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BIOC530: NMR Unit, Part 2
Protein NMR: What can it do?

Wednesday Friday

Intro: Protein NMR... Case Study (VV)
definitely NOT your one-trick pony (RK)
How to study binding (MS)
Practical Considerations (SD)
Strategies for large proteins (MS)
How to look at an NMR spectrum (KD)
New frontiers: solid-state NMR (MS)
How to assign a spectrum (LT)

Q&A

Protein NMR...
definitely NOT your one-trick pony
1. CHEMICAL SHIFTS (i.e., frequency at which a given nucleus resonates)

Benefits: easy to measure (2D spectra), with good S/N, high accuracy,
and high precision

Information content:
* Protein backbone shifts (*H'°N, 13C_, 13C’')—>secondary structure info

* 13CH, (lle) —>distinguish a-helix and B-strand in very large proteins/complex
* As f(pH), — pK; values of individual sidechains in protein
pH-dependent conformational change
tautomeric states of histidines
* As f{[ligand]), — binding site identification (at residue-level resolution)
estimate exchange rate/lifetime of bound species

estimate K (but not very welll)




Protein NMR...
definitely NOT your one-trick pony

2. Nuclear Overhauser Effects (NOE), interaction bet. Nuclei w/ r¢ dependence

Benefits:

* under optimal conditions, can measure hundreds — thousands of
pairwise distances that can define a 3D structure de novo.

* Even limited NOE information can guide structure determination using sparse
constraints.

* Heteronuclear NOEs (hNOEs) such as 'H, >N provide information about
dynamics in the ps - ns timescale on a residue level.
(great for segmental motions)

Limitations:

* Low sensitivity experiment (not hNOE).

» Difficult/tedious to assigh unambiguously to specific pairs

* Not strictly r®, so have to use distance bins rather than explicit distances

* Practically speaking, limited to protein systems with fewer than 200 residues.

Protein NMR...
definitely NOT your one-trick pony

3. Paramagnetic Relaxation Enhancement (PRE), effect of “spin label” on
NMR resonances.

Benefits:

*  Measurements are made using robust 2D spectra (>N or 13C)

* Can be either intramolecular (especially useful for IDPs) or intermolecular
e Can be used in highly flexible systems (IDPs, fuzzy complexes, etc.)

» Effects go out to longer distances than NOEs

Limitations:
* Need to attach a paramagnetic label via a single Cys residue.
* Labelis long and flexible, so data is often used qualitatively.
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Protein NMR...
definitely NOT your one-trick pony

4. Residual Dipolar Couplings (RDCs), information on bond vector orientation
relative to external frame (external magnetic field)

Benefits:

*  Measurements are made using robust 2D spectra (>N or 13C)

* Very useful for structure determination using sparse constraints.

* Can provide long-range information, so good for defining domain-domain
orientations, subunit-subunit orientation.

Limitations:

* Requires partial alignment of sample in the magnetic field. Alignment media
include polyacrylamide gels, phage, organic solvents.

e Spectrum can degrade due to peak broadening.

Protein NMR...
definitely NOT your one-trick pony

5. Dynamics! A whole lecture of its own...

NMR Timescales

Transport, catalysis, many
interesting biological processes..

ps ns us ms sec >hrs
) Relaxation S Relaxation ]
T1, T2, HETNOE T1p, CPMG

Saturation transfer
ZZ-exchange, NOESY

Line-shape analysis

H/D exchange
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SCOTT’S SLIDES

Practical Considerations for Protein
NMR

NMR SAMPLES

* Proteins < 25kDa
reduced signal from relaxation
spectral crowding
methods to overcome this limitation (later!)

* 100-500puM
>90% pure, structurally homogenous
concentrated samples required for low sensitivity experiments
some data can be collected at lower concentrations (20uM)

« 300-500pL




Solution Conditions

« Buffers “invisible” in experiments
Phosphate is preferred, Tris is not

* Optimize conditions for data collection
seeking the strongest signal
Vary pH, ionic strength, temperature, and [protein]
mutagenesis

* For binding experiments, material must be in
matching solutions

1D H Spectra

“Quick” experiments ~15 minutes

Natural abundance
* Is your protein folded?

Mutagenesis

New Constructs

Sample quality

Degradation can often be observed
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THIS PROTEIN IS FOLDED

NH Dispersed

Shifted Methyl
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THIS PROTEIN IS NOT
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|sotopic Labeling

e Multi-dimensional NMR (2D, 3D) has many
advantages over 1D NMR
« 15N, 13C, proteins
Purified from bacteria grown in minimal media with
15N-NH,CI (20S/L) and/or 13C-glucose (100-2005/L)
Other metabolic precursors may be used

* Deuteration

Reduced relaxation (more robust signal)
grown in D,0 media (up to10005/L)




Add one dimension for better

resolution and more information

1D

1D

2

intensity

Add one dimension for better
resolution and more information

Stacked Plot

O
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1D

Add one dimension for better

resolution and more information

3

2

Stacked Plot

2D

intensity

Lo

Contour Plot

e

(tH, °N)-HSQC: the simplest heteronuclear

2D spectrum ; i
H""(I)—H H—lC—H

Essentially, 1 peak/ residue: —(3)—(':— ﬁ——(g)-?_(ﬁ_
1. amide NH H o H o
2. Asn & GIn NH, Residue i-1 Residue i
3. Trpindole NH s R
4. Hisimidazole NH 108 .
5. (Arg NH, Lys NH,) 108 .. .

110 N ‘
“fingerprint” of protein iz oo ,'-y:'tiff

. .. :..r
BUT...chemical shifts of NH s chw % ::.’. .,
. PR °

resonances are sensitive to: 10 . .?g.»s 44 .

122 ° i ® ?
1. pH i ° Sogg o %‘ >
2. temperature 2 . . :'..‘; .

. . 126 1 ]

3. (ionic strength) . - e .
4. other (ligand binding, etc.) . Te
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(1HISN)-HSQC vs. (*HEC)-HSQC
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3D spectra: increased dispersion and information

2D 3D
&
s
2

15N\ g BC Fq 15 A

Fq I Fa
A F2 1y FalH
Fieure 1.2.4 “triple resonance”

A)
Planes Strips
Fq
F2
L.
Figure 1.2.6. Cross sections (4) and strivs (B).
3D NMR data set
30.0
40.0-
13C 15N .
1H V 0
60.0 @

9.60 9.20

9.40
H (ppm)

“walk” through *N dimension
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30.0-
40.0-
15 N
13 H
C H
I3
50.01
H
60.0
950 9.40 920
*H (ppm)
30.0-
40.0-
15 N

13 H

C H

I3

50.01
H
°
60.0
950 9.40 920
*H (ppm)

11/27/13



40.0-
15N @
13 -
c g
It
50.0
H
60.0
9.60 9.40 9.20
“H (ppm)
30.0 @
40.0-
15\ @
13 -
C g
It
50.0
H
60.0
9.60 9.20

9.40
H (ppm)

11/27/13



Strip of Collapsed >N dimension
° o

400
15 15N . @ |

1H

13C-1H Plane of Collapsed >N dimension
0 o

BT s Ay .
oo ooy 'J'H‘?g‘« o

, ..omm
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NMR Assignments — A simple example

>

1100/ Trp side chain NH

~115.0

1SN (ppm

120.0

125.0

15N-HSQC

Asn/GlIn side chain NH2

Backbone amides

10.0 9.0

7.0 6.0

120 130

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD

Backbone triple resonance experiments (need *H, 13C, 1N sample)

HNCA 2 HN(CO)CA
pNC B Cp Cp
N C Cc—N N—LQCK-‘ (|: C—N
S [ B -
residue i-1 residue i residue i-1 residue i
HNCACB HN(CO)CACB
ZJNCu Tﬂ
( ¥ (: BLE
R AR
H [¢] H o H H [e] H [e] H
residue i-1 residue i residue i-1 residue i
HN(CA)CO HNCO
S “Jnce Cp TB Tn
N (I}:/—\ Cm N N C Y 3 C, C N
| \)”C’v“ || | [ | SO0 |
H o H o H H o H [e] H
residue i-1 residue i residue i-1 residue i

Intra/Inter-residue

iand i-1 peaks

Inter-residue

i-1 peaks




3D spectra for backbone assignments

110.0

13¢c
(Ca, CB, C)

Backbone Assignments — Step 1: Pick the peaks

110.0

~115.0

1SN (ppm

120.0

125.0

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV

6.0

TTDD
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Backbone Assignments

HN(CO)CA HNCA
pk #1 pk #2 pk #3
40.04
50.0-
E - °Cai - ° -
13¢ = - - - -
R - L -
6007 - = Co;,
| < e -
70.0-
840 830 82 840 830 82 850 840 830 850 840 830 840 830 8.2 840 830 8.2
*H (pm) *H (ppm) *H (@ppm) *H (ppm) *H (pm) *H (ppm)
34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD
Backbone Assignments
HN(CO)CA HNCA (probably) C-term
pk #4 pk #5 D134
40.0
50.0-]
3¢ - -o |*= 2 o 3
) - - o - =
60.0-]
- L — 4
70.0-
810 800 7950 8io 800 790 820 8i0 800 82 8io 800 800 750 780 800 790 7.80
*H (ppm) *H @pm) *H (ppm) *H (ppm) *H @pm) *H (ppm)
34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD
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Backbone Assignments

Have to start somewhere ...

HN(CO)CA HNCA (probably) C-term
pk #4 pk #5 D134
40.0-
s00] Look for strip with Ca; peak at this shift ~{
B go; <
13¢ a3 T - -
g > Sz - =
60.0
- -
70.04
810 800 790 8io 800 790 820 8i0 800 820 810 800 800 790 780 800 790 7.80
*H (ppm) *H (ppm) *H (pm) *H @pm) *H (ppm) *H (pm)
34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD
Backbone Assignments
HN(CO)CA HNCA
pk #6 pk #7 pk #8
40.04
lr— Close but i-1 not i peak
50.0- /
. o =
13c " = g -
- -
% <>
60.0-
- - 3
70.0-
810 8.00  7.90 10 800 7.90 820 810 800 820 810 8.00.20 810 8.00 20 810 800
*H (pm) *H (ppm) *H (ppm) *H (ppm) *H @pm) *H (ppm)

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD
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Backbone Assignments

HN(CO)CA HNCA
r#B3 pk #2 pk #3
40.04
l,— Winner
50.0- {
13¢ = - L | - - B
- L -
60.0-
- >
-2 < e -
70.0-
840 830 82 840 830 82 850 830 850 840 8.30 840 830 8.2 840 830 8.2
*H (pm) *H (ppm) *H (ppm) *H (ppm) *H @pm) *H (ppm)
34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD
Backbone Assignments

Can confirm with HNCACB

Y‘ D133? X
pk #1 pk #6 D134
200
- =]
19001 CP; ~a—2] = >
3¢ - i
CCo, s = B
60.01 - -
Ca; , =
B
80.0-
840 8.30 8.2(10  8.00 7.90 8.00 7.90 7.80
*H (ppm) *H (ppm) *H (ppm)

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV T*DD
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Backbone Assignments

V130 T131 T132 D133 D134
T
o .
- - - - = -
e = @ - - < - = -
-
Pro
- >
X - s g

830 820 810 E.ﬁﬂ 820 81(840 830 820 140 830 820 830 820 810 830 820 810 840 830 82 840 830 821 800 790 7.80 800 790 7.80

*H (ppm) H @pm) H gpm) *H (ppm) “H pm) “H (ppm) *H (ppm) H ppm) “H (ppm) *H opm)

Chain stops here

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD

Backbone Assignments

Alanine
118 or 125?

Alanines have distinctive Cp shifts
20.0 <@ —— > Look for i-1 peaks

Look for i peaks €—iqpgt—— ==
;
-y ——>
Peakis A118 & o] = Peak is A125
v if the previous if the next
so do Thr & Ser strip looks like strip looks
a Ser like a Thr
80.0
7.90  7.80  7.70
*H ppm)

34 Residue peptide: STDST PMFEY ENLED NS?FW MWLF% TDIPV TTDD




Backbone Assignments

Alanine Threonine
F124 125 T126
20.04 - =
240.0- -
< w = -
Keep finding the connections ‘ :
P & & -
“— e -
60.0 _
T —>
& —_>
80.04
1.90  7.80  7.70 7.00 780 770 8.00 790  7.80
H ppmy H Gpm) H (ppm)
Repeat for remaining sections ...
34 Residue peptide: [STDST | V TTDD

Backbone Assignments: HN, N, Ca, Cb, C’

34 Residue peptide: STDST PMFEY ENLED NSAFW MWLFA TDIPV TTDD

'
110.0
g1150 Backbone amides all assigned
& Also know: Ca & Cb shifts
z
Trivial to add the C’ shifts:
HNCO
102 103 104
170
13c
©
175
ST e S0 e300 spmo ei0  sd0 e0 €i50 TI0 el Telo0 8300 s 300 S0 goob 0 S0 S ea i 7950 rows 7e
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Side chain assignments

10.01
13c-HsQcC »
L J
20.01 o CH,
'
. - LX)
30.0 ¢ 0w o
esce0, g
- 1 J
£40.0 L oA :
‘ o
3: “ ®  PB/y CH,
@)
% 50.0 . o
Z ;.°
60.0 '?:' .?' Ca Ca & Cb are known
o Don’t know Ha, Hb, ...
70.01 S CP (Ser & Thr)
80.01
5.0 4.0 3.0 2.0 1.0 0.0
1H (ppm)
Side chain assignments
15N-TOCSY (flattened)
= Methyls - Sro® o
Lo .
o 2.0 Wy ; *$ & sidechain
N 3 ' * . protons
H 0% Y
Topen) - “ .
HN 4.0 Ho o . 00'. ) s
'g .3 v *e
o
e
T6.0]
[ B 4
= nE
- -
8.01 /
Amides on diagonal
10.0{ e
10.0 9.0 8.0 7.0

*H (ppm)
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i hai i HNCACB IN-T Y
Side chain assignments CAC T102 OCSs
_ 13c-cHSQC — -
50.01 I :
25.ha125.ca 18b. 20.0 ;-::
‘ alll - -
ﬁ ST e
55.01 _ . - Ha
hi40.0 E g
3 - S50 =
60.01
’g 30.ha130.c 60.0 e ca R
[=3
e :
v}
& 65.01 | 1001
80.0
8.30 TN 8.10 s.én‘Hsiﬁpnm)s.in 8.0
f2mb L0z 958 495.0
70.01 N mg“”“’
75.01 o
4.80 4.60 4.40 4.20 4.00 3.80 3.60 3.4(
H (ppm)

i hai i HNCACB 15N-TH Y
Side chain assignments CAC T102 OCSs
_13¢-cHSQC —
50.01 | ’
= -
é:a,"ﬁ
55.01 = Hb
=
£ 3 ss-u_ - b

60.0— . 1 17.ca
/é\ vona m T T ha 130 60.0 et
& H a1 2 .hame.z,c z cb
U
« 65.0 )l
- 80.0- 100

8.30 TN 8.10 s.én‘Hsiﬁpnm)s.in 8.0
70.01
75.01 o
4.80 4.60 4.40 4.20 4.00 3.80 3.60 3.4C
H (ppm)
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10.0

15.01

25.01

Side chain assignments

~ 13C-CHSQC methyl region

32102.hn {3}

**Don’t explicitly have Cg
but Hg shift is enough to
assign for this peptide

18.hb1 118.cb
18b.hb1 118b.cb
25.hb1 b
10.0
T .

a“a%%u 128.co1

T102
0.0
Hg
-
= .
28.nd11 128.cd1 -
1 g T
Ss.0
=
28.hg21 128.cg2
o —

0 30.hg21 130.c02

8.30 820 810 80
*H (opm)

13 hd21 113.cd2

23.hd21 123.cd2
hd11 123.cd1
[23: hrl] hd1t

23.hg 123.09
28.hg12 128.cq1

1.60 1.40 1 2(0 )1.00 080 0.60 0.40
Ppm
Side chain assignments
A118 A125
_ 13C-CHSQC methyl region P
10.01
**Cp’s would be b4 =
sufficient to assign the |
alanines for this E
peptide %
15.01 )
. ' e 28.hg21 ". <y
' <
g_ m 18.hb1 118.ch i il
o 18b.hb1 118b.cb o
auzo 0 ° 30.hg21 130.4
- M‘ 30.hg11 13()
w d% 8.30 s.in 8ic 790  7.80  7.70
1H (ppm *H @pm)
23.hd21 123.cd2
E 3 hTs natt ﬁmﬂl 123.cdl
25.0 E‘H
13.h0 43411 128,91 w:i;g;gszgl ?
s 8 a‘ H
200 1.80 160 1.40 2( )1 00 0.80 060 0.40
pPpm
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Side chain assignments: Ha, Ca, Hb, Cb, Hg, Hd ... Cg, Cd inferred

30.0

60.0

70.0

&
For this peptide: o &
1 e B0
Can unambiguously assign pretty g8 g .
much everything except some 4 -
CH2y groups & the aromatics - ﬁﬁ &
(not shown) T ‘- W' @
eo iy e .
1 “ 28
v,
*”u ﬁ}.s —
. ‘0 °
ﬁ“ ‘25 Bm °
o B g More Experiments required for larger
Iﬁ? : systems:
ilzz EL i L]
P i g
L™ s BC-NOESY
) HCCH-TOCSY & HCCH-COSY
[ CmCgCbCaHN .... And other tricks as necessary
5.0 40 3.0 2.0 1.0 00
H (ppm)
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