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1 The present studv had been conducted at the laboratory of developmental biology in the Biological Institute,
Faculty of Science, Nagoya University, when the authors stayed there.
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INTRODUCTION

Detailed analyses on the regenerative transformation
of iris cells into lens cells have been reported by Eguchi
(1963 a, b and 1964 a, b). His attempts were demonst-
the

phases of the lens fiber formation from pigmented iris

ration of subcellular differentiation during early

cells, using adult T'riturus pyrrhogaster. Also Karasaki
(1964) reported independently the results in American
newt, T'. viridescens similar to those of Eguchi (1964 b).

Some important phenomena were detected on the
cytoplasmic membrane structures as endoplasmic reticulum
and mitochondrion. For instance, the endoplasmic

reticulum is given rise from the outer nuclear membrane
as blebbing, and mitochondria change in number, size,
and morphological pattern during cyto-differentiation
(Eguchi, 1964 a and b). However, some differences can
be recognized between the results of Eguchi (1964 b)
and of Karasaki (1964), especially in changes of the
endoplasmic reticulum.

The present electron microscopic study deals with the
detailed observation on changes in the membrane struc-
tures during the elongation of lens fiber cells of the
actively regenerating lens in adult newts. Special
emphasis was focused on the endoplasmic reticulum and

the mitochondrion.
MATERIALS AND METHODS

Adults of the Japanese newt, Triturus pyrrhogaster,
The lens
MS

(Sandoz, Swiss) by a pair of fine forceps through corneal

was

222

were used as an cxperimental material.
ectomized from the animal mnarcotized with
incision (after Sato, 1940). Lensectomized animals were
kept in an incubator regulated at a constant temperature
of 20+1° C. Around 20 days after the lens removal,
when the lens regenerate attained to Sato stage 8 to 9,
the lensectomized eye was carefully isolated in cold
Tyrode solution. The isolated eye was fixed according to
Eguchi (1964b) and was then washed, dehydrated, and
embedded in Epon 812 by the method of Luft (1961).

Sections were cut on a JUM-5 ultramicrotome (Japan
Electron Optics Co.) and stained with saturated aqueous
solution of uranyl acetate (Watson, 1933) for an hour
and with lead citrate (Reynolds, 1963) for 20 seconds
at 20°C. Stained sections were observed on a JEM T-6
electron microscope of Japan Electron Optics Co. Electron
micrographs were taken at instrumental magnification of
4,000 to 8,000,

RESULTS AND DISCUSSION

It was much advantageous to use the lens regenerated

to Sato stage 8 to 9 as material. As shown by Eguchi

(1964 b), differentiating cells of every stage from pig-
mented epithelial cell to elongating lens fiber cell were
contained in the regenerating lens of those stages.
Moreover, the lens was fairly small envugh to handle
{for submicroscopic preparation and each cell type was
easily selected in the same individual lens-regenerate.

In the basal portion of the elongating cells {correspond
to EC-cell in Eguchi, 1964 b), it was generally observed
that the large blebbings of the outer nuclzar membrane
1) and
they seemed to continue to the rough-surfaced endoplasmic
Tto 4D,
These endoplasmic reticuli were alwavs rough-surfaced

of

were partially accompanied by ribosomes (Fig.

reticulum systems around the nucleus (Figs.

and with complicated profiles and large space
cisternae (Figs. 1 to 4). Numbers of large and small
vesicles were also observed in the eytoplasm of elongating
lens fibers (Fig. 3). Majority of these vesicular mem-
brane structures could be regarded az profilss of the
endoplasmic reticulum, because these siruciures carried

in

ribosomes on their outer surface (shown bv arrows

Figs. 2 and 5). Ribosomal population was very dense,
especially in the vicinity of the nucleus (Figs. 4, 5, and
6). Ribosomes were generally observed as ciusters and
small numbers of them were dispersed stiil in single
number.

According to Eguchi (1964 b), the blebbing of the

outer nuclear membrane becomes ohservable in the cells
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Abbreviation: ER =endoplasmic reticulum, B=blebbing of outer nuclear membrane, ics==intercellular
space, M=mitochondrion, N=nucleus, pm=plasma membrane, rc=ribosomal cluster, and c==cisternae.

Fig. 1. Blebbing of outer nuclear membrane and prominent rough-surfaced endoplasmic reticulum near by
the nucleus in the basal portion of the young lens fiber. Mag. 18,000,

Fig. 2. Endoplasmic reticulum with large space of cisternae. Mitochondria attached closely to the endopl-
asmic reticulum. For further explanation see text. Mag. 18,000,
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Fig. 3. Prominent endoplasmic reticulum in the vicinity of the nucleus in the basal portion of elongating
lens fiber. Mag. 18,000,

Fig. 4. Endoplasmic reticulum and mitochondria at the basal end (immediate inside of the lens surface)
of the elongating fiber cell. The endoplasmic reticulum of the most large cisternae is partially smooth-
surfaced. Mitochondria are closely attached to the surface of the endoplasmic reticulum. Mag. 18,000.
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after depigmentation and vesicular profiles of smoothy
and rough-surfaced endoplasmic reticulum increase in
number relating closely to the bleb-formation of the
outer nuclear membrane. He ascertained that these
vesicular elements of the endoplasmic reticulum could be
derived from the nuclear membrane. Similar phenomena
were observed in other materials. Wischnitzer (1963)
had elegantly demonstrated in amphibian oocytes that the
cytoplasmic vesicles were derived by blebbing from the
outer nuclear membrane and migrated to the periphery
of the cells and then formed the reticular membrane
stractures. In the present observation, the large endop-
lasmic reticulum with large space of cisternae was
observed to continue to the blebbing of the nuclear
membranc in the actively elongating cells. This can be
adopted as one of the evidences to support the ideas of

those authors who regard the blebbing of the outer

Fig. 5. Regional concentration of mitochondria in the vicinity of the nucleus of young lens fiber.
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nuclear membrane as one of the origins of endoplasmic
the blebbing

in the undifferentiated cells seems to

reticalum. Moreover, in the lens cells,

observable first
continue actively during cell elongation.

At the same time, when the endoplasmic reticulum
developed, a large number of mitochondria were observed.
Population of mitochondria was often concentrated near-
by the endoplasmic reticulum in the vicinity of the
nucleus (Figs. 4 and 5). Mitochondria sometimes attached
to the endoplasmic reticulum. Some of the mitochondria
of the elongating lens fibers were obviously changed
(Fig. 6,

accompanied by large and small vesicular structures and

arrow). In such cases, mitochondria were
they were often situated nearby the intercellular space.
Recently, Jurand and Yamada (1967) reported preli-
that the
vesicular or myelinated structure into the intercellular

minary mitochondria were eliminated as

b2
Large

number of vesicular profiles of the endoplasmic reticulum are seen in the figure. Some of them are bearing

ribosomes (arrow). Mag. 28,000,
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Fig. 6. Concentrative ribosomal clusters in the young lens fiber cell. In the upper portion of the figure,
extraordinary membrane structures are observed. Most of the endoplasmic reticuli show vesicular pattern.
Mag. 28,000.

Fig. 7. Endoplasmic reticulum and mitochondria in the apical pertions apart from the nucleus in the young
lens fibers. Mag. 18,000,
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Fig. 8. Endoplasmic reticulum and mitochondria in the apical portions apart from the nucleus in the
young lens fibers. Mag. 24,000,
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space during lens regeneration in 7. viridescens.

In the apical portion apart from the nucleus (Figs. 7
and 8), the endoplasmic reticulum was not so prominent
but rather disintegrating. Majority of endoplasmic reticuli
showed vesicular profiles and consisted of the rough-
surfaced element. Mitochondria in the apical portion
were extremely swollen indicating partial disappearance
without

These
In

the intercellular space, large and small vesiclular structures

Vesicular structures
7).

structures seemed to be in process of disintegration.

of cristae mitochondriales.

cristae  were sometimes observed (Fig.

were observed (Figs. 7 and 8). Comparison of them
with the vesicular structures observed in the intercellular
space of the lens regenerate by Jurand and Yamada
(1957), these structures may be given rise also through
elimination of mitochondria.

The results of the present observation might lead the
present authors to the following counsideration: In the
elongating lens fibers, the endoplasmic reticulum develops
in the basal portion of fiber cell with regional concent-
ration of the mitochondria, and plays an important role
in the lens protein synthesis evoked by rapid increase
of nuclear RNA synthesis (Yamada and Karasaki, 1953
1963)
population (Eguchi, 1964b). As the abvancement of the

and Yamada and Takata, and of ribosomal
cell elongation, the membrane structures such as endop-
lasmic reticulum and mitochondrion undergo structural
disintegration which comes up from the apical end to

the basal portion of the leas fiber.

SUMMARY

The membrane structures were electron microscopically
studied in the elongating lens fibers of the regenerating
tens of adult Triturus pyrriegaster. Observations were
focused on the endoplasmic reticulum and mitochondria.
The endoplasmic reticulum developed in the vicinity of
the nucleus with active blebbing of the outer membrane.
At the same time, the concentration of mitochondria
around the rough-surfaced endoplasmic reticulum near-
by the nucleus was always observed. Both endoplasmic
reticulum and mitochondrion undergo disintegration in
the apical portion apart from the nucleus. Some consi-

derations were discussed with reference to published data.
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