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Abstract: The author of this paper has attempted to clarify some problems concerning the 
nomenclature of Golgi apparatus and Golgi zone. The actual aim of this paper is to summarize 
while using the more safe nomenclature - - the  existing knowledge about the functional relations 
between nucleus and cytoplasm arising from the study of the juxtanuclear zone by electron 
microscopy. Some observations lead to the assumption that the juxtanuclear zone is the place 
where cell components are formed or transformed. Considering its temporary character in 
proliferating cells and taking into account the connections with endoplasmic reticulum and 
the presence of pores, the nuclear membrane remains apparently a barrier restraining the spon- 
taneous movement of substances and of cell components respectively between cytoplasm and 
karyoplasm that can be seen e.g. in the grouping of cytoplasmic formations in the juxtanuelear 
zone. In  plant cells, within the zone mentioned agglomerations of different cell formations have 
been found, either the Golgi apparatus or mitoehondria, secretion granules, lipid inclusions, va- 
cuoles or plastids. Such a gathering of cytoplasmic material has been observed especially in young 
embryonic cells or in cells with retarded or stopped metabolism. The older and/or intensively 
active cells would then absolve an expansion of the cytoplasmic material into the whole cell. 
Similar formative mechanisms, now available for study during some ontogenic phases or at 
definite functional states only, could be effective even in the course of phylogenesis. From this 
point of view some of the formations described could be regarded as a kind of atavisms. 

I t  has  o f t e n  b e e n  o b s e r v e d  u s i n g  a l i gh t  m ic roscope  t h a t  i n  a n i m a l  cells 
t h e r e  is i n  close p r o x i m i t y  of  t h e  cell  n u c l e u s  a r e g i o n  w he r e  c y t o p l a s m i c  
f o r m a t i o n s  a re  a g g l o m e r a t e d ,  a m o n g  w h i c h  t h e r e  a re  a lso s t r u c t u r e s  of  t h e  
Golgi  a p p a r a t u s .  P a r a t  (see HIRSCH 1939) ca l l ed  t h i s  r e g i o n  t h e  "Go lg i  z o n e " .  
H e  also f o u n d  t h e r e  vacuo l e s ,  i n c l u s i o n s  of  f a t  a n d  o t h e r  f o r m a t i o n s .  HIRSCH 
(1939) iden t i f i e s  t h e  Golgi  zone  w i t h  t h e  " G o l g i  F e l d " * * *  a n d  f inds  t h e r e  bes ides  
t h e  f o r m a t i o n s  of  t h e  Golgi  a p p a r a t u s  also m i t o c h o n d r i a .  The  Golgi  z o n e  
i n c l u d e s  i n  t h i s  c o n c e p t i o n  n o t  o n l y  t h e  Golgi  a p p a r a t u s  s t r u c t u r e s ,  b u t  

* This paper was prepared for print by Dr. M. Luxov~ and Dr. K. BENEw the references 
have been completed by B. WOLFOV~. It was folmd among the papers left by the late Dr. I v ~  
H~EL in an incomplete state. I t  was necessary to shorten it and to adjust some of the 
formulations. Care has been taken not to affect the original conception of the author by these 
ehanges. This paper is the last one to be published of Dr Hr~el's inheritance. In the list of his 
papers (Biol. Plant. 7 : 407--408, 1965) it is included under No. 25. 

** La~$ address; Prah8 6 - Dejvice, Flemingovo nAm. 2. 
*** Further, instead of "Golgi feld" the term "Golgi field" will be used in this paper. 

157 



158 ~ I. HR~EL 

also other formations, situated in the region round the nucleus. Similarly, 
in plant cells in the so defined Golgi zone different formations were 
found, which are not part of the Golgi apparatus (HR~EL 1958, HR~EL, 
JUR.~KOV~, BENEw 1960). More recently, however, SJSSTRAND and HANSON 
(1954) used in their electron microscopic studies the term Golgi zone for all 
regions anywhere in the cytoplasm, provided they contain smooth membranes 
or -- as the case may be -- vesicles of the electron microscopic Golgi appa- 
ratus without any difference whether situated near the nucleus or elsewhere 
in the cell. In the same way, in the electron microscopy of plant objects 
the term Golgi zone or Golgi field is used for all regions in the cell containing 
agranular membranes of the electron microscopic Golgi apparatus, which 
in this case are revealed as dictyosomes (SITTE 1958, PERNER 1958, DRAWERT 
and MIx 1961, 1962). 

In the above quoted studies the term Golgi zone (Golgi field, Golgi area, 
Golgi region) has a double meaning which must be distinguished: 1. Golgi 
zone means the region visible even by light microscope, which is adjacent 
to the nucleus; this region may contain the components of the electron 
microscopic Golgi apparatus [and from this point of view it partly corresponds 
to the conception of Golgi zone according to SJOSTRAND and HANSON (1954)], 
but it may also contain all sorts of other formations. 2. SJOSTRAND and 
HANSON (1954) designate as the Golgi zone regions at any place of the cell 
containing components of the electron microscopic Golgi apparatus. Accor- 
ding to this conception the Golgi zone must not be adjacent to the nucleus. 

By using the term Golgi zone for the region adjacent to the nucleus misun- 
derstandings may arise in cases where it contains formations other than the 
Golgi apparatus. I t  will be more appropriate to use for this region the t e r m  
juxtanuclear zone introduced by BESSIS, B~EToN-GoRIvS and THI]~RY (1958). 
The term Golgi zone would hold good especially in electron microscopic 
studies for regions anywhere in the cell containing the membraneous struc- 
tures of the Golgi apparatus. 

It  is the aim of this study to summarize the existing state of knowledge 
about the relations between the nucleus and cytoplasm reviewing the 
ultrastructure of the juxtanuclear zone. 

1. The juxtanuclear zone from a eytoehemieal point of view 

In this part of his manuscript the author reasoned about the juxtanuclear 
zone as of the place of intercourse of the karyoplasm with the cytoplasm, 
or, according to some studies quoted at LINDBERG and ERNSTER (1954), as of 
a place of formative processes. In this connection the studies by RUTH, 
MAKINODAN and WOLFE (1957), BENNETT (1956) and LANCE (1958) are quoted 
further. The author refers to the fact that the karyoplasm is evidently not 
fully separated from the cytoplasm (see among others W~ALEY, MOLLEN- 
HAUEI~ and LEECH 1960a,b). 

2. Examinat ion of the juxtanuelear zone through a light microscope 

The region in the cell where a metabolic connection between nucleus and 
cytoplasm is assumed was at first examined under a light microscope. 

In animal and plant cells different formations behaving differently towards 
fixatives and to dye solutions were found in the juxtanuclear zone, which 
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indicates that  they are of different character in different cases. Thus a com- 
plicated nomenclature originated and often there were long discussions about 
the definitions of these formations. It  was difficult to distinguish such forma- 
tions under a light microscope, because the methods for their demonstration 
were not specific enough and the resolving power of the light microscope 
was sometimes insufficient. There was also the possibility of displacing 
artificially the formations from the cytoplasm into the perinuclear zone. 
In animal cells for formations in this region terms were used like archoplasm, 
mitochondrial body, chondrioplast, periplast, centrosphere, eentrosome, 
Golgi apparatus, Golgi zone etc. (see for instance I-IR~EL 1958). The proper 
nature of these formations was reliably understood only after studying them 
by electron microscopy. Similar or equal formations were observed in plant 
cells. Among the cell components which may agglomerate around the 
nucleus, young vacuoles and plastids are to be considered, too. For instance 
in the cells of lower plants (Selaginella, Anthoceros, Isoetes, germ cells of 
Polytrichum, some algae) only one or two chloroplasts exist, which 
are also situated in the juxtanuclear zone and which at cell division move 
(similarly to the centrioles) to the poles of the spindle. E~BERGER (1921) 
compares the plastid in Selaginella with the mitochondrial body or with 
the "Nebenkern" of spermatoeytes, WEIER (1932) compares the plastid in 
germ cells of Polytrichum with the Golgi apparatus in germ cells of insects, etc. 

3. Observation of the relation between nueleus and eytoplasm usin 9 the eleetron mieroseope 

The more detailed understanding of the possible intercourse of the karyo- 
plasm with the cytoplasm often results from an electron microscopic study 
of the nuclear membrane; this membrane separates the nuclear content 
from the cytoplasm incompletely. In animal cells the occurrence of pores 
in the nuclear membrane has been observed (WATSOH 1955), which 
means the occurrence of places with an apparently direct contact of karyo- 
plasm with cytoplasm. In the cells of the salivary glands of Drosophila, 
the production of bladder-like formations was observed, which GAY (1956) 
regards as the morphological manifestation of the transportation of nuclear 
material into the cytoplasm. An important phenomenon is the connection 
of the nuclear membrane with the endoplasmic reticulum (WATSON 1955, 
PALADE 1955, PORTER 1957). 

Under the electron microscope in the cytoplasmic region adjacent to the 
nucleus in both animal and plant cells various formations were found, 
suggesting that a mutual action between the nucleus and the cytoplasm 
takes place here. We shall first consider the animal cells. 

The different agglomerations of formations of the endoplasmic reticulum 
and/or of ergastoplasm at the nucleus were observed in liver cells of a hungry 
and of a fed rat, which is apparently in connection with the task of the 
nucleus in the cytoplasmic ribonucleoproteid synthesis (BERNHARD and 
ROUILL~R 1956). A parallelly arranged rough surfaced endoplasmic reticulum 
can mostly be found in the vicinity of the nucleus (pancreatic cell of 
a guinea pig, PALADE 1956). Ergastoplasm arranged into formations called 
"Nebenkern" was very often drawn to the nucleus (HaGuEN.~U 1958). 

The Golgi apparatus in the region of the nucleus has been mostly studied 
during the formation of germ cells. In Felis domestica the Golgi apparatus 
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in the region closely to the nucleus was studied during the formation of 
the acrosome (BuRGos and FAWCETT 1955). In the spermatocyte of the 
house cricket Acheta domesticus, the acrosome and the aeroblast origina- 
ting from the Golgi apparatus touch the nucleus (CLAYTOn, DEUTSC~ 
and JORDAN-LUKE 1958). In the pond-snail Cipangopaludina malleata, the 
Golgi apparatus is also in the region near the nucleus (YAstTzu~I and TANAKA 
1958, YASVZUMI, TANAKA, TEZUKA and NAKAI~O 1959). When studying the 
Golgi zone of the spermatid of a rat, CLERMONT (1956) found the Golgi 
apparatus with a developing acrosome system on the surface of the nucleus. 
In a similar way the Golgi complex was found in the spermatocytes of 
a guinea pig in close touch with the nucleus (FAWCETT and ITO 1958). In 
very young oocytes of the sea urchin Echinus esculentus, the dictyosomes 
are near the nucleus (AFzELIUS 1956). The Golgi apparatus can be found 
in the cap-like region surrounding the nucleus in cells of the gall-bladder 
epithelium of the mouse (YAMADA 1955). A proof regarding the relation of 
the Golgi apparatus to the nucleus on the basis of an ultrastructural localiza- 
tion of the nucleosiddiphosphatase is mentioned by NOVIKOFF et al., see 
I-IARI~IS (1962). In the cells of the Reuber tumor, extensions from the outer 
nuclear membrane were found to be of smooth membrane type. These ex- 
tensions are regarded as a sign of the relation of the nuclear membrane to 
the Golgi apparatus either directly or indirectly over the endoplasmic 
reticulum, presuming that membranes of the endoplasmic reticulum can 
pass gradually into membranes of the Golgi apparatus. 

The centrosphere or archoplasm is likewise situated in the juxtanuclear 
zone. In human and laboratory animal leucocytes, in the centrosphere the 
centriol was found surrounded by dictyosomes (BEssm, BRETo~-GoRIus 
and T H I ~ u  1958). 

In differentiating spermatocytes mitochondria were found in the region 
round the nucleus. Gradually, with the formation of' the spermatozoids the 
mitochondria agglutinate into one or two formations (mitochodrial body, 
"Nebenkern'*) which are situated in the immediate vicinity of the nucleus. 
Agglutination of mitochondria was observed by TAHHISIAN, POWERS and 
])EVIN (1956) in testes of the grasshopper Lapiatacris dispar, by CLAYTOI~ 
DEUTSC~I and JORI)A:~-LuKE (1958) in the house cricket Acheta domesticus, 
by YASUZUMI, ]?UJIMUI~A and ISHIDA (1958) in Drosophila melanogaster, 
D. virilis and Gelastorrhinus bicolor and by YASUZU~I and TANAKA (1958) 
in the fresh-water pond-snail Cipangopaludina malleata. 

Relations between nucleus and cytoplasm similar to those existing in the 
animal cell were also observed in the plant cell. 

* " l~ebenkern" was an  indist inct  t e rm for formations studied under  a l ight  microscope. 
I t  was established wi th  the  aid of the  electron microscope t h a t  some types of the  "Nebenkern"  
belong to the  ergastoplasmic formations as described above, others to the  Golgi apparatus ,  
for instance in the  case of r a t  spermatids. Other  formations designated "Nebenkern"  originated 
by  the  fusion of mi tochondr ia  (so called mitochodrial  body,  HAGU~AU 1958, testes  of a grass- 
hopper). The "yolk nucleus" of egg cells also belongs to the  formations called "Nebenkern" .  
I t  is bui l t  by  a concentrically arranged ergastoplasm (the egg cell of the  mollusc Sp/~u/a 
8ol~dissirna, REB~U~r 1956). The yolk nucleus of Lycosidae and Thomisidae spiders is a complex 
formation containing special corpuscles (capsulated body), Golgi apparatus and endoplasmie 
ret iculum (So~ELO and TRUJILLo-C~.~6Z 1957). 
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The connection between the nuclear membrane and the endoplasmic 
reticulum was described by LANCE (1957) in the apical cells of Chrysanthemum 
segetum. In these cells, besides the pores there appear vesicular extensions 
of the nuclear membrane; these extensions communicate with the endoplasmic 
reticulum (LANCE 1958). Further cases of the connection of the nucleus 
with the endoplasmic reticulum were found by many authors in other 
material (WHALEu MOLLENHAUER and KEPHART 1959, PORTER and MACItADO 
1960, MARI~COS 1960, MOORE and McALEAR 1963, BUVAT 1963 and others). 
WHALE:g, MOLLENHAUER and LEECH 1960a,b studied in detail the con. 
nections between the nuclear membrane and the endoplasmic reticulum in 
the apical cells of Zea mays primary root tips. Besides the simple connection 
of the nuclear membrane and the endoplasmic reticulum these authors found 
different cases, such as, for instance, a circularly arranged extension 
of the nuclear membrane into the cytoplasm. There was an extension of the 
nuclear membrane orientated towards the inside of the nucleus. In some 
cases broad gaps in the nuclear membrane were also observed, whose size 
much exceeded the diameter of the pores (W~ALEY, MOLLEN~AUEa and 
LEEC~ 1960a, b). In cells of the fungus Neobulgaria pura a disintegration 
of the nuclear membrane was observed; this membrane is apparently re- 
generated later on (MooRE and MCALEAR 1963). At the differentiation of 
gametes in fungus Allomyces macrogyrum an agglomeration of the ribosomes 
was observed around the nucleus in a so-called paranuclear body (BLONDEL 
and TURIAN 1960, PREVOST-MONNOT 1960). Ergastoplasmic "Nebenkern" 
of the same appearance as in the animal cell, bipolarly placed near 
the nucleus, were found subsequently to an experimental anoxia in the 
meristematic root cells of Hyacinthus orientalis (GAVANDAN, POUSSEL and 
GvroT 1960). Similarly anoxia caused formations connected with the 
nuclear membrane WRISCHER (1960) found in the root meristem of Sinapis 
alba. 

Near the nuclear membrane vacuoles were also observed. By electron 
microscopy a characteristic central vacuole adjacent to the nucleus was 
found in the yeast Saccharomyces cerevisiae (AGAR and DOUGLAS 1957, 
HASrrlMOTO, CONTI and NAYLOR 1958). The vacuole here is not part of the 
nucleus, as assumed by some authors. Povx (1962) mentions the possibility 
of a relation of the vacuoles to the nucleus in higher plants, but admits 
that  this is a rare case. On her micrographs Poux 1961, 1962 recorded va- 
cuoles in the proximity of the nucleus in some cells of young leaves 
of Anthoxanthum odoratum and Dactylis glomerata (Poux 1961 Fig. 7, Poux 
1962 Planche I, II, IIIa, Via). ESAU (1963) draws attention to the closeness 
of the vacuole and the nucleus in the root meristem of Fitis vini/era. The 
present author found in the root meristem of Fagopyrum the juxtanuclear 
position of light and dark vacuoles by both light and electron microscopy. 
The vacuoles are mostly originated near the nucleus bipolarly from small 
primordia. The tonoplast of the central vacuoles, which are visible, was often 
observed quite close to the nuclear membrane. 

A closer relation of the Golgi apparatus to the nucleus in the plant cell 
was not always observed. BUVAT (1958) studied the Golgi apparatus in the 
root meristem of Allium eepa, Triticum sativum, Phajus Wall6hii, Lens 
culinaris, in the apex of Chrysanthemum segetum and Elodea canadensis. 
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He states that, concerning the Golgi apparatus there is a difference between 
the animal and the plant cell: the Golgi apparatus of the animal cell is 
situated near the nucleus, whereas in the plant cell the dictyosomes are 
spread all over the cytoplasm. PERNER (1958) did not find in the root me- 
ristem of Zea maya, Cucurbita pepo and Trianea begotensis a striking ag- 
glomeration of dictyosomes near the nuclear membrane either. Nor did 
SITTE (1958) observe in the root meristem of Pisum sativum the position 
of the Golgi apparatus round the nucleus as a regular phenomenon. When 
studying the alga Micrasterias rotata, DRAWERT and MIx (1962) compared 
the structures of living cells as seen using a light microscope with fixed 
cells'observed by an electron microscope. They found that the corpuscles 
described as "karyoids" using the light microscope correspond to the 
dictyosomes observed by the electron microscope. They are often agglomer- 
ated in the region near the nucleus (DRAWERT and Mr:(1961/1962). The 
authors explain this phenomenon saying that the nucleus and the chloroplasts 
are,obstacles restraining the free movement of the dictyosomes within the 
living cell. Otherwise they did not observe a nearer relation of the dietyo- 
sondes to the nucleus (DRAwERT and MIx 1961). HEITZ (1957) determined 
in the apex of Antirrhinum ma]us an agglomeration of dietyosomes near 
the nucleus. MANTON (1960) observed in the spore mother cell of Anthoceros 
relations between the dictyosomes, the new nuclear membrane and the 
endoplasmic reticulum before the onset of meiosis. The possibility of a neo- 
formation of dictyosomes and mitoehondria from the so-called neoeytoplasm 
which is gathered round the nucleus of the coenocytic proembryo of Pinus 
laricio, is discussed by CAMEFORT (1961). A close relation between the Golgi 
apparatus and the nuclear membrane has been observed in the alga Pedia- 
strum blradiatum (MoNER and CHAPMAN 1960). In cells of Dictyota dichotoma 
(Phaeophyceae) dictyosomes in an apparently active state (BERKALOFF 1962) 
were found in the proximity of nuclear membranes. In the apothecia of 
fungus Neobulgaria pura dietyosomes were found in connection with the 
nuclear membrane and the origin of the dictyosomes from the nuclear mem- 
brane is thus assumed (MOORE and MCALEAR 1963). In Volvocaceae and 
Astrephomenaceae, a juxtanuclear position of dictyosomes was found (LANG 
1963). Identically located are the dictyosomes in Diatomaceae (DRUM 1963, 
DRuM and PANKRATZ 1964a, b) and in the brown alga Laminaria hyperborea 
(ScHNEPF 1963). 

WEALEY, MOLLE~HAUER and LEECH (1960a) found mitochondria and 
plastids agglomerated at those places where the nuclear membrane shows 
discontinuities. WILSENACH (1963) found in meristematie cells of Anthoceros 
a young plastid closely adhering to the nucleus at a place where the nuclear 
membrane was enormously perforated. WEIER (1963) observed in cells of 
young leaves of Vicia, extensions of nuclear membranes passing between 
the adjacent plastids. MUHLETHALER and :BELL (1962) found in archegonium 
of Pteridium aquilinum the separation of sacculiform formations from the 
nucleus. After separation these formations pass into the cytoplasm and are 
according to the authors the primary forms of mitochondria and plastids. 
In the algae Ochromonas danica and others, the endoplasmic reticulum, 
forming a closed envelope around the chloroplasts, communicates with the 
nuclear membrane (GIBBS 19621. Morphologically, a relation between the 



GOLGI APPARATUS AND GOLGI ZONE 163 

plastid and the nucleus was observed in cells of the root apical meristem 
of Isoetes Howellii (PAOLILLO 1962). The relation between the nucleus and 
the cytoplasmic formations in the plant cell is discussed by WEIE~ (1963). 

4. The juxtanuelear zone in plant cells during ontogenesls and at different physlologieal states 

In higher plant cells the gathering of cytoplasmic material near the 
nucleus was observed mainly in embryonic cells. Later, during differentiation, 
an expansion of this material into the surrounding cytoplasm takes place. 
Dark vacuoles in the youngest cells of the root meristem of Fagopyrum are 
also first formed in the neighbourhood of the nucleus. Then they spread 
over the whole cytoplasm. In a similar way the light vacuoles are also formed 
mostly near the nucleus. PAS positive material behaves in the same way 
in Fagopyrum (HR~EL, JUR/~KOV.~ and BENE~, 1960) and ~chinochloa 
(H~w unpublished results). But in some animal and higher plant 
cells the cytoplasmic material remains in the form of compact formations 
all the time adhering to the nucleus (acrosome and mitochondrial body of 
spermatocytes). In lower plants, containing one or two plastids, the plastids 
remain near the nucleus. 

The agglomeration of cytoplasmic material in the juxtanuclear zone occurs 
also in cells, where the metabolic processes are strongly slowed down or 
stopped. At an excitation the cytoplasmic material expands into the whole 
cell. O'BRIE~ (1951) found in young cells of the scutellum of Triticum and 
Secale young proplastids in the so-called aggregate, which adhere to the 
nucleus and contains dense cytoplasm. In older cells the plastids expand 
into the whole cytoplasm. This presupposes the influence of the nucleus on 
the aggregate. The observation of young wheat embryos before dehydration 
of the seed in the period of milk maturity (HR~EL, unpublished results) 
also showed, that  plastids in the third leaf are normally differentiated and 
distributed throughout the cell. In the dry embryo, however, these plastids 
gather into one or two compact formations which can be strongly coloured 
by hematoxylin and which mostly adhere to the nucleus. Cells with such 
formations thus resemble cells containing one or two plastids only (Anthoceros, 
Selaginella and others). During germination under certain experimental 
conditions (temperature 0 ~ C, exstirpated embryos) the formations disunite 
into single plastids which still remain agglomerated into one whole and only 
after some days expand into the whole cytoplasm. Under the usual conditions 
for germination this expansion is quick and, therefore, hardly noticeable. 
The agglomeration of plastids in the region of the nucleus and their expansion 
was also observed in the cells of the apex of Peperomia and elsewhere. 

5. Phylofenle view on the juxtanuelear zone of plant eells. 

The author considers in this part of his work the relationship between 
the juxtanuclearly localized formations in the cells of higher plants, which 
in some cases can be observed in certain phases of the ontogenesis or in some 
extreme situations and between the distribution of cytoplasmic components 
in cells of lower plants. Agglomerations of plastids for instance, visible under 
some extreme conditions in higher plants, thus appear as a kind of atavism -- 
taking into account the few or single large plastids of algae -- and the way 
of formation and disintegration of such agglomerations could be identical 
to or analogous with the mechanisms active in phylogenesis. 
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Autor so v t~to pr~ci nejprve pokouw objasuit n6kter6 terminologick6 probl~my z okruhu 
Golgiho aparAtu a Qolgiho z6ny. Vlastnlm cilem t6to pr ice  je shrnout s poultitim bezpeSn~j~t 
nomenklatury sts znalosti o funk6nieh vztazich mezi jAdrem a cytoplasmou vypl~vajici 
z elektronmikroskopick6ho studia juxtanuklehrni z6ny. 576kterApozorovAnivedouk domn6nce, 
~e juxtanukleArrd z6na je mistem, kde se utvA~eji nebo transformuji bun~6ni slo~ky. P~es jeji 
do6asn~ charakter v proliferujiclch bufikAch a pfes souvislost s cndoplasmatick:~m reticulem 
a p~itomnost p6rfl zSstAvA jadernA bl~na zPcjm6 p~ekA~kou brAnici spont~nnimu pohybu 1Atek, 
pPip. bun66n~ch slo~ek mezi eytoplasmou a jAdrem, co~ se mj. projevuje hromad6nim cyto- 
plasmatick~ch dtvarfi v juxtanuklehrni z6n~. U rostlinn~eh bun6k bylo v uveden6 z6n~ zji~t~no 
nahromad6ni r~zn:~eh bun~6n~ch fitvarfl, at  u~ to byl Golgiho aparht, mitochondrie, sekre6nl 
granula,  lipidov~ inkluse, vakuoly, plastidy. Takov~to soust~ed~ni cytoplasmatick~ho materi~lu 
bylo pozorov~no p~edev~im u mlad~ch, embryons bun~k, a dgfle u bun~ik se zpomalen~m 
ncbo zastaven:~m metabolismcm. Bufiky star,i ,  resp. intensivn~ ~inn~ by pak absolvovaly expansi 
cytoplasmatick~ho materi~lu do cel~ buflky. Podobn~ utvs mechanismy, kter~ lze nynt  
s tudovat  jen v urSit:~ch obdobich ontogenese nebo za jist~ch funkSnieh stavfl, mohly se uplatfiovat 
b6hem fylogenese. N6kter6 z popsan:~ch dtvar6 lze tedy pova~ovat za jak6si atavismy.  
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ABTOp cNepBa 3aiil~MaeTcff IIeKoTopI~IMII TepMI~IIOJIOFHqeCKI4MI~I BonpocaMH HMeIO~Mff 
OTHOme~e K anuapaTy Fonb~ImH ~ aone F o n ~ m n .  COSCTBeuHaa ~O~b paSoTU - -  cyMMn- 
poBawb C npHMeHeuueM 5o~ee paapaSoTau~ofi ~OMe~K~aTypbI ~Me~)n~Hecn B uacToamee 
npeM~ ~auu~e o ~yl~i~Ho~anbl~UX OTHOmen~ax Merely ~;IpoM H ~iuwon~aaMo~, nonyueunue  
np~ o~eKTpOHM~t~poc~o~HqeCROM ~ 3 y q e ~ u  ~OKCTaHy~neap~ofi ao~u. He~oTop~e na07tIO- 
~eHII~I IIp~IBO~flT K npe~no~omeun~o, qTO I4MeHHO aTa 3otia ~IBJI~teTCit TeM MeCTOM, r~e ~op- 
MHpymTC~ H ~  Tpaucq~opM~pyIOTC~ KOMIIOIteltThI KJIeTI(Ii. fl)IepHa~ O00:IOqKa, HeCMOTp~ 
Ha ee ~peMeHHufi xapanTep ~ npon~d~epymm~x i~leT~ax, CBaab C a ~ o ~ a a ~ a T n q e c n n u  
peT~ynoM ~ npucyTCTB~e nopSocTaeTc~, o q e B n ~ o ,  nperpa~ofi,  ~pen~TcTayiome~ cBoSo~- 
HOMy a n n m e u ~  neu~ecTn H~IIi 06pa30nanH~ M e ~ y  III4TOnna3MOH 1~I ~uIpOM, c~Ie~ICTBr[eM 
qero }~BJIffeTC.~I TaK~t~e c n o n ~ e ~ e  R~4TOI'ITIa3MaTHqecKI~X oSpaaonan~fi B ~oncwaHynJ~eap~o~ 
30He. B paCTHTe~bH~X K:IeT~ax 5hi:to ~e~iCTB~tTe~bHO B OTOI:i 30He yCTa~OB~IeHO ~anon~e~ne 
paa ; in~h tx  KJIeTOqIthIX oSpa3oBaH~ft, TaKI~X KaK annapaT Fo~b~Im~, MI4TOXOIt~pH~I, Bhl- 
~ e n n T e ~ i e  rpa~ya~ ,  ~ n ~ 3 1 ~ e  n n n ~ ) q e ~ n ,  nnacT~3~. C~onae~te  II~TonnaaMaT~qec~x 
cTpy~Typ 5~aO ~afiae~o npem;~e ~cero y MOnO;~x, o M S p ~ o n a a ~ x  nneToK a Tam~e y nJ~eToK 
c 3aMe~IJIeHnhIM ~IJiiI OCTaHOB;IeHHI, IM O6MeHOM. Y 60aee ~apoc~ii~ix H OqeHb ~i4atie~e~iTenhlihix 
K~eTo~ nlETon~aaMaTffqecK~e 05paaoBarti4fl, no aTOMy npe~cTan~e~mo, pacnpocTpa~mTC~ 
B OCTa~b~hIe qacTrI K~IeTK~I. I]o~OSHh~e npouecc~ ~ o p M ~ p o n a ~ ,  ~o~op~e n HacToi~iliee 
BpeM~t MO~HO ~3yuaT~ n~ni~ ~ o n p e ~ e n e ~ i e  nepHo~hI oitworeHe3a ~n~ 11p~ ~egowop~x 
~yHKIDIOHaJIbHbIX COCTO~RH~X Morn~ ~MeTb 50nbt~ee 3~a~eH~e B ~ o r e ~ e a e .  HenoTop~e 
~a o n ~ c a ~ x  05pa30Ba~ifi MOm~O TaKtIM oSpaaoM Cq~TaTb aTaBH3MaMtI. 


