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Abstract: The main goal of the current study was connected with general investigation
on the importance of different intra- and extra-cellular inter-molecular interactions,
underlining the cellular morphology, functions, growth, proliferation and differentiation
directions. Protein composition (types of proteins and eventual protein-protein
interactions) in mammal sperm fluid as a biological material, for which is proposed to be
supplemented with different molecules, responsible for the control in the life processes of
the male germ cells, was isolated and investigated. The protein content was subsequently
compared with that of other biological materials, containing previously low-differentiated
normal adult stem/progenitor cell types, as well as with protein extracts from anatomic
organs from adult mammals, containing normal cell types in different stages of
maturation and differentiation. Combination technique of label-free LC-MS/MS assay
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and 3D-visualization of biological objects, combined with laser irradiation was applied.
In this way, possibilities about more precise identification of the changes, occurring in
different phases of living processes, on cellular, tissue, organ and organism levels were
revealed. The results obtained confirmed the importance of the various inter-molecular
intra- and extra-cellular interactions in cascade regulatory pathways, underlining the
cellular functions and differences between the separate cells, tissues and organs. Also, a
possibility for application of cryo-protector Dimethylsulfoxide (DMSO) as activator of
fusion between separate cells was suggested. These features suggested a possibility for
application of this organic detergent for transfer of appropriate nucleotide sequences by
fusion between prokaryotic and eukaryotic cells and/or between cells and viruses.
Keywords: cytoskeleton components, protein composition, inter-molecular interactions,
stem/progenitor cells, sperm fluid.
INTRODUCTION
Transcriptomics and proteomics analyses are very useful in the determination and identification of
specific proteins and/or protein-protein interactions during spermatogenesis.1,2 A lot of messages about
identification of different types of protein–protein interaction networks in conjunction with expression
profiles and cellular co-localization patterns have also been made.3 Among the most important in the
process in spermatogenesis have been proved histone H3.3, regulating the chromatin dynamics,4,5 as well
as histone HnRNPL, involved in the regulation of growth, apoptosis and/or other types of cell death of
spermatogenic cells in some disorders.6 The epigenetic role of the histone-to-protamine transition process
has also been proved.7 Protamines have been found to be responsible for the spermatozoa quality.8
As two key molecules, participating in different intra- and extra-cellular inter-molecular interactions, have
been characterized the tri-peptide Glutathione (GSH), as well as the hormone-like protein Secretagogin
(SCGN). GSH is known as anti-oxidant, immuno-modulatory, anti-ageing, anti-neo-plastic and
cardioprotective substance.9,10 SCGN protein has been proved as tumor-suppressor, neuro-protector,
endocrine regulator and anti-diabetic agent, mediated by flux of calcium ions (Ca2+) on the level of gene
product.11,12 Ca2+-dependent SCGN-TAU interactions, as well as co-induction of TAU peptide, have been
established in the islets of Langerhans and beta-cell-derived cell lines with high expression of the
hormone-like neuroendocrine-specific protein SCGN.13 The same interactions have been proved as
responsible for the role of this protein in the coordinated action between oncogenes and tumor-suppressor
genes, and, in this way, in the regulation and prevention of malignant transformation. Highly complex
communication networks, underlining the cellular activities during the spermatogenesis process, have also
been proved.14
In this connection, the main goal of the presented study was directed to identification of proteins in
biological material from mammalian male germ cell (total lysate from both male germ cells and sperm
fluid) and to compare them with these from other biological probes.
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EXPERIMENTAL DESIGN
Preparation of 2D light microscopy slights from in vitro-incubated cells: Mouse embryonic
fibroblasts, from line 3T3, but also mouse malignant myeloma cells, as well as mixed cultures of both
cellular types, were incubated in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma), supplemented
with 10% heat-inactivated Fetal Bovine Serum (FBS) (Sigma) and antibiotic mixture (100 IU/ml
Penicillin, 0.25 mg/ml Streptomycin and 0.25 mg/ml Amphothericin) (Sigma), until formation of
confluent monolayers, at 370C in incubator with 5% CO2 and 95% humidity. Malignant mouse myeloma
cells were also isolated and similarly incubated. All sub-populations of all cell cultures were freezed after
previous treatment with cryo-protector Dimethylsulfoxide (DMSO) (Sigma), after which separate subpopulations of them were thawed and re-incubated in the conditions, described above. After turning-off of
the cultural fluids from the cell cultures and subsequent washing with PBS (Sigma), they were fixed by
ethanol and consequently stained specific anti-mouse GSH antibody (Sigma) plus Giemsa-dye (Sigma)
and Hematoxillin & Eosin technique (Sigma), respectively. All preparations (both native and fixed) were
observed by inverted light microscope, supplemented by mega-pixel CCD-camera.
Laser irradiation: Fixed light microscopic slides from normal mouse embryonic cells 3T3 and from
mixed cultures, prepared as described above, were subjected on laser light irradiation with the next
parameters described: Q-switched Nd3+ YAG laser at 1.06 μm; 950 KW/cm2 - power density. The
illuminated spot (intensity distribution) was practically homogenous (transversal multimode emission).
Development of methods for protein composition of in vitro-incubated cells assay by combination of
laser irradiation and 3D-imaging: Methods about optical recording of the used biological objects and
their 3D-presentations by digital holographic microscopy (DHM), combined with laser irradiation, were
developed and tested. Unlike the optical microscopy, in DHM not only information for differences in the
volume of the tested objects due to absorption, but also in the values of phase of the light, passing through
the observed objects, both based on the varying electron density, could be received. These properties, as
well as the non-invasive nature of the method, make it applicable to many fields of the science. The
attention has been attracted mainly by its applications in the biomedical field, where the quantitative
phase detection can be used for imaging and morphological measurements of the cells and sub-cellular
components.15 The general principle is based on recording of interference patterns, produced by
summation of the objects and the non-modulated reference beams. The most essential for digital
processing of the recorded interferograms are the techniques for retrieval of the phase information and
filtering in the frequency domain. The most widely used algorithms are based on the fast Fourier
transform (FFT) and the phase-stepping methods. In the concrete case, five steps algorithm is used, which
provides better accuracy and resolution in comparison with the FFT methods. Holographic recording is
performed by CW generating diode laser, emitting in the red spectral region - linearly polarized single
mode ML520G5 – 110mW, 638nm. Magnification of the optical system is x200, obtained by the
microscope objective (panchromatic x100, NA 0.86), coupled with projective and TV lens, 25mm, 1:1.4
for projection of the images onto CCD target (1/2 interline progressive scan target 780x582 pxls, sized
8.3x8.3μm with scanning zone 6.47х4.83 mm, product of the firm Baumer Optronics).
Preparation of protein lysates for proof of analogies in the protein composition from different
biological probes and determination of key molecules, underlining the cell differentiation direction:
Proteins from mammal sperm fluid were assayed, and the data, connected with eventual presence of
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common or different proteins, were compared with those in tissue probes, containing different normal cell
types in early stages of maturation and differentiation, from nuclear extract (NE) of malignant cells, as
well as from adult mammalian brain and pancreas - two anatomic organs, known to be composed of
normal cells in different stages of maturation.16 Total lysates from in vitro-cultures of normal mouse
embryonic cells, of mouse malignant myeloma cells and from mixed culture of both cell types, as well as
from rat brain and pancreas were prepared. The extracts from all cell cultures were separated in two parts:
controls and passed through GSH-agarose columns, for selection of proteins, possessing affinity to tripeptide GSH. Analogically, total lysates from both anatomic organs were prepared and separated into
three parts of probes. The first part was presented by the control probes, probably containing the full
composition of proteins for each respective anatomic organ. In the second part of probes, the total lysate
from each organ was passed through GSH-agarose column, for selection of proteins, possessing affinity to
tri-peptide GSH.17 In the third part of probes, the total lysate from each anatomic organ was mixed with
total lysate from in vitro-incubated prokaryotic E. coli cells and eukaryotic malignant rat insulinoma cells
RIN-5F, both containing additionally-inserted copy of rat tumor-suppressor gene scgn plus GST-tag
(according to the protocol of Rogstam et al., 2007),18 by transfection with appropriate recombinant DNAconstructs. Subsequently, the so prepared lysate mixtures were passed through GSH-agarose columns for
selection of proteins, possessing affinity to protein SCGN. All probes were subjected on protein
precipitation in cold 100% ethanol overnight, after which the formed pellets (precipitates) were washed
by cold 80% ethanol. After centrifugation, the supernatants were taken off, and the pellets/precipitates,
eventually containing the proteins from each respective probe, were diluted in SDS- or LDS-buffer. The
so prepared probes were subjected on electrophoresis on Polyacrylamide Gel in SDS-buffer (SDS-PAGE)
and consequent Coomasie-blue staining. Subsequently, the gel was prepared for label-free tandem mass
spectrometry assay, combined with liquid chromatography (LC-MS/MS). For this goal, the gel was
washed and sliced with an in-house tool, after which the gel slices were washed with water and
acetonitrile, followed by reduction and alkylation of cysteine (Cys) residues by DTT and iodoacetamide.
Following overnight trypsin digestion, peptides were extracted by acetonitrile and 5% formic acid, after
which they were concentrated in speed-vacuum centrifuge. The results from assay the protein
composition in mammal sperm fluid was compared with that from mammalian normal cells in different
stages of differentiation, on the one hand, but also with that from malignant mammalian cells, on the
other, used as basic biological probes to prove the effectiveness of LC-MS/MS assay for identification of
novel proteins and protein-protein interactions, as well as of indirect influences between separate biomolecules.
RESULTS AND DISCUSSION
Despite of the destructive action of the laser beam on the respective place of its fail, in application of low
power values, a better visualization of different components and their identification is possible (Figures
1b-4b), compared in the control probes, not subjected on laser irradiation (Figures 1a-4a). These data
could give initial valuable information about the mechanisms of the laser ray action in different
therapeutic procedures. In this way, initial information about the nature of bio-molecules, as well as of
various inter-molecular (protein-protein-, protein-lipid-, protein-carbohydrate-, protein-DNA-, proteinRNA-, etc) interactions, participating in the composition of complex structures, important about basic cell
functions and processes, could be received.
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(a)

(b)

Figure 1: Light-microscopy (2D) images of cell cultures from normal mouse embryonic cells from line
3T3: control probe (a); irradiated with laser light (b) (fixed preparations, stained by Hematoxillin &
Eosin, magnification: x100)

(a)

(b)

Figure 2: Light-microscopy (2D) images of hybrid cells from mixed culture of co-incubated normal and
malignant myeloma mouse cells after freezing in the presence of cryo-protector DMSO, subsequent
thawing and re-cultivation: control probe (a); irradiated with laser light (b) (fixed preparations, stained
by Hematoxillin & Eosin, magnification: x100, x200)
In co-cultivation of 3T3 normal mouse embryonic cells with mouse malignant myeloma cells, appearance
of myeloid- like characteristics as enlarged cell size, round shape, enlarged round nucleus and increased
cytoplasmic content could be noted (Figure 2). The characteristic morphogenetic changes in the process
of spermatogenesis have been proved as accompanied by profound chemical alterations of the nuclear
material, through direct protein interaction and/or post-translational modifications.27 The observed
changes in the normal embryonic cells (Figure 1) in their co-incubation with malignant cells, subsequent
freezing in the presence of cryo-protector DMSO, followed by thawing and re-incubation (Figure 2) were
in confirmation with literature findings for derivation of hybrid cells.19 These features could be explained
with probably activated fusion between both cellular types on the influence of DMSO, which was also in
agreement with literature data in this aspect.20,21 Messages about similarly derived hybrid cells have been
received in fusion of malignant cells with dendritic cells (DCs), 22,23 as well as with normal fibroblasts.24
On the other hand, these results were in conformation of literature data about eventual myeloid
differentiation of embryonic stem cell sub-populations in their co-cultivation with malignant cells.25,26
255

J. Chem. Bio. Phy. Sci. Sec. B; February 2019 – April 2019, Vol. 9, No. 2; 251-259.
[DOI:10.24214/jcbps.B.9.2.25159.]

Comparison…

Iskra V Sainova et al.

(a)

(c)

(b)

(d)

Figure 3: Phase maps (a, c) and 3D-images (b, d) of in vitro-incubated sub-populations of normal mouse
embryonic stem-like cells: untreated controls (a, b); irradiated with laser light (c, d) (magnification x200)

(a)

(b)

(c)
(d)
Figure 4: Phase maps (a, c) and 3D-images (b, d) of hybrid cells, derived from mixed in vitro-cultures of
normal mouse embryonic cells and mouse malignant myeloma cells (cultural fluids plus cell
suspensions), after freezing in the presence of DMSO, subsequent thawing and re-incubation. untreated
controls (a, b); irradiated with laser light (c, d) (magnification x200)
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The 3D-images have been proved to indicate variations in their refractive index, which leads to changed
phase of the light, passing through the observed object, besides differences only in the volume of the
tested objects due to absorption, which could be observed by 2D-images. In this way, a possibility for
reveal of direct interactions between the proteins, as well as indirect influences between them in cascade
regulatory pathways has been proposed, including some mechanisms of laser irradiation in therapeutic
procedures.18,28-30 The current study also confirmed the proved safety and usability of the label-free LCMS/MS assay for identification of proteins and inter-molecular interactions with their participation from
different biological samples (Figure 5).17,31,32
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Figure 5: SDS-PAGE of protein extracts: line 1 - marker; line 2 – protein extract from mammal sperm
fluid; line 3 – protein extract from composed of normal mammalian stem/progenitor cells in early phases
of differentiation and maturation of adult tissue; line 4 – protein extract from malignant mammalian cells;
line 5 – extract mixture from composed of normal mammalian stem/progenitor cells in early phases of
differentiation and maturation of adult tissue and total lysate from malignant mammalian cells; line 6 –
proteins in total lysate from mammalian brain as anatomic organ, eventually containing normal cells in
different phases of maturation and differentiation; line 7 - proteins in total lysate from mammalian
pancreas as anatomic organ, eventually containing normal cells in different phases of maturation and
differentiation; lines 8 & 9 - lysate from each one of both anatomic organs was mixed with a total lysate
from in vitro-incubated cells, containing additionally-inserted scgn gene, protein SCGN, plus GST-tag, by
transfection with appropriate recombinant DNA-constructs, after which the prepared lysate mixtures were
passed through GSH-Agarose Columns for selection of the proteins with affinity to protein SCGN in the
probes from brain (8) and pancreas (9) (Coomasie-blue staining)
The noted strongest analogy in the protein composition of the mammal sperm fluid with that of normal
stem/progenitor mammalian cells (Figure 5 – lines 2; 3) was in agreement with the literature findings
about the importance of the male gametes for the stem characters of the embryonic cells, on the one hand,
as well as for the prevention of malignant changes in them, on the other.33,34 These results confirmed the
usefulness of proteomics assay methods for determination of complete protein profile and protein–protein
interactions map in the processes of testicular development and spermatogenesis.35,36 On the other hand,
label-free mass-spectrometry technique has been characterized as a novel method for identification of
proteins and protein-protein in the last years.32 The proposed activated intra-cellular fusion, including
between normal and malignant cell types with derivation of hybrid cells on the influence of DMSO was
also in confirmation with many literature messages.
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CONCLUSION
The current results revealed possibilities about identification of proteins and protein-protein interactions
in cascade regulatory pathways, underlining basic processes, supporting the life on both cellular and
organism levels. The combination of different methods for assay as label-free LC-MS/MS assay and 3Dvisualization technology, combined with laser irradiation, were developed and proved as usable for initial
determination of molecules in complex structures, by various intra- and extra-cellular inter-molecular
interactions in the nuclear, cytoskeleton and membrane cell fractions, as mitotic spindle, endocytosis
vesicles, cell organelles, membranes, which are important for basic cell functions, which could explain
the influence of cell differentiation direction, depending of the types of other cells, molecules, produces
from different cells, as well as the influence and interactions between them, but also some of the
mechanisms of laser irradiation in therapeutic procedures. The strongest similarity in the protein
composition from mammalian sperm with this from normal mammalian stem/progenitor cells was noted.
These data confirmed the importance of GSH and SCGN as key molecules in different intra- and extracellular inter-molecular interactions. A possibility for the activation of intra-cellular fusion, including
between normal and malignant cell types with subsequent derivation of hybrid cells on the influence of
cryo-protector DMSO was suggested. These features proposed strategies for application of this organic
detergent for transfer of appropriate nucleotide sequences by fusion between prokaryotic and eukaryotic
cells, as well as between cells and viruses. Future studies should be performed.
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