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Instructions for Oral /Poster

Presentations

Welcome and thank you for your contribution. To ensure each session going
smoothly and all attendees enjoy your presentation and opportunities interacting with
presenters, please take care of the followings.

Oral Presentation

Equipment Provided by the Conference Organizer:

1. Laptop Computer (MS Windows Operating System with MS PowerPoint & Adobe
Acrobat Reader )

2. Built-in LCD Projector with Screen

3. Cable Microphone

4. Whiteboard, Flip Chart

Materials Provided by the Presenters:

5. File(s) in Microsoft PowerPoint or PDF format

Duration of Each Presentation:

6. Regular Oral Session: approximately 15 minutes for each oral presentation,
including 3 minutes for Q&A.

7. Please check the conference program online for the precise date and time of your
presentation session.

8. Presenters are suggested to enter the specific session room 5 minutes earlier

before the session begins.



Poster Presentation

Materials Provided by the Conference Organizer:
9. X Racks & Base Fabric Canvases (60cmx160cm, see the figure below)

10. Adhesive Tapes or Clamps

Materials Prepared by the Presenters:

11. Home-made Poster(s)

Requirement for the Posters:

12. Material: Abstract/Full paper printed on a poster/A4 paper(s) which can be posted
on the Canvases

13. Size: smaller than 60cmx160cm

14. Content: The research findings in the poster presenter’s abstract/ full paper
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ABSTRACT

The automatic recognition of individual traits and competences through behavioral
analyses is an intensely pursued goal. Here we applied machine learning to classify
expertise from the oculomotor behavior (scanpath) of 21 novice and 21 expert billiard
players while they were freely watching a filmed billiard match with no specific task,
and ad-hoc, occluded billiard shots with a trajectory prediction task. By using saccade
amplitude and direction as features, a Relevance Vector Machine classified correctly
which group — novice or expert — the observers belonged to, with an accuracy of 83%
and 77% respectively for the match and the shots. Interestingly, for simple shots (2
cushions) the classification accuracy decreased to 69%, while for difficult shots (5
cushions), where expertise could indeed make the difference, it reached 86%. These
results provide direct proof that the signature of expertise is hidden in the ocular
scanpath, at least in the particular domain of billiard sports, and that it can be
accurately detected at the individual level with proper test stimuli — even very natural
ones — and suitable data mining.

Keyword: Psychophysiology, Eye movements, Expertise, Billiards, Relevance Vector
Machine

1. INTRODUCTION
The automatic detection of expertise from indirect psychophysiological indexes is
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a goal that is as valuable as challenging. Eye movements seem to be very promising in
this respect, as they may contain enough information to tell apart experts from
non-experts (the “expert’s eye”). Indeed, the gaze shifts of novices and experts differ
in several domains of knowledge and competence [1,2,3,4,5,6,7,8,9,10]. We have
recently provided evidence that exploratory eye movements can distinguish between
novice and expert billiard players when they are watching billiards under controlled
conditions [11]. Whereas novices tended to adopt a strategy based on mental
trajectory extrapolation, experts monitored with the gaze certain diagnostic points
along the ball trajectory. The question arises as to whether the differences between
experts and novices could be detected in the individual patterns of eye movements, or
whether they are visible only in the group data, as in previous work. The present study
addressed this question by applying machine learning techniques to eye movement
data, with the goal of classifying any single observer as being a billiard expert or
novice. The Support Vector Machine (SVM) is a widely used technique to classify
noisy signals (see [12], including, quite recently, eye movement data [13]. To
overcome the known limitations of SVM [14], here we have exploited a Relevance
Vector Machine (RVM, [14], which has recently attracted much interest in the
research community but has never been used with eye movement data.

2. MATERIALS AND METHODS

The analyses presented in this study have been applied to the raw data taken from
[15]; the reader is referred to that study for further details.

2.1 Participants
Forty-two healthy participants volunteered in the experiment. Half of them were
elite billiard players, recruited on the basis of their national rank.

2.2 Stimuli and recording procedures

The stimuli were movies of a real billiard match or individual simplified shots,
which were watched on a computer screen. The stimuli were prepared in advance by
videorecording them from the top of the billiard table. Basically, observers were
presented 48 controlled shot ultimately directed towards the central skittle, with no
spin. The most important difference among them was that they could be short (2
cushions) or long (5 cushions). The shots could be directed towards the right or the
left, or the towards the upper or the lower side of the table, in a balanced design.
There were 2 repetitions for each shot. The final part of the trajectory was occluded,
and the observers’ task was to tell whether or not the ball would strike the skittle
(there were actually 3 versions for each shot, in one version the central skittle is
pulled down, in the other two versions the ball passes just by the skittle on the right or
the left).

The other typology of visual stimulus consisted of a piece of a real billiard match,
again videorecorded from the top. In the match, two professional players (the
opponents) alternated in making a shot in which a cue ball (own’s ball) should be
directed towards the target ball (the opponent’s ball) in such a way that the latter — but
not the former — would pull down as many skittles as possible (there were 5 skittles in
the central region of the table) and/or the third ball (the small red ball). On the
computer screen, the size of the billiard table was 13 x 27 cm. The movie lasted 5
minutes and contained 11 shots, alternating at a natural pace between the two



opponents. The shots were obviously different for complexity, orientation, number of
cushions, ball velocity, spin. The duration of each shot, defined as the time during
which at least one ball was in motion, varied between 8 and 13 seconds.

The billiard match was always presented first, followed by a pseudo-random
sequence of the individual shots. The duration of the experiment was about 20
minutes. When the stimulus was the match, observers had been instructed to pay
attention to the events in order to answer to some general question afterwards. With
the individual shots, the task was instead to predict whether or not the ball would
strike the skittle, through a keypress. In this prediction task, experts performed better
than novices with both the long and the short shots, and in terms of both accuracy and
response times [15].

Observers watched the stimuli seating about 57 cm in front of the computer screen,
with the head resting on a forehead support. Eye movements were acquired through
infrared video-oculography (Eyegaze System, LC Technologies; sampling frequency:
60 Hz; nominal accuracy: 0.45 deg). Monocular recordings were performed
unobtrusively via a remote camera mounted below the computer screen. Fixations
were identified by means of a simple dispersion criterion: We defined gaze samples as
belonging to a fixation if they were located within an area of 25 pixels (corresponding
to 0.67 deg) for a minimum duration of 6 video frames (corresponding to 100 ms).

2.3 Data analysis

The problem of distinguishing billiard experts from novice observers, by assessing
their oculomotor behavior, can be formulated as a classification procedure in a
supervised learning setting. More precisely, if X denotes the space of input variables
representing features derived from observer eye movements and  the space of output
variables i.e. the expert/novice label, the training dataset produced along eye-tracking
recording can be defined as the set Z= {(xn,{n) € Xx1|n=1,..,N} The learning
step implies the use of Z together with any other prior knowledge for finding a

function f:X—1 out of a class & of functions that encodes the estimated
dependency. The result function f is assumed to produce an efficient prediction of the
expert/novice assignment  given a new feature vectorx . A flexible and popular set

M

Fasw) = ) w6 = wlp@)

of candidates for f() is that of the form -1 where the
output is a linearly-weighted sum of M, generally nonlinear and fixed, basis functions.
Analysis of functions of such type is facilitated since the adjustable parameters (or
'weights') w appear linearly in the equation, and the objective is to estimate 'good'
values for those parameters (learning stage). Note that, although the model is linear in
the parameters, it may still be highly flexible as the size of the basis set, M, may be
very large.

Together with good generalization performance, which can be achieved by many
methods proposed in the statistical machine learning literature [12] a key feature of
any classification approach is to find a sparse representation of predictors, in which
they contain relatively few non-zero w: parameters. Sparsity is an attractive concept;
it offers elegant complexity control, feature extraction, the potential for elucidation of
meaningful input variables along with the practical benefits of computational speed
and compactness. In this perspective, the SVM is a sparse linearly-parameterized
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model for regression and classification that has attracted considerable interest [12],
which considers a restriction of the G w) model, namely:

N
fl;w) = Zwif{(x,xi] + wp
= : (1)
where K(x,x7) is a kernel function, defining one basis for each example X» in
the training set. Sparsity is achieved by considering the subset of kernel functions,
those associated with training samples *» that lie on the margin separating classes
(the support vectors). A number of significant and practical disadvantages of the
support vector learning methodology have been identified [14]. To overcome such
limitations the RVM has been proposed. RVMs are based on a Bayesian treatment of
the linear model (1), with an appropriate prior that results in a sparse representation.

Following the standard probabilistic formulation, the targets £» can be
considered as samples from the model with additive noise £n = f(xn; W) + ., where
in turn & are independent samples from a noise process generated by amean-zero
Gaussian with variance ¢*; hence, p(£in 1]x) = N (£1n 1|f(xyn),¢'2) | where the
notation specifies a Gaussian distribution over the target labels with mean f(n).
Unlike the SVM, the RVM explicitly encodes the criterion of model sparsity as a prior
over the model weights w . The Bayesian formulation of the regression problem in
the RVM allows for a prior structure that explicitly encodes the desirability of sparse
representations. This is done by complementing the standard likelihood function
with an “automatic relevance determination” (ARD) prior over the weights,
pwi| @) = Ti(n= DNz KV (wyn 1(0,2yn™(11) )) | with « a vector of N+1
hyperparameters that has the effect of “switching off” basis functions for which there
is no evidence in the data (see [14] for details).

For a two-class problem such as the one we are dealing with,

, Sparse Bayesian classification can be
obtained generalizing the linear model by applying the logistic sigmoid link function

a(f)
to function f and by adopting the Bernoulli distribution for the data likelihood,

. In the learning stage, the parameters «,w
of the model are computed through an iteration procedure (the EM algorithm) until
convergence is achieved.

The feature set X has been defined in order to capture the oculomotor behavior of
the observers. To this end, for each observer, given the sequence of fixation and
saccades {r-s:di-1, we represent his scanpath in terms of saccade amplitudes and

directions {lt6:3{-1, where I is determined as the Euclidean distance between the
positions at the beginning of the saccade and at the landing position, and



being the saccade horizontal and
vertical displacements. The magnitude of saccades and their direction are suitable
descriptors for characterizing oculomotor behavior tendencies [16] and have been
successfully employed for stochastic modeling eye movements on videos [17].

Since we assume that the scanpath is the result of an underlying stochastic process

[17], we summarize the random sample 6:3i_1 through their empirical
distribution function (histogram), which we denote as the random vectors

and , respectively, where the
vector dimension J represents the number of bins of the histogram.

When considering short and long shots both histograms where computed by
aggregating the 2 repetitions for each shot. For all types of shot (short, long and
match) J =6.

Finally, the feature vector x capturing the oculomotor behavior of a single
observer is obtained by concatenating the two vectors, x = [h: hal'  thus giving rise
toa 2%/ dimensional feature vector. For N=42 observers we have a set {xn3:21 of
such random vectors, where X» stands for the feature vector related to the n-th

observer. By associating the corresponding label we eventually obtain the complete
data set Z = {(xn,4,) € Xx1|n=1,..,N},

Learning and classification on Z were accomplished by adopting the classic
Leave-one-out procedure [18]. To keep data analysis conditions straight, the kernel
function K was shaped in the form of a linear kernel [12,14,18].

3. RESULTS

Expert and novice observers exhibited prima facie rather similar fixation patterns
(Figure 1), although some differences were occasionally apparent, at least as a
qualitative impression when looking at the cumulative scanpath over time, condensed
in single snapshots. We know from our previous study [15]that the distribution of
basic oculomotor parameters such as fixation duration and gaze shifts amplitude did
not differ significantly between experts and novices with individual billiard shots as
stimuli. Nonetheless, some subtle but consistent differences in the spatio-temporal
allocation of gaze have been observed, to the extent that the different “looking style”
of experts and novices allowed to parse the video stream of the billiard match into
individual shots [11].



Experts

Novices

Figure 1. Fixation maps across the 5 minutes of billiard match viewing. Each yellow
spot represents an individual fixation, whose diameter is proportional to the
fixation duration. All fixations from all subjects are superimposed.

We present here the results of the analysis with a machine learning approach. As
input features, we used the concatenation of saccade amplitude and direction. With a
linear kernel (length=6), the capability of the classifier to distinguish between experts
and novices was remarkably high. The Relevance Vector Machine classified correctly
which group — novice or expert — the observers belonged to with an accuracy of 83%
and 77%, respectively for the match and the shots. Interestingly, for the short shots the
classification accuracy decreased to 69%, while for the long shots, where expertise
could indeed make the difference, it reached 86%.

Table 1. Performance of the binary classifier, for the three typologies of shots (M,
Match; SS, Short Shots; LS, Long Shots).Pc, percent correct; d’, d prime; C,
response criterion; A’ estimate of the area under the ROC curve.

M SS LS
Pc 83% 69% 86%
d 1944 1015 2133
C 0.094 0.204 0.000
A 0.900 0.778  0.916

In Table 1 is reported the performance of the classifier for the three stimulus
categories expressed in terms of percent correct, together with additional quantities
derived within the framework of signal detection theory [19]. We computed the
well-known distance index d’, as well the index A’, which is an estimate of the area
under the ROC curve and which is equivalent to the proportion of correct responses.
We did not provide the so-called Equal Error Rate (the point on the ROC curve where
misses and false alarms coincide), because, given the symmetry of the estimated ROC,
the same information is conveyed by 1-A’. Further, although in principle the classifier
is expected to be bias-free, we also computed the response criterion C, which revealed
a slight tendency to misclassify more often the expert observers, taking them for
novices (misses, or false negatives), rather than mistaking a novice for an expert (false
alarms, or false positives). The raw accuracy data and the signal detection indexes
were in perfect agreement, and showed a very high discriminability of experts and
novices despite apparently similar fixation patterns (Figure 1). In terms of differential
classification, 21 observers (50%, 12 novices and 9 experts) were classified correctly
in all three stimulus categories (Shot shots, Long shots, and Match), while 16
observers (38%) were classified correctly in two stimulus categories, and 5 observers
(12%) in one stimulus category. None was always misclassified. Overall, 90% of
novices and 86% of experts were classified correctly in at least two stimulus
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categories.
4. DISCUSSION

In this study we have successfully applied a machine learning approach (RVM) to
eye movements data in order to classify individual observers as billiard experts or
novices. To explore various testing conditions, we have administered to 42 subjects,
either novice or top billiard players, different visual stimuli and tasks, all representing
filmed, real billiard events: A portion of a match, containing shots of variable
complexities, and several ad-hoc individual shots, with either 2 cushions or 5
cushions. The match stimulus was associated to a free-viewing observation condition,
while for the individual shots, which were occluded in the second part of the
trajectory, the trajectory prediction task placed implicitly a significant constraint on
the deployment of visuospatial attention. That is, we had 2 constrained stimulus
conditions (the shots) and one relatively unconstrained stimulus condition (the match).
The overall classification accuracy, expressed as percent correct and averaged across
stimulus types and observer expertise, scored a respectable 79%.

Remarkably, the classification accuracy was higher with the long shots (86%) and
lower with the short shots (69%), with a somewhat intermediate level when the
stimulus was the match (83%). This finding is in keeping with the idea that the
individual scanpath provides indication of the degree of expertise that is actually
exerted. In fact, the long shots had a more complex geometry than the short shots, and
in fact the behavior of experts and novices differed more than for the short shots, both
in predicting the trajectory and in terms of fixation maps [15]. In other words, it is
especially with the long shots that expertise makes the difference. The billiard match,
in turn, contained professional shots of variable length and difficulty, as well as
pauses between shots; moreover, the shots in the match were much less predictable
and with more variables (e.g., many more options as to the geometry and the goal)
than the controlled individual shots. Thus, at least at the qualitative level, the classifier
performance correlated with the actual expertise level required to understand the
stimulus. This underscores the importance of selecting a proper stimulus in order to
extract expertise from the scanpath through a classifier. Although it did not represent
the highest performance, it is striking that the classifier yielded a so high accuracy
with the match as stimulus (83%). Considering the uncontrolled variability of a real
match, we think this is a remarkable result.

Despite much work should still be done to optimize the present approach, perhaps
by testing additional features or feature combinations, or by using other classifiers, we
think these preliminary data provide clear evidence of the success of applying the
RVM to eye movement data in detecting expertise. At variance with previous studies
[1,2,3,4,5,6,7,8,9,10,20], including our own one [15], here we have been able to
classify experts and novices individually, which is a necessary step in order to pursue
the goal of automatic expertise detection based on psychophysiological indexes.
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ABSTRACT

The vault nanocapsules are promising carriers in protein-based drug delivery. However,
limited studies have been reported on effectively controlling the drug release during
delivery. It is hypothesized that the rate of content release is related to the interaction
between the major vault protein (MVP) and the interaction domain (INT) of vault
poly(ADP-ribose)-polymerase. The MVVP domains that specifically interact with INT
have been identified and is referred to as iMVP. In this report, a few key amino acids
of iMVP on the interaction interface were replaced with histidines to impart
pH-sensitive response. In contrast to the wild type soluble iMVP, the mutants are
produced as insoluble proteins.

Keywords: vault, nanocapsule, protein-protein interaction, histidine modification

1. INTRODUCTION

Protein nanocapsules, such as Ferritin and E2 protein, have been shown to be
promising as carriers for contrast agents and small molecule drugs [1-3]. The nature
derived template provides precise spatial control resulting in highly uniform structures
while the proteinaceous nature allows for facile modification. Vault, a
ribonucleoprotein nanoparticle, is ubiquitous in most living eukaryotic system, with
dimensions of 72.5 x 41.0nm[4].1t has been shown to be non-toxic, non-immunogenic,
and stable in wide pH and temperature ranges[5]. The large lumen of vault is made of
the major vault proteins (MVP) that self-assemble to form a barrel-like nanocapsule.
A shuttle peptide named the interaction domain (INT) located at the C-terminus of the
vault poly(ADP-ribose)-polymerase (GenBank accession No. AF158255; aa
1563-1724), is known to attach to the inner side ofthe vault shell through a unique
protein-protein interaction. Fusion of therapeutic agents to the INT N-terminus
facilitates the encapsulation of the therapeutic agents within the vault[5].Introduction
of some functional peptides on the vaults have successfully transport vaults to target
cells [6].

Vault has a dynamic structure that involves half-vault exchanges[7]. During the
open state, content might be freed from or held within the lumen depending on the
association/dissociation between MVP and INT. However, controlling the releaseof
therapeutic agents from the vaults interior remains a challenge. Since the tumor
microenvironment is mildly acidic (pH 6-7) due to the hypoxic environment and
residues from anaerobic metabolism, the ability to control the molecular release at
specific pH is favorable. Histidinehas been demonstrated to induce repulsive
interactions between protein subunits upon pH change from 7.4 to 5.0 [8, 9].The
histidineimidazole side-chain has a pKa value of 6.1. At pH 7.4, ~10% of the side
chains are positively charged while at lower pH the proportion increases.Upon pH
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change, multiple histidines that are strategically located within the Debye radius at the
interface will induce enough repulsive forces to trigger disassembly or separation
between protein subunits.

In this study, we isolated the MVP domains that specifically interact with INT
which is referred to as iIMVP. Histidines were subsequently introduced to replace key
amino acids on the iMVP located at the interaction interface. The production of the
recombinant iMVP and hisditine-substituted iMVP were examined.

2. MATERIALS & METHODS

Histidine-substituted Protein Designs—The interacting amino acids were identified
by visualizing the structures using PyMOL. The structure of the INT was predicted
using I-TASSER server (http://zhanglab.ccmb.med.umich.edu/I-TASSER/) and the
interaction with MVP was simulated using online protein docking software
(http://vakser.bioinformatics.ku.edu/resources/gramm/grammx). The crystal structure
of MVP (PDB No. 2QZV) shows that the interaction surface of iMVP (aall3-276) is
mostly negatively charged. To modify the interactions between iIMVP and INT,
several amino acids were replaced to pH-responsive histidines on iMVP (Table 1). The
LDL and VDA on iMVP were selected based on their proper distances to INT residues.
The amino acids EE were modified to Ala-Ala as control.

Site-Directed Mutagenesis— Primers with the desired mutation sites were designed
(Table 1) and the genes were amplified using PCR. The sequence was confirmed by
sequencing and the mutant fragments of iMVP were subclonedintopET-28afor tagging
with 6xHisat the N terminus to ease purification. All histidine-tagged proteins from the
are denoted by His-, i.e. His-iIMVP and His-INT.

Table 1. The mutant constructed at the iMVP interface to investigate the effect of
histidine substitution.

Constructions Oligonucleotides

LDL/3H 5’-GTC TTT GAA GAG GTC cat catcat GTG GAT GCT

(L213H/D214H/L215 | GTG ATC-3’ (forward)

H) 5’-GAT CAC AGC ATG CAC atgatgatg GAG CTC TTC
AAA GAC-3’ (reverse)

VDA/3H 5’-GAG GTC CTG GAT CTG cat catcat GTGATC CTT

(V216H/D217H/A21 | ACA GAA-3’ (forward)

8H) 5’-TTC TGT AAG GAT CAC atgatgatg CAG ATC CAG
GAC CTC-3’ (reverse)

EE/AA 5’-CTC CCAGCT GTC TTT gcggeg GTG CTG GAT

(E210A/E211A) CTG GTG-3’ (forward)
5’-CAC CAG ATC CAG CAC cgccgcAAA GAC AGC
TGG GAG-3’ (reverse)

Protein production and purification—His-INT andHis-iMVPvariants were
produced in E. coliBL21(DE3) grown in LB broth with 50 mg/L Kanamycin according
to the recommended protocol (Stratagene). The production was induced by IPTG at
optimum concentration for specific construct. The proteins were purified with affinity
chromatography (HisTrap HP column, GE Healthcare).
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3. RESULTS AND DISCUSSION

Replacement of native amino acids on the iMVP that are located at the interaction
interface with INT is hypothesized to impart pH response providing additional cargo
release control to the vault. To identify the amino acid residues on the iIMVP that
interact closely to the INT, a docking simulation was performed using the online
software. The results of the docking simulation were used to evaluate the amino acid
residues on the iIMVP that are within the Debye radius to the INT residues. Solvent
accessibility of the interface is important in the protonation of the histidine residues
and was examined as shown by the molecular surface (Fig.1).

Figure 1. Front (A) and back (B) view of surface structure showing selected iMVP
residues for mutation: E210/E211(yellow); L213/D214/L.215 (blue);V216/D217/A218
(green); INT residues (red). Figures were generated using in PyMOL [10].

Figure 2 highlights the identified residues on iMVP that are proposed to be
interacting with INT within the Debye radius and are solvent accessible.

Domain 3 Domain 3

Figure 2. Mutation sites on iMVP domains3, 4 and 5. (A) LDL/3H
(L213H/D214H/L215H), (B)VDA/3H(V216H/D217H/A218H),(C)
EE/AA(E210A/E211A).

The recombinant protein productions in this study were optimized. His-INT was
produced by adding 1 mM IPTG for 3 hours at 37°C. The gene expression of
His-iMVP and its mutants were induced by addition of 0.1 mM IPTG for 16 hours at
20°C. Upon harvest, the cells were lysed and the protein production was analyzed
using SDS polyacrylamide gel electrophoresis (Fig. 3). Both His-iMVP mutants,
LDL/3H and VDA/3H, were produced as insoluble proteins (Fig. 3, lanes 4 and 6)
while His-iMVP EE/AA were not produced in either soluble or insoluble fractions
(Fig. 3, lanes 1 and 2). The unmodified His-IMVP and His-INT were expressed as
soluble proteins and were subsequently purified (Fig. 3, lanes 7 and 8). The summary
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of protein production is presented in Table 2.

Figure 3. SDS-PAGE gel of proteins production. Lane 1: His-iIMVP EE/AA soluble
fraction; 2: His-iMVP EE/AA insoluble fraction; 3: His-iMVVPLDL/3H soluble
fraction; 4:His-iMVPLDL/3Hinsoluble fraction; 5:His-iMVPVDA/3H soluble

fraction; 6:His-iMVPVDA/3Hinsoluble fraction; 7: purified His-iMVP, 8: purified

His-INT. Red arrows indicate the expected proteins.

Table 2.Summaryof protein productions.

Protein variants Mutated interface Expressed in E. Soluble for
coli purification
His-iMVP No Yes Yes
His-iMVPLDL/3H Yes Yes No
His-iMVPVDA/3H Yes Yes No
His-iIMVP EE/AA Yes - -
His-INT No Yes Yes

The insoluble production of the histidine-substituted His-iMVP mutants is
speculated to be due to the change in electrostatic interactions within the protein. To
analyze the interactions, the surface potentials of His-iMVP mutants were computed
and displayed using PyMOL (Fig. 4). The side-chain charges of the key area of
interaction site on iIMVP were compared between wild type and mutant on Table 3.
As shown in Figure 4 and Table 3, the vicinity of the mutant residues LDL and VDA
is negatively charged at pH 5-7.4. Upon introduction of the positively charged
histidines, the electrostatic interaction might be disrupted leading to protein
misfolding. As a result, His-iMVP LDL/3H and VDA/3H are much less soluble than
wild type His-iMVP. Since the gene expression involves many factors, such as control
at transcription and translation levels, the non-production of His-iIMVP EE/AA is
relatively complex to explain. In addition, the alanine replacements might cause
interference on the EE interactions which were identified to have both negative and
positive charged neighbors in vacuum electrostatics analysis (Fig. 4C).
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Figure 4.Vacuum electrostatics of His-iMVP drawn by PyMOL. (A) LDL/3H
(L213H/D214H/L215H), (B)VDA/3H(V216H/D217H/A218H).

Table 3.Side-chain charges of the key interaction sites on iMVP.

Residue | iMVP  LDL/3H VDA/3H EE/AA
#
209 F F F F
210 E() E() E() A
211 E() E(-) E() A
212 v v v v
213 L H (+) L L
214 D() H (+) D() D(-)
215 L H (+) L L
216 v v H (+) v
217 | DO D  HEF DO
218 A A H (+) A

For all designed iMVP mutants, attempts to lower the expression temperature to
20°C and alter inducer concentrations to 0.1 mM did not produce soluble proteins.
Subsequent investigations required soluble proteins and could not be performed with
these variants.

4. CONCLUSIONS

His-iIMVP and His-INT were successfully produced as soluble proteins in E. coli.
However, attempts to replace amino acids on the iMVP interacting interface with
histidines resulted in insoluble proteins. To further investigate the interactions
between iIMVP and INT, it is important to produce soluble proteins. Modifications on
the INT may be possible alternatives to the iMVVP modifications.
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ABSTRACT

Bone grafting is the standard treatment for cleft palate patients. However, a downside
to this method is that it requires multiple surgeries to fill the gap in the mouth. Bone
tissue engineering can be employed as a solution to this problem to fabricate artificial
bone based on synthetic biomaterials. The objectives of this study focus on preparing
phosphate glass and hydroxyapatite (HA) as well as developing appropriate forming
conditions for scaffold based on the polymeric replication method. Various glass
compositions and sintering temperature were examined in this study in order to
investigate scaffold structure, strength, biodegradability and pH. Amount of CaO and
the sintering temperatures were varied in order to explore their impacts on scaffold
properties. Results from XRD clearly show that phosphate glass and HA can be
successfully synthesized by using natural materials. In addition, it was found that
polymeric foam replication can be successfully used for scaffold fabrication. The
scaffold microstructure revealed the appropriate pore size for bone tissue engineering,
which is in the 240 — 360 um range. According to the results, it was found that
biodegradability can be regulated by amount of CaO used. For example, specimens
with the highest level of biodegradability were obtained from 30 mol% of CaO
composition. On the other hand, scaffold containing 40 mol% of CaO and sintering at
750 °C were revealed to have the highest compressive strength, 6.54 MPa.
Nonetheless, specimens fabricated from these conditions resulted in base condition
for pH testing, which could be toxic to living cells.

Keywords: Phosphate glass, Hydroxyapatite, Biomaterials, Bone tissue engineering
1. INTRODUCTION
Cleft palate is an opening at the roof of the mouth caused by a birth defect. This
abnormality can affect facial appearance, resulting in eating and speaking problems as
well as ear infections. Srinagarind Hospital in Thailand treated 1,950 cleft lip and
palate patients from 1984 — 2007, according to recent studies. Patient numbers have
been increasing in the past few years [1].

Current treatment for cleft palate includes the use of prosthetic devices and
surgery. A surgical technique known as palatoplasty has been used for palate
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reconstruction. Bone grafting is used in this technique to fill in the bone gap and
create bone matrix to support growth in the cleft area. The tibia, mandible, ilium, and
ribs are donor sites for harvesting bone grafts. While bone grafting has been used
successfully, it has several short comings; patients must have multiple operations to
achieve successful bone grafting, operations can be painful, wounds can become
infected, and donor sites can fracture, among other problems [2].

Bone tissue engineering has been introduced as a new treatment technique for
cleft palate repair in order to address the aforementioned issues. This procedure
regenerates damaged bone by implanting scaffold to provide mechanical support for
gap areas [3]. In addition, scaffolds for bone tissue engineering should be
osteoconductive, biocompatible, and biodegradable. Therefore, several materials have
been introduced as biomaterials for bone tissue engineering, including tricalcium
phosphate, HA, bioactive glass, and biopolymers [4]. These biomaterials can be
synthesized from both chemical substances and natural products. For example, HA
can be synthesized from coral [5], bovine bones [6], and seashells [7] and the sol-gel
method can be used to synthesize silica-based bioactive glass from chemical
substances [8]. Nonetheless, such materials have limitations in regard to their
mechanical, biodegradability, and other properties [9]. Phosphate glass was therefore
chosen as a biomaterial for scaffold fabrication in this research since it offers
controllable biodegradation and good biocompatibility. However, phosphate glass has
weak mechanical properties. Therefore, HA was added to enhance the scaffold’s
mechanical properties because it has good mechanical properties and is chiefly
composed of calcium and phosphate, important minerals in human bone. In addition,
natural materials like mollusk shell and bovine bone were used to synthesize
phosphate glass and HA respectively, because of their biocompatibility.

Several techniques have been employed to produce scaffold, including
freeze-drying [10], slip casting [11], solid freeform fabrication [12], and polymeric
foam replication [13]. In reviewing the above techniques, polymeric foam replication
was selected due to the advantage it offers in producing scaffold with controllable
pore size and porosity, an important condition in cleft palate treatment.

2. MATERIALS AND METHODS

2.1 Preparation of materials
2.1.1 Hydroxyapatite
Bovine bone was boiled at 150 °C for three days. It was then immersed in

hydrogen peroxide for two days in order to dispose of organic substances. Bovine
bone was subsequently calcined at 850°C for three hours, before being ground into
powder.
2.1.2 Calcium oxide

Mollusk shell was soaked in hydrogen peroxide for two days. It was then

calcined at 900°C for three hours, before being ground into powder.

2.1.3 Phosphate glass

Three varieties of phosphate glass were synthesized by mixing NH4H,POy,
NaH,PO,4, and CaO. The amount of NH4H,PO, was kept constant at 45 mol%.
However, the ratio of Ca/Na was varied: 30/25, 35/20, and 40/15. The mixtures were
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subsequently melted at 1000°C for 30 minutes before being ground into powder.
Glass codes and their compositions are shown in Table 1.

Table 1 Phosphate glass compositions and code

Glass code P,05 (mol%) Ca0 (mol%) Na,O (mol%)
P4sCazoNays 45 30 25
P4sCaszsNayg 45 35 20
P45C&40N8.15 45 40 15

2.2 Fabrication of phosphate glass/hydroxyapatite scaffold

Each group of phosphate glass was mixed with HA before being added to 40 wt%
concentration of polyvinyl alcohol (PVA) solution. Polyurethane foam (pore size
200 — 400 pm) was cut to the size of 10 x 10 x 15 mm for use as scaffold templates.
After the foam was immersed in phosphate glass/HA slurry, the scaffold templates
were dried at room temperature for a minimum of 12 hours. In order to attain the
scaffolds, they were then heated at 400°C for two hours, burning out the polyurethane
foam. Finally, the scaffolds were sintered for three hours at 600°C, 675°C and, 750°C,
respectively. Table 2 shows scaffold type and composition.

Table 2 Type of scaffold and its compositions

STQQ'??OT; Composition of scaffold

Typel HA P4sCazoNazs
Type 2 HA P4sCaszsNago
Type 3 HA P4sCagoNays

2.3 Characterizations
2.3.1 X-ray diffraction analysis (XRD)

XRD analysis was used to investigate phases of synthetic material powders. The
data were collected from a Bruker D8 Advance, using Cu K, radiation. Voltage and
current were set at 40 kV and 40 mA. The data were analyzed from 10° - 100° 20 with
a 0.04°/s scanning rate.

2.3.2 Scanning electron microscope analysis (SEM)

Pore morphology was examined through SEM analysis. The scaffolds were
sputter coated with gold before being examined with a JBM-5910LV.
2.3.3 Degradation behavior

In order to test degradation ability, the scaffolds were immersed in Phosphate
buffered saline (PBS) at 37°C for seven days. Initial scaffold weight was noted as Mo.
After seven days scaffolds were washed with deionized water. Dry scaffolds were
weighed as M. The following formula was used to calculate degradation percentage:

1)

2.3.4 Mechanical properties

A compression test was used to evaluate the scaffolds’ mechanical behavior.
Specimens are approximately 10x10x15 mm in size. A Universal Testing Machine
(Instron 5566) was used to perform the tests with crosshead speed 1 mm.min™.

3. RESULT AND DISCUSSION
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3.1 Chemical characterization by XRD

The XRD spectra of bovine bone HA were compared with JCPDS-ICDD Card no.
9 — 432[14]. Figure 1 shows that all significant peaks of the bovine bone powder
matched JCPDS — ICDD. Results clearly indicate that HA could be synthesized by
using this methodology. The CaO — base powder pattern derived from mollusk shell is
shown in Figure 2. The main CaO — base powder peaks were found at 26 = 29.47°,

47.87° and 49.05°, which are characteristic peaks of calcium carbonate and at

32.14°, 37.22°, 53.57°, 64.24° and 67.49°, characteristic peaks of calcium oxide [15].
The results confirm that CaO — base powder can be derived from mollusk shell at 900
°C. Figure 3 shows the XRD spectra of prepared phosphate glass. It is evident that no
peaks exist in the pattern, indicating that prepared phosphate glass is rather

amorphous material.
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Figurel. XRD pattern of HA extracted from bovine bone

L L T T F

.

| \j "
L L “ Ao ikt l y I TP X
Mg T \ 1 o T LA :
40 no 50 70 o o0
=

ey (7 etn)

Figure2. XRD pattern of CaO derived from mollusk shell
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Figure3. XRD pattern of phosphate glass

3.2 Pore structure characterization by SEM
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Since, the experiments determined that sintering at 600 °C was not sufficient to
fabricate scaffolds, the scaffolds sintered at 675 °C and 750 °C were considered and
studied. Figure 4 shows SEM images of phosphate glass/HA scaffolds using
polymeric foam replication at 675 °C and 750 °C. The phosphate glass/HA scaffold
structure is porous, sharing similarities with human trabecular bone [7]. Phosphate
glass/HA scaffold pore size was found to be in the 240 - 360 um range. These results
surpass the minimum pore size requirement, which is considered to support tissue
in-grow that 100 pum. In addition, the SEM images show that sintering temperature
affected scaffold structure: at 675 °C (Figure 4a) more porous structure was observed
than at 750 °C (Figure 4b). Given that the melting point of phosphate glass is
approximately 850 — 900 °C, phosphate glass particles melted when scaffold was
sintered at near melting point temperature. Therefore, scaffold sintered at 750 °C
contained less porous structure than scaffold sintered at 675 °C. Consequently,
sintering temperature may have an effect on mechanical properties.
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Figure 4. SEM images of phosphate glass/HA scaffolds
a) sintered at 675°C b) sintered at 750 °C

3.3 Scaffold degradation

Scaffolds were immersed for seven days in PBS, demonstrating weight loss in
phosphate glass/HA scaffold and PBS pH percentage, as seen in Table 3. The table
also indicates that increasing the amount of CaO in phosphate glass causes a decrease
in scaffold degradation. Similar results have been reported by Ahmed et al. [16] and
Franks et al. [17]. They conclude that when concentration of Ca®* ions in solution
increases, degradation decreases. Because increasing Ca®* ions in solution causes
ionic strength increases, it can be stated that ionic strength has an effect on
degradation. Increasing scaffold — sintering temperature has the same effect. However,
degradation percentages among Type 2 and Type 3 scaffolds were found to be similar.
pH was shown as base in Type 2 and Type 3. However, in Type 1, pH was shown as
neutral. Since pH conditions for cell culture are in the 6.9 — 7.4 range, [18] Type 1
scaffold shows good pH conditions for cell culture.

Table 3 Degradation test and pH of scaffold after immersing in PBS for seven

days
Scaffold sinterin Degradation
Type of scaffold temperature (oc)g g(%) pH
Type 1 17.8 7.0
Type 2 675 4.3 8.8
Type 3 4.0 9.0
Type 1 750 15.3 7.3
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Type 2 0.6 9.0
Type 3 0.2 9.2

3.4 Mechanical properties

As discussed earlier, sintering temperature affected porous structure, which
caused variation in compressive strength: the more porous the scaffold, the less
compressive strength it has. As shown in Table 4, when sintering temperature
increased, compressive strength increased. For Type 1, at 675 °C compressive
strength is 0.18 MPa. However, at 750 °C compressive strength is 1.84 MPa. Type 2
and Type 3 compressive strength also increased when temperature was increased:
from 2.22 MPa and 2.35 MPa to 3.70 MPa and 6.54 MPa, respectively. Type 2 and
Type 3 scaffolds thereby show good compressive strength for bone tissue engineering
since the trabecular bone compressive strength range has been reported as 2 — 12 MPa
[9]. Compared with previous research [7, 19], compressive strength of scaffold
obtained from phosphate glass/HA is higher than scaffold derived from only HA.

Table 4 Compressive strength of scaffold at different sintering temperatures

Type of scaffold Scaffold smte(zlcr:\)g temperature Compre(sl\s/:\F/):)strength
Type 1 0.18
Type 2 675 2.22
Type 3 2.35
Type 1 1.84
Type 2 750 3.70
Type 3 6.54

4. CONCLUSION

HA and phosphate glass were successfully synthesized by using local material as a
precursor and it was possible to fabricate phosphate glass/HA scaffold by using
polymeric foam replication. Appropriate pore size for bone tissue engineering was
obtained in the 240 — 360 um range. Degradation rate could be regulated by varying
CaO amount. Although Type 2 and Type 3 scaffolds produced good compressive
strength, they didn’t provide appropriate pH condition for cell culture. Proper pH
condition for cell culture was only found in Type 1. In conclusion, phosphate glass
codeP4sCaszgNays is the best candidate found in this study to fabricate scaffold for cleft
palate repair since it can provide neutral pH and can degrade. 750 °C would be an
appropriate temperature for producing scaffold because at this temperature good
compressive strength can be fabricated. Nevertheless, the ratio between phosphate
glass and HA should be studied in order to improve the biological and mechanical
properties of scaffold.
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