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Specific antibodies produced against a protein of interest are invaluable tools for monitoring the
protein structure, intracellular location and biological activity. Inoculation of murine lymphoma cells into
the peritoneal cavity of immunized mice provides generation of ascitic fluid containing a significant amount
of antibody with desired antigen specificity. Here we demonstrated that the intraperitoneal administration of
murine lymphoma NK/Ly cells in mice immunized with 48 kDa isoform of human blood serum unconventional
myosin Ic leads to generation of ascitic fluid that contained specific IgG-antibodies. These antibodies were
capable of binding of the unconventional myosin 1c isolated from blood serum of patients with multiple scle-
rosis, rheumatoid arthritis and systemic lupus erythematosis, and could be used for diagnostics of several

autoimmune diseases, the multiple sclerosis in particular.

Key words: unconventional myosin Ic (48/Myolc), murine NK/Ly lymphoma, IgG-antibodies.

ntibodies recognizing proteins of interest

A are valuable tools for monitoring the pro-
tein's structure, intracellular location and
biological activity [1]. Usually, they are obtained
by immunization of laboratory animals — rabbits or
mice. However, using these animals can create some
problems. For example, immunization of rabbits re-
quires relatively big amount of antigen, while immu-
nization of mice does not allow obtaining sufficient
amount of antiserum needed for future investigation.
In contrast to that, inoculation of murine lymphoma
cells into peritoneal cavity of immunized mice pro-
vides a significant amount of ascitic fluid for obtai-
ning an antibody with desired antigen specificity [2].
Recently, we have shown that TCA-extracted
fraction prepared from blood serum of multiple scle-
rosis (MS) patients contains a 48 kDa protein that
was identified by the MALDI TOF/TOF as N-termi-
nal fragment of human unconventional myosin 1c
(48/Myolc) [3]. Screening of blood serum samples
from different autoimmune patients for the pres-
ence of 48/Myolc revealed its high level in MS and
rheumatoid arthritis patients, relatively low level in
systemic lupus erythematous (SLE) patients, and it
was almost undetectable in blood serum of healthy
human donors. These data allow suggesting that the
level of p48 Myolc in patient’s blood serum is a po-

tential marker for diagnosing autoimmune disease.
A sufficient amount of monospecific antibodies for
this protein has an important precondition for its fur-
ther successful investigation. We consider that in-
oculation of murine lymphoma NL/Ly cells into the
peritoneal cavity of immunized mice can provide a
generation in the ascitic fluid of a significant amount
of monospecific IgG-antibodies against blood serum
and cellular isoform(s) of human unconventional
Myolc.

The main goal of our work was to obtain a suf-
ficient amount of antibodies with affinity for blood
serum 48 kDa form of unconventional myosin 1c
and characterized it using Western—blot and dot-blot
analysis.

Materials and Methods

Serum samples of peripheral blood of 28 MS
patients (diagnosed according to the McDonald diag-
nostic criteria for MS) was donated by prof. Tetyana
Nehrych (Danylo Halytsky Lviv National Medical
University, Ukraine). These samples were collected
under the approval of Bioethics Review Board of the
Danylo Halytsky Lviv National Medical University
in accordance with the regulations of the Ministry
of Health of Ukraine. A documented consent was
obtained from all patients under study, and the form
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of this consent was approved by the Bio-Ethics Re-
view Board.

Purification of 48/Myolc protein from blood
serum. According to the developed protocol [3] 1 ml
of blood serum was diluted 2-fold with phosphate
buffer saline (PBS), and 100% TCA was added to
10% final concentration. After 30-min incubation
on ice, the solution was centrifuged for 15 min at
10 000 g. The supernatant containing TCA-soluble
compounds was isolated and mixed with acetone in
1 : 6 ratio followed by incubation at -20 °C for 18 h.
The precipitate was pelleted by centrifugation for
10 min at 10 000 g. The pellet was diluted in distilled
water and protein concentration was measured at
280 nm using a NanoDrop ND1000 spectrophotome-
ter (NanoDrop Technologies, USA). The solution
was stored at -20 °C until use. To remove albumin
from 48/Myolc preparations, they were incubated
with Cibacron Blue 3GA Agarose (Sigma, USA)
according to the manufacturer’s protocol.

Immunization of BALB/c mice. Mice immuniza-
tion was performed using white laboratory BALB/c
mice (8-12 weeks). All animals were maintained in
a specific pathogen-free animal facilities with water
and commercial food provided ad libitum. Animal
treatment was approved by the Institution Bioethi-
cal Committee. Mice were injected intraperitoneally
with a complete Friend’s adjuvant (CFA, Difco Lab.,
USA) and 50 pg of 48/Myolc protein (total volume
100 pl) [4]. Immunization with the same amount of
protein in the incomplete Friend’s adjuvant (IFA,
Difco.Lab., USA) was repeated in 2 and 4 weeks. At
the last injection, mice were immunized with protein
(50 pg per mice) in PBS, and during 10 days mice
were intraperitoneally administrated with 1 000 000
of NK/Ly lymphoma cells. After 10 days, ascites
from bowl were taken for analysis. Blood was ob-
tained from marginal ear veins and further analyzed.

SDS-electrophoresis and Western-blot analy-
sis. SDS-electrophoresis of TCA-extracted blood
serum proteins was performed in 12% PAG [5] and
followed by protein staining on gel by Coomassie
Brilliant Blue G dye. For Western-blot analysis, pro-
teins were transferred from gel onto a nitrocellulose
membrane, and the membranes were blocked (1 h
at 23 °C) with 5% non-fat milk in the PBS contai-
ning 0.05% Tween-20. The blots were washed three
times for 5 min each with the PBS supplemented
with 0.01% Tween-20, and then probed with specific
antibodies. To identify 55 and 25 kDa polypeptides
in a pool of TCA-extracted proteins of blood serum,
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polyclonal anti-human IgG (whole molecule) rabbit
HRP-conjugated antibody (Sigma-Aldrich, product
number A8792) in 1:40,000 dilution was used (2 h,
24 °C). Immunoconjugates were detected by the en-
hanced chemiluminescence (ECL).

Dot-blot analysis. For dot-blot analysis 2 ul of
Myolc preparation (total concentration 0.5 mg/ml)
were spotted on nitrocellulose stripe in 6 dilutions
(1, 1:2, 1:4, 1:8, 1:16 and 1:36). The stripes were
blocked (2 h at 23 °C) with 3% BSA in the PBS buf-
fer [6]. The blots were washed with PBS-Tween-20,
three times for 5 min each, and then probed with
the specific Abs, isolated from blood serum and as-
cites of immunized mice, diluted in 1 : 200 ratio in
the blocking buffer. To identify antibodies attached
to Myolc polypeptide, polyclonal anti-mouse rab-
bit antibody (AVIVA SYSTEM BIOLOGY, product
number ARP56292) in 1 : 1,000 dilution was incuba-
ted for 2 h at room temperature. Detection was per-
formed using 3,3'-diaminobenzidine diluted in TBS
(pH 7.5).

Results and Discussion

Blood serum has been extensively explored as
a source of bio-markers, as it may contain not only
blood proteins per se, but also proteins originating
from different tissues of the body [7, 8]. It is estima-
ted that up to 10 000 proteins (and/or their frag-
ments) may be present in blood serum, and most of
them are there in very low concentrations [9]. Selec-
tion of a protein preparation, and especially enrich-
ment procedures, may aid in successful search for
the bio-markers. Recently, we used TCA-precipi-
tation/extraction methods combined with MALDI
TOF/TOF mass-spectrometry to identify earlier un-
known 48/Myolc in blood serum of MS patients [3].
We also detected 48/Myolc in blood serum of pa-
tients with rheumatoid arthritis, Alzheimer disease
(unpublished), and multiple myeloma. Low level of
this protein was found in blood serum of healthy hu-
man donors, but it was not detected in blood serum
of patients with diabetes 1, liver cirrhosis, thyroidi-
tis, and recurrent miscarriage (unpublished). The
source of 48/Myolc in human blood serum, as well
as its biologic activity, is to be studied.

The 48/Myolc was isolated from blood serum
of MS patients using TCA-precipitation, as described
earlier [3]. To remove serum albumin, the TCA-
soluble fraction of blood serum proteins was subjec-
ted to affinity chromatography on Cibacron Blue
3GA Agarose. The purity of 48/Myolc was checked
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by SDS-PAG electrophoresis (Fig. 1). The impurities
in 48/Myolc preparation were less than 10%, and it
was used for mice immunization that was conducted
according to the protocol earlier used for others an-
tigens [4]. To improve the yields of mouse anti-48/
Myolc, we used the protocol of specific antibody ac-
cumulation in ascitic fluid obtained after intraperi-
toneal administration of mouse NK/Ly lymphoma
cells in the immunized mice. In 10 days after cell
administration, the ascitic fluid was taken. Antibod-
ies of the ascitic fluid were precipitated with 50%
ammonium sulfate and tested for antigenic specifici-
ty. The antibody preparations obtained from the as-
citic fluid of two immunized mice (Fig. 2, A, lanes
3, 4) were characterized using dot-blot (Fig. 2, B,
lanes 3, 4) and Western-blot (Fig 2, C, lanes 1, 2)
analyses. It was found that both antibody prepara-
tions are capable of binding to 48/Myolc antigens
present in blood serum. Dot-blotting demonstrated
that the amount of IgGs in the studied antibody
preparations correlated with titer of their binding
with 48/Myolc antigen. It is suggested that IgGs is a
main antibody isotype involved in immune response
of immunized mice. To check whether mouse anti-
48/Myolc have an affinity for both blood serum and
cellular unconventional myosin 1c, Western blotting
was performed (Fig. 2, C). As a source of cellular
myosin lc, Triton X-100-extracted fraction of hu-
man T-leukemia Jurkat cells was used. It was found
that antibody preparation isolated from the ascitic
fluid of immunized mouse contains IgGs possessing
an ability to bind blood serum 48/Myolc (Fig. 2,
C, lane 1) belonging to different isoform of cellular
unconventional myosin 1c. The obtained data allow
using these antibodies for identification of 48/Myolc
in blood serum samples of patients with different
disease. On Fig. 3 typical distributions of the level of
this protein detected in TCA-extracted fractions of
blood serum of patients with MS, rheumatoid arthri-
tis and healthy human donors are shown. The iden-
tification of TCA-extracted of 48/Myolc was done
by using mass-spectrometry only for samples of MS
patients [2]. Thus, we used this antibody to check
the antigenic relation of isolated proteins. It was
found that antibody obtained from the ascitic fluid
of mice immunized with 48/Myolc protein of blood
serum of MS patients preferentially bound 48 kDa
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Fig. 1. Electrophoregram of SDS-electrophoresis
in 12% PAG of proteins extracted with 10% TCA
from blood serum of the multiple sclerosis patients.
Lane 1 — polypeptides of heavy (50 kDa) and light
(25 kDa) chains of IgG. Lane 2 — bovine blood se-
rum albumin. Lane 3 — summarized 48/Myolc prep-
aration isolated from blood serum of 10 MS patients

polypeptide. It could be a confirmation that 48 kDa
proteins extracted with 10% TCA from blood serum
of patients with multiple sclerosis, rheumatoid arthri-
tis, systemic lupus erythematosis and healthy human
donors (NHD) all belong to 48 kDa form of human
unconventional myosin 1c.

Myosin 1c is a member of the unconventional
class | myosins of vertebrates, and it directly links
plasma membrane with the microfilament cortical
web [10]. This myosine has not been described in
blood serum yet. It is implicated in such cell func-
tions as cytoskeleton organization, cell motility
and nuclear transcription. Myolc is abundantly ex-
pressed in murine B lymphocytes, and it is preferen-
tially located at the plasma membrane, especially in
the peripheral processes such as microvilli [11, 12].
One can also suggest that 48/Myolc is involved in
neutrophil netosis at the cytoskeleton dynamics and
membrane protein anchoring or sorting in B lym-
phocytes.
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Fig. 2. Characteristics of anti-48/Myolc antibodies isolated from the ascitic fluids of two immunized mice. A —
electrophoregram of SDS-electrophoresis in 12% PAG of proteins isolated from mouse blood serum (lane 2),
and ascitic fluids of the immunized mice (lanes 3, 4) by precipitation with 50% ammonium sulfate. Arrows on
the left side indicate polypeptides belonging to blood serum albumin (66 kDa), heavy chains (50 kDa), and
light chains (25 kDa) of IgGs. H-, L- the positions of heavy and light chains of IgG molecule. B — results of dot-
blot analysis of the affinity of IgG-antibodies precipitated with blood serum of the immunized mice (lanes 3,
4) toward 48/Myolc obtained from blood serum of MS patients. C — results of Western blotting of a 48/Myolc
preparation (lane 1) and Jurkat T-leukemia cells lysate using the IgG-antibodies precipitated with the ascitic
fluid obtained from the immunized mouse (lanes 3, 4). On the right side, protein molecular mass standards
are shown
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Fig. 3. Electrophoregram of SDS-electrophoresis in 12% PAG of proteins extracted with 10% TCA from blood
serum of the multiple sclerosis patients. Lane 1 — polypeptides of heavy (50 kDa) and light (25 kDa) chains
of IgG. Lane 2 — bovine blood serum albumin. Proteins were extracted with 10% TCA from blood serum of
individual MS patients. Arrows on the left side point on the polypeptides belonging to blood serum albumin
(66 kDa), heavy chains (50 kDa), and light chains (25 kDa) of IgGs. Arrows on the right side point on the poly-
peptides identified by the MALDI-TOF mass spectrometry as human blood serum albumin (HSA) and 48 kDa
form of the unconventional myosin 1c (48/Myolc)
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Fig. 4. Results of Western-blot analysis of TCA— extracted proteins isolated with blood serum of a healthy
donor (lanes 1,1') and patients with MS, RA and SLE (lanes 2,2'; 3, 3'; 4, 4', respectively) using a polyclonal
mice antibodies against 48/Myolc. A — the membrane stained with Ponceau S. B — immunoconjugates detected
by ECL. Arrows on the left side, indicate the polypeptides belonging to blood serum albumin (66 kDa) and

short form of 48/Myolc
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AHTHTINA, 10 BUPOOJISIOTHCS 1MYHI3alli€0
npoTeiHoM, €  O€3UIHHMMH  1HCTPYMEHTaMH
TUTSt MOHITOPHHTY foro CTPYKTYPH,
BHYTPIIIHBOKJIITUHHOI JIOKaJTi3amii Ta 6ionoriyHoi
akTUBHOCTI. [l iMyHi3amii mwuinedi HeoOXigHa
HEBEJIMKa KUIBKICTh AHTUTEHY, alle HU3bKHH
BUXI1J aHTUTUII HENOCTAaTHIM I IX IOHAJIBIIO-
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ro 3acrocyBaHHA. llepeBuBka KiiTHH IiMdoMHU
B 4YEpeBHY IOPOKHUHY IMYyHI30BaHMX MHIICH
3a0e3reuye TeHepalilo acCIUTHYHOI PiWHU, IO
MICTHTHh 3HA4YHY KiJTbKICTh AHTHTLI HEOOXiJTHOI
aHTUTeHHOI crenudivyHocTi. Y poboTi Tmokasa-
HO, II0 BHYTPIIIHHOYEPEBHHHE BBEICHHS KIITHH
mumadoi aiMmbpomu NK/Ly mumnam, iMmyHi30BaHIM
i30(hopMOr0 HEeKOHBEeHIIiHOTO Mio3uHy lc 48 k]la
(48/Myolc), sika BuiNeHA 13 CHPOBATKU KPOBI JIFO-
JIMHH, TPHU3BOJMIIA IO YTBOPEHHS B ACHHUTHYHIN
piguHi cnenndivaux IgG-anTutin. BcraHoie-
HO, IO OJIepKaHI aHTHUTINa 3/MaTHI 3B’s13yBatu 48/
Myolc, BuIiNieHUH i3 CHPOBATKM KPOBI XBOPUX
PO3CISTHUM CKJIepo30M ab0 peBMaToOiHUM apTpH-
TOM, CHCTEMHHM YEPBOHMM BOBUYAKOM, i MOXYThb
OyTH BUKOPUCTaHI ISl 1IarHOCTHKHA aBTOIMYyHHUX
3aXBOPIOBaHb, 30KpEMa PO3CISTHOTO CKIIEPO3Y.

KnouyoBi cnoBa: i3opopma miozuny lc
(48/Myolc), NK/Ly nimpoma, IgG antuTina.
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AHTHTENa, BbIpadaThIBaeMble UMMYHH3aMEH
MIPOTEUHOM, SIBJISIIOTCSI BaXXKHEHIIMMH MHCTPYMEH-
TaMH JIsI MOHUTOPHUHTA €r0 CTPYKTYpbl, BHYTpH-
KJIETOYHOM JIOKaJIM3alMK U OMOJIOTHYECKON aKTHB-
HOCTU. J[7s MMMyHHM3alUU MbIIIeH HE0OXO0IUMO
HeOOoJIbIIOe KOJTMYECTBO AHTUI'€HA, HO HU3KUH BbI-
XOIl aHTHUTEJ HENOCTAaTOYEH /i MX JalibHeIe-
ro npuMmeHeHus. [lepeBuBka KiIeTOK JTUM(OMBI B
OpIOIIHYIO HOJIOCTh UMMYHU3UPOBAHHBIX MBbILICH
o0ecreunBaeT IreHepaluio aCHUTHIECKOW KUIKO-
CTH, COZIeprKalleil 3HAaUNTEIbHOE KOJIMYECTBO aHTH-
TeJ ¢ TpebyeMoii aHTUTEHHOH crierupUIHOCTEI0. B
paboTe MOKa3aHO, YTO BHYTPHOPIOLUIMHHOE BBEE-
HHE KIJIETOK MbIUHONW muM¢poMbl NK/Ly mbrmam,
HMMYHU3UPOBAaHHBIM HM30()OpPMOH  HEKOHBEHIIH-
onHoro muo3nHa lc 48 x/la (48/Myolc), BbIeEH-
HOW M3 CBIBOPOTKM KPOBH HYEJIOBEKA, IPHBOAMIIO
K 00pa30BaHMIO B aCUMTHYECKOH JKHIKOCTH CIe-
nnpuyecknx IgG-anTuTen. YCTaHOBICHO, YTO TIO-
Jy4EHHBIE aHTUTEJIA 001a1al0T CIOCOOHOCTHIO CBSI-
3pIBaTh Myolc, BBIICIICHHBIN U3 CBIBOPOTKH KPOBH
OOJIBHBIX PacCesHHBIM CKJIEPO30M, PEBMAaTOUTHBIM
apTPUTOM U CUCTEMHOH KpacHOM BOJYAHKOW U MO-
I'yT OBITH HCIIOJB30BaHbI ISl JUATHOCTUKH ayTo-
HMMYHHBIX 3a00JICBaHUI, B YaCTHOCTH, PacCEsH-
HOT'O CKJIEpO3a.

KnoueBbie caoBa: u3opopMa MHO3H-
Ha lc (48/Myolc), NK/Ly numdoma, IgG anturena.
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