johnson Jr., W.C. (1281} Biochemistry 20,
1085-1094,
(18] Simmerman, H.K.B,, Lovelacee, D.E. and Jones, L.R. (1989)
Biochem. Biophys. Acta 997, 322-329.



