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Analysis of Cul-10: a component of a putative ubiquitin ligase complex.
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Introduction

Protein degradation mediated by the ubiquitin proteasome sys-
tem is essential for the regulation of cellular functions such as
the cell cycle, apoptosis, differentiation etc. Substrates specifi-
cally labeled with ubiquitin (Ub) are recognized by the protea-
some, leading to its degradation. The ubiquitination process
is mediated by the Ub activating enzyme (E1), the Ub conju-
gating enzyme (E2) and the Ub ligase (E3), and high speci-
ficity of Ub conjugation relies on the numerous E3s. Cullin-
based multi-subunit E3 complexes are the largest group among
various E3s. Cullin acts as the scaffold and recruits one of
the diverse substrate recognition subunits to its N terminus via
adaptor subunits. When a substrate is recognized, it is then
structurally directed to the C terminus of Cullin where a Ring
finger protein Roc1 resides and recruits E2s, and the substrate
is ubiquitinated. Cull0 is a new member of this Cullin family,
which has not yet been characterized. In this study, I analyzed
the components and the ubiquitination activity of Cull0 com-
plexes.

Materials and Methods

Cell culture and transfection

HCT116 cells were cultured in D-MEM(low glucose)
supplemented with 10% fetal bovine serum, 1% NEAA
and 1% penicillin streptomycin in a 37°C incubator with
5% CO,. The cells were transfected with various ex-
pression plasmids using FuGENE 6 (Roche) transfection
reagent and lysed with 0.5%CHAPS lysis buffer (20 mM
Tris-HC1 pH7.5, 150 mM NaCl, 1 mM EDTA, 0.5%
CHAPS, 1 mM dithiothreitol (DTT)). The cell lysates
were then immunoprecipitated with anti Flag or anti HA
agarose beads and subjected to immunoblot analyses with
antibodies to Flag, HA, Myc and other proteins to confirm
protein-protein interactions.

Immunofluorescence analyses

HCT116 cells were cultured as above, and Hela cells were
cultured in D-MEM (low glucose) supplemented with
10% fetal bovine serum, and 1% penicillin streptomycin
in a 37°C incubator with 5% CO,. The cells, cultured on
coverslips and transfected with various expression plas-
mids, were fixed in 4%formaldehyde PBS for 10 min, per-
meabilized and blocked in 0.5% Triton X-100, 5% BSA
PBS for 30 min. Coverslips were then immersed in pri-
mary antibodies followed by secondary immunoflorescent
antibodies. Nuclei was stained with DAPI. The Cover-
slips were mounted onto slides and images were obtained
on fluorescent microscope.

In vitro assays

Each component of Cull0 complexes, Cull, Cul3, Ub
conjugating enzyme Ubc4 (E2), Nedd8, Nedd8 activating
enzyme APP-BP1/Uba3 and Nedd8 conjugating enzyme
Ubc12 were expressed in E. Coli and purified by affinity
column. Ub activating enzyme (E1) and bovine ubiquitin

were purchased. Assays were performed in 30 ul reaction
mixture (5 mM Tris-HCl pH7.5, 12 mM NaCl, 10 mM
MgCl,, 0.5 mM DTT, 5 mM ATP) incubated in 30°C.
The reaction mixture was then subjected to immunoblot
analyses.

Results and Conclusions

Subunits constituting the Cul10 complex were determined and
their interactions were confirmed. By analyzing the deletion
mutants of each component, the interacting domains were also
identified. The subcellular localization of the partner protein
of Cul10 relocalized with co-transfection of Cull0, suggesting
that their localization is regulated by protein-protein interac-
tion in vivo. The activity of the Cul10 complex was assessed in
in vitro assays. The results and conclusions will be discussed
in further detail in the presentation.
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Orexin activates orexin neurons via the OX2R
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Introduction

Orexin is a neuropeptide which is produced in the few num-
ber of neurons located in the lateral hypothalamic area (orexin
neurons). Orexin is a natural ligand for two types of G-protein
coupled receptors termed orexin receptor 1 (OX1R) and orexin
receptor 2 (OX2R). Orexin or OX2R null animals showed a
fragmentation of sleep/wakefulness and cataplexy-like behav-
ioral arrest. These are similar to symptoms observed in “nar-
colepsy”, a human sleep disorder. Specific loss of orexin neu-
rons in narcoleptic human brain is reported. These studies sug-
gest that orexin and OX2R have an important role in the main-
tenance of arousal. However, it is still unknown that in which
neurons expressing OX2R are involved. In this study, I found
that orexin activates orexin neurons by slice patch clamp us-
ing transgenic mice express enhanced green fluorescent protein
(OX/EGFP mice) in the orexin neurons.

Materials and Methods

Animals and slice preparation

Male and female OX/EGFP mice express EGFP in the
orexin neurons, 2-3 weeks, were used for slice patch clamp. To
identify the receptor subtype, OX/EGFP; OX1R~/~ mice and
OX/EGFP; OX2R ™/~ mice were subjected to slice patch clamp.
The mice were anesthetized and decapitated. The brains were
rapidly isolated and sliced in 350 u M in chilled sucrose base
cutting solution using vibratome. Slices were incubated in bath
solution at room temperature for 1 hour.

Slice patch clamp

In each experiment, same composition of bath solution was
used. Orexin A or B was applied near the recording neuron
through the local application glass tube. Membrane potential
was recorded by whole cell current clamp with K-gluconate
base pipette solution. EPSC was recorded by whole cell volt-
age clamp (holding at -60 mV) in the presence of PTX (400 u
M) in the bath solution. QX314 was added in the pipette so-
lution. Firing frequency was recorded by loose cell attached
mode (seal with 1GQ).

Results and Discussion

Local application of orexin A or B induced depolarization and
increase in firing in the orexin neurons (Figure A). This re-
sponse was observed in the presence of TTX (1 u M) sug-
gested that orexin neurons were directly activated by orexin
(Figure B). In addition, orexin A and B induced equal level
of depolarization suggested that this response is mediated via
the OX2R (Figure C). To identify the receptor subtype, orexin
receptor null mice were used. Although OX/EGFP; OX1R /-
mice showed equal level of depolarization to OX/EGFP mice,
OX/EGFP; OX2R~/~ mice did not show any significant de-
polarization by orexin application. These results suggest that
OX?2R is expressing in the orexin neurons and orexin activates
orexin neurons via the OX2R. Next, indirect effects via glu-
tamatergic neurons were studied. EPSC frequency was in-
creased by orexin in OX/EGFP mice and OX/EGFP; OX1R~/~
24

mice but not in OX/EGFP; OX2R~/~ mice. Loose cell attached
recordings from orexin neurons revealed that spontaneous fir-
ing was increased by orexin in OX/EGFP mice (Figure E) and
OX/EGFP; OX1R™/~ mice, but not in OX/EGFP; OX2R~/~
mice (Figure D). Immuno-electron microscopy revealed direct
connection between the orexin neurons. In conclusion, orexin
activates orexin neurons directly and indirectly via the OX2R.
This positive circuitry between the orexin neurons might be
involved in the maintenance of arousal.
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Introduction

Coccolithophores are unicellular algae of the phylum Hap-
tophyta characterized by the presence of complex calcified
scales, called coccoliths, covering the cell. The shape of the
coccoliths has unique characteristics in different taxa and it
can be very intricate. In the case of the model coccolithophore
Emiliania huxleyi, calcification occurs on an organic plate in-
side an intracellular compartment and the complete scales are
later transported to their final location. Although research
about the mechanism behind the formation of the calcium crys-
tals has been very active in the recent years, there are many
aspects yet unknown, particularly about the way in which the
cells regulate the process. It is now known, for example, that
acidic polysaccharides (AP) (or coccolith polysaccharides in E.
huxleyi) play an important role in the process of nucleation and
shaping of calcite inside the vesicle by inhibiting the growth of
the crystals selectively. However, the exact relationship be-
tween calcification and the production of these polysaccha-
rides is not well understood. In this research, the effect of a
known calcification inhibitor HEBP (1-hydroxyethylidene-1,1-
bisphosphonate) on the quantity of neutral and acidic polysac-
charides produced by E. huxleyi was tested in order to explore
the possibility of a feedback mechanism between the signal for
initiation of calcification an the completion of the coccolith.
Bisphosphonates are compounds that have a P-C-P bond and
that are able to bind to the surface of calcium carbonate crys-
tals preventing nucleation and thus inhibiting calcification.

Materials and methods

For the in vitro experiments equal volumes of solutions of
20 mM of calcium chloride (CaCl,) and sodium bicarbonate
(NaHCO3) were added in the presence of different concen-
trations of HEBP. Increase of the turbidity of the solution as
CaCOs crystals were formed was measured as the absorbance
at 750 nm using a spectrophotometer every minute for the first
20 minutes and then every 5 minutes until the end of the reac-
tion. In vivo analyses were performed using the marine calcify-
ing haptophyte Emiliania huxleyi (Lohman) Hay and Mohler,
collected and isolated by University of Tsukuba professor Dr.
Isao Inoue from the Pacific Ocean in 1990. The algae were
grown in bottles containing artificial seawater enriched with
Ed Scheiber’s medium and 10 nM Na;SeOj3 instead of soil
extracts. To obtain actively calcifying cells, they were pre-
cultured for 3 days or until phosphate depletion of the medium
could be confirmed. Phosphate depletion induces calcifica-
tion in E. huxleyi according to previous reports (Kayano et
al. 2009). HEBP was added to a final concentration of 1 or
0.5 mM (time 0). After this, sampling was performed reg-
ularly and the following parameters were measured: Chloro-
phyll content: Extraction with acetone. Phosphate concentra-
tion in the medium: Removal of the cells by centrifugation and
quantification by the Molybdenum blue method. Neutral or
acid polysaccharide content: Using Phenol-Sulfuric acid and
Carbazole-Sulfuric acid assays respectively.
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Results and analysis

The results of the in vitro experiments coincide with the ones
obtained previously by Asahina and Okazaki (2004). HEBP
inhibits calcification significantly in concentrations as low as
0.05 mM as opposed to the known chelator EDTA. When
adding 0.05 mM HEBP 5 minutes after the start of the re-
action, no further crystals were formed which confirmed that
HEBP prevents the nucleation of calcium carbonate. In the
in vivo experiments, inhibition of calcification was confirmed
through optical and polarized light microscope. Cells grown
in the presence of 1 mM of bisphosphonate were seen with-
out coccoliths. However, the cell growth was impaired greatly
compared to that of the control group. This elevated cell death
rate suggests that HEBP has effects not only in the chemical
process of calcification, but also in the physiological pathways
of the cell. This has also been suggested for other bisphospho-
nates used in animal cells (Fleisch, 1998). This observation is
supported also by the fact that the same tendency of decreased
growth was observed in a lower proportion when adding HEBP
to a final concentration of 0.5 mM. The measures of polysac-
charide contents showed that production of neutral polysaccha-
ride per chlorophyll unit increased significantly in the presence
of 1 mM HEBP, and in a lesser extent when the concentration
was halved. On the other hand, coccolith polysaccharide (acid
polysaccharide) contents increased slightly when calcification
was inhibited for all of the in vivo experiments. However the
difference was not significant enough as to draw a conclusion.
Further experimentation is required to confirm these observa-
tions. To our knowledge, the increase of the amount of neutral
polysaccharide when calcification is inhibited has not been re-
ported previously. It would seem that the inhibition of calcifi-
cation triggers accumulation of sugars in the cell. This work
may be helpful to better understand the physiological role of
calcification in coccolithophores.

Figure 1. Polysaccharide content
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