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Summary

Mitochondria play key roles in the life and death of
cells. We investigated whether mitochondria represent
morphologically continuous entities within single intact
cells. Physical continuity of mitochondria was determined
by three-dimensional reconstruction of fluorescence
from mitochondrially targeted DsRedl or tetra-methyl
rhodamine ethyl ester (TMRE). The mitochondria of
pancreatic acinar, porcine aortic endothelial (PAE) cells,
COS-7 cells and SH-SY5Y cells and neocortical astrocytes
all displayed heterogeneous distributions and were of
varying sizes. In general, there was a denser aggregation
of mitochondria in perinuclear positions than in the cell
periphery, where individual isolated mitochondria could
clearly be seen. DsRedl was found to be highly mobile

not cause the mitochondria to depolarise or fragment. A
lack of rapid fluorescence-recovery-after-photobleaching
(FRAP) of DsRedl indicated lumenal discontinuity
between mitochondria. We observed a slow (half-time
approx. 20min) recovery of DsRed1 fluorescence within
the irradiated area that was attributed to mitochondrial
movement or fusion of unbleached and bleached
organelles. Mitochondria were not electrically coupled,
since typically only individual mitochondria were
observed to depolarise following irradiation of TMRE-
loaded cells. Our data indicate that the mitochondria
within individual cells are morphologically heterogeneous
and unconnected, thus allowing them to have distinct
functional properties.

within the matrix of individual mitochondria, with an
estimated linear diffusion rate of 1um s1. High-intensity
irradiation of subcellular regions bleached the
fluorescence of mitochondrially targeted DsRed1, but did

Key words: mitochondrial morphology, mitochondrial network,
fluorescence-recovery-after-photobleaching (FRAP), tetra-methyl
rhodamine ethyl ester (TMRE).

Introduction

Mitochondria have been interesting biologists since thédvomogenous. Real-time monitoring of mitochondrial
middle of the nineteenth century (for a fascinating reviewmembrane potential indicated electrical continuity across large
of this history, see Lehninger, 1964). In recent yearsparts of a mitochondrial network in COS-7 cells (De Giorgi et
mitochondrial research has seen a resurgence due to thle 2000), human skin fibroblasts and neonatal rat cardiac
recognition of the crucial role played by mitochondria in bothmyocytes (Amchenkova et al., 1988). However, using the same
apoptosis and calcium (&3 homeostasis. Surprisingly, approach multiple individual mitochondria were observed in
despite this long history of research, there is yet to be adult rat cardiac myocytes (Zorov et al., 2000) and various
consensus on the nature of mitochondrial structure — doon-electrically excitable cell types (Collins et al., 2002).
mitochondria exist as discrete organelles within the cell or iReconstruction of electron micrographs revealed apparent
the mitochondrion a single entity more akin to the endoplasmimitochondrial networks in rat hepatocytes (Brandt et al., 1974)
reticulum (ER)? Since mitochondrial structure is a dynami@nd a single large mitochondrion in yeast cells (Hoffman and
balance between fission and fusion, perhaps this questidvers, 1973); however, the number of mitochondria within
should be rephrased as ‘are mitochondria predominatelyeast cells is thought to vary from one to ten (Koning et al.,
undergoing fusion to form a network or fission to form1993; Nunnari et al., 1997).
discrete organelles?’. Mitochondrial functions, including ATP Evidence for the existence of a largely interconnected
synthesis, C& homeostasis and apoptosis signalling, could benitochondrial network in HeLa cells was presented using non-
profoundly affected by whether the mitochondria exist as @onfocal, deconvolution imaging and ‘fluorescence-recovery-
continuous network or discrete individuals. after-photobleaching’ (FRAP) (Rizzuto et al., 1998). These

Several lines of evidence have been presented to suggest tahathors found that the fluorescence of mitochondrially targeted
mitochondria are physically interconnected and functionallygreen fluorescent protein (GFP) recovered after irradiation of
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a subcellular region, and suggested that this indicate®epartment of Pharmacology, University of Cambridge, UK),
continuity of the mitochondrial matrix. However, the slow SH-SY5Y neuroblastoma and COS-7 cells by Dr K. Anderson
recovery of fluorescence observed by Rizzuto et al. (1998) {Babraham Institute) and PAE cells by Dr H. Roderick
not compatible with the rapid translocation of fluorescentBabraham Institute). For HeLa, SH-SY5Y, PAE and COS-7
proteins within the mitochondrial matrix (Collins et al., 2002;cells, cell culture was performed as described previously
Partikian et al., 1998), and their data are more easily reconciléBootman et al., 1994).

with the concept of multiple physically discrete mitochondria For imaging studies, the culture medium was replaced with
undergoing infrequent fusion. an extracellular medium (EM) containing (mnidi): NaCl,

Early electron microscopy revealed populations ofl21; KCI, 5.4; MgC4, 0.8; CaCl, 1.8; NaHCQ, 6.0; p-
mitochondria with different matrix densities within single cellsglucose, 5.5; Hepes, 25; pH3. All fluorescent dyes were
(Ord, 1979; Simon et al., 1969), thought to reflect differencesbtained from Molecular Probes (Oregon, USA).
in metabolic states (Ord, 1979). In cardiac cells (Jahangir et Cells were transfected with mitochondrially targeted
al.,, 1999) and skeletal muscle cells (Lombardi et al., 200@sRed1 (mito-DsRed1) from Clontech (Palo Alto, CA, USA)
Battersby and Moyes, 1998), two distinct populations ofwnith Effectene transfection reagent (Qiagen, Crawley, UK),
mitochondria are proposed to exist with differing biochemicafollowing the manufacturers’ recommended protocol.
and respiratory properties. Subcellular heterogeneity #f Ca
sequestration by mitochondria has been reported for pancreatic 3-D reconstruction
acinar cells (Park et al., 2001), chromaffin cells (Montero et zseries stacks of mito-DsRed1-expressing and tetra-methyl
al., 2002), CHO.T cells (Rutter et al.,, 1996) and HelLahodamine ethyl ester (TMRE)-loaded cells were acquired
cells (Collins et al., 2002). Also, asynchronous permeabilityvith a Bio-Rad MRC1024 LSCM (Hemel Hempsted, UK).
transition pore opening within single cells has beerSubsequent image restoration was achieved with the
demonstrated in response to oxidant stress (Collins et ateconvolution software AutoDeblur (Autoquant, New York,
2002). These data suggest that mitochondria can behave @SA) using the ‘Power accelerated’ blind deconvolution
functionally discrete entities, consistent with their physicallgorithm. Image analysis and processing was performed
segregation.

The aim of the present study was
compliment previous work (Collins et ¢ A. Pancreatic acini
2002) addressing the connectivity
mitochondria in living mammalian cells, usi
a range of microscopic techniques. !
conclusions are that, typically, mitochonc
exist as lumenally and electrica
discontinuous organelles within cells.

Materials and methods
Cell culture and chemicals

Primary cultured HUVEC (human umbilic
vein endothelial) cells were obtained fr
Clonetics (BioWhittaker Inc, Walkersvill
MD, USA), cortical astrocytes from P. Cudc
(Babraham Institute), pancreatic acinar ¢
were kindly provided by Dr P. Tho

Fig. 1. Morphologically discrete mitochondria in
living cells. (A) Volume render of pancreatic acini
loaded with the dye TMRE (Og@mol I-1, 20min).

The approximate locations of individual acinar cellg
are outlined in the inset image. Note that thig
image essentially shows the sub-plasmalemm
mitochondria around the perimeter of the individua
acinar cells. (B-E) Surface render of 1 . 21 M4
mitochondrially targeted DsRed1-expressing cells ' o) v 70V
(B) PAE cells, (C) SH-SY5Y cells, (D) COS-7 cells 71 i
and (E) cortical astrocytes. See text for detaild
Scale bars, fim.
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with the public domain software ImageJ (NIH, http://rsb.info.to aggregate around the nucleus. Volume reconstruction of
nih.gov/ij). Single channel surface-rendered images werpancreatic acini revealed the sub-plasma membrane
processed with ImageJ running the VolumeJd plugin (Mlocalisation of mitochondria, as described previously (Park et

Abramoff; http://www.isi.uu.nl/people/michael/vr.htm). al., 2001). The sub-plasmalemmal mitochondria were densely
concentrated, with little space between individual organelles
FRAP (Fig. 1A). A less dense distribution of mitochondria was

For the FRAP experiments illustrated in F2g.cellular  observed deeper inside the pancreatic acinar cells4R)g.
areas of perinuclear mitochondria (typically 25—106%) presumably due to their exclusion from the granular and
were bleached with a Bio-Rad MRC1024 LSCM bynuclear regions. However, the peri-granular mitochondria that
briefly digitally zooming into the region of interest have been shown to prevent?Cavave propagation (Tinel et
with an enhanced laser intensity. The bleaching procedura., 1999) were clearly evident (FiA).
was continued until the fluorescence intensity of the In all cell types, individual mitochondria were discernible
region being bleached had reached zero. This typically tooik the periphery of the cell. Both thread-like and grain-like
5-15s. mitochondria were apparent. This differs from primary

hepatocytes (Collins et al, 2002) and primary adult
ventricular myocytes (FigiD; Zorov et al., 2000), which
Results
Three-dimensional reconstructions of ?
mitochondrial structure B. Astrocyte

PAE, cortical astrocytes, SH-SY5Y and C( TE P i. Before
7 cells were transfected with DsRed1 targete e LR . DG ey s
the mitochondrial matrix (mito-DsRed1). F - : : % :
acutely dissociated pancreatic acinar cells
could not be transfected, the mitochondria \
specifically visualised with the potentiome
dye TMRE. Attempts to stain pancreatic ac
cell  mitochondria  specifically  using
calcein/cobalt loading protocol (Petronilli et
1999) failed as secretory granules retainec
calcein (data not shown). Deconvolved conf
z-series were either volume-rendered (Hig) or
surface-rendered (FigB—E) to generate
dimensional reconstructions of mitochondriz o
living cells. In cortical astrocytes, SH-SYE ; ,j‘%?
PAE and COS-7 cells, mitochondria w . s
distributed throughout the cell, typically tend g - e -

iii.+20 min

Fig.2. FRAP analysis of mitochondrial lumenal
continuity. (Ai-iv) The DsRedl fluorescence in a
HelLa cell before and 1§ 2Cmin and 60min after

photobleaching a small area of mitochondria in thq P
perinuclear aggregation (denoted by white box) P . :’/‘{"

(Av) At 60 min post-photobleach, gmol |- TMRE e ’

was added to the cells forndin. The mitochondria “ iv.+60 min

that failed to recover DsRedl fluorescence in A
were stained with TMRE, indicating that their
functional integrity was not compromised during
laser irradiation. Note that the laser intensity wag
reduced by 33% in Av compared to Ai-iv, to prevent
reactive oxygen species (ROS) production ang
permeability transition pore (PTP) opening. See tex : ot
for details. (Bi-v) The DsRedl fluorescence in a y o
cortical astrocyte before and $02Cmin and 60min ' -
after photobleaching the area denoted by the whit o v.+65 min
box in Bi. (Bii—v) The region of the cell bounded by -

the broken line in A on an expanded scale. Scale bar| (* TMRE.at
5 um. 60 min)

o
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seem to have predominantly, if not exclusively, grain-likegeneration of reactive oxygen species (ROS) that trigger the

mitochondria. mitochondrial permeability transition pore (PTP). In many
_ _ _ _ cases, PTP occurs initially as transient stochastic events,
FRAP of fluorophores in the mitochondrial matrix usually followed by a permanent opening. Mitochondria that

Whilst individual mitochondria were clearly visible in the are electrically continuous show synchronous depolarisations.
periphery of cells, it was less clear whether the mitochondria In HelLa cells, HUVEC cells, pancreatic acinar cells and
in the perinuclear region were continuous or only denselgdult ventricular myocytes, depolarisation of individual
aggregated. To probe this we used the technique of FRARBIlectrically discrete mitochondria was clearly visible (RBig.
which involved bleaching mitochondrially targeted DsRed1 inThe TMRE fluorescence in individual mitochondria usually
a subcellular region using brief high-intensity illumination flickered several times, indicative of transient PTP events.
with the confocal zoom increased. The bleaching procedurgventually, the TMRE fluorescence was lost from individual
was continued until fluorescence in the bleached area wasitochondria, presumably when an irreversible opening of the
reduced to zero. Any subsequent recovery of fluorescence RTP occurred. The flickering and loss of TMRE florescence
the bleached region occurs due to inward diffusion ofvas randomly observed throughout the mitochondrial
unbleached fluorophore molecules. In HeLa cells &9, the  population of individual cells.
fluorescence failed to significantly recover in the centre of the With HelLa cells and ventricular myocytes, the majority of
photobleached area for uphlpost irradiation. The bleached mitochondria displayed transient PTP events. Within
mitochondria were still intact and functional since they loadeghancreatic acinar cells, rapid depolarisations were obvious in
with  TMRE, a membrane potential-sensitive indicator,a subset of the mitochondria. A significant number showed no
demonstrating that they were still polarised (Rigv). electrical activity, and the TMRE fluorescence in these
DsRed1 fluorescence recovered slightly more rapidly ir
cortical astrocytes, where 5% and 60% of the origina
fluorescence recovered after r&h and 1h, respectively
(Fig. 2B).

A critical control for the FRAP experiments is the
demonstration that the fluorophore is sufficiently mobile tc
have reached the bleached cellular areas during the recowve
phase. We therefore examined the rate of diffusion of DsRec
within the mitochondrial matrix. The end portion of a clearly
distinct long mitochondrion (Fi®A, arrowhead) was
photobleached using the same protocol described earlie
Following irradiation, the rate of fluorescence recovery along
the mitochondrion was measured and a linear diffusion rate ft
DsRedl was estimated at approximatelpunis? (Fig. 3).
DsRed1 therefore has a rapid mobility within the mitochondria
matrix.

These data indicate that if mitochondria form a lumenally
interconnected network, DsRed1 can diffuse sufficiently fas
for FRAP to be apparent within a few minutes following
photobleaching. In all the cells we have tested {Eigollins
et al.,, 2002), irradiation of a subcellular region that wholly
encompassed several mitochondria caused a bleach tt
persisted for at least several tens of minutes. This indicates
lack of mitochondrial lumenal connectivity. This slow Fig. 3. Rapid mobility of DsRed1 within the mitochondrial matrix. A
recovery of fluorescence in such bleached subcellular regiolong mitochondrion in the periphery of a HelLa cell was located (A,
is due to organelle movement or fusion of unbleached ararrowheads). A small area at one end of the mitochondrion (B, white
bleached mitochondria, rather than to diffusion of DsRed:square) was photo-bleached. (C) The fluorescence recovery was

=
w
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along interconnected mitochondria. monitored for 9G at 2Hz. Fluorescence from a region at the
photo-bleached end of the mitochondria (blue circle in 3B and
Mitochondria are electrically discontinuous corresponding blue line in D) was compared with the fluorescence

The electrical continuity of mitochondria was determinedfrom a region that was also photo-bleached butnScloser to the
y unbleached end of the mitochondria (purple circle in 3B and

using the phenomenon' of Irrgdlatlon-lrjduced deDOIa,msat'or(:orresponding purple line in D). The half-maximum fluorescence
The combination of high mitochondrial concentrations ofecovery (0.5/Fq) took 5s longer in the site im further from the
TMRE (1pmol I~ for 20min), plus moderate to high laser unpleached end of the mitochondrion, giving an estimated linear
irradiation during confocal imaging, results in the I’apiddiffusion rate for DsRed1l of approximatelypmgl along the
depolarisation of mitochondria. This is thought to be due to thmitochondrion. Scale bar, Bn.
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organelles was lost due a progressive bleach of the indicatmitochondria. We would estimate that the frequency of cells

(Fig. 4Aii). bearing an interconnected mitochondrion is significantly less
o _ _ than 0.1%. Although they are extremely rare, the instances of
Atypical interconnected mitochondrial networks cells with interconnected mitochondria provide a situation

The data presented above and in our previous study (Collinghere we could examine whether mitochondria can behave as
et al., 2002), clearly establish that mitochondria are lumenallglectrically continuous entities, and if DsRedl can diffuse
and electrically discontinuous in several primary cell types anthroughout a large mitochondrial matrix.
cell lines. In a very few instances, however, we have observed We examined the electrical continuity of the apparently
cells that seemed to posses a single large interconnectiedlerconnected mitochondrion in the HUVEC cell using the
mitochondrion (Fig5). Having visualised mitochondria in TMRE- and laser-induced PTP activation protocol described
many thousands of cells of many different types, we have sabove. Essentially, we observed that the majority of the
far seen only three individual cells (one HelLa, one corticamitochondrial network flickered simultaneously throughout
astrocyte and one HUVEC cell) displaying an interconnectethe cell (Fig.5A). Note the dramatic decline in fluorescence in
mitochondrion. This phenotype is striking and is readilyFig. 5Aii and its recovery to the previous levek 8ater in
identifiable in cells expressing mitochondrial-specificFig. SAiii. Eventually, after three of these depolarisation and
fluorophores. In each situation where cells with arrecovery events, the TMRE fluorescence was lost following
interconnected mitochondrion were observed, it was atypicaln irreversible PTP opening. Although this cell appeared to
in that all the surrounding cells had clearly discontinuougpossess a largely interconnected mitochondrion, there were
also a few smaller mitochondria that retained TMRE
fluorescence after the large mitochondrion had irreversibly
depolarised (FighAiv).

The cortical astrocyte possessing the interconnected
mitochondrion was used to examine the movement of DsRed1
within the mitochondrial matrix. Photobleaching a small region
of the cell (Fig5Bi,ii) reduced the mitochondrial DsRed1
fluorescence within that area to negligible levels. Withirs 10
of the irradiation, the fluorescence had visibly recovered within
the bleached area (FigBiii), and after 2min the fluorescence
had fully recovered (FigBiv). Simultaneous with the recovery
of fluorescence in the bleached area, the DsRed1l emission

Fig. 4. Electrical discontinuity of mitochondria, demonstrated by
asynchronous depolarisation events induced by TMRE plus laser
irradiation. Cells were loaded with TMRE and imaged with a
moderate laser intensity (3 at objective). Rapid mitochondrial
depolarisation events appeared as loss of fluorescence between
frames (typically 2—%). (A) A TMRE-loaded pancreatic acinar cell.
Please note that the image is a median section of a cell where the
apical region would project out of the figure and the basal pole
behind the figure. The locations of mitochondria that showed clear
depolarisation events are mapped in (Aii). The grey areas denote
TMRE-stained mitochondria that did not flicker. G, the position of
the granular region, which is bounded by the perigranular
mitochondria (PG). The subplasmalemmal (SPM) mitochondria can
been seen around the outside of the cell. (Bi—Di) Portions of a HelLa
cell (Bi), HUVEC cells (Ci) and ventricular cardiomyocyte (Di),
following loading with TMRE. (Bii-Dii) The positions of electrically
discrete mitochondria are depicted in the HelLa cell (Bii) and
HUVEC cell (Cii). The maps of individual electrically isolated
mitochondria were constructed by monitoring the locations of
individual depolarisation events over time. The magenta, cyan and
yellow colouration is used to indicate the positions of the electrically
isolated mitochondria, and does not indicate any relationships
between the organelles. (Dii) A line-scan plot derived from the
region between the arrowheads in (Di), illustrating the asynchronous
flickering of the majority of mitochondria. A few mitochondria do
appear to depolarise synchronously (Dii, arrowheads). Scale bars,
5pum.
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Fig. 5. Examples of atypical interconnected mitochondrial networks.
(A) HUVEC cell loaded with TMRE was imaged with moderate
laser intensity to trigger depolarisation of mitochondria by
spontaneous PTP activation. This unusual HUVEC cell showed
synchronous depolarisation across a large mitochondrial network. At
48 (Ai) the mitochondria in the cell are all polarised, at%2ii) a

large electrically continuous area was seen to depolarise, and 8
later (Aiii) it had repolarised. After 129 (Aiv) of imaging, this large
electrically continuous mitochondrion depolarised again and did not
recover during the experiment i&in). (B) A cortical astrocyte that
was found to have lumenally continuous mitochondria using FRAP.
(Bii—iv) The region of the cell bounded by the dashed box in Bi on
an expanded scale. The cell was imaged before (Bi,ii), approximately
10s (Biii) and 120s after (Biv) after bleaching a small area of the
mitochondrion (the bleached region is denoted by the solid white
box). During the photobleach process, the laser intensity was
increased and sufficient irradiation was applied to reduce the
fluorescence in the bleached area to zero. Despite this complete
bleach, the fluorescence can already be seen to have partially
recovered 18 later and fully equilibrated after 120(Biv). Scale

bar, Sum.

to this is pancreatic acinar cells, where a dense uninterrupted
layer of mitochondria was found beneath the plasma

membrane. Even in the case of pancreatic acinar cells,
however, individual mitochondria are visible. The dense

perinuclear aggregates of mitochondria in PAE cells, SH-

SY5Y cells, COS-7 cells and cortical astrocytes appear as a
lumenally continuous network, due to the inability to see the

ends of individual organelles. However, when the lumenal

continuity of this aggregation was tested using the FRAP

technique, it was found to be discontinuous (Bjg.

The slow recovery of DsRedl fluorescence following
photobleaching of subcellular areas in HelLa cells and
astrocytes (Fig2) contrasts with rapid diffusion of this
fluorophore within the mitochondrial matrix (Fi@s5B). We
therefore consider that the slow recovery of fluorescence is not
due to lumenal tunnelling of DsRed1, but rather to movement
of mitochondria or fusion of unbleached to bleached
mitochondria. Interestingly, astrocytes and Hela cells differed
significantly in their slow recovery from photobleaching
(Fig. 2), possibly reflecting different mitochondrial fusion rates
declined in the other portions of the interconnectedn these cell types. Our empirical observations also suggest that
mitochondrion, until equilibrium was established. HelLa cell mitochondria appeared to be less mobile than

astrocyte mitochondria (data not shown). Since DsRed1 is can
diffuse quickly within the mitochondrial matrix (Fig), a
Discussion lumenally continuous mitochondrial network would have

Using 3-dimensional reconstruction, FRAP  andrecovered within Znin (Fig.5B). Our measured rate of
measurement of electrical continuity, we have investigated thdiffusion of DsRed1 within the mitochondrial matrix (approx.
structure of mitochondria in living mammalian cells. As1ums) is comparable to that of EGFP within the ER and
reported previously (Collins et al., 2002), the typical phenotypenitochondrial matrixes (Partikian et al., 1998; Subramanian
is a morphologically and functionally heterogeneousand Meyer, 1997).
mitochondrial population. As previously reported, the mitochondria in HelLa cells

Individual mitochondria can be clearly seen in the three{Collins et al., 2002) and adult cardiac myocytes (Zorov et al.,
dimensional reconstructions shown in Fig. Physically 2000) were found to be electrically discontinuous (E®8,C).
isolated mitochondria are easiest to see in the periphery of adult cardiac myocytes the mitochondrial depolarisation
cells, where they are usually sparsely arranged. The exceptiements, whilst asynchronous, seemed to occur in a wave across
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the cell (Fig4Dii). This wave was too slow to represent Drp1-K38A, and the mitofusin protein, Mfn2 (Santel and Fuller,
electrical continuity, which rapidly spreads between2001). In these cells, fission is inhibited by Drpl1-K38A and
interconnected mitochondria (see FByand is consistent with fusion promoted by Mfn2. The infrequency of cells with an
a diffusable messenger being released upon mitochondrimterconnected mitochondrion suggest to us that this phenotype
depolarisation acting to trigger depolarisation in neighbourings not representative of a stage in the cell cycle, as in our
mitochondria. We have also seen a similar phenomenon #synchronous cultures we would expect a higher percentage to
primary rat hepatocytes (C.T.J. and M.D.B., unpublished data3how such morphology. Similarly, in a homogenous culture we
Most likely, the diffusable messenger is a ROS, released upavould rule out a response to an environmental signal.
PTP opening (Zorov et al., 2000). These ROS act upon Fission and fusion of mitochondria over the lifetime of a cell
neighbouring mitochondria, already under ROS stress frormeans that in certain respects mitochondria will effectively act
TMRE irradiation, precipitating PTP opening and generatioras a single continuous network. This appears to be the case
of more ROS. The wave of depolarisation therefore representgth lumenal proteins (Nunnari et al., 1997). Describing
successive PTP induction and ROS-induced ROS releasd@tochondria as a single continuous network, however, likens
(Zorov et al., 2000). them to the ER, which is also a dynamic organelle constantly
In a detailed study of G sequestration by mitochondria undergoing fission and fusion (Lee and Chen, 1988), but unlike
in pancreatic acinar cells, it was demonstrated that thmitochondria, the ER is a demonstrably continuous organelle
mitochondria are segregated in three regions: sulC.T.J. and M.D.B., unpublished data; Subramanian and
plasmalemmal, perigranular and perinuclear (Park et al., 2001)leyer, 1997; Terasaki et al., 1994), at least for the majority of
We have also visualised such sub-plasmalemmal {Aigand  interphase cells. Clearly, mitochondria vary substantially in
perigranular (Fig4Ai) mitochondria. Rings of perinuclear their morphology and distribution between different cell types.
mitochondria were not as obvious since we did not specificallipespite such differences, it is obvious that unless perturbed,
determine the location of nuclei. The study by Park et althe balance lies in favour of fission into morphologically and
(2001) demonstrated the lack of &aunnelling between the functionally distinct entities.
mitochondria in an individual acinar cell. We now report that
the mitochondria within pancreatic acinar cells are also We thankThe Journal of Experimental Biolodgr its kind
electrically discontinuous (FigiA). These data, therefore, invitation to present this work. This work was supported by
strongly support the hypothesis that pancreatic acinar celtee BBSRC. M.D.B. gratefully acknowledges the support of a
have morphologically and functionally discrete mitochondriaRoyal Society University Research Fellowship.
The perigranular mitochondria form a dense aggregation
between the apical and basal poles of the acinar cells and have
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