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Abstract

Conventional myosin Il activity provides the motile force for axon outgrowth, but to achieve directional movement during axon
pathway formation, myosin activity should be regulated by the attractive and repulsive guidance cues that guide an axon to its
target. Here, evidence for this regulation is obtained by using a constitutively active Myosin Light Chain Kinase (ctMLCK) to
selectively elevate myosin Il activity in Drosophila CNS neurons. Expression of ctMLCK pan-neurally or in primarily pCC/MP2
neurons causes these axons to cross the midline incorrectly. This occurs without altering cell fates and is sensitive to
mutations in the regulatory light chains. These results confirm the importance of regulating myosin Il activity during axon
pathway formation. Mutations in the midline repulsive ligand Slit, or its receptor Roundabout, enhance the number of ctMLCK-
induced crossovers, but ctMLCK expression also partially rescues commissure formation in commissureless mutants, where
repulsive signals remain high. Overexpression of Frazzled, the receptor for midline attractive Netrins, enhances ctMLCK-
dependent crossovers, but crossovers are suppressed when Frazzled activity is reduced by using loss-of-function mutations.
These results confirm that proper pathway formation requires careful regulation of MLCK and/or myosin Il activity and suggest
that regulation occurs in direct response to attractive and repulsive cues.

Keywords

Myosin; Myosin Light Chain Kinase; Calmodulin; motility; axon guidance; repulsion; Drosophila

Recommended articles  Citing articles (25)

References

REFERENCES

1 M Amano, K Chihara, N Nakamura, Y Fukata, T Yano, M Shibata, M lkebe, K Kaibuchi
Myosin Il activation promotes neurite retraction during the action of Rho and Rho-kinase
Genes Cells, 3 (1998), pp. 177-188

2 I.C Bagchi, Q.H Huang, A.R Means
Identification of amino acids essential for calmodulin binding and activation of smooth muscle myosin light chain kinaca
J. Biol. Chem., 267 (1992), pp. 3024-3029 Feedback (I


https://www.sciencedirect.com/science/article/pii/S0012160602907682
http://www.sciencedirect.com/
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606/249/2
http://www.sciencedirect.com/science/journal/00121606/249/2
https://doi.org/10.1006/dbio.2002.0768
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0012160602907682&orderBeanReset=true
http://www.elsevier.com/open-access/userlicense/1.0/

10

1

12

13

14

15

16

I.C Bagchi, B.E Kemp, A.R Means
Intrasteric regulation of myosin light chain kinase: The pseudosubstrate prototope binds to the active site
Mol. Endocrinol., 6 (1992), pp. 621-626

G.J Bashaw, H Hu, C.D Nobes, C.S Goodman

A novel Dbl family RhoGEF promotes Rho-dependent axon attraction to the central nervous system midline in Drosophila and
overcomes Robo repulsion

J. Cell Bidl., 155 (2001), pp. 1117-1122

G.J Bashaw, T Kidd, D Murray, T Pawson, C.S Goodman

Repulsive axon guidance: Abelson and Enabled play opposing roles downstream of the roundabout receptor
Cell, 101 (2000), pp. 703-715

Article PDF (591KB)

R Battye, A Stewens, J.R Jacobs
Axon repulsion from the midline of the Drosophila CNS requires slit function
Dewvelopment, 126 (1999), pp. 2475-2481

K.J Blake, G Myette, J Jack

The products of ribbon and raw are necessary for proper cell shape and cellular localization of nonmuscle myosin in Drosophila
Dev. Biol., 203 (1998), pp. 177-188

Article "% PDF (2MB)

J.W Bloor, D.P Kiehart

zipper Nonmuscle myosin-ll functions downstream of PS2 integrin in Drosophila myogenesis and is necessary for myofibril
formation

Dev. Biol., 239 (2001), pp. 215-228

Article "% PDF (1MB)

A.H Brand, N Perrimon
Targeted gene expression as a means of altering cell fates and generating dominant phenotypes
Dewelopment, 118 (1993), pp. 401-415

A.R Bresnick

Molecular mechanisms of nonmuscle myosin-l regulation
Curr. Opin. Cell Biol., 11 (1999), pp. 26-33

Article "% PDF (125KB)

K Brose, K.S Bland, K.H Wang, D Amott, W Henzel, C.S Goodman, M Tessier-Lavigne, T Kidd

Slit proteins bind Robo receptors and have an evolutionarily conserved role in repulsive axon guidance
Cell, 96 (1999), pp. 795-806

Article PDF (463KB)

M.B Champagne, K.A Edwards, H.P Erickson, D.P Kiehart

Drosophila stretchin-MLCK is a novel member of the Titin/Myosin light chain kinase family
J. Mol. Bial., 300 (2000), pp. 759-777

Article PDF (1MB)

S Cheng, M.S Geddis, V Rehder
Local calcium changes regulate the length of growth cone filopodia
J. Neurobiol., 50 (2002), pp. 263-275

R.H Daniels, P.S Hall, G.M Bokoch
Membrane targeting of p21-activated kinase 1 (PAK1) induces neurite outgrowth from PC12 cells
EMBO J., 17 (1998), pp. 754-764

S Dharmawardhane, D Brownson, M Lennartz, G.M Bokoch

Localization of p21-activated kinase 1 (PAK1) to pseudopodia, membrane ruffles, and phagocytic cups in activated human
neutrophils

J. Leukoc. Biol., 66 (1999), pp. 521-527

B.J Dickson

-~ A T


http://www.sciencedirect.com/science/article/pii/S0092867400808831
http://www.sciencedirect.com/science/article/pii/S0092867400808831/pdfft?md5=7fe2e32febdad649bda7d1bf6752c80b&pid=1-s2.0-S0092867400808831-main.pdf
http://www.sciencedirect.com/science/article/pii/S0012160698990364
http://www.sciencedirect.com/science/article/pii/S0012160698990364/pdf?md5=b42ad6f3a83a149a2cf888a57908e77d&pid=1-s2.0-S0012160698990364-main.pdf
http://www.sciencedirect.com/science/article/pii/S001216060190452X
http://www.sciencedirect.com/science/article/pii/S001216060190452X/pdf?md5=9cbdfc58477a74abbb7ec366694b1a8b&pid=1-s2.0-S001216060190452X-main.pdf
http://www.sciencedirect.com/science/article/pii/S0955067499800040
http://www.sciencedirect.com/science/article/pii/S0955067499800040/pdfft?md5=b0c5b90eb44e863a89223d462a2c08c9&pid=1-s2.0-S0955067499800040-main.pdf
http://www.sciencedirect.com/science/article/pii/S0092867400805905
http://www.sciencedirect.com/science/article/pii/S0092867400805905/pdfft?md5=15b3306905863c354476abbd0f73d351&pid=1-s2.0-S0092867400805905-main.pdf
http://www.sciencedirect.com/science/article/pii/S0022283600938026
http://www.sciencedirect.com/science/article/pii/S0022283600938026/pdf?md5=4f5333c1b4d3fd17edd4f5c37d3bcac0&pid=1-s2.0-S0022283600938026-main.pdf

17

18

19

20

21

23

24

25

26

27

28

29

30

KNo G Fases IN growtn cone guiaance
Curr. Opin. Neurobiol., 11 (2001), pp. 103-110
Article PDF (297KB)

C.Q Doe, Y Hiromi, W.J Gehring, C.S Goodman
Expression and function of the segmentation gene fushi tarazu during Drosophila neurogenesis
Science, 239 (1988), pp. 170-175

K.A Edwards, XJ Chang, D.P Kiehart
Essential light chain of Drosophila nonmuscle myosin Il
J. Muscle Res. Cell Matil., 16 (1995), pp. 491498

K.A Edwards, D.P Kiehart
Drosophila nonmuscle myosin Il has multiple essential roles in imaginal disc and egg chamber morphogenesis
Dewelopment, 122 (1996), pp. 1499-1511

F.S Espindola, D.M Suter, L.B Partata, T Cao, J.S Wolenski, R.E Cheney, S.M King, M.S Mooseker

The light chain composition of chicken brain myosin-Va: Calmodulin, myosin-ll essential light chains, and 8-kDa dynein light

chain/PIN
Cell Motil. Cytoskeleton, 47 (2000), pp. 269-281

A.E Foumier, R.G Kalb, S.M Strittmatter

Rho GTPases and axonal growth cone collapse
Methods Enzymoal., 325 (2000), pp. 473-482

Article "% PDF (979KB)

A.E Foumier, F Nakamura, S Kawamoto, Y Goshima, R.G Kalb, S.M Strittmatter
Semaphorin3A enhances endocytosis at sites of receptor-F-actin colocalization during growth cone collapse
J. Cell Bial., 149 (2000), pp. 411-422

J.L Fritz, M.F VanBerkum

Calmodulin and Son of sevenless dependent signaling pathways regulate midline crossing of axons in the Drosophila CNS

Dewelopment, 127 (2000), pp. 1991-2000

Y Fukata, M Amano, K Kaibuchi

Rho-Rho-*kinase pathway in smooth muscle contraction and cytoskeletal reorganization of non-muscle cells
Trends Pharmacol. Sci., 22 (2001), pp. 32-39

Article "% PDF (101KB)

G Gallo, P.C Letoumeau

Axon guidance: A balance of signals sets axons on the right track
Curr. Biol., 9 (1999), pp. R490-R492

Article PDF (72KB)

ZH Gao, J Krebs, M.F VanBerkum, W.J Tang, J.F Maune, A.R Means, J.T Stull, K Beckingham
Activation of four enzymes by two series of calmodulin mutants with point mutations in individual Ca2* binding sites
J. Biol. Chem., 268 (1993), pp. 20096-20104

T.M Gomez, E Robles, M Poo, N.C Spitzer
Filopodial calcium transients promote substrate-dependent growth cone turning
Science, 291 (2001), pp. 1983-1987

T.M Gomez, N.C Spitzer
In vivo regulation of axon extension and pathfinding by growth-cone calcium transients
Nature, 397 (1999), pp. 350-355

T.M Gomez, N.C Spitzer
Regulation of growth cone behavior by calcium: New dynamics to earlier perspectives
J. Neurobiol., 44 (2000), pp. 174-183

A Hall, C.D Nobes
Rho GTPases: Molecular switches that control the organization and dynamics of the actin cytoskeleton
Philos. Trans. R. Soc. Lond. B Biol. Sci., 355 (2000), pp. 965-970


http://www.sciencedirect.com/science/article/pii/S095943880000180X
http://www.sciencedirect.com/science/article/pii/S095943880000180X/pdfft?md5=fe2a9582e2365892ac8453d5e17c8185&pid=1-s2.0-S095943880000180X-main.pdf
http://www.sciencedirect.com/science/article/pii/S0076687900254670
http://www.sciencedirect.com/science/article/pii/S0076687900254670/pdf?md5=c85d9f8013c2b0106ce4f29c0f0214ba&pid=1-s2.0-S0076687900254670-main.pdf
http://www.sciencedirect.com/science/article/pii/S0165614700015960
http://www.sciencedirect.com/science/article/pii/S0165614700015960/pdfft?md5=24b586e22eaebef6da04b097e3888879&pid=1-s2.0-S0165614700015960-main.pdf
http://www.sciencedirect.com/science/article/pii/S0960982299803042
http://www.sciencedirect.com/science/article/pii/S0960982299803042/pdfft?md5=ff969c4c237445c530acf67f5585f7d2&pid=1-s2.0-S0960982299803042-main.pdf

31

32

33

35

36

37

38

39

40

41

42

43

45

R Haris, L.M Sabatelli, M.A Seeger

Guidance cues at the Drosophila CNS midline: Identification and characterization of two Drosophila Netrin/lUNC-6 homologs
Neuron, 17 (1996), pp. 217-228

Article "% PDF (986KB)

A Hidalgo, A.H Brand
Targeted neuronal ablation: the role of pioneer neurons in guidance and fasciculation in the CNS of Drosophila
Dewelopment, 124 (1997), pp. 3253-3262

M Hiramoto, Y Hiromi, E Giniger, Y Hotta
The Drosophila Netrin receptor Frazzled guides axons by controlling Netrin distribution
Nature, 406 (2000), pp. 886-889

M Hirose, T Ishizaki, N Watanabe, M Uehata, O Kranenburg, W.H Moolenaar, F Matsumura, M Maekawa, H Bito, S Narumiya

Molecular dissection of the Rho-associated protein kinase (p160ROCK)-regulated neurite remodeling in neuroblastoma N1E-115
cells

J. Cell Biol., 141 (1998), pp. 1625-1636

K Homma, J Saito, R lkebe, M lkebe
Ca(2+)-dependent regulation of the motor activity of myosin V
J. Biol. Chem., 275 (2000), pp. 34766-34771

M lkebe, M Stepinska, B.E Kemp, A.R Means, D.J Hartshome
Proteolysis of smooth muscle myosin light chain kinase. Formation of inactive and calmodulin-independent fragments
J. Biol. Chem., 262 (1987), pp. 13828-13834

M lIto, V Guerriero Jr., XM Chen, D.J Hartshome
Definition of the inhibitory domain of smooth muscle myosin light chain kinase by site-directed mutagenesis
Biochemistry, 30 (1991), pp. 3498-3503

D.G Jay
The clutch hypothesis revisited: Ascribing the roles of actin-associated proteins in filopodial protrusion in the nerve growth cone
J. Neurobiol., 44 (2000), pp. 114-125

XJian, H Hidaka, J.T Schmidt
Kinase requirement for retinal growth cone motility
J. Neurobiol., 25 (1994), pp. 1310-1328

XdJian, B.G Szaro, J.T Schmidt
Myosin light chain kinase: Expression in neurons and upregulation during axon regeneration
J. Neurobiol., 31 (1996), pp. 379-391

P Jordan, R Karess
Myosin light chain-activating phosphorylation sites are required for oogenesis in Drosophila
J. Cell Bial., 139 (1997), pp. 1805-1819

R.E Karess, XJ Chang, K.A Edwards, S Kulkami, | Aguilera, D.P Kiehart

The regulatory light chain of nonmuscle myosin is encoded by spaghetti-squash, a gene required for cytokinesis in Drosophila
Cell, 65 (1991), pp. 1177-1189

Article PDF (4MB)

Y Kawano, Y Fukata, N Oshiro, M Amano, T Nakamura, M Ito, F Matsumura, M Inagaki, K Kaibuchi
Phosphorylation of myosin-binding subunit (MBS) of myosin phosphatase by Rho-kinase in vivo
J. Cell Biol., 147 (1999), pp. 1023-1038

B.E Kemp, R.B Pearson, C.M House
Pseudosubstrate-based peptide inhibitors
Methods Enzymoal., 201 (1991), pp. 287-304
Article "% PDF (1015KB)

A.S Ketchum, C.T Stewart, M Stewart, D.P Kiehart
Complete sequence of the Drosophila nonmuscle myosin heavy-chain transcript: conserved sequences in the myosin tail and
differential splicing in the 5" untranslated sequence


http://www.sciencedirect.com/science/article/pii/S0896627300801543
http://www.sciencedirect.com/science/article/pii/S0896627300801543/pdfft?md5=28188b4dd479af372400b09e2d80dd99&pid=1-s2.0-S0896627300801543-main.pdf
http://www.sciencedirect.com/science/article/pii/009286749190013O
http://www.sciencedirect.com/science/article/pii/009286749190013O/pdf?md5=28cc4ef7a0dead3c0d505d6f790082e4&pid=1-s2.0-009286749190013O-main.pdf
http://www.sciencedirect.com/science/article/pii/007668799101026X
http://www.sciencedirect.com/science/article/pii/007668799101026X/pdf?md5=2545d787389012ec041d9e5e473ab287&pid=1-s2.0-007668799101026X-main.pdf

46

47

48

49

50

51

52

53

55

56

57

58

Proc. Natl. Acad. Sci. USA, 87 (1990), pp. 63166320

TKidd, K.S Bland, C.S Goodman

Slit is the midline repellent for the robo receptor in Drosophila
Cell, 96 (1999), pp. 785-794

Article "% PDF (476KB)

T Kidd, K Brose, K.J Mitchell, R.D Fetter, M Tessier-Lavigne, C.S Goodman, G Tear

Roundabout controls axon crossing of the CNS midline and defines a novel subfamily of evolutionarily conserved guidance
receptors

Cell, 92 (1998), pp. 205-215

Article PDF (687KB)

T Kidd, C Russell, C.S Goodman, G Tear

Dosage-sensitive and complementary functions of roundabout and commissureless control axon crossing of the CNS midline
Neuron, 20 (1998), pp. 25-33

Article "2 PDF (1MB)

D.P Kiehart, R Feghali
Cytoplasmic myosin from Drosophila melanogaster
J. Cell Biol., 103 (1986), pp. 1517-1525

Y.S Kim, S Furman, H Sink, M.F VanBerkum
Calmodulin and profilin coregulate axon outgrowth in Drosophila
J. Neurobiol., 47 (2001), pp. 26-38

K Kimura, M Ito, M Amano, K Chihara, Y Fukata, M Nakafuku, B Yamamori, J Feng, T Nakano, K Okawa, A lwamatsu, K Kaibuchi
Regulation of myosin phosphatase by Rho and Rho-associated kinase (Rho-kinase)
Science, 273 (1996), pp. 245-248

P.A Kolodziej, L.C Timpe, K.J Mitchell, S.R Fried, C.S Goodman, L.Y Jan, Y.N Jan

frazzled encodes a Drosophila member of the DCC immunoglobulin subfamily and is required for CNS and motor axon guidance
Cell, 87 (1996), pp. 197-204

Article "% PDF (1MB)

L.M Lanier, F.B Gertler

From Abl to actin: Abl tyrosine kinase and associated proteins in growth cone motility
Curr. Opin. Neurobiol., 10 (2000), pp. 80-87

Article PDF (233KB)

XLi, E Saint-Cyr-Proulx, K Aktories, N Lamarche-Vane

Rac1 and Cdc42 but not RhoA or Rho kinase activities are required for neurite outgrowth induced by the Netrin-1 receptor DCC
(Deleted in Colorectal Cancer) in N1E-115 neuroblastoma cells

J. Biol. Chem., 277 (2002), pp. 15207-15214

C.H Lin, E.M Espreafico, M.S Mooseker, P Forscher

Myosin drives retrograde F-actin flow in neuronal growth cones
Neuron, 16 (1996), pp. 769-782

Article PDF (671KB)

C.H Lin, P Forscher

Growth cone advance is inversely proportional to retrograde F-actin flow
Neuron, 14 (1995), pp. 763-771

Article PDF (5MB)

D.M Lin, R.D Fetter, C Kopczynski, G Grenningloh, C.S Goodman

Genetic analysis of Fasciclin Il in Drosophila: Defasciculation, refasciculation, and altered fasciculation
Neuron, 13 (1994), pp. 1055-1069

Article "% PDF (28MB)

L.M Machesky, R.H Insall
Signaling to actin dynamics
J. Cell Biol., 146 (1999), pp. 267-272


http://www.sciencedirect.com/science/article/pii/S0092867400805899
http://www.sciencedirect.com/science/article/pii/S0092867400805899/pdfft?md5=4299fce717440d19344335afa457b020&pid=1-s2.0-S0092867400805899-main.pdf
http://www.sciencedirect.com/science/article/pii/S0092867400809150
http://www.sciencedirect.com/science/article/pii/S0092867400809150/pdfft?md5=8f088085a7490bcfe9c48f9e6d5f432b&pid=1-s2.0-S0092867400809150-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627300804316
http://www.sciencedirect.com/science/article/pii/S0896627300804316/pdfft?md5=bc750dae0eb9ff32240d5d75f7a2d3b9&pid=1-s2.0-S0896627300804316-main.pdf
http://www.sciencedirect.com/science/article/pii/S0092867400813380
http://www.sciencedirect.com/science/article/pii/S0092867400813380/pdfft?md5=146fa0893de7a3e7c89bdeb4a9c57b55&pid=1-s2.0-S0092867400813380-main.pdf
http://www.sciencedirect.com/science/article/pii/S0959438899000586
http://www.sciencedirect.com/science/article/pii/S0959438899000586/pdfft?md5=f90bb6704bb9f2284a8f2d652ca29a2a&pid=1-s2.0-S0959438899000586-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627300800975
http://www.sciencedirect.com/science/article/pii/S0896627300800975/pdfft?md5=3fedb6cfe6ede1b0a2ce1fbaa2956374&pid=1-s2.0-S0896627300800975-main.pdf
http://www.sciencedirect.com/science/article/pii/0896627395902201
http://www.sciencedirect.com/science/article/pii/0896627395902201/pdf?md5=046954ee8a263d6878db13dc3d9e2038&pid=1-s2.0-0896627395902201-main.pdf
http://www.sciencedirect.com/science/article/pii/0896627394900450
http://www.sciencedirect.com/science/article/pii/0896627394900450/pdf?md5=96ad03eced7cc714317c796f681d6e53&pid=1-s2.0-0896627394900450-main.pdf

59

60

61

62

63

65

66

67

68

69

70

7

72

73

V Mermall, P.L Post, M.S Mooseker
Unconventional myosins in cell movement, membrane traffic, and signal transduction
Science, 279 (1998), pp. 527-533

K.J Mitchell, J.L Doyle, T Serafini, T.E Kennedy, M Tessier-Lavigne, C.S Goodman, B.J Dickson

Genetic analysis of Netrin genes in Drosophila: Netrins guide CNS commissural axons and peripheral motor axons
Neuron, 17 (1996), pp. 203-215

Article PDF (1MB)

M.J Murray, P.M Whitington

Effects of roundabout on growth cone dynamics, filopodial length, and growth cone morphology at the midline and throughout
the neuropile

J. Neurosci., 19 (1999), pp. 7901-7912

F Nakamura, R.G Kalb, S.M Strittmatter
Molecular basis of ssmaphorin-mediated axon guidance
J. Neurobiol., 44 (2000), pp. 219-229

J.V Oberstar, J.F Challacombe, F.K Roche, P.C Letoumeau

Concentration-dependent stimulation and inhibition of growth cone behavior and neurite elongation by protein kinase inhibitors
KT5926 and K-252a

J. Neurobiol., 33 (1997), pp. 161-171

N.J Olson, R.B Pearson, D.S Needleman, M.Y Hurwitz, B.E Kemp, A.R Means
Regulatory and structural motifs of chicken gizzard myosin light chain kinase
Proc. Natl. Acad. Sci. USA, 87 (1990), pp. 2284-2288

C Perreault-Micale, A.D Shushan, L.M Coluccio
Truncation of a mammalian myosin | results in loss of Ca2*-sensitive motility
J. Biol. Chem., 275 (2000), pp. 21618-21623

V Rehder, J.R Jensen, P Dou, S.B Kater
A comparison of calcium homeostasis in isolated and attached growth cones of the snail Helisoma
J. Neurobiol., 22 (1991), pp. 499-511

M.L Ruchhoeft, W.A Harris
Myosin functions in Xenopus retinal ganglion cell growth cone motility in vivo
J. Neurobiol., 32 (1997), pp. 567-578

L.C Sanders, F Matsumura, G.M Bokoch, P de Lanerolle
Inhibition of myosin light chain kinase by p21-activated kinase
Science, 283 (1999), pp. 2083-2085

M Seeger, G Tear, D Ferres-Marco, C.S Goodman

Mutations affecting growth cone guidance in Drosophila: Genes necessary for guidance toward or away from the midline
Neuron, 10 (1993), pp. 409-426

Article PDF (21MB)

J.R Sellers

Myosins: A diverse superfamily

Biochim. Biophys. Acta, 1496 (2000), pp. 3-22
Article "% PDF (857KB)

M Shekarabi, T.E Kennedy

The netrin-1 receptor DCC promotes filopodia formation and cell spreading by activating Cdc42 and Rac1
Mol. Cell. Neurosci., 19 (2002), pp. 1-17

Article "% PDF (3MB)

A.P Somlyo, A.V Somlyo
Signal transduction by G-proteins, rho-kinase and protein phosphatase to smooth muscle and non-muscle myosin Il
J. Physiol., 522 (2000), pp. 177-185

F Stein M Tessier-l aviane


http://www.sciencedirect.com/science/article/pii/S0896627300801531
http://www.sciencedirect.com/science/article/pii/S0896627300801531/pdfft?md5=c8055898979373f8fd913373ccc74636&pid=1-s2.0-S0896627300801531-main.pdf
http://www.sciencedirect.com/science/article/pii/089662739390330T
http://www.sciencedirect.com/science/article/pii/089662739390330T/pdf?md5=a96d51d174888c1269629c2567a34857&pid=1-s2.0-089662739390330T-main.pdf
http://www.sciencedirect.com/science/article/pii/S0167488900000057
http://www.sciencedirect.com/science/article/pii/S0167488900000057/pdfft?md5=981baa4f313e59142630eca442cce165&pid=1-s2.0-S0167488900000057-main.pdf
http://www.sciencedirect.com/science/article/pii/S1044743101910759
http://www.sciencedirect.com/science/article/pii/S1044743101910759/pdf?md5=e115d6a0e4cdf9fc31088532bbc4f7ae&pid=1-s2.0-S1044743101910759-main.pdf

74

75

76

4

78

79

80

81

82

83

85

86

87

Hierarchical organization of guidance receptors: Silencing of netrin attraction by slit through a Robo/DCC receptor complex
Science, 291 (2001), pp. 1928-1938

J.T Stull
CaZ*-dependent cell signaling through calmodulin-activated protein phosphatase and protein kinases minireview series
J. Biol. Chem., 276 (2001), pp. 2311-2312

J.T Stull, P.J Lin, J.K Krueger, J Trewhella, G zhi
Myosin light chain kinase: Functional domains and structural motifs
Acta Physiol. Scand., 164 (1998), pp. 471-482

D.M Suter, L.D Errante, V Belotserkowsky, P Forscher
The Ig superfamily cell adhesion molecule, apCAM, mediates growth cone steering by substrate-cytoskeletal coupling
J. Cell Biol., 141 (1998), pp. 227-240

D.M Suter, F.S Espindola, C.H Lin, P Forscher, M.S Mooseker
Localization of unconventional myosins V and VI in neuronal growth cones
J. Neurobiol., 42 (2000), pp. 370-382

D.M Suter, P Forscher
Substrate-cytoskeletal coupling as a mechanism for the regulation of growth cone motility and guidance
J. Neurobiol., 44 (2000), pp. 97-113

H Takano-Ohmuro, S Takahashi, G Hirose, K Maruyama

Phosphorylated and dephosphorylated myosin light chains of Drosophila fly and larva
Comp. Biochem. Physial. [B], 95 (1990), pp. 171-177

Article "% PDF (961KB)

G Tear, R Harris, S Sutaria, K Kilomanski, C.S Goodman, M.A Seeger

commissureless controls growth cone guidance across the CNS midline in Drosophila and encodes a novel membrane protein
Neuron, 16 (1996), pp. 501-514

Atticle ™ PDF (608KB)

M Tessier-Lavigne, C.S Goodman
The molecular biology of axon guidance
Science, 274 (1996), pp. 1123-1133

F.N van Leeuwen, S van Delft, H.E Kain, R.A van der Kammen, J.G Collard
Rac regulates phosphorylation of the myosin-ll heavy chain, actinomyosin disassembly and cell spreading
Nat. Cell Biol., 1 (1999), pp. 242-248

M.F VanBerkum, C.S Goodman

Targeted disruption of Ca(2+)-calmodulin signaling in Drosophila growth cones leads to stalls in axon extension and errors in
axon guidance

Neuron, 14 (1995), pp. 43-56

Article PDF (13MB)

M.F VanBerkum, A.R Means

Three amino acid substitutions in domain | of calmodulin prevent the activation of chicken smooth muscle myosin light chain
kinase

J. Biol. Chem., 266 (1991), pp. 21488-21495

F.S Wang, J.S Wolenski, R.E Cheney, M.S Mooseker, D.G Jay
Function of myosin-V in filopodial extension of neuronal growth cones
Science, 273 (1996), pp. 660-663

E.A Welnhofer, L Zhao, C.S Cohan
Calcium influx alters actin bundle dynamics and retrograde flow in Helisoma growth cones
J. Neurosci., 19 (1999), pp. 7971-7982

S Wheatley, S Kulkami, R Karess
Drosophila nonmuscle myosin Il is required for rapid cytoplasmic transport during oogenesis and for axial nuclear migration in
early embryos


http://www.sciencedirect.com/science/article/pii/030504919090266V
http://www.sciencedirect.com/science/article/pii/030504919090266V/pdf?md5=ec03908b33c6b46c7944a360b5406f7f&pid=1-s2.0-030504919090266V-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627300800707
http://www.sciencedirect.com/science/article/pii/S0896627300800707/pdfft?md5=b5a279d6d33b7c61c668ceee3cc7d9d3&pid=1-s2.0-S0896627300800707-main.pdf
http://www.sciencedirect.com/science/article/pii/0896627395902392
http://www.sciencedirect.com/science/article/pii/0896627395902392/pdf?md5=ed8df4fbc5fad8e9cd41af43468e48e3&pid=1-s2.0-0896627395902392-main.pdf

88

89

90

91

92

93

95

2

Dewelopment, 121 (1995), pp. 1937-1946

C.G Winter, B Wang, A Ballew, A Royou, R Karess, J.D Axelrod, L Luo

Drosophila Rho-associated kinase (Drok) links Frizzled-mediated planar cell polarity signaling to the actin cytoskeleton
Cell, 105 (2001), pp. 81-91

Article "% PDF (1MB)

K Wong, XRRen, Y.ZHuang, Y Xe, G Liu, H Saito, H Tang, L Wen, S.M Brady-Kalnay, L Mei, J.Y Wu, W.C Xong, Y Rao

Signal transduction in neuronal migration: Roles of GTPase activating proteins and the small GTPase Cdc42 in the Slit-Robo
pathway

Cell, 107 (2001), pp. 209-221

Article PDF (844KB)

XWu, G Jung, J.A Hammer 3rd.
Functions of unconventional myosins
Curr. Opin. Cell Biol., 12 (2000), pp. 42-51
Article "2 PDF (124KB)

S.R Wylie, P.J Wu, H Patel, P.D Chantler
A conventional myosin motor drives neurite outgrowth
Proc. Natl. Acad. Sci. USA, 95 (1998), pp. 12967-12972

P.E Young, T.C Pesacreta, D.P Kiehart
Dynamic changes in the distribution of cytoplasmic myosin during Drosophila embryogenesis
Dewelopment, 111 (1991), pp. 1-14

P.E Young, A.M Richman, A.S Ketchum, D.P Kiehart
Morphogenesis in Drosophila requires nonmuscle myosin heavy chain function
Genes Dev,, 7 (1993), pp. 2941

D.B Zhao, S Cote, F Jahnig, J Haller, H Jackle
Zipper encodes a putative integral membrane protein required for normal axon patterning during Drosophila neurogenesis
EMBO J., 7 (1988), pp. 1115-1119

F.Q Zhou, C.S Cohan
Growth cone collapse through coincident loss of actin bundles and leading edge actin without actin depolymerization
J. Cell Bial., 153 (2001), pp. 1071-1084

These authors contributed equally to this work.

To whom correspondence should be addressed. Fax: (313) 577-6891. E-mail: mvanberk@biology.biosci.wayne.edu.

Copyright © 2002 Elsevier Science (USA). All rights resened.

ELSEVIER

About ScienceDirect Remote access Shopping cart  Contact and support  Terms and conditions ~ Privacy policy

Cookies are used by this site. For more information, \isit the cookies page.
Copyright © 2017 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.

& _RELX Group™


http://www.sciencedirect.com/science/article/pii/S0092867401002987
http://www.sciencedirect.com/science/article/pii/S0092867401002987/pdfft?md5=3825f0d078ead3ef76a89a57a43cf760&pid=1-s2.0-S0092867401002987-main.pdf
http://www.sciencedirect.com/science/article/pii/S009286740100530X
http://www.sciencedirect.com/science/article/pii/S009286740100530X/pdfft?md5=b0eb363e4a50cbe28cf551415e7957dd&pid=1-s2.0-S009286740100530X-main.pdf
http://www.sciencedirect.com/science/article/pii/S0955067499000551
http://www.sciencedirect.com/science/article/pii/S0955067499000551/pdfft?md5=c1c90d13dbe1208dd5b50147005939a5&pid=1-s2.0-S0955067499000551-main.pdf
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
http://www.sciencedirect.com/science/activateaccess
http://www.sciencedirect.com/science?_ob=ShoppingCartURL&_method=display&md5=3ff44acb300f01481824c54a2973d019
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.elsevier.com/solutions/sciencedirect/support/cookies
https://www.relx.com/

	Developmental Biology
	Regular Article Constitutively Active Myosin Light Chain Kinase Alters Axon Guidance Decisions in Drosophila Embryos
	Abstract
	Keywords
	References
	REFERENCES



