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The 55-kDa high-aifinity caleium binding protein (HACBP) was first 1dentified and ivolated from skesetol numcle
sarcoplasmic reticulum (SR) Using polyclonal smtibodies raised against the HACBP 1solated from skeletal muscle we
have identified this protein in cardiac and smooth musele as well as in non-muscle cells. Although the 55-kDa proten
has a size, properties and localization similar to that of calsequestrin, the two proteins are immmmologically distinct, The
INH p-terminal sequence of uterine HACBP is also completely different from that of calsequestyin but it is identical to
that of rabbit liver calregulin, a recently identified calcium binding protein Indirect immunofluorescence staining of
frozen sections and culture cells from a variety of tissues shows that the 55-kDa protemn localizes predominantly to
junctional SR and T-tubule areas in skeletal muscle, to SR in smooth and cardiae muscle cells, and to ER in a variety of
non-muscle cells These datn show that the protein is present in a wide variety of tissues and suggest that it is a protein
common [+ both sorcoplasmic and endoplasmic reticulum membranes.

Introduction

The sarcoplasmuc reticulum (SR) membrane plays a
key role in the regulation of the contracuon-relaxation
cycle of sketetal muscle [1-4] The SR (Ca®* + Mg?* )
dependent ATPase removes caleum from the cytosol
causing a decrease mn free caleum concentration and
imbiating relaxauon Calsequestnin [5], a major calcium
binding protemn m SR membranes, acts to store caleium
within the SR membrane lowenng the free calaum
concentration within the SR, and thereby lowenng the
calaum gradient agamst which the (Ca™ + Mg?*)-
dependent AT?ase must pump

Investigations on the protem composition of the
skeletal muscle SR have revealed ithe presence of a
high affiuty calctum binding protemn (HACBP) of ap-
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parent molecular weizht of 55000, which was first iden-
ufied and punfied by Ostwald and MacLennan {6] In
the presence of 100 mM KCl, it binds calcrum with a
much higher affinity ihan calsequestnin (Ky 25-4 pM
vs 1 mM) but with a lower capacity {1 mol of calcium
per mol of protein vs 40) [5,6] The HACBP 15 a rmanor
component of the SR membrane localized to the lumen
of the SR membranes [7] The HACBP 15 present in
light, intermediate and heavy SR fracuons (free and
junctional SR) and 1t may be mcreased in fractions
ennched 1n transverse tubules [7]

In this study, we have ideatified the HACBP n
cardiac, stmooth muscle and m non-muscle cells Using
immunofluorescence microscopy lechmques the
HACBP has been localized to SR m skeletal muscie and
to ER membranes in non-muscle tssues Our results
also show that calregulin a calcium bimding protemn of
unknown function recently idennfied m bovine hver [8)
15 probably idenucal 1o the HACBP A preliminary
report of this work has appeared elsewhere [9].

Experimental procedures

Marerials

DEAE-Sepharose was surchased from Pharmacia.
Aff-Gel Blue Aff-Get 10, gel electrophoresis reagents
and molecular weight markers were from Bio-Rad
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Nitrocellulose end polyvinyhdene difluonde membranes
were obtained from Millipore Horseradish peroxidase
hnked rabhit antb-poat antibody and goat anti-rabbit
antibody were from Bro-Can Scientific Ltd and Boch-
nnger Mannheim, respecuvely Pipes was from Sigma
Dispase was purchased from Collaborative Research
Trypsm-EDTA, fetal calf serum, pemalhn, fungizone,
streptomycin, and alpha rummal essential medium were
purchased from Gibco Bovine hearts were obtamed
from a local slaughterhouse Uten from adult female
rabbits were obtamed unmediately after term, and were
a generous gift of Dr G D Lopaschuk, Unversity of
Alberta Punfied bovine liver calregulin and rabbit
anti-bovine calregulin aatibody were a generous gift of
Dr DM Wanman, Umiversity of Calgary

Preparation of membrane fractions

Rabbit skeletal muscle SR vesicles and cardiac SR
vesicles were 1solated as descnbed by Meissner [10] and
Pegg and Michalak [11], respectively Ulenne micro-
somes were 1solated by homropenizing the rablnt uterus
with a Polytron PT-10 in a buffer contamung 120 mM
NaCl 16 mM wmmdazole-HCl (pH 7 4), 05 mM phen-
vimethylsulfonyl fluenide (PMSF) The homogenate was
centrifuged at 1600 X g for 10 mun and the supernatant
was saved The pellet was rehomogemzed in the same
buffer and centnfuged as above and both supernatants
were combmed These were centnfuged at 10000x g
for 15 mun ard pellets were discarded The supernatant
was pelteted at 100000 X g for 1 h and the nucrosomes
were suspended mn 250 mM sucrese, 10 mM Tos (pH
£ 0), frozen 1n hiquid N, and stored at —70°C

Partial purification of HACBP

HACPBP was 1solared from bovine hearts, rabbit
skeletal muscle, and rabbut uterus by selective am-
monium sulfate precipriabion, followed by fractionation
by DEAE-Sepharose This procedure was identical to
that previously desenbed for the punfication of
calsequestrin [12] and was developed i the faboratory
of D: KP Campbell, Unuversity of Iowa This method
mvolves direct extraction of the HACBP from whole
muscle kFomogenates and elimmates the need to prepare
a SP fracthon Membrane-bound protemns are solubi-
lized by this homogemzation procedure [12] At the
final stage of punfication an ammomum sulfate pre-
cipiiate containing both HACBP and calsequestrin was
dissolved in 100 mM potassium phosphate buffer (pH
71), contammng 1 mM EGTA, dialyzed against the same
buffer for approximately 20 h, and apphed toe 25 x 8
c¢m column of DEAE-Sepharose equilibrated with 100
mM polassium pocsphate (pH 71}, contammng 1 mM
EGTA and 50 mM NaCl The column was washed with
initial buffer and protem fractions (approx 5 ml/frac-
tion) were eluted with a linear gradient of 005 to 10 M
NaCh {12] The fractions ennched m HACBP (200-250

mM NaCl) were identiiied by immunostaining with
ant-HACBP antibody, ard pooled

SDS-PAGE, transfer of protewns to nitrocelluiose, and
reaction with antibadies

SDS-PAGE (10% acrylamide) was carned out
according to Laemmb [13] The gels were stamned with
Coomasste blue or with the cationic carbocyanne dye
‘Stamns-All' [14] Densitometnc scans of SDS-PAGE
were carnied out on a Beckman D1J-65 spectrophotome-
ter Prolem samples were transf{erred to mtrocellulose or
to polyvinylidene diftuoride membranes [17] The stan-
dards used were Bio-Rad lo= range molecular weizht
protemns, phosphorylase & (97400), bovine serum al
bumun (66 200), ovalbumin (42 700), carbomc anhydrase
(31000), soybean trypsm nfubitor (21500), and lyso-
zyme {14400}, or Bic-Rad prestamed markers; phos-
phorylase b {135000), bovine serum albumn (75000),
ovatbumin (50 000), carbomic anhydrase <39 000),
soybean trypsin inhubior (27000), lysozyme (17000)
Immunoblottung was carnied out 1n the presence of 1%
milk powder Protein bands reactive with antibodies
were visuabized by developing a peroxidase reaction

FPreparanon of antibodres

For immunization HACBP was punfied from skeletal
muscle SR vesicles by the prceedure described by
Ostwald and MacLennan [6] Calsequestnn was punified
from skeletal and cardiac muscle hemogenates by the
ammomum sulfate precipitation method [12]. Antubod-
15 agamnst HACBP and skeleial muscle calsequestnn
were raised 1 mature goats by the procedures described
eather [7] Antibody apainst cardhac salsequestrin was
raised 1n rabbits as descnibed earlier [ 7]

Immunofluorescence microscopy

The ussucs dissected from newborn rabbits were
etther fixed and processed for cryomicrctomy as de-
scribed [16], or used to estabhsh primary cultures For
tissue culture the tissues were finely chopped, mcubated
at 37°C for 30 mun 1n Dispase, followed by 20-30 mun
meubation with toypsin-EDTA  Cell suspensions were
decanted from over larger pieces of undigested tissues,
centrifuged. incubated with pure fetal calf serum for
10-15 nun, and plated onto collagen-coated cover shps
in alpha mmimal essenual medum supplemented with
10% total fetal calf serum and contaming 100 IU pem-
alln, 025 pg fungrzose and 100 pg streptomycin per
ml

For rmmunofluc-..cence mucroscopy cells on cover
shps were fixed for 10 mun m 37% formaldehyde n
PBS extracted for 2 mn with 0 1% Tnton X-100 mn a
buffer contauung 1 mM EGTA, 4% (w,/v) poly(ethylene
glycol) 8000 (PEG 8000), 100 mM Pipes (pH 69)
Staming was carrted out for 30 mun at room tempera-
ture on Lells or 6-8 pm frozen sections with the anh-



body against HACBP (diluted 1 50 in PBS) followed
by 10 mun wash in PBS and incubation for 30 mun at
room temperature with rabbit anu-geat FITC-con-
Jugated IgGs (Nordic) diluted 1 30 1n PBS For absorp-
tton expermments 35-ul ahquots of antibody against
HACBP (diluted 1 50 i PBS) were moubated for 1 h
at 37°C with 12 pg of punfied uterine HACBP. centn-
fuged and the supernatant used for iImmunofluorescence
staimng. As an additional control, the immunoflucres-
cence procedure was performed with Lthe omussion of the
antibody against HACBP After the final wash 1n PBS,
the cover shps were mounted i Vinol 2058 (St
Lawrence Chermcal, Toronto, Ontano) contamng 0 25%
1,4-diazobicycloj2,2]octane (Polysciences) and 0 002%
p-phenylenediamene (Fisher Scientific) to prevent pho-
tobleaching A Zeiss Photomicroscope 111 equipped with
an epiflucrescence condenser and selective FITC filters
was used for observation and photography Photo-
graphs were recorded on TMax-400 negatives {Kodak)
pushed to 1600 ASA with TMax developer

Miscellaneous procedures

NH,-terminal sequence analysis of HACBP was car-
ned out using partially punfied uterine HACEP (from
the DEAE-Sepharose cclumn, Fig. 2) separated on
SDS-PAGE slab gels and transferred to poly(vinyhdene
difluonide) membranes [17] Automated protemn se-
quence analysis [18] of the poly(vinvlidene difluonde)
membrane electroblotted protemn was carred out on an
Applied Biosystems Model 470A gas-hquid phase pro-
tem sequencer connected on-hne to an Applied Biosys-
tems Model 120 A HPLC, using the current protocols
of Apphed Brosystems for both wastruments Chromatao-
grams were recorded on a Spectra Physics Model 4270
recording integrator. All chemcals used for protein
sequence analysis were from Apphed Biosystems, Foster

1 2 3 1 2

City. CA Two adeps ndent sequence awalysis were
performed with repetiive yields of about 93% Protein
was deterrmined by the method of Lowry et al [19),
using bovine serum albumun as a standard

Results

Idenificanon and solation of HACJF

Fig 1 shows the protein composition and peroxidase
staimng of nitroceliulose sheets reacted with HACBP
antibody All three ussues skeletal muscle SR, cardiac
SR and utenne mucrosomes, coatamned a 55-kDa pro-
tewn immunoreactive with the HACRBP antibody rased
against the skeletal muscle form of thus protem (Fig
1B) The antibody agamst skelesal muscte calsequestnn,
when tested against the same membraze fraction did
not react wvith HACBP and reacted oniy with skeletal
muscle SR (Fig. 1C) An additional series of high
molecular weight proteins (> 130 kDa) crossreacted 1n
skeletal muscle SR witi ihe anti-calsequestrm antibody,
however, their relabon to calseauestnn 15 not known
yat

For the parual punficanon of HACBP we adapled a
procedure descnibed for the punficanon of calsequestnn
[12], which lakes advaniage of the high solubibty of
HACBP in ammomum sulfate solutions. We have shown
earher that HACBP was not precipiizted by ammonium
sulfate concentrations as tugh as 65% saturation [20]
However, 1t could be precipitated together with
calsequestnn by ammomum sulfate concentrations
above %0% saturation at pH 50 A parually punfied
preparation of HACBP could then be obtamed after
DEAE-Sepharose chromatography of the ammonmum
sulfate precipitated protenn fractions This method
eltmunates completely the need to prepare SR fractions
pror to the 1solation of the HACBP

3 1 2 3

Fig. 1 SD5-PAGE and immunoblot analysis of utenne microsomes (1), cardiac muscle SR (2), and skeletal muscle SR (3) Membrane fracuons

were prepared as described under Expenmental Procedures (A) C

blue g of polyvinyld difivonnde membrane [17], (B}

unmunoreactivity of SR protems with antibody prepared agamst HACHP, and {C) immunoreachvity of SR protems with antbody prepared
agawst skeletal muscle calsequasinn



kg 2 Keanfianon of the HACBP in DEAE-Sepharose fractions of
amm. mum sulfate extract of rabbit uterme muscle Ammonum
sulphate extraction and DEAE-Sepharose chromatography were car-
ried out as descibed under Experimental Procedures (A) Protemn
composition of HACBP cor fraction (C bluc

{B} idennfication of HACBP contwming fraction by immunostaming
{nitioceliulose membranes) (C) Stamng of the HACBP contmiming

fracuon with ‘Stams-All"

Fig 2 shows the partally punified HACBP from the
rabbut uterus by ammonmum sulfate precipstation and
DEAE-Sepharose chromatography The peak HACBP
contauung fractions eluted at 200-250 mM NaCl The
HACBP appeared to be present m relatwely large
amounts 1 werus The utenne protemn was strongly
immunoreactive with the anti-skeletal muscle anubody
ndrcating significant homology between the two pro-
tems Whith the enrniched uterine HACBP fractions, we
observed that the protein stained blue with the cationic
carbocyanuie dye ‘Stans-All' (Fig 2C) A smaller
molecular weight protein 2lse stamed hlue (Fig 2C) and
likely represents a degradatwn oroduct of the punhied
HACEP Using the same procedure the HACBP has
also been partially punfied rom the bovine heart and
rabbit skeletal muscle (data not shewn) Simular to the
wenine HACBP, the cardiac and skeletal muscle HACBP
stamed Llue with ‘Stains-All' (data not shown) The
bovine cardiac and skeletal muscle HACBP were of the
same apparent molecular weight as the uterine protein
and eluted from DEAE-Sepharose pnior to cardiac and
skeletal muscle calsequestnn (200-250 mM NaCl vs
500350 mM NaCly

Intraceltular locelization of HACBP

Longitudinal frozen secuons of newhorn rabbit
gracahs muscle consistently disolayed a  striated,
double-banded pattern of staning with the anubody

against HACBF {Fig 3A) HACBP-positive bands com-
pnsmg a doublet were found closely apposed to both
sides of a Z-lne and occupy a total length of 111202
pm with sascomere length of 29 pm £ 01 pm Narrow
unstained bands separating the two HACBP-positive
bands 1n the doublets corresponded to Z-hnes as visual-
1zed with phase contrast microscopy (Fig 3D) Ahsorp-
tion of the antiserum with parually punfied HACBP
abolished the specific staimng (Fig 3B) Onussion of
the HACBF antiserum from the stammng procedure
abohshed stamming completely (Fig. 3C) Staming of
frozen sections of newborn rabbit mntestime (Fig 3G-I)
showed heavy mntracellular labelling of intestne epi-
thehum and underlymg 1t smooth muscle cells (Fig.
3G) Heavy staiming of hiver parenchyma was also ob-
secved witls anti-HACBP antibody (Fig 3M) Absorp-
tion of the specific antiserom with the antigen as well as
the omussion of the specific antisetum from the stamng
p-ocedure abohshed the stamung of both intesume (Fig
3H, I) and biver (Fig 3N, O) frozen sections

To facihitate mtracellular locabization of HACBEP, we
have stamned spread cells from primary cultures of a
variety of tissues from newborn rabbits In spread cells,
HACBP locahzed exclusively to a pennuclear system of
membranes corresponding to ER m smooth (Fig 4A)
and carditac muscle (Fig 4B), fibroblasts (Fig 4B),
mtestine epithehum (Fig 4C), and cardiac endothelium
(not shown)

Identification of NH,-terninal sequence of HACBP

To obtain mformation about the pnimary protem
structure of HACBP, we sequenced the NH-termnal
portion of utenne HACBP The followmng eight NH ;-
termunal ressidues were obtamed from two mdependent
analysis NH,-Glu-Pro-Val-Val-Tyr-Phe-Lys-Glu-
(EPYVYFKE} ihe sequence exactly matches the
NH,-termuinal sequence of rabbit hver calregulin as
reported by Khanna et al [21]

Homology of calregulin to HACBP

In order to further determune the relauonship be-
tween the HACBP and calregulin, we tested thc two
protemns for cross-reactraty with their respective ant:-
bodies Rabbit anti-bovine calregulin antibody cross-re-
acted wiath uterne and skeletal muscle HACBP (Fig
5A) OQur polyclonal antibody against rabbit skeletal
muscle HACBP, however, cross-reacted only very weekly
with bovine hiver calreguhin (Fig 5B)

Discussion

We have idenufied and localized HACBP 1n skeletal,
cardiaz and smooth muscle as well as mn a vanety of
non-tiuscle celis The HACBP 1s present in a crude
micro omal fraction of the uterus and m cardiac SR
vesiries The rabbit uterus, a tissue ghly enriched n



Specific antiserum Absorbed antiserum Secondary antibody

41 Ly 1 ¥
LUV L1 S

RR LS 44 &

Cc
BOSALEL B W7 420 s L%
3 1 k‘l 716 u':l"u:lf(:"lg .
Tl L g

R R T TS
\
i

AR i

M USCLE

1i

LRy A T
D \( y E R f‘\\'g_’\c}\\\\\‘\\\\;.&.

A
REESRRRARRR

Fig 3 Localization of the HACBP in Frozen sections of skelaipd muscle (gracihs) {(A-F), miesune (G-1) and hver (M-S} of newborn rabbit by

ummunoflucrescence microscopy In longstudinal sections of muscle (A) HACBP 15 present i striated pattern conmstng of deuble bands closcly

apposed to both sides of each of Z-lines (D) Absorption of the antibody wath HACBP abalishes the speafic stauung (B} Osussion of the antibody

against HACBP resulted 1n no staiung (C)} (E) and {F) are phase contrast images of (B) and (C), respectnely HACBP 15 present wniracellular in

the intestine epithehum and underlying 1t smooth muscles (G) as well as in biver hepatocytes {M) (T} and (P) are phase contrast images of {G) and

{M), respecvely Absorpuion of the antibody with HACEP abolishes the speafic staung in both hver (H, K) and mieshne (M, P). Secondary
antibody gaves no staung when used without the specific antibedy (snteshine, I, L, hver, O, 5) Scale dvimon =13 am.




Fig 4 [mmunofluorescence localization of the HACBP m cultured smooth (A) and cardiac (B) muscle cclls, and intestme epathebial cells (C} Arrow
1n {B) shows the distnbution of the HACBP 1n a fibroblast. In all these cells HA -"BP 15 present in a permuckear system: of membranes comprising
ER Scale dwision = i) um

smooth muscle [22), contains ligh amounts of the
HACBP The molecular weight of the HACBP from
cardiac, skeletal and smooth muscle estimated by
SDS-PAGE m Laemmh gel system [13]1s approx 55000

HACRBP and calsequestnin are sumular 1 size and
locahzauon, and both bind Ca** but 1 different
amounts and with different affimities [5,6] The present
results show that these two protemns are clearly distinct
although present n the same membrane systems Poly-
clonal antibodies aganst either sheletal or cardiac
muscle calsequestnn do not recognize HACBP and anui-
bodies agamnst the HACBP do net recoguze erther the
skeletal or cardiac form of calsequestnn In addibon,
the HACBP from skeletal muscle mugrates shghtly fau-
ter on Laemmh SDS-PAGE than calsequestrin (55 kDia
vs 63 kDa), and the skeletal and cardiac forms of the
HACBP can be separated from calsequestrm by
DEAE-Sepharose  chromatography Another protem

A B kDa
ot . -—1
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Fig 5 Immunobloting of HACBP and calreguiin with polyclonal
anithodies against calregubin (A} and HACBP (B) SDS-PAGE was
carried oul m 10% acrylanude slab gel according to the procedure of
Laemmbi [13] Lane 1 bowvine liver calregulin, lane 2, rablat uterine
HACBP, lane 3, rabbit skelelal muscle HACBP, lane 4, presiunied
molecular weighl markers 5 pg of protein was apphed on each lanr

present mn the SR membrancs of skeletal and cardiac
muscle and of size simular to HACBP on SDS-PAGE 15
the 53-kDa intrinsic glycoprotemn {7,23] Thss protemn 15
also different from HACBP The mtnnsic glycoprotemn
15 of shghtly smaller apparent molecular weight 1n
SDS-PAGE, and the HACBP antibody does not cross-
react with purified 53-kDa glycoproten Antbodies
agamst thus glycoprotein also do not react with HACBP
(Fliegel. L, MacLennan, D H and Michalak, M. un-
pubhished observations). The HACBP 1s also not glyco-
sylated and does not lnd any conconavalin A [7]. Thus,
the HACBP 15 dafferent from either calsequestrin or the
mirmsic glycoprotem of the SR membranes Parually
punfied HACBF can be obtained from tissue homo-
genates after ammomum sulfate preaptation and
DEAE-Sepharose This method, ongmally developed
for the punfication of cardiac and skeletal muscle
calsequestnn [12], completely elnmates the need to
prepare SR membranes prior to the 1selakon of the
HACBP Parually punfied preparations of utenne
HACBP contaimn a protein band of 55-kDa, which stamns
blue with the carbocyamine dye 'Stamns-All confirring
its Ca®* binding properties, however, the staimng with
‘Stamns-All’ 18 relatively weak 1n companson to that of
calsequestnin [141 This may be an mdication of us
lower Ca’* binding capacity compared te calsequestrin
15,61

Our date show that the HACBP localizes predomm-
nantly to the area occupied by both junctiomal SR and
T-tubule membranes 1n skeletal muscle and to SR 1n
smooth and cardiac muscle cells, and to ER 1n a vartety
of non-muscle cells i witro These data clearly show
that the HACBP is present 1n a wide vanety of tissues
and suggest that it 15 a protein commeon for both SR
and ER membranes It has been shown earlier that the
HACBP 15 present tn the 1s5olated free and junctional
SR vesicles, and 1t may be mcreased i fractions en-
nched in T-tubules [7) Although HACBP-positive stamn-
ing 15 found closely apposed to both sides of a Z-hne,
the resolution of immunocytochemstry at an opuical



mucroscopy level 18 not sufficient to distmguish whether
anlibody staining 1s localized 1n the junctional SR or iy
the T-tubule, or 1n both

In the course of these studies, we have made an
unexpected discovery Based on NH,-termunal amino
acid sequence of rabbit uterus HACBP and the se-
quence recently reported for rabbit iver calregulin [21],
we conclude that calreguhn 1s either identical to the
HACREP or 1t 15 at nummum homelegous over a signufi-
cant portion of the proten Calregulin 15 2 caluur
bunding protemn of unknown function recently identified
in bovine liver and in vanety of other tissues [8,21]
Simular to the HACBP [6] it binds 1 mol of calcium per
mol of protein v1th an apparent K =005 aM [24] The
amno acid composition of both calregulin [21] and the
HACBP [25] are remarkably ssmilar Calreguhin, like the
HACBP, 1s associated with hiver ER. membranes [8] In
order 1o confirm the 1dentity of the two protwins, we
tested polyclonal antibadies raised agamst the two pro-
teins for cross-reactivity against one another The rabbat
anti-bovine calregulin antebody cross-reacted wath pun-
fied HACBP from all three muscle tissues In contrast
the goat anti-rabbit HACBP antibody reacted strongly
with punfied HACBP, but did not react well with
purtiied bowine liver calregulin (Fig 5) Tius may be
due to differences mn the proten from ane species to
another In fact, we noted in our study a decrease 1n the
sensivity of our ant-HACBP anrtibody, when used
agamnst bovine cardiac protein, 1n companson to rabbit
tissues Khanna et al. {21)] also noted species differences
between various forms of calreguhn It should not be
ruled out, however, that only a hmted portion of the
two prateins primary sequences are dentical

Usmg the polyclonal antibody against the HACBP,
we have recently 1solated a partial length cDNA clong
encoding for the COOH-terminal of the HACBP from a
rabbat skeletal muscle Agtll expression hbrary (Flegel,
L, Burns, K, MacLennan, D H, and Michalak, M,
unpublished observations) The ¢DNA of the clone,
hybridizes to mRNA of approx 2 5 kb 1n length. which
15 the expected size of mRNA coding for this pratem,
presuming 3° and 5’ untranslated regons totalling about
1000 bp The COOH-termmal 28 amino-acid of the
HACBP deduced from the cDNA clone 15 also rich m
acdic residues, which 18 sumalar to the COOH-termunal
of skeletal muscle calsequestrn [26] The function of
these acidic residues 15 not known, but they may be
mvolved i erther calcium binding or may have some
structural function such as anchoring the proten to the
membrane The four COOH-terrmnal amino acids of
the HACBP, -Lys-Asp-Glu-Leu-COOH deduced from
our ¢<DNA clone, correspond to the sequence described
for other ER-associated calcium binding protetns, 1e,
endoplasmin {100 kDa) [27], protemn disulphude 150-
merase (61 kDa) [28], as well as a fanuly of stress-in-
duced protemns [29) The termunal four amino-acids

-Lys-Asp-Glu-Len-COOH may be a part of a specific
signzl that causes retention of these proteins m the ER
[30] It 1s possible that HACBP belongs to the same
farmuly of ER-assoctated, calcium binding proteins, but
besides being abundant in non-muscle cells, 1t 15 also
present i muscle tissues
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