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Study on new mechanisms for improving performance of two-photon excitation fluorescence

microscopy using temporal focusing

Temporal focusing (TF) microscopy is a wide-field optically sectioned multi-photon
microscopy. It has the potential to realize three-dimensional (3D) volumetric in-vivo imaging
with fast speed and large penetration depth. But TF has two fundamental limitations. The
sectioning ability of TF is worse than confocal and two-photon excitation fluorescence (TPEF)
microscopy. Meanwhile, the scattered background fluorescence reduces the
signal-to-background ratio (SBR) in deep and dense sample imaging. This research aims to
solve these problems through two original techniques, two-dimensional (2D) TF and 3D
interferometric temporal focusing (ITF) microscopy. In addition, 3D-ITF microscopy can
achieve 3D super-resolution function. Also we find that 3D-ITF imaging is robust in distorted
optics.

Chapter 1 reviews the wide-field optical microscopy with sectioning ability. Among them, TF
microscopy is the best candidate to realize 3D volumetric in-vivo imaging. Then the problems of
TF and the objective in this research are described.

Chapter 2 describes the proposal and demonstrate 2D-TF to improve the sectioning ability of
TF to be the same as that of a point scanning TPEF microscopy as well as to keep the wide-field
feature. The experimental demonstration of the virtually imaged phased array (VIPA) based
2D-TF to verify the theory is described. Then a 2D-TF TPEF microscopy to evaluate the
sectioning resolution is built up and the improvement in imaging depth is shown. At last, the fast
3D volumetric imaging in 2D-TF by imaging 3D Brownian motion is achieved.

Chapter 3 describes the combination of 3D structured illumination microscopy (3D-SIM) and
TF, named 3D-ITF microscopy, to both remove background fluorescence and improve spatial
resolution and sectioning resolution. A digital micromirror device (DMD) is used to build up
3D-ITF in experiment. The super sectioning resolution and the super-resolution in 3D-ITF
microscopy are evaluated, and the ability to remove background fluoresce in 3D-ITF imaging is
proved.

Chapter 4 describes the extension of the study described in Chapter 3 to investigate the
performance of 3D-ITF imaging in distorted optics. The theoretical study shows that there is
redundancy in spatial spectrum domain for 3D-ITF imaging. Through the numerical simulation,
it is shown how the redundancy supports the resistance of spatial resolution and sectioning
resolution in deep and dense sample imaging where wavefront distortions and background
fluoresce exist.

Chapter 5 summarizes the achievements in theoretical and experimental works and gives a

prospect such as to combine the works in 2D-TF and 3D-ITF.




MR EOHEE

WA H 554971 & K 4 Song, Qiyuan

AR AN E . B BENEFEERR PR T+ PR SCE

il BEMEFE BN PR (T  ®mA #un

B2 B FE 2R A % et (T M F

BERRHERIR  E () R M

2+ (%), &5+ (L) Song, Qiyuan BfEHOFNFE R CIL. Study on new mechanisms
for improving performance of two—photon excitation fluorescence microscopy using temporal
focusing) (R AE W2 2 JeT bl st LBARKG I O MERE M) LD 72 b O RS I B3~ 2 A 4E)
L, SENLHRKINTND,

HEEL SV A L= DL F I 2 I T sORBAMER I, SRR S MDA A —2 v T o fkiea A
THZEMOBNANATA A=V U TIZBWTASHH SN SoH 5, L, mNFRICELRZE
BT DHMENDH Y 3WIeA A — VRIS ERFHUIRERNITE < 72, IBF, R L—3% 1 2
s % e b C & D FRIEE Y (temporal focusing: TF) W@ iR S 4L, 061 ihik a L BEASGEHA
AEWNEBEETICERT L2 LN REE ko, LA L, 20 TF- 2 X FHOtBMEEIcITE 2 2o
DIFER 7R RR DR T Do IR S F MO RRRIL, TER O S 2 a1 a0 BAMERIC %
LR Th D, H AT, PERIE & FRRIZ, GEEFHCBEELIRE O K 2 WAERMEI T st LTo
HOCIRE N K E < EHRHEE L ONR) 2@ < TERWVWRTH D, KX DOEZIL, Zhb TF-2
FHOCBAMETOEICEE -, 2 SOFH RN TFTREBR LERICEB N TEOMREEIELZ, 12
DN 2WILCD)TF KFRTH Y, 22D UKD TF EITHEERBNELZ®EH L7 T8 3 koo
(BD)TF KR TH 5,

%1 E TR, mROEHIFARE A A= 2 —FEFHI L T, 22O S R & 15 5 (2iE, TF &R
BENLTWDZ a7 BT, gidlo 2 SDOFBEMR K FRICONTEL L, KO E L ERE
FEOHTND,

F2ETIT, BRD2WEONE 2KTITHE S D 2D-TF 2 Yo BOL =R 2 1R L,
FIR D IRELF 22 A A — 2 TR 2 MERE UTo & F ARG 2 b bl gt e amsss & [/ TR & o
DIEREN G D ILD T & A BERAVITE o, FEREERITI W TIFl ORI & ARAEA A — 7 tH
T A B ERZSETHWE 2IRITCIERSHBCR 258 L, BT ORISR IE LW 2 & A 5ERE LT,
Bl m OENRLF DT T v L iEE 2 3R ouhIENEGHAT 2 2 & T 1 I 30 D 3 ke % fir
ETEDHZELEEFELT,

F 3 TIL, HROLE R DBEWMEDHECHEE Z2BRE L, 7220 3RSTHOCEMIIE TR 2 22/ 50
fFREZ msO bV D FiEE LT, 1ot TF BFRICHERIN T RE2EHT 5 FELRE L, E
FAEEBR T TV Z N~ A 7 a8iT LA AR L, 872 5 S22 — 37— & 2 BUER I LB
THZET, ZNE TRV EWZEM S FERE TH D SNR DFEWEDEA A — Y OBFHIZAE LT,
ST EREIL 0.656 m T 1 RJC TF KPR DHRITHAT 2. 6 FOSENG DAL, HINITIR D53 fiF
BEIXETIRA D 1. 4 535 DT,

4T TIE, 3ECREIGE LT RIL, FERIITRW TS < OZEMJEH By & M EIZ
HATHHU L TWAD Z LY T 5720, EAFRGEOREHZ BT 2 imEA & B s eioxr 3 2k
MIEFIZTE N EEBEET AEENLIX LD TEREMITH DM LT,

FEHSETIH, EETHLNICHAEE LD, KFEOREEZIT- T,

YL B DICARGR L, b — B a b MBI BV T mN T Im o SEEEE AW,
S HMOESFEEE SNR DEWA A= 0 T ERFEBLT D720 O LW P FEL R L IR
FEIELTWD, ZOMREIZ L=V TESEFICBWTLEE T2 EEETHLEZANDRL
W, Lo T, KX OFEH I L (I OFMEZTLEENHLHD LD D5,




WhEEE 54974 5 K 4 HE OBE

I dm L4
Genome and transcriptome analysis for the process of cancer progression

(DAERIBFED T ) I« bT A7 VT b— Lfi744T)

DANTEEEZ L COMRPICB T D2 FRER D 1 & L THLATWD. TFEOHF
FTNZE D, DADOERSARL—MEICBE L THA R ARSI TEX—F, DAMan
NS BB O, EIEL, 58 2o 72 BePE A Bl e O S AR IR 2 L
TWA. KT, DAERA =X LOEFENEMRAZ B L LT, EEEMERIC
B9 27 ) b T RAT )T h—Lf@iT 4T o7,

57 ) BERATAFGE CII RS AR ORRRFBHEIC K 0, 2N A LIBFE OfT 21T -
o, FT U RAERHWTERBAEREZFIH L, HESNO—H 24BN 5 2 &
ClA— BRI A U7 & B85 2 mii e X 0B HE, B IE5 ORRRFZLAENT 36 K O o Hig
AT 24T o 72, ZHUC R, REINCERE T DIcE - 7ol (M LRSI LiBME L T
HR LIS GRAERSD) 1X, TNENR L RS - KL TWD I ERRRE
Ni-. Fi-, BRERBREZMNTT2 2 LT, BEMHERINE BRI E I ST
WA —T5, IBHERINIIES R AN ORIUEICH I N TR Y, EEOEMITIER IZHF
RIS B 401 LT 2 ATREME 2N RIR K 7z,

WIS, FMIIEBEEROETED b T v A7 U T h— LT AT o7, 7 DRSS ) 28
FEOMGFRIATINTTRECH D7, bT AT VT h— I ClI8 - H Cosis 1585
E, BLOGEOBHA TN FTRE CH D, BIFEE TITERA 72 F 7 A7 U7 h— LT Fk
DR IIVTCNW D7, AWFIE TG L3 HERRAID VEREFED L 5 72, IR L FHREe:
ZAR O BT TR STV TUVR, Z 2 TET, SR 5 B RE B 1T THEE T
BT DL L Lie, RHMIEFESRIC LY, R THEIBEHFD Y 7 242 S TFHEIC A SFEFIZEm 0
FEE CHERNEIL A7 7 AX EHHATRECH D Z EAVRENT. &BIT, ARRTFEERNAE
BRIZ X 0 RO S D EBHCE 95 2 & T, SRR BV TR B AR RS AR
BB THEE 16 7 T A LT, WD Y T A% S 2 ETRFEDEMEEREIC B D15
TR EICEEE L CTRY, K7 7 A X 3 AR RS2 R 2 — o B FRoidn 1R
ERTLEEZD.

B SCTlX, 7 DT E R T AT U h—AfT A m U T, DSAERIZEBIT A RN
RSO, 23 AP VA B 8 BB 7R R 2B s AR S DU T Zaiiigg 2 52
7o DS AERSIEAR Z OV TR 2 [EH AT LTI Ch Y, T ORI TR R
ITERELS, £, ZOL 5 REENTr OB AR Z LN TE T




WXBEBEDOES

WEE S 554974 & K 4 HHE O BE

AR E . EA BEEFEEAR PR et (%) R B

il A BEEFEEAR PR T ] 5 ARR

B2 EFE BRI AR Rt A IERR

BERBORFNEEER i (1% JE &

T (HF), B @) FOERBEEREOSPALGERG T RAERBRED 7
Lo TR YT N—AfENT (Genome and Transcriptome analysis for the process
of cancer progression)| L, 4\ MO I TNAD.

DANTIEEZ X COMAFIZB T D ERFERD 1 2L LTHLN TS, TFED
WFEEIZ LD, DADORE—PECHERIZEI L THEA R ANGE LN TE =7, DAM
FADFENS BRSO, B, 5 & o 72 Be A R R O a) FE O BRAZ 1 X
RRELTWD., KEMIHLTIE, DAERA =X L0afElilff2Bre LT, E
BIEAORRRICET 27 ) b NI RAT VT M= AT R T o 72,

Kim LD 1 ETIE, BAT ) LD —T 2 AT e A FA T A ~T 47 A
FHEOERBEMIZOWTIRARD & & HIZ, AR TH Y —>OEIC >V TR L 7=,

2B TIY, SRR OREFVBENC KV, DAELBROMTZ1To7-. F
T A HWIERNAEREZFAL, AT O 2 AT 5 Z & TlH
—EURIZAE U= SIS 2 Al e I HEHE, SIS ORRF LM 3 I OMESS [ O g fig
MziTo7o. ZHhUC kY, BRI T DICE sl GEMILRS]) LBHEL T
HRLUIEIES GRHERSD 1%, TNENRRHEREES - 7K L T\ D Z & DR E
SNtz £, BREBBEAZMNTT 52 & T, B RINITEEIIGEREICE S
SNTWBE—T7, BHERINIIEGE R AN OIRINEICS L SN TEY, BEoiEm
IXFEF N WA 5 450 L TV 5 ATREME DN RIE X 7=,

FIFWETIE, EEERGEED T A7 )T ML ToT2. 7 NRNTIXS
J LDEROWEENIFNT N ARETH Y, N7 A7 U7 h— LN ClEeB i AT
DELTHIEE, BILOSFMMOLBEN T N TH D, BIIEE TITHEAR N7 v
AT T N— LENTTFIEDPRR I TV DD, KRR TSR &3 2 BB A RS
RO X D7, BT LD RS20 O i FIE IS Ty, 22 TET,
L5 O B AR BRI FIEZIHRICBR T2 L & Lz, FHmERICX Y,
REFET GO 7 A2 M FIECHEANIEFICHWVEE CHERBLE I 7 A %
HHPTRETH A Z ERENTZ. S HIT, AIEBFIEERENDAUERIC LY RENICE
LN IEBICEM T 52 & T, BDAERBRICEWTHBERBHRLAT 2~ 851
167 FAZIHE L. WThO Y 7 A8 2N ENFREDOEEERRIZED 588
TRENAEICEELTEY, K7 7 AXIINAERBRICRHEA 7 B — o & Ff
OB ERTEEAD.

HAFETIE, AFRZRIETDELE DI, BB LENRAYT ) M FEB LN
YA YT = AT REIZOWTA B OIS AT REME iR L 7.

PIEREGRE LT, 77 AT E T A7 )7 =A@ 0T, NAERIZE
T B IEENEIBFESC, DA CIZEWE BRI A8 2 R TR 72 B s T REC
OWCTHTERIAEEY 5 272, DAERIBRRIZ OV TR 2 EEENITHNT L 72613
ThHV, ZORIZBW TR RITERES, £, Z0OX0 REERENT O VB
MWEARTZENTE., LoT, KRG XXOFEHIIHE L (B OF L 252 T 581 H
HHDLERDD.




WEE S i 554975 & K 4 e BRE

IR L7 = A ML — YL R K B E MRS ER 05

B, O, T T BRSSO AT S T L LTIV T S AVERO T sH ORI
TR DRGNS STV D0, DTS, D BEZ N EREE~Om A aTREM:, =
TSV ERLA~DE F TREMEE OS2 W T L bl T T EDOFEBU IR E - T
Wy, L=t o AL, BB X A IR ROREIN ATRETH H1ED, L—P &
BIZLDRIRAHEDOEVIN LA ARETH D, FTH, 7= b MPL—F T uti o 71350k
TR K0 RGO TR EAERZHE CE 5720, IR EZB 2 2 TE IO =%ot
MTHARECH D, AFETIE, EBEL 7= ML —FZHWTZIF X h~—Th
HARY P AF v FY 2 (Polydimethylsiloxane, PDMS) # /T4 5 2 LT, 7L
XTI INT AL ANIERAREREEMEEE A ER T 5 2 L2 B E Lie, BRI,
EEMEMMEAHEEOMER R 5 CITHEISEIC L D PDMS ~O RFTHEENANT 5 %
MFZE LT,

BLEII FmThd, 7LF VT NT AL RAZEALT, TORME AR5
NS AMEHCOW TR, 7 LR T T ZAOERSIEIC T 2072 8)
M LR AZ R, E LT, AFEO B EBEERE IR,

F2ETIL, 7= ML=V LR EMEIOMRAEERIZ OV TR~ 7-, PDMS ®
EE MM A RS R L O BIEIZ L 5 PDMS ~O B S E AT 512380
THBEE R WBEHAL, B4 ONEBETLLER ) v—DOHEABLOZENLLD
FRFEEE., S OICARY v —OMEEIZOWT, EFEHL £ & DT,

B3 ETH., 722 M L—FEHWEERETLEAEESORFEICL L8R L
PDMS OGS SHOEVERL ORI FEIZ DWW TRk~ 7-, M E A RS ERL o EEREE 2 &
N FERIERIC X A EREE O EBE ML EIEH Lz v U IGO0 TR
7=,

FAETIE, 72 b M L—F &2 HWTEHEISUEIC L % PDMS ~O R E B A
HOMFRIZ DN TR T, (ER L 72 ME OB B MR 72 & QN o A & 7 S iE o
IINTRERIN D @R L7 = & MR L —H UL ZABREHZ L W PDMS O R FTH 72 24y fif
B S, EEME U 3 — A FEEMERI SN Z L2 LM LTz,

W5 EL, A LOFERTHY . AFROREERIEL., 5% ORLEE IR,




WMABRENEST

wEE S 554975 & K 4 e BE

AMCEAMEYNE . A BERBRTHSEE Wt (T%) F)I OF

AlEE  BIERRATHR -t (T%) mA #in

BERBRTHERER L (T KT W

BERDRTFHERER  E (%) Wil Bl

b (L), &L (%) PEREERHOPIGEERKmEL TEfEL 7 = A M Lr—3 01
AN L 2B EER O] LEL, SENOHER I TN S.

ZOMNWDMBIZTER L7 7 L U T AT AL ZREVERIT A - DI S OM BN TR ENRR S
NTWDN, DT R, V&S MFAEE~OwE A TREME, =R E/ERA~oE FH rTRENMES O
WA BTN L REOERIZIZE > TR, L—F7atvs o 7L, BRI A—2 %%
EEEDZETRRDIMIFEREHFD ZENARETH DTN, L= HOERIZLDIRABED
BWINLNARETHD. B TH, 7=h MNP L—F T at o o VI3 IERIEMAAEERIC L 0 B
DHBTHESE S LIIMBEEZTREL L, £7-, FHFBRAEZE 22 - HEOMLE X O =R Ln
ARETHD. AHLOEZIL, EBEEL 72 A NOL—FEANTEI AT L axHh
(Polydimethylsiloxane, PDMS) AN T.9 % Z & T, 7L X T TNT 31 RZIEH ATRe 708 EVEAE
WEAER U7, BARMIZIE, PDMS & ERDN D pk 5 88 MEMGIAE A i O /ERL 72 & QNI BB T &
% PDMS ~O J B E A 5258 L T 5.

F1EE FmThd, ZLIF T AT AL RAELT, ZOREE HiRbCICHW LD H
BHZOWTHRREN TS, EBHIT, 7RI TINT NS, ZAONERFIEICE T 50 dhh & £iF
AURREA T S, AFEO B EBERABRR5N TS,

B2ETIHE, 7= ML —F LR EMBIOMEERIZOWTHRRHN TS, 4§ & PDMS
O EFEMERIE SRS ERES X OWHEHE 12 K D PDMS ~O RFTAYEEMEAT G238V CHAR & 7
LYENEHINTEY, @A 40N ETER) v—DONES, BILOZENLOREFEE,
BITHRY = —DMBHLEIZHOWT, IREFINE LD LTINS,

FBIETIE, 7= b PR L—TE AW NET EEESORFHEIC XL 548 & PDMS OHIHE
AREEERL OO N TR BN TV D, SIE S HEEERL O SEBREGE & NS /ERL L 7= M o
EEMAER RIS REN TS, S 612, 1ER L -#E A G0 e RIC & 2 8BS (L%
EHRLEE S v T ~DISHANBIES N TV 5.

BAETIE, 7= b ML= E2 WM RSEIZ L 5 PDMS ~O /TS ENER 5 058>
WTIBRRHEN TV S, ERL L 72 iE OB E TN 72 © QN 1A% & i E O IR D, &
MUK L7 = & MR L—P UL ABREHZ X 0 PDMS O JRFTRY 22 B RN GE e S, BN U 3o h
— R FREEMERIES N D Z ERHLICENTWD. EHIT, L—P/TF 2 —% L {EREEDE
BEIHEORERIZOW TN RBIEREN T 5.

B S EIX, AWMXOfEmToh D, AFROMENRIE SN, SHOEBENBERLNTNDS.

DL EBEG 212, AR CIEEEE L7 = A ML —F L ZABREHZ LW PDMS # T35 = & T,
T UX T INT A ANTIEF TRE T BB G A R T D Hr o e A AR L, ERIFEREL
HLOTHY, L=V ILESIFIZBWTCLFE R, T¥EEFSTLLEA0D0IRV. LoT, Kim
XOFEF IS (T5) OFMNEZTILIEREIHDL LD ERBDD.




Thesis Abstract

Registration

“KOU” No0.4976 Name Kor, Hosnieh

Number

Thesis Title
Development of an efficient immersed boundary method for simulation of flows around

stationary and moving bodies

This thesis aims at developing an immersed boundary method to provide an accurate imposition of the
boundary conditions while keeping the simplicity of implementation. In this regard, first we attempt to
develop a unified interpolation stencil that is used for a ghost-cell and reconstruction immersed boundary
methods to satisfy wall boundary conditions in Cartesian-based numerical simulation of fluid flow with
arbitrary boundaries. As other existing ghost-cell and reconstruction methods do, the numerical boundary
point is considered near the physical boundary and the required flow properties are interpolated directly from
the proximate points in the fluid region.

In this research, we propose a unified interpolation scheme based on a sequence of one-dimensional
interpolations. In contrast to typical standard stencils, the proposed ones are versatile and do not require to be
altered according to the irregularities in boundary shape. Namely, the boundary condition can be accurately
imposed with a unique stencil for all numerical boundary points while preserving the convergence rate of the
flow solver.

Performance of the proposed method is studied by solving incompressible flows and heat transfer around
stationary and moving boundaries. As for the moving boundaries, it has been reported that despite the
adequate accuracy of the primary and secondary variables computed by immersed boundary, an intolerable
amount of oscillations are observed in the surface stresses and thus in the non-dimensional forces, particularly
in the drag force. In order to decrease the non-physical oscillation, we make a comparison between the
ghost-cell method and reconstruction-based direct forcing, which reveals the superiority of reconstruction
method in suppressing the spurious force oscillations which are produced near the boundary. Then, we opt for
the reconstruction approach combined with the unified interpolation stencil. Comparison of our numerical
results with the existing numerical and experimental data shows general agreement, which confirms the
capability of the proposed method. Finally, the proposed immersed boundary method is applied to simulate a
set of cylinders falling under the gravity force. This sedimentation process has been a highly challenging
problem for moving immersed boundary methods.

This work addressed some difficulties regarding the implementation of the immersed boundary method to
solve Navier-Stokes equations and provide second-order accuracy. The obtained results demonstrated the

capability of the interpolation scheme to satisfy the boundary conditions for arbitrary geometries.
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Thesis Abstract
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“KOU” No0.4988 Name Tripetch, Kittipong
Number
Thesis Title
Design and Analysis of High Order Gm-C Filter and Cross Coupled Oscillator
Using CMOS Technology

Analog-digital mixed signal LSI plays an important role in the electronics. However, various
on-chip analog circuit designs have various tradeoffs and it is difficult to design. A filter and an
oscillator are indispensable analog circuits. The active filter is important for a wide range of
fields, such as a channel selection filter for wireless LAN, as a notch filter for 50 Hz, 60 Hz
power interference cancellation, communication and biomedical signal acquisition. In addition,
the oscillator is a core element for wireless communication and a clock for digital synchronous
circuit. Based on this background, this research is conducting analog circuit design while
comparing analytic and simulation method.

Chapter 1 is an introduction, the background of this research and the Gm-C filter design
previously proposed are summarized and the problems of the conventional design are
summarized

Chapter 2 discusses about noise analysis of Nauta’s transconductance amplifier. Usually,
noise analysis must be derived by sum of mean square noise current source which is multiplied
by square of output resistance divided by dc voltage gain. Equivalent output noise voltage of
high order Gm-C filter simulation results are presented.

Chapter 3 discusses about how to design two types of Gm-C filter called 5" order Gm-C
elliptic filter and 10" order Gm-C elliptic filter based on element substitution which can be
design from cutoff frequency, impedance scaling and filter table. The simulation results indicate
that Sth-order elliptic Gm-C Low Pass Filter shows the cut-off frequency dropped to 21.88 MHz
due to high-frequency small-signal parasitic capacitances. The maximum input amplitude is
-5.46 dBm for Total Harmonic Distortion less than 1%. The output noise is at -168 dB at input
frequency IMHz.

Chapter 4 discusses about Notch filter. This thesis proposed 2", 4™ and 6™ order Notch filter
for interference rejection at 50 Hz which is the same frequency from high voltage power line.
The architecture of the 2" order Notch filter from Kenneth Laker is chosen and designed.
Magnitude response of the 6™ order Notch filter is simulated for 0.18 micron CMOS Process.
The biomedical signal acquisition LSI system is designed by a modification of Twin-T 2™ order
notch filter.

Chapter 5 discusses about cross coupled oscillator design using Root Locus methodology. The
time domain graph is shown as the result of four pole positions and four unknown constants
which can be derived.

Chapter 6 is a conclusion of the thesis.
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Thesis Abstract
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“KOU” No0.4992 Name Capitanio, Marco
Number

Thesis Title
Liveability and Anticipated Shrinkage: Urban Design Assessment of Morphology and

Management in Tokyo's Peripheral Areas

Demographic changes in the Japanese society will inevitably restructure Tokyo’s spatial
organization in the coming decades: population loss will manifest itself unevenly and be most
dramatic in peripheral areas, challenging established notions of quality of life. Several scholars have
tackled this issue from a geographical or planning perspective. Nonetheless, the question of how
liveability at the urban design scale could be addressed, remains an open one.

This research focuses on Tokyo’s peripheral areas, aiming to evaluate, in a comparative manner,
urban design factors affecting liveability at the neighborhood/city scale in an upcoming age of
shrinkage, based on the analysis of three case studies (Kunitachi, Tama New Town, Yukarigaoka).
After providing a tailored definition of liveability, emphasis is put on six factors relating to morphology
(density/compactness, diversity of uses, walkability, green/water space) and to urban management
(machizukurif/participation, local character).

The research is limited to the Greater Tokyo Area because of its uniqueness within the Japanese
urban development. Our findings have clarified the need to focus urban design and policy-making
on compactness, rather than on density; the importance of a spatial qualitative assessment of the
mix of uses, otherwise deceiving from a purely quantitative planning standpoint; the possibility to
maintain liveability in low-density settlements with the implementation of ad hoc accessibility
strategies; the positive and negative effects of different types of green spaces; the importance of
both cooperative and confrontational participatory practices toward co-production; the need for
peripheral areas to offer a lifestyle alternative to that of the city center.

Beside presenting a workable and applicative toolkit for urban designers, we provide new data and
information about our case studies for the benefit of local municipalities and interest groups,
proposing an exemplary “shrinkage masterplan”. Moreover, by means of comparison, tactics to
cope with shrinkage can be transferred to and tested in other areas around Japan and be a
reference for numerous East Asian cities about to face, in the near future, their own age of
shrinkage.
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“KOU” No0.5002 Name Alam, Md. Shahanoor
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Thesis Title

Study on the function and structure of proteins in the developmental process

Nearly every dynamic function of a living being depends on proteins. Consistent with their
diverse functions, they vary extensively in structure. In this study, biological and biochemical
function of planarian dUTPase and starfish sperm PKAS1 signaling function were investigated
and discussed. The DUT gene encodes deoxyuridine triphosphatase (dUTPase), which is
involved in nucleotide metabolism. Since the DUT gene is involved in DNA replication by
maintaining the appropriate dNTPs pool, it was expected to have important functions in
regeneration. On the other hand, prior to the fertilization, the elongation of acrosomal process
requires PKAS1 protein which is the substrate of PKA.

In Chapter 1, the history and overview of planarian regeneration and background information of
the present study are introduced.

In Chapter 2, the biological importance of planarian dUTPase in regeneration and genome
stability is described. Dr-dut RNAI silencing in the planarian was lethal due to genomic DNA
strand breaks. The dUTPase blocker, 5-fluorouracil (5-FU), also resulted in planarian death and
DNA damage, and synergistically caused higher genotoxicity in Dr-dut RNAI planarian.

In Chapter 3, purification and biochemical properties of planarian dUTPase are presented.
Molecular mass, kinetic behavior, cation requirement, and substrate specificity of planarian
dUTPase indicate that the planarian enzyme not only has certain structural and molecular
features that are unique to these organisms but also differs in its hydrolytic capacity from all the
enzymes characterized to date for accomplishing the same function.

In Chapter 4, the role of PKA signaling during the acrosome reaction in starfish is described.
The major PKA substrate referred to as PKAS1 was identified from starfish sperm, as a novel
protein containing six PKA phosphorylation motifs. This protein likely plays a key role in AP actin
polymerization during the acrosome reaction.

In Chapter 5, the overall summary of the thesis is presented. In addition, future research
projects stemming from this research are also discussed.
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amurensis DSAFITIER L, ZNHOBRITEBIT D2 /"7 EOKEE L IZHOWTH LI LT
W5,

F1ETIE, ERDO200RERBOMEDOE HICOVWTELEHTWNWDS, 77T 7T OFAERS
WZOWNWTIX, TORERE EHIZT T TV T OEWEATZFHEIZ LTV D SRR 47 F 2
MZOWTH# LTV, S HICHAICES M2z 2 DNA ERORE IS5 B2 bh
% deoxyuridine triphosphatase (dUTPase) IZ DWW TR LT\ 5, £/, B hTOZREICHOWNT
X, K FRE DT O DI G T D eI B 5 JIAMERE R > FREIC DWW Cam Uy 46
ISEOSFHEEEE (ARIS : acrosome reaction—inducing substance) &¥5FIEMELYE (asterosap)
2 X DA e ER D RO TH D 2 & 2R T 5,

H2E TR, ST T OHEEICEIT S dUTPase DA FHIFEAEIC DWW T U TV 5, dUTPase
IZX 7 UAF RORFHZETDL Y . M dNTP pool Z i35 2 & 12k v DNA #HH A L/ L.
FaOMEEMEZHERF L TV D, T OREZ T 572912, 777 U 7 dUTPase s+ (Dr-dut) %
HAHE L. Dr—dut OMSREMLEFER (RNAL) Z21T-o7-, BAEBBROT I T TRBIEL 5 2 & &R
L LIz, RNAL EARD A 2 S DNA KT LT, DNA 2 A R 7 A 247V, DNA I (ks e =
STWAZ LEZRLTWS, F7-. dUTPase Fii® thymidylate synthase PHERITH 5
5-fluorouracil ZHAEHDO T Z7F U TIZABET 5 Z &2 K- THRERIZ DNA B b & BEEDO IR
NHDHZIEERLTND, ST, WMEELEZFRRHIATY Z L2k, MENREENEZS Z
EHRLTWS, bzl F5F VU7 dUTPase 1% dNTP pool Z g+ 5 = & 12X v DNA 815
(X9 DIEEOHEZ FIEEIC LTV D EFm LT D,

HI3FETIX, 77V 7 dUTPase DAEFHIRIEEBIZOW T LTS, KIBEICHEALAIET=
Dr—dut Z HEERER L, 25z O TR O - RO EE R L 2 TG SR & REFn Ot D A=) D
dUTPase D4 L et LT\ 5, 775 U 7 dUTPase @ KmffiiZ & b dUTPase & IFIER L TH D =
ERONAUTP ITkt A BN D Z L 2R LTS, ELICELNEEIEZ TTIIHFETY 7
ATV, ZOMRE &L OBERICHO W TER LT 5,

FAETIE, b bTRIRISIZEBIT D PRA ¥ 7 VR OSRE L Z D ) U ERALEAL DY EIZ DU
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PKAIZK DU Vb ZE N LCT 7 FUERICEDEEREENEMRESND, £ T, 20O PKA DRE
EIRDH L XY PRAST = HEERE L, BEDITICE D U U BIbONEEZIRE L, £ ORE &
DOERIZOW T LT 5,

% 5 ECIL RO 2 RFE Lz k=T 5,

PLE, Ak, fAEICEBIT D UTPase & 52 F51031) 5 PKAST OHERE & &S ICOWTHA L 2MT L
TW5, koT, KL OFEFITHE LT O 22 T HERP DL LD LFEH D,
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LIZARMIERNDA~E 7 v B DIREREDRBILEN 22 T A F~EZm BB fEL TS Z &
LT, TNUOORERIY, FZHORE LIFHINEIEL, HEREUSH OFIEN O AR i ERAE AL FS K
ONEZ 0 B ORMEET 2 BREHRE L BITMETE D 2 LB mnol,
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HFERDZEMEE 2D, 15k Lo BB R L T RO R 2 M, (rfad:
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Do ZIUDH 2ODERN, FAGERG L OE T 22T EERTH D, 5# 5= CTlrdiasE bl E & #it
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