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Enucleation of red blood cells was essential for the emergence of mammals(?)

Matsuda, Ryoichi
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The enucleation of red blood cells (RBCs) is a unique biological characteristic
of mammals. However, the biological significance of enucleated RBCs remains unclear. We hypothesized that
mammalian RBCs are enucleated in the final stage of erythropoiesis to create RBCs with the ability to
pass through fine capillaries. Mammals require a network of dense capillaries with small diameters to
ensure sufficient oxygen, nutrient, and heat exchange in tissues, and to maintain high metabolic organs,
such as the brain and placenta. Results: Measurement of cell rigidity by AFM revealed that mouse RBCs
were markedly less rigid than nucleated chicken and Xenopus RBCs, particularly in nuclear regions. We
concluded that enucleated RBCs are more suitable than nucleated RBCs for passing through finer
capillaries. Thus, the enucleation of RBCs may have been a key step in the development of the mammalian
brain and placenta by providing these organs with a high rate of gas and nutrient exchange.




1 5
6 5
@
Flindt, R.
2006
() 4um 7
pom
dgm  TPgm
3) AFM
AFM

Shimizu,Y 2012
BSA

Biocompatible Anchor for Membrane(BAM;
Sunbright OE-020CS) 3

e

j 4
L

ey

:6,—"

Oley group FEG (n=40) NH3

BAM; Sunbright OE-020CS

BAM

NHS

2 BAM-BSA

BAM BAM
NHS
BSA ¢

BAM
BAM  NHS BSA ¢

AFM

AFM JPK Nano Wizard AFM system
(JPKInstruments) with Mode of Force
Modulation Microscopy (FMM)
Quantitative imaging
Force Hertz Model AFM

NanoWizard3 ultra (JPK Instruments AG,
Berlin, Germany) BL-AC40TS (Olympus,
Tokyo, Japan) Sader

JPK SPM

4)

RPMI1640
1:1 10%

DMEM (



3 10%
in PBS 30 0.
5% X-100 in PBS 20
Oct-4
RNA RT-PCR
Oct-4  Nanog
1
3
3
— FOBROKES
40 r |
H‘\B‘TE'J“.
30 REEVFPEVEE
YELIA L]
20 5TE =
o _,:: ‘”:4\:__ "\:-:?:izlb
5 ﬂ__ _-I.-- LY== s B
l,‘,)?'\_'j:g;xv:f-a':‘
0 “TrI99h :
0 10 20 30 40 50 60
- £ (um)
[eEsEe o - @ e HeHn 2|
2 um 7
Mom
7u m 4y m
4
4

Q)

®
3 ARM
BAM
L-
AFM
5
5.

Comparison of stiffness of RBCs by Young's modulus
Chicken

Mouse

AFM
( )
( )
“
RPM11640
DMEM ( 1:1 10%



RPMI-1640

DMEM
2 3 7
Oct-4
6

Oct-
Oct-4
data not shown

6.

IOA MiEHERE Oct-4

Oct-4
Hoechst 33248
Oct-4
RT-PCR Oct-4 Nanog
Oct-4  Nanog
RT-PCR
7
7.
RT—PCR
Mouse Nnng Muu Oct-4
-7 e
g
Il b
RT-PCR

DNA

Oct-4

Oct4EcoRIS
FW:ATGAATTCTGCTGGACACCTGGCTTC
RV:ATGAATTCTTAACCCCAAAGCTCCAG

Nanog
FW:GTCTCGAGATGAGTGTGGGTCTTCC

RV:ATGCGGCCGCTCATATTTCACCTGGT

Nanog Oct-4 ( )
PCR RT-PCR

Oct-4( ) Nanog( )
mRNA

Mio R. and Phillips R. Cell Biology by
the Numbers. Garland Science (2016)

Shimizu Y., Kihara T., Haghparast
S.M.A., Yube S. and Miyake J. 2012
PloS one7(3):e34305 2012

(2003)

Shima A., and Matsuda R. (2015) Low
culture temperature inhibits myogenic
differentiation  through  mitochondrial
activity. Zool. Sci. 32:129-134.

Wagatsuma A, Shiozuka M, Takayama
Y, Hoshino T, Mabuchi K, and Matsuda R.
(2015) Effects of ageing on expression of
the muscle-specific E3 ubiquitin ligases
and Akt-dependent regulation of Foxo
transcription factors in skeletal muscle.
Mol Cell Biochem. 2015 Nov 20. [Epub
ahead of print] PMID:26590085

Ohashi, K., Nagata, Y.Wada,E.,,
Zammit, PS. , Shiozuka,M., and
Matsuda,R. Zinc promotes proliferation
and activation of myogenic cells via the
PI3K/Akt and ERK signaling cascade.
Exp. Cell Res., 333:228-237(2015)

Kodaka Y. Tanaka K. Kitajima K.



Tanegashima K., Matsuda R., and Hara T.
(2014) LIM homeobox transcription factor
Lhx2 inhibits skeletal muscle
differentiation in part via transcriptional
activation of Msx1 and Msx2. Exp. Cell
Res.331: 309-319.

Nagata Y, Ohashi K, Wada E, Yuasa Y,
Shiozuka M, Nonomura Y, and Matsuda R.
Sphingosine-1-phosphate mediates
epidermal growth factor-induced muscle
satellite cell activation! Exp. Cell Res., 326:
112-124 (2014)

Wada E, Yoshida M, Kojima Y, Nonaka
I, Ohashi K, Nagata Y, Shiozuka M, Date
M, Higashi T,Nishino I, and Matsuda R.
Dietary phosphorus overload aggravates
the phenotype of the dystrophin-deficient
mdx mouse.Am. J. Pathol., 11: 3094-3104
(2014)

Polikanov YS, Szal T, Jiang F, Gupta P,
Matsuda R, Shiozuka M, Steitz T,
Vazquez-Laslop N, and Mankin AS
Negamycin interferes with decoding and
translocation by simultaneous interaction
with rRNA and tRNA. Mol. Cell, 50: 1-10
(2014)

Enucleation of red blood cells may

correlate to finer capillaries in mammalian
tissues.
Matsuda R., Obataya I., Maeda Y., Mori M.,
Varhama K. and Takeuchi S. Annual
meeting of the American Society forCell
Biology, San Diego (2015)

@
Matsuda Ryoichi




