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Biomolekularni védy maji klicovy vyznam pro molekularni medicinu.

- Budeme se zabyvat zafizenimi pro studium struktury, mereni 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 méreni cirkularniho dichroismu
— Zarizeni pro rentgenstrukturni analyzu

— Nuklearni magnetickou rezonanci

— Hmotnostni spektrometrie

— Fluorescencni techniky

Zarizeni zalozena na jinych vlastnostech biomolekul (napf. mechanickych a
elektrickych)

— Elektroforéza
— Langmuir-Blodgettove technika

Zafizeni pro méreni membranovych potenciall a koncentrace iontl v burikach




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

» Specificnosti enzymatickych a imunologickych reakci

> U¢inkdm nékterych 1ékd (napf. cytostatik) na molekularni
drovni.

» MechanismUm pasivniho i aktivniho transportu

» Bunécnému 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 Bo:)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 2.5 K" 10 )
K 25 HCOs 2.3 0.08
Mg 2.2 NO; 0.01 K 0.06
T1 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.

"Trace elements found in the human body serving essential biological functions include Mu,
Fe, Co, Cu, Zn, Mo, I, Ni, and Se.
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Chemickeé slozeni lidského tela

(65 %) Voda

(20 %) Proteiny

(12 %) Lipidy (tuky)

( 1.1 %) Nukleové kyseliny

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

Plyny (O,, CO,, ...), karbohydraty (glukéza), hydroxyapatit
(forma vapniku a fosfatu — zuby, kosti), volné radikaly, etc.
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V] Peptidova vazba — pseudo dvojita vazba => amidova rovina
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Proteinova pater, primarni struktura, ¢islovani od N-konce (terminu) smérem k C-konci
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VII] Sekundarni struktura

1) a-sroubovice (a-helix)
2) [-skladany list (B-sheet)
3) Ohyb, smycka (loop/turn)
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VII] Sekundarni struktura antiparalelni usporadani
1) a-Sroubovice (a-helix)

2) B-skladany list (B-sheet)
3) Ohyb, smycka (loop/turn)
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VII] Sekundarni struktura
1) a-Sroubovice (a-helix)
2) [-skladany list (B-sheet)

3) Ohyb, smycka (loop/turn)
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Ramachandrantv diagram
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Nukleove kyseliny




Watson-Crickovské parovani bazi H
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Watson-Crickovské parovani bazi
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3.4 nanometers

1 turn = 10 base pairs

2 nanometers

minor groove

major groove




NejbéZznéjsi typy DNA: B-DNA (a), A-DNA (b), Z-DNA (c)

DNA -~
konformace X X

Smeér vinuti

Pocet parl bazi

na otacku
Primeér
sroubovice

Konformace
cukru

Velky Zlabek
Major groove

Maly zlabek
Minor groove
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Non-Watson-Crickovské (Hoogsteenovo — «arsten Hoogsteen) parovani bazi

Triplexové struktury
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Triplexové struktury (@

» 3' Parallel DNA

3 triplex

» 3" Antiparallel
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Quadruplexové struktury
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Slozeni

* lipidy
* cukry

* proteiny

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

4) Glycoprotein:
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Extracellular Fluid Carbohydrate
Hydrophilic heads

Protein channel
(tramsport protein)

()} &) 1%".', ) H \ *‘-’!M, Ty ,
Ilf,! _{f\li‘ﬁ mi:l | i |n |L“1H'IEU | rl' “ ”l . | LMY LV lipid
M '.*-l“ U AV UUOO0RW L (O, Yy

Cholesterol
Glycolipid
Peripherial protein

(Globular protein) Surface protein

Filaments of Alpha-Helix protein
cytoskeleton / {integral proten) Hydrophobic tails

Cytoplasm

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 mezibunéfnych 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
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Lipidy

A

O

//“x¢/“xg/“\v/’\x/’“x/’“uxf“x//“\f/l\gH

(a) Fatty acids: octadecanoic acid

(c) Glycerophospholipids: 1-(9Z-hexadecenoyl)-2-
(6Z2,9Z,12Z,15Z-octadecatetraenoyl)-sn-glycero-3-

phosphocholine

(e) Saccharolipids: 2-O-hexadecanoyl-3-O-
(2S,4S-dimethyl-docosanoyl)-a,a-trehalose

(g) Sterol lipids: cholest-5-en-33-ol
16/10/2023
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(b) Glycerolipids: 1-hexadecanoyl-2-
(9Z,12Z,15Z-octadecatrienoyl)-sn-glycerol

(d) Sphingolipids: N-(hexadecanoyl)-
sphing-4-enine

(f) Polyketides: 4-Dedimethylamino-4-oxo-
anhydrotetracycline

OM

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

polar
(hydrophilic)
head group

nonpolar
(hydrophobic)
tails
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SoucCasny model membrany
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Cholesterol

OH
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» 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: zaloZzeny na spektralni zavislosti
absorpce svetla.

» Emisni spektrofotometry: Zdrojem svétla je sama analyzovand
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 umoznuiji identifikovat napr. pritomné ionty.

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




Absorpcni spektrofotometrie je zalozena na absorpci svéetla pri
prichodu vrstvou roztoku. Jeho koncentrace mize byt zjiSténa pomoci
Lambertova-Beerova zakona:

| = 1,.10-€x

¢ je koncentrace rozpusténé latky, x tloustka vrstvy, I, pdvodni intenzita
svétla, / je intenzita svétla po prichodu vrstvou. Konstanta € (epsilon,
absorpcni nebo extinkéni koeficient) zavisi na vinové délce svétla, na
rozpusténé latce a rozpoustédle. Jeji hodnoty pro bézné chemické
slouceniny Ize nalezt v tabulkach. Tyto hodnoty jsou vzdy udavany pro
urcitou vinovou délku (obvykle absorpéni maximum). Ciselné hodnoty
tohoto koeficientu zaviseji na tom, jak je vyjadrovana koncentrace
rozpusténé latky. Kdyz pouzijeme mol.I"3, hovofime o moldarnim
absorpcnim koeficientu.




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 prfimo umerna
koncentraci rozpusténé latky a tloustce absorbujici vrstvy roztoku.

A=E.c.x




» Podle konstrukce rozdélujeme spektrofotometry na jednopaprskové
a dvoupaprskove.

» U jednopaprskovych spektrofotometrli jeden svazek svétla
prochazi nejdrive srovnavacim a pak mérenym vzorkem (kyvety
obsahujici roztoky musi byt pohyblivé). U dvoupaprskovych
spektrofotometrul jeden svazek svétla prochdzi mérenym vzorkem a
druhy srovnavacim vzorkem (blankem). Dvoupaprskové pfristroje
umoznuji podstatné rychlejsi méreni, avsak jsou drazsi. U
jednoduchych pfristroju je nastavovani vinové délky svétla ruéni. U
pokrocilejsich pristrojl se toto nastavovani déje automaticky, coz
umoznuje primo ziskavat absorpcni krivky, tj. grafy zavislosti
absorbance na vinové délce svétla.




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 c¢ockou (5) na
odrazovou optickou mrizku (6), ktera
tvori barevné spektrum. Témér
monochromatické svétlo je promitano
objektivem (7) na vystupni stérbinu (8)
monochromatoru.




Jednopaprskovy spektrofotometr

S mrizkou lze otacet pomoci ovladace
vinovych délek (12), ¢imz se zaméruje
svetlo 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 vzdy srovnavana s
intenzitou téhoz svazku svétla prosiého
merenym vzorkem.




Moderni UV/VIS/NIR
spektrofotometr

NIR = near infrared = blizka
infraCervena oblast

Detector

Entrance slit | Diode Array

o X

Dispersion device

Source Entrance slit
Sample
Svétlo jedné vybrané vinove délky nebo m Snurce

celé proslé spektrum muUze byt méren
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» Ultrafialové (UV) svétlo je absorbovano rliznymi
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 absorpcni maxima pfri
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.




UV/Vis spektroskopie proteinu

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 ovliviiovana dipdlovymi momenty chemickych vazeb,
které interaguiji s fotony. Stochasticky (nahodné) orientované dipdlové
momenty (denaturovana bilkovina) absorbuiji svétlo |épe nez ve stavu
usporadaném (Sroubovice). U bilkovin je HE zpUsoben peptidovymi
vazbami, které maji UV absorpcni maximum kolem 190 nm.

» Dvousroubovice DNA absorbuje UV svétlo hiife vlivem patrovych a
vodikovych interakci neZ jednoretezcova (denaturovand/neusporadand).
Apnazeonm V NOrké vodeé > ve studené vode

» Helicita — relativni zastoupeni usporadanych ¢asti makromolekuly




Hypochromni efekt u kys. polyglutamové. Pri pH 7 tento polypeptid tvori stochastickeé
(neusporadané) klubko (1), pri pH 4 ziskava Sroubovicovou strukturu (2). Absorpcni
maximum peptidovych vazeb je snizené vlivem jejich prostorového usporadani. € je
molarni absorpcni koeficient a A je vinova délka UV svétla. [dle: Kalous a Pavlicek,
1980]




Teplota tani duplexu DNA

100~
= Poly (AT)
2
B 504
2 Naturally occurring
© DNA with A/T and i
T : Poly (GC)
- G/C base pairs
\ Tm
|
0 | ) | | -

10 30 50 70 90 110 130
Temperature (°C)

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-
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A —

cytochrome ¢

oxidovany redukovany

-
-----

400 500 600
Wavelength (nm)
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Sl‘l

Internal conversion

intersystem

Energy

excitation

SO

crossing

conversion

fluorescence
internal

phosphorescence

intersystem
crossing

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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excitation

f % 1| emission
::::::::.'IT_': i - N A

Zarizeni pro meéreni fluorescencni anisotropie. V hlavnim schematu polarizac¢ni filtr nebo
hranol (P1) polarizuje dopadajici svétlo. Intenzita fluorescence je mérena druhym

polarizatorem (P2), ktery muze byt kolmy nebo paralelni k P1. L — lampa, S — vzorek, PD —
fotodetektor.
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Fluorescencni (Forsterlv) prenos energie

POPOP

LY

E CO,H

Fluorescein

=
(CoHglpN O o 0 N(CaHgly @
A rla IEH=CHl~2—®—NICH3I2

H
S

CHy =CH

Quinine

C’EHE CICI"'

Pyridine 1

Acriding
Orange

FLUOROPHORES -
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UV to Red

EXTINCTION COEFFICIENT (M~ 'em™?1)

Karel Kubicek
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ENERGY TRANSFERTO MULTIPLE ACCEPTORS IN ONE, TWO, OR THREE DIMENSIONS

Fluorescencni (Forstertv) prenos energie

16/10/2023

A
101 NH=-PE (CHCH LN O N(CH,CHy),
y ¢f:'1° 503
AR
0.6k Mole % Rh PE ~ Tt
: 0 X \
5 o N
0.4} o2 /
X " S \
/ 04 \
| // 0.8 AR
b/ = !
00 '-",l"T’: 1121 1 3 1 3 1 ] L s 1 2 —e
500 550 600 650

WAVELENGTH (nm)
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Fluorescenes intensity

Ehodamine

Ehodaming

Uiele]

FRET efficiency
k1
KP+ky L+(RIR)

E

?1. spectrum
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» Infracervené zareni (IR) plsobi na rotacni a vibraéni stavy
molekul. Slozité molekuly mohou vibrovat nebo rotovat
mnoha ruznymi zpusoby (mddy). 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 dlvodu maiji infracervena absorpéni spektra mnoho
maxim. Zmeéna chemické struktury se projevuje jako zména
polohy téechto maxim ve spektru.




- o) O
Noe 7\ AN
% - H H H H
H N¥
Stretching Bending Stretching

H

— - > — + + + _

AN NV ANV

Deformation Rocking Wagging Twisting
CH, CH, CH,4 CH,
o \._/ \._/
C=C C=C
/ \\* CH/ \H CH/ \H
H H R——O-—--H 3 + 3 /

Symmetric stretching Asymmetric stretching Out-of-plane bending  In-plane bending
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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=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—1I stretch 500
CO3™ 1410-1450
NO3 1350-1420
NO3 1230-1250
Jule 1080-1130
Silicates 900-1100
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v, (1388 cm )

v, (2349 cm™)

v, (667 cm )

H,0

v, (3652 cm )

v, (1595 cm’")

v, (3756 cm™)
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Amide

CO }—I
NH and ester
OH
stretch

l_j\ Aliphatic
f\ C-H

/ \ stretch |
" PO;

Absorption intensity

metric

stretg

| I | l | |
4000 3000 2000 1000

Wavenumber, ¥/cm’’

-—— Transmittance

I I I I | | | I I I |
3800 3400 3000 2600 2200 1800

Wavenumber (cm™")

| |
1400 1000

Ukazka IR spekter. Vlevo absorpcni spektrum zivé (fialoveé) a umirajici (modre) buriky.

Vpravo spektrum vanilinu.
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Sir Chandrasekhara Venkata Raman — NC 1930 za fyziku ,,za jeho praci o
rozptylu svétla a objevu efektu pojmenovanam po ném*

Rayleighuv rozptyl svétla. Nastava interakce fotont 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 Ize vyuzit pro odhad tvaru makromolekul.

Ramanova spektrometrie. Pri rozptylu fotonl nastava mald zména
(posun) vinové délky, zpusobena malym poklesem nebo zvysenim
energie rozptylenych fotond béhem prechodu z ptivodniho do
zménéného vibracniho 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
129 adenin

intenzita signalu

B ¥ | ' |
700 1100
vinocet [cm-1]

I
1500

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

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




g 8
oy

-<— 1095 cm-!

.<— 1303 cm-!
-— 1440 cm‘1
-— 1575¢cm

.<— 1660 cm
<— 2854 cm-]

Protein

S4

Nucleic Acid

Intensity (a.u.)

I : Colors assigned to different cluster memberships
F 2 g P Lipid of the Raman spectra of:
SV || T | 1) nucleus (red),
2) cytoplasm (blue, cyan),
3) microtubule (yellow),
4) vesicles (green),
> 5) peripheral membrane (brown),
3000 6) inclusion bodies (magenta).

660 1000 1500
Raman Shift in cm-1

Advanced Drug Delivery Reviews, Vol. 89, 2015, 71-90
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» 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 srovnavame absorbance
levotocCive 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)

Nejcasteji se CD vyjadruje jako zavislost na
Delta Espilon.

Ag = €L —Ep T (AL—AR) f’(dl)

& a & jsou definované levo-a pravo-tocivé
extinkcni koeficienty, I je délka drahy a d je
molarni koncentrace vzorku.

Karel Kubicek
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- Increasing energy

[IIAVAVAVAVAVA VNN

Increasing wavelength >

D.DD?I nm G.IL nm lﬂlm HJD!? nm D.D] cm ] ::m 1Im I'D{i'!m
Gamma rays Yrays I::E!;E Infrared Radio waves

Radar TV FM AM

VisibE;;ghr\
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Krystalova mrizka pUsobi na rentgenové zareni jako opticka mfizka 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 elektronl v molekulach tvofricich krystal.

nA =2dsin0p. o

9 7 J .
J ] . ¥
O | D40 a—b [P ‘
i Y| '} wt
A et ® f—
P =7 = “ P S0

Raumgitter

a4, 02, o3 # 90°
a1 =02 = 900,

o3 # 900 .

A1 =02=03= 900,
do # bo #Co .

2= Q3 = 900,

a1 = 600, bo=cCo:

0
l]1=(12={13=#90 y

ao=bo=00:

0
(11=(12=0£3=90 5

ao=bho#cCo:

- i - 0
m=az=as=90",

agc=bo=cop:

triklin

monoklin
orthorhombisch
hexagonal

trigonal
(rhomboedrisch)

tetragonal

kubisch




Flichendstektor zur Aufnahme der Reflexe

y
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.\ﬁ] Rontgenquelle Kristall
sl
7 _
)
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Schrittmotor fiir Goniometer

Verfeinerung (,,refinement”) der Struktur ]

—

Beugungsmuster Elektronendichteverteilung Strukturmodell
Proteinkristalle

Phasen

Substitution
mit Schwer-
atomen
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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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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

Helices fair

3A
Fair

Fair

Resolution

2.5 A
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Good
Fair

Fair

2 A
Good

Good
Good

Good

1.5A
Good

Good
Good
Good

Good
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ABSORBANCE

XAS = X-ray Absorption Spectroscopy

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

XANES\
——

N\

\ post edge

_/

Karel Kubicek

ENERGY
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ABSORBANCE

I=1, exp(—px)

X-ray photon

EXAFS (Extended X-ray Absorption Fine

VvV /

slupkach atom sousedicich s absorbujicim

atomem
iy |
c
XANES g
F - E
’\Q(AFS _"% -~ — = = numerical filter.
=4 -
S r’ \‘
= YRR
o | \
2 | \
0 | |
\ = ! |
S : |
pre-edge\*»/edge post edge = ! |
—— £ | ! | _—
ENERGY 0 28 W} ek RA)
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X-Ray Absorption Spectroscopy
—
%
o A
w:;‘f EDGE EXAFS
B
Cu(l)DR1885 AE=-10.3 eV
Ligand r(A) 202.10%(A2) R-exafs e(fitindex) «+—7———
Fit1 (1shell)  2S 2.299 4(1) 0.446 0.49 )
Fit2 (1shell)  3S 2.301  9(1) 0.403 0.41 C
Fit3 (2shells) 3S 2.300 8(1) 0.334 0.29
INS  1.982 4(1)
Fit4 (2shells) 3S 2.303 8(1) 0.305 0.27 -
IN*  1.999 7(2)
§ no MS *His, MS
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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 Neutron ---"---

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

) Scattering

Il) Scattering curve

l1l) Guinier plot

V) PDF (Pair-distribution function)

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




Experimental setup

Collimated X-ray beam  Sample

260
ﬁ— - < IX-I'ay detector

X-ray SAXS
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(very tiny) bit of theory

q=2k.sin@  =>q/2/k=sinb,

> Q=4TYA.sinO

Often q is denoted as s

16/10/2023
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X-ray detector
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15t step: scattering to scattering curve

Scattering curve

0-1 1

0-01 1

1
\4
Intensity (log scale)

11073 1

00 01 02 03
g (A1)
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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 | | | ‘ '
8 -
3) Secondary structure
7 -
Shape
o
6 - Fold
Secondary
structure
5 -
0

16/10/2023 Karel Kubicek

76




All information from the scattering curve together
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S

Intensity (log scale)
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Bead model
Spherical harmonics problem to be solved

Full intensity
L=0

o
noun
0 s WM =

16/10/2023 Karel Kubicek -1
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Evaluation of the experimental data

12-Dec-2011  16:16:12

Dro: 0,075 Ra: 1,460 RGE: 18,53 RGT: 18.22 Vol: 486476, Chi: 1,472

g1

0 0.1 0.2 0.3 0.4 0.8

FIB File: Cidpdb lata file; cid_005dat s=ipi*sin{th}/lanbda
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- Increasing energy

[IIAVAVAVAVAVA VNN

Increasing wavelength >
0.0001 nm 0.01 nm 10nm 1000 nm 0.01 em ljcm T m 100 m
| | | ] | |
Gamma rays Yrays Ultra- Infrared Radio waves
violet
Radar TV FM AM

VisibE;;ghr\
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NMR

1) Jaderny spin # 0 ('H, 13C, °N, 31P)
- pocet neutronl a pocet protond jsou suda ¢Eisla (2C=6p+6n) = nulovy spin

- pocet neutronu plus pocet protonu je liché ¢islo (H=p, 3C=6p+7n) = necelociselny spin
(i.e. Y2, 3/2, 5/2)

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

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

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

L
]
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Nuclear Magnetic Resonance

Strucne
Z(1)a(2): E=hyB I
>
O
(b
(-
L” )

Magnetic Field

16/10/2023 Karel Kubicek

82




> change field

c%) <€ > change frequency
C
LLI I

. Magnetic Field

LL

N

O

<

Magnetic Field
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Magnet

supravodivé solenoidy na bazi
Nb a Sn ponorené do heliové

a dusikové lazné

He-lazen ~4 K dale snizena J-T
pumpou na ~2.1 K

v soucCasnosti az 22 Tesla
magnetické pole zemé ~50uT

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

OFHC médéné matrice
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Dira cca 55mm

N,-plnéni

M, Reservoir

Yacuum

He Reservoir
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NMR meéri
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Spektrometr

CBU

Control board
unit

AcquisitionCon

FGU troler
Frequency
gen. u.

' Transmitter
Shlmms ¥ ‘ . '::,r.'.';::f#,','.'f'.'.'.'.‘ffmmj 4.
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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.

RF pulse 90°
—

/ frequency domain

twqg/lgg(ggaln Karel Kubicek 88




For NMR, nuclear spin is needed!!! 7
SIS @
Spin analogy to a compass needle i 0
T S

magnetic field =

North

- The Earth’s-Magnetic Field |

Geographic -

glloalggeﬂs.‘.. North Pole -~

Randomly oriented
nuclear magnetic moments

Parallel

Js >
\O;

magnetic field >
0

—— . /- /South
- .. Geographic Magnetic
.South Pole Pole*

@ Antiparallel

I3

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.
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Relaxation

slow (i.e. long T, time)

FID NMR line(width) after FT
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Size Relaxation

slow (i.e. long T, time)

fast

Large molecules 50+ kDa
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NMR line(width) after FT

induced Voltag ey

I >

Hz

Karel Kubicek 92




NMR as a tool for study structure, dynamics and interactions of biomolecules
1) Structure determination of NAs and proteins

2) Protein — metal interaction
3) Protein - ligand interaction

For most of the modern applications, enrichment by 13C, 1°N and often *H needed!

Isotope Ground state Natural Rel. Sensitivity
spin abundance [%]
H iz

~100 1.00x10*°
13C 2 1.10 1.59x102
5N 2 0.37 1.04x10°3
19F 2 100 8.30x10!
31p Iz ~100 6.63x1072
12¢ 0 98.90 -

160 0 ~100 -




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 CSl)

NO
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3
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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
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Studying interactions by NMR titration
— individual peaks for each of the studied states (e.g. free / complexed

1) Slow exch. regime (on the NMR timescale)
forms of a protein), peak intensity representing population of a given state

2) Intermediate exchange regime

3) Fast exchange regime — single peak whose chemical shift position is given by the molar ratio of

the states present in solution

Slow (Ky<1 pM) Intermediate (Kp ~1-10 um) Fast exchange regime (K,>10 pM)

Free Bound Free Bound Free Bound

100% 0% 100% 0% 100% 0%
3
o \ ™
-~ \'\ \‘\.
22 50% 50% 50% 50% 50% 50%

0% 100% 0% 100% .. 0% 100% ..

v < H/ ppm
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15N-1H HSQC - Heteronuclear Single Quantum Coherence

1) 1 peak = 1 amino acid

2) good estimate of the protein folding status

3) no information about sequential assighnment (which peak is which amino acid)

4) for sequential assignment third dimension needed (13C)

5) once assignment of the peaks known — HSQC is optimal tool for monitoring interactions by NMR through titrations (i.e.
stepwise addition of small amounts of ligand to the nearly constant volume solution with the isotopically enriched
molecule)

©
®
~
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1104 r110

Co O CH

Cloa\ e ?loz\ °
C oy 0
e 0

10

1H-15N HSQC, cca 155 aa, well folded, 600MHz, 293K
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1H 1D, Cavanagh et al., 2007
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1H-15N HSQC, cca 155 aa, well folded, 600MHz, 293K
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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.

16/10/2023 Karel Kubicek
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resonance
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Microwave
Source

Detector

Electro- i
magnet 74 - /
Mﬂic'i_lulatlnn Phass:
put =
sensitive

Karel Kubicek
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An unpaired electron can move between the two energy levels by
either absorbing or emitting a photon of energy hv such that the
resonance condition, hv=AE , 1s obeyed. This leads to the
fundamental equation of EPR spectroscopy: hv= g UgB,.

Experimentally, this equation permits a large combination of
frequency and magnetic field values, but the great majority of EPR
measurements are made with microwaves in the 9000-10000 MHz
(9—10 GHz) region, with fields corresponding to about 3500 G
(0.35 T). Furthermore, EPR spectra can be generated by either
varying the photon frequency incident on a sample while holding
the magnetic field constant or doing the reverse. In practice, it 1s
usually the frequency that is kept fixed.
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No hyperfine
splitiing
Hyperfine splitting
due to one proton /
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Field
strength
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Mass spectrometry x*

lightest
(2 heater to vapourise sample g \\

(3) electron beam ionises charged particle beam

@ sample

inject
sample '
oy I.\ lv\

electron
S0Urce

(@) particles accelerated into
magnetic field

heaviest

3) magnetic field separates particles
based on mass/charge ratio

S 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
MALDI technique is coupled to a time-of-flight (TOF) ion detector.




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

» Elektroforéza — pohyb nabitych molekul v elektrickém poli. P¥i
rovhomerném primocarém pohybu sférické castice o polomeérur, je
elektrostaticka sila plsobici na ¢astici v rovnovaze se silou treni, jeZ je dana
viskozitou. Silu tfeni lze vypocitat dle Stokesova vzorce:

F=6.M.r.n.v
kde v je rychlost Castice a n je dynamicka viskozita prostredi.
» Elektrické pole plsobi na ¢astici silou:

F=z.e.E

kde z je pocet elementarnich ndboju nesenych ¢astici, e je elementarni
naboj (1,602.101° C) a E [V.m™] je intenzita elektrického pole v daném
mistée.

» Rychlost castice je pak v disledku 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 sloucCenina, ktera
nese jeden negativni elementarni naboj, se vaze definovanym zpusobem k
bilkovinam a eliminuje jejich vlastni elektricky naboj. Molekuly bilkovin se pak
pohybuji s ruznou rychlosti jen proto, Zze maiji ruznou velikost (polomeér).




Zarizeni pro elektroforézu

Zdroj napéti

-

ﬁ .;

I
Jamky v gelu pro vzorky

Gelova plotna Latkovy knot

Roztok l-—..::.-.:-._.:. L T R ‘-.I
elektrolytu -
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Optical microscope Electron microscope

Electron gun

Cathcde ——7Mm— |

3 mm
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Electron source - FEG

FE“p_'f""J. vy
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FEG - Field Emission Gun
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coneen SEM

Incoherent incident beam
elastic
backscattered

electrons

SEs from
within
the specimen

Thin specimen

Coherent

elastic Incoherent
scattered inelastic
electrons scattered Incoherent
electrons elastic
Direct forward
beam scattered

electrons

I E M SEM — skenovaci EM, TEM — transmisni/prozarovaci EM




Focused lon Beam (FIB) + SEM
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(b)

Current Opinion in Structural Biology

23(5), 2013, 771-7

Villa et al. Current Opinion in Structural Biology,

115
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Current Opinion in Structural Biology

23(5), 2013, 771-7

Villa et al. Current Opinion in Structural Biology,
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Villa et al. Current Opinion in Structural Biology, 23(5), 2013, 771-7
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TEM — Sample preparation

Negative staining Pros:

03/Nov/2021 Karel Kubicek

Cons:

quick sample screening
high amplitude contrast
less prone to beam damage

limited resolution (20A)
flattening artefacts
denaturation of proteins
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Heavy metal staining

e.g. uranyl acetate

Negative staining

120




Sample vitrification

3-4ul :
0.1-1mg/ml for purified protein complexes
0OD~0.5 for bacteria
i SAMPLE FT B
. F' | ]| L) Ii
I :- . :r‘ A . ':_
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m i \
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Crvogens Melting pomit Boiling point Cooling rate | ¥ °C/s)  Relative cooling
(#7) i°C) efficiency®

Ethane  -183 -89 _ =260 — 238 .3

Liquid nitrogen __ -210 -196 -272 LA

Propane -1 89 42 =263 - -261 | .0

Freon 22 =1 64) =] 267 — 265 07

™

b

LIQUID ETHANE
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C-clip
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Grid
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AutoGrid

ThermoFisherScientific
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Grid Box Tool Clipping Tool
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clip ring

Autogrid:
grid + C-shape spring (C-clip) + clip ring

Auto-loader: up to 12 autogrids
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cryoeml101l.org
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AutoGrid Container
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ThermoFisherScientific; MiTeGen
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ANote the ice
thickness

Grids get
damaged
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single particles
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Structure determination using single particle cryoEM

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

03/Nov/2021
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https://doi.org/10.1016/j.cell.2019.04.006
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post-mortem human brain

middle frontal cortex

embed
in agarose

vibratome
section

plunge-freeze
on cryo-EM grid
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Myelin sheath
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bioRxiv preprint doi: https://doi.org/10.1101/2023.09.13.557623
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Cryo-EM structures of amyloid-[3 42 filaments from human brains

sAD case 1 sAD case 2
Type | 87% Typgip__b1 3%

A 'DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA42
AB42 Type| —EEEE)—NFE)———IED—ET 05
AB42 Typell

Yang et al.,Science375, 167-172 (2022)




Mosalaganti, Obarska-Kosinska, Siggel et al

Title: Artificial intelligence reveals nuclear pore complexity

Authors:

1,23t

Shyamal Mosalaganti’?*", Agnieszka Obarska-Kosinska'*

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

Jan Kosinski®*%*
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THE BEST
INVENTIONS
OF 2022

200 innovations changing how we live
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How We Chose the List

TIME The Best Inventions of 2022 homepage is built on TIME Sites. To learn how businesses use TIME Sites to tell their stories with easy-to-deploy, visua
SITES rmicrosites, visit imesites.com

Yy stunning

https://time.com/collection/best-inventions-2022/6229912/deepmind-alphafold/
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< THE BEST INVENTIONS OF 2022

Mapping Life
DeepMind Alphatold
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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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A 89 nm 1Q nm

B 80 nm 89 nm
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