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In order to find novel molecular markers of multiple sclerosis we developed a
scheme of oligopeptides’ isolation including their extraction from blood serum with 10 %
trichloroacetic acid, followed by precipitation of soluble substances with acetone in ra-
tio 6:1. Oligopeptides were dissolved in water and their characteristics was determined
by gel filtration under HPLC conditions and thin layer chromatography. Obtained data
have shown that blood serum of MS patients contains two oligopolypeptides with aver-
age molecular masses of 300-500 Da. We also studied biological activity of TCA-solu-
ble peptides toward some eukaryotic and prokaryotic cells in comparison with phospho-
peptides isolated from casein hydrolysates. It was found that TCA-soluble peptides are
capable of effective inhibiting HelLa cells’ proliferation, while their inhibitory effect was
expressed toward Jurkat T-cells and was not detectable toward U373 cells. The ca-
sein’s phosphopeptides were capable to stimulate proliferation of Jurkat cells and ef-
fectively inhibited growth of cells. Neither antibacterial, nor antifungal activities of these
oligopeptides were detected.

Keywords: oligopeptides, blood serum, bovine casein, multiple sclerosis, tumor
cells, microbial cells.

MS, or “disseminated sclerosis”, is an inflammatory disease at which the myelin
sheaths around axons of brain and spinal cord are damaged, leading to demyelination
and scarring, and, as a result, to a wide range of signs and symptoms [11]. MS is re-
ferred of autoimmune character because of cellular and humoral immune reactions to-
wards brain tissue self-antigens, basically to myelin basic protein (MBP) that is the main
characteristics of this disease [4, 7]. The main feature of patients with MS is the forma-
tion of inflammatory sites in brain tissue, accompanied by an increase in the proteolytic
activity followed by destruction of MBP and subsequent demyelination of axons. This
activity should be accompanied by elevation of the level of different peptides in the cere-
brospinal fluid. There are data showing a rise in permeability of blood-brain barrier (BBB)
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in the MS patients [3, 10]. We believe that such peptides might penetrate in blood from
CSF where they can be detected, isolated and studied. Here we demonstrate the re-
sults of determination, isolation and characterization of low-molecular weight oligopep-
tides from blood serum of MS patients and of study of their biological activity toward
tumor and microbial cells.

MATERIALS AND METHODS

In total 61 female and male patients of 20-50 years old with a proved diagnosis of
multiple sclerosis according to the McDonald diagnostic criteria for MS (2010) were
studied. A documented consent was obtained from all patients, that was approved by
the Review Board of the Danylo Halytsky Lviv National Medical University, in accor-
dance with the regulations of the Ministry of Health of Ukraine.

Isolation of peptides from blood serum. To isolate peptides (volume 1 ml), TCA
was added to blood serum to obtaine 10 % final concentration. After 30 min incubation at
4 °C, solution was centrifuged at 10 000 g for 15 min, and the supernatant containing TCA-
soluble compounds was mixed with acetone in ratio 1:6 as well as incubated for 4 days at
4 °C. The precipitated substance was obtained by centrifugation at 10 000 g for 10 min.
The pellet was dissolved in distilled water. Oligopeptides were concentrated by ultrafiltra-
tion on Amicon 30 filter (Amicon, USA) and its amount was measured using NanoDrop
ND1000 (NanoDrop Technologies, USA) at 280 nm. The solution was stored at -20 °C.

Separation of TCA-extracted peptides. The TCA-soluble fractions of blood serum
of MS patients were separated by high performance liquid chromatography (HPLC) on
Bio-Sil SEC 250 (Bio-Rad) column in PBS pH 6.8 with a flow rate of 1 ml / min using Per-
kin Elmer Series 200 device. Proteins and peptides were detected by their absorption at
280 nm. To identify obtained compounds SDS-electrophoresis in 12 % PAG followed by
Coomassie G gel staining [6] and thin-layer chromatography on silicagel plates in the
acetic acid:n-butanol:water solution in ratio of 1:4:1 with ninhydrin staining [5] were used.

Biological activity of TCA-extracted peptides. The biological activity of purified
peptides toward eukaryotic and prokaryotic cells was studied. To check the influence of
peptides on eukaryotic cells. Human T-leukemia Jurkat cells, and human carcinoma cells
(HeLa) was used. Cells were obtained from the collection of R.E. Kavetsky Institute of
Experimental Pathology, Oncology and Radiobiology NAS of Ukraine (Kyiv, Ukraine). Hu-
man glioblastoma U373 MG cells were kindly provided by prof. V.M. Kavsan (Institute of
Molecular Biology and Genetics, NAS of Ukraine (Kyiv, Ukraine). Cells were harvested
and treated for 48 hours by the TCA-extracted peptides in final concentration of 0.1 mg /
ml. Oligopeptides were purified by gel-filtration in PBS in HPLC condition. The amount of
living and dead cells was calculated by using trypan blue staining. Biological activity of the
TCA-extracted peptides was compared with the biological activity of phosphopeptides
obtained from casein of bovine milk according to [7]. Anti-microbial activity of peptides
purified from blood serum of MS patients was estimated toward Staphylococcus aureus,
Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Proteus spp., Can-
dida albicans, Aspergillus fumigatus, Aspergillus niger using disk-diffusion method [8].

Statistical significance was assessed by Student’s t-test. Three levels of signifi-
cance were used *— p<0.05; **— p<0.01; ***— p<0.001.

RESULTS AND DISCUSSION

In order to isolate peptides from blood serum of MS patients the scheme was de-
veloped for their purification including extraction of peptides from blood serum with
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10 % trichloroacetic acid followed by precipitation of soluble compounds with acetone.
To estimate concentration of specific oligopeptides in water-soluble fractions, they were
filtered through Amicon 30 filter followed by determination of optical density at 280 nm
(OD,g,)- The fractions with OD,, > 0.1 were used for investigation. As a control, 6 spe-
cies isolated in this way from blood serum of healthy donors were used. Since the OD,,
of these species were lower of the determined threshold, they were not used in further
study. TCA-extracted preparations with OD,,, < 0.1 were subjected to gel filtration at
HPLC condition (Fig. 1).
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Two chromatographic fractions of compounds absorbing at 280 nm with molecular
mass of 66 and 0.3-0.5 kDa were isolated. Electrophoretic analysis under denaturing
condition showed that polypeptide with 66 kDa correspond to blood serum albumin
(Fig. 2, lanes 1, 2), while low-molecular mass oligopeptides were not stained with Coo-
massie G250. It is known that the phosphopeptides of bovine casein possess cytotoxic
activity toward different tumor cells [9]. That is why we compared their activity with
activity of oligopeptides purified from blood serum of MS patients. The results of SDS-
electrophoresis demonstrated (Fig. 2) that oligopeptides isolated from blood serum of
MS patients were not stained by Coomassie, while the phosphopeptides obtained by
digestion of a bovine casein in the presence of chymotrypsin, pancreatin and trypsin
(Fig. 2, lanes 3, 4, 5 correspondingly) were detected as the Coomassie-stained bands
with molecular mass in 3—20 kDa range.

To separate TCA-soluble peptides from blood serum of MS patients, thin-layer
chromatography on silica gel plates was used. It was found that TCA-soluble peptides
were present as two ninhydrin-stained chromatographic fractions with Rf of 0.79 and
0.69 (Fig. 3).

The obtained data demonstrate that blood serum of MS patients contains two oligo-
peptides with molecular mass 300-500 Da. Short peptides with antimicrobial and/or cyto-
toxic activities are presented in blood serum as an important component of immune de-
fense [12]. We studied the biological activity of TCA-soluble peptides toward eukaryotic
and prokaryotic cells. In first case, we checked their effect towards human leukemia,
carcinoma and glioblastoma cells in vitro (Fig. 4).
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Results of SDS-electrophoresis in
15 % PAG of proteins isolated from
blood serum of multiple sclerosis
patients (lanes 1, 2), and of peptides
obtained by digestion of bovine milk
casein with chymotrypsin (Pep M1),
pancreatin (Pep M2) and trypsin
(Pep M3), respectively. Proteins on
gel were stained with Coomassie
G 250

Pesynbtatn  SDS-enektpochopesy
B 15 % MAT 6inkoBux cpakuin, BUAI-
NeHNX 3i CMpOBAaTOK KPOBi XBOPYX Ha
PC (popixkn 1 i 2) i nentuais, otpu-
MaH¥X riapori3omM KOPOB'HOro Kase-
iHy 3a [JOmnoMOrol XiMOTPUMCUHY
(Pep M1), nankpeatunHy (Pep M2)
i Tpuncuny (Pep M3). Binku Ha reni
3achapboBaHo Coomassie G 250

Results of thin-layer chromatogra-
phy on silicagel plates in a n-but-
acetic acid-water (4:1:1) of peptides
isolated from blood serum of MS
patient. Lanes 1-10 the samples of
peptides. P1, P2 — peptides with R,
0.78, and 0.69, correspondingly
Pe3ynbraTti TOHKOLLAPOBOi XpomaTo-
rpadii nenTuais, BUAINEHUX 3i cupo-
BaTKM KpoBi xBopmx Ha PC. Xpomaro-
rpadis nposoaunacb y cuctemi by-
TaHon: OLTOBA KMCrnoTa: Boda y CniB-
BigHoweHHi 4:1:1. [Hopixkn 1-10
BignoBigaTb 3pa3kam nentugis. P1,
P2 — Buseneni nentuam i3 R, 0,78
i 0,69, BignosiaHo
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Fig. 4. Effect of peptides isolated from blood serum of MS patients and effect of bovine milk phosphopeptides
on survival of tumor cells in vitro. Pep Ms — peptides purified from blood serum of MS patients. Pep
M1; Pep M2; Pep M3 — phospopeptides obtained from bovine milk casein by digestion with chymo-
trypsin, pancreatin and trypsin respectively. Jurkat — human T-leukemia cells; U373 — human glioblas-
toma cells; HeLa — human carcinoma cells

Pwuc. 4. Bnnue nentuais, i3onboBaHMX 3i cpoBaTKM KpoBi xBopux Ha PC, i BnnuB docdonenTuaiB, oTpUMaHnx
rigponiaoM KOpOB'AYOro Ka3eiHy MOIoKa, Ha XXUTTe3AaTHICTb KNiTWH in vitro. Pep Ms — nentuau, Bugi-
neHi 3i cupoBaTtku KpoBi xBopux Ha PC. Pep M1; Pep M2; Pep M3 — docconentuamn, otpumani rigpo-
Ni30M Ka3eiHy 3a OMOMOro XiMOTPUMCUHY, NaHKpeaTuHy | TPUNCKHY, BignosigHo. Jurkat — niHis kniTuH
ntogacbkoro T-nenkosy; U373 — kniTuHK nogcbkoi rmiobnacromu; Hela — knituHmn noacbkoi kapuyHoMm

It was found that TCA-soluble peptides are capable of effective inhibiting proli-
feration of HelLa cells while their inhibitory effect was low towards Jurkat cells and not
detectable toward U373 cells. Interestingly, different species of phosphopeptides iso-
lated from bovine milk also possessed activity towards different tumor cells in vitro
(Fig. 4). Thus, the peptides obtained by hydrolysis of bovine milk with chymotrypsin
possessed low inhibitory activity towards three types of target cells. In contrast, the
peptides obtained by hydrolysis of bovine casein with pancreatin and trypsin were ca-
pable of stimulating proliferation of Jurkat cells and inhibited growth of U373 and HelLa
cells. In other experiment, we checked the effect of TCA-soluble peptides from blood
serum of MS patients towards bacteria (S. aureus, K. pneumoniae, E. coli, P. aerugi-
nosa, Proteus spp.) and fungi (C. albicans, A. fumigatus and A. niger) using agar-diffu-
sion method [8]. Neither antibacterial nor antifungal activities of these peptides were
detected (data are not presented).

A reliable correlation between the concentration of peptides in serum and clinical
manifestations of the disease was found. A direct correlation between the concentration
of peptides and the total number of relapses in patients aged 20—40 years and patients
with minimal symptoms of disability (disability score on a scale EDSS < 3) was also
demonstrated. In addition, high level of peptides correlated with a relapse of MS, while
low level — with a remission. These results support the hypothesis that during a relapse
of the disease, a significant number of cells are destroyed and the products of that get
in the peripheral blood. Such correlation was observed only in patients with a total num-
ber of relapses < 5. Probably, prolonged disease and considerable number of relapses
led to changes in the degeneration process in central nervous system during a relapsing
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period until stable state [2]. It was found that MS relapsing progressively damaged the
BBB and vascular permeability increased [1]. Consequently, the penetration of products
of degradation through the BBB in the peripheral blood took place independent on
relapses and remissions of the disease.

On the other hand, it cannot be excluded that revealed oligopeptides have another
origin and are linked to degradation of blood serum proteins. We believe that mass-
spectrometry of these oligopeptides will clarify this question.

CONCLUSION

Blood serum of the MS patients contains low-molecular mass oligopeptides with
specific biological activity (inhibition of proliferation) towards specific human cells. Iden-
tification of the origin of detected oligopeptides, as well as evaluation of their biological
activity are in progress.
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3 MEeTO MOLLYKY HOBUX MapKepiB 3axBOPHOBaHHsS Oyno npoBegeHO AOCHimKEHHS
BMICTY B CMPOBATLi KPOBi XBOPUX Ha po3cisHui ckriepos (PC) onironentuais. [insa aHani-
3y Byno BUKOpMCTaAHO 61 3pa3oKk CUMPOBATKM KPOBI NaLEHTIB YOMOBIYOi Ta XiHOYOI cTaTi
Pi3HOrO BIKY i 3 Pi3HMM CTyNeHeM PO3BUTKY 3axXBOPHOBaHH4A. binku cupoBaTkun KpoBi oca-
OXKyBanu TpuxnopoutoBoto kucrnototo (TXO) y diHanbHin koHueHTpadii 10 %. Onironen-
TMan ocamxkyBanu i3 TXO-po3unHHOI dpakLii AoAaBaHHAM aLETOHY Y CMiBBigHOLLIEHHI
6:1. Ocag po34nHANM y AUCTUIBOBAHIN BOAj, ONiIronenTuan aHanidyBanu TOHKOLLAPOBO
xpomartorpadieto (TLUX) Ta renb-chinsTpauieto 3a yMOB BUCOKOE(EKTMBHOI PiOUHHOI
xpomartorpadii (BPX). BusieneHo, wo cnpoBatka kpoBi nauieHTiB i3 PC MictTuTb ABa oni-
ronenTuau, aki 3a gannmn TLUX i BPX matoTe monekynsipHy macy 300-500 [Ja. BctaHoB-
NEHO, LLIO OYMLLIEHI OMiIronenTnan CUpoBaTKKM KPOBI NavuieHTiB i3 PC edpekTMBHO NpurHivy-
IOTb PICT KNiTUH NiHii HelLa, cnabo iHribytoTb picT KNiTUH NiHii Jurkat i He BNNMBaloTh Ha
KniTuHM niHii U373. docdonentnam i3 kaseiHy CTMMYmoTb nporidepauito KMiTuH Minil
Jurkat i edpeKkTMBHO NpurHivytoTh picT KNiTnH niHii U373 Ta Hela. Takox BCTaHOBIEHO,
LLIO onironenTnamn He BNNMBaKTh Ha picT GakTepin i rpmoiB.

Knroyoei cnnoea: onironentungun, cMpoBaTtka KPoBi, KOPOB'AYMIN Ka3eiH, pO3CiaHUn
CKNepo3s, NyXMAMHHI KNiTUHW, MIKPOBHI KNiTUHN.
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C uenbto noncka HOBbIX MapkepoB 3abonesaHuns H6bI10 NPOBEAEHO UCCeaoBaHME
cofepXaHusi B CbIBOPOTKE KPOBU BOMbHbIX paccesiHHbiM ckneposom (PC) onvronentu-
noB. [1ns aHanu3a 6bin ucnons3osaH 61 obpasel, CbIBOPOTKM KPOBU MNALMEHTOB MYXK-
CKOrO U1 »XEHCKOro rnoma pasHoro Bo3pacta M C pa3HOWN CTeneHbto pa3suTtus 3abonesa-
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Hus. Bernku cbIBOPOTKM KPOBU Ocaxaann TPUxXopykcycHom kucnoton (TXY) ¢ domHanb-
Hon KoHueHTpauuen B 10 %. OnuronenTtugpl ocaxganu ¢ TXY-pacTBOpUMON hpakLmm
nobaBneHnem aLeToHa B COOTHoLEeHUN 6:1. Ocagok pacTBOPSNN B AUCTUNITMPOBAHHOMN
BOAE W ONMronenTuabl aHanMsmpoBanu TOHKOCOMHOM xpomaTtorpaduen (TCX) n renb-
dunsTpaumnen B yCroBusaX BbICOKO3I(MEKTUBHONM XMUAKOCTHOM xpomMaTorpadcum (BXKX).
OGHapyXeHo, YTO CbIBOPOTKa KPOBK NaumeHToB ¢ PC cogepXvT ABa onvronentuaa, Ko-
Topble No AaHHbIM TCX 1 BXXX nmetoT monekynspHyto maccy 300-500 [a. NMokasaHo,
YTO OYMLLEHHbIE ONUIONENTUAbI CbIBOPOTKM KpOBUM BomnbHbIX PC MogaBnsitoT pocT KNEeToK
nnHum Hela, cnabo nogaensitoT poCcT KNETOK NHMK Jurkat n He BNUSIIOT Ha XXu3Heaes-
TENbHOCTb KrneTok nuHumn U373. ®occonentuapl N3 kKasemHa CTUMYNUPYIOT nponudepa-
LMo knetok nuHum Jurkat n nogasnaoT nponudpepaumto knetok nuHmn U373 n Hela.
Takke nokasaHo, YTO ONIMroNenTUAbl HE BIUSIKOT HA POCT OaKTEPUIA U OPOXOKEN.

Knroveenle cnoea: onuronentuapbl, CbIBOPOTKA KPOBU, KOPOBUIA KasewH, pacce-
AHHbIN CKIEPO3, OMyXorieBble KNeTKW, MUKPOBHbIE KIETKU.
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