220 L ER Acta Physiologica Sinica, April 25,2012, 64(2): 220-230
http://www.actaps.com.cn

22503 5[0 5 FSlitRI T ge R H 4 FAER LB A gt kR

F &, B, &, x| xRE
AR AR K2 B AL 2505, 6% 271018

W OE: e T m s Slive— R g b BEOR S i BB a1, SHOOAZR RS T ) . A1 AT RS . &gl e
oA MR AN OIRES KL M AR R ER . SHtDhfe ) sel 28 ik HLRR-245 045 5
ZfARoundabout (Robo)f¥Igl 45 fdli A 45 A S B, 59 AN IR T 25 85 11 £ B (heparan sulfate proteoglycans, HSPGs). GTPf
0% 25 1 (GTPase-activating proteins, GAPs). &2 FRi#fAbelson, Ca®*. MicroRNA-218FIH & 4h58 T 1n) 4y T EE L B 540
TS5 T SHTHREMISEI . slitdk [F 57 #|Single-minded., Irx4 fIMidline 5% 5 KT A¥E, 46, FE%Ja /KRR FH BT
sl NAFAE Z PV B . Slit's M HLI A B TR 7R AR 48 5 & AT AR T R b o 22 W 48 T 1 i) N R 124l [RD T,
e R TR RAST NISHRE ST« S Al e B A e ik B ie 2%

REIR: sUEH; robok s AT T WILTR: 2 AL ZERRE R
RES%ES: Q71

Current progress in functions of axon guidance molecule Slit and underlying

molecular mechanism

YU Qi, ZHOU Qi-Sheng, ZHAO Xiao, LIU Qing-Xin"
Laboratory of Developmental Genetics, Shandong Agricultural University, Taian 271018, China

Abstract: The axon guidance molecule Slit is a secreted glucoprotein which is conserved during evolution. Slit has been implicated in
regulating a variety of life activities, such as axon guidance, neuronal migration, neuronal morphological differentiation, tumor metas-
tasis, angiogenesis and heart morphogenesis. Slit function mainly depends on the binding of its LRR-2 domain to the Igl domain of
Roundabout (Robo) receptor, meanwhile Slit function is also mediated by a range of signaling molecules, including the heparan sul-
fate proteoglycans (HSPGs), GTPase-activating proteins (GAPs), tyrosine kinase Abelson, calcium ions, MicroRNA-218 and other
axon guidance molecules. Several transcription factors, including Single-minded, Irx and Midline, were shown to regulate s/it expres-
sion. In addition, multiple Slit isoforms exist as a consequence of alternative spliced transcripts. The research on guidance mechanism
of Slit will facilitate the understanding of molecular mechanism underlying neural networks formation in the process of neural devel-
opment and regeneration. Meanwhile, the studying of Slit guidance mechanism could promote the prevention and treatment of human

neurological diseases and cancer metastasis.
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Fig. 1. Domain structures of Slit family members. All identified Slit proteins contain signal peptide (ss), four tandem leucine-rich re-

peats (LRR), epidermal growth factor (EGF) repeats, a conserved ALPS (Agrin-Laminin-Perlecan-Slit) spacer, and a cysteine knot.

Both Drosophila Slit and C. elegans Slit contain seven EGF repeats compared to nine EGF repeats in the mammalian proteins. All

mammalian Slit proteins share a common domain structure and high sequence homology with Drosophila Slit (41%-44%), and the

sequence homology is 41% between C. elegans Slit and Drosophila Slit and 39%—41% between C. elegans Slit and vertebrate Slit,

respectively. Adopted with permission from Brose et al. (1999) .
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il 5 31 B L BR (accessory olfactory bulb, AOB) J& i
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Fig. 2. A schematic of Slit-Robo signaling. 4: Slits bind to the immunoglobulin (Ig) 1 domain of Robo receptors through its second (D2)
domain, which contains leucine-rich repeats (LRRs). Heparan sulphate proteoglycans (HSPGs) such as Syndecan (Sdc), which consist
of a proteoglycan core protein and heparan sulphate (HS) chains, are co-receptors for Robo and Slit. HSPGs stabilize Robo and Slit
binding by forming ternary complexes with the Igl domain of Robo receptors and the D2 domain of Slit through their HS polymers.
B: The Rho GTPases and their regulators (GAPs and GEFs) are key components of the Slit-Robo signaling pathway. In the presence
of Slit, Slit-RoboGAP1 (srGAP1) binds to the CC3 domain of Robo and inactivates RhoA and Cdc42. These effector proteins are able
to mediate, among other outcomes, repulsion, control of cytoskeletal dynamics and cell polarity. C: In the presence of Slit, CrossGAP/
Vilse can also bind to the CC2 domain of Robo and inhibit Racl and Cdc42. Racl is also activated by the recruitment of the GEF pro-
tein Son of sevenless (Sos) via the adaptor protein Dreadlocks (Dock), which binds to the CC2-3 domain of Robo. This activates the
downstream target of Racl and p21-activated kinase (Pak), which also binds to Robo CC2-3 domains. These downstream signaling
partners of Robo control repulsion and cytoskeletal dynamics. D: The tyrosine kinase Abelson (Abl) binds Robo CC3 domain and an-
tagonizes Robo signaling through phosphorylation of the CC1 domain and mediates cell adhesion. Enabled (Ena), a substrate of Abl,
also binds Robo CC1 and CC2 domains. The Slit cleavage site is also shown. Adopted with permission from Ypsilanti ez al. (2010)54.
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1R S 68 5 5 1S 1Y) CGN X [n) i e T b 5 119,
Ca?" I 5 18 oL 79 g A RhoA O EE B 40 A1, 4 i
HRRATEM, MBI 7 10 FE .
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3.4 Netrin, Semaphorin. Ephrin{gS X1SlitTigERY)
A

Slit [ HE 5 1 F 5 Netrin (#9055 | /5 FH BEAH T8k
S, XAHT AR o Slit 55 Netrin 3 /] 38 15 B 1 £ i) fog —
FHE 2 MRl 28 70 98 (dopaminergic diencepha-
lospinal axon) 24 [] 4% 42 ¥) J 1%, Slit-Robo2 {55 5 X
Pt Netrinl-DCC 15 ‘5 X9k 0] 2 (i Bl 22 T0 RS 1)
WG ERT, AN Lz 2 v g U2,

JUEAE R Slit JLP s T HERAT N,
SR AE A HEB) H) v Semaphorin 4[] 4 2 5 1 %) 4l
FEHEFRIE S o X R R B L G A R 22 53
BRI, 2R 5, Slit2 1 Sema-
phorin3A #RBH (AP E N BIL T, 468 6 15 1,
Semaphorin3A 8RB 1A HE N AR 1z, SR itk
i SLit2 [ FH AR A A A 2 e 52 1) 43 = 173

e Ak, S1it2 S il A2 B AE R AEAE 4+, Slit2
AR 3 1 A RSN 00 ) A A P AN ] ) A
M. Dunaway %5 U4 & 3, 7E Slit2 BAAFAERS, 7
PSR N 8 g A 1F 1f 5 2 B, K171 7 Ephrin-Al
AEAERT,  Sit2 i A A i, S1it2 e il ifi 5 A= Bl
I 22 R/ J R O Akt AT GTP i Rac (1)
Pi%, 4 Ephrin-Al /£ fEIN, Akt Al Rac ¥ 3% 1 #
FOAH, X vl gl BT STit2 (i 3E il A RS R g it
A X P B AS [R] AR ] 5 3R 85E  Ephrin-Al 475K,
Slit 7 45 A B i i 52 224 F AL T 400868 B Ak B 55
RIALH] o
3.5 MicroRNA-218 (miR-218)%¥SIitTh &k B9 &0

I R B, /N BR stie2 R slie3 35 R ) 2
14 A% 74 5 1Y) miR-218 Ef% 1 #4011 Robol
Robo2 FIKHGR R Z LA g 2Rk, 4l
BRI i miR-218 FRIAYUERKS, HHIL T 1M B0
PRI G Jk 7 A TR 52 2% R AR AL % I A RS R I 77 35
R EHRE AR /NS, 3X Ui ] miR-218 i it
W15 Slit-Robo {5 10 5 1) 21 B 73 T K 52 M 40 4 Jis
MERRE ™. /RS fd, miR-218 [F#£% Robol
FI Robo2 HAT A4 AE ], 55 DAl R bk 52 56 B STt/
miR-218/Robo 17 [ % 42 BiE T e a7 T J T 75 114 B4
JEAh, miR-218 hAEMEIE L i Slit2-Robol 15 518
% SR A A S TR g ) R R U9, DL R R B, miR-
218 B RS 1A Silt-Robo 15521 14 1 23 Al
WM, 8 I X R AL ] 4E RF Silt-Robo 15 5 748
PIEH A, ARIEAEY AR R B WIE T, H
1 miR-218 {5 AN [R5 HE B 4y i) A2 v FE O ~3 1), - Siilt-
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Robo {5 5 1t i F) IX Bl B B R ML ) BEAE AN R4
Toft 80 A BRI BRI RE b A A 1 R ORI AR A

4 slitBEEHREBERR
4.1 #RKERE

SGiBUB U NG o7/ K R = s B R S T
Single-minded. Fish-hook FlI Drifter — /™ #% 5% [A ¥
LR FR A R G AP RGP 24 i, Py
w5 slit B DR IR B s U7, 5y 4h, BTB # s A 7
Lola A& % I s AL b slir (1) 33K U810 508 () 40 0 s
A8 G L D] dred SRR slie] (P 3R38 79 S5l (1) )T
FRI, AERBHL RGN, T-box ¥k ¥ Mid-
line 4% il SR e i £ 9 000 40 1) stie 113 5%, AE mid-
line FEALAR, v S P4 40 i 234 1) slit mRNA K &
?}a‘a//l\ [80]o
4.2 ¥REKEBE

R, TR BRI A5 R, slie LA
Gt A7 1 469 FlI 1 480 /™28 I R bk 3L 1 Bl AN R 2
M, MFE RG> EGF #EP 81 C- KAl 2 11
AN IE TR IR IE B0, N slie2 474 slit24 slit2B Fl
slit2C =P8y A B, FE R R M, Slitl &5
1 C- A i 1) 18 8 M 8 436 3 30U = 4 Slitlo & )
b2 R 7 4 S R I ke B, ARAE AR AN R R RS
X MRER 28 4H 58 1) 2 B HE SR AR 1590

5 B2

Slit fEM 4 RGN AEATE KRG Z PP U R
FEVEH, L Thfe Ol oK & R st A% 2 S e i AT Tt
58, JF H. Slit AR AR B DRI 73 1 AF FI AL A%
pa 11 S P 3 P %7 5 R B G e O TR S
A I A 28 50T 5 o) DR - U B B8 R S N, X4
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F, 040 AE 0 b A7 4F 3 B Robo, 78 MESh 4 b
1£4E 3 B Slit #1 4 Fh Robo, I, {EAFE KIS SH
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AN DA A P T LB 5 AR Slit b 3L e ph 2
G ) 3 Z R BAE 7 U2 A T BR A Slit Dy eI
JHE, o Slit [HE R AE S Netrin (10 5118 H 2 8]
BEAH F N7 SO AR B 06 2R Al /5 23— 20 I B
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3 T R0 LA B A 22 P A ) BT SRV AT 45 2 e ok,
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