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The scientific method is our greatest “Baloney Detector”

Carl Edward Sagan (1934-1996)
Professor of Astronomy, Cornell University
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“Somewhere, something incredible is waiting to be known.”

“For me, it is far better to grasp the Universe as it really is than
to persist in delusion, however satisfying and reassuring.”

On-line version of Sagan’s Baloney Detector:
http://users.tpg.com.au/users/tps-seti/baloney.html
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A more recent issue: lots of papers with lots of data, from lots of labs...
When is a body of work and its interpretation “fully cooked”?

When do we view something as settled science and draw the cartoon?

When?




Are there facets of axonal organelle transport that
are already in the “cartoon” stage but are perhaps
still under-cooked?

(1) Motor diversity and cargo diversity

(2) Motor-organelle adaptor/regulator proteins

(3) Neuronal polarity and organelle traffic
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Kinesin: 14 families, plus orphans
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Myosin: 17-19 families
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Myosin: domain structures
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Mark Mooseker
Ross Granville Harrison Professor of MCD Biology
Yale University School of Medicine

1990s: PCR approach revealed multitude of myosins

“Are you kidding? I'm miserable. The interesting part is
over. With this many myosins, there’ll be a generation of
nothing but spade-work in cell biology.”

--After a seminar at HMS, around 1996



Myosin: domain structures

CLASS | C e Myosin 1A - | KEY:
Cg BBMI |:| Muotor Danyain
I [ | [ | Light-Chain
DdIB Bindimg Damain
| [ ey [ ] easic Domain (TH1)
Ce TSk
It | 1 [6rd cPAQ-rich domain (TH2)
Dm NinaC lon i i
[ = = | B 5113 domain (TH3)
v A HMW Myosin - T [ coited Coit
Mm Dilute Mater demain N-termiral
Y I || I I [ [ extensiens or insertions
R | - Kinase Damain
VI [ |« I |
Hs Usher VII I MyTH4
VII [ iN I EHE § 1§ - (TE
VI ALATMI - Talin homalogy (FERM)
' —_—_| | Zine binding
Enmyrs D 4
IX IS | =] [ | [ ] | CAP-demain
Bt X Pleckstrin-I lirgy
X | - — B s B [ i
XI [ ALMYAL I I [ I n Reverse Gear
XII Ce XI1 I e - £ I ﬁ Ankyrin re peats/protein phosphatase
Acmyol . Chitin synthase ¥
XII [ [ |
| ToxA XTIV —
XIv
Mm Myols
XV [ THT T TS DO |
XVI [ |




TGN-dendrite
OO K7 GOXIFs @ KiFs-manp comples |

;Gl?‘-lﬂ xon .’
OO KFs @D KIF3

O KFBa OO KIF38
© KIFIA and KIFIBp

0 © Synaptic vesicle
endocytosis
= o= 0 and recycling

Axon collateral
| OO KIF2A

" Golgi-ER
@O KIFS
ODKIR
' Cargos ‘ @ KIFIC
(@I Mitochondrion
Endosome

~e=n+ Microtubule

c
. membrane [
OO KIF5 f . Cilia
OO KIF3A @O KR
S o | OO KIFC3 * KIF?
8 Late endosome-lysosome
CyDn @@ KIFC2 ; KIFS <=
SOk 99 9P &

OO KIFS OO KIFEB

Nature Reviews | Molecular Cell Biology

Hirokawa et al, 2009



- — T T —al L Competcter -
Al (v anagent
AW Ny P s asaky an ~mm R ] u»-'u —
Mo Vonnlen Tan— St A, ™
LAl N Mauctoming o s vyt nn
N et Mo Maactumative Mo, Mbe syreatiinmns Wi busdris o oiine ER
Pty
[ Carrwrme [ AW e
P Tt - RSN AN I et ey et -a
Prwee s
P Ymartr et et Sywanmt "
[
Mo Ty ih morinam W n
ey
Mo hrwrmes juma ey ney sl et L1851 w
compee
xic Vsl L ATOERT £ "w
xc WVesalen Ll ] Deaiterstamd ATV W
xc liadiy ammes o Tt w
s L Howcatbunmns prwwnns | e LN Mt | -
e KAFLATAIY  Voslen (T e -
o e Viaaloe rwe— prr wm
K Vownbon ivasvemars N ot 9y wond [l catrmens (0
GELR Ao L Wemnlne Comtmrn o Pl AN, mer
N Vrrman: csrumes |nancen (1 -
o = Ubtrwrves jreme by - RO -
reavtea
Db e vt
OF |y Moma Vemter (LR IA R R N “ia
oo Visalen Iintomes Chars -
P Wi [ Lo -
LAY Pl Wesnles LE L ) -
N RN e Vvwrwwn L AR T "
Kic I (e TV o S i IMHE Tindoces -
L) Uhatsarme Inancan b ~
Py b geende
Commmrhnnl st
s Mo " e Kivmctin ”n
Lrsraroe Cotp 15 venzina |isrvemen TR et 2115 n
(At | i [ A -
Thimren TOM paire Lerpemit e nu
Tw—————
L] Gt 8 vuncten R ADEL reenprte "
v Fatyand bave Uik A s AL @
e
N Wy ting edomamms B0 ] AN IT11% ) -
m \I— Cnip momn wn 18— V. n
EET
WFCy Lrmeiren Lokt arwaremie Urdrome L varrrees "
Lreoseres Vllcb-_h Lt A UIE .
woe rww 0% yramme ;n whapen el WY
oo . [ b WAk 1
e — [ ] Lhipe Bl LA NI CCETOA miapten "
i AN
o L has i Urtraom L2 .
(R Veouter Uisra (8} 1=
St fengrien n g |
AL L) 4 WT oimvgles Dbt s Commrnn A (masle | PR T PG nm
s
L A e ] hoiirms LARTE T Ihdinme Compfan 8w CHOB I "n
Ll L L T S e P I .. o
PO, £ revmpner 1 W) UL mtrgttmgy cwtonmt 10U (m-umrpmnmmuh—v

vt || O T, ey e rotbe p-ln-«-n\uu'l B T e L e L L R LT T T

At taress DO L Sevapunt 13w tisgivmes o OLC Dl tage T arutereel onem Sent | U8 srdiastumns mrn lar SO0 18 Lt wimnmdate
Corn gt e TUEE Y aan ¥ st ity e ttan LARIN e nts S hhee anien st thnens TINE AT prnte § Rprany | ooyl o

Semtads e 8h ti2a Gurarnen wozh AP ghaate e LA UL o L
[ ET Epe— SAPLAR wvvnimtadgrormem 1 401 175 ne. g
T T T 1, B
o Avwrmbonpritren W warttaners u;uwn- n—o.. Sroweriem) tuge foierem ey | ) A ot o e ron ST
B L et T 0 Y e purw et
aTert eriiry sentens R fIT D Bar bnedbug peemed 2 WIPLL !“llm-m-wﬂhﬁ“ -'-»'W o Laadal

R

Sorry, you're
~ stuck reading
these!

Hirokawa et al, 2009



Turn-of-the-millenium model:
how do actin- and MT-based transport cooperate to drive FAT?

Myosin-Dependert Tromsport

Bridgman, 2004



Pigment cells: tug of war between actomyosin-
and MT-based movements

DISPERSION AGGREGATION
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Myosin V can’t
interrupt
MT-based
transport during
aggregation

During dispersion,
myosin V interrupts dynein,
gives transport on actin

Gross et al, 2002



Turn-of-the-millenium model:
how do actin- and MT-based transport cooperate to drive FAT?

Myosin-Dependert Tromsport

Bridgman, 2004



Mitochondrial movement and docking

Chick DRG neurons in culture:

When axonal actin is extensively depolymerized, mitochondria
move faster and more persistently. (Morris & Hollenbeck, 1995)

Mitochondria can be halted along the axon in response to local
NGF/TrkA signaling, with a role for PI3K signaling downstream.
However, in the absence of F-actin, mitochondria do not dock
(Chada & Hollenbeck, 2003, 2004).
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Mitochondrial movement and docking
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NGF

TrkA

Docking

Myosin PI3K -/ proteins?

Kinesin

Dynein

Reynolds & Rintoul, Science STKE, 2004



Before we become satisfied that the science is
settled, and rely on a cartoon mechanism, we need
to have first-rate studies from :

more than one system, cell type or species.
. vertebrates, invertebrates — with different features
. CNS, PNS, special senses, etc

more than one technical approach.

. anatomy, EM, LM

. guantitive cellular phenotype
. In vitro systems

. biochemistry & physiology

. genetics

more than one laboratory.



Motor-organelle adaptor proteins:
getting the right motor on the right cargo
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Example of a recent, exciting result: a complex that
serves as a motor-mitochondrial adaptor and transport
regulator: Miro/Milton and Ca regulation of FAT

Milton mutant fly: fails to deliver mitochondria to distal axon

(Schwarz lab)

Miro mutant fly: fails to deliver mitochondria to synapses
(Zinsmaier lab)

Studies of GRIF1/Milton and Miro-1 in vertebrate neurons (Kittler
lab)

Studies of Milton and Miro in fly NS and various cell lines and
neurons (Schwarz lab)



mitochondrion

MacAskill & Kittler --
vertebrate cells

microtubules

mitochondrion

Schwarz et al — Drosophila
NS and immortalized cells

microtubules Cai & Sheng, 2009



Other organelle-kinesin adaptors and regulators “in play”

«JIP scaffolding proteins (kinesin-vesicle)
*RanBP2 (kinesin-vesicle etc)
*APP (kinesin-vesicle, contentious)

Kinectin (kinesin-vesicles, gone but not forgotten :-)
«Syntabulin (kinesin-vesicle or mitochondria?)
*Syntaphilin (docking, mitochondria)

‘HUMMR (anterograde regulator, mitochondria)

*GluR2-receptor interacting protein (GRIP1, kinesin-vesicle, dendrites)

*Dynactin-dynein (any cargo specificity?)



Neuronal polarity and organelle transport

Axons vs dendrites: almost uniform (axon) vs mixed
(dendrite) polarity of MTs is now bankable.

But what does it mean for organelle traffic? Can MT polarity
and motors keep some organelles in or out of axons, or
dendrites?

Epithelial cells vs neurons: existing models posit the cell
polarity of these two v different cell types to be analogous —
the distal axon being equivalent to the apical domain of
epithelial cells.

There are similarities, but organelle traffic on MTs cannot be
one of them — epithelia in real tissues have their (-) ends
apical!



neuron cell
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Some features of organelle traffic, secretion, endocytosis,
etc are similar between the apical domains of epithelia the

growth cone of synapse of a neuron.

Others are not!

Bridgman, 2004
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Other exciting and “in play” axonal transport areas:

*Regulation of motor activity & function (refer to STB talk!)
*Motor cooperativity / tug of war
*Slow axonal transport of “soluble” proteins (ask SR!)

+(Any you'd like to add?)




Before we become satisfied that the science is
settled, and rely on a cartoon mechanism, we need
to have first-rate studies from :

more than one system, cell type or species.
. vertebrates, invertebrates — with different features
. CNS, PNS, special senses, etc

more than one technical approach.

. anatomy, EM, LM

. guantitive cellular phenotype
. In vitro systems

. biochemistry & physiology

. genetics

more than one laboratory (many more).
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