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Summary

Under resting conditions, the endoplasmic reticulum (ER)
intraluminal free calcium concentration ([Ca2*]gr) reflects
a balance between active uptake by C&ATPases
and passive efflux via ‘leak channels’. Despite their
physiological importance and ubiquitous leak pathway
mechanism, very little is known about the molecular nature

thapsigargin (a Ca&*ATPase inhibitor) was lower after
puromycin treatment. Puromycin also reduced the
[Ca?*]er level when perfused into the medium, but was
ineffective after anisomycin pre-treatment (an inhibitor of
the peptidyl transferase). Puromycin had a similar effect in
the presence of heparin and ryanodine. This puromycin-

of these channels. As it has been suggested that the openevoked [C&']er decrease was specific to the translocon. We

translocon pore complex of the ER is permeable to ions and
neutral molecules, we hypothesized that the ribosome-
bound translocon would be permeable to calcium after
treatment with puromycin, a translation inhibitor that

specifically releases polypeptide chains. At this time, the
translocon channel is left open. We measured the
fluctuations in cytoplasmic and luminal calcium

concentrations using fluorescent dyes (fura-2 and mag-
fura-2, respectively). The calcium release induced by

conclude that the translocon complex is a major calcium
leak channel. This work reveals a new role for the
translocon which is involved in the control of the [C&']er
and could therefore supervise many physiological
processes, including gene expression and apoptosis.

Key words: Prostate cancer, Translocon, Puromycin, Calcium leak,
Endoplasmic reticulum, LNCaP cells

Introduction

Blobel, 1991), which is the complex involved in protein

The endoplasmic reticulum (ER) plays an essential role in thganslocation. The translocon may therefore be permeable to
folding and maturation of proteins and is also the largesgalcium. In yeast and mammalian cells (Deshaies and
calcium store (Berridge and Irvine, 1989; Pozzan et al., 1994%chekman, 1987; Gorlich et al., 1992b; Gorlich and Rapoport,
It has previously been demonstrated that the ER is a continuo&893; Stirling et al., 1992), the translocon is formed by the
calcium pool in mouse acinar pancreatic cells (Mogami et alassociation of heterotrimeric proteins SexfBec6B, and
1998; Park et al., 2000). Agonist-induced ER calcium releasgec6y (Gorlich et al., 1992a) and other proteins including
occurs through G4 channels such as inositol triphosphateTRAM (translocation-associated membrane protein), BiP,
(IP3) and ryanodine receptors (Clapham, 1995) and may kgalnexin, calreticulin, and Erp57 (for reviews, see Johnson and
potentiated by nicotinic acid adenine dinucleotide phosphatéan Waes, 1999; Schnell and Hebert, 2003).

(NAADP) (Cancela et al., 2002). Calcium reuptake into Electrophysiological studies have demonstrated that the
intracellular stores occurs when the calcium release channdf@nslocon is a protein-conducting channel (Simon and Blobel,
are closed (calcium negative feedback to the réeeptor) 1991), with a 4-6 nm pore diameter when bound to the
(Bezprozvanny et al., 1991) and is carried out by SERCAibosome (Hamman et al., 1997). The ribosome-free translocon
pumps (sarco-endoplasmic reticulum?GATPases) (Pozzan has a 0.9-1.5 nm pore diameter (Hamman et al., 1998). This
et al., 1994). In the resting state, the2Gzontent of the ER  pore was visualized in electron microscopy using purified yeast
reflects a balance between this active uptake by SERCA asgec61l complex (Beckmann et al., 1997) with a 9.5 nm outer
passive efflux or ‘basal leak’ through previously identifieddiameter. In mouse acinar pancreatic cells, we have
‘leak channels’. This leakage is revealed when SERCA pumpdemonstrated that puromycin induces a decrease in the
are inhibited by thapsigargin or CPA (Hofer et al., 1996:endoplasmic reticulum calcium concentration @gGer)
Mogami et al., 1998). The physical structure of calcium leaKLomax et al., 2002). Puromycin conformation is similar to the
channels has not yet been elucidated. Recently, interestidg end of aminoacetylated tRNA. It terminates the peptide
research (Heritage and Wonderlin, 2001; Roy and Wonderlirghain elongation and clears the protein from the translocon
2003) has demonstrated that a polarized molecule could crogsre (Pestka, 1974; Pestova et al., 2001). At this point, the
the endoplasmic membrane through the translocon (Simon anidosome is still on the translocon.
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In this study, we demonstrate the role of the translocon asi® minutes and blocked with 1.2% gelatine in PBS (PBSG) for 30
calcium leak channel. Puromycin induces a calcium leakninutes to avoid non-specific binding. They were subsequently
from the ER and decreases the thapsigargin respondacubated in a moist chamber for 1 hour at@¥ith the primary
Cycloheximide, an inhibitor of the elongation factor 2 (thatantibodies for Sec6l (goat polyclonal from Santa Cruz) and 60S
does not release the nascent peptide chain) (Roy alik?osomal subunit (rabbit polyclonal) (Horne and Hesketh, 1990).

. . ter several washes in PBSG, the cover slips were incubated for 1
:/r\llonde:ll?r,] Z?r?s)\} v&lag un?l?lemtol ml<()dr|fy tTte {f?ar?{ -:-thu(sjyir our at 37C with the corresponding secondary antibodies (donkey
€ puromycin-evoxked caiciu eax results 1ro S ec nti-goat labelled with Texas Red X (Chemicon) and donkey anti-

effect on the ribosome-translocon complex rather tha'ilabbit labelled with FITC, Jackson), washed in PBS and mounted in

inhibition of protein synthesis. ) . Mowiol. Fluorescence analysis was carried out using a Zeiss LSM 510
We also verified that the decrease in the ER calcium conteggnfocal microscope (488 nm excitation for FITC and 563 nm for

induced by puromycin, was specific to its action on thelexas Red) connected to a Zeiss Axiovert 200 M witk6a 1.4
translocon process. Puromycin was unable to induce a calciummerical aperture oil immersion objective. Both channels were
release after anisomycin application (an inhibitor of theexcited, collected separately and then merged to examine
peptidyl transferase) (loannou et al., 1998). Furthermore, weolocalization. The image acquisition characteristics (pinhole
demonstrate that puromycin does not induce a calcium reba%@erture, !aser intensity, scan speed, etc.)_yvere the same throug_hout
through the IR and ryanodine receptors. We also verified thaf e experiments to ensure the comparability of the results. Using

r . onfocal microscope software (AIM 3.2, Zeiss, Le Pecq, France) we
E)hu?’omégﬁp induced calcium release was not affected b alculated the colocalization coefficients as defined (Manders et al.,

h . 1993). This process calculates the sum of the colocalized pixels
Using confocal microscopy on LNCaP cells, we observed gapeied in red and green) divided by the total number of labeling

decrease in the colocalization between the 60 S ribosomgxels. The maximal coefficient of colocalization is therefore 1.

subunit and the Sec61 protein in the translocon pore in cells

treated with puromycin. We made similar observations in )

electron microscopy. This implies that even a small number dFl€ctron microscopy o .

open translocon is sufficient to develop a calcium leak capabiehe cell pellets were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate

of decreasing the [Gqer. buffer, pH 7.4, for 30 minutes at@, thoroughly washed in the same

This study is the first to demonstrate that a passive calciuﬁﬁgﬁ:érpggt'r%ﬁgt;g ;;/é Ovsvi:;ﬁ? 4 tzggxsiﬂf,szqH;tiamcgigz& ff%rr
leak may occur specifically via the translocon durlngembedding in Epon resin. The samples were cut on a Reichert Ultracut

translation. This is a ubiquitous phenomenon and Ma¥ and the section contrasted with lead citrate and uranyl acetate. The

influence the filling state of internal calcium stores, causing grids were then observed on a Hitachi H600 transmission electron
modification in calcium signaling and cellular physiology.  microscope.

Materials and Methods Results

2 2 . - . .
Fluorescence measurements of [Ca“*]c and [Ca**]er Thapsigargin-induced calcium release is lower after
Cytoplasmic calcium concentration ([€h) was measured using Suromycin treatment

fura-2 using previously described methods (Vanden Abeele et a : : : .
2002). The cells were continuously perfused with HBSS solution (12 0 study the possible involvement of translocon in calcium

mM NaCl; 5 mM KCI: 2 mM CaGt 2 mM MgCh; 5 mM Glucose; eakage, we first_trgated the LNCaP cells with puromycin (_200
10 mM HEPES, pH 7.3) and chemicals were added via a wholdtM) or cycloheximide (1.8 mM) for 1 hour, or kept them in
chamber perfusion system. The flow rate of the perfusion system wi3e medium alone (Fig. 1). In order to estimate the ER calcium
set to 1 ml/minute and the chamber volume was800 content, we used thapsigargin (M), which irreversibly

For C&* imaging within the ER, LNCaP cells (ATTC, Rockville, blocks SERCA pumps and induces2Canobilization. We
MD) were grown on glass cover slips and loaded wifiV2of the  measured the passive calcium leak using the furai2MpP
AM-ester derivative of mag-fura-2 (Molecular Probes, Leiden, Thecalcium cytoplasmic probe in a &dree medium. The peak
Netherlands), or §M of mag-fluo-4 AM (Mole_cular Pr_obes_, Leiden, jncrease in cytoplasmic calcium concentration ()
The Netherlands) for 45 minutes at’@7 After incubation with dye, induced by thapsigargin is therefore proportional to the initial

the plasma membrane was then selectively permeabilized: cells were, . . - .
rinsed briefly in a high Ksolution (125 mM KCI, 25 mM NaCl, 10 C8lcium content of the endoplasmic reticulum. Fig. 1A shows

mM HEPES and 0.1 mM MgglpH 7.2), exposed for 2 minutes to the time course of a typical thapsigargin response in a ca[cjum—
an ‘intracellular buffer at 3%C after which 5 mg/ml digitonin fré€ medium. The peak was 250 nM under control conditions

was added. Permeabilized cells were continuously perfused withnd 230 nM after a 1-hour incubation with cycloheximide.
‘intracellular buffer (the same solution without digitonin, Cells treated with puromycin showed a decrease in the
supplemented with 0.2 mM MgATP, with free hclamped to 170  thapsigargin response (150 nM). These mean differences are
nM using C&*/EGTA buffers). Ratio imaging measurements of mag-shown in Fig. 1B, which illustrates the peak value of the
fura-2 fluorescence were made using a commercial imaging systefRapsigargin-evoked [G4. increase. Under control

(Princeton Instruments, Evry, France). Ratio imaging measurement$)nditions. the peak [GH. value was 25617.5 nM (=34)
of mag-fluo-4 were made using a confocal microscope (LSM 510 X

Zeiss, Le Pecq, France) and the response to tha_ps_igargin_ of cycloheximide-incubated
' ’ ' LNCaP cells was not statistically different (24@ nM;n=35).

In contrast, in puromycin-treated cells, the ER calcium content

Confocal microscopy and colocalization decreased by 40% compared to levels under control conditions

LNCaP cells were grown on cover slips and treated with puromyci@nd 37.5% compared to levels in cycloheximide-treated cells

as described below. Samples were fixed with cold aceton&Q)-&fr (15012 nM; n=78).
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Fig. 1. Puromycin treatment reduces the thapsigargin-induced calcium release from the ER. (A) Traces represgft thed€laed in M
fura-2 AM loaded LNCaP cells under control conditions or after a 1-hour incubation wifiiv2pQromycin or 1.8 mM cycloheximide.
Application of 1uM thapsigargin (TG) produced an increase in?[{zzas a result of the inhibition of SERCA pumps. All measurements were
made at room temperature in‘déree HBSS. (B) Means of the peak values of thapsigargin responses under control comeidid))sajth

1.8 mM cycloheximider(=35) and with 20QuM puromycin (=78).

Puromycin induces a luminal calcium leak through the puromycin treatment, the calcium store was almost empty but
translocon ionomycin induced a decrease, from 3184 to 18 uM (Fig.

The ER C&" content was further investigated using the2B). Fig. 2C illustrates the cumulative data before and after
compartmentalized fluorescent Zaindicator, mag-fura-2 puromycin perfusion. The mean decrease was 39.96%
AM, which we had previously used for direct measurement§n=26). A 20uM puromycin concentration also induced a
of [Ca*er in LNCaP cells (Vanden Abeele et al., 2002).decrease in [Cd]er. Under these conditions the percentage of
Imaging experiments with mag-fura-2 AM were conductedesponse was 30% with a mean decrease of #8.52%
after digitonin permeabilization. As shown in Fig. 2A, (n=15; data not shown).

ionomycin (1LuM) induced a decrease in [€3r from 263

MM to 58 uM (=78%). The inset panels in Fig. 2A,B show the ) o . )
significant time course development of emission fluorescencddnisomycin prevents puromycin-induced luminal calcium

from 340 nm and 380 nm excitation. Puromycin perfusion (200€lease

UM) induced an 46% decrease in far (Fig. 2B). After  To be sure that puromycin induces a decrease ifr[&aby

A g0 B laao
400 400
" kao Puromycin 200 pM 1340

IM 1 uM
< 300} s 300 /
=5 =1
& 200} & 200 IM 1 uM
© ©
O 100} S 100l
Op, , , 0
0 120 240 360 0 120 240 360 480 600
Time, s Time, s
100
(0]
© 80f
Q@
E 607 Fig. 2. Puromycin reduces the free €aoncentration within the ER
° a0} lumen. (A,B) Typical [C&']er traces from mag-fura-2 AM loaded
s LNCaP cells in response tquM ionomycin (IM) (A) and 20QuM
20} puromycin (B). The inset panels show individual fluorescence
0 intensities at 340 nm (€ainsensitive) and 380 nm (&asensitive)

excitation wavelengths. Note that application of ionomycin results in
a drop in the mag-fura-2 ratio. (C) Cumulative data (rhsanm.)

for control and puromycin-treated LNCaP cells on the percentage of
& calcium release from internal stores.
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Fig. 3. Anisomycin blocks the calcium leak from intracellular stores
induced by puromycin. (A,B) The intracellular stores of LNCaP cells
were loaded with the calcium indicator mag-fluo-4. Recordings of
the leak from LNCaP cells, permeabilized with digitonin in two
representative LNCaP cells in response to the application of
puromycin are shown. Addition of puromycin induced a slow
reduction in [C&*er (A) whereas anisomycin pre-treatment inhibits
passive C# leakage through the ER in response to puromycin
application (B). (C) Cumulative data (meare.m.) for control and
anisomycin-treated LNCaP cells of percentage of calcium released
from internal stores.

% of release

maintaining the ribosome on the translocon, we usedecreased the mean ratio of 13 permeabilized cells by
anisomycin. This second antibiotic inhibits the peptidyl31.21+5.76% in the presence of heparin and ryanodine (Fig.
transferase (loannou et al., 1998). Fig. 3A shows the ratidC). This value is significantly close to the puromycin effect
decrease (F/FO) of fluorescence after permeabilization ofithout these inhibitors (-0.73+2.69%P<0.01, paired
plasma membrane of mag-fluo-4 loaded LNCaP cells. Th8tudent'st-test).
cytosolic dye was washed out after digitonin permeabilization. Secondly, we verified whether3d®Pl5 uM) and cADPr (10
Puromycin at 20QM induced a 35.2% decrease in {dar ~ uM) could have a cumulative effect after puromycin-induced
after 260 seconds. Anisomycin at 200 was also used (Fig. calcium release. Puromycin evoked a 35% decrease in the ratio.
3B). During the dye loading and throughout the experimentSubsequent applications ofzlBnd cADPr induced a further
the cells were in the presence of this antibiotic. Puromycin wa0% decrease (Fig. 4B). The mean decrease in the
ineffective in generating a significant decrease in ratio (FigouromycintlPs+ryanodine mixture was 51.76+8.17%=8).
3B). In this experiment, the gentle decrease in fluorescendenomycin (5uM) generated an additional fall in the ratio:
results from the dye photobleaching. Only 6.5% of the cell36.77+4.08% r{=8). Furthermore, puromycin (200M) did
responded to puromycin (2Q0/1) with a 24.95+3.51%n=46)  not inhibit NAADP (50 nM) induced calcium release (data not
decrease in ratio (data not shown). The mean decrease in stewn).
ratio in the presence of both antibiotics was 5.33+2n1344).
However, without anisomycin, puromycin induced a o _ )
30.73+2.69% 1§=50) luminal calcium release in 78% of the Colocalization between Ubosome and translocon in
cells (Fig. 3C). confocal and electron microscopy
We first verified the effect of puromycin treatment on the
subcellular distribution and colocalization of the 60S

The puromycin-induced luminal calcium leak occurs ribosomal subunit and the translocon. The 60S ribosomal
through the translocon and not through the IP3 and subunit and the translocon protein, Sec61, were labeled in red
ryanodine receptors activation and in green, respectively. We performed confocal microscopy

To exclude the hypothesis that the $Gar decrease induced under control conditions (Fig. 5A), after a 1-hour treatment
by puromycin was mediated by agonist-activate&*@alease with 200 pM puromycin (Fig. 5B) or with 1.8 mM
channels, we first perfused thes if@ceptor inhibitor (heparin cycloheximide (Fig. 5C). The colocalization was displayed in
500ug/ml) and the ryanodine receptor inhibitor (ryanodine 20range in the optical slices. Seco6ind 60S ribosomal
MUM). Fig. 4A illustrates the effect of puromycin on the ratiosubunits were localized in the cytoplasm, both in the absence
(-35.72%) in the presence of the inhibitors. Puromycirof puromycin and after puromycin treatment. The nucleus of
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> (A) Time course of a typical experiment of the passivé'Gak
induced by puromycin in digitonin-permeabilized LNCaP cells
treated with ryanodine and heparin. At the end of experiment,
ionomycin was added to indicate the size of the total releasable
pool. (B) Sequential application of puromycin and/dADPr to
indicate the size of each releasable pool. At the end of
experiment, ionomycin was also added to indicate the size of the
S total releasable internal calcium store. (C) Cumulative data
<

(mearxs.e.m.) for the percentage of calcium released from
internal stores.

LNCaP cells was not included in this localization (Fig. 5A-C).pancreatic cells (Lomax et al., 2002). In the present work, we
We calculated a colocalization coefficient for each cell (Figdemonstrate that puromycin acts on the translocon to induce a
5D) according to the method developed by Manders an@&*leak in LNCaP cells and also that a physiological calcium
colleagues (Manders et al., 1993). leak through the translocon is possible at the end of termination

Puromycin induced a 23.6% decrease in the colocalizatiowhen the ribosome is still in place. Puromycin is a potent
coefficient. In the same way, cycloheximide reduced théranslation inhibitor, specifically blocking the ribosome on the
colocalization by 35.6%. We obtained similar results withtranslocon and clearing the nascent peptide chain (Pestova et
electron microscopy. We used control cells (Fig. 5E) and cellal., 2001). Under these conditions, the translocon channel is
treated with 20QuM puromycin (Fig. 5F) or with 1.8 mM maintained in open configuration (Johnson and van Waes,
cycloheximide (Fig. 5G). In control conditions, the ribosomesl999) and calcium can be released by the ER.
are located on the ER membrane and inside the cytoplasm. InWe measured the effects of long term (1-hour) exposure to
contrast, after a 1-hour treatment with puromycin ompuromycin on the ER calcium content. Puromycin treatment
cycloheximide, most of the ribosomes were located inside th@00 pM) of LNCaP cells loaded with fura-2 induced a
cytoplasm only. When treated with cycloheximide thesignificant decrease in the thapsigargin response, compared to
ribosomes were aggregated into the cytoplasm in rosette-lil@ntrol (—40%) and cycloheximide-treated cells (1.8 mM, 1
polysomes. hour) (Fig. 1). This implies that €awas released from the

store through translocon pores left open by puromycin before

] ) thapsigargin application. The thapsigargin response of LNCaP
Discussion cells was similar under control conditions and in the presence
This work shows that the ubiquitous translocon complex in thef cycloheximide, which inhibits elongation (Roy and
endoplasmic reticulum membrane may act as & @ak Wonderlin, 2003). Thus, the effect of puromycin on the
channel. The complex is not as tight as previously thoughthapsigargin-induced calcium release was not due to inhibition
Heritage and Wonderlin demonstrated that permeability obf protein synthesis, but may be produced by the fact that the
small polar molecules increased in cells treated withibosome-bound translocon complex is maintained in open
puromycin (Heritage and Wonderlin, 2001). Recently, it hagonfiguration.
been shown that the permeability of the ER to small polar To observe the on-line effect of puromycin on calcium
molecules is coupled to translation (Roy and Wonderlin, 2003)eakage, we used mag-fura-2 or mag-fluo-4 to measure changes
In an initial study, we measured the effect of puromycin on thén luminal calcium content (Fig. 2). All the following
Ca&* permeability of the ER membrane in mouse acinaexperiments were carried out in the absence 8f-B&Pase
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Fig. 5. Colocalization of the 60S ribosomal subunit with translocon protein Sec 61. (A-C) Sec 61, recognized by polyclonal Sedié$,antib
was detected using FITC-labeled secondary antibodies. 60S ribosomal subunit, recognized by polyclonal antibodies, wasirtgEotad-
Red-labeled secondary antibodies. No staining was seen in the absence of primary antibodies (data not shown). Celledersranalyz
Zeiss LSM 510 confocal laser scanning system connected to a Zeiss Axiovert 200 M. Images were collected separately fioeeach cha
(Texas-Red at 563 nm and FITC at 488 nm excitation) and merged as indicated. The pictures were taken after a 1-hounderatomnolu
conditions (A), with 20uM puromycin (B) or with 1.8 mM cycloheximide (C). Bar, g@t. (D) Correlation coefficients calculated according
to reported methods (Manders et al., 1993). Puromycin slightly reduced colocalization of the Sec61 and ribosome labedss{EHE)T
electron micrographs of LNCaP cells in control conditions (E), or after a 1-hour treatment wjithl 200omycin (F) or 1.8 mM

cycloheximide (G). Bar, 200 nm.

inhibitors, in order to measure the result of luminad*@aflux  translation, in ribosome-bound conditions, the pore aperture
(we did not block the C&-ATPases) and efflux (due to passive has a theoretical diameter of between 4 and 6 nm (Hamman et
leakage). It is known that ATP also modulate$*Qaakage al., 1997). Recently ER permeability has been demonstrated
(Hofer et al., 1996). Under our experimental conditions, théo be coupled to protein synthesis (Roy and Wonderlin,
permeabilized LNCaP cells were perfused with an ‘internaR003). Puromycin increased the 4-MalphaG (4-methyl-
medium’, with the same ATP concentration throughout theimbelliferyl-alpha-d-glucopyranoside) permeability, whereas
experiment (20QuM). [Ca2*]er was stable before puromycin cycloheximide did not. Furthermore, cycloheximide prevented
or ionomycin perfusion. Cycloheximide did not induce athe pactamycin-evoked 4-MalphaG permeability. They
decrease in [C4d]er (data not shown). As shown in Figs 2 andconcluded that the permeation of 4-MalphaG is coupled to a
3, puromycin triggered a calcium release from the ER. Thesgating mechanism, where the nascent protein chain locks
results highlight the considerable impact of puromycin, as wethe pore (Roy and Wonderlin, 2003). The results of our
as the fast kinetics of the translocon on the calcium leak. lexperiments are similar to these findings. Cycloheximide alone
physiological conditions, the pore diameter of the ribosomewas unable to induce a €arelease, unlike puromycin. The
free translocon is 0.9-1.5 nm (Hamman et al., 1998). Duringascent protein needs to be released in order to let #e Ca
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leak through the pore of the translocon. Furthermore, an The Iluminal calcium concentration modulates many
interesting study (Potter and Nicchitta, 2002) has demonstratgxdhysiological processes, including gene expression and
that the ribosome remains in place on the translocon aftapoptosis (Jiang et al., 1994; Martikainen et al., 1991;
translation. In these physiological conditions,2Caelease McConkey, 1996; Putney and Ribeiro, 2000; Reynolds and
through the translocon probably occurs at this moment anlastman, 1996; Wei et al., 1998). In LNCaP cells, calcium
could be a way for the cell to regulate the {Qar. release from the ER has been shown to induce apoptosis
In our experiments, we generally applied 2Q0V (Skryma et al., 2000; Wertz and Dixit, 2000). Therefore,
puromycin. Others have used similar concentrations tstructures which are able to lower fGar, such as Bcl-2
estimate the puromycin effect on ER permeability (Roy an¢Vanden Abeele et al., 2002), are involved in the control of
Wonderlin, 2003; Lomax et al., 2002). With 201 puromycin,  apoptosis. This is the case for the translocon. As mentioned
the [C&']er decrease was lower (18.51+5.32%+15). before, recent findings indicate that the ribosome remains
Anisomycin (a peptidyl transferase inhibitor) inhibits thebound to the ER membrane following the termination of
puromycin reaction (loannou et al., 1998). Anisomycin alongrotein synthesis (Potter and Nicchitta, 2000; Potter and
did not affect the ER calcium content (data not shown). In sucRicchitta, 2002; Seiser and Nicchitta, 2000). At this time, the
conditions, when the peptidyl transferase is inhibited, theibosome-bound translocons may be calcium-permeable, as
translocon is not permeable to calcium. Under the influence dlfiey are after treatment with puromycin and are thus able to
anisomycin (20uM), only 6.5% of the cellsnE46) responded release part of the calcium from the ER, with all the
to puromycin with a decrease in their ER calcium content. Thisonsequences previously described. We noticed a decrease in
percentage of response is low when compared to the 788be colocalization between the translocon and the ribosome
(n=50) puromycin response in cells untreated with anisomycirafter lengthy exposure to puromycin (Fig. 5). These results
Indeed, as anisomycin inhibits permeation by calcium via thevere confirmed by electron microscopy. Nevertheless, we still
translocon, the further action of puromycin (which releases thiead low ER calcium content after a 1-hour treatment with this
polypeptide chain and opens the translocon) could not bantibiotic, as shown by the thapsigargin response in Fig. 1. This
performed. This implies that puromycin specifically blocks themplies that a small number of open translocon is sufficient to
ribosome on the translocon, which is still open, therebynduce a sustained ER calcium release. Seiser and Nicchitta
releasing calcium from the ER. did not observe a decrease in the ribosome binding to the
The calcium leak measured in the presence of puromyciandoplasmic reticulum membrane after 15 minutes of
does not involve NAADP, I or ryanodine receptors. cycloheximide treatment (Seiser and Nicchitta, 2000). In our
Puromycin induced the same calcium release with or withouvork, we evaluated the long-term effect of cycloheximide (1
inhibitors of IP; or ryanodine receptors (Fig. 4). Hence, thesehour) on the localization of the ribosome on the endoplasmic
experiments demonstrate that the puromycin-induced calciuneticulum. In our experimental conditions, we measured a
leak does not occur throughsliFeceptors and/or ryanodine significant decrease in the colocalization coefficient between
receptors. Furthermore, as shown in Fig. 4B, we applied 1the ribosome and the translocon. These findings are confirmed
UM IP3 and 10uM cADPr after puromycin perfusion. dRand by electron microscopy. These differences with the published
cADPr induced a further decrease in luminal calcium contenwork (Seisser and Nicchitta, 2000) are probably caused by the
after puromycin treatment. This cumulative effect emphasizeimcubation time with cycloheximide. Cycloheximide inhibits
that the puromycin-induced calcium leak was not due to a nortranslation, inducing a premature termination, which leads to
specific action of puromycin on4Rhannels and/or ryanodine the dissociation of the ribosome from the translocon.
receptors. We did similar experiments with 50 nM NAADP For the first time, we have demonstrated that the puromycin-
and still observed a NAADP response after puromycirinduced calcium release occurs through the translocon. This
perfusion. calcium leak probably occurs through the translocon at the end
To explore the putative role of translocon in calcium leakagef the termination, when the polypeptide chain is released and
further, it would be interesting to investigate whether theduring the time when the ribosome is still on the translocon.
translocon is calcium permeable in a lipid bilayer. HoweverAs this calcium leak is present in yeast and mammalian cells
the mammalian translocon complex contains numerou@eshaies and Schekman, 1987; Gorlich and Rapoport, 1993;
subunits (Sec@i, Sec6B, Sec6¥y, TRAM, Bip) and many Stirling et al., 1992), our findings suggest that calcium release
associated proteins like SP, Calnexin or SRP (Johnson and vémough the translocon is a common phenomenon in cell
Waes, 1999). The stoichiometry of the translocon (especiallghysiology.
the pore structure) is still unknown (Schnell and Hebert, 2003).
The extraction of all the subunits of the translocon and their We are grateful to Alexei Tepikin (University of Liverpool, UK)
analysis in a lipid bilayer is not possible without impairing theand to Helen Selliez-Vandernotte for reading the manuscript and for
structure of the native complex, thus altering its function. | alsué‘g',‘a ﬂﬁg“l\s/ﬁr']‘i’gtsé'rgg‘? |'V|¥8cha\filgr? ;;ﬁgﬁ;@d tﬁ}s’ gggtgatfig’r?‘
add|t|0n3 we planned to use S'RNA or antisense to abolish t Ecl)ur la R'echerche contre le Cancer and the Ligue’Nationale contre le
expression of at least one subunit of the translocon such as cer.
61a. However, as the translocon is essential for translation, this
type of experiment induced the death of treated cells.
Furthermore, due to the high number of different subunits, freferences

is not possible to overexpress the whole translocon compleﬁ?cl'gg:l””é Réthl,i?gﬁL(’ JD'(’l fgf%ssxl‘i?ghmr‘;m?”ggﬁgmg7f¥e{sghr?§s’rc eArit'
Therefore, at the present time our experimental approach is th olypeptide chain in the ribosome-Sec61 comdexence278, 2123-2126.

only one permitti.ng the clear measurement within a living cellgerridge, M. J. and Irvine, R. F. (1989). Inositol phosphates and cell
of the decrease in [€§erthat occurs through the translocon.  signalling.Nature341, 197-205.
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