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A B S T R A C T  

Nuclei from nearly ripe eggs of Rana pipiens were isolated and cleaned in 0.1 M KC1. The 
whole nucleus was then digested to various degrees with ribonuclease or trypsin, followed 
by washing and fixation in either osmium tetroxide or potassium permanganate.  The  
nuclear envelope was dissected off, placed on a grid, air dried, and compared with undi- 
gested controls in the electron microscope. Some envelopes were dehydrated, embedded in 
methacrylate, and sectioned. Annuli around "pores"  are composed o f  a substance or sub- 
stances, at least partially fibrillar, which is preserved by osmium but lost during permanga- 
nate fixation. Material  within the "pores"  is also preserved by osmium but partially lost 
after permanganate.  No evidence of granules or tubules in the annuli was found in air dried 
mounts although a granular appearance could be seen in tangentially oriented thin sections. 
Thin  sections of isolated envelopes give evidence of diffuse material within the "pores"  as 
well as a more condensed diaphragm across their waists. In whole mounts of the envelope 
the total density within "pores"  is relatively constant from "pore"  to "pore ."  All material  
within "pores,"  including the condensed diaphragm, is removable by trypsin digestion. 
Wispy material from the "pore"  structure projects into the nucleus and annular material 
extends into the cytoplasm. Both annular and diaphragm materials remain with the en- 
velope when it is isolated and are thus considered a part of its structure, not merely evidences 
of material passing through. There is no evidence of ribonuclease-removable material in 
any part of the "pore"  complex. 

I N T R O D U C T I O N  

Of  the many forms taken in the molecular organi- 
zation of living systems, membranes are especially 
prominent. They have attracted the attention of 
biologists from many disciplines because of their 
critical location at cellular interfaces and more 
recently because of the success of the electron 
microscopist in preserving and demonstrating 
them. 

The nuclear envelope, with its unusual "pores" 
(1, 8, 41) and its position between the chromo- 
somes and the cytosome, is particularly interesting. 
In a series of studies it has been demonstrated that 
the envelope consists of two parallel membranes 

(1, 19, 38) which are pinched together at many 
points to form circular discontinuities or "pores."  
Dense material is often seen within the "pores"  
and in annuli  around them, sometimes projecting 
into the cytoplasm (1, 21, 33, 40-42) or the nu- 
cleus (32, 40, 42). The  material of the annuli 
may show irregularities in distribution, giving the 
impression of a circle of granules or even micro- 
tubules (28, 33, 40, 44). 

The  fine structure of the envelope has also been 
studied in preparations involving isolation and 
drying of the whole structure. The  pioneering 
study by Callan and Tomlin (8), using stretched 
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enve lopes  f r o m  a m p h i b i a n  oocytes ,  s h o w e d  

" p o r e s "  in  one  l aye r  on  t he  cy tosomic  side ap -  

p a r e n t l y  ove r ly ing  a c o n t i n u o u s  layer .  T h e  pres-  

ence  of " p o r e s "  in the  isola ted enve lope  ha s  s ince  

been  c o n f i r m e d  in a m p h i b i a n  oocytes  (13-16)  as 

wel l  as in  Amoeba (2, 4),  even  af ter  a va r i e ty  of  

f ixat ives  (2, 16). 

S tud ies  on  the  c h e m i c a l  n a t u r e  o f  t he  enve lope  

s t r u c t u r e  h a v e  s h o w n  t h a t  it is colored by  s ta ins  

w h i c h  are  specific for p ro te ins  (e.g. 5) a n d  t ha t  

it  c a n  be des t royed  by  pro teases  (5, 13). T h e  

po l a r i z ing  m i c r o s c o p e  gives ev idence  (7, 35) of  

t a n g e n t i a l l y  a r r a n g e d  p r o t e i n  f ibers w i th  rela-  

t ively  little l ipid c o m p o n e n t .  

T h e  p resence  of  r ibonuc le ic  ac id  ( R N A )  in  t he  

s t r u c t u r e  o f  the  enve l ope  h a s  been  suspec ted  be-  

c ause  of  the  p resence  o f  g r a n u l e s  a b o u t  the  size 

of  r i bosomes  in  the  a n n u l i  of  enve lopes  o f  a m p h i b -  

i an  oocytes  (15). T h e  loca l iza t ion  o f  r i bonuc lease -  

r e m o v a b l e  basoph i l i a  in  a n n u l a t e  l ame l l ae  (33, 34) 

l ikewise sugges t s  t h a t  R N A  m i g h t  be  a s t r u c t u r a l  

p a r t  of  t he  n u c l e a r  enve l ope  because  of  the  close 

m o r p h o l o g i c a l  s imi la r i ty  b e t w e e n  a n n u l a t e  l ame l -  

lae  a n d  the  envelope .  F o r  these  a n d  o the r  reasons  

severa l  a u t h o r s  (e.g. 20, 27, 36) h a v e  po in t ed  o u t  

t h a t  t he  enve l ope  m i g h t  be  e n g a g e d  in  t r ans fe r  

of  gene t i c  i n f o r m a t i o n  f r o m  nuc l eus  to c y t o s o m e  

in a m e t a b o l i c  or  t e m p l a t e  sense.  

T h e  p r e sen t  s t u d y  was  p r i m a r i l y  u n d e r t a k e n  to 

deve l op  i n f o r m a t i o n  a b o u t  t he  loca t ion  of  a n y  

R N A  in t he  n u c l e a r  e n v e l o p e  a t  the  level of  

r e so lu t ion  o f  the  e lec t ron  mic roscope .  I t  was  also 

h o p e d  t h a t  f u r t h e r  d a t a  on  the  c h e m i c a l  a n d  

s t r u c t u r a l  n a t u r e  of  t he  " p o r e s "  w o u l d  result .  

M E T H O D S  A N D  M A T E R I A L S  

Fresh eggs from ovaries of  winter ing Rana pipiens were 
used;  sixty-four isolated envelopes from thir teen frogs 
actual ly were observed in the  electron microscope. 
T h e  eggs, about  1500 to 1700 microns  in diameter ,  
were almost  mature ,  falling in Duryee ' s  (11) early 
stage 6 or K e m p ' s  (22) stage Y 5. 

Nuclei  were isolated from freshly excised eggs in 
0.1 M KC1 and  cleaned of adher ing  cytoplasmic ma-  
terial by a gentle s t ream of solution from a pipette.  
T h e y  were then  transferred to the  exper imenta l  solu- 
tion, or  its control, where  fine glass needles were used 
to ma ke  a small  hole at one point  on the  surface. This  
allowed the nuclear  contents  to ooze out. Such a step 
was necessary because isolated nuclei  swell slowly in 
KC1 solutions, and  it was found tha t  considerable 
s t ructura l  d a m a g e  results f rom s t re tching of the  
envelope. 

F rom the exper imenta l  solution, nuclei  were trans-  
ferred to a brief distilled water  rinse, t hen  pu t  into 
the  fixing solution. Several fixing procedures  were 
initially tr ied: 10 per cent  neut ra l  formalin  followed 
by K M n O 4  s ta ining;  1 per cent  OsO4 or 0.6 per cent  
K M n O 4  in either veronal-acetate  buffer, p H  7.4, or 
distilled water.  A l though  "pores"  with annul i  could 
be seen after all these fixations, the  images  following 
OsO4 and  K M n O 4  were best. No difference was 
detected between buffered and  unbuffered  reagents,  
so most  of the work was done with OsO4 or K M n O 4  
in distilled water.  Fixat ion was carried out  for 5 to 
15 minutes  at room tempera ture ,  followed by several 
changes  of distilled water.  

T h e  envelopes were then dissected off individually,  
carefully freed of adheren t  mater ia l  with  a pipette,  
and  deposited, cytoplasmic side up,  on a carbon-  
coated grid f rom which  the  water  was then  with- 
drawn.  T h e  prepara t ions  were air dried and  observed 
in a Philips 100 A electron microscope with an  ob- 
jective aper ture  of  25 microns and  accelerat ing po- 
tential  of 80 kv. T h r o u g h  focus series were taken of 
every pho tographed  field. 

T h i n  sections of envelopes fixed in p e r m a n g a n a t e  
or  o smium were obtained by dehydra t ing  the  iso- 
lated nucleus  or envelope, embedd ing  in me thac ry -  
late, sectioning, and  staining with lead (10). 

T h e  exper imenta l  t r ea tmen t  consisted ot digestion 
with either crystall ine r ibonuclease (RNase)  or crys- 
talline trypsin. A few exper iments  were performed in 
which a partial  t r ea tmen t  with trypsin was followed 
by prolonged t r ea tmen t  with RNase.  Nuclei  were 
t reated with RNase  from 15 to 30 minutes  at room 
tempera tu re  in either 0.05 M acetate buffer, p H  5.0, 
or unbuffered  0.1 ~ KC1. Concent ra t ions  in the  vari-  
ous exper iments  were in the range  of 10 to 20 m g  of 
enzyme per 100 ml  of solution. For trypsin digestions, 
5 m g  per 100 ml  of 0.1 M KC1 were used at room 
tempera ture .  At  the  beg inn ing  of each t rypsin ex- 
per iment ,  pre l iminary tests were m a d e  to de termine  
the  t ime for complete  enzymat ic  destruct ion of the  
envelope. Wi th  these concentrat ions  it took from 11/~ 
to 31/~ minutes .  T h e  dura t ion  of t r ea tmen t  for the  ex- 
per iment  then  ranged  from about  50 to 90 per cent  
of  this t ime. Results  were always compared  with con- 
trols which  received identical t r ea tmen t  bu t  wi thout  
the  enzyme.  

T h e  crystalline enzymes were obta ined  from the 
Nutr i t ional  Biochemicals Corporation.  W i t h  the  
Kun i t z  assay procedures  for RNase  (23) and  trypsin 
(24), it was found tha t  the  enzymes,  under  these ex- 
per imenta l  conditions,  had  easily measurab le  activi- 
ties in concentrat ions  well below those used. Con-  
versely, tests for protease activity in RNase ,  and  
vice versa, showed complete  lack of activity even in 
concentra t ions  well above those used in the  experi- 
ments .  
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R E S U L T S  

W h e n  nuclei (germinal  vesicles) are isolated from 
frog eggs in simple salt solutions of a wide range 
of tonicities, they always swell. In  these media  
there is also s t ructural  damage  to the nuclear  
envelope as described below. The  addi t ion of 

torn envelope in these solutions, perhaps  not  qui te  

so easily. 
Observat ions of whole, air  dried envelopes with 

the electron microscope reveal the presence of the 
usual "pores"  wi th  thei r  sur rounding dense an- 
nuli,  after bo th  K M n O 4  (Figs. 1, 2) and  OsO4 
(Fig. 3) fixations. T h e  annul i  are bet ter  preserved 

~IGURE 1 

Whole mount  of an isolated nuclear envelope fixed in KMnO4. Note the prcsence of annulated 
"pores" in the gcneral membrane. The density of their centers is relatively uniform. An artifactitious 
blcb of the outer element of the bilaminar envelope can be observed (B), as well as membranous con- 
taminants from the cytoplasm (V). Dense patches (H), adherent on the cytoplasmic side, contain 
circular fcncstrae in close hexagonal packing. )< 44,500. 

substances such as polyvinylpyrrolidone or plasma 
a lbumin  to the isolation med ium allows main-  
tenance  of characterist ic nuclear  appearance  and  
size, e l iminat ing visible damage  to the envelope. 
In  such an  opt imal  med ium the cytoplasm retains 
its normal  s t ructural  cohesiveness bu t  peels away 
easily from the nuclear  surface. The  viscous 
nuclear  gel can  also be washed away from the 

by OsO4, appear ing  thicker and  more uni form in 
appearance  t han  after K M n O 4  (Table  I). Wi th  
the lat ter  fixative the annul i  are sometimes com- 
pletely absent  in one prepara t ion  but  well pre- 
served in another  after apparen t ly  identical  treat-  
ments.  

W i t h  bo th  fixatives annul i  tend to show fibrous 
elements wi th in  or projecting out  onto the m e m -  
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FIGURE 

Torn edge of an isolated envelope fixed in OsO4. Note the density within the annuli; it is about the 
same as that of the surrounding membrane and appreciably greater than that of the adjacent support- 
ing film. The arrows indicate one place where annular solids show a fibrous character, although 
contrast is low. X 84,000. 

brane (arrows, Fig. 2) or into the "pore"  (arrows, 
Fig. 3). The fibers are about 25 to 30 A thick. 
With none of the better preparations, which all 
included air drying, is it possible to make out the 
presence of granules in the annuli. 

Table I lists approximate dimensions of the 
annuli after various treatments. It  should be noted 
that annuli preserved by OsO 4 have outside diame- 
ters much greater than the diameter  of the "pore"  
itself. Similarly, the inside diameters of intact 

annuli are considerably less than the diameter  of 
the "pore ."  One concludes that intact annuli, 
after air drying, are flattened down to overlap 
both the "po re"  and the surrounding membrane.  

Figs. 4 to 7, presenting the outlines of the 
"pores" in thin sections, show that in life the an- 
nular material is not flattened and spread out as 
after air drying. Rather,  it projects into the cyto- 
plasm as well as adhering to the walls of the 
"pores." Sections cut tangentially to the envelope 

FIGURE 

The fine structure of the general envelope after KMnO~. A dense patch containing 
circular fenestrae (H) is seen superimposed upon the envelope. At this magnification 
there are many places showing suggestions of fibrillae (arrows). X 213,000. 
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show (Fig. 8) a less uni form dis t r ibut ion of annu la r  
mater ia l  t han  tha t  seen in the whole mounts.  
Undoub t ed ly  air  dry ing  obscures the precise spa- 
tial a r r angemen t  of annu la r  solids (see also 14, 15). 

In  whole envelopes after OsO4 fixation, the 
centers of the annul i  have  abou t  the same density 
and  appearance  as the sur rounding  m e m b r a n e  

adjacent  support ing film (Fig. 9) and  also quite 
uniform wi thin  the m a n y  "pores"  (Figs. 1, 2). 

In  sections normal  to the p lane  of the envelope 
(Figs. 4 to 7) the membranous  element  on the 
nuclear  side is always much  thicker t han  tha t  on  
the cytosomic side. T h e  two elements p inch  to- 
gether  to form the "pores"  at  m a n y  points. W h e n  

T A B L E  I 

Dimensions of Annulated "Pore" Structure* 

No. of 
Enzyme measure- 

Objects Fixative treatment ments Mean and S.D. 

A 
Outside diameter of annulus KMnO4 none 30 1128 -4- 82 

OsO4 none 12 1916 4- 64 
trypsin 14 1110 2= 91 

Inside diameter of annulus KMnO4 none 30 664 2= 45 
OsO4 none 12 50t 4- 55 

Diameter o f "po re"  when annulus KMnO4 none 20 928 4- 36 
is gone 

* Magnifications were calibrated with a grating replica, but  lack of sharp boundaries 
caused considerable uncertainty in each measurement. 

(Fig. 3). This  densi ty is appreciably  greater  than  
the density of the under ly ing  ca rbon  film adjacent  
to the dr ied envelope and  is relatively uniform from 
" p o r e "  to " p o r e "  (Fig. 3). After K M n O 4  the  
centers of the "pores"  are missing a dense granu-  
lar or fibrous componen t  which is characterist ic  
of the sur rounding  membranes  (Fig. 2), but  a re- 
sidual density is still greater  than  tha t  of the 

the un ion  of the two membranes  at each side of 
the " p o r e "  is sharply defined, as in Figs. 4 and 6, 
it indicates tha t  the section has passed through 
the center of the "po re . "  Interestingly,  in this 
si tuation there is always a condensed dark  line 
th rough  the diffuse substances of the opening. 
W h e n  the p inching  together of the membranes  is 
not  distinct but  obscured by dense material ,  the 

FIGURES 4 TO 7 

Thin sections through isolated envelopes which had been fixed in OsO4 and stained 
with lead subacetate. In each picture the nuclear side (N) is to the right of the en- 
velope. In each case the inner membrane of the bilaminar pair is thicker and denser. 
Arrows indicate the positions of "pores." Note that wherever the convergence of the 
two membranes at each side of a "pore"  is distinct, especially in Figs. 4 and 6, there 
appea~ to be a condensed diaphragm through the diffuse material within it. Note also 
that  when the convergence of the membranes is blurred, as seen especially in Figs. 5 
and 7, the "pores" seem filled only with diffuse material. There seems to be a projec- 
tion of diffuse material from all "pores" into the nuclear space. The dark specks ad- 
hering to envelope solids, and especially the large aggregation of them in Fig. 4, are 
undoubtedly precipitates of lead and should not be confused with envelope structure. 
In Fig. 5, note the contaminating vesicle (V) on the cytoplasmic side. In Fig. 7, note 
the blebbed outer membrane at B. Fig. 4, X 42,000; Fig. 5, X 73,500; Fig. 6, X 68,000; 
Fig. 7, X 32,000. 
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section has probably been off the center of the 
"pore ."  I t  is in this case that there seems to be no 
condensed diaphragm across the "pore ,"  only 
diffuse material (Figs. 5, 7). This distinction should 
be borne in mind for the interpretation which 
follows in a later section. Clouds of material from 
the "pore"  also string out into the space once 
occupied by nuclear solids (Figs. 4 to 7). Some 

F I G U R E  8 

Thin section cut tangentially through an isolated 
envelope that had been fixed in OsO4 and stained 
with lead subacetate. Note the granular or lumpy 
appearance of solids in the annuli. X 76,500. 

times they give the appearance of being rather 
long and tenuous (Fig. 7). 

In  none of the several hundred "pores"  studied 
after osmium fixation, either in whole mounts or 
in section, was there an absence of opaque sub- 
stances within them. On the other hand, K M n O 4  
fixation causes a much reduced "pore"  density 
in whole mounts and an apparently complete ab- 
sence of diaphragm substance in sectioned en- 
velopes. This is in line with the findings of other 

authors with sectioned cells after K M n O 4  fixa- 
tion (25, 43). 

When envelopes are treated with RNase, no 
observable change in fine structure is noted in 
any part of the annulus or "pore"  at the resolu- 
tions obtained in this study. Even when a partial 
digestion with trypsin is carried out prior to the 
RNase treatment, no structural difference from 
the trypsin controls can be seen. This latter ob- 
servation makes it less likely that the failure of 
RNase to produce change is due to unavailability 
of R N A  to the enzyme. 

A freshly isolated envelope, when placed in 
trypsin solution and viewed with the dissecting 
microscope, loses its elasticity, becoming obviously 
thinner and perforated. Normally tough and re- 
silient, it becomes quite fragile bef, o're disappearing 
completely. If moderate trypsin digestion is 
stopped by osmium fixation, not much change 
from the undigested appearance is seen in the 
"pores"  or annuli. As shown in Table I, however, 
there is a tendency for the outside diameter of 
annuli to be reduced after this treatment, indicat- 
ing a loss of annular material. 

When trypsin digestion is followed by K M n O 4  
fixation, no conclusions can be reached concern- 
ing the enzyme effect on annular structure be- 
cause both test and control preparations show 
variable loss of annuli. A few cases where annuli 
could still be seen after rather drastic trypsin 
digestion (Fig. 9) suggest that they contain non- 
proteinaceous material or that their protein is 
digested no faster than the proteins of the mem- 
branes. 

Fig. 9 shows an envelope which has been 
strongly digested with trypsin, fixed with KMnO4,  
and then stained with lead (10). Two ragged holes 
have already been formed in the envelope. Be- 
cause of the dubious significance of the lead bind- 
ing, the variability of density within "pores"  
cannot necessarily be interpreted as variable loss 
of "pore"  diaphragm material, but the fact that 
some "pores"  show no density, or the same density 
as the ragged holes, is characteristic of an exten- 
sive trypsin treatment. This finding strongly sug- 
gests that the material in the "pores,"  as seen 
after K M n O 4  fixation, can be removed by tryp- 
sin at a relatively fast rate. 

A second effect of extreme trypsin digestion is 
also illustrated in Fig. 9. The  lines point to transi- 
tional zones of low density and hyaline texture 
between the granular-appearing membrane and 
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the edges of the holes. These are seen both  a round  
"pores"  which have been completely digested and  
a round  gross holes where " p o r e "  s t ructure  is not  
involved. 

W h e n  solutions of electrolytes are used as 
media  for the isolation and exper imental  t r ea tment  
of nuclei, s t ructural  damage  to the envelope oc- 
curs. Such artifacts appear  as circular  b lebbed 

of sucrose and  then of polyvinylpyrrolidone or 
a lbumin  to the isolation med ium caused a marked  
reduction in their  n u m b e r  and size in the isolated 
envelope. They  undoubted ly  represent  areas of 
damage,  possibly due to osmotic shock. 

Several types of s tructure often adhere  to the 
freed envelope (Fig. 1). T h i n  sections have shown 
them to be yoke granules, mi tochondr ia ,  arid 

FIGURE 9 

An isolated envelope digested strongly with trypsin, fixed in KMnO4, and stained with lead acetate. 
Two large holes (O) have appeared during the course of digestion and several "pores" (P) have been 
entirely digested out. The picture is slightly underfocused, emphasizing a hyaline border (HB) around 
the edges of the digested holes. X 124,000. 

areas containing unusual  " p o r e "  formations (Fig. 
1). Sections normal  to the plane of the envelope 
show tha t  the m e m b r a n e  on  the cytosomic side 
"b lebs"  outward  (Fig. 7), losing all vestiges of 
"pores"  and  leaving dense materials  conta ining 
residues of " p o r e "  formations on the thicker mem-  
brane  which is normal ly  on the nuclear  surface. 

For  several reasons these artifacts were thought  
at first to be normal  s t ructure  (29), bu t  addi t ion 

simple membranous  vesicles on  the cytosomic 
side (Fig. 5). In  addit ion,  an  occasional empty  
m e m b r a n o u s  vesicle is found on the nuclear  side. 
Frequent ly  the cytosomic con taminan t s  are 
grouped as though the various elements were tied 
together in some way, coming from the cytosome 
as a unit .  

O the r  more interest ing structures are found in 
varying quant i t ies  on most of the envelopes oh- 
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served. They  consist of angular  patches of dense 

mater ia l  conta in ing fenestrae of about  the same 

d iameter  as the "pores"  in close hexagonal  pack- 

ing (Figs. 1, 2). The  patches contain about  188 

per  cent as m a n y  fenestrae per  uni t  area as the 

envelope contains "pores ."  Sometimes two or 
more  areas may  be superimposed on each other,  

dense patches are not  demonst rab ly  altered by 
RNase  digestion and  are not  destroyed by trypsin 
at  a faster rate t han  the envelope itself. 

D I S C U S S I O N  

T h e  presence of a condensed d i aph ragm across 
the  waste of "pores"  has been reported by others 

FIGURE 10 

Schematic interpretations of annulated "pore"  structure after various treatments: 
A, after drastic trypsin digestion and KMnO4 fixation, a hyaline edge (A) around the hole and the 

granular-fibrous constituents of the membrane (B) are seen. 
B, after KMnO4 fixation the annulus is gone but  diaphragm material (C) remains. This diaphragm 

is removable with trypsin. 
C, after OsO4 fixation, presumably all of the annular  (D) and diaphragm material is preserved. 

The substances of the annulus are grouped into denser clumps and show evidences of fibers in their 
makeup. 

bu t  their  fenestrae are never  aligned with those 
of the adjacent  layer or with the "pores"  of the 
envelope (Fig. 2). No areas of the envelope have 
been encountered in which "pores"  are a r ranged 
in comparable  hexagonal  packing. In  th in  see- 
tions, structures which look like the envelope or 
like annula te  lamellae are sometimes found near  
the isolated envelope on the cytosomic side. These 

in sectioned mater ia l  (e.g. 1, 41, 42). Watson  (42) 
has in terpreted this as the membranous  edge 
of the "pore , "  ei ther above or below, when  the 
section has been off center. O n  this hypothesis, 
one would expect to see occasional " d i a p h r a g m s "  
across the "pores"  in permanganate-f ixed mater ia l  
too. This  has seldom been shown in published 
pictures of permanganate-f ixed cells (e.g. 25, 43). 
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In  sections of this study, the condensed dia- 
phragm through diffuse material has been ob- 
served in 44 out of 70 "pores" (63 per cent) whose 
outlines have been adequately clear. Moreover,  it 
is best seen when the conjunction of the two mem- 
branes at the edges of the "pore"  is most distinct. 
This should be the condition when the section 
has passed most squarely through the center of the 
"pore ."  For this reason, and because its appear- 
ance was so consistently seen in thin sections, it is 
thought that the plug material within the "pores"  
includes both a diffuse component and a con- 
densed diaphragm. If  this interpretation is cor- 
rect, similar images in other cell types probably 
have the same significance. 

In  considering substances within "pores,"  
several alternatives may be considered. There 
could be (a) an underlying continuous sheet be- 
neath a porous one (2, 6), (b) structural or diffus- 
ible substances of the nucleus or cytosome pro- 
jecting or passing through the discontinuities (42), 
or (c) a diaphragm complex that is part of the 
"po re"  structure itself (I) but distinct from the 
membranous elements of the envelope. 

The  first alternative can probably be ruled 
out because of the complete lack of electron micro- 
graphic evidence for a continuous layer when the 
section is at right angles to the plane of the 
envelope. This is true in whole cells (e.g. 1, 41, 42), 
especially those fixed in K M n O 4  (e.g. 25, 43), 
and in the isolated nuclear envelope of this and 
other (12) studies. The  earlier interpretations of 
porous and continuous layers in envelopes isolated 
from Amoeba (2), or seen in thin sections of whole 
Amoeba (18), have been changed by the increasing 
resolutions of later work. It  is now apparent that 
in Amoeba an inner spongy layer, containing 
fenestrae, is a relatively gross addition to the 
usual bilaminar envelope (8, 17, 31). 

The second alternative, concerning material 
projecting or passing through the envelope, fol- 
lows logically from the images seen in several 
types of mammal ian  somatic cells (42). This 
hypothesis would offer an explanation for the 
alignment of "pores"  between the many elements 
in a stack of annulate lamellae (39). I t  could 
also account for the initial creation of the "pores"  
during the formation of the nuclear membranes 
(30). 

The  argument  against such an hypothesis, at 
least in the present case, is that one would expect 
the protruding material to be irregularly dis- 

turbed or occasionally removed altogether from 
the "pores"  when the envelope is ripped from its 
location on the nuclear surface. Actually, the 
micrographs of whole mounts in this study have 
revealed a relatively uniform density of material 
from "pore"  to "pore ."  

Because of this latter observation, the third 
hypothesis seems more likely here. It  is suggested 
that the substance within "pores"  is a part of the 
total envelope itself, a diaphragm more firmly 
bound to it than to either nuclear or cytoplasmic 
structures. 

The distribution of solids in the annuli is 
probably not homogeneous. The studies by Gall 
(15) on whole envelopes dried by the C O , c r i t i c a l  
point method, and the situation as seen in thin 
sections cut tangentially through the envelope (e.g. 
28, 33, 44, and Fig. 8 of this paper), both indicate 
a discontinuous arrangement of material around 
the "pore ."  The  rather consistent appearance of 
fibers in the air dried preparations of this study 
suggests that they may be a part of the annular 
structure. Perhaps in life, annuli include tufts of 
fibers, about 25 to 30 A in diameter,  which pro- 
ject  into the cytoplasm or nucleoplasm. The 
compactness or length of the tufts might vary in 
different cell types or under various physiological 
conditions, giving rise to a variety of appearances 
in sections. During air drying they would be 
flattened, creating the "wagon wheel" effects so 
often encountered in the whole mounts. Fig. 10 is 
a provisional interpretation of "pore"  structure, 
presented in highly schematic fashion. 

One can even speculate that perhaps it is be- 
cause of connections between annular material  
and cytosomic structural elements that nuclei 
resume their original position in the cell after 
centrifugation (9) or are able to undergo rota- 
tional oscillation (26). 

Because it was impossible to demonstrate struc- 
tural changes due to RNase treatment, the ability 
of the electron microscope to detect minute losses 
of solids might be questioned here. One can only 
speak of orders of magnitude, pointing out that 
R N A  has been postulated to occur in the annuli 
in particles 190 A or more in diameter (14, 15). 
Moreover  it has been shown that micrographic 
images of ribosomes can be removed when sections 
are treated with RNase (37). Resolutions better 
than 30 A have been achieved in this study. Partial 
loss of annuli and even digestion of the less dense 
diaphragm materials have been easily detected. It  
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seems reasonable to believe that if an appreciable 
amount  of R N A  had been included in "pore"  or 
annular structure, its loss could have been demon- 
strated. 

Consequently, it would appear necessary to 
question the presence of ribosomes or even ap- 

preciable amounts of amorphous R N A  in the 
"po re"  complex. In a careful study of sectioned 
material, Watson (42) too could not make a 
direct association between ribosomes and "pore"  
structure. 

I t  is a remarkable fact that structures at the 
nuclear surface so often are characterized by 
"pore"  patterns. The  inner spongy layer of Amoeba 
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