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Bam and Otu can regulate stem cell fate by
stabilizing cyclin A
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Identifying factors that regulate the balance between
stem cell self-renewal and differentiation into special-
ized cells is key to understanding tissue homeostasis
and regeneration. Long before the identification of
the four factors sufficient to define stemness, a single
gene named bag of marbles (bam) was shown to be
necessary and sufficient to control the transition from
stem cell to differentiated cell in the germ-line lineage of
Drosophila females (1). In the absence of bam, germ-line
stem cells (GSCs) cannot differentiate into cystoblasts
and accumulate as round cells forming a bam in the
germarium at the tip of the ovary (2). In contrast, ectopic
expression of bam in GSCs is sufficient to induce their
differentiation and the subsequent loss of all germ-line
cells (3). Bam thus acts as an ON and OFF switch of the
stem cell vs. differentiated fate. This switch is controlled

by a short-range Dpp signal (bone morphogenetic
protein-like) sent from neighboring somatic cells, which
directly inhibits bam transcription in GSCs (4, 5). The
GSC daughter cell that is not in contact with these so-
matic cells does not receive enough Dpp signal, and can
thus express bam and differentiate into a cystoblast (Fig.
1). During the window of bam expression, cystoblasts go
through four rounds of incomplete divisions to form a
cyst of 16 interconnected germ cells. This simple model
provides a paradigm in the stem cell field to explain both
how asymmetric divisions balance self-renewal and dif-
ferentiation, and how external signals regulate asym-
metric divisions. Two decades of intense research have
refined this model to include many other signaling path-
ways (6). However, despite being at the heart of it, the
biochemical activity of Bam remained mysterious. The
lack of clear homologs at the sequence level has not
helped. In an exciting research article published in PNAS,
Ji et al. convincingly show that Bam and ovarian tumor
(Otu) proteins associate and deubiquitinate cyclin A
(CycA) (7). The resulting stabilization of CycA is sufficient
to explain the loss of GSCs when expressing Bam ectop-
ically. Thus, a long-standing question in the stem cell
field has been clarified.

Dahua Chen and colleagues identified Bam binding
partners by immunoprecipitation andmass-spectrometry
analysis. Bam strongly interacted with free ubiquitin,
suggesting that Bam could bind proteins bearing a
ubiquitin chain, which can be marked for degradation.
Previous work by the authors had shown that ubiquitin-
mediated degradation of CycA was necessary for GSC
maintenance (8). Expression of a nondegradable CycA in
GSCs leads to their loss by differentiation, a phenotype
identical to the ectopic expression of Bam (8). In PNAS, Ji
et al. (7) discover that CycA can be coimmunoprecipi-
tated with Bam from S2 cells and ovarian extracts. They
further show that increasing the levels of Bam leads to a
corresponding increase in CycA levels, and that decreas-
ing the levels of Bam leads to a decrease in CycA levels.
The authors propose that Bam could act as a deubiquiti-
nating enzyme (Dub) for CycA. Furthermore, ectopic
expression of bam in the GSC could be enhanced by
coexpression of cycA, and suppressed by cycA reduction.
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Fig. 1. In WT GSCs (green), DPP/TKV signaling represses bam transcription (blue
square) through the silencer element bamSE (in red). In cyst cells (blue), Bam
can associate with Otu and regulate cyst divisions. When bamSE is mutated
(Lower), bam becomes expressed in GSC. It can then bind to Otu in GSCs to
deubiquitinate and stabilize CycA, which leads to GSC loss.
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However, Ji et al. could not demonstrate any deubiquitinating activity
for Bam. Ji et al. then searched for potential Bam partners that could
provide this activity by screening an RNAi library targeting deubiquiti-
nating enzymes (DUBs). The authors found that Otu down-regulation
led to an increase of CycA ubiquitination and demonstrate a direct
DUB activity for Otu. In a series of elegant experiments, Ji et al. dem-
onstrate that Bam, Otu, and CycA are part of the same complex, that
Otu binding toCycA is dependent onBam, and that CycA stabilization
by Bam requires Otu Dub activity. These biochemical conclusions are
supported by genetic interactions in vivo using alleles and knock-
downs for bam, otu, and cycA. Altogether, the results presented in
the Ji et al. article propose a novel model for the biochemical
function of Bam when ectopically expressed in GSCs.

The biochemical activity of Bam described here is in contrast
with its previously proposed functions in protein degradation and
inhibiting mRNA translation (9–11). Indeed, Bam was shown
to form a complex with Bgcn, a protein related to the RNA-
interacting DExH-box polypeptides. This complex was proposed
to inhibit the translation of the stem cell promoting factor nanos.
Nanos promotes GSC fate, whereas Bam promotes differentia-
tion. These antagonistic activities were shown to depend on the
repression of nanosmRNA translation by the Bam/Bgcn complex,
possibly via nanos 3′UTR (9). In this model, Bam would thus pro-
mote differentiation by inhibiting stem cell-promoting factors,
which is different from inhibiting self-renewal by stabilizing differ-
entiation factors, such as CycA. How to reconcile both models?
Here, it is important to have in mind in which cell types these
proteins are endogenously expressed to distinguish gain- vs.
loss-of-function experiments. Bam and Nanos proteins are
expressed in nonoverlapping reciprocal domains, with Nanos
expressed in GSCs and 16-cell cysts, whereas Bam protein is
found exclusively during the four mitotic divisions (9). Bgcn and
Otu are expressed throughout the germarium. When ectopically
expressed in GSCs, Bam could associate with both Bgcn and Otu,
which would lead to the inhibition of nanos translation and the
stabilization of CycA, respectively. Both would lead to GSC differ-
entiation and germ-line loss in these gain-of-function experi-
ments. Similarly, in its endogenous window of expression, from
cystoblasts to eight-cell cysts, Bam could also associate with both
Bgcn and Otu. The Bam/Bgcn complex would inhibit nanos trans-
lation, allowing differentiation, although the Bam/Otu complex
could regulate CycA levels and the number of cyst divisions (see
below). Bam could thus have several biochemical activities,
depending on which cofactor it binds: Otu for deubiquitination,
Bgcn for mRNA translation, and Csn4 for deneddylation (9–11).
These pathways could act in parallel, and each interaction could
be regulated by posttranslational modifications, such as ubiquiti-
nation, as uncovered by Ji et al. (7).

With the Ji et al. (7) work, Bam can be dubbed a regulator of
the cell cycle. It could shed new light on the role of Bam in reg-
ulating the number of cyst divisions in both Drosophilamales and
females within its endogenous domain of expression. Indeed, in
both testis and ovaries, differentiating germ-line cysts go through
four rounds of divisions. However, in bam mutant testis, cysts un-
dergo several rounds of extra divisions and fail to enter meiosis
(12). An elegant model suggests that increasing levels of Bam
protein during the four mitoses would limit the number of divi-
sions above a specific threshold (13). Increasing artificially the
levels of Bam limits the number of divisions to three and leads
to the formation of cysts made of eight cells only (13). In addition,
Bam was shown to associate with Bgcn, as in ovaries, and to in-
hibit the translation of Mei-P26 mRNA (14). The repression of

Mei-P26 translation would limit the number of divisions and in-
duce the transition to meiosis. The results by Ji et al. (7) in ovaries
open the possibility that, in addition to regulating translation with
Bgcn, Bam could regulate CycA levels with Otu in males as well.
Remarkably, Ji et al. show that overexpressing Bam in ovaries
induces the formation of cysts with 32 cells, suggesting an extra
round of divisions. The number of 32-cell cysts increased by
coexpressing CycA, indicating that the Bam-Otu-CycA regulatory
axis could regulate the number of divisions both in males and
females. However, one discrepancy remains, as overexpressing
Bam in testis induces 8-cell cysts, whereas 32-cell cysts are formed
in ovaries. This difference could be technical, as a stabilized
form of Bam was overexpressed in testis under its own promoter

Altogether, the results presented in the Ji et al.
article propose a novel model for the
biochemical function of Bam when ectopically
expressed in GSCs.

(i.e., only in dividing cyst cells) (13). In contrast, Ji et al. (7) used a
heat-shock promoter to overexpress Bam in both GSCs and di-
viding cysts. Thirty-two–cell cysts could be the consequence of
the formation of stem-cysts with four rounds of divisions and 16-
cell cysts could also arise from stem-cyst followed by only three
divisions, as in males (15). Further research is required to reconcile
both sets of results in a single model for Bam activity. Alterna-
tively, Bam could have different functions in males and females or
the regulation of the number of divisions could be different in
testis and ovaries.

Interestingly, the acetyltransferase Gcn5 was recently shown to
be required for the maintenance of GSCs by promoting ubiquiti-
nation of CycA (16). Gcn5 is mainly known for acetylating histones
but was shown to target APC2 and CycA. APC2 is a subunit of the
anaphase-promoting complex (APC), which is an E3-ubiquitin li-
gase known to target CycA and other cyclins, such as for degra-
dation. Acetylation could somehow promote ubiquitination of
CycA and its degradation in GSCs. Interestingly, the decrease of
CycA ubiquitination in the Gcn5 mutant seems independent
of Bam levels. It thus remains unclear how ubiquitination and
deubiquitination of CycA are coordinated. Nevertheless, the re-
sults show that the regulation of CycA levels is critical for proper
maintenance of GSC fate.

In contrast to CycA, the levels of CycB (another B-type cyclin)
need to be maintained for female GSC self-renewal (17). Indeed,
loss-of-function of cycB induces a loss of GSC with no visible
defects in somatic cells. In contrast, its overexpression has no
detectable phenotype in GSCs. In addition, neither the loss nor
the gain of the third Drosophila B-type cyclin, CycB3, has any
effect on GSC maintenance and differentiation (8). Therefore,
the three B-type cyclins work in specific ways to maintain the
balance between GSC self-renewal and differentiation. The G1/S
cyclin E is also essential for the maintenance of female GSCs
(18). Taken together, these data show that the levels of CycA
and several other cyclins are critical to ensure the proper balance
between self-renewal and differentiation in stem cells. How can
cyclin levels regulate stem cell fate? In mammalian cells, self-
renewal is associated with a short G1 phase, which becomes
longer as stem cells differentiate (19). Because cells are more re-
sponsive to extracellular cues in G1, a short G1 would favor self-
renewal by shortening the time window during which stem cells
can respond to differentiation signals. In Drosophila female GSCs,
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the G1 phase is also short and most of the cell cycle is spent in G2
(18). In addition, recent work in human embryonic stem cells
shows that the maintenance of their pluripotency is actively con-
trolled in S and G2 phases, through the ATM and Cyclin
B1 pathways (20). Because Drosophila GSCs exhibit an extended
G2 phase, their self-renewal ability could similarly be maintained
during this phase. The specific and opposite roles of CycA and
CycB in the GSC remain to be elucidated. They cannot substitute
for each other in GSCs andmay thus have specific targets in GSCs,
or may even act more specifically on the ability to receive or trans-
duce self-renewal signals (17, 21). The Ji et al. (7) work demonstrates

that the essential but not conserved differentiation factor Bam
regulates the stability of CycA, and therefore the GSC ability to
self-renew. The conservation of this cyclin within the animal king-
dom suggests that CycA ubiquitination may control the mainte-
nance of other types of stem cells.
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