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1 mm tubes (7 pL).
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Steps to Acquire Data

« Prepare sample dissolve in deuterated solvent (CDCl,,
acetone-d, ... ) filter solution in NMR tube : fill the tube
up to ~4 cm of solution

* Insert sample in the magnet

* Lock on deuterium signal from the solvent

¢ Optimize shimming

¢ Select parameters 'H, 3C, 3'P, ....

* Set receiver gain

* Acquire the data
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Applications:
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Nuclear Magnetic Resonance Imaging also called Spin Imaging
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Application of NMR
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Structural biology

NMR Spectral Parameters

Shielding > Chemical shift
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Dipolar interaction
BRI R _> Nuclear Overhauser effect nOe
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Chemical Shift: Ring Current
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Upfield shifted resonance \
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First proton spectrum of
ethanol @ 30 MHz

Ethanol proton spectrum
@700 MHz
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220 MHz
AAMXAR %
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Chemical shift
HEAB
Chemical shift is defined as nuclear
shielding / applied magnetic field.

Chemical shift is a function of the
nucleus and its environment.
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K

BEEHJ (Coupling Constants)

c AR—ARGEFLENHES, RERETHEE
7 18] 49 28 % " 1% 4% # (Coupling constants),
RJ% %45 Hz.

S 5%

o () JRZIL B Yok, BTN, MEARE;

s Q) BTz FALBERAS, HME<20Hz;
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%1% (Geminal coupling) & #R1% R -F1%4-, B4
RT1BE.

« AR4% (Vicinal coupling)

« i&A24%4 (Long-range coupling)

Karplus Equation

The Karplus equation, named after Martin Karplus,
describes the correlation between 3J-coupling constants and
dihedral torsion angles in nuclear magnetic resonance

spectroscopy.
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Martin Karplus 2013 NP
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J. Chem. Phys., 30, 11 (1959). e
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NMR Peak Integration or Peak Area .
e NMR Peak Integration or Peak Area
b 5 L) 9 | RN N Pvee K a) The relative peak intensity or peak area is proportional to the
number of protons associated with the observed peak.
b) Means to determine relative concentrations of multiple species
present in an NMR sample.
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Albert W. Overhauser
(1926~) Purdue University

* 19534, Overhausersf & &MYk & OR#E) Bk, %
A—A&MF ke T Ak K ELRIF LB oA, BNakk
B RS ET RS FEIFRIIR, BarAXREALE
FREREWIRS, EREBEFT A AMWE. TRHFA
Overhauser® . A milestone which increased the signal-to-noise
(S/N) ratio was the discovery of the nuclear Overhauser effect, which
improves the S/N in less sensitive nuclei by polarization transfer.
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National Medal of Sciert’®
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. s , From Formula to Structure
3
(N

L1 o ot gk
= = ° ‘ E : ol 8%
—= . U e g i

— @ (50 —= . ' LI |
=3 4 v 0¥ ¢

55 T ¥ .0 Fox x
S . —. s L
oH 5 E 0 0 a ' |

e a8 2 ocHy % 3
H3CO o z©/5 o —"_ I K L . :5

W e - 8
_— = o 3 ToH 7 Ls
J— . OH _ieﬂ, |
7 65 5f§(pwn] 55 50 45 293 204

R R

? :H: p— S Fde A A M, 5 H-NMRA I BC-NMRA
*/(m/\*h_‘éﬁﬁla AR LRE RN EEGER, BE s,

ARRAELEGERER T, 2CRARFEILE X (98.9%)
B R RA BN S LENE, BCRAHE (= 1/2), 2RMAR
13

C_NMR Spectrum REERAHEN1/64, LEFEIED, RA1L1%, &E8Y
155 R HOE A A HA 691/6000, B 4E BC-NMR¥ R AL HA
RIRE R A305Fk €hkAAE W T E#(PFT) HaLHREE
A, B EMMEIN, BC-NMRAFHALES A,

225 226

| BT
Seinacousman
;

R SER TR

BC-NMRA WL FLEHRREENLY, CHER
BRTHAEZRABNERE TS AQGHIL, BN
LW BRRAE R R

de MHAT AR R IRER, d 0 H Z I
dy®o TP AR GH R MR, d b d, &
B, Bk, Ry EL,

2 FFa, Sk iEe LR,

227

FIRT SO 5 S H



AEBERER S 2522 e

Chermcal sm« (pprn)

Stigmasterol

on TE

3C NMR

Tum

Stigmasterol

S T
Cherical Shi (pem)

Chioroforn-d
5 20 515 5.10 |
Chemical Shift (ppm) |
4 00 3.95 3.90
Chemical Shift (ppm) .
|
|
i ) L L L
7 7 7 7 7 7 7 T T
7 6 4 3 2 1 .
Chemical Shift (ppm) - ?
229 230
13
13C NMR CNMR
st 582
cse Loty 5 8
NS 2
T =Se g 38 8211
~s =3 s g
TR T o TaR2., gs
EERT 889
3 8 LR ER
- : i m\ﬁy 3, w3 8 805 5
e 1 \ L
ph AT ; B w sy w e
30.00 200 180 160 140 120 100 80 60 10 20 0
ST ’
i Chemical ... Chemical Shift (ppm)
° Chemical S... o
ol - g o
N s 22 9388 2 TR
g 5|2 -8 - -
i |7 s el 173 1o
_ @ - 8 8 ] ¥ "
o 2 3 5 ~ 5 5 3 g i M
2 E < 5 T g . 2
] s 2 &
l NP - :
48.548.0
Chemica..
180 160 140 120 100 80 60 40 20
Chemical Shift (ppm) A 2 .
231 L R N R Y S N !
Chemical Shift (ppm)
O S|
(Requbtion Tneroq_G5735 | cammat ETESe Tou YT
S Do 97505 i hame MR oS I FEARBON 01,000
woncy (WHz) 15085 Nuclous e ‘mmuammm i \on el P Coont 3768 13 o]
[Points Count f:;:amas ;j::"i:.;:.m STANDARD ‘Re:«vuﬁﬂn mm ‘ CHLOROFORN-G K, C NMR
T 13 N
T A C NMR R \
| -
200 150 100 50 PPM
234

RIRYIM AT =

S SRR




AEBERER S 2522 e

K

e — A S
|
< l \ - E S (s gt o rovarmon © Crpedcompe a0
0 a5
G 100
@
15
£
2D NMR Spectrum ;
=
0
125
€
10
80 79 78 77 76 75 74 73 72 71 D 69 68 67 66 65 64 63 62 61
2 (pom)
235 236
HSQC 10
H
on
+ , 43 3 &
® ¢ A i
A AP M A W oo
— |10 s ® ¢ o1
— F20 rao
. ot 5 8 Jo b 1
[30 . 5
4 wo ® 8 = e :
—_—— ° 3 o |40 30
= o ® 5 -t - :
5o Q¢ - tobas
e = L 40
g CH.
— o ° 70 ; 6 & =v ) ‘ s
= o Ls
= AR 8 2 - 6 f @ - wd 50
90 0 O 55
L 100 HO @
0
— F110 H|QGQH, =
7 . F120 2 10
L F10 1 - O« = wh i
54 52 50 48 46 44 42 40 38 36 34 32 3.0 28 26 24 22 20 18 16 14 12 10 237 - 7%
2 (ppm) 3.5 3.0 2.5 2.0 1.5 1.0 Fom
H,;CO. 0.
3 O O OCH;, -
ol
=1
OH H3;CO O 4
Jﬂ OH O OCH3
! 32 34 30 ) 28 7 OH
- " Chemical Shift (ppm) - OH O
2le
f o
33
. FE S
6100 6.075 5475
Chemical Shift (. Chemic..
3800 3760
Chemical Shift... 2 ]
emical Shi 5. . 2 £g gle
© ite g% g EI® -8g & 8 2R
s 585 =% b= T1E &sT | g
[ 2 sTE 3y 8 15 83 e
‘ | i ‘r <l i T
, , I
o i e
ety T y T r r r ' ; AR Aa A B B SARAS Liss sukaa sy aRaaA R T Py
12 " 10 9 8 & # 2 1 200 120 160 140 120 100 80 60 40 20
230 Chemical Shift (ppm) 240

RGP A BT S2IE SR

10



AEBERER S 2522 e
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Ciguatoxin CTX Maitotoxin MTX
Polyether ladder KR EEE

C64H,560455,Na,
32 ether rings

oH 1.1 mg from 4000 Kg of moray eels

A C55 fatty acid coiled into one terminal spiro and twelve
contiguous transfused ether rings ranging in size from oxolane
to oxonane. The remaining structural features were
unremarkable-five olefins, five methyls, and six hydroxyls, two

as a terminal vicinal diol. oH' wo
(LDs, 0.25-4 pg/kg) 247 Murata, M.; Iwashita, T.; Yokoyama, A.; Sasaki, M.; Yasumoto, T. J. Am. Chem. Soc. 1992, 114, 6594

| | fl ] Maitotoxin | )\ e
A "{it)
o hFLHA: NMRESAKWBKARET ST HHENR
s Fexa.,
CroHascOuSaNa, | o NMRE5E8EEEFENITFE—HERRKTH
1 XS 3
| o HBE: FEREOPLHLTHTPEEHAT K
Bk,
MMJW - o Bi: Eowbs b5 —AEHRTHKE,
SESEI—— ast QMU R T XIS VS LU TEY Y E PP
P T T T o R PAERLHE AT,
MTXKRBIAREEEARANMR-MSER AL EE TR PR R AARE 250
R R R O AR AT Kurt Wiithrich and NMR
of Biological Macromolecules
FRAT 3 B

1) EosifmE, B, R2RRFLGEL;

2) HE R

3) TGP FHEMA S TFAEERAK
FPHRTHHE, AL T A — AR,

4) BRTEHKNHAE (ERAKBDWHHAR) ;

5) ERFHEMSK: R, REaRK, RRFE, ZELAK

6) HBEMEL, BETRIGLEMX;

7) 3t e s AT AR

1. AZAERGHFLLEMMAGLE, KRS AHA, B THEN,
2. TRE—MHHEER, CRELHEABBULYE— GRS T psH.
1 The Nobel Prize in Chemistry 2002
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The Nobel Prize Laureates in 2002 Experimentally Defwed Structural
Restraints

Overhauser effect)

e structure determined from short-
range H-H interactions (<6A)

Residual Dipolar Coupling

* bond orientation

Chemical Shift Index (TALOS)

\ * bond dihedral angles
Kurt Wiithrich 1938 The Nobel Prize in Chemistry 2002 }};csh;‘rd 1';9';':]‘;‘ J_cgupling constants
19854, %1 fl Kurt Wuthrich 80 % AR T £ — A& & R 1954, p53 WT core domain * bond dihedral angles
2017412/, Kurt Wuthrichs % # #&7 THA A b BEF” 0iE%RL, Hydrogen bonds
Wiithrich collaborated with, among others, Nobel laureate Richard R. Ernst * from hydrogen exchange protection
on d v ping the‘ first two-di '. 1 .NMR ex!)eltiments,. and established factors
the NOE as a convenient way of measuring distances within proteins.
Multi-Dimensional NMR: Reducing Peak Overla
How to Interpret Spectra? g P
o
sl
125) A
= jAAi o fix B
w 0 3 [ : = ﬁ‘-‘* ; A . "
o ppen) x )
Spectral parameters Structural implications S _,lfl A‘Aﬁ—'\ A i "
Resonance frequency Atom type (and near neighbours) 'AI: » _‘Jg i
Modulation of frequency Spatially near neighbours = S S 4
Correlation via dipolar field Chemically bonded neighbours h =
Correlation indirectly via electrons Dynamic consequences
(scalar coupling) Fluctuating magnetic environment ? o
Relaxation

200315 DU/RESFE S TR Magnetic Resonance Imaging (MRI)

A RAEEF A5 R

s S IR AR

i A =
- -v& ‘ix‘é-»

BHRE KN G ERABBRIRBBET, AERHGRA

L : . . 19007 T, RAREHE, LE360% o
# , ,
A £ kA% (Nuclear Magnetic Resonance Imaging, MRI) EARE BRI AREE B R 0LES.

Peter Mansfield
(1933-) Englisn

Paul C. Lauterbur
(1929-2007) USA

258
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B LR AR 15— R LR AR 15

the heart | "—I
woid W cross saction

pancraas

o GEaN Nuclear Magnetic Resonance Imaging, MRI

b1 fRiE WA B R

BAS & RTRBIE 1986-F4 A 268

194548 7 6 B L4 88+

MRI is used for imaging of all organs in the body

Magnetic Resonance Imaging

¢
m| = o) )

o BBe LT

"\
AvFrep NoBeL /g
o
Peter

200355 N REFE £BMNFEETF F4H%H R (Paul
Lauterbur)#=3% B A5 K4 13- & A7 FF R i&(Peter Mansfield )

+  What is MRI?
+ How does MRI work?
+  What is MRI used for?

i  © Are there risks? o
Paul C. Lauterbur Peter Mansfiel £l
YR RBRTERY, RRTGEIERY>RERTH. REBEHHRGRTH A b 8 6 2 SR

AL E fott K, SR AMKARGEA BB RIAHKATFAKRAR

HHORS, KTRA—AEEELOBUTL—HRARAR. W‘“iﬁé*‘:;ﬁf"’li’fi‘?ﬁi
cience . , 1151115

MRIFARHBEAXSZTEZE EEMEE “RREEIRRIGEARZA” -Paul C. Lauterbur

Invention of the MRI scanner revolutionised medicine

B R !
1986 Bl
. p % % -% %7 /R(Paul Lauterbur), ‘the father of MRI’, ¥ EAF %,
Paul C. Lauterbur#=Peter Mansfield £ 48 3 AL X, £ MK 7% 3 EERTOERD, JHTAAMIRFRRABME, RES Tk

BAFFRLERGH R . T BaLRAGERE 2R E L0

33t A, {2 ORI 2
HEFZRARBES. LA FHANLRINMRE EF L8 5 o & M ¥ 7 473K . National Inventors Hall of Fame, class of 2007,

BRAmEL, REAFRMSENRE,

FARZEIIL 4T3 s S



AEBERER S 2522 e

Studing Intact Tissues Using NMR

Lauterbur's wife and scientific partner

M. Joan Dawson
1944-2017

Dr. Dawson was a respected member of the biomedical NMR community,
helping to pioneer the use of NMR to study the linkage between metabolism
and function in living systems. M. Joan Dawson, the wife of Paul C. Lauterbur

Sir Peter Mansfield

The Long Road. To

Stockholm
TheStapy'ef MRI )7
dopiography

“WPETER Mli.!.:l.SI:',_IEL_D
(=27 &9, 258 § 3 829 SR I e
AT RAR(1933-2017) AT EBARI TR POER, EATHS
HE. BT RERNGRE TR TRRRH AR RBABR &
RERERF A E—F . REBIAARFHEH KN T RBEHA
P BEAT AR 69 2 P R (EPT), XRMAR WL T ARk mAg o0 ok,
HEMRERATARET LR, ERERHAKLELTE AN,

Sir Peter Mansfield at an MRI scanner with
Margaret Thatcher and Sir Colin Campbell

The images were presented at a special meeting in 1976

Raymond Damadian

Changed the face of medicine in 1977 with
the world's first MRI device

20035 ENREZFREFEHE LRV HEE?

Raymond’s MRI scanner
e— Revolutionized
§ f p \ The Medical World

SUPLKNOWIEDGE

Raymond Damadian - First Patent in the Field of MRI

2 3

ook o

-] .%u]T | g 5

o[=]< ]l

=S e

NUCLEAR (NDUCTION T
APPARATUS 8 DISPLAY z

"Apparatus and Method for Detecting Cancer in Tissue." A patent
was granted in 1974, it was the world's first patent issued in the field of
MRI. By 1977, Dr. Damadian completed construction of the first whole-
body MRI scanner, which he dubbed the "Indomitable."

Raymond V. Damadian, MD, 1999H
e imaging

Irwertor of magretic

Pl Oz, 40, 20048

Denied Nobel for M.R.I., &
He Wins Another Prize

D

President Ronald Reagan presents
the National Medal of Technology
to Damadian, 1988.

Dot o 150 4 e f Kimart 77
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