CcOSY

tl 90 chem. Jvazh
. vazba
1. —% 1, posuv, I.cosQjty + I,sin Qpt; —

I, cosQrt; cosmJt; + 21,5, cos Qrty sin wJty +1,sin Qrt; cosmdty — 21,5, sin Oty sin wJt,

90,
—>

I,cosQjticosmdty — 21.5,cosQrtysinwJty +1,sin Qrty cosnJt; + 21,5, sin Qrty sin wJt,

¢

1 1
Imi [cos(Qr — wJ)t1 4 cos(Qy + 7J)t4] 2IzSy§ [sin(Q2 — wJ)ty — sin(Qy + 7wJ)t,]
Fs: Q) inphase dublet, disperzni ()¢ antiphase dublet, absorp¢éni
Fi: 1 inphase dublet, disperzni (); antiphase dublet, absorpéni

Gaoran > Y
Chowic > 0@

podminky méfeni a zpracovani dat = ztrata rozliSeni ve spektru



y
I £ I I[ Pravidia fazovych cyKI
Jp=+1 " 1. Pfi zméné faze pulsu o ¢ ziskava
:1 I, I koherenéni cesta fazovy posun —Ap¢
0 _( __________ x Ap = -3 2. Jestlize fazovy cyklus pouziva kroky

360°/N, je spolu s cestou Ap vybrany
icestysAp+nN (n=1,2,..)

Ap = 12
step  phase of first phase for phase for equivalent phase =
two pulses Ap=+2 Ap=-2 rX. phase
1 0 0 0 0
2 90 —180 180 180
3 180 —-360 360 0
1 270 —-540 540 180



DQF-COSY

y X X
I,cosQjtycosmdt; — 21.5,cos 2ty sinmJt,

p==1

+1, sin Qrty coswJt; 4 21, S, sin Qrt; sin wJt,

p=0 p=0ap=42

step  phase of first phase for phase for ) )
two pulses Ap =0 Ap = £1 1~ IX. phase

1 0 0 0 0
2 90 0 +90 180
3 180 0 +180 0
1 270 0 +270 180



DQF-COSY

y
| |
+ 21,85, sin Qrt; sinwJt,

P _ P=<Uap = +2

1 - i
() w——f-------—--- x __________ ZIxSy — _E(I+S+ - I_S_ + I_S+ - I+S_)

1
> (ZIny + ZIxSy) sin (,;t; sinmjt,

9, 1
=X > (21,S, + 21.S,) sin Q;t; sinm/ty

N

krospik diagonalni pik

Oba se stejnou fazi
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krospik = existuje J vazba mezi danymi vodiky, vidime jen ,,primé sousedy*



) TOCSY
| -

Spinlock

z
B,

; | magnetizace ,uzamcena“v ose y
salésélésélés

v§echny spiny efektivné citi

- chemicky posuv se nevyviji stejné magnetické pole B;
« J vazba ziistiva aktivni a maji vyrovnane energeticke
hladiny

[ polarizace se volné pfeléva mezi vsemi spiny spojenymi J vazbou ]




COSY versus TOCSY

identifikace spinovych systemu

postranni fetézce

krospik = vodik patii do daného
spinového systému,
neprerusené sité
J vazeb

_____________________________




Heteronuklearni korelace

P=X, -X; P=X, X, X, - X; P =X, -X, -X, X
rec



HMQC versus HSQC

HMQC ' - Ppm
- [ 48.8

§ @ é ' Mg& L 49.0

[ 49.0

[ 49.4

HSQC | ppm
[ 48.8

000 0000 | 49.0

- [ 492

[ 494

415 410 4.05 400 3.95 3.90 ppm

vyVvoj v neprimé domené
ovlivnén J vazbami
mezi vodiky



NMR biomolekul

* vysoce selektivni odezva, rozliSeni jednotlivych atom
* Siroky rozsah fyzikalné-chemickych vlastnosti
» molekuly v roztoku, blize fyziologickému prostredi

peptidy a proteiny nukleové kyseliny oligosacharidy

Dostupné informace

« identifikace substratu

* prostorova struktura molekuly

« dynamické chovani molekuly

» komplexacni rovnhovahy

» identifikace mista interakce ligand - substrat
» struktura komplexu



15N

AN

AN

Mérena jadra

vysoké prirozené zastoupeni (99.98%)
vysoka citlivost (1.00)
mald disperze chemickych posunt NMR signall (~15.0 ppm)

velka disperze chemickych posund NMR signdld (~200.0 ppm)
nizké prirozené zastoupeni (1.108%), mozné umele navysit az na
100%

nizka citlivost (1.76x10-%), po 100%nim izotopovém obohaceni
(1.59x102)

stfedni disperze chemickych posuni NMR signald (~30.0 ppm)
(oproti 13C nezavislost na typu aminokyseliny)

nizké prirozené zastoupeni (0.37%), mozné umele navysit az na
100%

velmi nizka citlivost (3.85x10%), po 100%nim izotopovém
obohaceni (1.04x10-3)

(R. Hrabal)



Reseni prostoroveé struktury

NMR vzorek NMR spektrometr pulsni sekvence
(izotopové obohaceni) ‘

NMR spekira

MW““

l o ) 8 7

obecné informace o molekule . . sy,
(primarni struktura, extrahovani experimentalnich dat
koval. vazby, ...) l 1

zpracovani vsech informaci — validace kone¢ného
a predikce struktury souboru struktur




Priprava vzorku proteinu

Neznaceny vzorek o pfislusné koncentraci

» kontrola spravneho sbaleni proteinu
» kontrola dostatecné vysoke koncentrace
 sledovani dlouhodobé stability

5N obohaceny vzorek

» kontrola cistoty proteinu

» kontrola spravneho sbaleni proteinu

 kontrola dostatecné vysoke koncentrace

» néktere komplexacni studie (napfr. titrace ligandem)

13C/15N (13C/®°N/2H) obohaceny vzorek
 strukturni studie

Koncentrace a objem 0.5-1.0mM/0.1-0.5mM
250 — 500 ul

Exprese proteinu
* v minimalnim médiu (**NH,ClI, >*NH,SO, — jediny zdroj dusiku,
13C-glukoza, 3C-glycerol — jediny zdroj uhliku)

* izotopové obohacené rustové médium



Kontrola spravného sbaleni proteinu

'H spektrum

15N-1H korelace, HSQC

spravneé sbalena forma proteinu
nesbalena forma téhoz proteinu

M |

w
T T T T T T

3 ('H) 105 10.0 9.5 2.0 8.5 8.0 7.5 7.0 65 ppm

W,

("N
108 1

cerstvy 1107
vzorek 112
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116 e
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e @
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128 1

S(H) 95 90

vzorek
po 5 dnech

(R. Hrabal)



Dalsi pozadavky na vzorek

[vzorek musi zustat aktivni a nedenaturovany po celou dobu NMR experimentt‘]]

rozpoustédlo H,O

pH kompromis mezi minimalizaci chemické vymény labilnich
vodikl s vodou a optimem pro studovany protein (4-7)

pufr fosfatovy pufr neobsahuje zadné vodiky
acetatovy pufr nutno pfipravit deuterovany

teplota podle pozadavku studovaného materialu (5 — 40°C)
aditiva nutno pfipravit deuterovana, vyvarovat se vysokych koncentraci,
omezit soli

koncentrace 0.1 -1.0 mM
vzorek nesmi podléhat agregaci, koagulaci, sebezniceni,...

stabilita alespon nékolik tydnt (1 tyden a opakovana priprava)



Prirazovani signalu proteinu
13 C )

35 Hz

aminokyselina i-1 aminokyselina i

13 13 g~ 130 Hz
Cs HB_ CB_Hﬁ

35H;

35 H;
13 55Hz 13 -I5 Hz 15 -11Hz 13 55Hz 13
C(X C, N C(X C’
N
Ha H H(x

Neznacené proteiny
« pouze 'H experimenty (COSY, TOCSY, NOESY)
« pouze malé proteiny, pracné

13C a >N obohacené proteiny
» série 3D experimentt (HNCA, HN(CO)CA, CBCANH,...)
» nazvy podle korelovanycj jader, pfenos polarizace out-and-back, out-and-stay
« vétsSi molekuly, snadnéji interpretovatelna spekira




Strategie zalozene na J-vazbach




HNCA experiment
13 CY

BCB H, —BCE@ H, out-and-back
39 Bz e HN . N(t,) - Ca(ty)) - N - HN(t;)
55 Hz 1SC,

HY, XA _AY AL/
1[-}\'5 IE I A DIPSI-2 A I gl 2 i/t;q)“’“
I ‘\ 2HN N, ‘\ 2HN, N
2y E X |
15N\ |I| 21 TN ITN 2 I TN |I| I N I TN I |I| GARP
. 2H\ZN)_ q‘)'z"x tzN"C“tz//; 2H‘~ N,
2
PCq 1 >:>] 1
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HNCA experiment

13
C}' In each NH strip two Ca peaks should
33 Hz be visible. The stronger one belongs
H _13C miH to the same residue (Co;) and the

p B B weaker one (sometimes burried in the

noise) belongs to the preceding
residue (Caj4).

“N—

O
=

krospik na vlastni
a pfedchozi reziduum

e
-, TR Sy

4 p ™

F

O
R

The weak Co;.q peak
is also visible in the
HN(CO)CA spectrum

T 1R i &K A

www.protein-nmr.org.uk
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HN(CO)CA experiment
13C}'

35 Hz 4 )
130[3 HB —BCE% HB out-and-back
35 Hz ’35 He HN - N - C’ - CG(t1) -
— 13C(1 = 130’ - C, - N(t2) = HN(t3)
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HN(CO)CA experiment

13
G

35 Hz

13 13 o~ 130 Hz
C_B Hy— Ci— H;

35 Hz

krospik pouze
na predchozi reziduum

In each NH strip there is
one Ca visible which

belongs to the preceding
residue

www.protein-nmr.org.uk



Postup prirazeni signalu patere

Q(

q),

O

Zacatek:

i-1

N-H souradnice z *N,"H-HSQC

cp P cp)
L0 HCeHC' HN HCo~HC H N HCaHC') HNCA
U £ T-E‘h .f.J:\
1. Find Identical CafC’ pair
inHN(COJCAandHNCO
dp cp) cp)
CHNHCHCHNHCHEHNHEaHE) Hco)cA
s et B ¥
HN) 2. GetnewNH groupin  [HN rit!_l\ﬂ
i e HN(CD)CA and HNCO ”
o e o A Ident CalC' pair
Cp) f%’r.] ICB) i s umrqcmgu
e O e T e s N e \ — .-J'\\ —
( MI'EI_,.‘-(CUJ—':\C'._]*-{ P;i HCoHC HN HCoH C HN HCaH(C') HNCA
2 :\ Mo s R L it :[: -—I‘. — e
HN) mﬁ;ﬁm&ﬂ?‘* ! 5.1, Find identical CaiC" pair
- e i in HN(CO)CA and HNCO
cp) cp) gp cp)
— ,]: —— —, \ e d — .,
(NWHCHCHNHEaHCHN HEHTHNHeaHC) Hncorca:
“]’_. — = ,T: = :]: — T = =
@_F:i} ﬁ']-l_l“JJ 6.12. Get new NH groupsin  [H

HN[CDICA and HNCO
www.protein-nmr.org.uk




Postup prirazeni signalu patere

EETITEE—— P[]
Showe Find

EZLCa-N-HN

Vzd4CA-N-HN

missiflg crosspi

TE1CA-N-HMN

7.901 7802 f.802 8613 8613
107 122 122 1265 1285
(523 Y24 W24 K25 K25 v
‘| | * H

praxe



CBCANH experiment

4 N
out-and-stay

Ha,B- Ca,B (i) - N(ty) - HN(t;)
g ,

-
out-and-back
HN . N - Ca,B (t;) - N(t,) - HN(t,)

\_




CBCANH/HNCACB

ERLARA [dafasiirjed
B fpectrols Corbours B Fecka B #tripe 50672, 28.TE (1ME30

Ca peaks are negative (green)

while the Cp peaks are positive
(blue) - or vice verse depending on
the phasing

Serines and Threonines
are easy to spot because
of the low chemical shift
of their Cp atoms

L.
Usually each strip should
contain four peaks: the
Ca and CP from the same
residue as the NH group
(Cay, CP;) which are stronger

and the Ca and C from the

A

CBi1

A

I
|
|
|
I
I
|
I'.
o /‘: preceding residue (C o,
! : CPy.1) which are weaker
l § 1
I |
I [
| 1 _
| |
! |
: ! Insome cases notall
_ I  four peaks are visible
Cotq : i } but Cey; and C[5 should
A | always be easy to spot
|
2 b 1
g -
2
|

P =

T I T
1l [E ar

=N [10E. 2] fimay

www.protein-nmr.org.uk

pozice Cf3 byva
charakteristicna
pro danou AA




CBCA(CO)NH experiment

out-and-stay
Ha,B-» Ca,B () - C - N(ty) - HN(t,)
’

HN(CO)CACB experiment

13CY
- out-and-back h HB_BCI;%HB
HN NS C o CG,B (t1) — 11 Hz 13(5 zsssn': 1SC’
~ € - N(t,) ~ HY(ty) ' e~
K J 92 Hz, - <1 H;

H,



CBCA

B Spprtra BF (o s B Basia B toripe 10142, &R0 (0,

o
-—

Each strip contains two
peaks: the Ca and the

Cp atom of the residue
preceding the NH group

B == == = = =

- =

\
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0O
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L FLLL [RLER]

www.protein-nmr.org.uk

(CO)NH / HN(CO)CACB

pozice Cf3 byva
charakteristicna
pro danou AA




Postup prirazeni signalu patere

Ala Ser/Thr Gly
O o
@ |

SIT®Te
' et -
/ \ g\ /
' Y Vil Y
I""IH| I|."y_||+1 NHI'rE NHH‘- N f+4 NHH-E.

H
N i+3

www.protein-nmr.org.uk
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!b S trol Covtouars B Poges B Srips

Postranni fetézce — °N,"H-HSQC-TOCSY

Arg
Hy
’ L @ HB1
go ¢ | Hp1
) [ ]
2
| Hé
o %
0 @
¢ @1 Ha
o A

0

{ HN(t,) - N(t,) - HN - Hi(t,) J e L

- g B!
L Each NH strip contains
o links to all hydrogen
atoms along the side-

relativné dlouhy mixing time e | SRl e r_e?idue

| 15 (ITER L ymm

| L a5 | ih
www.protein-nmr.org.uk



Postranni retézce — HCCH-TOCSY

B Spec bro @ Contours B Peoks B Strios 10 0BT,  wedel O0M, 1WF  elp

Hp2 k=4
Hp1 k=t

Hyl |
Hy2 ==
H(t —>Ct —>C—>Ht i ;
[ (t,) (t2) (t3) Hot ,;‘;g"
kratsi mixing time In each CH stri;-} you see all
the hydrogen atoms attached
- to all uther carl_:lnn atoms in the
HCCH-COSY meéné signali same side chain

www.protein-nmr.org.uk



Experimentalni protokol

Rozhoduije:
» velikost proteinu
» stabilita proteinu
» pozadované experimentalni informace
» dostupnost experimentalniho ¢asu
Priklad 1

HNCA, HN(CO)CA
HCCH-TOCSY
editované NOESY

Priklad2  LNCACB, CBCA(CO)NH
15N, TH-HSQC-NOESY, 13C,'H-HMBC-NOESY

a dalsi kombinace...



