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Abstract: RNA-binding protein TLS with specific mutations forms insoluble precipitates in motor neurons causing neuronal
degenerative diseases like amyotrophic lateral sclerosis (ALS), and frontotemporal dementia. TLS at high concentration around
10 mg/ml is prone to be precipitated even without any mutation. The mutation on TLS is supposed to induce more precipitation
than the wild type with uncovered molecular mechanism. Specific protein precipitation is one of major causes for the neuronal
diseases like the Alzheimer disease with amyloid formations. Identification of a trigger of the precipitation formation is a key
event at developing the therapeutics against these diseases. Screening candidate compounds from a chemical library to
stimulate mouse embryonic stem cells into cardiomyocytes identified isoxazole, its relative compounds containing the COX-2
inhibitor and β lactamase-resistant antibiotics. Its derivative, biotinylated isoxazole (b-isox), was serendipitously found to be
precipitated with divergent RNA-binding proteins through their low complexity domains. The b-isox precipitation of
RNA-binding proteins should be a model system for formation of insoluble precipitates at neuronal degenerative diseases. We
confirmed the precipitation of TLS with b-isox and analyzed the co-crystal formation. In silico analysis presents a model of
crystallization of b-isox forming the β strand structure with wavy repetitive valleys. The valleys of the β sheet capture the
unstructured LC domains of TLS and force them into also β strand shapes. This model sheds light on flexible feature of the LC
domain that well fits the valleys of the b-isox crystals. This should be one major reason why various LC domains are involves
in formation of insoluble precipitates, suggesting molecular mechanism for neurodegenerative disorders.
Keywords: TLS, FUS, Biotinylated Isoxazole, Low Complexity Domain, Amyotrophic Lateral Sclerosis

1. Introduction
Physiology or Medicine of RNA has been getting more
impact on modern biology extending the previous views for
the RNA metabolism that is just oriented to a step of gene
expression at the context of the Central Dogma [1-9]. The
extensive works on transcriptome inspections of the human
genome-derived RNAs enlighten huge numbers of RNAs
transcribed from noncoding DNA regions [10-12]. Most of
the unidentified transcripts are supposed to be unannotated
long noncoding RNAs (lncRNAs) which biological activity
remains mostly undescribed[13]. These lncRNAs are
transcribed from highly divergent sequences of the human
genome like retrotransposons LINE/SINE and also numerous
pseudogenes [4, 14-17]. Thus, their sequences are in full

diversity and unlikely to have a common molecular
mechanism behind of their biological activity. We have,
however, noticed that most of RNAs are supposed to have its
own RNA binding protein partner in living cells[18]. Then,
we have set RNA-binding proteins as a criterion for
classification of biological activities for each lncRNA. For
this end, analysis of a model system of RNA binding is
employed to initiate this project.
We pick RNA-binding protein TLS as a model molecule to
be elucidated [19]. At this manuscript, we have performed
biochemical analysis of TLS related to a small molecular
weight chemical compound, biotinylated isoxazole (b-isox).
B-isox has unique nature specifically precipitating certain
species of RNA-binding proteins [20, 21]. This sort of the
precipitation is one of crucial event at the cause of many
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neuronal degenerative diseases like ALS. Revealing diseases
of RNA-binding proteins will bring unprecedented insight
into biology of their physiological ligands, lncRNAs [22-26].
Therefore, we describe experimental and in silico analysis of
chemical nature of b-isox precipitation with TLS extensively.
This presents a promise to new pathway of investigation in
lncRNA biology.
We, then, perform the in silico analysis of
three-dimensional structure of b-isox crystals with TLS in
order to elucidate interaction of these molecules. We have
constructed a multilayer model of the crystal of b-isox based
upon the Cambridge Structural Database. At the multilayer
model, the b-isox molecules form an antiparallel structures,
while, in a layer they make hydrogen bonds with neighboring
molecules and between other layers, they form hydrogen
bonds through the biotin moiety of the molecules.
In a layer, the b-isox molecules mimic β strand-like bonds
through the amide and the carbonyl groups. At our model of
the complex of the β strand of the polypeptides with the
crystals of b-isox molecules, the main chains of the β strands
could form the β strand-like hydrogen bonds with the b-isox
molecules. The main chains of the peptides are supposed to
bind to the b-isox molecules upon forming the β strand-like
hydrogen bonds with them.
The LC domain of TLS contains many tyrosine (Y),
glutamine (Q), and serine residues(S). These three side
chains are likely to form hydrogen bonds through carbonyl
groups to the biotin moiety of the b-isox. These Y, Q, and S
of the LC domain should enhance affinity of TLS, to the
b-isox significantly. The LC domain of TLS represents a
natively unfolded region that does not form any specific
secondary structure [18]. The LC domain without any
hydrogen bond inside is suitable to form the β strand-like
hydrogen bonds with the b-isox molecules. Additionally, the
hydrogen bond formation of Y, Q, and S of the LC domain
with the b-isox molecules induces their binding to the b-isox
molecules.
During development of the b-isox crystals, the Y, Q, and S
of the LC domain of TLS could form the β strand-like
hydrogen bonds of the main chain, and the hydrogen bonds
of the side chains to the crystals, incorporated into the b-isox
crystal structures. The Y, Q, and S of the LC domain of TLS
are supposed to bind to multiple points of surfaces of the
b-isox crystals and grow up to the large complexes.

Synthesis of b-isox was performed following the previous
publication [20]. HeLa cell nuclear extract was prepared as
previously described protocol [19, 28]

2. Materials and Methods

We performed incubation of TLS with 100 µM b-isox at
4°C and obtained an immediate observation of flocculent and
pure white precipitates at the tube. Analyzing the precipitates
with a SDS-polyacrylamide gel electrophoresis presents
hundreds of protein bands staining with coomassie brilliant
blue (Fig. 1A). These bands are supposed to be proteins with
the LC domain containing TLS [20]. The precipitates were
warmed up to 37°C and disappeared (Fig. 1A). We executed
a Western blot of the same precipitates with anti-TLS
antibody and detected a specific band recognized by the
antibody at the right molecular weight position of the gel
(Fig.1B).

2.1. Materials
Screening the chemical library to obtain chemical
compounds to induce mouse embryonic stem cells into
myocardial cell lineages presented a chemical compound,
isoxazole
[27].
Biotinylated
isoxazole
(b-isox),
6-(((5-(2-Thienyl)
-1,2-oxazol-3-yl)carbonyl)amino)hexyl,5-(2-oxohexahydro-1
H-thieno[3,4-d]imidazol-4-yl)pentanoate (biotin-isoxazole;
b-isox) was produced following the protocols [20]. Chemical

2.2. Protein Analysis
SDS-polyacrylamide gel electrophoresis was performed
with 10% gels following coomassie brilliant blue staining [18].
Western blotting was done with anti-TLS monoclonal
antibody from the BD bioscience, 611385 with the dilution
ratio 1:2000 using standard protocol shown previously [18].
2.3. In Silico Analysis of the LC Domains and the Crystals of
b-isox
The structural coordinate data of the b-isox crystal
(Accession number 873064) [20] was obtained from
Cambridge Structural Database: CSD;
http://www.ccdc.cam.ac.uk.
A model of the main chains of the theoretical β strand
structure was constructed with the parameters setting at the
dihedral angles Φ and Ψ set at 120° using the software
Swiss-Pdb viewer [29]. The β strand model was docked into
the crystals of b-isox molecules by superimposing the β strand
model on the b-isox molecules with Waals (The Altif
laboratory, Inc.). Structural models of β strand with the side
chain (Y, Q, and S) were built using Swiss-PdbViewer [29].
The side chain rotamers with no steric conflict and proper
hydrogen bonds between the side chain of β strand
structure and b-isox molecules were screened, and the energy
minimization was performed to optimize the conformations
[30]. The divergent conformations of the b-isox molecule
were constructed with the chemical structural modeling
software Marvin (ChemAxon, Budapest, Hungary).
We obtained the data of the b-isox crystal (Accession
number 873064) from Cambridge Structural Database: CSD;
http://www.ccdc.cam.ac.uk. CSD has been administrated with
the Cambridge Crystallographic Data Center. The database
contains data regarding crystals of organic chemical
compounds and metalorganic chemical compounds. We
obtained the crystal structural data consisting of its crystal
lattice and atomic coordinate of asymmetry unit.

3. Results
3.1. Precipitation of TLS with b-isox at 4°C
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Figure 1. Precipitation of TLS from HeLa cell nuclear extract with b-isox

(A) SDS-PAGE shows the precipitated proteins with
b-isox.
(B) Western blot shows the precipitation of TLS with
b-isox.
(C) The mapping of target fragment of GST-TLS.
Precipitation of GST-TLS fragments.
(D) The fragments of GST-TLS.
(E) Concentration dependency of the b-isox precipitation
of TLS. The Western blotting of the samples shown
was performed with the monoclonal antibody against
TLS (1:2000).
A mapping experiment of target region at TLS has been
executed with four fragments of GST-TLS (Fig.1C). It shows
that the fragment 1, 3, and 4 of the GST-TLS are precipitated
well with b-isox (Fig.1CD). The GST-TLS-1 contains the LC
domain. The GST-TLS-3 has a prion domain. The prion
domain has been reported to form pathological aggregates [31,
32]. The fragment 4 does not have any published target
sequence of b-isox, but should contain unidentified preference
motif there. The data present b-isox as a possible inducer for
the prion disease related precipitations.
To eliminate whole TLS from the nuclear extract, we
explored range of the concentration of b-isox. 100 µM of
b-isox precipitate most of TLS in the nuclear extract,
although there is still some amount of TLS left in the
supernatant after the precipitation (Figure 1E). More than
250 µM b-isox completely removed TLS from the nuclear
extract. Concentration-dependency of the b-isox precipitation
of TLS is clearly shown.
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3.2. Multilayer Model of b-isox
3.2.1. Biotinylated Isoxazole (b-isox)
Screening the chemical library to obtain chemical
compounds to induce mouse embryonic stem cells into
myocardial cell lineages presented a chemical compound,
isoxazole[27]. The b-isox has a structure of a carbon chain
connecting the isoxazole to the biotin moiety (Fig.2).
We obtained the data of the b-isox crystal (Accession
number 873064) from the Cambridge Structural Database:
CSD;
http://www.ccdc.cam.ac.uk.
CSD
has
been
administrated with the Cambridge Crystallographic Data
Center. The database contains data regarding crystals of
organic chemical compounds and metalorganic chemical
compounds. We obtained the crystal structural data
consisting of its crystal lattice and atomic coordinate of
asymmetry unit.

Figure 2. B-isox molecule and its crystal structure.

Molecular structure of b-isox (Left panel); The antiparallel
conformation of the b-isox molecules (Right panel).
3.2.2. The Multilayer Model of b-isox
We construct a multilayer model of b-isox based upon the
published data [20]. The data consists of the asymmetrical
atomic coordinate of the crystal lattice of b-isox, obtained
from CSD. It represents symmetrical crystal structures of
b-isox (Fig.3A). In the crystal, the b-isox molecules are fully
extended. There two molecules align as a position of an
antiparallel orientation to form layers of molecules. The
surface of the multilayered crystal forms a concavo-convex
shape, a valley and mountain shape.

Figure 3. Models for the b-isox crystal.

(A) The top view of the model (Left panel); the side view
(Right panel). The surface of the crystal forms
concavo-convex shape (Bottom panel).
(B) The b-isox molecules just only at the same layer are
shown. The adjacent two molecules form hydrogen
bonds of the carbonyl group of the biotin moiety and of
the amide group of the isoxazole moiety (Upper panel).
One row of the crystal is shown. The biotin moiety binds
each other intimately (Lower panel).
3.2.3. Characteristic Structure of the b-isox Crystal
In the multilayer structure, the b-isox molecules interact
inside of the layers and also between the layers (Fig.3AB). In
the layers, two b-isox molecules aligned at the antiparallel
orientation forms hydrogen bonds through the carbonyl
groups of the biotin moiety and the amide groups of the
isoxazole portion, each other. Between the layers, the
nitrogen atoms and oxygen atom of the biotin molecules,
forms hydrogen bonds, inducing into more stacked status
(Fig.3B).
Comparing the aligned two b-isox molecules and the
polypeptides aligned at the antiparallel orientation forming
the β strands makes insight into similarity between the
hydrogen bonds of the carbonyl groups and amide groups
(Fig.4A). The calculated distance between two molecules of
b-isox is 4.7 Å on average. This distance has nice agreement
to the one between the β strands. The crystals of the b-isox
could grow extendedly with forming hydrogen bonds that are
insides of the layers of the β strands and between its biotin
moieties.
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the dihedral angles Φ and Ψ set at 120° using the software
Pdb viewer. The software Waals (The Altif laboratory, Inc.)
was employed to make the model by superimposing theβ
strand model on the b-isox molecules and the b-isox and
placing the β strand model into the crystals of b-isox
molecules. The model shows that the polypeptide of the β
strand fits between the adjacent b-isox molecules (light red
and light blue) without any steric hindrance (Fig.4B; Fig.
5A,)[30]. The main chain of the β strand could form
hydrogen bonds to adjacent b-isox molecules (light red)
through the amide group and carbonyl group of the β strand
like the crystal formation (Fig.4BC). Moreover, the main
chain of the β strand could form hydrogen bond with the
isoxazole moiety of the b-isox molecule. In the crystal, the
b-isox molecules form the β strand-like hydrogen bonds.
Replacing these b-isox molecules with the polypeptides of
the β strand is confirmed to form the β strand-like structure
with forming these hydrogen bonds. The main chain of the
polypeptides could bind to the crystal of b-isox with the
hydrogen bonds (Fig.4C).

Figure 4. Hydrogen bonds in the b-isox crystal.

(A) Adjacent two b-isox molecules have an antiparallel
conformation and hydrogen bonds. These two b-isox
forms the β strand-like hydrogen bonds (Left panel). In
the crystal, the hydrogen bonds between b-isox
molecules, and the hydrogen bonds of the β strands are
shown (Right panel).
(B) Binding of b-isox to the main chain. The b-isox model
with the β strand (Upper panel); The b-isox crystal
structure (Lower Panel).
(C) The model of the complex of b-isox and the main chain
of the β strand Sticks; b-isox is shown as space filling
format.
3.3. The Model of Binding of the LC Domain of TLS to the
Crystal of b-isox
The LC domain of the N-terminal TLS represents
disordered and naturally unfolded region [18]. We predicted
how the polypeptides of the LC domain are incorporated into
the crystal of b-isox forming the β strand structure. We build
the model for the molecular events.
3.3.1. Binding of the Main Chains of the β Strand to b-isox
First of all, we build a model of the main chains of the
theoretical β strand structure to deduce binding of the main
chains of the β strand to b-isox. The model of the complex is
designated to set the β strand in order to place the β strand to
incorporate into the groove forming along to the skeletal
structures of the b-isox molecules and to form hydrogen
bonds between contiguous b-isox molecules inside of the
layers of the b-isox crystal.
We build the main chain model of the β strand structure to
make the glycine polypeptides with the parameters setting at
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Figure 5. The model of the complex between b-isox and the main chain of the
β strand.

(A) The model of the complex of b-isox to the main chain
of the β strand
(B) Binding of b-isox to the side chain of the β strand. The
amino acid residues that form the hydrogen bonds with
the β strand are designated as P1, P2, P3, P4, and P5.
The residues (P2 and P4) form the β strand-like
hydrogen bonds shown as green. Side chains of P1, P3,
and P5 face upward, while ones of P2 and P4 face
downward.
(C) Binding of b-isox to the side chain of the β strand.
(D) Interaction of b-isox with the β strand (SGYGQ).
3.3.2. The Side Chain of the β Strand Interacts with b-isox
Next, we try to produce a model for real binding of TLS to
the b-isox molecules and examine interaction of the side
chain of the β strand to b-isox. The LC domain of TLS
contains numerous Y, Q and S. We make a model of the
complex in the case of the side chains of the β strand altered
to Y, Q, and S, and test interaction of the side chains to
b-isox.
At the model of the b-isox complex with the β strand, we
set the amino acid residues positioned as P1, P2, P3, P4, and
P5 of the hydrogen bonds of the β strand (Fig.5AB). The
amino acid residues forming hydrogen bonds with the β
strand are designated as P2 and P4 (green). The amino acid
residue P2 binds the b-isox molecule by the amide group,
while, the amino acid residue P4 binds the b-isox molecule
by the carbonyl group. From the point of side view of the β
strand, P1, P3, and P5 face downward, while, P2 and P4 face
upward. The hydrogen bond formation of P2 and P4 (light
red) of the polypeptide with the b-isox requires fitting of the
side chains of P1, P3, and P5 inside without any steric
hindrance, also favoring its interaction with b-isox.
Table 1. The side chains of the β strand and interaction to b-isox.
P1
Tyr
Gln
Ser

―
hydrogen bond
with carbonyl
hydrogen bond
with carbonyl

P3
hydrogen bond
with biotin
hydrogen bond
with carbonyl
―

P5
―
hydrogen bond
with biotin
hydrogen bond
with biotin

Then, P1, P3, and P5 are replaced with Y, Q, and S and
incorporated into a model of the complex with b-isox
(Fig.5CD). At the model, P1 could make a hydrogen bond
with the side chains of Q and S, and the carbonyl groups of
b-isox. P3 would make a hydrogen bond with the side chains
of Y and the biotin moiety of b-isox, and its carbonyl group.
P5 could have a hydrogen bond with Q, S, and the biotin
moiety of b-isox.
The interaction of b-isox and the side chains of the β
strand is summarized (Table 1). The side chains of P2 and P5
have no binding because of upward orientation of these
residues. Given P1, P3, P5 as Q or S, Y or Q, Q or S,
respectively,
common
motif
should
be
as
[QS]-X-[YQ]-X-[QS] (X: any amino acid residue without
breaking the β strand). One example of the motif is the
SGYGQ, shown (Fig.6ABC). At this consensus, two main
chains of glycine form the β strand-like hydrogen bond with
b-isox. The serine residue forms a hydrogen bond the
carbonyl group of b-isox, while Y and Q form hydrogen
bonds with the biotin moiety of b-isox. The hydrogen bond
formation of these three side chains plays pivotal roles in
crystallization of b-isox with the LC domain of TLS.
3.3.3. Binding of TLS to the b-isox Crystal
We explore molecular mechanisms of forming the
insoluble precipitates of b-isox with TLS. Our model clearly
shows that the LC domain of TLS is sliding into the valley of
the b-isox crystals during their growing. The step of
incorporation of TLS into the crystal requires the flexibility
of the LC domain. This should be a major reason that the
precipitates of b-isox contain vast amount of RNA-binding
proteins having the LC domain [20]. Our biochemical
analysis also indicates other portions of TLS other than the
LC domain are precipitated with b-isox (Figure 1CD),
suggesting other surfaces of TLS might be involved in the
crystal formation. This should be pursued at the next chapter
of the present project.
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Figure 6. (A)(B)(C) The model of the complex of b-isox to the β strand
(SGYGQ) at the three independent conditions.

Figure 7. The models of binding of b-isox to the LC domain of TLS.

(A) Consensus motif QS-X-YQ-X-QS at the LC domain of
TLS
(B) The model of binding of b-isox to the β strand.
(C) The binding of biotin to avidin (PDB ID: 2AVI) [33].
At the complex of biotin to avidin, the amino acid
residues of avidin that are involved in binding to biotin
are shown as Sticks. The side chains of Tyr 35, Thr35,
and Asn118, form hydrogen bonds to b-isox. These
hydrogen bonds of b-isox are the similar one that is
observed at the tyrosine residue of P3, and the
glutamine or serine residue of P5.
(D) The divergent conformation of b-isox molecules
(E) Binding of b-isox to the β strand.

4. Discussion
Exceptional property of the b-isox molecules is revealed
with theoretical modeling its crystal with the LC domain of
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TLS. Our model demonstrates dynamic movement of
growing process of the co-crystallization of the compounds
and TLS. We describe these interactions of the LC domain of
TLS to the growing crystal of b-isox.
Some LC domain-containing proteins have been identified
as causative agents for neurodegenerative diseases, ALS and
frontotemporal lobar degeneration [31, 32, 34]. Most of these
proteins are RNA binding proteins and form insoluble
aggregates that exert fatal effects on specific neuronal cells.
It is a great concerning for the basic scientists and clinicians
to uncover a trigger for stimulating formation of these
aggregates. We suspect the small molecules like b-isox that
we have been analyzing at this report to be a deleterious
trigger. Therefore, our data here would present a valuable
clue to development of the therapeutics for the neuronal
disorders.
Specific binding motif of the LC domain of TLS works on
formation of the co-crystallization. The LC domain of TLS
contains a dozen of Y, Q, and S. Eleven of these amino acid
sequences have a perfect match with the common motif:
QS-X-YQ-X-QS (Fig.7A). These amino acid residues could
bind the b-isox crystals through the β strand-like hydrogen
bonds of the main chains, and the hydrogen bonds of the side
chains. TLS molecules bind the b-isox crystals through
multiple regions of these amino acids, and forms large
complexes (Fig.7B).
Polypeptides without any specific structure are supposed
to be suitable for binding to the b-isox crystals [35]. The LC
domain of TLS does not have any specific structure [18, 36].
The polypeptide chains with specific structures like α helix
and β sheet, have already had hydrogen bonds of the amide
groups and the carbonyl groups of the main chains. These
polypeptides are required to dissociate these hydrogen bonds
in order to form the hydrogen bonds with b-isox. Therefore,
the peptide without any structure, with no hydrogen bond, is
favored to form a hydrogen bond with the strand of b-isox,
suggesting that the LC domain of TLS fits well forming the β
strand with b-isox.
Avidin is a biotin-binding protein biosynthesized in the
oviducts of birds, and deposited in the whites of the eggs.
The dissociation constant (Kd) of avidin is measured
approximately at 10-15 M, making it one of the strongest
known no-covalent bonds so far reported. The hydrogen
bond between avidin and biotin is shown (Fig.7C). The
bindings of Y33, threonine (T) 35, asparagine (N) 118 of the
avidin side chains, to biotin molecules are similar to the
bindings of the LC domain to b-isox. At the position P3, the
binding of the side chain of tyrosine to the oxygen of biotin,
are corresponded to one at the Y33. At the P5, bindings of the
side chain of the glutamine and serine to the nitrogen of
biotin are correspondent to the bindings of N118 and T35.
These observations suggest that the bindings of Y, Q, and S
to the biotin moiety of b-isox at the LC domain should
resemble the binding of avidin to biotin. Prediction based on
the consensus, QS-X-YQ-X-QS, presents QGYGQ, QGYGS,
and SGYGA as high affinity sequence because P3 as Y and
P5 as Q or S at the LC domain form avidin-like bindings.

B-isox molecules have a completely extended shape in
solution, and their carbonyl groups and the amide groups
align in the same orientation of the β strand. In theory, b-isox
molecules form divergent conformations (Fig.7D),
suggesting that b-isox forms the β strand structure only in the
case of forming the crystal. This presents a hypothesis that
addition of b-isox into cold solution induces small crystal
formation and the LC domain is incorporated into the “seed
of the crystal” growing up to large crystal.
Previous discussion presents a model depicting the
co-crystallization of b-isox and the LC domains [20]. The LC
domain with disordered random coiled structure could touch
the groove of the crystal surface and form the β strand
structure, incorporated into the growing crystal because the
width of the groove of the crystal is supposed to be 9.4 Å,
and this just fits the β strand of the polypeptide of the LC
domain.

Figure 8. Graphical Summary.

The formation of the crystals and precipitations are
depicted.
Just following the model presented by Kato et al., in the
status of forming the β strand-like hydrogen bonds between
the main chains of the β strands and the b-isox molecules, the
distance between the main chains of the β strand and the
lower layers is only 3 Å, touching the b-isox of the lower
layer (Fig.7E) [20]. At this model, only the glycine residues
are allowed for P1, P3, and P5 (magenta) of the polypeptide
to slip into the groove of the b-isox crystal (Fig.7E). There is
no sequence matched to “Gly-X-Gly-X-Gly” both in the LC
domain of TLS and of TIA1. The hydrogen bond formation
of the LC domains of TLS and TIA1 to b-isox requires space
under the polypeptides for folding their side chains.
Otherwise, no such interaction could occur. Taken together,
the LC polypeptides are suggested to be incorporated into
nascent growing surfaces and edges of the b-isox crystals
instead of their binding the pre-assembled surface of the
crystals (Fig.8).
In summary, the LC domain of TLS is preferable to form
crystals with b-isox. The LC domain of the disordered
structure could bind the b-isox crystal with the main and side
chains, and also contains many Y, Q, and S, suggesting that it
is suitable to form the co-crystal with b-isox. The LC domain
is shown to be incorporated into the crystal during the
process of the crystal growing.

Biomedical Sciences 2016; 2(1): 1-10

5. Conclusion
The LC domain of TLS is proved to have potency to
forming a crystal with the b-isox molecules. This is because
the TLS-LC domain has disordered conformation, relatively
many Y, Q, an S, and binds the b-isox crystal by the main and
side chains. During elongation of the fine crystal of b-isox, the
LC domain of TLS should be incorporated into the growing
crystal of b-isox.
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