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Image from http://www.nature.com/scitable/topicpage/gene-expression-14121669


http://www.nature.com/scitable/topicpage/gene-expression-14121669
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A human B cell releases a packet (green) of antibody molecules (tan,Y-shaped) into the blood serum on
the right of the image. Human serum albumin molecules appear as pale green triangles in the serum.
lllustration from The Machinery of Life by David S. Goodsell.



From Genes to
Proteins to Functions

How do we possibly create that image from
the previous slide?

What do we need to known?




From Genes to
Proteins to Functions

How do we possibly create that image from
the previous slide?

What do we need to known!?
Parts list
Which parts go together

Their spatial arrangement

The follow or path of them
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>MySequencesOfInterest
MMODVSSSPVSPADDSLSNSEEEPDROQQPPSGKRGGRKRRSSRRSAGGGA
GPGGAAGGGVGGGDEPGSPAQGKRGKKSAGCGGGGGAGGGGGSSSGGEGSP
QSYEELQTORVMANVRERQRTQSLNEAFAALRKIIPTLPSDKLSKIQTLK
LAARYIDFLYQVLQSDELDSKMASCSYVAHERLSYAFSVWRMEGAWSMSA
SH

Which tools can we use?

PSI-BLAST
Phmmer, Jackhmmer



Why perform a
homology search!

Our ability generate sequence far outstrips
our ability to functionally characterise them

Homology can allow you to identify a
sequence that has been characterised

Possible to identify conserved residues
between query and target
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UniProt

. Advanced v l Q l
UniPro.t.,-

—n

&) ‘, T N0

BLAST Align Retrieve/ID Mapping Help Contact §

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein
sequence and functional information.
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UniProt

P 1 0898pr—of::AF—ﬁ?:f}rt\‘hreonine-proteln kinase A-Raf U n I P rOt-SWISS P rOt < ntry

Gene  ARAF - Manually annotated,

Organism Homo sapiens (Human)

- high confidence.
Status I El Reviewed - @®@@@®® . gyperimental evidence at protein level’ g

Display ~ None '\. BLAST ¥ Align &) Format 8 Add to basket ® History

GEEENR Functon o

' Involved in the transduction of mitogenic signals from the cell membrane to the nucleus. May als
& 1 Publication «

Q2KJAD - Q2KJAO0_BOVIN
U N | P rot_Tr E M B L e ntry Protein Submitted name: ARAF protein

Gene ARAF

- Automatically annotated, — oanism  ges taurus Bovine)
IOW(e r) CO nf|dence . Status | Unreviewed - @®0O00. gxperimental evidence at transcript level’

\ BLAST £ Format @ Add to basket ® History

Funcnon

NAMES & TAXONOMY
l_ Catalytic activity
. ATP + a protein = ADP + a phosphoprotem & SAAS annotation ~




The Open Door Workshop

>MySequencesOfInterest
MMQODVSSSPVSPADDSLSNSEEEPDROQOQPPSGKRGGRKRRSSRRSAGGGA
GPGGAAGGGVGGGDEPGSPAQGKRGKKSAGCGGGGGAGGGGGSSSGGGESP
QSYEELQTQOQRVMANVRERQRTOQSLNEAFAALRKIIPTLPSDKLSKIQTLK
LAARYIDFLYQVLOQSDELDSKMASCSYVAHERLSYAFSVWRMEGAWSMSA
SH

Variance at 156, 1 to V?

What is it’s effect on the protein



Other Homology Searches

* Compare against Pfam
— HLH DNA binding domain

* Description of function
* Known structures
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Why Domains!?

PALP

{mem‘m e€BS IMPDEISS - 478

Voltage_CLC —(CBS)——(€BY)- 828

(waBcitran) 405

* Functional diversity

e Conservation

* Tractable drug targets
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Homology Searches

* Compare against Pfam
— HLH DNA binding domain

* Description of function
* Known structures

* Structural homologs

— DNA binding
— Functions as a dimer
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No 3D Structure

109 qlvnIv-thqslelfaa-nltlp sd-q.k-arIdflquIql 165

+r+ an rer r ln a+ 1lrk++p + klski+tl+la +yi 1 ++l+s

2 RRMKANARERNRMHGLNAALDNLRKVVECYSKTQ

6899************************975278*******************99987
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No

Query 109 qlvm-v-qltqslelfaa-nltlp sd-q.kIarIdflquIql 165

+r+ an rer r
Target 1F

3D Structure

...............................

ln a+ 1lrk++p + klski+tl+la +yi

1l ++1+s

PP 6899************************975278*******************99987

* SWISS-MODEL

—Homology Searching and Modelling

Model 3D Structure [+/-)

%

3%,"'1,‘

Based on template: 2ql2 [SMTL)] [PDB)] [SCOP)] [CATH)
Sequence identity: 48%

Residue range 10910 165

Model date: 2010-02-17

Rewision date: 2010-03-03

[display ] [download] [ download project )
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Protein Interactions

Wnt Growth factors

TGF-B
WOW 000000000000000000000
WOW“ 00000 (s]e]elelo[elele o aleie oo ololelels olo)

\
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i \ — Stemness of
A P ! cancer stem cells

Eplthehal mesenchymal]
markers markers

Metastasis

Xiao and He, JTD 2010 2:154-159
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INntAct

' Exportto: | Select format. . %) Export ( Change Columns Displayed )

Name Links Name Links Aliases Aliases Species Species Publication Interaction Detection Interaction Expndon

% ots2_human Mx M-twist. ets2_human | 5606 2606 IM-12068 a0t $20 colmmuncereciptation | EBL1 797303
Q -um 2 | R i CassA 18598945 imexciM-12086-1

2 Py W [ JERR IM-12069 | ant et communcorecictation | EBL1797350
Q 18598945 ImeciM-12055-4

3 | Hwast .1 GAPand o "y Hiwist |GAPand | 5606 2606 20195357 | display echnoiogy EB- 2680840
Q | EA W controsome- Class A centrosome-
@e”yz associated @gy: basic holix- | associated
protoin loop-helix | protein.
| R peotoin 38; | Rabé
BHLHAJS,  GTPase-
(] activating
protoin
GAPConA.
HSPCO64.
€3]

EST - Another transcription factor

e

Rab6 - GTPase-activating protein

wPIDi - DUF3694: ——TECa— -
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Protein Interactions

Wnt Growth factors
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Xiao and He, JTD 2010 2:154-159
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Expression Profiles

RNA-Seq of human individual tissues and mixture of 16 tissues (Illumina Body Map)

E-MTAB-513 Organism(s): Homo sapiens
Reference(s): 22496456 22955988 23258890

Gene query °. Organism Part ’

A

Twist (Any Org

« Exact match

Showing 1 of 1 genes fi

Display

leukocyte

Expression level cutoff *

.6

skeletal musde

Search

Reset



So what do we know so far?

* Contains HLH and disorder

* Does not have a known structure, but homologs do

* Functions as a dimer and binds DNA and other proteins

* Which residues bind DNA and each other

* Regulators of miRNAs, with are themselves gene regulators
* Disease/Tissue expression patterns

* Signalling pathway




Baller-Gerold Syndrome
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Baller-Gerold Syndrome Mutations

OMIM

103104105106 2071061091501 121131418 16117 016119120220 122023124125 026 027126129 030 001 132120 14 105136127 108 109 140 140 142 240 144 145 146 147 146 149 150151 152152 154 155 156 157 158 159 160 161 162 16D

]Y[E]E]L|o|'ronvnanvnangarqsx.uaaraa;,nxxxp'rx.psostxrqrx.xx.aaar;nrx.y
HLH (model states 1-53)

Pfam

Pel244/24-75 KRAH
P22415/200-25 RRAQ
POII06/ 35540 KRRT
QIZ772/331-38 RRTT
QO5I95/57-109 SRST
PI6956/324-374 KRT A
PO7270/251-30: KRESHK H A

Conservation I u H
c

3 717746 -3 433523 435963-3 444--1265565945 425 52487
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WT Fprd Fprd (FAZ3A)
C T WWW 0§ WX mes

b J | WP wmere

1 2 3 4§ 6 7 8 % 10

FUNCTION - CLASSIFICATION

10 Thousand Families

2 & Fpr4 model based .
: < on nucleoplasmin
I . :
‘7 %’ N-terminal domain of Fpré4

related to nucleoplasmin

Model of histone modification by Fpr4



Worked Examples




