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Heat shock proteins of barley mitochondria and chloroplasts

Identification of organellar hsp 10 and 12: putative chaperonin 10 homologues
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Tissue slices from barley seedlings were subjecied to heat shock and metabolically labelled with [*S]lmethionine and [S]eysteine. Mitochondria

and chloroplasts were isolated and shown to contain wo novel heai shock proteins of 10 and 12 kDa, respectively. The possibility Lhiat these proteins,

like a mitochondrial 10 kDa stress protein recently isolated from rat hepalioma cells [(1992) Proe. Natl. Acad. Sci. 89, in press] represent eukaryotie
chaperonin 10 hommologues is discussed.
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. INTRODUCTION

A universal cellelar response to heat shock and a
number of stressing agents is the synthesis of a select set
of proteins collectively termed heat shock proteins
(hsps) (reviewed in [1,2]). H3Ps are ubiquitous and
highly conserved from bacteria to man indicating that
they play central roles in cellular metabolism. Although
the precise function of many hsps remain an enigma,
recent evidence has made it clear that the constitutive
expression of hsp 60 in E. cofi and hsp 70 homologues
in 8. cerevisiae is essential for cell viability due to their
involvement in protein targetting and folding [1,2]. Hsp
70 homologues have been identified in chloroplast of
higher plants [3] and Euglena gracilis 4] and in mito-
chondria from Euglena gracilis {4], pea [5], fungi [6],
trypanosemes [7] and mamimalian cells {8). Members of
the hsp 60 family, collectively termed chaperonin 60
{cpn 60) [9] have been found in both chloroplasts [10]
and mitechondria of many species [8,11-13] where they
assist the folding and assembly of both imported and
organeflar synthesized proteins {2,13,14]. Direct evi-
dence for cpné0 mediated protein felding and assembly
in vivo [15] and in vitro [16,17] has come from studies
on E. coli ¢pn60 (GroEL}, the action of which is criti-
cally dependent on a physical interaction with £. coff
chaperonin 10 (cpnl0), also known as GroES [17,18].

Abbreviations: epné0, cheperonin 60; cpnl, chaperonin 10; hsp, heat
shock protein, DMEM, Dulbecco’s modified Eagle’s medium, MW,
molecular weight,
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Bacterial cpnl0 is also a requirement for both mite-
chondrial and chloroplastic cpn60 function in vitro [17].
These observations argue for the existence of an as yet
unidentified ¢pnl0 homologue in plant mitochondria
and chloroplast. We recently identified and purified a
novel rat mitochondrial 10 kDa hsp and showed that
this protein represents a functional mammalian cpnl0
homolopgue [19]. The identification of this protein was
achieved by in vitro metabolic labelling of stressed cells,
followed by cell fractionation, SDS-PAGE and fluoro-
graphy. Here we use the same approach to identiry two
novel hsps of 10 and 12 kDa apparent molecular weight
(MW) in barley mitochondria and chloroplasts, respec-
tively, and discuss the possibility that these two novel
hsps may represent plant cpnl0 homologues involved
in protein folding and assembly of, organellar proteins
in higher plants.

2. MATERIALS AND METHODS

2.1, Meat shock and metaballe fabelling

Seeds of barley (Hordvtur: vulgare cv. Clipper) were germinated and
grown at 24°C for six days on moist vermiculite either in the dark (for
milochondrial isolations) or in continuouslight (for chloroplasts isola-
tions). For mitochondrial heai shock experiments 8.0 g of ctiolaled
primary leaf tissue was chopped into 1-2 mm? segments with a razor
blade and incubated at 25°C for 20 h in 50 mi of sterile waier. Follow-
ing this preincubation, which was required for subsequent efficient
melabolliclabeliing, the tissue slices were incubated for 30 minat 25°C
(control) or 37°C (heat sheck) and then metabolically labelled lor
three hours at the same temperatures in Lhe presence of 500 uCi
[**Smetbionine and [**S)cysteine {New Englund Nuclear, “Translabel’,
specific aclivity > 1000 Ci/mmel) followed by an additional 1wo hours
al 25°C for both control and heat shocked leafl segmenits. The tabelled
segments were recovered and chlorophyll-free mitochendria purified
as described by Day and Hanson {20]. For chloroplast heat shock
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experiments 4.9 g of green primary Jeaf tissue was cut into 1-2 mm?
segments and incubated at 25°C under constant illumination (30 «E/
ms) for 21 h at 25°C in 50 ml of sieri'e water prior to addition of 530
HCi [*S)methionine and [*Sjeysteine (specific activity »1000 CV/
mmol). Following the addition of labelled amino acids, the leaf seg-
ments were incubated for an additional 3 h at 25°C (control) or 317°C
{heat shock) and finally for 3 h at 25°C prior to chloroplast isolation
as described by Shioi et &1, [21]. The heat shock treatment and meta-
bolic labelling of clonal rat hepatoma cells was as described in [19),
Specifically the cells were Lieat shocked at 42°C for 15 min. Ratcpn
10 was purified as described by Hartman et al. [19] and £, cofi chaper-
onin 10 was a kind gift from Drs. N. Dixon and B, Surin of the
Australian Mational University.

2.2, Addditional analytical techniques

SDS-PAGE in 12% (w/v) Tris-glysine gels {22] and in (|16%T, 3%C)
Tris-tricine gels [23] was carried out as in [19], Prior to electrophorelic
analysis isolated chloroplasts were preeipitated with 90% (v/v) metha-
nol at =20°C overnight, recovered by centrifugation and solubilized
in SDS-PAGE sample buffer. Milechondria were lysed directly in
sample buffer without prior precipitation, For fluorography equal
amounits of trichloroacetie acid-insoluble radienctive material were
loaded In each sample well and the gel treated with Amplify (Amer-
sham) before drying, Western biotting was carried out essentially as
in [24] using rabbit anti-veast cpn 60 (a generous gift from Dr. R.L.
Hallberg) and a chemiluminescent detection kit supplied by Amer-
sham, Bovine ubiquitin was obtuined Iton. Sigma and "“C-marker
proleins were supplied by Amersham. The low molecular weight
markers for Coomassie staining were myoglobin CNBr.fragment ob-
lained from Sigma.

3. RESULTS

Tissue slices of 6 day old eticlated barley seedlings
were pre-incubated in water at 25°C for 20 hours and
then further incubated for 3 hours in the presence of
[>*S]Met and [**S]Cys at either 25°C (control) or 37°C
(heat shock) followed by an additional 2 hours labelling
at 23°C, Following metabolic labelling chlorophyl-free
mitochondria were isolated and analysed by SDS-
PAGE in Tris-tricine gels to identify low meolecular
weight mitochondrial heat shock proteins. Two low mo-
lecular weight proteins of apparent MW 24 kDa and 10
kDa were clearly induced (Fig. 1A, lanes 3 and 4). The
electrophoretic mobility of the novel 10 kDa protein is
identical to that of rat hspl0, a eukaryotic ¢cpnl0 hom-
ologue recently identified by its distinctive migration
during the SDS-PAGE system employed herein (Fig.
1B} [19].

When labelled low meolecular weight chloroplast pro-
teins derived from heat shocked tissue slices and control
tissue slices were analysed two distinct hsps of 18 kDa
and 12 kDa were seen (Fig. 1A, lanes | and 2). The
difference in electrophoretic mobility between the mito-
chondrial and chloroplast components of apparent mo-
lecular weights 10 and 12 kDa, respectively, does not
necessarily reflect true differences in molecular mass.
Similar differences in electrophoretic mobilities are ob-
served when rat mitochondrial chaperenin 10 (true mo-
lecular weight 10,813.4 Da [19], apparent molecular
weight 10 kDa) and E.coli chaperonin 10 (true molecu-
lar weight 10,370 Da [10], apparent molecular weight 12
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Fig. 1. Analysis of low molecular weight proteins synthesized in re-
sponse to heat shock in mitochondria and chloroplasts. {A) Chloro-
plasts were recovered from control (lane 1) or heat shocked (lane 2)
leaf segments and mitochondria were recovered from control {lane 3)
or heat shocked (lane 4) leaf segments and the content of 2*S-labelled
polypeptides revealed by electrophoresis in Tris-Tricine gels followed
by fluorography. The [''C]methylated molecular weight markers (lane
5) were obtained from Amersham, (B) Mitochondria were derived
from heat shocked (lane 1) or contral {lane 2) rat hepatoma cells and
the *S-lnbelled polypeptide content analysed as in (A). Arrows indis
cate proleins that are synthesized a1 an elevated rate in response to the
heat shock. Nore: the apparent molscular weights assigned (o (he
stress inducible proteins are not bosed on the [“Clmolecular weight
markers employed in here but on the use of stained pretein markers
shown in legend to Fig. 2 and on the co-electrophoresis with rat
mitochondrial chaperonin 10 of MY 10.8 kDa.

kDa are analysed (Fig. 2). The clectrophoretic mobility
of the 10 and 12 kDa stress proteins was clearly different
from that of bovine ubiquitin, a known stress protein
[25] which migrates with an apparent molecular weight
of 7 kDa in the Tris-tricine gel system (data not shown).

Analysis of high molecular weight proteins induced
in response to the heat shock treatment was also per-
formed and revealed a clear induction of a 72 kDa and
a 60 kDa component in mitochondria (Fig. 3B). In
chioroplasts, high molecular weight compounds of 75,
72 and 60 kDa were clearly induced (Fig. 3A). Western
blot analysis of barley mitochondrial and chloroplast
extracts using rabbit anti-yeast chaperonin 60 antibod-
ies revealed crossreactive components which co-electro-
phoresed exactly with the inducible 60 kDa polypep-
tides (data not shown).

4. DISCUSSION

Ideniification of heat shock proteins in higher plants
has primarily relied on 2D-gel electrophoretic analysis
of *S-labelled proteins extracted from whole tissues
{e.g. [26,27]) and in some cases subcellular fractionation
has been employed prior to electrophoretic analysis [28-
31]. These studies have revealed that plants in addition
to hsps of other eukaryotes synthesize a large number
of low molecular weight hsps of apparent MW 15-24
kDa. Some of these low molecular weight heat shock
proteins are located in chloroplast [29] and some may
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Fig. 2. Electraphoretic analysis of two purified ¢cpnl10 homolopues.

Purified rat cpnli0 (lane 2) and E. coli (Jane 3) cpnl0 were electro-

phoresed in & Tris-tricine gel and visualized by staining with Cosmas-

sie brilliant blue R-230. The CNBr fragments of myoglobin (Sigma)
were used as molecular weight markers (lanes 1 and 4),

be found in mitechondria {28,31]. Most, if not all, elec-
trophoretic procedures employed in earlier studies,
however, have an apparent inability to resolve proteins
of subunit molecular weights below 12-14 kDa and as
a consequence the presence of very low molecular
weight plant isps may have escaped detection. In this
study we have employed the Tris-tricine system of
Schéger and von J4dgow capable of resolving proteins in
the 2~14 kDa range (23] to analyse the polypeptide con-
tent in mitochondria and chloroplasts derived from heat
shocked barley leaf segments. The induction pattern of
mitochondria was remarkably simple revealing the heat
shock enhanced synthesis of only four polypeptides of
apparent MWs 72 kDa, 60 kDa, 24 kDa and 10 kDa.
The identity of the 72 kDa polypeptide is unknown, but
it could be a mitochondrial hsp70 homologue. Heat
inducible hsp 70 homologues have now been positively
identified in plant [5], fungal [6], mammalian [8), try-
panoscmic [7] and algal {4] mitochondria. The 60 kDa
polypeptide is likely to represent mitochondrial cpné0
which previously has been shown to exist as a heat-
inducible component of maize mitochondria [12] or al-
ternatively it represents the mitochondrially encoded
hsp60 of maize and Brassica described by Sinibaldi and
Turpen [32]. In any case barley mitachondria contain
a cpn 60 molecule [12] and it is in this context that the
identification of the novel 10 kDa stress protein is sig-
nificant. Chaperonin 60 in the matrix of S. cerevisiae
mitechondria is essential for folding of imported pro-
tein in vivo [13]. Bacterial, plant and fungal chaperonin
60 hemologues have been shown to catalyse protein-
folding in vitro but in most cases this folding could only
be shown in the presence of the heat inducible £, colf
cpn 10 [16). These observations argue for the presence
of an organeliar version of cpn 10. Plant ¢pn 10 versions
have not yet been reported but we have recently used
heat shock treatinent to identify a novel mitochondrial
10 kDa heat shock protein in cultured rat hepatoma
cells [19] (see Fig. 1C) and shown this to be a cpnl0
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Fig. 3. Analysis of high molegular weight polypeptides synthesized in
barley ¢hloroplasts and mitochondria in response 1o heat shock. (A}
Chlaroplasts were recovered from central (lane 1) or heat shocked leal
cggments and the ¥S-labelled polypeplide content revealed by electro-
phoresis in a Tris-glyeine gel followed by Nueregraphy. (B) Mitoshon-
dria were recovered from control (Yane 1) ar heat shocked teaf seg-
ments (lane 2) and the [**S]polypeptide content revealed by electrapho-
resis in a Tris-tricine gel followed by fluorography. When andlysed on
the saume gel the inducible chloroplast and mitochondriz) hsp 60 eomi-
grate (data not shown).

1 2

homologue. 1t was therefore expected, that a plant
cpnl0 homologue would be identifiable by its subceliu-
lar location and heat inducibility. The novel 10 kDa hsp
identified herein, fits these criteria and may therefore
represent plani mitochondrial cpnl0. The identity of the
24 kDa stress protein heat induced in these studies is not
known but, mitochondrial 22 kDa and 24 kDa hsps
have been observed in soybean [33].

Analysis of chloroplast proteins revealed the presence
of heat shock inducible proteins with apparent MWs of
75, 72, 60, 18 and 12 kDa, respectively. Three hsp70
homologues of apparent MW 75 kDa, 75 kDa and 78
kDa, respectively, have been detected in pea chloro-
plasts by immuno-blotting [3]. The heat shock inducible
75 kDa and 72 kDa polypeptides revealed in this study
therefore probably reflect the presence of these hsp70
members in barley chloroplasts and the apparent lack
of heat shock induction of these proteins in pea [3] may
be related to the differing methods of detection and/or
stress application used in this and the previous study [3].

Likewise, although the chloroplast RUBISCO bind-
ing protein is a member of the heat shock inducible cpn
60 family, no information concerning the expression of
this protein during heat stress has been published [2].
We observed a very considerable induction of a 60 kDa
polypeptide in chloroplasts. The nuclear enceded RU-
BISCO-binding protein may therefore be synthesized at
elevated rates in response to heat shock. On the other
hand, Krishnasamy et al. [34] reported the presence of
a plastid encoded 60 kDa hsp in 7-day-old Vigna sinen-
sis. The identity of the 60 kDa component induced by
heat shock in this study therefore is uncertain as is the
identity of the 18 kDa heat shock protein. The identifi-
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cation of the novel 12 kDa heat shock protein is intrigu-
ing for the same reasons stated for the mitochondrial 10
kDa component. The role of these two low maolecular
weight proteins in the higher plant stress response is nat
clear but the fact that mammalian mitochondria synthe-
size a similar sized cpnl0 homologue in response to
stress indicates that they, like cpn60 homologues, are of
ubiquitous presence and therefore may represent plant
cpn 10 homologues. Based upon their heat shock induc-
ibility these proteins can now be purified and character-
ized to test this possibility.
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