BiologicalsHOS: an opportunity for NMR

The Mestrelab team in collaboration with Bruker
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The first version of the plug-in

BiologicsHOS was made available
in June 2019 (Mnova 14.1)
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The use of NMR to evaluate the We describe the use of Mnova to:
higher order structure (HOS) of

medium to high MW species has
been well established as a sensitive, Process 2D NMR data

robust analytical tool. * Prepare for analysis

* Apply ECHOS analysis (data

Mnova has long been a favourite

data processing and analysis tool, points)
having ease-of-use and powerful * Apply CCSD analysis
capabilities. « Apply PCA analysis

Building on this solid foundation,
specialised tools are now available
to facilitate the analysis of 2D NMR
data for HOS evaluation.
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Ul fundamentals:

* Powerpoint-like interface
* Ribbon interface (contextual)

 Multiple documents each

with 1 or many spectra
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¥ Processing Template
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Truncate

| Group Delay

Method: Linear Phase Shift | ...
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| Apodization
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Zero Filing and LP
Spectrum Size: 2047

Fourier Transform
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Swap Halves: on
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B x g filgrastim_PCA

STACK

Stacked Processing

\ Auto Phase  Auto Baseline More

More Processing  Analysis

Frequency Domain

| Phase Correction
Method: Regions2D

| Baseline Correction

Method: Polymomial Fit

Median Filter: Autogetect

Polynomial Order: 5 -
Exclude Cuts and Blind Regions: f&ke
Run on a Region: /&se

Smoothing
Reverse
Absolute Reference

Proton Reference: : 400
= Factor::

Reference

Cuts

Number of Cuts: 7

Cancel

lg] filgrastim_CCSD @l filgras!

tim_fingerprint®

Most processing settings will be imported
together with the NMR data from your
spectrometer. The majority are applied
automatically, or you can easily save your
favourite processing for it to be reused
(“template”).

There is, however, every opportunity to
reprocess using a wide range of
important steps:

* NUS

* Apodization

e Zero-filling

* Phasing

* Baseline correction

 Compression and denoising
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* You can use blind regions or cuts

to force Mnova to only use one or
more region(s) of interest (ROI).

e Spectral regions outside of the
ROI will not be analysed. It is
important to exclude regions of
noise.

* These can be saved and applied
automatically upon import




M

Mestrelab Research

Select spectra (pages) and superimpose

* Most analyses start with 2 or
more spectra that are stacked.

* Select 2 or spectra in the “Pages”
window (Ctrl/Shift + click), and

44 femeo : 1 click on the “Superimpose items”
- AR - | 2 button.
R L * These can be easily viewed,
- selected, classified, and coloured

in many ways.
Two spectra are superimposed
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' & Auto Peak Picking * *

3 filgrastim_CCSD =

STACK
Stacked Processin g Analysis
Jg I:l Integral
. A% H# Integral Label!
’_‘ :* Integral Au
Integrals

ol filgrastim_fingerprint*

_ Peak Picking
i E ‘ I

* Peak Picking Options

Method:
Peaks Type

Only Positive

Auto Classify

Interactive

Standard

Impurities/Compounds. ..

Defaults

OK

Advanced =>

Cancel

CCSD analysis requires peaks to be
picked.

* This can be performed either
automatically or manually

* The result will depend heavily
on the vertical threshold that
is set before peak picking is
applied
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 MBioHOS*

* Mnova has a plug-in that will help you evaluate HOS
of mAbs using these literature methods.

 Through an ILC, it has been shown that these
methods are robust and fit for purpose.

Available analyses:
« ECHOS
e CCSD

* PCA * Sold by Bruker as “BiologicsHOS”.
BRSSO
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 The “workspace” window is
where you interact with the
results from an HOS analysis

e The content is contextual to the

indows
. .
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| e — * Previous analyses can be
mang accessed through tabs

e

y e Access tabular data and use for

RIS

selection and colouring

U R ERAERERRRE

SIS

* Where appropriate, cursors can

be correlated

e Zoom capability, window
arrangement
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ECHOS is a pointwise intensity
comparison of a reference- with
test spectrum/spectra.

The spectra must be stacked.

The compared points are
plotted as a scatter graph.

The line fit’s R-value is an
indication of spectral similarity.
The closer to a value of 1.0 the
better the fit.
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The Residuals shows the spectral regions where the spectra differ.

The deviation is shown as a heat map bitmap, superimposed on the 2D contour
plots of the spectra that are being compared.
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Combined Chemical Shift Differences
measure the amount that peaks are

Reference peak shifted between the compared

: - spectra.
L] - n
.
v | We also measure the amplitude
Peaks V7
Label Fi{ppm) =+ F2 (ppm) Intensity e 109.2
2 Or2 116375 73191 25.3615 109.4 C h a n ge S .
23 [P 116.375 78371 16.2357 109.6
24 P24 1185 7.90582 13.2661 100.8
25 [ P23 118.625 762419 11.259 -
110.0E
26 [ P26 119.5 812486 9.62622 et o
27 O r27 119.75 781976 14.8226 110.2 5
- - The reference spectrum should be
110.6
.
peak picked
111.0
111.2
111.4
111.6
.
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- 1H (ppm), . ‘T_
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A peak in the reference spectrum for
which no height or chemical shift
change is expected must be
identified.
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& - File View Windows

CCSD: x10r050. 3.5er 2019-04-17T13:16:37 % CCSD: x10r051. 3.58r 2019-05-01T13:17:03 % ‘

T - T The CCSD is automatically shown for
peak movement and amplitude
ﬁ changes.

* CCSD plot

& - File View Windows

CCSD: x10r050. 3.5er 2019-04-17T13:16:37 % CCSD: x10r051. 3.58r 2019-05-01T13:17:03 %

 Amplitude ratio plot

Q) cCombined - x101050.3.ser [ - o x

d ;
* Combined plot (CCSD vs
o] amplitude ratio)
Eo
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Peak #22 is shown to have moved Interactivity with the spectrum

* Click on a point to expand and

show the spectral region with
| the corresponding peak.
e Jjj * Use this to decide whether or
+ not a peak movement is real
| 1® or artefactual.
J ”"7.‘50."7.’48"‘7“46‘”7‘;14“7‘.:12.I}.;Oé;pz;éi..I'".36”}.34“7.5’!2‘”‘}.55”7.‘28‘”7.’26 '
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* Principal Component Analysis is a popular way to show whether or not
spectra are similar, and display the parts of the spectra where they
differ.

* Each spectrum is reduced to a single spot in the components plots.
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¥ PCA Options

Mode: Reguiar

Bin width: 0.07pom

Bin height: 0.5 pom
Method: Average Sum
VOI compression: fue

Threshold: Auta I
Minimum VOIs: Aufo

Ll L
Processing g

Data integrity check: frue
Filtering: f3ke

Title: L.86 2013-05-01T15:31: 28

Proportion of Variation: [g5.00 % -

oK Cancel

Bin Regions B E
* Automatic Data Cleanin a
Mode: + Regular Adaptive ] Data Integrity Check
= . Filter
Bin Width: 0.07 - | |ppm Pointy
Bin Height: 0.80 < | [ppm Pointy v] Normalization
) Sum
Load from File 3
Median
Reference Spectrum
Reference Bin
Bin Intensities
Scaling
/] Denoise by VOI Compression
Only Centering
Based on: Chem. Commun., 2018,54, 3090-3093
DOL: 10.1039/CTCC098911 Auto
Noise Factor: o Auto Range
Minimum Cluster Size: 10pt 3| Auto [4] Pareto
Vast
Method: Average Sum Level
OK Cancel

I - |

Standard deviation ~| |10.00% 2

Mo reference

0.000 ppm

oK Cancel

You will need to select PCA
options that result in you
reference data clustering well
in the loadings plots (e.g.,
PC1-PC2).

This process is largely “trial
and error”, but once the
correct conditions have been
found they can be reused
with confidence.
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¥ Chemometrics - [PC1-PC2 Scores]

© File View Windows -8 x
Fm d T
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/ \
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-0.040 -0.020 0.000 0.020 0.040 0.060
PC1

Scores plots

We can see whether or not
spectra are similar, based on
whether or not they cluster.

Reference spectra should be
similar, and whether or not a
test spectrum is, too, is

indicated by the closeness of
the test spectrum dot to the

cluster of reference spectra.
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Loadings plots

* These allow you to see which
bins in the spectral regions cause
one spectrum to be different
from another.

* There is full interactivity
between the points on the
scores plot and the NMR spectra.
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info@mestrelab.com
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biologicsHOS@bruker.com
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BRUKER
( ><)

Mestrelab Research

mike@mestrelab.com C.Fischer@bruker.com
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