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Eukaryotic transcriptome analyses have revealed that many
transcripts are non-coding RNAs (ncRNAs). In addition, most rela-
tively large (~-several kb) polyadenylated mRNA type transcripts are
transcribed from regions harboring little coding potential. However
the role of such mRNA type long ncRNAs (mlonRNAs) is mostly
unknown and has been a matter of debate. Recently, we showed that
cascade of RNA polymerase II (RNAPII)-mediated transcriptional
initiation of mlonRNA causes stepwise disruption of local chro-
matin array at the fission yeast Schizosaccharomyces pombe fbp1*
promoter region. Here, we hypothesize that RNAPII transcription
of mlonRNA disrupt chromatin array possibly collaborating with
histone acetylation mechanism. In addition, conserved action of
Atfl, a transcriptional activator and Tupl1l-Tupl2 corepressors
along mlonRNA transcription mediated chromatin regulation
is suggested. This idea provides new insight into the biological
meaning of mlonRNAs found in various eukaryotes.

Within a tiny nucleus, chromosomal DNA is compacted as a
chromatin structure. The fundamental unit of chromatin is the
nucleosome, consisting of histones wrapped with genomic DNA.
The chromatin structure plays important roles in the expression and
inheritance of genetic information in all eukaryotes. However, such
chromatin compaction inhibits many DNA-related reactions, such
as transcription, replication, DNA damage repair and recombina-
tion, by preventing the access of transacting DNA-binding factors
to the DNA substrates.! Therefore, proper regulation of the chro-
matin structure is vitally important for the homeostasis of biological
systems. The posttranslational modification of histones including
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acetylation and various chromatin remodeling complexes are known
to regulate chromatin structure.># In histone acetylation, a histone
acetyltransferases (HATs) and deacetylases (HDACs) add and remove
acetyl groups, respectively. Increased acetylation is usually associated
with derepressed chromatin configuration.?

Atfl, a CREB/ATF-type heterodimeric basic leucine zipper
protein participates in the alteration of chromatin configuration into
open structure and thereby roles in the transcriptional induction
of some stress genes and activation of some set of meiotic recom-
bination hotspot.é‘8 In contrast Tupll and Tupl2, Groucho-like
global corepressors repress the chromatin remodeling and thereby
suppressing the transcriptional activation.8!!

The fission yeast S. pombe fbpI* gene is strictly regulated by
glucose repression over a range of greater than 100-fold.'? To study
how such strict regulation is established, we have studied the chro-
matin regulation in fBp1* promoter. We discovered a transient and
cascaded transcriptional initiation of mRNA-type long ncRNA
(mlonRNA) passing through the fbpl* upstream region during
the course of starvation-induced derepression.!> In the course
of cascaded fbpI* mlonRNA transcription, RNA polymerase II
(RNAPITI) translocates from far upstream to eventual transcriptional
start site in the fbpI* promoter.! Interestingly, chromatin structure
progressively convert into open configuration from far upstream
from the fbpI* promoter and is induced in a stepwise manner 5'
to 3' toward the fhpI* promoter.!?> Noteworthy, this chromatin-
remodeling event is coupled with transcriptional transition as
well as the translocation of RNAPII along fbpI* upstream region.
Moreover, we showed this cascaded mlonRNA transcription is vital
for the chromatin remodeling event, since arrest of mlonRNA tran-
scription by the insertion of a transcription terminator abolishes
the progressive chromatin alteration.!3 We therefore concluded that
RNAPII transcription of mlonRNA disrupts chromatin array within
its passed tract. Since we detected transient and cascaded histone
acetylation along fbpI* upstream region(our unpublished results),
it is possible that RNAPII travels along non-coding fbpI* upstream
region and disrupts its passed tract collaborating with HAT activity
(Fig. 1). Furthermore, we demonstrated that Atfl is required
for the progressive mlonRNA transition as well as the stepwise
chromatin-remodeling event. However, concomitant loss of Tup11
and Tup12 corepressors in a#fIA cells rescues massive transcription
of fopI* from TATA box without recovering mlonRNA transition.
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Hence, a possible scenario is that Atf1 acti-
vates progressive mlonRNA initiations and
thereby overcomes the repressive role of the | A
Tup proteins (Fig. 1).

As a similar chromatin alteration event,
we previously reported the coupling of
chromatin alteration and shift of transcrip-
tion initiation site at meiotic recombination
hotspot ade6-M26, in which a non-sense
mutation simultaneously creates cyclic
AMP responsible element (CRE) like
sequence that is responsible for the hotspot
activity.!# Noteworthy, in the regulation of B
chromatin structure at ade6-M26 site, Atf1
and Tup proteins roles in the same manner
as in fhpl* promoter.®? These similari-
ties led us to speculate that mlonRNA
transcription regulates chromatin struc-
ture possibly collaborating with Atfl and
Tup proteins. Such sophisticated chromatin
regulation system consisting mlonRNA
transcription, Atfl and Tup proteins could C
be important also in higher eukaryotes,
because the system consisting of MAPK
pathways-Atfl transcription factor and
Tup proteins are highly conserved and — >
many of ncRNAs of unknown function cascade of mlonRNA transcription
are found in various eukaryotes.!>"1? While
the biological meaning of such nc-RNAs
has been mostly unknown so far, the
‘mlonRNA-coupled chromatin regulation’
presented here provides important clues to
understand ncRNA transcription found in
various eukaryotes.
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Figure 1. A model representing mlonRNA transcription disrupts chromatin array. (A) In glucose rich
condition, rare mlonRNA is transcribed from a site far upstream from the authentic fbp 1+ promoter, but
does not initiate the robust activation of fbp1* transcription at the promoter due to the Tup-dependent
repressive chromatin structure. (B) Upon glucose starvation, Atf1 binds upper binding site (carrying CRE
sequence). Affl activates progressive mlonRNA initiations, and this mlonRNA transcription overcomes
the repressive role of the Tup proteins. (C) RNAPII traveling along upper fbp 1+ region disrupts chromatin
array possibly collaborating with HAT activity.
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