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This report features the work of Shang-Te Danny Hsu and
his collaborators published in Cell 187, 1296 (2024), and the
work of Kay-Hooi Khoo and his collaborators published in
JACS Au 3, 1864 (2023).
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The Key to Accurate Cell Division: Centrosome Regulation

Cep57 regulates centrosome maturation and microtubule nucleation via phase separation, ensuring accurate cell division.
[ [ ]

Liquid—liquid phase separation (LLPS) is a process driven by multivalent interactions among biomolecules, such as
proteins and nucleic acids, forming dense, dynamic structures known as biomolecular condensates. Recent evidence
supports LLPS as a fundamental organizing principle for membrane-less organelles. The centrosome, consisting of a pair
of centrioles surrounded by pericentriolar material (PCM), plays a crucial role in regulating cell division. As cells prepare
for mitosis, the centrosome undergoes a maturation process characterized by the expansion of the PCM and an increase in
its microtubule nucleation capacity by recruiting centrosomal scaffolding proteins and microtubule nucleation factors. This
facilitates the assembly of the mitotic spindle and ensures the precise segregation of chromosomes during mitosis.

Human Cep57 is a coiled-coil scaffold protein located in the inner layer of the PCM and controls the process of centriole
duplication and centrosome maturation for faithful cell division. Cep57 truncation mutations are genetically linked to
mosaic-variegated aneuploidy syndrome, which features centrosome amplification and aberrant spindle formation. However,
the molecular mechanisms by which Cep57 regulates PCM organization and microtubule assembly remain unknown. Phase
separation has been implicated in some key centrosomal scaffolds, such as SPD-5 (a human CDK5RAP2 functional homolog)
and the Cep63/Cep152 complex. During interphase, Cep57 forms a complex with the middle layer scaffold Cep63 and
Cep152, serving as regulators for centrosome maturation. However, it is unclear whether Cep57 undergoes phase separation
and how these centrosomal scaffolding components coordinate to organize the centrosome.
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To address these questions, the research team led by Hui-Chun Cheng at National Tsing Hua University employed various
analytical techniques and successfully demonstrated that Cep57 assembles into micron-sized biomolecular condensates
through LLPS driven by multivalent interactions. Blocking multivalent interactions on Cep57 induced centrosome
amplification in the cells. Furthermore, Cep57 condensates were found to facilitate microtubule nucleation by concentrating
a/B-tubulin in the condensates. Finally, a novel molecular interplay was observed between the centrosomal scaffold, which
is the negative regulation of Cep63 on LLPS, and the microtubule nucleation activity of Cep57. The following report briefly
presents their results.

Cheng’s team observed that overexpression of Cep57 forms spherical puncta in cells and some of them colocalized with
microtubules (Fig. 1(a)). To study the molecular mechanism of the puncta formation, they purified Cep57 and found that
Cep57 is highly soluble in high salt conditions (1 M NaCl) but self-assembles into micron-sized spherical droplets with
liquid-like properties when salt was reduced to 200 mM (Fig. 1(c)).

As full-length Cep57 is prone to degradation, a Cep57S construct was created, which has similar properties to Cep57 but
allows for higher protein quality to perform biochemical and biophysical characterization (Fig. 1(b)). To identify the regions
responsible for LLPS, the N-terminal and C-terminal fragments of Cep57 were expressed and purified. It was found that both
terminals are necessary for condensate formation. As it was observed that the phase separation of Cep57 is salt-dependent,
electrostatic interactions were speculated to play a role in phase separation. Mutagenesis analysis revealed a highly conserved
K/R motif located in the C-terminal direction from the NTD, which also contributes to the phase separation of Cep57S. The
combined data showed that the NTD, CTD, and K/R motifs contribute to the phase separation of Cep57S.
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Fig. 1: Human Cep57 undergoes liquid-liquid phase separation under
physiological conditions. (a) Confocal images of HeLa cells
co-expressing Cep57-mCherry (red) and Neon-MAP4m as the
microtubule marker (green) for 16 h. (b) Domain organization
of sfGFP-Cep57 and Cep57S. Coiled-coil N-terminal domain
(NTD), blue; coiled-coil C-terminal domain (CTD), orange;
poly-K/R motif (K/R), dark blue. Cep57S is composed of
residues 56 to 264 fused to 334 to 433. (c) TIRF images of
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visualized 4 h after condensation in low salt (200 mM NaCl). Time (min)
R Fig. 2: CTD dimerization facilitates phase separation of Cep57. (a)

SEC-MALS profile of Cep57C. The calculated molecular mass
for Cep57C is 12.5 kDa. (b) The crystal structure of Cep57C is
shown as a dimer. The side chains of F371 and F376 are in stick
presentation. (c) SEC-MALS profile of Cep57C-FF. [Reproduced
from Ref. 1]
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From the SEC-MALS analysis and crystal structure of Cep57C, Cheng’s team showed that Cep57C, which adopts a helix-
turn-helix fold, forms a symmetric dimer with residues F371 and F376 at the dimer interface (Figs. 2(a) and 2(b)). When
these two residues were mutated to alanines in the Cep57S-FF mutant, the dimer formation was weakened (Fig. 2(c)), and
the phase separation ability decreased. Therefore, Cep57C dimerization is essential to promote Cep57 condensation.
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Fig. 3: The Cep57 scaffold concentrates o/p-tubulin for microtubule assembly. (a) D488-Cep57S of Cep63N, the Cep57 binding
or D488-Cep57S-KR condensates with Cy5-tubulin dimers in 66 uM nocodazole. Images .. .
were taken 20 min after the addition of tubulin. (b) Quantification of the a/B-tubulin domain, increased (Flgs' 4(b) and
partition coefficient to Cep57S (n = 69) or Cep57-KR (n = 76) condensates in experiments 4(c)). SAXS measurements taken
from panel (a) pooled from three repeats. [****] p < 0.0001. Data represent mean * SD. (c) at the TPS 13A beamline showed
His-tag pull-down assay of tubulin with His-Cep57S and His-Cep57S-KR. His-MBP was that the fractal network of Cep57S
used as the negative control. Quantification of binding of a/f-tubulin in experiments. The L .
percentage of binding was defined as the intensity of tubulin in the eluent divided by the was diminished by the addition of
intensity of the loaded sample (N = 3). (d) Percentage of cells with centrosomal microtubule Cep63N, further Suggesting that
asters in the microtubule regrowth experiments. HeLa cells were sequentially transfected Cep63 dissolves Cep57S condensates
from left to right with negative control siRNA + empty vector, Cep57 siRNA + empty
vector, Cep57 siRNA + Cep57, and Cep57 siRNA + Cep57-KR. Each data point was derived
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from observations of 100 to 200 cells. [*] p < 0.05; [**] p < 0.01. N = 3. [Reproduced from (Fig‘ 4(d)). COlleCtively’ these results

Ref. 1]
(a) . ) Dissolution of Cep57S (c) Dissolution of Cep57S (d)

Tubulin condensate by Cep63N condensate by Cep63N

concentration Y sk -
= cio £
$c3 Sa 20y —=—— ) 315 — .
= tO 15 _DS_: : o A0S =
22 * oS 2 N10 o
32 S RTIE %F T 3 o | 9
oL ¢E 4 {3 Q5 .
551 v £go0s f 4+ 87lx i oo
£% TE 00 F:E s 2ol & & & =
© x o Y == %
0 Cep57S Cep57S (.05 g 5

+Cep63 1:0 1:1 1:2 1:5 1:10 S 10 111 12 15 1:10 2
Molar Ratio (Cep57S:Cep63N) Molar Ratio (Cep57S:Cep63N) log (9)

Fig. 4: Cep63 inhibits Cep57’s LLPS and function. (a) The partition coefficient of a/p-tubulin in Cep57S or Cep57S-Cep63 condensates. n = 51
(Cep57) and n = 102 (Cep57S-Cep63) pooled from three independent experimental repeats. (b,c) Partition coefficient and size analysis
of Cep57S condensates with increasing concentrations of MBP-Cep63N. The concentration of Cep57S was fixed at 2 uM. Data from two
independent experiments were pooled for quantification; n = 51 (1:0), n = 34 (1:1), n = 19 (1:2), n = 39 (1:5), and n = 28 (1:10). (d) SAXS profile
of Cep57S fixed at 10 uM in the presence of MBP-Cep63N at indicated ratios (Cep57S:MBP-Cep63N). Proteins were incubated at 22 °C for 12
hours before the SAXS experiments. The dotted line represents extrapolation of the linear regression of scattering data in the q range from 0.01
A1t00.002 A or 0.01 A to 0.006 A! (for 1:1 only). Slopes for linear regression were -3.2 (1:0), -3.2 (1:1), -3.0 (1:2), and -0.8 (1:4). As MBP-
Cep63N increased, the absolute value of the slope decreased, implying that the complexity of the structure decreased. [Reproduced from Ref. 1]
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Fig. 5: Multivalent interactions of Cep57 regulate the structure and number of human centrosomes. (a) Fluorescence images of mitotic HeLa cells
sequentially transfected with negative control siRNA and mCherry empty vector, or Cep57 siRNA and mCherry empty vector. Centrin, green;
pericentrin, red; DNA, blue. (b—d) Percentage of mitotic cells with indicated phenotypes. HeLa cells were sequentially transfected from left to
right with negative control siRNA + mCherry empty vector, Cep57 siRNA + mCherry empty vector, Cep57 siRNA + Cep57-mCherry, Cep57
siRNA + Cep57-KR-mCherry, and Cep57 siRNA + Cep57-FF-mCherry, followed by synchronization. Each data point was collected from 30 to
50 mitotic cells. N = 5. [*] p < 0.05, [**] p < 0.01, [***] p < 0.001, and [****] p < 0.0001. [Reproduced from Ref. 1]

suggest that modulating LLPS of Cep57 by Cep63 serves
as a mechanism to regulate the structural expansion and
functional activity of the PCM scaffolding proteins.

Finally, cell assays with Cep57-FF and Cep57-KR mutants
were performed to examine the functional significance of
Cep57 in centrosome duplication. Depletion of endogenous
Cep57 by siRNA results in PCM disorganization, centriole
disengagement, and centrosome amplification in the mitotic
cells (Fig. 5), while introducing siRNA-resistant Cep57
construct rescues these phenotypes. In contrast, Cep57-FF
or Cep57-KR mutants failed to rescue these phenotypes.
Hence, Cep57 maintains the PCM integrity through
multivalent interactions.

Collectively, this study provides crucial insights into the
molecular mechanisms by which Cep57 contributes to
centrosome organization through LLPS. It highlights the
role of Cep57 condensates in promoting microtubule
nucleation by concentrating o/p-tubulin and reveals a novel
regulatory interaction where Cep63 negatively modulates
Cep57’s phase separation and microtubule nucleation
activity. These findings enhance our understanding of the
dynamic assembly of the centrosome, its regulation during
cell division, and the potential implications of Cep57
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g. 6: A model for the assembly of human Cep57 in centrosome
regulation. The domain organization of Cep57 is depicted with
interactions that drive LLPS under physiological conditions.
SiRNA rescue experiments reveal that the multivalent
interactions of Cep57 are essential for PCM organization, and
the polybasic LMN (LLPS and Microtubule Nucleation) motif
facilitates microtubule aster formation. [Reproduced from Ref.
1]
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mutations in centrosome-related pathologies, such as mosaic-variegated aneuploidy syndrome. (Reported by Hui-Chun

Cheng, National Tsing Hua University)

This report features the work of Hui-Chun Cheng and her collaborators published in PNAS 121, 2305260121 (2024).
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This research aims to revolutionize the synthesis of metal-organic frameworks (MOFs) in water by unlocking the molecular
codes of biomineralization, paving the way for sustainable innovation.

Metal—organic frameworks (MOFs) have emerged as
superior materials for sustainable and transformative
applications. Composed of metal ions and organic linkers,
MOFs possess exceptional porosity and tunability, making
them ideal for diverse uses such as energy conversion,
catalysis, water harvesting, and biosensing. However,
traditional MOF synthesis methods often rely on organic
solvents, raising environmental concerns and hindering
scalability and bio applications. Water-based methods

for producing zirconium-based and zeolitic MOFs offer
significant environmental and economic benefits while
enabling the incorporation of biomolecules such as DNA
and proteins. Fa-Kun Shei (National Central University)
and his team focus on improving protein encapsulation
efficiency within MOFs, addressing a critical challenge for
expanding their practical applications." >

The Protein@ZIF-8 Crystallization Journey

Water’s dual role in facilitating proton transfer while
suppressing undesired reactions adds complexity to MOF
nucleation and crystallization. To address this, Hsiao-Ching
Yang’s team (Fu Jen Catholic University) has developed

a ground-breaking approach to elucidate water’s critical
role in reaction pathways. Through all-atom molecular
dynamics simulations and quantum dynamics calculations,
they investigated proton transfer mechanisms and
structural evolution during MOF formation, uncovering
essential molecular-level insights into factors influencing
protein encapsulation. To validate their theoretical
findings, Yang collaborated with U-Ser Jeng (NSRRC) and
his team at the TPS 13A beamline, successfully bridging
computation structures with experimental data.’

Accordingly, the interdisciplinary to transdisciplinary
teamwork led by Shei, Jeng, and Yang launched a
collaborative effort to explore the biomimetic nucleation
and crystallization journey using ZIF-8, a zeolitic
imidazolate framework, as a model system.? Through
combining advanced techniques such as in situ small-/wide-
angle X-ray scattering (SWAXS), multiscale simulations,
and quantum calculations, the team meticulously tracked
the overall process of nucleation and crystallization of ZIF-
8 in aqueous solutions in real-time. This complementary
approach of all-atom molecular dynamics simulations

and experimental observation offered a comprehensive
understanding of the molecular blueprint underlying
MOF formation, decoding the ZIF-8 nucleation and
crystallization process. Their research showed that the
process unfolds in three distinct stages:



