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Stereological analysis of mitochondriain embryos
of Rana temporaria and Bufo bufo during cleavage
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Abstract: Total numbers of mitochondria and their morphology have been quantitatively determined in mature oocytes and
in cleaving embryos of two anuran spedRasa temporaria andBufo bufo using stereological methods. Surface densities of

inner mitochondrial membranes for both studied species during cleavage ranged fror#f&#3an7.53 n¥/cn?, whereas

volume densities of mitochondria did not exceed 1.65%. Since values of these parameters were low, thus embryos during
cleavage may be considered as metabolically "silent”. Transition of ultrastructural morphology of mitochondria towards that
characterising actively respiring organelles occurs at stage R femporaria and at stage 8 fd. bufo, correlated with
blastula-gastrula and mid-blastula transition, respectively. The total numbers of mitochondria N(c) in mature oocytes are as
high as 114.8 and 107.2 millions fertemporaria andB. bufo, respectively, and during cleavage at late blastula stages they
increase to 300 millions for both species under study. We suggest that an undefined mechanism might eliminate during cleavage
those amphibian embryos which contain small number of mitochondria and low levels of nutrient substances.
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I ntroduction exists a mitochondrial distribution gradient in the am-
phibian oocytes that starts in the animal hemisphere with
In amphibians eggs, large amount of materials necesskmge number of mitochondria and ends at the vegetal
for further development and growth are stored durirgple with very small number of mitochondria. Immedi-
oogenesis, therefore the eggs may reach up to 2 mnately after fertilization, rotation of the egg cortex
diameter forRana temporaria and Bufo bufo oocytes modifies this initial symmetry to create the embryonic
[21]. The material accumulated in the oocyte cytoplasdorsal-ventral axes [24, 32], and then, during cleavage,
includes different forms of the yolk, enzymes, precufurther rearrangements proceed [15].
sors for DNA, RNA and protein synthesis, mRNAs, Fertilization initializes cleavage, which is charac-
tRNAs, structural proteins and ribosomes as well @srized by high speed and frequency of the cell divisions.
mitochondria [6, 11]. It has been suggested that tfdis high mitotic activity leads to a fragmentation of the
number of mitochondria in the mature amphibian oocy#gg into an evergrowing number of blastomeres, hence
is of the order of 10as estimated by measurements dhe population of mitochondria is divided into numer-
the total mitochondrial DNA [28]. Despite this commorous, increasingly smaller fractions. In amphibians, at the
opinion and by using appropriate stereological methoeginning of the cleavage the mitoses are synchronous,
it was proved that there is enormous number of mitthen the cell divisions lose their synchrony, the new
chondria in the amphibians oocytes: 16 millions peyenes become expressed, cleavages become slower and
Xenopus laevis ovulated oocyte [13] and above 10Qcells become motile [3, 6]. This mid-blastula transition
millions in R. temporaria. In the oocytes, mitochondria for R. temporaria andB. bufo occurs at stage 8 [14].
are not dispersed at random but their distribution pattern Following fertilization, different metabolic pro-
evolves during oogenesis [24, 31]. Arrangement of miesses start at different time during cleavage in amphi-
tochondria possesses axial symmetry along the animiilans embryos. A few minutes after insemination protein
vegetal axis &V axis) until fertilization [15]. There synthesisandamino acid transportare activated [16, 30],
but the main process is an intensive DNA synthesis in a
series of quick, mitotic divisions of blastomeres [6]. The
Correspondence: M. Romek, Dept. Cytology and Histology, In- whole genome is replicated in less than 10 minutes [3].
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is ready in the embryo cytoplasm. The level of proteilﬁd).Technical details were presented in previous articles on embryo
synthesis is initially low, but steadily increases duringfiéntation in the epoxy resin block [21, 22].

| H t the blastula st 850 locks with oocytes or embryos were trimmed to an accuracy of
cleavage. However, even at the blastula stage, %8 pm by means of a wood lathe equipped with a stereoscopic

overall protein synthesis is still supported by materngiicroscope MSt130 (PZO, Poland) and an eyepiece micrometer to
mRNAs. Initially after fertilization, the total RNA syn- obtain axial sectionsA§), which contaire-v axis of embryos (Fig.
thesis is weak in comparison to later stages of cleavad®): Serl?"th'_“ SetCt'O”Sg“ th'ﬁkf Wefﬁ cut ffl‘lz"’ésus'ngups‘x;ef' g
o : - Blum ultramicrotome (Servall Inc. Norwalk Comp, an
In amphibians, the synthesis of mRNAs Sj[arts duri ined with mixture of 1% methylene blue and azure Il. Sub-
early cleavage, atthe 16-cell stage and continues at a kd4,ently, sections were examined with the Biolar (PZO, Poland)
and constant rate throughout the cleavage [6]. The syt microscope equipped with an eyepiece micrometer to evaluate
thesis of the small RNAs, such as 5S RNA and tRNAgfal volume of cytoplasm of oocytes and embryos V(c) for each
starts at the mid-blastula transition but there is rRfvelopmental stage. Then, to reduce the size of the seétBwste

. . rmmed by hand to an accuracy of @ using razor blade and
measurable synthesis of other rRNA nor formation ‘&jsuso stereoscopic microscope with an eyepiece micrometer, [21,

new ribosomes during this period of development. Thugg) (Fig. 1a). Trimmed and oriented blocks were cut into ultrathin
embryos are using the ribosomes that had been produsegions; sections were placed on 400 mesh grids and double stained

during oogenesis in amphibian embryo [6]. Later, at tHydth uranyl acetate and lead citrate for TEM. Ultrathin sections were
_ i ' n analysed in the Jeol 100SX (JEOL, Japan) transmission electron
blastula-gastrula transition, the embryo starts Synthe%]leéroscope at 80 kV. To calibrate magnifications, Fullam grid (E.F.

o_f all rRNAs and ass_,embly of new_ribosomes. At thadlam, Schenectady, N.Y. No 321) was used.
time, mMRNA synthesis also greatly increases [3].
All the processes that occur during cleavage regingtereology. The following stereological parameters were estimated

; ; ; iynfer mature oocytes and for each stage of development: numerical
cause progressive Increase in oxygen Consumptlond(?'t]nsities of mitochondria per unit volume of cytoplasgmt),

famph't_"an €ggs [12_’ 20]. ThIS_ 'ncre‘_ase_s'[arts alm% ume densities of mitochondria per unit volume of cytoplasm
immediately, one minute after insemination, become&g(m,c) and surface densities of outer and inner mitndhial
faster from mid-blastula transition [20] and is controllechembranes per unit volume of mitochondrige,m) and Ein,m)

by the concentration of ADP in the egg. Thus, consum pectively. Methods of unbiased estimation of the above stereo-
tion of ATP in cleaving embryo must increase as Wegéglcal parameters for oocytes and embryos tA@were previously

. . . escribed in detail [21, 22]. In brief, nine embryos for each stage
In somatic cells, alteration of energy consumption leaggm st.1 to St.9 were selected and ASeandomly oriented around

to changes of mitochondrial volume and membrariey axis was trimmed per each oocyte or embryo (Fig.1a). Then, from
surface [26]. Frequently, the number of mitochondritie set of ninéSfor each St, three animal - A, three vegetal - V and
also increases. However, it is known that mitochondrig/ee equatorial - E subareasd@were trimmed and analysed (one

d t licate duri | - hibi b subarea A, V or E pe&kS). Sizes of A, V and E are shown in Figure
0 not replicate during cleavage in amphibian embrygy Thus, nine ultrathin "axial" sections sampled the entire volume

[4]. Thus f[he qu_eStionS arises in what way mito‘_:hondrd.ﬁoocyte or embryo randomly (Fig.1b). Then each subarea (A, V,
may modify their structure to meet the new requiremeri$ was sampled by the randomly chosen meshes of the electron
of the growing embryo. The aim of the present study wycroscope grids [22]. Indexs the number of subarea for each stage

f . Ly (=1, ..., 9) andiris the number of chosen meshesifbrsubarea,
to analyze stereological parameters of mitochondgea,, usually = 9 but if the area of cytoplasm was smel, in A for

numerical and volume densities as well as surface defsges with a large blastocel, ther 18 or 27.
sities of the inner and outer mitochondrial membranes. For eachijth chosen mesh, Nm,c), Vi;(m,c), Si(ext,m) and
S,j(in,m) were measured. Indgis the number of the mesh chosen

. on the subarea numberin the geometrical centre of each chosen
Materials and methods mesh, one micrograph of cytoplasm=&800 magnification (to
evaluate Vjj(m,c) ) and one micrograph of mitochondria&0000
. magpnification (to evaluate;gext,m) and &(in,m) ) were taken. The
(B. l:_)ufo) were collected 30 km south of Cracow, Poland, dgrlng oN&lume densities ¥(m.c) I%vere meas?red using point counting
mating season (the second half of March for frog and the first half Qfathod [29] and B100 double square lattice system with the number

April for toad) and used to obtain oocytes and embryos. Nine staggSest points P=400. To estimate surface densitieg(&t,m) and
of development (St) [14] were analysed: St.1 - mature oocyte, St.aV

Animals. Mature males and females of frdg) femporaria) and toad

fertilized eggs, 2 hr after fertilization, St.3, 4 and 5 - two, four an i(in.m), B10O lattice was used too, but with total test fine length

; : +=2280 mm. Thus:
eight blastomeres, respectively, St.6 - morula, St. 7, 8 and 9 - early,

medium and late blastula, respectively. Mature oocytes (St.1) Weres (et my =2 Pedjj Pt M
isolated from the oviducts. Embryos at each stage of development™" """ == | . p .
during cleavage (from St.2 to St.9) were chosen from the $et of
vitro fertilized eggs [14, 23]. and
. Ppii P
Light and transmission electron microscopy. Oocytes and em-  Sy;j (inm) = Z%Tupft M
m,ij

bryos were decapsulated and fixed for 24 h at 4°C with a mixture of

3% glutaraldehyde, 2% formaldehyde and 2% dimethylsulphoxidehere M is the magnification of micrographs (M«£0000), Ry
(DMSO) buffered with 0.1 M cacodylate buffer (pH 7.4). Theand R.j; are the numbers of intersections between test lines and
material was then rinsed in 0.1 M cacodylate buffer at 4°C for 24 &xternal or internal mitochondrial membranes, respectivalyid
oriented in 2% agar and postfixed at 4°C for 24 hin 1%®efered  the number of test points on mitochondria.

with 0.1 M cacodylate buffer (pH 7.4). Samples were subsequently To estimate numerical densities of mitochondrjg(iN,c), Wei-
dehydrated in ethanol using a standard dehydration schedule &eftCruz-Orive method was used [5, 29]. Then:

finally embedded in epoxy resin (Agar 100 Resin, Agar Scientific
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a"' a-v axis b]
ap
A
— Fig. 1. a. Axial section (AS) of embryo isotropi-
E E cally oriented abouw-v axis. Animal (A), equator-
ial (E) and vegetal (V) subareas of AS are shown.
ap: animal pole,vp: vegetal polew =r; and
'.\" h =§ ri are width and height of subareas, respec-
W tively. ri is diameter oith embryo and;lis distance
¥R} betweera-v axis andsCM. b. Isotropic sampling
- of embryo arouné-v axis by three subareas A, E
and V.
" . Values N(m,c), V,(m,c), S(ext,m) and Fin,m) for oocytes and
2 Najj (M) Z m¢’ i (Wi | 0,0,0 embryos at each stage of development were compared by analysis of
) _ k=1 variance (ANOVA) and using Tukey’s intervals.
NV,IJ(mvo) - mn
where Results
my . - .
W= 1_(W)2 Tables 1a and 2a present numerical densities of mito-

_ - _ _ _ chondria N(m,c) and volume densities of mitochondria
Na,j(m,c) are numerical densities of mitochondrial profiles P/, (m,c) in relation to the whole cytoplasm of the oocyte

unit area foiijth mesh. Numbers of mitochondrial profiles per unit b f h fd | duri |
area were counted 856000 magnification using square test area [7P" €MDryo for each stage ot development during cleav-

and ten randomly chosen fields of view of TEM per each chos&ge, from St.1 to St. 9 fdr . temporaria andB. bufo,
mesh. gw’|0,0,0) are auxiliary coefficients [29]. Mnd m are respectively. Additionally, mean total volumes of em-
lengths of major and minor principal axesktf recorded profile of bryo cytoplasm V(c) and mean total numbers of mito-

mitochondria on section numbieandn is the number of measured : .
mitochondrial profiles. Mand m were measured on micrographsd‘"'mdrla per embryo during cleavage are presented.

of mitochondria taken atL0000 magnification. In general, the mean values ofi¥,c) forR. tempo-
To estimate the unbiased mean ¢ihlc), Vi,(m,c), S(ext,myand rariaare higher than those fBrbufo at all developmen-
S/(in,m) in relation to the whole volume of cytoplasm of the oocyteg| stages. The lowest values qfiN,c) were found for
or embryo for each stage, corrections factors were used [22]: St.1 and the highest for St. 9. In frog embryos, numerical
Tij density of mitochondria during cleavage increases from

Xsii :
x=E" o1 eg=1un 5.7%102um3at St.1 to 10.54102 pm at St. 9 and in
oo Crmm e toad embryos from 4.03 to 97402 um3. The analysis
n of variance did not show any statistically significant

where X = NV, or § and X = Nuij, Vi or Sij; Ti is the distance differences betwegn numencgl densitiegnc) from
betweera-v axis and geometrical centre of fitie mesh chosen in St.1 to St. 6, both iR. temporaria andB. bufo, respec-
theith subareajjwere measured to an accuracy ofiiGusing the  tively, (Tab.1lb and 2b). FoB. bufo, one exception
assumed coordinate system based on the location of the ulalgiiss: difference between St. 1 and St. 6 is significant.
sections on the 400 mesh grids. Grids were previously measure o L .
Biolar ight microscope eq%ipped Lith o oprroe Y HEes” Yl iistically significant differences occur later, between
To evaluate the mean, total volume of cytoplasm of embryos &ll means calculated for St. 7, 8 and 9 for both studied
each stage, the stereological method called "nucleator" was used§pecies: Nm,c) increases as the cleavage goes on.
21]. In each of nine semi-thin section &8, five intercepts were Additionally, values of Nm,c) at St. 7, 8 and 9 are

drawn fromap to the surface of the embryo. Thus, for each stage tléf’f nificantly higher than those found for stages 1 to 6
set of 45 intercepts isotropically oriented in space were measured 238 !

mean, total volume of cytoplasm of embryos V(c) was derived usi ab. 1 and 2). ) . ) )
the formula: Volume density of mitochondria,ym,c) inR. tem-
4 . porariaembryos does not change from St. 1 to St. 8 but
V() =5 () increases for St. 9 and is significantly higher than at all

where his the summarised length of all fractions ofttteintercepts others stages (Tab' 1b)' i bufo embryos, StatiStica"y
which were contained in the cytoplasm &nig mean ofy. FinaIIy,’ significant differences between the means dmyc)

total number of mitochondria per embryo was calculated: occur earlier, at St.8 (Tab. 2b). _
_ The total number of mitochondria N(m) fr tem-
N(m) = V(c)' Ny(m,c).

poraria and B. bufo embryos increases significantly
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the V(m,c). Surface densities of inner mitochondrial
membranes foR. temporaria and B. bufo eggs during
the whole period of cleavage ranged from 5.48m?
to 7.53 m/cm® whereas (m,c) did not change more
than by 1.65% . Thus, both parameters posses low values
as compared to those measured in the "standard cells",
e.g. rat hepatocytes - 40%fom?® and 12%, respectively
[9]. Additionally, the ratio of inner to outer mitochon-
drial membrane is very low, about 1 .2, (Fig. 2) whereas
for other somatic cells, this ratio is as high as 5. Thus, in
the light of the present data, the cleavage period up to
midblastula transition may be considered as metabolically
silent, and the embryo uses maternally inherited proteins
or proteins translated during cleavage from maternally
inherited mMRNAs. Considering the low values of mito-
chondrial volume and surface densities, the embryos ex-
hibit lower metabolism than somatic cells.

The shift in ultrastructural morphology of mitochon-
: dria towards that characteristic of more actively re-
4= spiring organelles is seen at St. 9 Rotemporaria. In
P wEra N f toad embryos, ¥(m,c) significantly increased from St.
e . T AN 8 whereas &in, m) remained constant during the whole
period of cleavage. These events can be correlated with

Fig. 2. Mitochondria in morula (St. 6) d. bufo by TEM from:a-  1he mjd-plastula transition, when a faster increase in
animal andb - vegetal hemisphere of the embryo. The cytoplasm

contains many small glycogen granules. p - single pigment gran§j¥erall rate of metabolic activity occurs [3, 18, 32]. In
is seen. Bar = 0.am. the frog embryos, the changes in mitochondrial morpho-

logy start at the late blastula stage,near blastula-ga-

strula transition, at the moment when embryo starts
during cleavage (Tab.1a and 2a) and is 2.5 times higlpeoducing new ribosomes [3, 6]. In contrary to the toad,
at St. 9 in comparison to N(m) calculated for St. 1. Aioth parameters ¥fn,c) and Kin,m) are significantly
the late blastula stage, single embryo contains almdsgher than those calculated for earlier stages of devel-
300 millions mitochondria. opment. Remarkably, the quantitative differences in mi-

Table 3 summarizes results for surface densities toichondrial ultrastructure occur at different stages of

external Jext,m) and internal 8@n,m) mitochondrial embryonic development @&. temporaria andB. bufo.
membranes per mitochondrial volume unit. There are fitne possible explanation is that it results from tempera-
morphological differences, quantitative or qualitative, iture differences of environment in which embryos of
structure of mitochondria, in the animal, equatorial arfabth studied species develop, since temperature influen-
vegetal parts oR. temporaria and B. bufo embryo ces rates of chemical and biological reactions. Indeed,
during cleavage (Fig. 2). One-way analysis of varian@nbryos ofR. temporaria develop during the second
did not show statistically significant differences behalf of March when temperature of water is lower than
tween means calculated for all stages under stuBy inthat forB. bufo embryos developing during the first half
bufo embryos, for ext,m) and Jin,m) (Tab. 3a). In of April.
R. temporaria embryos, surface density of external mi- In the amphibians, dorsal-ventral gradient of differ-
tochondrial membranes at St. 1 is significantly lowesnt constituents such as mRNAs, ribosomes and mito-
than $(ext,m) for St. 7 and 8, but(®,m) increases at chondria exist in the embryo, [6, 15, 24, 28, 32]. Thus,

r - ‘1.
., Ty [«
¥

St. 9 only (Tab. 3b). it was reasonable to expect that in the amphibian em-
bryos uneven distribution of organelles or biomolecules
Discussion which take part in different metabolic processes may

serve spatial differentiation of energy production fol-
Quantitative analysis of the mitochondrial ultrastructudewing spatial differentiation of mitochondrial ultra-
may provide some clues to estimate the cell metabostructure [12, 25, 32]. It was surprising that during
rate. It is obvious when we compare surface densitiesadéavage in the whole embryo of the studied species
inner mitochondrial membranes and energy demandsmitochondria posses high homogeneity of their ultra-
the different somatic cells:,@,m) significantly in- structure. Itis likely that spatial differentiation of energy
creases when metabolism of the cell becomes higltesmand is so small that structural changes of these
[12]. A similar correlation also exists during changes afrganelles are not significant.
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Table 1a. Numerical densities \{{m,c), volume densities ¥m,c)
and total number of mitochondria N(m) fettemporaria embryos.
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Table 2a. Numerical densities §m,c), volume densities ¥m,c)
and total number of mitochondria N(m) Babufoembryos. St: stage

St: stage of development, V(c): total volume of embryo cytoplasmof development, V(c): total volume of embryo cytoplasm.

Rana temporaria Bufo bufo
Nv(m,c) Vv(m,c) V(c) N(m) Nv(m,c) Vv(m,c) V(c) N(m)
St. +SD +SD +SD +SD St. +SD +SD +SD +SD
[um] x 10 [%] [mm?] x 10° [um] x 10 [%] [mm?] x 10°
1 5.73+0.15| 0.86+0.11 | 2.00+ 0.14 | 114.8+ 8.5 1 4.03+£0.21 | 0.64+0.05 | 2.66+ 0.45 | 107.2+ 18.8
2 6.23+ 0.68| 0.94+0.08 | 2.17+0.16 | 135.3+ 17.6 2 472+ 0.41 | 0.75+0.05 | 2.71+0.24 | 128.1+ 15.9
3 5.84+0.02| 0.96+0.12 | 2.14+0.15 | 125.0+ 8.5 3 5.14+0.28 | 0.84+0.06 | 2.86+0.26 | 147.1+ 15.6
4 5.46+0.25| 0.76+0.09 | 2.25+0.27 | 122.7+15.9 4 | 453+0.59 | 0.92+0.04 | 3.02+0.29 | 136.7+ 22.2
5 6.25+ 0.22| 0.86+0.03 | 2.37+0.45 | 147.9+ 28.3 5 5.55+0.57 | 1.18+0.10 | 2.87+£0.34 | 159.1+ 24.9
6 6.86+ 0.41| 0.92+0.02 | 2.40+0.21 | 164.0+ 19.7 6 6.28+0.52 | 1.31+0.13 | 2.91+0.34 | 182.5+ 26.1
7 9.42+0.76| 1.01+0.05 | 2.43+0.53 | 228.5+ 53.3 7 7.24+0.84 | 1.14+0.07 | 2.85+0.32 | 206.4+ 33.4
8 9.52+0.54| 1.11+0.10 | 2.42+0.38 | 230.2+ 38.1 8 8.47+0.78 | 1.60+0.08 | 2.78+0.36 | 235.5+ 37.3
9 |10.51+0.48| 1.34+0.13 | 2.78+0.53 | 292.4+ 57.6 9 9.74+0.36 | 1.65+0.10 | 2.81+0.31 | 273.8+ 31.6
F 27.23 5.34 - - F 18.85 29.81 - -
TUK 1.85 0.37 - - TUK 221 0.33 - -

F: value of F-distribution, TUK: length of the Tukey’s confidence: value of F-distribution, TUK: length of the Tukey’s confidence
interval, SD: standard deviationg f1 f2 = 2.51: critical value of F interval, SD: standard deviationg f1 f2 = 2.51: critical value of F
where:a = 0.05,f =8 and = 18. where:a = 0.05,f =8 and $ = 18.

Table 1b. Comparison of the mean valueg(M,c) and W(m,c) Table 2b. Comparison of the mean values NV(m,c) and VV(m,c)
calculated for alR. temporaria stages of development under study calculated for alB. bufo stages of development under study. Char-
Character "+" indicates that differences between the stages possedsr "+" indicates that differences between the stages possess stat-

statistical significance.

istical significance.

Rana temporaria Bufo bufo
Nv(m,c) Nv(m,c)
St 1 2 3 4 6 7 8 9 St 1 2 3 4 6 7 8 9
1 - 1 -
2 - - 2 - -
3 - - 3 - -
4 - - - 4 - - -
5 - - - 5 - - -
6 - - - - 6 + - - -
7 + + + + - - 7 + + + - -
8 + + + + - - - 8 + + + + - - -
9 + + + + + - - - 9 + + + + + + - -
Vy(m,c) NV(m,c)
St 1 2 3 4 6 7 8 9 St 1 2 3 4 6 7 8 9
1 - 1 -
2 - - 2 - -
3 - - 3 - -
4 - - - 4 - - -
5 - - - 5 + + -
6 - - - - 6 + + + + -
7 - - - - - 7 + + - - -
8 - - - - - - 8 + + + + - + -
9 + + + + + - - - 9 + + + + + + - -
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Table3a. Surface densities of external&xt,c) and internah&in,c)
mitochondrial membranes f&. temporaria andB. bufo embryos.
St: stage of development.

The estimated number of mitochondria is not less
than 114.8 and 107.2 millions per mature oocytR.of
temporaria andB. bufo, respectively. These values are

Rana temporaria Bufo bufo surprisingly high but comparable with dataXotaevis
Seextm) | Syinm) | Suextm) | Sy(inm) [13] andR. temporaria oocytes during oogenesis. Stere-
St. +SD +SD +SD +SD ological results concerning the number of mitochondria are
[m¥em’] | [m¥em] | [m%em’] | [u¥em] reliable in comparison to those obtained from measure-
1 | 5.03+029 | 6.58+0.49 | 5.43+0.28 | 7.08+0.34 | Mments of mitochondrial DNA content in the oocytes [4].
2 | 5.61+£0.18 | 6.60+0.26 | 5.46+0.23 | 7.07+0.33 The principal finding of the present study is that
i g-ggf 8-2}1 g-ggf 8-22 g-gif 8-1? gzgf 8-22 numerical densities of mitochondria(h, c) for both
5 | 5.46+0.16 | 6.66+0.18 | 520£013 | 603031 | Studied species remain unchanged up to St. 6 and then
6 | 567+015 | 6.76+028 | 502+0.17 | 6.38+029 | Progressively increase with statistical significance
7 | 6.10£0.25 | 7.24+0.44 | 5.16+0.16 | 6.64+0.27 | throughout St. 7, 8 and 9. Furthermore, the total number
8 | 6.19£0.12 | 7.31+0.30 | 4.94£0.13 | 6.14+0.23 | of mitochondria N(m) as well as total volume of embryo
9 | 5814014 7534032 | 520+0.13] 6.80+0.36 | cytoplasm V(c)increase during cleavage. At St. 9, N(m)
F 453 4.07 0.59 1.24 rises to 292.4 millions and 273.8 millions of mitochon-
TUK 1.06 0.88 - - dria inR. temporaria and B bufo embryos, respectively.

F: value of F-distribution, TUK: length of the Tukey’s confidencd 1€NCE, our data contradict the common opinion (3, 6]
interval, SD: standard deviationg ff 2 = 3.89: critical value of F that during cleavage the number of mitochondria does
where:a =0.01, f =8 and = 18.

Table 3b. Comparison of the mean valugg(ext,m) and $(in,m)
calculated for alR. temporaria stages of development under study.

not change.

We know that the content of mitochondrial DNA
remains constant during cleavage in amphibian em-
bryos, as previously determined by hybridization of

Character "+" indicates that differences between the stages poss®PDNA with radioactive cDNA probes [4]. Moreover,
statistical significance.

Rana temporaria

Sv(ext,m)

St

1 2

O ooIN OO~ WIN| P

Sv(in,m)

4]

oI NO|O| AW IN| PP

in X. laevis, specific DNA-binding proteins are known
to inhibit mitochondrial transcription [1]. Additionally,
mitochondrial rRNA synthesis starts late at gastrula
stage (St. 10) [32], whereas levels of other mitochondrial
RNAs [4, 27] and mitochondrial DNA-encoded proteins
[32] are unaltered during early development of amphi-
bian embryos. In spite of the above facts it is possible
that embryos use maternally inherited mitochondrial
components to build new organelles. The total level of
MtDNA could remain unaltered, while the number of
mitochondria increases, since oocyte mitochondria are
highly polyploid, containing over 100 genomes for each
mitochondrion [2]. Thus, replication of mitochondria is
likely if mitochondrial polyploidy decreases during the
cleavage period. Another argument which can support
the above thesis is the analysis of surface densities of
external mitochondrial membranege&t, m). This par-
ameter increases during St. 7 and 8 irRhemporaria
embryos but inB. bufo embryos it remains constant
during cleavage. 8ext, m) increases when mitochon-
dria become smaller, what could result from their repli-
cation.

On the other hand we did not observe any mitochon-
drion under division in the embryos of both species, at
any stage during cleavage. Hence, we propose another
interpretation of the increase in total number of mito-
chondriain the cleaving amphibian embryo. Anincrease
in the number of mitochondria may not necessarily result
from their divisionj.e. production of new organelles. In
many species, over 50% of oocytes population die by
apoptosis before birth of females [17]. Later on, postna-
tal loss of oocytes is continued. Krakauer and Mirra [10]
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have interpreted this phenomenon as removal of oocyt&3 Lovtrup RH, Nelson L (1982) Changes in mitochondrial respir-
carrying mutant mitochondria. Indeed, it was proved that ation during the developmentXénopuslaevis. Cell Differ 11:

mitochondria can actually influence oocyte fate. Injeyq +ors i i
: Yy oocy - N cf13] Marinos E (1985) The number of mitochondriaXenopus
tion of small number of mitochondriag. 5% of total laevisovulated oocytes. Cell Differ 16: 139-143

mitochondrial pool per oocyte in FVB female micel4] Michniewska-Predygier Z, Pigoh (1957) Early developmen-
caused adecrease in apoptosis rate from 70% for oocytest@! stages irRana temporaria L., Rana terresiris ANDRZ.,

S ; ; Rana esculenta L. and Bufo bufo L (in Polish). Stud Soc Sci
ff 0 -
microinjected with buffer alone to 36% for those micro Torunensis, Sect E (Zool) 3: 1-24

injected with purified mitochondria [19]. During cleav-[15} mignote F, Tourte M, Mounulou JC (1987) Segregation of
age, the situation cold be similar: embryos with higher ~mitochondria in the cytoplasm ¥énopusvitellogenic oocytes.

number of mitochondria may reach later stage of devel- Biol Cell 60: 97-102 _
opmentj.e. do not die earlier. Thus, when we coIIecterle] Mohri T, Ivonnet Pl, Chambers EI (1995) Effect on sperm-in-

. duced activation current and increase of cytosoli¢ 3sagents
embryos at different stages of development, those at that modify the mobilization of [G4. |. Heparin and pentosan

more advanced stages were larger in size and containedpolysulfate. Dev Biol 172: 139-157
higher total number of mitochondria. In the preserfit7] Morita Y, Tilly JL (1999) Oocyte apoptosis: like sand through
study the same pattern was observed for total volume of an hourglass. Dev Biol. 213: 1-17

: o 8] Newport J, Kirschner M (1982) A major developmental transi-
cytoplasm V(c) during cleavage, although it is known thEt tion in earlyXenopus embryos. |. Characterization and timing

!n most SPeCieS’ esp_ecially in amPhibianS, there is No net of cellular changes of the midblastula stages. Cell 30: 675-686
increase in embryonic volume during cleavage [6]. [19] Perez G, Trbovich AM, Gosden RG, Tilly JL (2000) Mitochon-

These results suggest that in amphibian embryos dria and the death of oocytes. Nature 403: 500-501
during cleavage there exists a mechanism, which elinfg?] Raddatz E, Lovtrup RH (1986) Changes in activity of the

. L .y regulatory glycolytic enzymes and the pyruvate-dehydrogenase
nates defective embryos containing insufficient number ¢ ;1ex Guring the development Xénopus laevis. Exp Cell

of mitochondria and nutrient substances that are necess-Biol 54: 53-60
ary for the maintance of the embryonic development. [f1] Romek M (1998) Spatial distribution of yolk platelets and fat
this is true, the percentage of surviving embryos should droplets in oocytes and cleaving embryos of the common frog

decrease progressively as cleavages proceed. Indeed, wéRana temporaria) and toadRufo bufo). Folia Histochem Cy-

observed that a progressively smaller fraction of develg,) romek M, Krzysztofowicz E (2000) Utilization of the yolk
ping embryos reached more and more advanced stages platelets during early embryonic developmenRaria tempo-
raria andBufo bufo. Folia Histochem Cytobiol 39: 283-291
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