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Responses of the spatio-temporal pattern of bioconvection to altered gravity
Yoshihiro Mogami, Eriko Asato, Yuuko Wada, Ayami Kubota, Yumiko Katsu , Maki Niihori and Shoji A.
Baba
Graduate School of Humanities and Sciences, Ochanomizu University
mogami@cc.ocha.ac.jp

Abstract: Bioconvection of the aquatic microorganisms has been focused as an experimental tool for
the research proposal aiming to reveal the possibility for gravity to develop new functions of the
biological systems through the collective interactions between the individual components of the
systems. Previously we reported the changes in the bioconvection pattern of Tetrahymena and
Chlamydomonas, viewed from top, in response to the altered gravity during parabolic fight by an
airplane. In top-view recordings, patterns from Tetrahymena were observed to decrease their size
under hypergravity and disappeared under microgravity. The patterns from Chlamydomonas, on the
other hand, showed little changes in their size under hypergravity, although the patterns were
observed to be enhanced under hypergravity. The patterns by Chlamydomonas remained less
changed under microgravity. These results were confirmed by the analyses on the side-view recordings
of the bioconvection pattern of the same specimens. In Tetrahymena the number of the settling blob
increased, corresponding to the decreasing pattern size under hypergravity. In Chlamydomonas, the
settling blobs changed to the shape of a bottle with constricted neck under hypergravity, which may
correspond to the enhanced (or sharpened) pattern in the top-view recordings. Interestingly, side-view
recordings revealed that large population of the microorganisms swam preferentially upwards and
accumulated at the top of the chamber under microgravity, which caused, especially in Tetrahymena,
abrupt formation of the settling blobs at the onset of the hypergravity.
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Fig 1. A, Set-ups for the recordings side-views of bioconvection pattern of Tetrahymena (left) and
Chlamydomonas (right). B and C, Sequential changes in the bioconvection pattern in side-views for
Tetrahymena (B) and Chlamydomonas (C) in response to the altered gravity during a parabolic flight of
an air-lane (G II, Diamond Air Service, Toyoake, Aichi). g-values are indicted at the lower right of each
image. Arrows beside each top image correspond the positions (top, center and bottom) for the
space-time plot analysis shown in Fig 2. Scale bars, 10 mm.
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Fig 2. Space-time plot analysis on the side-view recordings of bioconvection pattern of Tetrahymena (A)
and Chlamydomonas (B). Space-time plot obtained three separate positions (top, center and bottom)
indicated in Fig 1 are shown. Narrow bars beside the plots shows corresponding g-level monitored by
superimposed LED, the brightness of which was roughly proportional to the g-level (the brighter the LED,
the larger the g-level). Arrow heads indicate the time corresponding to the side-view images shown in Fig 1
(from top to bottom). Horizontal and vertical bars, 10 mm and 20 s, respectively.

KRS H — 0%, AT L CIREN L TV 5 il 2
OWMAEBMEY BT EFRBREZORERTH D, Ak
SIXH =2 A LT oMAEWD, EHOMREN
I, &f@Tiﬁ@r%ﬁ&ﬁLTmé E~>C, E
DIERIC NE—UPERTDHZERTRIES
5._®%ui?b?txfmﬂ5~y®é%f

WEh=boo, 77 I FEFATOEIHIITY
TIEE LRV, flx DA O OGS 72 BEAEH
2, EHEWIHNTBMET D Z LI L > TEMM
IZHEIE STV D7 b1, EHOHEKRICHE S —
VAL (ER) 12X, MBI X A EED
Y—bl bz, "F—rDb L ERDEHD
FEOREME GEEVKGH B E S ERFNRE ) 7) ISk T
WHIETFThHhbH. ZhbfAEERHOFIZ, THENHZ)
ROWBEIERER] 207207 A =X LN EBEATHD
AREMED N B D . YA ROEE RN Z, RF—2
DR & FFIBOMEIZ R S D EEOFEH & T3
HIET, V=X I N—TOEHETLDIILE
DNELS ZENRTEX DB ANR.

51 SRk

1 B B - RORHBAR - BHHEK (2005) #AAL
WFEOBSEE TV E L COEYR. FHAH
VARV T A (521 [E]), 213-215.

2. Mogami, Y., Yamane, A., Gino, A. and Baba, S.A.
(2004)
Tetrahymena under altered gravity. J. Exp. Biol., 207,
3349-3359.

3. Akiyama, A., Ookida, A., Mogami, Y. and Baba, S.A.
(2005) Spontaneous alteration of the pattern formation

Bioconvective  pattern  formation  of

in the bioconvection of Chlamydomonas reinhardtii. J.
Jpn. Soc. Microgravity Appl., 22,210-215.

4. Fg LEBIN - THERT - B BET - LRER]T -
B RLE - [S5IEK (2007) ZZEVEHE KT 248
KNS = DISE. FHAM > R T L (5 23
[#]), 335-338.

5. Mogami, Y. and Baba, S.A. (2008) Amplified
expression of the gravity effect on the spatio-temporal
formation of bioconvection pattern. Space Utiliz. Res.,
24,264-266.

This document is provided by JAXA.



