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Abstract

The autofluorescence of fish eggs from the Black Sea Mullus barbatus ponticus Essipov was studied in order to identify the state of their fertilization and development
in the ichthyoplankton. The study differed from the earlier genetic fish investigations with artificial fluorescent dyes. In our experiments, among the eggs were the
objects with various stages of development: from unfertilized and just-fertilized cells emitted in blue to well-seen embryos that fluoresced in red. Red-fluorescing
embryonal probes were peculiar to living eggs, unlike blue-fluorescing cells with damaged structures. The fluorescent method (luminescence microscopy with or without
microspectrofluorimetry) allows us to identify the earlier stages of development of the fish eggs. The autofluorescence of the fish eggs of the species studied was possible
to recommend for the testing of fertilized and living eggs at the early stages of development that may be applied to the fish industry in the future.

Introduction

Analysis of planktonic fish eggs has not yet included a study
of their autofluorescence in visible spectral regions. Meanwhile,
the position of the maxima of the fluorescent components
and the intensity of egg emission in the visible spectral range
potentially could be useful for testing its condition, fertilization,
and development in modern environmental practice. In the
beginning, it had perspectives for ecological monitoring of the
fish population near the Nature Reserve of RAS, but the data
could be useful for the future of the fish industry as a whole.

For this purpose, it may be convenient to apply fluorescence
techniques such as luminescence microscopy without and
with microspectrofluorimetry [1-5]. However, there is still no
data on the eggfish fluorescence in the visible region of the

spectrum from 400 nm to 700 nm. Here, we set the task of
obtaining images and fluorescence spectra of eggs from Black
Sea fish from plankton in order to find out the possibilities
of applying different spectral techniques in practical testing
of the state and stage of cellular development that may be of
large commercial importance. In this first paper, we reflected
on the process of determining maturity and fertilization on
the examples of the Black Sea red mullet roe Mullus barbatus
ponticus Essipov.

Materials and methods

The objects of research were samples from plankton - fish
eggs of Mullus barbatus ponticus Esipov, 1927 (trivial name the
Black Sea red mullet) belongs to the family Mullidae [6], in the
Black Sea basing near Karadag Biological Station of Feodosia,
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Russia. It was collected for experiments as described in special
publications [7,8]. Eggs’ samples were fixed with 4% or 10%
formalin for best storing before spectral experiments. The first
fixation has advantages for fast visualization during one week,
while the second one permits storage for a longer time (up to
1 month).

Measurement of fluorescence. Autofluorescence of samples
in 4% and 10% formalin was observed and photographed directly
onslides [4,5] using a Leica DM 6000 B luminescent microscope
(Germany) and the MSF-15 microspectrophotometer/
fluorimeter (LOMO, Russia) [8] with the Levenhuk M300 Base
camera (USA). The fluorescence spectra were recorded using
the MSF-15 microspectrofluorimeter (LOMO, Russia).

Results and discussions

The base principle of the animal egg structures — from a
formation of oocytes (oocyte is a developing female structure
that cannot yet bind sperm or be fertilized) has been described
by Gilbert or Gilbert and Barresi to mature embryo developing
after fertilization [9,10]. This mature egg consists of a nuclear
part in the cytoplasm (pronucleus) covered with yolk, and this
allis surrounded by the yolk membrane. Outside the membrane,
there is a shell with several layers. Observing with the usual
microscope, the red mullet fish egg cell from Black Sea species
studied as a whole structure of the generative female cell
could be seen covered with a dense thick yolk membrane and
containing a large amount of yolk with one or more yolk fatty
drops and their structure has the image, similar to described
for many invertebrates [11]. Eggshell consists of several layers:
1. cellular membrane, which regulates the flow of specific
ions during fertilization and must be capable of fusing with
the sperm cell membrane. 2. Outside this egg cell membrane
is an extracellular matrix that forms a fibrous mat around
the egg and is often involved in sperm-egg recognition. In
invertebrates (likely it is similar for fish too), this structure
is usually called the vitelline envelope containing several
different glycoproteins [9-11]. Many types of eggs also may
have a layer of egg jelly outside the vitelline envelope. This
glycoprotein meshwork can have numerous functions, but
most commonly it is used either to attract or to activate sperm.
Within the enormous volume of egg cytoplasm resides a large
nucleus is present, usually not seen under transmitted light
of a microscope because all interior is covered by yolk. Yolk
formed in the oocyte serves as the nutrient material for the
future embryo. Mainly, we see yolk, which can occupy up to
95% of the total volume of the cell. Often yolk and yolk fatty
drops contain pigments carotenoids, lipids, and proteins. The
meiotic divisions lead the oocyte to either synthesize or absorb
proteins, and yolk and yolk fatty drops act as food reservoirs for
the developing embryo. Besides, here are protective chemicals
that are needed as a defense against predators or for a safer
environment. Many animal eggs may contain ultraviolet filters
and DNA repair enzymes that protect them from sunlight.

In our study, the fluorescence of red mullet fish eggs as the
main object was analyzed because its cellular probes were more
successful in the analysis. It was possible to see a different
state of eggs given from the sample. We have tried to select

unfertilized and developing eggs from red mullet plankton and
have seen the changes that occurred based on the fluorescence
of fixed material. In the photo in Figure 1, we show an
unfertilized egg when excited by light of various wavelengths.
Photographs taken under a luminescent microscope show
the natural color of fluorescence. Using an optical probe of
microspectrofluorimeter, sizes from 0.5 mm up to 2 pm [1,3]
we saw the emission of some parts of egg — yolk, yolk fatty
drop, and shell. More intensive was a fluorescence of yolk fatty
drop under various used light excitation — ultraviolet 360-380
nm (a), blue 430-450 nm (b) and blue-green 4£80-500 light (c).
It should be noted that in oocytes of Vertebrata, the spectral
region in blue is associated with NAD*/NADH and in green —
with flavins (riboflavin) of mitochondria [12]. When the yolk,
yolk fatty drop, and shell were excited by green-yellow light
515-550 nm, there was no visible fluorescence in the orange-
red region. The main background is respectively blue, slightly
blue, and greenish (Figure 1 a-c).

Under ultraviolet light (a) the yolk fatty drop emits brighter
with a maximum of 480-500 nm, then all structures in blue,
blue-greenish, and green. Yolk emitted with a maximum
of 460 nm while shell picked 470 nm in their spectra. The
possible fluorophores in the spectral region may be some

Microspectrofluorimetry

Luminescence microscopy

\ yolk fatty drop

apphkalml: of
o Yol optical probe on
cell surface

yolk fatty drop

{yalk_ shell

volk fatty drop

Figure 1: View of fluorescence from the unfertilized red mullet eggs (fixed in
4% formalin) under Leica DB 6000 B luminescence microscope (left) and the
fluorescence spectra (right) when excited by ultraviolet light 360-380 nm (a), violet

light 430-450 nm (b) and green-yellow light 480-500 nm (c). Under green-yellow light
515-550 nm there is no red emission that appeared later (see Figure 2). Optical
probe 5 pm. Bar = 300 pm.
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phenolic compounds and NAD*/NADH. The excitation by violet
light (b) gave the emission with maxima 530 nm, but different
heights as well as under green light excitation which induced
the fluorescence with a maximum of 560 nm. (c¢) A similar
fluorescence maximum is characteristic for carotenoids [2,12].
Some of them are found in the fish eggs of various species.

Unlike unfertilized eggs, Figure 2 shows the first changes
in fluorescence just or after the contact with spermium
(spermatozoid). According to Gilbert [9], fertilization involves
the contact and fusion of the mature sex cells, the sperm
and the egg named gametes. The fusion of the male gamete
cells (sperm) stimulates the egg to begin development (the
developing egg is called the oocyte before it reaches the stage of
meiosis at which it is fertilized) and initiates a new individual.
The contents of the egg also vary greatly from species to
species. In any case, it accumulates nuclear components and
a remarkable cytoplasmic storehouse during its maturation.
This cytoplasmic trove includes nutritive proteins to supply
energy and amino acids. In many species, this is accomplished
by accumulating yolk proteins in the egg.

The egg picture changes somewhat when a spermatozoid/
spermium (Figure 2a) fuses into the egg. The nucleus
constitutes the sperm head. An individual sperm is able to
travel by whipping its flagellum. It is clearly visible as a glowing
blue filament, when excited by ultraviolet light (a), with the tip
brighter than the rest of the filament. The yolk area of the eggs
inside shows brighter structures as compared to unfertilized
eggs without a spermium (spermatozoon). The boundaries and
contents of the egg are already clearly marked. After excitation
with violet (b) and green-yellow (c) light, the spermatozoon is
no longer visible against the general background. The greatest
changes are observed when excitation with light 515-550 nm
occurs (c): the yolk fatty drop fluoresces in the red region of
the spectrum (c). We could not see red emission in the photo
of Figure 1. If to compare with unfertilized and undeveloped
eggs (Figure 1a), we saw twice an increase in yolk fatty drop
emission in blue, and - in green for 30 % of the fluorescence
intensity.

The clearest picture is well seen for the big yolk fatty drop.
At excitation by ultraviolet light, we saw blue fluorescence of
both the yolk fatty drop and the head of spermium. In the first
case, the main maximum shifted to a longer wavelength - 510
nm - 520 nm. A weak 480-500 nm pick was recorded for the
spermium. Formalin as a fixator, interacting with monoamines,
can induce additional blue luminescence [2,3]. However, we did
not see a specially marked difference in the character of the
emission, although for a short-time storage of the samples,
4% fixation may be better. Under violet light, the fluorescence
image of the yolk fatty drop contains some structures, that
were absent or not seen earlier, but the main maximum of 560
nm is not changed in the comparison with Figure 1b. It should
be noted that there was the appearance of red fluorescence of
yolk fatty drop (Figure 2c). A clear maximum of 655-660 nm
was seen. According to the monograph of Mikulin [12], fish
yolk may include pigments, not only lipophilic compounds
such as carotenoids-antioxidants of lipid peroxidation, but

yoik fasry drop

Figure 2: The fluorescence image and spectra of the main red mullet roe cell (fixed
in 4% formalin) when excited by light of different wavelengths: ultraviolet 360-

380 nm (a), violet 430-450 nm (b) and green 515-550 nm (c). Registration with a
microspectrofluorimeter. Optical probe 5 pm, except spermium (2 pm). Bar = 300
pym.

also - proteins (porphyrin-containing structures such as
cytochrome b ., and other heme-proteins). Fluorescence of
carotenoids is possible at 530-540 nm. Some pterins are also
emitted in blue under ultraviolet light [12,13]. The most intense
emission with a maximum of 540-550 nm in the green region
was noted for the cell after excitation by violet light. We only
hypothesized about the inclusion in the visible red fluorescence
of some carotenoids and iron-containing heme-proteins.
There is the information that yolk of fish eggs contains heme-
proteins [14]. Some porphyrins excited by ultraviolet 400 nm,
emitted with maxima in regions 600-750 nm - 630, 660, and
690 nm [15,16]. Hematoporphyrin from blood erythrocytes
(hemoglobin) treated with 0.5-1.5 N HCL or sulfur acid
fluoresces with maxima 580-588, 600, 625, 660, 625 nm [3],
According to some authors (17-19] acetone extracts of blood
elements have maxima 585 and 630 nm in the fluorescence
spectra at the excitation 400 nm.

There is the sample of the following development phase
(Figure 3) where is the animal pole formation [9]. The formation
of the animal pole, on which the formation of germ cells occurs
as a result of the splitting of the zygote of the structure after
the fusion of the nuclei of the egg cell and sperm. This stage
demonstrated the formation of a non-fluorescent animal
pole contacted with the main mass of yolk. When excited by
ultraviolet light one can see a non-fluorescent area (dark spot)
formed on the side of the egg, and the yolk fatty drop is no longer
visible since the fluorescence is homogeneous. Separation
of part of the contents from the yolk, and the yellow spot in
other cells may merge with the yolk part (see upper cell on the
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Figure 3: Fluorescence and the fluorescence spectra of the yolk of red mullet eggs

(fixed in 4% formalin) when excited by light of different wavelengths: ultraviolet 360-
380 nm (a), violet 430-450 nm (b), and green 515-550 nm (c). Bar = 300 pm.

left). Excitation by ultraviolet or violet light somewhat shifts
the yolk emission maximum to the long-wavelength region,
although the nature and appearance of the spectrum resemble
the same pattern as previously in Figure 2. However, for the
first time (Figure 2c) red fluorescence appears and a maximum
of 650-660 nm in the emission spectrum increases three-fold
(Figure 3c). It turns out that it is the red fluorescence (c) that
indicates the beginning of the development of the embryo after
fertilization. When excited by violet light (b), the same samples
had maxima in the green-yellow region of the spectrum of
540-550 nm, characteristic of carotenoids [12].

The emission spectra were recorded at the initial stages of
development (Figures 1-3) and the following sample (Figure 4)
is related to the stage when the embryo has appeared. Figure 4.
Shows the photo and the fluorescence spectra when excited by
light of different wavelengths. The photo clearly demonstrates
the presence of an embryo that is seen as a blue structure under
ultraviolet excitation, green in violet light, and red under green
excitation. Partly as a dark spot the observer sees possible yolk
fatty drop, and lack of fluorophore. The embryo emission in
blue (Figure 4a) has no marked changes in intensity, while in
green (b) increases up to 30 % in the comparison as shown in
Figure 3. As for red fluorescence, the intensity in maximum
650-660 nm decreased. The fact that images on Figures 2-4
have a red color emission may indicate the possibility of the
appearance of hemoglobin, which has maxima in the region of
630-640 nm [14,15-19]. Autofluorescence of mammalian blood
has been explored as a label-free approach for the detection of
cell types, as well as for diagnosis and detection of infection,

cancer, and other diseases [18-19]. Porphyrins in the plasma
of blood at excitation 400-450 nm show emission in the range
630-700 nm, flavins, for example, riboflavin at excitation 400
nm has an emission maximum 510-530 nm, while at excitation
444 nm - peak 558 nm. Visible fluorophores with a maximum
of 630-640 nm are more real to porphyrins as precursors of
blood.

In order to confirm this supposing, we compare fluorescent
images of living and dead (with damaged structures) eggs from
red mullet (Figure 5). As we can see, in the dead sample the red
fluorescence is absent, therefore this emission is linked with
living and developing egg.

We understand that the first step in the use of fluorescent
methods of staining is without artificial dyes. There are only
a few publications dealing with genetics, where fish eggs
were studied with fluorescent dye binding with nuclei such as
Ethidium bromide or Hoechst dyes [20,21]. Autofluorescence
has perspective in the fast analysis if there is a luminescence
microscope, and for more deep research the recording
apparatuses such as microspectrofluorimetry may be
recommended. The main limitation of the method consists of
the procedures of the samples’ preservation. Water-sensitive
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Figure 4: Fluorescence and the fluorescence spectra of the red mullet embryo in
mullet eggs (fixed with 4% formalin) when excited by light of different wavelengths:

ultraviolet 360-380 nm (a), violet 430-450 nm (b) and green 515-550 nm (c). Bar =
300 p Bar =120 pym.
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Living egg

Dead egg

Figure 5: Fluorescence of the red mullet living and dead eggs fixed in 4% formalin when excited by light of different wavelengths: ultraviolet 360-380 nm (a), violet 430-450

nm (b), and green 515-550 nm (c). Bar = 300 pm.

gel structures need either fixation or maintaining aquarium
conditions for cellular fluorescent analysis. In the future, the
new special technique should be exploited. For sea practical
use in ecological monitoring of the cell fertility and damages
or in fisheries, we hope, a new portative fluorescent technique
should be applied, side by side with our laboratory apparatus.

In planktonic eggs, it is possible to detect the earlier
stages of development. Thus, we present the first data on the
observation and measurement of the fluorescence of planktonic
eggs on the example of red mullet. Following studies of the
autofluorescence application in fishery practice may be
important for the quantitative determination of fertilized and
unfertilized cells or living and dead cells. Moreover, visual
pictures of the light emission under a luminescence microscope
may be useful in education, especially in embryology, histology
without damaging the cell structures, and cell biology as a
whole.

Conclusion

The fluorescent method allows us to identify the earlier
stages of development of the fish eggs. It was possible to test
fertilized eggs and primary stages of development. Observers
may see the internal structure of the egg cell under the excitation
of ultraviolet, violet, and green the living and dead cells and the
difference between living and dead cells. This approach should
be recommended for practice in both fundamental cell biology
and industrial fishery.
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