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Abstraet~ The relationship of the membrane structure, designated in electron microscopy 
as the Golgi apparatus, to the classic Golgi apparatus in the light microscope were studied with 
.Fagopyrum. Comparison of  these structures in plant cells with the same or similar structures 
in animal cells led to the following conclusions: there exist two groups of formations, impregnable 
with osmium or silver, considered as the classic Golgi apparatus. The first group contains the 
active membrane structures. These are the dictyosomes and the anastomosing form of the 
electron microscopic Golgi apparatus. To this group belongs also the endoplasmatic reticulum, 
which in plant cells forms dense vacuoles, having the appearance of the classic Golgi apparatus, 
and in animal cells occasionally has a similar arrangement as the anastomosing form of the 
Golgi apparatus. The second group comprises formation containing reserve and secretion ma- 
terial, i.e. predominantly products of the activity of the electron microscopic Golgi apparatus 
and of the cndoplasmic reticulum (matter of the dense vacuoles, lipochondria, secretory granula 
etc.). 

In the plant cells, especially of 2'ygopyrum, the dictyosomes contained in the structures of 
the first group are separated from the formations of a reserve character in the second group, 
formed in the lumen of the endoplasmic reticulum (dense vacuoles). The identity of the dictyo- 
somes with the osmiophilic platelets, considered by some authors in the light microscope as 
the classic Golgi apparatus, has not been proved up to present, because of the one-sidedness 
of the methods used nowadays. With Fagopyrum no foundation has been observed for the 
assumed formation of net-form structures by grouping of the dictyosomes. Structures similar 
to the net-form of the classic Golgi apparatus in the animal cell form only dense vacuoles. 

On the basis of the differentiation of both types of formations in the plant cell, the founda- 
tions were laid for the characterization of the classic Golgi apparatus in the animal cell. The 
net-form of the classic Golgi apparatus in the animal cell is obviously not artificial, but  reflects 
the ultrastructural arrangement of the electron microscopic Golgi apparatus or of the endo- 
plasmie reticulum. 

The problem of the suitability and specification of the name Golgi apparatus in the animal 
and plant cell was also discussed. In  contrast to the opinion of some authors, it does not appear 
useful to remove the name Golgi apparatus,  designating the dietyosomes and the anastomosing 
forms of the smooth membranes. 

In the root meristeme of Fagopyrum the special types of vacuoles observed 
in the light microscope were assumed to be the classic Golgi apparatus of the 
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plant cell, being analogous to the classic Golgi apparatus of the animal cell 
(HRw 1965a). At present, the special membrane systems discovered in studies 
of  the ultrastructure of the animal and plant cell are generally designated as 
the Golgi apparatus. I t  has not been confirmed satisfactorily whether these 
structures in plant cells are identical with the formations of the classic Golgi 
apparatus of the animal cell impregnated with silver and osmium. The Golgi 
apparatus has been first described in the animal cell with the aid of electron 
and light microscopy. Since the solution of this problem in plant cells is closely 
connected with similarly directed studies in the animal cell, it will first be ne- 
cessary to consider the state of this problem in animal cytology. 

The  Electron Microscopic and Classic Golgi Apparatus in the Animal Cell 

After the discovery of the ultrastructure of the animal cell in the electron 
microscope, systems or bundles of so-called smooth membranes connected 
with vesiculare or small vacuoles have been described in the cells of the nervous 
system, as well as in other objects. DALTON and FELIX (1954) designated these 
membranes as corresponding to the structures of the classic Golgi apparatus 
impregnated with silver or osmium, when studied under the light microscope. 

Confirmation of the identity of the systems of smooth membranes (electron 
microscopic Golgi apparatus) and of the classic Golgi apparatus was the object 
of the first electron microscopic investigation. Comparison was carried out 
on the basis of the methods and morphology of the Golgi apparatus in the 
light and electron microscope. 

Methods 

The impregnation methods used for the detection of the Golgi apparatus (Ko- 
latsehev, Aoyama) were employed. The objects were embedded into metha- 
crylate and the ultra-thin sections were observed in the electron microscope 
(LAcy and C•ALLICE 1956, studied mouse pancreas, DALTON and FELIX 1956, 
the pancreas, epididymis and the duodenum of mice, LAcY 1957, the neurons 
of Patella vulgata). The demonstrated microphotographs indicate that  osmium 
and silver are localized at the sites, where the smooth membranes of the 
Golgi apparatus are positioned. However, the membrane formations them- 
selves are not apparent in the cell. 

In another work on nervous cells impregnated with osmium (T~oMAs 1961) 
it is demonstrated that  the classic Golgi apparatus is an artefact formed by 
the impregnation of several components (so-called metaplasmic substances 
connected with the so-called lipochondria and mitochondria). On the electron 
microphotograph (see T~OMAS 1961) formations can be seen which in the  light 
microscope can be part  of the canalicule structure of the Golgi apparatus, 
their origin, however, is not clear. The membrane structures are missing and 
the identification of the mitoehondria is also doubtful, since they do not have 
a clear internal structure. The appearance of the cytoplasma is strongly changed 
and it is difficult to determine whether the impregnated structures were 
formed in the way suggested by the author or differently. 

The insufficient clarity of the membrane systems after the application of 
the classic impregnation methods, when observed under the electron micro- 
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scope, indicate certain changes during fixation and impregnation. These 
changes of artificial character may be due to the acidic pH with Champy's 
and other fixations, to long impregnation with Os04 at 37 ~ C, etc. The elec- 
tron microscopic methods, on the other hand, at  comparatively short fixation 
with 0sO4 do not stain the Golgi apparatus in the form of the structures 

Fig.  1. D i a g r a m  of the  u l t r a s t r u c t u r M  a r r a n g e m e n t  in  the  p l a n t  cell, on the  bas is  of which  the  
ne t - l ike  fo rma t ions  and  osmiophi l ie  p la te le t s ,  i m p r e g n a b l e  w i t h  o s m i u m  or s i lver ,  are  
or could  be formed.  

V = vacuole ;  P = p rop las t id ;  M = mi tochondr i a ;  DV = dense vacuo le ;  E R S  = endo- 
p lasmic  r e t i c u l u m  " s m o o t h " ;  E R R  = endop lasmic  r e t i c u l u m  " r o u g h " ;  N = nucleus ;  D = 
d ic tyosome.  

observed in the light microscope. None of the two types of methods men- 
tioned, i.e. classic impregnation and electron microscopy, can, therefore, be 
used simultaneously for comparative proof of the Golgi apparatus in the light 
and electron microscope. Because of the one-sidedness of the present methods, 
no satisfactory direct methodic proof has been given hitherto on which ultra- 
structures of the cell silver and osmium are localized. 



296 i. HR~EL 

Morphology 

The animal cell contains two groups ot" cyt(~plasmic formations assumed to 
represent the classic Golgi apparatus. To the first,group belong the active 
structures forming various products. This is the electron microscopic Golgi 
apparatus and the endoplasmic reticulum. 

~v ~sj//~ 

Fig. 2. D i a g r a m  of  t he  u l t r a s t r u c t u r a l  a r r a n g e m e n t  in the  an ima l  cell, on  t h e  bas is  of  wh ich  
t he  ne t . l ike  a n d  o ther  f o rma t i ons  (osmiophilio p la te le ts ,  l ep idosomes  etc.), impregnab l e  w i th  
o s m i u m  or si lver,  can  be formed.  

SP = secre t ion  p roduc t ;  GA = Golgi a p p a r a t u s .  

The electron microscopic Golgi apparatus consists of the smooth membranes 
having two forms: 1. Systems of long smooth membranes, for 'which inter- 
connection by the anastomoses is assumed ~anastomosing form). They form 
the so-called agranular reticulum (Fig. 2). Membranes of this type were ob- 
served by PALAY and PALA])E (1955) and by LAcY (1957) et al. in the neurons. 
They have also been described with gland cells, for example, pancreas, duo- 
denum and epidermis (DALTOX and FELIX 1956) and others. 2. Short bundles 
of agranular membranes without anastomoses (Fig. 2). D).L~ON and FELIX 
(1956), GRASS]~, CARASSO and FAVARI) (1956) and others described them in 
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the spermatids of Lumbricus and Helix and call them dictyosomes. The Golgi 
apparatus in the form of the dictyosomes has been found in several objects, 
especially in the sex cells and in lower animals (DALTON and FELIX 1956, 
AFZELIUS 1956, GRASS]~ 1956, GRASS~ and CARASSO 1957 and others). 

The double form of the membranes of the Golgi apparatus in the electron 
microscope approximately corresponds to the double form observed also in 
the light microscope: the anastomosing form is analogous to the canalicule- 
and net-form structures in the light microscope (neurons and gland cells), the 
electron microscopic dictyosomes correspond to the dictyosomes, lepidosomes 
and osmiophilic platelets etc. observed in the light microscope (sex cells and 
cells of lower animals). 

The existence of two forms of smooth membranes of the Golgi apparatus is 
denied (GRASS~ and CARASSO 1957 and others) in some papers. The opinion 
has been expressed that the Golgi apparatus has only a single form, i.e. that 
of the dictyosomes. The formation of net-structures in the neurons and 
secretory cells is explained by the grouping or close vicinity of the arranged 
dictyosomes. The anastomosing form according to these authors originates 
from the wrong interpretation of the electron microscopic microphotographs*. 

The anastomosing form besides the dictyosomes, on the other hand, has 
been observed very clearly in the spermatocytes of the guinea-pig in the area 
of the acrosome (MOLLENHAUER and ZEB~UN 1960). This finding confirms the 
existence of this form, however, on material which should contain dictyosomes 
according to light microscopic observations. 

The animal cell contains another ultrastructure which could be the cause 
for the canalicule-form of the Golgi apparatus under the light microscope. 
This is the endoplasmic reticulum (Fig. 2). This structure could also form net- 
or canalicule-structures (see the formation of dense vacuoles, HR~EL 1965a) 
at the low specifity of the impregnation methods and a special arrangement 
similar to that of the anastomosing form of the Golgi apparatus. MALHOrRA 
and MEEK (1960) assumed in their work on nervous cells that the endoplasmic 
reticulum is responsible for the canalicule-form deposition of silver and osmium 
of the classic Golgi apparatus in the nervous cells. The deposition of silver 
in the endoplasmic reticulum is not demonstrated in this paper. The existence 
of the Golgi apparatus in the form of dictyosomes with some objects in the 
light and electron microscope would not correspond to the net-form arran- 
gement of the endoplasmic reticulum. 

The other group of formations in the cytoplasm, considered as the classic 
Golgi apparatus, is not represented by active structures or organelles but by 
depositing reserve material, or secretion products. According to this opinion, 
these are substances produced by the cell predominantly through the activity 
of the electron microscopic Golgi apparatus and of the endoplasmic reticulum. 
Formations of this type are the so-called lipochondria (BAE~ 1953a, b, Young 

* I n  a s imi lar  way ,  some  a u t h o r s  on t he  b a s i s  of  l igh t  mic roscopy  consider  t he  ne t -  a n d  
eanal icu le- form of  t h e  Golgi a p p a r a t u s  as  a n  a r t e fac t  f o r m e d  b y  fus ion  of  t he  osmiophil ic  a r e a s  
du r ing  f ixa t ion  (see BAKER 1953a, b, K ~ w A g  1961 a n d  others) ,  c o n t r a r y  to o ther  a u t h o r s  
a s s u m i n g  t h e  ex is tence  of  t h e  n e t  f o r m  (see LACY 1954 a n d  o thers ) .  
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1956), or the secretory granula (KANwAR 1961). The lipochondria are described 
as spheres, sometimes of light-yellow colour, containing phosphatides and 
other lipids (yellow pigments etc.). In  the electron microscope the lipochondria 
after osmium fixation appear as homogeneous spheres of high electron density 
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Fig. 3. Diagram of the  relationship between the  electron microscopic, the classic Golgi appara tus  
and  related structures. 

(YOUNG 1956). They do not possess membrane structure according to the 
microphotographs. In  the author's opinion their origin is obscure. Their rela- 
tionship to the nucleus and their arrangement in the vicinity of the endo- 
plasmic reticulum has been observed. The ]ipochondria are probably present, 
according to the author, in all animal and plant cells. After fixation, the 
lipochondria can be changed artificially together with the other lipid structures 
to net-like and other formations of the classic Golgi apparatus (BAKER 1953a, b, 
YOVNG 1956, TI~O~rAS 1961). The compressed secretory granula are also con- 
sidered as formations able to form a net  after impregnation with silver and 
osmium (KANwAR 1961). 

The dense mass of the acrosome in the spermatocytes belongs also to similar 
components, which are stained intensively after impregnation, do not possess 
membrane structure and could interfere in the light microscope with identi- 
fication of the classic Golgi apparatus. On the basis of these uniform observa- 
tions two groups of authors exist in animal cytology, possessing different 
opinions on the classic Golgi apparatus. One group holds the opinion that  the 
Golgi apparatus is an active structure, formed by structures of the electron 
microscopic Golgi apparatus (DALTON, LACY et al., see KANWAR 1962). The 
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other group assumes that  the Golgi apparatus was formed artificially by  
fusion of the lipochondria, secretory granula and organelles containing lipids 
(BAKER, THOMAS, KANWAR et al., see KANWAR 1962), 

Eleetron Microseopie and Classic Golgi Apparatus in the Plant Cell 

In plant cells electron microscopy showed dictyosomes of the same appear- 
ance as in animal cells and was designated also as the Golgi apparatus. This 
gave rise to several papers (PORTER 1957, HODGE, MARTIN and MORTON 1957, 
PERNER 1957, 1958, BUVAT 1957, 1958, HEITZ 1957, 1958, SITTE 1958, WHALEY, 
KEPttART and MOLLENItAUER 1958, DRAWERT and MIX 1961--62 etc.) re- 
presenting a continuation of preceding works on light microscope. 

In  contrast to the animal cell, the electron microscopic Golgi apparatus 
exists in the plant cell in a single form, i.e. that  of the dictyosome. 

Methods 

The object again was the root meristeme of Fagopyrum esculentum. The 
relationship of the dictyosomes to the classic Golgi apparatus was first studied 
by  the simplest method, i.e. impregnation of the objects with osmium for 'the 
detection of the classic Golgi apparatus according to Kolatschev (fixation for 
2 hrs. in 10/0 Os04 in veronal-acetate buffer, and without rinsing placed for 
48 hrs: in 2% Os04, rinsed and transferred into methacrylate or araldit, see 
HR~EL 1965a). From the embedded objects thick sections were made for the 
light microscope, as well as ultra-thin ones for the electron microscope. 

However, the results obtained by  these methods were not satisfactory. 
Thick sections of the objects processed in this way in the light microscope 
show dense vacuoles in the dermatogene and peribleme cells (Fig. 4), in the 
other cells small spheroids of about  the size of mitochondria were observed 
(Fig. 4, 5). 

The electron microscopic microphotographs of the ultrathin sections, like 
those of animal objects, show strongly impregnated formations whose origin 
is difficult to explain (Fig. 6). Other formations contain a finely flocculated 
osmiophilic mass (Fig. 7). Apparently so-called dense vacuoles are predomin- 
antly concerned (see HR~EL 1965a, see below). The membrane structures are 
very unclear, so that  it cannot be decided whether the dictyosomes are im- 
pregnated or not (Fig. 6, 7). 

With this object the method of fixation with potassium permanganate and 
embedding into araldit (see HR~EL 1965a) can replace the impregnation me- 
thod to a certain degree. In the light microscope dense vacuoles of the same 
type as after impregnation with silver or osmium can be observed with thick 
slices. This method is also more important  than the others, since the plasmo- 
desms can be observed in the light microscope after its application, Which was 
not  attained with the other impregnation methods (see I{I~EL 1965a, Fig. 8). 

Electron .microscopy of ultra-thin sections permits observations of dictyo- 
somes besides dense vacuoles. The other membrane structures can also be 
seen (Fig. 9). 
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It  is not quite clear yet whether the dictyosomes have been observed in 
the cells of higher plants with the light microscope. The size of the dietyo- 
somes in electron microscope corresponds approximately to the size of spherical 
mitochondria (Fig. 10), so that in the light microscope the dictyosomes could 
apparently be visible as formations of these dimensions (MILOVIDOV 1962). 
DRAWERW and MIX (1962) found that in living and fixed cells of Micrasterias 
rotata the so-called caryoids of the Golgi apparatus are visible with the light 
microscope. JAROSC~ (1962) observed "whorl-like chondriosomcs", when 
studying Micrasterias Thomasiana, Micrasterias rotata, Allium cepa, Syn~phori- 
carpus albus and Nitellopsis stelligera in vivo with the light microscope. Ac- 
cording to the author these structures are in agreement with the electron 
microscopic Golgi apparatus. In the light microscope bodies impregnable with 
osmium have been found previously (BowE~r 1927, 1928). Their size is close 
to that of the mitochondria, which were designated as osmiophillic platelets. 
GUILLIERMOND and co-workers (see MILOVIDOV 1957)assume that the osmio- 
phillic platelets are degenerate elements of the chondriome, in contrary to 
the opinion of the author and other workers (see references given by HmscK 
1939), who considered the osmiophilic platelets to be the Golgi apparatus in 
the form of dictyosomes. 

With Fagopyrum the methods for the detection of polysaccharides proved 
the existence of spheroids in the cytoplasma (HRSEL, JURXKOV-~, and BE~E~ 
1960), whose origin is still unclear. According to their size they could cor- 
respond to the osmiophilic platelets. The osmium methods for impregnating 
the Golgi apparatus under the light microscope show similar osmiophilic 
spheroids, having the dimensions of mitochondria (Fig. 5). The character of 
the osmiophilic platelets has not been investigated with the electron micro- 
scope, except in the work of PRESS (1957). PRESS does not consider the platelets 
identical with the Golgi apparatus, but as elaioplasts. However, the membrane 
structures are not clearly demonstrated in this work. The osmiophilie platelets 
are formations which by their size could correspond to the dictyosomes ob- 
served in the plant cell on electron microscopic microphotographs. Proof of 
their identity will apparently meet with the same difficulties as in the case 
of the animal cells, i.e. the one-sidedness of the methods used at present. 

Morphology 

In the animal, as well as in the plant cells there exist two groups of struc- 
tures and formations considered as the classic Golgi apparatus. 

The first group comprises the active structures forming certain products. 
These are the dictyosomes (Fig. 10) and the branched dilated endoplasmic 
reticulum (Fig. 16). They were described with several objects in the pa- 
pers mentioned in the introduction to this chapter. 

In the cells of Fagopyrum the dictyosomes are distributed dispersely (Fig. 11). 
Sometimes two dictyosomes were found, adhering closely to each other, having 
the possibility of division (Fig. 12). A similar grouping in relation to division 
has been described by BuvAT (1958) and others. Groups of three and more 
dictyosomes (Figs 13, 14) have also been observed, forming the so-called 
Golgi zones (SITTr 1958). P~RN~.R (1958) studied the Golgi apparatus of plant 
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cells and expressed the opinion that  on the basis of the grouping and close 
vicinity of the dictyosomes net- and canalicule-form structures of the classic 
Golgi apparatus are formed (compare GRASS~ and CARASSO 1957). In the 
Fagopyrum cells the net-like formations are formed by  dense vacuoles (com- 
pare HRgEL 1965a). No other net-like formations, originating on other founda- 
tions, have been observed besides the dense vacuoles, although the Golgi 
zones as well as the individual dictyosomes are often in close vicinity to dense 
and light vacuoles (Fig. 13, 14). I f  the net-like structures were formed from 
dictyosomes, they would have been served after impregnation even in the 
light microscope and in the cells not containing any dense vacuoles. However, 
no formations of this type were found in this case (Fig. 5) besides the osmio- 
philic spheroids of the size of mitochondria, although the dictyosomes are 
a universal structure of all meristemic cells. 

The other group of formations, considered as the classic Golgi apparatus, 
like that  of animal cells, is a secretion or depositing reserve material formed 
through the activity of the membrane structures. 

Here belongs the matter  of the dense vacuoles described in Fagopyrum 
(HRw 1965a). The dense vacuoles are formed, as most plant vacuoles, b y  
dilation of the endoplasmic reticulum. The endoplasmic reticulum attains 
branched net-form (Fig. 16) in the cells in which dense vacuoles should form. 
The branched net-form gradually dilates and fills with a dense substance 
(Figs 14, 15). Hereby the later net- or canalicule-appearance of the dense 
vacuole is given, which is preserved under the light and electron microscope 
(Fig. 8, 9). The .dense vacuoles can also have the simple form of spheroids or 
drop-like formations (Figs 4, 8, 17). Their impregnability with silver and 
osmium and undifferentiable likeness to the classic Golgi apparatus of the 
animal cell in the light microscope instigated the assumption of the identity 
of both structures (MILOVIDOV 1957). Under the electron microscope they 
contain a homogeneous mass (Fig. 9, 17), or a light matrix with dark inclu- 
sions of various size and shape (Fig. 14, 15, 16). 

In contrast to animal cells, the plant vacuoles and therefore also the dense 
vacuoles are part  of complex vacuole systems which do not exist in the animal 
ceil. The dense vacuoles differ also by  several other properties from the struc- 
tures and formations considered as the classic Golgi apparatus in the animal 
cell (compare HR~EL 1965a). 

The dense vacuoles have the following properties which are analogous to 
those of the structures of the animal cell: 1. The net- and canalicule-like form 
of the dense vacuoles formed on the basis of the endoplasmic reticulum agrees 
in principle with the opinion of MALI4OTRA and MEEK (1960) on the formation 
of the net-like structure of the classic Golgi apparatus in neurons by the 
deposition of silver and osmium on the structures of the endoplasmic reti- 
culum. 2. The content of the dense vacuoles, in spite of its chemical difference 
(see HR~EL 1965a), is a material analogous with that  of the lipochondria and 
the secretion products of the animal cell considered to be the basis of the 
classic Golgi apparatus (BAKER 1953a, b, KANWAR 1961, and others). 
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Discussion 

The relationships between the membrane structures and the formations 
observed in the electron microscope on the one hand, and the classic Golgi 
apparatus on the other, are given in the diagram (Fig. 3). According to the 
results based on observations with the methods used at present it has not 
been possible to confirm or contradict unambiguously the identity of the 
electron microscopic Golgi apparatus with the classic one. 

With plant cells, especially in the cells of the root meristeme of Fagopyrum 
with the aid of electron microscopy the dictyosomes can be observed separately 
besides the dense vacuoles, formerly considered as the classic Golgi apparatus. 

As compared to animal cell, this advantage facilitates satisfactory orient- 
ation in the formations studied. Both types of formations have been observed 
in the same cell (Fig. 9, 14, 15) and sometimes in very close vicinity (Fig. 14, 
15). The problem of the identity of the dictyosomes with the osmiophilic 
platelets remains open. The dense vacuoles are obviously part  of the vacuome, 
formed by the activity of the endoplasmic reticulum. Their content has the 
character of reserve material. I t  belongs to the second group of formations, 
analogous with the lipochondria and secretion products. 

The differentiation and observation of the properties of these two types of 
formations, i.e. the membrane and reserve formations in the plant cell facilitate 
the characterization of the principle of the classic Golgi apparatus in the 
animal cell with probability: 

The impregnable formations should be ba~ed predominantly on the reserve 
or secretion products. The homogeneous mass of these formations, like that  
of the dense vacuoles of Fagopyrum, should have a more marked affinity to 
osmium or silver. However, it has to be pointed out, that  although the mem- 
brane structures themselves are unclear in their total distribution in the plant 
cell after impregnation with osmium, still, the possibility cannot be excluded 
t h a t  on impregnation the dictiosomes can also accept osmium and assume 
the shape of formations similar to that  of the dense vacuoles. However, the 
net-like format ionshould  be formed hereby on the basis of the Golgi zones, 
formed by  grouping of the dictyosomes in all cells (Fig. 13, 14), which has 
not been observed. It, therefore, appears more probable that  the products 
of the secretory activity of the electron microscopic Golgi apparatus, or also 
of the endoplasmic reticulum, according to the results obtained with Fago- 
pyrum, are responsible for the staining of the classic Golgi apparatus after 
application of impregnation methods under the light microscope. These pro- 
ducts are generally localized in the immediate vicinity or directly in these 
membrane systems. 

The opinion on the artificial character of the net-like formation of the 
classic Golgi apparatus in the animal cells does not appear correct, since with 
Fagopyrum, and apparently also in other plant cells, exist canalicule- or net- 
like forms of dense vacuoles, originating from the similar structure of the 
endoplasmie reticulum (Fig. 9,  16, see HR~EL 1965a). I t  can also be assumed 
that  the net-form of the classic Golgi apparatus of the animal cell reflects the 
reticular arrangement of the ultrastructure in the cell, both of the anastomos- 
ing form of the electron microscopic Golgi apparatus and the endoplasmic 
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reticulum, which has been observed in the same form in the plant cell under 
the light microscope (PORTER and ~[ACHADO 1960 and others). A survey of 
the possible origin of the net-like and other formations impregnated with 
osmium or silver in plant and animal cells is given in Fig. 1 and 2. 

In studies of the vacuoles in the root meristeme of $'agopyrum with the 
light microscope abolishment of the name Golgi apparatus has been suggested 
in plant cytology, since it is "no special structure, but only an example for 
the uncertain and unspecific demonstration of the vacuole elements in certain 
cells". "I t  is a so-called historic artefact, causing unnecessary complications in 
cytology" (~/IILOVIDOV 1957). It  has been proved electron-microscopically in 
cells of the root meristeme of Fagopyrum that actually concerns a special type 
of vacuole, i.e. dense vacuoles. Hereby the problem of the name of these form- 
ations is solved. 

The authors, defending the artefact theory of the Golgi apparatus (see 
KANWAR 1962), consider the term Golgi apparatus unfounded also with plant 
cells, provided it concerns the artificial complex formed from the so-called 
metaplasmic substances, the lipochondria and mitoehondria impregnated with 
silver (THoMAs 1961 and others). BAKER (1953a, b) suggested the name lipo- 
chondria instead of the Golgi apparatus. 

The results obtained with the electron microscopic method facilitate the 
most satisfactory differentiation of cytoplasmic structures at the present state 
of microtechniques. I t  will, therefore, be necessary to adjust the older 
nomenclature according to that used in electron microscopy. The name Golgi 
apparatus for the dictyosomes as well as its anastomosing form (bundles or 
systems of smooth membranes, i.e. the gamma-eytomembranes according to 
SJOSTRAND 1956) is SO deep-rooted in plant and animal cytology that it would 
not be suitable to change it (see DRAWERT and Mix 1961--1962). A change 
of name would not be useful even if it were proved that the classic Golgi ap- 
paratus of plant and animal cells is not formed exclusively or at all by the 
smooth membranes of the Golgi apparatus, designated by this name in elec- 
tron microscopy. For plant cells the name Golgi apparatus is suggested only 
for the whole complex of cellular dictyosomes (DRAWERT and MIx 1961 to 
1962). Although this suggestion is acceptable, the possibility of the existence 
of a single dictyosome in the cells of lower organisms will have to be taken 
into consideration, which then would represent the whole Golgi apparatus. 
Hereby the designations would be identical. With the anastomosing form of 
the Golgi apparatus in the animal cell the name dictyosome cannot be used 
either. However, the main nomenclature viewpoint mentioned here is not 
affected by these remarks. 
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I. HI~w I~stav experiment~lnl botaniky, ~cskoslovensk~ akademie viid, Praha: Golglho 
aparlit elektronov~! mlkroskop iek~  a klas lek~.  - -  Biol. Plant. 7 : 293- -307 ,  1965. 

U Fagopyrum byly studovt~ny vztahy mombrs struktur, oznaSovan:~ch v elcktronov~ 
mikroskopii jako Golgiho ~pars ke klasick6mu Golgiho aparhtu v sv~iteln~m mikroskopu. Na 
z~kladit srovnhnl t~chto struktur v bufico rostlinn~ se stejn:~mi nebo podobn~rmi strukturami 
v bufice ~iivo6ihn~ vyplynuly tyro zs Jsou dv~ skupiny fitvard imprognovateln:~ch osmiem 
Hobo st~ibrem, pokls za klasick~ Golgih 0 aparg~t. V prvni jsou 5inn6 membr~ov(~ struk- 
tury. Jsou to dictyoz6my a anastomozujlci forma elektronov~ mikroskopick~ho Golgiho apa- 
rhtu. Krom~ toho sere n~lc~i endoplazmatick~ retikulum, kter~ v y t v ~ i  v rostlinn~ch bufik~ch 
hust~ vakuoly, majici vzhled klasick4ho Golgiho apars a m~ n~tkdy v ~.ivoSi~n~rch bufik~ch 
podobn6 uspo~dhni  jako anastomozujicl forma Golgiho apar~tu. V druh~ skupin~ jsou dtvary 
obsahujlcl zs a sekreSnl materi~l, tj. z nejv~tw 5~sti produkty 5innosti elektronov~ mikro- 
skopick~ho Golgiho apar~tu a endoplazmatick~ho retikula (hmota hust~rch vakuol, lipochondrio, 
sekreSnl granula aped.). 

U rostlinn~rch bun~ik sp. u Fagopyrum jsou oddi~leny od sobe dictyoz6my obsa~ien~ v struk- 
tur~ch prvnl skupiny od dtvar~ z~sobnlho charakteru v drub6 skupin~ vznikajlclch lumen 
endoplazmatick~ho retikula (hust~ vakuoly). Identi ta dictyoz6mfi s osmiofilnimi [destiSkami, 
pokl~dan~ml n~kter~mi praeovnlky v sv~teln~m mikroskopu za klasick~r Golgiho apars nebyla 
zatim prok~z/ma pro jednostrannost dries u~.ivan~ch meted. U Fagopyrum nebyl nalezen pod- 
klad pro p~edpokl~dan~r vznik slfovit~ch dtvarft se~azov&nim dictyoz6mfl. I~tvary, podobn6 
stf~vit~ form~ klasick~ho Golgiho aparhtu v ~iivoSiw bufice, t ro l l  zde jenom hust~ vakuoly. 

V ~.ivoSisn~ bufice vzhledem k umlstifnl elektronov6 mikroskopiek~ho Golgiho aparhtu v bliz- 
kosti jeho produktfl a mo~nosti interference podobn~i uspo~danSho endoplazmatick~ho reti- 
kula, se nepoda~ilo zatlm p~esv~dSiv~ rozhoduout, kter:~ z t~ehto elementft je odpov~idn:~ za 
barvenl st~ibrem nebo osmicm pH impregnaci klasick~ho Golgiho apar~tu. 

Na z~klad~ proveden~ho rozliw obou typfl fitvarfl v rostlinn~ "bufice byly uvedeny p~ed- 
poklady pro charakteristiku klasick~ho Golgiho aparhtu v ~tivo6iw bufiee. Si~ovit~ tvar  klasic- 
k~ho Golgiho apars v ~iivoSiw bufice neni patmit artefici~lnl, ale je odrazem ultrastruktur~l- 
nlho uspo~dhni  elektronov~ mikroskopick~ho Golgiho apar~tu nebo endoplazmatiek~ho retikula. 

Byla rovn6~, diskutov~na ot~zka vhodnosti a specifikaee n~zvu Golgiho apar~t v bufice 
rostlinn~ a ~ivoSiw Proti n~zorflm n~kter~ch pracovnlkfl nhzev Golgiho apars oznaSujicl 
dictyoz6my a anastomozujlci formy hladk~,ch membr~n, so nezd~ fiSeln~rm odstranit. 

I/I. FPIIIEJI, I/IItCT~ITyT aKcuep~Me~wa~bHOfi 5OTaHHKH tICAH, IIpara:  3~e~vpOHM~gpo- 
C~OUHqec~Hfi ~ R~accH~ecuHfi auuapaT P o a h ~ H .  - -  Biol. Plant .  7 : 293--307, 1965. 

Ha MaTepnaae Fagopyrum H3yqaa~c~ B3aHMOOTttOmeHII~I MeM6panHmX cTpyI~Typ, 06o- 
3Ra~aeMMx B ~O~TpOR~IO~ M~RpocKoH~H ~aK anuapaT F o a b ~ H ,  ~ HJIaCC~IqeC~oMy anna- 
paTy FO~LJI~H, HaS~D~aeMoMy B cBeTOBOM M~Kpocnone. Ha OCHOBe cpaBHeH~ OTHX cTpy~- 
Typ n paCTHTe3]bHOII KJIeTKe C O~HHaI~OB~MH HJIH nOXOH~HM~I cTpynTypaM~ n ~I{HBOTHOH 
K~eTKe n~TeKaioT c~e~IymmHe B~BO~I~: cynlecTey~OT ~ne rpynn~i o6paaosaHnfi, HMnperHH- 
pymm~xc~ OCMI~eM HJIH cepeSpoM, KOTOph~e CqHTaIOT K~accH~ec~HM aunapaToM FOJ~b~IH~H. 
lIepnym rpyuuy  COCTaB~ImOT ~Ie~ICTBeHHtae ieMSpaHHHe cTpynTypt~. DTO - -  ~HKTHOCOMIal 

aHacToMoa~pyionlag ~opMa o~enTpORMH~poc~oiiH~ecnoro auuapaTa F o a b ~ H .  t(poMe 
TOrO cm~a Hp~Ha~emaT OH~ouaaaMaT~uec~fi peT}~ny~, o6pa3ymmHfi B paCT~Te~H~X 
n~eTi~ax rycT~e Banyoa~, HMeIOnI~fi n ~  ~accHuec~oro  anuapaTa Fo~b~Im~ H uoxo~Hfi 
IIHor~a B }I~rIBOTttBIX I(JIeTI~aX Ha aHacTo~oa~pymmym ~op~y  anuapaTa F o ~ I ~ m  Be 
nTopofi rpyune  o6paaosaH~,  co;IepmanI~e 3auacHofi H c e ~ p e ~ o ~ u ~ f i  MaTepHaJi, T. e 
B 6oa~tuefi ~aCT~ up0~ynT~ ~IegTe~HOCTg .~e~TpOHMg~poc~onH~ec~oro anuapaTa F o ~ n  
H 3tijIoiixia3gaT~i~iecRoro peT~nyaa (BelReCTBO rycTBIX Ba~yoaefi, 3~noxo~;~p~,  ce~pe~Hom 
H~e rpaHya~ ~T~.). u paCT~Te~Hb~X ~eTOn,  B ~taCTHOCT~I y Fagopyrum B3aHMHO OT~e~eH~I 
Rgt{TgOCOMhI co~ep~anI~ec~ B cTpynTypax uep~ofi r p y u u ~  OT oSpaaoBau~fi 3anacnoro 
xapanrepa  B ~pyrofi rpynue BOaHH~a~On~HX na~a~,tIeB 3a~onaa3iawr~ecnoro peTHKyz~a 
( rycr~e  BaRyoag). I/I~IeHTI4gHOCTB ~III~THOCOM C OCMO~IIsn, ttBIMII ~ome~naM~, CqgwaeMhIM~I 
He~oTop~Mg pa60Ti~nagg  B CBeTO~Ofi ggnpocK0ng~ ~ a c c H ~ e c I ~  annapaToM FeverisH,  
noKa ~e ~or~aaa~a BCJIe~CTBIIe O~ttOCTOp0RItOCTII HCnOJIB3yeMBIX H~He MeTO~OB, u Fagopyrum 
He H a f ~ e ~  ~oRa3aTeJi6cwBa JIJI~I upe~uoaaraeMoro BO3HrIKI~OBeHII~ cewRoo6pa3ttIaX o6pa- 
3OBaH~gI nocTpoe~ue~ JIH~CTOCO~ B p n ~ .  05pa3onaH~n, noxon~e  Ha ceTRoo6pa3Hym 
r  arlrmpawa Fonr~mg B m~BOW~Ofi ~aewRe, oSpaaymr a~ecs T0n~O rycT~e Ba~yonm 
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B ~I~IIBOTHO~I HaeTKe ~a-3a Toro, qTO aaeKTpOnMHgpoc~olmqecHnfi annapaT FOaI ,~H Ha- 
XO~HTC~I H B6JIH3I~I CBOHX npo~ytCToB H BcZie~CTBHe BO3MO~I~tIOCTII HnTepq~epe~nH noxomnM 
o6paaoM nocTpoeHnoro aH~on~aaMaTH~ecKoro peTHHy~a He y~Ia~ocb noga y6e~i~TeaL~o 
pem~TL, KOTOp~fI Ha aTHX a~eMeHTon OTBeqaeT 3a oKpam~BanHe cepe6po~ H ~  OcMHe~ 
IIpg HMIIpeFHa~HH K~accHqec~oro annapaTa Fo~B~mm Ha OCHOBaHHH npoBe~eHHoro paa- 
rpaHHqenH~ o6oHx THIIOB o6paaoBann~ B paCTHTe~bnO~ ~ e T ~ e  np~e~len~t n p e ~ n o c ~  
~ag xapa~TepHcwnnH HaaccnqecKoro annapaTa F o ~ m H  B H(HBOTHO~[ ir CeT~oo6paa- 
Haa qSopMa n~Iacc~qec~oro annapaTa F o ~ l m ~  B ;~HBOTHOfi ~aeT~e, nOBH~HMOMy, He apTe- 
q~anT, a ~ a ~ e T c ~  oTpamen~eM y~TpacTpyuTypu  aaeI~TponM~Hpocronn~ec~oro annapaTa 
F o ~ I m u  n ~  aH;~on~aaMaTHqecuoro pe~Hry~a. Taume o6cym~aeTca BoHpoc y~OBae- 
TBOp~Te~SHOCTH I~ cne~n~n~a~iHH TepMnHa (~annapaT F o a ~ m m )  B pacTnTeasHofi n mueOTHOfi 
n~IeTRe. B OTaU~e OT B3FJIH~OB HeI~OTOpMX yqeuux  HaM He HameTc~ BMFO~IItMM ycTpaHHT~, 
HaUBaH~e aannapaT Foa~mn)) ,  oSoaHaqammHfi JIHUTHOCOM~I H aHacTouoanpymnlHe ~opMM 
raa~cHx Me~6paH. 
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Fig. 4. Fig. 5. 

Fig. 6. Fig. 7. 



i .  HR~EL 
E L E C T R O N  MICROSCOPIC AND CLASSIC GOLGI  A P P A R A T U S  

Fig.  8. This section th rough  the  root  meristeme of 2'agopyrum i rom the same area as in Fig. 4. 
F ixa t ion  wi th  KMn04,  embedded in araldite. DV ~ dense vacuoles; PL  ~ plasmo- 
desms. Arrow wi thout  m a r k  indicates spherical types  of dense vacuoles. Magnification 
1200•  

Fig. 9. The same in the electron microscope. I ) ~  dictyosome; DV = dense vacuole; N = 
nucleus. Magnification 14 500 X. 
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ELECTRON MICROSCOPIC AND CLASSIC GOLGI APPARATUS 

Fig. 10. The  s ame ;  d i c t yosomes  of  Fagopyrum a t  g rea te r  magni f ica t ion .  I) = dic~yosome;  
M = mi tochondr ia .  Magni f ica t ion  35 000 •  

Fig. 11. The  same.  I ) isperse  d i s t r ibu t ion  of  d ic tyosomes .  Magnif ica t ion  19 000 •  
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ELECTRON MICROSCOPIC AND CLASSIC GOLGI APPARATUS 

Fig. 12. The same. Dictyosomes in the position indicating division (arrow). Magnification 
29 000 •  

Fig. 13. The same. Grouping of dictyosomes in the so-called Golgi zone in close vicinity to the 
dense vacuole. D ~ dictyosomes; LV = light vacuole. Magnification 15 000 •  
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ELECTRON MICROSCOPIC AND CLASSIC GOLGI APPARATUS 

Fig. 14. The  same.  D ense  vacuole ,  con ta in ing  a l igh t  m a t r i x  wi th  sma l l  da rk  inc lus ions  in  close 
v i c in i ty  to  t h e  Golgi zone.  T he  a r row ind ica tes  t he  endop lasmic  r e t i e u l u m  directed 
t o w a r d s  t h e  dense  vacuole .  D = d ie tyosomes ;  D V  = dense  vacuoles .  Magnif ica t ion  
26 000 X. 

Fig. 15. The  same .  B e g i n n i n g  of  depos i t ion  of  dense  m a t t e r  in  t h e  endop la smie  r e t i eu lum.  
D = d i c tyoseme ;  D V  = dense  vacuole .  Magni f ica t ion  23 000 x .  
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E L E C T R O N  M I C R O S C O P I C  A N D  CLASSIC G O L G I  A P P A R A T U S  

Fig. 16. B r a n c h e d  a r r a n g e m e n t  of  t he  endop lasmic  r e t i cu lum,  wh ich  is p robab ly  t h e  bas is  for  
t h e  la te r  cana l icu le - form of t he  dense  vacuoles .  ]DV ~ dense  vacuoles ;  N ~ nuc leus .  
Magni f ica t ion  23 000 •  

Fig.  17. Drop  a n d  sphero id  fo rm  of  dense  vacuo les  c o m p a r e d  wi th  t he  d ic tyosome.  D = d ic tyo-  
some;  D V  = dense  vacuoles ;  R = nuc leus .  Magnif ica t ion  19 000 •  


