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XRab40 and XCullinb form a ubiquitin ligase complex

essential for the noncanonical Wnt pathway
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Gastrulation is the first major morphogenetic process in Xenopus development that governs the
formation of three germ layers — ectoderm, mesoderm and endoderm. During Xernopus gastrulation,
convergent extension movement takes place in order to establish the anterior-posterior axis of the body
plan (Shih and Keller, 1992; Wallingford, 2002). At the onset of gastrulation, protein complexes might
need to deliver to their corrected compartments to regulate dramatic cell movements. It is know that
membrane trafficking plays a crucial role in the delivery of protein complexes between organelles and it
might be involved in the regulation of the gastrulation movement. A number of proteins have been
identified to control the membrane trafficking process, including Rab GTPases. In the present study,
she sought to elucidate the roles of Rab40 GTPase in Xenopus gastrulation. Rat Rab40c has shown to
be expressed in oligodendrocytes and localized in the recycling compartment (Rodriguez-Gabin et al.,
2004), however, its function remains unknown. She found that a Xenopus homolog of Rab40 (XRab40)
is required for normal gastrulation.

XRab40 encodes a protein containing a Rab GTPase and a SOCS box domains. Rab GTPases
family proteins belong to the Ras superfamily of small GTPases and function as a key regulator for
membrane trafficking. Besides the Rab domain, Rab40 contains a SOCS box. The SOCS family
proteins recruit substrates to the ElonginB/C-Cul2/Cul5-SOCS-box (ECS) complex and comprise a
large family of ubiquitin ligases.

XRab40 is ubiquitously expressed in Xenopus embryos by whole mount ir sifu hybridization
and RT-PCR. It localizes at the Golgi apparatus. Both overexpression of Rab40 mRNA and knockdown
of Rab40 by using specific morpholino (Rab40 Mo) caused gastrulation defects in Xenopus embryos.
She demonstrated that XRab40 is required for cell polarization and migration during convergent
extension.

In order to further understand the roles of Rab40, a yeast-two hybrid screen and mass
spectrometric analysis were carried out to identify Rab40 interacting partners. ElonginB, ElonginC,
Cullin5 and Rap2 were identified as XRab40-interacting proteins. Elongin B/C and Cullin 5 were
found to interact with the SOCS domain of Rab40 to form a ubiquitin ligase complex whereas Rap2
interacts with the GTPase domain of XRab40. She then examined the correlation between XRab40 and
XCullin5 by analyzing the roles of XCullin5 in Xenopus development. She found that loss of XCullin5
function phenocopies and synergizes with the effect of XRab40 Mo. XCullin5 is required for the Golgi
apparatus localization of XRab40. Since Cullin5 is known as a ubiquitin ligase component, she then
investigated the effect of XRab40/XCullin5 on the ubiquitination of Rap2. She showed that XRap2 is a
substrate for XRab40/XCullin5 ubiquitin ligase and the localization of XRap2 is regulated by its
ubiquitination.

She attempted to further elucidate how XRab40 and XRap?2 is involved in the regulation of
Xenopus gastrulation and found that one of the Rap2 effector, Misshapen/Nck-interacting kinase
(MINK), which is also required for gastrulation and binds to Dishevelled, a cytoplasmic component of
Whnt pathway. MINK is translocated from the cytoplasm to the plasma membrane when Rap2 was co-
expressed. It also translocates to the plasma membrane in response to Wnt activation.

Next, she investigated the effects of XRab40 in Wnt signaling. She demsonstrated that
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XRab40/XCullin5 and XMINK are essential for the punctate localization of Dishevelled. Intriguingly,
disruption of the membrane trafficking process by expressing dominant negative dynamin inhibits the
punctate localization of Dishevelled, suggesting that membrane trafficking is required for Wnt signaling,
Moreover, phosphorylation and membrane localization of Dishevlled are disrupted by Rab40 and
MINK knockdowns. Rab40 is required for frizzled, a seven transmembrane receptor of Wnt ligand, to
activate JNK pathway suggesting that Rab40 is involved in the non-canonical Wnt pathway. Although
Rap?2 has been reported as a positive regulator in the canonical Wnt pathway (Choi and Han, 2005), she
demonstrated that it also plays a role in the noncanonical Wnt pathway to regulate the convergent
extension movement. XRab40 is required for XRap2 function in the noncanonical Wnt pathway but is
dispensable for its function in the canonical Wnt pathway.

In conclusion, XRab40 plays an essential role during Xernopus gastrulation and it forms a
ubiquitin ligase complexed with CullinS at the Golgi apparatus. In addition, Rap2 GTPase was
identified as a potential substrate for the XRab40/Cullin5 ubiquitin ligase. XRab40 plays an essential
role in the noncanonical Wnt pathway by regulating Rap2 and its effector Misshapen/Nck interacting
kinase (MINK). XRab40 regulates the membrane localization of Dsh that is necessary to mediate the
Wnt signal transduction pathway. She propose a novel signaling cascade including XRab40/Cullin5,
Rap2 and MINK to modulate the Wnt signaling pathway.
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HHBYWOREBRBICBWT, THEINIETHAEICI v MakzEe Ll TRIRE
AR LS. M BBV TOXEAT Iy 7 R BRR LD RIEEHRE
Ao, cORBHRESIT. FPETRENTFENREL FTENREOMIC
BORAD - LI VEOEAEECHIZNEBELRIEILHADBETH D,
T OBEE OB L AREE B TEM T RREMRL I, BHERICEEL LM
BRERIEDREWVICEYVALESHZPE LR LTHEBOMESEE D Z &
o THY., ZOBRBINFHEEER L FETATWD, BFEEIEX. ZOBME
PG OEES A ML L TCHRBTSIEEEEL L, BICHENERREERIC
B3> % Rab 7 7 I U —GTPase IZHE B L THFFE £ 1T o 72, Rab GTPase X+ EL
D77 IV —AA—RRAEENTEY, TOETEGEROKL REHT
BEAGELZELLTCNEIERbho TS, RFETIE., I AVHHET
ZHELTWVWAH3 0D Rab ORI RA Y Y — v %{ToT, £ L THIEKEE
B NETIEE A CEF & TV 2V Rab40 & € 1 7 XRabd0 28 R AED I
MNEOBREERIZLTVWAZ &R LT, MEBBEEND XRab40 T IV IHILHE
EF B0 & H{L2ER RN A 5 XRab40 25 XCullin5, XElonginB/C L#E& LT
2 XFFUY) T —PHESEETERTHIIEERLMC LI, &6IZ, XRabd0 O
2EXFFUDOEE L LUTIES FE GTPase XRap2, EHIKEDT 7 =7 F—k
L T XMINK(Xenopus Missphapen/Nck interacting kinase) ZRE L7, DO
E . XRab40/XCullin5-XRap2-XMINK 133 7 F VBB EFERTH I &, &,
TNLETR_RTEEBERESNICSLEATHI I EEALMNI L, RIBEFEAES
B LTI, SWME /7 ETHD Wntll, TOZFEESF /"7 H Frizzled,
ZOTFTETH L MARNZ > /37 & Dishevelled &/ L7z FEH LAY Wnt I/ %
RUETHIIERBDPoTVNENR, TFOVITFAUBEDAN=ZALTIEEA
Phho TWARL, BEEE L XRab40/XCullins-XRap2-XMINK 25 Wnt &7 F L@
MPNY S FAVRECSBTHDE L, FOF—F vy MIMEAN/NEEREEL
3 % Dishevelled DEESHIHTHDZZ &, FOHFA A=A L LT XMINK &
Dishevelled DM EEANEETHHI LEH LN LI,

AFFZE L. Rabd0 OFIPAKEEE L . 2 X F LT X BFEHMH Wnt 7 T ViE
OB A D= AL EZMHOD THOMILEEERHETHY ., FUREICSHS
bLWWbDTHD ELHBT LI,
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