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not by splanchnicectoniy. The plasma clear- 
ance of insulin was decreased by splanchnic- 
ectomy but the remaining renal circulation 
was able to maintain the consumption rate 
of insulin a t  a normal level. 
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The earliest electron microscopic studies 
of tissue cell morphology utilized whole cells 
grown in tissue culture on formvar-coated 
copper wire grids. This technic, as described 
by Porter et aZ.( 1) , allowed visualization of 
some cell structures not seen by light mi- 
croscopy, but did not permit the extensive 
studies of cellular morphology afforded by 
ultrathin sectioning. Consequently, the 
above method has had limited use and only 
a .few additional studies (2,3,4) have been re- 
ported. Almost all of these appeared prior 
to the present widespread use of tissue cul- 
ture as an experimental approach to various 
problems. 

Although whole cell preparations are too 
thick to allow resolution of most structures 
in the nucleus and cytoplasm, the cell surface 
is clearly seen. Microvilli and other struc- 
tures which project from the cell surface a t  
various angles usually appear in thin sections 
as disconnected parts while in the whole cell 
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mounts their structura! integrity is retained. 
For certain studies in progress in this labora- 
tory it was desirable to determine: (a) 
M’hether the surface features of different tis- 
sue culture cell types are similar or vary sig- 
nificantly from one cell line to another, and 
(b)  whether the surface morphology of one 
cell line studied over a prolonged period of 
time remains constant or varies. The present 
paper compares the surface morphology of 5 
cell types commonly used in tissue culture 
and describes certain modifications of tech- 
nic affording reproducible whole cell prepa- 
rations in which microvilli and other surface 
structures are well preserved and remain free 
of most extracellular debris. 

Materials and methods. Tissue culture. 
Cell types used included chicken fibroblasts, 
mouse fibroblast (“L”), HeLa, Chang’s liver 
and chicken monocytes. These cells were 
grown and maintained in stock flasks of vari- 
ous sizes and after suitable sheets had been 
obtained were trypsinized into suspension. 
The cell suspensions were then adjusted to 
contain the following cell concentrations: 1-2 
million chicken fibroblasts or 600,000 “L”t 
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150,000 HeLa cells or 125,000 Chang’s liver 
cells. HeLa and Chang’s liver strains were 
obtained initially from Microbiological Asso- 
ciates. Chicken fibroblast cultures were pre- 
pared in this laboratory from embryonic tis- 
sue. Chicken monocytes were obtained as 
follows. The buffy coat was separated from 
adult chicken whole blood, washed and the 
total cell suspension of 4-5 million cellsJm1 
inoculated directly into the Leighton tubes, 
because monocyte sheets are not readily re- 
moved and resuspended from flask cultures. 
All cultures contained penicillin 100 units/ 
ml, streptomycin 100 pg/ml and mycostatin 
50 units/ml. 

Electron microscope grid mounts. Stain- 
less steel 200 mesh grids were glued (scotch 
tape glue in xylene) to a 10 X 50 mm #1 
glass cover slip. This surface was then used 
to pick up a 0.4% collodion membrane which 
was then air dried. Thus, a collodion film 
coated both the grid surface and the sur- 
rounding glass area overlapping to cover part 
of the opposite side of the cover slip. After 
drying, the entire grid-cover slip preparation 
was placed in the vacuum evaporator and 
coated with a thin carbon film. 

Tissue culture cells growing on the coated 
grid were observed by light microscopy dur- 
ing the culture period and removed when 
cells were well spaced over the membrane 
but, of course, before continuous sheets were 
formed. At this point the glass cover slip 
was removed from the tube, washed in buf- 
fered salt (Hanks’) solution and fixed for 90 
seconds in 1% veronal-buffered osmium, pH 
7.4(5). After fixation the cover slip grid 
preparation was washed in distilled water, air 
dried and metal shadowed with chromium. 
Rlicrographs were made with an RCA-EML 
electron microscope. 

Results. Comparison of the microvilli and 
other surface features of the cells studied re- 
vealed striking morphologic differences and 
the specific structural features associated 
with a particular cell line remained constant 
unless variations were induced deliberately. 
Variations in age of culture, time-length of 
fixation or per cent of osmium used induced 
no significant morphologic changes. This 
does not mean that each cell was precisely 

TABLE I. Growth of Tissue Culture Cell Lines on 
Grids Coated with Formvar, Collodion and Carbon- 

Collodion Membranes. 

Type of membrane 
Carbon- 

Cell line Formvar Collodion collodion 

Chicken fibroblast 34- 3+ 4+ 
Mouse fibroblast (L) 0 2+ 4+ 
HeLa 2+ 2+ 4+ 
Liver (Chang) 0 2+ 4+ 
Chicken monocyte 2+ 2+ 4+ 

4+ = normal growth, no rounded or degenerat- 

0 = no normal cells, all cells rounded and/or dc- 
ing cells. 

generating. 

like all others of its type but the differences 
observed were quantitative rather than quali- 
tat ive . 

The importance of present modification of 
methods for this type of preparation must be 
emphasized since there was marked variation 
in the ability of cells of different cell lines to 
grow on surfaces suitable for electron mi- 
croscopy. Thus, formvar membranes allowed 
rexsonably good growth of chicken fibroblasts 
as reported by Porter ( 1 )  but were completely 
unsuitable for the “L” cells which did not 
put out processes on this surface and re- 
mained in a rounded form. Under these lat- 
ter conditions few microvilli were seen pro- 
jecting from the cell surface, and degenera- 
tion of most cells occurred within 24 hours. 
The growth of the various cell lines with vari- 
ous membranes is presented in Table I. 

The following paragraphs summarize the 
morphologic observations of several hundred 
cells of each type. These specimens were 
prepared in many separate experiments over 
a period of several months. In no instance 
did the prototype cell morphology vary sig- 
nificantly. For example, “L” cell prepara- 
tions studied months ago and new prepara- 
tions studied recently were entirely compar- 
able as was true with all other cell types. 

Strain “L”, mouse fibroblast (Earle) . This 
cell was characterized by its elongated ap- 
pearance and a profusion of microvilli pro- 
jecting from all surfaces (Fig. 1 and 2 ) .  No 
nuclear or cytoplasmic structure was ever vis- 
ible. The microvilli were 1-10 p long and 
0.1-0.3 p wide without a terminal bulb struc- 
ture. Microvilli were more profuse in the 
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FIG. 1. Mouse fibr0l)liist str:iiii “ L ”  (Earlei. Only a few of the larger microvilli (MV) 
are  specifically indicated. The ctlll hod? 1s HIWilys  thick and opaque t o  the electron beam. 
Ch ronii uni sliatlow-ecl. x 1 Cjo~ 1. 

FIG. 2. A higher magnification of the surfare of niiot,lier “L”  cell. The profusion of villi 
proiectiiig from thc surface is c*liari~~teristic. (’1ironiiiiin shadowed. X 6400. 

FIG. 3. Chicken fibroblast w1iic.h 1i;1$ fla tttwrfl so tliut some cytoplasmic structures a r e  vis- 
ible. The cell sh;rpe rcwiiilblcs t h c t  ‘‘ 1, ’ ( ~ 1 1  Ibiit mic.rovilli arc numerically few. Chromiuiri 
shaclo\\-ecl. x 160(l. 

FIG. 4. Two HeLa cells sliowing ;I, few iiitracellular bridges. Art this magnificatioii only a 
few microvilli appear to be present. Chromium shadowed. X 1600. 

FIG.  5. Higher magnification of a HeLa cell surface. MV-A indicates typical bulbless 
nlicrovilli extending out from cell surface; MV-B locates masses of villi folded back onto cell 
body. Chromium shadowed. X 6400. 

FIG. 6. Typical Chang’s t iwr  qlitlieJial cell surface sliowing bulbous (B) niicrovilli which 
extend through or arise from ;I fl:i], (E’)  of cvll vytoplnsin. Cliroiiiiuiii shadowed. X 6400. 

FIG. 7. Chicken monoc.~to. In this ~ 1 1  t,qw villi ;iIbparerl i n  1);itclies and niost of the visible 
surface was owupied hy a 1~1f?IllIJ1’:1llOllS ?;t ruvture, SWII Iierc ill part, probably corresponding to 
the undulating membraiic ((‘I) ) .  C‘lirouiiuni sli:~(lowctl. X 1667. 

regions of cell processes but were present to found with the “L” cell. Most cells of this 
some extent on all surfaces. type showed the profusion of microvilli seen 

which is similar to that of the chicken fibro- Chicken fibroblast. As previously ob- 
blast in Fig. 3.  served by Porter et aZ.( l ) ,  this cell tended to 
(MV) in Fig. 1 represent the minimum flatten considerably so that internal cell 

Fig. 1 shows the typical spindle shape in Fig. 2. 

The number of niicrovilli 
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structure could be seen (Fig. 3 ) .  Microvilli 
were absent in most areas and only a few 
per cell were seen, usually concentrated in 
the region of the cell processes. 

HeLa epithelial celi ( G e y ) .  This cell 
(Fig. 4 and 5 )  had an irregular shape exhib- 
iting more variation in this regard than any 
of the cells studied. Internal structures of 
the cell, the nucleus ana cytoplasm, were vis- 
ible in about half of the cells. The surface 
was characterized by large numbers of micro- 
villi which varied greatly in length hut had 
a fairly uniform width af 0.05 to 0.2 p. Oc- 
casionally HeLa microvilli terminated in a 
bulb but enlarged areas of the body of the 
villus have not been found similar to those 
noted for Chang’s liver cells. The clistin- 
guishing feature of this cell was the folding 
back of the cell d g e  onto the cell body 
proper as seen in Fig. 5 .  This configuration 
was present in all the cells examined and con- 
forms in general to the “ruffle edge” de- 
scribed by Lewis (6). Superficial examina- 
tion of HeLa surfaces a t  low magnification 
(Fig. 4) would suggest that very few micro- 
villi are present. A higher mqgnification mi- 
crograph (Fig. 5 )  shows that a few villi, MV- 
A, project out from the surface but many 
more; MV-B, are seen iolded back onto the 
cell b d y .  Although this surface configura- 
tion was found occasionally in the C1iang:’s 
liver cells (described below) it was far less 
prominent than in the HeLa cells. The fold- 
ing back of the microvilli was not found with 
the chicken fibroblast, the mouse fibroblast 
or the chicken monocyte. 

Liver epithelial cell (Chang).  In shape 
and amount of internal structures visible this 
cell resembled HeLa but examination af the 
surface at  high magnification revealed two 
distinct differences. As indicated above, the 
microvilli did not tend to fold back onto the 
cell body although this was occasionally seen. 
More characteristic was the appearance of 
bulbous enlargements crf the villi (Fig. 6B) .  
Usually a single terminal bulb was present 
but in some instances 2 such enlargements 
were found. In addition, villi appeared to 
project through thin flaps or extrusions of the 
cytoplasm (Fig. 6,F). 

Chicken monocyte. This cell generally as- 

sumed an oval or round shape and the cell 
body was opaque to the electron beam so that 
no internal detail was seen. The cell surface 
was characterized by microvilli appearing in 
patches and varying greatly in number, length 
and width. Fig. 7 illustrates the typical ap- 
pearance of this cell type. Microvilli project 
out from one segment of the surface and the 
remaining surface area consisted of a smooth, 
scalloped membranous structure correspond- 
ing to the undulating membrane (UD) ob- 
served by light microscopy. It is of interest 
that micrographs of this cell invariably 
showed folding of the underlying carbon-cd- 
lodion membrane to an extent not found with 
other cell studies. The monocyte is well 
known for its strong adhesion to surfaces on 
which it grows, which may account for the 
folding of the grid membrane. 

Discz~ssim. The present study demon- 
strates that the surface morphology of the 5 
cell lines examined varies considerably from 
line to line particularly in regard to number 
and configuration of the microvilli. On the 
other hand, the surface structure of any given 
one of these 5 cell lines remains quite con- 
stant and reproducible when the tissue cul- 
ture preparations are made in the manner de- 
scribed. The original method for whole cell 
electron microscopy( 1 ) utilized chicken 
fibroblasts grown on formvar-coated copper 
mesh grids. This technic provides reason- 
ably g o d  results with chicken fibroblasts but 
is of little or no value for some of the other 
cell types. The mouse fibroblast strain “L”, 
for example, will not grow normally on form- 
var and the other cell lines used have shown 
varying degrees of toxic or abnormal changes 
apparently due to the formvar, the copper or 
both. Carbon-collodion films on stainless 
steel grids allow cell growth comparable to 
that observed on glass. 

The reproducibility of the cell surface 
structures of any of the 5 lines examined was 
very good in contrast to the marked varia- 
tions found when the same cells were grown 
on either formvar or plain collodion. Blind 
tests to determine cell type on the basis of 
the surface morphology have demonstrated 
that the distinction between the mouse fibro- 
blast, chicken fibroblast and chicken mono- 
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cyte is extremely easy and accurate. The 
ability to distinguish between the liver epi- 
thelial cell (Chang’s) and HeLa is more dif- 
ficult but can be accomplished if one scans a 
number of cells. It is not proposed that all 
tissue culture cell lines can be distinguished 
in this manner but knowledge of their sur- 
face features may be of some help. 

Some of the features of cell surfaces de- 
scribed here can be seen and have been pho- 
tographed in the light microscope. The un- 
dulating membrane and the patchy distribu- 
tion of the microvilli in the chicken mono- 
cyte and the folding back of the HeLa cell 
edge correspond to similar structures seen in 
light micrographs and reported by various in- 
vestigators( 7,8). It would appear, then, that 
the present technics have not introduced an 
inordinate amount of cell distortion, 

An improved method for the 
electron microscopic study of intact tissue 
culture cells is based on the use of carbon- 
collodion coated stainless steel grids upon 

Summary. 

which the cells are grown. Cell preparations 
are fixed with buffered osmium and metal 
shadowed. This technic has been applied to 
the study of 5 cell lines including mouse 
fibroblasts strain “L” (Earle) ? HeLa (Gey) , 
liver epithelial (Chang) , chicken fibroblasts 
and chicken monocytes. Distinctive surface 
features of these cell lines are described. 
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The endotoxins of gram-negative bacteria 
cause a large variety of primary and sec- 
ondary reactions in susceptible hosts, includ- 
ing fever, the local and generalized Shwartz- 
man reactions, hemorrhagic necrosis in es- 
perimental tumors, as well as alterations in 
non-specific resistance, immunological re- 
sponse, properdin levels, and dermal reactiv- 
ity to epinephrine( 1-5). Chemically. the en- 
dotoxins are complexes made up of polysac- 
charide, protein or peptide, and lipoid. I t  is 
the polysaccharide moiety that is responsible 
for serologic specificity. Recent studies sug- 
gest that the lipoid A component of this com- 
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plex is pyrogenic, alters nonspecific resis- 
tance to experimental infection, and is re- 
sponsible for enhanced reactivity of the rab- 
bit to epinephrine( 6,7). 

A trichloracetic acid extract from Staphy- 
Zococcus aurezis strain D was found to alter 
dermal reactivity of rabbits to epinephrine 
(8) in a fashion comparable to that of endo- 
toxins from gram-negative bacteria and the 
lipoid A component of E .  coli endotoxin( 7 ) .  
The same staphylococcal extract caused ex- 
tensive hemorrhagic necrosis of mouse sar- 
coma 180(9). The present study was un- 
dertaken, therefore, to determine whether E. 
coZi lipopolysaccharide and the corresponding 
lipoid A component also produce hemorrhagic 
necrosis of sarcoma 180 of mice, and to com- 




