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Resum del treball II. The C-terminal domain of human grp94
protects the catalytic subunit of protein kinase CK2 (CKZ2o.)
against thermal aggregation. Role of disulphide bond's.

El domini C-terminal de la grp94 humana es va clonar i expressar en E. Coli
com a proteina de fusié amb una cua de sis histidines localitzada a I'extrem N-
terminal de la proteina. Les dades prévies amb grp94 de fetge de rata indicaven
que la proteina nativa era un dimer unit per ponts disulfur i pensavem que els
dimers i oligomers es formaven per oxidacié de dues cisteines localitzades a
I'extrem C-terminal. La grp94 humana recombinant pot formar dimers i oligdmers
que poden ser dissociats en monomers en presencia de DTT i aquesta dissociacié
no és deguda al procediment experimental utilitzat. La dissociacio del domini C-
terminal no implica perdua destructura ja que els espectres d'estructura
secundaria obtinguts per dicroisme circular sén iguals per la grp94 tractada i no
tractada amb DTT.

D'altra banda hem pogut establir un metode d'assaig xaperona, similar a
l'utilitzat per hsp90, que demostra que el domini C-terminal de grp94 confereix
proteccio a la subunitat o de CK2 enfront d'agregacié induida per xoc térmic perc
no la protegeix contra inactivacié. La inhibicié de I'agregacié és dosi depenent i
s'observa un maxim de proteccié a relacions molars de 4:1. La presencia de DTT i
por tant la dissociacié dels oligdmers redueix la capacitat d'inhibir I'agregacié
sense alterar les caracteristiques de solubilitat de la proteina. Aixi doncs, el
domini C-terminal de grp94 té activitat xaperona i requereix el manteniment de la
seva estructura quaterndria per assolir maxima activitat xaperona. L'estructura

quaternaria sembla que esta estabilitzada per ponts disulfur.
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The C-terminal domain of human grp94 protects the catalytic subunit
of protein kinase CK2 (CK2«) against thermal aggregation

Role of disulfide bonds
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The C-terminal domain (readues S18-803) af the ™ kDa
glucose  regulntedd  prolein  (grpfdd was  expressed in
Escherlehla coli as o fusion protein with a Hise-M-terminal
tag (prp94-CTh This trancated form of grp9d formed
dimers and oligomers thal couald be dissocised mnio
monomers by treatment with dithiothreitol. Grp54-CT con-
ferred protection agains aggregation on the caalytic subuandt
of protein kinase CE2 (CK2a), alihough i did not prowect
apainst ihermal inactivation, This lnl:ia:"mg.[l.inn elfect of
2ip - CT was concentralion dependent, with full protection
schieved sl grp@d-CTICK2e molar rabiog of 4 : 1, The

presence of dithiolhreitol markedly redsced ihe ant-
oggregation effecis of grpld-CT on CE2Za without altering
the soubility of the chaperone. It is concluded that the
chaperone sctivity of the Cocrminal domain of haman
g requircs the maintenance of its quatemary structure
(dimers and cligomers), which seems w0 be siabilised by
disulphide boads.

Keywordr: aggregation; chaperone assay; grp™. pootein
kinase CH2

The %4 kDo glucose-regulaied prodein (grp®) is a glyoo.
protein with multiple Ca™" binding sites that paricipates in
the cellalar responsa 1o different types of stressors [ 1], Grptd
i% abwndant in the Tumen of the endoplasmic reticulum (ER),
but several lines of evidence have challenged the assumpion
of an exelusive luminal localization. Grp@4 has been found
i pssociate with cyloplasmac protzins znd to serve as sub-
strave for cylosolls proteases [1-3), suggesting thar it may
also exist either as & cytoplasmic prodcin or &8 & trans-
membrane prodein with a eyloplasmie C-terminus. Farther-
more, prp9d has boen detected on the cell surface of
cultured muscle and tumeour cells [£.5]. Grph4 is known o
paricipaie in protein folding and assembly, in peodein
secrelion, and o protect cells ageinsl spopiosis, Farther-
miore, i wmeur and virss-ialfected cells, prp9d4 mediates
imarunogenicity that is conferred ned by itself bot due to its
ability o bind immaregenic peplides [1.6], & fonction with
potential applications in cancer immunatherapy,

Hap is the eytosolic counterpan of grpfd, with which
it ghares ppproximately 50 homology [1]. The HspB0
srecture 15 composed of two clearly distinguishable
domains linked theough a relatively Nexible, highly charged
loop. A similar strocture has been suggesied for grp2d [1].
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Both hsp@0 and grp%4 form homodimers theough il o il
interaciions (78], and olipomers through a less defined
mechanesm that, in the caze of hsp®0, also invelves the
C-lerminal domain [¥]. Recent stmlies on prp@d have
mapped its peptide binding site to the C-temminal domain of
the prosein in elose juxtapositien to the dimerization
chormain, and 3 possible mle for dimerizstion in stabilizing
peptide banding bas been proposed [10]. Dimerization of
grpd seems to be largely doe o hydrophobic inleractions
8. 11). However, dissociation of native rai liver grpd into
MaOmmErs redquires he presance -l:rfml:i.lcing agents [1Z].
Faurthermore, disulphide bonds have been delecled in
recombinant muarine grp®d [13],

HepS and grp®™ bind to a wide range of cellular pro-
teins, mcleding different protein kineses [1]. I is well
known that hsp®) binds to protein kinass CK2 and forms
soluble complexes that protect CK2 agninst 1thermal aggre-
gation and inactivation [14], Interaction occurs between the
keparin-binding and DMA-binding sites of the catalviic
subunit of the kinase (CK2a) and, probably. 1w acidse
regiens in the N-terminal domain of ksp®0 [14). Thess
M-terminal regions contain the CK2 phosphorylation sites,
which arc knewn o be phosphoryiaed in hap®0 in vivo
[14.15]. Evaluation of the AT requirement for peplide
binding 1o grp®d revealed thal it was dispeasable amd 1hat
the ATF binding and hydrolylic activities of grp®d prepas-
ations were not due 10 this protein b 1w race contamina-
tion with protein kinase CK2 [16]. GrpS4d is also a substrate
for CK2, and the phesphorylation sites are present both m
the M-terminal domain and, more wmportamly, a0 the
C-terminal tail of the protein [17). Reassociation of CK2
ard grp%4 w form immunoprecipitable complexes has been
cheerved [18). However, the potential role of grpfd4 in
profecting CE2 remains anexplored.
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The data reported here show that the C-terminal domain
of human gepd protects (he catalytic sehamit of CE2
(CK2e) against thermal-induced aggregation and this effect
is markedly influenced by the presence of reductants, which
alzo disturb the gqustemary structure of this grpfd domain.

EXPERIMENTAL PROCEDURES

Chemicals

[-"*PIGTP was from Amersham. Ni** Initribotrincetic acid
agarose and pOQE-30 were purchased from Ciagen. Bacio-
ryplone Bacto yeast exeract and agar wese from Difoo.
Ampicillin snd kamamycin were from Giboo. BamBl,
AMTP:, Pwo polymerase and synibetic oligonuclootides
were from Roche, Secondary antibodies and SDS/PAGE
standards were from Bio.-Bad, prowin A-agarode was from
Pierce ard all other chemicals were from Sigma. Polyclonal
stibody against CKla {residwes T0-8%) and polyclonal
antibody ageinst C-erminal Grp™ (residucs TET-802 of
moase Grp®d) were (rom SiressGen. Antibodies againg)
gpS4-CT were raised by immunization of rabbiis with
recombina prolcias and the immunoglohalin fraction was
obtained from sera by profein A-agarose chromatography.

Flasmids

Espression plasmad pQE-30, which codes for e C-
lerminal domain (residues S1E-803) of bheman grp?4
wak congifucted 84 follows: PCR was carrsed oul using &
Hela cDiNA library (Maicheaker cDINA library, Clonbech)
as a template and the symbetis oligonucleatides 5°-0G0G-
GATCOCCAACTGACATTACTAGCC-3' and 530G
ATCCTTACAATTCATCTTTTITCAG-3' a8 primers (the
underlined sequence represents the GRP94 ORF and the
olther sequence is the site for restricion enzyme BamHI),
POE-M) ard the PCE product were digesied with HasHI
and ligaed with T4DMNA ligase (Roche) The ligaied
pmdm was wied 1o trensfoem the stroin XL-1 Blue. The
secuence of the inserl was venlfled wing the type 111
secuencing primers and reverse as per the manufacherer's
instrucions,

Expression and purification

Girp94-CT, CKlax and CHEIQ were overcxpressed from
pOE-30 plasmide in the MIS[pREP4] E coli arain, as
fumon peateins with an N-terminal Hisg-tag. and the seluble
fraction punfied by Nuninloacetic scid agarose chromalo-
graphy according to the manufacturer's instrections, The
punfied samples were pooled and dialysed agains: MaCHP,
pH 7.5, The purified fusion proteins were used in assays
descrined below and to raise rabbil polyclonal antibodies,
The aming acid sequence  prp®d-CT was vesilied by
M.terminal sequencing uging o Beckman LFIO00 gis.
phise sequencer ot the Protein Chemistry Faciliy of the
Universiest Auwtbnoma de Barcelona.

Clrcular dichroism measurements

Far-UW CD spectometry was wied to anslyse grp®4-CT
secondary stnactare in g JASCO-715 spectrometer, grp-CT
(100 wgd were unwesied o treaied with 0 ma
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dithicthreitol, dialpsed sgsins 10 ma phosphate buffer
pH 7.8, lyophilized and resspended in 10 ma phosphate
buffer pH 7.8 (0.3 ml). The mean resddue ellipticity was
calculated using & mean residue molecular mass of 115 Da.

SOSPAGE and native-PAGE

Prateins were whjecied to electraphoresis under denatur-
ing conditions (SDEPAGE) scconding to the Lacmmli
method [19] o nondematuring conditions (mative-FAGE)
pceonding 1o the Andrews method [M0]. Low range
prestained SDSTPAGE standard molecular markers were
wsed For nondenaluring asd Jeamlmring clecwopheresis,
Bovis: serum alburmin {monomer 66 kDa, dimer 132 kDa,
trirmet 198 kDa) was algs ueed wnder nondenniuring
electrophonesis

Two-dimensional double SDSPAGE

Grp-CT was resolved snder nomreducing  conditions
using 105 SDEPAGE. The lane was excised and layered
on the second dimension under the same conditions. Afer
the second dimension electropharesis the profeins were
stained with Coomassie Brilliant Blue.

Protein and phosphonylation assays

Protein concentration in the samples was determined by
the Bradford method [21] using bovine serum alhamin as
siamdard. Profein kinase CK2 asctvity was assayed as
deseribed peeviowsly [18] using 4 mgmL ™" B-casein and
125 uM I_'rr""‘PllﬁTP a5  substrates (specific activity
300 cpm-pmol ™). One unit of prodein kinnse activily is
defined 25 the amouid thal catalyses Uhe wansfer of 1 nived of
phosphate from [v-“P]GTP to B-cascin per min ot 30 °C.

Protein aggregation assays

Prtein on was induced by mcobating the samples
a1l 40 *C or 43 °C, as indicaied. Aggregation was monitored
owver & period of G0 min by memunng light scattenng al
360 nm on a Perkin-Elmer 630-40 spectrofleanimeter inter-
fmced boon Perkin-Elmer data station 3600 with the samples
incubated at 40 *C or in 3 Cary-400 spectrophotometer with
the samples incubated at the same wavelength and time. To
perform probein kinase CK2 assays, aliquots of the samples
were taken at different times during the aggregation assay,
stored on oo and assayed as described previously, Alver-
natively the samples of CKla alose or with grpd-CT
either untreated or treated with 5 msi dithiothreitol were
centrifuged at 16 000 g for 60 min, a1 4 *C, and the super-
natants were dialysed aguinst 25 ms Tris pH 75 and
Iyophalized, Boih ihe sediments and the lyophilized super-
natanis were resuspended in SDETPAGE sample bulfer and
subdjected to ebectrophoresis and wesiern blodiing. Prior to
incubation with antibodics ageinst CK2o or grp%-CT, the
membrases were stamed with Ponceau S,

RESULTS

Characterization of recombinant grp94-CT

The recombinant protein correspanding to the His-tagged
Clterminal fragment (residues S1R-B03) of human gptd
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(grp@4-CT) was expressed in E coli and recovered in the
siluble fraction, from where it coubd be punified by a single
chromatography sep on Miminboacene acid-agarose.
About 50 mg of punfied protein were obtained from
00 mil. of culiwre The fecombinant protein migrted as a
36 kDa bend wnder reducing conditions, which agresd
with the 34 475 M, value cstimated from the sequence
(ProtParnm iool, ExPASy), Direct M-terminal snalysis of
grpM-CT revealed the sequence MROSHHHHHHGSPT,
which corresponds o the His-tag (in inalics) followed by che
first two residues expected for the SIA=303 grp™ fmg-
menl Immunobotting with the commensial antibody raised
against the symbelic peplide EEEEETEKESTEEDEL.
which comesponds to residues 787-B02 in the C-terminuas
of mouse grpld, confirmed the presence of & homologoas
region in the recombinant protem (data not shown)

Dimerization and oligomerization of grp94-CT are
reverted by dithiothreitol

SDSPAGE analysis of gep®d-CT was rowtinely camied out
under reducing conditions, and only the 36 kDa band was
observed. However, a similar analysis im the absence of

DTT (mM)
A
108 kDn—
B kDa— Lo sAZ b
-n'lﬂl—.
_-—_'—_—#’
e |
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L —— - ——
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0 026 1 & 10 40 @80

Fig. 1. The presence of disulphide bonds in grpB4-CT. (A) Aliquos
of 4 pg of pretein weie mubsted with diffferenl dthiothreibel con-
centrationt for 15 min §1 neden lemps raban: and than sabjecied b SDES
FAGE. (B} Aliquots of 4 pg of protein were incubated im the presence
off & M urcs with differem coacenmaions of dithiotheeial for 15 min m
room lemperatare and then sebgeciad o wedRDETPAGE. In both
cais, the protess were wvooolied by Coomasse Brilbani Hlee

Chaperoae activity of grpdd C-iemuinal domals (Ewc L Bicchem 268 431

reductants revealed that grp4-CT existed mainly as dimers
and muliple oligomeric forma (Fig. 1). The pamem of
bamls ohserved in the SDEPAGE gels comesponded 1o
monomers, dimers, rimers, tetramers and oligomenc
structures of higher M., which connot be resolved on this
gel. Dafferent oligomeric bands were also observed when
Erp3-CT was analysed by electrophoresis in nomdenaturing
gels (dars not shows),

Duthiothreitol concentration dependence annlysis using
SDSPAGE gels shoaed that the high M, aligameric forms
were dissociated st | mM dithicthreitol (Fig. 1A) Howewer
kigher concentrations were requaired 1o completely dissoci-
ate the dimers ino monomenc grp94-CT. Treatment of the
samples with 8 M urea did not dissociate the oligomers, but
seemed b potentiste ibeir conversion first ince dirmers and

A 18t dimangicn
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108 kDa
E B kDa .
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3 * 4T kDa —) o
35 kDa —| -
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35 kDa — By
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Fig i Analysis of ihe quaternary strociure of grp@d-CT by twe-
dimensbeonal double SDSPAGE. [A) prip4-CT (40 jup) wed subjocted
& SISTPAGE under nonmducing conditsom. Aftor the first dimension
i |ane was excised and layered om a second SDEPAGE dimension
wnder monreducing condiboas The profeins wese smssesd  with
Coserasale Brilliam Blue. (B) grp®4-CT (15 pg) untreated {lans 1,
cealyoed againsl NeCUF) (lane ¥} or wwabed with dithiotheeiol foo
M3 min at rocem temperaiere and dishyzed sgainst NaCUP, (lame 4) was
mibgerted b SDSPAGE sl staned with Coomssae Bnllan Rlue
Prestxined SDRFAGE standards (Bio-Rad) (lane 1) weoe clecirophor
esed as molecular mass markers.
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then o monomers with further dithiothreitol treatment
{Fig. 1B)

The presence of different forms of grp@4-CT confinmed
that it contained the cligomerization domain, as expected
from previous reponts in pig [B] and barley grp4 [22.
Detection of these forms in SDSPAGE pels was in contrast
1o the lack of differences in the apparent M, of pig grpf4
abserved when analysed either in the presence or absence
af dithiothreitel [11], but it agreed with previcas observa-
wars by other groups using cultured cells and rat liver [1,15].
The possibility that the dimers were amefacts originating
dunng elecirophonesas was lested by  wo-dimensional
double analysis in SDEPAGE under nonreducing condi-
tians. The obiained resulis showed thar the different spots
were localed in a diagonal (Fig. 2A), which effectively
negales the possibilily of inlerconversion during the analy-
sis. The possible penemtion of dimers from monomers & &
resull of snefsomal oxidation due 1o the absence of neduc-
tants in the buffers was also explored, For this purpose. a
sample of grp®4-CT was ireated with 5 ma dithiotheeizol
and then subjected o extensve dinlysis. A comtrol umpl:,
willsoul added dithiotheeitol, was trested i parallel.
Analysts of the dialysed samples by SDSPAGE under
monreducing conditions (Fig. 3B) revealed the presence aff

pmods P ncorporated

o 10 2 0 40 80 6

Tima (min}

i FEBS 2001

dimmers and monomers in the control sample whereas only
monomers were detecied in (he sample treated with dithao-
threibod. This suggested that dimerization through disul-
phide bomds was not simply the resall of spontanesis

Circular dichrodsm spectra at 25 °C of untreated amd
dithicthreitol tweated grp®4-CT were very similar, which
indicaied the lack of major changes in protein secondary
ulrsclure ax 4 resull of dizsociation into monomers (dais g

showm],

GrpS4-CT protects CK2o against thermal aggregation

Previous studies have shown that hapS) protecis prolein
kinase CHK2 against aggregation and thermal densturation
through a direct interaction of hep®0 with the protein kinase
CK2 catalytic subonif (CK2e) [14). When incubated alone
ut 45 °C, recombinant human CK2a forms aggregates (hat
are detectable by changes in the sbsorbance ot 360 nm
Aggregation begins during the Mt 5 min and reaches a
plateau at 20 min (Fig. 3B), which highlights the thermal
imstability of the CE2 subunil. In comrast to CH2o, the
CE2 holoenzyme, reconstitoted fm it by mizing equi-
molar amounts of CK2a and CE2B, did not aggregate,

pmols P inconporated

B0 4
600
A00
2950
-

o | 20

Theren [minj

Fig. 3. Effect of grp®4-CT an ibermal aggreguthon and thermal inactivation of CElo. (A) Upper panel sn aggregation assay performed o
40 for B0 mim with CE20 alone (W), CEIa/prp8CT an 1 0 1 (), 1 2 2 (@) and | @ 4 (%) moios snd CK2aCKI8 a2 8 | | rasio (k) Lowsr
panel: 10l sliquots of the canipdes winne takew during the sggregation sssay st 80 *C sl the indicaled lsbes 10 lesl probein kinass CK2 activity.
CHlo alone (W), CR20 with grpS4-CTau | 2 2 (8 and | 2 4 (%) ratios weee aiayed in parallel. (B) An appregation sssay wa performed af 45 *C
for 30 min with CHla slose (B, reconsitmed K2 boloesayme () (CK20ACK2RE 1 2 1) and CR2prpSCT st 1 1 (&) and 1 ;2 (@) rasea
Praein aggnegatssn af 80 °C of 31 45 °C was monitored by measuring light scatiening at 340 mm. () Protels kinsie CK2 sctbvity ausy af 10 pl.
aliuois of smples previously aseayed for aggreganion m 43 °C. Recoasussscd CK2 halsenzyme (opfly), solid ban: CKla, shaded bars; snd CE3a
Fp#-CT (0 2 1), open bars. Resulls sfe shows s the average and slandard deviation of three different experiments
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A small increase in absorbance was detecied when an
equimolar amount of CK2P was sdded to CK2o at the
begimning of the incubation al 43 °C (Fig. 3B). a3 expected
from previowly published resalis [23,24]. Addition of a
fowrdfold molar excess of albumin did no! modify the
kinctics of CRIa aggregation idaia pol shown) bul pro-
gressive profection was ochieved by the presemce of
imcreasing amounts of grp®d-CT (Fig. B} In contrasi,
grp4-CT did not affect aggregation of malate dehydro-
germse under these conditions (data nol shown). Neither
CK2p alone mor grpS4-CT formed aggregates ander these
conditions (pote that CK2J is always a dimer) [25].

Agpgregation of CK2a st 40 *C was abo monitored by
light scattering in a Perkin-Elmer 650-40 spectrofluors-
mweter (Fig, 3A, upper panel). At this temperature, aggrega-
tion kimetica were slower and reached a pletesu after
60 man, As indicated sbove, the presence of grpfd-CT also
protecied agains! aggregatlion in a conoeniration-dependent
manmer. An increase in light scattering was also devected
when an equimolar amoust of CR2P was sddad 1o CHlex o
the beginaing of the incubation at 40 *C. Comparison of the
data obiained with CE2R and grp9d-CT would suggest thas,
under these conditions, grp@4-CT at 4 : 1 mtio with CK2w
wiaid exer a stronger protective effect than CKXoat | - |
ratio with CK2a. However, the incrense in light scattering
meny resull from the formatios of oligomenc CK2 struciures
of high M, when the enzgyme was being reconstitated during
the incubation at 40 *C [25].

Grp34-CT does not protect CK2m activity against thermal
inactivation

I i known that hap90 protecis CK2 activity against thermal
inactivation, albough it did not restore the activily of the
thermal-inactivated enzyme [14]. Thus, it wai ineresting o
check the effect of grp@4-CT on the changes in the protéin
kirmse sctivity of CK2o duning the aggregation prooess al
40 °C (Fig. 3A, lower papel) and ot 45 *C (Fig. 3C). CK2a
activity progressively decreased with aggregation both at
40 *C {compare Fig. 3A upper and lower panel) and 45 *C
{eompars Fig. 38,C). However, inactivation of CHla was
also observed at both temperatunes in the samples conbain-
ing prp3d-CT, even though CK2a aggregation was mastly
prevested. In contrast, the presence of CE2P stimulated
CK2a activity rowards f-casein and confermed prolection
againg thermal mactivation. Phosphate incorporation in the
samples containing grp®4-CT was always slightly higher
than in those of free CE2a: this could be due to 'F.I'H}!-
pherylation of grp94-CT rather thas fo siabilizstion of
CH2a sctivity, This would be consistent with previous dala
showing that grp94 is a substrate for free CK20 [26] and
the presence of CK2 phosphorylation sites in the C-lermingl
region of grp@d [17].

Protection of CK2x aggregation by grp34-CT ks strongly
decreased by the presence of dithiothreitcl

The possible infloence of grp94-CT oligomenc snuctun
on the ve effect on CH 2o stabdlity was explored by
testing the effect of dithiothreiol on the aggregation

Chaperone sctivity of grpfid C-terminal domain (Ewre L. Bischem 268 433

alier the aggregsiion obgerved with CKla slone. which
argues aguing dithiothreitol having a substrate-directed
effect.

In order to ascerain i grp®-CT was maintaining CK2o
in soluthod, samples coataining o fized amount (1 pm) of
ihis catalytic subunii were incubated a1 40 *C for 60 min
cither alone of in the presence of grpPd-CT, dithiotheeisol,
of both, and then centrifuged at 16 000 g for 60 min &t
4 °C. The supernstants wede dialysed against 20 ma Tris,
pH 7.5, and concentrated by Iyophilization. Both super-
matasts and pellets were resuspended in the same volume
(50 wl) and 20 pl aliquots were subjected to SDS/PAGE
arl western bloling 1o asalyse he prolein contenl. This
ollowed n direct comparison of the band ntersity detecied
in the pellets and supematants obtained from each sample,
Staining of the gels with Ponceas-5 revealed the presence
of a discrete %21 of bands in the pellets of the samples with
CEla alone, which cormesponded o the intact recombnant
subunit apd s pandally proteclysed forms (Fig, 48), These

A

e
B
Pomceau-5 i e e
i
[ Bl “ f—“'pmu
” e s
CK2 kR R R R B R B B W
preBd CT P I T L
DTTjmll] & @ B 6 & 3 8 &% & & 8

Pl Supsmatana.

Fig 4. Effect of dithicthreibol on the protective fanction of grpSe-CT
on CEIm. (A) CEZa wa incubated esher aloss (@, W) or with
PEM-CT (ratio 1 4) o the abseace (7] or presence (%) of 3 ma
dithictheritol for S0 min ot 40 °C and the aggregaoon Wil Sl lided I8 &
Perkcin. Flmer gpecmofllusrimeter Ramlic are dves o ke sversge and
samdard deviation of tree differenl cxporimenis. (B) Adla 6 e of
iggregation kesay the samples were contrifuped o 16 (00 £ for &0 mn o
4 °C and the proteins in the supernstants gad pellcs wene wbecied Lo
SDSPAGE snd oansfomesd oséo an mmobdon-F scebaese. T
wgairad CH Yo and prpfd-CT.

57



Treball IT

434 M. Rober of al (Eur L. Biochem, 268)

basds were scarcely wisible in the supematants derived
from the same wamples. la contrast, the set of bands corme-
sponding to CK2a were clearly evident in the supematanis
from the samples incubated in the presence of grpS4-CT.
This wai reflecled in a decresse in the amount of CK2ea
detected in the comesponding pellets. Inclusion of dithio-
theeital in the mcubation mixtsre did mot alber the patiem
observed with CK2ar alone, bul decreased markedly the
amousl of this subundt detected in the supematants from (he
samples supplemented with grp@a-CT, with a conoomtam
increese in the pelles. A similer patiern was observed
wh:n|h:p[mqlCHEumm lmn‘-mu-]n;i:ﬂl.jr
[(Fig. 4B, anti-CK2a). In thiz case, the conditioas for
immismodeteciion were maximally optimized w0 detect the
CK2a present in the supematants from the samples con-
taiming oaly this subanit, The level of CK2a was very low
i the supernatant from the control sample but was clearly
deteciable in the samples supplemented with grp®4-CT in
the absence of dithiothreinel. A decrease in the CHlm
comtenl in the supemaiant, with a concomitant increase in
thie pellcis, was obicrved when dithi othreitol was sdded, On
the other hamd, detection with anti-grp®4-CT antibodees
shpwed thal most of this protein remained in the super-
natand, with only & small part sedimenting in the samples
treated with dithiothreitel (Fig. 4B, anti-gr@4-CT). These
data suggest that a small portion of grp94-CT mieracted
with aggregated CK2a, They also indicate that the red-ox
stale of the two cysieinyl residues presend m this regeon of
prped are of grem imporance for mainiainieg grp@d-CT
strustare, asd comtribube io its protcctive cffcet on CH2a
aggregation, altheugh the inllusnee of ciber festures connod
ke disregarded.

DISCUSSION

Stadies on the moleculer chaperone activily of hapB0 are
madz eazsier by the sbility to evaluate it in wiro by either its
abality o band aptigenic pepdides or ks anti-aggregatson
effects on different denatured proteins, Recent studies have
shown thai bodh ik N-ienming and C-terminal domains of
hspAll prevent the agpregation of denatured proteins, b
they ahow different specificity towards peptide bandmng,
ATP.dependence, amd inhibition by geldonamycin  amd
cisplatin 127,28). s contrast, the chaperone sclivity of
Er9d seems to have been monitored i witre exclusively
by s peplide binding capability, which resides in ils
C-verminal domain [10], Our data show that this domain of
grp9d alw possesses anli-aggregation activity that cam be
cazily nssessed with CE2a, 1 is inferesting o point oul thal
mi such activity was delocicd with malate dehydnogense
under conditions similar to those wsed 1o detect the
chaperone activity of calretculin [29]. Whether this dimply
reflects the high tendency of CK2e o form aggregates
or obeys bo specific determiranis absent im malate
dehydmspenase is unknown, On the other hand, grp®d-CT
has litle effect on the isactivation of CK2a present in the
soduble complexes, This is similag to some other mobecular
chaperones of cirate synthase [30] that form stable
chaperone—substrave complexes with ‘laie” unfolding inler-
pvedistes that can rod be easily reactivated.

The pratective effect of grp?4-CT on CK2a aggregation
was strongly dimaniched by (he presence of dithicthreitol.
Reductants are known to affect CK2 by two means. They
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cither alter the structlure of (the prolein sabstrube and
awocessibility of the phosphorylation &ites o CK2Ia [31],
thas pmq'u;ltin.; ity dissnciniion from the msclaar matnz, a
process thai involves disulphide bonding throwugh the
regulatory CKZP subunit [3Z], or they directly activale
the phosphotransterase sctivity of CK2 holocnzyme [32].
However, although CKla contains 1wo cysicine residucs,
dithiothseitol bas no effect on the catalytic activily of this
free subunit [32]. Funthermorne, our daa indicse thar the
kinetics of CHle aggregation wore nod affectsd by
dithiothrzitel. Therelore, this identified grpf4-CT as the
component sliered by dithiothreitol.

Exposure of caltare cells 1o reductants affects foldang
and ml:hl of cerain membrane and secretory probeins
[33,34]. Jn wive association of the molesular chaperone BiP
with protein substrates i3 favoured in the presence of
reductarts (33,35, whereas grp%d seems Lo inberact wiath
substrabes preferentially (or exclusively) after removal of
the reduciant [33]. Mative grp®4 foan diflfereml sousccs
formi dimers and oligomers [1]. Hydrophobic intersctions
between grp®d Colemmimal domaing participate in lforming
these structares, but the role of disulphide bonds in
stabilizing them hag been a matter of discussion. However,
the dimmeric form of native rat liver gipd requires dithee.
theeited 1o dissociate nto monomers [12] and Cysil7 in
rmunne recombinant grp?d has been repomed o participate
in the formation of a disulphide bosdod bommdodemer [13]
Our data on the lack of spontanecus reversibility i witr of
the d:lsl.iplit.l-r,: bomds between grp9d-CT (Fig. 2k wogether
wilh the fact that reductsnts (ither 2-mercoptosthanol
ar dithiathreitol) have been included occasionally im the
hufffers used to isolale grp94 [11,36), may help 16 explain
these different observations. It is possible that dimernization
of gp4-CT may &ill occur in the presence of dithio-
ihreitol, probebly through hydrophobic interactions, but
that in the expressed protein intersubunit disulphide bonds
serve Lo dabilize the dimer Intramolecular disulphide
bancds mnay also exist in the mopomers, as suggested by the
small changes in its mobility in SDEFAGE alier dithio-
thweital teatment. Disulphide bosds are essential for
oligoemerization, as the oligomers were pof disapied by
ueea (Fig. |B), dithiothreito]l treatment induces the pro-
gresuve dissociation of oligomens 1o the monomernic siale
GrpBd-CT secondary strocture dioes not $eem 1o be affected
by dissociation, which agrees with the previous observationa
that the activation of porcing grpd peptide binding activity
afier different treatments wis nol accompanied by changes
in i sscondary swnecoare [37). The fact that the anti-
aggregation effect of grp®4-CT was lost after exposurs o
5 mu  dithiothreibol suggcsls that either tho oligomenc
structares are required or ihat redeced Cys residues are
strongly detrimertal. The first poesibility is suppomed by
recent data showing that grpSd—-peptde complexes exists as
dimers or higher order structures [38],

The primary structure of human grp®d (Swiss-Prot
accession mimber P14615) contains only theee Cys residues,
two of which are bocated in the Fragmicnl comesponding 1o
pp-CT, These Cys residues are present in the sequences
STIFYDEYCIQALFSE] and (433PCALVASOG5, which
are conserved in mammalian grpd. Mo other Cys residues
are present in the region homologous 1o grpdd-CT ie either
animals or plants. Interestingly, Cysfeds in human gpd
precedes the sequence 652YGWHXNMERIMEADASSS,
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which is fally comserved in almast all animal grpSds, and
also im almost all snimal hepas (residaes G03-617 in
burean hepPa, Swis-Prol sccestion aumber POTO00) and
bespPls (residues 595-609 in buman hsp90@, Swis-Prol
accession namber PORZIEY, with XK being 50 in grp94 and
TA in both hep3ia and hsp@, Interestingly, the pepaide
binding sMe in grp®4 hai been mapped as pan of ihe
sequence DEALKDK [10]. which is only 15 residues ahead
of CystdS. This suggesits that the region encommpassing
Cyshid§ 15 of grest importance in grpid fusction, in addiion
o the region 698-T40 (676-T1% in the mature paotein],
which is involved in dimerization through hydrophobic
mtcractions (3], Taken iogather it is clear that both Cys3T5
and Cyebds in grp84.CT must participale in maimaining
the oligemeric structures in which the monomers are held
ingether by disulphide bonds.
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