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

Tonofibrils  and  their  componen t  tonofilaments are 
prominent  consti tuents of various types of cpi- 
thelial cells. Tonofi lamcnts  are of largely unde-  
tined length (1), average about  70 A in diameter,  
and  frequently can be  traced into the vicinity of 
desmosomes, where they may  loop through the 
region of the a t t achmen t  plaques (2). Ul t ras t ruc-  
tural  examinat ions  have failed to establish con- 
sistent evidence of periodicity in tonofibrils, al- 
though Brody (3) has shown one example of such 
a phenomenon.  

The  cur ren t  report  dcscribes tonofibril pcrio- 
dicity in cer tain embryonic  mouse cells. T h e  cells 
were noticed first in organ cultures of j aw mesen- 
chymc and  submandibu la r  g land epi thel ium re- 
moved  from 13-day mouse embryos. Subsequent  

investigation impl ied  tha t  the epithclial cells con- 

ta ining the fibers wcre conta ined originally in 

traces of oral epi thel ium associated with the j aw 

mesenchyme. Since then, periodic fibers have 

been seen in oral epi thel ium-jaw mcscnchymc cul- 

tures, in cul tured lower j aw cpidermis from 13-day 

embryos, and  in 13- and  16-day embryonic  j aw 

skin tha t  was fixed immediate ly  after dissection. 

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

Embryos were obtained from crosses of B/ALB C 9 
with C3H o ~ mice; the morning of vaginal plug dis- 
covery was counted as day 0. Dissections and culture 
procedures duplicated earlier procedures (4), except 
that  the direct recombinations of epithelium and 
mesenchyme were cultured on the upper surface of a 
Millipore filter (5) and were held in place with a 
plasma clot. Cultures were fed on each of 3 days with 
a mixture of Eagle's basal medium plus 10% horse 
serum and 10% 9 day chick embryo extract. Oral 
epithelium for culture was obtained from the lining 
of the mouth adjacent to the ducts of the salivary 
glands in 13-day embryos. The lower jaw skin of 13- 
and 16-day embryos was removed from the area near 
the mid-ventral line immediately posterior to the 
symphysis of the mandible. 

Cultures were fixed for 3 hr in ice-cold 21/~% glu- 
taraldehyde in Sorensen's buffer at pH 7.8. Then 
they were washed with two 2-hr changes of cold 1% 
Sorensen's buffer. Osmium tetroxide (1%) in Veronal 
buffer was used as a postfixative (6) at pH 8.0, and 
in the presence of sucrose (0.045 g/ml) and calcium 
chloride (0.0016 g/ml).  Postfixation was carried out 
overnight at 4°C. Dehydration and embedding were 
as follows: cold 50% EtOH, 5 rain; cold 80% EtOH, 
10 rain; cold 95% EtOH, 15 min;  cold 100% EtOH, 
20 min (with rise to room temperature); 1% phos- 
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photungstic acid in 100% EtOH, 30 min (7); 100% 
EtOH, 20 min; a 1"1 mixture of 100% EtOH and 
Epon, 1 hr; Epon, 2 hr. The Epon was hardened by 
heating at 38°C for 24 hr and/or at 60°C far 24 hr. 

A Porter-Blum MT-2 microtome was used to ob- 
tain thin sections (circa 120 mg) that were picked up 
on grids coated with Formvar and with a film of 
evaporated carbon. Sections were stained with uranyl 
acetate(8) and with lead citrate (9) prior to examina- 
tion using an RCA EMU-3F electron microscope. 

R E S U L T S  

In organ cultures, epithelium typically rounded 
into cystlike vesicles (Fig. 1). After 3 days in vitro, 
glycogen deposits and kcratohyalin granules were 
prominent  in cells at different levels of the epi- 
thelium. The fibers described below occurred in 
cells that also contained glycogen, but did not 
contain large keratohyalin granules. 

As seen in the figures, long stretches of perio- 
dicity are visible in many of the tonofilament 
bundles (Fig. 2). The  repeat distance of the dense 
bands averages 220 A. Examination of individual 
tonofilaments by high magnification of the photo- 
graphs reveals rounded electron-opaque areas 
regularly distributed down each filament (Fig. 6). 
Registry of these densities results in the periodicity 
seen at lower magnification. This registry has been 
traced across bundles of tonofilaments 0.9 # wide 
(Fig. 4). Note from the figures that all bundles in 
a given cell do not display the repeat structure. I t  
is not known whether differences in orientation 
with regard to the plane of section produce this 
effect, although that seems unlikely. In favorable 
cases, the periodicity is seen in tonofilaments that 
extend directly into the at tachment plaques of 
desmosomes at the epithelial cell surface (Fig. 5). 

Periodicity was much less prominent in jaw 
epidermis. Figs. 3 a and b are representative of 
the instances in which periodicity with 240 A re- 
peat distance was seen. 

D I S C U S S I O N  

Collagen (10) and fibrin (11) fibers both show 
periodic repeat units when stained in various ways 
and viewed with the electron microscope. The  cur- 
rent observations establish that a similar phenome- 
non can occur in epithelial cell fibers. We assume 
that the 220 A periodic repeat units are associated 
with tonofilaments because the banded fibers can 
be traced directly into the attachment plaques of 
desmosomes, and because the periodic regions 
often are continuous with aperiodic bundles that 
in all other respects are typical tonofibrils. I t  is 
unknown whether the periodicity results from 
heavy metal binding to the proteinaceous back- 
bone of the filaments of from binding to other 
substances associated with the filaments at regular 
intervals. Matohsy (12) reported a beaded appear- 
ance of filaments that aggregate during drying of 
purified soluble prekeratin. Whether  staggered 
array of such units could give rise to the observed 
periodicity is unknown. Obviously, however, some 
undefined process does result in aggregation of 
tonofilaments so that lateral registry of the staining 
moieties is produced. 

It  also is unknown why the periodicity appears 
most prominently in organ-cultured epithelial 
cells that also contain glycogen granules. Interest- 
ingly, glycogen deposits also were seen in the 
freshly fixed 16-day embryonic epidermal cells 
that contained fibrils with similar periodicity. 
Unpublished experiments by Dr. Kal lman indicate 

FIGVHE 1 Cross-section of oral epithelium that has rounded into a cyst within the jaw 
mesenchyme during the 7~ hr in vitro. The outermost epithelial ceils are proliferative. 
Keratohyalin granules are visible in the cytoplasmic regions of the cells near the central 
lumen, and large masses of glycogen (arrow) are found in some intermediate level cells. 
Scattered ceils at the level indicated by T contain the tonofibrils with the repeat structure. 
X 400. 

FIOURE ~ Cytoplasmic regions of intermediate-level cells of oral epithelium in which 
peroidicity of the fibrillar system is seen. Tonofibril bundles containing periodic regions 
lead toward typical aperiodic clusters of tonofilaments (arrow) in the center. Glycogen 
granules (G) are located nearby. X 50,500. 

FmuR~ 8 a, b Suggestions of periodicity in tonofilaments (arrows) in freshly fixed jaw 
skin from 16-day mouse embryos. Although not so frequent or prominent as in cultured 
cells, the repeat distance is nearly the same, ~40 A. X ~1,000. 
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FIGURE 4 A wide bundle of tonofilaments in which the periodic densities can be traced for 
unusually long distances. Glycogen (G).)< 50,800. 

FIGURE 5 A case in which periodicity is associated with tonofilaments that can be traced 
directly (arrows) into the attachment plaques of a desmosome. X 31,500. 

FIGURE 6 A portion of Fig. 5. Note the suggestion of individual densities spaced at regular 
intervals along individual tonofilaments; lateral registry results in the periodicity seen at 
lower magnification. )< 10e,000. 

that  the cultured cells are healthy as defined by 
uridine-3H and leucine-3H incorporation. Fur ther  
analysis of the periodicity will depend upon finding 
reproducible conditions that  evoke large scale 
filament alignment. 

The observations reported in this brief paper were 
made by Dr. Frances Kallman prior to her death in 
March 1966. The manuscript has been prepared by 
Dr. Wessells with the gracious assistance of Mrs. 
Jean Evans. 

This work was supported by the National Institutes 
of Health Grants GM 08719 and GM-10060. 

Received for publication 22 July 1966. 

R E F E R E N C E S  

1. CHARLES, A. 1964. Proc. Zool. Soc. Lond. 12:39. 
2. KELLY, D. 1966. 3". Cell. Biol. 28:51. 

3. BRODY, I. 1960. 3". Ultrastruvt. Res. 4:264. 
4. KALLMAN, F., and C. GROBSTEIN. 1965. Develop. 

Biol. 11:169. 
5. GROBSTEIN, C. 1956. Exptl. Cell Res. 10:424. 
6. PALADE, G. E. 1956. Proc. Intern. Conf. Electron 

Microscopy, 3rd, London, 1954. 129. 
7. HUXLEY, H. E. 1957. J.  Biophys. Biochem. Cytol. 

3:631. 
8. WATSON, M. J. 1958. J.  Biophys. Biochem. Cvtol. 

4:475. 
9. REYNOLDS, E. S. 1963. J.  Cell Biol. 17:208. 

10. HODGE, A. J., and F. SCHMITT. 1961. In Macro- 
molecular Complexes. M. V. Edds, editor, 
The Ronald Press Company, N. Y. 19-52, 

11. PORTER, K. R., and C. HAWN. 1949. J. Exptl. 
Med. 90:225. 

12. MATOLTSY, A. G. 1965. In Biology of the Skin 
and Hair Growth. Angus and Robertson, 
Sydney. 291. 

B R ~ E F ~ O T ~ S 2 3 1  


