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Abstract

Whey is becoming an important product for the dairy industry. In the last 15 years, the
characterization of whey proteins (B-lactoglobulin (B-Lg), a-lactalbumin (a-La), Bovine serum
albumin (BSA), Immunoglobulin (Ig), Lactoferin (LF), Glycomacropeptide (GMP) and Casein
macropeptide (CMP)) has become an important issue for biochemists and dairy companies.
Characterization of the protein in whey is necessary to obtain possible methods to achieve the
best whey based products. This project is a comparison of three different methods for protein
characterization in order to observe and compare the main proteins in whey and skimmed milk.
Whey samples were generated through the microfiltration of skimmed milk where permeate is
defined as native whey. During this whey sample preparation, a second type of whey was formed.
This whey is the retentate generated from the ultrafiltration of permeate (native whey) and is
called native whey protein concentrate from microfiltrated milk.

FT-IR spectroscopy, Gel electrophoresis and Mass spectrometry based proteomics were the
methods that were used in this project to characterize the milk samples concentrate. Initially
sample preparation methods were developed to obtain protein samples for analysis.

Fourier transform infrared spectroscopy (FT-IR) was used to evaluate differences between each
sample according to the type of filtration or the concentration factor of each process. Principal
component analysis (PCA) was utilized to FT-IR spectra in regions of 3043-898 cm™* in order to
identify the differences between skimmed milk, permeate and retentate proteins. Use of this
method allowed analysis of the most important wavenumbers for each group of samples. PLS
modelling was used to compare the data from FT-IR against other methods, by showing the
correlation between samples.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to predict the
presence of certain proteins in the samples based on their molecular weight. Gel scans show the
distinct protein sizes in the whey and skimmed milk. The method does not allow identifying
proteins but it may answer some biochemical questions.

Mass spectrometry based proteomics (using LC-MS/MS) is commonly used to identify proteins
in biological samples. Protein characterization by this method is based on detection of peptides
following trypsination of the samples, a so called bottom-up approach. Tandem mass spectra are
collected from peptides and in order to identify the proteins, the results are searched against a
database of proteins derived from genomic sequences.

B-lactoglobulin, a-lactalbumin and casein were the major proteins present in my samples. The
existence of BSA, lactoferin, immunoglobulin and glycomacropeptide as the minor proteins were
also detected. Most of the SDS-PAGE observations were in agreement with LC-MS/MS results.
The results indicate that mass spectrometry provided the most information concerning the protein
content of the samples. Although depending on the research needs SDS-PAGE or FT-IR analysis
may be sufficient.



Aim of this Study

The main objective in this thesis was to evaluate and compare different sample characterization
methods for skimmed milk and whey with focus on protein content. The methodology for
generation of skimmed milk involved either microfiltration (MF) alone or both microfiltration
followed by ultrafiltration (UF). The method used, has an influence on whey quality and
functional properties of the whey product, thus influences are studied and evaluated for their
significance for usability on whey proteins.

Microfiltration technology has been developed by membrane manufacturers. Samples from MF
and UF were used for protein characterization with different methods as described below, (with
the final results cross-correlated and FT-IR being calibrated against the other two methods):

1. FT-IR was used to obtain spectra significant to each sample. The differences between
microfiltration and ultrafiltration technology were compared with this analysis.

2. Characterization of protein in skimmed milk and whey by SDS-PAGE. The protein in
same profile of corresponding samples was compared and the marker used to group the
protein more easily. The effect of microfiltration and ultrafiltration on protein profile was
studied by this method.

3. More detailed determination of protein in skimmed milk and whey was done by mass
spectrometry. Using the LC-MS/MS method. Comparison of the protein profiles in the
samples was performed following different processes and sample preparation procedures.

4. The results of FT-IR, SDS PAGE and LC-MS/MS were cross correlated. The FT-IR
method was calibrated with the other two methods.
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1. Introduction
Protein is an essential compound in human diets. Protein characterization is one of the most
interesting and relevant topics for biochemists to consider. Determination and
characterization of protein has been a challenging matter, and one that has not been
completely solved yet (McKenzie, 2012).

1.1. Milk

Milk is an important nutrition source for people around the world. Recently, much
consideration has been given to milk quality, especially milk protein (Shi, Yang, &
ZUBAREV, 2010). Cow milk is comprised of approximately 3.3% protein, 4% fat, 87.1%
water, 4.6% lactose, contains many essential vitamins (vitamin E and A), and is major
source of calcium (Lindmark-Méansson & Akesson, 2000; Dissanayake, 2011).
Traditionally milk proteins have been divided in three crude groups, whey proteins, milk fat
globular membrane (MFGM) proteins, and casein (Cunsolo, Muccilli, Saletti, & Foti,
2011). Currently, milk protein and its products are highly researched because of the
significant impact on health and high biological value (Haug, Hostmark, & Harstad, 2007;
M. Santos & Lies, 2015). Milk proteins play an important role for growth factors, enzymes,
immune system function, hormones, and antibodies (Clare & Swaisgood, 2000; Korhonen,
Marnila, & Gill, 2000). In addition, nutritional scientists found that using a higher amount
of milk protein may build-up muscles, prevent bone breakdown, improve muscle
movement, raise satiety, control blood sugar, and decrease the risk of some cancers (Melnik
et al., 2013; Karen Giles-Smith, 2013). Milk proteins consist of 80% casein and 20% whey
proteins. Casein is responsible for transporting calcium and phosphate and aiding efficient
stomach digestion. Other major proteins in milk are a-lactalbumin, B-lactoglubulin, bovine
serum albumin and immunoglobulins (Haug et al., 2007)

1.2.  Whey proteins (WP)

Whey was considered a waste product before scientists and the dairy industry discovered its
benefits. It was, then that whey became a major source of functional dairy components (M.
J. Santos, Teixeira, & Rodrigues, 2012). Whey is the nutritional complement that is
residual of milk coagulation. It is usually a secondary product in cheese or casein
production (Wiley, 2014). It is full of proteins and peptides that are important to overall
health and generally helpful for the body’s functions, especially in children and as sports
nutrition (Zimecki & Kruzel, 2007). Whey proteins are a specific group of proteins that
have various biological, physiological and practical properties and are known as a rapid
digested protein (Haug et al., 2007; P. Fox, 2001). Whey proteins have significant
biological effect on the human immune and growth systems (Heino, 2010). Additionally,
they have various effects in the human body such as being useful in human brain function
and muscle protein synthesis (Markus et al., 2000; Heino, 2010). Whey proteins can be used
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in dairy, beverages, and meat (Campbell, Adams, Drake, & Barbano, 2013). The advantages of
drinking whey has been recognized for many years, with two ancient proverbs from the
Italian city of Florence saying, "If you want to live a healthy and active life, drink whey"
and, "If everyone was raised on whey, doctors would be bankrupt™ (Brink, 2005).

Whey proteins contribute to 18-20 % of total milk proteins. The most important proteins in
whey are bovine serum albumin (BSA) 10%, a-lactalbumin (a-LA) 20%, B-Lactoglobulin
(B-LG) 50%, Casein, lactoferin (LF), immunoglobulins (Ig) 10% and glycomacropeptide
(GMP) (P. F. Fox & McSweeney, 1998) (Jovanovic, Barac, Macej, Vucic, & Lacnjevac,
2007). The whey products are concentrates (WPC), hydrolysates (WPH) and isolates (WPI)
(M. J. Santos et al., 2012). Environmental factor such as temperature, ionic strength and pH
can change the functional properties of the protein in whey and the proteins themselves can
affect the properties of the whey proteins (De Wit, Hontelez-Backx, & Adamse, 1988). For
making new products, whey can be efficiently separated with different methods such as
membrane techniques, precipitation, and chromatography, etc. (Dissanayake, 2011).
Different types of WP are accessible in the form of WP powder, WP permeate and retentate
(M. J. Santos et al., 2012). The reminder of milk proteins are caseins. Caseins have no
secondary, tertiary or quaternary structures while whey proteins do exhibit this structural
hierarchy. Caseins are also phosphorylated molecules, however whey proteins are not (P.
Fox, 2001).

1.2.1. B-lactoglobulin
B-lactoglobulin (B-Lg) is the most important protein in whey with ~ 18 kDa molecular
weight. It represents 50% of whey protein and also 12% of total protein in milk (Boland,
Singh, & Thompson, 2014). Bovine B-Lg is a well-known protein that has been studied
greatly (Dalgalarrondo, Dufour, Bertrand-Harb, Chobert, & Haertlé, 1992). B-Lg is able to
bind to fatty acids and retinol (vitamin A) and because of this, it has great foaming and
gelation properties (Heino, 2010).

1.2.2. a-lactalbumin
a-lactalbumin (o—La) is the second most important protein in whey and milk with a
molecular weight of ~ 14 kDa. It comprises 20 % of total whey protein and also 3.5 % of
total protein in milk. a—La has dependency on calcium (Ca®*) ions and it is known as a
metallo-protein (Thompson et al., 1988). a—La has a high tryptophan (Trp) content that is
very useful for human brain function. It also has high level of the amino acids use in
muscle protein synthesis (Markus et al., 2000).



1.2.3. Casein
Casein (CN) is the principle protein and represents 80% of the cow milk protein. Casein is
known as micellar and there are 5 kinds of casein micelles in milk that are different in
moleculear composition but are similar in structure (alpha S1 (as1-CN), alpha S2 (as2-CN),
beta (B-CN), kappa (k-CN) and (y- CN) casein) (Heino, 2010). They typically have a
molecular weight between 14 and 25 kDa.

1.2.4. Bovine serum albumin
Bovine serum albumin (BSA) with the molecular weight of 66 kDa is another cow milk
proteins. BSA has significant biological effect on human health but its role in food and
milk are not well known (Heino, 2010). BSA has only a slight effect on whey
physiochemical properties due to its low concentration in milk (Boland et al., 2014). It is
sometimes used as a protein standard in some experiments.

1.2.5. Lactoferin
Lactoferin (LF) has a molecular weight of about 76.5 kDa and is a multi-functional protein
from the transferrin family (Yang et al., 2013). It exists in different liquids like milk, nasal,
saliva and others. (Sanchez, Calvo, & Brock, 1992). LF has antibacterial activity in humans
and interacts with nucleic acids (Pometto, Shetty, Paliyath, & Levin, 2014).

1.2.6. Glycomacropeptide

Glycomacropeptide (GMP) is the C-terminal portion of kappa casein and is sometimes
called casein macropeptide (CMP). It has a molecular weight of 6-10 kDa. The amino acid
composition of this protein is very unique. GMP has various chemical attributes like
extensive emulsifying properties and is stable in a wide range of pH (Sharma, Rajput, &
Mann, 2013). It can be said that GMP is a complex mixture of whey protein and casein
micelles (Tovar Jiménez, Arana Cuenca, Téllez Jurado, Abreu Corona, & Muro Urista,
2012).

1.2.7. Immunoglobulin:
Immunoglobulin (Ig) is the immunological part of the milk (Hurley & Theil, 2011).
Immunoglobulins are antibodies that can protect people against a wide range of bacteria
and viruses (Korhonen et al., 2000). Human milk has the highest amount of Ig but cow’s
milk has low level of Ig (Carpenter Ea, 2010). Ig has a molecular weight of 150-1000 kDa.
These proteins have immune-active peptides and therefore the presence of this protein is
beneficial for a whey product (Tovar Jiménez et al., 2012).



Whey production is an important process. To release all non-protein compositions in whey,
scientists decided to separate the large and small molecules. The size of the molecules and
pressure in process, help to separate the molecules by pliable membrane (Flinn, 1970).

1.3. Membrane Filtration

Currently, membrane filtration is the chosen method in food and dairy industry to separate
the protein, salt and minerals from the feed (Daufin et al., 2001). Membrane processing is
used to remove particulates, bacteria, microorganism and minerals. Different filtration
types are used for this technology in the dairy industry including: Reverse Osmosis (RO),
Nanofiltration (NF), Ultrafiltration (UF) and Microfiltration (MF) (Bylund & Pak, 2003).
These days, membrane processing of whey product is being developed. The use of NF and
UF is a used for separating peptides and amino acids from milk (Timmer & Van der Horst,
1998) (Figures 3&4).

1.3.1. Concentration Factor

The concentration factor is a dimensionless factor that is used in filtration studies. The
concentration factor is “ the volume reduction achieved by concentration, i.e. the ratio of
initial volume of feed to the final volume of concentrate” (Bylund & Pak, 2003). The
content of the whey protein in skimmed milk will be effected by microfiltration, because
the absorbency MF to the main whey protein components depends on the concentration
factor (CF) (Outinen, Heino, & Uusi-Rauva, 2008). The concentration factor is directly
proportional with the protein concentration.

Volume concentration factor was calculated:

Flow retentate+Flow permeate
CF = (1)

Flow retentate

i -
1
0q .
Vil LG
} ! [r *
™M '
] 1
———————————— H i
1 b o
Feed ! :
Tank i i !
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Figure 1. Schematic diagram of membrane pilot system.
M:Membrane module; QF:Feed skimmed milk; QP:
Permeate; QR:Retentate; V:Cross flow velocity; P1,P2:
Pressure gauge (Mukhopadhyay et al., 2009)



Figure 2. Membrane used for Micro and Ultra filtration

In this study microfiltration (0.05 and 0.15 um) and ultrafiltration were both used; the
differences between these methods were in the separation of whey proteins from skimmed
milk. Ultrafiltration concentrated both casein micelles and whey proteins.

1.3.2. Microfiltration

Microfiltration (MF) is a low pressure cross flow membrane process used for separating
particles in the range of 0.05-10 microns. Microfiltration is usually used for decreasing the
bacteria in skimmed milk and whey. It also used to separate the fat from whey for protein
fractionation of whey protein concentration (WPC) (GEA Filtration, 2015). MF is used for
the protein extraction process to produce casein micelles and isolate the whey protein.
Sweet whey is made when the skimmed milk go through the MF membrane with pore size
of 0.1 or 0.2 um. The whey from microfiltration can be attested as the bacteria and virus
free (Daufin et al., 2001). Multichannel ceramic membrane and dynamic counter pressure
are two different methods for removing bacteria by MF (Sandblom, 1978).

1.3.3. Ultrafiltration (UF)

Ultrafiltration is a separation technique used to separate solid components from a liquid
mixture. UF membranes have a pore size less than 0.01 micron. Chemical interaction
between the membrane and liquid component plus molecular the basis of UF separation. In
this procedure, water molecules push through membrane by pressure to preserve the
colloidal solids and salts (MMS, 2006). UF is a selective fractionation process that uses
pressure around 10bar. It concentrates solutions of molecular weights higher than 1000
Daltons. Permeate from microfiltration process is usually used for ultrafiltration (GEA
Filtration, 2015). Typically, a ceramic membrane with 300 kDa cut-off is used. This kind of
membrane is used for removal of suspended solid in feed. UF normally generate a whey
protein concentrate (WPC) with high solid ratios (77% to 90%) (Daufin et al., 2001).
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Figure 3.Principle of membrane processing in dairy industry (Bylund & Pak, 2003)

Microfiltration consists of a variety of membrane filtration systems with the largest pore
size (0.1-3 microns). Ultrafiltration pore size range is 0.01 to 0.1 microns. MF fills the gap
between ultrafiltration and traditional filtration according to the pore size. MF is usually
used for decreasing the turbidity and raising the suspended solids. UF is typically used to
eliminate color, some viruses, some colloidal organic substance, and smell. Both methods
need a transmembrane pressure between 1 to 30 psi (Technical Service Center Water
Treatment Group, 2010,).

In the dairy microfiltration industry, skimmed milk is fed to the microfiltration and the
products are microfiltrated permeate and microfiltrated retentate, known as native whey and
casein concentrates, respectively. Microfiltration permeate is the fed to ultrafiltration and
the product is ultrafiltrated retentate, also called native whey protein concentrate(Jgrgensen
et al., 2015) (Figure 4).

MF Retentate
(Casein Concentrates)

A 4

Skimmed milk > Microfiltration —

- MF Permeate
(Native Whey)
UF Retentate . .
(Native Whey Protein Concentrate N Ultrafiltration

Figure 4. Filtration procedure flow chart




1.4. Gel Electrophoresis (SDS PAGE)

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS PAGE) is the standard
method for protein sizing, although protein identification technology is a fast expanding
field (Laemmli, 1970; Shapiro, Vifiuela, & Maizel, 1967). SDS PAGE is an established
method used to separate and identify proteins according to their movement by size of the
molecules. The goals of this method are; characterizing proteins and enzymes, monitoring
protein purity, studying environmental effects on protein composition studying, and
classifying genetic variation (Cherry & Barford, 1988). SDS has a net negative charge as
an anionic detergent which binds non-covalently to proteins. Moreover, SDS gives the
polypeptide a total negative charge relative to its length. This negative charge in
polyacrylamide gels aid in separating the proteins in an electrical field (Goetz et al., 2004).
It binds to most soluble protein molecules over a wide pH range. Polyacrylamide gel is the
normal medium for protein electrophoresis (Garfin, 2003). A polyacrylamide gel with a
pre-determined polyacrylamide concentration prevents movement of larger protein
molecules through the gel as fast as small protein molecules. Protein separation by SDS gel
is usually used to characterize the molecular weight of the protein and shows the significant
proteins present in the sample. The resolution of the size can be changed and modified by
changing the gel composition. Proteins that are separated by SDS-PAGE can be used to
characterize the approximate molecular weight of a protein and the abundance of major
proteins in samples. The precision of sizing in SDS-PAGE is influenced different variables
such as isoelectric point, structure, amino acid sequence, etc. The most important thing that
can increase the accuracy of the results are controlling experimental conditions such as pH,
temperature, staining times and gel composition (Goetz et al., 2004). One of the most
important advantages of SDS PAGE is that, it is a reliable and simple method (Davey &
Lord, 2003).

The electrophoresis in SDS gel is usually following with a staining step to visualize the
bands. Comparing the test lane with a marker lane of known size helps in determining the
molecular weight (Yazdanparast, Nezarati, Heshmati, & Hamzehlou, 2012).

Existence of proteins with similar molecular weight in a complex mixture is the reason that
one dimensional gel electrophoresis is not as as two dimensional (Cherry & Barford, 1988).



1.5. FT-IR Spectroscopy

The combination of infrared spectroscopy with Fourier transform (FT-IR) is a fast, cheap
and useful technique for characterizing the compositions of biological samples
(Szymanska-Chargot & Zdunek, 2013). Fourier Transform is dependent on time and
frequency. Generally FT-IR is a method to collect the infrared spectra, inelastic diffusion,
imbibition and emission of compounds (Griffiths & De Haseth, 2007). FT-IR system
measures the full spectrum of the sample in the same period of time (Van de Voort,
Sedman, Emo, & Ismail, 1992). Infrared spectroscopy has been a common method for more
than seventy years for materials studies like obtaining detailed information on chemical
compound (Tauler, Kowalski, & Fleming, 1993). An infrared spectrum shows absorption
peaks of samples, which correspond to the frequencies of vibrations between the bonds of
the atoms. No two compounds have the same infrared spectrum since each material is a
unique combination of atoms. Consequently, infrared spectroscopy is a
positive identification (qualitative analysis) of some kinds of material. Furthermore, the
amount of material present is shown by the size of the peaks in the spectrum. Infrared is a
brilliant tool for quantitative analysis with new software algorithms (Nicolet, 2001).
In a FT-IR spectrometer, radiation passes the sample through the measuring device to reach
the detector, and there the signal is converted to digital signal by first amplified the analog
to digital transformer. Finally, the converted signal is transferred to a computer that is
connected to the instrument (UCDAVIS CHEMWIKI, 2015). FT-IR used together with
PCA, allows better visualization of spectra (Szymanska-Chargot & Zdunek, 2013).
Principle Component Analysis (PCA) is a multivariate data analysis technique to find
similarity and differences in samples (Van Der Ven, 2002; Brunn, 2006). The goal of this
method is to analyze the data for modeling (K. H. Esbensen, Guyot, Westad, & Houmoller,
2002). To find a small set of principle component (PC) that describe the most mutability on
these data set is another purpose of PCA (Szymanska-Chargot & Zdunek, 2013). It usually
searches for linear combinations. The reason is that, in linear combination, less information
is lost and data will be optimized. A multivariate data analysis technique is usually used to
choose significant data when there is large data set to consider (Brunn, 2006). PCA method
is helpful to explain the FT-IR spectra. FT-IR spectra are usually very complicated
depending on the source of the samples (Szymanska-Chargot & Zdunek, 2013). Partial least
squares (PLS) is another multivariate calibration. In PCA the principle component model of
the correlation construction of X was made but PLS modeling depends on two matrices X
and Y. The X matrix is the corresponding independent variable whereas Y contains
dependent variables. PLS is a model to find the connection between X and Y. The starting
point is always a set of known measurements collected for the data matrix X. The most
accurate way for calibration in PLS modeling is that the range of X-area and Y-area should
be as wide as possible to show the result clearly. Spectroscopy can concurrently measure
many physical and chemical factors indirectly. It also can measure the data very quickly,
reducing time spent in the laboratory (K. Esbensen, 2002).



1.6. Mass spectrometry (LC-MS/MS)

One of the main and most popular analytical methods for identification of the proteins is
mass spectrometry (MS). MS is important because of its characteristic sensitivity and
selectivity (Cooks, Chen, Wong, & Wollnik, 1997; Domon & Aebersold, 2006). Mass
spectrometry has been extensively used for analyzing biological samples. The method is
based on identification of ions according to mass over charge (m/z) ratios (Kang, 2012;
Agilent Technologies, 2001). MS can be described as an ion visual instrument that uses the
electric and magnetic fields to separate ions according to their m/z ratio (Carpenter Ea,
2010).

Electron spray ionization (ESI) charges the molecules in atmospheric pressure. ESI can be
coupled with high performance Liquid chromatography (HPLC). This makes ESI a good
ion source for complex mixtures in LC-MS like using Nano-LC with Nano-ESI tandem MS
(MS/MS). The instrument and software are constantly improving velocity and precision
making identification of proteins easier (Chen & Pramanik, 2008).

HPLC — MSM§ —— I I‘I | | |

Figure 5. Schematic diagram of LC-MS/MS system

In chemistry, liquid chromatography is an essential separation technique especially for
protein determination (Carpenter Ea, 2010). Normally C,g reverse phase is used as a cation
exchange LC for the first step of separation. In online MS systems used for real time
analysis the sample is directly electro-sprayed. All the peptides are retained on the cation
exchange resin under acidic conditions. These bound peptides can then be eluted stepwise
from the Cyg resin. The Cig-bound peptides are separated using a conventional solvent
gradient and electro-sprayed directly into the MS system for real-time analysis, in order to
improve sequence coverage. In complex protein mixtures, peptides are very complicated so
capillary LC-MS can be applied for high resolution (Chen & Pramanik, 2008).

To form molecular ions, gaseous molecules are ionized in the ion source and some of them
will be fragmented. lons with different m/z go through the mass analyzer separately to
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reach the detector. When they impact the detector, ions can transform into an electrical
signal that the detector translates to a digital response which can then be stored by a
computer (Sparkman, 2000). In mass spectrometry, only ions are identified; continuous
pumping preserves the vacuum which removes all the atoms that have no charge (Kang,
2012). Both positive and negative ions can be analyzed by MS, however the majority of
analyzed ions are positive, since the positive ions are normally produced in larger number
than the negative ions (Chiu & Muddiman, 2008).

The combination of a linear ion trap with Orbitrap analyzer is an increasingly common
mass spectrometer step used to determine and specify proteins and chracterize proteomes
(Michalski et al., 2012) .
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2. Materials and Experimental Method

2.1. Materials
Three sample types Permeate (low protein), Retentate (high protein) and skimmed milk
were sent from TINE SA in As. Permeate passes through the membrane and everything that
is retained on the feed side of the membrane is defined as retentate (Figure 4 for shows the
details on sample generation) (Hazer et al., 1996) . Skimmed milk was microfiltered with a
ceramic membrane with 0.05, 0.10 and 0.15 um pore sizes to a concentration factor 1.5, 2.5
and 2.8.

2.1.1. Preparation of whey samples

Skimmed milk was microfiltrated by ceramic membrane with 0.05 to 0.15 um pore size.
For Seri 1, the volume concentration factor (CF) was 1.5 when retentate (casein
concentrates) was collected. After a while the concentration factor was set to 2.8, and new
retentate was collected separately. Permeate (native whey) was collected from the start of
microfiltration process. Retentate with CF around 1.5 means that the protein content of the
feed is concentrated approximately 1.5 times. To concentrate the whey proteins, collected
permeate was ultrafiltrated with spiral wound 25 kDa cut-off and concentrated native whey
(permeate) called native whey concentrates (UF retentate). In series 2 and 3, skimmed milk
was microfiltrated with 0.10 um pore size. Permeate and retentate were collected with 1.5
concentration factor. Series 2 and 3 had the same conditions but different dates. Seri 4 was
done with 0.15um pore size and 2.5 CF but some conditions changed during the process to
concentrate the permeate more (Table 1).

The samples were specified by MFP (microfiltration permeate = Native whey), MFR
(microfiltration retentate = Casein concentrates), UFR (ultrafiltration retentate = Native
whey concentrates) and Skimmed milk. Skimmed milk had been microfiltrated with
ceramic membrane. Permeate, containing small molecules was passed through the
membrane and retentate with large molecules was retained on the feed side. For
ultrafiltration, permeate from microfiltration was used for further ultrafiltration. The
differences between processes are flow rate, pore size (um), length, type of membrane and
the concentration factor.
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Samples name

Table 1. Samples name

Seri Tvoe of samples Industrial name Samples Pore size Date of Concentration
yp P of samples name (um) filtration Factor (CF)

Seri 1 Microfiltration Casein MFR 1.5 (S.1) 15
retentate concentrates

Seriq | Microfiltration Casein MFR 2.8 (S.1) | 0.05:0.14 | 29.09.2014 2.8
retentate concentrates

Seri 1 Ultrafiltration Native whey UFR (S.1) i
retentate concentrate

Seri 2 Skimmed milk Skimmed milk Milk (S.2) -

Serig | Microfiltration Native whey MFP (S.2) 0.1 06.11.2014 -
permeate

Seri 2 Microfiltration Casein MFR (S.2) 95
retentate concentrates

Seri 3 Skimmed milk Skimmed milk Milk (S.3) -

Serig | Microfiltration Native whey MFP (S.3) 0.1 26.11.2014 -
permeate

Seri 3 Microfiltration Casein MFR (S.3) 25
retentate concentrates

Seri 4 Skimmed milk Skimmed milk Milk (S.4) -

Serig | Microfiltration Native whey MFP (S.4) 0.15 04.02.2015 i
permeate

Seri 4 Microfiltration Casein MFR (S.4) 15
retentate concentrates

12
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Figure 6. Pefmé&te samples; 1: MFP (S.1); 2: MFP (S.2); 3: MFP (S.3)

Figure 7. Milk samples; 1: Milk (S.1); 2: Milk (S.2); 3: Milk (S.3)

Figure 8. Retentate samples; 1: UFR (S.1); 2: MFR 1.5 (S.1); 3: MFR 2.8 (S.1); 4: MFR (S.2);
5: MFR (S.3); 6: MFR (S.4)
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2.2.  Method

2.2.1. Gel Electrophoresis (SDS-PAGE)
The gel casting and running was performed according to the Laemmli method. PAGE was
performed in 12.5% of polyacrylamide separation gel containing 1% SDS and 4% of
polyacrylamide stacking gel. Casting material included two spacers for each gel, a comb,
one small and one large glass plate, casting block and the casting stand. All the materials
were cleaned with ethanol before starting the experiment. The sandwich was assembled.
The separation gel (for 5 mini gels) was prepared according to table below:

Table 2. Separation gel preparation material

ingredient Weight/VVolume
Urea 7.21gr
Acrylamide (30%) 125 ml

8x Tris (pH 8.8) 3.75ml

ddH20 9ml

Temed 15u

APS 50 pl

The gel was poured until 2 cm under the top and the rest was filled by water-saturated
isobutanol and was incubated for one hour to polymerize. The water- isobutanol was
drained completely and the stacking gel was poured. The solution for stacking gel is
according to the table below:

Table 3. Stacking gel preparation material

ingredient Weight/Volume
Acrylamide (30%) 0.8 ml

0.25M Tris (pH 6.8) 2.48 ml

ddH20 1.6 ml

Temed 5ul

APS 50 ul
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The gel sandwich was attached to the electrode assembly. Running buffer was added as a
cathode and anode buffer. Permeate and milk samples with lower protein were loaded in
one gel and retentate samples with more protein was loaded in another gel. Retentate
samples were diluted 1:15 plus 20 ul of detergent and permeate sample were inserted
directly without dilution plus 15ul of detergent and milk samples were diluted 1.5:13.5 with
15 pl detergent. Samples were heated at 95°C for 5 minutes and then centrifuged for 5
minutes afterwards. The marker used was Bench Marker pre-stained standard protocol (Life
technology). Each gel was run with 15mA and 100 V for 2 hours. When the samples and
marker reached the end of the gel, the electrode was disconnected. Gels were transferred to
the plate carefully and then coomasie staining solution was added and stayed for one hour.
The gel was washed three times with dH,O and after was destained as much as needed.

kDa ___ kDa e

180
180 |—| 115
15 | = 82
82 64
64 49
49 37
37 | = %
26 | — 19
19 | =— _
15 | == 15
6
6
Bolt™ 4-12% 4-20% Tris-
Bis-Tris Plus Glycine Gel
Gel
. . —r’
Figure 9. Bench Marker

Figure 10. Gel Electrophoresis system

Image J software was used for quantitative analysis of the gels. Image J is software that can
detect bands and calculate values according to the peaks strength. The results were
transferred to the excel and are shown in the Appendix 8.2.
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2.2.2. FT-IR Spectroscopy
FT-IR spectra were collected with a laboratory-scale Fourier transform infrared (FTIR)
spectrometer (model Delta instrument, lactoscope FT-IR advanced, Type FTA 3.0). 70 ml
of sample for five replicate of each sample under the same condition was examined. The
measurement in the lactoscope was done automatically according to whey properties. The
data was transferred to the computer to use the unscrambler X 10.3 software. The spectra
were collected over the range 890 to 2900 cm™.

Figure 11. FT-IR Spectrometer

The averaged result of each sample was calculated to have an improved plot. Spectra were
modified to remove peaks associated with water noises.

Finally, PCA and PLS modeling was done by using the unsrambler X software.

16



2.2.3. Mass spectrometry (LC-MS/MS)

2.2.3.1. LC-MS/MS sample preparation
Three sample preparations were evaluated:

1) Simple preparation without molecular weight cut-off filter
2) Preparation with molecular weight cut off filter step (10 kDa and 30 kDa)
3) Acetone precipitation result

The cut-off filter fractionation procedure was done as a first preparation but was then
skipped due to low protein concentration in the generated samples.

= Acetone precipitation

Protein precipitation is usually used for fast sample clean-up and gets rid of non- protein
components. 50 ml of acetone was cooled to -20° C for 1 hour. 500 pl of each sample plus
2 ml of cold acetone were added to Eppendorf tubes. The samples were vortexed
completely and incubated at -20° C for 60 minutes. After that, samples were centrifuged at
14000 rpm at 4° C for 10 minutes. The supernatant was discarded and before evaporating
the acetone, the Eppendorfs were placed in a fume hood with open lids. The pellet was
dissolved in 500 pl ambic buffer (0.1 M). The pellet in this part is sticky; therefore, a
warmer was used to dissolve it better. Then samples were then prepared for the Bradford
assay.

» Bradford (Protein concentration measurement)

The precipitated protein quantification was done using the Bradford method (BRADFORD,
1976). For this purpose, a protein calibration curve was constructed using bovine serum
albumin (BSA) as standard at concentrations from 0 to 0.4 mg/ml.

One part of Bio-Rad dye was taken with 4 part of dH,O and filtered. A total of four BSA
protein standards were prepared by using sequential dilutions from 0.1 to 0.4 mg/ml and
were assayed at 595 nm. According to the plate layout, 10 pl of each standard solution and
samples were added and after that 200 pl of diluted dye was added to each well.
Measurement was taken at 595 nm, after incubation for 10 minutes. Data was transferred to
calculate the protein concentration. Samples were diluted as far as needed to be within the
range of standard curve.
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Figure 12.Spectroscope, using Bradford method for finding the protein concentration

Calculation:

Abs BG (BG=Background) =
(Absorbance in 595 nm for sample) — (Absorbance in 595 nm for BSA standard curve) (2)

. . mg\ _ Abs BG .
Protein concentration (ﬁ) = Giope vatus of standard Surve)(Dlluton factor)
®)
Linear regression of BSA standards (trendline)
0,800
E opopd Y= 15812 "
oo R2 = 0,9481
L
2 0,400 *
C
a
g 0,200 - *
0,000 T T T T
0 02 03 04 05
Protein ‘concentrafion (mg /ml )

Figure 13. Example of BSA standard curve

= Trypsination

After the calculation of Bradford, the amount of ambic buffer for adding to samples was
calculated to get 10ug protein at the end. For trypsination, Dithiothreitol (DTT)
concentration should be 5mM, so 5 pl of DTT (0.1M) was added to the samples to reduce it
and they were incubated for 30 min at 37 °C. After that, 1.5 pl lodoacetamide (IAA) was
added to alkylate the samples, for a final concentration of 15 mM. They were incubated for
30 minutes in a dark shelf at room temperature. The last step was adding trypsin. The ratio
of sample to trypsin should be 25:1, so 4 pl trypsin was added to each Eppendorf and the
tubes were incubated overnight at 37 °C.
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With this tryptic digestion, the samples were prepared for LC-MS/MS analysis and protein
identification. After trypsination, the samples were purified, washed and concentrated
through pierce Cig spin columns.

= Pierce C.g Spin columns

Spin column is a perfect tool to remove the salts, solvents and protecting the materials that
can affect the mass spectrometer or spectrometric analysis of the peptides. It is a simple
device for sample cleaning and purifying components of the samples.

Figure 14. Pierce Cyg spin column

= Sample preparation

As the ratio of sample and buffer should be 3:1, 90 pl of samples and 30 pl of buffer was
added to the column. Column was fixed in receiver tube without any caps.

Column preparation:

200 pl of activation solution was added to make the resin wet. Columns were centrifuged at
1500 rpm for 1 minute and the flow through was discarded after that. This step was
repeated once more. Equilibrium solution (200 pl) was added to the column, and then it
was centrifuged and discarded as in the last step.

Sample binding:

Protein sample was added to column in this step with a new receiver tube. Tubes were
centrifuged at 1500 rpm for 1 minute. The binding should be complete, therefore that step
was done twice but this time the flow through was not discarded and was recovered.
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Wash:

Column was placed in the new receiver tube. 200 pl of wash solution was added to the
column and they were centrifuged at 1500 rpm for minute. The flow through was discarded.
This step was repeated once more.

Elution:

Column again was moved to new receiver tube. Elution buffer was added around 20 pl at
the top of the column. Centrifugation was done at 1500 rpm for one minute. Again 20 pl
elution was added and they were centrifuged.

Last step was to put the tubes into the evaporator very carefully for 10 minutes. Then they
were ready for adding to Orbitrap tubes.

2.2.3.2. LC-MS/MS Analysis

Samples were analyzed using the linear ion trap-Orbitrap mass spectrometer (LTQ-Orbitrap
hybrid mass spectrometer, Thermo Fisher Scientific, Walthman, MA, USA). The separation
was carried out using a gradient from 2.5% to 64% acetonitrile in 0.1% formic acid.

The raw data files from the LC-MS/MS analyses were analyzed using proteome discoverer
1.4 (Thermo Fisher Scientific) with the Sequent algorithm with minimum precursor mass of
350 Da and 5000 Da. Trypsin, IAA and DTT were used in sample preparation and in the
search criteria with trypsin set as the digestion enzyme. Oxidation (M) was set as dynamic
modification and carbamidomethyl was set as a static modification. The software showed
the PSMs, Amino acids, Coverage, peptides and molecular weights. The best scoring
peptide-spectrum match (PSM) was considered as the peptide identification. For each
protein the number of PSMs was exported to excel and grouped (Jensen, Provan, Larssen,
Bron, & Obach, 2014).

Figure 15. LC-MS/MS system
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3. Results and Discussion
The results from this experiment are divided in three parts, FT-IR spectroscopy, Gel
electrophoresis and Mass spectrometry. These three strategies were used to characterize the
sample preparations of skimmed milk, permeate and retentate samples.

In this study MF and UF techniques were used to separate the whey protein from skimmed
milk. Milk components were divided into the MF/UF retentate and permeate after filtration
as shown in Table 1. Permeate from microfiltration has no microorganisms. Permeate from
microfiltration is usually ultrafiltrated to remove excess casein and water (Froning,
Wehling, Ball, & Hill, 1987).

3.1. Gel Electrophoresis
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) is still considered
an efficient method for studying denatured proteins (Goetz et al., 2004). The SDS PAGE
electrophoresis method separates protein molecules according to their charge and molecular
size.

3.1.1. Optimization of gel running conditions
The first experiments were performed to find the optimal concentration of each sample to
run in the gel. The pores of the gel are an important variable in gel electrophoresis. Protein
moves through the pores of a gel during electrophoresis. However it is difficult to measure
in-situ the pore size of the gel accurately. It usually can be determined by the size limit of
the protein that can go through the gel (Garfin, 2003). Figure 16 shows an overloaded gels
with too wide-bands. It takes some time to find the best pore size.

Figure 16. SDS-PAGE electrophoresis, Overloaded samples

In the gel electrophoresis part it also takes a lot of time to find the best conditions such as
optimal cathode and anode buffers, best dilutions and running voltage.

Then one gel was run with dilution of 1:10 for each sample. The 1X running buffer was
used as cathode and anode buffer. The electrode was fixed for 10 mA. The run took about
three hours and the result was unsuccessful. The result is shown in Figure 22.
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Figure 17. Unsuccessful gel using the wrong dilution
In the next experiment, the samples were run with 1:10 dilution. The electrode was fixed
for 10 mA for each gel, but the 0.1% SDS buffer was used as the anode buffer and 1X
buffer was used as the cathode buffer. The gel was again unsuccessful as is shown in Figure
18.

Figure 18. Unsuccessful gel using the Wrong anode buffer

Until this experiment the SeeBlue Pre-stained Protein Standard (Life technology) was used.
To see the smaller proteins in the gel a wider range molecular weight marker was needed.
Bench Marker pre stained standard protocol (Life technology) was used in the future
experiments. Again another gel was run with new dilution, retentate 1:10, UFR 0.5:9.5 and
permeate was added without dilution. The 0.1% SDS buffer was used as anode and 1X
buffer was used as cathode buffer. 15 mA was used for running. The gel is shown in Figure
19.

»

Figure 19. Unfinished gel, taking 3 hours for running
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This was an acceptable dilution but it took about three hours to run, so a solution needed to
be found. The buffer is the main factor for time of running; therefore it was decide to
change the buffer in the next gel.

The next gel helped to do a better test afterwards. All the samples were diluted 1:10 except
UFR by diluting 0.5:9.5. 20 ul of loading buffer were added to each sample. The electrode
was fixed to 15 mA. The same cathode and anode buffers (1X buffer) were used and gel
was run in 30 minutes. The time was unexpected but it was done. As shown in the picture,
it was a clear gel.

Figure 20. SDS gel, using the correct dilution and buffers

The samples were not all received at the same time; therefore one gel was run at a time. It
was necessary to know the final gel conditions.

All the samples were available in the next experiment, so two gels that included all samples
were run. Conditions were the same as previous experiment. The gels had the acceptable
bands but there was a problem in casting so that the wells were not deep enough. The bands
were likely connected to each other. The ge

— = S
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Figure 21. Unsuccessful gel because of imperfect casting
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Figure 22. Unsuccessful gel because of imperfect casting

3.1.2. Characterization of protein content through SDS PAGE

SDS PAGE electrophoresis of different samples under different dilution was done. In
12.5% SDS-PAGE, 15 ul sample solution containing loading buffer as a detergent was
loaded. Permeate and milk samples with lower protein amounts were loaded in one gel
(Figure 23), and retentate samples with more protein were loaded in another gel (Figure
24). Retentate samples in Figure 24 were diluted 1:15 plus 20 ul of detergent, permeate
sample were inserted directly without dilution plus 15ul of detergent and milk samples
were diluted 1.5:13.5 with 15 pl detergent. A marker (Bench Marker pre stained protein
standard protocol) with known molecular weights was also added to the gel. The SDS
bands are clearly visible. The bands related to skimmed milk, permeate and retentate
proteins (a-La, B-Lg, asl-CN, as2-CN, B-CN, «-CN, BSA, Lactoferrin and
immunoglobulin) were matched according to the marker on the SDS-PAGE gel and were
marked on each gel. Major proteins including a-LA (14 kDa), B-Lg (18 kDa) and Casein
(14-25 kDa) were predicted to be present in the whey samples. Lactoferin with molecular
weight of 150-1000 kDa as a minor protein in whey was observed. In addition the presence
of GMP with molecular weight of 6-10 kDa that could be a complex mixture of whey
proteins and casein micelles was detected in the gel. Bovine serum albumin (66 kDa) and
Immunoglobulin (Igs) were also predicted to be present in electrophoresis study part. The
bands that are separated by SDS-PAGE are usually used to characterize the approximate
molecular weight of a protein. Usually, the best way to have an understandable explanation
of the gel bands is comparison of gel to gel or sample to sample (Goetz et al., 2004).
Figures 23 and 24 show the normal scan of gels.
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Figure 23. SDS-PAGE electrophoresis of whey proteins
prepared; 1: Molecular weight marker; 2 Microfiltration
permeate (S.2); 3: Microfiltration permeate (S.3); 4:
Microfiltration permeate (S.4); 5: Skimmed milk (S.2);
6:Skimm milk (S.3); 7: skimmed milk (S.4);
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Figure 24. SDS-PAGE electrophoresis of whey proteins; 1:
Molecular weight marker; 2 Microfiltration retentate (S.2);
3: Microfiltration retentate (S.3); 4: Microfiltration
retentate (S.4); 5: Microfiltration retentatel.5 (S.1); 6:
Microfiltration retentate2.8 (S.1); 7: Ultrafiltration
retentate (S.1);
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3.1.3. Comparison of samples
Gel electrophoresis of different WPCs and milk are shown in Figures 23&24. The protein
bands were identified using broad range molecular weight marker (bench marker
standards). As is shown in Figures 23&24 permeate samples have the lowest amount of
protein and retentate samples have the higher amount of major protein based on strength of
bands. The protein concentrations in this study are dependent on different factors such as
type of filtration, concentration factor, pore size, etc.
The analytical method appears as the consistent as the same sample prepared on different
dates show the same profiles. As shown in Figure 23, MFP (S.2) and MFP (S.3) were from
the same process but different date, therefore lanes 2 and 3 have almost the same bands
with all major and minor protein. As described, all samples from series 2 and 3 had the
same bands as it expected. Skimmed milk in lanes 5, 6 and 7 are the feed for
microfiltration, thus they have same protein bands. Skimmed milk has less B-Lg, a-La and
BSA than permeate samples (lanes 2-4), B-Lg, a-La and BSA are the main proteins in whey
(Figure 23).
Significant differences among the samples were found. Ultrafiltration offers the
fundamental advantage of removing casein from native whey samples. This can be seen by
the fact that there appears to be less Casein in the UFR than in any other sample type.
Comparing skimmed milk, permeate and retentate, SDS-PAGE show that microfiltration
did not affect the presence of proteins however proteins were distributed between permeate
and retentate samples (Figures 23&24).

The protein bands are dependent on concentration factor so the samples with same
concentration factor should have the same bands (MFR (S.2), (S.3), and MFR2.8 (S.1)) and
(MFR (S.4), MFR1.5 (S.1)). In MFP (S.4) the membrane with CF=0.15 to get permeate
with more protein was used in filtration system, so in lane 4, it is clear that the bands are
darker showing higher concentration of the sample (Figure 23).

As clearly predicted in both gels, when casein was increased the levels of p-lactoglobulin
and a-lactalbumin were decreased. Although the detergent was used for sample preparation
for SDS gel, there was no way to avoid the overload of casein in retentate samples.
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Figure 25 represents the comparison of gel bands by using the data from Image J software
(the data is shown in Appendix 8.1). It clearly shows the ratio of proteins in each sample
and helps to compare by demonstrating the direct and indirect proportions.
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Figure 25. Stacked column 3D chart of comparing different protein in all samples by using Image J software

The method helps to visualize the different amount of the protein in each sample.

MF is used in an united protein extraction process to produce casein micelles and isolate
the whey protein (Daufin et al., 2001). The ultrafiltration is used to remove the casein even
more efficiently. In SDS gel electrophoresis results for ultrafiltration retentate, casein can
be seen but in comparison to MFR is much less. Compared to other samples, UFR has more
of other proteins such as B-Lg, a-La and BSA.

Skimmed milk is milk without fat that should have a combination of proteins, but according
to the type of filtration and the size of the membrane, the amount of the proteins could vary.
Cross flow filtration (0.05-0.15 um) makes it possible to achieve the separation of skimmed
milk micelle casein and soluble proteins.

FritzGerald (FitzGerald & Meisel, 2000) note that casein are the proteins that have high
effect on blood pressure in human, therefore according to the results, microfiltration
retentate samples have high level of casein so MFR potentially be medically used in
addition to dairy industry. To compare the casein presence in samples can be shown like:
MFR> Skimmed milk> MFP> UFR.
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3.2. FT-IR spectroscopy

In FT-IR spectroscopy, uses infrared light in various wavelength to observe how the
samples respond to each wavelength. Each compound has an individual set of absorption
values in its infrared spectrum (Gallagher, 2009). FT-IR spectra can be related to functional
properties of the samples, so an analysis of these properties by multivariate regression
analysis was performed. PCA based on FT-IR data revealed differences between samples ,
as has been shown in previous work (Van Der Ven, 2002). In order to observe the
differences between the samples, multivariate analysis of the spectra was performed
(Jensen et al., 2014).

FT-IR spectra were collected by using a lactoscope FT-IR advanced (Delta instrument).
Figure 26 present the spectra of all permeate retentate and milk samples in the range of
3043-898 cm™ after lactoscope analysis. The result was transferred to the Unscrmbler X
software to plot those (Figures 26-29). The FT-IR spectra showed that water can make
noises (Appendix 8.5). These kinds of noises were in the range of 1700-1600 cm™ and were
removed. Variables with high loading weights that are responsible for main differences
between FT-IR spectra of samples were mainly observed between 1600 -1200 cm™.
Apparently, the FT-IR spectra were directly dependent on concentration, so that higher
peaks in the graphs showed the higher concentrated sample. There is a sharp peak around
(1500 cm™) region associated with aggregated proteins. In conjunction with this
observation the presence of two peaks around (1000 and 2900 cm™) was observed and
related to water and fat.
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Figure 26. FT-IR spectra in 3043-898 cm-1 region of all samples
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Figure 26 shows that samples with high concentration (Retentate) have the higher
absorbance peaks than permeate and milk samples. The differences among them were clear
and occurred in each region of spectra. The chemical properties of each sample cause the
differences in the spectra.

Grouping the samples according to sample type, to obtain the spectra from each group was
given useful information to discriminate the samples. Figure 27 represent the permeate
samples that have less protein compare to other samples. Important FT-IR spectral values
were in the range of 2400-750 cm™. As is shown, the peaks are lower because of low
protein concentration in permeate samples. In microfiltration of sample Seri 4, the pore size
was prepared according to get more protein in permeate and so, MFP (S.4) (green line) has
the highest peak, as expected.
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752.18209 85247406 956.62247 1064.62823 117649134 1288.35445 1400.21756 151208068 1627.80114 1743.52150 1859.24205 1974.96251 2086.82563 2198.68874 2310.56185 242241466

Figure 27. FT-IR spectra in 2400- 750 cm-1 region of Permeate samples

Figure 28 shows the retentate samples. FT-IR spectra were collected in the range of 2400 to
840 cm™. In this graph UFR has the highest peak and MFR (S.4) has the lowest. This can
be related to the filtration process for Seri 4; when permeate has more protein, the protein
in retentate was decreased. If the comparison is according to the concentration factor, the
samples with similar CF have similar spectra.
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Figure 28. FT-IR spectra in 2400- 840 cm-1 region of Retentate samples
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Figure 29 represents the milk samples. FT-IR spectra were collected in the range of 3000 to
800 cm™. The height of the peaks here are between permeate and retentate. Skimmed milk
is the feed for microfiltration so it is clear that the spectra are similar.
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Figure 29. FT-IR spectra in 3000- 800 cm-1 region of Skimmed milk samples
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The result of the principle component analysis of all samples data are shown by linear plot
and score scatter plot (Figure 26 & 30), which represent the samples on the first two
principle components (PC1 and PC2).
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PC1 explain 97% of the variance between samples and PC2 explain 2% of the remaining
variance. Samples are spread over the entire plot and are clustered in to groups. Three kinds
of groups can be indicated as: Permeates, retentates and milk. The scatter plot represents
information about the protein source. Arrangement of the samples illustrate that the three
groups were indeed statistically different, but the only sample that is divergent from the
others is MFP (S.4). This is because of the filtration process, as MFP (S.4) is supposed to
have more protein than the other permeate samples. This sample contains more protein than
the others because it was treated in microfiltration to have higher concentration than the
other permeate. The UFR sample from retentate group is also far from the other retentate
because it has less casein and due to going, it went through UF with smaller membrane.

The scores scatter plot of PC1 against PC2 shows differentiation between each group of
samples. The scores scatter plot PC1 (explained above 97 % of variability), PC2 (explained
around 2% of variability), were used to obtain separation of each group (Figure 30). As it
expected, milk, permeate and retentate samples were grouped separately. Retentate samples
were clustered in the negative direction of PC1, while milk and permeate samples were in
the positive direction of PC1.
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Figure 30. PCA scores scatter plots of all samples FT-IR spectra in the 3043-898 cm-1 region

As shown in Figure 30 the same samples are grouped in the same region. Combination of
FT-IR and PCA analysis is a powerful method to obtain information and quick evaluation
of the milk, permeate and retentate samples.
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3.3. LC MS/MS

3.3.1. Optimization of sample preparation procedure

Mass spectrometry is a good technique to quantify and identify the protein in samples.
Mass spectrometry with or without liquid chromatography, has been used for characterizing
biological compounds. In this study, mass spectrometry had important use for monitoring
the main proteins in whey, such as a-La, B-Lg and caseins (Cunsolo et al., 2011).

In the first set of experiments, molecular weight cut-off columns of 10 kDa and 30 kDa
limits were used to separate the protein according to the molecular weight. The samples
were added to the column after acetone precipitation and centrifugation (Appendix 8.4.2).
The samples that had not been acetone precipitated were also tested. Afterwards proteins
lower than 30 kDa were added to the 10 kDa columns and centrifuged again (Appendix
8.4.1). At the end, four different samples were generated (>30 kDa, >10, 30>sample>10
kDa and <10kDa). When the Bradford was done, the concentration of proteins less than 30
and 10 kDa was very low. Due to the low protein concentrations in the generated samples,
analysis of samples generated through use of molecular weight cut-off filters was not done.

Initially in mass spectrometry analysis, the acetone precipitation was done to remove non-
protein components from the samples. As described in FT-IR part, whey samples have a lot
of fat and water. The protein concentration was measured by Bradford assay and was
calculated according to each sample dilution. The BSA standard curve at 595 nm was found
to be linear with a correlation coefficient of 0.995.
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Figure 31. Standard curve
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3.3.2. Characterization of prepared samples with LC-MS/MS
Protein concentration was measured with the Bradford method. Certain concentration
methods significantly increased the true protein content. The typical protein concentration

of each sample is shown in Table 4.
Table 4. Protein concentration

Sample Name Protein Concent.ration
(mg/ml protein)
MFR 1.5 (S.1) 3834
MFR 2.8 (S.1) 3781
UFR (S.1) 35 44
Milk (S.2) 21.88
MFP (S.2) 2 60
MFR (S.2) 31.94
Milk (S.3) 28.76
MFP (S.3) 310
MFR (S.3) 40.84
Milk (S.4) 23.47
MFP (S.4) 5 88
MFR (S.4) 3501

Adding DTT for reducing and 1AA for alkylation was done before trypsination. All samples
were diluted to a volume corresponding to 10 pg protein. Trypsin digestions of
approximately 1:25 dilution of each sample up to 15 hours was done and were carried out
by cleaning the samples by spin C;g column for each digest sample. Then injecting 5 pl of
each sample in to LTQ-Orbitrap (Thermo Fisher) to start analyzing the protein
identification by LC-MS/MS. Peptide and mass spectrometry analysis was loaded in to
proteome discover 1.4 software (Thermo scientific) to search against the Bos-Tourus
database (Download from Uniprot 23.05.2014 containing 39125 sequences), trypsin was set
as the digestion enzyme. The software settings were adjusted to account for the fact that the
samples had been reduced and alkylated. The complete carbamidomethylation and dynamic
oxidation of protein were confirmed by amino acid analysis. The main method used in the
Bos-Tourus database search relies on reporting of the best scoring peptide-spectrum match
(PSM) according to comparison of each observed spectrum to the theoretical spectra
predicted from a genomic sequence.
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Calibration of instrument was performed with following calibration solution (MSG15-1EA
sigma).

Tables 5-7 show the PSMs, Amino acids, molecular weight and coverage of each sample
according to mass spectrometry results. The rows specified by color are the important
proteins in permeate, retentate and skimmed milk samples. It gives an overview to compare

the samples.
B-lg
Casein subunits
a-La
- BSA
Lactaferin
Table 5. Milk samples LC-MS/MS result
Number Description XCoverage #AAs MW [kDa] Milk (S.2) Milk (S.3) Milk (S.4)
1 Beta-lactoglobulin OS=Bos taurus GN=LGB PE=1 SV=3 86,52 178 19,9 277 238 107
2 Alpha-S1-casein OS=Bos taurus GN=CSN1S1 PE=1 SV=2 74,30 214 24,5 436 625 337
3 Major allergen beta-lactoglobulin OS=Bos taurus PE=2 SV=1 86,52 178 20,0 277 238 109
4 Alpha S1 casein OS=Bos taurus GN=CSN1S1 PE=2 SV=1 69,16 214 24,4 433 605 338
5 Alpha-lactalbumin OS=Bos taurus GN=LALBA PE=1 SV=2 83,10 142 16,2 27 24 33
6  |Alpha lactalbumin (Fragment) OS=Bos taurus GN=alfaLA PE=3 S\V=1| 65,85 123 14,1 27 24 33
7 Alpha-S2-casein OS=Bos taurus GN=CSN1S2 PE=1 SV=2 54,05 222 26,0 166 190 51
8 Beta-casein OS=Bos taurus GN=CSN2 PE=1 SV=2 21,43 224 25,1 178 209 88
9 Beta-lactoglobulin (Fragment) OS=Bos taurus GN=LGB PE=4 SV=1 86,11 36 4,2 91 58 14
10 Kappa-casein (Fragment) OS=Bos taurus x Bos indicus GN=CSN3 61,88 160 17.9 172 131 47
PE=4 SV=1
12 Kappa casein (Fragment) OS=Bos taurus GN=csn3 PE=4 SV=1 61,87 139 15,2 72 74 24
Glycosylation-dependent cell adhesion molecule 1 OS=Bos taurus
13 GN=GLYCAM1 PE=1 SV=2 51,63 153 17,1 21 6 8
14 Enterotoxin-binding glycoprotein PP20K (Fragment) OS=Bos taurus 100,00 20 23 59 %
PE=1SV=1

15 PIGR protein OS=Bos taurus GN=PIGR PE=2 SV=1 39,23 757 82,5 2
16 Uncharacterized protein OS=Bos taurus GN=PIGR PE=4 SV=1 31,84 757 82,5 2
17 Lactoperoxidase OS=Bos taurus GN=LPO PE=1 SV=1 43,82 712 80,6
18 Complement C3 OS=Bos taurus GN=C3 PE=1 SV=2 21,25 1661 187,1
19 Lactoferrin (Fragment) OS=Bos taurus PE=2 SV=1 27,25 690 76,2
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Table 6. Permeate samples LC-MS/MS result

PE=4 SV=1

Number Description XCoverage # AAs MW [kDa] MFP (S.2) MFP (S.3) MEFEP (S.4)
1 Beta-lactoglobulin OS=Bos taurus GN=LGB PE=1 SV=3 86,52 178 19,9 434 311 250
2 Alpha-S1-casein OS=Bos taurus GN=CSN1S1 PE=1 SV=2 74,30 214 24,5 35 29 18
3 Major allergen beta-lactoglobulin OS=Bos taurus PE=2 S\V=1 86,52 178 20,0 411 296 250
4 Alpha S1 casein OS=Bos taurus GN=CSN1S1 PE=2 SV=1 69,16 214 24,4 35 29 18
5} Alpha-lactalboumin OS=Bos taurus GN=LALBA PE=1 SV=2 83,10 142 16,2 187 149 26
6 Alpha lactaloumin (Fragment) OS=Bos taurus GN=alfaLA PE=3 SV=1 65,85 123 14,1 179 148 26
7 Alpha-S2-casein OS=Bos taurus GN=CSN1S2 PE=1 SV=2 54,05 222 26,0 13 17 2
8 Beta-casein OS=Bos taurus GN=CSN2 PE=1 SV=2 21,43 224 25,1 4 7 3
9 Beta-lactoglobulin (Fragment) OS=Bos taurus GN=LGB PE=4 SV=1 86,11 36 4,2 151 107 43
10 Kappa-casein (Fragment) OS=Bos taurus x Bos indicus GN=CSN3 61,88 160 17.9 6 13 3

12 Kappa casein (Fragment) OS=Bos taurus GN=csn3 PE=4 SV=1 61,87 139 15,2 4 6 5
Glycosylation-dependent cell adhesion molecule 1 OS=Bos taurus
13 |2V b 51,63 153 171 44 2 7
GN=GLYCAM1 PE=1 SV=2
Enterotoxin-binding glycoprotein PP20K (Fragment) OS=Bos taurus
14 g gycop (Fragment) 100,00 20 23 27 19 14
PE=1SVv=1
15 PIGR protein OS=Bos taurus GN=PIGR PE=2 SV=1 39,23 757 82,5 17 9 2
16 Uncharacterized protein OS=Bos taurus GN=PIGR PE=4 SV=1 31,84 757 82,5 12 6 2
17 Lactoperoxidase OS=Bos taurus GN=LPO PE=1 SV=1 43,82 712 80,6 23 12
18 Complement C3 OS=Bos taurus GN=C3 PE=1 SV=2 21,25 1661 187,1 2 1
19 Lactoferrin (Fragment) OS=Bos taurus PE=2 SV=1 27,25 690 76,2
Table 7. Retentate samples LC-MS/MS result
Number| Description XCoverage #AAs MW [kDa] MFSRS'S MFR (S.2) MFSRS.& MFR (S.4) MFR (8.3) UFR (S.1)
1 Beta-lactoglobulin OS=Bos taurus GN=LGB PE=1 SV=3 86,52 178 19,9 101 73 72 81 65 292
2 |Alpha-Sl-casein OS=Bos taurus GN=CSN1S1 PE=1 SV=2 74,30 214 24,5 176 242 222 357 232 16
3 Major allergen beta-lactoglobulin OS=Bos taurus PE=2 SV=1 86,52 178 20,0 85 70 70 81 63 283
4 |Alpha S1 casein OS=Bos taurus GN=CSN1S1 PE=2 SV=1 69,16 214 24,4 172 245 219 354 229 16
5 Alpha-lactalbumin OS=Bos taurus GN=LALBA PE=1 SV=2 83,10 142 16,2 47 30 40 15 57 102
6 Alpha lactalbumin (Fragment) OS=Bos taurus GN=alfaLA PE=3 SV=1 65,85 123 14,1 43 30 36 15 57 96
7 Alpha-S2-casein OS=Bos taurus GN=CSN1S2 PE=1 SV=2 54,05 222 26,0 60 47 91 83 116 10
8 Beta-casein OS=Bos taurus GN=CSN2 PE=1 SV=2 21,43 224 25,1 43 56 48 68 49 11
9 Beta-lactoglobulin (Fragment) OS=Bos taurus GN=LGB PE=4 SV=1 86,11 36 42 21 6 9 24 17 68
10 Kappa-casein (Fragment) OS=Bos taurus x Bos indicus GN=CSN3 61,88 160 17.9 2 2 4 80 5 2
PE=4 SV=1
12 |Kappa casein (Fragment) OS=Bos taurus GN=csn3 PE=4 SV=1 61,87 139 15,2 45 17 24 35 37
Glycosylation-dependent cell adhesion molecule 1 OS=Bos taurus
13 GN=GLYCAMI PE=1 SV=2 51,63 153 171 13 6 12 8 16 25
n Enterotoxin-binding glycoprotein PP20K (Fragment) OS=Bos taurus 100,00 20 23 6 13
PE=1SV=1
15 |PIGR protein OS=Bos taurus GN=PIGR PE=2 SV=1 39,23 757 82,5 25 2 4 4 40
16  |Uncharacterized protein OS=Bos taurus GN=PIGR PE=4 SV=1 31,84 757 82,5 16 2 4 4 27
17 Lactoperoxidase OS=Bos taurus GN=LPO PE=1 SV=1 43,82 712 80,6 25 40
18 Complement C3 OS=Bos taurus GN=C3 PE=1 SV=2 21,25 1661 187,1 14 67
19 |Lactoferrin (Fragment) OS=Bos taurus PE=2 SV=1 21,25 690 76,2 12 4 1 1 20

The result from mass spectrometry represents the high sensitivity construction and analyses
of complex matrices (whey) (Li et al., 2009)
Mass spectrometry gave the most information concerning protein identity among the
methods that were tested in this project. Samples were run several times (Appendix 8.6)
and Tables 5-7 shows the best and acceptable results from mass spectrometry data analysis.
Samples were run a number of times, variability of results may be due to challenges with
temperature of the instrument.
In mass spectrometry analysis, a lot of proteins were identified in each sample, however in
these results only important proteins with high peptide coverage are shown (Appendix 8.6).
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Figure 32. Stacked column 3D chart of comparing different protein in all samples by using LC-MS/MS results

Figure 32 shows the comparison between four different proteins according to the LC-
MS/MS results. As mentioned previously, casein subunits exist high amounts in whey
products so this graph shows the different amount of casein in each sample and aids in
visualization.

LC-MS/MS method is used for detecting the peptides, so it can be concluded that casein
subunit peptides had high peptide coverage and were detected more with Orbitrap
compared to other proteins.
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3.4. Cross comparison
FT-IR is a technique that can rapidly show a sample’s molecular fingerprint. Recently it IS
becoming an interesting tool for biochemical research(Ami, Mereghetti, & Doglia, 2013).
The data from FT-IR can be analyzed by different software. In this project, Unscrambler X
software was used to evaluate the data.

The accurate measurement of qualitative and quantitative FT-IR Spectra in complex
mixtures is very difficult. For this reason, a combination of multivariate analysis with FT-
IR is the best way to analyze the FT-IR data (Ivanova, Tsalev, & Arnaudov, 2006).

The calibration method (PLS modeling) was done for comparison of FT-IR with the other
two methods. PLS modeling was done by updating the program based on X and Y weights

to sue/j;w (A =1),(B =0). The classification model was validated by full cross- flow

validation obtaining the statistical results shown in Figures 33-38. The graphs were chosen
according to the explained variance to get the best factor and correlation for PLS modeling
plots.

Figure 33 represents the calibration data between FT-IR spectra and mass spectrometry
according to B-Lg. The X axis is the FT-IR sample wavelengths and the Y axis is the PSMs
from summation of all B-Lg fragments for each sample (according to Tables 5-7). As
shown in Figure 33 samples have a good correlation coefficient of 98% for a particular
protein. Similar samples are in the same region and it is clear that MFP (S. 4) is near to
milk samples when compared to permeate samples due to more proteins.
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Figure 33. PLS modeling, FT-IR Vs Mass spectrometry data according to 3-Lg
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Figure 34. PLS modeling, FT-IR Vs Mass spectrometry data according to o-La

Figure 34 represents the calibration of FT-IR spectra with mass spectrometry PSMs
according to a-La. Samples have good correlation to each other in this graph. Figure 35 has
the same data but according to Casein subunits. In these graphs, the Y variable is the
summation of all fragment of a-La and all casein structures. In Figure 35 the samples have
a correlation coefficient of 88%, the same samples group in the same region.
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Figure 35. PLS modeling, FT-IR Vs Mass spectrometry data according to Casein subunits
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Figure 36 shows the calibration data between FT-IR spectra and SDS-PAGE data according
to B-Lg. The SDS-PAGE data was chosen from Image J software in the same way as in
Figure 24. Samples have 91% correlation in this graph, except that UFR is far from the
other samples. In figure 36, it shows that UFR has an effect on calibration graph. All the
samples are near to each other except UFR. The reason can be the high level of B-Lg in
UFR compare to other samples. If gel scan result considered, it is clear that UFR had much
higher level of B-Lg even more than milk samples.
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Figure 36.PLS modeling, FT-IR Vs SDS-PAGE data according to f-Lg

Figures 37 and 38 illustrate the FT-IR spectra versus SDS-PAGE according to a-La and
casein subunits. Both plots have good correlation. All samples from same group are in

same region.
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Figure 37. PLS mothod according to FT-IR and SDS-PAGE results according to a-La
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As represented in Figure 38, MFP (S.4) is closer than the other permeate samples to UFR.

This can be caused by the filtration system due to concentrating the MFP (S.4).
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Figure 38. PLS mothod according to FT-IR and SDS-PAGE results according to Casein subunits
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Figures 39-44 show the regression coefficient of data as it shown in previous figures. The
peaks in these plots are the important part in the samples that contain proteins. The number
of principle components were chosen from explained variance plot and PLS modeling by
using Unscramler X software and Excel. The principle component percentages show which
spectra explained better information about the samples.
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Figure 39. Regression coefficient plot according to the wavelength and Factors
regarding the FT-IR and Mass spectrometry data based on -Lg, variance explained: PC1= 15%, PC2=59%
and PC3=23%
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Figure 40. Regression coefficient plot according to the wavelength and Factors
regarding the FT-IR and Mass spectrometry data based on a-La, variance explained: PC1= 39%, PC2=51%
and PC3=9%
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Figure 41. Regression coefficient plot according to the wavelength and Factors

regarding the FT-IR and Mass spectrometry data based on Casein subunits, variance explained: PC1= 2%,

PC2=15%, PC3=13% and PC4=48%
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Figure 42. Regression coefficient plot according to the wavelength and Factors

regarding the FT-IR and SDS-PAGE data based on p-Lg, variance explained: PC1= 17%, PC2=37% and

PC3=31%
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Figure 43. Regression coefficient plot according to the wavelength and Factors
regarding the FT-IR and SDS-PAGE data based on a-La, variance explained: PC1= 14%, PC2=37% and
PC3=19%, PC4=10%, and PC5=16%
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Figure 44. Regression coefficient plot according to the wavelength and Factors
regarding the FT-IR and SDS-PAGE data based on Casein subunits variance explained: PC1= 60%,
PC2=21% and PC3=12%

The PCA modelling shows the prediction of the samples and groups them but PLS
modelling shows the correlation between each sample. Total multivariate analysis is useful
for comparison between different methods.
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3.5.  Summary of results

Retention of casein in skimmed milk microfiltration (MF) was very high as expected. A
higher ratio of a-LA/B-LG was observed in MF permeate compared to skimmed milk. The
amount of a-LA/B-LG was very high in ultrafiltration (UF) compared to microfiltration
(MF) retentate. It can be said that a-LA and B-LG are indirectly proportional to Casein
subunits. Glycomacropeptides are the proteins with small molecular weight (6-10 kDa)
which can be seen in the gel electrophoresis, but not identified in mass spectrometry. The
LC-MS/MS analysis protocol involves many steps, therefore it cannot be excluded that
some proteins are lost during sample preparation and analysis. Studies to investigate the
quantitative recovery during sample preparation have not been conducted within this
project. The mass spectrometry is a long method and there were different steps for protein
precipitation and clean-up of the samples. The LTQ-Orbitrap in LC-MS/MS system is a
very sensitive instrument, so sometimes in each run of samples there are different results. A
lot of reasons can cause the differentiation in results. LC-MS/MS provides the most
information about the samples, and although mass spectrometry with LTQ-Orbitrap is an
expensive instrument, it has become a common instrument for protein separation in
biological studies (Janini & Veenstra, 2002). Generally mass spectrometry has more
sensitivity and a higher dynamic range (O’Donnell, Holland, Deeth, & Alewood, 2004).

For a number of the proteins there was a good regression between the results seen in SDS
gel electrophoresis and for the LC-MS/MS analysis, for example the amount of casein
subunits in UFR. Rattary (Rattray & Jelen, 1996) mentioned that UF retentate will be
unchanged for casein ratio that in disagreement with my experiment where it is shown that
the casein ratio is decreased in UFR. On the other hand, Rattray & Jelen (1996) conclude
that liquid whey (such as permeate and retentate) will increase both total protein and the
casein ratio in agreement with my results.
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4. Conclusion
The main objective of this project was to study the results from three different methods in
order to develop and compare methodology for determining and separating the protein in
skimmed milk, permeate and retentate. The main techniques for determining the protein
sizing, quantitation, molecular weight, were gel electrophoresis, spectroscopy and mass
spectrometry and these were compared. FT-IR method was calibrated with the other two
methods to compare by PLS modeling.

Skimmed milk, retentate and permeate samples were used in this project. More focus was
on retentate and permeate samples, however skimmed milk was used for comparison.
Skimmed milk, permeate and retentate protein properties were highly influenced by the
type of filtration.

Obtaining the clear results in SDS-PAGE is dependent on appropriate sample preparation.
The SDS-PAGE has clearly shown that MF increases the detected levels of major protein in
permeate and retentate. This study suggested that the combination of traditional and
modern methods for protein determination such as SDS-PAGE and LC-MS/MS makes the
laboratory more efficient and productive.

Most of the SDS-PAGE observations were in agreement with LC-MS/MS. According to
the (Tovar Jiménez et al., 2012) the proteins that were identified in their experiment (cheese
whey) are similar to the skimmed milk whey in this project.

LC-MS/MS technique shows the high sensitivity, accuracy and characteristics of protein
determination. Although the sample preparation and running the system involves a long
procedure, this method helps to obtain more detailed analysis in complex mixtures such as
whey. In this study, it was found that the most efficient protein precipitation was with
acetone precipitation and the most efficient amount of trypsin was 1:25 (trypsin: protein).

This study showed the differences between permeate, retentate and skimmed milk proteins
with different kinds of filtration and with FT-IR spectra in 1,800-1,200 cm™ regions.
Unscrambler X software helped to analyze the results with the PCA and PLS methods. The
differences between samples were more apparent when the PCA was performed on the FT-
IR region 1,800-1,200 cm . Significant changes in peaks were observed for UF retentate.
PLS modeling was used to calibrate the FT-IR method with the two other methods. FT-IR
wavelength was an X variable in both calibration, and PSMs from mass spectrometry and
SDS gel bands as Y variables were used to have a better comparison between samples.

In conclusion, all three methods have advantages and disadvantages. The FT-IR and
principle component analysis show the existence of the proteins. The SDS-PAGE is a
traditional method that is still useful and can be comparable to mass spectrometry. It clearly
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shows the concentrations of different types of proteins. Mass spectrometry identifies
proteins, peptides and amino acids and although it does require a long procedure to get the
results, it has higher accuracy compared to the other two methods in this project. High cost
is one of the disadvantages of mass spectrometry compare to FT-IR and gel electrophoresis.

Table 8. Compare the methods

Methodology Application Advantages Disadvantages
1. No confirmed
1. Cheap method identification
2. Good predicting method for 2. Takes time to get the
identify the protein good sample concentration
Separating protein by
SDS-PAGE electrophoresis 3. Result will be ready fast 3. Polyacrylamide in SDS
gel is hazardous
4. Reliable and simple method
4. making small mistake in
making buffers will destroy
all experiment
1.Fast procedure 1. Not identifying the
: : : specific proteins
R Obtain an infrared 2. Simple instrument maintenance
spectroscopy spectrum of 3. Result will be ready fast 2. Detect _aII rmnerals that
absorption makes noise in spectra
4. possible to use the results in o )
different software 4. Not quantitative analysis
1.Accurate results 1. Expensive instrument
2. detailed information 2. Long procedure
Identify the amount . - . .
ity ! 3. High sensitive detector permits | 3. Running the procedure
Mass and type of o .
sensitive measurement and getting the result takes
spectrometry compounds present some davs
(LC-MS/MS) in a samples y

specially proteins

4. reliability and quantity results
5. requires small sample size

6. Versatile

4. Difficult instrument to
operate and maintain
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5. Future Work

Protein determination has an infinite world to investigate.

Suggestion of future works:

1.

Bioactive protein monitoring by using LC-MS/MS to explore the proteins and
peptides more. Identifying the bioactive peptide in whey to understand enzymatic
digestion of whey proteins.

Mix the SDS-PAGE or 2D gel electrophoresis method with LC-MS/MS method to
analyze the gel spot with Orbitrap to analyze each band in the gel and also analyze
the complex proteins with low abundance or high molecular weight.

Whey protein analysis by using bioinformatics and proteomics methods that will
help to advance the understanding of whey. Determine the impact of the peptide
fraction on whey. Whey could have more products with more properties.
Ultrafiltration can be used to concentrate the whey protein for bio-peptide
production.

Measuring the protein concentration before running the gel to get an accurate
amount of proteins in the gel for more quantitative analysis.

Sample preparation methods for removing high abundant proteins to increase the
number of proteins identified in LC-MS/MS analysis. Finding the way to remove
the casein from high concentrated samples to see the other proteins more clearly
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6. Symbols and Abbreviation

ACN Acetonitrile

BSA Bovine Serum Albumin

CF Concentration Factor

CMP Casein Macro Peptide

CN Casein

DTT Dithiothreitol

FT-IR Fourier Transform Infrared spectroscopy
GMP Glycomacropeptide

HPLC High Performance Liquid Chromatography
IAA lodoacetamide

Ig Immunoglobulin

kDa KiloDalton

LC-MS Liquid Chromatography Mass Spectrometry
LF Lactoferin

MF Microfiltration

MFP Microfiltration Permeate

MFR Microfiltration Retentate

PC Principal Component

PCA Principal Component Analysis



PSM

SDS PAGE

TFA

UF

UFR

WP

WPI

WPC

WPH

a-La

Peptide Spectrum Match

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis
Trifluoroacetic Acid

Ultrafiltration

Ultrafiltration Retentate

Whey Product

Whey Product Isolated

Whey Product Concentration

Whey Product hydrolysate

Alpha Lactalbumin
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8. Appendix

8.1. Buffers
8X Tris-HCI: volume=100 ml
ingredient Weight/Volume
Tris 36.35gr (adjust pH=8.8 by HCL)
2X Tris-HCI: volume=100 ml
ingredient Weight/Volume
Tris 3.028gr (adjust pH=6.8 by HCL)
2X buffer (was used as a detergent): volume=20 ml
ingredient Weight/VVolume
2% SDS 4ml
20 mM Tris-HCI, pH=6.8 4 ml
20% Glycerol 8 ml
160 mM DTT 3.2ml
2mM EDTA 0.08 ml
Blue dye (just until the solution

become blue)
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10X Running buffer:

volume=1000 ml

ingredient Weight/ Volume
Glycine 144.13 gr

Tris 30.3¢gr

SDS 10 gr

Destain buffer:

volume=1000 ml

ingredient Weight/ Volume
Acetic acid 7.5 ml
Ethanol 100 ml

Coomassie staining solution:

volume=1000 ml

ingredient

Weight/ Volume

Coomasie brilliant G250
Ethanol (96%)

Acetic acid

0.5¢r
200 ml

50 ml

Activation solution:

ingredient

Weight/ Volume

ACN

50%

Equilibration solution:

ingredient Weight/ VVolume
TFA 0.5%
ACN 5%
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Sample Buffer:

ingredient Weight/ Volume
TFA 2%

ACN 20%

Wash solution:

ingredient weight

TFA 0.5%

ACN 5%

Elution Buffer:

ingredient weight

ACN 70%
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8.2. Gel bands value according to Image J software

Table 9. Gel bands values

Sﬁlr:r‘;fs Ig LF BSA Sizze:‘?t B-Lg a-La GMP
MFP (S.2) | 19183 | 863860 | 1995403 | 1586313 | 2417447 | 2867365 | 25955,74
MFP (S.3) | 1855252 | 130694 | 10178,88 | 1684376 | 20833,15 | 2915418 | 25437,26
MFP (S4) | 1817042 | 17978,03 | 19007,03 | 2104086 | 2943503 | 29729,96 | 23390,50
Milk (5.2) | 18620,83 | 17712,88 | 9150,154 | 23681,86 | 15933,08 | 14327,03 | 11275,50
Milk (5.3) | 1661503 | 22349,71 | 12169,71 | 2661221 | 21230,76 | 12521,23 | 9398,589
Milk (5.4) | 1243542 | 20869,18 | 8103,206 | 245134 203054 | 888869 | 7763347
UFR (5.0) 20207 | 2821142 | 2764325 | 2045520 | 5574744 | 3146527 | 2299508
MFR (5.2) | 8022,811 | 16940,32 | 10532,83 | 3613513 | 21888,78 | 14237,37 | 27030,97
MFR (5.3) | 155831 | 22966,95 | 15717,61 | 4363168 | 31909,29 | 1850468 | 2264266
MFR (54) | 9603539 | 18785,71 | 7836,125 | 30209,1 | 24747,56 | 1306454 | 1270837
MFRL5(S.1) | 8841447 | 16792,54 | 583864 372351 | 2676351 | 112960 | 1081574
MFR2.8 (S.1) | 136839 | 1604705 | 9501,317 | 3458372 | 1723450 | 1487413 | 33907,12
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8.3.

Protein concentration by Bradford
Table 10. Protein concentration (NO.1)

Sample Name

Protein Concentration

(mg/ml protein)

MFR 1.5 (S.1)
MFR 2.8 (S.1)
UFR (S.1)
Milk (S.2)
MFP (S.2)
MFR (S.2)
Milk (S.3)
MFP (S.3)
MFR (S.3)
Milk (S.4)
MFP (S.4)

MFR (S.4)

27.99

37.79

33.17

22.24

5.502

38.75

21.69

4.02

41.78

22.88

3.868

30.70

Table 11.Protein concentration (NO.2)

Sample Name

Protein
Concentration

(mg/ml protein)

MFR 1.5 (S.1)
UFR (S.1)
MFP (S.2)

MFR (S.2)

33.66

48.54

0.28

30.02
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Table 12. Protein concentration (NO.3)

Sample Name

Protein Concentration

(mg/ml protein)

MFR 1.5 (S.1)
MFR 2.8 (S.1)
UFR (S.1)
Milk (S.2)
MFP (S.2)

MFR (S.2)

21.68

38.86

29.85

22.10

0.68

25.70

Table 13. Protein concentration (NO.4)

Sample Name

Protein Concentration

(mg/ml protein)

MFR 1.5 (S.1)
MFR 2.8 (S.1)
UFR (S.1)
Milk (S.2)
MFP (S.2)
MFR (S.2)
Milk (S.3)
MFP (S.3)
MFR (S.3)
Milk (S.4)
MFP (S.4)

MFR (S.4)

22.80

18.10

23.82

16.98

1.55

24.19

17.86

1.60

24.19

26.38

1.64

20.52
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8.4. Protein concentration using cut-off columns by Bradford

8.4.1. Before acetone precipitation

Table 14.Protein concentration before acetone precipitation (NO.1)
Protein Concentration

Sample Name (mg/ml protein)

<10 kDa from 30 kDa

MFR 15 (S.1) -0.007
UFR (S.1) -0.006
MFP (S.2) -0.005
Milk (S.2) -0.009

Table 15.Protein concentration before acetone precipitation (NO.2)
Protein Concentration

Sample Name (mg/ml protein)
>30 kDa
MFR 1.5 (S.1) 42.672
UFR (S.1) 91.103
MFP (S.2) 14.429
Milk (S.2) 45521

Table 16. Protein concentration before acetone precipitation (NO.3)
Protein Concentration

Sample Name (mg/ml protein)
<10 kDa
MFR 1.5 (S.1) 0.004
UFR (S.1) 0.223
MFP (S.2) 0.002
Milk (S.2) 0.015
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Table 17.Protein concentration before acetone precipitation (NO.4)
Protein Concentration

Sample Name (mg/ml protein)

10 kDa<sample<30 kDa

MFR 1.5 (S.1) 0.033
UFR (S.1) 0.612
MFP (S.2) 0.039
Milk (S.2) 0.126

8.4.2. After protein precipitation

Table 18. Protein concentration after acetone precipitation (NO.1)
Protein Concentration

Sample Name (mg/ml protein)

<10 kDa from 30 kDa

MFR 15 (S.1) -0.003
UFR (S.1) -0.012
MFR (S.2) -0.008
MFP (S.2) -0.003

Milk (S.2) -0.006




Table 19. Protein concentration after acetone precipitation (NO.2)

Protein Concentration

Sample Name (mg/ml protein)
>30 kDa
MFR 1.5 (S.1) 16.359
UFR (S.1) 22.534
MFR (S.2) 11.994
MFP (S.2) 1.703
Milk (S.2) 15.082

Table 20. Protein concentration after acetone precipitation (NO.3)

Protein Concentration

Sample Name (mg/ml protein)
<10 kDa
MFR 1.5 (S.1) 0.009
UFR (S.1) 0.006
MFR (S.2) 0.021
MFP (S.2) 0.029
Milk (S.2) 0.027

Table 21.Protein concentration after acetone precipitation (NO.4)

Protein Concentration
Sample Name (mg/ml protein)

10 kDa<sample<30 kDa

MFR 15 (S.1) 0.011
UFR (S.1) 0.245
MFR (S.2) 0.019
MFP (S.2) 0.029
Milk (S.2) 0.420
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8.5. Complete FT-IR figure

8
T
1
5
4
3
2
1
o
-1

-2
397.30692 58631700 776.32708 964.33717 1164.91930 1377.07347 1585.37030 1793.66713 2005.52130 2214.11813 2422.41496 2634.56913 2542.86606 3051.16279 3263.31696 3475.47114 3683.76797 3892.06479

8.6. Complete LC-MS/MS results

Table 22. Milk samples (Complete LC-MS/MS results)

Description XCoverage | AAs ['IlAI;/z\i/ ] ?g'lzl; '(\g':lgl; ?g'lzl; '(\g'::;
Fs?(;lgc_t;%s/blllj\ll]in 0OS=Bos taurus GN=LGB PE=1 SV=3 - 86,52 178 10.9 277 | 238 o1 107
?Clihsa;‘\sll_-éger?S:Bos taurus GN=CSN1S1 PE=1 SV=2 - 7430 21a | 225 | as | o35 | 185 | 337
l[\gégjgg aDILe_rggl\;Jlel\tla]l-lactoglobulin 0S=Bos taurus PE=2 SV=1 - 86,52 178 20,0 77 | 238 o 109
ggg%gg_cgsgi\?lﬁis:ms taurus GN=CSN1S1 PE=2 SV=1 - 69.16 214 | 244 | 433 | 605 | 171 | 3%
'[ALI,F;TBIZC_tSIgQ/TII\?] 0S=Bos taurus GN=LALBA PE=1 SV=2 - 83,10 142 162 ”7 » 5 2
Q\I}J:hla Ia[tgazlgggT B((I;r\i?’\r?]ent) 0S=Bos taurus GN=alfaLA PE=3 65,85 123 141 ”7 » 5 -
'[AclpArgASZZ_-Q%SS/iFN(])stos taurus GN=CSN1S2 PE=1 SV=2 - 54.05 222 | 260 | 166 | 100 | 85 o
ngégijgg SIS’\T]BOS taurus GN=CSN2 PE=1 SV=2 - 2143 o4 251 178 209 5 o8
g\e;t:—llzic[tgg:glbggiélgsglm;nt) OS=Bos taurus GN=LGB PE=4 86,11 36 42 o1 53 ; "
gégzaéiﬁeliT Eggﬂ?seggggi?s taurus x Bos indicus GN=CSN3 6188 160 17.9 172 | 13 36 4
[S'gtlénuaillétérrchNc])SzBos taurus GN=ALB PE=1 SV=4 - 6952 607 6.2 1 63 5
[K(Siggg _?_fis_eérg (\l;:fa\lg]ment) 0OS=Bos taurus GN=csn3 PE=4 SV=1 - 61,87 139 15.2 7 24 47 )
GNZGL YCAM1 PEct SV22 - [GLOMT BOVINT | 5163 |18 | w3 | & | 6 | B | 8
Elggoéc\);(:l??I[rgél}gRggi%p(;%?;\:]]PPZOK (Fragment) OS=Bos taurus 100,00 20 23 5 26 n
PIGR protein OS=Bos taurus GN=PIGR PE=2 SV=1 - 39,23 757 825 D) 15
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[A6QNW3_BOVIN]

Uncharacterized protein OS=Bos taurus GN=PIGR PE=4 SV=1 -

[FIMR22_BOVIN] 31,84 757 82,5 2 15
I[_F?I(E:gjﬁigéi\iﬁle] 0S=Bos taurus GN=LPO PE=1 SV=1 - 43,82 712 806 s
kg;?é%ql_rg (SI;\r;ilg’\rHent.) 0S=Bos taurus PE=2 SV=1 - 2725 690 T6.2 5
thscgngascieBrgé\:?I ’;\)ﬁote?n (Fragment) OS=Bos taurus PE=4 SV=1 - 23,14 389 424 1 5
Fggggl’lia:;:_tggsﬂ S;Otem (Fragment) OS=Bos taurus PE=4 SV=1 - 19.26 57 | 499 5
téqc&gggtfgée\(jlﬂ]otein 0S=Bos taurus GN=A2ML1 PE=4 SV=2 - 0,43 139 | 1555 ’s I
[ngi(tgl&eotérl?gr\z}clr\le]n-zed protein OS=Bos taurus PE=2 SV=1 - 14,66 930 247 3 )
Egt:ylr(g)\f}lzllznstjé)%rzll)iéén\s?&b]er Al 0OS=Bos taurus GN=BTN1A1l 2719 506 50.2 4
E\;){:o(r;nl\}lfg%nvc;fl\ll]_actadherin 0S=Bos taurus GN=MFGES - 17.38 374 415 ;
I[_:DC\)GC(:QSFi;gngSCF)){?ItEII]n 0S=Bos taurus GN=LOC532995 PE=2 SV=1 - 6.84 305 45.4 1 "
%ggogl(\)/:]éTB%s\_/:lBN?s taurus GN=SPP1 PE=2 SV=1 - 1045 201 2.2 3
g/IEyzogyst{e/-ige_c:l[T\l/tl:Ee:;éi%eé {a}\::'tlo]r 2C OS=Bos taurus GN=MEF2C 9,52 241 478 10 4 1
I[_Ijrl)gﬁr_oégr\]/llis?se 0S=Bos taurus GN=LPL PE=1 SV=2 - 2552 478 53.3 3 3
[RF;?VOREZ%SSSGICN)?:BOS taurus GN=RNASE4 PE=1 SV=4 - 31,00 119 13.7 3
Fgg&%régt_eéiée\(/ilp,\lrftein 0OS=Bos taurus GN=ZNF192 PE=4 SV=1 - 6.27 271 310 8 ) 1 .
geEc:rgtgg\Jllggn? [fgr(';mllé_lBDOnQ/elm?er 0OS=Bos taurus GN=SCGB1D 8,82 102 113 .
[Ségo)t(rg:ls;_egg\/CﬁEBos taurus GN=TF PE=4 SV=1 - 1023 204 776 )
EJFIEchrYaégs_rliBZCe)(i/ﬁ)'r\lc)]tein 0OS=Bos taurus GN=GOLGA4 PE=4 SV=2 0,63 2229 | 2500 ) 5
ggzl;agt/:iezr T_Ztiglp'\r/loée;'r; Elgggir;:le\at) 0OS=Bos taurus GN=PTPN21 051 1180 | 1323 s

bJ:nlc'\IJGrlgtitgrg\ejtli ’\%roteln 0OS=Bos taurus GN=SRGAP3 PE=4 SV=2 - 091 1000 | 1244 3
fxgggfa;—?iz;(i;ge\r/gl;\cl]re.ceptor (Fragment) OS=Bos taurus PE=2 SV=1 48,98 49 56 5
ti%%g;agfgg\eﬂs;otem OS=Bos taurus GN=PTBP.2 PE=4 SV=1 - 2,54 236 256 ) 1

ICD)IIEJt:ezlr gi\ﬁiillci-_p[rli);e;\l‘r;gginglt))((])SzBluetongue virus 10 GN=VP2 8,64 162 188 )
tJEnlcgirggt_eélcz)%ilﬁlr]otem 0S=Bos taurus GN=PKHD1 PE=4 SV=2 - 0,64 4071 | 4439 1
NI COAT P VL [GsEsts BOVIN] 167 |60 | 135 | 2
LSJ\r}c:rlaral[céigzc(:egfgétg\r/\Iﬁ]SzBos taurus GN=TMEM126B PE=4 8.70 230 253 ;
Fgﬁg;};a_cé%%l’c\ﬁse 2 0S=Bos t-aurus GN=HAOQ2 PE=2 SV=1 - 227 53 | 302 .

gl\?zrz p_r?é?::InK(ész%ogén?:a] adenovirus B serotype 3 GN=L5 PE=2 256 976 | 1023 1 5
GN-UGCG PL? SV - [OOBDRA BOVIN] 152 [ | a7 | 1| 1
EJFIEcrgt:ggTzBeg\r/):’&t-]em 0S=Bos taurus GN=TXNDC16 PE=4 SV=1 267 824 92,9 3
ON-RAPGER? PEC) SVo2 - [APGE? BOVINL 101 | 1486 | 1650 !
gczqarigigggoﬁgggl S]SzBos taurus GN=PPP1R14A PE=4 16,33 147 16,6 L
Uncharacterized protein OS=Bos taurus GN=ARHGEF12 PE=4 0.39 1544 | 17266 1 )

SV=1 - [FIMZA2_BOVIN]
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Uncharacterized protein (Fragment) OS=Bos taurus GN=TBC1D5

PE=4 SV=2 - [FIN3C5_BOVIN] 0.87 804 | 895 4
Cation-independent mannose-6-phosphate receptor OS=Bos taurus

GN=IGF2R PE=4 SV=2 - [FIMIE6_BOVIN] 4.80 2499 | 2748
Uncharacterized protein OS=Bos taurus GN=LRIG1 PE=4 SV=2 -

[FIMZV0_BOVIN] 1,47 1090 | 1183
Uncharacterized protein OS=Bos taurus GN=CCM2 PE=4 SV/=2 -

[E1B8H2 BOVIN] 2,31 476 | 525 1
Uncharacterized protein OS=Bos taurus GN=DCLRE1B PE=4 S\V/=2

- [E1BFI5_BOVIN] 481 541 | 612
Uncharacterized protein (Fragment) OS=Bos taurus GN=CACNAL1F

PE=3 SV=2 - [ELBIS9_BOVIN] 146 1708 | 190,9 2
26S protease regulatory subunit 10B OS=Bos taurus GN=PSMC6

PE=3 SV=2 - [FIMLV1_BOVIN] 8,74 389 | 441
Putative malate dehydrogenase 1B OS=Bos taurus GN=MDH1B

PE=2 SV=1 - [MDH1B_BOVIN] 3,59 4713 | 531
Olfactory receptor OS=Bos taurus GN=OR4K15 PE=3 SV=1 -

[G5E586_BOVIN] 8,33 812 | 350
F10 protein (Fragment) OS=Bos taurus GN=F10 PE=2 SV=1 -

[Q3MHW?2_BOVIN] 1.86 483 | 535
Aldehyde oxidase 3L1 OS=Bos taurus PE=2 SV=1 -

[M1ZMN6_BOVIN] 2,01 1342 | 1481
NOC3L protein OS=Bos taurus GN=NOC3L PE=2 SV=1 -

[A5D7R2_BOVIN] 0,88 799 | 923
Heat shock protein 90 beta (Fragment) OS=Bos taurus GN=hsp90 812 234 278
beta PE=2 SV=1 - [Q865A1 _BOVIN] ' :
Centrosomal protein of 19 kDa OS=Bos taurus GN=CEP19 PE=2

SV=1 - [CEP19 BOVIN] 14,11 163 | 192
60S ribosomal protein L13 OS=Bos taurus GN=RPL13 PE=2 SV=3

-[RL13 BOVIN] 474 211 | 243
Outer capsid protein VP5 OS=Bluetongue virus 1 (isolate Australia)

GN=S6 PE=3 SV=1 - [VP5_BTV1A] 3,04 526 | 59,2
Fibroblast growth factor OS=Bos taurus GN=FGF6 PE=3 SV=1 -

[EIBHC1 BOVIN] 14,42 208 | 226
Olfactory receptor OS=Bos taurus GN=LOC506202 PE=3 SV=1 -

[G3MWXL_BOVIN] 11,54 812 | 345
Uncharacterized protein OS=Bos taurus GN=ARHGAP18 PE=4

SV=2 - [E1BIH5_BOVIN] 3,39 531 | 596
Probable tRNA N6-adenosine threonylcarbamoyltransferase OS=Bos 9.85 335 365 3
taurus GN=OSGEP PE=2 SV=1 - [0OSGEP_BOVIN] : :
Isoform 2 of Collagen type IV alpha-3-binding protein OS=Bos 569 598 68.0
taurus GN=COL4A3BP - [C43BP_BOVIN] ' '
CMRF35-like molecule 9 OS=Bos taurus GN=CD300LG PE=2

SV=2 - [CLM9_BOVIN] 9,02 255 | 280
Protein odd-skipped-related 2 OS=Bos taurus GN=OSR2 PE=2

SV=1 - [OSR2_ BOVIN] 11,59 276 | 305
Genome polyprotein OS=Japanese encephalitis virus (strain SA(v))

PE=3 SV=1 - [POLG _JAEV5] 0,47 3432 | 3799 2
Selenium-binding protein 1 OS=Bos taurus GN=SELENBP1 PE=1

SV=1 - [SBPL BOVIN] 148 472 | 525
Uncharacterized protein (Fragment) OS=Bos taurus 495 612 69.6
GN=L0C100848970 PE=4 SV=2 - [FIMYH7_BOVIN] ' '
Uncharacterized protein OS=Bos taurus GN=HNF1A PE=3 SV=1 -

[FIMD26_BOVIN] 3,63 633 | 673
Uncharacterized protein OS=Bos taurus GN=ACIN1 PE=4 SV=1 -

[FIMQGS_BOVIN] 1,35 1336 | 150,7
Malic enzyme OS=Bos taurus GN=ME1 PE=3 SV=2 -

[FIN3VO_BOVIN] 4,92 569 | 637
Glucose-6-phosphate 1-dehydrogenase OS=Bos taurus GN=G6PD 311 515 59.3
PE=3 SV=1 - [FIMMK2_BOVIN] ' :
Uncharacterized protein (Fragment) OS=Bos taurus GN=HYDIN

PE=4 SV=2 - [EIBED7 BOVIN] 1,07 5120 | 5757 1
PSTK protein (Fragment) OS=Bos taurus GN=PSTK PE=2 SV=1 -

[A7E3E4 BOVIN] 5,98 351 | 40,2
Uncharacterized protein OS=Bos taurus GN=ASTE1 PE=4 SV=1 -

[ELBIEO_BOVIN] 387 672 | 756
Uncharacterized protein OS=Bos taurus PE=4 SV=2 - 872 391 361

[FINOZ8_BOVIN]
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Uncharacterized protein OS=Bos taurus GN=LTN1 PE=4 SV=2 -

[FlMTSB_BOVIN]_ 1,58 1898 | 213,6

[Pth;FIJ?,?‘gl_yég’ii/t:eNlalnése 0OS=Bos taurus GN=PGK2 PE=2 SV=2 - 4,08 417 447
ggigaricéi&zg?:giggc/&s]zms taurus GN=CDK5RAP2 PE=4 116 1902 | 2126

tJEnlcQg:?;t_eélé%ilﬁlr]oteln 0S=Bos taurus GN=C90rf172 PE=4 SV=2 - 195 o75 | 1059 L
Chromosome 20 open reading frame 108 ortholog OS=Bos taurus 8.33 192 204

GN=ClSH2F)ORF108.PE=2 SV=1 - [A1A4K7_BOVIN] ' '

ﬁ:rlcl\fll;irF%CjeBrgs/dng]rote?n 0S=Bos taurus GN=SCUBE2 PE=4 SV=2 - 470 999 11022 1
Fggpl%régt_eéfée\(/ilﬁlrfte?n 0S=Bos taurus PE=4 SV=1 - 8.44 937 26.9

Fggnzggiegéiglerfteln OS=BO% taur%Js Gl\f=C20rf71 PE=4 SV=1 - 3.20 1313 | 1418

F(ngé%lg_(;?\g/r]nent) OS=Adelaide River virus GN=L PE=4 SV=1 - 533 450 522

Sodium channel, voltage-gated, type 11, beta-like OS=Bos taurus 465 215 243

GN=SCN_ZB PE=_4 $V=1 - [E1B757_BOVIN] ' '

g\r/oz\/\zlt?/[delfée':rgig%l\cﬁl\f?ct(?r 6 OS=Bos taurus GN=GDF6 PE=2 3.19 470 52.1

S\F}Ef:rfgéigsfégs/rlpr\lr]otem OS=Bos taurus GN=GRAP PE=2 9,68 217 25.4

_Pl[lltjt(l)cl%e_lggs\e/m]ov-lo 0S=Bos taurus GN=MOV10 PE=2 SV=1 0.80 1003 | 1138

PF“;?(\;i%ti%noalvm?sin-x 0S=Bos taurus GN=MYO10 PE=1 SV=1 0,68 2052 | 2357 1
S\I;:itor[ngdngl_léli%gs/tﬁlH 3 OS=Bos-tau.rus GN=OLFML3 PE=2 7,88 406 45.9

él;\il)fge_?gcl)_r SI]; t:uzmst)\/rlgvlarllflst_)l/_;_;iré)g?l-’l\lll](e-OS=Bos tauru.s 6.31 555 626

gl(z)r:egpsrs/tiT _\EE’/Z;;)_S;E\I/Lii(}ngue virus 1 (isolate Australia) GN=S3 144 901 | 1031

|[-A(\)7C\3(5V1v(§‘>gf BPCr)?t/elll{l]]OS:Bos taurus GN=LOC510385 PE=2 SV=1 - 452 753 | 863

[Déetl)t{i;tg_goot\e/er?S:Bos taurus GN=DLL4 PE=2 SV=1 - 6.42 685 | 742

Ifsglé%ndlg_\ggj\s/:el\lc]eptor BLVRcp130 OS=Bos taurus PE=4 SV=1 - 3,88 644 736

Acyl-CoA synthetase long-chain family member 6 OS=Bos taurus 502 697 280

GN=_ACSL§ PE=2. Sv=1 - _[Q2TA22_BOVIN] ' '
gégléns?/lzinfe[rggtwgSgo_tglg\lllﬁ?-Bos taurus GN=CCNB1IP1 15,88 277 314

é@citgl?gf\Btgﬁgfégs\slh ]OS=Bos taurus GN=ACACA PE=3 141 2346 | 2652

tiqc&z:ze:/c;(irézgg/ﬁ)’iﬁte?n 0S=Bos taurus GN=CUBN PE=4 SV=2 - 122 3620 | 3958
ggir;agfieznz?g{)é?;e(lg_(ggigw\?;t) 0OS=Bos taurus GN=MYH7B 031 1042 | 2214

;J\r}igaraithilr\lﬂzS% gj;tg{\/ I(l)\ﬁzBos taurus GN=LOC100848786 PE=4 8.10 321 355

FEnlcgliﬁgt_egéi(/jlﬁlr]Otem 0S=Bos taurus GN=SMC6 PE=4 SV=1 - 3.18 1101 | 1278 1
Uncharacterized protein (Fragment) OS=Bos taurus GN=ADAM1B 320 812 899

PE=4 SV=2 - [FIMY02 BOVIN] : *
ggir;aéa\l;ie{T_Z(Eglp,\rﬂoé?g_(ggg/rm?t) OS=Bos taurus GN=GCN1L1 0,93 2676 | 292.9
gng;a;a\%eznz?gfécl)_teBlz_(gg\g/T’j]nt) 0OS=Bos taurus GN=DNAH17 0.18 4392 | 5010

tJEnlcQércait_egée\c/iI&rfteln 0OS=Bos taurus GN=WDR7 PE=4 SV=2 - 181 1490 | 1636

EJFI:cfsga:girézg(\j/m?teln 0S=Bos taurus GN=CCDC136 PE=4 S\V=2 2,00 1151 | 1332
ggir;a;a\l;iezr|_ZtEglp,\|;loLtJe|Ar18E|iB|’gg;\r/r:eNrit) 0OS=Bos taurus GN=UBXN7 350 474 536

HGD protein (Fragment) OS=Bos taurus GN=HGD PE=2 SV=1 - 8,57 385 443

[Q2KIH3_BOVIN]
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Uncharacterized protein (Fragment) OS=Bos taurus GN=ZNF81

PE=4 SV=2 - [FIN1IMO_BOVIN] 1,70 648 | 745
ggif:igie{|_Z(Eglp'\r/|o|:eF|er;E|:Brgg\;rI1§rit) 0S=Bos taurus GN=ZMYM4 171 1521 | 1695
ﬁzleitédﬂ_l_(gfgg(\)/slﬁimfs GN=CLDN14 PE=3 SV=2 - 11.39 937 250
tJEnlcQ?_llf%c_tgrg\e/? ’\[l)]rote?n 0OS=Bos taurus GN=FUT11 PE=3 SV=1 - 345 493 5.6
ggir;agt/:ielrT_thgglagi%(_gég\r}]ﬂ]t) 0S=Bos taurus GN=CDCP1 346 693 778
tJEnlcQgrzaZcfeBrgsﬂmote?n 0OS=Bos taurus GN=RC3H2 PE=4 SV=1 - 311 1101 | 1316
E:rlcl\f/llz:;z:ée_rézg\il rl)’:ate?n OS=Bos taurus GN=AKAP4 PE=4 SV=1 - 1,89 848 93.9
GNALOCI00294110 PEL3 Swo1 - [G3NZ80. BOVIN] 107 | 207 | 348
%Iag:'t\zglgrf;%)\t;)er?S.:Bos taurus GN=LOC614090 PE=3 SV=2 - 10,29 311 349
ggiga&iezr?z(fglp&%t%rl(BFcrﬁ?Irr’lle]nt) 0OS=Bos taurus GN=CACNA1C 213 2061 | 2305 1
tf:rmlell_rgcltigzct)e\d/ Ip,\Ec])teln 0S=Bos taurus GN=EP400 PE=4 SV=2 - 143 3137 | 3409
gllzfjgtcs):)// :rit-:_eFé%r '\sll;(laHggm_egg \?I?\l:]BOS taurus GN=LOC508785 930 s | 396
ﬁ:rlcgg;asc_tgg{e/cm]rote?n 0S=Bos taurus GN=SMPD2 PE=4 SV=1 - 6.15 423 476
ggzr;aéa\u/:iezrT_Z(Eglp,\rl%t:g_gg\%m]nt) 0OS=Bos taurus GN=PIEZO2 161 2600 | 300,9
&qﬂﬁ%t;tfgge\d/ Ip’\rlc])tefn 0S=Bos taurus GN=VAT1 PE=4 SV=2 - 274 102 128
g\r}c:gara[c'-:tvlakléeggr-)_rgtg\r)Iﬁ]szBos taurus GN=LOC520023 PE=4 372 457 523
g?/clsfha[t’loiisy’:l);rggl_tglgvlm]ase 0S=Bos tauru.s GN=PIK-E‘>C3' PE=2 135 887 | 1014
Er;\}/:(l;:ﬁ/epgé);iog((/):ellrl Ellz\rgggingt)_gf\zl]Bovme leukemia virus 27,82 133 15.4
E&Zlg%ggg%gls;?os taurus GN=LIN52 PE=4 SV=1 - 776 116 130
[ZSIQSXZESBpS.{;?’r\I]ZIM OS=Bos taurus GN=SLC39A4 PE=1 SV=1 - 7,04 653 686
[Sflzlfgrlggtie_gléevols]:Bos taurus GN=GLIS2 PE=4 SV=1 - 935 54 55,6 )
ggzuagit/:ielrf_zcEglp'\er;esfg_groa\%m]nt) 0S=Bos taurus GN=CDC20B 9.55 440 485
tJEnlcQ;r:/tI:;e_rézgt\i/ ?’iﬁtefn 0OS=Bos taurus GN=ZMYM3 PE=4 SV=2 - 168 1372 | 1525
LSJ\r}(;hZarTI::t;II'\I/IZ'Iei?( gi%t(él)nv %S]zBos taurus GN=CACNA1D PE=3 110 2183 | 2473 )
Ig:llza:szlcsfilll\/:lLﬁC[:Qcéajls:;&rltéger/I(,I;r]agment) 0OS=Bos taurus GN=BoLa 10,23 350 39.9
tJEnlcSaC?gt_egée\c/iler]otem 0S=Bos taurus GN=RBM27 PE=4 SV=2 - 2,08 1058 | 1184
ksggrl (PI;r_agna?lt’ZI]OS=Bos taurus GN=obese PE=4 SV=1 - 80.95 2 a7
%-IB]-YOR%TS(I)Q/?NS]:BOS taurus GN=NAT10 PE=2 SV=1 - 341 1026 | 1159
anlcgzrggt_egée\(jlp,.\lrftéln OS:?OS taurus GN=SIK1 PE=4 SV=2 - 556 773 84.1
;r/rllllar }%ggozlggt_lré-gl;;elﬁ;otem (Fragment) OS=Bos taurus PE=2 19,81 106 127
E)éga;tgg _r;(g{)/tloNr]O&Bos taurus GN=LOC614592 PE=3 SV=1 - 9.20 326 36.8
wgf;?\;la\clge_rggdvrilﬁ]tem 0S=Bos taurus GN=PIGQ PE=4 SV=1 - 7.06 sg1 65,5
||;Eu:C2Irgévzlrip_eEngi}%lEf_gg\g/m]nt) 0OS=Bos taurus GN=LUZP5 391 384 44.9
Non-structural protein 3 OS=Rotavirus A (strain Cow/United 256 313 361

Kingdom/UK/1975 G6-P7[5]-12-R2-C2-M2-A3-N2-T7-E2-H3)
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PE=3 SV=1 - [NSP3_ROTBU]

Outer capsid protein VP5 OS=Bluetongue virus 13 (isolate USA)

GN=S6 PE=3 SV=1 - [VP5_BTV13] 513 526 59.2

Uncharacterized protein OS=Bos taurus GN=ULK2 PE=4 SV=2 -

[E1BH35 BOVIN] 2,51 1037 | 112,2

Uncharacterized protein OS=Bos taurus GN=DHX57 PE=4 SV=1 -

[FINIA2 BOVIN] 2,03 1382 | 155,6 1
DNA-directed RNA polymerases I, I, and 111 subunit RPABC2 472 127 145

OS=Bos taurus GN=POLR2F PE=4 SV=1 - [F2Z4C9_BOVIN] ' '

T-complex protein 11-like protein 2 OS=Bos taurus GN=TCP11L2

PE=2 SV=1 - [T11L2_BOVIN] 3,85 519 | 581

Uncharacterized protein OS=Bos taurus GN=DNMBP PE=4 SV=1 -

[E1BIL8_BOVIN] 171 1579 | 178,0 1
Toll-like receptor 10 (Fragment) OS=Bos taurus GN=TLR10 PE=2

SV=1 - [056GY0_BOVIN] 27,94 68 | 79 1
Uncharacterized protein (Fragment) OS=Bos taurus GN=GFRAL

PE=4 SV=1 - [FIMFI8_BOVIN] 6,17 324 36,2 !
Structural glycoprotein E2 (Fragment) OS=Bovine viral diarrhea

virus GN=E2 PE=4 SV=1 - [Q6F5V5_BVDV] 9,29 140 | 157 !
Cytoskeleton-associated protein 2-like OS=Bos taurus GN=CKAP2L

PE=2 SV=1 - [CKP2L_BOVIN] 3,49 744 826

Fatty acid-binding protein, intestinal OS=Bos taurus GN=FABP2

PE=2 SV=3 - [FABPI_BOVIN] 23,48 132 150

Histone-lysine N-methyltransferase SUV39H2 OS=Bos taurus 707 410 465

GN=SUV39H2 PE=2 SV=1 - [SUV92_BOVIN] ' '

Replication factor C (Activator 1) 5, 36.5kDa OS=Bos taurus 9.49 316 357

GN=RFC5 PE=2 SV=1 - [Q32PI3_BOVIN] * :

Uncharacterized protein OS=Bos taurus GN=SUV420H2 PE=4

SV=2 - [E1B8M1_BOVIN] 5,03 457 | 5L7

MTERFD?2 protein (Fragment) OS=Bos taurus GN=MTERFD2 716 335 386

PE=2 SV=1 - [Q3MHX4_BOVIN] ' '

SYNCRIP protein (Fragment) OS=Bos taurus GN=SYNCRIP PE=2

SV=1 - [A7E355_BOVIN] 5.26 456 | 511

Deoxyribonuclease (Fragment) OS=Bos taurus GN=DNASE1L1

PE=3 SV=2 - [FIMW13_BOVIN] 9,22 282 | 316

Olfactory receptor (Fragment) OS=Bos taurus GN=LOC526713

PE=3 SV=1 - [G3MYS8 BOVIN] 10,26 812 | 351

LOC100126054 protein OS=Bos taurus GN=LOC100126054 PE=2

SV=1 - [A5PJZ3 BOVIN] 581 258 | 292 !
Coagulation factor XlII, B polypeptide OS=Bos taurus GN=F13B

PE=2 SV=1 - [Q2TBQ1_BOVIN] 3,18 661 | 751 !
Uncharacterized protein OS=Bos taurus GN=TP73 PE=3 SV=1 -

[G3X6J7 BOVIN] SA47 640 | 697 !
Uncharacterized protein C1orf198 homolog OS=Bos taurus PE=2

SV=1- [CA198 BOVIN] 1.85 325 | 355 1
Uncharacterized protein OS=Bos taurus GN=NUDT19 PE=4 SV=1 -

[E1BDS7 _BOVIN] 4,99 3L | 426 !
Uncharacterized protein OS=Bos taurus GN=TBC1D21 PE=4 SV=1

- [FIMKA40_BOVIN] 569 299 | 348 !
Truncated melanocortin 1 receptor (Fragment) OS=Bos taurus

GN=MCI1R PE=3 SV=1 - [H9BEA4 BOVIN] 34,71 121 130 !
MHC class Il DQA2 (Fragment) OS=Bos taurus GN=BoLA-DQA2 15,85 183 200 1

PE=2 SV=1 - [P79462_BOVIN]
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Table 23. Permeate samples (Complete LC-MS/MS results)

pesenetn scwenge | A | pot | G |2 | 53 | 4
Ffrélgtit;g(\)/bll'ill]in OS=Bos taurus GN=LGB PE=1 SV=3 - 86,52 178 10,9 46 43 a1l 250
/[Axcligal;‘ii-;?)ss/iﬂ\l(])&Bos taurus GN=CSN1S1 PE=1 SV=2 - 7430 )14 245 13 2 ” I’
;\g&;jggalljlfig?\?ma]\-lactogIobulin 0S=Bos taurus PE=2 SV=1 - 86,52 178 200 16 m - 250
f;ggzggfgsgivnlz]&ms taurus GN=CSN1S1 PE=2 SV=1 - 69.16 14 ", 13 5 " 5
/[AI\_IiflaBIZc_tglgl\J/n:'l\T] 0OS=Bos taurus GN=LALBA PE=1 SV=2 - 83,10 142 162 a1 187 149 26
ﬁ\éihgaslifﬂtiu[g?ggzgfgg\? ,\(l)]SzBos taurus GN=alfaLA 65.85 123 141 2 179 148 26
fgif:;SZZ_-BCZSS/iPNC])S:Bos taurus GN=CSN1S2 PE=1 SV=2 - 54.05 99 260 2 3 B )
ngéﬁjgg 3|S|\T]BOS taurus GN=CSN2 PE=1 SV=2 - e oo 251 . ; ;
S\e/t:-lla}c[tggglb(uggi él;rs/glmfnt) OS=Bos taurus GN=LGB PE=4 86,11 36 42 3 151 107 13
GNLCoNA PELA SVoT . [QoNZEh OCETAY ses | 10 | s | 6 | 6 | 13 |
[S,:T;uailglé)n\]j?Nc])S:Bos taurus GN=ALB PE=1 SV=4 - 69,52 607 6.2 10 - i »
Kflgg; é?rsfjg (CI):\r/alg’;\lr;\ent) 0S=Bos taurus GN=csn3 PE=4 SV=1 6187 129 152 3 . ; ;
Slyosion Seprdent o o oo 105605 | 500 | a | ara | m | w6 | m | 7
s Pt SV [QaTRES BOVIN] || weoo |0 |23 | a2 | 2r | a9 | e
[nglg\r,(\)/t;_"ég\sjﬁfs taurus GN=PIGR PE=2 SV=1 - 20,23 257 625 . . )
EJF;f&r;czt;eiié%j\zrsgein 0OS=Bos taurus GN=PIGR PE=4 SV=1 31,84 757 825 1 5 5
I[_F?EIF;)Eig)éi\tjz:,s\le] 0S=Bos taurus GN=LPO PE=1 SV~=1 - 4382 11 80,6 " 0
E:génsp_k;rge\r;lt’\lcf 0S=Bos taurus GN=C3 PE=1 SV=2 - 2125 1661 1871 , )
U[rggztitse_rggci/ ﬁ:\?]tein (Fragment) OS=Bos taurus PE=4 SV=1 23.14 389 424 1 2
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Uncharacterized protein (Fragment) OS=Bos taurus PE=4 SV=1

- [G5E513_BOVIN] 1926 o e
I))(;zzh?sffrly[('i:rf&es?rs;fg(i;j\e;ls;fs=Bos taurus GN=XDH 16,44 1332 146,7
[P:ggi&eogrl?gtfﬁ]rmd protein OS=Bos taurus PE=2 SV=1 - 14,66 232 24,7
;)Qs;eiaogméggs\ii?s taurus GN=SPP1 PE=2 SV=1 - 10,45 201 222
CNAMER 20 PE=2 SVt MER2G,BOVIN] R R
,[A:A;\);)g[ff_r;tgi\r}lﬁl-]l 0OS=Bos taurus GN=APOA1 PE=1 SV=3 - 13.96 265 30,3
EEi:didg\Tj:lLs_eE:':leFEcc):r;/_ggt\e/irNI]ﬂ 0S=Bos taurus GN=NPC2 32,89 149 16,6
L P v s B0
NP PELA SV - ILTNSQ0 BTV Rl e
}/E't:a;n,:ligwl?z-ﬁggi\r;?l\%rotein OS=Bos taurus GN=GC PE=4 SV=2 6.96 474 533
EJFégalllrgS/tgr_ié%j\flr:It]ein (Fragment) OS=Bos taurus PE=4 SV=1 8,50 326 359
g\r}ﬂafﬁigfggggf,ﬁ\lsizBos taurus GN=TXNDC16 PE=4 2,67 824 92,9
E)'\I/Ifggslr\); E(éegts: @SzBos taurus GN=OR2T33 PE=3 SV=1 - 8,97 312 35,1
Fggg@?&e&gﬁ E;Otein 0OS=Bos taurus PE=4 SV=1 - 1076 158 17,9
ON-RAPGEF? PE-L Sz [RPGF2 BOVN] R e B
gcziaricéig?goﬁgg;\l ,S]SzBos taurus GN=PPP1R14A PE=4 16,33 147 16,6
sz\jigaﬁ?i\;z:ﬂdETféegl/?s]:BOS taurus GN=PTPRK PE=4 201 1445 162,9
LSJ\r}c:rlafz}cQt%r;geglriré)tgaS]S:Bos taurus GN=WDR13 PE=2 1,65 485 53,7
GN_PSMICS PE<3 SVL2 - (MIMLVL BOVIN] S
Putative malate dehydrogenase 1B OS=Bos taurus GN=MDH1B 3,59 473 53,1

PE=2 SV=1 - [MDH1B_BOVIN]
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Aldehyde oxidase 3L1 OS=Bos taurus PE=2 SV=1 -

[M1ZMN6G_BOVIN] 2,01 1342 148,1
KTN1 protein OS=Bos taurus GN=KTN1 PE=2 SV=1 -
[ATMB48_BOVIN] 0,69 1302 150,5
Uncharacterized protein (Fragment) OS=Bos taurus
GN=ANKRD29 PE=4 SV=1 - [G3X683_BOVIN] 4442 294 8L
Uncharacterized protein OS=Bos taurus GN=ACKR2 PE=4
SV=2 - [FIMV88_BOVIN] 1020 343 87.9
Uncharacterized protein OS=Bos taurus GN=CRAMP1L PE=4
SV=1-[E1BN92_BOVIN] 141 1274 1350
Uncharacterized protein (Fragment) OS=Bos taurus
GN=SYNE1 PE=4 SV=2 - [FIMGT1_BOVIN] 0:32 8760 1004.5
Uncharacterized protein OS=Bos taurus GN=CEP63 PE=4
SV=1- [E1BDP9_BOVIN] 113 05 813
Uncharacterized protein OS=Bos taurus GN=UFSP2 PE=4
SV=1 - [E1BK69_BOVIN] 4,26 469 531
Uncharacterized protein OS=Bos taurus GN=HECTD1 PE=4
SV=2 - [E1BLD1_BOVIN] 142 2610 289.2
Myosin-7 OS=Bos taurus GN=MYH7 PE=4 SV=2 -

1 194 22
[FIN2GO_BOVIN] 39 940 38
Uncharacterized protein OS=Bos taurus GN=KDM5A PE=4
SV=2 - [FIMQ59_BOVIN] 053 1693 192.1
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase
gamma-1 (Fragment) OS=Bos taurus GN=PLCG1 PE=4 SV=2 - 2,13 1219 140,4
[FIMYF9_BOVIN]
Uncharacterized protein OS=Bos taurus PE=4 SV=1 -

44 237 2

[G3NOE3_BOVIN] 8, 3 6.9
Uncharacterized protein (Fragment) OS=Bos taurus
GN=MED13L PE=4 SV=2 - [FIN411_BOVIN] 215 2189 2404
Nucleoprotein OS=Bovine coronavirus (strain F15) GN=N
PE=3 SV=1 - [NCAP_CVBF] 536 448 494
Uncharacterized protein OS=Bos taurus GN=LOC785144 PE=3
SV=2 - [E1BPG5_BOVIN] 1115 314 3.0
Probable glutathione peroxidase 8 OS=Bos taurus GN=GPX8
PE=2 SV=1 - [GPX8_BOVIN] 1005 209 240
UDP-GIcNAc:betaGal beta-1,3-N-
acetylglucosaminyltransferase 9 OS=Bos taurus GN=B3GNT9 3,74 401 43,8
PE=2 SV=1 - [B3GN9_BOVIN]
Cadherin-18 OS=Bos taurus GN=CDH18 PE=2 SV=1 -
[CAD18_BOVIN] 4.18 790 817
Ras-related protein Rab-18 OS=Bos taurus GN=RAB18 PE=2 14,56 206 23,0
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SV=1- [RAB18_BOVIN]

S100P-binding protein OS=Bos taurus GN=S100PBP PE=2

SV=1 - [SIPBP_BOVIN] 10,19 422 47,1
;IrzajzsZi:/n:tl)r?r;féztgi_rggéﬁ\l(])8=Bos taurus GN=TMEM184B 737 407 155
gc,ilri Sp;o;t;:;/gs =Cis_=[%/lg§t_0§$uvel\£]rus 1 (isolate Australia) 144 g0l 1031
SR el B I
e e e ST
e s S B S
g\r}c:hzara[c[:t:vi:\l/lz;('j-| Zr_oéecl)rll ?,\?]:BOS taurus GN=LRRC9 PE=4 0.6 1374 158.4
lSJ\r}ZrllafeEt:é:engJ(eg{gt;i;\I ,8]S=Bos taurus GN=C11orf42 PE=4 961 - 265
?Iﬁizrg/_rgge\s:ilr]O&Bos taurus PE=3 SV=2 - 11,60 208 342
e e e T B
g{}gﬁgigﬁg{%{; 8]S=Bos taurus GN=ARMCX3 PE=4 237 379 425
e e s TG Bo0R,
gczgaric;ggigjzﬁggsl S]SzBos taurus GN=PRRT3 PE=4 287 977 1014
it BRI I
LSJ\r}c:t;ara[céigg:dsﬁg)ge\i/r: ,\?]SzBos taurus GN=ALMS1 PE=4 0.79 87 367.0
LSJ\r}c:r;ara[céigz(;egg_rggicl?\ﬁzBos taurus GN=CCDC88C PE=4 0.44 2008 2278
ﬁéih:é(\ljf;_fu[cpof,iggn_s;%ij(f Nl]O 0S=Bos taurus GN=FUT10 8.60 477 55.6
LSJ\r;c:r;afz}c;i:\i/legsr):’gtgi\r;Iﬁ?:Bos taurus GN=GRIP2 PE=4 318 1099 1181
-[r,:7c|5|1|3% (;))_r;tgi\r} |21?:BOS taurus GN=TTC21B PE=2 SV=1 - 114 1316 1511
Uncharacterized protein (Fragment) OS=Bos taurus 1,37 1679 183,2
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GN=PRDM2 PE=4 SV=2 - [FIN790_BOVIN]

Uncharacterized protein OS=Bos taurus GN=WAPAL PE=4

SV=1 - [EIBGC3_BOVIN] 285 1193 133.2
Uncharacterized protein (Fragment) OS=Bos taurus

GN=ITGBL1 PE=4 SV=2 - [E1IBK10_BOVIN] 816 392 428
Potassium voltage-gated channel subfamily KQT member 3 208 866 956
0OS=Bos taurus GN=KCNQ3 PE=2 SV=1 - [KCNQ3_BOVIN] ' '
Metastasis associated 1 family, member 2 OS=Bos taurus 285 666 748
GN=MTA2 PE=2 SV=1 - [QIRMW3_BOVIN]

Putative uncharacterized protein MGC139448 OS=Bos taurus 304 461 518
GN=MGC139448 PE=2 SV=1 - [A1A4H7_BOVIN] ' '
Uncharacterized protein OS=Bos taurus PE=3 SVV=1 -

[F6R9F1_BOVIN] 483 497 554
Acyl-coenzyme A oxidase OS=Bos taurus GN=ACOXL PE=3

SV=2 - [FIN6R7_BOVIN] 224 580 654
Uncharacterized protein OS=Bos taurus GN=SLC26A10 PE=4

SV=2 - [FIMWU6_BOVIN] 531 490 527
ATP10D protein OS=Bos taurus GN=ATP10D PE=2 SV=1 -

[A72029. BOVIN] 2,39 1422 159,4
Uncharacterized protein OS=Bos taurus GN=CATSPERB PE=4

SV=2 - [E1B9V5_BOVIN] 191 1099 125.2
RNA polymerase ll-associated factor 1 homolog OS=Bos taurus 789 355 412
GN=PAF1 PE=4 SV=2 - [G1K1Z2_BOVIN] ' '
Serine--pyruvate aminotransferase OS=Bos taurus GN=AGXT

PE=2 SV=1 - [A7TMBF1_BOVIN] >80 414 453
CDKL1 protein OS=Bos taurus GN=CDKL1 PE=2 SV=1 -

[A6QLFO_BOVIN] 341 352 40,7
EVI5L protein OS=Bos taurus GN=EVI5L PE=2 SV=1 -

[A5PK17_BOVIN] 173 807 92,7
Uncharacterized protein (Fragment) OS=Bos taurus

GN=SLC35F4 PE=4 SV=2 - [FIMGI4_BOVIN] 716 517 574
SH3 domain-containing YSC84-like protein 1 (Fragment)

0OS=Bos taurus GN=SH3YL1 PE=4 SV=1 - 10,61 245 27,2
[HOGW32_BOVIN]

RNA-dependent RNA polymerase (Fragment)

0OS=Schmallenberg virus GN=RdRp PE=4 SV=1 - 15,28 144 16,8
[11YZX9_SBV]

ATP-dependent RNA helicase DDX19A OS=Bos taurus 6,60 394 441
GN=DDX19L PE=2 SV=1 - [Q58DE5_BOVIN]

Uncharacterized protein OS=Bos taurus GN=FLRT3 PE=4 385 649 731

SV=2 - [FINOR7_BOVIN]
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Uncharacterized protein OS=Bos taurus GN=PIK3CB PE=4

SV=1 - [G3MWH3_BOVIN] 420 o7 s
ONAMLP PELt SV - (E1BIZT BOVIN] S B e
tJEnlcgi’Egt_eg(z;\(jI;’)\lr;)tein OS=Bos taurus PE=4 SV=1 - 2171 129 14,4
EJF;f&r_T_(ggTzBeg\rl)lr;t]ein OS=Bos taurus GN=ZHX2 PE=3 SV=2 477 838 921
F}L\lﬁl}lez/ggo_t;ig\?lsf\aBos taurus GN=PNKP PE=2 SV=1 - 773 194 20,9
PFSQ:;%ZT@%SE?H (Fragment) OS=Bos taurus PE=4 SV=1 8,37 251 290
DNA polymerase OS=Cowpox virus

GN=CPXV_FRA2001_NANCY_070 PE=3 SV=1 - 3,38 1005 | 116,7
[GOXTY8_COWPX]

;;\Iyzc;)rfri)\t/eénL)G(i(BC')ﬁs\jﬁscivine herpesvirus 1.2 (strain ST) PE=3 518 444 26,7
[T(S(\r)%la(l;lgi I;)g)\tleli;](Fragment) 0OS=Bos taurus PE=4 SV=1 - 37,50 64 73

EJFIEcrgrYalcztu_sgzoe\(j/Ip:\;;Jtein 0S=Bos taurus GN=ETV2 PE=3 SV=1 9,04 332 365
lSJ\r}tihlara[cEt:eL:;zlc;((i5 _péoct)ii/TN?S:BOS taurus GN=FAM76B PE=4 8,26 339 386
;J\r}illafa;:EtirEi;zgeg;fggi\?I&SzBos taurus GN=CEP76 PE=4 5,75 661 745
;T;T:rll?erzlig 2)2\/ t:;t]a OS=Bos taurus PE=2 SV=1 - 19,30 171 19,5
Uncharacterized protein (Fragment) OS=Bos taurus GN=TRAC 22,93 157 17,2

PE=4 SV=2 - [FLIMBR7_BOVIN]
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Table 24. Retenate samples part 1 (Complete LC-MS/MS results)

Lo MW MFR MFR MFR MFR | MFR
Description XCoverage | AAs [kDa] 15 15 15 2.8 2.8
(1) (.9 G | SY | S

?Ftiggfglgt\)zlli\ﬂ 0S=Bos taurus GN=LGB PE=1 SV=3 86,52 178 199 - 102 101 16 7
?&:; -_S[léfssiig_%sg\?f) ’i]taurus GN=CSNIS1 PE=1 74,30 214 24,5 179 187 176 151 222
g/l\jijzolr fil[légglaegé)ziaélg(\:ﬁcl)ﬁll]obulin OS=Bos taurus PE=2 86,52 178 20,0 59 o g5 26 2
é\l/p:f ?E-B%a;giSS?SBE??N?WUS GN=CSN1S1 PE=2 69,16 214 24,4 165 183 172 140 219
e '_l?c,_tillk_)gn;i_nB%s{Z?\ﬁs taurus GN=LALBA PE=1 8310 | 142 | 162 | 30 51 a7 | 15 | 40
GN_alal A PEZ3 SV - (028045, BOVIN] 685 | 123 | 11 | 2 | 51| @ | 15| 3
é\lfjg '_S[Zéfgig_%sg\?fﬁ]taums GN=CSN1S2 PE=1 54,05 222 26,0 87 68 60 60 91
Fgﬁé(l;ajeBig\%S’\T]Bos taurus GN=CSN2 PE=1 SV=2 - 21.43 924 251 a % 23 8 18
ey O | i | w | sz | 4 | s | @ | o |
e I R R B IR R A
[S;Tgueillé%nsli?N?SzBos taurus GN=ALB PE=1 SV=4 - 69,52 607 69.2 36 3 28 10 ;
SK\(:}[lpla_c[aS%i; E(_lf_rlf?éngcltl)N(?SzBos taurus GN=csn3 PE=4 61,87 139 152 30 26 a5 - o
Glycosylation-dependent cell adhesion molecule 1
0S=Bos taurus GN=GLYCAM1 PE=1 SV=2 - 51,63 153 17,1 18 6 13 14 12
[GLCMl__BO_\/II_\l] _
e | wom | o | 23 | u | s ;
[P,l\(ggl\ﬁ)\r/(\)/?l%g\sﬁﬁfs taurus GN=PIGR PE=2 SV=1 - 39,23 _— 825 5 ) . )
lSJ\r}tihlara[t:Ftﬂ\lﬂzsgzp_rgg\r}l(l)ﬁ:Bos taurus GN=PIGR PE=4 31,84 757 825 6 ) 16 5
I[_Iflgg)ﬁigéi\(j?;e] 0S=Bos taurus GN=LPO PE=1 SV=1 - 43,82 712 80.6 .
Fgggp_leBr‘rcl)e\r)lt’\?]S 0S=Bos taurus GN=C3 PE=1 SV=2 - 2125 1661 | 1871 »
I[_Ca%:oétérlrl_r;3 (g\rjllg,\rl“?ent) 0OS=Bos taurus PE=2 SV=1 - 2725 £o0 762 o ) " s A
;J\r}zllaraicé‘esrézse%pirgtoecl(NF]ragment) 0OS=Bos taurus PE=4 23,14 389 424 1 5
SV - [GsEs1 BOVIN P | veze | st | aee | 1 | 1| 7
ON=XDH PE=4 SVT [FIMUT3 BOVIN] 1644 | 132 | 1467 20
|L3J Ezl;agt/:iezrl_zﬁglp'\rﬂo; g_OBSO:\?ICIJ\?]taU rus GN=A2ML1 043 1396 1555 ) ) 3
gtl}:g\ie[i%th:;%c;tfggz\d/ Ipr\ll'?tem 0S=Bos taurus PE=2 14,66 23 247 3
gt\a/rglsnA[gplAgi:BBgi/tlzﬁ]rus GN=SERPINA3-1 PE=1 2311 411 46.2 3
ONZBTNIAL PEA Su=2 -[BTIAL BOVIN] a0 | 526 | 92 | s 7
g\e/rguln_,?gézA gg_zsgs\,/m]ru? GN=SERPINA3-2 PE=3 2311 a1 | 462 ;
GN-MFGED - [VFGM. BOVIN] 173 | 3 | a5 | 2 10 6
PE2 VL. [AGQPE0 BOVIN] | 684 | 395 | a5
[OnggogméTBoo-S\-/:ﬁas taurus GN=SPP1 PE=2 SV=1 - 10,45 201 222 5
GNAMEFAC PEL? SVod - MEF2C BOVIN] os2 | 4 | w18 | 1 1
Lipoprotein lipase OS=Bos taurus GN=LPL PE=1 SV=2 - 25,52 478 533 1 16 1
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[LIPL_BOVIN]

Ribonuclease 4 OS=Bos taurus GN=RNASE4 PE=1

SV=4 - [RNAS4 BOVIN] 31,09 119 137
Uncharacterized protein OS=Bos taurus GN=ZNF192

PE=4 SV=1 - [G3N3E2_BOVIN] 6.27 271 31,0
Secretoglobin family 1D member OS=Bos taurus

GN=SCGB1D PE=3 SV=2 - [SG1D_BOVIN] 8,82 1021 113
Serotransferrin OS=Bos taurus GN=TF PE=4 SV=1 -

[G3X6N3_BOVIN] 1023 | 704 | 776
Uncharacterized protein OS=Bos taurus GN=GOLGA4

PE=4 SV=2 - [E1B7E3_BOVIN] 0,63 2229 259.0
Uncharacterized protein OS=Bos taurus GN=SRGAP3

PE=4 SV=2 - [FIMJI3_BOVIN] 0,91 1099 1244
Nucleobindin-1 OS=Bos taurus GN=NUCB1 PE=2 SV=1

- [NUCBL_BOVIN] 570 474 | 549
Fatty acid-binding protein, heart OS=Bos taurus

GN=FABP3 PE=1 SV=2 - [FABPH_BOVIN] 36,09 133 148
Keratin, type Il cytoskeletal 68 kDa, component |1A

(Fragment) OS=Bos taurus PE=2 SV=1 - 6,04 182 18,1
[K2CA_BOVIN]

Uncharacterized protein OS=Bos taurus GN=PTBP2

PE=4 SV=1 - [F6Q0P6_BOVIN] 2,54 236 256
Outer capsid protein (Fragment) OS=Bluetongue virus 10 864 162 188
GN=VP2 PE=4 SV=1 - [L7TNSQ0_BTV1X] : :
Angiogenin-1 OS=Bos taurus GN=ANG1 PE=1 SV=4 -

[ANGI BOVIN] 14,86 148 17,0
Uncharacterized protein OS=Bos taurus GN=PKHD1

PE=4 SV=2 - [E1BK86_BOVIN] 0,64 4071 4439
Uncharacterized protein OS=Bos taurus GN=MAN2A2

PE=4 SV=1 - [E1BGJ4_BOVIN] 1,04 1150 | 1301
Platelet glycoprotein 4 OS=Bos taurus GN=CD36 PE=1

SV=5 - [CD36_BOVIN] 1017 | 472 | 529
Mucin-1 OS=Bos taurus GN=MUC1 PE=1 SV=1 -

[MUCL BOVIN] 3,45 580 58,1
UDP-glucose ceramide glucosyltransferase OS=Bos 152 394 147
taurus GN=UGCG PE=2 SV=1 - [Q08DR4_BOVIN] ' '
Uncharacterized protein OS=Bos taurus GN=TXNDC16

PE=4 SV=1 - [E1IBAG3_BOVIN] 267 824 92.9
Rap guanine nucleotide exchange factor 2 OS=Bos taurus

GN=RAPGEF2 PE=1 SV=2 - [RPGF2_BOVIN] 1,01 1486 1650
Uncharacterized protein OS=Bos taurus GN=PPP1R14A

PE=4 SV=1 - [E1BE60_BOVIN] 16,33 147 16,6
Uncharacterized protein (Fragment) OS=Bos taurus

GN=MROH2A PE=4 SV=2 - [FIMZK6_BOVIN] 0,83 1570 177.9
Uncharacterized protein (Fragment) OS=Bos taurus

GN=TSGA10 PE=4 SV=2 - [E1IBE64 BOVIN] 1,68 891 103,6
Putative malate dehydrogenase 1B OS=Bos taurus

GN=MDH1B PE=2 SV=1 - [MDH1B_BOVIN] 3,59 473 531
Neuroepithelial cell transforming gene 1 OS=Bos taurus

GN=NET1 PE=2 SV=1 - [Q3ZC77_BOVIN] 261 536 60,7
Uncharacterized protein OS=Bos taurus GN=NCAPD3

PE=4 SV=2 - [FIMPS0_BOVIN] 2,36 1482 | 1664
Similar to beta 2-microglobulin (Fragment) OS=Bos

taurus PE=2 SV=1 - [0862Q3 BOVIN] 53,76 9% | 110
Aldehyde oxidase 3L1 OS=Bos taurus PE=2 SV=1 -

[M1ZMNG_BOVIN] 2,01 1342 | 1481
KTN1 protein OS=Bos taurus GN=KTN1 PE=2 SV=1 -

[A7TMB48_BOVIN] 0,69 1302 | 1505
Prostamide/prostaglandin F synthase OS=Bos taurus

GN=FAMZ213B PE=2 SV=1 - [PGFS_BOVIN] 32,34 201 21,5
Uncharacterized protein (Fragment) OS=Bos taurus

GN=BNC2 PE=4 SV=1 - [FIN447 BOVIN] 5.26 837 923
Isoform Short of Beta-1,4-galactosyltransferase 1

0S=Bos taurus GN=B4GALT1 - [BAGTL BOVIN] 3,08 389 | 435
Pyrroline-5-carboxylate reductase 1, mitochondrial

0OS=Bos taurus GN=PYCR1 PE=2 SV~=1 - 8,75 320 334
[P5CR1_BOVIN]

Uncharacterized protein OS=Bos taurus GN=GP2 PE=4 487 534 59,2
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SV=1 - [FIN726_BOVIN]

Peroxisomal membrane protein PEX13 OS=Bos taurus

GN=PEX13 PE=2 SV=1 - [PEX13 BOVIN] 12,90 403 44,3
Uncharacterized protein OS=Bos taurus GN=HNF1A

PE=3 SV=1 - [FIMD26_BOVIN] 3,63 633 67.3
Glucose-6-phosphate 1-dehydrogenase OS=Bos taurus

GN=G6PD PE=3 SV=1 - [FIMMK2_BOVIN] 311 515 | 593
Uncharacterized protein OS=Bos taurus GN=CEP63

PE=4 SV=1 - [ELBDP9_BOVIN] L13 705 | 813
Uncharacterized protein (Fragment) OS=Bos taurus

GN=UMODL1 PE=4 SV=2 - [FIMN54_BOVIN] 2,25 1333 1443
Uncharacterized protein OS=Bos taurus GN=NEB PE=4

SV=2 - [FIMT60_BOVIN] 0.29 4888 | 5674
Uncharacterized protein OS=Bos taurus GN=C9orf172

PE=4 SV=2 - [E1IBIY2 BOVIN] 1,95 975 | 1059
G protein-coupled receptor 43 OS=Bos taurus

GN=GPR43 PE=2 SV=1 - [B9VJV9_BOVIN] 182 329 368
Uncharacterized protein OS=Bos taurus GN=APBB2

PE=4 SV=1 - [FIMDE6_BOVIN] 2,51 758 831
Uncharacterized protein OS=Bos taurus GN=SCUBE2

PE=4 SV=2 - [FIN7F6_BOVIN] 4,70 999 110.2
Uncharacterized protein (Fragment) OS=Bos taurus

GN=ATP12A PE=3 SV=2 - [FIN1K4_BOVIN] 2,46 1099 1215
Coiled-coil domain-containing protein 126 OS=Bos

taurus GN=CCDC126 PE=2 SV=1 - [CC126_BOVIN] 13,57 140 | 156
Uncharacterized protein OS=Bos taurus GN=HHIPL2

PE=4 SV=1 - [E1IBGX8_BOVIN] 2,62 724 811
tRNA (adenine(58)-N(1))-methyltransferase non-catalytic

subunit TRM6 OS=Bos taurus GN=TRMT6 PE=2 SV=1 5,23 497 55,9
- [TRM6_BOVIN]

SEC22 vesicle trafficking protein homolog B (S.

cerevisiae) OS=Bos taurus GN=SEC22B PE=2 SV=1 - 717 251 28,7
[Q3TOL9_BOVIN]

Cytosolic purine 5'-nucleotidase OS=Bos taurus

GN=NT5C2 PE=1 SV=1 - [ENTC_BOVIN] 3,04 560 64.8
Ankyrin repeat and zinc finger domain-containing protein

1 OS=Bos taurus GN=ANKZF1 PE=2 SV=2 - 2,20 728 81,1
[ANKZ1 BOVIN]

DnaJ homolog subfamily A member 2 OS=Bos taurus

GN=DNAJA2 PE=2 SV=1 - [DNJA2_BOVIN] 6,07 412 457
Protein kintoun OS=Bos taurus GN=DNAAF2 PE=2

SV=2 - [KTU_BOVIN] 3,74 829 909
Hormone-sensitive lipase OS=Bos taurus GN=LIPE PE=1

SV=2 - [LIPS_BOVIN] 4,63 756 82,6
Nucleolar protein 16 OS=Bos taurus GN=NOP16 PE=2

SV=1-[NOP16_BOVIN] 7,30 178 211
Radial spoke head 10 homolog B OS=Bos taurus

GN=RSPH10B PE=2 SV=2 - [RS10B_BOVIN] 0.95 840 | 958
PPIL5 protein OS=Bos taurus GN=PPIL5 PE=2 SV=1 -

[A6QPV4 BOVIN] 1,42 424 478
Uncharacterized protein (Fragment) OS=Bos taurus

GN=MYO9A PE=4 SV=1 - [G3MXE8_BOVIN] 0.82 1951 2253
Uncharacterized protein OS=Bos taurus GN=XRN2 PE=4

SV=1 - [FIMKX7_BOVIN] 0,84 951 | 1084
Uncharacterized protein OS=Bos taurus GN=HMCN2

PE=4 SV=2 - [E1BIK4 BOVIN] 0.79 | 5073 | 5450
Uncharacterized protein OS=Bos taurus GN=ARAP2

PE=4 SV=2 - [FIMTN6_BOVIN] 094 | 1711 | 1947
Uncharacterized protein OS=Bos taurus GN=TRIM69

PE=4 SV=1 - [E1BID7 BOVIN] 3,39 502 57.5
Uncharacterized protein OS=Bos taurus GN=0TUD4

PE=4 SV=2 - [E1IBN58 BOVIN] 2,52 1109 1223
Uncharacterized protein (Fragment) OS=Bos taurus

GN=DST PE=4 SV=2 - [FIMPT5_BOVIN] 0,49 7493 8437
Uncharacterized protein OS=Bos taurus GN=ZNF608

PE=4 SV=2 - [FIN312 BOVIN] 126 | 1512 | 1619
Tyrosine-protein kinase OS=Bos taurus GN=TYK2 PE=3 253 1185 1326

SV=2 - [FIMCX4_BOVIN]
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Uncharacterized protein OS=Bos taurus GN=SCN1A

PE=3 SV=1 - [MOQW12_BOVIN] 0.80 1998 2216
Uncharacterized protein OS=Bos taurus GN=WHSC2

PE=4 SV=2 - [FIMW50_BOVIN] 6,71 432 | 459
Tyrosine-protein kinase OS=Bos taurus GN=FER PE=3

SV=1- [EIBNEQ_BOVIN] 511 822 | 947
Uncharacterized protein (Fragment) OS=Bos taurus 196 816 927
GN=TRPC4AP PE=4 SV=2 - [FIN232_BOVIN] ' '
Uncharacterized protein OS=Bos taurus GN=PRSS53

PE=3 SV=2 - [FIN116_BOVIN] 3,62 553 59.2
Uncharacterized protein OS=Bos taurus GN=ARHGAP23

PE=4 SV=2 - [FIMMP0_BOVIN] 056 | 1248 | 1356
E3 ubiquitin-protein ligase BRE1A OS=Bos taurus

GN=RNF20 PE=2 SV=1 - [BRELA BOVIN] 3,18 975 | 1136
Uncharacterized protein OS=Bos taurus GN=BAGALT7

PE=2 SV=1 - [Q17QI0_BOVIN] 4,25 259 295
Uncharacterized protein (Fragment) OS=Bos taurus

GN=LARP4 PE=4 SV=2 - [FIMHD9_BOVIN] 4,19 621 68,3
Uncharacterized protein (Fragment) OS=Bos taurus

GN=PARD3 PE=4 SV=2 - [FIMZ23 BOVIN] 1,26 1267 1412
I11A OS=Bovine adenovirus B serotype 3 PE=4 SV=1 -

[071095 ADEB3] 3,52 568 | 632
Cytochrome b-245 heavy chain OS=Bos taurus

GN=CYBB PE=2 SV=1 - [CY24B_BOVIN] 6,49 570 656
Envelope glycoprotein B OS=Bovine herpesvirus 2

(strain BMV) PE=3 SV=2 - [GB_BHV2B] 207 917 | 1018
Uncharacterized protein OS=Bos taurus GN=LPIN3

PE=4 SV=2 - [E1BLQ9 BOVIN] 4,59 850 931
Uncharacterized protein OS=Bos taurus GN=GGA3 PE=4

SV=1 - [G5E690_BOVIN] 2,93 58l | 622
Uncharacterized protein OS=Bos taurus GN=LEMD3

PE=4 SV=2 - [E1BIJ4_BOVIN] 131 913 | 1000
Uncharacterized protein OS=Bos taurus GN=ABCA7

PE=3 SV=2 - [EIBCGL BOVIN] 106 | 2169 | 2360
E2 glycoprotein (Fragment) OS=Bovine viral diarrhea

virus PE=4 SV=1 - [L7RZ74_BVDV] 11,01 218 24.3
Histatherin OS=Bos taurus PE=4 SV=1 -

[C6KGD7 BOVIN] 20,69 8 | T2
Kynurenine 3-monooxygenase OS=Bos taurus GN=KMO

PE=3 SV=2 - [E1IBN59_BOVIN] 1 480 550
Uncharacterized protein OS=Bos taurus GN=LRRN3

PE=4 SV=2 - [FIMSM1_BOVIN] 3,53 708 79,0
Succinyl-CoA ligase [ADP-forming] subunit beta,

mitochondrial OS=Bos taurus GN=SUCLA2 PE=3 SV=2 7,99 463 50,1
- [FIMGCO_BOVIN]

DDX31 protein OS=Bos taurus GN=DDX31 PE=2 SV=1

- [A6QP73 BOVIN] 2:45 734 | 808
Uncharacterized protein OS=Bos taurus GN=ABCG1

PE=3 SV=1 - [E1BDU6_BOVIN] 3,61 665 41
Uncharacterized protein OS=Bos taurus GN=FAM205A

PE=4 SV=2 - [E1BHB6_BOVIN] 2,92 1334 | 1482
SHD protein OS=Bos taurus GN=SHD PE=2 SV=1 -

[A6QLW7_BOVIN] 8,82 136 154
Uncharacterized protein OS=Bos taurus GN=DIRAS1

PE=4 SV=1 - [G5E6L2 BOVIN] 6,57 198 | 224
Uncharacterized protein OS=Bos taurus GN=EHBP1L1

PE=4 SV=2 - [E1BL45 BOVIN] 1,24 1451 | 1537
GPR128 protein OS=Bos taurus GN=GPR128 PE=2

SV=1 - [A4IFD4_BOVIN] 2,64 795 88,3
Adaptor-related protein complex 1, beta 1 subunit

0OS=Bos taurus GN=AP1B1 PE=2 SV=1 - 2,54 828 90,4
[Q2KJB2_BOVIN]

P24 (Fragment) OS=Borna disease virus PE=4 SV=1 -

[010404 BDV] 14,93 201 22,4
Protein phosphatase 2, regulatory subunit B', alpha

isoform OS=Bos taurus GN=PPP2R5A PE=2 SV~=1 - 5,32 489 56,5
[A2VDZ0 BOVIN]

Uncharacterized protein OS=Bos taurus GN=SAAL1 8,88 473 53,1
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PE=4 SV=1 - [E1BD67_BOVIN]

Uncharacterized protein OS=Bos taurus GN=CCDC134
PE=4 SV=1 - [EIBFW1_BOVIN]

7,42

229

26,4

Uncharacterized protein OS=Bos taurus GN=S1PR4
PE=4 SV=2 - [FIME98_BOVIN]

385

41,8

Uncharacterized protein (Fragment) OS=Bos taurus PE=4
SV=2 - [FIN3N1_BOVIN]

472

53,9

Uncharacterized protein OS=Bos taurus GN=FLAD1
PE=4 SV=1 - [F6R6Q1_BOVIN]

490

54,2

Perilipin OS=Bos taurus GN=PLIN2 PE=3 SV=1 -
[FIMQBO_BOVIN]

411

451

Mitochondrial glutamate carrier 1 OS=Bos taurus
GN=SLC25A22 PE=2 SV=1 - [GHC1 BOVIN]

322

34,5

Uncharacterized protein OS=Bos taurus GN=CRISP3
PE=4 SV=1 - [F6R3I5_BOVIN]

242

27,1

Fibroblast growth factor OS=Bos taurus GN=FGF21
PE=3 SV=1 - [EIBDA6_BOVIN]

209

22,6

CPXV074 protein OS=Cowpox virus GN=CPXV074
PE=4 SV=1 - [GOXUK2_COWPX]

273

31,9

ATP-sensitive inward rectifier potassium channel 12
0OS=Bos taurus GN=KCNJ12 PE=2 SV=1 -
[A2VDS5_BOVIN]

427

48,4

Uncharacterized protein OS=Bos taurus GN=ELK1 PE=3
SV=2 - [FIMT98_BOVIN]

440

46,1

60S ribosomal protein L6 OS=Bos taurus GN=RPL6
PE=2 SV=1 - [A8NJ40_BOVIN]

215

24,0

Table 25. Retenate samples part 2 (Complete LC-MS/MS results)

Description YCoverage | AAs

MW
[kDa]

UFR
(S.1)

UFR
(S.1)

UFR
(S.1)

MFR
(S.2)

MFR
(S.2)

MFR
(S.3)

MFR
(S.4)

Beta-lactoglobulin OS=Bos taurus
GN=LGB PE=1 SV=3 - 86,52 178
[LACB_BOVIN]

19,9

166

983

292

69

73

65

81

Alpha-S1-casein OS=Bos taurus
GN=CSN1S1 PE=1 SV=2 - 74,30 214
[CASAL BOVIN]

24,5

35

50

16

183

242

232

357

Major allergen beta-lactoglobulin
0OS=Bos taurus PE=2 SV=1 - 86,52 178
[B5B0D4_BOVIN]

20,0

156

951

283

61

70

63

81

Alpha S1 casein OS=Bos taurus
GN=CSN1S1 PE=2 SV=1 - 69,16 214
[B5B3R8_BOVIN]

24,4

31

50

16

173

245

229

354

Alpha-lactalbumin OS=Bos taurus
GN=LALBA PE=1SV=2 - 83,10 142
[LALBA BOVIN]

16,2

82

316

102

24

30

57

15

Alpha lactalbumin (Fragment)
0S=Bos taurus GN=alfaLA PE=3 65,85 123
SV=1 - [Q28049 BOVIN]

14,1

87

304

96

27

30

57

15

Alpha-S2-casein OS=Bos taurus
GN=CSN1S2 PE=1 SV=2 - 54,05 222
[CASA2 BOVIN]

26,0

13

10

81

47

116

83

Beta-casein OS=Bos taurus
GN=CSN2 PE=1 SV=2 - 21,43 224
[CASB_BOVIN]

251

11

30

56

49

68

Beta-lactoglobulin (Fragment)
0OS=Bos taurus GN=LGB PE=4 86,11 36
SV=1 - [E7TE1Q8_BOVIN]

42

10

255

68

17

24

Kappa-casein (Fragment) OS=Bos
taurus x Bos indicus GN=CSN3 61,88 160
PE=4 SV=1 - [Q9N258 9CETA]

17,9

11

33

42

35

80

Serum albumin OS=Bos taurus
GN=ALB PE=1 SV=4 - 69,52 607
[ALBU_BOVIN]

69,2

90

56

68

44

12

Kappa casein (Fragment) OS=Bos
taurus GN=csn3 PE=4 SV=1 - 61,87 139
[Q5ZET1_BOVIN]

15,2

43

17

37

35

80




Glycosylation-dependent cell
adhesion molecule 1 OS=Bos taurus
GN=GLYCAM1 PE=1 SV=2 -
[GLCM1 BOVIN]

51,63

153

17,1

18

49

25

19

16

Enterotoxin-binding glycoprotein
PP20K (Fragment) OS=Bos taurus
PE=1SV=1-[Q9TRB9_BOVIN]

100,00

20

2,3

27

87

13

PIGR protein OS=Bos taurus
GN=PIGR PE=2 SV=1 -
[A6QNW3_BOVIN]

39,23

757

82,5

36

31

40

Uncharacterized protein OS=Bos
taurus GN=PIGR PE=4 SV=1 -
[FIMR22_BOVIN]

31,84

757

82,5

24

21

27

Lactoperoxidase OS=Bos taurus
GN=LPO PE=1 SV=1 -
[PERL_BOVIN]

43,82

712

80,6

23

21

40

Complement C3 OS=Bos taurus
GN=C3 PE=1 SV=2 -
[CO3_BOVIN]

21,25

1661

187,1

67

Lactoferrin (Fragment) OS=Bos
taurus PE=2 SV=1 -
[C7FEOL_BOVIN]

27,25

690

76,2

21

20

Uncharacterized protein (Fragment)
0OS=Bos taurus PE=4 SV=1 -
[G5E5T5_BOVIN]

23,14

389

424

18

Uncharacterized protein (Fragment)
0OS=Bos taurus PE=4 SV=1 -
[G5E513_BOVIN]

19,26

457

49,9

16

Xanthine dehydrogenase/oxidase
OS=Bos taurus GN=XDH PE=4
Sv=1 - [FIMUT3 BOVIN]

16,44

1332

146,7

23

Uncharacterized protein OS=Bos
taurus GN=A2ML1 PE=4 SV=2 -
[FIMB32_BOVIN]

0,43

1396

155,5

Putative uncharacterized protein
OS=Bos taurus PE=2 SV=1 -
[A6QM09 BOVIN]

14,66

232

24,7

Serpin A3-1 OS=Bos taurus
GN=SERPINA3-1 PE=1 SV=3 -
[SPA31 BOVIN]

23,11

411

46,2

20

Butyrophilin subfamily 1 member Al
0OS=Bos taurus GN=BTN1Al PE=1
SV=2 - [BT1A1l BOVIN]

27,19

526

59,2

Serpin A3-2 OS=Bos taurus
GN=SERPINA3-2 PE=3 SV=1 -
[SPA32_BOVIN]

23,11

411

46,2

20

Isoform Short of Lactadherin
0S=Bos taurus GN=MFGES -
[MFGM_BOVIN]

17,38

374

41,5

10

LOC532995 protein OS=Bos taurus
GN=L0OC532995 PE=2 SV=1 -
[A6QP80_BOVIN]

6,84

395

454

Osteopontin OS=Bos taurus
GN=SPP1 PE=2 SV=1 -
[Q58DM6_BOVIN]

10,45

201

22,2

Myocyte-specific enhancer factor 2C
0S=Bos taurus GN=MEF2C PE=2
SV=1 - [MEF2C_BOVIN]

9,52

441

47,8

Lipoprotein lipase OS=Bos taurus
GN=LPL PE=1 SV=2 -
[LIPL_BOVIN]

25,52

478

53,3

Apolipoprotein A-1 OS=Bos taurus
GN=APOA1 PE=1 SV=3 -
[APOA1_BOVIN]

13,96

265

30,3

10

Ribonuclease 4 OS=Bos taurus
GN=RNASE4 PE=1 SV=4 -
[RNAS4 BOVIN]

31,09

119

13,7

Epididymal secretory protein E1
0OS=Bos taurus GN=NPC2 PE=1

32,89

149

16,6

81




SV=1 - [NPC2_BOVIN]

Uncharacterized protein OS=Bos
taurus GN=2ZNF192 PE=4 SV=1 -
[G3N3E2_BOVIN]

271

31,0

Secretoglobin family 1D member
OS=Bos taurus GN=SCGB1D PE=3
SV=2 - [SG1D_BOVIN]

8,82

102

11,3

Serotransferrin OS=Bos taurus
GN=TF PE=4 SV=1 -
[G3X6N3_BOVIN]

10,23

704

71,6

Uncharacterized protein OS=Bos
taurus GN=GOLGA4 PE=4 SV=2 -
[E1B7E3_BOVIN]

0,63

2229

259,0

Uncharacterized protein (Fragment)
OS=Bos taurus GN=PTPN21 PE=4
SV=2 - [FIMRH9_BOVIN]

0,51

1180

1323

Monocyte differentiation antigen
CD14 OS=Bos taurus GN=CD14
PE=3 SV=1 - [AS8DBT6_BOVIN]

9,12

373

39,6

Uncharacterized protein OS=Bos
taurus GN=SRGAP3 PE=4 SV=2 -
[FIMJI3_BOVIN]

0,91

1099

124,4

Uncharacterized protein OS=Bos
taurus GN=SERPING1 PE=3 SV=2 -
[EIBMJO_BOVIN]

9,40

468

51,7

Nucleobindin-1 OS=Bos taurus
GN=NUCB1 PE=2 SV=1 -
[NUCB1_BOVIN]

5,70

474

54,9

Fatty acid-binding protein, heart
0OS=Bos taurus GN=FABP3 PE=1
SV=2 - [FABPH_BOVIN]

36,09

133

14,8

Uncharacterized protein OS=Bos
taurus GN=SERPINA3 PE=3 SV=1 -
[GBIKW7_BOVIN]

5,83

412

46,3

Keratin, type Il cytoskeletal 68 kDa,
component IA (Fragment) OS=Bos
taurus PE=2 SV=1 -
[K2CA_BOVIN]

6,04

182

18,1

Uncharacterized protein OS=Bos
taurus GN=ATMIN PE=4 SV=2 -
[FIMEP8_BOVIN]

0,97

822

88,4

Alpha-2-adrenergic receptor
(Fragment) OS=Bos taurus PE=2
SV=1 - [097717_BOVIN]

48,98

49

5,6

Uncharacterized protein OS=Bos
taurus GN=PTBP2 PE=4 SV=1 -
[F6QOP6_BOVIN]

2,54

236

25,6

Outer capsid protein (Fragment)
OS=Bluetongue virus 10 GN=VP2
PE=4 SV=1 - [L7TNSQ0_BTV1X]

8,64

162

18,8

Angiogenin-1 OS=Bos taurus
GN=ANG1 PE=1 SV=4 -
[ANG1_BOVIN]

14,86

148

17,0

Hemopexin OS=Bos taurus
GN=HPX PE=2 SV=1 -
[HEMO_BOVIN]

4,36

459

52,2

Structural glycoprotein E2
(Fragment) OS=Bovine viral diarrhea
virus PE=4 SV=1 -
[K7XEH4_BVDV]

3,15

286

31,7

Sodium/hydrogen exchanger
(Fragment) OS=Bos taurus
GN=SLC9A7 PE=3 SV=1 -
[G5E545_BOVIN]

1,67

660

73,5

Vitamin D-binding protein OS=Bos
taurus GN=GC PE=4 SV=2 -
[FIN5M2_BOVIN]

6,96

474

53,3

Uncharacterized protein (Fragment)

8,59

326

359

82




0S=Bos taurus PE=4 SV=1 -
[G3NOVO_BOVIN]

UDP-glucose ceramide
glucosyltransferase OS=Bos taurus
GN=UGCG PE=2 SV=1 -
[Q08DR4_BOVIN]

1,52

394

44,7

Olfactory receptor OS=Bos taurus
GN=0OR2T33 PE=3 SV=1 -
[MOQVY4_BOVIN]

8,97

312

351

Uncharacterized protein OS=Bos
taurus PE=4 SV=1 -
[G3N360_BOVIN]

10,76

158

17,9

Alpha-1-antiproteinase OS=Bos
taurus GN=SERPINA1 PE=1 SV=1 -
[ALIAT_BOVIN]

3,61

416

46,1

Apolipoprotein A-1V OS=Bos taurus
GN=APOA4 PE=3 SV=1 -
[FIN3Q7_BOVIN]

4,47

380

43,0

Uncharacterized protein OS=Bos
taurus GN=ARHGEF12 PE=4 SV=1
- [FIMZA2_BOVIN]

0,39

1544

172,6

Uncharacterized protein (Fragment)
0S=Bos taurus GN=MROH2A PE=4
SV=2 - [FIMZK6_BOVIN]

0,83

1570

177,9

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=TSGA10 PE=4
SV=2 - [EIBE64_BOVIN]

1,68

891

103,6

Uncharacterized protein OS=Bos
taurus GN=PTPRK PE=4 SV=2 -
[FIMMEL BOVIN]

2,01

1445

162,9

GTP-binding protein 1 OS=Bos
taurus GN=GTPBP1 PE=4 SV=1 -
[G3MX26_BOVIN]

2,32

603

65,9

Protein HP-25 homolog 2 OS=Bos
taurus PE=2 SV=1 -
[HP252_BOVIN]

13,02

215

22,9

Cation-independent mannose-6-
phosphate receptor OS=Bos taurus
GN=IGF2R PE=4 SV=2 -
[FIMIE6_BOVIN]

4,80

2499

2748

Uncharacterized protein OS=Bos
taurus GN=LRIG1 PE=4 SV=2 -
[FIMZVO0_BOVIN]

1,47

1090

118,3

Uncharacterized protein OS=Bos
taurus GN=CCM2 PE=4 SV=2 -
[E1B8H2_BOVIN]

2,31

476

52,5

Inter-alpha-trypsin inhibitor heavy
chain H4 OS=Bos taurus GN=ITIH4
PE=4 SV=2 - [FIMMD7_BOVIN]

1,42

916

101,5

26S protease regulatory subunit 10B
0S=Bos taurus GN=PSMC6 PE=3
SV=2 - [FIMLV1_BOVIN]

8,74

389

44,1

CutA divalent cation tolerance
homolog (E. coli) OS=Bos taurus
GN=CUTA PE=2 SV=1 -
[Q1IRMP3_BOVIN]

3,92

153

16,3

Neuroepithelial cell transforming
gene 1 OS=Bos taurus GN=NET1
PE=2 SV=1 - [Q3ZC77_BOVIN]

2,61

536

60,7

45 kDa calcium-binding protein
(Fragment) OS=Bos taurus
GN=SDF4 PE=4 SV=2 -
[FIMKI5_BOVIN]

7,48

254

29,8

Uncharacterized protein OS=Bos
taurus GN=NCAPD3 PE=4 SV=2 -
[FIMPS0_BOVIN]

2,36

1482

166,4

Uncharacterized protein OS=Bos
taurus GN=CREG1 PE=4 SV=1 -
[FIMX50_BOVIN]

9,50

221

23,9

83




Similar to beta 2-microglobulin
(Fragment) OS=Bos taurus PE=2
SV=1 - [Q862Q3 BOVIN]

53,76

93

11,0

F10 protein (Fragment) OS=Bos
taurus GN=F10 PE=2 SV=1 -
[Q3MHW?2_BOVIN]

1,86

483

53,5

KTN1 protein OS=Bos taurus
GN=KTN1 PE=2 SV=1 -
[A7TMB48_BOVIN]

0,69

1302

150,5

NOC3L protein OS=Bos taurus
GN=NOC3L PE=2 SV=1 -
[ASD7R2_BOVIN]

0,88

799

92,3

Prostamide/prostaglandin F synthase
0OS=Bos taurus GN=FAM213B PE=2
SV=1 - [PGFS_BOVIN]

32,34

201

21,5

Uncharacterized protein OS=Bos
taurus GN=DOCK11 PE=4 SV=1 -
[G5E580_BOVIN]

1,01

2074

237,8

Uncharacterized protein OS=Bos
taurus GN=ARHGAP18 PE=4 SV=2
- [E1BIH5_BOVIN]

3,39

531

59,6

STAUL protein (Fragment) OS=Bos
taurus GN=STAU1 PE=2 SV=1 -
[A6QNY4 _BOVIN]

531

58,2

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=BNC2 PE=4
SV=1 - [FIN447_BOVIN]

837

92,3

Pyrroline-5-carboxylate reductase 1,
mitochondrial OS=Bos taurus
GN=PYCR1 PE=2 SV=1 -
[PSCR1_BOVIN]

320

33,4

Uncharacterized protein OS=Bos
taurus GN=GP2 PE=4 SV=1 -
[FIN726_BOVIN]

4,87

534

59,2

Uncharacterized protein OS=Bos
taurus GN=ACKR2 PE=4 SV=2 -
[FIMV88 BOVIN]

10,20

343

37,9

Alpha-2-HS-glycoprotein OS=Bos
taurus GN=AHSG PE=1 SV=2 -
[FETUA BOVIN]

4,74

359

38,4

Isoform 2 of Collagen type IV alpha-
3-binding protein OS=Bos taurus
GN=COL4A3BP - [C43BP_BOVIN]

5,69

598

68,0

Peroxisomal membrane protein
PEX13 OS=Bos taurus GN=PEX13
PE=2 SV=1 - [PEX13_BOVIN]

12,90

403

44,3

Selenium-binding protein 1 OS=Bos
taurus GN=SELENBP1 PE=1 SV=1 -
[SBP1_BOVIN]

1,48

472

52,5

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=SPTB PE=4
SV=2 - [FIMKE9_BOVIN]

0,64

2335

268,7

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=DNAH6 PE=4
SV=2 - [FIMZUO_BOVIN]

0,39

1794

207,4

Uncharacterized protein OS=Bos
taurus GN=ALS2CR11 PE=4 SV=2 -
[EIBEA6_BOVIN]

1,95

1847

2115

Uncharacterized protein OS=Bos
taurus GN=UFSP2 PE=4 SV=1 -
[E1BK69 _BOVIN]

4,26

469

53,1

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=CACNA1H
PE=4 SV=2 - [FIMQV2_BOVIN]

0,44

2258

248,6

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=IGFN1 PE=4
SV=1 - [G3MZU6_BOVIN]

0,53

2629

266,9

Uncharacterized protein (Fragment)
OS=Bos taurus GN=SYF2 PE=4

511

235

28,0

84




SV=2 - [FIN607_BOVIN]

Myosin-7 OS=Bos taurus
GN=MYH7 PE=4 SV=2 -
[FIN2GO_BOVIN]

1,39

1940

2238

Uncharacterized protein OS=Bos
taurus GN=NEB PE=4 SV=2 -
[FIMT60_BOVIN]

0,29

4888

567,4

Protein OS-9 OS=Bos taurus
GN=0S9 PE=4 SV=1 -
[FIMX65_BOVIN]

2,40

667

75,8

1-phosphatidylinositol 4,5-
bisphosphate phosphodiesterase
gamma-1 (Fragment) OS=Bos taurus
GN=PLCG1 PE=4 SV=2 -
[FIMYF9_BOVIN]

2,13

1219

140,4

G-protein coupled receptor 39
0OS=Bos taurus GN=GPR39 PE=2
SV=1-[GPR39_BOVIN]

5,95

454

51,4

Uncharacterized protein OS=Bos
taurus GN=CDH23 PE=4 SV=2 -
[FIMXP9 BOVIN]

0,42

3354

369,0

Cyclin-dependent kinase 1 OS=Bos
taurus GN=CDK1 PE=2 SV=2 -
[CDK1_BOVIN]

3,03

297

34,0

G protein-coupled receptor 43
0S=Bos taurus GN=GPR43 PE=2
SV=1 - [B9VIVY _BOVIN]

1,82

329

36,8

Uncharacterized protein OS=Bos
taurus GN=CCAR2 PE=4 SV=1 -
[E1B9H3_BOVIN]

2,51

916

101,9

Uncharacterized protein OS=Bos
taurus GN=DOCK4 PE=4 SV=2 -
[E1IBMG8_BOVIN]

1,12

1973

2254

Uncharacterized protein OS=Bos
taurus GN=N4BP3 PE=4 SV=1 -
[EIBLB8_BOVIN]

5,34

543

60,3

Uncharacterized protein OS=Bos
taurus GN=POU4F2 PE=3 SV=2 -
[EIBLUS BOVIN]

6,13

408

43,0

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=SYTL5 PE=4
SV=2 - [FIMMM4 BOVIN]

5,45

752

83,7

WC1-12 OS=Bos taurus PE=2 SV=1
- [G1IFM81_BOVIN]

3,70

1377

1474

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=ATP12A PE=3
SV=2 - [FIN1K4_BOVIN]

2,46

1099

1215

Coiled-coil domain-containing
protein 126 OS=Bos taurus
GN=CCDC126 PE=2 SV=1 -
[CC126 _BOVIN]

13,57

140

15,6

Nucleoprotein OS=Bovine
coronavirus (strain F15) GN=N PE=3
SV=1 - [NCAP_CVBF]

5,36

448

49,4

Sodium channel, voltage-gated, type
I, beta-like OS=Bos taurus
GN=SCN2B PE=4 SV=1 -
[E1B757_BOVIN]

4,65

215

24,3

Uncharacterized protein OS=Bos
taurus GN=DPP8 PE=4 SV=2 -
[FIN1L4 BOVIN]

4,23

898

103,3

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=AMPD1 PE=4
SV=2 - [FIMLX6_BOVIN]

6,61

620

72,3

Uncharacterized protein OS=Bos
taurus GN=LOC533821 PE=4 SV=2
- [E1IBCY7_BOVIN]

2,98

1408

150,1

85




tRNA (adenine(58)-N(1))-
methyltransferase non-catalytic
subunit TRM6 OS=Bos taurus
GN=TRMT6 PE=2 SV=1 -
[TRM6_BOVIN]

497

55,9

Uncharacterized protein OS=Bos
taurus GN=SLC38A10 PE=4 SV=2 -
[E1BF27_BOVIN]

1084

115,6

Mannose-P-dolichol utilization defect
1 OS=Bos taurus GN=MPDU1 PE=2
SV=1 - [Q148D6_BOVIN]

2,44

246

26,6

NADH-ubiquinone oxidoreductase
chain 5 OS=Bos taurus GN=ND5
PE=3 SV=1 - [I3PEUL_BOVIN]

5,45

606

68,3

SEC22 vesicle trafficking protein
homolog B (S. cerevisiae) OS=Bos
taurus GN=SEC22B PE=2 SV~=1 -
[Q3TOL9_BOVIN]

7,17

251

28,7

HFE OS=Bos taurus GN=HFE PE=2
SV=1 - [Q5EEZ1_BOVIN]

7,02

356

40,6

Nucleolar protein NOP52 OS=Bos
taurus GN=D21S2056E PE=2 SV=1
- [A1L546 _BOVIN]

4,87

411

46,5

Coronin-2A OS=Bos taurus
GN=CORO2A PE=2 SV=1 -
[COR2A BOVIN]

6,67

525

59,8

Cleavage and polyadenylation
specificity factor subunit 3 OS=Bos
taurus GN=CPSF3 PE=1 SV=1 -
[CPSF3_BOVIN]

4,24

684

77,4

Dematin OS=Bos taurus GN=DMTN
PE=2 SV=1 - [DEMA_BOVIN]

6,40

406

45,5

Inter-alpha-trypsin inhibitor heavy
chain H5 OS=Bos taurus GN=ITIH5
PE=2 SV=1 - [ITIH5_BOVIN]

2,87

940

104,3

Gag-Pol polyprotein OS=Bovine
immunodeficiency virus (strain R29)
GN=gag-pol PE=1 SV=2 -
[POL_BIV29]

0,41

1475

168,0

Trifunctional purine biosynthetic
protein adenosine-3 OS=Bos taurus
GN=GART PE=2 SV=1 -
[PUR2_BOVIN]

1,29

1010

107,8

DNA-directed RNA polymerase
0OS=Bos taurus GN=POLR1B PE=2
SV=1 - [A6QLS0_BOVIN]

3,52

1135

128,3

MGC166151 protein OS=Bos taurus
GN=MGC166151 PE=2 SV=1 -
[A7TMB79_BOVIN]

11,33

203

233

INTS10 protein OS=Bos taurus
GN=INTS10 PE=2 SV=1 -
[A5PJT2_BOVIN]

3,09

711

82,1

Uncharacterized protein OS=Bos
taurus GN=VPS13D PE=4 SV=2 -
[E1BIF6_BOVIN]

0,30

4332

4844

Uncharacterized protein OS=Bos
taurus GN=SEC22A PE=4 SV=2 -
[FIN2T5_BOVIN]

9,48

306

35,0

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=ANK3 PE=4
SV=2 - [EIBNC9_BOVIN]

0,81

3342

366,7

Uncharacterized protein OS=Bos
taurus GN=TCF20 PE=4 SV=2 -
[E1B8T3 BOVIN]

1,32

1968

2119

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=IL1RAP PE=4
SV=2 - [EIBFL8_BOVIN]

6,11

687

78,5

Uncharacterized protein OS=Bos
taurus GN=FANCI PE=4 SV=2 -

2,41

1327

149,3

86




[EIBDI4_BOVIN]

Uncharacterized protein OS=Bos
taurus PE=4 SV=1 -
[G3MZY7_BOVIN]

46,07

89

10,0

Uncharacterized protein (Fragment)
OS=Bos taurus GN=FLII PE=4
SV=1 - [FIN365_BOVIN]

3,39

1268

144,1

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=L0OC101909859
PE=4 SV=2 - [FIMF62_BOVIN]

1,33

1882

2132

lodothyronine deiodinase OS=Bos
taurus GN=DIO1 PE=3 SV=2 -
[FIMDU1_BOVIN]

19,20

125

14,4

Uncharacterized protein OS=Bos
taurus GN=RNF213 PE=4 SV=2 -
[EIBHN4_BOVIN]

0,64

3275

374,0

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=SPECC1 PE=4
SV=2 - [FIMEN2_BOVIN]

2,67

974

107,7

Uncharacterized protein OS=Bos
taurus GN=CNBD2 PE=4 SV=1 -
[E1BIR4 BOVIN]

1,37

583

68,4

Uncharacterized protein OS=Bos
taurus GN=PRR12 PE=4 SV=2 -
[FIMSK1 BOVIN]

1,13

2038

210,7

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=SHROOM3
PE=4 SV=2 - [FIN643_BOVIN]

1,01

1881

203,3

Putative uncharacterized protein
(Fragment) OS=Bos taurus PE=4
SV=1 - [ADA2V0_BOVIN]

16,37

171

16,6

Uncharacterized protein OS=Bos
taurus GN=KBTBD8 PE=4 SV=2 -
[FIN465 BOVIN]

1,16

601

68,8

Uncharacterized protein OS=Bos
taurus GN=IL17RE PE=4 SV=1 -
[E1B8L3_BOVIN]

4,94

668

74,0

Uveal autoantigen with coiled-coil
domains and ankyrin repeats protein
0OS=Bos taurus GN=UACA PE=4
SV=2 - [FIMKQ9 _BOVIN]

0,64

1401

161,2

Uncharacterized protein OS=Bos
taurus GN=DOK®6 PE=4 SV=1 -
[G3N3X9_BOVIN]

331

38,2

Mucin-5B OS=Bos taurus
GN=MUC5B PE=4 SV=1 -
[F2FB42_BOVIN]

6724

689,4

TEK tyrosine kinase, endothelial
0OS=Bos taurus GN=TEK PE=2
SV=1-[QO0IIL9 BOVIN]

1124

125,7

Uncharacterized protein OS=Bos
taurus GN=COG2 PE=4 SV=1 -
[FIMQ89_BOVIN]

739

83,4

Ankyrin repeat protein OS=Lumpy
skin disease virus GN=LW152 PE=4
SV=1 - [Q8JTM7_LSDV]

3,48

489

57,4

Polycystin-2 OS=Bos taurus
GN=PKD2 PE=2 SV=1 -
[PKD2_BOVIN]

1,13

970

109,7

Serine/threonine-protein kinase
haspin OS=Bos taurus GN=GSG2
PE=4 SV=1 - [FIMG77_BOVIN]

2,05

781

86,3

Uncharacterized protein (Fragment)
OS=Bos taurus GN=LOC505468
PE=3 SV=2 - [FIN6N4_BOVIN]

4,67

493

55,5

Uncharacterized protein OS=Bos
taurus GN=KIAA1549L PE=4 SV=2
- [FIMD25_BOVIN]

1,62

1847

198,3

87




Uncharacterized protein OS=Bos
taurus GN=ATG2B PE=4 SV=2 -
[E1BH30_BOVIN]

1,06

2082

232,4

Uncharacterized protein (Fragment)
OS=Bos taurus GN=COL25A1 PE=4
SV=1 - [G3MYG7_BOVIN]

4,06

493

47,6

CCDC80 protein OS=Bos taurus
GN=CCDC80 PE=2 SV~=1 -
[ASPKA3_BOVIN]

954

108,2

DnalJ (Hsp40) related, subfamily B,
member 13 OS=Bos taurus
GN=DNAJB13 PE=2 SV=1 -
[Q3SZW9_BOVIN]

4,43

316

36,1

BTB (POZ) domain containing 12
0OS=Bos taurus GN=SLX4 PE=4
SV=2 - [FIN7Q0_BOVIN]

0,71

1828

197,5

Centromere protein Q OS=Bos taurus
GN=CENPQ PE=2 SV=1 -
[Q08DWS5_BOVIN]

6,69

269

31,0

LOC522691 protein OS=Bos taurus
GN=LOC522691 PE=2 SV=1 -
[ASD7C7_BOVIN]

4,04

569

63,3

Uncharacterized protein OS=Bos
taurus GN=KPNB1 PE=4 SV=2 -
[EIBFV0_BOVIN]

2,63

876

97,2

Uncharacterized protein OS=Bos
taurus GN=SGMS2 PE=4 SV=1 -
[EIBNX6_BOVIN]

6,85

365

424

Transferrin receptor 2 OS=Bos taurus
GN=TFR2 PE=2 SV=1 -
[D5KB40_BOVIN]

803

88,3

Uncharacterized protein (Fragment)
OS=Bos taurus GN=MIPEP PE=3
SV=1 - [FIMX73_BOVIN]

712

81,0

Dimethylaniline monooxygenase [N-
oxide-forming] OS=Bos taurus PE=3
SV=2 - [FIN007 BOVIN]

5,62

534

61,2

Uncharacterized protein OS=Bos
taurus GN=FLNC PE=4 SV=1 -
[ELBE25 BOVIN]

0,40

2723

290,6

Uncharacterized protein OS=Bos
taurus GN=MUSK PE=4 SV=2 -
[E1BKP7_BOVIN]

0,92

868

96,8

Uncharacterized protein OS=Bos
taurus GN=IFT172 PE=4 SV=1 -
[E1BJT7 BOVIN]

1,14

1749

197,1

Uncharacterized protein OS=Bos
taurus GN=L3MBTL3 PE=4 SV=2 -
[FIMZS7_BOVIN]

0,79

755

85,7

Melanoma antigen family B-like
0OS=Bos taurus GN=MGC133764
PE=2 SV=1 - [Q2T9P7_BOVIN]

6,65

361

39,4

Uncharacterized protein OS=Bos
taurus GN=LUC7L2 PE=4 SV=2 -
[FIMYQ8_BOVIN]

6,38

392

46,5

Uncharacterized protein OS=Bos
taurus GN=EFCABS5 PE=4 SV=2 -
[E1B7P6_BOVIN]

2,45

1385

158,1

Uncharacterized protein OS=Bos
taurus GN=MME PE=4 SV=1 -
[E1BPL8_BOVIN]

1,33

750

85,8

Nuclear factor NF-kappa-B p105
subunit-like protein (Fragment)
OS=Bos taurus PE=4 SV=1 -
[QSMAD5_BOVIN]

8,75

80

9,0

Polyprotein (Fragment) OS=Bovine
viral diarrhea virus PE=4 SV=1 -
[R9RZB4_BVDV]

2,69

1078

1215
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Putative uncharacterized protein
OS=Cowpox virus
GN=CPXV_FIN2000_MAN_034
PE=4 SV=1 - [GOXT89_COWPX]

10,48

229

27,0

SNTB2 protein OS=Bos taurus
GN=SNTB2 PE=2 SV=1 -
[A7YWQ4_BOVIN]

2,96

540

57,9

Complement Cba anaphylatoxin
0OS=Bos taurus GN=C5 PE=4 SV=2 -
[FIMY85_BOVIN]

2,44

1677

188,9

L-serine dehydratase/L-threonine
deaminase OS=Bos taurus GN=SDS
PE=4 SV=1 - [FINOR8_BOVIN]

3,36

327

344

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=SOX7 PE=4
SV=1 - [G3N2M6_BOVIN]

3,69

406

43,9

Uncharacterized protein OS=Bos
taurus GN=ABCA13 PE=4 SV=1 -
[E1BM08_BOVIN]

3,43

787

88,5

Actin-related protein T2 OS=Bos
taurus GN=ACTRT2 PE=2 SV=1 -
[ACTT2_BOVIN]

7,43

377

41,9

ATP synthase subunit a OS=Bos
indicus GN=MT-ATP6 PE=3 SV=1 -
[ATP6_BOSIN]

16,37

226

24,7

Periodic tryptophan protein 1
homolog OS=Bos taurus GN=PWP1
PE=2 SV=1 - [PWP1_BOVIN]

4,60

500

55,8

DDX31 protein OS=Bos taurus
GN=DDX31 PE=2 SV=1 -
[A6QP73_BOVIN]

734

80,8

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=CASKIN1 PE=4
SV=2 - [FIMB71_BOVIN]

1413

147,3

Uncharacterized protein OS=Bos
taurus GN=PPP2R1B PE=4 SV=2 -
[FLIMQNO_BOVIN]

695

76,7

Vacuolar protein sorting-associated
protein 51 homolog OS=Bos taurus
GN=VPS51 PE=4 SV=2 -
[F1MJ84 BOVIN]

1,70

706

78,0

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=NHS PE=4
SV=1 - [G3X6S6_BOVIN]

1,83

1363

147,7

Uncharacterized protein OS=Bos
taurus GN=EPHX2 PE=4 SV=1 -
[F6QS88_BOVIN]

5,23

555

62,7

Chromodomain-helicase-DNA-
binding protein 1-like OS=Bos taurus
GN=CHD1L PE=4 SV=2 -
[FIMFS2_BOVIN]

4,35

896

101,2

Uncharacterized protein OS=Bos
taurus GN=KIAA1430 PE=4 SV=1 -
[FIMSC2_BOVIN]

3,42

527

58,7

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=AGRN PE=4
SV=1 - [FIMSI2_BOVIN]

0,79

2032

215,1

Uncharacterized protein OS=Bos
taurus GN=INHBE PE=3 SV=1 -
[E1BFT5_BOVIN]

4,89

348

38,3

T cell receptor, alpha OS=Bos taurus
GN=TRA@ PE=2 SV=1 -
[Q3SZN6_BOVIN]

9,33

268

29,5

Uncharacterized protein OS=Bos
taurus GN=PTCHD1 PE=4 SV=1 -
[G5E5Q5_BOVIN]

2,70

888

101,2

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=FAM102B PE=4
SV=2 - [FIN4Z9_BOVIN]

7,78

334

36,7
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CRY1 protein OS=Bos taurus
GN=CRY1 PE=2 SV=1 -
[A7YWC2_BOVIN]

587

66,4

Uncharacterized protein OS=Bos
taurus GN=EFTUD1 PE=4 SV=2 -
[ELBH79_BOVIN]

1129

126,1

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=L0OC100139826
PE=4 SV=1 - [G3N2C2_BOVIN]

33,63

113

12,9

NADPH oxidase 4 (Fragment)
OS=Bos taurus PE=2 SV=1 -
[Q6V1P7_BOVIN]

5,02

518

59,9

Uncharacterized protein (Fragment)
OS=Bos taurus PE=4 SV=2 -
[FIMT34_BOVIN]

11,22

303

34,2

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=C10rf168 PE=4
SV=1 - [G3MWP7_BOVIN]

3,01

697

78,5

Uncharacterized protein OS=Bos
taurus GN=GRK6 PE=3 SV=2 -
[E1BP29_BOVIN]

3,69

597

67,9

RBM39 protein (Fragment) OS=Bos
taurus GN=RBM39 PE=2 SV=1 -
[Q2HJD8_BOVIN]

6,63

528

59,1

Protein phosphatase inhibitor 2
0S=Bos taurus GN=PPP1R2 PE=4
SV=1 - [FIMTZ0_BOVIN]

20,29

207

23,0

ATP-binding cassette sub-family G
member 2 OS=Bos taurus
GN=ABCG2 PE=3 SV=2 -
[ABCG2_BOVIN]

3,05

655

72,7

Uncharacterized protein OS=Bos
taurus GN=C11orf49 PE=4 SV=1 -
[FIN766_BOVIN]

3,68

326

37,4

Vimentin-type intermediate filament-
associated coiled-coil protein
0S=Bos taurus GN=VMAC PE=2
SV=1 - [VMAC_BOVIN]

24,10

166

17,8

Matrix metallopeptidase 19 OS=Bos
taurus GN=MMP19 PE=2 SVv=1 -
[Q08DI9_BOVIN]

7,62

499

56,4

Uncharacterized protein OS=Bos
taurus GN=2ZNF784 PE=2 SV=1 -
[A5PJI8_BOVIN]

10,83

314

33,6

Uncharacterized protein (Fragment)
0OS=Bos taurus GN=IGLL1 PE=4
SV=1 - [G3N2D7_BOVIN]

12,93

116

12,1

Adenylate cyclase type 1 (Fragment)
0OS=Bos taurus GN=ADCY1 PE=3
SV=2 - [FIMBR9_BOVIN]

3,44

1133

1238

10 kDa interferon-gamma induced
protein (Fragment) OS=Bos taurus
GN=CXCL10 PE=2 SV=1 -
[Q3MQ28_BOVIN]

8,99

89

9,8

Uncharacterized protein OS=Bos
taurus GN=C190rf38 PE=4 SV=1 -
[E1BKF5_BOVIN]

13,33

225

24,4

Uncharacterized protein OS=Bos
taurus GN=AARD PE=4 SV=1 -
[EIBHWO_BOVIN]

12,42

153

17,1

Envelope glycoprotein gp51
(Fragment) OS=Bovine leukemia
virus PE=4 SV=1 - [Q6S017_BLV]

32,74

113

13,1

39S ribosomal protein L13,
mitochondrial OS=Bos taurus
GN=MRPL13 PE=1 SV=1 -
[RM13 BOVIN]

5,06

178

20,6

G protein-coupled receptor, family C,
group 5, member B OS=Bos taurus

9,82

387

43,0
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GN=GPRC5B PE=2 SV=1 -
[Q1IJPD9_BOVIN]

Uncharacterized protein (Fragment)

0OS=Bos taurus GN=LOC614159 10,74 149 16,7
PE=4 SV=1 - [G3N2N0O_BOVIN]

CPXV034 protein OS=Cowpox virus

GN=CPXV034 PE=4 SV=1 - 14,56 261 28,4

[USTNH1_COWPX]

8.7. LC-MS/MS instrument (LTQ-Orbitrap XL)

Complex protein mixture analysis is an interesting issue in proteomics studies. The clue is
MS/MS experiments to see accurate and sensitive results. A requirement for getting the best
result from MS/MS is wide dynamic range, outstanding mass accuracy, fast cycle times and

high accuracy.

Figure 45. LTQ Orbitrap XL

Orbitrap mass analyzer and linear ion trap MS combines for a hybrid FT mass spectromter.
LTQ Orbitrap X1 is useful for the analysis of polar compounds such as proteins, peptides

and nucleotides.
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lons made by API are collected in the LTQ XL followed by axial ejection to the C-shaped
storage trap that is used to store the cool ions before injection into orbital trap.

APl lon Source LTQ XL Linear lon Trap C-Trap HCD Collision Cell
% ,u | =
Lo % %%} — Hﬁ{
T 5

Orbitrap Mass Analyzer

Figure 46. Schematic of LTQ Orbitrap XL

Then the ions are transferred from C-Trap by increasing the electrical filed rapidly. Signals
from each of the orbital trap outer electrodes are amplified and converted in to a frequency
spectrum by fast Fourier transformation that is finally transformed into a mass spectrum.
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Figure 47. Mass spectrometry analysis flowchart

lons can be selected in the linear ion trap and fragmented either in the ion trap (CID) or in
the new collision cell (HCD).
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/
Figure 48. sample preparation for LTQ Orbitrap XL

Electrospray ionization can be described as follow:
1. The sample solution enters the ESI needle with high voltage.
2. The ESI needle sprays the sample solution into droplets that are electrically charged
at their surface.

LC Union Needle Syringe  Syringe Holder Pusher Block

Figure 49. Syringe pump

3. As solvent evaporates from the droplets, the electrical charge density at the surface
of the droplets increases.

4. The electrical charge density at the surface of the droplets increases to a critical
point, recognized as the Rayleigh stability limit. At this critical point, the droplets
split into smaller droplets because the electrostatic repulsion is greater than the
surface tension. To form very small droplets the process is repeated many times.

5. By electrostatic repulsion, sample ions are expelled into the gas phase from the very
small, highly-charged droplets.

6. The sample ions pass through an ion transfer capillary, enter the MS detector and
are analyzed.
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An important goal of proteomic analysis is not only the identification of all proteins in
complex biological samples but also the accurate determination of their relative
concentrations. The method is based on the measurement of particular reporter ions in the
low m/z ratio of MS/MS spectra of target peptides.

The results of mass spectrum are typically a series of peaks consistent to scattering of
multiply charged analyzed ions.

Figure 50. PC connected to LTQ Orbitrap to transfer the data

For MS/MS full scan applications the ion isolation persuades that dissociation steps are
performed once. At the end sample ions are scanned out. Most of the ions are focused
toward the ion detection system where they are detected.
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8.8. FT-IR instrument (Lactoscope)
The Lactoscope FT-IR Advanced is called Fourier transform interferometer. It relies on the
interference of infrared energy, passing through beam splitter and modifying of reflected

and time shift signals.
‘\Rotary Scan

Flex Pivot

Cube corner mirror

Interferogram

Beam Spilitter

/ Cube corner mirror

IR Beam to Cell

IR Beam from Source

Figure 51. Schematic of FT-IR lactoscope

The infrared energy comes from an IR source is divided into a two beam splitter. The beam
splitter performs as a mirror for 50% by reflecting one part to the first cube corner mirror.

The other 50% is passing the beam splitter and hits the other cube corner mirror. Then both
beams are reflected by the cube corner mirrors and will hit the beam splitter one more time.

Figure 52. Lactoscope FT-IR advanced

The sample is taken by suction, made by a peristaltic pump and heated by an inline heater
to 40°C. The pipette system is prepared with a milk sensor to identify if liquid is available
at the pipette. If not, the pump will not start and a message will be give in the screen. Then
the sample will pass the inlet valve to be pumped with high pressure to homogenize the fat
globules.
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To Cleaning To Zero
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Back Pressure
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Figure 53. LactoScope FTIR Advanced Flow System

The infrared energy is lead through a measuring cell containing the sample. More or less
infrared energy will be absorbed by specific molecular bonds on various wavelengths
because of molecular vibration. The interferometer produces an interferogram rely on the
absorbed energy of the sample. A computer will utilize to calculate the infrared spectrum
from the interfrogram. The mathematical model will calculate the predictions for the
components like fat, protein and lactose.

Figure 54. PC connecting to lactoscope for utilizing the data
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