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Composition of the Earth’s Crust, Seawater, and the Human Body*

Earth’s Crust Seawater Human B()dyJr
Element % Compound mM Element
O 47 Cl 548
Si 28 Na™ 470
Al 7.9 Mg " 54
Fe 4.5 SO~ 28
Ca 35 Ca*" 10
Na 2.5 K* 10
K 25 HCO; 2.3 .
Mg 22 NO; 0.01 K 0.06
Ti 0.46 HPOf* <0.001 S 0.05
H 0.22 Na 0.03
C 0.19 Mg 0.01

*Figures for the earth’s crust and the human body are presented as percentages of the total
number of atoms; seawater data are millimoles per liter. Figures for the earth’s crust do not
include water, whereas figures for the human body do.

TTrace elements found in the human body serving essential biological functions include Mun,
Fe, Co, Cu, Zn, Mo, I, Ni, and Se.
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Chemickeé slozeni lidského téla

(65 %) Voda

(20 %) Proteiny

(12 %) Lipidy (tuky)

( 1.1 %) Nukleové kyseliny

lonty (Na*, K*, CI-, PO, ...)

Plyny (O,, CO,, ...), karbohydraty (glukoza),
hydroxyapatit (forma vapniku a fosfatu — zuby, kosti),
volné radikaly, etc.
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Voda

je nezbytna pro existenci Zivota jak jej zname

Owﬁiélpm
H<y

Credit to prof. Robert Vacha
CST126 Karel Kubicek 4




74 anomalii vody

http://www1 .Isbu.ac.uk/water/water anomalies.html

*Phase anomalies P1-P13

*Density anomalies D1-D22
*Material anomalies M1-M18
*Thermodynamic anomalies T1-T11

*Physical anomalies F1-F10
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Hustota vody

e charakteristicka vlastnost vody

e vyznamna pro existenci zivota na Zemi

e hustotni maximum pfi 4 °C — led ma menSi hustotu nez kapalna voda, a proto plave na hladiné
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Vibrace molekuly vody
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Kapalna voda x led

*poCet sousedd je v kapalné vodé 5, v ledu 4

spramérny pocet vodikovych vazeb na molekulu je v kapaliné ~3.5 v ledu 4
*uhel H-O-H je v kapaliné 104.5° = mensi nez v ledu 109.5°

*molekuly vody mohou vyplhovat mezery pritomné ve strukture ledu

v ledu je vySSi protonova vodivost a mobilita (protony preskakuji podél sité vodikovych vazeb —
Grotthussuv mechanismus)
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Autoionizacni vlastnost vody

(h)
Water Water Hydroxide Hydronium ‘o
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Vodikova vazba

IUPAC: The hydrogen bond is an attractive interaction between a hydrogen atom from a
molecule or a molecular fragment X-H in which X is more electronegative than H, and an atom
or a group of atoms in the same or a different molecule, in which there is evidence of bond

formation.
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Vodikova vazba

 interakce v ddsledku pifenosu naboje mezi donorem a akceptorem

« atomy X a H jsou spojeny kovalentni vazbou, ktera je polarizovana — s rostouci
elektronegativitou X roste i sila vazby H...Y

» vodikova vazba je obvykle planarni — ¢im vice se uhel blizi 180°, tim je vodikova vazba
siln€jSi a vzdalenost H...Y mensi

« pfi vzniku vodikové vazby obvykle dochazi k nardstu délky vazby X-H, coz se v IR
spektroskopii projevi ¢ervenym posunem, ale existuji i vodikoveé vazby, které zpusobuji
modry nebo zadny posun vibracnich frekvenci v IR

» vodikova vazba vykazuje charakteristické signatury v NMR spektroskopii

« kritérium, Ze délka vodikové vazby je menSi nez soucet van der Waalsovych polomerd,
neplati obecné, plati pouze pro silné vodikové vazby

CST126 Karel Kubicek
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Priklady vodikové vazby
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Smerovost vodikové vazby
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Potencialni energie vodikové vazby

Hydrogen bond

4

Energy
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hydrogen bond
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Levels of Protein Structure

Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid residues a Helix Polypeptide chain Assembled subunits
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6) Aminokyseliny s alifatickym postrannim fetézcem
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7) Aminokyseliny s hydroxylovou (OH) skupinou

L-Serine
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8) Aminokyseliny s atomem siry
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9) Aminokyseliny s acidickymi skupinami nebo jejich amidy
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11) Aminokyseliny s basickymi skupinami
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12) Aminokyseliny s aromatickymi kruhy
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TWENTY-ONE
PROTEINOGENIC

A. Amino Acids wml Electrically ChargedISide Chains

a-AMINO ACIDS Positive Negative
A A
' aY ; -
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= pnys.c,.og.';;*’l (R ] Q@ K] ® (E ]
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https://chemistrytalk.org/wp-
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Composition in percent for the complete database

Amino acid composilion

10

Ilﬂluu

Leu Ala Gl Val Sl Ser lle Lys Ang Asp Thr P Asn Gln Phe Tyr Mel His Cys Tip

o - SN | SNSRIy S— —

Legend: gray = aliphatic, red = acidic, green = small hydroxy,
blue = basic, black = aromatic, white = am de, yellow = sul fur

https://web.expasy.org/docs/relnotes/relstat.html
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l1I] Peptidy, proteiny — vznik polymerl polymerizacni reakci
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I\V] Peptidova vazba — pseudo dvojita vazba => amidova rovina

Karel Kubicek
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V] Proteinova patef, primarni struktura, Cislovani od N-konce (terminu) smérem k C-

konci
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Informace o 3D (proteinové) struktufe jsou zapsany v kartézskych
souradnicich
NejrozSifenéjsi format PDB (ProteinDataBank, www.pdb.org )

ATOM 1280 N |H S|O 18 20.321 6.124 17.761 J1.00 11.40
ATOM 129 CAJH S|O 18 21.097 5.169 18.563 J|1.00 13.62
ATOM 130§ C |H S|O 18 22.581 5.413 18.454 J|1.00 17.00
ATOM 131 O |H S|O 18 23.031 5.592 17.321 J1.00 15.45
ATOM 132] CcBIH S|O 18 20.883 3.747 18.034 J|1.00 16.68
ATOM 133 CG|H S|O 18 19.557 3.103 18.437 §1.00 11.72
ATOM 134 NDL} H S|O 18 19.252 2.806 19.725 §1.00 11.66
ATOM 1350 CD2j H S|O 18 18.479 2.751 17.657 §1.00 16.32
ATOM 136)] CE1lH S|O 18 18.021 2.238 19.730 f§1.00 14.91
ATOM 137] NE2J H S|O 18 17.552 2.185 18.473 1.00 17.58
HETATM| 1633] NC | HEM|Q| 104 15.182 3.191 16.831 §1.00 21.22
HETATM|1634] C1d HEM|O| 104 15.433 3.334 15.488 [|1.00 17.49
HETATM| 1635] C2d HEM|Q| 104 15.046  4.605 15.145 §1.00 31.21
HETATM|1636] C3d HEM|O| 104 14.623 5.242 16.323 |1.00 14. 38
HETATM|1637] c4Q HEM|O| 104 14.661 4.346 17.360 J1.00 14.50
HETATM| 1638] CcMvd HEM|Q| 104 15.299 5.349 13.850 §1.00 15.54
HETATM|1639] CAQ HEM|O| 104 14.314 6.707 16.409 |1.00 31.67
HETATM|1640] CBQ HEM|O| 104 13.170 7.262 15.615 f1.00 10.23
HETATM 1609 FE HEM O 104 15.801 1.483 17.954 1.00 9.37

ftp://ftp. wapdb. or g/ pub/ pdb/ doc/ f waraKusiescr i pti ons/ Format v33_ A4. pdf 29
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Structural parameters for protein secondary

Structural element 1] n d

a-helix -57 -47 3.6 1.5 5.5
3410-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 3-strand -139 +135 2.0 3.4 6.8

¢ and ( are the conformational angles of the mainchain, with w ~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)

Karel Kubicek 31
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VI] Ramachandrandv diagram
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Ramachandranuv 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 ), 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 to rotate the model.

The Alanine is covalently bonded to other amino acids through peptide bonds,
Check Pepllde 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 th
peptide bond from rotating.

Each peptide bond holds six atoms in a plane. Check Planes to see them. =2
The alpha carbon (Ca) in the center of each amino acid is held in the main chain |
twa rotatable bonds. The dihedral (torsion) angles of these bonds are called® Phi
and Psl (in Greek letters, ¢ and ). Use the radio butfons (lop of right panel) to
identify the rotatable main-chain bonds, and click the -20° and +20° buttons to see
them rotate.

"] van der Waals?
[_1 Show Clashes

Click the Reset button.

The balls shown are much smaller than the atoms they represent. Check van der
Waals to 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.)

CST126 Karel Kubicek




F'ﬂt 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.

CST126 Karel Kubicek
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VIl] Sekundarni struktura

1) a-Sroubovice (a-helix)
2) [-skladany list (B-sheet)
3) Ohyb, smycCka (loop/turn)

Karel Kubicek
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The a helix has a dipole moment
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Ostatni motivy sekundarni struktury :

—

2. Sroubovice 3, (srovnejs 3.6,5)— pravotocCiva, 3 aminokyseliny/otacku, 10 atomu vytvafi kruh uzavieny

vodikovou vazbou, napf. poly-Ala

n-Sroubovice — pravotocCiva, 4.1 aminokyseliny/otacku

B-Sroubovice — vznika usporadanim (-skladanych listd do
pravo- i levotoCivé Sroubovice.

W

CST126 Karel Kubicek

polyprolinova Sroubovice | & Il — levoto€iva, 3.3 nebo 3 (PPI, PPII, v uvedeném poradi) aminokyseliny/otoCku
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340helix, a helix, T helix

— =
-

FiEure 2.8, The hydrogen bonding patternd of different helical secondary structures. The peptide backbone is 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 = 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 |. Gers. The Structure and
Action of Proteins, New York: Harper & Row, 1969, Used with permission from Geis Archives

CST126 Karel Kubicek




VIl] Sekundarni struktura antiparalelni usporadani
1) a-Sroubovice (a-helix)

2) B-skladany list (3-sheet)
3) Ohyb, smycCka (loop/turn)

CST126

Karel Kubicek
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VIl] Sekundarni struktura
1) a-Sroubovice (a-helix)
2) [-skladany list (B-sheet)

3) Ohyb, smycka (loop/turn)

CST126

B-smyckal/ohyb (4
Karel Kub%%idua)
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Disulfide bonds

Created through oxidation of sulfhydryl groups

2RSH - RS-SR+2H"*+2¢e

This process of oxidation can produce:
1) stable protein dimers,
2) polymers,
3) complexes, in which the sulfide bonds can help in protein folding.

Disulfide bonds
1) intramolecularly — within a polypeptide chain, usually responsible for stabilizing tertiary structures of proteins

ii) Intermolecularly — between polypeptide chains, are attributed to stabilizing quaternary protein structures

https://en.wikibooks.org/wiki/Structural_Biochemistry/Chemical_Bonding/_Disulfide_bonds
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Lysine Lysine

Salt bridge

N . : _ Electrostatic % Hydrogen %
combination of two non-covalent interactions: Interactions NSL Bonding N}ll
i) hydrogen bonding \
ii) ionic bonding .
@Q TT-® @O ..... H. @
Y HsN G, N,
( H
HN 0 HN 0
0 0
i i
Glutamic Acid Glutamic Acid

a) most often arises from the anionic carboxylate (RCOQO~) of either aspartic or glutamic acid and the cationic
ammonium (RNH;*) from lysine or the guanidinium (RNHC(NH,),*) of arginine
b) other residues with ionizable side chains such as histidine, tyrosine, and serine can also participate

c) The N-O distance required is less than 4 A. Greater than this distance apart do not qualify as forming a salt bridge.

https://en.wikipedia.org/wiki/Salt_bridge (protein_and_supramolecular)
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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

Karel Kubicek
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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 O e——
small hydrophobic . .| ERNRizeWEGY VBVVAL . .
large hydrophobic . .| ERQREEMYEGYINBYWAI . .
polar .| KQERAVIEEEGEABY Y

| CoKKEYNATEGERBIVIET
g e

positive charge
negative charge

Karel Kubicek
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Some motifs in protein sequences

Structure of function identified Motif

sequence

Nucleotide-binding site G*G**G
N-glycosylation site N*S or N*T
Nuclear protein transit sequence KKKRKV
Factor IX proteinase cleavage IEGR
site

Serine proteinase active site GDSGG
Acid proteinase active site FDTGS
Fibronectin cell adhesion RGDS

Copper binding site

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

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

Karel Kubicek
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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.

CST126 Karel Kubicek 47
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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:

Karel Kubicek
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Proceedings of the
NATIONAL ACADEMY OF SCIENCES

Volume 47 - Number 9 - September 15, 1961

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

By C. B. AnrinseN, E. HaBer,* M. Sena,t anp F. H. WaITE, JR.

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

Communiecated by John T'. Edsall, July 81, 19681

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.* * 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.

Karel Kubicek

49




CST126

The Obhservation:

— —
1. Reduce 1. Remowve urea
2.2 hMurea 2. Oxidize
' DDN%TWE’[' } Denatured Mative
active - - i
(inactive) (=90% active)
The Control:
ﬁ ﬁ
1. Reduce -
1. Oxidize
2.8 Murea 2. Remove urea
M ative Denatured "Scrambled”

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

1) Kolagen

Primarni struktura: — Gly —X=-Y — Gly —X=-Y - Gly —X-=Y —

Sekundarni struktura: -QU@QUO'QO-G'OO-ODUS'O'O—

Terciarni struktura:

Karel Kubicek
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3) Strukturni motivy v proteinech

I

Greek-key
motif

B-meandr

Recky kli¢
Swiss/Jelly roll

Karel Kubicek
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Charged and polar R-groups tend
to map to protein surfaces

Karel Kubicek
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Thioredoxin

Plastocyanin cis-trans proline isomerase v-crystallin

CST126 Karel Kubicek 54
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VIII] Kvartérni struktura proteint

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

MS2 viral capsid protein Haemoglobin

Karel Kubicek
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Examples of other quaternary
structures

Tetramer Hexamer Filament

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

extended molecule

CST126 Karel Kubicek 56
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(c) ()

Current Opinion in Structural Bislogy

Karel Kubicek

Grigoryan and Keating, 2008
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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)

Karel Kubicek

- 3.5 amino acids / turn

- 7 amino acid register

- inner residues - hydrophobic
- outer residues - hydrophilic

[abcdefg]n
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Useful software

- COILS (prediction of coiled cail regions)
http:/fembnet.vital-it.ch/software/COILS_form.html

- MARCOIL (prediction of coiled coil regions)
htto://bct.isb-sib.chiwebmarccil/webmarcoilINFOCT .htm|

- MULTICOIL (prediction of coiled coil regions, oligomeric state)

- LOGICOIL (oligomeric state probabilities)
http://coiledcoils.chm.bris.ac.uk/LOGICOIL/

- DrawCoil 1.0 (heptade diagrams)
hitp://www.grigoryanlab.org/drawcoil/

- CCBuilder (building CC from the sequence)

to-/jcolledcoils. chm.bri / ! I der/

- SOCKET (locate knobs-inte-holes packing between alpha-helices in PDB

structures)

hitp://coiledceils.chm.bris.ac.uk/socket/index.html

- CCCP (Coiled-coil Crick Parameterization)
hitp:/www.grigeryanlab.org/ccep/

Karel Kubicek
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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

Chain tracing

Secondary structure
Sidechain conformations

Orientation of peptide
planes

Protein hydrogen atoms
visible

5A

Helices fair

Resolutio
n
3A 25A
Fair Good
Fair Good
Fair
Fair

Karel Kubicek

2 A

Good
Good

Good

Good

1.5A
Good

Good
Good
Good

Good
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Xll] Metody pro uréovani tridimenzionalni struktury (bio)molekul na
atomarni urovni

1) NMR - nuklearni (=jaderna) magneticka rezonance — meéreni (takeé)
v kapalném prostredi

2) Rentgenova krystalografie - (méreni predevsim v krystalu)

3) Kryo-elektronova mikroskopie

CST126 Karel Kubicek
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THE PROTEIN TRINITY

Ordered
Molten —— Random
globule “« — coil

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

Karel Kubicek

J Mol Graph Model 19, 2001,
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Function:

Lock & key
Induced Fit

3-D Structure (ot«» B) — Function:

/' \ Conformation Switch

Order —* Disorder Function:

Foiding proem” — Virus/Pathogen

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

Flexible Linker

- Display of Site

Flexible Ensemble Entropic Bristles, Springs
N and Clocks
Disorder —+Order Function:

Molecular Recognition
Virus/Phage Assembly

Stepping Motor

CoTZe areliubicek BiochimBiophysActa 1804, 2010, 1231-64  °°




IX] Funkce proteinu:

Enzymy — katalyzatory biologickych reakci

1)

2) Transportni proteiny (hemoglobin)
3) Regulacni proteiny (napf. hormon
4)

Skladovaci (storage) — napf. ovalbumin — zdroj dusiku pro vyvijejici se ptaci

embryo

insulin)

5) “Pohybové” proteiny — actin, myosin, tubulin, dynein, kinesin

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

7) Ochranné — imunoglobuliny, fibrinogen, thrombin

CST126

Karel Kubicek
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X] Proteinova databaze — PDB

WWW.RCSB.ORG

Xl] Vizualiza€ni programy
1) ChimeraX

2) Chimera

3) PyMol

4) VMD

Karel Kubicek
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Nukleove kyseliny




CST126

Zakladni stavebni kameny nukleovych kyselin:

1) Baze
i) Purinové — mensi, Cislovani arom. kruhu protisméru hod. r., adenin (A),
guanin (G), obecné R
ii) Pyrimidinové — vétsi, Cislovani ve sméru hod. r., cytosin (C), uracil (U),
thymin (T), obecné Y
2) Cukr — 2’-deoxyriboza (DNA), rib6za (RNA)
3) Fosfat

Baze:
1) Standardni

2) Modifikované: N6-methyl-dA, 5-methyl-dC, xanthin, hypoxanthin, uric acid, 7-
methylguanine, dimetylaminoadenin

| |
6 7 4
C.5 C5
e lc': S HE gH
YN 2 N XN 6
TSN w
Purin (R) Pyrimidin (Y)

Karel Kubicek
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|
H

Adenine Guanine
(6-amino purine) (2-amino-6-oxy purine)

7S
H ] H ~
™ | @™

H H H

Cytosine Uracil Thymine
(2-oxy-4-amino (2-oxy-4-oxy (2-oxy-4-oxy
pyrimidine) pyrimidine) 5-methyl pyrimidine )
Karel Kubicek 68
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Vymeénitelné a aromatické vodikove
tomy

Sl oA
AT @

Adenine Guanine
(6-amino purine) (2-amino-6-oxy purine )

F - (:)\ CH,

*l AN

H H H
Cytosine Uracil Thymine
(2-oxy-4-amino (2-oxy-4-oxy (2-oxy-4-oxy
pyrimidine) pyrimidine) 5-methyl pyrimidine )
Karel Kubicek
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Hustoty naboju v nukleotidech rozdélené podle Del Reho ¢ nabojli (Roman) a
Hiickelovych 1t naboju (kurziva)

C
-84 -
R%) O/ y
B,
901 i QOI I
-83 l -0
oy
-.83
Cy C monoanion dianion !
Cy: Gy |

Phosphodiester Phosphomonoester I

Karel Kubicek
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2.2 debye

0o NHz O

T fi Oy

AN ¥
5.9 debye 6.1 debye 4.0 debye
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Tautomerie amino (amin<->imin) a keto (keto<->enol forma) skupin
purint a pyrimidint, fyziologické podminky favorizuji amino a keto
formy

NH, NH 0 OH

CST126 Karel Kubicek
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Nukleosidy a nukleotidy

Nukleotid vznika esterifikaci fosforylu na —-OH
skupinu nukleosidu. V riboze Ize esterifikovat 3
skupiny (ve 2’-deoxy-riboze pouze 2 —OH skupiny) ,
pfesto ma drtiva vétsina ribonukleotidl fosfat v

NnnlAZn R’

NH,
N”/’j: N\> Adenine
N,
~

CH,

Nucleotide triphoshpate ——

‘0 / o
\P L0 o 5
L [Om g ] Base _ _ Ribose
ofs| | R / 0 0 0 7/ >
0100 N HO—P—0—P—0—p
ghycosidic bond —F—0O0—F—0—
{ - Rihose) {|:|) {_l}_ (!l HO OH
{ H-Deoxirh ose ) \_ Y,
v
S Adenosine 5’-monophosphate (AMP)
— Nucleoside ——|
— Nucleotide monophosphate - \ ~ J
Nucleotide diphosphate ——! Adenosine 5-diphosphate (ADP)

J

v
Adenosine 5'-triphosphate (ATP)

Karel Kubicek
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Nazev baze, Nukleosid, Nukleotid, X=
NH X=H X=(deoxy)rib6za fosfo.ribéza

N%)\|/N\>
KN/‘“T Adenin Adenosin Adenosinmonofosfat
X AMP
(@]
HxN/uIN\>
HNZSN N Guanin Guanosin Guanosinmonofosfat
X GMP
NH,
N="
07N Cytosin Cytidin Cytidinmonofosfat
X CMP
O
H\N)'j
OJ\N Uracil Uridin Uridinmonofosfat
X UMP
o
H\N)'K/I/CHg
0PN | Thymin Thymidin Thymidinmonofosfat
ax TMP
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Cukr

< H O
7 I
] |
H—C I OH
k !
H—C—OH I :
3 i
| ! H
H—C—OH :
1
|
1
|

D-Ribose B-p-Ribofuranose p-2-Deoxyribose B-p-2-Deoxyribofuranose

Karel Kubicek
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OH OH

AMP

NH,
N
-
N | \>
o M
N N
0\‘~:~P/ ™ © WS
_0/ \O_ _D./ \0_
OH H
dAMP

Karel Kubicek

OH OH

UMP

(0]
HN CH,
O{A“*N
D%P/O 0
_D/ \0_
OH H
dTMP
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Vlivem stérického branéni baze se vyskytuji dvé konformacni usporadani baze-cukr: syn/anti
Oba zpUsoby usporadani se vyskytuji v pfirodé, pficemz ANTI prevazuje

OH OH OH OH OH OH

syn Guanosine anti Guanosine anti Uridine

CST126 Karel Kubicek 78




Konformace cukru - Sugar pucker

CST126

Karel Kubicek

Cs N
0] .
4!
(a) 3 2
C. N
5 3!
‘A, OM ¥
(b) 4 2
Cs

C; N
3I

O ’

(d 4 ‘
2'

(o N

5 3! /

(e) m‘I
zl

3E

2
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Fosfat; pater nukleové kyseliny

(b)

NH,
Tetrahedralni usporadani fosfatoveé skupiny (a),
volnost rotace (b) N~ _ Base
B K | (cytosine)
C|) 5 07N
phosphate 4 -0—p—0—cH, 7
I
® & ik
H H
OH H
\ v J
Sugar

(2'-deoxyribose)

CST126 Karel Kubicek
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Pater nukleové kyseliny

protinaboj negativné nabité patefi: Na*, K*

8]
\
35\ N
phosphodiester ,r““o
\
\
\
\

, . , \ .
Baze.v ;v):aterl nukleovych \ PR
kyselin ¢islujeme od 5’- \\ZI 9

. . N\ 10 o
konce smérem ke 3’-konci: \
5’-GCAT-3’ \X ;
N HO
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et|c -\HQ ct|c
N -
0 </ | N &
| s P |
0= [|’— OCH, N N Adenine O=*
o NH, ©
| onm
2
0 ‘ R
| 5 /g
O=P—0CH; o) L — o=
-0

(@)
g
OH I H
N o
P . 4 ]é\
O=P—0CH N N
|

o NHy  Guanine

OH

etc.

Karel Kubicek

2 4 N N NHs Guanine

= | 0 0 Cytosine

NH,

N N
4
| O<N\N)

-0 Adenine
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O
etc.
H
| e
i |
| 5 /g
0= 1|)— OCH; N "0 mpomine
0
O
a
1 H
N <
0 / N
| 5 < ‘ =
0= Il’— OCHsq o N N NHs Guanine
me
NHs
5
(0] | SN
| o /&
uanine —= vtosine
G O E|’ OCH;,@ o N Gy
0O
NH,
g
N N
i |
2 =
O Uradil == T_OCH? (@] = N
-0 Adenine
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A PROPOSED STRUCTURE FOR THE NUCLEIC ACIDS

By Linus PAUuLING AND ROBERT B. COREY

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,* CALIFORNIX INSTITUTE OF
TECHNOLOGY .

Communicated December 31, 1952

FIGURE &

Plan of the nucleic acid structure, showing several nucleotide’ residues,

Karel Kubicek
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Parovani bazi NK: Watson-Crick, NC za medicinu a fyziologii 1962 [Watson(*1928)]

Karel Kubicek
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Vodikové vazby
Jednotlivé fetézce dvojité Sroubovice drzi diky complementarnimi vazbami NeeeH-N
a =0eeeH-N, ktere vznikaji mezi Cytosinem a Guaninem a Thyminem a Adeninem.

H
\ H
BT
N
T
N—H- - _N N
N _/
N
CytOSine \ Guanine Thymlne Adenine

H

Kazda vodikova vazba prispiva cca 20 kd/mol ke stabilizaci dvojSroubovice

CST126 Karel Kubicek
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H
/
H./‘N

O-

™

[\l..-f"H-I
/
H

guanine : cytosine

rozlozeni naboje v nukleobazich + 0 -, Sipky oznacuji dipélovy moment

Karel Kubicek

am! N
[/ N—HT %N
9< N
N @) .
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Watson-Crickovské parovani bazi }_I
Cen—N
(ﬂ _...-—H-""‘ )/
\
--‘O ‘
. N” H=
/
H

guanine : cytosine

(N <
If‘"‘().f:“:) m — e !

Of.‘... =

1.08 nm

1.11 nm
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| 0.34nm
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major
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0
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|

Decoxyribose .~ i
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b Molecular canvas

a DNA ongami

584 | NATURE VOL 485 31 MAaY 2012
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Geometrie paru bazi

) % - \% z = .
Shift (Dx) Tilt (7)

Shear (Sx) Buckle («;
zZ
= W ’
Stretch (Sy) Propeller Slide (Dy)
z {1
VA e * §
e > X
y
Stagger (Sz) Opening (o)
Twist (w)
4 4
I
X X
3/
4 5/ =
; x »
Y Il . x-displacement (dx) Inclination (1)
| Coordinate frame
Z z
i
/ X x
y-displacement (dy) Tip (6)

CST126 http://nar.oxfordj6lifhals.org/content/31/17/5108/F 1.large.jpg ”




Interkalace — vmezereni

1) Planarni molekuly (nejCastéji organické polycyklické aromatické kruhy)
mohou interagovat s molekulami nukleovych kyselin interkalaci, tzn.
vmezerenim se mezi dvé po sobé jdouci baze n. pary bazi

2) Dusledkem je zména strukturnich parametrt dvousroubovice => naruseni
napr. replikace DNA

3) Chemoterapie, znaCeni nukleovych kyseliny (ethidium bromid) atp.

Ethidium bromide
I Mutagenni !!!
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Ethidium bromide
!

Karel Kubicek
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Decamer DNA Sroubovice interkalovany dvéma

2-HYDROXY-3-(PYREN-1-YLMETHOXY)PROPYL DIHYDROGEN fosfatovymi bazemi
(PDB ID: 1388

Karel Kubicek
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Hexamer DNA Sroubovice interkalovany bispphenazinem — protinadorovym
léCivem (1-METHYL-9-[12-(9-METHYLPHENAZIN-10-1UM-1-YL)-12-OXO-
2,11-DIAZA-5,8-DIAZONIADODEC-1-ANOY
PDB ID: 1X95

CST126 Karel Kubicek
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Peptidova nukleové kyseliny (PNA)
- Nejsou kyselinami!!!

Jsou syntetické, nicméné se predpolada(lo), ze mohli figurovat jako vyvojovy

stupen v pocatcich vzniku zivota (naproti tomu stoji “RNA svét”)

Nemaji v patefi negativné nabity fosfat => silngjSi vazba mezi bazemi

DNA  Base PNA

0
0] O 0 O
éss“\ < ;\N/\/N\)Kés’
H

H2N O
. jLOH
HN

Base

C

N-aminoethyl
glycin

Karel Kubicek
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Interakce mezi PNA a DNA dvousSroubovici

CONH,
NH, NH,
CONH,
] . ]
NH,
3! 5! 5 f NHZ 5;
DNA PNA 3 CONH, 3  CONH,

(a) (b) (c)

a - triplexova struktura, b — triplexova struktura nahrazenim jednoho DNA fetézce, ¢ —
duplexova struktura nahrazenim jednoho DNA fetézce

Karel Kubicek
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Nejb&zné&jsi typy DNA: B-DNA (a), A-DNA (b), Z-DNA
(c)

DNA %=
konformace )

Smér vinuti pravotoCiv  pravotocCiva levotoCiva
a
Pocet part 10.5 11.0 12.0
bazi na otacku
Pramér ~2.0 nm ~2.6 nm ~1.8 nm
Sroubovice
Konformace C2’-endo C3-endo  C2’-endo (pyr)
cukru C3’-endo (pur)
Velky zlabek Siroky, uzky, plochy b o |
Major groove hluboky hluboky . d
Maly zlabek uzky, Siroky, uzky, hluboky ““:““3
Minor groove hluboky mélky @ . ¥

CST126 Karel Kubicek
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Definice dihedralnich a torznich uhll

Table 2-2. Definition of Torsion Angles in Nucleotides
[From (16).]

Torsion angle Atoms involved
a (n-noa'—P—OS’_CS'
B P-0,-C;-C,
fy Osrvc5r—C4f—C3l
b W N T
: Cy—Cy~Op-P
¢ Cy—03-P-Og+y)
X 0,-C;-N,-C, (pyrimidines)
04-C,;—Ny—C, (purines)
- - Cy~0,~Cpily
Figure 2-4. Definition of torsion and dihedral angles. (a) Torsion angle § (A-B-C v 04,_C1,_C2,_C3,
D) describing orientations of bonds A-B and C-D with respect to the central : I I o 0
bond B—C. (b) View along B—C. 61is the torsion angle between the projected bonds Va i 2 C3 04
A-B and C-D; the complement ¢ is called the dihedral angle. If A-B and C-D V3 Cy—Cy—Cy-0Oy
are cis-planar (coinciding in projection), angles 6 and ¢ are 0°; they are counted Vs C3!“C4!—O41_C1’
positive if the far bond C-D rotates clockwise with respect to the near bond A-B. ;
(¢) 0 is defined as the angle between planes A—B—C and B—C-D. (d) The dikedral @ Atoms designated (n — 1) and (n + 1) belong to adjacent units.

angle ¢ represents the angle between normals to these planes.
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Description N Clustered torsions Cluster
number
¥ 8 £ 4 etl p+1 p+1 &§+1 x ¥+1
‘Canonical’ A-form, labeled AI 192 54 82 205 285 294 172 55 83 201 202 8
AIl, A-form with an o + 1/y + 1 switch 44 52 B2 195 291 149 194 182 87 204 188 19
A with 8, § + 1 close to O4'-endo 9 44 101 192 281 297 182 44 99 210 211 25
AI-BI, with § C3'-, § + 1 C2"-endo 32 54 86 194 281 301 179 55 142 214 251 41
AI-BI, with § O4'-, 6 + 1 C2'-endo 34 54 99 186 274 297 178 51 141 235 264 47
BI-AI, with §1 O4'-endo 100 51 130 183 267 297 171 51 106 250 239 32
BII-AI, with an o + 1/y + 1 switch, high g+ 1 9 49 146 257 186 60 224 196 90 260 200 110
BI variation in complexes 412 45 137 178 255 304 187 45 139 252 256 58
‘Canonical’ B-form, labeled BI 1,531 47 136 184 262 302 179 45 138 251 260 54
BII variation in complexes 269 43 140 201 216 314 156 46 140 261 253 86
BII-form 340 46 143 245 172 297 142 46 141 269 259 96
BI, with an & + 1/y + 1 switch 109 46 139 195 245 32 196 296 150 252 253 116
BI, 3-mismatches with an ¥ + 1 syn, e + 1/p + 1 switch 8 50 137 196 225 33 187 295 145 257 70 122
AI-BI, 3-mismatches with x + 1 syn 14 58 91 214 280 295 176 56 139 238 67 121
Z-form, Y-R step 21 54 147 2064 76 66 186 179 95 205 61 123
Zl-form, R-Y step 40 177 96 242 292 210 233 54 144 63 205 124
ZII-form, R-Y step 18 179 95 187 63 169 162 44 144 58 213 126

‘Description’ is a short annotation of the conformation, ‘N’ is the number of dinucleotides which define the conformation, ‘Clustered Torsions’ are
the arithmetic means calculated for the torsions used in the clustering process, with the torsions being defined in Figure 1. Bold font is used merely to

indicate the three most important DNA forms.

Nucleic Acids Research, 2008, Vol. 36, No. 11, 3690-3706
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Stabilita DNA dvojsroubovice:

1) Vodikové mustky
2) Londonovy disperzni sily (LDF), dipol-
dipdélové interakce

Nukleop Vodikové Celkova E
vazby

+1.0 -25.0

G:C L 1&Rergie vRFmol

A:T — opacné dipoly, G:C — pusobi atraktivné

5 M B C 3 3
3) Patrové interakce — stacking v G R R R R a———
Pldsobi mezi jednotlivymi patry nukleopard, I >< [
stabi-lizuji dvojSoubovici diky elektronovym A . D
korelacim, van der Waalsovym a g 4 7 e

Coulombickym interakcim
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Non-Watson-Crickovské (Hoogsteenovo — karsten Hoogsteen) parovani bazi

Triplexové struktury

=5 Y
dR—N ¢+ )—N | =
>—N/+ ML dR—N/ng 0
¢ o CN >N Ho H-— O
O H O NY \dR \H '\-.N/ T
’ " 0 _ NN g
7 N o N XpH m/
< | G//K i <’ | A N 0
||\l N l\ll/H N N/)
dR H cliR
C*+GC T-AT
dR
3 NN dR
0 L WTad J
/e >7N\H N X —N I =
N H o) 4 ny O
0 N__N< N H_,  _H X N L X
S H SR =N SN~ T JH N W T
<,N G oo <N N H Ny R <N N R
A 0 0
| N/)\N,H . N/) N N/)
dR H clm dR
G-GC A-AT T-AT
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Triplexové struktury

R GH R\
L0 pG
H .o, : i /
BTN : —
4 T N )/\ Q”( el €3
Al e P &Y .
o — e
/
f
TA*T CG*C
;
8 f/
a4 " T
G Y
it s N\k
SN Voo
Y E H——N/H | .."H
LN /°"" N £\
= 7\ P > {
PP el o
/% e >~N N( /A\N 7777777777 = T\
R — VAN 7 i
— ® N A
H/N"
CG*G TA*A
L VA
Lo Dy
A> A"\
7 @
\ " \

» 3' Parallel DNA
| ‘ 5 triplex

» 3' Antiparallel
| ‘ 5 DNA triplex

YR*R
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Quadruplexové struktury

CST126

(a) Groove

A BNl NNRTE Y

H5N \ ' ' Groove
‘ NH,

AR
J NH o
ol

NHy--"""~ N\\/ ~c1

Groove

Groove
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Na* solution

K* solution

G

hybrid- |

hybrid-2

2-tetrad
anti-parallel
basket

“fmo
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Polymorfie telomerickych opakovani in vitro

NMR
NMR Xy g enene Zavisie
Na* K* K* K* K*

Wang et al. Structure (1993)
Parkinson et al. Nature (2002)
Ambrus et al. Nucleic Acids Res. (2006)
Dai et al. Nucleic Acids Res. (2007)

Lim et al. ] Am Chem Soc. (2009)

Karel Kubicek

K*/PEG

parallel
propeller

Heddi et al. ] Am Chem Soc. (2011)
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Polymorfie telomerickych opakovani in vivo

In-cell NMR

Sekvencneé zavisle

Hansel et al. Nucl Acids Res (2011)

Karel Kubicek
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DalSi vyznamné formy DNA:

1) Hollidayuv spoj (Holliday junction) klicovy meziprodukt v mnoha typech genetické rekombinace a
také pfi opravé dvouretézcovych zlomu.
.

CeG
AeT
AeT

TeA
strand 2 CeG strand 1

‘C CeG
G

2) displacement loop (D-loop, D-smycCka) ces
3) R-|00p (R-Smyéka) strand 3 gE_CI_ strand 4

De-
(o] 11}
—1e>
De—
={o1>
Qen
Qe

vnom

-
[ ]
>
S
X,
S
Ny
nnnuu@:l
S ALLLLLLLN
2
A
o~
&
117N
—
-~
-
a
”~
-
;X
-~
-~

4) Kfrizova struktura DNA (cruciform)

. . Hairpin Structure Formation
5) i-motif DNA g
6) DNA nanotechnologie — DNA origami SICOCACTCACAT
A \ -
e = e
A
ck-e
AT
Cruciform Structure Formation %’, : : CA
GTQ;LC
CST126 Karel Kubicek 112
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DalSi vyznamné formy DNA:

1) Hollidayuv spoj (Holliday junction) klic¢ovy meziprodukt v mnoha typech genetické rekombinace a

také pfi opravé dvouretézcovych zlomdu.

2) displacement loop (D-loop, D-smycCka)
3) R-loop (R-smycka)

4) Kfrizova struktura DNA (cruciform)

5) i-motif DNA / i-motif RNA

6) DNA nanotechnologie — DNA origami

CST126

Karel Kubicek
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CST126

Superhelikalni cirkularni DNA

L= W+ Tw

Lk - linking () — topologicka vlastnost cirkularni DNA, udava, kolikrat je
jeden rfetézec DNA obtoCen kolem druhého v pravotoCivém sméru (vzhledem k tomu,

e referenéni je B-DNA). Lk z(istava pro danou cirkularni DNA konstantni (nebot

“konce” jsou zafixované a nemuze dochazet k rozvinuti). Lk nabyva vzdy

celoCiselnych hodnot (konce DNA dvousroubovice na sebe musi “pasovat”, aby
doslo k uzavfeni kruhu).

Tw - twisting (otogeni) — v relaxovaném stavu se Tw=Lk. Tw udava
pocCet 360° otoCek, které jsou na dvojSroubovici podél celé kruznice. Vzhledem k

tomu, ze pro B-DNA pfipada cca 10 paru bazi na jednu otocku, Tw je priblizné rovno
poctu parl bazi / 10. Pro pravotoCivé otacky je Tw kladné.

Wi - writhing (skfizeni) — z divodu strukturnich “potfeb” DNA ruzné
hodnoty Lk kruZnice mohou zp(isobit nikoliv zménu v otagkach (Tw), ale vznik
superhelixu (supersroubovice). Vznik superhelixu je definovan &islem Wr. Pro
pravotocCivé supersroubovice je W' zaporné!!!
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=

1]

-
unstrained relaxed

unwind by six
right handed turns |
Al =-6

Vzhledem k tomu, ze ma DNA
tendenci udrzet B-DNA topologii, Tw
se zvysi zpét na 42. Lk je ovSem
topologické &islo, které MUSI zUstat
konstantni, tedy 36 a k zachovani
rovnice Lk=Wr+Tw Wr musi nabyt
hodnoty Wr=-6.

supercoll
partially unwound

relaxed
Fx
11} " ]
ol &
o o,

E O L
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CST126

‘WWMWMW\\:‘?MNWM L

Dielinition of writhing. Assume a rubber tube is, without strain, wound in
cluht feft-handed turns around a cylinder. If, now, both ends of the tube are
losed and the eylinder is removed, the tube jumps into a right-handed heli-
vil form, with eight crossovers (only 6 in this illustration because of end
“lectn), Since we started out with a left-handed coil, the writhing number
I delined as W, 8, both for the coil and for the closed helix although
the Intter is right-handed. From (1362).

Karel Kubicek

117




Tw =0 Tw = +3 Tw = +2 Tw = +1 Tw =0
Wr = Wr = Wr = +1 Wr=+2 Wr=+3
\ J
'
ILk=0 Lk = +3
(@) (b) (c) (d) (e)
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L

Ipidy

Karel Kubicek
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Lipidy

-Hydrofobni (nerozpustné ve vodé; obsahujici pouze nepolarni skupinu) nebo amfifilni
(obsahuiji jak polarni, tak nepolarni skupinu)

-Zasobarny metabolické energie

Mastné kyseliny

-Dlouhy, nepolarni —CH,- konec

-Polarni karboxylova skupina

-Nasycené (stearova, plamitova, arasidova)

-Nenasycené - mono- (jedna dvojita vazba; olejova)/poly-(vice dvojitych vazeb)
nenasycené

CST126 Karel Kubicek 121
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Saturated
fatty acids

Unsaturated
fatty acids

Karel Kubicek
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CST126

# of double bonds

4 25
3-1

- 20
2-—1

=15
1 1 '
r
0'!‘1'['1'!']'1'!'!'1'10
20 -10 ¢ 10 20 30 40 50 60 70 80 90

Melting point

# of Carbons

——e—— #of double bonds
——  # Of carbons

123
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Fosfolipidy
- Esencialni prvek biologickych membran

Mastna kyselina

4 f A\
O
1
R,—C—O-'CH,
|
R,—C—O-°CH oN
1 I |
O *CH,—Of—P—0—R;,
1
O
LN N J N J

glycerol  fosforylovany alkohol

Karel Kubicek
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Kyselina fosfatidova —zakladni slou¢enina fosfolipidu

O

|

cC—O0O
/\\/\/\/\/\/\/\\/\/_

G

C—O0O=—C—H @)
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Zkratky

POPC 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine

DOPC 1,2-dioleoyl-sn-glycero-3-phosphocholine

Karel Kubicek
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Fosfolipidy

= CHy— NA(CHly
CHOLINE Criy
polar | o
(hydrophilic)|  pHOSPHATE Omp—0-
head group
| (o}
GLYCEROL g—l,——iﬂ—(!H;
;=0 (=
1 2 A‘r‘. CH
CH. CH
| |
H, O
H w: ]
E ‘}* AI H
X “‘ bz
Q cH I
nonpolar = P cis-double
{hydrophobic) @ [ bond
tails =] oM CH
z | i
- H :
= ) i o
‘Po | Ch
G H
% H X
9 H ;
% ] i
(< i bt
Tvar lipidQ
LysoPC POPC
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hydrophilic
- head

‘ hydrophobic

J tails
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i I8 = i | H
) NH; ) NH bl
| | ]
Cl 2 H—C —C O = H
{F I CH Lt |
|
k) L) |..
[ s .. 2 e
O=PE’~ -0 = O=p—0 & O=p—0 Y
| |
O {l'a Q)
N | ] E
(ng (i.H —{“H3» (l_"H_-—(l'H—('I 12 CH+—CH—CH:2
| |
(T) (T) 8 ) €3 O
|
C‘=D (|_". =) <'|'=U [.‘ =) =0 tT'.=("J
. =y =
= B 2 N o = B
o o o 0 - ) o
(] W] i (] (W} (]
e L= < < o (-8 .
> - > > >
& e & B £
= s 7S = & i
phosphatidylethanolamine  phosphatidylserine phosphatidylcholine

Karel Kubicek

CH HLKLH
|
CH
|
CH
|
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Cholesterol

OH
\ \ . ] polar head group
A X
X g
—CH
\ 3 rigid
 S— steroid
\ ./ \ ring
\ / structure
\—& cHy cH,
{ >’_(| H 3
— /
(‘ H, nonpolar
hydrocarbon
C‘H 2 tail
CH
27N
CH; CH
(A) (B)
Cholesterol

No cholesterol

Cholesterol

Fluidity —

Tm
Temperature —»
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Karel Kubicek

Il

I

polar
head
groups

cholesterol-
stiffened
region

more
fluid
region
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Lipidova dvojvrstva

» -fobni
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Micela >
Unilamelarni vesikula
Multilamelarni vesikula
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Inverted
micelles

= w
o 4
£ =
£3
1Uv|.-”
" ©

micelle

)
—_—
3}
=
=
=]
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shape of lipid packing of lipid

molecule molecules . B
VY
®._\/ & lipid
e gl P micelle
."" :}-"';;:, ""1_“
0.,
water . i
99009090
KI} I\/ |\l \/ T: /1) lipid
'J il 'k i“ T ’. bilayer
Ty
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ENERGETICALLY UNFAVORABLE

planar phospholipid bilayer
with edges exposed to water

sealed compartment
formed by phospholipid
bilayer

ENERGETICALLY FAVORABLE
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1) Gorter & Grendel
) S =2 2) Harvey, Danielli, Davson
: = 3) Robertson (X-ray
= diffraction)
. O- I - _— ==
® 1 ggf‘é E 4) Benson
S == 5) Singer & Nicolson
| 6) ”
g§=® 7) G_reen
| E 8) Sjostrand & Lucy
S 9) Brown (1971
gz\\\‘\? ) (1971)

1
NSNS
I (@5@5@

CST126 Karel Kubicek 137




CST126

Slozeni

* lipidy
* cukry
* proteiny

1) Lipoprotein:
2) Proteolipid:
3) Glycolipid:

4) Glycoprotein:

Extracellular Fluid Carbohydrate
Hydrophilic heads

Protein channel
(transport protewn)

®| (1Y) N/ 4 oAy -‘l R ‘:'-':‘.
)Cﬁ”\ﬂ!fll ” I . T :,',JI WY K 1 WM YT O -
” | | : f ' | |0 Phospholipid
' \ - AL S/’ (1] '
L ) VALY .Y 5/ ._f

{Globular protein) Surface protein

Cholesterol
Glycolipid
Peripherial protein

Filaments of Alpha-Helix protein hot
cytoskeleton / (Integral protein) M e

Cytoplasm

lipid + protein, ktery je vétSinou rozpustny v H,O

protein + lipid, " v organice (e.g. 2:1 = CHCI; : CH;0H)

lipid + carbohydrate. Cukry glycolipidu jsou na vnéjSim povrchu a velmi
pravdépodobné se ucastni mezibunécnych komunikaci

carbohydrate + protein. Podobné jako glycolipidy, cukerné zbytky
glycoproteinu jsou pfipojeny na ne-cytoplasmicke strané membrany.

Karel Kubicek
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Soucasny model membrany

Extracellular Fluid Carbohydrate
Hydrophilic heads

Protein channel
(transport protein)

Globular protein

Glycoprotein

Phospholipid

/ Phospholipid
molecule

Cholesterol
Glycolipid

Integral protein
(Globular protein) Surface protein

Perioherial protét Filaments of Alpha-Helix protein bic tail
ripherial protein Sytbakeleton / Orntegrel peosein) Hydrophobic tails
Cytoplasm

fluid mosaic model — 2d tekuta vrstva

lateral diffusion

100000,

' NHANANDNON
3-5 nm (L 1/ ” \\ /] lfllp flop
ﬂ f- | W T | (rarely occurs)
\/AD\) ;’
"0 . 00 .

flexion rotation
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Membranové kanaly

Vyména iontl mezi vnitfnim a vnéjSim prostfedim bunky je
uskute€novana membranovymi kanaly.

Kanaly se liSi od prfenaseCl maji pevna vazebna mista pro ionty a v
membrané vytvareji pory propustné pro vodu.

Otevirani/uzavirani téchto péru/kanaltu (vratkovani/gating) se muaze dit
nékolika mechanismy. Vedle elektrického je vratkovani nékterych
kanall ovladano jinymi podnéty (chemickou vazbou latek,
mechanickym napétim a;.).

Prichod iontli celym kanalem nelze povazovat za volnou difuzi.
VétSina kanalu je totiz charakterizovana vétsi ¢i mensi mirou selektivity v
propustnosti iontd. V tomto smyslu hovofime o sodikovych, draslikovych,
vapnikovych nebo chloridovych kanalech.

Transport iontti kanaly nevyzaduje dodani energie.

Karel Kubicek
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Otevirani/zavirani kanalu (gating/vratkovani)

CLOSED OFEM
i
f

bilayer
.'

]
salactivity filter in
BOUE0OUS pore
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Otevirani/zavirani kanalu (gating/vratkovani)

E
Qaladg testracallular {intracatlulai 3 e

1lg+:| nd) ligand]
e | e i |
cuoseo ”

N "
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1 | "

CYTOSOL

142




CST126

Bu

' 4

N

Ky

Karel Kubicek

143




CST126

Tvary a velikosti vybranych bakterii

("

@’;@

spherical cells
e.g., Streptococcus

S
<

rod-shaped cells
e.g., Escherichia coli,
Vibrio cholerae

the smallest cells
e.g., Mycoplasma,
Spiroplasma

Karel Kubicek

spiral cells
e.g., Treponema pallidum
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Zakladni rozdéleni zivého svéta

1) Prokaryoty
2) Eukaryoty

ARCHAEA

Sulfolobus

Q:\V Aeropyrum /
& cyanobacteria \

C
v_ Bacillus |
Q \ 1
E. coli —0u
-_-_-_-——-
I
J
Thermotoga / common
ancestor
Aquifex cell

£
human UC443}’

maize eas @)
\>, yeast )2%\

Haloferax

— Paramecium
—~Methanothermobacter

— Methanococcus —— Dictyostelium

—_— ———— Euglena
\\ Trypanosoma
\ Giardia

1 change/10 nucleotides Trichomonas
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plasma DNA cell wall flagellum
membrane

e ——————————

F i _ S o S - o
/7 h . TN

f i _— . p *ad
_f “es® ol = . '.-J 1o s o\
|| il b & (" {'_ L

s ® L ¥ * %

T um [Saad Frtlet s _ %
AT b renEeo e o™ o ut - - . 8/
(& DA b e S FORE B L

= S —

ribosomes
Vibrio cholerae

Escherischia coli (E.coli)
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Eukaryoticka bunka

¢
// |
| N
5um .
R -
(—-——"—"' C\
\ i RN

;
m/ B

filaments

—f

peroxisome
ribosomes

N Golgi apparatus J intermediate plasma membrane nucleus endoplasmic

filaments reticulum

centrosome with .
pair of centrioles extracellular matrix
chromatin (DNA) \
““"h_._\_\_
B nuclear pore

nuclear envelope

— vesicles

nucleolus

mitochondrion
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Packing Plant
Golgi apparatus

Power Generator
mitochondrion

actin filaments

muscles and nerves @
f{ 0

lysosomes
peroxisomes

T
e
eye/brain \Xﬁcrotubule % C@ Garbage Disposal
O
J

\ —
centrog)&)

1~ cytosol

Library
— nucleus

i

Wall
cell membrane

s

Protein Synthesis
(factory)

Endoplasmic reticulum
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cilium (short) or
flagellum (long)

@® centrioles
-

smooth endoplasmic
reticulum

-,
5 O

rough endoplasmic reticulum

Golgi complex

mitochondrium -

RN EgZO.!‘G"lE
yzosome Q

granule

thylakoid

chloroplast

DalSi organely v rostlinné bunce

arel Kubicek

vacuole

cell wall
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* tclli‘-:l:"?
oL ‘.'MI 3
Ak Plasma membrane
i1 Mitochondrion

(smooth)
N =

‘-"‘"\T Ribosome

Endoplasmic reticulum
(rough) Vacuole

o)

Chloroplast’ = =
R Plant Cell
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Makromolekularni konsenzus v bunce E. coli

T TaTurwr—

.......
Ea g a TR

e L LT AT

Macromolecule

Protein 55.0 2.4 %106

RNA 20.4
235 RNA 10.6 19,000
165 RNA 5.5 19,000
55 RNA 0.4 19,000
Transfer RNA (45) 2.9 200,000
Messenger RNA 0.8 1,400
Phospholipid 9.1 _ 22 x 100
Lipopolysaccharide 3.4 1.2 % 108
DNA 3.1 2
Murein 2.5 1
Glycogen 2.5 4,360
Total macromolecules 96.1

Small molecules

Metabolites, building biocks, etc. 2.9
Inorganic ions 1.0
Total small molecules 3.9

Karel Kubicek
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E. coli

Yeast

Organelles

Water

DNA

Amino acids
and proteins

Lipid bilayers

Cell volume
Cell mass

Cell cycle time
Cell surface area
Genome length

Swimming speed

Volume of cell
Mass of cell
Diameter of cell
Cell cycle time

Cenome length

Diameter of nucleus
Length of mitochondrion
Diameter of transport vesicles

Volume of molecule
Density of water
Viscosity of water

Hydrophobic embedding energy

Length per base pair
Volume per base pair
Charge density
Persistence length

Radius of "average” protein
Volume of “average” protein
Mass of "average” amino acid
Mass of "average” protein

Protein concentration in cytoplasm
Characteristic force of protein motor
Characteristic speed of protein motor
Diffusion constant of "average” protein

Thickness of lipid bilayer
Area per molecule

Mass of lipid molecule

VE. coli
ME. coli
It coli
AE, coli
Ng.pcoh
VE, coll

Vyeast
Myeast
dyeas!
tyeast
NE“:‘H
dnucl'eus
I'1'1'1r1‘n:=
Ayesicle
V0
I

n

= Eh:.—'dr

"bp
pr
Lpna
£p

Fprotein
me!er’n
Maa
Mpmtejn
Cprotein
le)fdf’
Viniator
merzin
d

Al'rpfd

Miipid

2l pm?
=1pg
230005
=6pm?

=5 x 108 bp
=20km/s

=60 um3
=60 pg
=5 um
=200 min
~107 bp

=5 um
=2 um
=50 nm

21072 nm3

1 gfcm3

=] centipoise
(1072 g/(ems))

25 cal/(mol A?)

=|/3nm
=} nm?
2e/0.34nm
50nm

=2 nm
~25nm?3
=100Da
230,000 Da
=300 mg/mL
=5 pN
=200nm/s
~100um?/s

=5 nm

1 2
= — nm
2

~800Da
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%) development of Drasophila

. aaw —

B narly development of Drosaphila embryo’

hid
@ hours

T
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(o) call movemants.

=
e

.@ seconts @. | @ @

N

CST126 153




CST126

(Er protein synthesis

e,
@ seconds
e

tF} transcription

@ Seconds
-

EMA polymerase

o Lo DA,
grawing mANA emplate
franscript

(G) gating of ion channels

;‘r‘% @
@ seconds

imnsg

.@.

e
"
w closed ion agen lon closed ion
channel channal ghamn-el

lipid

hillqrer

e

L]
|

@
)
@

@ g
&

H) enzyme catahysis

[EEJL 10r®| seconds % m
w-- substrate ‘ ?

154




CST126

outer nuclear
membrane

histone m:tamcr —y

inner nuclear
membrane

— = H{} nm —=

(A) nuclecsome (B) nuclear pore complex

growing polypeptide chain
i

.-—a-5 nm ==

- parental
NN

daughter
strands n_‘_h repllcatmn furk {
{C) replisome (o ribosome

Fq subunit
-
e - TR L | inner
et === | mitochondrial
| Al | |membrane

F
subumnit

(E) proteasome {F) ATP synthase

155




ligand receptor

envelope
protein

ENDO- viral capsid

virus or

delivery

vector

Budding
CYTOSIS
lipid bilayer

EXO-

CST126 Karel Kubicek 156




CST126

Mitochondri

Karel Kubicek

(B)

157




CST126

Vznik mitochondrie

ancestral

eucaryotic cell
early

eucaryotic cell

internal

membranes
nucleus

(@) (@) (@
/ Y &
o @

mitochondria
/ with double
bacterium membrane

Karel Kubicek

158




CST126

Fission — déleni mitochondrie

mitochondrial
- DNA

Karel Kubicek

159




CST126

Cold HOME | SUBMIT| FAQ| BLOG | ALERTS | RSS
Spring

Harbor

Laboratory

bioRyiv

Advanced Search

COVID-19 SAR5-CoV-1 preprints from medRxiv and bioRxiv

Subject Areas
All Articles

Animal Behavlor and Cogniton Ecology Paleontology

Biochemistry Epideniology Pathology

Bioengineering Evolutionary Biology Pharmacology and Toxicology

Bioinformatics Genetics Physiology

Biophysics Genomics Plant Biology

Cancer Biology Immunology Scientific Communication and

Cell Biology Microbiclogy Education

Synthetic Biology

Clinical Trials® Molecular Biology

Drevelopmental Biology Meuroscience Systems Biology

Zoaology

View by Month

Hogy subject carego

health sciences server

sy,

subimie e o

Karel Kubicek  Chan
Supparted hy Zuckerberg
Initiative =

ABOUT| CHARMELS

https://www.biorxiv.org/

160




Mosalaganti, Obarska-Kosinska, Siggel et al

Title: Artificial intelligence reveals nuclear pore complexity

Authors:

1,2,3t

Shyamal Mosalaganti'?®", Agnieszka Obarska-Kosinska'*!

, Marc Siggel**®", Beata
Turonova'?, Christian E. Zimmerli'?, Katarzyna Buczak® , Florian H. Schmidt®®, Erica
Margiotta'?, Marie-Therese Mackmull?", Wim Hagen?, Gerhard Hummer®>"*, Martin Beck'?*,

Jan Kosinski®**

Karel Kubicek 161




CST126

THE BEST

200 innovations changing how we live
Hi

I
?
v
g
§

INVENTIONS
OF 2022

ow We Chose the List

TIME The Best In

ntions of 2022 homepage is buiit on TIME Sites, To learn how businesses use TIME Sites to tell their stories with easy-to-deploy, visually stunning
SITES microsites, visit timesites.com

https://time.com/collection/best-inventions-2022/6229912/deepmind-

alphafold/

Karel Kubicek

162




Al v

MAPPING LIFE'S BUILDING BLOCKS DETECTING DESTRUCTION OF WAR ARTIFIGIAL IMAGINATION

EPM oLo

Al AUTOMATED DAMAGE [DENTIFICATION OPENAI DAL

| S B a

CST126 Karel Kubicek 163




CST126

< THE BEST INVENTIONS OF 2022

Mapping Life
DeepMind AlphaFold

Karel Kubicek

BY BILLY PERRIGO i

164




BY BILLY PERRIGO y

NOVEMBER 10, 2022 6:20 AM EST

IT n the recent past, discerning the exact 3D structure of a single protein took

around five years. Today the same task is possible in seconds thanks to the
machine learning program AlphaFold, developed by Alphabet subsidiary DeepMind.
In July, the company announced that AlphaFold had predicted the structures of 200
million proteins—nearly all known to humankind. And in what CEO Demis Hassabis
described as a “gift to humanity,” DeepMind made the structures, along with
AlphaFold’s underlying code, freely available to all. That will likely accelerate the
work of scientists around the world trying to solve humanity’s toughest problems.
The company says AlphaFold is now being used in efforts as diverse as fighting

antibiotic resistance and Parkinson’s disease, and tackling plastic pollution.
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