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NMR NMR

NMR
NMR
NMR
200
13C/15N/2H
NMR
NMR
13C/15N
(13C/15N/2H )
1H 15N
strategy
NMR
M9 ( ) 15N NH4Cl / 13Cs-glucose
M9
M9 LB
1:3 15 LB 1L 10mg
M9
M9 Martek( ) / CIL(CIL
) / Silantes ( )/ M9
M9
100 M9
(99%) 75-80% 70%D20 — 30%H20 50%
150 50% 150 80%
glucose a
99%D20 M9 M9
3~5 200
Ho 90% 200 HSQC / HMQC-type



3D-NMR TROSY-type 3D-NMR
99% D20 M9 glucose
(@) 2H glucose
M9 (2)AcONa glucose 13C/2H
glucose D20-M9
adapt
20 1H
20 40 15N (genel0/ GST / Thioredoxin)
100 15N/13C
100 15N/13C/2H 50-80%)
150 15SN/13C/2H 80% )
40
genel0 inclusion
body Thioredoxin peri-plasm
M9 (aL )
recipe A recipe B
NazHPO4 (12H20) 15¢g 1l4g
KH2PO4 (anhydrous) 39 39
NaCl 0.5g 0.5g
NH4CI(*5N) 0.7-1.0g 0.5g
MgSO4 240mg (M MgSO4 1mL)
CaCl2 14.7mg (50mM CaCl2 2mL)
FeCls - (10mM FeClsz 330uL)
MnCl: - (50mM MnCl2 1mL)
Glucose(non-label) 4.5¢ 4q
Thiamine 10mg 20mg
Base - each 20mg
Biotin - 20mg
**Base : adenosine / guanosine / cytidine / thymine
NMR 3D-NMR
H20 D H
1H-1H
NOESY 2
NOESY
13C
NMR
NMR
PureSystem His



IMAC pass through

NMR  13C/5N

SAILS NMR

NMR
NMR 1mM
NMR

NMR

95%H20-5%D20 99.9%D20
0.5 2.0mM
300uL 5mme
500uL 5mme
pH 2 8
0 50
500mM fol 200mM

D B, B, B,Tris,MES

1mM
10K 10mg/ml
3D-NMR
15N/1SC
I5N/3C/ 2H
strategy

NMR

pH SH detergent

3 4 NMR

SIN 2

BC T2 3D



a)

b)
c)
d X
e) NMR T2 ( )
f) NMR (diffusion ordered spectroscopy)
g) Constant-time 1H/15N-HSQC, tH/13C-HSQC
h)
i)
g) 2D-NMR
HSQC 3D-NMR
S/IN
minimal data set
minimal data set NMR NMR
NMR
NMR
artifact
minimal data set minimal HNCA
HNCACB



1H/15N-HSQC

HN(CA)CO HNCO c
HNCA HN(CO)CA Ca
HNCACB CBCA(CO)NH  Ca/CP
HN(CA)HA HBHA(CO)NH  Ho. (HB)
15N-edited-TOCSY Ho/

1H/15N-HSQC

CC(CO)NH / HCC(CO)NH
IH/3C-HSQC  !H/BC-CT-HSQC
CCH-COSY / CCH-TOCSY 13C
HCCH-COSY / HCCH-TOCSY 1H

NOESY
15N-edited-NOESY / 13C-edited-NOESY / (13C/13C)-4D-NOESY / (15N/13C)-4D-NOESY

2D 3D-data
strip strip 1
pH peak
2D 3D IH/A5N
3D 13C
15N-edited-NOESY / TOCSY HBHA(CO)NH 1H
2D 3D ( )
3D
"strip-based approach” 1H/15N-HSQC
NH peak 3 (strip)

(1) 2
strip

NMR



S/IN

XEASY Pipp NMRView P-ROI
system (with NMRDraw / NMRWish) NMRDraw NMRPrime
IH/15N-HSQC peak pick peak file peak ID
HSQC peak NH peak NH:2 peak NH
HNCO strip
NH peak C peak
NH peak 2 peak
peak pick HNCO C peak file
HN(CA)CO peak pick HN(CA)CO c peak file
HNCA HN(CO)CA strip
HNCA NH(i) Ca(i) Ca(i-1)
HN(CO)CA
strip
peak pick Ca Ca strip ( )
peak
NH peak HNCA strip
peak file
HNCACB CBCA(CO)NH 6 Ca 6
peak file CpB peak pick
HNCACB
Cp strip peak file
NH peak
peak file NH peak Cal/Cp Cal/Cp
i NH HNCACB Co/CB Co/CB
Co/CB i-1
i i-1
i-1 i-2 C N



. NH peak

8
NH peak
N
HNCACB/CBCA(CO)NH
HNCO/HN(CA)CO
HNCA/HN(CO)CA
HNCACB HNCA 13C
Ca/Cp Ca CpB
Cavanagh, “Protein NMR
Spectroscopy” Academic Press, Figure 8.2 /8.7 BMRBS
peak
S/N
NH peak
peak NH, N, Ca, CB, C’ NH
15N-edited-TOCSY HN(CA)HA HA HA
Ca/CPB random coil
CD o/p
15N-edited-NOESY NH peak NH NH/Ha NOE
HA(i-1) - NH(i) NOE
NOE
NH(i-1) - NH(i)) NOE Ha(i-3) > NH(i) NOE

peak




1H/13C-HSQC H20

D20 NOE 13C-edited NOESY HCCH-TOCSY
D20
H20 HN 3D-NMR H20 D20
12c/13C H20/D20 pH/pD
HN H20 D20
IHASC-HSQC peak
Ha/Ca, HB/CP
Ha 15N-edited-TOCSY HN(CA)HA
HB HBHA(CBCACO)NH
HB 15N-edited- TOCSY
HNHA HNHB HN(CO)HB Hp
P X1

Hy/Cy H&/Cé He/Ce

Glu/GIn/Lys/Arg/Met

CC-(CO)NH Cy/C8/Cse
HCC-(CO)NH Hy/H8/He
Hy/Cy H3/C8 He/Ce peak 1H/13C-HSQC
peak CCH-COSY / HCCH-COSY / HCCH-TOCSY
Hy/H3 7
CH CCH-COSY / HCCH-COSY
Ala/Thr/Val/Leu/lle/ Met
Ala
Ala B HBHA(CBCACO)NH CBCA(CO)NH
Thr/ Val
Thr Val vy CC-(CO)NH / HCC-(CO)NH
B
lle
lle vy CC-(CO)NH /HCC-(CO)NH % o
y -CHs HCCH-TOCSY
IH/ASC-HSQC peak
Leu Met 1H Met
Leu
Leu o CC-(CO)NH / HCC-(CO)NH
HCCH-TOCSY
Leu peak IH/A3C-HSQC peak
F3 strip

strip o) a By



Leu HAJ/CA peak strip

Leu HB/CB peak HCCH-TOCSY  strip y
Met
Met ¢ o HB Hy NOE
Asn/GIn

Asn / GIn NH:2

15N-edited-NOESY

NOE

15N-edited- TOCSY

HN(CO)CA

[GIn]

Arg
Arg NHe 15N

H& / Hy / (HB)

HNCA HNCACB
Arg  NHn

Trp

Trp NHe NH HNCA
15N-edited NOESY

Hbé HB NOE
Phe/Tyr & €
170-220Hz 1Jcc 50-80Hz

Tyr / Phe

non-label(*H ) 2D-TOCSY
NOESY 2D 13C-edited
13-15% fractional 13C
NOESY
(aromatic) CCH-TOCSY Cy/Cs/(Ce) HBI/CB

Trp

CHe 2 CHo 1 Tyr/Phe 1H-1H
HB/Cp
His

His Hs2 13C-edited-NOESY
15N
2-bond coupling

NOE

HB NOE
1H-15N HMQC
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HN C§

Hd

flip

NOESY
HB

Hel
HMBC

Hp/Hy

Hp/ Hy

Cy/Cd

chH

13C

1H_1H

13C-edited 3D

NOE

Nb51/Ne2



NOE

NOE 1
10 15-20 100 2000 NOE
NOE NOE NOE
NOE (i) — (i+1) NOE NOE (sequencial NOE)  (i)-(i+2) / (i)-(i+3) / (i)-(i+4) NOE
(medium range) NOE NOE (long range) NOE
NOE
NOESY 15N 13C-edited 3D-NOESY I5N/13C
13C/13C-4D-NOESY 4D-NOESY 13C/5N
4D-NOESY NOE
3D-NOESY 3D-NOE
NOE "structure based NOE assignment”
NOE
2 unique NOE
unique NOE
NH
NOE X1
2
NOE
NOE - sequential NOE - NOE
ambiguous NOE
"ambiguous NOE”
ARIA CYANA
NOE
NOE
(unique NOE unambiguous NOE)
13C 15N
unique NOE unambiguous NOE
3D-NOESY peak
NOE peak (line shape)
13C constant time 13C-edited NOESY
13C

11



NOE

() NOE
() ) NOE (vicinal, geminal) NOE
() csl 2
Ha(i-3) - HN NOE
() NOE ambiguous NOE
NOE "network anchored NOE” i Ha
X NOE i HB
NOE unique NOE
NOE
NOE NOE
ambiguous NOE X NOE
() NOE
4A
4A NOE
() NOE
NOE “contribution”
90%
(10% )
() NOE
NOE
NOE NOE peak peak
90% peak
NOE 10%
()
2
NOE
NOE
proton NOE
NOE
NOE NOE
NOE NOE

spin diffusion
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NOE

NOE

NOE

NOE



NOE NOE peak

NOE
NOE
noise  peak
ambiguous NOE NOE
NOE ambiguous NOE
NOE
NMR QC
NOE
folding
NOE NOE NOE (
)
NOE
violation
spectra
NOE
NOE
NOE
NOE
van der Waals NOE
RamacHAnNdran'’s plot NOE
IH-15N  NOE local NOE
local NOE
a-helix B-sheet B-turn
NOE
) (2
NOE NOE violation
(C)
NOE
NOE
S
¢ 3D-HNHA 2D-HMQC-J Ho HN 3]
R
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1]
(O
Co/CBIC’
HB x1
HNHB HN(CO)HB 3D-NMR
HNHB 3JHB-N HN(CO)HB
Leu/Val
Leu/Val Senn
M9 glucose  13-17% 13Cs-glucose
coupling pattern
2
NH-OC N-C NHO
NH HD
h2JInk-c / H3Ine
NMR
N-C N-Ca Ca-C
NMR
()
NOE
NMR
ambiguous NOE
NMR strip
strip

XEASY ETH, Zurich, http://www.mol.biol.ethz.ch

Strip
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HNHB 3JHAN

o
3
fractioal
proS proR
BBC-HSQC 1
HNCO-TROSY type
N-H
NMR
NOE
DYANA



98

peak pick base NOE assignment
Linux / Lesstif XEASY Patch
(mailto:hiroakih@yokohama-cu.ac.jp) OpenMotif 2.1.30 patch

NMRDraw / NMRWish (NIH, LA )
3 4 NMR nmrPipe  viewer peak pick

plane peak top

NMRWish UNIX
Tcl/Tk NMRWish
3D-NMR
script DYNAMO
P-ROI (BERI, kohda@beri.co.jp )
http://www.beri.co.jp/groups/sb/nmr/P-ROl/index.html
P-ROI (paper region of interest) NMRDraw / NMRWish Tcl/Tk strip
strip
S/N
Pipp / Stapp (NIH, LA nmrPipe )
3D/AD  peak pick strip peak
YCU,
PDB NOE
NOESY manual
NMRView (Merck, http://www.nmrview.com )
NMRView TcliTk
GUI Strip WWW
3D-NMR Tcl/Tk

Kingyo

Kingyo NMRView 3D NOE
ANSIG / ANSIG on Linux (Per Kraulis)

Linux
SPARKY (UCSF _http://www.cgl.ucsf.edu/home/sparky/ )
CYANA
UNIX Python
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