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Ralph:

get the feeling that most of our NMR managers either
use [CCPN's software], are scared to try it, or don't know
anything about it and are too busy or set in their ways to
try it.
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ur Approach

Modern Flexible Customisable

V23

Macro Name | None

1 for peakin project. peaks:
2 # Get the assignments in all dimensions for a peak
3 for assignOptions in peak.assignedNmrAtoms:

ove T
< Bo= = 0-»
i s 4 forassignment in assignOptions:
D 6 8 5 # Create the new assignment string with ‘molecule’ as the NmrChain

| 6 temp = str(assignment)

W rcasoces 7 assignmentComponents = temp.split ".")

B it 8 assignmentComponent "NA:molecule!
9 i 3](0:-1]

B oo 05 10 i R join(assi

Drop Area. [ Je— e 11 # get parameters needed for creation of new NmrChain, NmrResidue, NmrAtom and Peak Assignment
5 12 chainPid = 'NC:molecule’
13 resPid '+ o 1:-1)
1 seqCode = assignmentComponents(1]
15 resType = assignmentComponents|2]
{ 18 atomName = assignmentComponents 3]
17 axCde = assignmentComponents 3] (0
18 # Create new NmrChain, NmrResidue and NmrAtom if necessary
19 project.fetchNmrChain 'molecule’)
20 getichainPid) fetchNmrResidue seqCode, resType)
21 getiresPid).fetchNmrAtom atomName)
22 # Change the peak assignment to the new one
2 ¢ peak pid) assignDimensi .
24
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Opening and Overlaying Spectra

File Edit View Spectrum Molecules Assign Macro Plugins Help |

~ default
Spectra \
» SpectrumGroups
» ChemicalShiftLists
» NmrChains
, gagmles B
» Substances
S ruker
. Coﬁwlglsexes eve (< BrukerData = » Q
» StructureE bl M
\ Sitireben NmrPipe
. 8a}|aT?bles nycm,
» Collections >
» Notes UCSf Sms
> Bl 12
>B 13
Azara T
. >I@ 312 L
NmrView b
> BF 315
Xeasy = .

Felix B
Ndf5 o
JCAMP
Jeol

Ready rh



Programme Layout

SechPart2ZVAH - AnalysisAssign[3.0.2]

Sec5Part2VAH 1 ? pectrumDisplay:HCN
w Spectra " 5o 5 L] ¥ £
+ SP:hsqc P e B Lo ey L e B TR ) A || |+ + = A
* PeakLists — —
;_Nl:w Pe]akList) hsqc cbcaconh " hncach | | cbcaconh || hncach |
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-az?
b MultipletLists GS:HN.A GS:HCN.2 GS:HCN

¥ Integrallists NR:@-.@101. 1 . NFI@ @40 NR: @f-[-@:
+1][9

» SP:hncoca ' kl kl C
» SP:hncach h: 119890 1] h:116.8
, C

SP:hnca
} SP:cbcaconh 107.5 H

SpectrumGroups anT n
ChemicalShiftLists L Inrkdeilxed , : [ppm] n

T
<New ChemicalShiftList> .
ClLidefault Hn 76 75 74 73  7[ppm o @101H, CA

NmrChains x| Backbone Assignment:1 (<] -
<New NmrChain>

EATH

@- in: :@- = Find he:
: :ggz NmrChain |NC@ | v Find matches @181H, N; B181-1¢/ H
b NC:@3 # a Index Sequence Type NmrAtoms lle= x

Samples 79 ~a7_1
Substances 197 A, CB ﬁ@ 24H, waon

Chains 198 1 A, CB
<New Chain> 199 1 table A, CB [ LockedEiced 1 ockodtt o ,nmdﬂ;m: com
boMCA A CB LockedFD(ed : : | | ]

S Ensembles 1 modules e N wa 7.7 76 7.5 74 ?'l?[ppm] Modules Contain

DataSets - r GS:HCN_1.1 Nh |<[[107.29 | >[[1 |

E equence Graph:1
T h e NmrChain: |Nc:@- - | v| Show Sequence: v| Show t h e

cB

Sidebar yd | functionalities to

. I —— specialised —c displa
contains secs:a uMrop| function modules |trrcenw piay

your data | your data




Assignment: Marking and Peak Picking

. PeptideVideos - AnalysisAssign[3.3.2.1]

iFiie Edit View Spectrum Molecules Assign Macro Plugins Help

- PeptdeVideos | B 2 052
- Spectra
:gga%%gx:ggg'm 7?‘: fi\-r e ol ‘"| ’”‘ :O': PJ ®’0 '5)’4 @’0 O’o 7?( e B - |H| '”’ :O': PJ ®’0 '5)’4 é)’o O’o
» SP:C-HSQC ey T [
» SP:C-HMBC e o
P-C-HSQ OCSY GS:2D_HN.1 N GS:2D_HH.1 H1
» P:1H
» SP:N-HSQC @
SpectrumGroups o
ChemicalShiftLists o
©
Q@

NmrChains
Samples
Substances — 90
~ Chains

<New Chain>

- MC:A

» MR:A.1.CYS
MR:A2.TYR o
MR:A.3.PHE R L =
MR:A.4.GLU
MR:A.5.ASN ~100 g s
MR:A.6.CYS 8
MR:A.7.PRO
MR:A.8.ARG 00
MR:A.9.GLY
Complexes ®
StructureEnsembles

StructureData
DataTables 0 ° - 110 | @
Collections

Notes

- v v v v

v v v wT w www

v v v v v ¥

~120

LockedFixed N [ppm] LockedFixed [ppm]
1 T T | 1 I T T I 1

T I | I I T T
Search Pid/String e.g Sp:H*qC 8 85 82 8 78 75 727 [ppml 3H 86 B5 84 83 82 81 8 79  78[ppml.

project.deleteObjects('PK:N-HSQC.1.3', 'PK:N-HSQC.1.2") ‘L




Keyboard Shortcuts

. Two-key shortcuts are shown
vl in the menus
1 Spectrum Groups... 58
» Set Experiment Types... ET . o e
! Vaidate pats.. v.p They are case insensitive (e.g.
) ¢ Pick Peaks ’ 1 !
E gﬁ Copy PeakList... C L type Cp )
v Ch Copy Peaks... C,P
, ¢  Estimate Volumes... E V
EEE Reorder PeakList Axes... R, L Press ESC to reset
Make Strip Plot... 5P
Make Projection... P,J
T = A full list is available from
Help / Show Shortcuts




Mouse Menus

Peak Table:1 [x]

PeakList: |PL:hsqc.1 " Position Unit |ppm v|

# s  AssignF1 Assign F2 Pos F1 Pa Height “
69 @.@69.H @-@69.N 8.904 115. Column Settings... | 55,01
70 @-.@70.H @-.@70.N 8.261 114.88{ Search .95e+0!
71 | @-.@71.H @-.@71..N |7.293 114.888 None None 9.91e+0¢
72 @-.@72.H @-.@72.N 7.667 114.503 None None 8.52e+0!
73 @-.@73.H @9E°" . A None 8.19e+0!
74 @-@aH o COPYPeaks.. None 7.78e+0¢
75 @-.@75.H @-.@ ExportVisible Table None 9.79e+0!
76 @-.@76.H @-.@ Export All None 9.09e+0!
77 @-.@77.H @-.@ Delete None 9.16e+0¢ M ou se
78 @.@78.H @.€ (lear Selection None 11e+05
39 @--@79.H  @- @79TN"T71S 7EETNBRe None g_a5a+9.|; M
= SpectrumDisplay:HN [x] e n u S a re
i i || e 4+ = BT A :: ISJ G 6{ é{ t t
= contex
| Delete Peak(s) .
] com s A I dependent
Edit Peak Assignments "FL! N &H' NL 114
" Deassign Peak(s) i @ eRmH
OH, N '@SWH‘_HZ
Set Aliasing... BaiH H, Neg
[ Refit Peak(s) Singular R, P 'E%@?GH' N 113
Refit Peak(s) Group R, G 114
Recalculate Height(s) R, H @71H, N
Snap Peak(s) to Extrema S, E ( 115
Estimate Volume(s) E, V D
@b8 Reorder PeakList Axes... R L @sof e
o, B Make strip Plot... S, P g;{;:;; @:117
Calibrate Spectra from Peaks... H N x | 118
New Multiplet AM
LockedFixe Navigate to: p| @44H N I fogm]
Hn. 9 Mark Peak(s) 7.2 7 6.8[ppm]




Peak Labels / NmrAtoms

Peak Labels are divided into four + NmrChains
parts: « NC:A
Chain Seq.Code AAtype Atom * NR:A.57.TRP
————————— NA:A.57.TRP.H
NA:A.57.TRP.N
NmrChain NmrResidue NmrAtom NA:A.57.TRP.CA

A A.57.TRP A.57.TRPH NA:A.57.TRP.CE




ASS|gnment Peak Labelling

File Edit View Spectrum Molecules Assign Macro Plugins Help

-

{ v v v v

* v v v v -

~ PeptideVideos

Spectra

» SP:TOCSY_80m

» SP:NOESY_300m
SP:C-HSQC
SP:C-HMBC

» SP:C-HSQC_TOCSY

SP:1H
i

SpectrumGroups
ChemicalShiftLists
NmrChains
Samples
Substances
Chains

<New Chain>
- MC:A

» MR:A.1.CYS

» MR:A2.TYR
MR:A.3.PHE
MR:A.4.GLU
MR:A.5.ASN
MR:A.6.CYS
MR:A.7.PRO
MR:A.8.ARG
MR:A.9.GLY
Complexes
StructureEnsembles
StructureData
DataTables
Collections
Notes

v v v w w w w

" PeptideVideos - AnalysisAssign[3.3.2.1]

3.3
-34
-3.5
-36
~37
-38
-39

~41
~42
~43
~44
~ [ppm]

f o [XIEJE
) ol ny
A+ = Bl S 9 & q m A + = |+ 4
N-HSQC TOCSY_80m
GS:2D_HN.1 e GS:2D_HH.1
~102
~103
- 104
- 105 .
&
~107
108
109
- 110
L1
=112
=113
= e ~114
- 115
- 116
LockedfFixed - [ppm] LockedFixed
I I I I I I T T I I I I I I I T | I I | I I
ES.H 8.1 8 7.9 78 7.7 [ppml H 802 8 798 7.95 792 79 7.8
e ? Peak Assigner
Current Peak: N-HSQC.1.4
H: 7.937 N: 106.393

T
7.85

7ppm]

(x]

a

Alternatives

Alternatives

Search Pid/String e.g Sp:H*qC

application.showPeakAssigner(position="'bottom’', relativeTo=None)



Multiplets

-~ default o 2D_HH (X]
- Spectra L g .
» SP:Noesy N A + - |H| ’”* >y ﬁ @’0 '@6 é)’o Qo
» SpectrumGroups o
» ChemicalShiftLists Nossy |
» NmrChains .
» Samples GS:2D_HH.1 |H:7.236 H.2
» Substances Ni-2-2:846
» Chains
v Complexes -29
» StructureEnsembles
» StructureData
» DataTables
» Collections -3
» Notes
31
o @ -3.2
g
©) ©)
34
~35
O _3'6
37
Lockfd Fixed ‘ ) [ppm]

N I | I | I T I T I | I | I | T | I | T
Search Pid/String e.g Sp:H*qC |H7.28 727 726 725 724 723 722 721 72 7149 748 747 716 715 744 743 712 7N 71 709 708  [ppm]
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NMR-based fragment screening

— 7

&

‘.
B
ol

' @ B%0

(500-5000 compounds)



NMR-based fragment screening

A Control B aF RF Off Resonance
) A /\ 2 O
g 1|
"H/"°F Relaxation- S @ 0 T 0 .
ed It ed Target \ On Resonance
’ | I

WaterLOGSY

Saturation Transfer
Difference (STD)

Tiq series

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1



I_Oading data Excel/CSV/NEF

reference spectra
compound information

AutoSave @ oFF () 2 lookup_19F_TimeX = I I l eta d ata
Home Insert Draw Page Layout Formulas Data Review View Q Tellme |2 Share CJ Comments
| m = fx Y
Project Spectrum Molecules Screen Assign View Macro Plugins Help
A B ¢ D : F G - defaul N secumDisplayiE [
. » Spectra [ — = - .
1 | slampIeNamlrumGroupI'bectrumPat}ectrumNari comment | pH bmcStrer ~ SpectrumGroups | ofls T
<New SpectrumGroup> L]
2 0 Control_1 Control  Control_1 Control_1 8 H ~ SG:RefMix ‘
SP:RefMix_1 RefMix_1
3 1 Control_2 Control  Control_2 Control_2 6 H SP-RefMix_2 =
g i GS:1D:F.A [~ intensity
4 2 Control_3 Control  Control_3 Control_3 7 ggzggzm—i c101 €1020 C109 |-1.6e+1
= W ;| F1.5e+1
5 2 Fantval A Canieal Fantval A Canteal 2 L] SP:RefMix 5 ><C1 018 c1h3 >< %g;mx ><C1 010 Cc106 >< | 1,4:4»1
| C r1.3e+1
€105 C1013 Cc1016 C102 ><
o X XK m e 3R R
7 B o o Edit Substance C e o Sample Properties % - 1.0e+1
— 9.0
8 8.0
— Name component1 7.0
9 ot b nd Name Sample4_Control L gg
10 Labelling Amount Unit L o g mole -4.0
11 Chemical Names Demo_L-tyrosine 3.0
S Amount 0.0012 r20
12 Reference Spectrum  SP:component! - 1.0
Smiles C1=CC(=CC=CICCIC(=0)OIN)O lonic Strength L _01' 00
Empirical Formula COHTINO3 pH 6.95 B [0
Read 3
B tieacy Molecular Mess 18110 Sample Batch Identifier |A1_Demo LockedFixed : : . -4.0
C None
e Sample Plate identifier |A4 F -60 -70 -80 [ppm]
Cas Number None §
Atom Count 24| Sample Row Number
| o 5 g, o |8 @ 8, &
Bond Count 4 Sample Column Number |1 C TR J * Do Co
Ring Count 1 & ¢ e ] o
omment Demo
HBond Donor Count |3 Control 1] iSTarget)
H Bond Acceptor Count |4 Cancel Apply Ok GS:1D:F_1.1 r E,hge"ﬂ'y
[ 1.be
Polar Surface Area 83.6 ' F1.5e+1
| F1.4e+1
LogP 271 | 1.3e+1
| F1.2e+1
D e o Edit Spectrum Group F1.1e+1
r1.0e+1
Spectrum Group  SG:Refersnces ~ 9.0
Name References 8.0
Selection Spectra Spectrum Group C gg
Campound view et e ‘ Fso
SP:component3_1H_No_Target SP:component3 ‘ 4.0
SP:component4_1H_No_Target SP:componentd L 3.0
SP:component_1H_No_Target 'SP:component§.
SP-mixturel_1H_No_Target r2.0
SP:component!_Off_Resonance No_Targe J | J 1.0
SP:component2_Off_Resonance_No_Targe K 0.0
SP:component3_Off_Resonance No_Targe !
SP:componentd_Off_Resonance No_Targ + F ; g
Filter by:  none . [ '3:0
Show jese v |LockedFixed : - -4.0
Cancel Apply Changes i i T

1IC [LF -60 -70 -80 [ppm]

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1



Automation: pipelines

o )

i ' - Input Data

Analysis Noise_Threshold
Calculate Integrals 1D (experimental)
Find Multiplets
el
o r igi
Rofit Poake Origin_SpectrumGroup

Single Maximum Peak 1D e
AnalysisScreen Destination_SpectrumGroup

Snap_Peaks

i Spectrum Max_snap_distance_(ppm| . | H
Propagate Peaks From References g Lol ; Actlon 1
STD Creator Optimise_ReferencingPoints
Set Peak Figure of Merit
Setup Screening dataset Skip_Below_FoM
Post-Processing

Align Spectra

BAQSELINE (new)

Baseline Correction Origin_SpectrumGroup

Phasing Spectra

RBfSrBMi';IQ Spectra Destination_SpectrumGroup
ra

Generic o8 Snap_Peaks
Duplicate Spectra §
Exclude Regions Max_snap_distance_(ppm)
Exclude Solvent Regions

Noise Threshold Optimise_ReferencingPoints .
o“gu"gm Pipeline Skip_Below_FoM X | A C t I O n 2
User

Demo Gui

Minimum_S/N_ratio
Set_Figure_of_Merit 0 |
Run_Name [ 19F_Pipeline )
Reference_SpectrumGroup | SG:RefMix -
Control_SpectrumGroup iSG:Comr(il - A t H 3
Target_SpectrumGroup | SG:Target - C IO n
Displacer_SpectrumGroup 'None -
|Set Peak Figure of Merit | Matching_Engine |PeakSerial Match -
iSetup Sicreaning dataset | Experiment_Type |19F =
! 59 L ‘ Il::::;ie Unmalc_had Substances B

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1



User- frlendly Hit Analy5|s

~ completed_dataset2
~ Spectra

» SP:C101
SP:C102
SP:C103
SP:C104
SP:C105
SP:C106
SP:C107
SP:C108
SP:C109
SP:C201
SP:C202
SP:C203
SP:C204
SP:C205
SP:C206
SP:C207
SP:C208
SP:C209
SP:C301
SP:C302
SP:C303
SP:C304
SP:C305
SP:C306
SP:C307
SP:C308
SP:C309
SP:C401
SP:C402
SP:C403
SP:C404
SP:C405
SP:C406
SP:C407
SP:C408
SP:C409
SP:C501
SP:C502
SP:C503
SP:C504
SP:C505

on.N~cne

Search Pid/String e.g Sp: H* qC

Y Y ¥ Y Y Y Y Y Y Y Y VY Y Y Y Y Y Y Y Y Y VY Y VY Y VY Y VY VY VY VY VY VY VYV VYV VTV

o
4'
H NG UL < ORI ON
e om—
Control_1 | Target_1 |D|splaoer1 ‘ Cc102
GS:1D_F.1 - intensity
= 1.3e+1
= 1.2e+1
L1.e+
=~ 1.0e+1
~9.0
~8.0
~7.0
~6.0
~5.0
~4.0
~3.0
=20
~1.0
0.0
~-1.0
LockedFixed ; : S 1 : F-2.0
oJ F-56.2 -56.3 -56.4 56 5 -56.6 -56.7 [ppm]
0 Hit Analysrs (beta) (x]
DataTable: 19F dataset2_nearestMatch ~ | View Mode: (e) Substances (- Samplesu Scores \ Other Plots
# , Substance Substance Substance Substance 2
Name Binding Score Displacement Score Matching Score T & v M’h
12 C102 0.2042 0.1713 5 : E qs e f %g g 7
13 C1020 0.1204 0.4591 5 5 20 100 120 140 160 180 20
14 C103 0.1303 0.4977 5 g, "
15 C104 0.2120 0.0951 5 3
e e Amear - 5 Select X-axis |# - \ Select Y-axis \Substance Binding ~
Peak Binding Scores o Matching peaks  Current peaks
Substance Sample Peak Peak Peak Peak Label Peak Positi| | =
Name Name Binding Score Displacement Score Matching Score Reference | PK:C102.1.1 i lhrlier
c102 Target 1 0.20 0.17 5 56.482 | pi.Control 1112 00
1 B PK:Control_1.1.
E PK:Target_1.1.12
| PK:Target_1.1.1
'PK:Displacer_1.1.
[ PK:Displacer 1.~
| 4 e | (3K | >_|
‘ | New match from current

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1
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User-friendly Hit Analysis

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1

e Hit Analysis (beta) )
DataTable: |19F_Pipeline ~ | | View: [J Substances (] Samples M Matches Only | P
Peak Binding Scores E
Substance Sample Peak Peak Peak Peak Label Ref-Targ Ref-Targ Cont-Targ Peak Position Control Comment =
Name Name Binding Score Displacement Matching Score A Shift 1Al Shift  IAl Shift  Reference S/N Ratio
c1012 Target_1  0.021 0.986 5 0.000  0.000  0.000 TR [y
Scores
C1013 Target 1 0.033 -0.076 5 v A 0.000  0.000  0.000 ‘ Other Plots |
C1014 Target 1  0.067 0.399 5 0.000  0.000  0.000
C1015 Target 1 0.283 0.079 5 0000  0.000  0.000 14
C1016 Target 1 0.020 2.802 5 0.000  0.000  0.000 © 1.2
C1017 Taraet 1 0.196 0.339 5 0.000 _ 0.000  0.000 (§ :
o] Hit Analysis (beta) = i oj“‘l;‘ "o e 30 o °® 0
[
. . . £ o @
Calculation = Matching = Appearance | Filters | g OB . o’ ?. ' %] Reset Zoom
~ K ° o o % $ 7ROl
Show top ‘30 v’ ) @ 06 oo %, o.* e b2
} S o, ® o8 > .’ Select within ROI
O 0.4 &3 ‘ ) .. 0--0
Matches é - - % @ Toggle Mouse Text
Binding Score > - 0.1 < -] 1.1 s o | MMt g8 bcion
) 0 “-2-1 m NonHit Export image...
Displacement Score |> v ” 0.1 ||< v ” 1.1 I omp New from Selected
-0.2
Matching Score |> - ” 1 ” = ” ’ . 0 = NonCompetitiveHit 03
. . Yy Inconcl
Relative S/N Ratio |> - ” 3 “ - ” ’ - | =8 clus!veC p_—_—
vie [Qubetanma p W InconclusiveCompetitiveHi : - .
Flag |Not equal to - ” Excluded - I Select X-axis S:::ct,ance B m Excluded substance Displacement Score |
Sort By |Binding Score v| m Other a EditPaneliT
Ascending Sort ] Control Peak Lak Ref-T. < Remove Flag > ‘ Mlew/EditMatch..
Aamn  Q/Nl Dati A th!ab.‘mluﬂlll\l Chift Dafaranan [ Nalata Matnh
Substances ]
[ o P PR A L = H AP o PRI I‘ ” N N4 " - ” -4 I




Quality control

Reference data Principa

Component Analysis (PCA)

SpectrumDisplay:1D:H

1029187-1 1111464-1 11235971 1146746-1 1201989-1 1349804-1 1481081-1 14844501 1484917-1 1486169-1 1487005-1 1487189-1 1488355-1 1489258-1 1491773-1 1492059-1 14941131
A . ] =T
~1D:H . ﬂ intensit
4 AR ul 1.2e+8

] [ JL_.__“JL._..,..___J L &
| llu.J | ] " —1.1e+8
[} [ ] | 3 ol A
[ | | I\ I A -1.0e+8
8 18.0e+7
6 e ® 17.0e+7
: 6.0e+7
- 5 o B " 5.0e+7
-2 v e : —4.0e+7
O ® L

8 -4 ® L ] : . [ ] 3.0e+7
-6 b b ® ° 2.0e+7
T -8 L R “11.0e+7

Lock | -10 . . | '

H 13 . 12 (ppm]
-14 |
-10 -8 -6 -4 -2 4 6 8 10 12 14 16 18 20 22 24
PC1

Mureddu et al, J. Biomol. NMR, 2020; https://doi.

org/10.1007/5s10858-020-00321-1



Quality control

Reference data PCA

T —

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1



Quality control

Reference data PCA

26

£l
[ ]

. 1 L \
H 12 11 10 3 ] 7[ppm||

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1



Quality control

Reference data PCA

10:H.1

i s gy s st W‘ﬁ”"‘
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PCA analysis:
~40+ reference spectra of compounds were unusable
Th|s was never noticed!

g il st g SOy ly\-""‘m

*.Wmvw-rmmww‘“' Nﬂ,’MJ
{

—— L |t o g NS A i i e e

Hmw‘vrw"‘” g A e iy

H

1
8

7 6 [ppm]

Mureddu et al, J. Biomol. NMR, 2020; https://doi.org/10.1007/s10858-020-00321-1




Small Molecule NMR

Metabolomics



Metabolomics

intensity
~ 6.0e+5
~ 5.0e+5
What compounds does my sample contain?
~ 4.0e+5
" And in what relative concentration? .
¥ﬁ|rlg """" —_— \ - 2.0e+5
roli g — I | i Tt il
Phenyl
Histid ~ 1.0e+5
Ghiamioe > Need a good database of small molecule
Aspartic_aci
o spectra 00

H | 7 em



Metabolomics Databases

Commercial (integrated into software):
* Chenomx (336)
* KnowltAll (~160,000, including many pharmaceuticals)

Free:
« Human Metabolics Data Base (HMDB)

* Biological Magnetic Resonance Bank (BMRB) (>2700)

* Guided ldeographic Spin System Model Optimization librar
(GISSMO)

é

e
The Human Metabolome Database

Biological Magnetic Resonance Data Bank

“GISSMO

\ A e




Metabolomics Databases

Depositied metabolite NMR spectra will vary depending on:
* temperature

. ph
* solvent

» field strength of the spectrometer

»ideally want completely annotated spectrum with its respective
metabolite chemical data

»use simulation to extrapolate to other conditions or spectrometer
field strengths



CcpNmr Analysis Simulated Metabolite
DataBase (CASMDB)

User Defined Database

Substance

9 10 n 12 15 13 14 4 1 l 9 v2 1 532
R Generate Peak- L(RALE, @ )
0 0 2088 ~13.591 6591 0 0 Listfrom (2-337, 2-1401) ,
BT e — Couplings (2.022, 1.9815),
0 o 0 0 0 s -116 .“]

Spin-System Matrix

Peak-List
Peak = (3.000, 1.000, 25)
o o
Convert to
Height Lorentzian
D B Curves
b




AnalysisMetabolomics

File Edit View Spectrum Molecules Assign

~ ProfileByReferenceProject
~ Spectra
SP:Mixture_3
SP:Mixture_2
SP:Mixture_1
SP:Sum_Reference_Mixture_3

SP:Sum_Reference_Mixture 1
SP:Subtraction_Reference_Mixture_1
SP:Sum_Reference_Mixture_2
SP:Subtraction_Reference_Mixture_2
SP:db_ref_L-Alanine_gissmo_spin_...

SP:db_ref_L-Leucine_gissmo_spin...
SP:db_ref_L-Arginine_gissmo_spin...
SP:db_ref_L-Asparagine_gissmo_s...

SP:db_ref_L-Aspartic_acid_gissmo...

SP:db_ref_L-Lactic_acid_gissmo_s...
SP:db_ref_L-Lysine_gissmo_spin_...
SP:db_ref_L-Proline_gissmo_spin_...

Y Y Y Y Y YYVYYVYYVYVYVYVYYYVYVYVYVYVYVYYY

SP:db_ref_L-Threonine_gissmo_spi

SP:db_ref_L-Tryptophan_gissmo_s...
» SP:db_ref_L-Tyrosine_gissmo_spin...

~ SpectrumGroups
<New SpectrumGroup>

» SG:mySpectrumGroup

» SG:Reference_Spectra

ChemicalShiftLists

NmrChains

Samples

Substances

Chains

Complexes

StructureEnsembles

StructureData

DataTables

Collections

Notes

vy Vv VvTVYTVYTYTYTVYyTVYyvw

SP:Subtraction_Reference_Mixture_3

SP:db_ref_L-Isoleucine_gissmo_spi...

SP:db_ref_L-Glutamic_acid_gissmo... |
SP:db_ref_L-Glutamine_gissmo_sp...
SP:db_ref_L-Histidine_gissmo_spin... |

SP:db_ref_L-Serine_gissmo_spin_s...

SP:db_ref_L-Valine_gissmo_spin_s... ‘

Metabolomics Macro Plugins Help
Q Profile_By_Reference_Display 0‘
L] =3
- I"’| ’”' oy Io'o S ﬁ ®’0 '@’0 @0 O/o
— =—=m [ — | ez | —1 — | — — == | —_—

km_re...ystem db_re...ystem’id:_re...ystem ’d:_re...ystem \db_re‘..ystemHdb_re...ysmml“d:_re..‘ystem db_reA.AyslemH Sum_...re_3 H Mixture_3

= — o : ~ o.ueTrd

| GS:1D_H.1 intensity

- 5.0e+5
—4.0e+5

ML) me/\ % M vaxm
Sum_Referencé\Mixture_3 J/\\/\ A B
|db_ref_L-Alanine_gissmo_spin_system I
" db_ref_L-Isoleucine_gissmo_spin_system

} ~2.0e+5

:db ref_L-Valine_gissmo_spin_system j\/\ - B

! db_ref_L-Arginine_gissmo_spin_system

‘ :3.782 [lets
|db_ref L-Glutamine_gissmo_spin_system i v: 6.7096e+4

‘ db_ref_L-Lysine_gissmo_spin_system \/L

jdb\_ref_/LASZrineXgi’ésmo spin_system J 2\, 0.0

‘ !
|LockedFixed | I : I

H 39 38 3.7 36 [ppm]

X Offset: | 0 3| YOffset: | 35,279.258211 |2

— . - 5553 —
| ProfileByReference (%)

~ hmdb_accession bmrb_id

(‘l

-




AnalysisMetabolomics

- ProéileByReferenceProject O Profile_By_Reference_Display (%)
~ Spectra T -

» SP:10-1 B[R | (L S, wn [ ) ) )
» SP:40-1 2 - TR e > H % e C% %
» SP:70-1 —
» SP:Sum_Reference_10-1 10-1
» SP:Subtraction_Reference_10-1 i see
» SP:Sum_Reference_40-1 1D H.A1 intensit
» SP:Subtraction_Reference_40-1 SeED 1 - TasasYY
» SP:Sum_Reference_70-1 - 1.3e+5
» SP:Subtraction_Reference_70-1 r1.2e+5
» SpectrumGroups 1.1e+5
» ChemicalShiftLists - 1.0e+5
» NmrChains L 9.0e+4
» Samples L 8.0e+d
» Substances | 7'2214
» Chains )
» Complexes ‘ jioue
» StructureEnsembles [ 5.0e+4
» StructureData [~ 4.0e+4
» DataTables - 3.0e+4
» Collections | ﬂ \ - 2.0e+4
» Notes Il N [Uﬂl‘ - 1.0e+4
T R N PR PCP CUH (AR EUTESUEEP SO DRSPAPERSEUIEISRyY SUPPUEIN b LRUVIUPORI i \d VAN’ | 55V, TR PRy U % w’/'».y,m"' Nt entremmn A Attt s — 0,0
- -1.0e+4
- -2.0e+4
Lockec\!Fixed | . | | ; : : L 2nesa
4 H 89 8.8 8.7 8.6 85 8.4 83 8.2 gppm]
e ProfileByReference (%)
Spectrum Group mySpectrumGroup ~
Spectrum 10-1 v
name ~ hmdb_accession bmrb_id e
1 (+)-Abscisic_acid None bmse001238
2 (+)-Epicatechin HMDB0037954 None
3 (+)-Limonene HMDB0003375 None
4 (+-)-3-Methyl-2-oxopentanoic None bmse000574
5 (-)-Ambroxide None bmse001221
Substance 6 (-)-Isoproterenol_hydrochloride None bmse001209 Add Knknown Signal
7 (-)-Limonene HMDB0004321 None
8 (-)-Menthone HMDB0035162 bmse000375
9 (-)-alpha-Santonin None bmse001233
10 (-)-dehydrocostuslactone None bmse001319
11 (1E,B6E)-1,7-bis(4-hydroxy-3-methox... None bmse001156
12 (1S,2S,5R)-(+)-neomenthol None bmse000498 _
« >

Search Pid/String e.g Sp:H*qC




AnalysisMetabolomics

~ CreateDatabaseReference
~ Spectra
» SP:BMRB_L-Valine

» SP:db_ref User_Defined_Metabo...

SpectrumGroups
ChemicalShiftLists
NmrChains
Samples
Substances
Chains
Complexes
StructureEnsembles
StructureData
DataTables
Collections

Notes

Search Pid/String e.g Sp:H*qC

0000

o Create_Database_Reference_Display (%]
—_— - >l oW t ] » Q "n, )
s 7 ("B s 2 3 H * 00 c‘ K
BMRB._...aline ' db_ref...bolite
GS:1D_H.1 GS:Create_Database_Reference_Display.2 GS:Create_Database_Reference_Display.3 intensity
1.0e+5
A \ n A +~9.0e+4
] ]
“ |l ‘ ’ - 8.0e+4
|
| | I lt
/ 1 ‘ \ ' ’ ] I 6.0e+4
| l l - 5.0e+4
| | | |
| l | l ~ 4,0e+4
‘ 1 I i
I l \ | \ 3.0e+4
, ] | N
\ f\ | Vi | \v\/' \ ~2.0e+4
/\l | l‘l f : \l { |
[V | \ / \ 1.0e+4
7 S e H13.555 ALNINA / )3 / \
874 intensity: -7.1 AN N —~— — ~ L oo
LoclfedFlixed‘ I S ‘* { ;‘LockledFilxed‘ - — ‘ L L Locked‘Fixeld | — - S
H 365 3.62 36 358 355 [ppm] H 232 23 228 225 222[ppm] H 1.05 1.02 1 0.98 0.[ppm
o CreateDatabaseReference (%]
Spin System - Create New Simulation Save to Database =
Metabolite Name User_Defined_Metabolite
Peak Width 24 Hz -
Scale (10"n) 4.746 A
Frequency 600 MHz
Total Multiplets 4 a
3 2|3 i1 21 e
0 = 0 = 0 = =
0 = 0 = | N1} =
0 sl 0 =
0 =




Small Molecule NMR

Macro Editor:1
Macro Name None

1 for peak in project.peaks:
2 # Get the assignments in all dimensions for a peak
3 for assignOptions in peak.assignedNmrAtoms:

4 forassignment in assignOptions:

5 # Create the new assignment string with ‘molecule’ as the NmrChain
6 temp = str(assignment’

7 assignmentComponents = temp.split/"

]

9

nmentComponents(0] = 'NA:molecule'

3101
10 i inassi
i # get parameters needed for creation of new NmrChain, NmiResidue, NmrAtom and Peak Assignment
12 chainPid = ‘NC:molecule”
13 resPid * +.join assig -1
% seqCode = assignmentComponents(1
15 resType = assignmentComponents|2
16 atomName = assignmentComponents 3|
7 axCde = assignmentComponents|3] (0
8 # Create new NmrChain, NmrResidue and NmrAtom if necessary
19 project fetchNmrChain 'molecule’
20 get(chainPid) fetchNmrResidue seqCode, resType
21 get resPid).fetchNmrAtom atomName
22 # Change the peak assignment to the new one
23 get(peak.pid) assignDimension (axCde, newAssignment
24

Macro Writing



Analysis V3 as a development platform

CONDA @qthon

K.g’: Nump; Plus:all the CcpNmr Analysis
e V3 routines to read, store,
display and manipulate NMR

@ python’

atpl:tlib
LMFIT



Macro Writing Tutorials
CGPN

CcpNmr Analysis Version 3

Macro Writing Tutorial

L NoN
Macro Editor:1 (<)

Macro Name MergeMinusOneNmrAtoms

1 # Macro to merge "-1" NmrAtoms with the actual i-1 NmrAtoms
2

3 nmrChain = project.getByPid('NC:A'

4

5 for nmrRes in nmrChain.nmrResidues:

6 if nmrRes.relativeOffset == -1:

7 if nmrRes.mainNmrResidue:

8 if nmrRes.mainNmrResidue.previousNmrResidue:

9 newSeqCode = nmrRes.mainNmrResidue.previousNmrResidue.sequenceCode
10 for nmrAtom in nmrRes.nmrAtoms:

" nmrAtom.assignTo/sequenceCode=newSeqCode, mergeToExisting=True
12 project.deleteObjects nmrRes
13
14
15
16
Open save Save As Run

Mouse Mode: select

CcpNmr Analysis Version 3

GUI Macro Writing Tutorial

@ Filter Peak List

Select PeakList: 'PL:nnoe.1 ;l
Assigned Peaks Undsssgncd Peaks
Assigned PeakList Name AssignedPeaks
Unassigned PeakList Name  UnassignedPeaks

Cancel OK




GUI command echo & python console

Project

v temp

v Spectra

4
»
»
»
»

SP:hsqc
SP:hncoca
SP:hncacb
SP:hnca
SP:cbcaconh

» SpectrumGroups
» ChemicalShiftLists
¥ NmrChains

{vvw

<New NmrChain>
NC:@-

NC:@2

NC:@3

NC:A

<New NmrResidue>
NR:A.28-1.
NR:A.28.GLY
NR:A.29-1.
NR:A.29.GLU
NR:A.30-1.
NR:A.30.ASN
NR:A.31-1.
NR:A.31.LEU
NR:A.32-1.
NR:A.32.CGLY
NR:A.33-1.
NR:A.33.THR
NR:A.34-1.
NR:A.34.GLY
NR:A.36-1.
NR:A.36.THR
NR:A.37-1.
NR:A.37.ASP
NR:A.38-1.
NR:A.38.LEU
NR:A.39-1.
NR:A.39.ILE
NR:A.40-1.
NR:A.40.GLY
NR:A.41-1.
NR:A.41.LEU
NR:A.42-1.

Y Y VY VY VYV VYV VYV VYV VYV VYVYYYYVYYYVYVYYY

Search Pid e.g. SP:1010

Spectrum Molecules Assign View Macro Plugins

AnalysisAssign, 3.0.b6

" O &

Spec nDisplay

Hn:8.15

1 1

1

Nh: 123.145
3

8.4

8.2

7.8

7.6

mainWindow.createSpectrumDisplay(spectrum="'SP:hsqc', displayAxisCodes=(), axisOrder=(), title=None, positions=(), widths=(), units=(), stripDirection="Y"', is1D=False)

7.4

[ppm]

Q

Nh

123

124

125

126

[ppm]



Macro: Colour a series in rainbow colours

a e b a
.4'3."«. ,';'L |“| "”" ny -‘_ -;- :O‘: @‘\3& & &

[ tstar_free
GS:HN.1

e |

tstar_1:5eq H tstar_2:0eq

- 119

- 120

0 - 121
@ - 122
- 123
- 124

Qg 125

- 126

colour = ("#FFO@08°, "#FFD700°, "#308008°, "#BOBFFF', "#EEBZEE")
x=@

for spectrum in project.spectra:
spectrum.positiveContourColour = colour[x]

- @ x = x+l

LockedFixed & | lppm]
H 9 8 7 [ppm]
= '#FFD700'




Macro: Delete diagonal peaks

c2 c2

~10
20
~30

~40

pl = get('PL:sh3_2c_pdsd56.1")
tolerance = 1.5

for peak in pl.peaks:
| | maxP = peak.ppmPositions[8] + tolerance - . | . | . fppm]
? ? minP = peak.ppmPositions[8] - tolerance o0 »0 0 0 20 10ppm]

if peak.ppmPositions[1] < maxP and peak.ppmPositions[1] > minP:

peak.delete()




Macro: Data Analysis

PAH1-TETwt

o
-
o

o
o
o

€
c
o
<
£
©
<
U
o
(48]
L .
O
>
©

WT

I894A L897A T898A T898A LO900A

H1-TET(L897A)

106
108

A IS 110
P ﬁoo 112
g°% & 114
. 118
e % o s

120

15N (ppm)

122
124
126
128

H1-TET(T898E)

106
108
é & 110
el % o 12
¢ 114
o 116

- - {18
120

15N (ppm)

122
124
126
128

Chandru et al. (2018) Sci Rep 8:14689



Macro: Peptides

-

. VPPreMacro - AnalysisAssign[3.3.3]

File Edit View Spectrum Molecules Assign Macro Plugins Help

" e Ik o o/ ¢! - I

- t
2PSPNHsac ARA+-HI-NEISKRK Q]
» gP:T%C%Y
» SP:NOESY Hsac S...0CS ToCSY
» SP:C-HSQC i Lol
» SP:C-HMBC GS:HC.1 c GS:HHAA Lt
» SP:C-HSQC-TOCSY

» SpectrumGroups :

» ChemicalShiftLists L 20

~ NmrChains

ﬁléeg NmrChain> ) i . . A_R8HD%, CD
4 (@- ) 0 L]
- NC:A ) ' ' .’ /S&HG%,CG
<New NmrResidue> 0! 00 () * 'f. j

N=m. =

3
» NC:Re . .

» Samples b e,

» Substances -

» Chains bgo "0 | meSHE "

» Complexes _R8HE%, CB o A R8H,AIRBHE,

» StructureEnsembles 3 ‘ LI | mk ' ‘bbb ) tiw B

» StructureData f ® Lt

» DataTables L

» Collections I :
» Notes i 00 (X)

~30 L]

[ ] X LX) - 60

» . _~.90 - . 1 1 ise @

=70

4
; : m
LockedI Fixed [ppm] LockedFixed [ppm]

Search Pld/Sumg e.g SDHXQC ‘ H 5 4 3 2 1 [ppm] H 8 7 6 5 4 3 2 [ppm]1




Analysis V3 as a development platform
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CcpNmr
Analysis V3



Plugins

SCIENCE ADVANCES | RESEARCH ARTICLE

CHEMICAL PHYSICS

Protein NMR assignment by isotope pattern recognition

Uluk Rasulov’, Harrison K. Wangz'3, Thibault Viennet?, Maxim A. Droemer®, Srdan Matosin?3,
Sebastian Schindler?3, Zhen-Yu J. Sun?3, Luca Mureddu®, Geerten W. Vuister®, Scott A. Robson??,
Haribabu Arthanari®3*, llya Kuprov1=I=

The current standard method for amino acid signal identification in protein NMR spectra is sequential assignment
using triple-resonance experiments. Good software and elaborate heuristics exist, but the process remains labori-
ously manual. Machine learning does help, but its training databases need millions of samples that cover all relevant
physics and every kind of instrumental artifact. In this communication, we offer a solution to this problem. We pro-
pose polyadic decompositions to store millions of simulated three-dimensional NMR spectra, on-the-fly generation
of artifacts during training, a probabilistic way to incorporate prior and posterior information, and integration with
the industry standard CcpNmr software framework. The resulting neural nets take ['H,"3C] slices of mixed pyruvate-
labeled HNCA spectra (different CA signal shapes for different residue types) and return an amino acid probability
table. In combination with primary sequence information, backbones of common proteins (GB1, MBP, and INMT) are
rapidly assigned from just the HNCA spectrum.

Rasulov et al., Sci. Adv. 10, eado0403 (2024) 4 September 2024



Plugins - ChemEx

testing_26_01_2022 - AnalysisDynamics[3.3.3]

022 0 ? 3D _HNT 1
“= MR [ ] o ~ e
its N ] = =l S ﬁ N '6% é‘s b
~ PeakList> — —
5N_CEST_0.2 CEST_309 15N_CEST_0
5N_CEST_0.4 ST 1N -
tLists /GS:BD_HNT_1.1H, ChemEx Plugin N
Lists me:
P:\;AOQQC_SOQK 120
hps ‘ General
tLists hbal
Profiles
/ 77 7 7
BT A VAV e VI A NV . ) L2z
e == s = === —
N T IN_T 7/
ambles Models - - - - 0 L1273
L
Parameters Bnalysis of NMR Chemical Exchange Data
~124
Methods Version: 2022.3.6 —— o —_ = o= oo S
Selections [125
® L] ChemEx Plugin [ ] [ ] ChemEx Plugin ' [ ] e N 7 C
e : e General General ™
PeakList |PL:15N_CEST_0.2 Experiment Selection  |cest_15n Experiment Selection | ces x10~2
Profiles Spectra |> select-to-add < Profiles Load or create the profiles data first Profiles Load or create the profiles data 3 " N
T | P:CEST_309 B m— ves ©
Experiments - Experiments 13hz | 26hz Experiments Label =] 0 l-**.*l.* lé‘lll+1++*l+&l ¢ M +| I‘+‘l+ {l*] l*‘ +1.l
@ = Experiment | - - =] *Tfl * ‘l* * LELLE LB | b 7*1-1 ++ +’+}* T Ty + LA & |+* 'r*u
Models Models Name* [cest 151 Models = bl i it it ] 4
—— o5 | Path S = o -2
Y / T T T T T
Parameters — Parameters L . Parameters Scaled - LW
Experiment Category |CEST /D-CEST/ cos- Carrier 118.987 b tu Vi
Methods Methods Methods i
B1 Frg* 13 Filter Planes —t . -
Selections - Obsrvsd- Buicious) ~ selections & F—- Selections Filter Offsets T O
Observed AxisCode N Filter Ref Planes 4 0.4 1
Transmitter Offset (ppm) | 250.633468 B1 Inh Scale 1.7976¢ — Profile Paths
Spectral Width (Hz) | 2,270.663034 B1 Inh Res None = .
— Other Nuclei Observed State a ‘w g i 0.3 4
H AxisCode H — Conditions
Spectrometer Frequency | 800.250055 H Larmor Frq “ \ £
Temperature | = 0.2 4
Time AxisCode | Time P Total = T
Reference Plane Number | 1
L Total =)
Scali
+ ng D20 0.1 A
- Label I
+ Dala 1 : PPt g
+ Profile Paths TN 0.0
| Create Expe '_ f T T T T T
"l 132 126 120 114 108
— B LA B; position (ppm)
Help | |Help| | Help |




Plugins - ChemEx

[ NoN ] ChemEx Plugin
‘ General
TOML free-form sections used to create the Parameters file
‘ Profiles
C— = Global
‘ Experiments [GLOBAL]
_ KEX_AB = 200.0
‘ Models PB = 0.05
Parameters
‘ Methods T CSA
E— [CS_A]
‘ Selections
- DW AB
[DW_AB]
= Additional
Insert any additional Parameters required by the models, including the [header]
Open Picking Tool... Create Parameters ” Load Existing

T ——



Advantages to us

alabaster 0.7.12
apprope 0.
asnlerypto 1.3.0
babel 2.8.0
backcall 0.1.0
backports 1.0
backports. shutil_get
_terrminal size 1.0.0
blas 1.0
ca-centificates
20.1.1

cairo 1.16.0
ertfi 2019.11.28
f11.14.0

It
offi 1.14.
chardet 3.0.4
cryptagraphy 2.8
curl 7.69.1

cycler 0.10.0
cython 0.29.15
dbus 1.13.12
decorator 4.4.2
docutils 0.16
etxmifile 1,01
expat 2.2.6
fontconfig 2.13.1
freetype 2.9.1
fribidi 1.0.5
get_terminal size
100

genext 0.19.8.1
i 2.23.0
glib 2.62.1
graphite2 13.13
hSey 2.10.0
harfbuzz 2.4.0
hdf5 1.10.4
icu 64.2
idna 2.9
imageio 2.8.0
imagesize 1.2.0
intel-openmp
20200
ipykernel 5.1.4
ipython 7.13.0
ipython_genutils
2.0
Jbig 2.1
deal 1.4.1
Jedin.16.0
Jinja2 2.11.1
Jobiih 0.14.1
ipeg 9
Jupyter_client 5.3,
Jupyter_core 4.6.1
kiwisolver 1.0.1
KebS 1.17.1
libeurl 7.69.1

afortran 3.0.1
icon 1.15
ibopenblas 0.3.6
libpng 1.6.37

Ilvm-openmp 4.0.1
Imiite 0.31.0
markupsafe 1.1.1
matplotiib 3.1.3
matplotlib-base

3

mkl 2020.0

alefile 0.46
openbabel 1.0.0

openblas 0.3.6
openblas-devel
openpyxl 3.03
openssl 1.1.1e
packaging 20.3
pandas 1.03

perl 5.26.2
pexpect 4.8.0
pickleshare 0.7.5
pillow 7.0.0

pip 20.0.2
pixman 0.38.0
prompt_taolkit
303

ptyprocess 0.6.0

prgments 26.1
pyopenssl 19.1.0
pyparsing 2.4.6
pyar 5.9.2
pyatgraph 0.10.0
pysoeks 1.7.1

python 3.8.1
python-dateuti
5.1

2 20193
pyaml 5.3.1
pyzma 18.1.1
597

atconsole 4.7.2
awy 19.0

readiine 7.0
reportah 3.5.26
requests 2.23.0
seikit-lear 0.22.1
cipy 1.4,
ewptools 45.1.1
simplegeneric 0.8.1
5ip 4.19.8

six 114.0
snowballstemmer
200

5
5

sphinx 2.
sphinx_ntd_theme
4.3

sphinxcontrib-
appieheip 1.0.2
sphinxcontrib
devhelp 1.0.2
sphinxcontib-
himihelp 1.0.3

sphinxcontrib-
jsmath 1.0.1
sphinxcont
athelp 1.0.
sphinxconts
serializinghumi
14
salite 3.31.1
1bb 2020.0
w868
tormado 6.0.4
tqdm 4.43.0
raltlets 4.3.3
urlib3 1.25.8
wewidth 0.1.8

pip:
namrglue 0.7
pyopengl 3.1.5

vopengl-
accelerate 3.1.5

Python packages

Global user base

-
oS
10496
N 113150

nalysis Routines

Publicity

ng the V3 environment

GitHub

Developer Acess

O o

Documentation
& Workshops
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Summary

\

Peptides

Screening

Easy analysis of large datasets &
inclusion of small molecule

metadata

Modern and flexible spectrum
display, assignment and navigation

tools

.
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Metabolomics
Free access to high quality
database & availability of
spectrum simulation tools

Macro Writing
Easy implementation of bespoke
workflows and analysis needs with
easy dissemination available
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