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Supplementary Fig.1 Mitochondrial localization of Miro1 in hippocampal neurons.  

(A) Static image of a dendrite at time = 0 in a cell with mitochondria labelled with TMRM. 

(A') Kymograph showing mitochondrial movement in the dendrite. Height 2 min (time 

increases down the page), scale bar 20 μm. 

(B) Percentage of mitochondria that were moving over a 2 min period in 11 dendrites 

with mitochondria labelled with TMRM (182 mitochondria were studied) and 8 dendrites 

with mitochondria labelled by expression of mitochondrially targeted mtdsred2 (295 

mitochondria were studied: same data as in Fig. 1D). 

(C) Hippocampal neurons were transfected with Miro1 GFP and a mitochondrial marker 

mtdsred2, 2 – 3 days before being imaged at DIV 12. Scale bar 20 μm; rectangle in right 

panel shows area expanded in D. 

(D) Miro1 GFP shows almost complete overlap with mitochondria in neuronal processes. 

Scale bar 10 μm. 

(E-F) Miro is present in both moving and stationary mitochondria. (E) and (F) show still 

images of processes at time 0. Kymographs (E', F') show mitochondria in process as line 

scan across the X axis, and time over the Y axis (time increases down the page). 

Vertical lines represent stationary mitochondria and diagonal lines represent moving 

mitochondria. Miro1 GFP (E, E') and mitochondria (F, F') in neuronal processes show co 

localization over time. Images were acquired every 5 sec. Vertical scale bar 1 min, 

horizontal scale bar 10 μm. 

 

Supplementary Fig 2. Identification of dendrites in sparse hippocampal culture. 

(A-C) Composite image showing hippocampal cell in sparse culture transfected with 

mtdsred2. (A) MAP 2 labeling. (B) mtdsred2. (C) Overlay of MAP2 and mtdsred2 

labeling. Sparse culture allows short dendrites with elongated mitochondria to be easily 
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distinguished from axons, which are 3-5 times longer with shorter, more rounded 

mitochondria and a much more sparse mitochondrial occupancy. (D) Schematic 

showing axon/dendrites in this cell as identified by morphology/MAP2 analysis. Scale 

bar 20 μm. 

 

Supplementary Fig. 3. Effect on mitochondrial movement of knock-down of Miro1, 

and rescue by expressing shRNAi-resistant Miro1 

(A, B, C, D) Static image of dendrites in mtdsred2 transfected neurons (at time = 0) 

which are also transfected with (A) Miro1 RNAi, (B) another Miro1 RNAi (targeting a 

sequence different from that in A, this is the same RNAi as is used in Fig. 1 of the main 

text), (C) scrambled Miro1 RNAi, and (D) the RNAi used in B plus RNAi-resistant Miro1. 

(A', B’, C', D’) Kymographs showing decreased mitochondrial movement in neuronal 

dendrite on shRNAi expression (A’, B') compared to scrambled control (C'), and rescue 

by expression of RNAi-resistant Miro1 (D’). Height 2 min (time increases down the 

page), scale bar 10 μm. 

(E) Expression level of Miro1 on expressing scrambled RNAi, and the two different RNAi 

constructs, with actin level as a loading control. 

(F) Percentage of mitochondria moving in dendrites of control cells (n=8, 259 

mitochondria), cells expressing two types of RNAi to knock-down Miro1 (n=8 dendrites, 

356 mitochondria for RNAi1 and n=18 dendrites, 842 mitochondria for RNAi 2), cells 

expressing a scrambled control RNAi (n=9 dendrites, 429 mitochondria), and cells 

expressing RNAi plus Miro1 (n=6 dendrites, 525 mitochondria). P values compare with 

the scrambled bar. 
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Supplementary Fig. 4.  Miro1 speeds mitochondrial movement both towards and 

away from the soma 

Percentage of moving mitochondria normalized to untransfected control cells in 

anterograde (away from soma) and retrograde (towards soma) directions caused by 

transfection of Miro1 WT and Miro1 ΔEF. Miro1 WT and Miro1 ΔEF cause equal 

increases in mitochondrial movement in both directions. 

 

Supplementary Fig. 5. Characterization of antibodies and antibody transduction 

(A, B) Transduction of SUK4 antibody (A) and 9E10 control antibody (B) using Chariot 

reagent effectively introduces antibody into cultured neurons identified by GluR1 staining 

(i), but this does not occur if we omit the antibody (ii), the Chariot reagent (iii), or both 

(iv). The red channel was imaged with pinhole at maximum to allow detection of 

transduced antibody. Scale bar 10 μm 

 (C) A Sigma Miro1 antibody specifically recognizes Miro1 GFP transfected into COS7 

cell lines.  

(D) The Miro1 antibody originally characterized in Fransson et al. (2003), successfully 

immunoprecipitates Miro1 GFP transfected into COS7 cells. 

 

 

Supplementary Fig. 6. Glutamate dependent alterations in mitochondrial motility 

are mediated by calcium.  Neurons were transfected with mtdsred2 and imaged before 

and after treatment with 30 μM glutamate and 1 μM glycine for 10 minutes with and 

without calcium in the extracellular medium. 
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(A-C) Kymographs (A'-C') showing mitochondrial movement before (A) and after 

glutamate treatment without calcium (B) and with calcium (C) present in the extracellular 

medium. Height 2 min, scale bar 10 μm 

(D) Percentage of mitochondria moving before and after treatment with glutamate, with 

calcium in the extracellular medium (n=4 dendrites, 202 mitochondria) and without 

calcium in the extracellular medium (n=4 dendrites, 226 mitochondria). Values were 

normalized to the percentage of moving mitochondria before treatment, and p values 

are for comparison with this. 

(E)  Percentage of mitochondria moving after treatment with 50mM KCl and the L-type 

calcium channel agonist FPL64176, normalized to percentage moving before treatment 

for dendrites of untransfected (n=5 dendrites, 462 mitochondria), Miro1 WT (n=6 

dendrites, 431 mitochondria), and Miro1 ΔEF (n=5 dendrites, 391 mitochondria) cells.   

 (F-H) Miro1 binds calcium in a manner occluded by mutating its EF hand domains 

(Miro1 ΔEF). (F) 45Ca2+ overlay of GST-PICK1 (as a positive Ca2+-binding control: Hanley 

& Henley, 2005), GST-Miro1-WT and GST alone (as a negative control). (G)  45Ca2+ 

overlay of GST Miro1 WT and GST Miro1 ΔEF. (H) Values in graph are totals with GST 

alone subtracted, normalized to WT binding. GST fusion proteins were slot-blotted onto 

a nitrocellulose membrane and exposed to 45Ca2+. GST Miro1 WT binds 45Ca2+, whereas 

for GST Miro1 ΔEF this is significantly impaired (0.56 ± 0.12, n=4, p=0.0017). Equal 

protein loading is visualized using Ponceau stain. 
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Supplementary Fig. 7.  Miro1 mediated effects on trafficking are mitochondrial 

specific and glutamate treatment does not inhibit all organelle transport. 

 (A-B’) Processes transfected with synaptophysin GFP. Kymographs (A’-B’’) show 

movement of synaptophysin GFP positive vesicles before (A’, B’) and after (A’’, B’’) 

treatment with 30 μM glutamate and 1 μM glycine for 10 minutes. 

(C) Percentage of synaptophysin GFP vesicles moving before and after glutamate 

treatment (n=6 dendrites, 229 vesicles). 

 

Supplementary Fig. 8. Example of co-culture of neurons transfected separately 

with synaptophysin GFP and mtdsred2. 

Typical field of view with synaptophysin (green) positive axons contacting mitochondria 

(red) – filled dendrite. Arrows show points of contact of dendrites with axons. 

 

Supplementary Fig. 9.  Electrophysiological response of cultured neurons to 

bicuculline  

(A-C): Application of 50 µM bicuculline increases action potential firing (recorded in 

current-clamp mode using the whole-cell patch-clamp technique).  

(A) Voltage recording before and during application of bicuculline: insets show EPSPs 

and synaptic activity at a faster time scale. 

(B) Frequency of action potentials in A.  

(C) Normalized frequency of action potentials before (control) and during application of 

bicuculline in 3 cells.  

(D) Application of 50 µM bicuculline increases the frequency of EPSCs (recorded at  -52 

mV in voltage-clamp mode). Pipettes contained QX-314 to block voltage-sensitive Na+ 

channels.  
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(E) Normalized inward current before application of bicuculline (control) and in the 

presence of bicuculline before, during and after application of 50 µM D-APV, in 4 cells. 

The values were averaged over at least 1 minute, starting 30 sec after application of 

bicuculline, 30 sec after application of APV and 2 minutes after removal of APV, 

respectively. APV significantly decreased the inward current evoked by bicuculline.  

 

 

References 

Fransson, A., Ruusala, A., and Aspenstrom, P. (2003). Atypical Rho GTPases have 

roles in mitochondrial homeostasis and apoptosis. J Biol Chem 278, 6495-6502. 

Hanley, J.G., and Henley, J.M. (2005) PICK1 is a calcium-sensor for NMDA-induced 

AMPA receptor trafficking. EMBO J. 24, 3266-3278. 

 

 

 



B

Miro GFP mtdsred2 merge
A E

E'

F
F'

Supplementary Figure 1

tim
e

A B

Axon

Dendrite

C

Axon

Dendrite

D

MAP2 mtdsred2

MAP2 mtdsred2

Supplementary Figure 2

TMRM
B

TMRM mtdsred2

%
 m

ov
in

g 
m

ito
ch

on
dr

ia

0

10

20

30
A

C

D

tim
e

p=0.66



0
5
10
15
20
25
30
35
40

Miro1

Actin

Con
tro

l

ScR
NAi

RNAi 1

RNAi 2

RNAi 2

  +
 W

T M
iro

1

ScR
NAi

RNAi 1

RNAi 2
RNAi 1

RNAi 2

ScRNAi

RNAi 2 + WT Miro1

%
 M

ov
in

g 
M

ito
ch

on
dr

ia

A
A'

B
B'

C
C'

D
D'

E

F

Supplementary Figure 3

0

0.5

1

1.5

2

2.5

3

3.5

Anterograde (away from soma)
Retrograde (towards soma)

Control Miro1 WT Miro1 ΔEF

N
or

m
al

iz
ed

 in
cr

ea
se

 in
 m

ov
in

g 
m

ito
ch

on
dr

ia

p=0.35
p=0.70

Supplementary Figure 4

p=0.64

p=2.2x10-6

p=3x10-8

p=0.0005



GluR1 SUK4 GluR1 SUK4

+

-

+

+

+ -

- -

C
ha

rio
t

S
U

K
4

GluR1 9E10 GluR1 9E10

+

-

+

+

+ -

- -

C
ha

rio
t

9E
10

Miro1 GFP

probe: GFP

Input IP Miro 914

U
T

M
iro

1 
G

FP

U
T

M
iro

1 
G

FP

Miro1 GFP 97 kDa

probe: α Miro1

200

115

97.5

66

45

kDa

115

97.5

66

kDa

A B

C D

Supplementary Figure 5



0

20

40

60

80

100

120A

B

C

D

%
 M

ov
in

g 
m

ito
ch

on
dr

ia
 

po
st

 g
lu

ta
m

at
e

Pre treatment

Glutamate no calcium

Glutamate with calcium

A'

B'

C'
GST Miro1 WT

GST Miro1 ΔEF

Ponceau

F

E

0

20

40

60

80

100

120

Con
tro

l

Miro
 W

T

Miro
 ΔE

F

Pre 
Tre

atm
en

t%
  N

or
m

al
iz

ed
 m

ov
in

g 
m

ito
ch

on
dr

ia
 p

os
t F

P
L6

41
76

Supplementary Figure 6

p=0.0004
p=2.39x10-6

p=0.0009

0

0.4

0.8

1.2

N
or

m
al

is
ed

 45
C

a2+
 b

in
di

ng p=0.0017

GST M
iro

1 W
T

GST M
iro

1 Δ
EF

45Ca2+ overlay

Pre 
Tre

atm
en

t

Glu 
+ C

a2
+

Glu 
- C

a2
+

p=0.67
p=0.13

H

45Ca2+ overlay

Ponceau

GST M
iro

1 W
T

GST
GST P

IC
K1

G

A
fte
r

B
ef

or
e

A

synaptophysin GFP

B

A' B'

synaptophysin GFP

A
fte

r

A'' B''

0

10

20

30

40

50

60

Before After

%
 M

ov
in

g 
G

FP
 v

es
ic

le
s

p=0.23C

Supplementary Figure 7



2 4

0

-50

50

-100

Bicuculline

min

V
m

  m
V

0.4 s

40
 m

V

0

0 4321
0

100

50

        min

Bicuculline

Ac
tio

n 
po

te
nt

ia
l 

fre
qu

en
cy

 (H
z)

0

0.5

1

Control Bicuc

No
rm

al
ize

d 
fre

qu
en

cy
 

of
 a

ct
io

n 
po

te
nt

ia
ls

p = 0.003

min

I m
  n

A

5 10 150

-2

-1

0

1 Bicuculline

APV

0.25 s

1 
nA

Control Bicuc
Bicuc 
+APV Bicuc

No
rm

al
ize

d 
in

wa
rd

 
cu

rre
nt

0

1

0.5

p = 0.03 p = 0.02

p = 0.0009

A

D E

CB

6

Supplementary Figure 9

Supplementary Figure 8

10 μm


	supp figures.pdf
	supp figure 1 2.pdf
	supp figure 3 4.pdf
	supp figure 5.pdf
	supp figure 6 7.pdf
	supp figure 8 9.pdf



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




