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Ribonucleic acid

OPCOOPOOOCCOOPPOOOP>PCOO

Codon 1

Codon 2

Codon 3

Codon 4

Codon 5

Codon 6

Codon7

C—

tRNA

C

O

\
U C A anticodon AUG
5 /I\ (I; U codon L‘l A C‘ mRNA 3'
s . e
2nd base in codon
Phe | Ser Tyr Cys U
U Phe | Ser | Tyr | Cys (o] @
5 Leu | Ser | STOP [sToP | A o
3 Leu | Ser | STOP | Trp G g
o Leu | Pro | His Arg 4] S
£ C Leu | Pro His Arg [0 5
b Leu | Pro Gln Arg A o
8 Leu |Pro | GIn | Arg | G g
o lle Thr | Asn Ser U )
- A lle The | Asn Ser [od
lle Thr | Lys Arg A
Met | Thr | Lys Arg G
Val Ala | Asp Gly [V}
G Val | Ala | Asp Gly (o4
Val | Ala | Glu Gly A
Val | Ala | Glu Gly G

The Genetic Code



P|\1 O F|{2 @]
Il [l
HaN—CH—C—-0OH + HaN—CH—C-0H

|
%1 O P|\2 O
Il Il
HzaN—CH—|C—HN|—CH—C-0H + H20
NIFIES

http://www.wdic.org/w/SCl/ 7 F K&

R INTBII20BBD T I/ BARTF FEET
DILH o TR D 5 F

LTI/ BRI XFTKRETHE, —DDRVIINTE
. 20T ILT 7Ry F THER I NI-XFT
ELTERTZENTE S,







PI\I O P|\2 O
[l [l
HoN—CH—C—-0OH + HzN—CH—C-0OH

l

F|{1 O Fl{z O
[l Il
HzN—CH—|C—HN|—CH—C-0H + H20

NIFFiEE

http://www.wdic.org/w/SCl/ =7 F FiEE

R NRTBE20BEOT I ) BART T REST
DIEH 2 TZRHR D F

BT I/ BT I XFETRBETSLHE, —DODRVINIE
%, 20 E5ED 7L 7 7 Xy kTR S - XFF]
ELTERITZENTET S,




) F—LDT I/ BRECS

>LYC HUMAN E b Lysozyme C
MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTRATNYNAGDRST
DYGIFQINSRYWCNDGKTPGAVNACHLSCSALLQDNIADAVACAKRVVRDPQGIRAWVAWRNRCONRDVR
QYVQGCGV

>LYC1 BOVIN D Lysozyme C 1
MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTKATNYNPGSEST
DYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVSEQGITAWVAWKSHCRDHDVSS
YVEGCTL

>LYC_CHICK =7 kU Lysozyme C
MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNTDGSTD
YGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDGNGMNAWVAWRNRCKGTDVQA
WIRGCRL

>LYC2 ONCMY WA Lysozyme C II
MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQATNRNTDGSTDYGI
FQINSRYWCDDGRTPGAKNVCGIRCSQLLTADLTVAIRCAKRVVLDPNGIGAWVAWRLHCQNQDLRSYVA
GCGV

>LYC BOMMO /14 3 Lysozyme
MQOKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENLMRNWVCLVEHESSRDTSKTNTNRNGSKDYGL
FQINDRYWCSKGASPGKDCNVKCSDLLTDDITKAAKCAKKIYKRHRFDAWYGWKNHCQGSLPDISSC

>LYSP DROME /NI Lysozyme P
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQLAKWTCIAQHESSFRTGVVGPANSNGSNDY
GIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQROQOGWTAWSTWKYCSGSLPSINSC
F
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FASTA /4 — < v b

>LYC HUMAN E b Lysozyme C

MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWES
GYNTRATNYNAGDRSTDYGIFQINSRYWCNDGKTPGAVNACHLSCSALLQDNIA
DAVACAKRVVRDPQGIRAWVAWRNRCONRDVRQYVQGCGV

‘ST TR E BERIT (BE. BE&) &

WITHRIC., I XFERIETEEILIWVET7 I/ BofRs2dE2K%
FASTA7 #—~< v b &L DFRIEEITIED Y THELS, N FA T %
NT A4 ADHFTERIOERE L TLLFELNTLS,

HIR—=DEDIC, —D2DT7 7 A IIIEHDFASTA7 # —< v FD
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INSDC (International Nucleotide Sequence Database Collaboration)
KE NCBlIDGenBank
M EMBL-EBIOENA
AAX EixiEErEz0DDBI

3FEMELE L TEERMICHITEE

RUYINTBDTF—EZR—X

UniProt

LUFD3FEDIYY—>TLELTES
ZARNAFA v T+ T 427 ZFHEH(SIB)DSwiss-Prot
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EREHT—EFR—XDIUL) : GenBanke X (AU /NJEDIHE: GenPepte )

Locus AH003092 6907 bp  DNA linear  ROD 01-AUG-201§
DEFINITION Nannospalax ehrenbergi clone pSCr-1 crystallin (CRY-alpha-A) gene,
complete cds, alternatively spliced.

ACCESSION anw M17248 M17249 Y00464
VERSTON

KEYWORDS alpha-crystallin; crystallin.
SOURCE Nannospalax ehrenbergi (Ehrenberg's mole-rat)
ORGANISM Nannospalax ehrenbergi
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Glires; Rodentia; Myomorpha;
Muroidea; Spalacidae; Spalacinae; Nannospalax.
REFERENCE 1 (bases 2161 to 2880; 3841 to 4080; 5592 to 6431)
AUTHORS Hendriks,W., Leunissen,J., Nevo,E., Bloemendal,H. and de Jong,W.W.
TITLE The lens protein alpha A-crystallin of the blind mole rat, Spalax
ehrenbergi: evolutionary change and functional constraints
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 84 (15), 5320-5324 (1987)
PUBMED 3474658

B3O E

(2.

F48)

FE(EMEHOBER)

(—HpHEE)

FEATURES Location/Qualifiers
source 1..6907
/organism="Nannospalax ehrenbergi”
/mol_type="genomic DNA"

- cos Soin(2349..2537 273612804, 3859. .3981,5715. .5924) S

/gene="CRY-alpha-A"
/codon_start=.
/product="alpha-A-ins-crystallin"
/protein_id="ARA66165.1"
/translation="MDVTIQHPWFKHALGPFYPSRLFDQFFGQGLFEYDLLPFLSSTI
PYYRQTLLRTVLDSCISEL I IFLDVKH
FSPEDLTVKVLI EI I 'HRRYRLPSS CSLSADG
MLTFSGPKVQSGLDAGHSERAIPVSQEEKPSSAPLF"
join(2349..2537,3859..3981,5715..5924) ]—
/gene="CRY-alpha-A"

/codon_start=1
/product="alpha A-crystallin"
/protein_id="ARA66166.1"

/translation="MDVTIQHPWFKHALGPFYPSRLFDQFFGOGLFEYDLLPFLSSTT
SPYYRQTLLRTVLDSCI IFLDVK TVKVLEDFVETHGKHNE

(—HPHEE)

RQDDHGYT. LSADGML
VSQEEKPSSAPLF”

(—HPHEE)

ORIGIN 1 bp upstream of ECORI site.
1

(—HPHEE)

99

actcctgeat ctctga
(—H#4EE)
gt ggag

cctggttcaa

g
ggcaagcaca acgagaggca

gacgac
5821
5881

5941 ctgcceectg aggecactga cocatcaage

(—HpHEE)

6841 ca + (—HPHEE)

6901 caccaca
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PQGIRAWVAWRNRCQNRDVRQYVQGCGV
148 %

}
}
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KEYWDS
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HEADER ~ TRANSFERASE —

TITLE  CRYSTAL STRUCT ANyH— T«
uni e HEADER  |MIEOSEE. Aft. 7 1ILE
cowrsp 2 woLecure: 1vi COMPND RIINDEH

COMPND 3 CHAIN: 4:  'SOURCE MEMNBEETEZEMZ
como 55271 1;AUTHOR | BAREERL - H &2
v REVDAT |F—shtBanic
souRcE 2 orcANTSM_ScTEJRNL X EkEER

S O REMARK R R E T AT
SOURCE 5 GENE: sYK;  SEQRES TP /EERS

SOURCE 6 EXPRESSTON_SY = .

SOURCE 7 EXPRESSTON_SY HET T7S/BUSNDIRF

SOURCE 8 EXPRESSION_SYHELIX a—A\YyH X (ZBET H1EH
SOURGE 10 Expression SHOHEET B— —hIcEAT B1EH

GLEEVEC, STI-% TU RN

B—A2— B89 iR

2 ACTIVE CONFOR

5 ceNomtx, Tran OSBOND

DRI ERICEATS1ER

W Y TATOM — BAG7S/BORTOER
avtHor 2 1.K Fe1L k. 7. HETATM TS/BLNDIRFDERE
M LM CONTACT  |RF A IBY SR

END
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ATOM LN VAL AB63 22,741 ~1.397 11,729 1003332 N
ATOM 2 CA VAL A 363 21.567 -0.831 11.024 1.00 32.13 C .
ATOM 3 C VAL A 363 20.954 -1.757 9.943 1.00 31.73 C 15%%
ATOM 4 0 VAL A 363 19.737 -1.906 9.845 1.00 30.94 0
ATOM 5 CB VAL A 363 21.883 0.552 10.391 1.00 33.4b C W,
ATOM 6 N TYR A 364 21.798 -2.389 9.135 1.00 29.77 N 3\
ATOM 7 CA TYR A 364 21.310 -3.035 7.928 1.00 27.96 C
ATOM 8 C TYR A 364 20.929 —-4.485 8.157 1.00 26.43 C
ATOM 9 0 TYR A 364 21.735 —-5.274 8.650 1.00 29.31 0
ATOM 10 CB TYR A 364 22.349 -2.901 6.808 1.00 28.13 C 1§§£
ATOM 11 CG TYR A 364 22.619 -1.461 6.442 1.00 28.30 C
ATOM 12 CD1 TYR A 364 21.725 -0.751 5.638 1.00 30.33 C
ATOM 13 CD2 TYR A 364 23.772 -0.815 6.893 1.00 30.80 C
ATOM 14 CE1 TYR A 364 21.959 0.588 5.285 1.00 31.59 C
ATOM 15 CE2 TYR A 364 24.019 0.523 6.541 1.00 32.22 C
ATOM 16 CZ TYR A 364 23.101  1.208 5.733 1.00 32.48 C
ATOM 17 QH TYR [é 364 23.330 2.524 5.389 1.00 36.29 0 J
7 \ JE—
T B0 X TR EE%
FrADE 7 I/ BRREE 7 ER
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data_1BZ1

S S SA E  S—

l{ entry.id 1821 *—-/{l}l—Mﬂ
| |
;
|

dbx_database_status.recvd initial deposition date  1998-11-0%

.qn -

_struct.title 'HEMOGLOBIN (ALPHA + MET) VARIANT'
\LSLEXUCE, RADX_AACTIRLOL, o v e e oo ~EBQTEIN (HEMOGLOBIN), VARIANT. (CHATN A, G, ADRITIONAL NH2-TERMINAL MET)L's

‘——-------—--—--————-----—-------—-——--————--—--—-—-—-—-—---—.\

#1loop &Mﬂ

' _atom_site.group PDB
_atom site.id
_atom_site.type symbol
_atom _site.label atom id 4
Tatom_site.label alt_id |
_atom_site.label comp_id — ¢
_atom site.label asym id TER-AFEENANTD
_atom_site.label entity id
_atom site.label seq id v
_atom_site.pdbx_PDB_ins_code
_atom_site.Cartn_x
_atom_site.Caztn_y I RFER
_atom_site.Cartn_z
_atom_site.occupancy
_atom_site.B_iso_or_equiv
_atom_site.pdbx_formal chargs
_atom _site.auth_seq id
atom_site.auth_comp id |
:ltoo\_siu .auth_ssym_id BERISANTD
_atom site.auth atem id
_atom_site.pdbx PDB_model_num

-

ATOM 1 N N . META11 ? 15.774 28.408 41.946 1.00 87.06 ? 1 METAN 1
ATOM 2 C CA .METAL11L ? 17.105 28.442 42.578 1.00 83.35 7?71 METACA 1
ATOM 3 c C . META11 ? 18.021 29.477 41,921 1.00 75,77 7?1 METAC 1
ATOM 4 o 0 + MET A 11 ? 17.6%95 30.170 40,943 1.00 76.91 2?21 METAO 1
ATOM 5 C CB& .META111l 7 17.757 27.078 42.696 1.00 100.06 71 METACB 1
ATOM 6 C CG .METALL ? 18.477 26.602 41.467 1.00 108.30 7 1 MET A CG 1
ATOM 7 § 8D . META 11l 7 19.741 25.379 41.972 1.00 109.12 71 MET A SD 1
ATOM 8 C CE .META1l1 ? 18,713 24.184 42.861 1.00 108.71 2 1 METACE 1
ATOM 9 N N « VALA 12 ? 19.204 29.547 42.527 1.00 63.43 72 VALAN 1
ATOM 10 C CA .VALA1L1l2 ? 20.227 30.471 42.079 1.00 50.48 2?2 2 VALACA 1
HETATM 4401 C CHA ., HEM E 3 , ? 18,729 18.645 20.255 1.00 12.22 ? 143 HEM A CHA 1
HETATM 4402 C CHBR . HEM E 3 . ? 21.007 20.618 24.060 1.00 16.53 7?7 143 HEM A CHB 1
HETATM 4403 C CHC . HEM E 18.570 17.704 27.086 1.00 11.28 7 143 HEM A CHC 1

D D D S . S Y S S S S S S S S G S G S G S S S S G e S S e e S e an

3 ?
: WFMR__ MFS Age NEER ey gg @8 SHR ggms RERH eym dBENT)
: - aeym_id ABE KFE
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RasMol http://www.umass.edu/microbio/rasmol/
PyMol http://pymol.sourceforge.net/
Chime

http://www.mdli.com/downloads/downloadable/index.jsp
PDBj viewer http://www.pdbj.org/PDBjViewer/index j.html
MolScript http://www.avatar.se/molscript/
« FHFRIE
VARV T
IRFrorZ27TaYE
TOPS http://www.tops.leeds.ac.uk/
LIGPLOT http://www.biochem.ucl.ac.uk/bsm/ligplot/ligplot.html



http://www.pdbj.org/PDBjViewer/index_j.html
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PyMOL

Detected OpenGL version 2.1. Shaders available.
Detected GLSL version 1.20.
OpenGL graphics engine:
GL_VENDOR: Intel Inc.
GL_RENDERER: Intel(R) HD Graphics 6000
GL_VERSION: 2.1 INTEL-12.10.12
Detected 4 CPU cores. Enabled multithreaded rendering.

TITLE
ExecutivelLoad-Detail: Detected mmCIF
CmdLoad: loaded as "1xbb".

PyMOL> |

Reset Zoom Orient Draw/Rﬂ
Rock Get View
MClear

Rebuild

Unpick Deselect
|l < Stop Play > >|

Builder Properties

Crystal structure of the syk tyrosine kinase domain with Gleevec

all
1xbb 171

FO oxF—+
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STRING '
https://string-db.org

e ow mwm |
¢ STRING

Welcome to STRING

Protein-Protein Interaction Networks
Functional Enrichment Analysis

ORGANISMS | PROTEINS | INTERACTIONS

5090 | 24.6 mio | >2000 mio

ﬂ SIB - Swiss Institute of Bioinformatics Content Scores Versions Funding
References Use scenarios APIs Datasources
CPR - NNF Center for Protein Research
o Contributors FAQs Licensing Partners
EMBL - European Molecular Biology Laboratory Statistics Cookies/Privacy Usage Software

W .®
E'IW‘ STRING is part of the ELIXIR infrastructure: it is one of ELIXIR's Core Data Resources. Learn more >
Revource



@ STRI N G Search Download Help My Data

SRSF10

- @ Legend >  %F Settings > X Analysis > EHExports > & Clusters > @ More @ Less

Cooccurrence
Gene families whose occurrence patterns across
genomes show similarities.

°. ° Network currently showing
.%,l/\ o Summary view: shows current interactions. Nodes can be
moved; popups provide information on nodes & edges.

Experiments

B @) Co-purification, co-crystallization, Yeast2Hybrid, Genetic
Interactions, etc ... as imported from primary sources.

Coexpression
Proteins whose genes are observed to be correlated
in expression, across a large number of experiments.

Databases

Neighborhood
E el ] Known metabolic pathways, protein complexes, signal

Groups of genes that are frequently observed in each

-
transduction pathways, etc ... from curated databases. e ad other's genomic neighborhood.
Textmining Fusion
Pu e - e
ﬁ— Automated, unsupervised textmining - searching for - Genes that are sometimes fused into single open
proteins that are frequently mentioned together. - reading frames.

STRING allows inspection of the interaction evidence for any given network. Choose any of the viewers above (disabled if not applicable in your network).

Server load: low (9%) [HD] GO Permalink
© STRING CONSORTIUM 2019 ABOUT INFO ACCESS CREDITS
a SIB - Swiss Institute of Bioinformatics Content Scores Versions Funding

References Use scenarios APls Datasources
CPR - NNF Center for Protein Research
Contributors FAQs Licensing Partners
MBL - European Molecular Biology Laboratory Statistics Cookies/Privacy Usage Software

L]
EIM STRING is part of the ELIXIR infrastructure: it is one of ELIXIR's Core Data Resources. Learn more >
core Data

Resource



BioGRID **

Welcome to the Biological General
Repository for Interaction Datasets

home help wiki tools contribute stats downloads partners about usll

Q Search BiOGRID: By Identifier

BioGRID

https://thebiogrid.org

A7 vA—RFIND77A4LICIE
“IEBEROETHRAEER %
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i
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K NgEC "/ ED

BioGRID is an interaction repository with data compiled through
comprehensive curation efforts. Our current index is version 3.5.178

Enter search terms here...

and searches 70,958 publications for 1,746,922 protein and genetic
interactions, 28,093 chemical associations and 874,796 post
translational modifications from major model organism species. All
data are freely provided via our search index and available for
download in standardized formats.

BioGRID Statistics |ahil Latest Downloads (%

Related Resources &

Advanced Search

BioGRID ORCS - An open repository of CRISPR screens
The BioGRID Open Respository of CRISPR Screens (ORCS) is a publicly accessible database of BioGRID
CRISPR screens compiled through comprehensive curation efforts. ORCS

Learn more ©

Gene Info eXtension (GIX)
GIX is a browser extension that allows you to retrieve information about a gene product directly on any
webpage simply by double clicking an official gene name, synonym or supported accession.

Learn more ©

The Kinase and Phosphatase Interactome in S. cerevisiae Curation Project
This BioGRID project page is designed to allow exploration of the entire yeast kinome and its
interactions, including genetic interactions and all mapped sites of protein phosphorylation.

Learn more ©

Latest News

BioGRID Version 3.5.178 Released »

The BioGRID's curated set of data have been updated to include interactions, chemical associations, and post-
translational modifications (PTM) from 70,958 publications. These additions bring our total number of non-
redundant interactions to 1,355,957, raw interactions to 1,746,922, non-redundant chemical associations to 12,015,
raw chemical associations to 28,093, Non-Redundant PTM Sites to 458,181, Raw PTM Sites to 817,400 and Un-
Assigned PTMs to 57,396.

New curated data are added in curation updates on a monthly basis. For a more comprehensive breakdown of our
numbers, check out our latest statistics. To download these data, visit our download page or utilize our web
service.

]

BioGRID ORCS Build 1.0.3 added 325 new CRISPR-Cas9 screens for Q)
cancer therapeutic targets from Behan FM et al. (2019)

BioGRID ORCS build 1.0.3 (our latest update) added nearly 400 new screens to our CRISPR database including
325 from our latest featured dataset, "Prioritization of cancer therapeutic targets using CRISPR-Cas9 screens."
by Behan FM et al. (Nature, 2019). This comprehensive dataset is comprised of genome-scale CRISPR-Cas9
screens in 324 human cancer cell lines from 30 cancer types, and is developed to prioritize candidates for cancer
therapeutics.

A special thanks to the authors Behan FM, lorio F, Picco G, Gongalves E, Beaver CM, Migliardi G, Santos R, Rao Y,
Sassi F, Pinnelli M, Ansari R, Harper S, Jackson DA, McRae R, Pooley R, Wilkinson P, van der Meer D, Dow D,
Rusar-Nnannar C Rartotti A Trusolinn | Stronach FA Saez-Rodriciez .| Yisa K and Garnatt M. and the Garnatt

All Organisms

Submit Identifier Search Q

a
v

*

Helpful Search Tips Featured Datasets

Partners %

westascrone socmans CIHR [RSC
Mount Sinai PRINCETON Université
Ong;pit;Pal UNIVERSITY de Montréal

%

Y
=9

[more]

Latest Updates ¥

BioGRID

ogrid

BioGRID Build 3.5.178 is released with data from
70,958 publications including 1,746,922
interactions (1,355,957 non-redundant), 28,093
chemical associations and 874,796 total PTMs
thebiogrid.org/news/219 | Download Now:
downloads.thebiogrid.org/BioGRID/Releas...
@BioGRID

BioGRID Version 3.5.178 Released

g The BioGRID\'s curated set of data
BIOGRID have been updated to include
thebiogrid.org

Nov 2, 2019

@ BioGRID
@biogrid

.@BioGRID ORCS Build 1.0.3 added 325 new
#CRISPR-#CAS9 screens for cancer therapeutic
targets from Behan FM et al. (2019)
orcs.thebiogrid.org/Dataset/114 @Garnettlab
@wellcometrust @sangerinstitute @targetvalidate
@nature @NatureGenet @sysbiomed
@Francesco_i0ri0 @emanuelvgo @NIH_ORIP

BioGRID ORCS

FEATURED DATASET

orcs.thebiogrid.org
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77 A/N> L7 X (Adelobasileus cromptoni )

2 FEFE Dl

(1) #&H1k (speciation)

2{E2500 75 FE 71

BinT A

_ T
(2) BEI=TEE (gene duplication)
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http://kawa3104.hp.infoseek.co.jp/aderobasireusu.html

S>FEAL (molecular evolution)
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) 5z2 (point mutation)

5 ...ATGGTGCTGTC...3"’
5 ...ATGGTACTGTC...3"’
o) #EAZEE (insertion) ©) ®%z2  (deletion)
5’...ATGGTQETGTC...3’ 5’...ATQ§TGC3§TC...3’
I\\ 1 »
[ 7

5’...ATGGTGAGCATACTGTC...3" 5’...ATGTC...3’
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Eat

10 20 30 40 50
human VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH

o o o o . ®© o 0o 0 00 0 0 0 0 © o 0 06 00 0 0 0 0 0 0
e o o C et e s sttt et ecseocsssssssesse HE - -

mouse VLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSH
10 20 30 40 50

60 70 80 90 100
human GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL

. e o 0o 0 0 0 0 o ®© 06 06 06 060 060000000 0 00
c sttt sttt sttt st eec oo s ecseecsecssessssssssssssces

mouse GSAQVKGHGKKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKL
60 70 80 90 100

o o o
e o o

110 120 130 140
human LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

© o 0o 0 0 0 0 0 0 ®© © 06 06 06006 0600606000000 0000000
- ct et s sttt

mouse LSHCLLVTLASHHPADFTPAVHASLDKFLASVSTVLTSKYR 20/141
110 120 130 140
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ZRZE E (mutation) & B (substitution)
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ZRZE E (mutation) & B (substitution)

BEBRRAREEIL, EMrolREEND
(B8 DFER or flfLEIK)



ERZE E (mutation) & B (substitution)

B REATRITEARICEFTTICLAEY
%./i\ﬁib‘%@w@‘#ﬁl_h?f%??ﬁ%
Zond  (EDEER)



ZRZE E (mutation) & B (substitution)

P BERERDEEIX T VX LITEHL
FEXRPICEMPICEE  GRIRAYIZHIT)

B ICW-B &P 0B %8 (polymorphism)
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2R WGD 1= &

2 round whole genome duplication

BHEFYOT /) LIECORMEBBOERE 2R OELT / LEEAKRILI-EWLD

SOhno Evolution
Gene

Duplication

e
KEFEZI1Z & Y [Evolution by Gene Duplication]

Susumu Ohno
(1928 - 2000)

S

Sornger-Verdag &7 New York - Heidelberg - Barin

Evolution by Gene Duplication (1970)



DDC (duplication, degeneration, complementation) model

3D FIVF XD

Gene A Gene A’

_W—W_ E’Tﬁ%i%ﬁ (gene dUp“Cation)
N——7
duplication

Non-processed
pseudogene A
Non-functionalization =~ Gene A  (#nEEF)

Funct
(pseudogenization) iR RO Function A

HHMETIILEREL
Gene A Gene B

Neofunctionalization_w_wj_ Functions A + B

Gene A’ Gene A" h

Subfunctionalization _W:'—W:'_ Functions A' + A" = A

J




Phase | of DDC €7 JL

+ Duplication
= Full function — -
5 —HE - e, —
C3 Dead TUNCHION | ook eeeees e eseeeseeee s e e e s eeee e e e earetessnessenessenenenensearessnens
A New function ;
Phase |

I
Nonfunctionalization / Neofunctionalization Subfunctionalization

i
|

INE TRy 7 AN EIBHEESERT, KEARy 7R Fa— FEEEZERT,

Phase [lZH LT, subfunctionalization T, flEIEBO W DAhEN, EEL/-OE—(X
MHENARRRIZ—ra2RL, laE—0EBO#Miea iz cE %,
NeofunctionalizationlZHB W T H, HIEHBEEHAZTILT B &AL NT TS,



Phase Il of DDC €757 J)L

i

+ Duplication
= Full function — -
5 —HEE - e, —
B3 Dead fUNCHON | ..o s s s s e ar e e s sae et e senebesenenrestsensenees
£ New function ‘
Phase I

I
Nonfunctionalization / Neofunctionalization Subfunctionalization

i
|

Force et al. (1999)

Neofunctionzalition £ 7=subfunctinalization T4 U 7- 3 & — O D &I EHEE O 1 0 7L & 74 8 15
MNiEN, FKBENRX—2 O A ED,
Pseufogenizationix. Phase I1ZIZB8{R L 72 Ly
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&, BOWEK

Eb. Sy b
DiFEMME

paralogous

E b v bk EbR Zv b

e > orthologous

ANESZOEa ANEZOEVB



#—v A # X (orthologous)
BHMEIT LS8 L 7= 48 R 72 B R

HalE
(homologous)

NFAHR  (paralogous)
B FEEICK > THIE L 7-HEZRE®R



A, MHRIZ /NI BEDO#ENTET H5DH 7

“A major objective of the analysis of protein sequences is to discover which share
a common ancestor. Determining an evolutionary relationship 1s useful because it
generally implies a common or similar function.”

Hubbard, T.J.P. (1997) Current Opinion in Str. Biol. 7, 190-193.
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Ae5IA
FcsIB (HREREAN)

Bc%1C
25D (H&BE%0)

FWahEEs

FUWahEEHISRRLLL 7
fc5 % Be5IDBD R H H IR

MALECH DR T, BECEERAD
bordbnlE, 2no L RKOES
HHWNETEEZEHE T 5D D & HER



KB EIET V-SIS

4
B =

2515 — 2 X —

- W

/MR REF
(PDGF)

DELHRTE

)

V-SIS gene

/

v-sis I3, BAREFE L TOEHRZ

E#FElF5H I & TELESIZRIT,

Simian Sarcoma Virus

YILARET A LR



GPCRs

Monomer function
Peptides

Coupling with ® e
trimeric G-prOtein / Nucleic acids
Conformation B
change
G-protein

activation




GPCRs

 Membrane proteins

e Bind neurotransmitters
(physiologically  active  peptides,
amines, nucleic acids, etc).

- Ligand binding to GPCRs causes ;;%::e

Y
§ k »
B

conformation changes. RN g
It leads to  several
transductions conjugated e

trimeric G-proteins.



GPCRs

« About 1000 genes in human genome
« Target for ~45% of clinically marketed drugs

e Divided into b classes based on sequence
similarity (Class A-E, the other) |
 Atomically resolved structure in j,_f‘ .
GPCR: Bovine Rhodopsin
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GPCRLUSN D &% —77 v MR D]
b SR ()

NS TF

e

Kow o TFHg A rok—4"7y hELTD
YA MDAV ROFRERETA A VBRIE

DT/ LBEF.

7/ LRIZE] ER1E

ESTEZFA 5 DIERR

EBET /) LT—EIA=T

BF{— E HAIU X%t (2005)



BLAS T (Basic Local Alignment Search Tool)

https://blast.ncbi.nlm.nih.gov/Blast.cgi

m National Library of Medicine e

National Center for Biotechnology Information

BLAST ® Home Recent Results Saved Strategies Help

&2 Check out the ClusteredNR database on BLAST+ [ Learn more l ’ Give us feedback

Basic Local Alignment Search Tool

BLAST Quick Start guides!
BLAST finds regions of similarity between biological sequences. The Need some help getting started with BLAST?
program compares nucleotide or protein sequences to sequence
datab: and calculates the statistical signi Learn more Thu, 22 Jun 2023 More BLAST news...
Web BLAST

LT

/

BLAST Genomes
Enter organism common name, scientific name, or tax id m
Human Mouse Rat Microbes
Standalone and API BLAST
‘ Download BLAST = Use BLAST API Use BLAST in the cloud
L—J Get BLAST databases and executables mm Call BLAST from your application Start an instance at a cloud provider

Specialized searches

Find proteins highly similar Design primers specific to Compare two sequences Find conserved domains
to your query your PCR template across their entire span in your sequence
(Needleman-Wunsch)



MHRIECS O EesEg T O FIE

BF—RTv 7 HREIESH D YNE

v

BE-RFv 7 BRBNDNVNFITANTIA AV B

\

BERTFYT i TI7AVXAY PO DOBEE - #83E - EW
15k D3 H



2. 5774 A~ F (sequence alighment)

ELDOBETHOINDELZZE LAah »., MBREIZABESDED
Wi d 2EE (HAH5WE7 I /8 Z#REICAMAEBICENDIRE
HHWNE, FOBREICE>TTERDD,

INDELICHIG L TF¥ v v F(gap) & K IEN B ZEEESHEIBEAL
MEBEZTH LT, BERCT I/ BENIEDIT5,

BE. BREHEE(dynamic programing algorithm)2, Z o
NY)I—2avzaAnT, BEROBUEN NS ERD LIS
To7AVAY MHHEERINS,

T 74Xy hOREIZRE



RILFTLNT 7442 F (multiple alignment)

DT RGREEEST 21218, FTEHAROMERES
IZDOWTDORILTFTILT 74 v X b HAERRT 5,



U F—L DT 3/ ERES

>LYC HUMAN E b Lysozyme C
MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTRATNYNAGDRST
DYGIFQINSRYWCNDGKTPGAVNACHLSCSALLQDNIADAVACAKRVVRDPQGIRAWVAWRNRCQONRDVR
QYVQGCGV

>LYC1 BOVIN DY Lysozyme C 1
MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTKATNYNPGSEST
DYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDTIAKAVACAKQIVSEQGITAWVAWKSHCRDHDVSS
YVEGCTL

>LYC CHICK =7 bU Lysozyme C
MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNTDGSTD
YGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDGNGMNAWVAWRNRCKGTDVQA
WIRGCRL

>LYC2 ONCMY ¥R Lysozyme C II
MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQATNRNTDGSTDYGI
FQINSRYWCDDGRTPGAKNVCGIRCSQLLTADLTVAIRCAKRVVLDPNGIGAWVAWRLHCONQDLRSYVA
GCGV

>LYC BOMMO J14 O Lysozyme
MQKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENLMRNWVCLVEHESSRDTSKTNTNRNGSKDYGL
FQINDRYWCSKGASPGKDCNVKCSDLLTDDITKAAKCAKKIYKRHRFDAWYGWKNHCQGSLPDISSC

>LYSP DROME /NI Lysozyme P
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQLAKWTCIAQHESSFRTGVVGPANSNGSNDY
GIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQROQQOGWTAWSTWKYCSGSLPSINSC
F



< L Ffastale &%

>gi|443546 |pdb|7HVP |A Chain A, Protease Of Human Immunodeficiency Virus 1
POITLWORPLVTIRIGGQLKEALLDTGADDTVLEEMNLPGKWKPKMIGGIGGFIKVRQYDQIPVEIXGHK
ATIGTVLVGPTPVNIIGRNLLTQIGXTLNF

> HIV2 protease (NP_663784 REGION: 523..603)
vtayiedgpv evlldtgadd sivagielgd nytpkivggi ggfintkeyk nveikvlnkr
vratimtgdt pinifgrnil t

> simian immunodeficiency virus SIV-mnd 2 (NP_758887 REGION: 72..166)
slwnrpttvv eieggkveal ldtgaddtvi kdldlkgnwk pgiiggiggs invkgffnck
vtiagkttha svlvgptpvn ivgrnvlkkl gctln

>gi|4389337 |pdb|1BAI|A Chain A, Rous Sarcoma Virus Protease
LAMTMEHKDRPLVRVILTNTGSHPVKQRSVYITALLDTGADDTVISEEDWPTDWPVMEAANPQIHGIGGG
IPVRKSRDMIELGVINRDGSLERPLLLFPLVAMTPVNILGRDCLQGLGLRLTNL

>gi|224443|prf||1104339A MoMulLV protease
TLDDOGGQGQEPPPEPRITLKVGGQPVTFLVDTGAQHSVLTONPGPLSDKSAWVQGATGGKRYRWTTDRK
VHLATGKVTHSFLHVPDCPYPLLGRDLLTKLKAQIHFEGSGAQVMGPMGQPLQVL

1.BAE. AR—ZXAHVTWTEHEELAEWZ EIER
2. Mafftiz AXFEH, ZWXFEHXFEFTICEINEZNEL T<NDED. V7 MZL-oTIE
AXNFEHDWETNXFLHIMUEBTCELRWEELAHL2HhD LW



MAFFTICE BRIV FTAT A4 A b

mafftiZ = HARE THE I N, MEMNEIC L > TR
FRINTWABTLFINT A VA D7 =Y T 7T

ENDZ L OMFTHEE TR INTWS,

Web ETOT7 54 X b —EXICIZ, £7>A—KRKLTHED
PCETHEBETZE %, Mac, Windows, Linux7 &84 % 0SICXG L TWLW 5

Z ZTlE. webservicek L TRAFEINTWEmafftzF|BEd %,

https://mafft.cbrc.jp/alignment/software/
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DY F—LDOT I /B <ILFTIL - 754Xk Clustalfe=

CLUSTAL W (1.81) multiple sequence alignment

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

-~MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTR
-MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTK
——-=MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQ
-~MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQ
-~MOKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENL---MRNWVCLVEHESSRDTS
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQ---LAKWTCIAQHESSFRTG

*% K, s * T sk kg Kk, Ok

ATNYNAGDRSTDYGIFQINSRYWCNDGKTPGAVNACHLSCSALLODNIADAVACAKRVVR
ATNYNPGSESTDYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVS
ATNRN-TDGSTDYGIFQINSRYWCDDGRTPGAKNVCGIRCSOLLTADLTVAIRCAKRVVL
ATNRN-TDGSTDYGILOINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVS
KTNTN-RNGSKDYGLFQINDRYWCS--KGASPGKDCNVKCSDLLTDDITKAAKCAKKIYK
VVGPANSNGSNDYGIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQR
*okkkgokkk gokd, * g Kk, %3 HHH *kgee

DPQGIRAWVAWRNRCONRDVRQYVQGCGV
E-QGITAWVAWKSHCRDHDVSSYVEGCTL
DPNGIGAWVAWRLHCONODLRSYVAGCGV
DGNGMNAWVAWRNRCKGTDVQAWIRGCRL
R-HRFDAWYGWKNHCQGS--LPDISSC——
0-OGWTAWSTWK-YCSGS--LPSINSCF-

. * % * e * : *
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DY F—LDOT I /B <ILFTIL - 754Xk Clustalfe=

CLUSTAL W (1.81) multiple sequence alignment

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

-~MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTR
-MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTK
——-=MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQ
-~MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQ
-~MOKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENL---MRNWVCLVEHESSRDTS
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQ---LAKWTCIAQHESSFRTG

*% K, s * T sk kg Kk, Ok

ATNYNAGDRSTDYGIFQINSRYWCNDGKTPGAVNACHLSCSALLODNIADAVACAKRVVR
ATNYNPGSESTDYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVS
ATNRN-TDGSTDYGIFQINSRYWCDDGRTPGAKNVCGIRCSOLLTADLTVAIRCAKRVVL
ATNRN-TDGSTDYGILOINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVS
KTNTN-RNGSKDYGLFQINDRYWCS--KGASPGKDCNVKCSDLLTDDITKAAKCAKKIYK
VVGPANSNGSNDYGIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQR
*okkkgokkk gokd, * g Kk, %3 HHH *kgee

DPQGIRAWVAWRNRCONRDVRQYVQGCGV
E-QGITAWVAWKSHCRDHDVSSYVEGCTL
DPNGIGAWVAWRLHCONODLRSYVAGCGV
DGNGMNAWVAWRNRCKGTDVQAWIRGCRL
R-HRFDAWYGWKNHCQGS--LPDISSC——
0-OGWTAWSTWK-YCSGS--LPSINSCF-

. * % * e * : *




ClustallERX7 74 X~ F FERO Y v RILDERE

G, ERICREF
“TTl, BUOWYEBLEREMEDH B T IV — T TIRTE
“TTIE, BBWELIMDH B T IL— T TIRTE

PRGSO EE (L, PAM250 THICBWT, 7 I /BEOXa7A05&
DREWD, OBLULTFHATHITTWLWS



ARAF7 - T—7 I
L D7 I/ BEBRIZFERGFEDN

Dayhoffd X 2377 7
S

NI X ARAR=E<TOMZO<IZIHIMCTUAHWL>O

G A T

5

1 2

1 1 2

(7] 1 1 3
-1 1 1 0
-4 -2 -3 -2
-3 -1 -1 0
-3 -1 -2 -1
-1 (/] -1 0

1 (/] 0 0

0 (/] 1 0

0 0 0 0
-1 (/] -1 -1
-5 -4 -3 -3
-5 -3 -3 -3
-7 -6 -2 -5
-2 -1 (7] 0
-3 -2 (7] -1
-2 -1 -1 -1
-3 -2 (/] -2

Dayhoffa — K

— 7L

P L I M Vv D N E Q F Y W K R
[

-3 [

-2 2 5

-2 4 2 (3]

-1 2 4 2 4

-1 -4 -2 -3 -2 4

-1 -3 -2 -2 -2 2 2

-1 -3 -2 -2 -2 3 1 4

0 -2 -2 -1 -2 2 1 2 4

-5 2 1 0 -1 -6 -4 -5 -5 9

-5 -1 -1 -2 -2 -4 -2 -4 -4 7 10

-6 -2 -5 -4 -6 -7 -4 -7 -5 (1] (1] 17

-1 -3 -2 0 -2 (1] 1 (1] 1 -5 -4 -3 5

) -3 -2 0 -2 -1 0 -1 1 -4 -4 2 3 6
) -2 -2 -2 -2 1 2 1 3 -2 ) -3 ) 2
-3 -6 -2 -5 -2 -5 -4 -5 -5 -4 o -8 -5 -4

(1) G,A,S, T, P: small hydrophilic residues

(2) L, I, M, V: hydrophobic residues

(3) D, N, E, Q: nagatively charged residues and the relatives
(4) F, Y, W: aromatic residues

(5) K, R, H: positively charged residues

(6) C: Cys

12



Human
Bovine
Trout
Chikcen
Silkworm
Fruitfly

Multiple Alignment of Lysozyme Amino Acid Sequences

CLUSTAL W (1.81) multiple sequence alignment

LYC_HUMAN
LYC1_ BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_ BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1 BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

-~MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTR
-MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTK
——-—-MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQ
~MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQ
-MOKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENL---MRNWVCLVEHESSRDTS
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQ---LAKWTCIAQHESSFRTG

ATNYNA

ATNYNP
ATNRN-
ATNRN-
KTNTN-
VVGPAN

. %k *
. . e o o .

RSTDYGIFQINSRYWCNI
ESTDYGIFQINSKWWCNI
GSTDYGIFQINSRYWCD]

H * s sk % s k% *

GSTDYGILQINSRWWCNDPGRTPGSRNLCN:

GSKDYGLFQINDRYWCS+-KGASPGKDCN' .
GSNDYGIFQINNKYWCK’ADGRFSYNECG]Q{
*

* kkkookkk * %
. o o L]

DPOGIRAWVAWRNRCONRDVRQYVOGCGV
E-QGITAWVAWKSHCRDHDVSSYVEGCTL
DPNGIGAWVAWRLHCQONODLRSYVAGCGV
DGNGMNAWVAWRNRCKGTDVQAWIRGCRL
R-HRFDAWYGWKNHCQGS--LPDISSC--
0-OGWTAWSTWK-YCSGS--LPSINSCF-

* % * e * o *




£ F— 7 : short stretch of conserved amino acid sequences
When several motifs are found by the sequence comparison,
the sequences are closely located in the 3 dimensional structure.

A B C

vy

(a)

%

(c)

catalytic center of enzyme Interface of complex hydrophobic core



Characterization of Retroviral Proteases
- Development of HIV Protease Inhibitor -



Retroviral Reverse Transcriptase

Protease Domain

RNA/DNA-directed DNA polymerase Domain

Ribonuclease H Domain

DNA endonuclease (Integrase) Domain




CLUSTAL format alignment by MAFFT L-INS-i (v7.130b)

gi|443546|pdb|7
HIV2

simian

gi| 4389337 |pdb]|
gi|224443|prf| |

gi|443546|pdb|7
HIV2

simian
gi|4389337|pdb]|
gi|224443|prf| |

gi|443546|pdb|7
HIV2

simian
gi|4389337|pdb]|
gi|224443|prf||

POITIW-————————— ORPLVTIRIGGQL-=====——=—=— KEALLDTGADDTVLEEMNLPG
———————————————————— VTAYIEDQP---=—==—-—-—--VEVLLDTGADDSIVAGIELGD
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Retroviral Protease
califlower mosaic virus
copi-like element 17.6 fruit fly
Moloney murine leulkaemia virus
human T-cell leukaemia virus
Rous sarcoma virus

pepsinogen (human)
pepsinogen (pig)
prochymosin (cow)
penisilopepsin
renin (mouse)
renin (human)

pepsinogen (human)
pepsinogen (pig)
prochymosin (cow)
penusilopepsin
renin (mouse)
renin Chuman)

LHCFV-DTGASLCIAS
LKCLI-DTGSTVNMTS
VTFLV-DTGAQHSVLT
TEALL-DTGADMTVLP
ITALL-DSGADITIIS

Aspartic Acid Protease (C-terminal domain)

CQAIV-DTGTSLLTGP
CQAIV-DTGTSLLTGP
CQAIL-DTGTSKLVGP
FSGIA-DTGTTLLLLP
CEVVV-DTGSSFISAP
CLALV-DTGASYISGS

Aspartic Acid Protease (N-terminal domain)

DFTVVFDTGSSNLWVP
DFTVIFDTGSSNLWVP
EFTVLFDTGSSDFWVP
TLNLNFDTGSSDFWVP
TFKVMFDTGSANLWVP
TFKVVFDTGSSNVWVP
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The Retroviral Protease  Coffin, JM (1997) Retruviruses
Proteolytic processing at specific sites in the Gag and Gag-Pro-Pol (and sometimes Env) § ik
an essential step in the viral life cycle. Since PR has a central role in proteolytic processifi
target for the design of inhibitors of viral replication. This section describes the retrovira
to its central role late in the viral life cycle.

Identification of the Viral Protease as an Aspartic Proteinase

Evidence for a role for a PR in the viral life cycle came from the observation that the Gag
synthesized as a larger precursor that is subsequently processed through a series of int
protein products found in the mature virion (Vogt and Eisenman 1973; Vogt et al. 1975). Subsequently, a virion-
associated PR was detected that had the specificity to produce these proteolytic cleavages (Von der Helm 1977,
Yoshinaka and Luftig 1977a; Dittmar and Moelling 1978; Vogt et al. 1979; Lillehoj et al. 1988; for review, see
Oroszlan and Luftig 1990). A demonstration of the critical role of PR in the viral life cycle came from genetic studies
—initially with MLV and then with HIV-1—in which it was shown that mutations placed near the 5'end of the pol
gene resulted in the production of noninfectious viral particles containing unprocessed Gag and Gag-Pro-Pol
precursors (Crawford and Goff 1985; Katoh et al. 1985; Kohl et al. 1988). These experiments defined the pro gene
downstream from gag and upstream of the RT-coding domain of the pol gene (see also Levin et al. 1984; Kramer et
al. 1986; Farmerie et al. 1987). The pro gene appears in different reading frames relative to gag and pol, depending on
the genus (see Chapter 2 and Fig. 5).

A major step was taken in our understanding of PR when sequence alignments revealed similarities with the aspartic
proteinase family of enzymes (Toh et al. 1985). Proteinases are grouped into families based on the chemical entity
that effects hydrolysis of the peptide bond. All aspartic proteinases share the feature that two aspartic acid residues,
each placed in the highly conserved motif Asp-Thr/Ser-Gly, coordinate a water molecule used to hydrolyze the target
peptide bond. Sequence alignments of retroviral genomes showed that this conserved motif is encoded in all known
retroviruses.
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CLUSTAL format alignment by MAFFT L-INS-i (v7.402)

2APRN
2APRC

2APRN
2APRC

2APRN
2APRC

2APRN
2APRC

AGVGTVPMTDYGNDIEYYGQVTIGTPGKKFNLDFDTGSSDLWIASTLCTNCGSGQTKYDP
————————————————————————————————— YD--—————m——————————_STKFKG

HE JEx,

NOSSTYQADGRT-WSISYGDGSSASGILAKDNVNLGGLLIKGQTI-=--- ELAKREAASF
SLTTVPIDNSRGWWGITVDRATVGTSTVAS---SFDGILDTGTTLLILPNNIAASVARAY

HIR L O I T I L HHR *

ASGPN-DGLLGLGFDT=-===-— ITTVRGV--KTPMDNLISQGLISRPIFGVYLGK-—=-—
GASDNGDGTYTISCDTSAFKPLVFSINGASFQVSPDSLVFEEFQGQCIAGFGYGNWGFAI

* kk HI HEHH HE A I T O L *3

----- AKNGGGGEYI----————————-FGG
IGDTFLKN----NYVVFNQGVPEVQIAPVAE
* % B

LRI R AEVDEERHEIRZ (T TIXIELWLWZ SA U AU RDMENLELY
AAT7AILIE 2aprNC.fasta
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http://ekhidna?2.biocenter.helsinki.fi/dali/

New Tab

Dali server

C ® © & ekhidna2.biocenter.helsinki.fi/dali/

DALI

PROTEIN STRUCTURE COMPARISON SERVER

About PDB search PDB25 Pairwise All against all Gallery References Statistics Tutorial

Download

The Dali server is a network service for comparing protein structures in 3D. You
submit the coordinates of a query protein structure and Dali compares them against
those in the Protein Data Bank (PDB). In favourable cases, comparing 3D structures

may reveal biologically interesting similarities that are not detectable by comparing
sequences.

You can perform four types of structure comparisons:
e Heuristic PDB search - compares one query structure against those in the

Protein Data Bank
e Exhaustive PDB25 search - compares one query structure against a

87
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No 1: Query=s001A Sbjct=tO01A Z-score=5.7

back to top

DSSP  --—---- 1LLLEEEEEEE11LLEEEEEE-EELLL----LEEEEEEEELLLLLLEEELL1L
Query ------- aGVGTVPMTDYgnDIEYYGQV-TIGTP----GKKFNLDFDTGSSDLWIAST1c
ident [ 1] I I [1] I

Sbjct ydstkfkgSLTTVPIDNS--RGWWGITVARATVGtstvASSFDGILDTGTTLLILPNN--
DSSP  11hhhl11LLEEEELLLL--LLLLEEEELEEEEL1eeeELLEEEEELLLLLLEEEEHH--

DSSP  11111111LLLHhh111LEEEEEEeeeellllleeEEEE--------- eeEEEEELLEEE
Query tncgsgqtKYDPngsstYQADGRTwsisygdgssaSGIL--------- akDNVNLGGLLI
ident | |

Sbjct -------- TAAS--varAYGASDN---------- gDGTYtiscdtsafkpLVFSINGASF
DSSP  -------- HHHH--hhhHHLLEEL---------- 1LLLEeelllhhh111EEEEELLEEE
DSSP E--------------- eeeEEEEEeelhhhhl11]L1LEEEEL11hhh1111111LHHHHHN
Query K--------------- gqtIELAKreaasfasgpnDGLLGLgfdtittvrgvk TPMDNL1
ident | | |

Sbjct QvspdslvfeefqgqciagFGYGN--------- wgFAIIGD-+---------- TFLKNN-
DSSP EelhhhheeeeelleeeelEEEEL--------- L1LEEELH-+---=------- HHHLLE-

DSSP  h1111111LEEEEEL1hhh11LEEEEEL---1
Query sqglisrpIFGVYLGkaknggGGEYIFG---g 173
ident I I

Sbjct -------- YVVFNQG------ VPEVQIApvae 152
DSSP  -------- EEEEELL------ LLEEEEEelll

48
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Baba et al. (2006) Mo/ Syst Bio/ 2, 0008

gene essential
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N non essential
0024 u unknown
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b0026 E essential
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Evolutionary Rate and Duplicability in the Arabidopsis
thaliana Protein—Protein Interaction Network

David Alvarez-Ponce'?* and Mario A. Fares'-%*

Genome Biol. Evol. 4(12):1263-1274. (2012)
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Singleton  SSD WGD

Fic. 2—Average number of interactors for proteins encoded by
singleton, whole-genome duplication (WGD), and small-scale duplication
(SSD) genes. Error bars represent the standard error of the means.



Increased Genome Sampling Reveals a Dynamic Relationship
between Gene Duplicability and the Structure of the Primate

Protein—Protein Interaction Network
Aoife Doherty,T David AIvarez—Ponce,T and James O. Mclnerney*

Mol. Biol. Evol. 29(11):3563-3573 (2012)
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