
BIOLOGIA PLANTARUM (PRAHA) 

8 (l) : 36---52, 1966 

Morphglogy and Function of the Endoplasmic Reticuhm 

t IVAN HRw 

Institute of Experimental Botany, Czechoslovak Academy of Sciences, Praha 

Received, February 9, 1965 

Abstract.  Comparison with the findings in the cells ot other plants and animals showed that 
the endoplasmic reticulum in the root apex of Fagopyrum has the same general character and 
function as in other biological objects, i.e. in secretory processes and especially in this case in 
the transport of the substances produced. Detailed studies of the morphology and activity of 
the endoplasmic reticulum showed some functional differences which are characteristic for 
this object. The endoplaqmic retieulum participates apparently in the transport of the mass 
of known but functionally and nomenclatorically controversial formations which here are called 
dense bodies. Dense bodies exist in Fagopyrum in a considerable amount as compared to other 
objects. Frequent contact of the dense bodies with the ends of the endoplasmic reticulum, con- 
tact with the endoplasmic reticulum passing through the plasmodesm, accumulation of the 
dense bodies along the coil wall and in proximal distance of the plasmodcsms and intensive 
staining of some plasmodosms was observed. The dense vacuoles in this object represent dilated 
spaces of the endoplasmic rotieulum which apparently have the function of reservoirs of the 
dense mass. The endoplasmic retieulum in the calyptra ceils appears to participate in the for- 
mation of the cell walls. This object differs hereby from others, where the participation of the 
Golgi apparatus has been observed in this function. 

O n  t he  bas is  o f  s tud ies  of  t he  m o r p h o l o g i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  c lass ica l  
a n d  t he  e l ec t ron  microscop ica l  Golgi  a p p a r a t u s  i t  was  o b s e r v e d  i n  a n i m a l  a n d  
p l a n t  cells t h a t  the  e n d o p l a s m i c  r e t i c u l u m  a n d  th~ s u b s t a n c e s  c o n t a i n e d  i n  
i t s  s t r u c t u r e s  or i n  the  d e r i v e d  vacuo le s  c an  also p a r t i c i p a t e  i n  t h e  f o r m a t i o n  
of  ne t - l i ke  a n d  o the r  s t r u c t u r e s  of  t he  classical  Golgi  a p p a r a t u s ,  w h i c h  c a n  be  
i m p r e g n a t e d  w i t h  s i lver  or  o s m i u m  (I-IRw 1965b). 

I t  was,  therefore ,  t he  p u r p o s e  of  t h i s  c o m m u n i c a t i o n  to  c la r i fy  t h e  p ro -  
pe r t i e s  a n d  f u n c t i o n s  of  t he  e n d o p l a s m i c  r e t i c u l u m  of  F a g o p y r u m  a t  a s imul -  
t a n e o u s  c o m p a r i s o n  w i t h  t h e  o b s e r v a t i o n s  o n  o t h e r  p l a n t  ob j ec t s  a n d  i n  t h e  
a n i m a l  cell. The  m a t e r i a l  a n d  m e t h o d  h a v e  b e e n  d e s c r i b e d  i n  p r e v i o u s  p a p e r s  
(Haw 1956a, b,  c). Bes ides  f i x a t i o n  w i t h  K M n O  4 f i x a t i o n  w i t h  fo rmol -OsO a 
(SITTE 1958) a n d  OsO 4 buf fe r  s o l u t i o n  ( p H  7.2) was  used.  

* Z, ast, a&tress: Institute of E~perimgntal Biology and G3netics, Czechoslovak Academy of 
Sciences, Flemingovo nAm. 2, Praha-D~jvioe. 
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Morphology ot the Endoplasmie Retieulum 

E n d o p l a s m i c  r e t i c u l u m  in  t h e  a n i m a l  c e l l .  The endo- 
plasmic reticulum morphologically is not as constant structure as the Golgi 
apparatus (SJoSTRA~D 1956). In lhe animal cell the endoplasmic reticulum 
is described as a system of membranes, consisting of tubuli, cisternae and 
vesicles (see PALADE 1956b). For various types of cells the elements of the 
endoplasmic reticulum are given in various ratios and arrangements. The 
tubuli and cisternae are usually connected by anastomoses and branches so 
that they form the reticular system in the whole cell. Reticular structures 
have been observed in rat liver cells, in guinea pig seminal cells etc. (PALAD~. 
1956b, FAWCETT and ITO 1958). The cisternae are usually oriented parallelly 
and are often close to the nucleus (e.g. Nissels substance in neurons and 
systems of the endoplasmic reticulum in pancreas cells, PALADE 1956b etc.), 
In some cases concentrical circular formations ("Nebenkern") arise in the 
vicinity of the nucleus in healthy and pathological cells. ~[hey were found in 
the oocytes of the mollusc Spis~ula 8olidissima (yolk nucleus, REB~V~ 1956), 
in the salivary glands of Chir162 and in the hypophysis cells of a rat 
stimulated with oestrogens (ref. see I-]Acv~Av 1958), in mouse hepatoma 
cells (FAWC]~T and ITo 1958) and others (ref. see NIxJ_owITz 19r 

2he nuclear envelope also belongs to lhe stiuctures of the endoplasmic 
retku!um and their relatiomhip was observed in the form of extensions of 
the endoplasmic reticulum from the nuclear envelope into the cytoplasm 
(WATso~ 1955 etc.). 

~he endoplasmic retieu~um exists in two reims: 1) ~embranes covered 
with ribosomes ("rough surfaced form"). For this form the name "ergasto- 
plasma" taken over from lis microscopy is also used (ref. see HAGVENAV 
1958). 2) ~r membranes (emooih surfaced form, ref. see P.~,A])~ 195s 

he l=ara]lel]y arranged cisternae in the vicinity of lhe nucleus are formed by 
the rough surfaced tsTe. 2he nuclear envelope of rat (PALADE 1955a) and 
guinea pig pancreas cells (P)~LADE and SIEXEWTZ 1956) has been described 
to carry ribosomes, i.e. rough surfaced, r]he smooth surfaced form exists in 
cells mostly in the reticular form as tubuli, cisternae and vesicles (PALADE 
1956b, FAWC~.TT and ITO 1958). It  was observed in all cells in various quanti- 
ties. It  exists predominantly on the cell perilchery. In seminal cells and in 
all cells having an intensive lipid metabolism the smooth surfaced form of 
the endoplasmic reticulum dominates considerably over the rough surfaced 
form (PALAD~ 195r 

In guinea pig pancreas cells both membrane forms have been observed, 
i.e. the smooth surfaced and the rough surfaced form whir continuously 
pass into ea(h other (PALADW and SI~X~WTZ 1956). In a similar way the 
extension of the endoplasmic reticulum from lhe rough surface nuclear envel- 
ope appears as the smooth surfaced form in cells of the Reuber tumour in 
studies of the electron microscopical localization of enzymes (NOVIXOFF, 
ASS~ER, GonDy]sc]zv.~ and I-I~vs 19s 2hese cases indicate that a common 
membrane system is concerned rather than two separate forms. 

E n . d o p l a s m i c  r e t i c u l u m  i n  t h e  p l a n t  c e l l .  The endo- 
plasmic retieu~um in plant cells contains similar elements as that in animal 
cells, i.e. tubular structures and cisternae connected by branches and ana- 
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8tomoses and vesicles. In young cells, e.g. in th9 root meristeme of Pisur~ 
sativum, the endoplasmie retieulum has a net-like structure (SITTE 1958). 
A similar arrangement of freely placed tubuli and cisternae positioned in 
various directions was observed in the apical area of Fagopyrura (Fig. 4 and 5). 
A parallel arrangement of membranes was found mostly in the peripherM 
parts of the cytoplasm in contrast to the ~ n'mal cells. It  was observed in the 
root meristeme of Pidum satizum (SITTV, 1958), Zea mays (Wm~LEY, MOr~r.~,N- 
~ U ~ R  and KEPHART 1959), in wheat embryo (SETTE~FIELD, STERN and 
JOHNSTO~ 1959, HR~V,L, WOLFOV). and MOHELSKs 1961) and in the meristeme 
filamentous cells of the Datura stramoniura apex (ttO~L 1960) and in young 
cells of the Allium cepa calyptra (FALX 1962). This arrangement occurs also 
in some conducting elements, e.g. in young cells of the metaxyleme of Allium 
ceTa root cells ( F ~ x  1962). In the sieve tubes of Metase~uoia glyptostroboides 
branches in repose phloem the tubular elements of the endoplasmic reticulum 
are similarly organized (Ko~M_AN and SC~U~CH~.R 1961, 1962). The cisterna~ 
in tho endoplasmic reticulum in the pith cells and the parenchrymatie phloem 
cells have the same orientation (KOLLM_~-~rN and SCHUMACa~.R, 1961, 1962). 
In the root meristeme of Fagopyrura lhe parallel arrangement of cisternae 
is found in the dermatogene below the apex in the cells, where dense vacuo- 
les are differentiated (Fig. 6). 

Parallel membranes of the endoplasmic reticulum exist in plant objects 
also under the influence of pathogenic factors. They were found in the root 
meristeme of Sinapsis alba and in the apical point of Elodea canadeusis ex- 
posed to anoxibiotic conditions (W~IsCHER 1960), in the gland cells of Droso- 
,phyUum luisitanicum in an object, wilting for 105 min (Sc~NEPF 1961) and 
in centrifugated root meristeme cells of Pisum sativura (Bo~rcK 1963). 

ConcentricM circular formations consisting of parallel membranes ("Neben- 
kern") were also observed in plant objects. They occur in intact cells of some 
special objects, as well as in cells of objects exposed to pathogenic factors. 
In intact cells they were described as formations analogous to "yolk nucleus" 
in scutellum cells of the young Triticura vulgate embryo (HR~EL, WOLFOV& 
and MOHELSK), 1961). Similar formations were found in the cytoplasm of the 
egg cells of Lilium candidum (HRS-.L, unpublished results). In young sieve 
tubes of the root apex of Allium cepa concentrical formations similar to the 
"Nebenkern" are also formed (FAr,K 1962). At the leaf base of the Tropeolura 
majus embryo an endoplasmie reticulum organized into concentrieal form- 
ations was observed during germination swelling (NouGAREDE 1963b). 

Under pathomgicat conditions similar concentrical formations were observed 
after experimentally caused anoxia in the root meristeme cells of Hyacinthus 
orientalis (GAvi~UDAN, POUSSEL and GUYOT 1960) and under similar condi- 
tions also in the root meristeme cells of Sinapsis alba (WRISCaER 1960). After 
the effect of centrifugation on the root meristeme cells of Pisum sativum 
similar formations, "whorls" were found (BoucK 1963). 

Cluster-like formation composed of membranes of the endoplasmic reticulum 
were observed in the root meristeme of Zea mays (W~ALE~C, MO~ENHAtrV.R 
and KEP~_A~T 1959). Similar formations were found occassionally in the root 
meristeme cells of Fagopyrura below the apex (Fig. 7). 

In other cells the endoplasmic reticulum is composed of finely branched 
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anastomosing membranes. I t  was observed in the root meristeme cells of 
Pi~um 8ativum (SITTE 1958) and is shown in the microphotographs of the root 
meristeme of Lens culinaris (CAPo~ALV 1959, P1. I). A similar finely branched 
anastomosing net is formed by the endoplasmic reticulum in the differentiating 
cells of the root calyptra of Allium cepa (F~K 1962). In some sieve tubes 
of Metasequoia glyptostroboides branches the endoplasmatic retieulum occurs 
as a tubulous branched net (KoLLMA~ and SC~UMAC~E~ 1962). The branched 
forms later decompose to vesicles. The same arrangement of the endoplasmie 
reticulum was observed in the root meristeme cells of Fagopyrum, where the 
formation of canalicule-like forms of dense vacuoles is assumed (Fig. 8) (see 
tIR~EL 1965b). 

The root meristeme of Triticum vulgare contains different structures of the 
endoplasmie reticulum in the peribleme, the so-called "specially reticulated" 
forms which are very rich in anastomoses so that they a have sponge-like char- 
acter (BuvAT and MOUSSEAV 1960). These authors found the fundaments of 
vacuoles in this type. The same structure of lhe endoplasmic reticulum was 
found rarely in the meristeme cells of the root meristeme of Fagopyrum 
(Fig. 9) without the observed relationship to the vacuoles. An endoplasmie 
reticulum of this type (similar to accumulated bubbles), communicating widely 
in some cases with the nuclear envelope, was observed in the root meristeme 
of Zea may~ in mechanically damaged cells close to the cutting area during 
excision (MOLLENHAUER, WItALEu and LEECh: 1960). 

Structures of the endoplasmic reticulum composed predominantly of vesicles 
were observed in the differentiated cells of the leaf of Elodea canadensis 
(BUVAT 1958, 1961), in cells of the root calyptra of Allium cepa (FALX 1962), 
in the sieve tubes of M~tase~uoia glyptostroboides (young branches) (KOLL- 
MANN and SCHUM~C~El~ 1962) and in differentiating xyleme ceils in Cucurbita 
maxima petioles (EsAu 1963a). In the root apex of Fagopyrum the vesicular 
structure of the endoplasmic reticulum was found in the cells of the conducting 
elements and of the calyptra (Fig. 10 and 11). Gradual vesiculation of the 
differentiating conductive elements (Fig. 13, compare with Fig. 12, represent- 
ing a young cell from the apex area) or of calyptra cells (Fig. 14) was also 
observed. In cells of the conducting elements appearance of spontaneous 
(Fig. 13, see HR~EL, MO~ELSKh and WonFov~ 1964) and in calyptra cells of 
gradual vesiculation of the originally net-like structure of the endoplasmic 
reticulum were observed. 

To the structure~ of the endoplasmic reticulum belongs also the nuclear 
envelope. Th~ nuclear envelope of the interkinetic nucleus communicates with 
th~ endoplasmic reticulum, the so-called extensions, which were described in 
most plant objects studied with the electron microscope (for references see 
BUVAT 1963 and others, Fig. 12, 13 and 19). The extensions and discontinuities 
of the nuclear envelope are characteristic for the apical areas of the studied 
objects, i.e. for young cells (see LEECH, MOLLENHAUEI~ and WKALEY 1963). 
One of the proofs for the nuclear envelope being a component of the endo- 
plasmic reticuktn is its fragmentation and blending with the other elements 
of the endoplasmic reticu~u~n during mitosis in th~ root meristeme of Allium 
cepa and Zea mays (PSRT]~R and 1VL~Cl~DO 1960, WI-IALEY, MOLLENHAUER 
and LEECl~ 1960). 

The tubular forms of the endoplasmie reticulum in plant cells pass through 
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the walls from cell to cell by help of special connections, the so-called plasmo- 
desms (Fig. 12 and 13) which have been thoroughly studied in several papers 
(for references WHXLEY, MO~EN~rAV~R and LE~CH 1960, BWAT 1963, KOLL- 
MANN and SCUV~_ACHER 1963 and others). 

Connection of the endoplasmic reticulum with the plasmalemma was also 
found in young leaves of Dactylis glomerata (Pocx, unpublished results, see 
BuvAT 1963). A different tube containing endoplasmic reticulum was observed 
in cotton embryo (J~NsrN 1963). 

The endoplasmic reticulum exists in two forms in plant cells as well as in 
animal cells: 1) membranes covered by ribosomes ("rough surfaced") and 
2) smooth membranes without ribosomes ("smooth surfaced") (for references 
see SITTE 1958, BUVAT 1958, 1961 and 1963 and others). 

The rough surfaced endoplasmic reticu]unl which can be observed after 
fixation with OsO a is present in all cells in different quantities and arrangement 
depending on the function in the cell or the age of the cell. 

The membranes of this form deposited in various directions as well as 
parallel were observed in the root meristeme of Allium cepa (BuvAT and 
C~_aAsso 1957) and in young leaves or the root meristeme of Zea mays (HEITZ 
1957) and Pi~um satisum (SXTTE 1958). In cells of the root meristeme of_Faffo- 
pyrum this form of the endoplasmic reticulum is present in various arrange- 
ments as elsewhere in the meristeme ceils (Fig. 15 and 16). 

In  some plant objects as well as in animal objects the rough surfaced form 
predominates, in others the smooth surfaced form is present in greater quantity. 

The rough surfaced endoplasmic reticulum was observed very frequently 
towards the cud of embryogenesis in the cells of the young leaf bases of Tro- 
peo[um majus (NOUGAR~DE 1963a). In  the growing root filaments of Zea 
mays and Tradescantia albigora the rough surfaced form of the endoplasmic 
reticulum predominates or is present exclusively (SIEVERS 1963b). In  cells of 
the carnivorous plant Drosophyllum luisitanicum a strongly developed rough 
surfaced endoplasmie reticulum in parallel arrangement was observed after 
feeding with albumin (ScHNEPF 1963). 

The parallel arrangement of this form was observed in the root meristeme 
cells of Sinapsis alba and in the vegetative peak of Elodea eanadensis at 
oxygen deficiency (WRISCHE~ 1960), in the gland cells of Drosophyllum 
luisitanicum during wilting (Sc~r 1961) and is shown in germinating 
embryos of Triti~ura (S~TT~FIELD, STERN and JO~CSTON 1959), in the cells of 
yeung Tropeo:ura majus leaves during the investigation of dehydration 
accompanying maturing of the seed (NO~GAR~DE 19~3a ) (Fig. 9). 

The rough surfaced form in parallel arrangement was also observed with 
_Fagopyrum (Fig. 15). A very close parallel arrangement of these membranes 
was observed in the cells of the centrifuged Pi~u n satizum root (BGUCK 1963). 

The vesicular structure of the rcu~h surfaced endoplasmic reticulum, 
formed by decomposition of the originally net-like stIuctures, was found in 
cells of the root calyptra of Alliura cepa (FALX 1962). l~cus surfaced vesicles 
of the same origin oc (ur in cells of the leaf bases of the Troiceo[um ~ajus 
embryo d ( h y d i a t e d  during i~aturing of the seed (1X'OVC.~IDE 1963a). 

I t  h~s not been usually studied in plant cells to ~hi(h foim of the endo- 
plasmic reticulum fhe nuclear envelope belongs. In cells of the root meristeme 
of Pi~um sati~:um ribosomes were observed in the area of the pores and annula 
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of the nuclear envelope. This corroborates the assumption that the nuclear 
envelope of plant cells is (at least locally) covered with ribosomes (SITTE 
1958). In the nuclear envelope of the gland cells of Drosophy[um, on the 
other hand, no ribosomes were found in these places, however, in the opinion 
of the author the envelope is still sparcely covered with ribosomes (SCHN•PP 
1960). According to the demonstrated microrhotographs of the nuclear 
envelope in the cells of the root meristeme of Cu~umis sativa (PEVELINO 1961); 
and the cells of the root meristeme of Fagopyrum (Fig. 16)studied 
in this work, the nuclear envelope appears to belong to the rough surfaced 
form of the endoplasmic reticulum in plant as well as in animal cells. 

The endoplasmic reticulum in the smooth surfaced form was observed in 
the apical point and the leaf primordia of Elodea canadensis (BuvAT 1958). 
~Ihe endoplasmic reticu]um in which vacuoles form is also smooth surfaced, 
e.g. in the root meristeme of Triti(ura su~gare (BuvAT and MoussEAu 1960, 
BUVAT 1961, 1962, 1963, Poux 1962). The parallel tubular structures of the 
endoplasmic reticulum found in the sieve tubes of the phloem in Metase~uoia 
glyptostroboides branches also belongs to this form (KOLL~L~NN and SCHU- 
~_AC~R 1961). ~he smooth surfaced endoplasmic reticu'um or that sparcr 
covered with ribosomes occurs in unstimulated gland cells of Drosophylum 
luisitanir (ScHNEPF 1960) and in the fungus 1Veurospora c r a s s a  (SHATTIN 
and TATVM 1959), in Allomyces macrogynus (BLoNDEL and TURIAN 1960, 
PR~VOST-MoNNOT 1960) and in the alga Himanthalia lorea (BWR~I.OF~" 1963). 

The possibility of the transition of the rough surfaced into the smooth 
surfaced form and vice versa in one continuous membrane element has also 
been observed in plant cells. !Micro I hotogra I hs of the endoplasmic reticulum 
in cells of the Allium cepa root meristeme (BUVAT and CARASSO 1957) indicate 
the possibility for transition of one form into the olhvr (LANCE 1958, BUVAT 
19C3). 2he rcu~.h ~urfaced form cannot be differentiated from the smooth 
surfaced form in some cases (BUVAT 1963). In young leaves of An~hoxanthum 
odora[um the membranes of the endoplasmic retkulum, where vacuoles are 
formed, appear to be without ribosomes, and segments attached to them are 
rough surfaced (Povx 1961). In the fungus Allomyces macrogynus a change 
oi the endoplasmic reticulum from the smooth to the rough surfaced form 
was observed during the differentiation of the gametes (PR~VOST-MONNOT 
1960). 

I t  follows from these observations that the endoplasmic reticulum in the 
plant like in the animal cell is a structure changing morphologically con- 
siderably according to the differentiation and function of the cell in the 
organism in contrast to the Golgi apparatus (Fig. 1). The changes through 
which the endoplasmic reti(ulrm passes can be approximately classified as 
follows: net-l~ke stluc~ures p:ed(minate in y~ ung cnb:ycnic cells (Fig. la) 
parallel structures in differentiated cells, w h ( h  are functionally oriented in 
a certain direction and in cells under lh~ effect of ]~hysiological (hinges or 
patholchysiological interferences, where it is necessary to supplement deficient 
or decomposed proteins of the ~ubstance (Fig. lb). Bran(bed and later vesicular 
structures are present in cells whi(h are highly specialized or degenerate 
(Figs lc, d). The rough surfaced form predominates, especially in the parallel 
arrangement in cells, where intensive protein formation can be expected 
(Fig. le). In cells of rapidly growing organisms or tissues the ribosomes sparsely 
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attach the membranes of the endoplasmic reticulum. The smooth surfaced 
form occurs at sites where certain compounds are transported or deposited, 
e.g. in sieve-tubes and membranes where vacuoles are formed and in lipid 
synthesis. 
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Fig. 1. Diagrara of the morphological changes of the  endoplasmie ret iculum in the  p lant  cell 
during differentiation. 
a) Freely-placed membrane  elements in various directions and  extensions from the  

nuclear membrane  in the  young cell in the apical area. 
b) Parallel a r rangement  of membranes  in the  active cell. 
c) Branched structures in a fully differentiated cell. 
d) Vesicular s t ructure  in the  differentiated cell. 
e) Various var iants  of the rough surfaced form of the  endoplasmic reticulum. N K  

"Nebenkern" .  

The existence of the endoplasmic ret iculum in the  smooth surfaced form in the  apical point  
of Elodea canadensis (BovAT 1956) will probably be conngcted with the  intensive production 
of lipids, similarly as in animal  ceils (PA~DE 1956b), which, however, in the  p lant  cell serve the  
formation of the  membrane  systems of the  chloroplasts in the  differentiating leaf cells. This 
is indicated by  the intensive staining of the vegetat ive peaks of other  objects with  sudan black 
e.g. in Triticum vulgate and Oryza sativa (HRw 1956, 1958). 

In the systems of the endoplasmic reticulum both forms, rough surfaced 
and smooth surfaced, cannot be separated occasionally. These forms may 
both be present in a common membrane structure or one form passes into 
the other during differentiation according to the requirements of the organism 
and the functional orientation of the cell. The endoplasmie reticulum is 
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a structure reflecting most sensitively age, functional and physiological state 
of the cell. 

Function of the Endoplasmie Retieulum 

E n d o p l a s m i c  r e t i c u l u m  i n  t h e  a n i m a l  c e l l .  Manifesta- 
tions of the activity of the endoplasmic reticulum in the animal cell were 
observed in many cases. In the exocrinic cells of lhe guinea-pig pancreas 
inside the cavities of the endoplasmic reticulum granula were observed which 
are different from the zymogenic granula formed under participation of the 
Golgi apparatus (PALADE 1956a). The author assumes that the granula in 
this case are formed under participation of ribosomes adhering to the mem- 
branes of the endoplasmic reticulum. In other objects, e.g. in rat liver cells, 
a homogeneous finely granulated substance was found in the small cavities 
within the tubuli or cisternae. The surface of ih~ membranes around the cavity 
is usually smooth surfaced (HAGuENAU 1958). In the endoplasmic reticulum 
of the liver cells of the Morris 5123 hepatoma and in several other objects 
a nucleoside phosphatase activity was observed. The activity of the same 
enzyme was also detected in the nuclear envelope, so that this structure is 
not identical with the structures of the endoplasmic reticu]um only morpho- 
lcgically but also functionally (NOVrKOFF, (~OLDFISCHEIt and HEUSS 1962). 

The properties and function of the endoplasmic rcticulum in the animal 
cell are explained by the authors who studied its structure and function as 
follows: the endoplasmic reticulum is a branched vacuolar system (PoRTE~ 
1955); it is the intracytoplasmic transport system (PALADE 1955b), it parti- 
cipates in secretory processes (PALADE 1956a); it participates actively in the 
synthesis of proteins for secretory purposes (PALADE and SZECHEVITZ 1956); 
it is affected by or participates in differentiation processes, it is the segrega- 
tion apparatus of the cell ( P ~ D E  1956b); i t  is important for the synthesis 
of secretory products (SJOSTRAND 1956). The organized ergastoplasm (rough 
surfaced endoplasmic reticulum) is in relation to differentiation rather than 
to growth and is connected with synthesis of special secretes (HAGuENAU 
1958). Formation of secretory products is effectuated in lh~ ergastoplasm 
(OBERLING 1959). In the cisternae of the endoplasmie reticulum secretory 
products are formed in granular ~hape, doubtlessly under the participation of the 
ribosomes (WoRLFARTH-BOTTERIVIANN 1963). 

E n d o p l a s m i c  r e t i c u l u m  i n  t h e  p l a n t  c e l l .  The observed 
functional manifestations of the endoplasmic reticulum in the plant cell can 
be classified into two groups. Into the first group belongs the separation of 
the vesicular elements as in the Golgi apparatus, or their fusion with the 
endings of the tubuli or cisternae (Fig. 22). At the ends of these membranes 
vesicular dilatations were observed in the root meristeme of Zea mays or 
vesiculae in the closest vicinity (WHALEr, MOLLENHAUER and KEPHART1959.) 
In lhe coleorhiza of Zea mays and in the cotyledons of the oil plants Brassica 
na~us and Sinapis alba formation of so-called spherosomes was observed 
from the separated vesicular elements of the endoplasmic reticulum and their 
transformation into lipid drops (FRAY-WYssLING, GRIESHABER and MfTHLE- 
THALER 1963). In the circular elements of the endoplasmic reticulum in the 
mother cells of Lilium candidum separation of the vesicles from the endings 
of the membrane formations into the cytoplasm was also observed (HR~EL 



44 ~ I. HR~EL 

unFubli,~hed results). In contrast to the preceding objects no striking vesicular 
endings with light contact or separating light vesicles were observed in the 
endoplasmic reticulum of the root meristeme cells of Fagopyrum (see Figs 4, 
5 . . .  etc.). Studies of the synergids in the mature megagametor~hyte of the 
cotton plant ~howed irregular very dark dense bodies in the cytoplasm which 
are connected with lhe ends of the endoplasmic reticulum (JENsEN 1963). 
Similar dense bodies (Fig. 18, 19, 20 etc.) occur in large amount  in Fago- 

a) 0 "- C-" 0 ~ 0  

V 
V 

Fig. 2. Diagram of the  function of the  endopmsmic reticulum in the  p lant  cell. 
a) ~eparat icn and fusion of vesicular elements. 
b) I)eposition of a substance inside the cisternae of the  dilated endoplasmie roticulum 

and  formation of ~acuolcs ( F ) .  

l~yrum about 0.5 mm below the apex in the cells of the central cylinder or 
in its close vicinity. Here as well contact of these bodies with the ends of the 
endoplasmic reticu?um was found (Fig. 20). [Ihis contact appears to be spon- 
taneous in some cells (Figs. 18 and 19). Besides this appearance, accumula- 
tion of dense bodies was observed in some cells along of cell walls (comp. 
SI~T]~ 1958) at the sites where systems of plasmodesms occur (Figs. 22 and 23). 
Contact of the dense bodies with the tubular  element of the endoplasmie 
reticu~um, passing through lhe pla~mcdesm, was also observed frequently 
(Figs. 21a, b). 2he cells in ~h i (h  dense bodies were found in large quantities 
have a (haracteristic aplcearance already in the lis microscope (Fig. 24) 
and at  small magnification in the electron microscope (Fig. 19 and 21b) and 
their cytoplasm can easily be differentiated from the cytoplasm of cells in 
the area of the apical point, whith do not contain any dense bodies or only 
in small quantities like the cell of other objects (Fig. 17). 

In  the other group of functional manifestations of the endoplasmic reticulum 
secretion or transport and ac(umulation of various eubstances in lhe lumen 
of the endoplasmic reticu~um is similar to lhat  in lhe animal cell. 2hese sub- 
stances were observed eiiher directly inside the lumen of the endop]asmie 
reti(u!um or in the dilated spaces, i.e. in the vacuoles (Fig. 2b) (see H ~ . L  
1965a). 

1) Substances inside the endoplasmic reticu]um. 
These substances are formed here either directly or they are transported 

by the endoplasmic reticulum. ~his appearance was observed in cells of the 
endosperm of Horddum vulgare, where the formation of granula, containing 
proteins and lipids, was observed under participation of the endoplasmic 
reticu'um, when the plants were exposed to low light intensity (BuTTaOSE 
I~REY-WYssLING and I~UHLETttALER 1960). In  the synergids of cotton the 
possibility of formation of lhe so-called filiform material in the endoplasmic 
reticu]um was also observed as in animal cells secreting mucus (JENsEN 1963). 
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The rough surfaced endoplasmic reticulum in the gland cells of Droso- 
phyl~um luisitani~um apparently plays an important role in digestion by 
forming proteolytic enzymes as well as by taking up decomposed substances 
(Sc~NEPF 1963). In secretion in the septal nectaria of Gasteria trigor~a the 
endoplasmic reticulum is assigned a certain role, which through the plasmo- 
desm participates in the intracellular transport of substances (ScENEPF 
1964a). In the cells of the cynthial nectaria of Euphorbia pulcherrima the 
possibility of the participation of the endoplasmic reticu~um in secretion was 
observed probably in the transport of substances within and between the 
cells, since its development attains the highest point at the start of secretion 
and decreases again after termination (ScHNEPF 1964b). 

Studies of the plasmodesms and of the endoplasmic retieulum passing 
through the plasmodesms in secretory processes in the glandular epithelial 
cells' of the active nectarium of Gasteria trigona did not show changes in their 
structure, although the transport of secretes is assumed also between cells 
(ScHNEPF 1964a). In contrast the internal channel of some plasmodesms of 
the whole plasmodesm in Fagopyru.m cells in the medial area below the apex 
appear remarkably dark (Figs. 25a, c, d and 27) as compared to other plasmo- 
desms (Figs. 25a, b and 23). Dense bodies accumulate occasionally in the 
vicinity of the plasmodesm (Figs. 21a, b, 22 and 2.]). Also in the light micro- 
scope some intensively stained plasmodesms can be observed (Fig. 24). 

In the calyptra cells of th~ root apex of Fagopyrum accumulation of a dark 
substance of uncertain origin was observed in th~ intercellular space neighbour- 
ing the plasmalemma. The largest quantity of the dark substance is accumul- 
ated in the vicinity of the plasmodesms (Fig. 28). 

2) Vacuoles. 
In the first studies of the ultrastructure of the animal cell the endoplasmic 

reticulum of the u~ual appearance was designated as a "vacuolar system" 
(PORTER 1955). In the endoplasmic reticulum of plants extensive dilatations 
are frequently formed from small cavities and from these dilatations a genuine 
vacuolar system is formed which is characteristic of the plant cell (BuvxT 
1957, 1958 and others). In the vacuoles substances of liquid to solid character 
are accumulated. The vacuoles are stained with different intensity after 
fixation with KMnO 4, OsO~ according to their chemical composition and 
density of the content. 

During secretion the secretory products accumulate in certain places of the 
endoplasmic reticulum which are also transformed to vacuoles (BUVAT 1961). 
The relationship of the vacuoles to the secretory processes was observed in 
the electron microscope in the glandular cells of Drosophyllura luisitanicum 
(ScHNEPF 1960). The author assumes that part of the secretes gets into the 
vacuoles and is deposited there. Similarly, the vacuoles of the gland cells of 
Pinguicula vulgaris fixed with KMnO 4 are considered to be the storage site 
of mucoid substances. The mucoid substances form a brown precipitate with 
KMnO 4 in vitro (VOGEL 1960). Intensified vacuolization was observed when 
the glandular cells of Drosophyllum luisitanicura are feed casein or albumin 
for a considerable time (ScENEPF 1963). 

The dense vacuoles in the root meristeme cells of Fagopyrum lead in lumen 
of the endoplasmic reticulnm (HR~EL 1961, 1965a, b). As most other vacuoles 
the dense vacuoles are also formed in its dilatations (HR~EL 1965a, b). The dense 
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vacuoles, as in the preceding objects can be considered as reservoirs of com- 
pounds of secretory character, i.e. of dense massive material, stained intensively 
after fixation with KMnOa and OsO 4 (see HRw 1965a). 

Discussion 

The endoplasmic reticulum was studied in the root meristeme cells of 
Fagopyrum from the mo~hological and functional point of view at simul- 
taneous comparison with other objects and with animal cells. A similar ar- 
rangement of the endoplasmic reticulum was found as in other objects, i.e. 
freely distributed or net-like and parallel arranged cisternae and tubuli in 
younger and fully active cells, bran(heal to vesicular forms in specialized 
cells, e.g. in older calyptra cells and in cells of some conductive elements 
(Fig. 1). For the cells of the root apex of Fagopyrum the following functional 
indications and properties of the endoplasmic reticulum and of the structures 
connected with it directly are characteristic and in a certain way different 
from other plant objects: the frequent contact of the dense bodies with the 
ends of the endoplasmic reticulum, the contact of the dense bodies with the 
ends of the endoplasmic reticulum passing through the plasmodesm, accumula- 
tion of dense bodies in the areas of the cell walls and especially in the immedi- 
ate vicinity of the plasmodesms and intensive staining of some plasmodesms. 
The dense bodies belong to the group of the well-known but functionally and 
nomenclatorically undefined formations present in different quantity in the 
cytoplasm of the usual plant objects studied hitherto (see HRSEL 1965C). 
~Ihe character of the cytoplasm of Fagopyrum cells in which the activity of 
the dense bodies becomes manifest (Figs. 18, 19, 21b, 27) and of the cyto- 
plasm of young cells inactive in this sense where the dense bodies are rare 
Fig. 17 and 26) is very different. The strikingly increased quantity of dense 
bodies in active cells can be observed already in the light microscope where 
they appear as small dark spheroids (Fig. 24). The content of the dense bodies 
and of the dense vacuoles (see HR~EL 1965a) has the following similar pro- 
perties under the electron microscope: intensive staining after fixation with 
KMNO 4 and OsO 4 and relationships to the structures of the endoplasmic 
reticu]um. 2he dense vacuoles, like those of other objects, have the possible 
function of reservoirs in which the transported substance accumulates, i.e. 
in this case the dense mass. 

According to the observations mentioned the following reconstruction of 
the function of the endoplasmic reticulum in the Fago~rum root apex cells 
appears most probable: 

2he dense bodies produced by the dictyosomes (see HR~EL 1965C) fuse and 
are resorbed by the ends of the endoplasmic reticulum. The dense mass of 
the bodies thus gets into the intracisternal and intratubular spaces, it is 
transported by the cell or accumulates in the dilated spaces and forms dense 
vacuoles. The dense mass is again excreted in the ends of the endoplasmic 
reticulum into the same dense bodies whkh separate from the end of the 
endoplasmic reticulum. In the same way the dense mass probably passes 
also through the endoplasmic reticulum from the cell into the plasmodesma 
cell. The passing of the dense mass from cell to cell can also be observed in 
the light microscope on the same material processed for electron microscopic 
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purposes. The dense mass is probably transported in the mentioned way to 
the areas of the plant where it is required (Fig. 3). 

Another ultrastruetural manifestation of the function of the endoplasmie 
reticulum is the finding of accumulation of the dark mass in the intercellular 
spaces in the vicinity of the plasmodesms of the calyptra cells. In the cells 

A 

Fig. 3. Reconstruction of the assumed t ransport  of dense material by dense bodies in the endo- 
plasmic reticulum in the cell and between the colls in the root apex of F a g o p y r u m .  
D V - -  dense vacuole. 

of the calyptra and in the root hairs of Zea mays (MOLLENHAUER, WHALEY 
and LEECH 1961, SIEVv.RS 1963a) and in the root apex of Arena 8ativa (GON- 
TH~.R 1962) the participation of the vesicles of the Golgi apparatus in the form- 
ation of the cell walls by fusion with the plasmalemma was observed. This 
function of the Golgi apparatus was not observed in Fagol~yrum (see HR~EL 
1965C). In the calyptra cells of Fagopyrum, on the other hand, accumulation 
of a dark mass was observed in the intercellular space in the near distance 
of the plasmodesms, not observed in other objects. The endoplasmic reticulum 
can apparently participate in the formation of the cell wall. The dark sub- 
stance is excreted into the intercellular spaces through the plasmodesm 
which are probably adjusted to this purpose so that the substance passing 
through remains in the intercellular spaces. I t  is not clear whether the sub- 
stance is formed directly in the endoplasmic reticulum or whether it is pro- 
duced by the Golgi apparatus and only transported by the endoplasmic 
reticulum. 

According to the studies of the endoplasmic reticulum in Fagopyrum and 
in agreement with the observations of other authors on other objects, the 
endoplasmic reticulum participates in certain secretory processes, like the 
Golgi apparatus. In Fagopyrum it apparently has the main function in the 
transport of secreted substances. 
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Fig. 5. 

Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Freely placed elements of the  ondoplasmic rotieulum in the cells of  th0 apical area of 
Fagopyrura. N ~ nucleus. Fixat ion with KNInO,. Embedded in araldite. Magn. 22 0O0 •  
Not-like s t ructures  in a younger  cell below the apex. Object and  me thod  the same. 
Magn. 26 000 X �9 
Parallel a r rangement  of membranes .  Dtto.  Magn. 25 00O •  
Cluster formation. Dtto.  Magn. 22 000 •  
Branched elements.  Dtto.  Magn. 21 000 •  
Special reticulated elements.  Dtto.  Magn. 24 000 •  
Vesicular s t ructures  of the endoplasmic ro~iculum in a conduct ing cell. Dire .  Math .  
21 O00 •  
Vesicular s t ructure  of the  endoplasmic roticulum in an older calyptra  coll. Dtto.  Ma th .  
22 000 x .  
Young cell in the  apical area with an  extension of the  nuclear envelope (arrow). N 
nucleus, PL ~ Plasmodesm, C W ~ e e l l  wall. Dtto.  Magn. 24 0 0 0 x .  
Cell f rom the central par t  below the apex with s ta r t ing  spontaneous  vosieulation of 
the  endoplasmie rotieulum during differentiation into conducting elements.  The pro- 
longed s tructures  are released and  gain vesicular appearance. See Fig. 12. N ~ nucleus, 
PL  ~ Plasmodosm, CE ~ cell wall. The arrow indicates the extension of the  nuclear  
envelope. Dtto.  Magn. 23 000 •  
(From HRw MOHELS~-s and  WOLFOV.~ 1964.) 

Fig. 14. Gradual  vesieulation of the endoplasmic ret ieulum in a calyptra  cell. The cell contains 
also elongated membranes .  The arrow indicates formation of vesicular s t ructures .  
N ~ n u e l o u s .  Dtto.  Magn. 21 0 0 0 •  

Fig. 15. Parallel a r rangement  of membranes  of rough surfaced form. DV ~ dense vacuole. 
Same materiel.  F ixat ion with OsO 4 (PA~9~.), embedded in methacrylato.  Math .  
39 000 •  

Fig. 16. The same. N ~ n u e l o u s ,  NL ~ n u e l o o l u s ,  N1K ~---nueloar membrane .  The  arrow in- 
dicates the rough surfaced ondoplasmie rotieulum. Same object, fixation with formol- 
-OsOa, embedded in methacrylato.  Magn. 44 000 •  
(From HRw J u ~ o v . ~  and  BENEw 1960.) 

Continued on the page 49. 
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Fig.  18. 

Fig.  19. 

Fig. 20. 

Fig.  21a. 

Fig.  2 lb .  

Fig.  22. 

F ig .  23. 

Fig.  24. 

Fig.  25a. 

Fig.  25b. 
F ig .  25c, d. 
F ig .  26. 

Fig. 27. 

Fig. 28. 

E n d o p l a s m i c  r e t i c u l u m  in t h e  cell in t he  apical  a rea  w i t h o u t  dense  bodies.  Same  
object ,  f ixa t ion  w i t h  K M n O  4, e m b e d d e d  in a ra ld i te .  Magn .  22 000 •  
E n d o p l a s m i c  r e t i c u l u m  in t he  cell below the  apex .  E n d o p l a s m i e  r e t i cu lum in con-  
t a c t  w i t h  dense  bodies .  (Arrows.) Compare  wi th  Fig.  17. T h e  same .  Magn.  21 000 •  
Comple te  v iew of  t he  cell f r om t h e  a r ea  below t h e  apex .  E n d o p l a s m i e  r e t i c u l u m  
in c o n t a c t  w i t h  dense  bodies .  T he  a r rows  ind ica te  t h e  e x t e n s i o n s  o f  t he  n u c l e a r  
envelope .  N ~ nuc leus .  D t t o .  Magn .  16 0 0 0 •  
Con tac t  o f  t h e  dense  bodies  w i t h  t he  ends  o f  t he  e n d o p l a s m i e  ro t i euh tm a t  larger  
m a g n .  D t t o .  Magn .  24 0O0 •  
Con t ac t  of  dense  bodies  w i t h  t he  ends  o f  t h e  ondop lasmie  r e t i e u l u m  pas s ing  t h r o u g h  
t he  p l a s m o d o s m .  D t t o .  Magn.  34 0O0 •  
Comple te  v iew of  p a r t  of  t h e  cell con t a i n ing  a largo q u a n t i t y  o f  dense  bodies .  T h e  
a r row ind ica tes  c o n t a c t  o f  dense  bodies  wi th  t he  e n d s  o f  t h e  ondop lasmic  r e t i c u l u m  
pas s ing  t h r o u g h  t h e  p l a s m o d e s m .  N ~ nuc leus .  D t to .  Magn .  23 000 •  
A c c u m u l a t i o n  of  dense  bodies  in t he  a rea  of  t he  cell wall  in t he  n e a r  d i s t ance  o f  t h e  
p l a s m o d e s m s .  N ~ nuc leus .  D t t o .  Magn .  23 000 •  
A c c u m u l a t i o n  o f  dense  bodies  in t h e  a rea  o f  t he  cell wall .  N ~ nuc leus ,  V ~ - v a c u o l e ,  
P ~ P las t ide .  D t t o .  Magn .  22 000 •  
Area  of  t h e  cen t ra l  cy l inder  below t h e  a p e x  in t h e  l igh t  mic roscope .  The  dense  bo-  
dies a re  vis ible  as  sma l l  b lack  spheroids .  I n  t h e  b lack  f r a m e d  spaces  a re  visible t h e  
t r a n s i t i o n s  of  t he  dense  bodies  f r om cell to cell on a t r a n s v e r s e  c u t  t h r o u g h  t he  walls.  
The  a r rows  ind ica te  da rk  coloured p l a s m o d e s m s .  N ~ nuc leus .  D t to .  Magn .  1 500 •  
Smal l  magn i f i ca t i on  in t h e  e lec t ron  microscope .  A s imple  a r row ind ica te s  w idened  
dark-co lourod  p l a s m o d e s m s ,  double  a r rows  n o r m a l  p l a s m o d e s m s .  D t t o .  Magn .  8 500 •  
N o r m a l  a p p e a r a n c e  of  t he  p l a s m o d e s m s  a t  larger  magni f i ca t ion .  D t to .  Magn .  24 0O0 •  
Dark -co lou red  p l a s m o d e s m s .  C ompare  w i th  Fig.  25b. D t t o .  Magn .  24 000 •  
La rgo  magn i f i ca t i on  o f  a n o r m a l  p l a s m o d e s m .  Ar row inside a da rke r  c h a n n e l .  D t t o .  
Magn .  42 0O0 •  
Largo  magn i f i ca t i on  o f  d a r k  p l a s m o d e s m s ,  t h r o u g h  which  a p p a r e n t l y  pas ses  t h e  m a s s  
o f  t h e  dense  bodies ,  t h e  d a r k  c h a n n e l  is d i l a ted  a n d  in t ens ive ly  s t a inab l e  (arrow).  
D t t o .  Magn .  42 000 •  
Area  of  t he  c a l y p t r a  cells in t h e  space  o f  t h e  cell wall.  P L  ~ P l a s m o d e s m ,  CW --- 
cell wall .  T he  a r rows  show t h e  depos i t ion  o f  t he  d a r k  m a s s  in  t he  in t racol lu la r  spa -  
ce. D t to .  l~agn .  32 000 •  
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Srovn~v~nlm s n~lezy v bu~k~ch jin:~ch rostlin a ~ivo6ichfi so uk~zalo, ~e cndoplazmatick6 
retikulum vo v~eobecn~ch rysech v ko~onov6 ~pi6co u Fagopyrurn m~ steinS" charakter a funkci 
jako v jin:~ch biologick:~ch objoktech, tj. p~i sekre6nlch pochodech a speci~ln~ v tomto pi*tpvxi~ 
p~i transportech produkovan~ch substanci. Podrobn6 studium morfologio a 6innosti endo- 
plazmatick6ho rctikula uk~zalo n~kter6 zv l~ tnos t i  ve funkci, ktcr~ jsou p~izna6n6 pro tonto 
objokt. Endoplazmatick6 rctikulum so patrn~ z66astfiujo pfi t ransportu hmoty dob~e zn~rn~eh, 
ale funk6n6 a nomcnklatoricky sporn:~ch dtvarfi, kter6 jsou zde naz~v~ny hust~mi t~lisky. 
Hust~ t~llska so proti jin~m objcktfim vyskytuji  u F agopyrum vo znaSn6m mno~stvi. Byl pozo- 
rovs 6ast:~ dotyk hust:~ch t~lisok so zakon6enimi endoplazmatiek~ho rotikula, dotyk s ondo- 
p lazmat ick~n rotikulem proch~zcjlclrn plazmodesmy, hromad~ni hust:~ch t~lisok v blizkosti 
plazmalemmy a plazmodesmfi a intenzivnl barvitelnost n~kter~ch plazmodesm~. Hust6 vakuoly 
p~edstavuji v tomto objektu dflatovan6 prostory cndoplazmatick6ho retikula, kter~ maji patrn~ 
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funkci resorvoirfi hust6 hmoty.  Eudoplazmatick~ re~ikulum v bufiks c a lypt ry  so podle pozo- 
rov~ni tak6 podill p~i stavb~ buu~Sa:~eh stun. Tim so toato objekt li~i od jin~-ch objekt~, kdo 
byla pozorov~na pouzo fiSast Golglho ap~rs p~i t6to fuakei. 

H. FPME~, HHCTI~TyT 3Kcnep~[Menra~sEofi 6 9 r a H ~  q C A H ,  Hpara :  Mopc~oaorn~ 
x qbyHm~g~ aH~Ion~aasiar~qec[{oro per~Ky~a. - -  Biol. Plaut .  7 : 35 - -52 ,  1900. 

IIpH cpaBHeHnr~ c I~XieTKaM~ ~pyr~x pacTeHnfi H H~HBOTHBIX oga3aJIocb, qTO aH~on~aaMa- 
THtlecKH~ peTHKyJI HMeeT a KopHeBOM OKOltqatlffff y Fagopyrum B 0 5 ~ n x  qepTax TOT ~O 
xapaKTep H q~yHKIIHIO, qTO H B ~pyrHx 5~IoJIorrlqecK~Ix 05~,eKvax, T. e. B npo~eccax c e u p e n ~  

c n e ~ a ~ o ,  B RaHHOM c~yqae, np~ Tpancnop~e npo:Iy~TOa 05~eHa Be~IleCTB. Ho2ipoSHoe 
n3yqeHHe Mop~oJIOFHH H ~le~ITeJIbnOCTH 3H~liOl]Jla3MaTI4qecKoro peT~IKy~a nhI~lB~I~IO neKoTophle 
dpyH~nona~b~ue  Oco6eHHOCTtI xapa~Tepuue ~ n  ~auHoro O6%eRTa. OH~IOl]~la3MaTl~Iecgn~ 
peTHKyXl KaK B~I~HO y~lacTByeT IIp~I TpaHcnopve xopomo H3BeCTHhlX, HO rio ~yI4K~HH ~I HO- 
MeHg~aType He~CH~X 05pa30~aHH~, 3~ecb Ha3hI~aeM~x ryCTMM~ Te~B~aMH. FycT~e Te~b~a 
nO cpaBHeH~ C ~pyrHM~ o6%eKTaMH BcTpeqaIOTCH y Fagopyrum B 3HaqHTeJIBHOM KOJIH- 
~ecTBe. Ha6J~o~a~ocb OqeHb ~acToe coup~KOCHOBeHHe ryCT~X Te~elI c OKoHqaHHHMH 
OH~OllJIa3MaTrIqecKoro peTHKy~a, CoIIpHKOCHOBeH~Ie C 9H~O~IJIa3MaTHqeCKHM peTHKyJIOM 
Hpoxo~HI~M H~a3Mo~ecM~, HaKOnJIeHHe ryCT~X Te~e~ no ~JIH3OCTH HJIa3Ma~leMMh~ H n~a3- 
Mo~ecM H HHTeHCHBHa~I oKpam~aeMocTh HeKoTopMx IIJIa3MoRecM. rycT~e  BaKyoJl~I B OTOM 
O5%eKTe upe~cTaBJ~HIOT HpOCTpaHCTBa 3H~OI~FIa3MaTH~eCKOrO peT~Ky~Ia, ~Mem~He, nO- 
B~MOMy,  ~yH~a~m pe3epByapo~ rycToro sem~ecvsa. 3 ~ o n a a a M a T ~ u e c ~ f i  peT~nya 
B ~ e T ~ a x  Ra~nTpM no HaS~m~eH~M TaR~e yqacT~yeT rip~ o 6 p a 3 o n a H ~  R~eTO'tHMX 
CTeHOK. ~TI~IM ~aItHhl~ o6%eKT O T ~ a e T c ~  OV ~pyr~x,  y RoTop~x ~a6~m~Ia~oc~ ~ m ~  
yuacTze annapaTa F o ~ h ~  Hp~ 3TOf~ ~ y H ~ m  


