Chapter 4: Organelle Division

* mitochondria /—o_rg_anelles can
« division and fusion divide and then fuse
» some of the players
* mouse
 yeast

« images from plants . . . .
9 P tDNA screens; mutant screens, will cover later--> screen things with odd looking

/—chloroplasts; what comes out are arc mutants (accumulation and replication of
* chloroplasts chloroplasts: all are nuclear) they looked for anything changing size/number of
* overview chloroplast; started to look for sequences similar to bacterial sequences

* chloroplast division rings
« comparing ring structures al little bit between mitochondria and chloroplasts

» molecular details for chloroplast division S~[some similarities
and differences

mitochondriokinesis

plastid kinesis

-can separate out the two processes, replication of the genome from organelle
division

-can replicate without actually dividing the organelle

-often the two processes are linked, depends on the species; for example-
trypanosomes- have one kinetoplast and a mess of mini and maxi circles,
replication generally means separating since it is so complex and the two are tightly
linked- there are some with looser links- another example is that replication will
allow upregulation of the copy number per organelle and then not separating
organelles between daughter cells allows upregulation

-plastid kinesis and mitochondriokinesis refers to the division process of organelles
rather than replication
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organelles can divide and then fuse
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mitochondriokinesis
plastid kinesis
-can separate out the two processes, replication of the genome from organelle division
-can replicate without actually dividing the organelle
-often the two processes are  linked, depends on the species; for example- trypanosomes- have one kinetoplast and a mess of mini and maxi circles, replication generally means separating since it is so complex and the two are tightly linked- there are some with looser links- another example is that replication will allow upregulation of the copy number per organelle and then not separating organelles between daughter cells allows upregulation
-plastid kinesis and mitochondriokinesis refers to the division process of organelles rather than replication
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tDNA screens; mutant screens, will cover later--> screen things with odd looking chloroplasts; what comes out are arc mutants (accumulation and replication of chloroplasts: all are nuclear) they looked for anything changing size/number of chloroplast; started to look for sequences similar to bacterial sequences 
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organelles can be fused back

Before, on_ly ha_d together, its not just fission occurring
SI_EMS to V|§uaI|ze -just images, don't know what way
mitochondria they are going since they look pretty

much the same either way

mitochondrial
DNA
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organelles can be fused back together, its not just fission occurring
-just images, don't know what way they are going since they look pretty much the same either way
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Before, only had SEMs to visualize mitochondria


see how genomes are replicated in relation to organelle
division across different species- don't have to know the

species; more complicated than we think

replication and
separating
happens
simultaneously

Pa

N

replication is
almost
completed
before
organelles
divide

replication occurs
and then can have
budding off of new
organelles

Gillham 1994: textbook

saccaromyces can have genomes
which fused and then can divide
again

-think of the implications of these
methods
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see how genomes are replicated in relation to organelle division across different species- don't have to know the species; more complicated than we think
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replication is almost completed before organelles divide
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replication occurs and then can have budding off of new organelles
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saccaromyces can have genomes which fused and then can divide again
-think of the implications of these methods


In a mouse

Mfn- mitofusions
Drp- dynamic related protein

We know that there are fusion and
fission processes that occur and
that they occur independently from
one another

with mutated
mitofusion protein;
No fusion

fission still occurs;
mitochondria seem to get
smaller and smaller
compared to wild type
without any fusion occuring

wild Type
-tagged
mitochondria

we have mutants that affect one
process but not the other with
regards to fusion and fission
-fluorescently tagged mitochondria

in cell

No fusion No fission

Drp1-RNAI

OPA1-RNAi“" + Drp1-RNAI

Chen and Chan Hum Mol Genet 2005 2 R283-R389

mutation in gene
encoding dynamic
related protein

No fission but fusion still
occurs; mitochondria
seem to cluster more
and get larger, seem to
cluster near the nucleus



cindykim
Text Box
we have mutants that affect one process but not the other with regards to fusion and fission 
-fluorescently tagged mitochondria in cell
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fission still occurs; mitochondria seem to get smaller and smaller compared to wild type without any fusion occuring
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No fission but fusion still occurs; mitochondria seem to cluster more and get larger, seem to cluster near the nucleus
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Mfn- mitofusions
Drp- dynamic related protein
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We know that there are fusion and fission processes that occur and that they occur independently from one another
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In a mouse
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Wild Type
-tagged mitochondria
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with mutated mitofusion protein; No fusion 
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mutation in gene encoding dynamic related protein


[Fis1- fission 1 |

FUSION- mitofusionl and mitofusion2 are involved, seem to form homo and heterodimers and the dimerization
Is important, required for fusion process; often they have GTPases have helices that can be formed which are
interaction domains; proteins are often anchored (mitofusions are in the outer membrane of the mitochondria
sticking into the cytosol) (opal is in the inter-membrane space and is also linked to the inner membrane and
outer membrane) people propose that there is an interaction occurring between the proteins which allow
mitochondria to come together, which mediate fusion between outer and inner membranes to make unit

FISSION- different proteins involved, Fisl is an outer membrane protein, seems to be everywhere in the outer
membrane of the mitochondria and interacts with Drp1 (dynamic related protein) which is a cytosolic protein;
seems to only interact with Fisl at the division plane so there must be other players involved in this process to
mediate and ensure this interaction only occurs at one particular site; now that there is a division plane (where
fission occurs) you will generate two daughter mitochondria, in this case

Fission @. .@
® e

Drp1

Chen and Chan Hum Mol Genet 2005 2 R283-R389
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FUSION- mitofusion1 and mitofusion2 are involved, seem to form homo and heterodimers and the dimerization is important, required for fusion process; often they have GTPases have helices that can be formed which are interaction domains; proteins are often anchored (mitofusions are in the outer membrane of the mitochondria sticking into the cytosol) (opa1 is in the inter-membrane space and is also linked to the inner membrane and outer membrane) people propose that there is an interaction occurring between the proteins which allow mitochondria to come together, which mediate fusion between outer and inner membranes to make unit
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FISSION- different proteins involved, Fis1 is an outer membrane protein, seems to be everywhere in the outer membrane of the mitochondria and interacts with Drp1 (dynamic related protein) which is a cytosolic protein; seems to only interact with Fis1 at the division plane so there must be other players involved in this process to mediate and ensure this interaction only occurs at one particular site; now that there is a division plane (where fission occurs) you will generate two daughter mitochondria, in this case


Yeast system

-a bit different compared to mice
-can see some similar players
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Dynamin can make
a ring structure
along the fission
plane, which
constricts, leading
to fission

00
|

dynamin is a
contractile protein

;o

Dnml

-1 |adapter proteins seem to
be involved

— Adaptor poteins
(Mdvl, Caf4)

outer membrane
fission protein;
similar to previous
model
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outer membrane fission protein; similar to previous model
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dynamin is a contractile protein
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Dynamin can make a ring structure along the fission plane, which constricts, leading to fission
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Yeast system
-a bit different compared to mice
-can see some similar players
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adapter proteins seem to be involved


[Fusion process for yeast |

IM
fusuon _ _ fusion
@@* "
Fuzzy onion
b I Fzol -equivalent to protein anchored on the outside

-has some energy requiring domains
-anchored in membrane
-seems to interact with Ugo (there is an

adapter protein between the two that is not
identified in mouse)

Japanese
for fusion

mitochondrial genome
maintenance protein

oM louter membrane |

there are 2
versions

intermembrane space |

anchored in inner IM [inner membrane|

membrane sticking into
the intermembrane space

Mgm is also required for
shaping the morphology of
cristae in mitochondria as
well as fusion; more than
one function
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Fuzzy onion
-equivalent to protein anchored on the outside
-has some energy requiring domains
-anchored in membrane
-seems to interact with Ugo (there is an adapter protein between the two that is not identified in mouse)
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mitochondrial genome maintenance protein
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anchored in inner membrane sticking into the intermembrane space
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there are 2 versions
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Mgm is also required for shaping the morphology of cristae in mitochondria as well as fusion; more than one function
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Fusion process for yeast
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muscle cells

EYE

Retina

Optic nerve

ADOA (OPA1)

different mutations
can lead to affect
different organs

Smooth
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VSMC proliferation (Mfn2)

-mutations in mitofusion

proteins can affect
formation of arteries,
nerves, placenta, and
skeletal muscles
-mutations in opa can
affect eye formation

Chen and Chan Hu

PERIPHERAL
NERVE

|Motor neuron

chwann cell

CMT2A (ani\‘

SKELETAL
MUSCLE

Obesity (Mfn2)

mfn2 knockout is

lethal
mfnl they can
survive but die as
PLACENTA Joung pups

Development (Mfn2)

fusion and fission
processes are
relevant to our
survival to a certain
extent in order to
survive
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different mutations can lead to affect different organs
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mfn2 knockout is lethal
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fusion and fission processes are relevant to our survival to a certain extent in order to survive
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-mutations in mitofusion proteins can affect formation of arteries, nerves, placenta, and skeletal muscles
-mutations in opa can affect eye formation

cindykim
Text Box
mfn1 they can survive but die as young pups


Arimura and Tsutsumi, Plant Biotechnol 2005

mitochondria onion bulb cells

visualization of fusion
processes

DRP is colocalizing

with the mito

shows co-localization, not
visualization

0 6 g 12 15

GFP Mitochondria Overl ii

GFP labeled dynamic
related proteins, DRP3

24 2]

GFP with Eos can take
one wave length, take
another area and use
different light excitation
and make it glow another
colour, can watch what is
happening and suddenly,
can see yellow
mitchondria take over
more and more indicating
fusion processes; have
green and red proteins in
the same mitochondria

51 sgec

30 33

69 sec

Mitochondria

very close up image of mitochondria; Can
see the merging pattern and exchange of
protein when the two are merged,
showing yellow

-this shows fusion, not just separation
processes

P 2 8 0 0 0 0 Green

the 3 rows are the same images but
seen at different wave lengths

points

the top part is looking at the same
images and can view under different
wavelength
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GFP labeled dynamic related proteins, DRP3
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DRP is colocalizing with the mito
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GFP with Eos can take one wave length, take another area and use different light excitation and make it glow another colour, can watch what is happening and suddenly, can see yellow mitchondria take over more and more indicating fusion processes; have green and red proteins in the same mitochondria
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very close up image of mitochondria; Can see the merging pattern and exchange of protein when the two are merged, showing yellow
-this shows fusion, not just separation processes
-this imaging is taken at different time points 
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the top part is looking at the same images and can view under different wavelength
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visualization of fusion processes
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shows co-localization, not visualization
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follow the same protein but in two different colours; same protein type but the light is different; the fusion process makes the green and red shining protein in the same space which makes it turn the yellow colour
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the 3 rows are the same images but seen at different wave lengths


become larger;
then indented; size
seems to be
important factor in
increase size | initiating division;
looked for
mutations with
changes in size
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-small sized chloroplast
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become larger; then indented; size seems to be important factor in initiating division; looked for mutations with changes in size


division rings

outer and inner
membrane and
intermembrane
space; thylakoid is
not drawn in

2

Chloroplast =
( )
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dynamin=ARC5
-double

ring on the inside of the inner membrane
and it is attached to the membrane
FtsZ-filamentous temperature sensitive

nomenclature

.\-l—)y:a.;n_patch
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D—ynamin ring

Miyagishima J Plant Res 2005 118 295-306

PD (plastid division) ring; in arabidopsis there are 2
PD rings; there is one on the inside of inner and
outside of outer; sometimes there are 3 pd rings;
here they have only drawn one

I/

f \‘.\ '//,'
\\:t___ 4
Remnant of

the PD ring

rings then
dissemble;
chloroplast typically
divide in relatively
equal daughter
chloroplast cells

the dynamin ring
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division rings
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outer and inner membrane and intermembrane space; thylakoid is not drawn in
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ring on the inside of the inner membrane and it is attached to the membrane
FtsZ-filamentous temperature sensitive
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PD (plastid division) ring; in arabidopsis there are 2 PD rings; there is one on the inside of inner and outside of outer; sometimes there are 3 pd rings; here they have only drawn one 
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dynamin=ARC5
-double nomenclature
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dynamic protein forms outside
-arc5 is contractile
-pulls it tight
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rings then dissemble; chloroplast typically divide in relatively equal daughter chloroplast cells
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< Outer PD ring
Micdle PD ring

QE
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—~Inner PD ring
FtaZ ring
FtsZ ring is in the dynamin is on the _
inside outside of the things get
outter membrane dissembled from
but switches to the the inside out
other side of the
outer PD ring
Miyagishima et al., Plant Cell 2003 dynamic process; know inside/

outside ring on what
membrane
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FtsZ ring is in the inside
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dynamic process; know inside/outside ring on what membrane
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dynamin is on the outside of the outter membrane but switches to the other side of the outer PD ring


SEM: isolated dividing chloroplast
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SEM: isolated dividing chloroplast
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cross section of the plastid dividing ring
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a lot of proteins seem to be difereing but the ring structure is relatively similar


Table L. A swmmary of 11 Arabidopsis arc muwranss indicating their phenotype, chioroplast size and chloroplast number

Genotype  Ecotype  Chlorophist Chloroplasst Chloroplasts/l Notes Reference
size (par) pumberiell  nm” mesophyll
czll plan area
W Ler 50 120 25 Spherical Pyke and Leach, 1992
wT Ws 50 80-90 20-23 Spherical Pyke er al., 1994; Rutherford, 1996
wT Col 50 100 23 Spherical Oseeryoung er al., 1998
ared L 25 108 32 Increased number of Pyke and Leach, 1992; Marison
smalkr chloroplasts efal., 1999
arc2 Ler 110 40 9 Fewer chloroplass/oell than Pyke and Leach, 1992
wT
a3 Ler 200300 18 4-5 Hexrogeneous chloroplast Pyke and Leach, 1992; Pyke and
size Leach, 1994; Marrison ef al., 1999
arey Ler 300900 3-15 11 Dumbbell-shaped chloroplasts Pyke and Leach, 1994, Roberson
ef al  1996; Marison of al., 1999,
Gao er al, 2003
arch Ws 1000 2 05 One or two large chloroplasts Pyke er al., 1994, Robertson ef al.,
1995, Vitha er al, 2003
arc? Ws 40 R0 26 Pale first kaves Rutherford, 1996, Pyke, 1999
arc8 Ws 110 a5 10 Moderarely enlarged chloroplasss  Rutherford, 1996
arc¥ Ws 140 31 12 Moderarly enlarged chloroplass Rutherford, 1996
arc 10 Ws 170 3% 6 Highly variable i size Rutherford, 1996; Pyke, 1999
arcll Ler 110 30 7 Hewrrogeneous chloroplast size Muarrison ef al., 1999; Colletti er al.,
20040, Fujiwara er al., 2004
arci2 Col ND 1-2 ND Similar to arefh Pyke, 1999, Yamamoto ef al., 2002

“Wl=wild type.

Aldridge et al j exp biol 2005 56 1061-1077

many mutations have been identified

-ARCS5 (dynamin)- makes chloroplast dumb bell shaped
chloroplast
-ARCG is very large; odd looking

-chloroplast number is changing

-often when you have large ones, there are very few in number
and vice versa, smaller chloroplast have a greater number
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many mutations have been identified
-ARC5 (dynamin)- makes chloroplast dumb bell shaped chloroplast
-ARC6 is very large; odd looking
-chloroplast number is changing
-often when you have large ones, there are very few in number and vice versa, smaller chloroplast have a greater number


chloroplast division; some genes seem to be required for chloroplast division and plastid division (like ARC6)

-ARC1 is affected in plastid division but not chloroplast division
-by looking at mutant phenotype and also doing complementation assays to see when they did crosses

-started to look at the order in which they work
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Marrison et al. Plant J 1999 18 651-662
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chloroplast division; some genes seem to be required for chloroplast division and plastid division (like ARC6)
-ARC1 is affected in plastid division but not chloroplast division
-by looking at mutant phenotype and also doing complementation assays to see when they did crosses
-started to look at the order in which they work


Plastid Division
rings are known
-but the
composition of the
rings are unknown

Lopez-Juez & Pyke Int J Dev Biol 2005 49 557-577

----

ARCG6 anchors it into inner membrane
MinE and MinD are polar proteins and are
shown in a gradient where the gradient is
higher at the pole

-rings are assembled when the gradient for
MinE and MinD are less; MinE and MinD
prevent rings from forming at the poles, it
interacts with ARC3

-rings form where there is no ARC3
-polarity and gradients seem very
important

-ARC3 mutants show multiple rings
forming; rings are forming more frequently
along the chloroplast

-GC-giant chloroplast

-Art- artemis

must rearrange
thylakoid
membrane
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ARC6 anchors it into inner membrane
MinE and MinD are polar proteins and are shown in a gradient where the gradient is higher at the pole
-rings are assembled when the gradient for MinE and MinD are less; MinE and MinD prevent rings from forming at the poles, it interacts with ARC3
-rings form where there is no ARC3
-polarity and gradients seem very important
-ARC3 mutants show multiple rings forming; rings are forming more frequently along the chloroplast
-GC-giant chloroplast
-Art- artemis
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Plastid Division rings are known
-but the composition of the rings are unknown
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must rearrange thylakoid membrane


dont know what PD is;
dont know where it is
encoded; no gene; no
protein sequence

A

Outer PDring

Inner PDring

FtsZ ring

-

FtsZ- 3 versions in arabidopsis
-they first assemble into filaments
and then ring structure;
dimerization; interaction between
proteins to form ring

anticipate that
there are a lot of

Outer membrane

*tapannane”
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Inner membrane

% ARCS

POV
POV2

UNKNOWN

ARCE

’q—

WSO \NN .

FrsZ2

Glynn et al 2007 Traffic 8 451-461

proteins involved s

what happens to the rings
when they contract;
become thicker

FisZ1
MinE

MSL2

MSL3

MinD

GQ1

anticipate many more
proteins are involved,;
regulatory proteins would be
involved; some kind of signal
to the nucleus and back
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FtsZ- 3 versions in arabidopsis
-they first assemble into filaments and then ring structure; dimerization; interaction between proteins to form ring
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anticipate that there are a lot of proteins involved
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what happens to the rings when they contract; become thicker
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anticipate many more proteins are involved; regulatory proteins would be involved; some kind of signal to the nucleus and back
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dont know what PD is; dont know where it is encoded; no gene; no protein sequence




