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Visualising 3D Spectra
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Visualising 3D Spectra
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Usually each strip should
contain four peaks: the

Ca and Cp from the same
residue as the NH group
(Cay, CPBy) which are stronger
and the Ca and Cp from the
preceding residue (Ca;y,
Cpy-1) which are weaker
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Cu peaks are negative (green)

while the C[5 peaks are positive
(blue) - or vice verse depending on
the phasing
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In some cases not all
four peaks are visible
but Ce; and Cf; should

always be easy to spot
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Serines and Threonines

are easy to spot because
of the low chemical shift 6

of their Cp atoms

=
g

i 15N

I T T 0 T T T T
L] 5 o) 1] 00 15 14 &5 gg | O

«— 1H e — et == i - -
130 [TIEEE] ey £ 1ha i




Sequential Assighment
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Seqguential Assignment
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Seqguence Specific Assignment
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Side-Chain Assignment
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Ambiguities
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HCCH-TOCSY
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Side-chain Assignment

el 0| (0| |o] |o] o (0| | o
melo| |o| |©] |0 o

wlo| o] |o] |o]||e] |@] |e| |o
el 0 (O O] |O]|| @] |©

Ca Cp Cyl Cy2 Ca Cp Cyl Cy2

HCCH-TOCSY HCCH-COSY




Hy2"*
Hyl™

Hp

Haot

Cp

e H'fl*

i_ H,}'z*

Cy2

Cy2




Outline

Theory — Backbone and side-chain
resonance assignment

CCPNmr Analysis Software

Practice — Using CCPNmr Analysis to assign
a protein



CCPN

Collaborative Computing Project for NMR

CCPNmr Analysis — Assignment Software
Format Converter

EXTEND-NMR - interface for numerous
different NMR software packages



CCPN Data Model

Chemical Shift
I Atoms bonded to

Isotope <«— Atom
/ ™
Amino Acid Type

X-co-ordinate
y-co-ordinate
Z-co-ordinate



Resonance

e don’t know which two
atoms belong to the signal

e cannot define it by the
chemical shifts

 do know that the 1H and
15N are directly bonded

- use Resonance as a
placeholder
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Spin Systems
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Windows

Each window

 has a defined set of
ISotope axes

e can show any
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Windows

CBCANNH (rgsl8_test) = ||| X

- Gontour Strips 6.326, 8.65 (1H,13G) ‘J

CCCONH:ccconh ‘ CBCANNH:cbcanh_psrgs18.061221_7 ‘
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Windows

| Windows : New Window (rgsl8_test)

Strins
Columns: 1 ¥Rows: 17

Template window: windowz2 ¥

Mew window name: |w|m:|uw9

Axes
XTHV y13C ¥ z1 15N ¥ z2None ¥ z3 None ¥ z4 None W

Viewed Spectra =
HSQG:hsge_psrgs18.051221_3 5 MNo : Yes 1
CBCCOMNMH:cbcaconh_psrgs18.051221_6 Mo : Yes 1
CGBCANMNH:cbcanh_psrgs18.051221_7 : Mo : Yes 1
GCGONH:cocconh : MNo : Yes 1

Set Displayed Set Hidden Set Absent

Create

K2l




Molecular System
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Molecular System

Molecules : Molecule Setup (rgsl8_test)

Mol System for new chain: <Mew= ¥ Template for new chain: RGS18 %

——— Ghain "A" Fragm
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Project Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Open

Close

Save

Save As
Validate
User Profile
Backup
Quit

Updates




Experiments Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
pd

-

r'd

o Experiments : Open Spectra (rgsl8_test) X

File selection

File format: UCSF ¥ Skip verification dialogs: ™

edl/

10 Mar 2009 16:09 [

ra

Edit Experiments

13cnoesy_vhrgs18.060130_5.ucst 33554996 14 Feb 2006 10:31
MNMR Series
13¢cnoesyarom_vhrgs18.060130_4b.ucst 268436020 16 Mar 2006 9:06
Experiment Prototypes 13cnoesyhmgc_vhrgs18.060207_11.ucsf 268436020 16 Mar 2006 10:03
2dnoesy_vhrgs18.060207_5a.Ucst 33554868 21 Mar 2006 14:30

ccconh_psrgs18.051221_11.ucsf 20972084 6 Feb 2006 16:06
dipsi_vhrgs18.060207_14.ucsf 16777662 13 Feb 2006 14:04
hbhacohn_psrgs18.051221_14.ucsf 20972084 8 Feb 2006 16:20
hccconh_psrgs18.051221_12.ucsf 20972084 9 Feb 2006 9:00 | -

File name: |cbcanh_psrgs18.051221_7.ucsf

Directory: |/homeshigman/rgs 18/ucst
Files of type: UCSF (*.ucsf) ¥ Show hidden:

Directory path: ucsf ¥ Up ‘ New ‘ Refresh ‘

Spectra to open

= Expt 9 Ecbcauonhﬁrgam.()m&LG cbcaconh_psrgs18.051221_6.ucsf 5 First ESh\ﬂLIsH

|E CBCANH ||E cbcanh || cbcanh_psrgs18.061221_7.ucsf ||E First ||E SHﬂIJaH‘

Open spectra ‘ @ g




Experiments Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
pd

-

r'd

9 I @ @ Experiments : Edit Spectra (rgsl8_test)

= =
Edit §pectra Spectra I:Ia|:|laa3|r Options ‘ Referencing | Tolerances | File Details | Data Locations | Delete |~ @
MMRB Series |_| HSQG:hsqc_psigs18.051221_3 E magenta #ooooao . 150...[8]... . -150,..[8]... No Helvetica 10 |, Yea
2 GBGGONNH:cbcacenh_psrgs18.061221_6 Eskyblue . orange Yes . F2 |, O .300,.[8]..11533 .-300,.[8]...11533 Ne EHeretIca 10, Yes
Experiment Prototypes

pe — 3 CBCANNH:cbcanh_psrgsis.051221.7 . green . mauve Yes . F3 . O 200..[8]...7689 | -200,..[8]..-7689 No Helvetical0 . Yes
4 HEHACONH:hbhacohn .skyblue . cyan Yes . F4 |, O .300,.[8]..11533 .-300,.[8]...11533 No Helveticald . Yes
5 HGGCONH:hccconh £ green EGI’IEI'[I’HJSE Yes £ F5 £ 0 E:m,..[&]..ﬂﬂ—m E-(m,..[&]..,—11m No EHeretIca 10 £ Yes
6 GGGONH:ceconh . orange . lightpink Yes . F6 |, O .300,.[8]...11533 .-300,.[8]...11533 No Helvetical0 . Yes
7 HGGH_TOGSY:hcchtocsy .skyblue . cyan Yes |, F7 . O _150,.[8]..5767 . -150,.[B]..-5767 No | Helvetical0 , Yes
8 HCGH_GOSY:hcchcosy . green chartreuse [ Yes . F8 |, O ,70.0,.[8]...2691 .-70.0,..[8]...-2691 No Helvetical0 . Yes

Gontour Gontour Set Ranks

Levels Files From Order




Windows Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other

-

A/

w - Windows : Edit Windows (rgslg_test) x
'\Mmum & Axes ||75pectrum& Peak List Mappings ||7W|nmw Groups | j@e
Edit Windows ——
Windows: * Allwindows © Active windows
HBHACONH (rgsls_test) ==
Axes Edit Windows d
B, 7.165 (1H,1H) ‘@
Marks and Rulers
No No  .-100000, 100000
Print Window B 3 @
2_ wndows _ 100 _ No . No  _-100000,100000 . Yes _ Yes & L
(o weracow | 200 | me | Mo |-100000, 100000 ves | ves |
HM: HSQG 4. HSQC . 600 _ No . No  _-100000,100000 . Yes _ Yes § @ r
HCH: windows 5_ GBGANNH _ 100 _ No . No  _-100000, 100000 . Yes _ Yes o |
6. wndows . 800 . No . No  .-100000,100000 , Yes . Yes = v
HGM: GBGAGONNH 7 .GBGAGONNH . 100 ., No . No  .-100000, 100000 , Yes . Yes "
8 . HCCHspectra . 1.00 No No  .-100000, 100000 . Yes Yes
HGM: GBGANMH pectra e E € E : |
Open Create New ‘ Clone ‘ Delete ‘ .
HHC: HCCHspectra Window Axes i
HMNGC: window2
y Ho . H . Yes L No L 50 r
FNF: windows I N TN || | °
- —
MNew Axis ‘ Delete -
T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ =
9 8 7 6 i O
F] ]

15N [116.50 | [118.70 I 1"1;3_31_____




Windows Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other

-

A/

w - Windows : Edit Windows (rgslg_test) x
'\Mmum & Axes ||75pectrum& Peak List Mappings ||7W|nmw Groups | j@e
Edit Windows ——
Windows: * Allwindows © Active windows
HBHACONH (rgsls_test) ==
Axes Edit Windows d
7. 5.787 (1H,1H) ‘@
Marks and Rulers
No No  .-100000, 100000
Print Window B 3 @
2_ wndows _ 100 _ No . No  _-100000,100000 . Yes _ Yes & L
(o weracow | 200 | me | Mo |-100000, 100000 ves | ves |
HM: HSQG 4. HSQC . 600 _ No . No  _-100000,100000 . Yes _ Yes § @ r
HCH: windows 5_ GBGANNH _ 100 _ No . No  _-100000, 100000 . Yes _ Yes o |
6. wndows . 800 . No . No  .-100000,100000 , Yes . Yes = v
HGM: GBGAGONNH 7 .GBGAGONNH . 100 ., No . No  .-100000, 100000 , Yes . Yes "
8 . HCCHspectra . 1.00 No No  .-100000, 100000 . Yes Yes
HGM: GBGANMH pectra e E € E : |
Open Create New ‘ Clone ‘ Delete ‘ .
HHC: HCCHspectra Window Axes i
HMNGC: window2
y Ho . H . Yes L No L 50 r
FNF: windows I N TN || | °
- —
MNew Axis ‘ Delete -
T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ =
9 8 7 6 i O
F] ]

15N [116.50 | [118.70 I 1"1;3_31_____




Windows Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
~

A/I
O CcpNmr Analysis 2.0.6 (rgsl8_test) HBHACONH (rgsl8_test) B
wamm Project Experiments Windows Peaks Molecules Assignment Resonance DataAnalysis Structure ra | Contour | Peaks | Strips ‘ 6.880, 6.880 [1H,1H) ‘@‘

HSQC (rgs18_test)

Edlt w.lrm Spectra ‘ Contour: | Peaks ‘ Strips. ‘ ﬂlm,127.52(1Hm@ V — [ 3
= = @ L) n
;12 & ; |
o o i
i o [
HN: HSQG @mmw _423 i 5
HGH: window i |
HCN: GBGAGONNH (@) e&r | |
HCM: CBGANMNH o n g
HHG: HGCHspectra : = :
HHN: HEBHACONH i L P i s 5 = ——u
PD) -12¢ - - 7 i

HMG: window?2 i r Lt I 12396

HMH: windows L
T T T T
7.8 7.6 7.4 7.2 7.0
e N — - 2
" 5 v 7 =

>>> start generating output : ccp.molecule.Molecule.Molecule
start generating output : ccp.general.Method.MethodStore
start generating output : ccpnmr.AnalysisProfile.AnalysisProfile
start generating output : ccp.molecule.MolSystem.MolSystem
start generating output : ccp.general.Datalocation.DatalocationStore
start generating output : ccpnmr.Analysis.AnalysisProject
start generating output : ccp.nmr.Nmr.NmrProject
start generating output : memops.Implementation.MemopsRoot
a* Applications Places System @EEE T @ 12:27 M Q)

) [higman - Kongu... || 7 (higman - Kongu... || B Terminal |3 ccpnmr anaiysi... |1 HsQC trgsi8 test) || [ [CBCACONNH (r-..




Windows Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
~

-
/EI CepNmr Analysis 2.0.6 (rgs18_test) : HBHACONH (rgsl8_test) B
_mwmm Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure ra | Contour | Peaks | Strips ‘ 6895, 6.895 (1H,1H) ‘@‘
Edlt wllrm Spectra ‘ cqmwr| Peaks ‘ Strips ‘ &!295.127.43(1ng L B
=) = & T
@ o :
@ L
bl &:> i
@ i i
HM: HSOG @mmw I 5
HCH: windowg I
HGN: GBGAGONNH _ [
HGN: GBGANNH 0 o 1
HHG: HGGHspectra [
HHM: HBHAGONH o o5 50 75 7 o5 ) o .
E:;’ B — I T =

15N [124.15 | |124.35 123.96
HMGC: window2 [ . [« |

HMH: windows L
T T T T
7.8 7.6 7.4 7.2 7.0
e N — - |
" 5 v 7 =

>>> start generating output : ccp.molecule.Molecule.Molecule
start generating output : ccp.general.Method.MethodStore
start generating output : ccpnmr.AnalysisProfile.AnalysisProfile
start generating output : ccp.molecule.MolSystem.MolSystem
start generating output : ccp.general.Datalocation.DatalocationStore
start generating output : ccpnmr.Analysis.AnalysisProject
start generating output : ccp.nmr.Nmr.NmrProject
start generating output : memops.Implementation.MemopsRoot
a* Applications Places System @EEE T @ 12:27 M Q)

) [higman - Kongu... || 7 (higman - Kongu... || B Terminal




Peaks Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure GCharts Macros Other
P

-
Selected Peaks i Peaks : Peak Lists (rgsl8_test) |
W 'Pea( Lists ‘ Peak Table ‘ Synthetic Lists | ﬂ@@
Draw Parameters [:' Experiment ?”:' Spectrum ?‘FUII?‘FMHVE??F Golor ?|r5yrntl:l?|rhb. Peﬂu?r% Aaalg'a:l?r Details ?|
Peak Finding HsQC hsqc_psrgs18.051221_3 1 Yes X 167 100.0 E Default list
HSQG hsgc_psrgs18.051221_3 2 5 No X 0 0.0 5 New list
CBCCOMMNH cbcaconh_psrgs18.051221_6 1 Yes X 234 66.7 E Default list
CBCANNH cbcanh_psrgs18.051221_7 1 Yes X 527 66.7 5 Default list
HEHACONH hbhacohn 1 Yes X 0 0.0 . Default list
HCCCONH hccconh 1 Yes X 0 0.0 ¢ Default list
GGCONH ccconh 1 Yes X 0 0.0 ¢ Default list
HCCH_TOGSY hcchtocsy 1 Yes X 0 0.0 ¢ Default list
HCGGH_COSY H hcchcosy X || 0 H 0.0 HE Default list

Edit Peaks Delete Add Sister List Copy Peaks




Peaks Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure GCharts Macros Other
P

-
Selected Peaks a Peaks : Peak Lists (rgs18_test) x
—_— 2 v 2 =
Peak Lists Peak Lists Peak Table Synthetic Lists L @ a
Draw Parameters Spectrum: HSQGC:hsgc_psrgs18.051221_3 % Peak List: 1% Make Strips | Find Peak ‘ ¥ Mark Fo
Peak Finding Status:  Any ¥ Structure: <None= ¥ Strip locations | Goto position| <Mone= ¥ Mark £

¢ 10.600 . 130.129 | {1}H[1] {1)N[2] 6.486e+06 _5682e+07 parabolic  box sum .
2 , 8918 _128.412 . {2H[3] . (N[4] ,5.931e+06 ,5.200e+07 parabolic ~ box sum E1.(m .
4 , 8954 _127.521 . {3H[5] . {(3IN[6] ,7.059e+06 _6.187e+07 parabolic ~ box sum 1.000 ,
7 . 7.875 125937 . [4H[7] . {4IN[B] ,3.577e+07 _5.088e+08 parabolic  boxsum _1.000 ,
9 . 10534 _125.600 . {5}H[9] . (SIN[10] ,4.077e+06 _3.597e+07 parabolic ~ boxsum .1.000 ,
11, 8334 124532 _ {6H[11] , (BJN[12] ,4.636e+06 ,4.075e+07 parabolic  boxsum 1.000 .
12 . 8579 124490 . [7H[13] , (7IN[14] _5.164e+06  4.551e+07 parabolic ~ boxsum ,1.000 ,
13 , 8415 _124.238 _ {BH[15] , (BJN[16] ,5.821e+06 ,5.088e+07 parabolic  box sum 1.000 ,
14, 7.349 124133 _ {9H[17] , (9IN[1B] ,B.718e+06 ,7.640e+07 parabolic ~ boxsum ,1.000 ,
15 , 7.643 124.024 _ {10JH[19] , {10}N[20] ,9.508e+06 , 8.316e+07 parabolic =~ boxsum 1.000 .
16 , 8.997 ,123.970 , {ITH[21] , {11]N[22] ,4.076e+06 , 3.584e+07 parabolic =~ boxsum ,1.000 ,

Add | Edit ‘ Unalias | Delete | Assign | Deassign

Deassign Dim ‘ Recalc Intensities ‘ Show On Structure ‘ Propagate Assign




Peaks Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

-~

B Peaks: Draw Parameters (rgsl8_test) X

F L& [ =
Annotation Style | Draw Size | Merit Symbols |~ @

=l

Spin System Info

=l

Atom Assignment
Chain Assignment

Molecular System

[

Merit Symbol
Details

H |

Minimal Annotations (overriding option)

Update Full Annotations




Peaks Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
P

-~

Selected Peaks
Peak Lists

= Peaks : Peak Finding (rgsl1&8_test) x

F L& L& L&
Find Parameters | Spectrum Widths | Diagonal Exclusions | Region Peak Find |

Peak Finding

Extrema to search for:
* positive and negative ' positive only T negative only

Mearbv points to check:
® +1inatmostonedim © +-1 allowed in any dim

— Other parameters:
Scale relative to contour levels: |1.0000

Exclusion buffer around peaks (in points): |1
Extra thickness in orthogonal dims (in points): |0

Minimum drop factor (0.0-1.0): |0.0000

Wolume method: box sum %

Reset ApPly e e




Molecules Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
P
—

/

Q | Molecules : Atom Browser (rgsl8_test) x

Ghain: MS1:A(protein) % Residue: <All= % Nucleotides: Interlaced %
Add Sequence
- Elements:
Residue Information
Isotopomer Schemes

Set ring flip Remove atomn Show
equivalency assignments




Assignment Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
-

—

o Assignment : Assignment Panel (rgs138_test) x
Peak: HSQGC:hsqc_psrgs18.051221_3:1:68 Shift List:1 onance: Structure: =Nones= ¥
Assignment Panel
~ ——— Assignment possibilites
S Cmmesiy s [ name
: e ----l
Quality Reports (56}H[111] 111 {B6}H[111] 0.000 8.314
E
69 0.001 8.315 0.000
Initialize Roots Lk
Link Peak Lists | 239 {120)H[239] 0.003 B8.311
Link Sequential Spin Systems _------!
Link NOEs 110 {BEjN[110] 0.035 119.757 —
114 {B7IN[114] 0.048 119744 0.025 J
Automated Backbone Sequence
e 112 {56)N[112] 0.049 119.742 0.055
Options

Aliased Possible I Restrict Mol System # Intra-residue [
Gorrelated Dims |7 Double Tolerances [0

Labelling Scheme: - % Min Isotope Fraction: |0.10000

Assign Set Atom Deassign Clear Merge F2
{56}MN[112] Type {B6IN[112] contrib Resonances
Set Same Show On Show @ 9
Spin System Structure Peaks




Resonance Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other

S
~——

LY Reconance : Resonance Table (rgs18_te
Selection
ShiftList: ShiftList 1 ¥ Isotope: Any ¥ Status: Any ¥ Chain: <Any= ¥ GcpGode: <Any= ¥ Rec Table
Naviaation & Marks
Strip Selected ‘ Goto Position |Window: HSQG ¥ Mark Selected ‘ GClear Marks ‘ —p
Spin System Types
NN = e o P W Reference Ghemical St
325  56.360 0 [325] 18 1k j
1 10.600 0 HI1] n H e 1 1 1
- 130.129 0 N[2] ) 15N e 1 g 1 1
- 128.445 0.023 N[4] © 15N ¢ . 3 b 3 2
3 8.915 1.822e-03 H[3] 2 H e 3 b 3 2
-| 8.954 0 H[E] &) Ho| e 1 e 1 3
-| 127.621 | 0 N[E] 3 16N [ E 1 1 3
7 7.866 5.316e-03  H[7] 4 H .29 . 29 4
- 125.889 0.045 M[B] el 15N .29 . 29 4
9 10.519 7.241e-03  H[9] {5} H : B B 5
- 125.525 0.039 N[10] {5 15N e 5 s 5
1 B.334 0 H[11] 6} H e 1 k1 [
- 124.532 0 N[12] 16} 15N E I 6
13 8.579 0 H[13] ] H e 1 1 7
- 124.490 0 N[14] ] 15N e 1 1 7
15 8.418 8.561e-03 H[15] 8 H | e 27 | 2T 8
124.292 0.058 N[16] 8) 15N ;27 . 27 B
Bzl PerER Set Atom Add to Remove from Swap Ambiguate
Type Spin System Spin System Prochirals Prochirals
e | 2 | | e | mmew |- glg




Resonance Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other

\\
- Resonance : Spin Systems (rgsl8_test) X
Status: Any ¥ Shift List: 1 ¥ Display Strips | Display Gells |Wlmiuw window2 ¥
e ‘ Seq. Links ‘ Shifts ‘ Detalls Spin Systems
---_-I PTSVEIEn bees
Reference Ghemical Shifts
H[1] N[2]
2 £ £ HI3] N[4] 3
3 £ £ HI5] N[E] 1
‘ : : H[7] N3] 29
° E e HIS] N[10] 5
6 . L H[11] N[12] 1
7 £ - H13] N[14] 1
s | i [T
? : e H[17] N[18] 1
10 L L H[19] N[20] 8
1 : : H[21] N[22] 6
12 - - H[23] N[24] [
13 £ £ HI25] N[26] 21
14 £ £ H[27] N[28] i
Assign Residue ‘ Assign Type | Deassign Seq. ‘ Deassign All ‘ New Spin System ‘
Merge ‘ Delete ‘ Show ‘ Predict
Peaks Type




Resonance Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure GCharts Macros Other

S
g

L] Resonance : Reference Chemical Shifts (rgs18_test) x EEHH‘IE"K}E Table
Molecule Type: protein % Gop Gode: Ala % Atom Type: Hydrogen % ﬂ@g Spin Systems

L — spin
proportion Ala H HA HB* Chemical shift distribution Reference ghemlcal Shifts

\/

0.14
0.13
0.12
0.11+

0.1+
0.09

0.08
0.07
0.06
0.05
0.04
0.03
0.02

0.01+

Chemical shift




Data Analysis / Structure Menus

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure GCharts Macros Other
p 4

N
V4

¥

Measurement Lists Make Distance Restraints
Rates Analysis Restraints and Violations
Shift Differences Structure Viewer

Follow Shift Changes Structure Ensembles

3J H-Ha Goupling DANGLE (Predict Dihedrals)
Heteronuclear NOE




Charts Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure GCharts Macros Other

N
N

: Assignment
'Graph l7Optit:ms'.

Chain: MS1:A (protein)  Connection Type: Within 4 Residues &

20 21 24 26 27 29 33 34 35 37 |38 39 41 42 44 45 46 48 51|52 |53 54 |55 56| 57 58 59 60 62 63 64
< Ser His A? A Gly 2 Glu Ala’ AR Thrgp i Lys Thr Glu AP Ser /Glu Glu A9 lle Glu A Trplle Ala (4} Glu A oR Lys|Lys Ser |Lys Gly Pro GIn GIn Ille His Lys Ala Lys

secsbeesvebsbsocrescnosncessebbesssessscainies

Refresh j @ é

Assignment Graph

G Table

Secondary Structure Chart

Residue Interaction Matrix
Ramachandran Plot




Other Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Charts

= Edit Analysis Profiles (rgsl8_test) x

F L& I I L& =
Main Profiles | Macros | Experiment Colours | Residue Godes | Golour Schemes - @ @

Gurrent Analysis Profile: rgs16_test= Copy ‘ New | Delete ‘

Name . rgs1B_test Mame of the currently active profile

Window Background #FFFFFF Default colour for the background of spectrum windows

Window Foreground Default colour for the foreground of spectrum windows

General Options

Format Gonverter

CLOUDS

Main Font B The typeface for the Analysis menus and popup windows
Mark Golour Scheme 5 blue Colour scheme for multidimensional marker lines
Ruler Golour Scheme B green Colour scheme for single-dimension ruler lines
Graphics Handler 5 Tk Whether to use OpenGL or Tk for contour graphics
If true, navigation keys move the spectrum window view,
Keys Pan Window View? True
B otherwise the keys move the spectrum background
Transient Dialogs? 5 True Transient dialogues have no teolbar representation
Transient Windows? £ False Transient windows have no toolbar representation
Two Character Shortcuts? £ False Whether to use two-character shortcuts for macros etc.
Use Crosshairs? £ True Whether to have crosshairs in the spectrum displays
When not global, keyboard shortcuts
Use Global Shortcuts? False

£ only act in the active window

Web Erowser £ The default web browser to use for help information etc.




Other Menu

CcpNmr Analysis 2.0.6 (rgs1g8_test)

Project Experiments Windows Peaks Molecules Assignment Resonance Data Analysis Structure Gharts Macros Other
I
¥

Help

General Options

FormatConverter Golour Schemes

Project Setup Process Import Export Other

Help




Mouse Usage

Left-click + Shift (+ drag) add to the selection
Left-click + Shift + Ctrl + drag pick peaks
Middle-click + drag move the spectrum around
Middle-click + Shift + drag up/down

zoom in/out
Middle-click + Ctrl + drag zoom in on dragged region

Middle-click + drag edge of z-scroll bar
In/decrease plane thickness

Right-click menu with various options
Mouse-wheel Zoom in or out
Mouse-wheel + Citrl move through z-planes



Selected peaks...

Add new peak

Center Z planes on peak
Delete selected peaks

Find close peaks

Find symmetry related
Label Auto Arrange

Label Position Reset

Make intermediate peak
Match peaks

Set details

Set merit

Show structure connections
Snap selected peaks

Strip plot selected peaks
Unalias peak

Unaliasing propagate

Unite resonance positions
Zoom to selected peaks
Zoom to spin system peaks
Re-reference to this peak

b

Right Mouse Menu

Assign HSQG:hsgc_psrgs18.051221_3:1:47

Propagate assignments

Add to spin system

Predict Spin System Type
Deassign selected peaks
Set seguential spin systems

Glear all seguential links

1H - 15N in CBGAGONNH

Assign P
Peak -
View s
Mavigate ¥
Strip -

Markers L

Window e

Macros L

1H - 15M in CBCANNH
1H - 15M in HBHAGOMH
- 1H 15M in HEHAGOMNH
1H 15N - in window2

1H 15N - in windows

- 15N 1H in windows
Peak Location Strips

All window positions




Outline

* Practice — Using CCPNmr Analysis to assign
a protein



Backbone Assignment

Peakpick HSQC Peakpick 3D Spectra
Set N and HM Set Ca and C[3
Resonances, Spin Resonances, Spin
Systems and Atom Types Systems and Atom Types

e

Link Sequential Spin Systems



Initialising the HSQC

(R o R

fiz2iH[243) (122IN[244)

ATH[233] 117}
e )

3 AV 15IHIZ29) (115INI230) Ny -
A T2z (1o '
= ﬁm]-H[E*l 8} (110)N[220]
. }L‘W}Hﬂm@%wg a2l
s g

m}ﬁss] 4‘93&119&1 &)1
M’H”&E’ ﬁiﬂim@‘llim}ll&?} fﬁﬂ; AR 8 2 H82jH[183)}
MR WS

$g!.’nam 71] {&B}{wzi -'ry__.j_'. = I
G [
Gl T R —
m;Hﬁss] (78IN[156) '~

T o T T T T T T T ¥ T T T T - T
i 10 ] 3.3 Fi 14 ra 13 TE T.1 1a LB Y] Ly ()]




Peakpicking the 3D Spectra

e Assignment - Link Peak Lists
— Root spectrum
— 3D Spectrum
— Tolerances

(a) (b)

R
N
il
S



B comctrods Conkoors B Fecka Be Stripe LB, £360 (IR IKD iedp |

4sd}q[t2?|Jsd}m[uﬂfmk'“"ﬁ {70IN[140] -

f HIJEEI':-H[IEI-"] {GaN[138] -

L"‘fﬂ IH[141] (71IN[142] -

: The atom types and resonance and spin

A \ system numbers for the N and H

- dimensions have been carried over from
the HSQC. The C dimension will have to
be assigned an atom type, resonance and
spin system at a later stage,

gs-;}ri[rz?lm_}jqq;;ﬁ% WWM]

iEQ'IIHH'.?:?] {BajM[138] -

"1}H[1d. ﬂE}HlH
lﬁﬁ‘“]HhEBI IEﬁ]N 0] - Q ;# H[lﬂﬂ [155)N[314] -

@m}r—tnﬂgf(‘?mm[mb
{BIH[125] (63IN[126] -

Peakpicking the 3D Spectra

-

7]

SRLTHL N T S L B AT v R . e

T

T

T T T T T
- -

R R

Aiam




Linking Sequential Spin Systems

CBCANNH

1. Find identical Ca/CP
pair in CBCA(CO)NNH

54 B B
(N HCoHC)HN HCaHC)HN HCa-(C)HN HCa-c))  CBCA(CO)NNH

——5

@P 2. Get new NH group |\-|N @

in CBCA(CO)NNH

\
2/

4. ldentify new Ca/Cp
pair in CBCANNH

E
CaHOHE

3. Find new NH group HN l 5./1. Find identical Ca/CB
C

@)

)

@)
\Q

/

in CBCANNH pair in CBCA(CO)NNH




Linking Sequential Spin Systems

1. Find a peak in the B
HSQC to be used as a
starting point
Y
| 7. Assign the
2. Navigate to this NH CBCA(CO)NNH Ca/Cp
position in the CBCANNH <——— and set the NH as the
i | !_ sequential spin system
| a. Good match b. No good
* match
3. Identify the own and ; :
previous Ca/Cp pairs by %eggﬁysmicgmndg
kbl select best match

. !

5. Select the own Ca/Cp

4. Assign the own and search for matching Automated in the
Ca/Cp. - peak pairs in the Lin_k Sequential
CBCA(CO)NNH Spin Systems

function




Linking Sequential Spin Systems

Assign
Peak
View
Mavigate
Strip
Markers

Window

Macros

Find peak in HSQC as starting point
Navigate to this NH position in the CBCANH

ldentify own and previous Ca/C[3 by comparison
with the CBCA(CO)NH

-> 1H - 15N in GCBGAGONNH

1H - 18N in CBGANNH
1H - 18N in HEHACONH
- 1H 15N in HEHACONH
1H 15N - in window?2

1H 18N - in windows

- 18N TH in windows
Peak Location Strips
All window positions

X e frga il tewii

B pectrall (ivkours b Pecka B Gtripe hoisd, 12022
T o I
s Jigl

T1h 15K Help

TR noerEmE

{0 e i ETENE e

f I e gy -

EIRREr O A A 1 |

By marking the original HSQC peak,

LR

_T0 [ X entamn trguis tmath
E?quc!mkunm-bmah Sbrips B D000 {IHIICY  Help

o
— | T W
IGE 1 ey g P -

Wit ’} GRS
TANRA | 1
' 1

: i ... phrm ki.-"""'"-r" g
= WA et

There are two Co peaks / The peak not present

in the CBCANNH, in the CBCA(CO)NNH
the weaker of which \ belongs to the Ca of
n

corresponds to a peak i the parent residue
the CBCA(CO)NNH. in the HSQC.

-~ itis easier to find the correct strip in el ppan=g ;:.\.;:k...'f
“ the 3D spectrum. —0 i _
T A | a¥) I?"m-m'.hl.m I
- o '_w“:ﬂ&ul'l T — i i;-'I-IJ'I.I‘,HnHiIB| ISR l 2
= g | The weaker peak which is also
F o whsas > | present in the CBCA(CO)NNH
U %ad) " Is the Ca of the residue u
= & w_| [T preceding the parent residue

- in the HSQC. =



Linking Sequential Spin Systems

4.

Assign own Ca/C[3

4. Toggle the Carbon atoms on and
1. Create a new resonance then select any Ca

Edit Assignment (rgs18 te 4} 1 o=
Peak: CHCANMNH:choanh_psrgs1f.0S1227_ 71382 Shift Listl Structures <hio : gim) W [ Residue: ALl W Ehift List: <Igrores W
2 T D b | muckeotides: Interloced ¥

+ _-'[E"I : 1= IE

gg &88 gw

Ot
Algsed possible W Restrict ol System W Intra-ressdue )
Correlated Cims. ®  Double toéerancas )

Frochirals: W Mon-Stersospecific ) Stereospecific | Anbiguous
AEigneent:  # Any o Assiged .. Unossigred

Assign Sel Ao - De-msiign Clear g
i B (R el ) e ‘ sarrib E ST
on i) | o |_ ome | by | pimie | fmeem | 2 | s | e |
N 3. Select the resonance and set the atom type
which will bring up the Browse Atoms panel

2. Select the resonance and set it to be part
of the same spin system as the H and N above



Linking Sequential Spin Systems

5. Select own Ca/C[3 and search for matching
Ca/Cp peak pairs in CBCA(CO)NH

— Right click - Peak - Match Peaks - In
CBCA(CO)NH - F3

ign P
- Selected peaks...
View Py
Mavigate Add new peak
Strip Genter z planes on peak
Markers Delete selected peaks
Window Find close peaks
Find symmetry related
Macros F Label Auto Arrange

Label Position Reset
Make intermediate peak
Set details

Set merit

Show structure connections

Snap selected peaks



Linking Sequential Spin Systems

6. Display matching peaks in strips and select
best match

Matching score  Number of peaks which Matching spin systems
match the target peaks that have been found
X Puak Groyps (rguit_test) o=
Matched Peak Groups ———f- ;
T bt L) Nuﬂ'l i

1. Select the spin systems that
you want 1o inspect visually

2. Select the window in

which you
want to view the spin systems
3. Click 'Display groups in strips’ \ /
oyl [0 bk | ol oo _ln"ﬂagﬁ%;”fs Cerget window: 11 13C 18N In CBCACONNH ¥
Close Halp




Linking Sequential Spin Systems

6. Display matching peaks in strips and select
best match e —————

M %‘gm* g._:ﬂ: |

il
¢4

/_

s

The orginal Cae and Cp peaks of
spin system {88} in the CBCANNH

Although the Cj of the {78}
CBCA(CO)NNH strip matches
that of {88} quite well, the Cut

is not such a good match.

{— 4l

Both the Ca and the CP resonances in

the {54} CBCA(CO)NNH strip match that _
of {88} very nicely. This must therefore ' |
be the spin system that follows {88}. -

el | &
& i
5 ; i) I B
@ A -:’.?w{;é o3 - -
P C L. e t § é}i’rﬂ ) L
e C o5
ﬁf}'! '.I 1w [ iliss
go 45 50 75 v |as y
= —_— = -l o es—— F o M3 ! - -
1 (117,970 1abe AFE | v [T | 1es Vi



Linking Sequential Spin Systems

/. (a) Good Match: Assign the CBCA(CO)NH
and set the NH as sequential spin system

— Right click - Assign — Set Sequential Spin
Systems - F10,F20, F3-1

X Edit Assignment (rgs18_test) o x |
Peak: CBCCONMHichcaconh_psrgs18.051221_E:1:118 Shift List1 Structure:
_ Assignment possibilites = =
| F1iH 81188 [ #  Name | Deta | Shit | SD |Dist
: 5407 107 {e4¥H[107] 00D BA1E 0002

[ <News |
CFeisNieg4z | # | Name et | St S0 Dt
£ 454 108) 108 {54N[108] 0.031 1184872 0025

I_ <Mews il

[ Fs13C 258795 | # | Name 'Dera | Shit | SD  Dist
376 {BE}CB[3zE] DOOZ 25882 0,000

| ‘_—m_"&-- Select this resonance (the Cp

I <Mews |

of spin system {88]) by CHCkiﬂg
Options 4 : ¥

Aliased possible @ Restrict Mol System B Intra-residue on itand it WIII_men appear on

Correlated Dims @ Double tolerances the left hand side so ﬂ'!i'ﬂ the
peak then has the asmgnment

- ‘ ferge Hi-Ni-Cpi-1.
_S_giﬁtg;.r?:m sfiiay | i | Close Help




Linking Sequential Spin Systems

7. (b) No Good Match: Start Again...



Linking Sequential Spin Systems

1. Find a peak in the B
HSQC to be used as a
starting point
Y
| 7. Assign the
2. Navigate to this NH CBCA(CO)NNH Ca/Cp
position in the CBCANNH <——— and set the NH as the
i | !_ sequential spin system
| a. Good match b. No good
* match
3. Identify the own and ; :
previous Ca/Cp pairs by %eggﬁysmicgmndg
kbl select best match

. !

5. Select the own Ca/Cp

4. Assign the own and search for matching Automated in the
Ca/Cp. - peak pairs in the Lin_k Sequential
CBCA(CO)NNH Spin Systems

function




Semi-automatic Linking

 Assignment - Link Sequential Spin Systems

b Assignment : Link Sequential Spin Systems (tutorial : 4
F L& =
Settings | Spin System Table i @

Querv
Wwindow: GBGANH ¥

Spectra: CBCA(CO)NH:cbcaconh

Matches
Window: CBCA(CO)NH ¥

Spectra: GCBGANH:cbcanh
Peak Matching

Max Strips: 7

Tolerance: 0.20000

Auto Match v

Filter By Inter/Intra Type M
Focus window views? 7

Focus width (ppm): 5.0000

Seauence
Chain: MS1:A ¥




p¥d Assignment : Link Sequential Spin Systems (tutorial) 77

=
Settings

Spin Systems

{1} X=7/.747,21=116.154 P

1

2 2} 61:000 x=6.691,21=117.487

3 {3} 72:000 %=8.243,21=114.347 |

4 {4} 83:000 x%=8.636,21=122.128

e lm [ T o | cederareioss |

6 {6} 105:000 %=8.362,21=117.501

8 {8} 127:000 %=7.362,21=124.160 |

9 {9} 138:000 x%=8.475,21=118.168 |

10 {10} 1:000 x*=8.076,21=117.836 |
‘Goto Mext ‘ Goto Prev ‘ Goto i-1 | Goto i+1 |

Clear i-1 ‘ Glear i+1 Clear all Show ‘ Show

Links Links links Peaks

Matched Peak Positions

2 0.039848 {94] ? ? 1

3 0.033038 {39} ? ? 1

4 0.009507 {89} ? ? 1

5 0.007349 {79} ? ? 1

[3 0.006794 {43} ? ? 1 |

7 0.004412 {28) Overlaps:{105} ? ? 2 |

7 0.004412 {105} Overlaps:(28} ? ? 2 |

Find Discard ‘ Set Seq Clear ‘
Matches Selected Link Rulers
——— Sequence Locations —— Residue Types

[ |

-=| 11Trp 12Gly 13Glu  14Ser 15F Phe7.1 Thr8.9
-E| 17Lys 18Leu 19Leu 20Ser 21H lle 6.5 Gly 8.1
-E| 97Thr 98Leu 99His 100Ser 101K Cys 6.3 Asn 7.3
-=| 18er 2Met 3val 48er &P Glu 6.1 His 6.0

Assign Selected Tp58 Cys5.8

34Thr 35Glu 36Phe Tyrv7.2 Ser11.0 P

The orginal Ca and CJ peaks of
spin system {88} in the CBCANNH

Semi-automatic Linking

X CHCAMNM (rgall_tast)
I Spacirole Gk il e St s i, S0 HISLEL Jhein |

Both the Ca and the CP resonances in

of {88} very nicely. This must therefore
be the spin system that follows {88}.

the {54} CBCA(CO)NNH strip match that '

= '8lx | M eacaconsn trgals et =alx
B gmirod ctars B Arda B Strips SR, M0 bc) wlp | |

/

Although the Cp of the {78}
CBCA(CO)NNH strip matches
that of {88} quite well, the Cu
is not such a good match.

1w (11791 nmge. |




That's It

Happy Assigning...



