Problem Session
Oct 13, 2018
Hiroaki Itoh
Please assign the signals of region A in Figure 1. 'H-'H DQF-COSY, 'H-'H ROESY, 'H-"3C HSQC
spectra, and an overlay of the "H-'H TOCSY and 'H-'H ROESY spectra are available as “spectra.pdf’
(pp. 9-13).
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Figure 1. '"H-'"H TOCSY spectrum of 1 in DMSO-db.
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H chemical shift assignment of peptides using 2D NMR experiments

1. Introduction

'H chemical shift assignment of peptides/proteins is important for

B Structure validation or determination of peptides

B Secondary or higher-order structure analysis of peptides/proteins

B Chemical shift perturbation experiment for analysis of intermolecular interaction

One-dimensional "H NMR spectrum is less meaningful in peptide or protein analysis due to the peak
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Figure 1. "H NMR spectra of (A) magainin 2 (23 residues) in H2O/trifluoroethanol-ds (3:1), (B) basic
pancreatic trypsin inhibitor (58 residues) in D20, and (C) staphylococcal nuclease (156 residues) in
H20/D20 (9:1). This figure was taken from ref 1.

overlapping (Figure 1).
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2. Methods
2D NMR experiments for the analysis
homonuclear (H-'H) correlation
through-bond correlation: DQF-COSY (correlation of J-coupled protons), TOCSY (correlation of all
protons in a coupling network)
through-space correlation: NOESY, ROESY (spatial proximity)
heteronuclear ('H-'3C for non-labeled peptides) correlation

HSQC, HMBC

Assignment
1. Classification of the spin system of each amino acid using COSY and TOCSY

2. Determination of the sequence of amino acids using NOESY, ROESY or HMBC
3. HSQC is also helpful to determine a pair of geminal protons and the proton connected to the

characteristic carbon that has an isolated chemical shift



Classification of spin system (20-proteinogenic amino acids)? using COSY and TOCSY

unique: Gly/Ala/Val/Leu/lle/Thr

AMX (CH2, two CHP signals form AMX spin system): Phe, Tyr, His, Trp, Asp, Asn, Cys, and Ser
Ser can be distinguished because of lower field CPH shifts

long side chain: Lys, Arg, Met, Glu, and GIn (Orn)
Met, Glu, and GIn can be distinguished because of lower field C’H shifts

no NH: Pro
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Figure 2. Schematic representations of the patterns of cross peaks in COSY and TOCSY spectra of
alanine, serine, and ornithine in DMSO-ds.



Determination of the amino-acid sequence (connectivity of each spin system) using

NOESY/ROESY
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Figure 3. Schematic representations of the patterns of cross peaks in NOESY/ROESY spectra of Ala-Ser
dipeptide unit in DMSO-ds

Table 1. Random coil "H chemical shifts for the 20-proteinogenic amino acids?®

HZNQJ\H/\WN% \)J\N/\H/OH

Gly-1  Gly-2 Ala-4 Gly-5 GIy-6
Gly-Gly-X-Ala-Gly-Gly in deutrated buffer (pH 5.1 50 mM phosphate, 1.0 M deutrated urea in D20)
residue X  NH Ho HP others
Ala 8.24 4.32 1.39
Cys 8.32 4.55 2.93,2.93
Asp 8.34 4.64 2.72,2.65
Glu 8.42 4.35 2.06, 1.96 yCH2 2.31
Phe 8.30 4.62 3.14,3.04 Ar7.28,7.38,7.32
Gly 8.33 3.96
His 8.42 4.73 3.29,3.16 Ar 8.58, 7.29
lle 8.00 417 1.87 yCH2 1.45, 1.16, yCHs 0.91. 8CHs 0.86
Lys 8.29 4.32 1.84,1.75 yCH2 1.44, 3CH2 1.68, ¢CH2 2.99, eNH3*, 7.81
Leu 8.16 4.34 1.62, 1.62 yCH 1.59, 6CH3 0.92, 0.87
Met 8.28 4.48 2.11, 2.01 yCH2 2.60, 2.54, ¢CH3 2.10
Asn 8.40 4.74 2.83,2.75 yYNH2 7.59, 6.91
Pro - 4.42 2.29,1.94 yCH2 2.02, 8CH: 3.63
Gin 8.32 4.34 2.12,1.99 yCH2 2.36, 8NH2 7.52, 6.85
Arg 8.23 4.34 1.86, 1.76 yCH2 1.63, 8CH2 3.20, eNH 8.07
Ser 8.31 4.47 3.89, 3.87
Thr 8.15 4.35 4.24 yCHs 1.21
Val 8.03 412 2.08 yCHs 0.94, 0.93
Trp 8.25 4.66 3.29,3.27 Ar7.27,7.65,7.18, 7.25,7.50
Tyr 8.12 4.55 3.03, 2.98 Ar7.14,6.84

These basics of assignment can be applicable to the non-ribosomal and post-translationally modified

peptides.



3. Turgichelin
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turgichelin: an oligomer of two Ser and three Orn derivatives

isolation: from Streptomyces turgidiscabies as a siderophore (natural product as an iron chelator
produced by bacteria to uptake Fe ions for their growth)*

For structure determination and assignment of siderophore, gallium (lll) is utilized (substitution of
paramagnetic Fe(lll) with diamagnetic Ga(lll) for the NMR experiments).

Step 1. classification of spin system using TOCSY spectrum
Step 2. differentiation of three Orn derivatives

Step 3. determination of the amino-acid sequence
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overlay of TOCSY and ROESY
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overlay of TOCSY and ROESY
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Figure 4. Assignment of TOCSY cross peaks of 1.



= TOCSY
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Figure 5. TOCSY correlations and key ROESY correlations of 1.

Table 2. '"H NMR chemical shifts of 1 (2.1 mM) in DMSO-ds at 30 °C (800 MHz)

residue position o ppm residue position oppm
NMe 2.50 NH 8.87
NH 8.77 Ser-4 He 4.50
He 3.90 HP 3.36
HP 1.90 3.59
1.53 NH 8.52
N-Me hfOrn-1 Hr 163 Ho 473
1.31 HP 1.96
H? 3.47 cyclic hOrn-5 1.60
3.40 HY 2.28
formyl 8.07 1.77
NH 8.99 H?3 3.50
H* 4.72
Ser-2 Hp 371
3.60
NMe 2.47
NH 8.92
H* 3.63
HP 1.71
N-Me hOrn-3 1.65
HY 1.68
1.59
H3 410
3.39
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H-"H DQF-COSY spectrum

(]f 1 in DMSO-d,

ppm

b

W

2
-

Touas

| AR

w9 w w o ®© o m o w 9 e
o © ™ < 0 0 © © ~ @ @ o a
1 1 1 1 l ] L 4 l }
; : " " " : “ " " _
= b o focinee N Pt TN (SR e ITRENETN R, SOOI IO o )
1 al : ' H -
: i | H {
....... [ 2 SCRPE NPT BN )
" " ” : -
A “ " H
....... PR (R ST SO (5
' ' | ' N
_ : " :
' | ) wn
"
:
.




DMSO'd6

1i
TH-TH TOCSY spectrum of

6.5

8.5

e | LT R DRpR Ry S e i
P R N——
s e v
-
|
o g AL S e R A N e e e
i i e
g ,
‘ -—---a
+
B B, B L o e
————————
T - r -
A , 2
B T e ST — - e S
Yo
JOgS
- B e
CEE S R, ol , i jeseescepemalaad
1 T r
-
Fe-ess
- ) i L T
' "> ) 1l
ot i e e
e
eRrC ke Ry SENIRTULr RN SR, Ly S LY .
-
e
A i i S B e i e 8 A
¥ e
LY s £s | ARCESICHE
PR Py SER e ol Foekeuk A sawad e R
e
RO RN F
r ks Ay S
i i e e 1 o ——— T e
|
P T
e ot PR e e PP SRR PR SOSpR
oninbam
—
i Bk
PEREP L, T e e g e e g e o e - S e e e b
! L) S
-
r = _——
r-
Sawe
EERREE T RIS ST ol IRAPCIpotin ot bpioy ey X PPN D s R oy
B e o
PR
SRS I} e e S A S S e T
23
Sl
PRt
i e o O e e A m b ————
S
-
b -
A
., " L L L n
1

oSSl
e TN
S R

70

-
%

T e
NmATas

4

. o 0
R

svnen B

8.0

FHE RS e
o R

e

9.0

p— B - CTCTSDRS R SRpE R N
o i W i
PEReS STy
5T - e == Ty
e i
SRR SR
R L O o e
SR A 4 )
Rk
PRSP SN
S TRt e Csite
——— 4
[ ——
U
PA——...
o i T o, i s i e, g 5
g i
i
o e e e e e e
e
i
i o
- SRR U RE T SRR b
e 15
L
SLEEEE t
e e i - - A R (PR
il TN
P P
o 5 e e e
ol . —_—
PR SO
P, S
o et
" i
S 52 & L
@
' I ]
s ]

1

by St
——bm—

ppm

15 1.0
25 20

45 40 35 3.0

55 5.0 d

65 6.0

7.0




W 2 ®w 9o ®»w o Ww 9 1v o w ©o ®w 9 ®w o ®w o &
o - - o~ ~N [} ™ < < wn n [{e} o ~ ~ [-<] (=<} (=2} o
| _, _ 1 ! | | 1 1 | W | | 1 ] | ol
' H ' H H ' . 1 ' H V 1 ) H b
; A ! : _ _ “ ! ! : ; " _ _ 4 C
B A et SRR EEEee B e e e e L B e o el
: : ! : ' _ . ; : ! T'e
el M | M esnac IR . S Plosiiis Ml o] N
: n : [T T R i P
" : : : ! “ ﬂ bE s
I I e RTETS! I (e~ )
: u “ : : e s Bia
] ' ' ' 1\ ' Q.
H H H ; H 1 » )
,,,,, VISEYER TSNS, [(FONTNN SN  SANRY, S| O B G
' ' ' 1 | i | I o~
H " : : ! ' ! ”
" ; : : ! : o “
| | i | . . | | w
: ] “ _ : : . b o
Y g i e e e S S e A . | SR SEE A e s S S Ll O
' i h ' | ' (4r]
> - ‘ e =
| L (- =y
':.y“:ylﬂu-'.ll..lﬂ‘-.ﬂu.. =L

sees g

'
RN SRRy SOSORORSTI ARkl N

T Ll
ML : ppm

'
' ' '
' ' '
' ) H
AR S EORE SRS R SOUPIROR. S
' ! - '
| ' |
| \ ' '
| ' ' |
: ‘ : i o o ol AR B VA 5 I e S e e e B s
R s - S T ey A
' ‘ | '
' ‘ | '
' i | '
i ' | |
i . | -
) ' . L | e
cemdenascca oo e . =S, L RO . A
' ' ' |
L in " !

"H-TH ROESY spectru



NJLUMU MM

N

TH-13C HSQC spectrum of 1 in DMSO-d

70

----+ 50
60

Hippe—

R P

~----£150
----£160
----£170

PR —. )

SR VORPRCRSR WEPRER S S SRy IS PRy

S S S ST

10 05 00 Ppm

1.5

85 8.0

9.0

9.5



2.0
2.5
-+3.0
- 3.5
~4.0
fas

-5.5
6.0
|65

—
—_—
N
-] g
!
d i ' } | | ,
O ' _ ' ] ' : ' ” : ! : ” : : ﬁ
iR s ERCTCEN, RO | ST (. B | [ P : , : : f H :
() | B I B e S R S - . . 4 . : -
A _ H ! \ y 7 ' : ; ; i . i F 9
p ! | \ ) \ ' ' i ] ¥ ] Il i " |
| | \ \ H H H H ‘ : ) H ) H |
) foee 2 i | ; i | _ i : ; ; : | i b oal
| SRt TS o PP S | Ee— Sy | CECECT S ——— S = SR | o (R : . MECeaE e, F LS, b, S
o VI i ! ! ! ! { i e = e
_ ,, g ! " " . _ ; | | | _
¢ 1 i ' | ] H H H ! | ! |
M ! ! O“ { | I i ] ' 1 | i
e (RSN T 1 S  PRED . BUTIUDS, NN R EINS. o8 4 H - L | wn
i ' e { 1 . b ARy [ S W S o mr—
— — _ } 8 'Y e n 1} t 1 1] |
| 1 @ { ] ] 1] ] _ q
| g H t s | m | | | |
i | A" “ 1 ] ]
O R G NGRS O NS SV T W 1e
e ] ] ¥ } ¥ n&
| H ! ; { 1 { i ! "
] u ) i ] I} 1 “
| 1 ‘ | i i |
| i § | i 0
] i H i 1 i
¥ ' [ i ]
© 1 | ' ' : | i
H __L S 8 S IR, S| B o] | SR | PR TR — I
1 |n| ] i ] ] 1
~ i v } BRAE - I " | g H \ =5 P !
) =28 - % P ocle IR e %o ¢ fae fo e » P oceld o
B A o @ §-- e L - et dtat e s e e e LSO SRS, - B 1)
“ ! ! v Jy P eRee .. B.a “ | i | _ , Y B
- e i 4 { . i T8 1 =i ' ! ! { : ! 2
— ! \ : p ! Nt \ H | i | i \ | H f
B U S . | S = - W ¢ 3 WS I IO O A N 3 A
© { g S i e | v i e - { T G raliEias S Bl Sikitui G st bartaleiclsl ink e
{ |y | b ® H ! 1 \ { N { o | t
| e ; ' | | | ! ! ! |
[en ! } } : ] i | i i | ! \ 1 [
| \ \ ; \ | i | { { { |
a \ ,v ” 1, " ' 1] ] " 4 ] | w
s LTI FEERUEIVONONO UGN S— i e S I :‘T-- - B s STV PR SR inI...n‘.TLll&.r
| ” " : ¢ | | u _ _ ! “ u _
_— \ |- o - ¢ | e - - - | ] « i - i & - -
e | \ | i i ¥ | l 4 ﬁ 1
| ! \ [ [ A 1 | ! | { ]
—_— ! ! L I H— i | H i L } e
B e e S Y SRS [ S | e pommmen demmmman o Aemmmmmn e boam
e} | , ] ; H 1 { 1 ! ; I w
1 ! ! i { | = H | | | { |
| - { ! W ¢ i 1 | | | { | |
- ﬂ | : { i “ { | | , u | _
| M i 1 5
B e T I S T T A S T R T S
p _ { V ! i{ 1 - ] ] i i i \
1 i ® x [} ] ] { t i ] ]
N—" 1 | H : - H - | 1 | H H H [
' ‘ 4 i 1 1] 1] ] [} ] i ] -
] 1 { . ‘ I} 1] 1 ] 1] ] ) 1 ] O
m ........... e e ST e  — demnas bomome dameeen beeaaan demmen I deminas fbamanan decsmans b~ 5t
g H H H . ‘ i 1 H 1 ) H ' H H H W
-— G e e G C S Tk R e S R e T e L e e S e e |
O { : i “ : _ ! " ; :
" ' . ' ] Ll '
1 v ‘ " ] ' ' i ' Q= o ' ' ' o
| S S TRRpRG| DIEUSG ' S ST TN (O | RSNSNR . (ENIUNS (SUUN. SRS (W | SRS SSSRSSE. SR o, . |
p h ' H n 1 Y ._ \ \ I \ h \ \ \ V ~
) : : : : . H H ] H ' iw ks H i
: : \ , : H ' ! H ! | | H '
1] [ ) " A \ ] 1) ]
] ] . i \ 1] 1} | | |
........... FSISRSI (RPN [ E. [ (NN SRS SRS S |
] \ \ \ y § \ \ 1}
i \ \ \ ] [ | H {
o) ! ! ! ! : g ! _ G
| | { t ” H | { { {
- P DEPITRPRICURE. ~JS-EORRr, Py g i e e 8 bllecesedearsasahrs Tl
m« } - | -_— { ¥ ! f ! I
! | \ ! ] i
_ “ | | ” { _ " " 7 N, " .
| | ! ! { g ! | i | ! i |
- coeemneee e | CUSSS, SERIE [EDIS: [ Dok N SRS P TU S ST D DO TR ) e N
| i { 1 i i { 1 { 1 i i { ! ! @
i I | ! 2 ! i i | 1 m i | { | P
T | b " ! ! 2! { { : ! “ | - &
1 } = ¢ . i
| |- | i j-iw gl = i i i | i i H
| | { S { 1 v 3 i 1 i \ \ i i i - (=]
B O] . L O SN, S B /.ot RSN (>~ P (IRIECURE (SSSRNRLE EOPRAC, LTONERS) (NUISINS SR T, f
~ 1 I i 0 ] F Tadadin 3 R 1 r T 1 T 1 .Lw. >
1 | ln i H H H i L i i i i H
T i H ‘
jra—)
o
Ina
| -



	PS181013_answer_final.pdf
	spectra.pdf
	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5


