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[l] Aminokyseliny

1) Tvofi monomerni jednotky peptidu a proteinu

2) 20 L-a-aminokyselin

3) VSechny aminokyseliny slozeny ze tfi Casti — NH2- (amino) skupina, -COOH
(karboxylova) skupina, -C_-R (alfa uhlik s postrannim fetézcem)

4) Esencialni a neesencialni kyseliny — organismus si je umi syntetizovat nebo je
potfeba je pfijimat v potravé

5) Oznacujeme tfipismennymi nebo jednopismennymi zkratkami (zapis Val-Thr-lle-Pro
nebo VTIP — u jednopismenného zapisu bez pomicky)



Levels of Protein Structure

Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid residues a Helix Polypeptide chain Assembled subunits

Autumn Semester 2022 Proteins, Karel Kubicek 3



6) Aminokyseliny s alifatickym postrannim fetézcem
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7) Aminokyseliny s hydroxylovou (OH) skupinou
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8) Aminokyseliny s atomem siry
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9) Aminokyseliny s acidickymi skupinami
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11) Aminokyseliny s basickymi skupinami

L-Arginine L-Lysine
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12) Aminokyseliny s aromatickymi kruhy
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I1I] Peptidy, proteiny — vznik polymert polymerizacni reakci

CHs;

Ho.N—CH,—COOH + NH,—CH—COOH

CHsj

|
HoN— CH, — CO —NH— CH— COOH
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V] Peptidova vazba — pseudo dvojita vazba => amidova rovina




V] Proteinova pater, primarni struktura, ¢islovani od N-konce (terminu) smérem k C-konci
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Informace o 3D (proteinové) strukture jsou zapsany v kartézskych souradnicich
Nejrozsirenéjsi format PDB (ProteinDataBank, www.pdb.org)

ATOM 128 N HIS |O] 18 20.321 6.124 17.761 §1.00 11.40
ATOM 129y CA fHIS|Of 18 21.097 5.169 18.563 1.00 13.62
ATOM 130§ C HIS |O] 18 22.581 5.413 18.454 §1.00 17.00
ATOM 131§ O HIS |O] 18 23.031 5.592 17.321 §1.00 15.45
ATOM 132§ CB fHIS |Of] 18 20.883 3.747 18.034 §1.00 16.68
ATOM 133§ CG fHIS|Of 18 19.557 3.103 18.437 §1.00 11.72
ATOM 134y NDI§ HIS |Of 18 19.252 2.806 19.725 §1.00 11.66
ATOM 135§ CD2Zf HIS |Of 18 18.479 2.751 17.657 §1.00 16.32
ATOM 136 CE1f HIS |Of 18 18.021 2.238 19.730 §1.00 14.91
ATOM 137§ NEZf HIS |Of 18 17.552 2.185 18.473 §1.00 17.58
HETATM|1633f NC § HEM O] 104 15.182 3.191 16.831 §1.00 21.22
HETATM|1634f CI1Cj HEM |Of 104 15.433 3.334 15.488 §1.00 17.49
HETATM|1635f C2Cj HEM |O} 104 15.046 4.0605 15.145 |1.00 31.21
HETATM|1636f C3Cj HEM O] 104 14.623 5.242 16.323 §1.00 14.38
HETATM|1637f CA4C) HEM |O} 104 14.6061 4.3406 17.360 §1.00 14.50
HETATM|1638f CMCj HEM JO} 104 15.299 5.349 13.850 §1.00 15.54
HETATM|1639f CAC) HEM |O] 104 14.314 6.707 16.409 §1.00 31.67
HETATM|1640f CBCj HEM |O} 104 13.170 7.2062 15.615 §1.00 10.23
HETATM|1609f FE HEM |Of 104 15.801 1.483 17.954 §1.00 9.37

ftp://ftp.wwpdb.org/pub/pdb/doc/format descriptions/Format v33 Ad.pdf
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http://www.pdb.org
ftp://ftp.wwpdb.org/pub/pdb/doc/format_descriptions/Format_v33_A4.pdf

Atomic coordinates

a'1 = (alx‘r aly’ alz)

Bond length

Autumn Semester 2022

b

12

]
Il

(a a

2x7! 2y !

((ay,—a,, )2+(a2y_aly )? t(a,,—4a,, )2) 2

a,

Proteins, Karel Kubicek

22)

13



1.55 -

1.5 -+

"~ et N N SN —— ™
145 {7

— N-CA 1.459+0.003 A
1.4 - —(CA-C 1.527%0.003 A
—(C-N 1.329%0.001 &

1.35 -

1'3 I 1 1 1 | 1 I I | I 1 1 l
20 25 30 35 40 45 50 55 60 65 70 75 80 85

Autumn Semester 2022 Proteins, Karel Kubicek 14



40 -

30 1 CA-C
20 A 1.527+0.003 R
10 A
D - L] L L L] L]
1.51 1.515 1.52 1.525 1.535 1.549
40 -
30 -
2o | C-N
1.329+0.001 A
10 4
] + + T T T 1
1.32  1.322 1.324 1.326 1.328 1.33 1.332 1.334 1.336
40 -
30 -
20 A N-CA
1.45940.003 A
10 4
U L] L] L] L ’ L]
1.45 1.455 1.46 1.465 1.47 1.475

Autumn Semester 2022

Proteins, Karel Kubicek

15



Atomic coordinates

a, = (ay,, a;,, a;,) a, = (8, a,,, a,,) a; = (a3, a3,/ a;,)
Bond wvectors
b, = (a,—a,. a,—a,,, a,—a,;,) b,, = (a;,—a,,, a,,—a, , a;,—a,,)
Scalar product
b,b,;, = (a,—a,)(a;—a,)t(a,—a,)(a;,—a,)t(a,—a,,)(a;—a,,)
b,,b,;, = b,b,, cos(m—0,,,)
cosb,,; = —b,,'b,;/(b,,b,;)
a;
cos (m—@,,,) = cosm cosf,,; + sinm sinf ,, = — cosf,,,
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Atomic coordinates

a; = (ay A1yr a,,) a, = (a5 yyr a,) a; = (az. A3y1 as,) a; = (ag Ayyr
Bond wvectors
b12=(azx_ale azy_alyr aEZ_alz) h23=(asx_azxf aay_azyr aaz_azz) b34=(a4x_asxr aqy_asyf a,,
n,;,
| n,; = b;,;Xb,;
N, = b23Xb34
N3 0,3, = COSO,,,
(n,.Xn,)*b,; >0 =>¢_,>0
(n,,;Xn,5,)*b,; < 0 =>0 ., <0
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Structural parameters for protein secondary structures

Structural element . . ] d p

a-helix -57 -47 3.6 1.5 5.5
3,0-helix -49 -26 3.0 2.0 6.0
B-helix -57 -70 4.4 1.1 5.0
Polyproline Il helix -79 +149 3.0 3.1 9.4
Parallel 3-strand -119 +113 2.0 3.2 6.4
Antiparallel B-strand -139 +135 2.0 3.4 6.8

¢ and y are the conformational angles of the mainchain, with @ ~180°(trans
conformation)

n = number of residues per turn

d = displacement between successive residues along the helix/strand axis

p = the pitch of helix/strand, the distance along the helix/strand axis of a complete sec.

struct. element. Note that p=n x d (equation is exact, error is in rounding of n and d)
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VI] Ramachandraniv diagram
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Ramachandrantv diagram — komplet
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https://proteopedia.org/wiki/index.php/Tutorial:Ramachandran principle and phi psi angles

Tutorial:Ramachandran principle and phi psi angles
The Ramachandran Principle
Phi (¢) and Psi () Angles in Proteins

The Ramachandran Principle says that alpha helices, beta strands, and turns are the most likely conformations for a polypeptide chain to adopt,
because most other conformations are impossible due to steric collisions between atoms.

This interactive tutorial is also available as an Animated Slideshow or YouTube Video S, and there is a Quiz.

At right is a fragment of a polypeptide chain. In the center is a single complete
alanine residue. Check Alanine to identify its atoms!. The other atoms are
fragments of adjacent amino acids?. Drag with your mouse o rotate the model.

The Alanine is covalently bonded to other amino acids through peptide bonds.
Check Peptide Bonds to locate them.

CaC NO

The double bonds between main chain (backbone) C and O delocalize, making th
peptide bonds also have partial double bonds (half-dotted bonds). This prevents tr
peptide bond from rotating.

OrPhi¢p O

165°
Each peptide bond holds six atoms in a plane. Check Planes to see them.
= +
The alpha carbon (Ca) in the center of each amino acid is held in the main chain
two rotatable bonds. The dihedral (torsion) angles of these bonds are called® Phi [ Alanine
and Psi (in Greek letters, ¢ and ). Use the radio buttons (top of right panel) fo \_"_._ ] Peptide Bonds
identify the rotatable main-chain bonds, and click the -20° and +20° buttons to see [] Planes

them rotate.

[] van der Waals*
[7] show Clashes

Click the Reset button.

The balls shown are much smaller than the atoms they represent. Check van der
Waals o see the real sizes of the atoms?. In fact, most Phi and Psi angle
combinations are impossible because two atoms cannot occupy the same space.

[:Reset :]

Check Show Clashes to see where non-bonded atoms are overlapping, and thus
physically impossible positions. (This model simulation allows two atoms to overla
unlike real atoms.)
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F'ﬂl.l‘t 7.1. Sir John Kendrew with the model of insulin, one of the first protein structures to

be determined by X-ray crystallography. Components of the actual model are just visible through
the forest of vertical support rods.
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The a helix has a dipole moment
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VIl] Sekundarni struktura

1) a-Sroubovice (a-helix)
2) B-skladany list (B-sheet)
3) Ohyb, smyc¢ka (loop/turn)
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340helix, a helix, © helix

FiEure 2.8. The hydrogen bonding patterns of different helical secondary structures. The peptide backbone s shown in an extended conformation, with an
arrow denoting the hydrogen bonding pairings that would occur in each type of helix. The common o helix, depicted in Figure 2.7, forms hydrogen bonds
between the carbonyl oxygen of each residue and the amide proton of the residue 4 residues ahead in the helix. The 3,5 helix forms hydrogen bonds between
the carbonyl oxygen of each residue and the amide proton of the residue 3 residues ahead, forming a more narrow and elongated helix. The x helix forms
hydrogen bonds between the carbonyl oxygen of each residue and the amide proton of the residue five residues ahead, forming a wider helix. The 2; ribbon
is not a regular secondary structure, but is shown here to demonstrate all possible hydrogen bond pairings. From R. E. Dickerson and |. Geis. The Structure and
Action of Proteins. New York: Harper & Row, 1969, Used with permission from Geis Archives.
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VIl] Sekundarni struktura

1) a-Sroubovice (a-helix)

2) B-sklada- st (B-sheet)
3) Ohyb, = turn)
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VIl] Sekundarni struktura
1) a-Sroubovice (a-helix)
2) B-skladany list (B-sheet)

3) Ohyb, smycCka (loop/turn)

COOH v-smycka/ohyb (3 residua)
P T
N
H‘! —C/ \CarH
A \
N /
CHS C=0Q ***s H—N CH.OH
~ AN
)Ca Cﬂ\
H / H

B-smycka/ohyb (4 residua)



Ostatni motivy sekundarni struktury :

1. polyprolinova Sroubovice | & Il — levotociva, 3.3 nebo 3 (PPI, PPIl, v uvedeném
poradi) aminokyseliny/otocku
2. Sroubovice 3,, (srovnej s 3.6,;)— pravotociva, 3 aminokyseliny/otac¢ku, 10 atom{
vytvari kruh uzavreny vodikovou vazbou, napt. poly-Ala
n-Sroubovice — pravotociva, 4.1 aminokyseliny/otacku
4. B-Sroubovice — vznika usporadanim B-skladanych listd do
pravo- i levotocCivé Sroubovice.

W
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Primary sequence reveals important
clues about a protein

One sequence keeps silent about its three-dimensional structure
Two aligned sequences whisper
But tables of many aligned sequences shout out loud
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Primary sequence reveals important
clues about a protein

 Evolution conserves amino acids that are important to protein structure and
function across species. Sequence comparison of multiple “homologs” of a
particular protein reveals highly conserved regions that are important for function.

» Clusters of conserved residues are called “motifs” -- motifs carry out a particular
function or form a particular structure that is important for the conserved protein.

<G MO e———
small hydrophobic . . EBENREEVVEGYMDVVAE. . .
B large hydrophobic . . JEEQREEVVEGYMBVVAN. . .
B polar . . |HOQERAVNEEGEHABMYEA|. . .
B positive charge . . JGGEKRIVVIEGEIPDMETM™. . .
B negative charge -« (CCHRINVIEGETIDATIV. - -
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Some motifs in protein sequences

Structure of function identified

Nucleotide-binding site G*G**@
N-glycosylation site N*S or N*T
Nuclear protein transit sequence KKKRKV
Factor IX proteinase cleavage site IEGR
Serine proteinase active site GDSGG
Acid proteinase active site FDTGS
Fibronectin cell adhesion sequence RGDS

Copper binding site

H***H...H or H****H,..H

*  =any single amino acid (AA)
*x* =several AAs
= any number of AAs

Autumn Semester 2022 Proteins, Karel Kubicek
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Charged and polar R-groups tend
to map to protein surfaces
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Protein folding

The Levinthal paradox states that if an averaged sized protein would sample all
possible conformations before finding the one with the lowest energy, the whole
process would take billions of years.

Proteins typically fold within 0.1 and 1000 seconds, therefore the protein
folding process must be directed some way through a specific folding pathway.



Protein folding

Anfinsen's Classic Experiment: The "Protein Folding Problem" asks a very simple question:
"How does the primary structure of a protein determine its 2— and 3— structure?".

We have known for many decades that proteins fold into their correct 3-D structures inside
the cell. But correct folding during synthesis on the ribosome or later with assistance from
unknown cellular factors could explain the in vivo results.

In the 1960's, Anfinsen and his coworkers performed a series of seminal experiments
in vitro that answered a key part of the problem. The original work led Anfinsen to propose
his "Thermodynamic Hypothesis", which states that the native conformation of a protein is
adopted spontaneously. In other words, there is sufficient information contained in the
protein sequence to guarantee correct folding from any of a large number of unfolded
states. A schematic diagram of Anfinsen's experiment is shown below in two parts:



Proceedings of the
NATIONAL ACADEMY OF SCIENCES

Volume 47 - Number 9 - Seplember 15, 1961

THE KINETICS OF FORMATION OF NATIVE RIBONUCLEASE
DURING OXIDATION OF THE REDUCED POLYPEPTIDE CHAIN

By C. B. AnrinseN, E. HaBER,* M. SELA,T anp F. H. WHITE, JR.

LABORATORY OF CELLULAR PHYSIOLOGY AND METABOLIBM, NATIONAL HEART INSTITUTE,
NATIONAL INSTITUTES OF HEALTH

Communicated by John T. Edsall, July 81, 1961

Bovine pancreatic ribonuclease is completely reduced by treatment with mer-
captoethanol in 8 M urea to yield a randomly coiled polypeptide chain containing
eight cysteine residues.!=* Under optimal conditions of polypeptide concentration
and pH, essentially complete reformation of the disulfide bonds of the native
enzyme occurs in the presence of molecular oxygen.> 3 From chemical and physical
studies of the reformed enzyme, it may be concluded that the information for the
correct pairing of half-cystine residues in disulfide linkage, and for the assumption
of the native secondary and tertiary structures, is contained in the amino acid
sequence itself.
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The Observation:

 —  —
1. Eeduce 1. Remowe urea
2.8 Murea 2. Oxidze
' IIIIIIN'EEWE’[' ]| Denatured Mative
active : : i
(inactive) (=90% active)
The Control:
ﬁ ﬁ
1. Eeduce o
1. Oxidize
2.8 Murea 2. Remove urea
Mative Denatured "acrambled”

(1-2% active)
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VII] Terciarni struktura proteinu

1) Kolagen

Primarni struktura: — G|y - X=-Y - Gly - X=-Y - Gly —X-=Y —

Sekundarni struktura: Wﬁ

Terciarni struktura:
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2) Disulfidicky mustek: 2-SH (z cysteinu)-> -S-S-

H chain

H chain

Disulfidické mUstky v imunoglobulinu G

Autumn Semester 2022 Proteins, Karel Kubicek
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3) Strukturni motivy v proteinech

I T

B-meandr Recky kli¢ Swiss/Jelly roll
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¥ ¥

). repressor Cytochrome beggp Thioredoxin

Plastocyanin cis-trans proline isomerase v-crystallin
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VIII] Kvartérni struktura proteini

1) Multimery
2) Homo-/hetero:
-mery

Triose phosphate isomerase (TIM) HIV protease

mig‘-l%‘m}
5 :

MS2 viral capsid protein Haemoglobin
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Examples of other quaternary
structures

Hexamer Filament

W g\& G

DNA helicase Recombinase

SSB
Allows coordinated Allows coordinated DNA binding Allows complete
DNA binding and ATP hydrolysis coverage of an

Autumn Semester 2022 Proteins, Karel Kubicek extended moletﬁule



Grigoryan and Keating, 2008

Current Cpinion in Structusl Biclogy
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Coiled coils

- bundle of a-helices

- usually 2,3,4 helices

- parallel or antiparallel

- oligomers: homo- or hetero-

- knobs-into-holes:
a residue from one helix (knob)
packs into a space surrounded
by 4 side-chains of the facing
helix (hole)

- 3.5 amino acids / turn

- 7 amino acid register

- inner residues - hydrophobic
- outer residues - hydrophilic

[abcdefg]n




Barbara, et al 2007
Coiled cail structures and transcription: an analysis of the S. cerevisiae coilome.




Other NPC components
Nop14, Mic96, Mup57
MNup158, Nsp1, Nspdz,

Nup188
+

A

F"rp3 Sik1, NOPSB Nupﬂ.‘ sub:gmpgex 18/225 n‘_-gulator
Nup120 RpnS, Rpng, Rpn11
Rpni12, RptS

Other processing factors

mRNA splicing
Spp381, Prp5, Prp8, Prp22, | L .
Brr2, Prpd3, Prp18, Prpd0, | ... RAPIGCR UAF complex
Sto1, Prp2, B Gerl, Ger2 | . Rm5, Rma

rRNA splicing RNA ] MBF
Nsr1, Drs1, [*-..... | processing : < " Mbp1, Swie
Ifh1, Rat1 b 3 ’

MET

ranscriptional Metd, Met28, Chft

regulators
Expression €9 Other complexes

Mediator
. et Machinery
Med8, Med2, Srb7, Srbd, |,. \ Pip2, Rad1, Cyo8

Pgd1, Cse2, Gal11, Med7,
Medd, Nut2

. i Chromatin

General transcription factors § modifiers 5¥E|F§NF o
Taf2, Taf12, Taf1, Taf11, Snfs, hn‘rﬁ, ‘:;u.|1
Taf7, Tfb3, Tfg2, Tfgl . Snf2, Swi1, Arp?

Tfat, Toal, CcH, Ticd, =
Bif1, Bdp, Pzf1 RNA Pol | and lll Sin3 complex
Rﬂan, Rpﬂﬂglj Sin3. Sth2
Rpc18, Rpcd2

RSC SAGA
Rsc8, Sth1, 5fhi, Spt7, Taf12, Ngg1,
Rsc2, Arp7 Tra1, Spt20, Hfi1

Barbara, et al 2007
Coiled coil structures and transcription: an analysis of the S. cerevisiae coilome.




Useful software

= COILS (prediction of coiled coil regions)

- MARCOIL (predic-tion of coiled coll regions)

- MULTICOIL Eprediction of coiled coil regions, oligomeric state)

- LOGICOIL (oligomeric state probabilities)

- CCBullder (building CC from the sequence)

- SOCKET (locate knobs-into-holes packing between alpha-helices in PDB
structures)

- CCCP (Coiled-coil Crick Parameterization)

hitp:/Avww.grigoryaniab org/cccp/



Confidence in structural features of proteins determined by
X-ray crystallography

(estimates are very rough and strongly depend on the quality of the data)

Structural feature Resolution

5A 3A 2.5A 2 A 1.5 A
Chain tracing - Fair Good Good Good
Secondary structure Helices fair Fair Good Good Good
Sidechain conformations - - Fair Good Good
Orientation of peptide planes - - Fair Good Good

Protein hydrogen atoms visible - - - - Good



Xl1l] Metody pro urcovani tridimenzionalni struktury (bio)molekul na
atomarni urovni

1) NMR - nuklearni (=jaderna) magneticka rezonance — méreni (také)
v kapalném prostredi

2) Rentgenova krystalografie - (méreni predevsim v krystalu)

3) Kryo-elektronova mikroskopie



THE PROTEIN TRINITY

Ordered
Molten > Random
globule - coil

Proposal: Function can arise from any of the three
protein forms and transitions between them.
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Function:

Lock & key
Induced Fit

3-D Structure (ot«» B) —» Function:

/ \‘ Conformation Switch

, Order — Disorder Function:

HICLIg Plonisin T—— Virus/Pathogen

/ Membrane
AA Sequence Nucleosome Activation
“Non-folding problem” Function:

Flexible Linker

e Display of Site

Flexible Ensemble Entropic Bristles, Springs
N and Clocks
Disorder —Order gynction:
Molecular Recognition
Virus/Phage Assembly
Stepping Motor

Autumn Semester 2022 Proteins, Karel Kubicek
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IX] Funkce proteinu:

(BN

Enzymy — katalyzatory biologickych reakci

Transportni proteiny (hemoglobin)

Regulaéni proteiny (napf. hormon insulin)

Skladovaci (storage) — napft. ovalbumin — zdroj dusiku pro vyvijejici se ptaci embryo
“Pohybové” proteiny — actin, myosin, tubulin, dynein, kinesin

Strukturni proteiny — zajistujici vytvoreni a udrzeni biologické struktury — a-keratin,
kolagen, elastin, fibroin etc.

7) Ochranné — imunoglobuliny, fibrinogen, thrombin

w N

U

(@) ~
N N — — “—m— “—



X] Proteinova databaze — PDB

Xl1] Vizualiza€ni programy

1)
2)
3)
4)
5)
6)

PyMol
Chimera
VMD
MolMol
RasMol
Insight I

WWW.RCSB.ORG



http://WWW.RCSB.ORG

