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Proteiny

* Protein, polypeptid, bilkovina.
* Linearni polymer aminokyselin spojenych peptidovymi vazbami.

* Funkce: katalyticka, regulacni, transportni, zprostfedkovani pohybu,
obrannad, strukturalni, zasobni.
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Proteinogeni aminokyseliny

 Stavebni jednotky proteinu: o-L-aminokyseliny.
e 20 standardnich proteinogennich aminokyselin.
* Alifatické (Gly, Ala, Val, Leu, lle).

(Cys, Met).
* S OH skupinou (Ser, Thr).

 Kyselé a z nich odvozené (Glu, GlIn, Asp, Asn).
Aminokyseliny

e Bazicke (Lys' Arg) s podobnymi vlastnostmi mohou
plnit v proteinu stejné funkce — byvaji
vzajemneé zastupitelné


http://prowl.rockefeller.edu/

D-aminokyseliny

An overview on D-amino acids
Giuseppe Genchi! * Bakterie — antibiotika, slozka bunécnych stén (peptidoglykany)

* Eukaryota - biologicky aktivni peptidy

Abstract More than half a century ago researchers thought

that p-amino acids had a minor function compared to Table 1 o-Aminoacid in eukaryotic peptides
L-enantiomers in biological processes. M evidences
. E . Jn}l Drug p-Aminoacid  Source Activity
have shown that p-amino acids are present in high concen-
tration in microorganisms, plants, mammals and humans w-Agatoxin - p-Ser Wenom of funnel-web spider (Agelenopsis aperia) Blocks sodium channels
and fulfil specific biological functions. In the brain of mam- Bombinins n-Alla-Tle Skin secretion of frogs (Bombinaroridas) Antimicrobial and hemolytic activity
mals. p-serine (p-Ser) acts as a co-agonist of the N-methyl- Contriphans  o-Trp Wenom of core snails (Conees radiafis) Causes tremor and mucous secretions when injected into
p-aspartate (NMDA)-type glutamate receptors, responsible fish
for leamning, memory and behaviour. p-Ser metabolism is Deltorphins  p-Ala Skin secretions of three frogs (Phylfomedusa bicolor)  Binds to 3-type opiate receptors, acting as a hallucinogen
o, . E E
relevant for disorders associated with an altered function of Dermorphins p-Met Skin secretions of three frogs (Phylfomedusa sawnvagi) Binds to p-type opiate receptor and acts as an analgesic,

more powerful than morphine

the NMDA receptor, such as schizophrenia, ischemia, epi-

lepsy and neurodegenerative disorders. On the other hand, Achatin | -Phe Ganglia and atrium of African snail (Achaiing fulica) D:ll.[::tur}r neurotransmilter controlling muscle contrac-

p-aspartate (p-Asp) is one of the major regulators of adult Fucilin p-Asn Ganglia of African snail {Achating fulica) Excitatory neurotransmitter controlling penis contractions
neurogenesis and plays an important role in the develop-

ment of endocrine function. p-Asp is present in the neu-

roendocring and endocrine tissues and testes, and regulates ° — D- - - - -

the E}P[Ithf_t;.iﬁ. and secretion of hormones and gpem-_[,at"mgen. SaVCI D Ser’ D Asp A dEIlEﬂE}' of traditional Chinese cuisine is repre-
esis. Also food proteins contain b-amino acids that are nat- . . - sented by pidan. Duck or chicken eggs are immersed
urally onginated or processing-induced under conditions * D-amIHOkySEHI’]y \Y pOtrave at room temperature for at least 30 days in an alkaline
such as high temperatures, acid and alkali treatments and solution prepared with 4.2% NaOH and 5% NaCl, which
fermentation processes. The presence of p-amino acids in leads to extensive racemization of all ovalbumin L-amino
dairy products denotes thermal and alkaline treatments and acids in p-amino acids with the concurrent formation of

microbial contamination. Two enzymes are involved in the
metabolism of p-amino acids: amino acid racemase in the
synthesis and p-amino acid oxidase in the degradation.

lysinoalanine {(Chang et al. 1999).



An overview on D-amino acids

Giuseppe Genchi®

Abstract More than half a century ago researchers thought
that p-amino acids had a minor function compared to
L-enantiomers in biological processes. Many evidences
have shown that p-amino acids are present in high concen-
tration in microorganisms, plants, mammals and humans
and fulfil specific biological functions. In the brain of mam-
mals. p-serine (p-Ser) acts as a co-agonist of the N-methyl-
p-aspartate (NMDA)-type glutamate receptors, responsible
for learning. memory and behaviour. p-Ser metabolism is
relevant for disorders associated with an altered function of
the NMDA receptor, such as schizophrenia, ischemia, epi-
lepsy and neurodegenerative disorders. On the other hand,
p-aspartate (p-Asp) is one of the major regulators of adult
neurogenesis and plays an important role in the develop-
ment of endocrine function. p-Asp is present in the neu-
roendocrine and endocrine tissues and testes, and regulates
the synthesis and secretion of hormones and spermatogen-
esis. Also food proteins contain b-amino acids that are nat-
urally onginated or processing-induced under conditions
such as high temperatures, acid and alkali treatments and
fermentation processes. The presence of p-amino acids in
dairy products denotes thermal and alkaline treatments and
microbial contamination. Two enzymes are involved in the
metabolism of p-amino acids: amino acid racemase in the
synthesis and p-amino acid oxidase in the degradation.

D-aminokyseliny

e D-aminokyseliny v potravée

D-Ala
D-Ser



,Indeed, one of the biggest mysteries _ _
concerning the origin of life is why L- D dAMIiNO kysel | ny
polypeptides were selected as proteins,
while D-polypeptides were eliminated from
primitive Earth.”
» Bakterie — antibiotika, slozka bunécnych stén (peptidoglykany)
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UkOI 1: Najdéte "4 databazi D-4-OH-VAL-Ac - 4 Hydroxy D-Valine D-LY5-C10 - D-Lysine with decanoylated
acetate; CTHISNO4 side group

»Penicillin®. Jakou D-aminokyselinu

. ) . . Interchain Bond @ D-LYS-C12 - D-Lysine with laurylated side
obsahuje? Jak jsou D-aminokyseliny N ) group

Vyznaé'ené v SEkvenCi? D-L¥S-C14 - D-Lysine with myristoylated
Coordination Bond @ side group
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https://www.lifetein.com/Peptide-
Synthesis-D-Amino-Acid.html

D-peptidy
Case study 1: D-amino acid peptides ar@nt to prote@

D Am INO AC' d an d Ret ro-inverso Pe ptl d es Many proteins are easily degraded or tagged for selective destruction in cells. Peptides that are at
least partially made of D-amino acids have shown strong resistance to proteolytic degradation.
eeroe]
Stability of D-amino acid substitution in the flanking region

of TPTPTGTQTPT peptide in human serum

D-amino acids have been detected in & variety of peptides synthesized in animal cells. Examples include Lowercase letters denote D-amino acids
g W = & Ve Y prides sy S “la P < Capital letters denote L-amino acids

Proteins and mast naturally occurring peptides are composed of amino acids in the L-configuration. However,

opiate and antimicrobial peptides from frog skin, neuropeptides frem snails, hormenes from crustaceans, and TPTPTGTQtpt Unstable

venom frem spiders. These D-amino acids form when L-amino acids undergo posttranslational alterations.

tPTPTGTQtpt Improved stability
Improved Protease Stability of the Antimicrobial tptPTGTQTpt Two D-amino acids at the C
Peptide Pin2 Substituted with p-Amino Acids tptPTGTQTP SRR produce a completely
stable peptide
G. Carmona - A. Rodriguez - D. Juarez - _ S— } - tpTPTGTQtpt Fully stable

(. Corzo - E. Villegas . . Ty
Fully retained antibody binding

Bittp fwww.phas.org/eantent/102/2/41 3 full pdf+-html

Pin2 = Pandanin 2




https://www.lifetein.com/Peptide-
Synthesis-D-Amino-Acid.html

D Amino Acid and Retro-inverso Peptides

GE LlOF_'

Proteins and mast naturally occurring peptides are composed of amino acids in the L-configuration. However,
D-amino acids have been detected in a variety of peptides synthesized in animal cells. Examples include
opiate and antimicrobial peptides from frog skin, neuropeptides frem snails, hormenes from crustaceans, and

venom frem spiders. These D-amino acids form when L-amino acids undergo posttranslational alterations.

. ) Mirror . )
L-amino acid D-amino acid

L-peptide D-peptide

@)= 24 o

Retro-inverso peptide
| ~

* L peptide: GRKQP or Gly-Arg-Lys-Gln-Pro; (Example 2: RKDVY, Arg-Lys-Asp-Val-Tyr, TP5,
Thymopentin)

* D peptide: (dG)(dR)(dK)(dQ}{dP) or D (Gly-Arg-Lys-Gln-Pro), (Example 2: dR-dK-dD-dV-dY, D{Arg-
Lys—Asp-Val-Tyr}, D-TP5, Thymopentin)

s Retro-inverso: (dP)(dQ)(dK}(dR)(dG) or D (Pro-Gln-Lys-Arg-Gly}; (Example 2: d(YWDKR), D{Tyr-Val-
Asp-Lys-Arg), Retro-inverse Thymaopentin)

D-peptidy

Retro-inverso peptides

Retro-inverso peptides are composed of D-amino acids that are assembled in the reverse order of
their parental L-sequences. Retro-inverso peptides are cbtained by replacing the normal L-amino
acid residues with the carresponding D-amine acids and reversing the direction of the peptide
backbone. Therefore, the criginal spatial orientation and the chirality of the side chains is
unchanged. This results in a non-complementary side chain topochemistry between the analog

and the parental L-peptide.
Advantages of retro-inverso peptides:

Retention of protein bicactivity
Leng-lasting proteolytic stability in vivo
Antigenic mimicry of natural L-peptides

Review

Recent Applications of Retro-Inverso Peptides

Munzianna Dot 1_. Mario Mardirossian 2, Annamaria Sandomenico ! » Menotti Ruvo 100 and Andrea Caporale 3%

Article

De Novo Design and In Vitro Testing of Antimicrobial
Peptides against Gram-Negative Bacteria

Boris Vishnepolsky *, George Zaalishvili *, Margarita Karapetian 2, Tornike Nasrashvili ?,

Nato Kuljanishvili 2 Andrei Gabrielian *, Alex Rosenthal ¥, Darrell E. Hurt ?,
Michael Tartakovsky 3 Maya Grigolava 1 and Malak Pirtskhalava -+



De novo design peptidu

Article

De Novo Design and In Vitro Testing of Antimicrobial PROPERTY CALCULATIO LINEAR AMP PREDICTION
Peptides against Gram-Negative Bacteria
Prediction o ’= ntimicrobial activity
Boris Vishnepolsky Lw George Zaalishvili 2 Margarita Karapetian 2 Tornike Nasrashvili 2,
Nato Kuljanishvili 2 Andrei Gabrielian ?, Alex Rosenthal *, Darrell E. Hurt 3,
Michael Tartakovsky *, Maya Grigolava ! and Malak Pirtskhalava !+ Antibacterial peptide prediction
P P ro b | é my A M P . d eg ra d ace p rotea sam | tOXIC ké Strain-specificlantibacterial prediction based on ML approaches and data on AMP sequences.
° V4
v/ \'4 . /7
p ro SaVC| b u n ky, p rOd u kce Je d ra h a . Strain-specificjantibacterial prediction based on "clusterization" approach and data on peptide sequences
° DeS|gn Vh Od ny’c h AM P . expe I'I m e nta' I n I' a Strain-specificlantibacterial prediction based on ML approaches and data on peptide sequences and bacterial genomes

Vy,pOéetn II m EtOdy- eptide prediction

* Mnoho rlznych nastrojl pro predikci oeirgbeptc precicon
antimikrobialni aktivity, toxicity a stability AMP.

Prediction of peptides inhibited of virus entry

Ukol 2: Predikujte antimikrobidlni aktivitu Prediction °fp9p“"ega‘”5‘ mammalian el

ndsledujicich peptidi vici Staphylococcus _ o

aureus a Pseudomonas aeruginosa. https://dbaasp.org/tools?page=linear-amp-prediction

FLPLIGRVLSGIL
ALWKTLLKKVLKA



De novo design peptidu

Article

De Novo Design and In Vitro Testing of Antimicrobial
Peptides against Gram-Negative Bacteria Prediction ”“'“‘“"b‘a' sty

Prediction of general antibacterial activity is a tool for predicting the antimicrobial potential of only linear peptides active against
some bacterial strain. It is based on the machine learning algorithm and uses the Moon and Fleming scale (Moon C. P, Fleming K. G,
Proc. Natl. Acad. Sci. U. S. A. 2011, 108 (25}, 10174-10177), and the following physicochemical characteristics of peptides: Hydrophobic
moment, Charge density and depth-dependent potential (for details, see Vishnepolsky B. and Pirtskhalava M. Prediction of Linear
Cationic Antimicrobial Peptides Based on Characteristics Responsible for Their Interaction with the Membranes J. Chem. Inf. Model.
2014, 54,1512-1523, PubMed). The peptide should consist of 20 canonical amino acids, and its length should not exceed 100 amino

* Problémy AMP: degradace proteasami, toxické acics
p ro SaVél, b u ﬁ ky, p rOd u kce je d ra h a, . Paste sequence(s) in FASTA format (the peptide seguence can contain the '+ sign to the end in case of C-terminal amidation):

Boris Vishnepolsky Lw George Zaalishvili 2 Margarita Karapetian 2 Tornike Nasrashvili 2,
Nato Kuljanishvili 2 Andrei Gabrielian ?, Alex Rosenthal *, Darrell E. Hurt 3,
Michael Tartakovsky 3 Maya Grigolava 1 and Malak Pirtskhalava 1*

=1

* Design vhodnych AMP: experimentalni a
vypocetni metody. L

e Mnoho raznych nastrojl pro predikci
antimikrobialni aktivity, toxicity a stability AMP.

Ukol 2: Predikujte antimikrobidlni aktivitu e 10 Crass
ndsledujicich peptidi vici Staphylococcus | AMP
aureus a Pseudomonas aeruginosa. 2 avp

2 out of 2 sequences are AMP(s)

FLPLIGRVLSGIL
ALWKTLLKKVLKA



De novo design peptidu

Article
De Novo Design and In Vitro Testing of Antimicrobial PROPERTY CALCULATIO LINEAR AMP PREDICTION
Peptides against Gram-Negative Bacteria
Prediction o ’= ntimicrobial activity
Boris Vishnepolsky Lw George Zaalishvili 2 Margarita Karapetian 2 Tornike Nasrashvili 2,
Nato Kuljanishvili 2 Andrei Gabrielian ?, Alex Rosenthal *, Darrell E. Hurt 3,
Michael Tartakovsky %, Maya Grigolava ! and Malak Pirtskhalava 1-* Antibacterial peptide prediction
P P ro b | é my A M P . d eg ra d ace p rotea sam | tOXIC ké Strain-specificlantibacterial prediction based on ML approaches and data on AMP sequences.
° V4
v/ \'4 . /7
p ro SaVC| b u n ky, p rOd u kce Je d ra h a . Strain-specificjantibacterial prediction based on "clusterization" approach and data on peptide sequences
° DeS|gn Vh Od ny’c h AM P . expe I'I m e nta' I n I' a Strain-specificlantibacterial prediction based on ML approaches and data on peptide sequences and bacterial genomes

Vy,pOéetnll metOdy' eptide prediction
* Mnoho rlznych nastrojl pro predikci oeirgbeptc precicon
antimikrobialni aktivity, toxicity a stability AMP.
Prediction of peptides inhibited of virus entry
Ukol 3: Predikujte pr\,lllpadné Cytotoxické Prediction of peptidegainst mammalian cells
ucinky peptidi vici savcim bunkam. _ o
https://dbaasp.org/tools?page=linear-amp-prediction

FLPLIGRVLSGIL
ALWKTLLKKVLKA



De novo design peptidu

T 0 X I B T L Prediction of peptides cytotoxicity against mammalian cells

ID Strain Type Class Predictive value
A GENERIC WEBSERVER FOR PEPTIDE TOXICITY PREDICTION
1] Human erythrocytes Mot Active 0.89
2| Human erythrocytes Mot Active 064
Step.1: Input sequences in fasta format
Paste your sequences(at most 200 sequences) with Fasta format below(click here for example)
}1|
IGGDECNINEHFFLVALYDA
21 Results
V:TGGDCIPQ\-’PFLAFLYSEYFC Sequence No. Sequence label result score
)
MTAKKVALACSVCGQRNYFVPENPKRTERLTLKKFCKHCGRVTVHQETK 1 1 toxic 1.0
>4|
FLPLLAGLAANFFPKIFCKITRKC - 1 toxic 0.99999475
>3 3 0 non-toxic 0.00022218066
WNPFKELERAGQRVRDAIISAARAVATVGQAAAIARG
- 4 0 non-toxic 3.790115e-17
Upload a File N .
R — 5 0 non-toxic 2.3627208e-1
| Choose File | No file chosen
6 0 non-toxic 2.035643e-1

https://server.wei-group.net/ToxIBTL/Server.html



De novo design peptidu

Article

De Novo Design and In Vitro Testing of Antimicrobial
Peptides against Gram-Negative Bacteria

Boris Vishnepolsky Lw George Zaalishvili 2 Margarita Karapetian 2 Tornike Nasrashvili 2,

Nato Kuljanishvili , Andrei Gabrielian *, Alex Rosenthal 3, Darrell E. Hurt 3,
Michael Tartakovsky 3 Maya Grigolava 1 and Malak Pirtskhalava 1*

* Problémy AMP: degradace proteasami, toxické
pro savci bunky, produkce je draha.

* Design vhodnych AMP: experimentalni a
vypocetni metody.

e Mnoho raznych nastrojl pro predikci
antimikrobialni aktivity, toxicity a stability AMP.

Ukol 4: Pokuste se ,vylepsit“ antimikrobidlni
aktivitu ndsledujicich peptidd.

ALLLIGGLVLSGIL
FLDLIGGGVLSGIL

Antimicrobial Peptide Designer

Antimicrobial Peptide Database esidue modifications to improve the antimicrobial activity of your peptide

About N
AMP Database Search oo T

Antimicrobial Peptide Calculator

B—— Selected Database-based Peptide Design Methods

1. Motif assembly

per———— g
2. Database filtering technology
Statistical Information 3. Database screening
Related Databases & Prediction 4. Template-based design

Websites

Antimicrobial Peptide Designer

T AR O T Please input your peptide sequence:
About

ALDLIGGRVLSGIR
AMP Database Search

Antimicrobial Peptide Calculator

and Predictor

» Antimicrobial Peptide Designer

Statistical Information

https://aps.unmc.edu/design



De novo design peptidu

Starting sequence No start sequence

(e.q. FFPIVGKLLSGLL-NH3) X ( (e.g. De novo design)

QSAR De novo Linguistic Pattarn Evolutionary
insertion algorithms
e Malecular - + Receptor-based T+ Grammar rules o = .
descfipu:-rs _ s Ligand-based * Amino acid ir::li.let:ﬁirflzq:atlnn E:;?ﬂf
* Physicochemical » Structure patterns « Insertion * Activity
prnFernes . sampling = Regular methods descriptors
. ::ut'lvl'lr':‘:;ﬂhlal . Hahdcfm grammar + Function, = Fitness
sampling structure function

- /

High-throughput screening
(e.g. SPOT test)

990009000000

Antibacterial assay
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Additional antibacterial,
antibiofilm, cytotoxic and

Computer-Aided Design of
Antimicrobial Peptides: Are
We Generating Effective Drug
Candidates?

Marfon H. Cardoso"?, Raquel Q. Orozco'?, Samilla B. Rezende', Gisele Rodrigues?,
Karen G. N. Oshiro'#, Elizabete S. Candido'# and Octdvio L. Franco'23+*

Lead antibacterial candidates

- MNon-toxic candidates

Higher specificity

(1121111 %
0000008
sl lllll N
S000000 8
89008009
(112111158
S0000000-
S000000 8-
S8900000
S8000800
20000008
0000000

Hemolytic assay

New drug candidates

N

In vivo assays Formulation strategies

immunomodulatory assays



L-Alanine « Dp-Alanine

L-Protein

D-Peptide and D-Protein Technology: Recent Advances,
Challenges, and Opportunities**

Alexander J. Lander,” Yi Jin,*™ and Louis Y. P. Luk*®

D-proteiny

yldentification of drug candidates through mirror-image phage
display and related screening technologies”

4 Amplification
& enrichment ,

o

1 Peptide

el 5
library 7 'x;’m
.f___ ¢ %

<

> Bindingto

Fl. -.I
g Q’ %‘ g D-TARGET  L-TARGET
a 8 ™ + L-hindar + D=hinder

L-TARGET D-TARGET

Phage display: vystaveni peptidové sekvence na povrchu
bakteriofagl, selekce peptidl na zakladé vazebnych schopnosti



Jak se chovaji proteiny (v laboratori)?

Limitované mnozstvi proteinu (cena, dostupnost).

In vitro mohou rychle ztracet aktivitu (nutna spravna sekundarni, terciarni a nékdy i kvarterni
struktura).

Mohou byt nestabilni (nékteré velmi nestabilni) mimo své optimalni prostredi v bunce
(organismu).

Pri teploté 95 °C dochazi k uplné denaturaci témér vsech proteint béhem nékolika minut.
K vyrazné destabilizaci a denaturaci mlze ale dochazet jiz za laboratorni teploty (25 °C).

Proteiny jsou Stépeny proteasami a peptidasami. Optimum téchto enzymd je 37 °C, za nizsi
teploty se jejich aktivita snizuje (ale jsou aktivni i pfi 4 °C). Proteasy se do vzorku dostanou
neopatrnou manipulaci, nedostate¢nou purifikaci a jsou také produkovany mikroorganismy.

Kontaminace vzork( (bakterie, plisné).

...Zlobi.



Jak se chovaji proteiny (v laboratori)?

* Proteiny jsou aktivni (a stabilni) v urCitém rozmezi pH.
A to mUzZe byt pro nékteré proteiny velmi uzké... Fyziologické pH pro vétsinu proteint je cca
7,2-7,4. Silné kyselé nebo zasadité prostredi proteiny denaturuje.

acid neutral alkali
4

_— = w w
g5 Z £c8 &
= * 5 =B= 3 i<
= =] ~ = | E =
= b =] ﬁ = = i 1= ”‘:et{g‘ppﬂi"
== = ﬁ m u‘ yeraN
E, ‘E' F E B
~ . = i W
L E i = = e

Pufr, tlumivy roztok, ustojny roztok, ustoj:

latka (smés latek) schopna udrziovat stabilni pH po pfidavku silné
kyseliny nebo zasady do systému.

Priklad: slaba kyselina/jeji stil, HA/A".

Pufry nesmi interagovat s proteiny nebo interferovat s jejich funkci!



Jak se chovaji proteiny (v laboratori)?

* Proteiny vyzaduji pro svou aktivitu (a stabilitu) urcitou koncentraci,soli”. Vysoka i nizka
koncentrace soli mUze zplisobovat agregaci a precipitaci. Proteiny vétSinou nejsou stabilni
v Cisté vodeé.

* P¥i praci s nizkymi koncentracemi proteinl (< 1 mg/ml) se muize vyrazné projevit ztrata
zpUsobend vazbou na stény pouzité nddobky (zkumavky).
Reseni: pridavek ,inertniho” proteinu (BSA), pouziti vhodného plastu a skla.



Jak se chovaji proteiny (v laboratori)?

eppendorf

APPLICATION NOTE No. 382 | October 2016

Comparative Analysis of Protein Recovery
Rates in Eppendorf LoBind® and Other

“Low Binding” Tubes

Rafal Grzeskowiak’, Sandrine Hamels?, Eric Gancarek?®

"Eppendorf AG, Hamburg, Germany; *Eppendarf Application Technologies SA, Namur, Belgium

Abstract

Protein preparation and storage poses a critical step in a
wide range of laboratory applications. Unspecific adsorp-
tion of protein molecules or peptides to polymer surface
of lab consumables has been shown to be a substantial
factor contributing to sample loss during storage/handling
and to influence experimental results. Binding of protein
samples was investigated here by using a sensitive
fluorescence assay, and recovery rates were compared

between tubes of different manufacturers referred to as
“low binding”. The majority of tubes of different manufac-
turers tested showed very poor recovery rates (4 % - 12 %)
after 24 h storage time and do not protect sufficiently
against unspecific loss of protein samples. Eppendorf
LoBind Tubes provided highest recovery rates of pro-
teins (95 %) and thus ensure utmost protection of protein
samples.

Certified Low Adsorption (LA) Vials and
Kits for LC/MS

Supelco's new Low Adsorption (LA) vials are manufactured using a process that decreases the number of hydroxyl groups on the vial's glass surface,
significantly reducing surface activity while improving analytical guantitation and minimizing pH shifts in the sample. This same process also removes
unwanted surface metals such as sodium and boron that can contaminate samples and interfere with trace analysis. Unlike other methods used to
decrease vial surface activity, the elimination of surface activity in LA vials is integral to the manufacturing process and is not a chemical surface
treatment.

These vials and closures are designed, engineered, and manufactured for optimum performance in HPLC, GCMS, and LC/MS applications. The vials
that are used become a critical part of the analysis of the sample. All of the parts of the vial system (vial, cap, and septum) can come into contact with

the sample and are critical to the outcome of the analysis. The right choice for your vials is vital to ensure proper fit with the instrument.

‘We recommend using LA vials with MSQ polypropylene cap/PTFE silicone septa. This cap and septa combination was purposely designed for use
with mass spectrometry. It shows little to no background contamination when compared fo other cap and septa products in the marketplace.

Center Drain (CD)

Vial, 2 mL MRQ20 CD Vial, 0.2 pL Vial, 1.5 mL
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Jak se chovaji proteiny (v laboratori)?

* Proteiny vyzaduji pro svou aktivitu (a stabilitu) urcitou koncentraci,soli”. Vysoka i nizka
koncentrace soli mUze zplisobovat agregaci a precipitaci. Proteiny vétSinou nejsou stabilni

v Cisté vode.

* P¥i praci s nizkymi koncentracemi proteint (< 1 mg/ml) se mlze vyrazné projevit ztrata
zpUsobend vazbou na stény pouzité naddobky (zkumavky).

* Proteiny mohou byt rovnéz poskozeny mechanicky pfi pfilis energickém michani nebo
trepani!




Jak pracovat s proteiny?

Prace za vhodné teploty

Minimalizace kontaminace vzorku (ochranné pomicky)

Inhibitory proteas

Pridavek antibakterialnich latek

Kontrolované prostredi — pufry o vhodném pH

Optimalizovana koncentrace ,,soli“

Pridavek inertnich proteint, specidlni materialy se snizenou vazbou proteint

Opatrna manipulace!

...opatrne.



Jak vybrat vhodné podminky pro praci s
proteinem?

* Informace o homolognich proteinech (z literatury, od kolegu)

» Zkusenosti a/nebo metoda pokus-omyl

* Testovani a vybér nejlepsSich podminek — idealni je pouziti high-throughput metody, mala mnozstvi proteinu

Tabulka IV: 48 podminek . buffer screenu®. Tabulka udéva sloZeni roztoku o rizném pH (2,0-12,0) s riznou koncentraci soli (0,5-5 M) a s pfidavkem riznych aditiv.

1

2 3

da 5 B 7 B 9 10 11 12
Voda 250 mhd maleat, 500 m# ghycin, S00 mikA Tarmidt, SD0mM citrdt, 500 mM kakodylst,  S00mM Hepes, SO0 mbA Bicin, S00 mbA CHES, G5mM bordt, pH  S00mM CAPS, S00 mb Fostit,
A pH2.0 pH 3.0 pH4D pH 5D pH 60 oH 7,0 pH ED pH 9.0 100 pH 110 pH 120
Voda Viiv pH (2,0-12,0; narust = 1)

SO0 mbd acetit, S00 mbd acetit, S00 b acatie, S00 mb MES, SO0mbd MES, S00 mbd M ES, SO0 mbA Ma FosFit, SO0 mb K fosFar, S00 mbd Tris, S00 ik Tris, 500 mkd ghydn, S00 mM ghycin,

B pH 4,0 pH45 pH 50 pH55 pH 6,0 pHES pHT.0 pH 7.5 pH 8.0 pHAS pH 9.0 pH 9.5
Vliv pH (4,0-9,5; narust = 0,5)

500 mikd MES, S00 mbd MES, 500 mbA BMES, 500 mbA MES, 500 mibd Ma foafde, SO0 rmbd Na fosfae, 500 mbA Ma FosFat, 500 mbd Ma fosfit, SO0 rrihA Tris, SO0 kA Tris, SO0 rrvbd Tri, SO0 b Tris,

SO0 b Naill, 1 B Madl, 25 M Nadl, 5 M Mal, S00 b Nadl, 1M HacCl, 25 M Mal, 5 M Mall, SO0 mkA MaOl, 1 M Nadl, 2.5 M Mall, 5 M Madl,
C b 5,0 pH G0 pH B0 pH&D pH 7.0 pH 710 pH 7O pH 7.0 pHED pH A0 b B0 b B0

Vliv soli - pH 6,0 Vliv soli - pH 7,0 Vliv soli - pH 8,0

100 mbA Tz, S0 mid Hepes, G0 mikd Taskit, .

750 b Nall, TS50 mbA NaCl, 635 mM Nall, I:I,.!E;inTw::n -:ll 1M rnidazol, 0,25% 5% 25 miM 25% 5 mh 100 mbA anginin, 25 mM
D 500 uM CaClz, 10,253 Twaen 20, 135 i KCL, HTS pM 7.5 Tween 20 phyearal BME DMS0 trefakoss 100 mM glutamin EDTA

pHTS BH 7S pH 7S P
Standardni pufry Aditiva

Vliv pH na vazebné vlastnosti lektin(, bakalafska prace, Barbora Miksatkova




Jak vybrat vhodné podminky pro praci s

proteinem?

Informace o homolognich proteinech (z literatury, od kolegu)

ZkusSenosti a/nebo metoda pokus-omyl

Testovani a vybér nejlepsich podminek — idealni je pouziti high-throughput metody, mala mnozstvi proteinu

Tabulka VIII: Teploty denaturace RSL (1. varka) ve viech podminkac . iskané metodof nanoDSF. Pgd
denaturace (D7) ma tmavé zelenou barvu. Barvy ostatnich podminek se od mesTovnani s podminkou DV prodies

modrou barvu, proto¥e se od podminky D7 Lo 7 °C.

inka s nejvice stabilizujicim efektem a s nejvy3si teplotou
aly ve spodni &asti tabulky. Na piiklad podminka B4 ma bledé

1

rozdil 4 - 6 *C

2 3 4 5 [ 7
viache 50 mm formidt, SO mbA citrat, 50 mM kakedyldt, 50 mbA Hepes,
A pH &0 pH5.0 pHED pH7O
94,3 92,6 90,7 87,8 88,4
50 mbA acetar, 50 il acetat, 50 b acetar, S0 ik MES, 50 mit BAES, 50w MES, S0 il Ma fostat,
B pH40 pHAS pHS50 pH5S pHEO pHES pH7O
92,7 93,4 92,8 90,2 92,4 89,5 83,6
50wk MES, 50 pibl MES, 50 ik BMES, S0 ik MES,
50 ml Madl, 100 mM Madl, 250 mM Madl, 500 mb Mail,
c pH G0 pH 60 pH 6,0 pH 6.0
91,8 90,9 90,2 89,5
10 mM Tris,
75 mib Nadl,
D 50ub CaCl2,
pH7S
89,2

Vliv pH na vazebné vlastnosti lektin(, bakalafska prace, Barbora Miksatkova



Jak vybrat vhodné podminky pro praci s
proteinem?

* Informace o homolognich proteinech (z literatury, od kolegu)

» Zkusenosti a/nebo metoda pokus-omyl

e Testovani a vybér nejlepsSich podminek — idealni je pouziti high-throughput metody, mala mnozstvi proteinu

Sdilena laborator Interakce a krystalizace biomolekul

Diferencialni skenovaci fluorimetrie: Prometheus NT.48

Rezervacni systém Registrace

Prometheus slouZi pro charakterizaci teplotni nebo chemické denaturace proteind

Pro registrované uzivatele Registrace uzivatele a jejich agregace v jediném béhu v rozsahu az (15 - 110 °C). BEhem jednoho méfeni

je moZno analyzovat az 48 vzorkq.

O nas: PROFILE CARD m

Sdilena labaoratof CF BIC poskytuje sluzby umoZfujici strukturni a biafyzikalni charakterizaci biomolekul a studium
(bio)molekuldrnich interakci. Pfistrojové wybaveni laboratofe umoZiuje studium podminek pro krystalizaci
biomolekul a jejich komplexd, zakladni charakterizaci biofyzikalnich vlastnosti molekul (analyticka ultracentrifugace,
dynamicky rozptyl svétla, CD spektroskopie, diferencidlni skenovaci kalorimetrie, diferencialni skenovaci

fluorimetrie) a studium termodynamiky a/nebo kinetiky vzajemnych interakci (isotermicka titragni kalorimetrie,
rezonance povrchového plasmonu, CD spektroskopie, analyticka ultracentrifugace, microscale termoforeza).

Eva Fujdiarova
specialistka na DSF, MST

http://bic.ceitec.cz/cs/



Fluorescence LR
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£

Je fyzikalni jev pfi kterém dochadzi vyzarovani ,svétla“ latkou, ktera predtim pohltila elektromagnetické zareni

—

excitacni zareni emitované zareni

fluorofor

Opticky zjasnujici
prostredky




nanoDSF

Vnitrni fluorescence proteintl (aromatickych aminokyselin) v UV oblasti (A = 300-360 nm)
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nanoDSF

Vnitrni fluorescence proteini (aromatickych aminokyselin) v UV oblasti (A = 300-360 nm)

teplota

Méni se v zavislosti na okoli aromatickych aminokyselin
W, Y, F jsou hydrofobni a typicky se nachdzeji uvnitf proteint

Se zvysuijici se teplotou dochazi k denaturaci proteinu

~~

rozvolnéni struktury

-

expozici W, Y, F na povrch

-

zmeny ve fluorescenci

F350 nm / F330 nm

1.307
1.257
1.20
1.154
1.10

1.054

1.00+
0,954

First derivative analysis

0.90

20 30 40 50 60 70 80 90
Temp (°C)

www.nanotempertech.com



nanoDSF v praxi

Protein v testovaném pufru |$

(testovanych pufrech) Nasaju do kapilary |$ 48 kapilar na 1 méFen

www.nanotempertech.com



nanoDSF v praxi il
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20.0°C - Idle

wad
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i
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Prometheus

www.nanotempertech.com



Uchovavani proteinu

Storage Condition

Characteristic Solution at 4°C

Solution in 25-50%
glycerol or ethylene
glycol at -20°C

Frozen at -20° to -80°C
or in liquid nitrogen

Lyophilized
(usually also frozen)

Typical shelf life

1 month 1 year Years Years
Requires sterile
conditions or Yes Usually No No

addition of
antibacterial agent

Number of times a
sample may be Many
removed for use

Once: repeated freeze-
Many thaw cycles generally
degrade protems

Once: it is
impractical to
Iyophilize a sample
multiple times

Lyofilizace — mrazova sublimace.

Odstranéni vody ze zmrazeného vzorku za snizeného tlaku.

Nedostatek vody zabranuje ristu mikroorganismui a inhibuje enzymy

(proteasy).

Neposkozuje vzorek v takovém rozsahu jako jiné zplsoby dehydratace

(vysoka teplota, vysousedla).

Jednoducha rehydratace.

www.piercenet.com



Lyofilizace — mrazova sublimace.

Odstranéni vody ze zmrazeného vzorku
za snizeného tlaku.

Nedostatek vody zabranuje ristu
mikroorganismt a inhibuje enzymy
(proteasy).

Neposkozuje vzorek v takovém rozsahu
jako jiné zpusoby dehydratace (vysoka
teplota, vysousedia).

Jednoducha rehydratace.




Lyofilizace — mrazova sublimace.

Odstranéni vody ze zmrazeného vzorku
za snizeného tlaku.

Nedostatek vody zabranuje ristu
mikroorganismtu a inhibuje enzymy
(proteasy).

Neposkozuje vzorek v takovém rozsahu
jako jiné zpusoby dehydratace (vysoka
teplota, vysousedia).

Jednoducha rehydratace.




U C h OVéVé n i p rotei 1 ﬁ Proteiny mohou byt lyofilizaci

nebo zamrazenim nevratné

poskozeny!
Kryoprotektanty zabranuji tvorbé
krystalk( ledu a poSkozeni proteinu.
Storage Condition
Solution in 25-50% .
. _an0e _enoe .
Characteristic Solution at 4°C glycerol or ethylene Flo?gll at ‘.'D to 80°C L}(Tplnllzs d
elycol at -20°C or in liquid nitrogen (usually also frozen)
Typical shelf life
1 month 1 year Years Years
Requires sterile
conditions or Yes Usually No No

addition of
antibacterial agent

Once: it is

Number of times a Once: repeated freeze- . .
impractical to
sample may be Many Many thaw cycles generally Ly
- ’ . = Iyophilize a sample
removed for use degrade proteins

multiple times

Sterilni zkumavky, sterilizace filtraci.

Inhibitory proteas. Nutné pripravit nékolik alikvott (casti

zasobniho roztoku) proteinu.
www.piercenet.com



Prace s proteiny

EXPAS Expert Protein Analysis System

& 8 ¥ Bioinformatics Resource Portal

http://www.expasy.org

ExPASy is the SIB Bicinformatics Resource Portal which provides access to scientific databases and software
tools (i.e.. resources) in different areas of life sciences 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.

The 3IB Swiss Institute of Bicinformatics is an
academic, non-profit foundation recognised of public

https://www.sib.swiss/
utility and established in 1998, S1B coordinates

research and education in bioinformatics throughout & ‘

SWISS I nStltth'E I':l'f Switzerland and pravides high quality bioinformatics
Biﬂi nfﬂ r"m Eti ':E- senvices to the national and international research

community.




. ] About Expasy
Expert Protein Analysis System

Expasy is the bicinformatics resource portal of the SIB Swiss Institute of Bioinformatics (more about its history).

It is an extensible and integrative portal which provides access to over 160 databases and software tools, developed by
SIB Groups and supporting a range of life science and clinical research domains, from genomics, proteomics and

htt p ://WWW. expa sy. o rg E )( pa Sy structural biclogy, to evolution and phylogeny, systems biclogy and medical chemistry.

Swiss Bioinformatics Resource Portal

e.g. BLAST, UniProt, MSH6&, Albumin...

E Genes & Genomes
SIB Resources ©
Genomics
Metagenomics - - — o
g W 2w S = 8& H S
Transcriptomics
UniProtKB/Swiss-Prot neXtProt SwissRegulon Portal EPD
i Protein knowledgebase Human protein knowledgebase Tools and data for regulatory Eukaryotic Promoter Database
. Proteins & Proteomes enomics

& Evolution & Phylogeny

Evolution biology & g g F S W, =]

Population genetics SwissDrugDesign V-pipe SwissOrthology SwissLipids
Widening access to computer- Viral genomics pipeline One-stop shop for orthologs Knowledge resource for lipids
% Structural Biology aided drug design
Drug design
Medicinal chemistry W =] W 86 B 2 @
Structural analysis STRING SWISS-MODEL Bgee
Protein-protein interaction Protein structure homology- Gene expression expertise
14 Systems Biology networks and enrichment analysis modelling
Glycomics
Lipidomics
Metabolomics Other Resources of SIB Groups
=1 Text mining & Machine . o ey -
learning m g’ﬁ h m %) asr 'l-_E [_] ﬂifi [_}
Swiss Mass Abacus SwissADME miROrtho STRING-covid
Intuitive calculator of peptide and Pharmacokinetics properties and Catalogue of animal microRNA New COVID-19 oriented version of

glycopeptide masses druglikeness genes the STRING database



CCTTTATTATCCGCTTCCATTGTTTCCGCTCCTGTTGTTACTTCCGAAACTTATGTTGATATTCCTGGTTTATATTTAGA
TGTTGCTAAAGCTGGTATTCGCGATGGTAAATTACAAGTTATTTTAAATGTTCCTACTCCTTATGCTACTGGTAATAATT
TTCCTGGTATTTATTTTGCTATTGCTACTAATCAAGGTGTTGTTGCTGATGGTTGTTTTACTTATTCCTCCAAAGTTCCT
GAATCCACTGGTCGCATGCCTTTTACTTTAGTTGCTACTATTGATGTTGGTTCCGGTGTTACTTTTGTTAAAGGTCAATG
GAAATCCGTTCGCGGTTCCGCTATGCATATTGATTCCTATGCTTCCTTATCCGCTATTTGGGGTACTGCTGCTCCTTCCT
CCCAAGGTTCCGGTAATCAAGGTGCTGAAACTGGTGGTACTGGTGCTGGTAATATTGGTGGTGGTGGTGAACGCGATGGT
ACTTTTAATTTACCTCCTCATATTAAATTTGGTGTTACTGCTTTAACTCATGCTGCTAATGATCAAACTATTGATATTTA
TATTGATGATGATCCTAAACCTGCTGCTACTTTTAAAGGTGCTGGTGCTCAAGATCAAAATTTAGGTACTAAAGTTTTAG
ATTCCGGTAATGGTCGCGTTCGCGTTATTGTTATGGCTAATGGTCGCCCTTCCCGCTTAGGTTCCCGCCAAGTTGATATT
TTTAAAAAATCCTATTTTGGTATTATTGGTTCCGAAGATGGTGCTGATGATGATTATAATGATGGTATTGTTTTTTTAAA

! ]

PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPGIYFA
IATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRGSAMHIDSY
ASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGGERDGTFNLPPHIKFGVTALTHAAN
DQTIDIYIDDDPKPAATFKGAGAQDONLGTKVLDSGNGRVRVIVMANGRPSRLGSRQVDI
FKKSYFGIIGSEDGADDDYNDGIVFL

Nukleotidova a proteinova ‘ Predikce vlastnosti
sekvence hypotetickych gentli/proteint



In silico functional prediction of
hypothetical proteins from the core P‘r'-ikl ad 1

genome of Corynebacterium
pseudotuberculosis biovar ovis

An in-silico pipeline of functional annotation

32 Genomes of
C. pseudotuberculosis ovis

Carlos Leonardo Aradjo"*, lago Blanco"*, Luciana Souza',
Sandeep Tiwari®, Lino César Pereira’, Preetam Ghosh®,
Vasco Azevedo?, Artur Silva' and Adriana Folador! Genome standardization

1 Laboratory of Genomics and Bioinformatics, Center of Genomics and Systems Bi.ulug}r, Institute

of Biological Sciences, Federal University of Pard, Belém, Pard, Brazil Y

* Institute of Biological Sciences, Federal University of Minas Gerais, Belo Horizonte, Minas RAST

3 Gerais, Braal ) ; L ; . . Rapid annotation The biological importance of newly annotated Hypothetical Proteins
Department of Computer Science, Virginia Commonwealth University, Richmond, VA, USA

* These authors contributed equally to this work. Core genome obtainment ST

ABSTRACT

Corynebacterium pseudotuberculosis is a pathogen of veterinary relevance diseases, m

being divided into two biovars: equi and ovis; causing ulcerative lymphangitis 5
g 4q C g ymphang ; Seheienpression TopHat | Cufflinks I

and caseous lymphadenitis, respectively. The isolation and sequencing of 1255 genes o

C. pseudotuberculosis biovar ovis strains in the Northern and Northeastern regions of T————
Brazil exhibited the emergence of this pathogen, which causes economic losses to
small ruminant producers, and condemnation of carcasses and skins of animals. ypothetical Protein-protein network

Through the pan-genomic approach, it is possible to determine and analyze genes Protein?
Pe— |

Gipsy

Virulence potential =
" VirulentPred

i

that are shared by all strains of a species—the core genome. However, many of these
genes do not have any predicted funetion, being characterized as hypothetical

proteins (HP). In this study, we considered 32 C. pseudotuberculosis biovar ovis 172 hypothetical proteins
genomes for the pan-genomic analysis, where were identified 172 HP present in a v

core genome composed by 1255 genes. We are able to ﬁmctinna]ly annotate 80 Functional annotation

sequences previously characterized as HP through the identification of structural InterPro

features as conserved domains and families. Furthermore, we analyzed the
physicochemical properties, subcellular localization and molecular function.
Additionally, through RNA-seq data, we investigated the differential gene expression

NCBI UniProt

yGO FEAT gy

80

of the annotated HP. Genes inserted in pathogenicity islands had their virulence Hysﬂftﬁ?ﬁc&l’
. « . P r roteins
potential evaluated. Also, we have analyzed the existence of functional associations
for their prndu_cl.s_ based on protein-protein mter_actmn r?emnrks_, and perfnnn_lhe |ﬁll
structural prediction of three targets. Due to the integration of different strategies,
Conrr]vw] coo ]

this study can undetlie deeper in vitro researches in the characterization of these HP
and the search for new solutions for combat this pathogen.

Functionally predicted




Predikce zakladnich
fyzikalné-chemickych
vlastnosti proteint

Table S2: Theoretical

sicochemical Parameters, Subcellular Localization and Protein Function for 172 HP

UNIPROT ID N2 of AA GRAVY subcellular Protein Function
Localization
AOA1L6CXU2 144 15424.71 5.43 8480 28.09 Stable 94.93 -0.013 Cytoplasm Cellular Process
D9QD65 114 11830.05 15470 15.91 Stable 145.35 1175 Cyt. Membrane Cellular Process
D9QD66 259 28688.72 87805 38.93 Stable 132.47 0.874 Cyt. Membrane Cellular Process
AOA1L3KSD4 189 19817.0 4.27 22460 26.68 Stable 78.47 -0.279 Cyt. Membrane Cellular Process
DoQD72 223 24 8.51 13410 50.79 Unstable 65.74 -0.835 Cyt. Membrane Metabolism
D9QD92 317 4853.13 4.28 36900 54.75 Unstable 75.65 -0.51 Cytoplasm Cellular Process
D9QD9Y%4 17 19506.58 8.74 30940 46.27 Unstable 94.83 0.212 Cyt. Membrane Cellular Process
D9QDI6 4 9267.63 8.66 7115 42.76 Unstable 75.48 -0.308 Cytoplasm Cellular Process
DoQDJ9 //;6 61675.71 4.76 96870 35.15 Stable 80.45 -0.393 Cytoplasm Virulence
AOAOESNM 106 11231.76 4.71 4470 12.58 Stable 94.62 0.182 Cytoplasm Cellular Process
D9 2 180 19919.07 5.69 19605 36.73 Stable 100.17 0.014 Cyt. Membrane Cellular Process
ﬁ3 300 32616.31 7.62 86775 36.00 Stable 107.90 0.666 Cyt. Membrane Cellular Process
, D9QDM9 74 8634.95 4.58 2980 60.19 Unstable 81.76 -0.446 Cytoplasm Cellular Process
D9QDNO 153 16678.22 6.28 13980 22.29 Stable 113.40 0.116 Cyt. Membrane Metabolism
D9QDN1 176 19175.82 4.88 31970 41.84 Unstable 89.32 -0.18 Cytoplasm Metabolism
D9QDN2 295 32513.52 9.00 42315 48.82 Unstable 100.95 -0.107 Cytoplasm Metabolism
D9oQDS0 189 20508.19 4.21 23950 34.34 Stable 98.47 0.074 Cytoplasm Cellular Process
D9QDT9 518 55588.43 4.93 61310 34.02 Stable 78.90 -0.323 Cell Wall Metabolism
D9QDU3 281 29782.02 8.92 57410 38.51 Stable 119.18 0.746 Cyt. Membrane Metabolism
DoQDVO 253 29432.13 4.87 44015 39.78 Stable 78.93 -0.383 Cytoplasm Information
DoQDV3 207 22233.93 4.19 48595 43.96 Unstable 92.90 0.149 Cytoplasm Cellular Process
D9QDW?7 477 48187.87 5.81 44920 17.05 Stable 102.70 0.237 Cyt. Membrane Information
DoQDY6 166 17814.82 8.80 13980 19.86 Stable 103.49 0.388 Cyt. Membrane Cellular Process
D9QDbz4 64 6543.50 4.86 2980 30.64 Stable 99.37 0.516 Extracellular Cellular Process
D9QE21 96 10681.79 9.45 1547 13.01 Stable 137.29 0.958 Cyt. Membrane Metabolism
D9QE28 167 17712.91 4.36 15470 26.72 Stable 92.87 0.006 Cytoplasm Metabolism
D9QE51 193 21446.27 9.87 33585 42.29 Unstable 111.71 0.338 Cyt. Membrane Metabolism
D9QE89 317 33259.96 6.44 42065 36.21 Stable 71.07 -0.252 Cell Wall Metabolism
D9QE91 344 37037.72 5.40 50990 37.97 Stable 80.00 -0.179 Cyt. Membrane Metabolism
D9QE95 313 34589.40 5.63 39420 26.41 Stable 99.33 -0.093 Cyt. Membrane Cellular Process
D9QEA2 241 26061.98 5.64 41160 41.84 Unstable 98.88 0.211 Cyt. Membrane Metabolism
AOA1L6CSV7 218 24583.59 6.23 39085 34.78 Stable 103.72 -0.028 Cytoplasm Metabolism
D9QEB2 181 20396.52 5.13 28990 55.88 Unstable 122.87 0.262 Cyt. Membrane Metabolism
D9QEB3 183 20040.61 10.53 26470 36.22 Stable 113.61 0.233 Cyt. Membrane Cellular Process
D9QEB4 153 16571.14 11.03 12490 55.95 Unstable 93.01 -0.087 Cytoplasm Cellular Process
D9QEB5 68 7170.63 9.62 1490 30.69 Stable 146.32 0.946 Cyt. Membrane Metabolism
D9QEB6 112 11812.43 4.74 7450 33.37 Stable 112.32 0.185 Cytoplasm Cellular Process




Zakladni predikované viastnosti proteinu

Pocet aminokyselin

Pozitivné (Arg + Lys)/zaporné (Asp + Glu) nabita rezidua
Molekulova hmotnost

lzoelektricky bod

Extinkcni koeficient

,Aliphatic index”

yInstability index”

GRAVY (Grand Average of Hydropathy) index

Polocas zivota

Agregace proteinu
Termostabilita — teplotni stabilita

Posttranslacni modifikace

Peptidy: hydrofobicita, hydrofobni
moment, ,,angle subtended by charged
residues”



ProtParam References

https://web.expasy.org/protparam/

Gasteiger E., Hoogland C., Gattiker A., Duvaud S., Wilkins M.R., Appel R.D_, Bairoch A ;
Protein Identification and Analysis Tools on the ExPASy Server;

(In) John M. Walker (ed): The Proteomics Protocols Handbook, Humana Press (2005). \Y & 4
pp. 571-607 |
Full text - Copyright Humana Press. -

* Predikce/vypocet zdkladnich fyzikalné-chemickych parametrd proteinu.
* Vlychazi pouze z aminokyselinové sekvence proteinu.

* ProtParam nebere v Uvahu mozné posttranslacni modifikace (PTM) a

oligomerizaci proteind.
* Pro predikci PTM a oligomerizace existuji specializované nastroje.

* Problematika PTM neni stale doreSena, predevsim u prokaryot.

Note: It is hot possible to specify post-translational modification for your protein, nor will ProtParam know whether
your mature protein forms dimers or multimers. If you do know that your protein forms a dimer, you may just
duplicate your sequence (i.e. append a second copy of the sequence to the first), as all computations performed
by ProtParam are based on either compositional data, or on the N-terrminal armino acid.




ProtParam References

https://web.expasy.org/protparam/

Gasteiger E., Hoogland C., Gattiker A., Duvaud S, Wilkins M.R._, Appel R.D_, Bairoch A ;
Protein Identification and Analysis Tools on the ExPASy Server;

(In) John M. Walker (ed): The Proteomics Protocols Handbook, Humana Press (2005). \Y & 4
pp. 571-607 |
Full text - Copyright Humana Press. =

Number of amino acids: 145 Extinction coefficients:
ProtParam tool

Molecular weight: 15531.97 This protein does not contain any Trp residues. Experience shows that
ProtParam (References / Documentation) is a tool which allows the computation of various physical and this could result in more than 10% error in the computed extinction coefficient.

- - - - - - Th tical pI: 8.65
chemical parameters for a given protein stored in Swiss-Prot or TFEMBL or for a user entered protein coreticat

sequence. The computed parameters include the molecular weight, theoretical pl, amino acid composition, Amino acid composition: | CSV format

Extinction coefficients are in units of M1 cm'l, at 280 nm measured in water.

atomic composition, extinction coefficient, estimated half-life, instability index, aliphatic index and grand Ala (&) 8 5 oy Ext. coefficient 5220
average of hydropathlmty (GRAW:] (DiSdaimer). arg (R) 12 g.3% Abs @.1% (=1 g/1) B.336, assuming all pairs of Cys residues form cystines
Asn (N) 4 2.8%
Please note that you may only fill out one of the following fields at a time o (E) - ggi Ext. cosfficient = 4470
’ G{i EQ% z 3'4% Abs @.1% (=1 g/1) @.288, assuming all Cys residues are reduced
Enter a Swiss-Prot/ TrTEMBL accession number (AC) (for example P05130) or a sequence identifier (ID) (for Giu (E) 4 2-82 Estimated half-life:
example KPC1_DROME): Gly (6) & 55
His (H) 1 8.7% The N-terminal of the sequence considered is S (Ser).
| | Ile (I} 5 3.4%
Or you can paste your own amino acid sequence (in one-letter code) in the box below: Leu (L} 12 8.3% The estimated half-life is: 1.9 hours (mammalian reticulocytes, in vitro).
Lys (K} 4 2.8% »>28 hours (yeast, in wivo).
KITCQGDKYSLPEVAAGQQTFKLMODVRRLOIPSTVVEPQ Met (M) 1 0.7% >1@ hours (Escherichia coli, in viwvo).
DTLFSDCSPTGNCPKCRIPIRCPYKTERCDVKFHYFYIMP Phe EFg B 1-;§
Pro (P 22 15.
MTQIALDGGYCLNHNQDIICARHKFENKFANKSRDMNHMM Ser () 13 o o Instability index:
MKLLIYQPEVAVHHDEELASGLQPSVARRMVTTSMVHLRD Thr (T} 1@ 6.9%
HKYGIMNDNTNFEMNCFFYGGHEGTFAHYECGPYFSAQIS Trp (W) @ 0.0% The instability index (II) is computed to be 64.41
Tyr (Y) 3 2.1% This classifies the pretein as unstable.
2 val (V) 12 8.3%
Pyl (0) @ a.0%
5 u @ e.0%
| RESET || Compute parameaters | ec (U) Aliphatic index: 75.24
ggg g g:g: Grand average of hydropathicity (GRAVY): -8.221
x)y o 0.0%

Ukol 5: Uréete zdakladni fyzikdlné-
. , . Total number of negét%uely charged res%dues (Asp + Glu): 11
Chem,cke parametry tohoto protelnu Total number of positively charged residues (Arg + Lys): 16

Atomic composition:

Carbon C 668
Hydrogen H 1098
Nitrogen N 196
Oxygen 4] 2@a3
Sulfur s 13

Formula: CgggHypophlissOoeasis
Total number of atoms: 217@
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* lzoelektricky bod = pH, pri kterém ma protein nulovy sumarni naboj, rozpustnost proteinu je

pri pH = pl nejmensi!

4.6 Isoelectric Point Precipitation

The isoelectric point (pI) is the pH of a solution at
which the net charge of a protein becomes zero.
At solution pH that is above the pl, the surface of the
protein is predominantly negatively charged, and
therefore like-charged molecules will exhibit repul-
sive forces. Likewise, at a solution pH that is below
the pl, the surface of the protein is predominantly
positively charged, and repulsion between proteins
occurs. However, at the pl, the negative and positive
charges are balanced, reducing repulsive electro-
static forces, and the attraction forces predominate,
causing aggregation and precipitation. The pl of most
proteins is in the pH range of 4 to 7. Mineral acids,
such as hydrochloric and sulfuric acids, are used as
precipitants. The greatest disadvantage of isoelectric
point precipitation is the irreversible denaturation
caused by the mineral acids. For this reason
isoelectric point precipitation is most often used to
precipitate contaminant proteins rather than the

larget protein [4].

pH=2

protein protonated
positively charged

pH
pl

pH=10

protein deprotonated
negatively charged



* lzoelektricky bod = pH, pri kterém ma protein nulovy sumarni naboj, rozpustnost protein

Izoelektricky bod - pl

pri pH = pl nejmensi!

4.6 Isoelectric Point Precipitation

The isoelectric point (pI) is the pH of a solution at
which the net charge of a protein becomes zero.
At solution pH that is above the pl, the surface of the
protein is predominantly negatively charged, and
therefore like-charged molecules will exhibit repul-
sive forces. Likewise, at a solution pH that is below
the pl, the surface of the protein is predominantly
positively charged, and repulsion between proteins
occurs. However, at the pl, the negative and positive
charges are balanced, reducing repulsive electro-
static forces, and the attraction forces predominate,
causing aggregation and precipitation. The pl of most
proteins is in the pH range of 4 to 7. Mineral acids,
such as hydrochloric and sulfuric acids, are used as
precipitants. The greatest disadvantage of isoelectric
point precipitation is the irreversible denaturation
caused by the mineral acids. For this reason
isoelectric point precipitation is most often used to
precipitate contaminant proteins rather than the

larget prntein |4].

pH

pl

+* >
i T

pH < pl o<
repulsion

pH = pl
attraction

pH > pl
repu.'s;‘on
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* lzoelektricky bod = pH, pri kterém ma protein nulovy sumarni naboj
e pl proteinu — vypocet na zakladé znalosti acidobazickych vlastnosti aminokyselin - pK (D,E,Y,C,H,K,R)
* Problémem jsou posttranslacni modifikace!!!
Ve Vé . . 7 . . o 7 Ve o V4 v o /7
* Pouzité hodnoty pK jednotlivych aminokyselin — ruzni autori, ruzné podminky, ruzné hodnoty...
° Vl 1 tv d [ — d { 1 k I. 1 t k t kt t 1 Table 5. Comparison of experimental and calculated pl-values
IV prostredl — sousedni aminokyseliny, Interakce (struktura proteinu :
Peptide Experimental Calculated
pl !
Comments Apolipoprotein C-III-1 4.51 4.55
Apolipoprotein C-II 4.58 :gg
. E . . . . . . . . i i -] 471 .
1. Protein pl is calculated using pK values of amino acids described in Bjellqvist et al., which were et i 570
defined by examining polypeptide migration between pH 4.5 to 7.3 in an immobilised pH gradient gel Haptoglobin o-1s 540 31
1 1 Co o - 4- - - - . Apolipoprotein A-IV 5.13 5.20
environment with 9.2M and 9.8M urea at 15°C or 25°C. Prediction of protein pl for highly basic proteins o Microglobulin sl 500
15 yet to be studied and it is possible that current Compute pl/Mw predictions may not be adequate for et 5.52 539
I i 5.87 5.81
this purpose. + Slalatranatortin 649 651
Apo_lipoprpte}n E ) 5;3 g;;
Bengt Bjellgvist The focusing positions of polypeptides in immobilized ﬁRj:[criior: binding protein 2:26 530
glrx:?satilgnll’g:ﬂleis  pH gradients can be predicted from their amino acid EL“;ZT:ﬁZ,".Z“Efé{’Of‘és i;g i:é
Nicole Paquet sequences C-Reactive protein 5.17 5.13
}"Iore-ncc]: ﬁaziganchez Serum amyloid pro[ein.A 6.17 6.08
S(::::rineaF:uﬁger The focusing positions in narrow range immobilized pH gradients of 29 poly- E‘Labm:%bb"Sigr’:s’eb;’vmﬁ Zg gg
Denis Hochstrasser peptides of known amino acid sequence were determined under denaturing S‘“ G;.Cllt anhy 536 531
conditions. The isoelectric points of the proteins calculated from their amino Tﬁ{na 4 ropin 4.89 s
Departments of Medicine and acid sequences matched with good accuracy the experimentally determined p/ Elmreat?le:nt‘ ear I 453 450
Biochemistry, Medical Center of the values. We show the advantages of being able to predict the position of a pro- Tr:r?sﬁatiznal? e aolled tumot proteia Py s
University of Geneva tein of known structure within a two-dimensional gel. Heat shock psliotein 60 527 525
Cathepsin 81 §§2 gig
ATP-synthase, coupling fact: 31 .
https://web.expasy.org/protparam/ Ayl oA denpdropensse At 634

B-2 Microglobulin 6.35 629
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Protein 1:
PTEFLYTSKIAAISWAATGGRQQORVYFODLNGKIREAQRGGDNPWTGGSSQONVIGEAKLFSPLAAVTWKSAQGIQIRVYCVNKDNILSEFVYDGSK

WITGQLGSVGVKVGSNSKLAALQWGGSESAPPNIRVYYQKSNGSGSSIHEYVWSGKWTAGASFGSTVPGTGIGATAIGPGRLRIYYQATDNKIREH
CWDSNSWYVGGFSASASAGVSIAAISWGSTPNIRVYWOKGREELYEAAYGGSWNTPGQIKDASRPTPSLPDTFIAANSSGNIDISVFFQASGVSLQ
QWOWISGKGWSIGAVVPTGTPAGW

Protein 2:
ATQGVFTLPANTFGVTAEFANESSGTQTVNVLVNNETAATFSGQSTNNAVIGTQVENSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSE

DDGTDNDYNDAVVVINWPLG

Protein 3:
SSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSVTSWLVGSAIHIRVYASTGTTTTEWCWDGNGWTKGAYTATN

Ukol 6:  Student potieboval pro ndsledné experimenty imobilizovat 3 proteiny na matrici
(karboxymethylovany dextran). Nechtélo se mu ptdt se na radu kolegii a tak proteiny
rozpustil v doporucovaném komercnim pufru (10 mM octan sodny, pH 5,0) a proved|
imobilizace. U proteinii 1 a 3 byla uspésnd, u proteinu 2 naprosto selhala. , Proc?“ ptd se
zoufaly student.



Izoelektricky bod - pl

OK
KO
OH OH  OH OH OH  OH OH OH  OH
=0 ¢=0 ¢-=0 =0 ¢=0 ¢-0 =0 ¢=0 ¢-=0
Nosic¢ Nosic Nosic¢

Ukol 6:  Student potieboval pro ndsledné experimenty imobilizovat 3 proteiny na matrici
(karboxymethylovany dextran). Nechtélo se mu ptdt se na radu kolegii a tak proteiny
rozpustil v doporucovaném komercnim pufru (10 mM octan sodny, pH 5,0) a proved|
imobilizace. U proteinti 1 a 3 byla uspésnd, u proteinu 2 naprosto selhala. , Proc?“ ptd se
zoufaly student.
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Proteome—pl 2.0: Proteome Isoelectric Point Database
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61,329,034 protein sequences from 20,115 proteomes with isoelectric point predicted using 21 algorithms
5.38 Billion dissociation constant (pKa) predictions for proteins

Proteomes in silico digested with the five most frequently used proteases (Trypsin, Chymotrypsin, Trypsin+LysC, LysN, ArgC)
In total, 9.58 Billion peptides

[=]

Check some of the most frequently used proteomes

Homo sapiens Mus musculus Arabidopsis thaliana Drosophila melanogaster Danio rerio Xenopus tropicalis Caenorhabditis elegans
{100,100 proteins) {63,656 proteins) {41,612 proteins) (23,524 proteins) (47,088 proteins) (46,313 proteins) {28,314 proteins)
Escherichia coli Bacillus subtilis Mycobacterium tuberculosis Salmonella enterica Vibrio cholerae Helicobacter pylori
{4,450 proteins) (4,267 proteins) (3,993 proteins) (5,880 proteins) (3,782 proteins) (1,552 proteins)

Hiv Bacteriophage lambda T4 phage Herpes simplex virus 1
{9 proteins) (66 proteins) {278 proteins) (7T proteins)
SARS-CoV SARS-CoV-2 SARS coronavirus WH20 Bat SARS-like coronavirus WivV1
{15 proteins) {17 proteins) {10 proteins) {13 proteins)
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Molecular weight (kDa)
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Proteome-pI 2 0: Proteome Isoelectric Pomt Database

virtual
2D-PAGE
|:':‘ - + .
protein i protein
protonated + - deprotonated
positively charged + _' negatively charged
+_

] a [ 8 10 12
Isoelectric point (IPC protein)

The goals of the database include making statistical comparisons of the various prediction methods (21 algorithms
implemented) as well as facilitating the biological investigation of protein isoelectric point space. The isoelectric

probability

0.02

0.08

trypsin
digest

0.08

0.04

peptu:le length

Using isoelectric point to determine the pH for
initial protein crystallization trials

point, the pH at which a particular molecule carries no net electrical charge, is an important parameter fr:-r many
analytical biochemistry and proteomics technigues, especially for 2D gel electrophoresi

Julie Wilson™**

Jobie Kirkwood", David Hargreaves?, Simon O’Keefe® and

isoelectric focusing (clEF), liquid chromatography—mass spectrometry (LC-MS) and(X-ray protein crystallography

Ukol 7: Jsou v databdzi také proteiny z koronavirii?

Using data obtained from AstraZeneca and from the Structural
Genomics Consortium (SGC), Oxford, we show that most proteins,
both acidic and basic, do crystallize within one unit of their isoelectric
point. This in tum allows for custom cryswllization screens to be de-
veloped in instances where protein availability is scarce and allows
deeper exploration of chemical parameter space as the pH is fixed.




Extinkcni koeficient

» Extinkéni koeficienty zaviseji na okoli

Extinction coefficients
The extinction coefficient indicates how much light a protein absorbs at a certain wavelength. It is useful o have ch romoforu |
an estimation of this coefficient for following a protein which a spectrophotometer when purifying it.

* ProtParam nebere v Uvahu
sekundarni a terciarni strukturu.

* Presné extinkcni koeficienty je nutné
ziskat experimentalné.

Extinction coefficients
The extinction coefficient indicates how much light a protein absorbs at a certain wavelength. It is useful to
have an estimation of this coefficient for following a protein which a spectrophotometer when purifying it.

It has been shown [1c] that it is possible to estimate the molar extinction coefficient of a protein from
knowledge of its amino acid composition. From the molar extinction coefficient of tyrosing, tryptophan and
cystine (cysteine does not absorb appreciably at wavelengths =260 nm, while cystine does) at a given
wavelength, the extinction coefficient of the native protein in water can be computed using the following
equation:

E(Prot) = Numb(Tyr)*Ext(Tyr) + Numb(Trp)*Ext{Trp) + Numb{Cystine)¥Ext(Cystine)



Extinkcéni koeficient

Extinction coefficients

PI‘Ed | kOVé ny dVé hOd noty (d iSU |f|d |Cké m C|St ky The extinction coefficient indicates how much light a protein absorbs at a certain wavelength. It is useful to

. R , ° ° have an estimation of this coefficient for following a protein which a spectrophotometer when purifying it.
vs. bez disulfidickych mustku). o | - | |
It has been shown [1c] that it is possible to estimate the molar extinction coefficient of a protein from

knowledge of its amino acid composition. From the molar extinction coefficient of tyrosine, tryptophan and
cystine (cysteine does not absorb appreciably at wavelengths =260 nm, while cystine does) at a given
wavelength, the extinction coefficient of the native protein in water can be computed using the following
equation:

Pomérné spolehlivé pro proteiny obsahujici
tryptofan (absorbuje nejvice, absorbance
méné zavisla na prostredi).

E(Prot) = Numb(Tyr)*Ext(Tyr) + Numb(Trp)*Ext(Trp) + Mumb({Cystine)®Ext(Cystine)

Protein Science (1995), 4:2411-2423, Cambridge University Press. Printed in the USA.
Copyright © 1995 The Protein Society

How to measure and predict the molar absorption
coefficient of a protein

Predpoklad: proteiny neobsahuji jiny
chromofor, ktery by absorboval pri 280 nm.

Proteiny bez Trp? Proteiny bez Trp, Tyr d C._NICK PACE,3 F;;;-;'AJD;,: LANETTE F;I:’- .GERALDEMSLEY,' o
d iS u Ifi d OV{IC h m Loj St klj ? Tz;;ﬁi:{::i:j;(;:i:nimy and Genetics, * Department of Biochemistry and Biophysics, and

* Center for Macromolecular Design, Texas A&M University, College Station, Texas 77843-1114
{RECEWED July 12, 1995; AccepTeD Seplember 8, 1995)
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Sequence-specific determination of
protein and peptide concentrations by

Micholas J. Anthis and G. Marius Clore*

Laboratory of Chemical Physics, Mationd Institute of Disbetes and Degesthe and Kidney Cksesses,
Mational Insttutes of Heslth, Betheada, Manyland, 208020520

Recaived 1 February 2013; Rewvaed 11 March 3013; Accepted 14 March 2013
DOl 10,1002 pro 2 255
Published online 23 March 2013 proteinscience.ong

Abstract Quantitative studies in molecular and structural biology generally require accurate and
precise determination of protein concentrations, preferably via a method that is both quick and
straightforward to perform. The measurement of ultraviolet absorbance at 280 nm has proven
especially useful, since the molar absorptivity (extinction coefficient) at 280 nm can be predicted
directly from a protein sequence. This method, however, is only applicable to proteins that contain
tryptophan or tyrosine residues. Absorbance at 205 nm, among other wavelengths, has been used
as an alternative, although generally using absorptivity values that have to be uniguely calibrated
for each protein, or otherwise only roughly estimated. Here, we propose and validate a method for
predicting the molar absorptivity of a protein or peptide at 205 nm directly from its amino acid
sequence, allowing one to accurately determine the concentrations of proteins that de not contain
tyrosine or tryptophan residues. This method is simple to implement, requires no calibration, and
should be sutable for a wide range of proteins and peptides.

Keywords: protein; absorbance; UV: concentration; molecular biology; absorptivity; extinction
coefficient

Protein Calculator

Reference (please quote when using this program):

Anthis, N.J. & Clore, GM. (2013) Sequence-specific determination of protein and
peptide concentrations by absorbance at 205 nm. Protein Science, 22, 851-838.
Pubmed PDF

Enter vour amino acid sequence (in single letters) in the box below. It can be
upper- or lower-case and 1n any format (the script will 1gnore any spaces. numbers,
symbols, etc.), but anv other text will be interpreted as amino acids. Input 1s limited

to 3000 characters in total.

LEMKALEMKALEMEALENKALENKALEMKALENKALENKA

| submit || reset |

https://spin.niddk.nih.gov/clore/Software/A205.html
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This script calculates molar absorptivities (extinction coefficients) at
285

nm and 288 nm from an amino ascid sequence. It also calculates the
molecular

weight for various universal isotopic labeling schemes.

Reference:

Anthis N.J., Clore G.M. {2813} Sequence-specific determination of
protein

and peptide concentrations by absorbance at 285 nm, Proteinm Science 22,
851-8, doi:l1e.1002/pro.2253

Amino acid sequence:
LEMKALENKALENKALENKALENKALEMEALENKALENKEA

Mumber of residuss:
40

Molar absorptivity (extinction coefficient) at 280 nm
& M-1 cm-1

Molar absorptivity (extinction coefficient) at 285 nm
111628 M-1 cm-1

Protein Calculator

Reference (please quote when using this program):

Anthis, N.J. & Clore, GM. (2013) Sequence-specific determination of protein and

peptide concentrations by absorbance at 205 nm. Protein Science, 22, 851-838.
Pubmed PDF

Enter vour amino acid sequence (in single letters) in the box below. It can be
upper- or lower-case and 1n any format (the script will 1gnore any spaces. numbers,
symbols, etc.), but anv other text will be interpreted as amino acids. Input 1s limited

to 3000 characters in total.

LEMKALEMKALEMEALENKALENKALEMKALENKALENKA

submit || reset

https://spin.niddk.nih.gov/clore/Software/A205.html
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This script calculates molar absorptivities (extinction coefficients) at

285

nm and 288 nm from an amino ascid sequence. It also calculates the Peptid 1:

molecular )

weight for various universal isotopic labeling schemes. AQQGVFTLP

Reference: . .

Anthis N.J., Clore G.M. {2813} Sequence-specific determination of Peptld 2:

protein NESEMELEMAKNAMELEPEPR
and peptide concentrations by absorbance at 285 nm, Proteinm Science 22,

851-8, doi:l1e.1002/pro.2253

Amino acid sequence: Peptid 3:

LENKALENKALENKALENKALENKALENKALENKALENKA
ELGKTNMSDFGHACPTRQELDFASIPQTVCHSDFGHLK

Mumber of residuss:

46
Peptid 4:

Molar absorptivity (extinction coefficient) at 280 nm = AWQGWVFTLP

& M-1 cm-1

Tgiz;eaﬂfgrgifilty (extinction coefficient) at 285 nm = Peptid 5:
ELGKTNMSDFGHAWCPTRQELDFASIPQTVCHSDFGHLK

https://spin.niddk.nih.gov/clore/Software/A205.html

Ukol 8:  Predikujte extinkéni koeficienty peptidii pfi 280 a 205 nm.



EXti n ké n i kOefi C i e nt http://bestsel.elte.hu/extcoeff.php

Prediction of Molar Extinction Coefficients of Proteins and
Peptides Using UV Absorption of the Constituent Amino Acids
To Enable Quantitative Reverse Phase
ce Liquid Chromatography—Mass Spectrometry

Analysis

High-Perfo

Bas J. H. KUIPERS AND HARRY GRUPPEN*

Department of Agrotechnology and Food Sciences, Laboratory of Food Chemistry, Wageningen
University. P.O. Box 8120, 6700 EV Wageningen The Netherlands

The molar extinction coefficients of 20 amino acids and the peptide bond were measured at 214 nm
in the presence of acetonitrile and formic acid to enable quantitative comparison of peptides eluting
from reversed-phase high-performance liquid chromatography, once identified with mass spectrometry
(RP-HPLC-MS). The peptide bond has a molar extinction coefficient of 923 M~1 cm~'. Tryptophan
has a molar extinction coefficient that is ~30 times higher than that of the peptide bond, whereas the
molar extinction coefficients of phenylalanine, tyrosine, and histidine are ~-six times higher than that
of the peptide bond. Proline, as an individual amino acid, has a negligible molar extinction coefficient.
However, when present in the peptide chain (except at the N terminus), it absorbs ~three times
more than a peptide bond. Methioninge has a similar molar extinction coefficient as the peptide bond,
while all other amino acids have much lower molar extinction coefficients. The predictability of the
molar extinction coefficients of proteins and peptides, calculated by the amino acid composition and
the number of peptide bonds present, was validated using several proteins and peptides. Most of
the measured and calculated molar extinction coefficients were in good agreement, which shows
that it is possible to compare peptides analyzed by RP-HPLC-MS in a quantitative way. This method
enables a quantitative analysis of all peptides present in hydrolysates once identified with RP-HPLC-
MS.

absorbs light (7). This absorbance can be used to estimate the
relative amounts of peptides present in a hydrolysate. However,
quanfification based on the absorbance at 214 nm 1s not a
common method, since in this wavelength region the absorption
of the peptide bond is also conformation-dependent (&)
Furthermore, besides the peptide bond, several amino acid
residues are reported to contnbute significantly to the absorption
(9, I0). Moreover, the absorbance of peptides is also pH-
dependent due to the absorption of the carboxylic acid group,
which depends on whether the carboxyl group 1s protonated or
not. This results 1n a vanation of the absorbance around the
pK; (~pH 3) of the free carboxylic acid in the peptides (11).
This effect plays the most dominant role in dipeptides and
decreases with increasing peptide length (12, 13).

Because of the complexity of absorption at 214 nm, research-
ers are. in general skeptic toward quantification of proteins at
this wavelength. However, for peptides devoid of tryptophan
or tyrosine, there 15 no good alternative (/4). As explained
above, the complexity of the absorbance 1s much higher as
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(CALCULATION XTIN
COEFFICIENTS AT 205 AND(214

Sequence:

Number of 5-S bonds:

0

¢

VV

Protein concentration can be determined by
the absorbance at 205 or 214 nm. It is
especially useful when absorbance at 280
nm cannot be used in the lack of Trp and
Tyr residues. CD samples can be directly
measured at these wavelengths due to the
high extinction coefficients. If the spectro-
polarimeter is capable of converting the HT
values to  absorbances, then the
concentrations can be determined right
fram the CD  measurements after
subtracting the baseline absorptions.
Extinction coefficients at 205 and 214 nm
can be calculated from the sequence.

References:

205 nm: Prot. Sci. 2013, 22, 851-858.

214 nm: ]. Agric. Food Chem. 2007, 55,
5445-5451.

Please_ type the characters above or use vour password.

Submit || Reset

Peptid 1:
AQOGVFTLP

Peptid 2:
NESEMELEMAKNAMELEPEPR

Peptid 3:
ELGKTNMSDFGHACPTRQELDFASIPQTVCHSDFGHLK

http://bestsel.elte.hu/extcoeff.php

Ukol 9:

Predikujte extinkcni koeficienty peptidi pri 214 a 205 nm.



Popis:

- pipetovani vzorku pfimeo na méfici optiku

- ani vzorky s velmi vysokou koncentraci neni tfeba fedit
- zdroj svétla: xenonova vybojka

- rychlé méfeni do 8 sekund

- pfednastavené metody (napf.
SwW

-wverze s kyvetovym drzdkem (One ¢ je navic vybavena inkubaci

A260, A280, znatena DNA, proteiny)

v e oul
- uzivatelsky privetivy

i . v ¥ ; o e ve .
- nemusi byt propojen s pocitatem — obsahuje tablet pro ovladani pristroje a mefeni

-varianty: bez kyvety, s kyvetou.

Parametry:

- rozsah nastaveni vinovych délel§ 190 az 850 nm
- rozsah detekce: 2 az 27 500 ngfu )
- méfici rozsah: 0 az 550 Abs

- objem vzorku: 1.0 u

2% a2 820 mg/ml (BSA)

Extinkcni koeficient

NanoDrop One

Prolguns

Proteins &
Labels

= varies from
peptide to
peptide.
Approximate
A205 range 0.003 -
10.74 mg/mL

riment

Measures peptide backbone absorbance at 205
nm. For peptides that lack or have few Trp and
Tyr residues

Scopes method option can be used to measure
proteins that have significant amounts of Trp
and Tyr.

More sensitive than A280 since A205, molar
absorptivity is high.

= High salt protein
buffers such as PBS
and TE absorb in the
low UV. Use a low salt
buffer like the Brij&
buffer diluted to 0.01%.
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The protein concentration is an important parameter affecting the efficacy of pharmaceutical products. Therefore, it is essential
and necessary to determine the concentration of a protein solution during drug development. There are several methods for
protein concentration determination, such as include UV absorption, the Braford assay, the bicinchoninic acid (BCA) assay, and
so forth. To determine the protein concentration UV absorption, absorption in the UV region of the spectrum will be measure,
and the concentration will be calculated according to the Beer-Lambert law, where extinction coefficient and path length are
constant. Extinction coefficient, a measure of how strongly a substance absorbs light at a specific wavelength, is the intrinsic
property of a protein depending on its composition and structure. Hence, to precisely determine protein concentration, it is
fundamental to accurately determine extinction coefficient. Creative Proteomics offers reliable service to help you determine

the extinction coefficient accurately, in accordance with the ICH Q6B Guidelines.

https://www.creative-proteomics.com/pronalyse/extinction-coefficient-determination.html

https://jordilabs.com/lab-

testing/problems-we-

solve/protein- e

analysis/protein- J d L b
extinction-coefficient/ Or 1 a S

MATERIAL SOLUTIONS. UNCOMPROMISING INTEGRITY.

Protein concentration is a crucial parameter affecting the efficacy of a therapeutic.
Accurate quantification provides key information supporting formulation studies and
the determination of enzyme kinetics. Quantitation is critical for a wide variety of
downstream applications in the preparation of commercial pharmaceuticals. Several
approaches which are commonly applied to determine the protein concentration
include UV absorption, the Bradford assay and the bicinchoninic acid (BCA) assay.
Among these, UV absorption is widely applied due to its relative high accuracy, low
cost and short analysis time.

For UV absorption, the protein concentration is determined based on the
measurement of the UV absorbance at a characteristic wavelength using the known
protein extinction coefficient (Beer's Law). The strong UV-light absorption of the
protein is due to the presence of aromatic side chains in the amino acids, such as
tyrosine, tryptophan and cysteine. The absorbance measurement is usually
conducted at 280 nm to reduce interferences from other compounds in the protein
solutions. According to Beer's Law, the molar extinction coefficient (M'cm™) is a
constant for a given substance dissolved in a given solution and measured at a
given wavelength. For proteins, percent solution extinction coefficients
(g/100mL)cm are used for convenience instead of molar extinction coefficients.
The percent solution extinction coefficient of a protein is a key parameter which can
be determined by calibration with a commercial standard, estimated based on the
chemical properties of the protein or it can be obtained from a database such as
that provided by NIST.

Protein Analysis with Jordi Labs

Jordi Labs has extensive experience conducting UV-vis absorption and protein
analysis. We offer high-quality services for the determination of the protein
extinction coefficient and protein solution concentration. Our highly skilled chemists
provide outstanding customer service and have the background needed to assist
with simple or complex projects.
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* Degradace proteint v bunice je aktivni proces
(,,udélej svoji praci a zmiz, at nezavazis“).

e ,In-vivo half-life” « Instability index“



Jak stabilni je muj protein?

e Stabilita in vivo

Stabilita proteinu v burce

The N-end rule pathway of protein degradation

Alexander Varshavsky*

Drivision of Biology, Califormia Institute of Technology, Pasadena, €24 #1125, 1JSA

The N-end rule relates the in riro half-life of a protein to the identity of its N-terminal residue.

In vivo half-life

The half-life is a prediction of the time it takes for half of the amount of protein in a cell to disappear after its synthesis in the cell.
ProtParam relies on the "N-end rule", which relates the half-life of a protein to the identity of its N-terminal residue; the prediction
Is given for 3 model organisms ) -end rule (Tor a review see orginated from the
observations that the identity of the N- termmal residue of a protein plays an important role in determlnmg its stability in vivo ([2],
[31.14]). The rule was established from experiments that explored the metabolic fate of arificial beta-galactosidase proteins with
different N-terminal amino acids engineered by site-directed mutagenesis. The beta-gal proteins thus designed have strikingly
different half-lives in vivo, from maore than 100 hours to less than 2 minutes, depending on the nature of the amino acid at the
amino terminus and on the experimental model (yeast in vivo; mammalian reticulocytes in vitro, Escherichia coli in vivo). In
addition, it has been shown that in eukaryotes, the association of a destabilizing N-terminal residue and of an internal lysine
targets the protein to ubiquitin-mediated proteolylic degradation [6]. Note that the program gives an estimation of the protein
half-life and is not applicable for N-terminally modified proteins.

* N-koncové pravidlo

* Odhad — osekani sekvencni informace na jednu
aminokyselinu.

* Problém odstépovani iniciacniho methioninu: ktera
aminokyselina je ve skutecnosti prvni?

Similar but distinct versions of the N-end rule operate in all organisms examined, from mammals

to fungi and bacteria. In eukaryotes, the N-end rule pathway is a part of the ubiquitin system. L4 N ést rOje p ro p red | kCi Odété pe N |, | N |C|aén |,h (@)
Ubiquitin is a 76-residue protein whose covalent conjugation to other proteins plays a role in . .
many biological processes, including cell growth and differentiation. 1 discuss the current methlonlnu,

understanding of the N-end rule pathway.



Jak stabilni je muj protein?

e Stabilita in vivo

 Stabilita proteinu v burce

The N-end rule pathway of protein degradation

Alexander Varshavsky*

I vpision of Biology, Califorma Trecisiute of lechnology, Pasadema, €24 91125, 1154

The N-end rule relates the in riro half-life of a protein to the identity of its N-terminal residue.
Similar but distinct versions of the N-end rule operate in all organisms examined, from mammals
to fungi and bacteria. In eukaryotes, the N-end rule pathway is a part of the ubiquitin system.
Ubiquitin is a 76-residue protein whose covalent conjugation to other proteins plays a role in
many biological processes, including cell growth and differentiation. 1 discuss the current
understanding of the N-end rule pathway.

Ukol 10: Predikujte in vivo half-life ndsledujicich proteini:

Protein 1:
MERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONL
GTKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYND
GIVFLNWPLG

Protein 2:
ERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLG
TKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDG
IVFLNWPLG

Ukol 11: Odstépuje se u proteinu 1 iniciaéni methionin?
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P’ Cleavage P2’ Pro Radius Area
Glycine Yes No 0 0
Alanine Yes No 0.77 67
Cysteine Yes No 122 104
Theonine Vanable  No 124 102
Proline Yes No 1.25 105
Valme Variable  No 1.29 117
Asparticacid ~ No 1.43 106
Asparagine No 145 113
Leucine No 154 137
Isoleucine No 1.56 140
Glutamine No 1.75 144
Glutamic actid  No 1.77 138
Histidine No 1.78 151
Methionine No 1.80 160
Phenylanine No 1.90 175
Lysime No 208 167
Tyrosine No 2.13 187
Trptophan No 221 217
Arginine No 238 196

N-Terminal Methionine Processing

Paul Wingfield

Protein Expression Laboratory, NIAMD/NIH, Bldg. 6B, Room 1B130, 9000 Rockville Pike,
Bethesda, MD 20892, Tel: 301-594-1313, pelpw@helix.nih.gov

Abstract

Protein synthesis is initiated by methionine in eukaryotes and formylmethionine in prokaryotes. N-

terminal methionine can be co-translationally cleaved by the enzyme methionine aminopeptidase
(MAP). When recombinant proteins are expressed in bacterial and mammalian expression systems
there is a simple universal rule which predict whether the initiating methionine will be processed
by MAP and 1s based on the size of the residue adjacent (penultimate) to the N-methionine. In
general. if the side-chains of the penultimate residues have a radius of gyration of 1.29 A or less
methionine is cleaved. This rule was originally suggested by Sherman et al.. (1985) based on their
pioneering studies with yeast.

Ukol 10: Predikujte in vivo half-life ndsledujicich proteini:

Protein 1:
MERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONL

GTKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYND
GIVFLNWPLG

Protein 2:
ERDGTFNLPPHIKFGVTALTHAANDQTIDIYIDDDPKPAATFKGAGAQDONLG
TKVLDSGNGRVRVIVMANGRPSRLGSRQVDIFKKSYFGIIGSEDGADDDYNDG
IVFLNWPLG

Ukol 11: Odstépuje se u proteinu 1 iniciaéni methionin?

http://terminus.unige.ch/
https://bioweb.i2bc.paris-saclay.fr/terminator3/



,N-terminomics*

N-terminalni posttranslacni
modifikace ovlivnuji stabilitu
proteind.

Modifikace (napf. acetylace),
odstépeni iniciacniho methioninu,
odstépeni signalniho peptidu.

Analyza pomoci MS —
bioinformatické nastroje pro analyzu
dat.

Bioinformatické nastroje pro predikci
modifikaci.

Databaze vénované ,terminalnim“
modifikacim.

,N-terminomics is a rapidly evolving branch of proteomics that encompasses the study
of protein N-terminal sequence. A proteome-wide collection of such sequences has
been widely used to understand the proteolytic cascades and in annotating the
genome. Over the last two decades, various N-terminomic strategies have been
developed for achieving high sensitivity, greater depth of coverage, and high-
throughputness.”

Review

N-terminomics — its past and recent advancements

Prashant Kaushal ", Cheolju Lee *""

“ Center for Theragnosis, Korea Institute of Science and Technology, Seoul 02792, Republic of Korea
Y Division of Bio-Medical Science & Technology, KIST School, Korea University of Science and Technology, Seoul 02792, Republic of Korea
© KHU-KIST Department of Converging Science and Technology, Kyung Hee University, 26 Kyunghee-daero, Dongdaemun-gu, Seoul 02447, Republic of Korea

TopFIND 4.1

Myristoylator . . .

h : find.clip.msl.ubc.ca/home/index
N-terminal myristoylation of ttps://topfindelENIStt e e i =
proteins by neural networks. The public knowledgebase for protein

termini and protease processing

https://www.expasy.org/resources/myristoylator



Instability index (Il)

The instability index provides an estimate of the stability of your protein in a test tube. Statistical analysis of 12 unstable and 32

Jak stabilni je muj protein?

e Stabilita in vitro

stable proteins has revealed [7] that there are certain dipeptides, the occurence of which is significantly different in the unstable
proteins compared with those in the stable ones. The authors of this method have assigned a weight value of instability to each
of the 400 different dipeptides (DIWV).

First amino  Sccond amine acid of dipeplide

acid of w C M H Y F Q N 1 R D p T K E v 5 G A L

dipeptide

W 10 10 2468 2468 10 10 10 1334 10 10 10 10 403 10 10 =749 10 —937 —1403 1134
C 2468 10 336 336 L0 10 -65 10 L0 1O 2026 2026 336 10 10 -65 10 10 10 202%
M 10 10 -1.88 5828 2468 10 63 10 10 -65 10 4494 —)88 10 1.0 1.0 4494 10 I13M 1.0
H ~1.88 1.0 1.0 10 4494 -937 |0 2468 4494 1.0 |0 -1B8 —-654 2468 10 10O 10 =937 10 10
Y —937 10 445 1334 1334 10 1.0 10 L0 -1591 2468 1334 —749 10 -654 10 10 -749 2468 1.0
F 10 10 10 10 36 10 L0 10 1.0 1.0 1334 2026 10 —-1403 10 10 10 10 1.0 1D
Q 1.0 -654 1.0 1.0 -654 -654 2026 1.0 1.0 1.0 2026 2026 1.0 10 20726 -654 449 14 10 10
N —-937 188 10 1.0 1O —1403 -654 10 4494 10 10 -—18 -749 2468 (0 10 (0 —1403 10 10
i 10 100 10 1334 10 10 10 10 10 10 10 —188 10 -749 4494 -749 10 L0 1.0 2026
R 5828 10 1.0 2026 -654 1.0 2026 1334 1.0 S828 1.0 W2 1D 1.0 10 1.0 4494 =749 1.0 1.0
D 10 10 10 10 10 —65 1.0 10 1.0 -65 10 1.0 -1403 -749 10 1.0 202 10 1.0 1.0
P -1.88 -654 -654 1.0 10 202 2036 10 10 -65 -634 202 1.0 1.0 1838 2026 2026 10 2026 1.0
T -1403 10 10 10 10 1334 -654-1403 10 10 10 10 10 1.0 202 10 L0 -749 1.0 1D
K 10 10 336 1.0 10 1.0 2468 10 -749 336 1.0 -654 1.0 10 1.0 -749 1.0 -7.49 1.0 —7.49
E ~14.03 4494 10 -65 1.0 1.0 202 10 202 10 2026 202 10 10 336 10 2026 10 14 10
v 0 10 L0 1D -654 10 1.0 1.0 L0 1O —14.03 2026 -749 —18 (0 1.0 1D -749 1O 1.0
$ 10 336 1O 10 10 10 2026 10 10 2026 10 4494 10 10 2026 1.0 202 10 1.0 10
G 133 10 10 10 -749 10 10 749 -749 1.0 1.0 1.0 —7.49 749 —654 1.0 1.0 1334 -749 L0
A 1.0 448 10 =749 10 1O 10 10 10 10 -749 202 10 10 10 L0 1O 10 1.0 1D
L 2468 10 10 1.0 10 10 336 10 10 202 1.0 202 10 -749 10 10 D 10 10 10

 Stabilita proteinu ve zkumavce

 ,Instability index“
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Instability index (1)

The instability index provides an estimate of the stability of your protein in a test tube. Statistical analysis of 12 unstable and 32 ° Stabilita in vitro
stable proteins has revealed [7] that there are certain dipeptides, the occurence of which is significantly different in the unstable

proteins compared with those in the stable ones. The authors of this method have assigned a weight value of instability to each

of the 400 different dipeptides (DIWV).

 Stabilita proteinu ve zkumavce
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Jak stabilni je muj protein?

Instability index (1)
The instability index provides an estimate of the stability of your protein in a test tube. Statistical analysis of 12 unstable and 32 ° Stabilita in vitro
stable proteins has revealed [7] that there are certain dipeptides, the occurence of which is significantly different in the unstable

proteins compared with those in the stable ones. The authors of this method have assigned a weight value of instability to each
of the 400 different dipeptides (DIWV).

 Stabilita proteinu ve zkumavce

Protein Pept Lett. 2019;26(5):339-347. doi: 10.2174/09298665266661902258144213.

Applicability of Instability Index for In vitro Protein Stability Prediction.

Abstract %‘
BACKGROUND: The dipeptide composition-based Instability Index (1) is one of the protein primary structure-dependent methods available

far in vivo protein stability predictions. As per this method, proteins with 1l value below 40 are stable proteins. Intracellular protein stability

principles guided the original development of the 11 method. However, the use of the [| method for in vitro protein stability predictions raises

questions about the validity of applying the Il method under experimental conditions that are different from the in vivo setting.

OBJECTIVE: The aim of this study is to experimentally test the validity of the use of Il as an in vitro protein stability predictor.

METHODS: A representative protein CCM (CCM - Caulobacter crescentus metalloprotein) that rapidly degrades under in vitro conditions was
used to probe the dipeptide sequence-dependent degradation properties of CCM by generating CCIWM mutanis to represent stable and
unstable 1l values. A comparative degradation analysis was camried out under in vitro conditions using wildtype CCM, CCM mutants and two
other candidate proteins: metallo-B-lactamase L1 and a -51- casein representing stable, borderline stable/unstable, and unstable proteins as
per the Il predictions. The effect of temperature and a protein stabilizing agent on CCM degradation was also tested.

RESULTS: Data support the dipeptide composition-dependent protein stability/instability in wi-CCM and mutants as predicted by the ||
method under in vitro conditions. However, the Il failed to accurately represent the stability of other tested proteins. Data indicate the . oye . “
influence of protein environmental factors on the autoproteolysis of proteins. ” I nsta b | I |ty In d ex

CONCLUSION: Broader application of the 1| method for the prediction of protein stability under in vitro conditions is questionable as the
stability of the protein may be dependent not only on the intrinsic nature of the protein but also on the conditions of the protein milieu.



Agregace proteinu

Agregace proteint = shlukovani protein(

Agregace proteinu in vitro vs. in vivo

Agregace in vitro mlze byt zplsobena poskozenim proteind — naruseni prostorového usporadani
(struktury), odhaleni hydrofobnich ¢asti proteinu. Nevhodné pracovni podminky, mechanické
poskozeni.

Agregace in vivo — hromadéni Spatné sbaleného proteinu (mutace)

Spatné sbalené proteiny — neurodegenerativni choroby

Vysoka koncentrace proteinu v bakterialni bunce - problémy pri produkci rekombinantnich
proteinl (inkluzni téliska)



Agregace proteinu

e Agregace in vivo — hromadéni Spatne sbaleného proteinu (mutace)

* Spatné sbalené proteiny — neurodegenerativni choroby

NEURODEGENERATIVNI CHOROBY ZPUSOBENE UKLADANIM NESPRAVNE ,SLOZENYCH*
PROTEINU

(viz rovnéz Vesmir 78, 328, 1999,/6)

+ Alzheimerova choroba je nejéastéjsi ze vsech demenci (tvori zhruba 50-60 % vsech
pripad). Podrobnéji se ji zabyva ramecek T. Hajka na protéjsi strané.

» Pickova choroba je velmi vzacna demence, rovnéz podobna Alzheimerové nemoci. Atrofie
mozkové kiary postihuje hlavné ¢elni a spankovy lalok, coz zptisobuje velmi napadny
klinicky obraz. V pocateénim stadiu choroby se objevuji predevim hrubé zmény osobnosti
a postizeni jedinci se Casto dopoustéji drobnych sexualnich delikti. Pripadné trestni
stihani je samoziejmé zastaveno pro nepricetnost. Atrofie kortexu pokrac¢uje pomérné
rychle a nemoc konéi smrti.

» Parkinsonova choroba byla poprvé popsana r. 1817. Je ¢astéjsi u muzi a v pozdéjsim véku,
ale nevyhyba se ani mladym lidem. Klinicky se projevuje svalovym tresem (tremorem),
ktery je nejvice patrny v klidu a pfi pohybu mizi, dale ztuhlosti, pomalosti pohyb,
Soupavou chiizi. Deprese se vyskytuje u 30 % pacientid a u 10-30 % se rozvine demence
podobna Alzheimerové nemoci. Nemoc je zptisobena ubytkem nervovych bunék
produkujicich neurotransmiter dopamin v substantia nigra. Priznaky se objevuji pri
destrukci vice nez 70 % dopaminergnich neuront v této oblasti mozku.

» Kuru je vzacna infekéni prionova choroba vyskytujici se na Papui-Nové Guinei u kmene
Fore, ktery holdoval ritualnimu kanibalizmu. Priony se prenaseji predeviim pojidanim
mozki a jater zemrelych prislusniki kmene. Klinicky i patologicky obraz kuru je shodny
s Creutzfeldtovou-Jakobovou chorobou.

V mozcich pacienti trpicich Alzheimerovou chorobou se vyskytuji dva rizné proteinové agregaty:
smotky chybné slozeného cytoskeletarniho proteinu tau a plaky z proteinovych agregatii tvofenych
fragmenty membranového proteinu: p-amyloidového prekurzoru (B-APP). Pritomnost dvou druht
proteinovych agregati vedla ve védecké obei k prudkym sportim o to, ktery z téchto proteind je
skuteénou pficinou onemocnéni a ktery jen vedlej§im pfiznakem. Zastanci jednotlivych teorii
(posmésné nazyvani tauiste a baptisté) jdou ve svém nadSeni pro oblibenou teorii nékdy tak daleko, ze
se v prednaskach na velkych védeckyeh konferencich o protivném proteinu viibec nezminiuiji. Podle
poslednich praci (Science 293, 1487, 2001) se ale zda, Ze oba mechanizmy jsou vzajemné provazany.
Vzhledem k tomu, Ze autorem tohoto ¢lanku je presvédéeny baptista, neuslysite o proteinu tau

v dal$im textu uz ani slovo.

» Huntingtonova chorea je autozomalné dominantni dédi¢né onemocnéni. Defektni gen lezi
na 4. chromozomu. Postihuje osoby ve véku 20 az 50 let. Pacienti prezivaji primérné
15 let. Klinicky se projevuje mimovolnimi pohyby pripominajicimi tanec (odtud chorea),
psychotickymi priznaky (halucinacemi, bludy) a postupujici demenci. Takove klinicke
priznaky jsou disledkem destrukce malych neuronti ve dvou ¢astech mozku - v ocasatém
jadre (nucleus caudatus) a skorapce (putamen).

Jan Konvalinka, Jana Peichlovd | 1.1.2002 | Vesmir 81, 11, 2002/1




Agregace proteinu

e Agregace in vivo — hromadéni Spatne sbaleného proteinu (mutace)

* Spatné sbalené proteiny — neurodegenerativni choroby

Alzheimer’s disease

JOSE A. SORIA LOPEZ', HECTOR M. GONZALEZ', AND GABRIEL C. LEGER'**
! Department of Neurosciences, University of California San Diego, La Jolla, CA, United States

2Shiley-Marcos Alzheimer s Disease Research Center, University of California San Diego, La Jolla, CA, United States

Abstract

Alzheimer’s disease (AD) dementia refers to a particular onset and course of cognitive and functional
decline associated with age together with a particular neuropathology. It was first described by Alois
Alzheimer in 1906 about a patient whom he first encountered in 1901. Modern clinical diagnostic criteria
have been developed, and criteria have also been proposed to recognize preclinical (or presymptomatic)
stages of the disease with the use of biomarkers. The primary neuropathology was described by Alzheimer,
and in the mid-1980s subsequently evolved into a more specific neuropathologic definition that recognizes
the comorbid neuropathologies that frequently contribute to clinical dementia. Alzheimer’s disease is now
the most common form of neurodegenerative dementia in the United States with a disproportionate disease
burden in minority populations. Deficits in the ability to encode and store new memories characterizes the
initial stages of the disease. Subsequent progressive changes in cognition and behavior accompany the later
stages. Changes in amyloid precursor protein (APP) cleavage and production of the APP fragment beta-
amyloid (A p) along with hyperphosphorylated tau protein aggregation coalesce to cause reduction in syn-
aptic strength, synaptic loss, and neurodegeneration. Metabolic, vascular, and inflammatory changes, as
well as comorbid pathologies are key components of the disease process. Symptomatic treatment offers a
modest, clinically measurable effect in cognition, but disease-modifying therapies are desperately needed.

Handbook of Clinical Neurology, Vol. 167 (3rd series)
Geriatric Neurology

S.T. DeKosky and S. Asthana, Editors
https:/doi.org/10.1016/B978-0-12-804766-8.00013-3
Copyright © 2019 Elsevier B.V. All rights reserved

V mozcich pacienti trpicich Alzheimerovou chorobou se vyskytuji dva rizné proteinové agregaty:
smotky chybné slozeného cytoskeletarniho proteinu tau a plaky z proteinovych agregatii tvofenych
fragmenty membranového proteinu: p-amyloidového prekurzoru (B-APP). Pritomnost dvou druht
proteinovych agregati vedla ve védecké obei k prudkym sportim o to, ktery z téchto proteind je
skuteénou pficinou onemocnéni a ktery jen vedlej§im pfiznakem. Zastanci jednotlivych teorii
(posmésné nazyvani tauiste a baptisté) jdou ve svém nadSeni pro oblibenou teorii nékdy tak daleko, ze
se v prednaskach na velkych védeckyeh konferencich o protivném proteinu viibec nezminiuiji. Podle
poslednich praci (Science 293, 1487, 2001) se ale zda, Ze oba mechanizmy jsou vzajemné provazany.
Vzhledem k tomu, Ze autorem tohoto ¢lanku je presvédéeny baptista, neuslysite o proteinu tau

v dal$im textu uz ani slovo.

» Huntingtonova chorea je autozomalné dominantni dédi¢né onemocnéni. Defektni gen lezi
na 4. chromozomu. Postihuje osoby ve véku 20 az 50 let. Pacienti prezivaji primérné
15 let. Klinicky se projevuje mimovolnimi pohyby pripominajicimi tanec (odtud chorea),
psychotickymi priznaky (halucinacemi, bludy) a postupujici demenci. Takove klinicke
priznaky jsou disledkem destrukce malych neuronti ve dvou ¢astech mozku - v ocasatém
jadre (nucleus caudatus) a skorapce (putamen).

Jan Konvalinka, Jana Peichlovd | 1.1.2002 | Vesmir 81, 11, 2002/1




Agregace proteinu

» ,Aggregation propensity prediction”
* Choroby zplUsobené mutovanym proteinem

* Predikce ze sekvence/ predikce ze struktury

In the cell, protein folding into stable globular conformations is in competition with aggregation
into non-functional and usually toxic structures, since the biophysical properties that promote
folding also tend to favor intermolecular contacts, leading to the formation of B-sheet-enriched in-
soluble assemblies. The formation of protein deposits is linked to at least 20 different human dis-
orders, ranging from dementia to diabetes. Furthermore, protein deposition inside cells repre-
sents a major obstacle for the biotechnological production of polypeptides. Importantly, the ag-
gregation behavior of polypeptides appears to be strongly influenced by the intrinsic properties en-
coded in their sequences and specifically by the presence of selective short regions with high
aggregation propensity. This allows computational methods to be used to analyze the aggregation
properties of proteins without the previous requirement for structural information. Applications
range from the identification of individual amyloidogenic regions in disease-linked polypeptides

to the analysis of the aggregation properties of complete proteomes. Herein, we review these theo-
retical approaches and illustrate how they have become important and useful tools in under-

standing the molecular mechanisms underlying protein aggregation.

Table 1. Online available computational methods to predict the aggregation properties of protein sequences

Method Web Reference
AGGRESCAN http://bioinf.uab.es/aggrescan/ [19]
Betascan http://betascan.csail. mit.edu/ [23]
FoldAmyloid http://antares.protres.ru/fold-amyloid/ [29]
PASTA http://biocomp.bio.unipd.it/pasta/ [32]
Waltz http://waltz.switchlab.org/ [39]
ZipperDB http://services.mbi.ucla.edu/zipperdb/ [45]
Zyggregator http:/ /www-vendruscolo.ch.cam.ac.uk/zyggregator.php [49]
AmylPred http://biophysics.biol.uoa.gr/AMYLPRED/input.html [61]

Prediction of the aggregation propensity of proteins from the
primary sequence: Aggregation properties of proteomes
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Agregace proteinu

» ,Aggregation propensity prediction”
* Choroby zplUsobené mutovanym proteinem

* Predikce ze sekvence/ predikce ze struktury

In the cell, protein folding into stable globular conformations is in competition with aggregation
into non-functional and usually toxic structures, since the biophysical properties that promote
folding also tend to favor intermolecular contacts, leading to the formation of B-sheet-enriched in-
soluble assemblies. The formation of protein deposits is linked to at least 20 different human dis-
orders, ranging from dementia to diabetes. Furthermore, protein deposition inside cells repre-
sents a major obstacle for the biotechnological production of polypeptides. Importantly, the ag-
gregation behavior of polypeptides appears to be strongly influenced by the intrinsic properties en-
coded in their sequences and specifically by the presence of selective short regions with high
aggregation propensity. This allows computational methods to be used to analyze the aggregation
properties of proteins without the previous requirement for structural information. Applications
range from the identification of individual amyloidogenic regions in disease-linked polypeptides

to the analysis of the aggregation properties of complete proteomes. Herein, we review these theo-
retical approaches and illustrate how they have become important and useful tools in under-

standing the molecular mechanisms underlying protein aggregation.

AR42

AGGRESCAN

BETASCAN

FOLDAMYLOID

PASTA

WALTZ

ZIPPER DB

ZYGGREGATOR

DAEFRHDSGYEVHHOQKLVFFAEDVGSNKGAIIGLMVGGVVIA

1721 3042

wr ——— i S

F1D o e
wr ——
F1D L o owae
wT = s23s

F189D -

WT e[
wr N oz
F1D N
WT 15-20 2742

F19D 2742

WT 20-22 3242

F19D 3242

Figure 1. Comparison of the experimental
and predicted aggregation-prone regions in
two variants of the Alzheimer's disease re-
lated peptide ARB42. Phe19 is shown in red in
the sequence of the Af42 peptide. Changing
this residue to Asp strongly reduces the ag-
gregation propensity of the mutated variant
(F189D), relative to the wild-type [(WT) se-
quence [17]. Grey rectangles correspond to
experimentally verified amyloidogenic se-
quences in the WT peptide. The numbers
indicate the residues belonging to these re-
gions. The different selid colored rectangles
indicate aggragation-prone regians in the
natwral and mutated Af42 sequences, as
predicted by the different algerithms dis-
cussed herein. The dashed rectangle corre-
sponds to sequences with high aggregation
propensity, but with values below the default
threshold of the correspending method.



Agregace proteinu

Predicting amylogenic regions Protein 1:

in protein sequences SDVDIEAQDAGQTLVQVISIPSGETWVAIQLPSQYRYFDFVFENVSPTSSGSVLVA
QMAPQSGGVYGSNYSGSGWGNDLGGGGFYGYSEAKWMCLWPANRSGPSSKTGLYGT
CKLMNLNQSSAVPSVTSNLFAPTAYKNEPGYANVGGCCQKIRGLASSIQFAFALAG
GNVPONTDTFNGGTIKVYGWN

Protein 2:
LVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTGLSPG

DQLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDADDLLHPSC
RPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIEIAGSQPDTKQPG
FKPSS

Paste a single sequence or several sequences in FASTA format into the field below (max 10000 letters)

Protein 3:
PLLSASIVSAPVVTSETYVDIPGLYLDVAKAGIRDGKLQVILNVPTPYATGNNFPG

IYFAIATNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGVTFVKGQWKSVRG

< SAMHIDSYASLSAIWGTAAPSSQGSGNQGAETGGTGAGNIGGGG
Threshold @ Best Overall Performance @B.est Over?lll I-Derformance N
) High Specificity (less false positives) 8::3: EEE::ESEUGSS false positives) Protein 4:
C igh Sensitivity Ocustom:[0 | [0-100] ADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQOHIKLFIGDSQEPAAYHKLTTRDG
Ocustom:[0_[0-100] PREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKKSDGSPFTVNFGIVVSEDGH
pH [detailed with graphics v DSDYNDGIVVLOWPIG
Output Format |shorl text output V| short text.oufp

Q e i ,
| Submit sequences || Reset |
Ukol 12: Otestujte studované proteiny a predikujte, zda

obsahuji useky nachylné k agregaci.

https://waltz.switchlab.org/index.cgi



Jak pracovat s proteiny?

, , i BT T
* Prace za vhodné teploty é ﬁé} ﬁ;?g: . ’j\;

Tabulka VII ploty denaturace RSL (LA drka) ve viech podminkach ,buffer screenu™ ziskané metodou nanoDSF. Podminka s nej stabilizujicim cfcktem g sAicjvyssi teplotou

denaturace (D7) ma tmave Zelenou barvu. Barvy ostatnich podminek se odviji od srovnani s podminkou D7 podle skaly ve spodni asti tabulky. Na priklad podminka B4 ma bledé
modrou barvu, protoZe se od podminky D7 lisi o 7 °C.

teplota

1 3 4 5 6 7 8 9 10
A s pHap pH50 pHED 70
94,3 92,6 90,7 87,8 88,4 1,30
50 mM acetdt, | SOmMacetdt, 50 mM acetat, 50 mM MES, 50 mM MES, 50mM MES, 50 mM Nafosfit,
- pHAD pHES PHS50 pH55 PHED PHES 70 E 1.257
92,7 93,4 92,8 90,2 92,4 89,5 83,6 % 1,20
50 mM MES, 50 mM MES, 50 mM MES, 50 mM MES, C") 1 15-
50 mM NaQ, 100 mM NaQl, 250 mM NaQ, 500 mM NaCl, LI— '
C pHED pHED pHED PHED - 1.10
90,9 902 89,5 E
= 1.054
25mM % 1004  First derivative analysis
. oMs0 trehaloss ™ :
944 927 899 oo
AN L d 0.90

20 30 40 50 60 70 80 40
Temp (°C)

* Nejlepsi podminky vybirame a stabilitu proteinu ¢asto posuzujeme s vyuzitim Tm (melting

temperature, teplota tani, 50% proteinu je denaturovano).




Predikce Tm

i0 9
"-.- -l. : 'l_:. 0 - .-I- al Blolog | ) -. .
Please Input the Protein SE@@MM}
— Result

SSVQTAATSWGTVPSIRVYTANNGKITERCWDGKGWYTGAFNEPGDNVSY

TSWLVGSAIHIRVYASTGTTTTEWCWDGNGWTKGAYTATN
Sequence

Tm Index (TI)  -1.55963694667

| Submit | | Reset | .
Melting
Temperature lower tha @
. . Prediction
Melting Temperature Prediction
| Tm Index [ Predited Tm | Result
| =1 |_ MNPSPRKRVALFTDGACLGNPGPGGWAALL mrtraniciat L e A e TTR I ID
coquence  MELKAAIEGLKALKEPCEVDLYTDSHYLKKAI Result
| =<0 [ <8¢ ] d E?},’EQE%‘F’,VTE&L%?K'APHRVRFHWKGHT VESSTDGQVVPQEVLNLPLEKAHEEADDYLDHLLDSLEELSEAHPDCIPD
| 01 [ secesCc VELSHGVMTLEIPAFGTYVINKQPPNKQIWLASPLSGPNRFDLLNGEWVS
Sequence LRNGTKLTDILTEEVEKAISKSQ
. Tm Index (Tl 3.45588953837
Melting Temperature Index (TI) ™
Melting Tm index (TI)  -0.117801914593
. Tempera_ture higher than 65°C 1ri|
http://tm.life.nthu.edu.tw/ Prediction

Melting Temperature
Prediction

lower than 55°C 3OEC|



Predikce Tm

Tm Predictor

P.C. Lyu Lab., Institute of Bioinformatics and Structural Biology,
National Tsing-Hua University, Hsin-Chu, Taiwan

Please Input the Protein Sem(phmm;

—

| Submit | | Reset |

Melting Temperature Prediction

| Tm Index [ Predited Tm |
| =1 | =B5°C |
. 5 |
| 0~1 | 55°C~65°C |

Melting Temperature Index (TI)

http://tm.life.nthu.edu.tw/

Protein 1:
ATQGVFTLPANTRFGVTAFANSSGTQTVNVLVNNETAATFSGQSTNNAVIGT
QVLNSGSSGKVQVQVSVNGRPSDLVSAQVILTNELNFALVGSEDGTDNDYND
AVVVINWPLG

Protein 2:
ADSQTSSNRAGEFSIPPNTDFRAIFFANAAEQQOHIKLFIGDSQEPAAYHKLT
TRDGPREATLNSGNGKIRFEVSVNGKPSATDARLAPINGKKSDGSPFTVNFG
IVVSEDGHDSDYNDGIVVLQWPIG

Protein 3:
LVIVDAVTLLSAYPEASRDPAAPTVIDGRHLYVVSPGDAAQLGHNDSRLFTG
LSPGDQLHLRETALALRAEVSVLFIRFALKDAGIVAPIELEVRDAATAVPDA
DDLLHPSCRPLKDHYWRSDVLAAGATTCTADFAVCDRDGTVSGYFRWETSIE
IAGSQPDTKQPGFKPSSDRNGNFSLPPNTAFKAIFYANAADROQDLKLFIDDA
PEPAATFVGNSEDGVRLFTLNSKGGKIRIEASANGRQSATDARLAPLSAGDT
VWLGWLGAEDGADADYNDGIVILQWPIT

Ukol 13:  Predikujte Tm uvedenych proteind.

(Protein 1: termostabilni; Protein 2: ,normalni*;
Protein 3: moc nevydrii)



Termostabilita

Portal Home

Thermostability predictor

[ Thermostability predictor home - Documentation - Tutorial - Licensing Notice - Group

http://service.tartaglialab.com/update_submission/551650/

,The Thermometer web server is fast Submission reference: 551650

and for a 50-residue-long protein, Submission [abe! (optional)

results are available to the user in | '

about 4 minutes, while for a protein Email address (optional, used for notification)

of average size (250 resides) the | |

waiting time is of nearly 20 minutes. Tfﬂidentiﬂer{eg- 3KBY.pdb | 3KEY. L2ua

Moreover, the webserver is user-

frlend/y and can be run WIthOUt any a There is another version available that allows submission via file upload.

priori knowledge on theoretical or

computational biology. We believe The weighted average
Thermometer can contribute to better z::::j:r:::::s o nercompEs of the 10 closest
understanding thermal stability and proteins is: 58.31
we hope that it could be useful in a Sample data

number Of prCICi'ICG/ Gpp/lCGtIOI‘)S.” Just trying it out? Pre-populate the form with: (Please, check that you do not have active proxies!)

1ril - Thermostable example - Ribonuclease H from thermus thermophilus HBS

Joeq - Mesostable example - Trimeric frataxin from the yeast Saccharomyces cerevisiae




,The Thermometer web server is fast
and for a 50-residue-long protein,
results are available to the user in
about 4 minutes, while for a protein
of average size (250 resides) the
waiting time is of nearly 20 minutes.
Moreover, the webserver is user-
friendly and can be run without any a
priori knowledge on theoretical or
computational biology. We believe
Thermometer can contribute to better
understanding thermal stability and
we hope that it could be useful in a
number of practical applications.”

Portal Home

[ Thermostability predictor home - Documentation - Tutorial - Licensing Notice - Group page @ lIT]

http://service.tartaglialab.com/update_submission/551650/28c833ad26

Termostabilita

Thermostability predictor

Submission reference: 551650

Submission label (optional)

Email address (optional, used for notification)

PDE identifier (e.g. 3K8Y.pdb / 3K8Y / 3k8y)
luzﬂ

There is another version available that allows submission via file upload.

Submission status: Form not complete. |Validate submission

Send submission

Sample data

Ukol 13:
termostability pro
proteiny.

Vyzkousejte si predikci
tyto dva

Just '[Fyil'lg it out? F're-populate the form with: (Please, check that you do not have active prcxies!)
1ril - Thermostable example - Ribonuclease H from thermus thermophilus HBS

Joeq - Mesostable example - Trimeric frataxin from the yeast Saccharomyces cerevisiae



Aliphatic
index

,2Aliphatic index*
Termostabilita

Aliphatic index

Termostabilni proteiny — vyuziti v pramyslu

The aliphatic index of a protein is defined as the relative volume occupied by aliphatic side chains (alanine, valine,
Isoleucine, and leucine). It may be regarded as a positive factor for the increase of thermostability of globular proteins.

Termostabilni proteiny — proteiny z extremofilnich organismd, proteinové inzenyrstvi

Vyuziti bioinformatiky — predikce stabilizujicich mutaci

Srovnani s proteiny z termofilnich organism

Sekvencni/strukturni uroven

An Overview of the Protein Thermostability Prediction:
Databases and Tools

Studies revealed the differences between amino acid and di-
peptide composition in thermophilic and mesophilic proteins.
For example, the frequency of Lys, Arg, Glu and Pro was higher in
thermophilic than mesophilic protein [8,10]. These studies also
show that the occurrences of EE, KK, RR, PP, KI, VV, VE, KE, and VK
were higher in thermophilic proteins while QQ, AA, EQ, LL, NN, QT
had lower occurrences [6]. In addition, the frequency of charged,
hydrophobic and aromatic amino acids in thermophilic protein
is higher than mesophilic ones [3]. Moreover, the correlation
between protein amino acid composition and its biological
function has been proven [1]. So, the protein sequence analysis
provides valuable information to predict protein thermostability;
particularly whenever the structural information of proteins is
not available.



Review: Engineering of thermostable enzymes for industrial

Termostabilita

applications

FIG. 2. Stabilizing strategies used in rational enzyme design. The most common strategies involve the introduction of sur-
face hydrogen bonds (a) and salt bridges (b), the stabilization of the hydrophobic core (c), the introduction of disulfide brid-
ges (d), and the stabilization of mobile loops using prolines (e). Phylogenetic analysis (f) can be used alone or in
combination with previous strategies to guide the enzyme rational design process.



Meltome atlas—thermal proteome stability across k€
,Meltome

the tree of life

) Thermal Protein Soluble protein
13 spocies ’ denaturation precipitation } quantification b m Moltome atias
Proteome-wide melting curves
22 A O R W Bl A
—_—  —
= : e Y
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I g - |/
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o=—»
— + IO W D H 21 0
77 datasets
TMT-10 plex 48,000 unique proteins
guantitative proteomics 140,000 melting curves

https://meltomeatlas.proteomics.wzw.tum.de/master_meltomeatlasapp/

a Q, OGT of organism

= T. thermophilus (n = 904)

QD P. torridus (n = 908) OL

[b‘.} G. stearothermaophilus (n = 776)
&£~ M. musculus (n = 5,906)

#~ E coli(n=1832)

ﬁ‘ H. sapiens (n = 5,666)

éé B. subtilis (n=1,563)

(5 S. cerevisiae (n = 1,949)

5{% D. melanogaster (n = 1,689)
<2{ D. rerio(n = 3,595)

c% A. thaliana (n = 2,493)

8 C. elegans (n= 3,366)

o
dﬂ O. antarctica (n = 1,352)
o

0 10 20 30 40 50 60
Protein melting temperature (°C)

We have used a mass spectrometry-based proteomic approach to compile an atlas of the thermal stability of 48,000 proteins
across 13 species ranging from archaea to humans and covering melting temperatures of 30-90 °C. Protein sequence, composi-
tion and size affect thermal stability in prokaryotes and eukaryotic proteins show a nonlinear relationship between the degree
of disordered protein structure and thermal stability. The data indicate that evolutionary conservation of protein complexes is
reflected by similar thermal stability of their proteins, and we show examples in which genomic alterations can affect thermal
stability. Proteins of the respiratory chain were found to be very stable in many organisms, and human mitochondria showed
close to normal respiration at 46 °C. We also noted cell-type-specific effects that can affect protein stability or the efficacy of
drugs. This meltome atlas broadly defines the proteome amenable to thermal profiling in biology and drug discovery and can be
explored online at http://meltomeatlas.proteomics.wzw.tum.de:5003/ and http://www.proteomicsdb.org.
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Meltome atlas—thermal proteome stability across k€
,Meltome

the tree of life

Plot proteins of interest in different species

1.5 -
Select species and a protein -
E a
Mus musculus BMDC lysate - %
< 1.0
; (o]
Homo sapiens K562 cells A E
. Q
=
Homo sapiens Jurkat cells - 5 0.51
=
Q
E S _
L t‘\,,":_—_-__-_._ oo 4
0.04 ——A — s
mtor 40 50 60
Temperature ( °C)
Gene symbol (e.g. CCNB2) Gene symbol + mTOR -& Mior
Species “ Homo saplens Jurkatcells = Homo saplens K562 cells =+ Mus musculus BMDC lys
Species Gene symbol Tm
Homo sapiens Jurkat cells mTOR 45.00
Homo sapiens K562 cells mTOR 47.94
Mus musculus BMDC lysate Mtor 48.00

Ukol 14: Porovnejte Tm proteinu
https://meltomeatlas.proteomics.wzw.tum.de/master_meltomeatlasapp/ GAPDH u élovéka a mysi.



Grand average of hydropathy

GRAVY (Grand Average of Hydropathy)

GRAVY

The GRAVY value for a peptide or protein is calculated as the sum of hydropathy values [9] of all the amino acids, divided
by the number of residues in the sequence.

Amino acid scale values:

Lla:

Lrg:

L=n:

LEp:

Cy=:

Gln:

Glu:

1.

800

.500

.200

.500

.500

.500

. 500

Gly:

His:

Ile:

Leu:

Ly=:

Met:

Phe:

. 400
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.B00
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.900

800

Pro:

Ser:

Thr:

Trp:

Tyr:

Val:

. 600

. 8300

700

. 500

300

200

J. Mol. Biol. (1982) 157, 105-132

A Simple Method for Displaying the Hydropathic
Character of a Protein

Jack KyTe aND RusseLL F. DooLrrTLE

Hydrofobni/hydrofilni proteiny?

Membranové proteiny?




Hydrofobni/
hydrofilni
proteiny?

Amino Acid
Alanine
Arginine

Asparagine

Aspartic acid

Cysteine
Glutamine

Glutamic acid
Glycine
Histidine

Isoleucine
Leucine
Lysine
Methionine

Phenylalanine
Proline

Serine
Threonine

Tryptophan

Tyrosine

Valine

GRAVY

Kyte-Doolittle

1.8

-3.5
2.5
-3.5
-3.5

-0.4

4.5
3.8
-3.9
1.9
2.8
-1.6

-0.8

Hopp-Woods
-0.5
3.0
0.2
3.0
-1.0
0.2
3.0
0.0
-0.5
-1.8
-1.8
3.0
-1.3
-2.5
0.0
0.3
-0.4
-3.4
-2.3

-1.5

Hydrofobni/h
ydrofilni
proteiny?



Protein 1:

GRAVY

DPIALTAAVGADLLGDGRPETLWLGIGTLLMLIGTFYFIVKGWGVIDKEAREYYSITILVPGIASAAYLSMFFGIGLTEVQVGSEMLDIYYARYADWLFTTPLLLLDLALLAKVDRVSIGTLVGV
DALMIVTGLVGALSHTPLARYTWWLEFSTICMIVVLYFLATSLRAAAKERGPEVASTFNTLTALVLVLWTAYPILWIIGTEGAGVVGLGIETLLFMVLDVTAKVGFGFILLRSRAILGDTEAPEPS

AGAEASAAD Membranovy protein

Protein 2:

KLAVYSTKQYDKKYLQQVNESFGFELEFFDFLLTEKTAKTANGCEAVCIFVNDDGSRPVLEELKKHGVKYIALRCAGFNNVDLDAAKELGLKVVRVPAYDPEAVAEHAIGMMMTLNRRIHRAYQR
TRDANFSLEGLTGFTMYGKTAGVIGTGKIGVAMLHILKGFGMRLLAFDPYPSAAALELGVEYVDLPTLFSESDVISLHCPLTPENYHLLNEAAFDOMKNGVMIVNTSRGALIDSQAATEALKNQK
IGSLGMDVYENERDLFFEDKSNDVIQDDVFRRLSACHNVLFTGHQAFLTAEALTSISQTTLONLSNLEKGETCPNELV Cytoplasmaticky protein

Amine acid composition:
11.

Als ::.-:'-.:I
arg (R)
Asn (M)
sp (D)
s {C)
Gln (Q)

Glu (E)

Gly (G)

. His (H)

Protein 1 Ile (I)

Leu (L)

Aliphatic index: 126.95 Lys ::K:'
Met (M)

Grand average of hydropathicity (GRAVY): £.812 Phe (F)
Pro (P)

ser (5)

Thr (T)

Trp (W)

Tyr (¥)

fal (V)

Pyl (0)

sec (U)
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Amino acid composition:
1%
. 8%
. 5%
. BX
. BX
.3%
.3%
. 8%
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3%
. 6%
. B%
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. 5%
.75
. 9%
.B%
. 8%
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ala (&)
arg (R)
Asn (N)
p (D)
s (C)
6ln (Q)
Glu (E)
Gly (G)
His (H)
Ile (I)
eu (L)
Lys (K)
Met (M)
Phe (F)
Pro (P)
5er (5)
Thr {T)
Trp (W)
Tyr (Y)
fal (V)
Pyl (0)
sec (U)

3@
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13
19

i
11
24
23

8
14
38
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13
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Protein 2

Aliphatic index: 91.31

Grand average of hydropathicity (GRAVY): -8.183

Ukol 15: Ovéfite, Ze se skute¢né jednd

o membranovy a
protein.

cytoplasmaticky



50 years of amino acid hydrophobicity

scales: revisiting the capacity for peptide Hyd rOfOb | Cita

classification

Stefan Simm’, Jens Einloft?, Oliver Mirus' and Enrico Schleiff*”

* Hydrofobicita aminokyselin — minimalné 98
(2016) stupnic hydrofobicity, velmi rozdilné
(rdzné zpUsoby urceni hodnot).

* Hydrofobicita vyuzivana pro predikci
vlastnosti proteind: membranové
proteiny/casti proteinl, sekundarni
struktura, folding proteinu, rozpustnost.

* RlUzné parametry zalozené na hydrofobicité
aminokyselin (napf. GRAVY).

* Hydrofobni moment — vzajemné prostorové
rozlozeni hydrofilnich a hydrofobnich postrannich
retézcd jednotlivych aminokyselin v sekvenci, je
zavisly na sekundarni strukture daného peptidu.

* ,Hydrofobni parametry” — vyuzivany pro popis a
predikci vlastnosti peptidl (¢asti proteinu).

* Parametry souvisejici s interakcemi s membranami
(antimikrobidlni peptidy).



50 years of amino acid hydrophobicity

scales: revisiting the capacity for peptide Hyd rOfOb | Cita

classification

Stefan Simm’, Jens Einloft?, Oliver Mirus' and Enrico Schleiff*”

* Hydrofobicita aminokyselin — minimalne 98
(2016) stupnic hydrofobicity, velmi rozdilné
(rdzné zpUsoby urceni hodnot).

* Hydrofobicita vyuzivana pro predikci
vlastnosti proteind: membranové
proteiny/casti proteinl, sekundarni
struktura, folding proteinu, rozpustnost.

e Ruzné parametry zalozené na hydrofobicité
aminokyselin (napr. GRAVY).

,Helical Wheel”

Hydrofobni moment — vzajemné prostorové
rozlozeni hydrofilnich a hydrofobnich postrannich
retézcd jednotlivych aminokyselin v sekvenci, je
zavisly na sekundarni strukture daného peptidu.

https://doi.org/10.1074/jbc.M102865200



50 years of amino acid hydrophobicity .
scales: revisiting the capacity for peptide Hyd rOfOb | Clta

classification

Stefan Simm’, Jens Einloft?, Oliver Mirus' and Enrico Schleiff*”

,Helical Wheel”

* Hydrofobicita aminokyselin — minimalne 98 * Hydrofobni moment — vzajemné prostorové
(2016) stupnic hydrofobicity, velmi rozdilné rozloZeni hydrofilnich a hydrofobnich postrannich
(ruzné zpusoby urceni hodnot). FetézcU jednotlivych aminokyselin v sekvenci, je

. "y . zavisly na sekundarni strukture daného peptidu.
* Hydrofobicita vyuzivana pro predikci

vlastnosti proteind: membranové

proteiny/casti proteinl, sekundarni

struktura, folding proteinu, rozpustnost. N kT .

e Ruzné parametry zalozené na hydrofobicité
aminokyselin (napr. GRAVY).

hydrofébni povrch g

ANTIMIKROBIALNI PEPTIDY: NADEJNA ZBRAN V BOJI
PROTI ANTIBIOTICKE REZISTENCI

Ondfej NeSuta, Vaclav Cefovsky
Ustav organické chemie a biochemie AV CR, v. v. i, skupina Antimikrobidini peptidy; ondrej nesuta@uochb.cas.cz
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Hydrofobicita

Hydrophobic Face

FEBS Letters 403 (1997) 208-212 FEBS 18200

Hydrophobicity, hydrophobic moment and angle subtended by charged
residues modulate antibacterial and haemolytic activity of amphipathic
helical peptides
Margitta Dathe™*, Torsten Wieprecht®, Heike Nikolenko®, Liselotte Handel*, W. Lee Maloyb,
Dorothy L. MacDonald”, Michael Beyermann®, Michael Bienert®

“Institute of Molecular Pharmacology, Alfred-Kowalke-Strasse 4, 10315 Berlin, Germany
" Magainin Pharmaceuticals, Inc., 5110 Campus Drive, Plymouth Meeting, PA 19462, USA

,It was observed that analogues with large angles show
greater antibacterial action, for example, MIC value
against E. coli decreased to eight times when the angle
is increased from 120° (Figure 2A) to 180° (Figure 2B).

However, these analogues showed larger hemolytic
activity than magainin 2.”

https://doi.org/10.3329/dujps.v20i3.59806

Figure 2. Angle comprised by the positively charged residues (four lysine represented by blue color and angle measured in
degree) in the helical wheel projection of two magainin 2 analogues.



,Helical Wheel*

NetWheels: Peptides Helical Wheel and Net projections maker

Type or paste the peptide sequence on the "Sequence”
field. Navigate the through the tabs below to adjust
several configurations of the projection. Check the "Help"
tag above the image for detailed instructions.

Sequence

DLISGLGQRNVXKVLTETGLP

DLISGLGQRNVXKVLTETGLP
1234567890123456789061(21)

Polygons = Labels  Guides Legend  Groups

Title Net Wheel Styles Tools Export

Shape = Colors  Pattern  Borders
Polar / Basic Polar / Acidic

Circle - Circle -
Polar / Uncharged Nonpolar

Circle v Circle v
Unknown Residue

Circle v
First'Last Ratio Size

1 0.3

http://Ilbgp.unb.br/NetWheels/

Wheel Net

[ Automatic Preview

About  Help

B Polar/ Basic

B Polar/Acid

O Polar/Uncharged
O

O

Nonpolar
Unknown Residue

3 17

Polar / Basic

Polar / Acid

Polar / Uncharged
Nonpolar
Unknown Residue

Ukol 16: Pohrajte si s ndstrojem
NetWheels. Vytvorte diagram pro

peptidy:

FLPLIGRVLSGIL
ALWKTLLKKVLKA



2 A
§ ,Helical Wheel* ~
%0@ . https://www.ibg.kit.edu/protein_origami/?page=index

C Home >
Create Protein ORIGAMI

Submit the sequence of the peptide as one-letter code (capital letters for L-form amino acids
(default), small letters for D-form (use "Caps lock” or "Shift" key)).

If you have non-standard amino acids in your sequence, you can use the letters B, J, U, X or Z, and
assign 3-letter codes and colors to them.

| ALDLIGGRVLSGIR |

Specify N-terminus: @ [NH: v

Specify C-terminus: @ [coo- v]

pH value @ [>=8 v] . . v .

e pich (@ neic s 100 1@ Vollt.elny ukol: Vytvorte si model
Choose representation: [Helix Origami v peptldu"' @@

Qutput in 3 or 1 letter code (Lys vs. K): J®@10 / .

Color or black/white: [ color v , 7 - @

Start index: @ .

Shift geometry by: @ o | ' - @
Peptide name: | Peptid_2 @




50 years of amino acid hydrophobicity

scales: revisiting the capacity for peptide Hyd rOfOb | Cita

classification

Stefan Simm’, Jens Einloft?, Oliver Mirus' and Enrico Schleiff*”

* Hydrofobicita aminokyselin — minimalne 98
(2016) stupnic hydrofobicity, velmi rozdilné
(rdzné zpUsoby urceni hodnot).

* Hydrofobicita vyuzivana pro predikci
vlastnosti proteind: membranové
proteiny/casti proteinl, sekundarni
struktura, folding proteinu, rozpustnost.

e Ruzné parametry zalozené na hydrofobicité
aminokyselin (napr. GRAVY).

(e
!

* Parametry souvisejici s interakcemi s membranami
(,penetration depth, tilt angle®).

(
)\

(
{

= Topology

N

https://doi.org/10.1007/s00232-022-00224-2



Proteom a proteomika

*  Proteom —soubor vSech forem proteinu existujicich v burice (organismu, biologickém vzorku)
v urcCitém case a za urcitych podminek.

Mnozstvi kovalentnich forem protein( presahuje mnozstvi proteint predikovanych z DNA (genom).
Proteomy jsou slozitéjsi nez genomy.

1 genom — mnoho proteomd.

* 1 gen muze byt exprimovan ve vice nez 20 rlznych variantach proteinu. Napriklad al-antitrypsin se
mUzZe vyskytovat ve 22 riznych formach.

25000 genu-0,5 -1 milion proteind.



Proteom a proteomika

Proteom — soubor vSech forem proteinu existujicich v burice (organismu, biologickém vzorku)
v urcCitém case a za urcitych podminek.

Mnozstvi kovalentnich forem protein( presahuje mnozstvi proteint predikovanych z DNA (genom).
Proteomy jsou slozitéjsi nez genomy.

1 genom — mnoho proteomd.

Navyseni kddovaci kapacity genomu: alternativni sestrih,
posttranslacni modifikace (PTM).




Posttranslacni modifikace

e Posttranslacni modifikace — kovalentni modifikace proteint po transkripci DNA a translaci RNA.
Posttranslacni modifikace — probihaji i u prokaryot

Posttranslacni modifikace jsou provadéeny enzymy. Enzymy rozeznavaji specifické signaly —
aminokyselinové sekvence v proteinech. Identifikace téchto sekvencnich motivi umoziuje predikci
PTM.

Clovék: 500 proteinkinas, 150 proteinfosfatas, 500 proteas.
5 % genomu vyssich eukaryot — zapojeni do PTM.

* Klasifikace posttranslacnich modifikaci — typ modifikované
aminokyseliny, podle modifikujiciho enzymu, reverzibilita modifikaci.



Posttranslacni modifikace - vyznam

Ovlivauji 3D a 4D strukturu proteind,
aktivitu a funkci (rozpustnost, stabilita,

interakce, vypnuto/zapnuto). W

Mohou ovlivhovat lokalizaci proteinu QSR Translocation
v bunce (prenylace a jiné — pripojeni %/

hydrofobni skupiny umoznuje lokalizaci W — —
do membrany).
\/O-}\/-E\ ei Protein Interaction

Protein Modifications Conformation Changes

Tvorba disulfidickych mUstkd muUze byt
nezbytna' pro Spra'vné Sbalenl’ proteinﬁ \/\/\ Activity Change Various Cellular Functions
Vyznam pro imunitni systém — Post-translational Modifications and Their Biological Functions:

Proteomic Analysis and Systematic Approaches

glykosylace.

Jawon Seo and Kong-Joo Lee*



Posttranslacni modifikace
Predikce

Posttranslacni modifikace jsou provadény enzymy. Enzymy rozeznavaji specifické signaly —
aminokyselinové sekvence v proteinech. Identifikace téchto sekvenénich motivi umoznuje
predikci PTM.

Problémy predikce:

MdUze byt tézké vytvorit ,,primeérny” sekvenéni motiv vhodny pro predikci.
Proteiny jsou modifikovany rdznymi enzymy s rliznou specifitou.

Vliv okolnich aminokyselin — ovlivnéni naboje, hydrofility casti proteinu v kontaktu
s enzymem.

Vliv 3D/4D struktury.



Posttranslacni modifikace
Experimentalni identifikace

Problémy pri identifikaci posttranslacnich modifikaci:

modifikovana je jen frakce proteinu (nizkd koncentrace, nutné citlivé metody), kovalentni
vazba PTM je labilni — nemusi vydrzet zpracovani vzorku a analyzu.

Identifikace a analyza PTM: kombinace LC a MS analyzy. Annual Review of Plant Biology
Plant Proteome Dynamics

@j gl ‘ g M Julia Mergner'* and Bernhard Kuster*’

!Bavarian Center for Biomolecular Mass Spectrometry at Klinikum rechts der lsar

Shock freezing (N;)  Precipitation Protein Peptide LC-MS/MS Database search  Postprocessing Sf::fﬁf:i:i:irg:::l::] University of Munich, Munich, Germany;
Pulverization and/or lysis digestion cleanup

4

*Chair of Proteomics and Bioanalytics, Technical University of Munich, Freising, Germany;
emnail: kuster@mm.de

M5 Agquired spectrum o . . R o
*Bavarian Center for Biomolecular Mass Spectrometry (BayBioMS), Technical University of
L | Quantification Munich, Freising, Germany
- @ — WL — [y, =

Dptjonal MS/MS Theoretical spectrum
[ . -
Protein fractionation Peptide fractionation | | ‘ o Annu. Rev. Plant Biol. 2022, 73:14.1-14.26
BTMW enrichment . Pratein inference

miz - miz The Amnual Review of Plant Biolagy is online at

.

Figure 2 plantannualreviews.org

Generic workflow for proteomic sample preparation, data acquisition, and analysis. Proteins are extracted from whole-plant samples ;

or enriched suh{"racﬁol!:s using nptimirjzedphnpmﬂgenimﬁnn anctli protein Extractirfn methods. Proteins are digested into pI;ptides arE:l htrpei:ffd.m.m’gf] 0.1 ]Wanﬂurﬂ'—arplant—]ﬂlﬁl[h—
measured on an LC-MS/MS system. Peptides are identified from MS/MS spectra by database matching and quantified based on the 031308

peak areas of intact peptide (survey MS spectra) or fragment ion signals (tandem MS spectra) provided by the mass spectrometer along . . .

the chromatographic time scale. Protein identity and quantity are then inferred based on peptide sequence assignments. Abbreviations: L[Jp}'nght @ 2022 h!"- Annual Reviews.
LC-MS/MS, liquid chromatography—coupled tandem mass spectrometry; MS, mass spectrometry; MS/MS, tandem mass spectrometry; All ﬁght‘ reserved

m/z, mass-to-charge ratio; PTM, posttranslational modification.



Posttranslacni modifikace

Experimentalni

identifikace Predikee

Experimentalni
identifikace/ ovéreni PTM.
Databaze PTM.
1 Databaze modifikovanych

- . - roteind.
Vyhodnocovani experimentalnich dat P 1

Predikce PTM

Predikce PTM na zakladé homologie.
Predikce na zakladé sekvencnich motivu.



Post-translational modifications of proteins

DictyOGlyc O-(alpha)-GlcNAc glycosylation sites (trained on Dictyostelium discoideum proteins)
Nethcet N-terminal acetylation in eukaryotic profeins

NetCGlyc C-mannosylation sites in mammalian proteins

NetCorona Coronavirus JC-like proteinase cleavage sites in proteins

NetGPI GPI Anchor predictions

MNetNGlyc N-linked glycosylation sifes in human proteins

NetOGlyc 0-GalNAc {mucin type) glycosylation sites in mammalian proteins

MNetPhorest Linear motif atlas for phosphorylation-dependent signaling

NetPhos Generic phosphorylation sites in eukaryotic proteins

MNetPhosBac Generic phosphorylation sites in bactenial protains

NetPhosYeast Serine and threonine phosphorylation sites in yeast proteins

NetPhospan Prediction of phosphorylation using convolutional neural nefworks (CNNs).
NetworkIMN In vivo kinase-substrate relationships

ProP Arginine and lysine propeptide cleavage sites in eukaryobc profein sequences

Expasy

Swiss Bioinformatics Resource Portal m
PeptideCutter
Potential cleavage sites in a protein
W 103
Sulfinator
Predict tyrosine sulfation sites in protein
Sequences

The Sulfinator is a software toglabletapredict tyrosine sulfation sites in protein sequences.

It employs four differenfHidden Markov Models)hat were built to recognise sulfated

tyrosine residues located T sequence windows of more than 25 amino
acids and C-terminally, as well as sulfated tyrosines clustered within 25 amino acid
windows, respectively. All four HMMs contain the distilled information from one multiple

sequence alignment.

W0

FindMod

DIU Health lech
DTU - Technical University of Denmark sl

W &

GlycoMod

o1y

https://services.healthtech.dtu.dk/

Possible oligosaccharide structures on proteins

from masses

Potential PTMs and single amino

acid substitutions

W
I'_h- 'l_\

Myristoylator

M-terminal myristoylation of proteins by
neural networks.

Expert Protein Analysis System
http://www.expasy.org



Posttranslacni modifikace - stépeni

W

PeptideCutter https://web.expasy.org/peptide_cutter/

Potential cleavage sites in a protein

PeptideCutter

PeptideCutter [references / documentation] predicts potential cleavage sites cleaved by proteases or chemicals in a
given protein sequence. PeptideCutter returns the query sequence with the possible cleavage sites mapped on it and
for a table of cleavage site positions.

Enter a UniProtKB (Swiss-Prot or TrEMBL) protein identifier, ID (e.g. ALBU HUMAN), or accession number, AC (e.g.
P04406), or an amino acid sequence (e.g. 'SERVELAT'):

PLLSASTIVSAPVVWTSETYVDIPGLY LDVAKAGIRDGKLOVILNVPTPYATG
NNFPGIYFAIATHNQGVVADGCFTYSSKVPESTGRMPFTLVATIDVGSGYTFE

VKGQWKSVRGSAMHTDSYASL SATWGTAAPSSQOGSGNOGAETGGTGAGNTG Protein 1
PGQGSPGGNRYPPQGGGGWGQPHGGGHGQPHGGGHGQP ) o )
HGGGWGQPHGGGWGQGGGTHSQWNKPSKPKTNMKHMAG mista stépeni v uvedeném
AAAAGAVVGGLGGYMLGSAMSRPIIHFGSDYEDRYYRE proteinu.

NMHRYPNQVYYRPMDEYSNQNNFVHDCVNITIKQHTVT
TTTKGENFTETDVKMMERVVEQMCITQYERESQAYYQR
GSSMVLFSSPPV ILLISFLIFLIVG

e

the cleavage of the protein. the fields. PRIO_HUMAN
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Improved Annotations of 23 Differentially Expressed
Hypothetical Proteins in Methicillin Resistant S.
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Protein Identification and Analysis Tools
on the ExPASy Server
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The focusing positions of polypeptides in immobilized
pH gradients can be predicted from their amino acid
sequences

Bengt Bjellgvist
Graham J. Hughes
Christian Pasquali
Nicole Paquet
Florence Ravier
Jean-Charles Sanchez
Séverine Frutiger
Denis Hochstrasser

The focusing positions in narrow range immobilized pH gradients of 29 p(?ly—
peptides of known amino acid sequence were determined under denaturing
conditions. The isoelectric points of the proteins calculated from their amino

Departments of Medicine and acid sequences matched with good accuracy the experimentally determined p/

Biochemistry, Medical Center of the

University of Geneva tein of known structure within a two-dimensional gel.

Protein post-translational modifications: In silico prediction tools and
molecular modeling
Martina Audagnotto *, Matteo Dal Peraro *

Institute of Bioenginerring. Shool of Life Sdenars, Fole Polytechn ique Fédérale de Lawsamne ( EPFLL Lawsanre, Switzrriand
Swiss lnsttute of Bioinfor mu s (98), Lausamne, Swi er kandd

values. We show the advantages of being able to predict the position of a pro-

How to measure and predict the molar absorption
coefficient of a protein

C. NICK PACE,"** FELIX YAJDOS,? LANETTE FEE,* GERALD GRIMSLEY,'

aND THERONICA GRAY'
! Department af Medical Biochemistry and Genetics, Department of Biochemistry and Biophysics, and
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The N-end rule pathway of protein degradation

Alexander Varshavsky*

Division of Biology, California Institute of Technology, Pasadena, C:A 91125, USA

Protein Engineering vol.4 no.2 pp.155-161. 19950

Correlation between stability of a protein and its dipeptide

composition: a novel approach for predicting in vivo stability of a

protein from its primary sequence

A Simple Method for Displaying the Hydropathic
Character of a Protein

Jack KyTe axp Russerl F. DooLrrTLe
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Hydrophobicity, hydrophobic moment and angle subtended by charged
residues modulate antibacterial and haemolytic activity of amphipathic

helical peptides

Margitta Dathe™*, Torsten Wieprecht®, Heike Nikolenko®, Liselotte Handel*, W. Lee Maloy”,

Dorothy L. MacDonald?, Michael Beyermann®, Michael Bienert®

“Institute of Molecular Pharmacology, Alfred-Kowalke-Strasse 4, 10315 Berlin, Germany
" Magainin Pharmaceuticals, Inc., 5110 Campus Drive, Plymouth Meeiing, PA 19462, USA

ANTIMIKROBIALNI PEPTIDY: NADEJNA ZBRAN V BOJI
PROTI ANTIBIOTICKE REZISTENCI

Ondfej Neiuta, Vaclav Cefovsky
Ustav organické chemie a biochemie AV CR, v. v. i, skupina Antimikrobidini peptidy; ondrej.nesuta@uochb.cas.cz

Protein Posttranslational Modifications: The Chemistry
of Proteome Diversifications

Christopher 1. Walsh,* Sylvie Garneau-Tsodikova, and Gregory J. Gatto, Jr.

Post-translational Modifications and Their Biological Functions:
Proteomic Analysis and Systematic Approaches

Jawon Seo and Kong-Joo Lee*

Prediction of the aggregation propensity of proteins from the
primary sequence: Aggregation properties of proteomes

Virginia Castillo*, Ricardo Grafia-Montes*, Raimon Sabate* and Salvador Ventura

Institut de Biotecnologia i Biomedicina and Departament de Bioquimica i Biologia Molecular and Universitat Autdnoma de
Barcelona, Bellaterra, Barcelona, Spain

FEBS 18200

50 years of amino acid hydrophobicity
scales: revisiting the capacity for peptide
classification

Stefan Simm', Jens Einloft?, Oliver Mirus' and Enrico Schleiff’”



