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Clonal aging and senescence of
Paramecium have been characterized by
various changes in cellular functions (1).
Paramecium shows a change from sexual
immaturity to maturity over the course
of its life cycles (2). Sexual maturation is
genetically controlled and the length of
immaturity period is defined as a
function of the number of cell divisions.

We have found that a cytoplasmic
soluble protein, immaturin, represses
sexual activity when injected into
sexually mature cells (3). The retention
of immaturin effect over the course of
cell divisions after microinjection
indicates that immaturin is diluted simply
and distributed randomly in daughter
cells.

The production of the immature-
mature hybrid nucleus revealed that
immature macronucleus is dominant over
mature nucleus with the respect to the
ability to express sexual activity (4). Our
results suggest that the macronucleus
determines ability to express sexual
activity by counting post-conjugation cell
divisions and keeping track of the age of
the clone and immaturin act as a
cytoplasmic signaling molecule to control
the expression of sexual activity.
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Mortalin, a hsp70 family member: its involvement in cellular
mortality, immortalization and interactions with tumor suppressor

protein, p53
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Cellular mortality and immortalization
The restricted replicative capacity of normal somatic cells that confers

them with a mortal divisional phenotype is a most consistent manifestation
of cellular aging. The late passage (senescent) non-proliferating cells are
characterized by several morphological alterations, such as increased size,
more flattened and irregular shape, decreased membrane fluidity, increased
protein oxidation, decreased DNA methylation, telomere shortening, and
defects in mitogenic signaling (1-3). While the mechanism of cellular
senescence remains largely unknown, evidence in favor of genetic roots of
fixed replicative capacity of cells in culture has been accumulating. This
includes species specific life-span, relation between donor age and cell
replicative potential, fewer divisions of cells derived from patients with
Werner syndrome, a premature aging disorder (4-7), and dominant nature of
cellular senescence over immortalization (2).

Cellular immortalization involves an escape from senescence as a
result of multiple mechanisms involving genetic and epigenetic parameters.
A lot of understanding on cellular aging has emerged from comparative
studies on normal and cancerous cells. The latter continuously cycle in
culture and can be maintained indefinitely and therefore have immortal
divisional phenotype. Spontaneous immortalization of murine cells in
culture has been frequently observed in sharp contrast to normal human cells

that rarely, if ever, become immortalized spontaneously in vitro. Oncogenes



of certain DNA tumor viruses can result in life-span extension by 20-30
population doublings (8). Life-span extended cells still enter crisis phase
which is characterized by no net growth of the culture. Immortal clone may
arise from crisis cells with a low frequency of approximately 105(8). The
genetic events that drive the cells from crisis to immortal phenotype remain
unknown although the immortal clones exhibit telomere maintenance in
contrast to the senescing cells that undergo telomere shortening.

The period of extended life-span is often characterized frequently by
loss of p53 and pRb function, genes that frequently suffer a loss-of function
mutation in tumors. Human fibroblasts grown in the presence of antisense
oligonucleotides (oligos) that inhibit the expression of pRb and p53 behave
very similar to cells expressing SV40 T antigen (9). While it remains
controversial as to whether the level of p53 protein changes as cells enter
senescence (3), both the transcriptional activation and the DNA binding
activities of the protein increase as cells approach senescence (10, 11). p53
regulated inhibitor of cyclin-dependent kinase, p21, has been detected as
upregulated in senescent cells (12) and disruption of p21 gene in normal
diploid human fibroblasts results in extended population doubling as
compared to their normal controls (13). Such studies have assigned senescent
determining roles to p53 and its down stream effector, p21 (12-14). In
addition, pRB is found in hypophosphorylated form in senescent cells (15).
Although it appears that inactivation of both pRb and p53 is essential in order
for cells to circumvent the normal proliferative constrains imposed by
replicative senescence, there are many transformed cell lines that retain

‘normal p53 and/ pRB status.

Mortality is dominant over immortalization:

Cell hybrids between immortal and normal cells have mortal
phenotype showing that immortalization is recessive (16). Pereira-Smith and
Smith (17) have shown that pairwise cell hybrids between different tumor cell

lines demonstrate four complementation groups (A-D) of immortality.



Sandhu et al. (1994) have found that reintroduction of a normal chromosome
6 or 6q into the SV40-transformed immortal cells of complementation group
‘A’ results in growth inhibition and reappearance of a senescent-like
morphology (18). Other chromosomes (1, 4, 7) have been reported to have
similar effects on immortal cells of the B-D complementation groups (19-23).
Although multiple parameters of cellular senescence have to be assessed,
such genetic studies support a model that inactivation of a limited number of

loci “encoding growth suppressors” are responsible for immortalization.

Mortalin during cellular mortality and immortalization

Mouse fibroblasts show frequent spontaneous immortalization in
culture. This ability varies with strain of mouse from which the cells are
isolated and culture conditions such as cell densities and volume of the
culture medium used (24, 25). We and others have reported that murine cells
do show normal senescence and crisis phases (24-27) and their
immortalization is a multistep process (28, 29).

We have previously identified a 66-kDa protein present in cytoplasmic
fractions of mouse cells with mortal (normal as well as conditional, hybrids
between normal and immortal cells) phenotype (25, 30). It was, therefore,
named mortalin and characterized as a new member of hsp70 family of
proteins. The microinjection of anti-mortalin antibody to senescent mouse
cells led to the transient stimulation of cell division consistent with its
antiproliferative function in normal cells. Immunofluorescence studies
revealed that the protein was not absent but localized to a different niche in
immortal cells (31). Whereas the normal cells exhibit widely distributed
protein in the cytoplasm (pancytosolic), the immortal cells harbor it in
perinuclear locale. Mortalin cDNA cloned from immortal cells, mot-2, differs
from the clone isolated from normal cells, mot-1, by only 2 base pairs in the
open reading frame (G1949A and G1959C) corresponding to two amino acid
changes (V618M and R624G) near the carboxy-terminus of the protein. The
transfection of mot-1 cDNA induced mortal phenotype in NIH 3T3 cells (32)



whereas a higher level of expression of mot-2 induced malignant
transformation (unpublished observations). In vivo studies by Northern
blot, RNA in situ hybridization, and immunohistochemistry in normal rat
tissues have shown a high level of expression in brain, heart, and skeletal
muscle that coordinates with the antiproliferative function of mortalin in
normal cells. However, a deregulation of the expression was observed in rat
brain tumor along with the detection of nonpancytosolic mortalin in rat
glioma cell line, C6 (33) indicating that the nonpancytosolic mortalin may
have role in tumorigenesis. Furthermore, mortalin expression is found to be
upregulated during malignant progression of human brain tumors (34).
From these results it is conceivable that mot-2 protein has pro-proliferative
function that adjoins with loss of mot-1 expression during cellular
immortalization.

In attempts to understand the mechanism of mot-2 induced malignant
transformation of NIH 3T3 cells, we have identified interactions between
mortalin and the tumor suppressor protein, p53. Mortalin and p53
interactions and the functional inactivation of the latter has been detected in
malignantly transformed NIH 3T3 cells (unpublished observations). Such
inactivation of wild type p53 function may lead, at least in part, to the
malignant transformation of NIH 3T3 cells.

We have reported that none of the mouse or human cell lines are seen
to have uniform cytoplasmic distribution of mortalin supporting the concept
that the loss of cytoplasmic form is essential or is tightly linked with the loss
of cellular mortal phenotype. The cellular distribution of mortalin has been
shown to serve as a reliable marker of mortal or immortal state in the same
cells (22, 23).

Independent studies by Domanico et al. (1993) have identified mortalin
from B cells as an antigen binding protein and have named it PBP72/74 (35).
It was detected in a variety of cell lines wherein the cell surface expression
was found to be restricted to B cell only. Fibroblasts were seen to have

protein in cytoplasmic vesicles, ER, golgi, and plasma membrane. Some



studijes have shown the protein to reside in mitochondria (36-38). Recently, a
mortalin homologue was isolated from Chinese hamster ovary cells and was
shown to localize in mitochondria, plasma membrane and cytoplasmic
vesicles (39). Dynamic cellular localization of mortalin/grp75 can lead to
speculation of its multiple functions, including chaperoning of proteins and
Ca* homeostasis in mitochondria. In addition, its similarity to DnaK
suggests its function in DNA replication. Further studies are required to
unravel functional mechanism of mortalins in cellular mortality and

immortalization.
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