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Abstract. Several bioactive proteins have been identifieccdlostrum and milk. However
there are needs for development of technologiadentify and purify low molecular weight
(LMW) peptides with bioactivityThe most used method is Matrix Assisted Laser Qusnr
lonization Time-Of-Flight Mass Spectrometry (MALDIOF MS), but matrix suppression often
prevents detection of LMW componen®ur approach was to work out a suitable method for
analysing small peptides in bovine milk and colastiwithout extensive sample pre-treatment.
Nanostructure-Assisted Laser Desorption/lonizatiNALDI) is a matrix-free method to
identify such LMW components. We also made a comparbetween MALDI and NALDI for
detection of peptides from colostrum samples. @sults show that NALDI provides better
intensity compared with MALDI. It allows us to semce small peptides and to identify a
fragment off-casein from the colostrum samplurther studies are needed for comprehensive
identification and characterization of LMW bioaipeptides from colostrum and milk.
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INTRODUCTION

Colostrum and milk are rich sources of nutrientd also assure optimal immune
defence in the newborn due to their high contenbiofogically active compounds
protecting against pathogens and diseases. Unti] several bioactive proteins have
been identified in colostrum and milk: immunogladbsl lactoferrin, cytokines, and
antimicrobial proteins and peptides, such as deferend cathelicidins (reviewed by
Park, 2009; Stelwagen et al., 2009). Some of tlwadlive components may be
applicable as food formulations or pharmaceuti¢@giewed by Wheeler et al., 2007).
However, a comprehensive description of and knogéedbout function of LMW
components in milk and colostrums is limited. Madetailed information about
individual bioactive components may allow more vgigiead use and add value to the
dairy industry.

To increase knowledge about properties of individiactive components there
are needs for technologies to identify these andbtain the components in purified
form. One of the possibilities is application ofphdsticated proteomics technologies.



The most used techniques for analysis of proteim$ peptides in different food
matrices are electro spray ionization (ESI) and NDAMIOF MS (Shevchenko et al.,
2001; Trauger et al., 2002; Coon et al., 2005; dwsgn et al., 2010). However, there
are also reports available that analysis of low ewalar weight compounds with
MALDI can be complicated because of intense chelmicise from the matrix (Cohen
& Chait, 1996; Knochenmuss et al., 1996; Glish &Net, 2003; Go et al., 2003).

These problems can be reduced by using a matexse&up like NALDI which is
reported to show good performance for molecule®§000 Da (Thomas et al., 2001,
Lewis, 2003; Daniels et al., 2008; Dikler & KowalsR009).

Currently there are no scientific reports availaht®ut methods for analysis of
small peptides from colostrum and milk by NALDI. dshwe started to test suitability
of NALDI for identification of bioactive proteinsna peptides from colostrum and
milk for later application in the dairy industry.

MATERIALSAND METHODS

Preparation of colostrum samples

Spray-dried colostrum powder (Biofiber Damino, Demk) was used as a source
of colostrum for identification of low molecular vght proteins and peptides. The
colostrum sample was prepared as described prdyibysJgrgensen et al., (2010).
Briefly, colostrum powder was mixed with ultrapuidilliQ) water at 200 g per L.
Dialysis bags (cut off 2.4 kDa) filled with water were placed in the cotast mix
overnight on a rotor at’@. The content of the dialysis bags was subsequputified
through Gs Sep-Pak (Waters) columns for further analyses.

Analysis of colostrum samplesby MALDI and NALDI

Colostrum samples were analysed as described byeBapt al., (2008).
Angiotensin | and Il (Sigma-Aldrich Co) were usesl standards for testing the plate
and calibrating. The peptides were diluted in piir@ water to produce a dilution
series containing 100 ng, 10 ng, 1 ng, 100 pg,did pg angiotensin | or II.

1 ul of SepPak eluates from the colostrum samples were diluti¢al 9 pl of
HPLC grade water (Baxter, IL, USA) directly depediton the plates. The samples
were serially diluted up to one million times. Thets of the sample were dried
overnight. The MALDI samples received 1 ul of ausated solution ob—cyanc4—
hydroxycinnamic acid (Bruker Daltonics, Germany) T9% of acetonitrile. All
samples were analyzed with an Ultraflex IV TOF/T@Bruker Daltonics, Germany)
equipped with a 337 nm nitrogen laser in positiveden The detection was set to-10
3510 Da. The total amount of shots was 200 at fereifit places on the sample dot.
Spectra were analyzed with software’s from Brukait@nics (Flex-Control and Flex-
Analysis version 2.4).



RESULTS AND DISCUSSION

Prior to analysis of colostrum samples, the NALD4te was tested with the
angiotensin | and Il. Fig. 1 shows their charastariions at m/z 1296.374 and
1046.226.
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Figure 1. NALDI MS of Angiotensin | and Il.

Fig. 2 shows dilution series of colostrum samplealysed by MALDI and
NALDI. The results show that even a million foldulion gives enough signal to
detect peptides with NALDI. In contrast, MALDI gisespectra with intensity less than
300, so we are not able to fragment any of these. ibhe intensity of the signal from
thep-casein fragment is at least 10 times higher wigtL NI than with MALDI.

The colostrum sample on NALDI can be diluted evesrerthan a million fold.
However it cannot be done with MALDI because of thereasing intensity of the
matrix suppressing the signal from the colostrumpa. Fig. 2 shows that the spectra
of NALDI and MALDI are not identical. We assume thais is probably due to
differences in ionization between the two methoiserefore both methods may be
used for analysis of peptides in colostrum.

The most intense peak from the NALDI analysis weis71570 Da (Fig. 3) and
was fragmented with tandem mass spectrometry.

The fragments were analyzed Og novo sequencing and Mascot search. The
sequence was EPVLGPVRGPFPI (Fig. 4), which is idahto -casein (216222).
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Figure 2. MS spectra of colostrum sample compared by MALDH &ALDI.




251 1377.570

<
Ko
8 939.372
g ——— 1781.723
8 -
ﬁ -
686.215 1589.689
573101 '
Ty lt ‘ 2106.905
0 e bt nho AR AT PR PR e
500 1 -
Figure 3. NALDI MS of colostrum sample.
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Figure 4. MS/MS spectrum of ion 1377.570. The figure showecteon of a, b and y
ions after fragmentation and the fragment sizes.



CONCLUSIONS

This preliminary study was carried out to identigptides from colostrum with
molecular weight under 3000 Da. Our results shaat NALDI is useful for analysis
of low molecular weight peptides. NALDI has highnsiivity and is easy to use.
Moreover, comparison between NALDI and MALDI shothiat peak intensities with
NALDI were at least ten times higher than thoseawled with MALDI. In this study
we were able to detectfacasein fragment from colostrum. However furthesesech
is needed for a comprehensive identification andratterization of low molecular
weight bioactive peptides from colostrum and milk.
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