[Title]
Analyzing the expression pattern of TERT in planarian toward elucidating the

mechanism for acquiring a life span.

[Background]

Why do we have a life span? There are various theories about what influences life
span, for example senescence by oxidative stress. The most representative is due to
telomere shortening (1). Telomeres are repetitive sequences in the end of
chromosomes. If DNA is replicated many times, replication problems take place in
the end regions. If cells exceed a limit of divisions called the Hayflick limit, cells
acquire a life span. For example, it is reported that human cells divide about 60
times and die if we culture them in dishes because telomeres shorten every time
they divide (2). But the telomere shortening is not observed in stem cells and
cancer cells. This is because they have high telomerase activity (3). Telomerase is
composed of protein complex, TERT is the most important protein because it has
reverse transcriptional activity. Recent research reported positive correlation
between expression of TERT and telomerase activity (4).

Planarians have high regeneration ability in order to form individuals from one
cleaved piece (referencel). Planarians which multiply by fission (innate asexual:
AS) distribute totipotent stem cells throughout the body. These cells are capable of
regeneration by proliferation and differentiation (5). AS’s totipotent stem cells keep
maintenance of telomere length in the whole body because they express TERT.

On the other hand, another planarians form testis and ovary for sexual
reproduction due to environmental change including low temperature or starvation.
Planarians which were born from eggs (innate sexual: InS) express TERT only in
germ cells, not somatic cells. As a result, telomere shortening and a life span is
acquired in that individual (6). Recent research about relationship between
reproductive patterns and life span reports that telomere shortening occurs only InS,
not sexualized planarians (Acquired sexual: AqS) (7). As above, the relationship
between reproductive pattern and life span has observed, the details have not been
clear.

At present, the relationship needs elucidation concerning mechanisms at the

molecular level. Further research in this area is required.

[Purpose of the research]
We hypothesize that telomere shortening in InS is caused by suppressing
expression of TERT. We therefore address expression pattern of TERT analysis in

the developmental process. Determining TERT suppression stage and area is equal




to acquire onset of life span system. Elucidating mechanism for acquiring life span
in planarian can cause development of life span because planarian is the first

triploblastic animal in the process of evolution.

[Result of the study]
1. In developmental process of planarian (innate Sexual: InS), we produced
anti-planarian TERT antibody to detect planarian TERT in order to reveal the

presence of the protein.

2. We conducted Western blotting to detect planarian expression of TERT in vivo by
use of TERT antibody. We also confirmed availability of the antibody in this
process. Especially due to the fact that planarians are assumed to have different
base sequences of tertin planarian of related species, so we confirmed detection of

TERT in Schmidtea mediterranea, Dugesia japonica, Dugesia ryukyuensis.

3. We conducted immunostaining with AS, InS and AgS to compare and examine
the different localization of TERT in adult planarian by the difference in
reproductive patterns and development. We also examined the optimal condition for

the concentration of antibodies in this process.

4. In order to specify phase and area of TERT suppression in developmental process
of InS, we collect samples at various developmental stages from fertilized egg to
hatching and detect expression and localization of TERT by immunostaining. We
also determine the telomere length in each developmental stage and clarified the

relationship between expression of TERT and telomere length.

5. Through examining the relationship between silence of TERT and individual life
span, we breed AS, AgS and InS long-term, to measure individual life span, analyze

expression pattern of TERT and changes in the telomere length.

[ Future study plan]
1. It has been reported already that someone has detected planarian TERT, so we
decided to produce polyclonal antibody. The base sequence of tertis been cloned
recently, so we predicted the amino acid sequence by the base sequence of tert and
selected the region of the antigen. We cooperated with K.Masutomi at National

Cancer Center in this process. We identify high antigenic region in N-terminal




region of planarian TERT as being homologous to human TERT K.Masutomi has.
These sites (CSEIKKRSPIYKSSNSYS) are as antigen, we had him produce

synthetic peptide, immunized with rabbits and produce polyclonal antibodies.

2. First of all, we conducted Western blotting with the use of individual asexual of
S.mediterranea to confirm utility of planarian TERT antibody. The result from
experiment using X500 antibody, we detected band as size of planarian TERT being
speculate from base sequence. Thereby, we confirmed availability of TERT antibody
in S.mediterranea and succeeded in detecting planarian TERT for the first

in the world. Also, we used samples not cut (not inducing regeneration), so it
reveals that asexual worms of S.mediterranea express TERT in the case of not
regenerating. We have been able to detect TERT in other species

(D.japonica,D.ryukyuensis).

3. We conducted immunostaining using asexual worms of S.mediterranea and
D.japonica, and changed combination that primary antibody diluted to 100times
and 500 times, secondary antibody diluted 2000 times and 5000 times, cut
planarian and uncut planarian. The result of that, we reveal that TERT localized in
almost whole body without pharynx in S.mediterranea under conditions of primary
antibody diluted to 500 times and secondary antibody diluted to 2000 times. But
signal intensity is unbalance, so we can’t confirm localization in detail. Now, we
have conducted experiments many times, for example conducting immunostaining

with the use of sliced sample, for establishment of optional conditions.

4. We don't have experiments from here, we assume that expression of TERT can be
seen by blastula stage and TERT is inhibited onward from the blastula stage in InS.
This is because TERT expressed in humans is not seen in somatic cells by the

blastocyst stage (inner cell mass) correspond to blastula stage from fertilized egg.

5. We think that individual life span of AqS is as long as AS and telomere
shortening does not occur because TERT is expressed over whole body. Individual
life span of InS is shorter than AS and AgS, we speculate that expression of TERT is
observed not in somatic cells but only in the ovary and testis, so the telomere length

will be shorter.




[Reference]
We will examine difference of interspecific TERT localization using TERT antibody
in planarians. We hope to establish an experimental method to acquire sexual
worms from asexual worms for investigation. After that, we will use
immunostaining to determine expression of TERT stage and area in developmental
process. We will reveal TERT localization suppressing expression of TERT in
developing AqS cells. After that, we can identify the suppression factor collecting
these cells. Next, we will produce knockdown planarians in these factor using RNAI,
and observe the difference of life span to elucidate molecular mechanisms. In the
future, we would like to approach and elucidate the essence of life span systems in

all organism including human being based on this investigation.
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Figure : Cleaved planarian(left) and regenerating planarian(right).

Figure2

The result of Western blots using TERT antibody is different to antigen.

@OTERT antibody (No.1)(left)

@TERT antibody (No.2)(middle)

®not using TERT antibody (right)

XWe confirm TERT expression in No.1 antibody(arrow). But No.2 antibody
weren’t observed any bands.



Figure3 : Immunostaining of S.mediterranea (inate asexual:AS) with TERT(x500)
and Alexa Fluor® 488(x2000, green). TERT expression was observed whole-body.

Figure4 : Dilation of Figure 3. Spotty TERT expression was observed.

Figure5 : Immunostaining of D.japonica (inate asexual:AS) with TERT(x500) and
Alexa Fluor® 488(x1000, green). We was not able to observe localization of spotty
TERT, whole staining is background.




Abstract

The representative factor deciding whether to acquire a life span is shortening of telomere. Telomeres are elongated by telomerase. In telomerase, TERT is the most important. Recently, tert gene
was isolated in planarians and it reported that asexually reproducing planarians (AS) do not have telomere shortening and do not acquire a life span because they distribute totipotent stem cells
throughout the body, while planarians which were born from eggs (sexually reproducing planarian:InS) have telomere shortening and acquire a life span. Additionally, InS scarcely express TERT.
Thus we hypothesized that telomere shortening is caused by suppressing TERT expression in developmental process from fertilized egg to hatching. We have studied in order to determine TERT
suppression stage and area in developmental process and grasp moment of acquiring a life span. To date, we revealed TERT expression in whole body of planarian by western blotting and
immunostaining in AS. We will reveal expression pattern of TERT in InS’s development process and analyze suppression factor of TERT after collecting the cells suppressed TERT expression. We want

to elucidate the mechanism for acquiring a life span and approach the origin of a life span in organism including human being.
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Telomeres are repetitive sequences in the end of
chromosomes. If cells exceed a limit of telomere shortening,
cells acquire a life span. But telomere shortening is not
observed in stem cells and cancer cells. This is because
telomeres are elongated by telomerase. Telomerase is
composed of RNA and protein complex, TERT (telomerase
reverse transcriptase) is the most important protein.

Planarians have high regeneration ability in order to form
individuals from one cleaved piece. In the same species, there
are asexual planarians (AS) and innate sexual planarians (InS). AS
multiply by fission. InS multiply by laying eggs. Also, some
species can switch reproductive pattern from each other due to
environmental change including low temperature or starvation.
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AS distribute totipotent stem cells throughout the body. AS’s
totipotent stem cells keep maintenance of telomere length in the
whole body because they express TERT. InS express TERT only in
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shortening and a life span in that individual.
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We hypothesize that telomere shortening in InS is caused by

Western blotting

germ cells, not somatic cells. As a result, AS has telomere

(DChange asexual planarian into sexual planarian and get eggs for experiment (in progress)

(@Produce polyclonal anti-TERT antibody in order to detect TERT in Planarian
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Antigen : N-terminal region of TERT
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suppressing TERT expression. TERT suppression stage is equal a moment
of acquiring a life span. We therefore analyze the expression pattern of
TERT from egg to hatching in developmental process. We can approach
the origin of a life span in organism including human by these findings
because planarian is the first triploblastic animal in the process of

Q/olution.
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We extracted protein from Schimidtea mediterranea, separated by molecular weight using
electrophoresis (fig. 1). The blue-violet staining are proteins. Gel was transcribed into
membrane, after that membrane was reacted with two kinds of antibodies which differ on
antigen of TERT (No. 1 and No. 2). We predicted amino acid sequences from base
sequences of planarian tert gene. Predicted TERT molecular weight was 38kDa~79kDa, so
\it is speculated that blue band is TERT (Fig. 2 arrow). This result revealed that No.1

antibody can detect TERT specifically. But No.2 antibody can not be detect TERT.

Fig. 3

Dugesia Schmidtea
japonica mediterranea

-
-

Whole-mount immunostaining by No.1 primary anti-TERT antibody. Dugesia japonica
and Schimidtea mediterranea are AS (Fig. 3). Spotty TERT localization were detected in
whole body only Schimidtea mediterranea (Fig. 4). It revealed that TERT express in cells
throughout the body at Schimidtea mediterranea AS.
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Fig. 4

Schmidtea mediterranea

(Secondary antibody : x2000)

As a result, we confirmed availability of planarian anti-TERT antibody.

|

Future plan |

guantitative PCR. Finally, we would like to reveal mechanism for suppression of TERT and approach the origin of a life span in organism including human.

In this research, we get anti-TERT antibody which is available for western blotting and immunostaining in planarian. Next, we have some following strategies. First, we will make AS into InS by
feeding Bdellocephala brunnea. Second, we get eggs from InS, observe and delimit developmental process from fertilized egg to hatching. Third, we will reveal the expression pattern of TERT in each
\developmental stage and decide a moment of suppressing TERT expression by western blotting and immunostaining. In parallel, we determine the telomere length in each developmental stage
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