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Regional differences in lateral diffusion rates of fluoreacence-labeled proteins have been studied 
in the plasma membrane of dividing eggs of the loach (Misgurnusfossilis) by fluorescence recovery 
after photobleaching (FRAP). Apparent animAl-vegetal differences in fluorescence intensity, lateral 
diffusion coefficients, and fractions of mobile proteins have been found, with all these quantifies 
being higher in the animal pole region than in the yolk region. Cyclic changes in protein diffusion 
coefficients and mobile fractions during the first few cell cycles have also been recorded. Soon 
after the end of a cleavage, the diffusion coefficient reaches its minimal value and increases rapidly 
before the next cleavage. 
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INTRODUCTION 

The apparent correlation between growth behavior 
and changes of plasma membrane properties has been 
demonstrated by many studies (see, e.g., Refs. 1-4 and 
references therein) and has led to intense research of 
membrane role in growth control. Considerable efforts 
have been invested in the study of mobility of plasma 
membrane components in developing embryos [5-14]. 
It has become apparent that no universal conclusions can 
be made about the lateral mobility of plasma membrane 
components during early embryogenesis: In ampIn'bian 
and molluscan embryos, membrane lipids have been 
found to be more mobile on the vegetative than on the 
animal pole, in terms of both diffusion coefficients and 
mobile fractions [10,11,14]. On the other hand, no such 
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differences have been found in sea urchin and mouse 
embryos [8,13]. Mobility was found to decreased sig- 
nificantly immediately after fertilization, with the drop 
being generally more pronounced in the animal region. 
This may reflect differences in mechanisms of maintain= 
ing the animal-vegetal polarity in embryos of different 
species [3,6,7,10]. The lateral diffusion behavior of pro- 
teins is often different from that of lipids and proteins 
[9], indicating that more specific mechanisms than mere 
membrane fluidity are involved in the control of lateral 
mobility of proteins, so that changes in membrane flu- 
idity do not tell si~mificanfly on the mobility of proteins. 

Speeksnijder et al. [14] have found cyclic changes 
in lateral mobility of a lipid probe in the membrane of 
a vegetal blastomere of the mollusk N. reticulatus, wi th  
a si~ificant increase in the diffusion coefficient in the 
S-phase. de Laat et al. [5] report cyclic changes in lateral 
diffusion of both lipids and proteins during the cell cycle 
of neuroblastoma cells. For lipids, the diffusion coeffi- 
cient was found to be minimal in mitosis, it increased 
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Table I. The Ratio of Fluorescence Intensities from Various Parts of 
an Embryo, 1 and 2 h A i ~  Labeling" 

Time of incubation 

l h  2 h  

FB/FC 1.51 3.13 
FB/FV 1.84 3.19 

~ FC, and FV are fluorescence intensities on the blastomeres, in 
the yolk center, and at the vegetal pole, respectively. 

in the G, phase, and after being constant during the S 
phase, it dropped back again at the beginning of mitosis. 
For proteins, the diffusion coefficient behaved differ- 
ently in that it slowly decreased in the S and G2 phases 
to a minimum in mitosis. 

In this study we used eggs of loach (Misgurnus 
fossilis) as a model system to investigate animal-vegetal 
differences in distribution and translational mobility of 
proteins in embryonal plasma membranes and their var- 
iations during cell cycles at early stages of embryonal 
development. 

MATERIALS AND METHODS 

Materials. Mature eggs were collected from fe- 
males of loach (gisgurnas fossilis), stimulated by hu- 
man chorionic gonadotropin. To prevent activation, 
manipulations with non_fertilized eggs were done in a 
calcium-free medium. The eggs were fertilized by 
sperm, and prior to labeling, the vitelline membranes 
were carefully removed by a needle. The manipulation 
with the eggs was not difficult because of their large 
dimensions (> 1 mm in diameter). 

Fluorescence Labeling. Proteins in the egg cyto- 
plasmic membranes were labeled nonspecifieally by with 
FITC, dissolved in calcium-free Hotfreter solution at pH 
10 to a concentration of 3 mg/ml. The eggs were incu- 
bated with the dye solution for 10 rain at  20~ and then 
they were rinsed thoroughly in Holtfreter solutions of 
pH 10 and 7.2 and in tap water. Labeling at a high pH 
prevented internalization of the dye [6,13]. 

Preparation of Samples. The eggs were placed in 
small holes, formed in a thin ( 2 - r n m )  1% Bacto agar 
layer in small petri dishes. Before the measurement, the 
embryos were visually inspected in a fluorescence mi- 
croscope (JENALUMAR, Carl Zeiss Jena) to check their 
integrity. It was found that embryos with leaky mem- 
branes, which internalized FITC, showed anomalous dif- 

fusion characteristics (not presented). All such embryos 
were excluded from further measurements. 

FRAP Measurements. Lateral diffusion measure- 
ments were performed using the FRAP instrument de- 
scribed elsewhere [15]. Briefly, an argon laser beam was 
focused on a cell membrane by a 12.5/0.35 dry objective 
into a Gaussian spot with an e -2 radius of 2.6 pan. The 
illumination intensity was controlled by an acoustooptic 
modulator. Fluorescence was detected by photoncount- 
ing electronics. An image plane diaphragm was used to 
reduce the depth of the layer, from which light was col- 
lected. Diffusion coefficients (D) and mobile fractions 
(R) were obtained from recovery curves by a nonlinear 
corve-fitting procedure in a manner similar to that de- 
scribed in Ref. 16. 

RESULTS AND DISCUSSION 

Fluorescence Labeling. The eggs exhibit a weak 
autofluorescence, which was in most cases 10-5 times 
lower than that excited from a labeled membrane. More- 
over, the bleaching efficiency was found to he two to 
three times lower for auto fluorescence than for bound 
FITC. Apparently, autofluorescence did not contribute 
significantly to fluorescence recovery data and was not 
considered in the analysis. We have found that a small 
portion of free FITC in the vicinity of the cytoplasmic 
membrane cannot be removed even by repeated rinsing. 
This is analogous to findings of Peters and Richter 
[6,13]. Simple calculations (not presented) indicate, 
however, that the detected small amounts of FITC give 
negligible contribution to fuorescence recoveries (less 
than 2%), because the fluorescence from the solution 
was substantially eliminated by the depth of  field-limi- 
ring image plane diaphragm of the microscope. More- 
over, the recovery curves were found to correspond in 
all cases to one-component diffusion, with no fast-dif- 
fusing component detected. 

Distribution of FITC Within the Plasma Membrane. 
The distribution of bound FITC in the plasma membrane 
was nonuniform, as shown in Table I. The nonhomo- 
geneity increases with the time of incubation after la- 
beling--the fluorophore concentrates in the membranes 
of blastomeres. This can be attributed to the much more 
microvillous surface of the animal part of the embryo, 
with the degree of microvillation increasing in the course 
of early development [4]. 

Regional Differences in Lateral Mobility. Figure 1 
shows significant differences in the lateral mobility at 
the animal and vegetal poles. It is also apparent that 
these differences are preserved during the period of ob- 
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Fig. 1. Animal-vegetal diffe~nces in lateral mobility of proteins in 
the embryonal plasma membrane. Each point is an average of 10-20 
measurements on three to five embryos. Numbers indicate the number 
of blastomc~'es at the con'esponding stage of development. 
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Fig. 2. Time dependences of the diffusion coefficient D (a) and mobile 
fraction R (b) ofprotei~ in differ~t region~ of the embryo~.l plasma 
membrane: animal pole (m), vegetal pole (el), and central yolk region 
([~). The three arrows indicate moments of the second, third, and 
fourth cleavages. Each point is the average for three embryos. 

servation (second-sixth cleavage). The differences are 
significant at individual stages of  development, both 
pairwise (for individual eggs) and unpaired (averaged 
for a group of  eggs), with t-test statistics corresponding 
to P < 3%. This difference is opposite to that which 
could have been deduced from the presence of  microvilli 
in the animal region: The presence of  microvilli would 
lead to a decrease in the observed mobility, whereas we 

have found larger D and R values in the animal region 
than in the vegetal, where the plasma membrane is much 
smoother. 

Latera l  Mob i l i t y  dur ing  Ear l y  E m b r y o g e n ~ i s .  Fig- 
ure 2 shows time dependencies (averaged for three eggs) 
of  the diffusion coefficient (a) and mobile fraction Co) 
in three regions of  the embryonal cytoplasmic mem- 
brane. Apparently, there is a remarkable increase in the 
diffusion coefficient, a decrease in the mobile fraction, 
and (not shown) an increase in their fluctuations at the 
beginning of  each cleavage. The origin of  fluctuations 
in the measured values is due mainly to a decrease in 
the synchronicity of  cell cycles of  individual blasto- 
meres. After the sixth cleavage it was no longer possible 
to determine the common stage of  the cell cycle. Inten- 
sive movements of  the embryo in the process of  cleav- 
age also contribute to the fluctuations, but they take 
place on a time scale which is sufficiently long compared 
to the speed of  the fluorescence signal accumulation dur- 
ing measurement so that this effect could have been sub- 
stantially eliminated in the process of  measurement and 
data analysis. 

There have been only a few results on lateral mo- 
bilities of  proteins in embryonal cell membranes. Dictus 
et  al. [10] report animal-vegetal differences opposite to 
our in eggs of  X e n o p u s  laevis; their  values of  R and D 
are much lower at the animal than at the vegetal pole. 
The results presented here indicate that, while the lateral 
mobility of  lipids in the animal region has been found 
to be either lower than [10,11,14] or equal to [13,8] that 
in the vegetal region, the mobility of  proteins in our 
embryos is higher in the animal region than in the veg- 
etal. Our results concerning changes of  D and R in the 
cell cycle are compatible with those obtained by de Laat 
et  al. [5] on neuroblastoma cells. 
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