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DNA/RNA synthesis
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DNA Synthesis
Columns ]
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A column is used as the source
of nucleotides immobilized on a
solid support at their 3' end.
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The first step in oligo synthesis is to remove the acid-labile,
dimethoxytrityl (DMT) protecting group on the 5'-hydroxyl of
the support bound nucleoside
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Coupling

Coupling

New Base

Coupling continued
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Less than 2% of the free
5’ Hydroxyl groups do not
react, so no base is added.

These failed sequences cannot
be allowed to grow.
They must be capped.

Equal volumes of acetic anhy-
dride and 1-methylimidazole
are simultneously delivered to
the column acting as a power-
ful acetylating agent.

The 5’Hydroxyls are rendered
unreactive.




Oxidation .
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Following oxidalion, a cycle ol nucleolide addilion is complele.
The 5" lerminus of the oligomer is prolected by the DMT group.
DNA synthesis continues by removing the DMT group and repeal-
ing another cycle of base addilion. This is done unlil DNA of the
specitied length has been lully synthesized.

The oligos are usually synthesized with “Trityl off”
when purilying by gel eleclrophoresis or
ion exchange HPLC.

Syntheses are lell “Trityl on”
when purilying by OPC or Irilyl-specilic,
reverse phase HPLC,




Cleavage and

Deprotection

——y

When synthesis is finished, the
product and capped failure
sequences(slill altached to the
support column) exist as phos-
phate-proteded, base protected
phospholriesters.

The oligos must be cleaved from
the support column and completel
deprolected lo render the DNA
biologically aclive.

Cleavage and Deproteclion is car-
ried out simultaneously on the in-
sirument via addition of concen-
trated Ammonium Hydroxide.




Structure of standard
Guanosine cyanoethyl
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Phosphoramidites are chemically modified nucleosides.
There are four groups added.

* A diiopropylaminephosphoramidite on a 3’ trivalent
moiety, which is stable until tetrazole is added

A D cyanoethylprotecting group which prevents

side reactions and aids solubility and is removed in the am-

monia during deprotection
* A dimethoxytritylprotecting group on the 5" hydroxyl

* A benzoyl protecting group on the exocyclic amine of
A and C and ani=ohulyryi protecting group on the exo
cyclic amine of G. There is no exocyclic amine on T,
so there is no protecting group present




Summary

e Rapid 2-3 days for short oligos
e Cheap, ~$.25 per/base/mg
e Efficiency about 98-99% per cycle

e Length limited by efficiency (~130)
HW Problem




Types of labels for DNA/RNA

Fluorescent labels

Abs 336-800nm
Functional labels

Amine, thiol, carboxyl, aldehyde
Affinity Tags

Biotin

Digoxigenen

TEG



Fluorescent examples
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Functional examples
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Affinity examples
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Example for single mol SNP
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With single molecule imaging

Spot size <1 micron

So we can probe 104
times more samples




Isolation of Genomic/Plasmid
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exchange
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Wastewater rich in
Ammonia (NHg*)

Exhaustion Cycl

Ammonia (NH;*) bond
favorably to Zeolite replacing
Sodium (Na*).

Ammonia (NHz*) to
Recovery System

Regenerated Cycle
High concentration of Sodium
(Na*) forces Ammonia (NH;*)
from Zeolite.

Sodium recycled
into effluent




Proteins

e Chemical synthesis

Small peptides and proteins

Small quantities for large proteins
e Biochemical synthesis

Small peptides to large proteins

Relatively small scale at present
e Biological synthesis

Small to large proteins

Small to Industrial scale




Chemical synthesis

e Synthesis
1-50 amino acids
Cost ~ $10/residue/mg
e Synthesis + ligation
~150 amino acids
Cost ....well more.




Chemical synthesis N
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http://www.biotech.uiuc.edu/spps.htm
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Synthesis + Ligation

Gly-Leu-Phe-Asp-Gin
Design the drug

OO "' OO0

4

OO WY

Synthesize peptides

Chemically ligate them
(proprietary to Gryphon) ‘,

Fold into active protein H{:E : { ?

S.B.H. Kent, P. Dawson, Synthesis of Native Proteins by
Chemical Ligation, Annual Review of Biochemistry 69,
925-962 (2000).



Biochemical synthesis

e In vitro translation

Uses all the machinery of the cell for protein
synthesis

0.1 to 1mg of protein
~$500/per run




Over 30 different proteins
produced this way
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Expression

e Use of cellular machinery to make your
proteins

Uses DNA transfection/transformation to modify a
host for protein expression.

From micrograms to kilograms of protein
Cheapest route to proteins, 0.1$/mg or less



The needed components

e DNA of target protein
Via PCR

e EXpression vector
Many, many commercially available

e EXpression host
Bacterial, yeast, insect, mammalian




Expression vector sample
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Which expression system

e Bacterial
Easiest and cheapest

e Yeast
Next easiest cost about the same

e |nsect
Expensive, time consuming

e Mamallian
Most expensive and time consuming




Purification

o Affinity
Best but can be expensive and difficult
Easy when a "tagged” protein is being purified

e lon exchange
Simple and universal

e Size exclusion




Affinity

Change
ipnic: strength

S

7

Elute protein ®
@ of interest
i

Fesin with

antibody
attached

proteins

washed
out of
colUmin



lon exchange

Wastewater rich in

Sodium recycled
Ammonia (NH4")

into effluent

Ammonia (NH4*) bond
favorably to Zeolite replacing
Sodium (Na*).
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High concentration of Sodium

(Na*) forces Ammonia (NH4*)
from Zeolite.
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An ampholyte P
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http://scansite.mit.edu/calc_mw_pi.html
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Size exclusion
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Workshop

e Protein synthesis and protein purification are
much more expensive and complicated
relative to DNA or RNA synthesis and
purification. Why is this?



Characterization of
biomolecules

e DNA/RNA
RT-PCR
Sanger sequencing method

e Proteins
Electrophoresis
Edman degradation sequencing
Active site mapping
Structural techniques




RNA characterization

THE RT-PCR 5TEPS
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We can follow up with
DNA characterization
methods such as
sequencing




RT-PCR key issues

e We can use a poly T primer for RT but we
need a forward primer for the PCR
e Forward primers can be

Gene specific If you know your target
Random primers for general analysis




DNA characterization
Restriction digest
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DNA sequencing

/DI"-IA 1o be saquenced

3 —GAATTCGCTAATGCE

H—CTTAA
Primer
DNA polymerase |
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DNA footprinting
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DNA/RNA characterization

e RT-PCR for RNA

e Restriction digest and sequencing of DNA
Sequence up 500 bp

Combine sequence from digested fragments to
achieve complete genomic sequence



Proteins
Electrophoresis
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Isoelectric focusing
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Amino acid composition
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Mass spec analysis
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2D gels and mass spec

80% of proteins identified for yeast
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Proteins

NMR
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2D NMR
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Proteins i
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Electron density




Active site mapping
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Computational methods

e Sequence comparison

Human hemoglobin {a chain)

VLSPADKTNVEAANGKVGAHAGEYGAEALERMFLSFPTTETY FPHFDLSHG
SAQVKOGHGKKVADAL TNAVAHVDDMPNALSALSDLHAHKLEVDPYNFELLS
HCLLYVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

Human myoglobin

GLSDGEVWDLY LNVWGEVEAD | PGBHGQEVLIRLFEGHPETLEKFDREFREHLES
EDEMEASEDLEEHGATVLTALGG | LKKKGHHEAE | KPLAQSHATEHK I PVE
YLEFISECI IQVLQSKHPGDFGADAQGAMNKALEL FREDMASNY KE LGFQG
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Optimizing alignments
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Hydropathy analysis
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Tools

e hitp://www.ebi.ac.uk/services/
e http://us.expasy.org/
e http://blast.ncbi.nim.nih.gov/Blast.cql



http://www.ebi.ac.uk/services/
http://us.expasy.org/
http://blast.ncbi.nlm.nih.gov/Blast.cgi

Getting a sequence

e ° 'ﬁ http://www.ncbl.nim.nih.gov/

& NCBI Resources (¥ How To (¥ Sign in to NCBI A

p - 0 g National Center for Biotech... * == Use Snipping Tool to capture s...

—=NCBI

National Center for
Biotechnology Information

NCBI Home

Protein v | caab8468|

ol search

Welcome to NCBI

Resource List (A-Z)

Popular Resources

The National Center for Biotechnology Information advances science and health by providing access to biomedical PubMed

All Resources and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | Research | NCBI News PubMed Central
Data & Software PubMed Health
DNA & RNA Get Started BLAST
e e .
Domains & Structures Nucleotide
Genes & Expression + Tools: Analyze data using NCBI software Genome
i - + Downloads: Get NCBI data or software SNP
Genetics & Medicine + How-To's: Learn how to accomplish specific tasks at NCBI G
Genomes & Maps + Submissions: Submit data to GenBank or other NCBI databases ene
Protein
Homology
PubChem
Literature -
Proteins Genomic Structural Variati

Sequence Analysis

Taxonomy

Training & Tutonals

Variation

dbVar archives large scale genomic
variation data and associates defined
variants with phenotypic information.

NCBI Announcements

MNCBI releases Entrez Direct, the Entrez
utilities on the UNIX command line
Feb 6, 2014

MCBI has just released Entrez Direct, a

Sequence Viewer updated to version 3.1
Feb 4, 2014

MNCBI Sequence Viewer provides a
graphical view of sequences and color-
Human CCDS release 15 now available
on web and FTP

Jan 27, 2014
The Consensus Coding Sequence
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ncbi.nimnih.gov/protein/caatsdss O ~ & % conalbumin [Gallus gallus] -.. % | §5 Use Snipping Tool to capture s..

Sign in to NCBI

Protein Protein vl
Advanced
Display Settings: [v] GenPept
conalbumin [Gallus gallus]
GenBank: CAAG8468.1
FASTA  Graphics
Go to: [v)
LOCUS CRAGE4ESE 705 aa linear VRT Z3-0CT-2008
DEFINITION conalbumin [Gallus gallus].
ACCESSION CRRGE468
VERSION CRRE8468.1 GI:-295721
DESOURCE embl accessicn ¥Y00407.1
EEYWCRDS .
SOURCE Gallus gallus (chicken)
ORGANISM Gallus gallus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Eutelesostomi;
Testudines + Archosauria group; Archosauria; Dinosauria;
Saurischia; Theropoda; Coelurosauria; Aves; Neognathae;
Galliformes; Phasianidae; Phasianinae; Gallus.
REFERENCE 1 (residuss 1 to 705)
AUTHCRS Jeltsch,J.M., Hen,R., Maroteaux,L., Garnier,J.M. and Chambon,D.
TITLE Segquence of the chicken ovotransferrin gens
JOURNAL Nucleic Acids Res. 15 (18), 7643-7645 (1987)
PUBMED 3658709
REFERENCE 2  (residuss 1 to 705)
AUTHCRS Jeltsch, J.M.
TITLE Direct Submission
JOURNAL Submitted (17-SEP-1987) Jeltsch J.-M., Inserm U.184 and L.G.M.E. du
C.M.R.S., Faculte de Medecine, 11, rus Humann, F-67085 Strasbourg
COMMENT On Jun 16, 1992 this ssquence versicon replaced gi:63132.
Data kindly reviewsd (30-0CT-15%87) by Jeltsch J.-M.
FEATURES Location/Qualifiers
source 1..705

Jorganism="Gallus gallus"
AR wraf="+owan-G0210

Send to: (v]

Help
Change region shown -
Customize view -

Analyze this sequence
Run BLAST

Identify Conserved Domains
Highlight Sequence Features

Find in this Sequence

Protein 3D Structure

Refined Crystallographic
Structure Of Hen
Ovotransferrin At 2.4

PDB: 10VT

Source: Gallus gallus
Method: X-Ray Diffraction
Resolution: 2.4 &

See all 11 structures...

Articles about the TF gene

pH-dependent conformational transitions in
conalbumin (ovotrai [Cell Biochem Biophys 2011]

Unexpected differences in the behavior of
ovotransferrin at the [J Colloid Interface Sci. 2011]

Identification of novel antioxidative peptides
derived from a thermal [J Agnic Food Chem. 2010]
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'i,] http://www.ncbi.nlm.nih.gov/protein/caab8468 p - 0 gccmalbumin[(iallus gallus] -... X _ {%

Y00407.1:8573..8717,Y00407.1:8987..9051, More about the TF gene -
Y00407.1:9500..9684,Y00407.1:10008..10154, TF gene A
¥00407.1:10813..10650) " Also Known As: LTF, TFEW, conalbumin
/db_xref="GOA:P02783"

/db_xref="InterPro:IPR001156"
/db_xref="InterPro:IPR0O16357"
/db_xref="InterPro:IPR0O18195"
/db_xref="PDE:1AIV"
/db_xref="PDB:1IEJ"
/db_xref="FPDB:1I07"
/db_xref="PDE:1JL4"
/db_xref="PDE:1N04"
/db_xref="PDB: 1NFT"
/db_xref="FPDB: 1NNT"
/db_xref="PDE:10VT"
/db_xref="PDB: 1RYX"
/db_xref="PDE: 1TFA"
/db_xref="PDB:2D3I"
/db_xref="UniProtKB/Swiss-Prot:B02785"

*

Homologs of the TF gene

The TF gene is conserved in human,
chimpanzee, dog, cow, mouse, rat, and
zebrafish.

»

LinkOut to external resources

MODBASE, Database of Comparative Protein
Structure b [MODBASE, Database of Comparat ]

Transcript/Protein Information
[PANTHER Classification System]

ELISA and assay kit
CRIGIN [ExactAntigen/Labome]

1 mklilectvls
yldcikaian
teftvndlgg
pgatiegkle
deyellcldg

301 fhlfgppgkk
361 enrigwcavg
agvcglvpvm

lgiaavcfaa

neadaisldg

ktschtglgr
rqckgdpktk
srgpvdnykt
dpvlkdllfk
kdekskcdrw
aeryddesqc

ppksvirwct isspeekken
ggafeaglap yklkpiaaewvw
sagwnipigt llhrgaiewe
carnapysgy sgafhclkdg
cnwarvaaha vvarddnkve
dsaimlkrvp slmdsglylg
svvsngdvec twvvdetkdci
sktderpasy favavarkds

nlrdltgger
yehtegstts
giesgsvega
kgdvafvkht
diwsflskag
feyysaigsm
ikimkgeada
nvnwnnlkgk

isltcvgkat]
yyavavvkk

kschtavgrt

481 agwvipmgli hnrtgtcnfd eyfsegcapg sppnsrlcgl cggsggippe kcvasshek
541 fgytgalrcl vekgdvafig hstwveentgg knkadwaknl gmddfellct dgrranvmd
601 recnlaevpt havvvrpeka nkirdllerq ekrfgvngse kskfmmfesqg nkdllfkdlt]

661 kclfkvregt tykeflgdkf ytvisslktc npsdilgmes flegk

Evolutionary Trace of Functional Site
[Evolutionary Trace of Functio.. ]

4

Related information
BLink

Related Sequences
Identical Proteins
BioSystems

CDD Search Results
Conserved Domains (Concise)
Conserved Domains (Full)
Domain Relatives

Full text in PMC

Gene

Gene Genotype
GeneView in dbSNP

MNucleotide
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ExPASY

Bioinformatics Resource Portal

Home About Contact

| Query all databases v % search help
Visual Guidance ExPASy is the SIB Bioinformatics Resource Portal which provides access to scientific databases and software tools (1.e., resources) in different areas of life sciences Popular resources
including proteomics, genomics, phylogeny, systems biology, population genetics, transcriptomics etc. (see Categories in the left menu). On this portal you find resources
: from many different SIB groups as well as external institutions i UniProtkB
SIS & SWISSMODEL
genomics — +% STRING
structural bioinformatics el ) e PROSITE
systems biology EMBnet services
phylogeny/evolution Set of bicinformatics tools, databases and
courses Latest News ]
population genetics [details]
transcriptomics Protein Spotlight: a pain soothed -
2014-01-31
biophysics [ ] Pain is part of an animal's life. It is
there to tell us that something is wrong,
DRI and needs to be attended to. There is
IT infrastructure moral pain. And physical pain, the
more definable of the two, which
drug design serves two purposes.. More.

How to use this portal?

UniProt Knowledgebase release
- - - Features and updates 2014 _01 - 2014-01-22

- Experienced ExPASy users: what is different 542 258 UniProtKB/Swiss-Prot entries
(More.)
51,616,950 UniProtKB/TrEMBL entries
(More).

[More news] [SIB news]




) | g http://www.expasy.org/proteomics

Visual Guidance

proteomics
protein sequences and identificstion
mass spectrometry and 2-DE dsta
protein characterisation and function
families. petterns and profiles
post-translational modification
protein structure
protein-protein interaction
similarity sesrch/alignment
genomics
structural biginformatics
systems biology
phylogeny/evolution
population genetics
transcriptomics
biophysics
imaging
IT infrastructure
drug design

Links/Documentation

ExPASY

Bioinformatics Rescurce Portal

£ + & 28 eeasy: sie Bioinformatics .. x

|Query all databases |

& SIB resources
1 External resources - (No support from the ExPASy Team)

Databases

& neXtProt - human proteins - [more]

& PROSITE - protein domains and families - [more]

£ STRING - profein-protein interactions - [more]

£ SWISS-MODEL Repository * protein structure homology models = [more]
£} UniProtKB « functional information on proteins « [more]

£ UniProtKB/Swiss-Prot = protein sequence database « [more]

EX ViralZone « portal to viral UniProtKB entries « [more]

EX EMBnet services » bioinf tics tools, datab and courses = [more]
£ ENZYME - enzyme nomenclature = [more]

& GPSDB - gene and protein synonyms - [more]

£ HAMAP = UniProtKB family classification and annotation = [more]
EX MetaNetX - Metabolic Network Repository & Analysis = [more]

3 MIAPEGelDB « MIAPE document edition = [more]

& MyHits « protein domains database and tools + [more]

EX PANDITplus « protein families and domains resources » [more]
& PaxDb - protein abundance database « [more]

B3 Prolune - Popular science articles (in French) - [more]

£ Protein Model Portal - structural information for a protein - [more]
£ Protein Spotlight - Informally writlen reviews on proteins = [more]
£ SugarBind « pathogen sugar-binding = [more]

EX SWISS-2DPAGE - proteins on 2-D and SDS PAGE maps » [more]
EX SwissSidechain » non-natural amino-acid sidechains = [more]

& SwissVar - variants in UniProtkB entries + [more]

& TCS - interaction specificity in two-component systems = [more]
£ UniCarbKB - curated glycan database = [more]

[Z7 UniMES {UniProt metagenomic samples) » UniProt Metagenomic and Environmental

Sequences = [more]
[Z7 UniParc (UniProt sequence archive) - UniProt sequence archive - [more]
& UniPathway - metabolic pathways for the UniProtkB - [more]

24 UniRef (UniProt sequence clusters) - UniProtkB sequence clusters - [more]

£ World-2DPAGE Constellation » set of 2DPAGE resources = [more]
£} World-2DPAGE Repository + gel-based proteomics data = [more]

x search help

Tools

& SWISS-MODEL Work - structure homology-modeling - [more]

I+

& SwissDock - protein ligand docking server - [more]

24 2ZIP - Prediction of leucine zipper domains - [more]

24 Jof5 - find user-defined patterns in protein sequences - [more]

EX AACompldent = protein identification by aa composition = [more]
EX AACompSim = amino acid composition comparison = [more]

[Z1 Agadir » Prediction of the helical content of peptides » [more]

EX ALF - simulation of genome evolution = [more]

[Z{ Alignment tools - Four tools for multiple alignments - [more]

& AllAIl - protein sequences comparisons + [more]

21 APSSP « Advanced Protein Secondary Structure Prediction « [more]
[Z1 Ascalaph  Molecular modeling software » [mora]

[Z1 big-PI » predict GP1 modification sites = [more]

£ Biochemical Pathways = Biochemical Pathways = [more]

B BLAST - sequence similarity search « [more]

& BLAST (UniProt) - BLAST search on the UniProt web site - [more]
7 BLAST - NCBI - Biological sequence similarity search - [more]

[Z7 BLAST - PBIL - BLAST search on protein sequence databases - [more]
[Z; Blast?Fasta » Blast to Fasta conversion « [more]

EX boxshade = MSA pretty printer « [more]

[Z{ CFSSP » Protein secondary structure prediction = [more]

[Z ChloroP « chloroplast transit peptides & cleavage sites « [more]
& Click2Drug - Directory of computational drug design fools - [more]
& ClustalO (UniProt) - Align two or more protein sequences - [maore]
EN ClustalW - Multiple sequence alignment = [more]

[Z ClustalW - PBIL » Multiple sequence alignment program « [more]
[Z4 ClustalW2 « Multiple sequence alignment program = [more]

[Z{ Coiled-Coils prediction » Prediction of coiled coils regions « [more]
B COILS - Prediction of Coiled Coil Regions in Proteins + [more]

21 ColorSeq - Color Protein Sequence - [more]

EX Compute pl/MW - theoretical pl and Mw computation - [more]

7 CPHmodels « Protein homology modeling « [more]

[Z{ €©55-Palm » Prediction of palmitoylation sites in proteins « [more]

74 DAS-TMfilter = Prediction of fransmembrane reaions = Imorel

Home About Contact



web.expasy.org/compute_pi/ P~C| ExPASy - Compute pl/Mw t..

e &= http:

ﬂ!‘EXPASY Compute pl/Mw Home | Contact

Compute pl/Mw tool

Compute pl/Mw is a tool which allows the computation of the theoretical pl (isoelectric point) and Mw (molecular weight) for a list of UniProt Knowledgebase (Swiss-Prot or TTEMBL) entries or for user entered sequences
[reference].

Documentation is available.

Compute pl/Mw for Swiss-Prot/ TrEMBL entries or a user-entered sequence

Please enter one or more UniProtkB/Swiss-Prot protein identifiers (1D) (e.g. ALBU_HUMAN) or UniProt Knowledgebase accession numbers (AC) (e.q. P04406), separated by spaces, tabs or newlines. Alternatively, enter a
protein sequence in single letter code. The theoretical pl and Mw (molecular weight) will then be computed

Or upload a file from your computer, containing one Swiss-Prot/TrEMBL ID/AC or one sequence per line: Browse...

Resolution: ® Average or O Monoisotopic

| Click here to compute pl/Mw | Reset |

SIB Swiss Institute of Bicinformatics | Disclaimer &M Back to the Top
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Compute pl/Mw tool

Compute pl/Mw is a tool which allows the computation of the theoretical pl (isoelectric point) and Mw (molecular weight) for a list of UniProt Knowledgebase (Swiss-Prot or TTEMBL) entries or for user entered sequences
[reference].

Documentation is available

Compute pl/Mw for Swiss-Prot/ TTEMBL entries or a user-entered sequence

Please enter one or more UniProtKB/Swiss-Prot protein identifiers (ID) (e.g. ALBU_HUMAN) or UniProt Knowledgebase accession numbers (AC) (e.q. P04406), separated by spaces, tabs or newlines. Alternatively, enter a
protein sequence in single letter code. The theoretical pl and Mw {molecular weight) will then be computed

eyfzegcapg sppnarlcgl cggsgglppe
kcvassheky ~
541 fgytgalrcl vekgdvafig
hstveentgg knkadwaknl gmddfellct
dgrranvmdy
601 recnlaevpt havvvrpeka
nkirdllerqg ekrfgvngse kskfmmfesqg
nkdllfkdlc
86l kclfkvregt tvkeflgdkf [¥]
ytvisslktc :psdi;% f'_egkl

Or upload a file from your computer, containing one Swiss-Prot/TrEMBL ID/AC or one sequence per line: Browse...

Resolution: ® Average or O Monoisotopic

Click here to compute pl/Mw | Reset |

SIB Swiss Institute of Bicinformatics | Disclaimer

& Back to the Top




Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

10
MELILCTVLS

e
YLDCIKAIAN
130
TEFTVNDLOG
190
PGATIEQKLC
250
DEYELLCLDG

370
ENRIQWCAVG

430
AGVCELVEVH

490
AGWVIPMGLI

550
FGYTGALRCL

610
CHNLAEVET

670
KCLFRVREGT

20
LGIAAVCFAR

KTSCHTGLGR

200
RQCKGDEKTE

260
SRQPVDNYKT

320
DEVLKDLLFK

3
KEDEKSKCDR!

=lo

e
alo

4
AERYDDES(Q

500
HNRTGTCHED

HAVVVE.

680
TYKEFLGDKE

30
PPESVIRWCT

a0

GOAFEAGLAE YF

150
SAGRNIPIGT
210
CARNAPYSGY
270
CHWARVAAHA
330
DSATMLERVE

690
YTVISSLKTC

Theoretical pl/Mw: 6.85/ 77776.53

(CH

160
LLHRGAIEWE

220
SGAFHCLEDG

28

0

VVARDDN]

340
SLMDSOLYLG

400
TVVDETKDCI

460
FAVAVARKDS

520
SPPNSRLCQOL

580
ENEADWAKNL

640
REGVNGSE

700
NPSDILOMCS

50
NLEDLTQQER

eb.expasy.org/cgi-bin/compute_pi/pi_t p - O | ExPASy: get pl/Mw

&0
ISLTCVQEAT

110
YEHTEGSTTS YYAVA

NVHWNNLEGE

530
COGSGEIPPL

590
QMDDFELLCT

650
KFMMFESQ

FLEGK

18
VAKFFSASCV

24
TVHENAPDQE

300
SDEGVDIKSD

360
REDOLTPSPR

420
VALDGEGLVYT

480
KSCHTAVGRT

540
KCVASSHEKY

600
DERRANVMDY

660
NKDLLFEDLT

Compute pl/Mw
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