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The purpose of my business trip is to enhance the collaboration works with

associate professor Miura’s group in Hokkaido University (Sapporo city) and

professor Maeda’s group in Riken (Wako city). Associate professor Miura was an

assistant professor of our laboratory in NCTU until April in 2014, and then promoted
to the present position in Hokkaido University. In NCTU, we have worked together
on the research topic of laser trapping-induced molecular assembly. He is still
studying this topic in the new laboratory in Hokkaido University. We have a common
problem to develop this topic. In order to overcome this common difficulty, I visited
his laboratory in Hokkaido University and worked together for 3 days. Professor
Maeda in Riken was one of lecturers in the summer course that we organized in July
in this year. NCTU and Riken are cooperation partners, and we are strongly
encouraged to enhance collaboration works. In the summer course, we found that his
nanoparticles modified with DNA are very interesting in our trapping experiments. In
order to start our collaboration, | visited his laboratory in Riken and discussed with
several researchers. During my trip, | fortunately delivered an oral presentation in
“Annual Meeting on Photochemistry 2014” held in Hokkaido University, which is the
largest photochemistry conference in Asia.

BT HN EEEBEILBERE (FLIRTT) HYRIZEZ =7 Prof. Miura
FAFFRALERWFERT (FDET ) HYRTH % Prof. Maeda 15t/ NEITGE & (FHY TAF -
RIIZEZ = Prof. Miura S {EA0 M RIS E R M E =W 2% 55 2014 4 4
A R ST R IDEERERIRIZEY © K JlT—-e O B R RE L
o5 2T - At H AT 2 E AL R B Y B B = 1 S IS (BRI
5t » T eI E (HERE AR —(EFEEA R - & T e iRE(EERE - Bt
IBERENERE H - TIE=X - fEE{EEHFEAT CRDET) AYRITHZER
Prof. Maeda /2 #(M75 = H I A 22 ey 2 BE SR B aR iy B b — (I 8% - 50l

2



REFEEEWTERT R SR FMT R s @R & By T - fE2 R
R AT DNA FOR o TEATBTFT S F M S B i AaiilA
B - T BRGNS F - BAFSt B LR S B i BlE T 25T
s o AEBAVITRE T » ISEM SN T IEBE R ERTHY “2014 FEIFOEEE

BFER o ERONER R ESE e -



Y ettt ettt nens 5
(1) ELEIZ45% =i Prof. Miura BIBRATETE © o, 6
(2)EAEE LR SR A AT 2504% Prof. Maeda B[RV &(F © .....7
(3)7A 2014 FEFEEFENALEBE R ITUERE © oo, 9

BB ettt ettt e et e e e ebe e e aa e e eab e e eareeereeeaeas 9

VBRI oo 10



A3

— B

The purposes of this business trip are (1) to start collaboration work with
associate professor Miura's group in Hokkaido University, (2) to start collaboration
work with professor Maeda's group in Riken, and (3) to deliver an oral presentation in
“Annual Meeting on Photochemistry 2014”. The details are described below.
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(1) Collaboration work with associate professor Miura’s group

In our laboratory, we have succeeded in crystallization and crystal growth of
amino acids and protein by laser trapping technique (Figure 1-1). Resent research
made clear that laser trapping-induced crystallization and crystal growth are
accompanied with the formation of a large-volume, high-concentration domain, as
shown in Figure 1-2. The domain is millimeter-scale and much larger compared to the
focal volume. Therefore, the domain plays an important role for crystallization and
crystal growth at the outside of the focal volume. Actually, thanks to the dense domain,
the crystal growth rate could be controlled by optimizing the laser power. Associate
professor Miura’s group in Hokkaido University has also interested in this domain
formed by laser trapping. His group is now analyzing the dense domain of hen egg
white lysozyme (HEWL) using Raman spectroscopic measurement. The Raman
measurement can give us the information on mutual molecular interactions in the

domain. But it is difficult to understand the whole information of the millimeter-scale



dense domain, because the measurement can be applied to investigate only the small
area with a few micrometers. Therefore, we start the collaboration to construct a new

optical system which enables us to examine the domain size and the concentration.
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Figure 1. (1) Representative results on laser trapping-induced crystallization and crystal
growth. (2) A schematic illustration of the formation of a dense domain induced by laser
trapping.
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(2) Collaboration work with professor Maeda’s group

In our laboratory, we have succeeded in the formation of a nanoparticle assembly
with an ordered structure by using laser trapping technique. This nanoparticle
assembly like a colloidal crystal is very interesting, because its ordered structure is
dynamically balanced between attractive trapping force and repulsive force due to
electric charge at a particle surface (Figure 2-1). The former attractive force can be
easily changed by optimizing the irradiation condition. We can do it by ourselves. But,
the latter repulsive force is difficult to be controlled in our laboratory. Professor
Maeda’s group can prepare nanoparticles coated with DNA (Figure 2-2). The central
seed particles are gold, polystyrene, and polymer (PINIPAM : temperature-responsive
polymer). All nanoparticles are very good samples for our laser trapping experiments.
The most important point is DNA bound at a surface of their nanoparticles. DNA can
form a double helix structure, if constitutive bases are complementally coupled with
each other. On the other hand, in the case that mismatched bases are included in DNA
strand, they are not coupled, and the repulsive force is generated. That means, we can
control repulsive force among particles in molecular level by changing bases in DNA.
The purpose of my visit to Riken is to discuss our future collaboration work combined

with their samples and our laser trapping technique.
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Figure 2. (1) Representative results on the formation of a nanoparticle assembly
with an ordered structure by laser trapping. (2) Nanoparticles covered with DNA 1n
professor Maeda' s laboratory.
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(3) Oral presentation in “Annual Meeting on Photochemistry 2014”

This international meeting held annually is the largest photochemistry
conference in Asia. Based on the program, we had 170 oral presentations and 334
posters in the conference. In addition, two special sessions were organized : [1] New
Photochemistry Opened by Photofunctional Inorganic-Organic Hybrids, and [2]
Frontier of Single Molecule Detection. My presentation title was “Laser Trapping
Controlled-Crystal Growth of L-Phenylalanine at a Solution Surface”. | talked about

12 min and discussed with audiences for 8 min.
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10/10 : Arrive in Sapporo, Hokkaido, Japan

Taipei Songshan Airport => Haneda International Airport (by air)
Haneda International Airport => Shin-Chitose Airport (by air)
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10/11 : Oral presentation in the conference

Annual Meeting on Photochemistry in 2014 (Oral presentation for 20 min
including discussion)
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10/12-14 Stay in Associate Prof. Miura’s lab (Hokkaido University)

Discussion and simple experiments (construction of new optical setup)
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10/14 night : Arrive in Tokyo

Shin-Chitose Airport => Haneda International Airport (by air)
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10/15 : Stay in Prof. Maeda’s lab (Riken)

Seminar, lab tour, and discussion
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10/16 Arrive in Taiwan

Tokyo Narita International Airport => Taiwan Taoyuan International Airport (by
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10/11 Oral presentation in the conference

I presented our recent results on crystallization and crystal growth of
L-phenylalanine by laser trapping. Figure 3 shows some slides which were used in my
oral presentation entitled “Laser trapping controlled-crystal growth of
L-phenylalanine at a solution surface”. Our results were well accepted from audiences.

I received 5 questions from 4 professors.
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<Questions>

(1) How molecules/clusters are gathered around the focal spot? You can examine
the gathering dynamics by using optical methods?

(2) Why a dense region can be extended outward from the focal spot?

(3) Initially the crystallization of glycine was demonstrated, because it has strong
electrostatic molecular interactions. Other amino acids have also the similar
interactions?

(4) The mechanism of trapping at the crystal edge is still unclear.

(5) Convection flow can influence the trapping behavior?

After the presentation, | talked with professor Okutsu in Gunma University. He is
preparing to organize “Crystal Growth Conference” in the next year. | was asked to
deliver an invited talk in the special session on "photo-induced crystallization and
crystal growth" that he will organize.
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Figure 3. Some slides used for the oral presentation in the conference.
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10/12-14 : Stay in Associate Prof. Miura’s lab (Hokkaido University)

First of all, I discussed our recent results with associate professor Miura in his
office (Figure 4-1). | explained our recent results on laser trapping-induced
crystallization of L-phenylalanine. He showed the results of ongoing research of laser
trapping-induced formation of a dense domain of HEWL. We understood that, in both
cases, a dense domain is formed from the focal spot and it plays an important role for
crystallization and crystal growth. The common problem is that we cannot measure its
size and concentration in the conventional laser trapping system. In order to solve this
problem, we concluded that a new optical system should be coupled with the
conventional laser trapping setup. We had two ideas schematically illustrated in
Figure 4-2. We will set another objective lens at the position above the sample (Figure

4-2 left). This system will enable us to estimate the size of a dense domain through
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direct observation. In the second idea, we will detect the diffraction angle of light

passing through the sample (Figure 4-2 right). Because the diffraction angle strongly

depends on solution concentration, we can estimate the concentration change during
laser trapping. It takes time to start the first idea, because we have to buy some optical
items. So, we decided to start the second idea in Hokkaido University.

For two days, | and associate professor Miura tried to construct the new system
for the measurement of the domain concentration (Eigure 5). In their microscope, two
lasers were already introduced. One is the trapping laser of 1064 nm, and the other is
488 nm. The latter laser was originally used for the Raman measurement. The latter
laser was used as probe light to monitor the concentration change during the laser
irradiation. The important point is that we have to introduce the probe light as parallel
light ray. This was a more serious problem than expected. Usually, laser light passing
through an objective lens is tightly focused into a small area. So, we put one lens in
front of the objective lens. The lens was set on a micrometer-stage, so that we could
change its position manually and change the incident angle of light after the objective
lens. We took the remaining days for this adjustment and could not start the
measurement of the concentration change during laser trapping. But, | think that
associate professor Miura’s group can develop this new system in the near future.
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Figure 4. (1) A photo of discussion with associate professor Miura. (2) Two ideas
to measure size and concentration of the domain.
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Yuyama Associate professor Miura

Figure 5. A photo of a simple experiment with associate professor Miura.
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10/15 : Stay in Prof. Maeda’s lab (Riken)

Figure 6-1 shows my schedule in Riken. In the morning, | had the
closed-seminar in professor Maeda’s group. | talked about 45 minutes. The
presentation tropics were three laser trapping-induced phenomena : [1] crystallization
and crystal growth, [2] formation of a nanoparticle assembly, and [3] amyloid
formation. Some slides used in my seminar are shown in Figure 6-2. All results
attracted much attention from audiences. Especially, the second topic was closely
related to their research. After my seminar, we discussed our results for about 1 hour.

In the afternoon, 5 researchers presented the results of their ongoing works. The
contents are shown below.

(1) Dr. Takarada : The history of DNA coated nanoparticles.

(2) Dr. Fujita : The structural analysis of DNA coated nanoparticles using
synchrotron radiation facility (Spring 8 in Japan).

(3) Dr. Wang : Toward plasmonic coupling of DNA coated gold nanoparticles.

(4) Dr. Akiyama : The formation of oligomers of DNA coated gold nanoparticles.

(5) Dr. Kanayama : [1] Chemical sensor using DNA coated nanoparticles, [2]

force analysis between DNA coated nanoparticles.
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Incidentally, Dr. Akiyama has visited NCTU last year and had a seminar. He is
an important scientist for the collaboration between professor Maeda's group and
professor Y.-K. Li's group. A photo with professor Maeda is shown in Figure 6-3.

Though all activities, we decided to start the collaboration work using their DNA
coated polystyrene nanoparticles. We will gather them at a solution surface by laser
trapping technique and compare their trapping behavior with that of non-coated
particles. We will again check our experimental conditions in details and order
necessary particles to professor Maeda’s group in the near future.
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Figure 6. (1) My schedule in Riken. (2) Some slides used for the seminar in
Riken. (3) A photo with professor Maeda.
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