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https://youtu.be/xBAQO9PXPPR4?si=VIyOm4sjZj6JgGIA


https://youtu.be/xBA09PXPPR4?si=VIyOm4sjZj6JqGIA
https://youtu.be/xBA09PXPPR4?si=VIyOm4sjZj6JqGIA

Rozptyl svetla na elektronech

« Fotoapsorbce elektronu
« Foton absorbovan

 Neelasticky rozptyl
e Modifikovana frekvence a faze

« Elasticky rozptyl
« NENI modifikovana faze ani frekvence
« “"Rayleigh scattering” nebo “Thomson scattering”
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Difrakce svetla

Laser

Barrier with narrow slit
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Light Intensity
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Goniometricke funkce




Bragguv zakon
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Bragguv zakon




Bragguv zakon




Bragguv zakon

Extra vzdalenost

HL + LM = nA




Bragguv zakon

HL + LM = nA

sind = HL/d

sin9 = LM/d




Bragguv zakon

HL + LM = nA

sind = HL/d
d*sin @ = HL

sing = LM/d
d*sin 8 = LM
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Bragguv zakon

HL + LM = nA

sind = HL/d
d*sin @ = HL

sing = LM/d
d*sin 8 = LM

HL + LM = nA
d*sin @ + d*sin 8 = nA
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d*sin @ + d*sin 8 = nA
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HL + LM = nA c
sinf = HL/d =
d*sin 6 = HL ‘;
sin@ = LM/d x
d*sin6 = LM N
HL + LM = na .

2dsin@ = na




Rozptyl svetla na mrizce
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Difrakce na mrizce

Vypocitejte d (parametr mrizky).
X1 =..cm
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Difrakce na mrizce

Vypocitejte d (parametr mrizky).
X1 =..cm




Zeleny laser

Vypocitejte d (parametr mrizky).

1 =532nm X1 =..cm
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Zeleny laser

Vypocitejte d (parametr mrizky).

1 =532nm X1 =..cm

tg(26) = X1/Y
20 = tg '(X1/Y)
20 =..°

o =..°
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Zeleny laser

Vypocitejte d (parametr mrizky).

A =532nm X1 =..cm
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tg(26) = X1/Y 2d sin0 = njl

26 = tg '(X1/Y) d=nl/2 sing

20 = .° d=..*./2*sin(.)

0=.° d=..nm
d=..um



Principles of

Protein o
Crystallization
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Rentgenova

Real video: https://youtu.be/kPX6-Ab1pYw?si=dFBcu3ghfE-17EdU
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https://youtu.be/kPX6-Ab1pYw?si=dFBcu3qhfE-17EdU

Temperature

A Concentration pH value

A Purity Buffer

PROTEIN

PROTEIN
SOLU”ON Additives Precipitants (RYSTA[




Protein Solution Protein Crystal Diffraction Data
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APOR DIPFPOSION
HANGING DROP  SITTING DROP




Protein Conc. x 1/2

Precipitant Conc. x 1/2 :
Vol. x 2
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Fazovy diagram krystalizace

f(macromolecule concentration)

A

I
Supersaturation

Nucleation
zone

Metastable

Undersaturation zone

Solubility curve

[ (precipitant concentration)
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Proteinové kry

1. 493.95 pm

staly - PluLec

Krystalografie

Rentgenova



Proteinoveée krystaly




-
P VP88 i B wine
. -

()
—
@©
—
(@)}
®)
@©
+
(%]
>
—
~

SA8 Anin 8 s
. A

. .-
SR @ R S0
. o

Rentgenova




-
P VP88 i B wine
. -

()
—
@©
—
(@)}
®)
@©
+
(%]
>
—
~

SA8 Anin 8 s
. A

. .-
SR @ R S0
. o

Rentgenova




91jeuabojeyrshki) enouabiruay




Arganduv diagram

A= |A]| (cos a+ i sin a)

A= |Alexpia

imaginary axis

Asina

real axis
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Arganduv diagram

A= |A]| (cos a+ i sin a)

A= |Alexpia

imaginary axis

Fokny = |F(hkl)|(COS Ay + 1SIN A )

Asina

Farny = |Farplexpliamen]

real axis
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Arganduv diagram

A= |A]| (cos a+ i sin a)
A= |Alexpia
Fokny = |F(hkl)|(COS Ay + 1SIN A )

Farny = |Farplexpliamen]
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1 \ \ A | ) i
p(xyz) — V—CZ Z Z ‘F(hkl)‘ exp [—an(hx + ky + IZ) + la(hkl)]
h k 1




FT slozené funkce f,

fa

Pe

f \

f2

0 1 2 3 4 5
Frekvence h

3 4

5
Frekvence h

Frekvence h
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FT slozené funkce f,

fa

Pe

270°
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Frekvence




X X - _ X

1 . :
p(xyz) = V_CZ Z Z ‘F(hkl)‘ exp Zﬂl(hx + ky + lZ) + la(hkl)]
h

N
1 . .
Elektronova hustota @mm O(y) = 72 |Fp| exp [_27” hx + l“(h)]

n=1
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Rentgenova Krystalografie

Faze



Metody reseni fazového problému

e Metoda molekularniho nahrazeni
e Metoda izomorfniho nahrazeni
« Metoda anomalniho rozptylu

diffraction electron atomic
pattern density map model

crystal
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Fourierova transformace obrazku

[ ] [ ] Fourier Transform

« 227-Telomerase image 4 « image 3
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a 80 Rectangular A
> _ g . Color 100 FET-1 - el e ‘ (O]
b 60 5| Width 350 2 Contrast 2
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Odkaz program ZDE je potreba mit java na PC



https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/diffraction-fourier-transform/

Real space cat Fourier amplitudes
and phases
L)
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Unknown structure,
unknown orientation

&

Cat

Known structure

o

Manx cat

Diffraction
experiment

llllllll

=
Fourier

transform

Observed
amplitudes Phases
unknown!

-

-

Fourier cat

Calculated amplitudes
and phases

'L

FT of Manx cat

Wrong orientation!
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Observed amplitudes (tailed cat),
calculated pha es (Manx cat)

Inverted
Fourier
transform
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Even the tail becomes visible!
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Model Bias

Duck Fourier transform
of duck

| -, P,
— -
Fourier -
transform °
Duck amplitudes Looks like a cat!! ;
+ cat phases | )
s.' ‘ | - | J i
Inverted - :
Fourier =

transform
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Rozliseni modelu

* Proteinové struktury mivaji
mezi 1-2 A

 Flexibilni Casti Casto
nejsou pozorovatelné
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R-factor a R¢,.. factor — overeni

Film

Diffracted
X-rays

tube Observed Calculated
reflections diffraction pattern

R-factor Rs.. factor

Y "1 Fobs| — k| Feacl| Y 1 Fovs| — k| Feate|

hkl
R = R free —

ZIFObSl Z | Fobs|

hkl hklCT
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Vypocet struktury z nahodnych fazi

Original structure Reconstructed structure
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https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/charge-flipping/

No crystal — No problem

Small-angle X-ray scattering
SAXS




Malouhly rozptyl rentgenového svetla

solution

X-ray
detector




Malouhly rozptyl rentgenového svetla

SAXS data Model

X-ray
detector
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XRD SAXS

detector detector
x-ray
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XRD detector image SAXS detector image

diffarction spots x-ray scattering
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Subtracted SAXS data

‘sublracted’ —e—

log Ka) [a.u.]
P 4

s 5
LA
b bilw Jofl : " 5
; I'-‘U'i'ﬁw‘di':@f h')a"\i'!"v"‘:\# 1T
. W] s@lts] Th
e | LAY f 'JW‘ |
i | L1
L~

0 0.1 0.2 03
q[A7]

Guinier plot Kratky plot p (r) Boir distance

distribution function

2R3 compact -
q°Ry it — pe—"
l(q)=I(0)exp(—5—) bk o

- 3| T
E — 3 &

T -

0<q<1/Rg
. g g r |

0.001 0.002 0,003 0,004 A3 0005 ° 01 02 03 04 qA~ 05 0 0 20 30 40 50 &0 70 80 %0 100

()
Y—
@©
—
(@)}
®)
@©
+—
(]
>
—
~

Rentgenova




I(q 0.1-0.8)
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Shrnuti krystalografie
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