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Part |: Background



The Ran (Ras-like Nuclear) GTPase

|.a member of Ras superfamily/small GTPase superfamily

2. nuclear localization
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3. very conservative (from yeast to human)

4. molecular weight, ~25Kd

5. GTPase activity
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Nature Reviews | Molecular Cell Biology

Nature Reviews Molecular Cell Biology 9, 464-477 (June 2008)



A typical eukaryotic cell division cycle
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Part II: Bioinformatic analysis
of Ran



Ran (Human)

e Ref seq No.(mRNA) : NM_006325.3
e Gene Location:12q24.3

e Ref seq No.(Protein) : NP_006316.]1
e Uniprot ID: P62826

e Protein length: 21 6AA

e No other isoforms in human

e Highly conservation



Results of Unirefl 00

Ienbers

Cluster member(s) Entry name Status

P62826
LT84
PA2825
Q4R4NY
PA282T
BRAG6
PA2328

RAK_HUNAN
RAN_BOVIN
RAN_CANEL
RAN_JACEL
RAN_JOUSE
RAN_PONAR
RAN_RAT

Date of job execution

Furning time

Identical positions

Identity
Similar positions

Frogram

Protein names

GIP-binding nuclear protein Ran
GTP-binding muclear protein Ran
GTP-binding ruclear protein Ran
GTP-binding ruclear protein Ran
GTP-binding muclear protein Ran
GTP-binding ruclear protein Ran

GTP-binding muclear protein Ran

Jun 2, ZO1Z2
23.5 =zeconds
216

100%

1]

clustalo

Organisms
Homo sapiens (Human)
Boz tauruz (Bovine)
Caniz familiarizs (Dog) (Canis lupus familiaris
Macaca fasciculariz (Crab-eating macaque) (Cyr
Muz muzculus (Nouse]
Pongo abelil (Smmatran orangutan)

Rattus norvegicus (Rat)



Protein interaction (String)
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Ran-binding Proteins (1)
------- Regulators and effectors

|. the GTPase activating protein, RanGAP

2. the GDP-GTP exchange factor, RanGEF, RCC|

3. Ran-binding protein |, RanBP|I



Ran-binding Proteins (2)

------- Regulators and effectors

|. importins a, B,
(NLS) (SV40T-ag: PKKKRKVI32; Nucleoplasmin: KR-10aa -KKKLI71)

2. NTF2 (Nuclear Transport Factor 2,pl0)

3. Exportin (CRM1, Chromosome Maintenance Region 1)
(NES) (MAPKK: DLQKKLEELELD)

4. nucleoporins (FxFG)

5. Ran mutants: RanT24N (7524 % 4)(GDP),
RanQ69L (4+6972)(GTP)



3D structure of Ran




RanGDP 3GJO




RanGTP 1RRP




Ran Q69L Mutant 3RAN




Structural differences of Ran

mutants:
* Q69L
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Phosphorylation prediction |:

NetPhos 2.0 Server

The MetPhos 2.0 server produces nedral network predictions for serine, threonine and tyrosine phosphondation

Kinase specific phosphonrdation predictions are available at;: hitphweaoe chs diu dirservicesitetFhosks

T siructions Output orm
SUBMISSION

Paste g single sequence ar several sequehces in FASTA format into the fieid Delow:

Subemit g fife in FASTA format divectls from your focal oisé:

EAESLH | e

Predict on: tg.rrnsine [¥] serine [¥threanine

Generate graphics [ Submit] [ Clearfields




Result:

MetPhos 2.08:

predicted phosphorylation sites in sp P&2EEE B

Fhosphorglation potential

Serine
Threanine

5] =15 1688 158
Sequence position
Ser:2  Thr:3  Tyr:4
Threonine predictions
Serine predictions Name Poz Context Score FPred
v
Name Fo= Context Score  Pred SP_PEEEEE_R 21 GDGETGETT 0. 4686
w sp_PAZ2EZ26_R 24 GIGETTFVE 0.408
sp_PA2EZE6_R 94  FDVTSENTY 0. 085 . sp_FPEZE26_R 25 TGETTFVER 0. 2189 .
sp_PA2826_R 135  VEAKSIVFH 0.984 #5= sp_P62826_R 32  KRHLTGEFE 0.501 «Tx
sp_PR2&26_R 1560  YYDISLESN 0. 144 . sp_PB28Z6_FR 42 EYVATLGVE 0. 317
sp_PE2E26_R 153  ISLESHNYNF 0.970 #S= sp_PE2B26_R 64  LVFHINEGP O0.103
- zp_PA2EZE_R 66  NVWDTAGQE 0. 280 .
sp_PAZEZE_R 93  MNEDVISEWVT 0.938 #T«
sp_PAZEZ6_R aT TSEVTTENY 0,807 #T*
sp_PAZ2EZ26_R 206  EVAQTTALP 0. 307
sp_PA2EZ6_R 207 VAQTTALFD 0. 464

=45 s]

Tvrozine predictions

Name Foz Cont ext Soore Pred
W

zp_PEZE26_R 39  FEEEYVATL 0.985 T
zp_PEZE26_R T4  LEDGYYIQA 0,209 .
zp_PRZ2E26_R B0 EDGYYIQAG 0. 898 T
=p_PRZE826_R QE SEVTYENVE 0,958  *Tx
=p_PRZ826_R 146  ENLQVYDIS 0,793 *Tx
=p_PRZ526_R 14T  NLQ¥YDIZ4 0. 236
=p_PRZE26_R 155  AKSNYNFEE 0. 193
zp_PE2826_R 197  LAAQYEHDL 0.021




Phosphorylation prediction Il :

NetPhosK 1.0 Server

The NetPhosK 1.0 server produces neural network predictions of Kinase specific eukaryotic protein phosphoylation sites. C
PK, Cdk5, p38 MAPK, GSK3, CKI, PKB, RSK, INSR, EGFR and Src.

Generic (non kinase specific) phasphorylation predictions are available at: hitpiwww chs diu dikiservicesitetPhosi

T tions Ouput forman

SUBMISSION

Paste a single sequence or several sequences in FASTA format into the fieid below:

Submit a filein FASTA format directly from yourilocaiaisk:

AR | e

Method to use:
® Prediction without filtering {fast)
O Prediction with ESS (Evolutionary Stable Sites) Filter {very slow)
O Kinase Landscapes (Graphics) :

Threshold. | 0.50 v

| Submit | | Clearfields |




Results:

Method: NetPhosE without ES5 filtering:

Query: =p_PA2E826_FAN_HITMAN
Site Kinase Score

T-21 FEC 0. &a

T-24 FEC 0. 549

T-2h FEC 0. 6@

T-42 FEC 0. 5a

T-42 FE&L 0. 52

T—E0 SEC n. &2

T-&0 EGFE 0. 64

T-493 FEC 0. 53

T-a7 FEC 0. &5

T-206 CEII 0. &0
Highest Score: 0. 85 PEC at pozition 87

HA B ] B 5~ 0.70

Method: NetPhosE without E35 filtering:
Query: =p_PAZE26_RAN HUMAN

Site Einaze Score

T-a97 FPEC 0. &85

Highest Score: 0. 85 PEC at pozition 97
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o Ser| 354 PAK4EEERAL 1 k422 HRan
5945 ( 2010
Sep 6;190(5):807-22.)

o« Ser| 353PIk | BEERAL IRMEDURR 254 14 I
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2006 Oct 13;349(1):144-52.)


http://www.ncbi.nlm.nih.gov/pubmed/20805321
http://www.ncbi.nlm.nih.gov/pubmed/16930555
http://www.ncbi.nlm.nih.gov/pubmed/16930555
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Pt Cell Biol. 2070 Jul;1 207 703-10. Epub 2010 Jun &.

Ciliary entry of the kinesin-2 motor KIF17 is regulated by importin-beta2 and
RanGTP.

Digshinger JF, kee HL, Jenking PM, Fan 5, Hurd Tvy, Hammond S, Troong 5, Margolis B, Martens R, Verbiey K.
Department of Cell and Developmental Biology, University of Michigan Medical Zchoal, Ann Arkor, Michigan 43109, US4,

Abstract

The biogenesis, maintenance and function of prirmary cilia are controlled through intraflagellar transport (IFT) driven by two
kinesin-2 family members, the heterotrimerc KIF3AMIFIBMAR complex and the homodirmeric KIF1Y motor, How these
motors and their cargoes gain access to the ciliary compartment is poorly understood. Here, we identify a ciliary localization
signal (CLS) in the KIF1Y tail domain that is necessary and sufficient for ciliary targeting. Similarities between the CLS and
classic nuclear localization signals (MLSs) suggest that similar mechanisms regulate nuclear and ciliary impart. We
hypothesize that ciliary targeting of KIF17 is regulated by a ciliary-cytoplasmic gradient of the small GTPase Ran, with high
levels of GTP-bound Ran (RanGTP) in the cilium. Consistent with this, cytoplasmic expression of GTP-locked Ran{G13%)
distupts the gradient and abolishes ciliary entry of KIF17. Furthermore, KIF1Y interacts with the nuclear impaort protein
importin-betal in a manner dependent on the CLS and inhibited by RanGTR. YWe propose that Han has a global rale in
regulating cellular compartmentalization by controlling the shuttling of cytoplasmic proteins into nuclear and ciliary
compartments.

Mat Cell Biol. 2012 Mar 4;,14047:431-7. doi: 10.1038nch24:50.

A size-exclusion permeability barrier and nucleoporins characterize a ciliary pore
complex that regulates transport into cilia.

kKee HL, Dishinger JF, Blasius TL, Liu CJ, Margolis B, Yerhey kJ.
Departmert of Cell and Developmental Biology, University of Michigan Medical School, Ann Arbor, Michigan 48109, US4,

Abstract

The cilium 15 a microtubule-based organelle that contains a unique complement of proteins for cell motility and signalling
functions. Entry into the ciliary compartment is proposed to be regulated at the base of the cilium. Recent waork
demonstrated that compaonents of the nuclear import machinery, including the Han GTRPase and importing, regulate ciliary
entry. WWe hypothesized that the ciliary base contains a ciliary pore complex whose molecular nature and selective
mechanism are similar to those aof the nuclear pore complex. By microinjecting fluorescently labelled dextrans and
recambinant proteins of various sizes, we characterize a size-dependent diffusion barrier for the entry of cytoplasmic
molecules into primary cilia in mammalian cells. YWe demonstrate that nucleoporins localize to the base of primary and
motile cilia and that micrainjection of nucleoparin-function-blocking reagents blocks the ciliary entry of kinesin-2 KIF17
motors. Together, this work demonstrates that the physical and molecular nature of the ciliary pore complex is similar to that
of the nuclear pare complex, and further extends functional parallels between nuclear and ciliary import.




