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SCF (DNA supercoiling factor) has an activity generating unconstrained negative supercoils in
the DNA strands in conjunction with eucaryotic topoisomerase II (Ohta and Hirose, 1990, Ohta et al,
1995). SCF localizes to puffs on polytene chromosomes in Drosophila melanogaster (Kobayashi et
al., 1998). SCF is required for dosage compénsation via hypertranscription of the male X
chromosome (Furuhashi et al., 2006).

Homeotic (Hox) genes determine body structures along the anteroposterior axis in most animals.
Expression of homeotic genes exhibits segment specific patterns that are maintained throughout
development. Because the presence of homeotic gene products in cells is sufficient to determine
their developmental fates, the regulation of homeotic genes plays important roles in normal
development (Schneuwly et al., 1987; Gibson and Gehring, 1988, Gonzalez-Reyes et al., 1990,
Maeda and Karch, 2006). ,

The Abdominal-B (Abd-B) is a homeotic gene categolized to bithorax complex (BX-C) (Lewis,
1978). Abd-B specifies abdominal segments A5 to A9 [parasegments (PS) 10 to 14]. Abd-B is
classified to two subclasses Abd-B m and Abd-B r. They encode proteins that share the C-terminal
amino acid sequence, including the homeodomain. The expression of 4bd-B m products is regulated
by iab3, iab6, iab7 and iab8 enhancer regions and these enhanncers are implicated in the formation
of A5, A6, A7 or A8 segments respectively. Abd-B r products are expressed in A9 segment and are
required for genitalia development (Karch et al., 1985; Celniker et al., 1989; Zavortink and Sakonju
1989; DeLorenzi and Bienz, 1990; Celniker et al., 1990; FlyBase Genome Annotators, 2004). In this
thesis “4bd-B” repesents the Abd-B m class, which is transcribed from the Abd-B-RB promoter.

trithorax group (trxG) and Polycomb group (PcG) genes encode trans-regulators of homeotic
gene function (Kennison, 1995). Because #rx positively regulates the 4bd-B expression in PS
(parasegment) 10-12, a #rx mutant shows anterior transformation in AS5-A7. #rx and Rpll140 (the
second largest subunit of RNA-polymerase II) mutants show homeotic transformations caused by
Ubx defect. Pc is required for the function of the silencer element in Mcp, which limits the Abd-B
expression in A5 and the posterior segments. Loss-of-function of Pc causes homeotic
transformation (A4 to A5), similar to that observed in a deletion of Mcp.

To examine autosomal gene regulation by scf; I tried to observe the phenotypes of RNAi induced
scf mutant. Though knockdown of scf by RNAI results in male lethality, some escaper males show a
homeotic transformation of the sixth abdominal segment to more anterior identity similar to that
arising from a reduced expression of 4bd-B. I examined a genetic interaction between scf and Abd-B.
Upon scf RNAI, heterozygotes with an .4bd-B mutantion become lethal in female. These data
suggest that scf genetically interacts with 4bd-B.

RNAI limits the observation of adult males because most s¢f knockdowned males die. RNAi is
not suitable for examination in the early embryonic stage. So the genetical mutant is necessary for
analysis in the homeotic function of scf. I isolated an scf loss-of-function mutant scf ! from a strain
J2.4 (which is kindly provided by Dr. Ng (Ng et al., 2002)). J2.4 includes a nonsence mutation in
scf (s¢f' ') caused by EMS and a deletion in the Rac2 gene (Rac2"). Df{3)Racl that lacks scf;, Racl,
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and Gef5 is also a gift from Dr. Ng (Ng et al., 2002; Furuhashi et al., 2006) . scf ! was recoverd
through recombination between J2.4 and wild type, which was lethal over Df(3)Racl, followed by
PCR screening for the absense of Rac2”. s¢f” is lethal at third instar larval stage in both sexes.

Emproying scf ', I investigate the genetic interaction between scf and trans-regulater of 4bd-B.
Although scf' heterozygotes do not exhibit obvious homeotic tranformation, they suppress
Pc-dependent transformation and enhance transformation caused by #xG. Expression of 4bd-B
exhibits 30% decrease in scf’ compared to wildtype at the embryonic stage. These data suggest that
SCF positively regulates Abd-B expression.

SCF displays a specific staining pattern in polytene chromosomes, which leads to a hypothesis
that SCF localizes in specific chromosomal regions to control gene expression. To analyze SCF
localization in the 4bd-B gene loci, I utilized array-based comparative genomic hybridization
(aCGH). Solubilized chromatin fragments were prepared from yw embryo, followed by
immunoprecipitation with anti-SCF antibody to make hybridyzation probes. The probes showed
fine results in hybridization. Raw data were processed in software provided by Agilent. The results
show that significant SCF signals were presént in the Abd-B-RB promoter region. The signals locate
around 1.7 kb upstream region of the transcrition start point. Conventional PCR assay supports the
results. The array experiment suggests that SCF interacts with the 4bd-B gene at least in the Abd-B
promoter.

To investigate the role of SCF in the 4bd-B promoter, I examined whether the promoter activity
is influenced by the loss-of-function mutation in scf. Abd-Bpp spanning 4.1 kb of 5’flanking, 1.2 kb
of mRNA leader and some coding sequence was utilized as a basal promoter of Abd-B in reporter
assays (Busturia and Bienz, 1993; Estrada et al., 2002). Expression of the reporter lacZ reduced
about 50 % in sc¢f ! homo mutant compared with wild type. This result shows that SCF positively
regulates the activity of the Abd-B promoter.

For a transcriptional reaction the CTD (carboxyl terminal domain) of RNA polymerase II
(PCTD) should be phosphorylated in an early elongation step (Phatnani and Greenleaf). To examine
the correlation between SCF and gene transcription in entire chromosomes, 1 performed
immunostaining of SCF and PCTD on polytene chromosomes. I found that SCF colocalized with
PCTD in many sites including early ecdysone puffs. This result suggests that SCF is involved in
transcriptional activation in various chromosomal loci. '

Collectively these results show that SCF activates the expression of Abd-B and is required for the
formation of segment-specific pattern in the abdominal segment, and suggeét that SCF localizes in
the Abd-B promoter and facilitates the promoter activity. These findings combined with the previous
studies illustlate the role of DNA supercoiling in gene expression.
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INEEX AOBETRE. Y a v aNTIOX—/N—a1 IULETF (SCF) DAEARNTOR
BEFANREODTH S, SCFIZINA FRAYRATHE 1] EHALTINAKADBSRAZEAT
55 NRIETHO. INA DEEDEMCEERBIEREL TN EELSNDH, ZTOEE
TO AN =X LISERITH 5 M5 T B biF T B2 1T SCF 13 X ko’ ET &
BEBBICBVTMEL YOV EEAKREGRL TEEABEIZREA L TWS M, Rk LTl
X READORRS TELREAELICOAHLTNS, BREATO SCF ORETRENIEDOL S 72
HDTHD DM

SCF RNAI ZRMCZFHICERET 5 &, BETASD “FiAL” BBIoTBD. ZOHHD
BRI ZEET 5 Abd-B BATT 4 v 7 BETFORBEREISRRENE, 7T SCF RNAL
EREE Abd-BEREEAWTREFNIMEERERET 2 &, H OB/ EER
SNEIED Tz, B, BB ERENBITET S0, T SFRETFOWEN TR EHET
BZEEL. IS ICE DL REEALEREEKEEZI U —2 L, SFOBEF LR
BRBECTODT LIV (sclf 1)) &5 BET S 2 ENTE e FEBRSEIEFEEE BB TH O,
SCF T B TFRABEDOAZ ST, BREAK EOBETFOREITHEH N TV S AEENRRINS,
FZTINERE AT Abd-BBETFITEE LT, BREEDE,

Abd-BBEFORBEZHET BB T Tix V)V — TREFRNEDT 4 T2 Pc VV— T
BFENRAT 4 TICHE L T3, sef [VEREZFIRLT. INSBETRICET S Irx Pe.
RolTI40BETF EDHEER ZBEBREGORATTF 4 v 7« NI A TF—A— a > KRB
THRREEZA, scfBETFR T IV —TBETFHERREIC, ADd-BBETEZRIT 4 TICH
BLTWBARMEATR I NIz, 22Ty sef [JERKIZBT 5 Abd-BBEFORBRZEEAE
Liz& 2, S iRNA BOETHBRE SN, RICBITS Abd-FBETF OEBRNRE /Ny
— RIS S T,

SCF % > IO B Abd-BBBETREBOEZICREL TEOREEHAG L THEINEFHRD 2D,
Chip-on-chip FEHF &1F o 72 & 2 5. BB A L. L Tkb fHEICEZE RSV FIVEBELE,
ERITZ DY ORTF M SCFARERT B 2 N Abd-BBAZF DEEICED 550 E S D EFEN
DB IEERG A LS. Sk & L R—F —BETFIDBRVWEIZA NI T FEAFEL,
Scf[I/EREIIBIBHBFEERANZLEZA, S0 %DETIHEEEIN =, :

ABIZEN 5. SCF 13 Abd-B BETFOEEREA 1.7 kb HEICREL. TOEFZEEMRLL.
BIEEIC BT DEER RIS — BRIV ETH D ENHEN Efr o, SCF 13E Dl
=F D all or none MARERERGEHS DT, Z<DOBETOEREEZ (EET ] #EE
EZENTNS, LH LINERE AT Abd-BBEFEVWIBRRY —5 Yy MK D . TOEEH
HICBEH S SCF OREZH SN Uiz, FFFEIE. SCF OEEEE 2 TW< LT OBEME
ANOEBRBREL ., FRXWEMBESOELHEE+HMELTHOLEEE UM L.
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