Mem. Faculty. B. O.S.T. Kindai University No.50:33 ~ 43 (2023) 33

Bt 2 v o 7 ORSHE & IR I B 1T 215
b L B RS EA F12

£

B ORI, IFE —HETH 2 L > CllTE L fRTo T 5, KNTIE, EREHRTH 5 DNA
DAY 2N HICEERNL L THEEL, BIRICNE I THEEL TS, 372, Mk ds7n
<~ F VETIEEDTIC X Y, IEEIEHALIRIEICH 2 A 3 v 8=+ AV P RRIEIREED B 2 v ox— R A v b
D X 5 BN O ZRTTRE SIS LA L T w3 2 AR E N, 2D 2 u~F vEREEDRE
LI Y) e RS DR, PR ST H ) . B X v X D EE A RE R R LT b, KB R Vo8
JEICIZT I VRT 7FUBETN, INLDX VN EIIOEMERS Ficii e Y E ST, IEEIREC 2
U~F VREEDMELICHDES LThwB3 2 e bNT WS, T 3 viZ Lamina-associated domains (LAD) ¢
BB 2 HIE 2, ZokA RRBICEE L TWw 3 2 EAHL IR > TETWDS, £72, MNICIFE
TETIFvEVAIE BNT 2T V) BEEREMCE T ZOFENER S L, Br o%E 23 -1 <
WEIZLEPREINTETCNS, ZI T, ARHTIEINLD DO ER K v 7 HIcER %24 T, KNIk
327 IvEsL, T7F v OHIIEYEIEEEIC O W CTRFTOM R BN T 2, T2, BEKEZ V7B D
FIIERAE~DEGICOWTHN L. SHBROMED ST HHEIC OV THiET b,

F—T—F BBV THE R TV KT T

1 ##

WEFREAFIIICIZIR T LG THRAE L. & 50w i~ & b T% 2 2Rtk 2 F o 7. AN T T I 5, A
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Nb,

6. fEim

ARETIE, KERA VANV BETHE T IVET I F VRGN TREA 4 Ry MIcBE L, EEARE 2R
LTW3ZEERFTOMAEZ PR L 72, PGSO ARCE S EEE 1B Db - TL 325, ZhiciiE
a7 EPBLBERL TS e EZ NS, L LARCEREY, W BT IEEL 7 v
Btk NT 275 v & 7 L v oA RIS &R EOMBITRZZ L v, SRIVIIIRICE TS 7 2
VERNT 7 F v OMBEREZHOICT B0, BNT 7 F v e 7 1 voBfEEFRIRHICHIE(LT 5 > 2T 4
DFEBRBENC T >TL 57255, F7z, KOEBIIMIEOEFICKRECEADS ZLbHLNTE D, KiEHE
R VR EBEOTGEEC KITTEEIC >\ T b S0 D ER G N2,



38 Memoirs of The Faculty of B.O.S.T. of Kindai University No.50 (2023)

L4 {4
e /. %& XX

@ BNFT72F Y ORES \
7 DNAZX—U Dl
| BELENE~OBRE EA=Z NN
REDERE
FT7UAYAHFTIL < 7 ZIEHERE
BiEssn=eFro

2HEER

EXL B oiaeHss

X2 MREAECETIRNT 7 F v oE

MW F 727 F V3B OMFEEICE TS Z OREREDRL ICHAL 2 ICENTE TS, ~ 7 AT, ZHEIN
DRIHICHEN F 7 2 F v (HEIVERWENF 727 F V) ke ns (M), £7-. WO IEHIIE
FHIEHND G727 F vEOEHPEANF 72 F v olEAMUICEZE L5 2 Tnd (AT, ¥, 7707
YV AT AT S X CYIAIRZ I BTN F 7 2 F v DIFEDHREG S 1. PR I s Ol 2
nwFverBacns (®ET),

Sk
1. Eckersley-Maslin, M.A., Alda-Catalinas, C., Reik, W. (2018) Dynamics of the epigenetic landscape during
the maternal-to-zygotic transition. Nat Rev Mol Cell Biol 19, 436-450.

2. Abe, K., Funaya, S., Tsukioka, D., Kawamura, M., Suzuki, Y., Suzuki, M.G., Schultz, R.M., Aoki, F. (2018)
Minor zygotic gene activation is essential for mouse preimplantation development. Proceedings of the
National Academy of Sciences 115, E6780-E6788.

3. Abe, K, Yamamoto, R., Franke, V., Cao, M., Suzuki, Y., Suzuki, M.G., Vlahovicek, K., Svoboda, P., Schultz,
R.M., Aoki, F. (2015) The first murine zygotic transcription is promiscuous and uncoupled from splicing and
3' processing. EMBO ] 34, 1523-1537.

4. Meister, P., Towbin, B.D., Pike, B.L., Ponti, A., Gasser, S.M. (2010) The spatial dynamics of tissue-specific
promoters during C. elegans development. Genes Dev 24, 766-782.

5. Kouzarides, T. (2007) Chromatin Modifications and Their Function. Cell 128, 693-705.

6. Clapier, C.R., Iwasa, J., Cairns, B.R., Peterson, C.L. (2017) Mechanisms of action and regulation of
ATP-dependent chromatin-remodelling complexes. Nat Rev Mol Cell Biol 18, 407-422.



39

7. Davidson, LF., Bauer, B., Goetz, D., Tang, W., Wutz, G., Peters, ].-M. (2019) DNA loop extrusion by human
cohesin. Science 366, 1338-1345.

8. Lupidnez, DG., Kraft, K., Heinrich, V., Krawitz, P., Brancati, F., Klopocki, E., Horn, D., Kayserili, H., Opitz,
JM.,, Laxova, R., Santos-Simarro, F., Gilbert-Dussardier, B., Wittler, L., Borschiwer, M., Haas, SA,,
Osterwalder, M., Franke, M., Timmermann, B., Hecht, ]., Spielmann, M., Visel, A., Mundlos, S.

(2015) Disruptions of topological chromatin domains cause pathogenic rewiring of gene-enhancer
interactions. Cell 161, 1012—- 1025.

9. Tomikawa, J., Miyamoto, K. (2021) Structural alteration of the nucleus for the reprogramming of gene
expression. FEBS ], febs.15894.

10. Briand, N., Collas, P. (2020) Lamina-associated domains: peripheral matters and internal affairs. Genome
Biology 21, 85.

11.  Miyamoto, K., Harata, M. (2021) Nucleoskeleton proteins for nuclear dynamics. The Journal of
Biochemistry 169, 237-241.

12. Amendola, M., van Steensel, B. (2014) Mechanisms and dynamics of nuclear lamina—genome interactions.

Current Opinion in Cell Biology 28, 61-68.

13. Davidson, P.M., Lammerding, J. (2014) Broken nuclei — lamins, nuclear mechanics, and disease. Trends in
Cell Biology 24, 247-256.

14. Koncicka, M., Cervenka, J., Jahn, D., Sucha, R., Vodicka, P., Gad, A., Alsheimer, M., Susor, A. (2020)
Expression of lamin C2 in mammalian oocytes. PLOS ONE 15, ¢0229781.

15. Worman, H.J., Fong, L.G., Muchir, A., Young, S.G. (2009) Laminopathies and the long strange trip from
basic cell biology to therapy. ] Clin Invest 119, 1825-1836.

16. Davies, B.S.J., Fong, L.G., Yang, S.H., Coffinier, C., Young, S.G. (2009) The Posttranslational

Processing of Prelamin A and Disease. Annual Review of Genomics and Human Genetics 10, 153-174.

17. Furukawa, K., Hotta, Y. (1993) cDNA cloning of a germ cell specific lamin B3 from mouse spermatocytes

and analysis of its function by ectopic expression in somatic cells. The EMBO Journal 12, 97-106.

18. Saito, N., Araya, J., Ito, S., Tsubouchi, K., Minagawa, S., Hara, H., Ito, A., Nakano, T., Hosaka, Y., Ichikawa,
A., Kadota, T., Yoshida, M., Fujita, Y., Utsumi, H., Kurita, Y., Kobaashi, K., Hashimoto, M., Ohtsuka, T.,
Morikawa, T., Nakayama, K., Kuwano, K. (2019) Involvement of Lamin B1 Reduction in Accelerated Cellular

Senescence during Chronic Obstructive Pulmonary Disease Pathogenesis. The Journal of Immunology 202,
1428-1440.

19. Moir, R.D., Montag-Lowy, M., Goldman, R.D. (1994) Dynamic properties of nuclear lamins: lamin B is
associated with sites of DNA replication. Journal of Cell Biology 125, 1201-1212.



40 Memoirs of The Faculty of B.O.S.T. of Kindai University No.50 (2023)

20.  Shimi, T., Pfleghaar, K., Kojima, S., Pack, CG., Solovei, 1., Goldman, AE., Adam, SA., Shumaker, DK.,
Kinjo, M., Cremer, T., Goldman, RD. (2008) The A- and B-type nuclear lamin networks: microdomains

involved in chromatin organization and transcription. Genes Dev. 22, 3409-3421.

21. Martin, C., Chen, S., Maya-Mendoza, A., Lovric, J., Sims, P.F.G., Jackson, D.A. (2009) Lamin B1 maintains
the functional plasticity of nucleoli. Journal of Cell Science 122, 1551-1562.

22. Malhas, A.N., Lee, C.F., Vaux, D.J. (2009) Lamin B1 controls oxidative stress responses via Oct-1. Journal
of Cell Biology 184, 45-55.

23. Malhas, A., Lee, C.F., Sanders, R., Saunders, N.J., Vaux, D.J. (2007) Defects in lamin B1 expression or

processing affect interphase chromosome position and gene expression. ] Cell Biol 176, 593-603.

24. Malhas, A., Saunders, N.J., Vaux, D.]. (2010) The nuclear envelope can control gene expression and cell
cycle progression via miRNA regulation. Cell Cycle 9, 531-539.

25. Ji, ].Y., Lee, R.T., Vergnes, L., Fong, L.G., Stewart, C.L., Reue, K., Young, S.G., Zhang, Q., Shanahan, C.M.,
Lammerding, J. (2007) Cell Nuclei Spin in the Absence of Lamin B1. Journal of Biological Chemistry 282,
20015-20026.

26. Han, L., Choudhury, S., Mich-Basso, JD., Ammanamanchi, N., Ganapathy, B., Suresh, S., Khaladkar, M.,
Singh, J., Maehr, R., Zuppo, DA., Kim, ]., Eberwine, JH., Wyman, SK., Wu, YL., Kiihn, B. (2020) Lamin B2
Levels Regulate Polyploidization of Cardiomyocyte Nuclei and Myocardial Regeneration. Developmental Cell
53, 42-59.

27.  QGuelen, L., Pagie, L., Brasset, E., Meuleman, W., Faza, MB., Talhout, W., Eussen, BH., de Klein,
A., Wessels, L., de Laat, W., van Steensel, B. (2008) Domain organization of human chromosomes revealed by

mapping of nuclear lamina interactions. Nature 453, 948-951.

28. Borsos, M., Perricone, S.M., Schauer, T., Pontabry, J., de Luca, K.L., de Vries, S.S., Ruiz-Morales, E.R.,
Torres-Padilla, M.-E., Kind, J. (2019) Genome-lamina interactions are established de novo in the early mouse
embryo. Nature 569, 729-733.

29. wvan Steensel, B., Belmont, A.S. (2017) Lamina-associated domains: links with chromosome architecture,

heterochromatin and gene repression. Cell 169, 780-791.

30. Zheng, X., Hu, J., Yue, S., Kristiani, L., Kim, M., Sauria, M., Taylor, J., Kim, Y., Zheng, Y. (2018) Lamins
Organize the Global Three-Dimensional Genome from the Nuclear Periphery. Molecular Cell 71, 802-815.e7.

31. Nazer, E., Dale, RK., Chinen, M., Radmanesh, B., Lei, E.P. (2018) Argonaute2 and LaminB modulate gene
expression by controlling chromatin topology. PLOS Genetics 14, e1007276.

32. Dopie, J., Skarp, K.-P., Kaisa Rajakyli, E., Tanhuanpii, K., Vartiainen, M.K. (2012) Active maintenance of
nuclear actin by importin 9 supports transcription. Proceedings of the National Academy of Sciences 109,
E544-E552.



41

33. Stiiven, T., Hartmann, E., Gérlich, D. (2003) Exportin 6: a novel nuclear export receptor that is specific for
profilin-actin complexes. The EMBO Journal 22, 5928-5940.

34. Chatzifrangkeskou, M., Pefani, D.-E., Eyres, M., Vendrell, L., Fischer, R., Pankova, D., O’'Neill, E. (2019)
RASSF1A is required for the maintenance of nuclear actin levels. The EMBO Journal 38, e101168.

35. Kapoor, P., Chen, M., Winkler, D.D., Luger, K., Shen, X. (2013) Evidence for monomeric actin function in
INO8O0 chromatin remodeling. Nat Struct Mol Biol 20, 426-432.

36. Wei, M., Fan, X., Ding, M., Li, R,, Shao, S., Hou, Y., Meng, S., Tang, F., Li, C., Sun, Y. (2020) Nuclear actin

regulates inducible transcription by enhancing RNA polymerase II clustering. Science Advances 6, eaay6515.

37. Miyamoto, K., Pasque, V., Jullien, J., Gurdon, J.B. (2011) Nuclear actin polymerization is required for
transcriptional reprogramming of Oct4 by oocytes. Genes Dev 25, 946-958.

38. Obrdlik, A., Percipalle, P. (2011) The F-actin severing protein cofilin-1 is required for RNA polymerase II

transcription elongation. Nucleus 2, 72-79.

39. Sokolova, M., Moore, H.M., Prajapati, B., Dopie, ., Merildinen, L., Honkanen, M., Matos, R.C., Poukkula,
M., Hietakangas, V., Vartiainen, M.K. (2018) Nuclear Actin Is Required for Transcription during Drosophila
Oogenesis. iScience 9, 63-70.

40. Baarlink, C., Plessner, M., Sherrard, A., Morita, K., Misu, S., Virant, D., Kleinschnitz, E. M., Harniman, R.,
Alibhai, D., Baumeister, S., Miyamoto, K., Endesfelder, U., Kaidi, A., Grosse, R. (2017) A transient pool of

nuclear F-actin at mitotic exit controls chromatin organization. Nat Cell Biol 19, 1389-1399.

41. Parisis, N., Krasinska, L., Harker, B., Urbach, S., Rossignol, M., Camasses, A., Dewar, ]., Morin, N., Fisher,
D. (2017) Initiation of DNA replication requires actin dynamics and formin activity. EMBO ] 36, 3212-3231.

42. Plessner, M., Melak, M., Chinchilla, P., Baarlink, C., Grosse, R. (2015) Nuclear F-actin Formation and
Reorganization upon Cell Spreading. Journal of Biological Chemistry 290, 11209-11216.

43. Lamm, N., Read, M.N., Nobis, M., Van Ly, D., Page, S.G., Masamsetti, V.P., Timpson, P., Biro, M., Cesare,
A.J. (2020) Nuclear F-actin counteracts nuclear deformation and promotes fork repair during replication
stress. Nat Cell Biol 22, 1460-1470.

44. Tsopoulidis, N., Kaw, S., Laketa, V., Kutscheidt, S., Baarlink, C., Stolp, B., Grosse, R., Fackler, O.T. (2019)
T cell receptor-triggered nuclear actin network formation drives CD4+ T cell effector functions. Science

Immunology 4, eaav1987.

45. Okuno, T., Li, W. Y., Hatano, Y., Takasu, A., Sakamoto, Y., Yamamoto, M., Ikeda, Z., Shindo, T., Plessner,
M., Morita, K., Matsumoto, K., Yamagata, K., Grosse, R., Miyamoto, K. (2020) Zygotic Nuclear F-Actin
Safeguards Embryonic Development. Cell Reports 31, 107824.



42 Memoirs of The Faculty of B.O.S.T. of Kindai University No.50 (2023)

46. Shi, F., Xu, Y., Zhang, S., Fu, Z., Yu, Q., Zhang, S., Sun, M., Zhao, X., Feng, X. (2022) Decabromodiphenyl
ethane affects embryonic development by interfering with nuclear F-actin in zygotes and leads to cognitive
and social disorders in offspring mice. The FASEB Journal 36, e22445.

47. Scheffler, K., Giannini, F., Lemonnier, T., Mogessie, B. (2022) The prophase oocyte nucleus is a
homeostatic G-actin buffer. Journal of Cell Science 135, jcs259807.

48. Bohnsack, M.T., Stiiven, T., Kuhn, C., Cordes, V.C., Gorlich, D. (2006) A selective block of nuclear actin
export stabilizes the giant nuclei of Xenopus oocytes. Nat Cell Biol 8, 257-263.

49. Feric, M., Brangwynne, C.P. (2013) A nuclear F-actin scaffold stabilizes ribonucleoprotein droplets against
gravity in large cells. Nat Cell Biol 15, 1253-1259.

50. Oda, H., Shirai, N., Ura, N., Ohsumi, K., Iwabuchi, M. (2017) Chromatin tethering to the nuclear envelope
by nuclear actin filaments: a novel role of the actin cytoskeleton in the Xenopus blastula. Genes to Cells 22,
376-391.

51. Sasseville, A.M.-]., Langelier, Y. (1998) In vitro interaction of the carboxy-terminal domain of lamin A with
actin. FEBS Letters 425, 485-489.

52. Simon, D.N., Zastrow, M.S., Wilson, K.L. (2010) Direct actin binding to A- and B-type lamin tails and actin
filament bundling by the lamin A tail. Nucleus 1, 264-272.

53. Mishra, S., Levy, D.L. (2022) Nuclear F-actin and Lamin A antagonistically modulate nuclear shape.
Journal of Cell Science 135, jcs259692.

54, Takahashi, Y., Hiratsuka, S., Machida, N., Takahashi, D., Matsushita, J., Hozak, P., Misteli, T., Miyamoto, K.,
Harata, M. (2020) Impairment of nuclear F-actin formation and its relevance to cellular phenotypes in

Hutchinson-Gilford progeria syndrome. Nucleus 11, 250-263.



43

ES g%
Cellular functions of nucleoskeleton proteins and their roles in embryonic development

Rin Sakanoue', Yasuki Miyagawa?, Kei Miyamoto'?

The vertebrate nucleus is physically separated from the cytoplasm by the lipid bilayer, nuclear envelope. In the nucleus,
DNA is condensed by histone proteins, forming chromatin, and is encased by the nuclear envelope. Milestone studies on
chromatin conformation in the interphase nucleus have revealed that, transcriptionally active and inactive genes are enriched
in the so-called A and B compartment, respectively, suggesting that 3D chromatin organization plays an important role in
transcriptional regulation. In order to establish proper chromatin organization, the nuclear structure itself can serve as a key
factor, and it is maintained by nucleoskeleton proteins. Nucleoskeleton proteins include lamins and nuclear actin, which are
involved in not only nuclear architecture maintenance but also transcription and chromatin organization. Recent studies
demonstrate that lamins are involved in the regulation of transcription especially from lamina associated domains (LAD) and
are important for preventing cellular senescence and various diseases. Furthermore, nuclear actin is involved in a variety of
biological processes across species. Here, we focus on these two nucleoskeleton proteins, namely lamins and nuclear actin.
We introduce the latest findings about nuclear roles of lamins and actin in the context of cellular biology. Moreover, we
introduce developmental roles of nucleoskeleton proteins in diverse animal species. Finally, we discuss the future research
direction regarding the emerging research topic on nucleoskeleton proteins and embryonic development.

Keywords: Nucleoskeleton protein, Development, Lamin, Nuclear actin
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