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Abstract of Thesis

Chromosome higher order structure has been an enigma for over a century. The most important structural
finding has been the presence of a chromosome scaffold composed of non-histone proteins, so-called scaffold
proteins. The structural and functional roles of the major scaffold proteins including condensin, Topoisomerase
IIo (Topo II), and kinesin family member 4 (KIF4), have been widely studied, however, it is still unclear how these
proteins organize the chromosome scaffold and contribute to chromosome condensation. Here, I used newly
developed visualization techniques including three dimensional-structured illumination microscopy (3D-SIM),
direct stochastic optical reconstruction microscopy (dSTORM) and focused ion beam/scanning electron microscopy
(FIB/SEM) to reveal the axial distributions of scaffold proteins in mitotic chromosomes comprising two strands. I
found that proper assembly of the scaffold proteins is important for the double-stranded organization of
chromosome scaffold as well as chromosome morphology. I also revealed that scaffold protein can adaptably
recover its original localization after chromosome reversion in the presence of cations. This reversion to the
original morphology underscores the role of the scaffold for intrinsic structural integrity of chromosomes.
Therefore a new structural model of the chromosome scaffold that includes twisted double strands, consistent
with the physical properties of chromosomal bending flexibility and rigidity, was proposed. The present model
provides new insights into chromosome higher order structure. According to the formation of chromosome scaffold
by assembly of scaffold proteins, it is important to understand mechanism of recruitment of scaffold proteins to
the position of chromosome scaffold. Thus, regulation of KIF4 and condensin I loading to chromosome was
investigated. KIF4 and condensin I were found to be interdependently loaded to chromosome. Further analysis
showed close relationship between KIF4 and condensin I, but not condensin II and demonstrated that KIF4
assists condensin I loading to chromosome by contribution of protein-protein interaction. Moreover,
phosphorylation of KIF4 and condensin I by Aurora B and Plkl seemed to be important for their recruitment
activities. It is shown that by Aurora B inhibition, KIF4 and condensin I were reduced on chromosome, whereas
by Plk1 inhibition, KIF4 and condensin I were greater accumulated on chromosome. These suggested that Aurora
B regulates association of KIF4 and condensin I to chromosome, while Plk1 regulates dissociation of KIF4 and
condensin I from chromosome. Interestingly, these data also indicate that Aurora B and Plkl kinase presented
antagonistic functions on the recruitment of KIF4 and condensin I to chromosome. Thus, mechanism of KIF4 and
condensin I localization on chromosome scaffold was postulated as follow. KIF4 and condensin I are essentially
localized on chromosome scaffold together, possibly by forming a complex. To promote this event, Aurora
B-dependent phosphorylation plays an important role for loading of KIF4 and condensin I to chromosome. In
contrast, negative regulator of KIF4 and condensin I localization on chromosome is Plk1 that may phosphorylate
KIF4 and condensin I and stimulate dissociation of KIF4 and condensin I from chromosome scaffold. These data
showed that phosphorylation is critical factor to control localization of KIF4 and condensin I on chromosome,
leading to proper chromosome scaffold construction which later promote proper chromosome organization. Taken
together, the present study paves the way for understanding chromosome higher order structure in relation to the

structural and functional role of the chromosome scaffold as well as scaffold proteins.
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), AL (2, HIE) BLOWR (F4F) 04T|ENLRD,
EIIHRTH Y, P OESREEN 1 Ll Eichlz > TIHRH S T ARWEY S EOBRERHTHH Z L
EimC D, 9 LI Cieokie b EEAQRPARBEEICET 2R AIE, LA R Z U RIE (Wb LAX ¥ 74—
WRENTE) PORDPEIRAX Y 74—V ROTFEPHA LN o2& ThD, ERAFY 74— RE
U THD condensin, Topoisomerase 11 (Topo I1) B LN kinesin family member 4 (KIF4) &M, HERERY
BENIIES RSN TS, L L, TRHDOX VU RIERED LI ICRERAT vy 74—V REFBRE L, S5
Yt REEEIC BN 2 BRI E D b A TH S Z L 2T,

B2 RITREAR AR v 7 4 — /b RO Z RO &L BT BAMAEE (3D-SIM) 35 K OV =85 B 1t 7 P A pl A 8%
(dSTORM) . & HITITERA A v B — o/ EEREFHMEE (FIB/SEM) AWM THs, Z I T, 2 >ORES
BB R DR EN YR D P THIZER L TWD A ¥y 7 4 —/L ¥ 37 B D 3 ReHiE OB NERA S
Do TORER, AFX X T4 — NV REUNTEBREES L TEREND Z EBPEAERAF ¥ 7 4 —/L RBZ 0 ZKGHHEE
DOREREIL O NCEF R PEAREEICE S TEETHL Z LB REND, MATAX Y 73—V RE U8 T EBRBA A
¥ DIEFE T CYRREE N T ORI CHIR S B BEAIS, AX v 74— RE U7 E S SO B ISEYICE R
DT ENRENT, ZOX D BRUYOHEIE~OEIRIL, YRR RGOS Z R BT D7D AT ¥ 7 4+ — /L RV E
HCHLIEERMRATLLOTHD, ZNHOERFERICE D, RERAX v 74—/ FOBEITH L SEARD
2ARBUC L AHEEE T AAEET D, ZIUTRAEO TR 2 R0k & YR OB X ORFFE WD 2 20WE%E
HETDHHEDOTHD D, TOB LVIEEET V0 b YERO SRR 28 LWVRER A END 2 ERIfFE
%o

B3 EITPEAAEAR v 7 4 —/V ROLBIZAFT XY T+ — LV RE L RXTENY 70— b SN DI L TR L
HDTHD, £ TKIF4 & condensin I DYRAER~OBEET LM EZRFTT 5, LOREE, KIF4 & condensin I I
YO RIZHEWITIRAE U CERTT 5 2 E BB H2MI D, £72 KIF4 13 condensin T & BEREBURICH Y, ¥ v H-
&7 B OMAEAERIC & > TY R~ condensin T OERE AT 5 Z & MFEH &5, [RIFFIC condensin 1T 1% KIF4
& condensin I M & 9 RRERMBENRENZ L B LMD, 51T, KIF4 & condensin I A —1 T BFF—+
E Pkl ¥ F—BIZL AV VB ENERMT 57 OICEHBELAONLBREH/ TS, 4A—n1F B X F—E&HETS
Z 2KV, KIF4 & condensin I [ZYfR ECOFAERPRKE LWL D ZEWREND, —F, Plkl ¥ —E2HE




F % &, KIF4 & condensin I 13 fE FICR Y Z<ERT L EBHALNIRS, ZOZenbA—rT7 BX T —E
2N KIF4 & condensin I OYLEKR~OEREEZHIE L CWDE Z EIZHLNTH D, —F, Plkl FF—BidBeih) 5 KIF4
L condensin I B2 Z & ZHIEIT 5, A—a T BFF—EF & Plkl ¥ —F TG KIF4 35 X O condensin 1
ERENSEDL Z LI L CRPIMAEIEZ R L2 L2 20T — 2 0RT, 2 b OFEREN B IX KIF4 & condensin 1
DYAEARAF X 7 4 —/L K E~ORIELS TS LTUTO L b0 ErRT, B L EAKREFMR LD,
KIF4 & condensin I [FIICPRAKRAF v 7 4 — NV RICHFET D EEX B D, PR % v 7 +—/L FIiC KIF4 &
condensin I ZBE S E 572010, A —n T BIRFH Y VIS EEREE 21372, Za & T Riic, ek
¥ 74—V RH O KIF4 & condensin I OIERTELA Plkl FF—BIZ Lo THIHI SN TWE LA BND,
FAREIFmTHY . EERROBH EFERNEROND, fames LTI, PakAXFy 7+ — L FRZELEA
BEEMS> TNDEBXLNIH LVEEETAZIRB LI L, VUL RERAT v 74—V R EICAT v 7
G =N RZ I E Tl % KIF4 & condensin I DRTELZHIHIT 2 EERBERTH D L, 2R D, YLD X,
AE ST Y OIS TRICHT LVET A AR L, OB OV THRF LTI LW R A S BERFETH D,
Lo TARMIH LR E LTES 2 b 0 L78H 5,
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