L

AR RPESEARCI

Chemistry Software Solutions

"nové’ for Reaction Monitoring by NMR

V- OEBSERTR Y
QEaL QAL L+

x
i E ¥
- | |
63| | - | J
= A1 1
@) =
U — ¢
oA=L
R Irteractve ¥ Fling s, ¥'<Columra
—— ao [ ] (] () -
I~ [ comors... o g
oy - —
=il w w -
B . ARR DATAD) Integrai® 3028
x 1 60.000 on '
PO T un
3 180 200 o
« w00 oz
[ 5 o0 ot
| 6 000 o
7 o0 wum
s 0w o
9 000 s
| 10 eoow o
| 1 om0 oan1
” 10000 0uss 0 “ LR . "0 L] s 84 [
| 14 ) 780000 04
TR wsn
| 15 soom00 oa
[« ~ =
(BT o=l Qs =) [EFB-X, - [ ava jaw Ju -

Version 6.2.1
Feb. 2011

Advapted Stk Predat Anegtate Scrgts  Documents  belp BOE
R

Crtre

fiR2m- B P RIR-R- &

Licemes: () D8: (§

Chen Peng, PhD

Director of Business Development, US & China
Mestrelab Research SL

San Diego, CA

(858) 736-4563

chen.peng@mestrelab.com



Outline

About Mestrelab Research
Importing and processing multiple NMR data sets
Extracting arrayed spectral information

Fitting spectral data to a kinetics curve

T T T T N

Summary

AESTRELAB RESEARCI
Chemistry Software Solutions




MESTRELAB RESEARCH
Chemistry Software Solutions

About Mestrelab Research

1996:

A research project in University of Santiago de Compostela, Spain,

developed free MestReC software for NMR processing

2004:

2004:

2006:

20009:

20009:

2010:

2011:

2011:

Mestrelab Research incorporated in Santiago de Compostela

New MestreNova (Mnova) platform and NMR plugin released
NMRPredict Desktop plugin released with Modgraph

LC/GC/MS plugin released with Sierra Analytics

Global Spectral Deconvolution (GSD) algorithm released with ExtraByte
DB plugin for Database Management

ASV plugin for Auto. Structure Verification - to be released.

Auto. 1D and 2D Assignment - to be released

An R&D company with ~20 people and 70,000+ registered users



Products and Applications

»+° Mnova

e, ASV T Assign L

<
c Mnova [ \
= NMRPredict Batch processing &
'% Desktop reporting,
relaxation studies,
q Mnova (" Detailed N diffusion studies,
DB 75’ structure reaction monitoring,
verification, ligand-protein binding
( \ (Quick ) elucidation, screening,
Storing and processing, assignment, metabolomics studies,
retrieving analysis, deconvolution, J-coupling, NOE & RDC
molecules, reporting, spin simulation, prediction, etc.
NMR, 5 structure quantitation
LC/GC/MS raw verification th-
data and \_etc. )
analysis results Users

\- J

Chemists Specialists

Quick .
I Batch processing and
LC/MS molecular verification, reporting
GC/MS MF enumeration, quantitation, etc.

Reporting, etc.

U
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To open and process reaction monitoring data

M In a typical kinetics or reaction monitoring (RM) experiment, a series of
spectra are recorded at predetermined time intervals to follow the progress of
the reaction:

M Acquiring all spectra at different times and storing them as individual spectra
M Acquiring all spectra into a single NMR experiment in arrayed mode

M Mnova supports both kinds of data

M For RM data acquired on individual basis: Run the Directory Spectra Stack
script to open and stack all spectra under a base directory:

P 162 - - - K- AL R-IE-Y

(% Edit Script... @
Script Directories...
%  RunScript.. ® The user selects the directory
Rerrne S cas > where the spectra are located
= Mnova opens and process all
i i » .
Yeihcnon those spectra (FIDs) automatically
Export ASCII » . .
i using the processing parameters
“%  Export Bruker Time Corrected FID... from the instrument
Import b | (Ack
= pllACT b= 1DV * Mnova stacks all spectra together
Report ¥ | ™, Directory Spectra Stack...
NMR Analysis > | Int32 WIN-NMR...
“%s LCModel ASCI...
",  Philips Achieva...
*3 Siemens Syngo...
"% Multi-Open...
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To open and process reaction monitoring data

M For RM data acquired in arrayed mode: Just open the FID (Varian) or SER file
(Bruker), and the individual spectra will be processed and stacked.

M Mnova parses the arrayed parameters automatically and displays them in the
Arrayed Data Table (Choose View | Tables | Arrayed Data to open it)

Organize v | Open Burn New folder

> )i NMRPredict “  Name

b J. Others TeT=
_ | fid

4 . Reaction Monitor
_leg

4 | Arrayed data

| procpar

0 RM-Arrayed.rar

tis the arrayed parameter (in
column con). Use factor k
and/or formulas to convert it
into reaction times (Z) for
subsequent analysis.

, ] text
| -~ | Hi_amay ON_25CP_Afid
Drag & drop [ 0. &
=]
Report Copy = Setup
k: 1.00000000 :
( Restore ]
t: t%k -
2= ¢ v
con t' Z 2
9 5400.00 5400.00 5.40e+03
§  4500.00  4800.00  4.80e+03
420000 420000  4.20e+03
o
6 360000  3800.00  3.60e+03
5 300000 300000  3.00e+03
4 2400.00 2400.00 2.40e+03
| |
3 180000 180000  1.80e+03
\ 2 120000 120000 1.20e+03 '
1 60000 60000 6.00e+02 | |
| |




Easy handling multiple spectra in Mnova

M With Mnova, it is very easy to

M To display stacked spectra in different modes, such as Stacked,
Superimposed, Active Spectrum, or Bitmap

g 4

To select one or several spectra and apply processing only to them

k4

To hide any number of spectra for better visualization
M To correct global or local spectral misalignment

MESTRELAB RESEARCI
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To change the stacking mode

S | Active Spectrum
M Click & to choose the display Stacked
mode for stacked spectra B Whitewash Stacked
Superimposed
(%] Bitmap

Active Spectrum

Diabetes-xia/13 Il I Iy
I }r ‘
l\l .
AT |
/w""‘v Ll
—— v —
Superimposed
Diabetes-xia/13 :
- !
- |
1- 3 a1
i fon
| -
| i |
i : f
] 5 A
............... LI W —
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To re-process the stacked spectra e

M Click é to toggle on the Stacked Spectra Table 1,

M Use this table to do the following:
M Delete spectra from the stack
Change order of the spectra in the stack

[ 4
M Change the Y-intensity of selected spectra
[V

Change which ones to - —
G Stacked Spectr .
isplay — = - o
: R | X & B
M Change which ones to Report Copy  Delete  Invert Multiply |~ Divide | Setup
re-process, such as a *
phasing, baseline Show . Select
correction etc. a Title * Z Rulics Nour:
10 |v] - ] Lese+0d  LOUe+U  LOUe+WU
: Diabetes-xa/9 [[] 1.54e+04  1.00e+00  1.00e+00
Click and drag here to change Dbt ial®
. 7 S P |1 00e+00  1.00e+00
the order of a spectrum in the il
stack i ke b [[]  141e404  1.00e+00  1.00e+00
e 134e+04  1.00e+00  1.00e+00
s R e [[] 557%+03 1.00e+00  1.00e+00
4 R 4.80e+03  1.00e+00  1.00e+00
3 Disbelns-3te/3 [[] 398e+03  1.00e+00  1.00e+00
2 PR [[]  232e+03  1.00e+00  1.00e+00
— Diabetes-xia/1
- - 0.00e+00  1.00e+00  1.00+00
MESTRELAB RESEARCH - D
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Use Stacked Spectra Table to setup the display

To increase the Y To decrease Y intensity
intensity of selected or of selected or all
all spectra * spectra*
-~ =
Stacked Spectra \ | NN
o X @ Nk F
Report Copy Delete Invert Multiply Divide Setup
) a ., % |
Click the arrow here for more | __——TPshow  Select
options for spectral displa
P P play ) Title > 74 Ratio Nern
10 | 1¥] L] Lbbe+0d  LWe+  LWe+W
9/@ pabetesals 7] 1.54e+04  1.00e+00  1.00e+00
d - e f
) 8 et ] 147e+04  1.00e+00  1.00e+00
Un-check a spectrum if you ':
don’t want to show it in the 7 ——— ] 141e+04  1.00e+00  1.00e+00
stack ' i -
le R [ 1.34e+04  1.00e+00  1.00e+00
5 P [[] 557+03 1.00e+00  1.00e+00
B PRbee e 7] 4.80e+03  1.00e+00  1.00e+00
* Note these commands change the Y 3 Piabetes-xia/3 ] 358e+03  1.00e+00  1.00e+00
intensity values of the spectrum/spectra. S
They are mainly used for visualization of 2 (] 232e%03  1.00e+00  1.00e+00
spectra with very differgnt 'intensities'. Do g Diabetes-xia/1 Fl 0006400 1006400 | 1.00+00
l A not use them for quantitative analysis. — _ . ———_—
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700 spectra

- -:-E;a'r.;;_:_;;if;“‘_-
11

Al e—
|/ decimation 1 %

Use Stacked Spectra Table to setup the display
Stacked Spectra
M Use the Decimation option when m B %4
the number of stacked spectra is Report Copy Delete Inv
very large, slowing down the 4 B L 3
. . Show Select
plotting and not showing relevant T -
. . ow
information rm Decimation lm Invert Shown
Q - Show Active Only
From: 1 5 Show Selected
= s : < Decimation...
Step 35 5 [ shov
6 Diabetes-xia/6
> [ OK ] [ Cancel ] 5 Diabetes-xia/S
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To re-process all or selected spectra

M Spectra are automatically
processed when they are opened,
but sometimes you need to
manually re-process some of them

M Use the processing tools to re-
process all or selected spectra:

M If no spectrum is checked in
the Select column, all
spectra will be changed

M |If some spectra are checked
in the Select column, only
the selected ones will be
changed

M Use Undo/Redo if you made a
mistake

Click here for
more options to

Check here to
select spectra

select spectra to work on
\ V

Stacked Sbﬁdra =

\ % @ x _p

Report Cop)\ Delete Invert Multiply Setup

a ., %
Show Select

a Y  z Ratic
10 |v¥] \_l 1.b5e+04 1.00e+0
9 Diabetes-xia/9 1] 1.5%e+04  1.00e+0
8 D M| 147e+04  1.00e+0
7 T—— ]| 141e+04  1.00e+0x
6 LR ]| 134e+04  1.00e+0
5 D 1] 557e+03  1.00e+0
4 2 ]| 480e+03  1.00e+0x
3 R & 1] 398e+03  1.00e+0
2 LR | 232403  1.00e+0
1 Diabetes-xiaf1 1] c.00ev00  1.00e+0x
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To select spectra from the stacked spectra

M Spectra can also be selected from
the spectral stack directly.

M To select one spectrum: Press and
hold Alt key, and click on the
spectrum

M To select multiple spectra: Press
and hold Ctrl or Shift key, and click
on a spectrum

M To de-select one spectrum: Press

Selected spectra:
processing will apply
on them only

and hold Ctrl and Alt keys, and click

on the spectrum

The active spectrum: It will be
displayed when in Active

spectrum mode. It is also

used as reference spectrum in

some operations such as
spectral alignment

Wy IO G ”j? B I
i /L..,\//JQN \)K =

I




To correct phase errors and baseline

M Click %~ for phase correction if peaks are not symmetric.
Options:
M Global method for all positive peaks
Metabolomics method when there is residual solvent peaks
Selective method for positive/negative peaks
BL Optimization method using baseline optimization techniques
You can combine any of the methods listed above

T T T T =

Manual method if none of the above works

M Click »- for baseline correction if baseline is not zero.
Options:

M  Polynomial Fit

M Bernstein Polynomial Fit
M  Whittaker Smoother

M Manual

MESTRELAB RESEARCH
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To align spectra by correcting reference

M Systematic errors of chemical shifts can be corrected if there is
an internal reference peak, e.g. TSS peak.

M Click ﬁ}g and then click on the reference peak in the active
spectrum

M In the following dialog, set the proper chemical shift for the
reference peak, check Auto Tune, and define a tuning range
(e.g. +/- 0.05 ppm):

M Reference along f1 L9 o)
A , {
I Old shift: | -0.128 ppm - [ AutoTuning \
I ———————————= +/ 0.05pm [¢]

New Shift: 0.000 ppm

‘ [ Annotation

[ OK ][Cawd ][Solvems»

v

I L T v L T ¥ v ¥ i Y T T T v v i
-0.02 <0.08 -0.14 -0.20 0.10 0.06 0.02 02

2. -0.08
f1 (ppm
WESTRELAB RESEARCH ) 1 (ppm)
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To correct local peak misalignment*

M Zoom into the region of interest, select Advanced | Align Spectra.

M Click E, then click-and-drag to cover the peaks to align. Click
Preview to see the alighnment result. Adjust other parameters until
satisfactory.

M Move to other regions to continue this process until done.
M Click OK to accept the results

Apply alignment
Apply global alignment  [¥] Use Derivative
Aligning regions:

i () I

From To
1 031330 8.54960

R R—
e e

Lo J[ concd ][ prevew ]

* When there is peak cross-over, it may not be good idea to use local peak alignment. Instead, use the Ul

feature to change the integration regions so that they follow the change of the peak locations. See later slides.



MESTRELAB RESEARCH

Chemistry Software Solutions

To analyze stacked spectra using the

Data Analysis Panel

M The Data Analysis Panel provides an
intuitive way to extract and analyze
multiple stacked spectral data

M Choose View | Panels | Data Analysis to
open the Data Analysis Panel

M Click Create Empty Graph to create a
new data series.

M Choose one of the peak picking modes
(e.g. Pick GSD Integrals), click and drag in
the spectra to define the range for
picking GSD peaks.

The X(I) column is
automatically filled with the
reaction time. Use Arrayed
Data Table to preview and
convert those data.

You can also manually edit
these data, or copy from a .txt
file.

JI_  PickIntegrals
o Pick GSD Integrals
#*  Pick Peak
|#*  Pick Max. Peak
|#*  Max, Peak Pos.
I\ Pick Alignment Shifts
&= Import YY" From File
Data Analysis //
=[5
X\Y Active: Label: E] [Z]
o) X Y9 Ve 4
® Model ARR_DATA(I) GSD Integral(1.713,1.608) £
- 1 600.000 561.197 T
m 2 1200.000 533.156
3 1800.000 514,341
4 2400.000 490.292
|5 3000000 458.646
6 3600.000 453.537
7 4200.000 435.336
8 4800.000 417.781
9 5400.000 391.969
10 6000.000 379.373
1 6600.000 365.389
12 7200.000 350,632
13 7800.000 335.291

=

YT W.V.Y.Y

555555
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To extract data using the Data Analysis Panel

M The areas of the GSD peaks in the defined region are filled in the Y(X)

column, and also plotted in the X-Y graph.

5001 %
o
"K
4004 i
._E
300
> u] "
M

200

Data Analysis

OY @/ & &

W 0 ~N O n & W N

490.292
458.646
453.537
435336
417.781
391.969
379373
365.389

X\Y Active: [YY' v | Label: E] @
[ XM YX) YR -
@ Model ARR_DATA() GSD Integral(1.713,1.608) E
— = 600.000 561.197
kd 1200.000 533156
1800.000 514341

T T T T
LS 24 3 22

The region within which GSD
peaks are integrated as Y(X)
values

350632
335.291
325333
312.276




To extract data from drifting peaks

M If the peaks drift over time, you can manually change the direction of the
integration regions :

[ P LA AT 526
e oo
1 vy M 351
———n, 4/\/\/\_”\,

—= | rm—) s

3.45 /30 3.15 3.00 2.85 2.70
f1 (ppm)

Click & drag the handles to
change the shape of the

selection region. _
Press Shift to move all points Tip: you can change the number of
handles by clicking the Options button

simultaneousl
] l A A Y on the Data Analysis Panel:

AESTRELAB RESEARCH
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What if it is too slow?

M When in the Pick GSD Integrals mode, changing the integration regions can
be very slow, as it does local GSD across all spectra every time you change

the regions.

M You can first choose the Pick Integrals mode (which is fast), correct the
integration regions, and then switch to Pick GSD Integrals mode:

Data Anal

Define the
integration
region in Pick
Integral mode,
which is fast

CY@E| Al &

X\Y Active: Label:

%

Double click
here to pop
up the Y-
Column Rule
dialog

) ) Y00 B
3 | Model ARR_DATA()
a 1

2
3

4

5

6

7

8

9

=

ﬁ .;7:"; et

GSD Integral

Change the
rule to GSD
Integral

Data Analysis =)
[
A e (] *®
) Y00 v~

%/ | Model | GSD Integral(3.300,3.050)
— 1; 189.413
B > 1200000 178.469
3 1800000 177083
4 2400.000 165.816
5 3000.000 155.407
6 3600000 147.354
7 4200000 146522
8 4800.000 137.295
9 5400000 135558 I
< | n | »
The GSD

integrals are
calculated and
listed in the
column
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What to do with bad points?

M To exclude some data points, highlight them in the table, and right click

and turn off Enabled:

Data Analysis

OF B &) &

x\Y Active: Label:

XM YX)  Y'(X)
110  66000.000 16.853

111  66600.000 14935
112 67200.000 14711
113 67800.000 14.401
114  68400.000 14.934
115  69000.000 13418
116  69600.000 13.036

BTN oo | oom ||

s BE 70800.000

ME | *®

--

e mII*]

Right click and
Toggle off Enabled

]

Enabled

e TR EF

Pick Integrals

Pick GSD Integrals
Pick Peak

Pick Max. Peak

Max. Peak Pos.

Pick Alignment Shifts
Import YY' From File

Use Formula Value

Paste

Ctrl+V




What to do with bad points?

M To exclude some data points at the beginning or at the end of the reaction,
you can toggle on the Use Fitting Limit button, and exclude the data points

on the XY Graph:

Data Analysis

| a0l
A Actve: Labet: |

300 *®

3 XM Y .
)| 6 38400000 6L . m_
| 65 39000000 59.
b

66 39600000 57.
67 40200000 49,
68  40800.000 48.
69 41400000 53. 10000 30000 4oooo 50000 60000 70000

Click & drag the handles to
exclude data points at either
end of the data series

MESTRELAB RESEARCH
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To fit the data to a function

M To fit the XY points to a function, double click the first cell in the Y’(X)
column, and choose (or define) a function, and click Calculate to do the

fitting. Click OK to accept the results:

RESEARCI

ey 5P
MZSTRELAB

Chemistry Software Solutions

0.693/F

Data Analysis E ~m Y'-Ool-umn M:del Function ! ! . LB
| Fnchons
- Name Function  Initialization Report D
W vas Label:
ARREChE ’ @ @ 1 Mono-exponential B*exp(-x*F) Exponential De
@ X[ Y(X) Y'(X) = / 2 Three parameter exponential fit B+F*exp(-x"G) Exponential De:
%/ | Model ARRDA.. GSDL. wll 3 linear B+R" B=0,R=0
— 3 4 Linear2 R*x R=0
5
F 2 1200.000 533.156
3 1800.000 514.341 < m »
4 2400.000 490.292 e
5 3000.000 458.646
6 3600000 453537 Rihais e
7 4200000 435336
8 4800000 417.781 B= 527.763, F= 5.87176e-05
9 5400000 391.960 rError= 3.31748e-07, probnotmono= 1
10____A000N0A_ 370372 Y

This example shows a first order reaction. F is the rate constant (k). The half-lifet,,, =



To fit the data to a function

M To change the Y scale of the XY graph to logarithmic, right click on the
graph and choose Properties, and toggle on the Logarithmic Scale option:

| T Properes GG

1507

=
. o] % Gaoh

LY/ | Axes | Basic

Jo

' —
0 T T T T T T T T T T T T T Line Width: 2.5
[I—

Color:

10000 20000 30000 « 40000 50000 60000 MS Shell Dig 2
Margin: 127mm
o vertcal
55066 = )
1E+027 iy Vertical
%’“w Label: Y
Wx)«
i Max. Significant Digits: 6
> oo
1 1
W%% Primary Tics: Auto ()
1E+017 S : .
h x &% Secondary Tics: 1
Minimum Width: 18.00 mer
| Logarithmic Scale |
T T T T T T T T T

10000 20000 3000(3( 40000 50000 60000

Tip: We recommend you to fit the original values to exponential function directly to avoid
bigger numeric fitting errors. Also: Make sure you exclude zero or negative values before

MESTRELAB RESEARCH

e Bofiare Sohutions converting them to logarithmic scale.




More about the Data Analysis Panel

M You can click the “+” button to add another Y(X)
column to the current table/plot, or you can start
with a new table/plot by clicking the Create New

Plot button.
3 M You can use other types of spectral properties as

Y(X) values: [L_ PickIntegrals
M Integrals: analog peak areas o  Pick GSD Integrals
M GSD Integrals: areas of deconvoluted peaks € |k e

#*  Pick Max. Peak
M Peaks: intensities of the peaks near a defined [&*  Max. Peak Pos.
location LA Pick Alignment Shifts

M Maximum Peaks: intensities of the highest L T

peaks in a defined region

M Max. Peak Positions: positions of the highest
peaks in a defined region.

M Pick Alignment Shifts: the shifts of peaks
relative to the peak in the first spectrum

MESTRELAB RESEARCH
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Summary

M Mnova NMR provides powerful and easy-to-use tools for processing and
analysis of multiple NMR spectra for reaction monitoring

M Such tools can be used for many other types of studies, such as relaxation,
diffusion, binding studies, etc.

M See Mnova > Help > Contents > Advanced Menu > Data Analysis for more info.

M  For 45 day free trial of Mnova, go to http://mestrelab.com/software/mnova-
suite/download/ or email us at sales@mestrelab.com

MESTRELAB RESEARCH
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