BIOLOGIA PLANTARUM (PRAHA)
9 (3) : 157—167, 1967

Golgi Apparatus and Golgi Zone*

1 I. HrSEL

Institute of Experimental Botany, Czechoslovak Academy of Sciences, Praha**

Received May 18, 1965

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 juxtanuclear
zone, In plant cells, within the zone mentioned agglomerations of different cell formations have
been found, either the Golgi apparatus or mitochondria, 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,

It has often been observed using a light microscope that in animal cells
there is in close proximity of the cell nucleus a region where cytoplasmic
formations are agglomerated, among which there are also structures of the
Golgi apparatus. Parat (see HirscH 1939) called this region the “Golgi zone™.
He also found there vacuoles, inclusions of fat and other formations. Hirsca
(1939)identifies the Golgi zone with the ‘‘Golgi Feld’*** and finds there besides
the formations of the Golgi apparatus also mitochondria. The Golgi zone
includes in this conception not only the Golgi apparatus structures, but

* This paper was prepared for print by Dr. M. LuxovA and Dr. K. BENES, the references
have been completed by B. WorLrov4. It was found among the papers left by the late Dr. Ivax
Hr$eL in an incomplete state. It 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
changes. This paper is the last one to be published of Dr Hrlel’s inheritance. In the list of his
papers (Biol. Plant. 7 : 407—408, 1965) it is included under No. 25.

** Last address; Praha 6 - Dejvice, Flemingovo nam. 2.

**% Purther, instead of “Golgi feld” the term *“Golgi field” will be used in this paper.
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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 (HrSEL 1958, HRSEL,
JUrAROVA, BENES 1960). More recently, however, SJ6sTRAND and HaANSON
(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 (S1TTE 1958, PERNER 1958, DRAWERT
and M1x 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 SI6sTRAND and Hansow (1954)],
but it may also contain all sorts of other formations. 2. S;OSTRAND and
Hawsoxn (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. It will be more appropriate to use for this region the term.
juxtanuclear zone introduced by BEssis, BREToN-Gor1Us and THIERY (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 juxtanuelear zone from a eytochemical point of view

In this part of his manuseript 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 Rurs,
MaxinoDAN 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 WHALEY, MOLLEN-
HAUER and LEECH 1960a,b).

2. Examination of the juxtanuclear zone through a light mieroscope

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, centrosome,
Golgi apparatus, Golgi zone etc. (see for instance HrSEL 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. EMBERGER (1921)
compares the plastid in Selaginella with the mitochondrial body or with
the “Nebenkern” of spermatocytes, 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 nucleus and eytoplasm using 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 (Warsox 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 (Warson 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
RovuiLLer 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 (HaGUENAU 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 (BUrRGos and FAwcETT 1955). In the spermatocyte of the
house cricket Acheta domesticus, the acrosome and the acroblast origina-
ting from the Golgi apparatus touch the nucleus (Crayrton, DrUTSCH
and JorpaN-Luke 1958). In the pond-snail Cipangopaludina malleata, the
Golgi apparatus is also in the region near the nucleus (Y asvzumr and TaANARA
1958, Yasvzumi, Tanara, TezukA and NARANO 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 (FawcerT and ITo 1958). In
very young oocytes of the sea urchin Hchinus esculentus, the dictyosomes
are near the nucleus (A¥zerLIus 1956). The Golgi apparatus can be found
in the cap-like region surrounding the nueleus in cells of the gall-bladder
epithelium of the mouse (YamMaDA 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 NoOVIKOFF et al., see
Hargris (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 (BEssis, BRETON-GORIUS
and THIERY 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 Tammisiax, Powers and
DEvIn (1956) in testes of the grasshopper Lapatacris dispar, by CLAYTON
Drvurscr and JORDAN-LUKE (1958) in the house cricket Acheta domesticus,
by Yasuvzumi, Fusimura and Isaipa (1958) in Drosophila melanogaster,
D. virilis and Gelastorrhinus bicolor and by Yasuzumi and Taxara (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. '

* “Nebenkern” was an indistinct term for formations studied under a light microscope.
Tt was established with the aid of the electron microscope that some types of the ‘“Nebenkern”
belong to the ergastoplasmic formations as described above, others to the Golgi apparatus,
for instence in the cage of rat spermatids. Other formations designated ‘“Nebenkern” originated
by the fusion of mitochondria (so called mitochodrial body, HacUuerav 1958, testes of a grass-
hopper). The *‘yollz nucleus” of egg cells also belongs to the formations called ‘“Nebenkern’.
It is built by a concentrically arranged ergastoplasm (the egg cell of the molluse Spisula
solidissima, REBHUN 1956). The yolk nucleus of Lycosidae and Thomisidae spiders is a complex
formation containing special corpuscles (capsulated body), Golgi apparatus and endoplasmic
reticulum (Sorero and TruUJIILLO-CENOZ 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 (Laxce 1958). Further cases of the connection of the nucleus
with the endoplasmic reticulum were found by many authors in other
material (WHALEY, MOLLENHAUER and KEPHART 1959, PORTER and MACHADO
1960, MariNos 1960, MoorE and McALEAR 1963, Buvar 1963 and others).
WraALEY, MoLLENHAUER and LErcH 1960ab 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 conné€etion
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 (WHALEY, MOLLENHAUER and
Lercu 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 (MoorRE 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, PreEvosT-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, PoUssSEL and
Guyor 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 cerevisizde (AcarR and Dovcras 1957,
Hasmivoro, ConTI and NAYLOR 1958). The vacuole here is not part of the
nucleus, as assumed by some authors. Poux (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, 11, IIIa, VIa). Esav (1963) draws attention to the closeness
of the vacuole and the nucleus in the root meristem of Vitis vinifera. 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. Buvar (1958) studied the (Golgi apparatus in the
root meristem of Alliwm cepa, Triticum sativum, Phajus Wallchis, 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 mays, Cucurbita pepo and Trianea begotensis a striking ag-
glomeration of dictyosomes near the nuclear membrane either. Nor did
S1rTE (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 (DrRawerT and Mrx 1961/1962). The
authors explain this phenomenon saying that the nucleus and the chloroplasts
arerobstacles restraining the free movement of the dictyosomes within the
liviag cell. Otherwise they did not observe a nearer relation of the dictyo-
sontes to the nucleus (DrRAWERT and Mix 1961). Herrz (1957) determined
in the apex of Amntirrhinum majus an agglomeration of dictyosomes 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 mitochondria from the so-called neocytoplasm
which is gathered round the nucleus of the coenocytic proembryo of Pinus
laricio, is discussed by CamMEroRT (1961). A close relation between the Golgi
apparatus and the nuclear membrane has been observed in the alga Pedia-
strum biradiatum (MoNER and CEAPMAN 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 dictyosomes were found in connection with the
nuclear membrane and the origin of the dietyosomes from the nuclear mem-
brane is thus assumed (Moork and MCALEAR 1963). In Volvocaceae and
Astrephomenaceae, a juxtanuclear position of dictyosomes was found (Laxa
1963). Identically located are the dictyosomes in Diatomaceae (DRUM 1963,
DruMm and PankrAaTZ 1964a, b) and in the brown alga Laminaria hyperborea
(ScuNEPF 1963).

WaALEY, MOLLENHAUER and LEEcH (1960a) found mitochondria and
plastids agglomerated at those places where the nuclear membrane shows
discontinuities, WiLsENACH (1963) found in meristematic 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 1962). Morphologically, a relation between the
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plastid and the nucleus was observed in cells of the root apical meristem
of Isoetes Howellti (PaoLiLLo 1962). The relation between the nucleus and
the cytoplasmic formations in the plant cell is discussed by WEIER (1963).

4. The juxtanuclear zone in plant cells during ontogenesis and at different physiological 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 (HrSEL, JUrRAROVA and BENES, 1960) and Echinochloa
(HrSEL, 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’Brien (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 (HRSEL, 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. Phylogenic view on the juxtanuelear zene of plant cells.

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 se v této préci nejprve pokousi objasnit ndkteré terminologické problémy z okruhu
Golgiho aparétu a Qolgiho zény. Vlastnim cilem této préce je shrnout s poutitim bezpedndji{
nomenklatury stévajici znalosti o funkénich vztazich mezi jadrem a cytoplasmou vyplyvajici
z elektronmikroskopického studia juxtanukledrni zény. N&ktera pozorovani vedou k domnénce,
%e juxtanukledrni zéna je mistem, kde se utvafeji nebo transformuji bunséni slozky. Pfes jeji
dotasny charakter v proliferujicich buiikdch a pfes souvislost s endoplasmatickym reticulem
a piitomnost pora zastava ]aderné, bléna ziejmé preké,zkou bréanief spontanmmu pohybu latek,
pfip. bundénych slozek mezi cytoplasmou a jadrem, co% se mj. projevuje hromadénim cyto-
plasmatickych ttvard v juxtanukledrni z6né. U rostlinnych bunék bylo v uvedené zond zjiiténo
nahromaddni raznych bundényech dtvarl, at uZz to byl Golgiho aparét, mitochondrie, sekreéni
granula, lipidové inkluse, vakuoly, plastidy. Takovéto soustfedéni cytoplasmatického materidlu
bylo pozorovéno piedeviim u mladych, embryondlnich bungk, a dale u bundk se zpomalenym
nebo zastavenym metabolismem. Butiky stari, resp. intensivné &inné by pak absolvovaly expansi
cytoplasmatického materidlu do celé buitky. Podobné utvéfeci mechanismy, které lze nyni
studovat jen v uréitych obdobich ontogenese nebo za jistych funkénich stavi, mohly se uplatiiovat
béhem fylogenese. Nékteré z popsanych utvard lze tedy povaZovat za jakési atavismy.
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t U. Tpmen, NacTRTYT 9Kcnepumentanpnoil Goranukn YCAH, [Ipara: Annapar Coabmku
u 3o8a l'oabmxu. — Biol. Plant. 9 : 157—167, 1967.

ABTOp cHepBa 3aHMMAETCA HEKOTOPHIME TePMHHOJIOTMYECKMME BOIPOCAMH MMEIOUHMIA
orHomeHne K annapary lonbmxn u 3oHe [ompmuu. CobcrBenHas menb paloTel — cymmm-
poBaTh ¢ OpEMeHeHmeM Gojiee pa3paboTaHHOH HOMEHKIATYDHl MMEIOINMECH B HACTOAINEe
BpeMdA JaHHEE 0 PYHKIMOHANBHEIX OTHOIEHUAX MeKAY ALPOM U LUTOMIA3MOH, IOTyYeHHEIE
OpE 3JIEKTPOHMHKDOCKONMYECKOM HM3yYeHMH IOKcTaHyKjIeapHo# 30HE. Hewroropsie Hamo-
JeHus NPMBONAT K NPe/NoIOKeHNI0, 9T0 UMEHHO 3Ta 30HA ABJAETCA TeM MecToM, rae gop-
MEpyIOTCH Ban TPaHcGOPMUPYIOTCA KOMIOHEHTH KieTKH. fIflepHas o0osa0uxa, HecMOTpPS
Ha ee BPeMEHHHIH XapaKTep B NPOMH(QEPYIOIHX KIETKaX, CBA3b C DSHAONIABMATHYECKHM
PeTAKyJIOM U NpHCYTCTBUe NopGocraeTcs, 09EBMAHO, NPETPafol, HpensATcTBymed csoGon-
HOMY JBIDKEHWIO BelecTB Wau 00pasoBanuil MeMIy HUTOIVIABMOH X SIAPOM, CIEICTBEEM
1ero ABJAETCA TAKMe CKOIJIERme HUTOMIas3MaTHdecKuX oGpa3oBaHWi B IOKCTAHYHKI/IeapHOMK
soHe. B pacTureapHHX KieTKaxX OBIIO AeHCTBUTENHLHO B ATOM 30HE YCTAHOBIIEHO HAKOIUICHWE
Pa3MMUERIX KiIeTOYHHX oOpasoBaHmil, Takux Kak annmapar ['OJib[KM, MUTOXOHIPHi, Bhi-
TesuTe/bHEIe I'PaHYIH, TNNAIHEE BRIOYeHR A, IacTaas. CKONJIeHre IUTOTIa3MaTHIeC KUX
CTPYKTYP OBLIO HAMIEHO Npesjie BCero y MOJIOJEX, SMOPHOHAIBHEIX KIIETOK & TAKIKe Y KICTOK
¢ 3aMeITeHHEIM HJIA OCTAHOBJIEHHBIM 00MeHOM. ¥ OoJiee B3POC/IBIX M OUEHD JKU3HeNeATe bHbIX
KJIETOK HUTOIVIa3MatuiecKre 00pa30BaHUs, [0 9TOMY NPEJCTABIEHNIO, PACTPOCTPAHAIOTCSA
B ocTajIbHBIE YacTH KieTxu. Ilomofuble nmpoumeccn GopMupoBaHms, KOTOPEE B HACTOAMEe
BpeMs MOMKHO H3y4YaTh JHUIIL B ONpeesleHHHE NMEPHOAH OHTOTeHe3a MM NPH HEKOTOPHIX
yHRIMOHAMBHEIX COCTOSHMAX MOTIIM HMerh Gonbliee 3HaueHne B QuioreHese. Hexrotopue
M3 ONMCAHHEIX 00pa3oBaHmii MOMHO TaKMM 00pa3oM CUATATH ATABU3MAMH.



