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What is < ")
Nuclear
Magnetic
Resonance?




What you should know about N, M, and R?

( Just point out few “terms” here)

Properties of the Nucleus (/R F1ZAV4514%)
Nuclear spin & gyromagnetic ratio

Nuclear magnetic moments

NMR Active Nucleus in a Magnetic Field (fi4i% 5 YR F1%)
Precession and the Larmor frequency

Nuclear Zeeman effect & Boltzmann distribution

When the Spinning Nucleus receive the "Right” Energy

Nuclear Magnetic Resonance



(1) Properties of the Nucleus - Spin Parameters

y: gyromagnetic ratio (property of nucleus)l
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: I: spin number (property of nucleus) I I
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: A Z N Spin | :
I Even Even Even =0 |
| |=Integer |
| Even Odd Odd 123... |
I Odd Even Odd 1=n/2, !
| 0dd 0dd Even n=135.. |
I |
| I
I |
| I
|



I'________________\

V4

”

Only those nucleus with spin Iz0 are NMR Activell

1/2 spin Li | Be H H B C N O F |Ne
[ half-integer spin 6 7 9 1 2 3 10 1 13 14 15 17 19 21
, ‘ integer Spil'l 71 an -3 12 1 12 . 3 32 12 1 AR 512 -2 3i2
59 241 100 99.98 1.15E-02 - ~ 1 H 199 801 1.07 9963 036 3.8E-02 100 0.27
| not observable 627 1655 598 4258 654 4541 Solutions for Innovation 458 1366 1071 308 432 577 40.08 33
N . . 379 1590 815 5870 6.52E-03 ‘.‘ Rz 0T 1 59 225602 6.50E-02 4900 39E-02
%% radioactive L1 40 10 4 150 200 | 1000 7200 | 1200
JEOL ECZ NMR Frequencies Na Mg AI SI P S CI Ar
- .. 23 28 27 29 31 33 35 37
“ n 502 52 112 1”2 2 ¥ oI
100 10 100 468 100 0.76 7578 245
nar 261 11 -847 17.25 kv 418 348
2 & | Table of Isotopes and NMR Parameters . & & & @&
40 70 400 400 1100 900 1100
Ca | Sc [ Cr Mn| Fe Co Ni Zn Ga Ge As | Se Br | Kr
39 4 43 45 47 49 | 50 51 53 55 57 59 61 63 65 67 69 T 73 75 kid T # 83
2 32 -T2 Tz 52 TR 6 mn -2 52 112 12 -2 n 32 52 a2 2 o2 a 1”7 32 3 92
9325 673 013 100 744 541 | 025 9975 950 100 21 100 113 69.17 3083 410 0.1 3989 173 100 763 5089 4931 1149
199 100 | 287 036 | 240 -241 | 425 121 [ 241 1068 138 10.08 381 iz 1210 | 287 1026 1302 | 449 2 816 070 154 | 184
279 3133E-02] 5.10E-02 1780 0818 1.2 0818 2250 0.507 1050 4.25E-03 1640 0.24 B2 208 0.692 246 35 0542 149 315 237 288 1.28
120 70 350 2400 2500 2000 3500 12000 | 19000 1200 1000 450 1400 1100 700 2500 4500
Ro | Sr | Y | Zr Nb/Mo| Tc |Ru| Rh Pd|{Ag Cd In Sn | Sb Te | | Xe
85 87 87 89 91 93 95 97 99 99 101| 103 105 | 107 109 111 113 113 115 117 119 | 121 123 123 125 127 | 129 131
52 2 a2 -2 -5i2 92 52 -5i2 a2 S2 52 -2 52 AR R -2 AR 82 92 0 -Rr 52 n2 2 AR 52 12 32
7297 778 7 100 122 100 1592 955 - 1276 1706 100 23 5183 4816 128 1222 429 %M 768 859 5721 279 089 707 100 44 2118
413 1398 -1.85 -2.09 397 1045 279 -285 962 196 219 1.3 196 73 199 | 907 949 | 937 939 | 1526 -15.97 | 1026 655 | -11.23 -13.55 858 186 382
45 290 112 0T 626 2870 oe 195 ? 0848 1.59 0.186 1.49 0205 029 72T TH4 B85 1980 208 %686 548 nr 0961 134 560 336 5
200 500 1300 3600 5500 9000 9000 12000 850 950 1100 600 1300 4500 4000 7000
Cs|/Ba|La/ H Ta|W Re Os | Ir Pt|Au Hg Tl Pb Bi Po At |Rn
133 | 135 137 [ 138 139 | 177 179 | 181 183 | 185 187 [ 187 189 | 191 193 195 197 | 199 201 203 205 207 209 209 | 210 211| 219
m 2 a2 § i3 m -2 2 12 52 &2 7] 32 an a2 12 an 12 -2 12 " 12 92 12 o Bl 62
100 659 1123 |9.00E-02 5991 186 1362 99.98 1431 74 626 196 161 T3 626 3.8 100 16.87 1318 | 2952 T047 21 100
562 426 478 586 6.06 113 -1.09 516 18 972 982 089 335 077 083 9.29 0.75 T 285 | 4T3 497 888 6.98
284 193 462 | 0497 356 | 154 0438 220 B31E02 305 526 |143E03 232 |63 0137 207 0.162 589 116 | 340 636 118 848 bh LX) LX)
500 1200 7000 5500 15000 3500 6500 | 18000 . a a
Ce Pr|Nd|Pm Sm|Eu Gd|Tb Dy Ho Er |Tm Yb Lu
Element 141 | 143 145 147 | 147 149 | 151 153 | 155 157 | 159 | 161 163 | 165 167 169 | 171 173 | 175 176
T 52 e 7 2 iR 52 5i2 ¥ -z an 52 52 (3 -2 -2 12 52 i 7
C 100 122 83 1499 1382 | 4781 5219 | 148 15685 100 1891 249 100 2293 100 1428 1613 | 9741 259
13.04 232 1430 -1.78  -146 | 1050 467 | 131 LT 1024 146 205 8.08 -123 -3.53 753 207 | 486 345
o 0 0 il 0 0 o 0 1] 0 0 0 0 0 0 [] L]
- Isotope 13 o .
+Spin 12
- Natural Abundance 1.07 U The rest of the actinide serfes is not commonly
-Gamma (g/10/6 Hz/T) 10.71 observed due fo their radioactive nature.
- Relative Receptivity to 13C 1 235
- Typical Chemical Shift Range 200 e .
(ppm) i
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(2-1) NMR Active Nucleus in Magnetic Field - Larmor precession

ARG ENE %, iz EERIE—x Bkl EE%*E(magnetic moment),
LEEhesEEE 2 /" " Larmor frequency

e e e = — =
v \
6.626*10734 joul-sec .
(magnet moment) (Plank Constant) 0
(gyromagnetic ratio)
UO,pr'ecession: (YBO/ 275)

€ Under the same magnetic field, precession frequency proportional to
the gyromagnetic ratio y of each atom (BHesaRE R FZBV4FHEHER)

Y 1=26.7519 (107%rad/T*s)  Yu3c=6.7624 (107*rad/T*s)

€ The higher the magnetic field, faster the spinning frequency
(1435 B S EERR)

r=====7========7="\



Differ "atom type” = different Larmor frequency
ZEALRRE (ie.fidh€etb gyromagnetic ratio y R[E), B HehY 58 Z 7L A 5!

| am the fast

14.1 Tesla spinner in the
world!! | prefer to
@14.1T~ | can spin spin slowly....
600MHz ! ~ 150MHz @14.1T ~

@14.1T 60MHZ!

T1H y: 26.7519 (107*rad /T*s)
13C y:6.7262 (107*rad/T*s) ‘ Yo gr'ecession: ('YBO/ZTC) ‘

15N y:-2.7116 (107*rad/T*s)




The precession frequency is @ radio frequency range
BlesARFTEAREIAZR (radio frequency)

V-1ays

=
(4 4

102 ‘ s | 100 | 10
cm um A

MW IR uv X-ray




Same “"atom type”, but “"under different chemical environment “ could
generate different signal. This makes NMR useful and interesting.

R P
‘/:in::ulatiﬂn of electrons
B.l

B. opposes B, and shields the nucleus from the effect of B,

Original content © University of Colorado, Boulder, Chemistry Published byMatthew Wade
and Biochemistry Department, 2011

r— K
-’ - -
P UO,pr'ecession" ('YBO/ ZTC) > Uprecession" ('YBeff/ 27‘5) I
s |
|
Uprecession= Lo, precession (1 -0-) I
o >0 = nuclei is shielded by electron cloud :
o <0 > electron around this nuclei is withdraw :
|
|
A s orbital |
|
|
|
|
|
|
|
|


https://slideplayer.com/user/15891070/

(2-2) NMR Active Nucleus in a Magnetic Field - Zeeman Effect

FH G5, ZBEPE 2 ZE (Nuclear Zeeman effect), B#ZBHERIBoltzmann distribution 9%

”

|
Example: 1=1/2 system, spins tend to generally aligned with or
opposed to the external field, as” spin-up” or “parallel”
and "spin-down" or "anti-parallel”.

—~4 2422 n--1/2 B Nuclear Zeeman effect

’

’ @
IMONUNT

\
B,=0 (no field) \m m=1/2 3
? o

(spin quantum number)

Magnetic Field

Ng/N, = exp(-AE/KT) = exp[(yhB,)/(2nkT)]  Boltzmann distribution

Different between NB and Na just “ppm”

, ie. NMR is an “insensitive” technique




(3) When the Nucleus receive the "Right” Energy => Resonance

AE=rhB,/2n=hv

precession

S ‘ Einduced = AE
s an ! B> 0 AE

“ On Resonance i

B,=0 (no field S =
0=0 ( ) \% m=1/2 (ex: Einducedzhuinduced)

The spin at low energy level absorb the Induce Energy, then jump to
the higher energy level (m=1/2>m= - 1/2), but still spin at v,

recession

___— m=-1/2

-
-
-




Radiation energy for NMR spectroscopy
(BAXREE %) 80-1000MHz, ErRE=55H9E 144K)

-’
-’
, - ° -
_~ - Energy=hv ; C=iv
-’
-’
2 1 10 102 103 104 105 106 107
| | | | | | | |
nm
(the wave) X-ray UV/VIs Infrared Microwave /Radio Freq.
(the transition) Electronic Transition Vibration Rotation Nuclear Spin

(spectrometer) X-ray UV/VIS/CD Infrared/Raman Fluorescence

101! 1010 10° 108 107 106 10° 104 103 102
| | | | | | | | | |

v
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During irradiation (current induced)

P (/1) Some Nuclei in lower energy sate will absorb induce energy, and jump

\

M ,=Mcosa
M,,=Msina.

—_— e -

m=-1/2

B,=0 (no field) N * * * ** m=1/2 +

(2) All of the individual nuclear magnetic moments become phase coherent,
and the net M process around the z axis at a angel a

to the higher energy state (ie BEFSIEE )

_Wmal/z
,/

Z

[



After irradiation ceases

s
”
_~ (1) population of the states revert to a Boltzmann distribution
s
7 (2) individual nuclear magnetic moments begin to lose their phase

coherence and return to a random arrangement around the z axis.

*This process is called “relaxation process”

*There are two types of relaxation process:
- T1(spin-lattice relaxation) (ie. [EZ|&{EFEE)
- T2(spin-spin relaxation) (ie. EZI & KXELE)

Zz

—— e m ===

@ ” NMR signals will be collected during this relaxation process H




? >

©) H1|

How to - "/

Obtain NMR
Signals

(Spectrum)?



NMR Hardware (ZizHIkiETREERE)

(1)Magnet (superconducting magnet)
(2)Probe

(3)Console (electronic components)
(4) Computer Workstation (Software)

warkstation nmr console



Steps for NMR Experiments :::>

Prepare LAl ks Data Analysis
Samples spectra

LProcessing / Analysis

Expt. Methods

Assignment, Structure

Expt, Design Calculation, Interpretation

17N Chemical Shift (ppin)

J Substrate Product A

o @» Product B

N
- 2as
T o i!tl
Sver e o ) .
CIR3 e O T Active Site
o @M sKTgK2t . Enzyme
Aromatic . ]
Regulatory Site
\

- Allosteric Activator
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U (1) NMR Signal -FID

*FID is the time-domain response of the spin after a pulse (irradiation energy)

Due to the relaxation effect, the response at receiver coil become a
exponentially decaying signal, ie Free Induction Decay (FID).

’TY
Y
Relaxation process / N time
y v
Fourier

. liID transform Spectrum ‘

) % L

Time . Frequency

« The FID (free induction decay) Fourier transform to frequency domain to
obtain v for each different nuclei.

precession
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U (2) NMR Signal -Chemical Shift

*The frequency of absorption for a nucleus of interest (v )relative to the frequency of
absorption of a molecular standard (v,,,,...) iS called the chemical shift of the
nucleus (notice the frequency v is in unit of Hz).

*The standard molecule for both 'H and 3C NMR spectroscopy is tetramethylsilane
(TMS). For biomolecular NMR, 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) is
used instead.

OHs .~ Q.o
HaC—Si—CH, Sio~S

| OH

CH,

*Chemical shift is used to express as 6, and 6=(v-vys)/v, Where v, is the center
frequency for magnet ( ex: 600MHz for 1H , 150MHz for 13C @14.1 T NMR)

*Chemical shift 6 is in the ratio of Hz/MHz, the result is a ratio of one part per million,
ppm (which is independent of external magnetic field )



 Notice that, the chemical shifts for a molecule do not depend on the magnetic
field. For example, chemical shift for H20 in 100 MHz magnet (2.35 T) is the same
as in a 600 MHz magnet (14.1 T).

(] ; _ Eih Sualfid Hat. alkanes
pily Aromatics R’?C—CH.E RO-ECrf-I”RS-CI-? S Rl .
' i b T i
Aleohol
RCH=CHR ——— Hio-Ch e \RC=CH
.I H Ph-CH: 1 A r-CHe 1—— ByC=CR-CH
F—CH CI-CH_I-CH
C
Br-CH—— ——R-LCH
Esters
RCOsCH ¥ yHC-CH
Oy H-CH —— — B H-CH
ECO;H Amide RCONH ROH
PhOH R,HH
[ [ [ [ [ [ [ [ [ [ [ [ [
120 110 | 100 o0 Eq n 6.0 | an 41 Eq 20 1 [ 00 ppm (&)
Aldebpdes, RCH=0 R,C=CH, , , CF Z-C1 : -1
Eetones, B,C=0 RHC'=CHE. C-HO, i—Br
.I 3C R,C=CH, :C—H Satu.ratedﬂ]kane:s
Aromwatics C-HE,
Heteroaromatics COH C—5R.
R-C0.H =
Carboxylic Aoids —— = (BC=H C—OR. C-hAr
E—CO,R! -
Esters 1—21 Sulfi:-:ddﬂs,Squn:nnes:: SDILFL:: L=t
i
B —COE. = T]
Awides —— 3 ~CECR | C—C—R

I |
200 150

| I |
Lao 00 ppr(8)



Electron Cloud

low electron density

Electron cloud shields
the nucleus from the

magnetic field

Bo Bo

high electron density

This nucleus experiences
stronger magnetic field
because it is not shielded as
much.

This nucleus is shielded and
experiences weaker
magnetic field - will appear

upfield (low energy).

The more electron-withdrawing the group, the stronger the protons feel the magnetic field as they are

less shielded by the electrons and more exposed to the field.

Increasing electron-withdrawing power

A

Scale of NMR Spectrum

Deshielded Shielded

A

Y

Higher Frequency Lower Frequency

A

Y

10 9 8 7 6 5 4 3 2 1 0

Downfield H H H H

high frequency

electron deshielded

/\C’F
H,

~4.5

Fluorine, as the most
electronegative
element, deshields and
shifts the signal of

adjacent protons to ~ 4

H, H,
~ 4 ~3.5
ppm

The oxygen and chlorine are
not as electronegative and
the ppm value is less
downfield. I, Br, and some
other groups also shift the
signal to this region.

0
)I\CH3

~2.5

The carbonyl group is
electron-withdrawing
and the frequency of H's
next to are shifted
downfield by ~ 1.5 and
found at 2.5 ppm.

Upfield
low frequency
electron shielded

Ethanol

Ho-C/H. -CH

“CH,3

This 1s the typical

less shielded more shielded

region of alkyl
protons. Increasing
the number of alkyl
groups shifts the signal

downfield.

Chemistry Steps LLC



What a simple 1D 1H NMR spectrum tell us?

The number of signals shows how many different kinds of protons
The /ocation of the signals shows how shielded/deshielded the proton
The intensity of the signal shows the number of protons of that type.
Signal splitting shows the number of protons on adjacent atoms.

Ho-CH. -CH
less shielded /\ more shielded
low —— A ,,,,,,,,,,,,,,,, high
field > field
0
Example: #iEnF ( LBZ, Ethanol)
/ CH
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U (3) NMR Signal ~Coupling Effect

* Nuclei which are close to one another could cause an influence on each
other's effective magnetic field. If the distance between non-equivalent nuclei is
less than or equal to three bond lengths, this effect is observable. This is called
spin-spin coupling or J coupling.

chemical shift of HP

Br Br Br Br v B‘"_C_‘f?{“}?}

chemical

(‘: é é é shift of H® (HP_~
Br—C—C— Br—C—C—; /L =1
Hil \
opposes \ A
H? reinforces hclg’/ e s J:“- b dope?
field - spins of H” protons: (| T YY
HP® protons HP ]1.[':1[{)||-;

reinforce field oppose field

e UL

Chemical Shift of HP Chemical Shift of He

B




Example of 1I=1/2 nuclei

‘N neighboring spins: split into N + 1 lines

Single spin: T — |

-+
One neighboring spins: - CH - CH -

it — 1

+
Two neighboring spins: - CH, - CH -

e Qi —

*Distance between the peaks of multiple is
measured in Hz

*Coupling constant does not dependent on
strength of the external field

1
11
121
1331
14641
15101051

Approx. J

—C—C—  (free rotation) 7 Hz"
~ ra
C=C (cis) 10 Hz
e ~
s
C=C (trans) 15 Hz
™~

™~ e
C=C (geminal) 2 Hz
e AN

~
e

Approx. J
H
ol
H
(ortho)
H
@\ 2. He
H
(meta)
~
/C N
C =c H 6 Hz
“H
(allylic)

4The value of 7Hz in an alkyl group is averaged for rapid rotation about the
carbon—carbon bond. If rotation is hindered by a ring or bulky groups, other

splitting constants may be observed.



Example of H-X Coupling Constant

*Spin-spin coupling takes place between all NMR active nuclei, not just between
protons. (EX: coupling to 13C, 3P, 19F... but many other nuclei can couple. )

*Coupling constant does not dependent on strength of the external field

1J XY Iy 13¢
_ | Type Type
CH,-H 125 | CHiLi 98
Ph-CH,-H 120 | ClLCH-H 178
RC=C-CH,-H 132 | O,N-CH,-H 147
Ro,NCH,-H 133 | FCHs-H 149
RSCH,-H 138 | CICH,-H 150
| ROCH,-H 140 | ICH-H 151
(NC),CH-H 145 | BrCH,-H 152
| [>—n ¢ | (CH:ORCHH 162
0 180
H 134 | >—H
H 137 | | H 137
e 1so0 |9 H 150




[ (]

U NMR could be helpful for diverse applications

®Due to different chemical or physical environment of the atom in
the molecule, as well as the difference in atom number, NMR signals
would be different !!

RFZBEREREZR—/ARE, Z@E R R AR !
R % EEA R, #5REE A=

H20 o C2H50H 0

Ubiquitin

@ Therefore, NMR could provide detail atomic structural information

for molecules under specific condition, or provide useful information
on molecular interaction studies.

ARINSF, TTHREFUSEHRSIANESMAR. B ZEIEIRG A S BRI
RofaEE/MENEZETIRZ— 8R" 2 FEFA" BIHEERENFEBX
HYBh ! !



Applications for NMR in HFNMRC & GRC

Structure identification/ elucidation for small molecules, nature
products......

Bimolecular structure /Dynamics (ex: nucleic acids, peptides,
proteins)

Molecule-Molecule interaction ( protein-ligand, protein-protein,
protein-DNA ...)

Fragment Based Drug Screening
In cell NMR / Metabolomic NMR

Others (QNMR....)



Applications of NMR Spectroscopy

M/
'\
Example 1:
Structure identification



momassivir 1 1 D

[rel]
g
[rel)

I Remdesivir in (DD

1H 13C :

-
=3

“
_
=3

— e
™
=

E
0.0

04

_M TSR D 1 O

T T T T T T T T T T T : . .
180 100 &0 [ppm)

€ Structure confirmed by NMR
1H/13C HSQC/HMBC o =i
i - : J\/D Remdesivir
e 2

T T
£ 8 4 2 F2 [ppm]




Applications of NMR Spectroscopy

<
\
Example 2:
Biomolecule Structure/Dynamics



@ Amino Acids to Proteins C/iOH_.
Nt R2-CH

A: Ala, C: Cys, D: Asp, E: Glu, F: Phe, G: Gly, H: His,
I: Ile, K: Lys, L: Leu, M: Met, N: Asn, P: Pro, Q: GIn,
R: Arg, S: Ser, T: Thr, V: Vval, W: Trp, Y: Tyr

1D one pulse 1H

~ g
Aromatic & Amide Aliphatic




[Sequence—specific and total resonance assignmen‘r}

Primary protein structure
is segquince of a chaln o aming aids

21ppm
‘ Pleated sheet Alpha helix 0. 7ppm pp
30ppm
“ SRS PP 60ppm 4-2PPM
Tydrogen bends
A | /
H SC\
- CH—CH—CO!
12\ Plealed sheet HsC
] Ay Terliary protein siructure NH
f / oceurs whan cartain attractions are |][95Eﬂ1
=} betwaen alpha helicas and pleatad shaats.
) 173ppm
1.8
0.8ppm Y PP 8.3ppm
23ppm
Quaternary protein structiire 115pp m
is & protein consisting of mars than ana
amind acid chain

_\@” Try to assign Protein residues chemical shift as many as possible “




Protein in solution 0.3~0.5ml, ~0.1~1mM

Protein Size Limitation :

<Non-labeled> (1) Slow tumbling problem

(2) Signal overlapping problem
<15N Iabeled>

13C: Nature abundance 1.1 %

@C/ISN IqbelD 15N: Nature abundance 0.4%

H o
QH/ 15N labeleD | ;
C—C-OH
@1 5N/13C labeled Amino | Carboxyl
Group Group

Side
Selected & Chain
Other specific labeled

A@ H Understand the limitation, find the best condition! H




Workflow for Protein NMR Studies

[Pr'o’rein in solution 0.3~0.5ml, ~O.1~1mM] __ Labelled Proteins >
v
—»[ NMR spectroscopy ( Select Useful/Specific NMR Experiments) ]

v
| l Sequence-specific/Backbone & Secondary Structure
Total resonance assignment Residue Specific Interaction
¥ Backbone Dynamics

__:[Defermining conformational cons'rr'ain'rs]

+ ‘NOE: distance restraints
: L -J-coupling: dihedral angle
AE:‘alculahon of initial strucfur% .Others: H-bonds..
Y

( : ]
Structure refinement
\ @cture calculation Soft w@

@I 3D Solution NMR Structure / Structure-Based Studies




[ Determine conformational constraints ]

2: Backbone:
r Mitrogen
o Alpha Carborn
o Carboxxyl Carbon
—— Hydrogen bond

Beta-pleated sheet

1
1
S14 \\/
R

L15 andom-Coil

Alpha-Helix/

The secondary structure is observed ina
localised portion of a protein.

BRotharmsted Expenrnantal Statien, 1597,

B3

Pleated sheet

|

Helices

"‘1-'
“,

The tertiary structure is the way
the secondary structures fold onto
themselves to form a protein

or a subunit of a more complex
protein.

BRathamstad EBxpenmental Station, 1997, 1958

@ ” Obtain “distance or angle “ information between atoms or bonds




NMR Time Scales for Protein Dynamics Studies

(From http://www.embl.de/nmr/sattler/teaching)

HE I EEEEEEEEEEEEEEENF T EEEEEEEEEN
[ U | |
[ U | |
[ | L | [ |
| L

- .

m [+ (] ..

|

|

|

frequency 1GHz

- 1 . u - -

- molecunlar tumbling En - diffusion

- il — . s

u internal motion® = u

u il L — i |

| ] | ] | | = - ]

- "_g chemical rea(:l:m!ls ! Exchange
u ]

A EEEEEEEEEEEEEEEEE :llllllllli

& -

bond side chain doimain enzyme

. i . i i folding, H/AD exchange
vibrations rotations movemeaents kinetics g, g



Applications of NMR Spectroscopy

<
'\
Example 3:

Molecule-Molecule interaction
/Fragment-based screening by NMR



"Free” Compound Groups

Observing Ligand .....

Our approach for NMR screening

‘1D 1H spectrum

i ‘T1p spectrum

- 0.2mM compounds
- PBD or d18-Tris Buffer @pH7.0

‘1D 1H spectrum

Compound Groups +
Target Protein

‘T1p spectrum

>| -WaterLOGSY spectrum

‘STD spectrum

- 0.2mM compounds + ~0.01mM Protein
- PBD or d18-Tris Buffer @pH7.0

Analyze all spectrum

Find the ™ Hit Groups”

1

Free vs. Complex

Narrow down to “individual Hits"”




&

e

bT "Free” Protein NMR —>

Observing Protein .....

A '| Our approach for NMR screening

‘Backbone Assignments
15N labelled protein

- 0.1mM 15N-labelled Protein
- PBD or d18-Tris Buffer @pH7.0

‘1D 1H spectrum
2D 15N-1H HSQC

~0.1mM Protein + compounds (titration)

- PBD or d18-Tris Buffer @pH7.0

1

SAR (structure-activity relationship ) by NMR

Target Protein +

Hit Compounds
Titration to find >
" Activity Site”

Analyze Chemical
Shift perturbation
Free vs. Complex

Provide information for
Compound Optimization




Applications of NMR Spectroscopy

<
'\
Example 4:
Metabolomics



Human related Metabolomics NMR Studies

TIh
e

E
II%MJ-

OBESITY
\e27s

DIABETES

II

L)
)
i, A’

HYPOTHESIS EXPERIMENTAL DESIGN SAHFPLING NME SPECTROSCOPY  SAMPLE SPECTRA  DATA AMALYSIS INTERPRETATION

Fig from Food Research International 54 (2013) 1131-1145

Plant Metabolomics Studies

AVAPTATION \
AND PHENOTYPES

TO CLIMATE ;
CHAMNGES 7 Ty

wro. ANALYTICAL PLATFORM __HYPHENATED SPECTRA_ CLASSIFICATION
Fig from Journal of Cereal Science Volume 59, Issue 3, 393-418



Different Techniques are Needed for Research
NMR can provide information @ atomic resolution

il
N R
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(4B Lo "a‘

5| I¥C
" '%rﬂ +
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