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Summary. Placental cells line the ovarian transmitting tract in Lili- 

um regale and produce exudates for secretion. Sections through the 
highly lobed nuclei of these cells reveal the presence of membrane 
profiles which form vesicles with varying dimensions in cross sec- 
tion. Computer reconstruction of the nucleus reveals that the vesicle 
profiles form a complex reticulum of tubular cisternae, which spans 
the whole nucleus, enclosing a maze of continuous lumen space. 
Connections between the vesicles and the inner nuclear envelope are 
visible at various points along the nuclear envelope. This complex 
network of tubules which constitutes the reticulum arises from the 
inner nuclear membrane. The nuclear reticulum dramatically 
increases the inner-envelope surface area, comprising 82% of the 
total membrane perimeter of inner nuclear envelope and nuclear 
reticulum. The inner nuclear envelope invaginates into the nucleus 
forming the nuclear reticulum and the outer nuclear envelope evagi- 
nates into the endoplasmic reticulum (ER), indicating that there is a 
continuity between the lumens of the nuclear reticulum and the ER. 
The nuclear reticulum is labelled with zinc iodide-osmium tetroxide, 
a staining pattern identical to that seen in the ER. Positive reaction to 
the zinc iodide-osmium tetroxide indicates that the nuclear reticulum 
is a site for Ca 2+ deposition. The nuclear reticulum forms an exten- 
sion of the endomembrane system which reaches deep into the 
nucleoplasm. The lumenal continuity of this system means that there 
is a channel for communication from the cytoplasm into the nucleo- 
plasm, and that this channel sequesters calcium. 
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Introduction 

The ovarian transmitting tissue in Lilium regale con- 
sists of a single layer of epidermal cells on the pla- 
centa. These epidermal cells, here referred to as pla- 
cental cells, are papilla shaped with a domed top on 
the side facing the lumen (ovarian locus). The cell 
wall in this dome invaginates into the cell to produce 
branched convolutions (Singh and Walles 1992, 
1995). These characteristics are typical of a transfer 
cell (Gunning and Pate 1969, Gunning 1977). The 
predominant physiological function of transfer cells 
is increased transport across the plasma membrane. In 
Lilium spp., transfer cells also line the stylar canal 
(Rosen and Thomas 1970, Vasil'ev 1970, Dashek 
et al. 1971, Yamada 1974, Dickinson et al. 1982, Hu 
et al. 1982, Gawlik 1984, Mike-Hirosige et al. 1987). 
The placental cells of L. regale are rich in organelles 
including mitochondria, chloroplasts, ribosomes, 
polysomes, lysosomes, multivesicular bodies, an 
extensive endomembrane system and a deeply lobed 
nucleus (Singh and Walles 1995). Cross sections 
through the nuclei often show the presence of numer- 
ous vesicular structures, some of which may connect 
to the inner nuclear envelope. Similar vesicles were 
found in stylar-canal cells (Walles unpubl.). A small- 
er number of nuclear vesicles was also found in the 
parenchyma cells underlying the placental cells. In a 
previous paper we suggested that these vesicular 
structures may be part of a continuous and extensive 
reticulum within the nucleus (Singh and Walles 
1995). The purpose of the present study was to test 
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this  h y p o t h e s i s .  W e  h a v e  t h e r e f o r e  c o l l e c t e d  ser ia l  

s ec t ions  t h r o u g h  the  n u c l e u s  and  g e n e r a t e d  d ig i t a l  

r e c o n s t r u c t i o n s  o f  the  v e s i c u l a t e  s t ruc tures .  T h e s e  

se r ia l  s ec t ions  w e r e  a l i g n e d  w i t h  the  p u b l i c - d o m a i n  

c o m p u t e r  p r o g r a m  N I H  I m a g e ,  s t a cked  on  top  o f  o n e  

another ,  and  then  p r o j e c t e d  as a r e c o n s t r u c t i o n  o f  the  

r e t i c u l u m .  T h i s  t e c h n i q u e  p r o v i d e s  a m o r e  a c c u r a t e  

i n t e r p r e t a t i o n  o f  the  s t ruc tu ra l  a r r a n g e m e n t  o f  the  

c o m p o n e n t s  o f  the  r e t i c u l u m  r e l a t i v e  to one  a n o t h e r  

ins ide  the  c o n f i n e d  space  o f  the  nuc l eus .  

B o t h  the  m e m b r a n e  p e r i m e t e r  and  tubu le  d i a m e t e r  o f  

this  r e t i cu l a t e  n e t w o r k  i n s ide  the  n u c l e u s  w e r e  m e a -  

sured ,  and  c o m p a r a t i v e  m e a s u r e m e n t s  o f  the  e n d o -  

p l a s m i c  r e t i c u l u m  (ER)  in the  c y t o p l a s m  a d j a c e n t  to 

the  n u c l e a r  e n v e l o p e  w e r e  ob t a ined .  In  add i t ion ,  the  

c o m p o s i t i o n  o f  the  l u m e n  o f  the  r e t i cu l a t e  n e t w o r k  

was  a n a l y z e d  h i s t o c h e m i c a l l y  w i t h  z inc  i o d i d e - o s m i -  

u m  t e t r o x i d e  (Z IO)  s ta in ing .  

Material and methods 
Lilium regale bulbs were obtained from commercial suppliers. Pot- 
ted bulbs were stored at 4 ~ in the dark. The bulbs were brought into 
the greenhouse as needed and grown with average day and night tem- 
peratures of 22 ~ and 17 ~ respectively. 
For conventional transmission electron microscopy of placental 
cells, mature ovaries from one to six days after anthesis were cut into 
1 mm 3 pieces and fixed in 2% paraformaldehyde and 2.5% glu- 
taraldehyde in 0.05 M phosphate buffer (pH 7.2) for 4 h at 20 ~ 
under constant rotation. The fixed tissue was rinsed in buffer and 
stored overnight at 4 ~ The tissue was then treated with 1% osmi- 
um tetroxide in 0.1 M buffer for 2 h, dehydrated through an acetone 
series and embedded in Spurr's epoxy resin. Serial sections (65 or 70 
nm thick) were cut on an RMC MT 7000 ultramicrotome, collected 
on formvar-coated slot grids, and stained with uranyl acetate and 
lead citrate. 
The ZIO reaction was completed with a method modified from Hall 
and Hawes (1991). Ovaries were dissected into 1 mm 3 pieces and 
fixed with 2% paraformaldehyde and 2.5% glutaraldehyde in 0.05 M 
cacodylate buffer (pH 7.2) for 4 h at 20 ~ rinsed in buffer and 
stored overnight at 4 ~ A stock solution of zinc iodide was freshly 
prepared by mixing 3 g of zinc powder in 20 ml of 0.1 M cacodylate 
buffer (pH 7.2) and adding 1 g of resublimed iodine. The tissue was 
then postfixed in either this mixture of zinc iodide and 1% OsO4 in 
0.05 M cacodylate buffer (pH 7.2) or in control solutions of 1% 
OsO4 in 0.05 M cacodylate buffer (pH 7.2) or 1% OsO4 in water, for 
8 h at 20 ~ Both treated and control tissues were then dehydrated in 
acetone, embedded in Spurr's epoxy resin, sectioned, and post- 
stained with uranyl acetate and lead citrate. Sections were examined 
with a Zeiss EM 906. 
Quantitative measurements and projections of the nuclear reticulum 
were completed with the public-domain program NIH Image on a 
Macintosh computer. TEM images were captured digitally with a 
Sony XC-77 CE videocamera connected to the side port on the col- 
umn of the Zeiss 906. The video signal was displayed on a high-res- 
olution video monitor and was also captured in digital form with a 
Scion VG-5 video card on a Power Macintosh 7200. Adjacent serial 

sections of the nuclear reticulum and nuclear envelope were exam- 
ined. The first section in a series was displayed on the video monitor 
and captured to digital form. The details of the membrane profiles of 
the nuclear reticulum were carefully traced with NIH Image. To 
align adjacent sections the contours of the nuclear envelope were 
lightly traced on the video monitor and then the same cell area in the 
adjacent section was found with the TEM. The nuclear envelope in 
this section was aligned with the previous trace by rotating the TEM 
image (when needed) by the Zeiss 906 control for image rotation. 
When the nuclear envelope was aligned accurately with the envelope 
trace from the previous section, the TEM image was captured in dig- 
ital form and the profiles of the nuclear reticulum traced by NIH 
Image. This process was then repeated with each successive section 
through the entire series, and proved to be the most accurate way to 
align adjacent serial sections. 
The digital imaging system was calibrated by capturing a carbon 
replica of a line block shadowed with germanium on a 200-mesh 
copper grid. The spacing between each line on this block was 
2.190 nm centre to centre. Images were captured through the entire 
magnification series of the Zeiss 906, and the line spacing on these 
images was measured with NIH Image, generating a set of calibra- 
tion standards to convert pixels to nanometers. Aligned images from 
adjacent serial sections were stacked in image space and projected as 
a reconstruction. 
Quantitative measurements were completed with NIH Image. The 
nuclear reticulum within 4.0 ~tm of the inner envelope and the endo- 
plasmic reticulum within 4.5 gm of the outer envelope were mea- 
sured. For the nuclear reticulum, serial sections (average of 8 per 
cell) were measured in 9 cells, while for the ER, serial sections (aver- 
age of 7 per cell) for 10 cells were used. For membrane perimeter, the 
entire inner and outer nuclear envelope, nuclear reticulum, and ER 
reticulum in the captured images were measured. For the luminal 
diameter, on average 13 measurements for each section were taken at 
random across the membrane profiles. 

Results 

T h e  n u c l e i  o f  p l a c e n t a l  ce l l s  o f  L. regale are  l a rge  and  

c o n v o l u t e d  w i t h  d e e p  c y t o p l a s m i c  s t rands  p r o j e c t i n g  

in to  the  in ter ior ,  i n c r e a s i n g  the  su r f ace  a rea  o f  the  

n u c l e a r  e n v e l o p e  (Fig.  1). S e c t i o n s  t h r o u g h  the  n u c l e -  

us r e v e a l  that  m e m b r a n e  p r o f i l e s  a re  p r e s e n t  ins ide  

the  n u c l e u s ,  t h r o u g h o u t  the  n u c l e o p l a s m  (Figs .  2 and  

3). In  c ross  s ec t i on  t he se  p ro f i l e s  f o r m  v e s i c l e s  w i t h  

v a r y i n g  d i m e n s i o n s .  T h e  a v e r a g e  d i a m e t e r  is 

147 + 2.5 n m  (Table  1) bu t  can  v a r y  f r o m  20 n m  to 

500  nm.  T h e  v e s i c l e s  are  s ca t t e r ed  t h r o u g h o u t  the  

n u c l e o p l a s m  bu t  a re  a l so  c l o s e l y  a s s o c i a t e d  w i t h  the  

h e t e r o c h r o m a t i n .  S o m e t i m e s  the  v e s i c l e s  a p p e a r  to 

p r o t r u d e  f r o m  or  d i s a p p e a r  in to  c o n d e n s e d  m a s s e s  o f  

c h r o m a t i n .  Ves i c l e s  f o r m  l o n g  t ubu l a r  e x t e n s i o n s  

f r o m  the  n u c l e a r  e n v e l o p e  in to  the  n u c l e o p l a s m  (Fig.  

4). T h e  v e s i c l e  l u m e n  o f t en  c o n t a i n s  a g r a n u l o - f i b r i l -  

lar  m a t e r i a l  (Fig.  5) and  the  m e m b r a n e s  h a v e  the  cha r -  

ac te r i s t i c  l ip id  b i l a y e r  c o n f i g u r a t i o n  (Fig.  6). N o  as so -  

c i a t i on  w i t h  the  n u c l e a r - p o r e  c o m p l e x  has  b e e n  

o b s e r v e d .  
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There  are dist inct  connect ions  be tween  the inner  

nuclear  enve lope  and the vesic les  at several  p laces  

along the nuclear  enve lope  (Figs.  4, 7 and 9). At  some 

places  the inner  membrane  invaginates  into the nucleo-  

p lasm forming  a connect ion  with the vesic les  and 

across the per inuclear  space, the outer  membrane  of  

the nuclear  enve lope  projects  into the cy top lasm form- 

ing a cont inui ty  with the ER (Fig. 7). The outer  mem-  

brane o f  the nuclear  enve lope  is cont inuous  with the 

ER and the inner  membrane  forms the nuclear  ret icu-  

lure, resul t ing in a direct  connect ion  be tween  their  

respect ive  lumens through the per inuclear  space.  

S ince  the ves i cu la r  prof i les  wi th in  the nucleus  were  

of ten tubular  in shape,  we co l l ec ted  ser ia l  sec t ions  to 

inves t iga te  the o rgan iza t ion  o f  this m e m b r a n e  system.  

Ser ia l  sec t ions  taken  th rough  the nucleus  were  pho-  

tog raphed  in the T E M  (Fig.  8 a) and the T E M  i m a g e  

was also cap tured  on the computer .  The  m e m b r a n e  

prof i les  were  then t raced  with  the i m a g e  analys is  soft-  

ware  (Fig.  8 b). The  lumen  spaces  were  f i l led  wi th  

whi te  and the s tacks  o f  f i l l ed- in  ves ic les  were  then 

p ro jec t ed  by  the sof tware  in i m a g e  space.  These  p ro-  

j ec t ions  ind ica te  that  the ves ic le  p rof i les  ac tua l ly  

fo rm a c o m p l e x  re t i cu lum of  tubular  c is ternae  wi th in  

the nucleus  (Fig.  9). These  tubular  c i s te rnae  are 

ex tens ive ly  branched .  The  ind iv idua l  b ranches  are 

usua l ly  short  but  can be qui te  e longated .  The  re t icu-  

lure appears  to or ig ina te  f rom severa l  p laces  a long the 

nuc lear  enve lope .  Each  tubule  b ranches  r epea ted ly  

into the nuc leop lasm,  fo rming  a l abyr in th  o f  tubular  

cis ternae.  These  pa tches  o f  re t icu la te  g rowth  can 

anas tomose  with  each  other, fo rming  cont inua t ions  

be tween  the i so la ted  groups  o f  p ro tuberances .  Even  

though they emerge  f rom dis t inct  pos i t ions  on the 

inner  nuc lea r  enve lope ,  the  c is ternae  conve rge  to 
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form a s ingle  cont inuous  ne twork  of  in te rconnec ted  

tubular  re t icu lum.  

Since  the nuc lea r  r e t i cu lum is s imi la r  in t h ree -d imen-  

s ional  o rgan iza t ion  to the ER, we  measu red  the lumen 

d i ame te r  and m e m b r a n e  per imeter ,  and ca lcu la ted  

p ropor t ions  to the nuc l ea r - enve lope  surface area  for 

both  the nuc lea r  r e t i cu lum and ER. The  lumen  of  the 

nuc lear  r e t i cu lum was 147 nm in d iameter ,  ranging  

f rom 20 to 500 rim, whi le  the ER lumen  was smal le r  

and less var iable ,  only  28 nm (Table 1), ranging  f rom 

14 to 45 nm. Wi th in  4 g m  of  the nuc lear  enve lope ,  the 

ER pe r ime te r  was 37309 nm, c o m p a r e d  to 16942 n m  

for the nuc lea r  re t icu lum.  The  ER surface  area  was 

93% of  the m e m b r a n e  total  o f  the ER and outer  

Table 1. Quantitative comparison of various parameters of the ER 
and the nuclear reticulum 

Parameter Value No, of No. of 
(mean -+ SE cells measure- 
per cell) ments 

Inner-nuclear-envelope 3617 + 211 9 71 
perimeter (nm) 

Nuclear-reticulum 16942 +_ 590 9 71 
perimeter (nm) 

Outer-nuclear-envelope 2890 _+ 87 10 66 
perimeter (nm) 

ER perimeter (nm) 37309 -+ 1234 10 66 
Nuclear-reticulum lumen 147 + 2.5 9 969 

diameter (nm) 
ER lumen diameter (nm) 28 _+ 0.4 10 876 
% Nuclear reticulum of 82 9 71 

nuclear-reticulum-and- 
inner-envelope surface 
area 

% ER of ER-and-outer- 93 10 66 
envelope surface area 

Fig. 1. Secretory placental cells line the transmitting tract of the ovary and contain large, deeply lobed nuclei in this light micrograph. Bar: 
10 gm 

Fig. 2. The secretory placental cells contain a dense cytoplasm with numerous mitochondria, plastids, and an elaborate endomembrane system. 
Immature cells two days after anthesis. Bar: 4 gm 

Fig. 3. The nuclear reticulum spans the entire nucleus in placental cells. Some profiles of the reticulum are elongated and branched (arrows). 
Bar: 500 nm 

Fig. 4. Tubules of the nuclear reticulum branch as they emerge from the inner nuclear envelope. Several other branched tubules of the nuclear 
reticulum are also visible. Bar: 200 nm 

Fig. 5. The nuclear-reticulum lumen contains a granulo-fibrillar matrix. Bar: 200 nm 

Fig. 6. At high magnification, the triple-layer configuration (arrows) of the nuclear-reticulum membrane is distinct. The section is stained with 
ZIO. Zinc osmate precipitate is seen as electron scattering granules in the lumen. Bar: 100 nm 

Fig. 7. The inner nuclear membrane invaginates into the nucleus forming the nuclear reticulum (arrowhead). Directly across the perinuclear 
space the outer nuclear membrane forms a connection with the ER in the cytoplasm (arrow). This indicates that the ER lumen and nuclear-retic- 
ulum lumen are contiguous. Bar: 200 nm 
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Fig. 8. The nuclear reticulum in the micrograph (A) was captured as a digital image and then traced as white lines on a black background (B). 
The nuclear envelope is also visible in the micrograph and trace. Bar: 200 nm 

Fig. 9. A computer reconstruction of the nuclear reticulum. This is a single projection from a stack of 8 serial sections. The inner nuclear mem- 
brane emerges at various places along the nuclear envelope to produce invaginations into the nucleoplasm, forming a network of tubules. Bar: 
200 nm 

nuclear  envelope,  while the nuclear  re t icu lum was 

82% of the total of  nuclear  re t icu lum and inner  

nuclear  envelope.  

The nuclear  re t icu lum frequent ly  conta ined a granu-  

lo-f ibr i l lar  matr ix  (Fig. 5), so we invest igated the his-  

tochemistry  of the lumen.  We first tried the osmium-  

ferr icyanide technique for s ta ining the re t iculum, but  

this technique did not  work on the placenta l  cells. 

Even  the ER remained  uns ta ined  after m a n y  hours of 

incubat ion.  We next  tried ZIO,  which worked well  on 

these cells. ZIO is a h is tochemical  stain for general  

impregna t ion  of the e n d o m e m b r a n e  system, probably  
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Fig. 10. The entire endomembrane system of the placental cell is stained by the ZIO technique. Note that the plasma membrane and the outer 
envelope of the plastid (P) and mitochondria (M) remain unstained. Bar: 500 nm 

Fig. 11. The nuclear envelope as well as the profiles of the nuclear reticulum are stained by the ZIO technique. The staining pattern of the 
nuclear-reticulum tubules is similar to that of dilated profiles of ER in the cytoplasm; some lumens are completely filled while in others the zinc 
osmate is precipitated only at the periphery. Bar: 500 nm 

precipitating in areas of high calcium concentration. 
The stock solution for the ZIO technique is recom- 
mended to be made in an aqueous medium, but in the 
case of the placental cells, the nuclear reticulum was 
lost with the conventional method. By substituting 
cacodylate buffer in the procedure we were able to 
preserve the reticulum. Tissues stained with the ZIO 
technique show a selective staining of the endomem- 
brane system, labelling the ER, dictyosomes, vesi- 
cles, and the nuclear envelope (Fig. 10). It also occa- 
sionally stains the mitochondrial cristae and the plas- 
tid thylakoids. In addition to these components the 
tubular projections of the nuclear reticulum are also 
stained (Fig. 11). Narrow segments of the reticulum 
were completely filled with precipitate but in the 
more dilated regions the precipitate was restricted to 
the periphery (Fig. 11). The cisternae of ER follow 
the same pattern of staining whereas the cisternae of 
the dictyosomes stain very strongly (Fig. 10). 

Discussion 

In Lilium flowers, the transmitting tissue is predomi- 
nantly secretory (Welk et al. 1965, Gawlik 1984, Van 
Roggen et al. 1988, Janson et al. 1994). The exudate 
is rich in carbohydrates, proteins, lipids, glycopro- 
teins, and arabinogalactans (Labarca etal. 1970, 
Labarca and Loewus 1972, Aspinall and Rosell 1978, 
Campbell 1983, Campbell and Linskens 1984, Miki- 

Hirosige et al. 1987, Jauh and Lord 1996) and pro- 
vides nourishment, chemotropic guidance, and a sub- 
strate for pollen tube growth (Welk et al. 1965; Crang 
1969; Kroh et al. 1970; Labarca and Loewus 1972, 
1973; Van Roggen et al. 1988; Janson 1993; Janson et 
al. 1993). The secretory cells also play an important 
role in the recognition and selection of compatible 
pollen tubes at different levels along the transmitting 
tract (Rosen and Gawlik 1966; Ascher and Peloquin 
1970; Ascher 1975; Dickinson et al. 1982; Amaki 
et al. 1989; Amaki and Higuchi 1991; Ichimura and 
Yamamoto 1991, 1992a, b). 
The ultrastructural organization of the placental cells 
in L. regale supports their secretory function (Singh 
and Walles 1995). A deeply lobed nucleus is a charac- 
teristic of metabolically active cells. The lobes pro- 
vide an increase in the surface area of the nuclear 
envelope and in the number of nuclear pore complex- 
es. The deep cytoplasmic strands between adjacent 
lobes would increase the interaction between the 
nucleus and the cytoplasm and the potential transport 
of material through the nuclear pores. In the placental 
cells the inner membrane of the nuclear envelope 
invaginates into the nucleus at several points forming 
deep tubules which repeatedly branch and anasto- 
mose with adjoining tubules to form a complex net- 
work of short, highly branched tubules with varying 
diameters. These tubules span the whole nucleus and 
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constitute what we have named the nuclear reticulum 
(Singh and Walles 1995). 
Although various nuclear inclusions have been 
reported, the organization of the nuclear reticulum in 
L. regale placental cells is different. Commonly 
reported nuclear inclusion are the so-called nuclear 
vacuoles (Rasmussen 1976; Sheffield et al. 1979; 
Karasawa and Ueda 1983a, b; Rowley and Walles 
1985; Sangwan 1986; Li and Dickinson 1987; 
Majewska-Sawka et al. 1990; Y. Wang and Hu 1993; 
Y. Wang et al. 1994), which occur mainly during 
meiosis. Nuclear vacuoles have also been associated 
with degenerating cells (Meek and Moses 1961, 
Williams and Jordan 1982) and were found in the 
polar nuclei of the embryo sac of Viciafaba (X. Wang 
and Wang 1992). However, nuclear vacuoles are quite 
distinct from the nuclear reticulum in their structure 
as well as in their presumed function. 
Various nuclear inclusions can also result from patho- 
logical infections (Hong et al. 1997, Gilberet and 
Gosh 1993, Kanyari 1996, Pinner et al. 1993, Koning 
et al. 1993, Maeno et al. 1993). Viral infections in 
plants (Gao and Nassuth 1993, Pinner et al. 1993) can 
cause nuclear alterations and changes in some cyto- 
plasmic organelles like mitochondria and chloro- 
plasts. However, virus particles were never seen in the 
plant material used in the present study. Moreover, all 
organelles in the placental cells appeared healthy and 
showed no sign of viral influence. For about a decade 
the nuclear reticulum was routinely observed in the 
transmitting tract of healthy Lilium plants in our lab- 
oratory, and so we are confident that it is not a patho- 
logical phenomenon. 
As far as we know, the only other nuclear inclusion 
similar to the nuclear reticulum is a case reported 
from L. longiflorum (Janson 1992). Within the 
embryo sac of this species, it was found that the 
nucleus of the antipodal cell at the chalazal end con- 
tains membranous inclusions. These structures, which 
look similar to the nuclear reticulum, were not found 
in the antipodal celis towards the micropylar end, nor 
in any other cells of the embryo sac. The two kinds of 
antipodal cells are also distinct in that the antipodal 
cell with the nuclear inclusions has a much denser 
cytoplasm (Janson 1992). The placental cells in the 
present study are also characterized by a dense cyto- 
plasm. 
The nuclear reticulum forms a continuous assembly 
of membranes enclosing an interconnected internal 
space, separating it from the rest of the nucleoplasm. 
Since the nuclear reticulum originates from the inner 
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nuclear membrane, its lumen is continuous with the 
lumen between the inner and outer nuclear envelope 
which is a continuation of the lumen of the ER. This 
means that the lumina of the nuclear reticulum and 
the ER are continuous. However, the average diame- 
ter of the ER lumen (28 nm) is much smaller and 
more uniform than the diameter of the nuclear reticu- 
lum lumen, which averages 147 nm but can vary from 
20 to 500 nm. Structurally the labyrinth of branching 
tubules of the nuclear reticulum is similar to the tubu- 
lar cisternae of the smooth ER. However, the nuclear 
reticulum lacks the sheet-like (lamellar) configuration 
typical of the rough ER (Hepler et al. 1990, McCauly 
and Hepler 1990). 
The inner and outer membranes of the nuclear enve- 
lope have different molecular characteristics (Smith 
and Blobel 1993, Akao et al. 1994, Gerace and Fois- 
ner 1994, Malviya 1994, Humbert et al. 1996, Buen- 
dia and Courvalin 1997, Yang et al. 1997). Since the 
nuclear reticulum is an extension of the inner nuclear 
envelope, it is possible that their lipid and protein 
composition is similar. The outer membrane of the 
nuclear envelope is continuous with rough and 
smooth ER and is biochemically and functionally 
similar to the bulk ER membrane (Akao et al. 1994, 
Gerace and Foisner 1994, Yang et al. 1997), facilitat- 
ing an exchange of soluble proteins between the ER 
lumen and the perinuclear space (Stinchcombe et al. 
1995, Simos et al. 1996, Subramanian and Meyer 
1997, Yang et al. 1997). The lumen of the nuclear 
reticulum is contiguous with the ER lumen and the 
perinuclear space, so soluble proteins would be able 
to move throughout this lumenal continuity. The 
nuclear reticulum does contain a granulo-fibrillar 
matrix, which is precipitated during sample prepara- 
tion. 
The ZIO technique impregnates the endomembrane 
system (Harris 1979; Hawes 1981, 1985; Juniper 
et al. 1982). It is postulated that the Zn 2+ ions either 
bind to or displace Ca 2+ ions from their binding sites 
on membranes and reduce osmium to form an elec- 
tron-opaque deposit of zinc osmate (Gilloteaux and 
Naud 1979). The staining of the nuclear reticulum 
with the ZIO technique shows that this reticulum is a 
component of the endomembrane system. It also indi- 
cates that the nuclear reticulum is a site for Ca 2+ depo- 
sition. Calcium channels have recently been identi- 
fied in isolated patches of the inner nuclear envelope 
(Longin et al. 1997). Since calcium has been impli- 
cated in the control of secretion (Read et al. 1992), 
the impregnation with zinc osmate is an indication 
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that the nuclear reticulum might function in control- 
ling secretion from these placental cells in L. regale. 
The lumen of the ER and the perinuclear space are 
sequestration sites for calcium (Hepler et al. 1990). 
In conclusion, the secretory pathway in the placental 
cells of L. regale is a functionally interconnected 
endomembrane system. The nuclear reticulum forms 
an extension of this endomembrane system which 
penetrates deep into the nucleoplasm. This reticulum 
is apparently an additional storage site for calcium, 
and may provide a pathway for the transport of mole- 
cules in and out of the nucleus. It may play a role in 
controlling secretion. 
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