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WXABOEE

In eukaryotes, genomic DNA is highly compacted (packaged) into chromatin via the
nucleosome structure in which 147 bp of DNA is wrapped around a histone octamer in a left-handed
superhelical turn. Chromatin creates barriers for various aspects of transactions on DNA. Therefore,
alteration of chromatin structure into more dynamic state is a critical process for DNA metabolism.
How is the energy for the process provided? One of the explanations for it is “generation of
superhelical tortion into DNA”. Indeed, resent studies have shown that an ability to generate
negative superhelical torsion in DNA is shared by ATP-dependent chromatin remodeling activities
which participate in the alteration of chromatin structure during gene regulation.

DNA supercoilig factor (SCF) was first identified in the silkworm as a protein that
generates negative supercoils in DNA in conjunction with topoisomerase II. Subsequently, a
Drosophila melanogaster counterpart of SCF was identified, and it was revealed that the factor
interacts with topoisomerase II in the nucleus and localizes to puffs on polytene chromosomes.
These findings implicate a role of SCF in transcription on chromatin.

However, these negative supercoiling activities including that of SCF were identified only
by assay systems in vitro, and physiological functions of them remain nuclear. In this study, I aimed
to determine the in vivo role of SCF to clarify the biological significance of negative supercoiling
activities.

To analyze the biological function of SCF, I attempted to perform RNA interference
(RNAI). Although RNAI is a powerful method for silencing genes, injection of dsRNA interferes
with gene expression only transiently. In order to overcome the problem, a method to express
dsRNA as an extended hairpin-loop RNA has been developed recently, and found to be successful in
generating RNAI in Drosophila. Thus, I employed this method to achieve the knock-down of SCF
function throughout development. Surprisingly, I found specific and dramatic reduction in the male
biability. However, this male-specific lethality could be caused by the difference of RNAI activity
between males and females. To test the possibility, I compared RNAI effect in both sexes. Western
blot analysis showed that the amounts of SCF protein in both sexes are similarly decreased by RNAI,
indicating that the observed male-specific lethality was not due to the difference of RNAI effect in
the two sexes.

In Drosophila, at least five genes, male less( mle), male-specific lethal 1, 2,and 3(ms!-1,
msl-2, and msl-3), and male absent on the first (mof), have been discovered on the basis of the male-
specific lethal phenotype of their loss-of-function alleles. In males, the products of these genes form
a complex (MSL complex) that binds to the numerous sites on the X chromosome, and mediate the
dosage compensation through 2-fold enhancement of the levels of transcription on the X
chromosome, relative to females. The dosage compensated male X chromosome takes a more
decondensed structure relative to the autosomes, which correlates with hyper-acetylation of the
lysine 16 residue of histoneH4 (H4K16). Although little is known on the molecular mechanisms
underlying the hypertranscription of X-linked genes, it has been thought that the altering chromatin
structure is a key element of the dosage compensation. Therefore, the observed male-specific
lethality in the knock-down of SCF leads me to presume that SCF might be involved in the context
of dosage compensation. To investigate this possibility, I first examined whether the knock-down of
SCF affects the binding of the MSL complex and subsequent acetylation of H4K16 along the X
chromosome. I performed immunostaining of polytene chromosomes to analyze the distribution of



MSL complex and acetylated H4K16. This experiment revealed that MSL complex still localizes to
the X chromosome in the males deficient in the SCF function, and acetylation of H4K16 is also not
affected under the condition.

If SCF is truly involved in the dosage compensation, it is expected that the reduction of
SCF function results in the inappropriate transcriptional regulation of X-linked genes. In this idea, I
next examined the effect of the SCF RNAI on the expression levels of X-linked genes. I performed
quantitative real time RT-PCR and found the male specific reduction in the X-linked genes
expression level under the SCF RNAi. These results suggest that SCF plays a role in
hypertranscription of X-linked genes after the association of MSL complex and subsequent
acetylation of H4K16 along the male X chromosome.

Since the gene expression analysis showed correlation between the SCF function and the
dosage compensation, I investigated the possible interaction between SCF and components of the
dosage compensation machinery in vivo. Biochemical and genetic analyses were performed, and the
results obtained demonstrated that SCF and the dosage compensation complex interact both
physically and functionally.

To directly examine the correlation between SCF and dosage compensation in vivo, 1
analyzed distribution of SCF on polytene chromosomes prepared from each sex. In spite of the fact
that the single male X chromosome contains only a half amount of DNA as compared to the paired
female X or the autosomes, SCF signals on the male X chromosome were more densely distributed
along the chromosome relative to the autosomes or female X chromosome. This observation
supports the idea that SCF functions as a dosage compensation regulator. Moreover, I found that
overexpression of SCF on the polytene chromosome caused abnormal morphology exhibiting a
bloated appearance and a loss of its banding pattern on the male X chromosome, but not the
autosomes or female X chromosome. These findings suggest that SCF plays a role in the alteration
of chromatin structure via the function of the dosage compensation complex.

The above analyses show that SCF participates in the dosage compensation only after the
association of MSL complex and the subsequent acetylation of H4K16 by MOF histone acetyl
transferase. To confirm the idea, I analyzed distribution of SCF protein on the polytene
chromosomes in #of mutant background. Compared to the wild type background, SCF labeling was
significantly reduced on the male X chromosome in 70f mutant. By contrast, the SCF labeling on
the autosomes was not affected. Thus, I conclude that MOF activity is necessary for the proper
landing of SCF on the male X chromosome.

Taken together, the results reported here show that DNA supercoiling factor SCF is
responsible for the hypertranscription of X-linked genes after the association of MSL complex and
subsequent acetylation of H4K16 by MOF activity along the male X chromosome, and hence the
SCF function is essential for the Drosophila dosage compensation. The present findings support the
previously proposed model in which SCF plays a role in the transcriptional activation via the
alteration of chromatin structure.
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TS AOELRII, Ya v Pa v DR N—a A )ULEF (SCF) DA
N TOHREZ AL D TH D, SCFIZIDNA DEDBLEAZEATEZ LI ETH
V. DNA OEESCEEICEERREZRBIZLTWAHEEZOND N, TOEMFENLE
FIFBALNLTEHRY, BB IAITTEY 3 7Y a U THA SEH - FER RNAI D
FIEEREA U TEERL LT SCF Oie 5 T2 7-,

SCF & =W i owrh & MEER 2 UAS 7 1 F— & — Tl D720 7= vector &
BALTENATE, GAIAFZ VRV B REETHINNTERRET S &, TOFREET~TE
IO ARG RNA 2SRE S, SCF IZx$ % RNAI BFFE I D, BAEFH X V2
TRNAI ZFFETH L, SCFHUNTENELIED LI, ZD SCFRNAI ZEA T3
EARER R E TIZEEFICHAET A0, BEEERITFEEICIET U, BERAOEIE L W ) B
FERMEEREE CELTARFANHEL N E 2otz, EBRIC X RQIEIZEETD 3 B0E
CFORBFEELZTT2L 2 A, RNAIEEKHECITEELRREOKTHIEE I NI,

TauYla Tt (X) REAOBEGFEMEIEIIE X LaEoiEEES
BT aZ kit TR IZbil., ZOBRETIEHD X SEicoBfEET 5 MSL #
/R AR histone H4 @ hyper-acetylation 72 S IC BB 2R B2 B7- L TCW5AH Z &M%
HINTWB, % Z TSCFBIET & MSLEBRTHOBEBGFENHEEREZRHZE ZA MSL-1
BaF & ZEAT oS EICB W TEE R BERREOBIEE SR Sz, ERICAREILRE
EBRABI2S &, SCEEZUNIE, HDHWTENLFEE LT 5 Topoisomerase 11 & >
NRIBIHTAHEIZE D . MSL EE8HD 5FBOF R8N bICEELTE L, T
2B, SCF Bnt & MSL BETFEIBEERNIZ L D5 WIIEMICHHEEERA LTS
ZEDBALMNE ST, —F, SCF RNAI BEETIE MSL B TFREORE, £DX N
D X GEME~DBIE, DL X BefafKkD hyper-acetylation 1325 LT 5§, SCF
BRFIE MSL B FEHO TR CTHIEL TWA Z EWREB I, SCF # /X0 BEiiel
BERIZDTZ > THAHA LT D0, MSL BIEFEED—D, mof B TFDEREIKTIL SCF #
VORTED XEBEEOSHENED L TWBIEEL IO LETHFL WD, EHIZSCF
BRT 2 8H 5 UMER R AR 2 BRI D L, MO X REEDOHBED/NL RoRZ— R
v, BENLVEEL R BENBEIN, SCF BN un~F & EZERICR ST
BT EERLTUVE,

PAEDOEBRFERIZ. inviro BV TDNAIZA DB LY AZE AT S SCFN in vivo
BV THRAFREELBLITD 2 LIcL ) ERICBETFEEFEELZFH L WD &
ZIICLOTRLELDTHY ., FEE u@i%l’“b%wk““zéo DI EINELVEERES
T2 TIORINELRTE LTHoTHD LEOFEHRITEL,
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