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Abstract
We describe the development of a method in which protein oxidation by H2O2 followed by ultrahigh-pressure
liquid chromatography (UHPLC) coupled with electrospray ionization time-of-flight mass spectrometry (ESI-ToFMS)
and multivariate analysis are used to detect alterations in conformational states of proteins. In the study reported here,
an IgG1 monoclonal antibody in native and denatured conformational states was oxidized by treatment with hydrogen
peroxide. Peptide fragments generated by tryptic digestion were then analyzed by UHPLC-ESI-ToFMS. After
reducing noise and extracting peaks from the LC–MS data using MzExplorer, software developed in-house and based
on Matlab, we were able to distinguish peptides arising from the native and denatured states of the oxidized protein by
principal component analysis.
Keywords: Recombinant monoclonal antibody; Protein conformation; Methionine; Peptide mapping; Ultrahig
pressure liquid chromatography; Mass spectrometry; Principal component analysis.
Introduction
Human have always used substances that make them feel relaxed and stimulated. As time progressed, preparations were
discovered that could be used to alleviate aches, pains and other ailments. These were all naturally occurring substances
without refinement and isolation of specific compounds (drugs). Discovery and refinements of specific drugs to use
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in medicine occurred and was performed later by alchemists and medical experimenters (e.g. the discovery of ethanol
and its refinement to use in medicine by a Persian chemist, physician and philosopher,
There are strict requirements on today's pharmaceutical preparations in all steps of development, production,
delivery etc. From the first idea to Pharmaceuticals introduction on the market, many expertise’s in different field of
science (e.g. physiologists, physicians, biochemists, organ chemists, analytical chemist, toxicologists and etc.) are involved
and collaborate. Many different challenges have to be overcome on the way. One of the challenges that analytical chemists
commonly meet is the analysis of complex samples. Detection suitable separation and detection methods can remove the
bulk of the potentially interfering compounds and matrix substances; although in the real world it is often virtually
impossible to eliminate all of the unwanted constituents while retaining all their constituents of interest. Further, even if
the selected methods can handle the sample-related problems, there are still often problems e.g. associated with peakshifts in LC-MS.
Results and Discussion
Protein samples
Antibodies (also known as immunoglobulin, Ig) comprise a class of antigen-specific, immunological proteins that are
classified into five isotypes (IgA, IgD, IgE, IgG and IgM). IgG immunoglobulin, which are the major immunoglobulin
in normal human serum, are monomeric and have molecular weights of ca. 150 kDa. They consist of four peptide
chains, two heavy chains and two light chains, held together with a total of four disulfide bonds. Each IgG molecule
has two antigen binding sites.
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Sample preparation prior to LC/MS analysis
Sample matrices can pose considerable challenges in attempts to identify, quantify and/or characterize compounds
of interest by liquid chromatography-mass spectrometry (LC/MS), or other analytical techniques, since interfering
substances in them can dramatically reduce the resolution of LC, decrease the ionization efficiency of MS and
increase the resulting chemical noise, thereby increasing the limit of detection. Therefore, sample preparation is
generally required to facilitate the isolation and concentration of compounds of interest from various matrix
components, and hence the separation and detection of the analytes. Sample preparation techniques that may be
applied include chemical and/or physical processes, e.g. oxidation and filtration, respectively.
Mass spectrometry
Generation of ions in gas phase from compound/complex of interest is a prerequisite for any mass spectrometry (MS)
experiments. Mass spectrometers are typically composed of several parts: an ion source, an analyzer, a detector, data
handling system. Vacuum pumps (rotary vacuum pumps in combination with turbo-molecular pumps) are also
needed to provide high vacuum to avoid ion collision. Each of these parts is discussed below, focusing on mass
spectrometry of large molecules. Ions generated in the ion source are transferred, separated and resolved in the mass
analyzer (e.g. a quadrupole or time of flight system, see below). The ions that survive this journey and reach the
detector (e.g. a photomultiplier, MCP) will be detected. The type of detector used should, of course, be
compatible with the type of analyzer.

EXPERIMENTAL
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The aim of Design of Experiment (DoE) [84] is to obtain as much information as possible from as few experiments
as possible. DoE is a good way to identify interactions between significant factors and optimal values of variables
of the investigated system. The chosen experimental domain must span the important known variation. So, some
knowledge about the experimental system is required in order to obtain a reasonably complete and reliable model.
However, an ideal design is not always viable for practical reasons, particularly when a living organism is involved;
since some settings of some variables will be impossible to apply in real life. In order to confounding by the noncontrolled phenomena, randomization of the experiments (collecting samples, instrumental analysis etc.) is needed.
Important aspects to consider in each DoE are: experiments, factors, responses, the experimental domain and
experimental design. A factor (X) is a controllable variable that is varied in a predefined interval (low and high level
settings, denoted by "-" and "+", respectively, with or without a center-point, denoted "0"). A response (Y) is a
dependent variable that is measured. The experimental domain is the overall domain spanned by all the factors
under investigation. There are many different types of experimental designs, and those used for screening purposes
differ from those used for optimization purposes. The aim of screening is to sift the important factors from the nonimportant ones, while the aim of optimization is to find settings of the important factors that will yield an optimum
response. Therefore, screening designs generally include fewer experiments than optimization designs for "response
surface modeling" (RSM). The experiments to perform, in terms of the permutations of varied factors, are selected
according to a "factorial design", of which there are various types. Examples of such designs for three-level RSM,
including Box Benhken and Central Composite Face (CCF) full or fractional factorial designs are shown in Figure 7.
Different types of experimental design are described further elsewhere [85-86]. Experiments included in the Box
Benhken and CCF designs are indicated by white circles and grey circles, respectively. Center points are experiments
in which all the design factors are at their mean values. The factors (here pH, temperature and concentration) are
varied in each experiment, and the response (signal) depends on the factors. The run order is randomized, since this
is the best way to minimize systematic errors due to handling, instrument drift, etc. In some cases randomization
cannot be applied, for example if changing design factors are very time-consuming, costly and/or difficult. This may
be considered when analyzing the results and seeking systematic patterns. In experiment 1, the factor settings for
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pH and temperature are at their lowest respective levels in the experimental domain, while the concentration is at the
middle of the interval. The signal (response) is then measured and soon.

Preprocessing of LC/MS data prior to multivariate pattern recognition modeling
The data obtained from an observation in LC/MS analysis have three dimensions: retention time (IR), m/z and
intensity. An observation with a specific m/z and tR can be regarded as the identity of an ion in LC/MS data. The produced
data (raw data) is a sum of a structured data and noise. The fraction of the raw data that correlates with the property of
interest are structured data (contains information); everything else is noise. The amounts of data produced from LC/MS
analyses have increased greatly over the years as a result of instrumental developments (which have provided
higher sensitivity, accuracy and resolution). In non-targeted analysis, when every compound in a complex sample is of
interest, it is more difficult to optimize the experimental methods regarding the matrix effects, thus stronger matrix effects
on the resulted data are to be expected.
The reasons for pretreating the data generally are to reduce the effects of the noise, simplify the data by reducing
the dimensionality of the data and to improve the predictive ability of the model. The data interpretation is more timeconsuming than the data acquisition and thus has traditionally been the bottleneck in LC/MS-based metabolomic studies.
The data are often pretreated before modeling the dataset. For initial preprocessing of LC/MS data software is needed to
compress the raw LC/MS datasets obtained (which are of mega- or giga-byte scale) and structure the data in a suitable
format for applying pattern recognition methods; NetCDF is an example of a suitable format for further MVDA of the
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data. The next step is to reduce both chemical noise (caused by fluctuations in temperature, pH and concentrations etc.)
and instrumental noise (which is a composite of noise from all of the instrumental components) [2]. Data points with the
same m/z-value that are consistently observed may be contributions from the mobile phase. In Studies I and III an in-house
program was used to produce a two-dimensional matrix from LC/MS data in NetCDF format. The software filters the
data with a "two-dimensional finite impulse response filter" to improve the Gaussian shade of the peaks and reduce highfrequency noise. A peak list is then produced by position (m/z and IR) and intensity via automatic peak extraction.
Validation of the models
It is very important to be aware that mathematical models provide a simplification of complex realities, rather
than truly portraying the modeled realities. Hence, validation is a crucial step of modeling in chemo metrics, since it
provides indications of the reliability of conclusions that can be drawn from the modeling. Without validation,
acquired models cannot be applicable in real life. Chemometric models can be validated in either of two ways.
External validation is one approach, in which new objects (test sets) that have not been used in the model are
applied. The test set should be of known and suitable content. Use of test sets is recommended when large
numbers of samples are available, and 30-50 % of the samples can be used as a test set, while the rest of the objects
can be used in the training set for modeling. Internal validation is the other approach, in which objects that have
been used in the modeling are also used in validation of the model e.g. cross-validation [96]. In cross-validation only
a training set is required, but one (or a group) of objects is removed at a time. The object(s) that was/were removed
is/are used to test the performance of the model on "new" data. Each time another object(s) is/are removed and used
as "new" data, a new test of the predictive ability of the model is performed. The validation is performed by comparing
the predicted and true values and used to estimate the goodness of the predictive ability of the model.
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