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Biomolekularni védy maji kliCovy vyznam pro molekularni medicinu.

Budeme se zabyvat zafizenimi pro studium struktury, méreni koncentrace (in-
vitro i in-vivo), a pro studium vlastnosti membran

Nejbeznejsi zarizeni zalozena na interakci elektromagnetickeho zareni s
makromolekulami

VIS, UV a IR spektrofotometry

Ramanovy spektrometry

Zarizeni pro meéreni cirkularniho dichroismu
Zarizeni pro rentgenstrukturni analyzu
Nuklearni magnetickou rezonanci
Hmotnostni spektrometrie

FluorescencCni techniky

Elektronova mikroskopie

Zafizeni zaloZena na jinych vlastnostech biomolekul (napf. mechanickych a
elektrickych)

Elektroforéza
Langmuir-Blodgettove technika

Zafizeni pro méfeni membranovych potenciall a koncentrace iontu v burikach



Tento vyzkum je orientovan zejmeéna na strukturalni
studie, které umoznuji porozumeét napr.:

» Specificnosti enzymatickych a imunologickych reakci

> Uc¢inkdm nékterych 1ékd (napf. cytostatik) na molekularni
urovni.

» MechanismUm pasivniho i aktivniho transportu

» Bunécénému pohybu
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THE ELECTROMAGNETIC SPECTRUM
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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
S1 28 Na™ 470
Al 7.9 Mg " 54
Fe 4.5 SO~ 28
Ca 3.5 Ca>™" 10
Na 25 K" 10 )
K 25 HCO; 2.3 0.08
Mg 2.2 NOs 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

10/10/2022

*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 Mn,

Fe, Co, Cu, Zn, Mo, I, Ni, and Se.
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Chemickeé slozeni lidského tela

D OO0 T

(65 %) Voda

(20 %) Proteiny

(12 %) Lipidy (tuky)

( 1.1 %) Nukleové kyseliny

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

Plyny (O,, CO,, ...), karbohydraty (glukdza), hydroxyapatit
(forma vapniku a fosfatu — zuby, kosti), volné radikaly, etc.
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Proteiny
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Peptidova vazba — pseudo dvojitd vazba => amidova rovina




Proteinova pater, primarni struktura, Cislovani od N-konce (terminu) smérem k C-konci

N
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Amide plane

b = 1807, yw =180°

Side group
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Sekundarni struktura
1) a-Sroubovice (a-helix)
2) B-skladany list (B-sheet)

3) Ohyb, smyc¢ka (loop/turn)

10/10/2022 Karel Kubicek 14



Sekundarni struktura

1) a-Sroubovice (a-helix)

2) B-sklada- st (B-sheet)
3) Ohyb, = turn)

10/10/2022 Karel Kubicek

antiparalelni usporadani
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Sekundarni struktura
1) a-Sroubovice (a-helix)
2) B-skladany list (B-sheet)

3) Ohyb, smycCka (loop/turn)

v-smycka/ohyb (3 residua)

COOH
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il \
H—N O c=0
AN e
CHjg c= o CH,OH
LG AN
/Ca Cu\
H / H

B-smycka/ohyb (4 residua)



Ramachandrantv diagram - zobrazuje energeticky pripustné oblasti
dihedralnich dhld g v zavislosti na ¢
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Nukleové kyseliny



Watson-Crickovské parovani bazi

adenine : thymine

F—0.23 nm —y

Thymine Adenine Cytosine

— 0.30 nm —

1.11 nm
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Watson-Crickovské parovani bazi H
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rozloZeni naboje v nukleobazich + 0 -, Sipky oznacuji dipdlovy moment
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RNA
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= 3.4 nanometers

1 turn = 10 base pairs

2 nanometers

minor groove

major groove
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Nejbéznéjsi typy DNA: B-DNA (a), A-DNA (b), Z-DNA (c)

¢
. -
konformace Q,%
Smér vinuti pravotoCiva  pravotociva levotociva
Pocet parll bazi 10.5 11.0 12.0

na otacku

Priameér ~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
Major groove hluboky hluboky

Maly zlabek uzky, Siroky, mélky  uzky, hluboky
Minor groove hluboky
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Non-Watson-Crickovské (Hoogsteenovo — karsten Hoogsteen) parovani bazi

Triplexové struktury
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Triplexové struktury (triple stranded DNA, H-DNA)
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5 DNA triplex
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(@) Groove

Quadruplexové struktury C1’--N/\\N_--_-~—H2N\|//N

1 1 [
H,N 3 ' . Groove
\ :
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DalSi vyznamné formy DNA:

1) Hollidayuv spoj (Holliday junction)

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

4) Krizova struktura DNA (cruciform)

5) i-motif DNA

6) DNA nanotechnologie — DNA origami

klicovy meziprodukt v mnoha typech genetické
rekombinace a také pri oprave dvouretézcovych

Hairpin Structure Formation A

A-»

-4
() o

I
|
>0

Cruciform Structure Formation

® 4o Yode
T
|

o »04@

Pictures credited to: wikipedia.org



DalSi vyznamné formy DNA:

1) Hollidayutv spoj (Holliday junction) klicovy meziprodukt v mnoha typech genetické
rekombinace a také pri opraveé dvouretézcovych
zlomu.

o P

2) displacement loop (D-loop, D-smycka) Or- _ A

3) R-loop (R-smycka)

4) Krizova struktura DNA (cruciform)

5) i-motif DNA / i-motif RNA

\ )
6) DNA nanotechnologie — DNA origam |

.E‘

10/10/2022 Karel Kubicek ) ) . ) 29
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Dalsi vyznamné formy DNA:

1)

5)

6)

HollidayUv spoj (Holliday junction)

displacement loop (D-loop, D-smycka)
R-loop (R-smycka)

KFfizova struktura DNA (cruciform)

i-motif DNA / i-motif RNA

DNA nanotechnologie — DNA origami

10/10/2022

klicovy meziprodukt v mnoha typech genetické
rekombinace a také pri opraveé dvouretézcovych

zlomu.

Karel Kubicek

1 h - m
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Peptidova nukleové kyseliny (PNA)

- Nejsou kyselinami!!!
Jsou syntetické, nicméné se predpolada(lo), Zze mohli figurovat jako vyvojovy stupen

v pocatcich vzniku Zivota (naproti tomu stoji “RNA svét”)
Nemaji v pateri negativné nabity fosfat => silnéjsi vazba mezi bazemi

DNA Base PNA Base

5 O
. }OH
HN

N-aminoethyl glycin
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Interakce mezi PNA a DNA dvousroubovici

CONH,
NH, NH,
CONH,
] . ]
NH
3! 5! 2 5" NHE 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 retézce
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Lipidy



Slozeni

* lipidy
* cukry
» proteiny

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

4) Glycoprotein:

10/10/2022

Extracellular Fluid Carbohydrate
Hydrophilic heads

¥
i
L
-' _' H 3 | 4
i :
: Y
"\
) ah 1
”l[llL\ TATAYA { W1 '-....I'I .
* | I\ \ Phospholipid
. [l { s
\ (} DAVAS NI y
8 YAL ! CAN Y A
" i

Surface protein

Protein channel
(transport protein)

Globular protein

Integral protein
(Globular proten)

Filaments of Alpha-Helix protein .
cytoskeleton / (Integral protesn) Hydrophobic taits

Cytoplasm

Peripherial protein

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

protein + lipid, "------- v Organice (e.g. 2:1 = CHCI; : CH3;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-cytoplasmické strané membrany.
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Zkratky

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

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

10/10/2022 Karel Kubicek 35



Lipidy i

x ) /\/\/\/\/\/\/\)k/x\,

P P T P P -

(b) Glycerolipids: 1-hexadecanoyl-2-

(a) Fatty acids: octadecanoic acid (9Z,12Z,15Z-octadecatrienoyl)-sn-glycerol

(c) Glycerophospholipids: 1-(9Z-hexadecenoyl)-2- (d) Sphingolipids: N-(hexadecanoyl)-
(6Z,9Z,12Z,15Z-octadecatetraenoyl)-sn-glycero-3- sphing-4-enine
phosphocholine
H g 9
/\/\/\/\/\/\/\/}I\OWW
(e) Saccharolipids: 2-O-hexadecanoyl-3-O- (f) Polyketides: 4-Dedimethylamino-4-oxo-
(2S,4S-dimethyl-docosanoyl)-a,a-trehalose anhydrotetracycline

)\/\)\/\/L\\/\m

(h) Prenol lipids: 2E,6E-farnesol

(g) Sterol lipids: cholest-5-en-33-ol
10/10/2022 Karel Kubicek
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Fosfolipidy

- CHy=NYCH )
CHOLINE &
o
polar | 0
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4 .
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| |
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(hydrophoblt) 8 i v+ bond
tails = 1IH‘ l{l\”
¥ CH
.g 416 | .
‘Po | " X H
(o3 : o
) H, o
qlv) CH H
1 \
'9,( L '
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Tvar lipida

|

<« >

LysoPC POPC
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cardiolipin

hydrophobic
tails
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Soucasny model membrany

Extracellular Fluid Carbohydrate
Hydrophilic heads

Protein channel
(transport protein)

Globular protein

Glycoprotein
~
y

TR S bssg
Q \/{{ \\1 LA LUOGON E! ]H’é{“ }}i(ljmf ?l;

[J

Phospholipid

" W | phospholipid
molecule

Cholesterol
Glycolipid

Integral protein
{Globular protein) Surface protein

Perioherial orotél Filaments of Alpha-Helix protein i tail
ko cytoskeleton / (Integral protein) RSP .
Cytoplasm

fluid mosaic model — 2d tekuta vrstva

lateral diffusion

A

\

fllp flop
(rarel.y occurs)

O ;
000000’

flexion rotation
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Cholesterol

OH
. ] polar head group

r /

/ rigid ’ '1.‘
steroid —
ring

—\_—Z i structure |\
CHy CH, ‘

Rs B
GH, . A
(‘,I 1 | nonpolar
) hydrocarbon
C“H—’ { : tail
CH b
5 i
CH; CH, o
L ®) e
Cholesterol

Cholesterol

g No cholesterol

Fluidity —»

Tm
Temperature —»

10/10/2022 Karel Kubicek



10/10/2022 Karel Kubicek 40



> Spektrofotometry jsou laboratorni pristroje pouzivané pro
mereni koncentrace latek absorbujicich nebo emitujicich
infraCervené, viditelné nebo ultrafialové svétlo. Mohou byt téz
pouzity pro studium jejich chemické struktury.

» Absorpcni spektrofotometry: zalozeny na spektralni zavislosti
absorpce svétla.

» Emisni spektrofotometry: Zdrojem svétla je sama analyzovana
|latka, jez je injektovana nebo rozprasovana do bezbarvého
plamene. Emitované svétlo prochazi optickym hranolem nebo
mrizkou, takze mUzeme ziskat celé emisni spektrum. Frekvence
pritomné ve spektru umoznuji identifikovat napr. pritomné ionty.

» Spektrofluorimetry: emise svétla je vyvoldna svétlem o vinové
délce kratsi nez je vinova délka svétla emitovaného.



Absorpcni spektrofotometrie je zalozena na absorpci svétla pri
pruchodu vrstvou roztoku. Jeho koncentrace muze byt zjiSténa pomoci
Lambertova-Beerova zakona:

| = 1,.10-5x

¢ je koncentrace rozpusténé latky, x tloustka vrstvy, /, pdvodni intenzita
svétla, / je intenzita svétla po prichodu vrstvou. Konstanta € (epsilon,
absorpcni nebo extinkcni koeficient) zavisi na vinové délce svétla, na
rozpusténé latce a rozpoustédle. Jeji hodnoty pro bézné chemické
slouceniny Ize nalézt v tabulkach. Tyto hodnoty jsou vzdy udavany pro
urcitou vinovou délku (obvykle absorpéni maximum). Ciselné hodnoty
tohoto koeficientu zaviseji na tom, jak je vyjadfovana koncentrace
rozpusténé latky. KdyZz pouzijeme mol.l%, hovofime o molarnim
absorpcnim koeficientu.
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Pomeér intenzit svétla proslého a dopadajiciho se nazyva
transmitance (drive transparence). Dekadicky logaritmus
prevracené hodnoty transmitance se nazyva absorbance A.

S ohledem na L.-B. zakon je tedy absorbance primo umérna
koncentraci rozpusténé latky a tloustce absorbujici vrstvy roztoku.

A=¢.C.X



>

>

Podle konstrukce rozdélujeme spektrofotometry na jednopaprskové
a dvoupaprskové.

U jednopaprskovych spektrofotometrl jeden svazek svétla
prochazi nejdfive srovnavacim a pak mérenym vzorkem (kyvety
obsahuijici roztoky musi byt pohyblivé). U dvoupaprskovych
spektrofotometrui jeden svazek svétla prochazi mérenym vzorkem a
druhy srovnavacim vzorkem (blankem). Dvoupaprskoveé pfistroje
umoznuji podstatné rychlejsi méreni, avsak jsou drazsi. U
jednoduchych pfistroju je nastavovani vinové délky svétla rucni. U
pokrocilejSich pfistrojl se toto nastavovani déje automaticky, coz
umoznuje primo ziskavat absorpcni krivky, tj. grafy zavislosti
absorbance na vinové délce svétla.
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Jednopaprskovy spektrofotometr

Zdrojem svétla (1) je Zarovka s
wolframovym vlaknem. Jeji
polychromatické svétlo prochazi
kondenzorem (2) a odrazi se od zrcadla
(3) na vstupni stérbinu (4)
monochromatoru (¢asti 4 az 8, plus 12).
Svétlo je soustredovano ¢ockou (5) na
odrazovou optickou mtizku (6), ktera
tvori barevné spektrum. Témeér
monochromatické svétlo je promitano
objektivem (7) na vystupni Stérbinu (8)
monochromatoru.




Jednopaprskovy spektrofotometr

S mrizkou lze otacet pomoci ovladace
vinovych délek (12), ¢imzZ se zaméruje
svétlo o urcité vinové délce na vystupni
Stérbinu. Svazek svétla pak prochazi
kyvetou (9) se vzorkem. Intenzita
proslého svétla je mérena
fotodetektorem (10, 11). Jeho signal je
zesilovan zesilovacem (13). Hodnota
absorbance je zobrazena na displeji (14).
Intenzita svétla proslého srovnavacim
roztokem je vidy srovnavana s
intenzitou téhoz svazku svétla prosiého
mérenym vzorkem.




Moderni UV/VIS/NIR
spektrofotometr

NIR = near infrared = blizka
infraCervena oblast

Detector

Entrance slit Diode Array

o

Source

Dispersion device

Entrance slit

Sample
@ SGUI‘CE
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Svétlo jedné vybrané vinoveé délky nebo
celé proslé spektrum muze byt méren



» Ultrafialové (UV) svétlo je absorbovano riiznymi
slouceninami, zejména témi, které maji konjugované dvojné
vazby. Jak bilkoviny, tak nukleové kyseliny silné absorbuji UV
svetlo, coz Ize vyuzit pro jejich zkoumani.

— Aminokyseliny tryptofan a tyrosin maji absorp¢ni maxima pfi
priblizné 280 nm. Fenylalanin pfi 255 nm.

— Nukleotidy (dusikaté baze) maji absorpcni maxima v oblasti 260
-270 nm.

— Chromofory — jejich absorpcni vlastnosti se méni podle
chemického slozeni prostredi.
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UV/Vis spektroskopie proteint

Absorpcni spektrum volného fenylalaninu, tyrosinu a tryptofanu v UV oblast

Podle:http://www.fst.rdg.ac.uk/courses/fs460/lecture6/lecture6.htm



Bathochromni efekt (Cerveny posun)
Hypsochromni efekt (modry posun)
Hypochromni efekt — snizeni intenzity

Hyperchromni efekt — zvySeni intenzity

!
|



» Absorpce svétla je ovliviiovdna dipélovymi momenty chemickych vazeb,
které interaguji s fotony. Stochasticky (nahodné) orientované dipdlové
momenty (denaturovana bilkovina) absorbuji svétlo Iépe nez ve stavu
usporadaném (Sroubovice). U bilkovin je HE zplsoben peptidovymi
vazbami, které maji UV absorpcni maximum kolem 190 nm.

» Dvousroubovice DNA absorbuje UV svétlo hlife vlivem patrovych a
vodikovych interakci nez jednoretezcova (denaturovana/neusporadana).
Apnazeonm V NOrké vode > ve studené vodeé

» Helicita — relativni zastoupeni usporadanych ¢asti makromolekuly
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Hypochromni efekt u kys. polyglutamové. Pri pH 7 tento polypeptid tvori stochastické
(neusporadané) klubko (1), pri pH 4 ziskava Sroubovicovou strukturu (2). Absorpcni
maximum peptidovych vazeb je snizené vlivem jejich prostorového usporadani. € je
molarni absorpcéni koeficient a A je vinova délka UV svétla. [dle: Kalous a Pavlicek,
1980]
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https://sandwalk.blogspot.com/2007/12/dna-denaturation-and-renaturation-and.html

https://www.khanacademy.org/test-prep/mcat/physical-sciences-practice/physical-sciences-practice-tut/e/melting-
point-and-thermodynamics-of-double-stranded-dna-1
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n
S" %
internal conversion

intersystem
crossing

Energy

conversion

fluorescence
internal

excitation
intersystem
crossing

phosphorescence

SO \ 4 v

Zarivé procesy (absorpce, fluorescence, fosforescence) jsou indikovany rovnymi
Sipkami. Nezarivé procesy jsou naznaceny zvinénymi Sipkami. Diagramy tohoto typu
byly zavedeny A. Jablonskim v jeho praci z r. 1935 na téma mechanismu fosforescence.
Horizontalni osa nema fyzikalni vyznam.
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Fluorescencni (Forstertv) pfenos energie
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EXTINCTION COEFFICIENT (M~ 'em™1)
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ENERGY TRANSFER TO MULTIPLE ACCEPTORS IN ONE,TWO, OR THREE DIMENSIONS

Fluorescencni (Forster(iv) prenos energie

A
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Flugrescence intensity
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Giardia lamblia (intestinalis) (A) is the cyst imaged by transmission
(differential interference contrast), only. (B) is the cyst wall
selectively imaged through use of fluorescent-labelled (TRITC)
antibody that is cyst wall specific. (C) is the cyst imaged through
use of carboxy fluorescein diacetate, a viability stain. (D) is a
composite image of (B) and (C). (E) is a composite image of (A),
(B), and (C). Bar = 10 microns; sample from gerbil feces. Image
courtesy of US EPA
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Zarizeni pro méreni fluorescencni anisotropie. V hlavnim schematu polarizacni filtr nebo
hranol (P1) polarizuje dopadajici svétlo. Intenzita fluorescence je mérena druhym

polarizdtorem (P2), ktery muaze byt kolmy nebo paralelni k P1. L —lampa, S — vzorek, PD —
fotodetektor.
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» Infraervené zareni (IR) plsobi na rotacni a vibraéni stavy
molekul. Slozité molekuly mohou vibrovat nebo rotovat
mnoha rliznymi zpusoby (maddy). Rizné chemické skupiny (-
CH,, -OH, -COOH, -NH, atd.) maji specifické vibracni a rotacni
frekvence, a proto absorbuji IR svétlo o specifickych vinovych
délkach.

» Z tohoto dlivodu maji infracervend absorpéni spektra mnoho
maxim. Zmena chemickeé struktury se projevuje jako zména
polohy téchto maxim ve spektru.
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Vibrace v/cm1
C—H stretch 2850-2960
C—H bend 1340-1465
C—C stretch, bend 700-1250
C=C stretch 1620 —1680
(=C stretch 2100-2260
O—H stretch 3590-3650
H-bonds 3200-3570
C=0 stretch 1640-1780
C=N stretch 2215-2275
N—H stretch 3200-3500
C—F stretch 1000-1400
C—Cl stretch 600-800
C—Br stretch 500-600
C—1 stretch 500
€Oz 1410-1450
NO3 1350-1420
NO; 1230-1250
80 1080-1130
Silicates 900-1100
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Amide

CO . -
NH and ester v \\W\[ W
OH ﬂ

\ stretch I

£

£ : . n
5 stretch S
= £
= Aliphatic 5
9 C-H g
&

5 |
wn

o

<L

metric

4000 3000 2000 1000 3800 3400 3000 2600 2200 1800 1400 1000 600
Wavenumber, '{,v"/crn"1 Wavenumber (cm™")

Ukazka IR spekter. Vlevo absorpcni spektrum Zivé (fialové) a umirajici (modre) buriky.
Vpravo spektrum vanilinu.
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» Sir Chandrasekhara Venkata Raman — NC 1930 za fyziku ,,za jeho praci o
rozptylu svéetla a objevu efektu pojmenovanam po nem*

» Rayleightiv rozptyl svétla. Nastava interakce fotonli s molekulami, jez
se projevuje jen velmi malou nebo zadnou zménou vinové délky.
Intenzita rozptyleného svétla zavisi na molekulové hmotnosti a také na
uhlu rozptylu, coz lze vyuzit pro odhad tvaru makromolekul.

» Ramanova spektrometrie. Pfi rozptylu fotonl nastdva mald zména
(posun) vinové délky, zpusobend malym poklesem nebo zvySenim
energie rozptylenych fotontd béhem prechodu z ptuvodniho do
zmeénéného vibra¢niho nebo rotacniho stavu interagujici molekuly. Tyto
stavy se mohou ménit v dusledku strukturalnich zmén molekul.

» Proto zmény v Ramanovych spektrech (intenzita signalu v zavislosti na
posunu vinové délky) odrazeji konformacni zmény molekul.



Ramanova spektroskopie

1449 bilkoviny

1094 DNA

705 pozadi
729 adenin

intenzita signalu

1 ¥ T ¥ T
700 1100
vinocéet [cm™1]

T
1500

Ramanovo spektrum polytenniho chromosomu pakomara Chironomus.
Pri zvolenych vinoctech Ize uskuteénit ramanovskou mikroskopii. Vybuzeno laserovym
svétlem o vinové délce 647.1 nm.

According to: http://www.ijvs.com/volume2/edition3/section4.htm



» Méreni optické aktivity (schopnosti
staCet rovinu polarizovaného svétla).
Konformacni zmény molekul mohou byt
sledovany jako zmeény optické aktivity pfi
pouziti specialniho polarimetru.

» U metody CD srovndvame absorbance
levotocivé a pravotocive cirkularné
polarizovaného svétla, jehoz vinova délka
je blizka absorpcnimu maximu bilkoviny.

» CD lze vyuzit téz pro studium struktury
nukleovych kyselin.

Obrazek ukazuje zmény elipticity syntetického
polypeptidu, obsahujiciho dlouhé sekvence poly-glu,
po pridavku trifluoroethanolu (TFE), ktery zvysuje
podil a-Sroubovice. http://www-
structure.llnl.gov/cd/polyg.htm
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a)

c)

Nejcastéji se CD vyjadruje jako zavislost na
Delta Espilon.

Age = €. —&Er T (AL—AR) f’(d.l)

g a & jsou definované levo-a pravo-tocivé
extinkcni koeficienty, I je délka drahy a d je
molarni koncentrace vzorku.
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Krystalova mfizka plsobi na rentgenové zareni jako opticka mrizka na viditelné
svetlo. Nastavaji ohybové jevy a na stinitku se objevuje difrakéni obrazec. Tyto
obrazce mohou byt matematicky analyzovany, aby se ziskala informace o

rozloZeni elektrond v molekuldch tvoricich krystal.
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Krystalogram B-DNA ziskany v r. 1952 Rosalindou E. Franklinovou, na jehoz zakladé Watson
a Crick navrhli dvousroubovicovy model struktury DNA. C. & W. dostali v r.1962 spolecné s
Mauricem Hugh Frederick Wilkinsem NC za fyziologii a medicinu ,,za jejich objevy tykajici se
molekularni struktury nukleovych kyselin a jejich vyznamu pfi prenosu informaci v Zivych
organizmech”
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http://www.mun.ca/biology/scarr/4241/W&Cxraypic.html

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
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ABSORBANCE

XAS = X-ray Absorption Spectroscopy

I XANES = X-ray Absorption Near Edge Structure I
EXAFS = Extended X-Ray Absorption Fine Structure

N\

/)

Qe-edge\—»/edge > J\_ Ppost edge

Karel Kubicek
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ABSORBANCE

X-ray photon

N\

pre-edge™~—~ edge

post edge

I'=1I, exp(—px)

EXAFS (Extended X-ray Absorption Fine
Spectroscopy) poskytuje informace o nejblizsich
slupkdch atomu sousedicich s absorbujicim

10/10/2022
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SAXS — Small Angle X-ray Scattering (RTG rozptyl pod malym uhlem)

Terminology

1) X-ray — diffraction / scattering

2) XS - X-ray scattering

3) SAXS/WAXS - Small/Wide Angle X-ray Scattering
4) SANS - e Y e Neutron ---"---

A) Otto Kratky (1902, Vienna-1995, Graz)
B) Ginter Porod (1919 near Villach, 1984 Graz)
C) Dmitril. Svergun

1)  Scattering

Il) Scattering curve

lll) Guinier plot

IV) PDF (Pair-distribution function)

a) Bead model
b) Bead model - / SAXS - envelope



Experimental setup

Collimated X-ray beam  Sample

—:’— - < I X-ray detector

X-ray SAXS

10/10/2022 2:0A Karel Kubigek 78



What can we learn from the scattering curve:

1) Shape of the studied molecule Resolution, nm

2.00 1.00 0.67 0.50 0.33

2) Fold

3) Secondary structure

gl

Fold

Secondary
structure

10/10/2022 Karel Kubicek



Bead model
Spherical harmonics problem to be solved

10/10/2022 Karel Kubicek
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Evaluation of the experimental data

10-Dec-2011 16116112

Droi 0,075 Rai 1,460 RGE; 10,53 ROT: 10,22 Vol 406476, Chii 1,472

oot
e
ok
s | ﬁ
El
s b
2
o 01 02 o3 04 05
POB fils: Cidodo Dats fils: cid.008.dat wipiTsin(th)/lebds
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NMR

1) Jaderny spin = 0 ('H, 3C, °N, 31P)
- pocet neutronl a pocet protond jsou suda ¢isla ('2C=6p+6n) = nulovy spin

- pocet neutrontd plus pocet protont je liché &islo ("H=p, 13C=6p+7n) = necelodiselny spin
(i.e. %, 3/2, 5/2)

- pocet neutrond a pocet protond jsou licha &isla ((H=p+n) = celoCiselny spin (i.e. 1, 2, 3)

1) | v=y*B (1)} pokud vlioZzime do magnetického pole intezity B, jadro majici nenulovy spin
muze absorbovat foton frekvence v. Frekvence v zavisi na gyromagnetickém pomeéru vy jader

2) Z kvantové mechaniky vime, Ze spin I muze nabyvat 2/ +1 orientaci = jadro se
spinem 2 muze mit dvé orientace v externim magnetickém poli— nizsi / vyssi
energie

oy
]
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Resonancni podminka g = =yB,

q

Gmum:‘l Natural Magnetogyric ratio & frequency at
Isotope state spin abundance y/rads ' T ! 2 2m)/MHz
L] 1/2 ~100 _ 267.522 x 10° 500.000 |
H 1 0.015% 41066 x OF ;
H 1/2 0 285 349 x 10° 533 320
B 3 19.9 28 747 x 10° 53718
:;n 3/2 80 1% 85847 x 10¢ =160 420
C 1/2 _11% __67.283 x 10° 125.725 |
uN 1 99.6% 19,338 x 10° a ]
; 36 132
153[ 1/2 0.37% —27 26 x 10° 50.684
17 5 !2 0, _jm—l i
el 3 1/2 ~100% 251.815 x 13‘* —T;?o 470
~PNa 372 ~100% 70808 107 ;l
i’m 5/2 ~100% 69.763 x 10° — 30285
Sip 71 100% = el |
~100% 108.394 x 10° —202.606
j%ﬁ 45'3 2 ~ 75.77% 10.610 x 107 —459
- 3/2 24.23% 8.832 x 10° —40.779
_— 3/2 69.17% 71.118 x 10° 132577
SCu 3/2 30.83% 76.044 x 10° ~142.018
"Ag 1/2 51.84% —10.889 x 10 }20.239
Ag 1/2 48.16% 12.518 x 10° +23.268
129Xe 1/2 24.4% 74 f
? 521 x 10 +139.045
207Ph 1/2 22.1% 55.805 x 10° —104 603
2c 0 98.9%
0 0 ~100%

10/10/2022
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Nuclear Magnetic Resonance

Strucne
Z(1)a(2):E=hyB

Energy

Magnetic Field

10/10/2022 Karel Kubicek
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Energy

change field
<€ >

Abs. E.

Magnetic Field

A

v
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Magnetic Field

Karel Kubicek

change frequency
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Magnet
supravodive solenoidy na bazi
* Nb a Sn ponofené do heliové
a dusikove lazne
* He-lazen ~4 K dale snizena J-T
* pumpou na ~2.1 K
e Vv soucCasnhosti az 22 Tesla
* magnetické pole zemé ~50uT

(Nb, Ta);Sn supravodic o Sirce 0.81 mm s 271 vlakny vnhorenymi do

OFHC médéné matrice
10/10/2022 Karel Kubicek 89



90

M, Reservoir
VYacuum
He Reservoir

N,-plnéni

Dira cca 55mm

< Superconducting

e
D e &

ey

Karel Kubicek
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NMR meérici sonda

Matching Capacitor

ad
A

Tuning Capacitor ;f % L
/ Receiver/transmitter

coil
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&P i = 12ml
A A
17
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|
T =
10 [ 1 i
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CW vs. Fourier transform NMR

Solution Il.

FT-NMR = all frequencies in a spectrum are irradiated
simultaneously with a radio frequency pulse.

Following the pulse, the nuclei return to thermal equilibrium. A time domain emission
signal is recorded by the instrument as
the nuclei relax.

A frequency domain spectrum is obtained by Fourier transformation.

/ frequency domain

t|rqg/lgf2maln Karel Kubicek 92



For NMR, nuclear spin is needed!!! 7
S

~

magnetic field =

P
Spin analogy to a compass needle
7 0
~The Earth’s Magnetic Field Q g

North : :
Magnetic.. ﬁeo‘ghr?’p?'c
Pole* .. | or ole

Randomly oriented
nuclear magnetic moments

Parallel

J- >
\O;

magnetic field >
0

1 South

@ Antiparallel

| Geographic Magnetic

i - .South Pole Pole*

I8

Muclear magnetic moments
inthe presence of an external field
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In the planetary model of the atom, an

Atom electron orbits a nucleus, forming a closed-
current loop and producing a magnetic field
with a north pole and a south pole.

Electron

Proton
Neutron

Molecule is hence a group of small magnetic fields and each atom within the molecule
experiences different local magnetic field.

10/10/2022 Karel Kubicek 94
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Relaxation

slow (i.e. long t, time)

medium

fast

|
m
||||||I‘I\\" Misa

jhe(width) after FT

iy

‘ ‘Hﬂdﬂvuuu
“HHH“”'

!
‘ |

|

[\A

Hz

U
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Relaxation

slow (i.e. long t, time)

e.g. Cholesterol

v d
\.5

~. medium }

B 4

Induced

I
fast

Large molecules 50+ kDa




NMR as a tool for study structure, dynamics and interactions
of biomolecules

0) AA/NA sequence, resonance assignment, standard chemical shifts
1) Structure determination of proteins/NAs
2) NMR can provide detailed information about the structure at the atomic level resolution relying on the
spatial proximity of two interacting protons — nuclear Overhauser enhancement (NOE)
3) Additional structural information can be obtained (residual dipolar couplings — RDCs, J-couplings, backbone
chemical shifts - CSI)
NOE:

Fp; P 1S 6 A

1A=1.10""m

10/10/2022 Karel Kubicek
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Iterative procedure of structure determination by NMR

Distance information
from NOESY

Analyze more data,
Repeat

Random starting model
Final
structur

Uncertainty of the final structure
represented as a family of 10-20
structures with deviation among
individual members indicated by
RMSD (typically <1.5 A2)

Nrd1 CID
PDB ID: 2LO6

http://www.fbreagents.com/basics nmr/9proteins.htm

10/10/2022 Karel Kubicek 99
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EPR - Electron Paramagnetic Resonance

When the molecules exhibit paramagnetism as a result
of unpaired electron spins, transitions can be induced
between spin states by applying a magnetic field and
then supplying electromagnetic energy, usually in the
microwave range of frequencies. The resulting
absorption spectra are described as electron spin

resonance (ESR) or electron paramagnetic resonance
(EPR).

1t EPR experiment in Kazan (Tatarstan, USSR),
E.K.Zavoisky on CuCl,.2H,0, rf source @133 MHz.

10/10/2022 Karel Kubicek 103



x AU =hy

Ug =~ 5 9ePef

resonance
field B,
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Microwave
source Detector

Electro-
magnet /
Mndulahnn
ir'lput FhﬂSE'

sensitive
detector

Karel Kubicek
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Field
strength
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Detector
Y+
Mass spectrometry xt

[ ™

lightest
(2) heater to vapourise sample gh \

(3) electron beam ionises charged particle beam

@ sample +
inject
sample heaviest
<
/ ©) magnetic field separates particles
electron based on mass/charge ratio

source

4 particles accelerated into

magnetic field magnet

Mass spectrometry is among the most accurate techniques for the determination
of molar masses. The procedure consists of ionizing the sample in the gas phase and
then measuring the mass-to-charge number ratio (m/z) of all ions. Macromolecules
present a challenge because it is difficult to produce gaseous 1ons of large species
without fragmentation. However, two new techniques have emerged that circumvent
this problem: matrix-assisted laser desorption /ionization (MALDI) and electrospray
ionization. We shall discuss MALDI-TOF mass spectrometry, so called because the
10MALDI technique is coupled to a timgsefcflight (TOF) ion detector. A



Peptide Mapping with MALDI TOF
Tryptic digestion o/n 1:30-50 (trypsin:protein)
Analysis with PAWS (Genomic Solutions, Inc.)

2632172

l

Apo

2649176

?—2554.134

¢ —2694.084

[
[
e

2632107

]

—2638.199

0

L~
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—2648.077

-

2654.0849

?—2594.032

2632133

J

T

—2637.226

S
N
+

2648126

2654.093

2694.032
—2698.040
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L61-K87
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Elektronova mikroskopie

Credit to Jiri Novacek



Opticky mikroskop

Anode b |

-

Condenser lens—

Electric coil—

Objective —__|
lens

Intermediate —|
lens

Projector lens —

Fluorescent —__|
screen

Photographic —
film

CCD camera—

10/10/2022 Karel Kubicek

Cathode———____| | '?

Elektronovy mikroskop

Electron gun
3 mm

Copper grid
with 3 sections

Specimen
holder

|__———Column

\

Glass window
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Opticky mikroskop Elektronovy mikroskop

Electron gun
3 mm

Cathode—mnvnw—____|

source
condensor

Intermediate —!
lens

_1_——Column

N\

Projector lens —

Fluorescent —__|
screen

Photographic —
film

detector

CCD camera—

10/10/2022 Karel Kubicek 114



Electron source - FEG

Yo

L W

FEG - Field Emission Gun
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Incoherent
elastic
backscattered

electrons

incident beam

SEs from
within
the specimen

Thin specimen

Coherent

elastic Incoherent
scattered inelastic
electrons scattered
Y electrons
Direct
beam

Coherent S E M

Incoherent
elastic
forward
scattered
electrons

10/10/2022 I E M “ISEM = skenovaci EM, TEM — transmisni/prozafovaci EM



Focused lon Beam (FIB) + SEM

Manipulators
Gas injection
FIB Deteclors
insulated tubes
LN, A ion beam
gas direction

cryoslage

Off-column
Dewar System

Focused lon Beam
Microscope

10/10/2022

electrons
gall |‘u}\]
—_—

T
»

-5

nucleus

ion beam milling
direction

B

Focused lon Beam
(cryo-shuttle)

Karel Kubicek

D Cryo-Electron Tomography
]

holey carbon
.- support film

: — vitrified cell
v W thinned region

&

eleclm:n beam

vitreous \-..‘
ek *._tiltaxis

-

TEM (cartridge holder system)
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TEM — priprava vzorku

Pros:  quick sample screening
high amplitude contrast
less prone to beam damage

Negative staining

Cons: limited resolution (20A)
flattening artefacts
denaturation of proteins

10/10/2022 Karel Kubicek 120



Heavy metal staining i

e.g. uranyl acetate

Neagative staining / } \
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Vitrifikace vzorku

-

Ceo

B_B
— -
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SAMPLE

0.1-1mg/ml for purified protein cnmplexes'
OD~0.5 for bacteria

IFILTER PAPER

Crvogens Melting point  Boiling point Cooling rate | 10°°Crs)  Relative cooling
(*C) (°C) efficiency®

Ethane -183 -59 =260 — 258 1.3

Liquid nitrogen =210 - 196 =272 0,1

Propane -89 -42 =203 = -261 1.0

Freom 22 =160 =41 26T = -265 07T

™ .

3-4ul

Karel Kubicek

LIQUID ETHANE
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Urcovani 3D biomolekularnich struktur pomoci kryoEM

1) Sample preparation — 2) vitrification — 3)
measurement — 4) particle picking —5) 2D
classification — 6) 3D model reconstruction

E 1.2-
1.0+
0.8
3
Rl i I
0.4
Ly bt OO |
416 A
0.0 T T { 0.0 T T f
00 01 02 03 00 01 02 03
Spatial Frequency (1/A) Spatial Frequency (1/A)

https://doi.org/10.1016/j.cell.2019.04.006
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https://doi.org/10.1016/j.cell.2019.04.006

Vypocetni
+ experimentani
metody

Native virion Genome-containing  Open particle ~ Open empty capsid  Empty capsid

particle at acidic pH containing genome at acidic pH at acidic pH
at acidic pH

B :

A

Slow‘bet‘-:- Sacbrood
paralysis virus virus

Deformed
wing virus

Skubnik, K; Sukenik, L; Buchta, D; Fuzik, T; Prochazkova,
M; Moravcova, J; Smerdova, L; Pridal, A; Vacha, R;
Plevka, P, 2021: Capsid opening enables genome
release of iflaviruses. SCIENCE ADVANCES 124



NEURODEGENERATION

Cryo-EM structures of amyloid-f8 42 filaments from
human brains

Yang Yang't, Diana Arseni't, Wenjuan Zhang't1, Melissa Huang!, Sofia Lévestam’,

Manuel Schweighauser', Abhay Kotecha?, Alexey G. Murzin®, Sew Y. Peak-Chew', Jennifer Macdonald’,
Isabelle Lavenir!, Holly J. Garringer?, Ellen Gelpi*, Kathy L. Newell, Gabor G. Kovacs*®, Ruben Vidal®,
Bernardino Ghetti®*, Benjamin Ryskeldi-Falcon'*, Sjors H. W. Scheres’*, Michel Goedert'*

Filament assembly of amyloid-p peptides ending at residue 42 (Ap42) is a central event in Alzheimer’s
disease. Here, we reportjthe cryo—electron microscopuc_ryo-EM) structures of Ap42 filaments from
human brains.ll wo structurally related S-shaped protofilament folds give rise to two types of filaments.
Type | filaments were found mostly in the brains of individuals with sporadic Alzheimer’s disease,

and type Il filaments were found in individuals with familial Alzheimer’s disease and other conditions.
The structures of Ap42 filaments from the brain differ from those of filaments assembled in vitro.

By contrast, in App""F knock-in mice, Ap42 deposits were made of type Il filaments. Knowledge of Ap42
filament structures from human brains may lead to the development of inhibitors of assembly

and improved imaging agents.

Yanget al., Science 375, 167-172 (2022)
Sofia Lovestama & Sjors H. W. Scheres, Faraday Discussions, 2022
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sAD case 1 sAD case 2
Type | 87% | Typeb,_s13% Alzheimer’s disease
oy L

-3,/ > ‘V" {'—. ¥ .
Aol . v three sporadic (sAD cases 1 to 3)

-~y

N
O* o

% y
LA

pode

AT ° " and two familial (fAD case 1,
X Y mutation in APP encoding V717F,
and fAD case 2, muta-tion in PSEN1

sAD case 3 encoding F105L)

Yanget al., Science 375, 167-172 (2022)
Sofia Lovestama & Sjors H. W. Scheres,
Faraday Discussions, 2022
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A 'DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA42 AB4Z filaments
AB42 Type | —EENEE)—NZE) ) —NT)—uE)— Type I: G9 - A42,

AB42 Typell Type II: V12 - A42.

Cryo-EM density maps
+ atomic models for
type | and type |l
filaments. Solvent
molecules in white,
putative metals in teal
and purple.

Schematics of type |
and type Il AB42 folds.

G)
25 )
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Elektroforeza

» Elektroforéza — pohyb nabitych molekul v elektrickém poli. Pfi
rovhomeérném primocarém pohybu sférické c¢astice o polomérur, je
elektrostaticka sila plsobici na ¢astici v rovnovaze se silou treni, jeZ je dana
viskozitou. Silu tfeni Ize vypocitat dle Stokesova vzorce:

F=6.1t.rn.v
kde v je rychlost Castice a n je dynamicka viskozita prostredi.
» Elektrické pole plsobi na ¢astici silou:
F=ze.E

kde z je pocet elementdrnich naboji nesenych castici, e je elementarni
naboj (1,602.101° C) a E [V.m] je intenzita elektrického pole v daném
miste.

» Rychlost ¢astice je pak v dlisledku rovnosti obou sil:



Elektroforeticka pohyblivost

» Elektroforetickd pohyblivost u nezavisi na intenzité
elektrického pole. Je definovana jako podil rychlosti
castice a intenzity elektrického pole. Plati:

Poznamka. Elektroforéza s dodecylsulfatem sodnym. Tato sloucenina, ktera
nese jeden negativni elementarni naboj, se vaze definovanym zpusobem k
bilkovinam a eliminuje jejich viastni elektricky naboj. Molekuly bilkovin se pak
pohybuji s ruznou rychlosti jen proto, Zze maiji ruznou velikost (polomeér).



Zarizeni pro elektroforézu

Zdroj napéti

Jamky v gelu pro vzorky

Gelova plotna Latkovy knot

Roztok l--:::-.:-._:. =L R J\
elektrolytu R

10/10/2022 Karel Kubicek 130
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» Membranové potencidly se méri s pomoci sklenénych
mikroelektrod, tj. sklenénych kapilar s velmi jemnou uzkou
Spickou. Prumér otvoru na konci Spicky musi byt mensi nez 1
um, aby nedoslo pfi zavadéni do bunky k jejimu vyznamnému
poskozeni. Vnitrni prostor spicky kapilary je naplnén roztokem
KCl o koncentraci 3 mol.I. Jako elektroda srovnavaci se
pouziva elektroda strfibrochloridova umisténa do
mimobunécného prostoru.

» Pro sklenéné mikroelektrody je charakteristicky vysoky vnitini
odpor (kolem 10 MQ2), takZe potfebujeme pro méreni vysoce
kvalitni zesilovace, abychom zamezili zkresleni méreného
napeti.

10/10/2022 Karel Kubicek 131



Experimentalni usporadani pro mereni membranovych
potencidltu kapilarnimi mikroelektrodami

zesilovad @
| L e

osciloskop

Pomoci sklenénych mikroelektrod Ize také méfit jiné elektrochemické parametry bunék
a membrdn, napr. koncentraci nékterych iontll. Mohou byt pripraveny jako elektrody
iontove selektivni pro Na*, K*, Ca?*, H* ...



Metoda patch-clamp (,,tercikovy
zamek")

Tupa sklenéna mikroelektroda se prilozi

esilovad @ If povrvcfju buﬁkylnebo k ¢asti biologické
| — ¢i umélé membrany. Otvor na konci
osciloskop m|krv<?elek"‘crodyje zlcela uzzi\iren,
ytercikem” membrany a mérena
T T elektricka napéti nebo proudy se proto

tykaji jen malého okrsku membrany, v
némz se naléza jen maly pocet
iontovych kanald.

Nékteré iontové kanaly mohou byt pfedem uzavieny nebo otevieny, napln
mikroelektrody mUze obsahovat ligandy, schopné interagovat s iontovymi kanaly, a
vSeobecneé jakékoliv latky, jez mohou ovliviiovat funkci membrany. Tato metoda
umozniuje studium aktivity jednotlivych iontovych kanalt nebo jejich malych skupin.



