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Protein assembly fabrication and evaluation utilizing laser micro-manipulation
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Protein assembly, including protein crystal, is an indispensable material in bio-
proceés engiheering. Processes and methodologies for fabricating and evaluating the
protein assembly are widely investigated and discussed. In this study, micro-scale control
‘and évaluation of the protein assembly were newly realized by laser micro-manipulation

techniques, which are optical trapping for its fabrication and pulsed-laser-activated

impulse response encoder (PLAIRE) for its evaluation. In the optical trapping experiment,

formation of a single submillimeter-sized lysozyme assembly was demonstrated and
dynamics for its structuring was clatified by adding dye-labeled lysozyme -and
polystyrene microparticles. In the experiment by PLAIRE, Yoﬁng’s modulus on the

surface of a single micro-crystal of lysozyme was evaluated. After the introduction in the |

chapter 1, experimental methods for the opticél trapping and PLAIRE for Hen egg white
lysozyme are described in the chapter 2. ' _

In the chapter 3, optical trapping for fabricating a single lysozyme assembly was -

described. When an infrared continuous-wave laser (1064 nm, 1 W) is focused on a high-
concentration lysozyﬁe so'lutipn (375 mg/mL) through a 60x objective lens (NA 0.9), a
Ilarge lysozyme assembly was formed at and around the laser focal point. In addition,
when polystyrene microparticles (@ 3 pm) were added in the solution, a linear assembly
" of the microparticles associated with the lysozyme assembly was observed. A three-
dimensional linéar structure composed of the microparticles is prepared along the bottom
edge cﬁ‘ the lysozyme assembly, reflecting the shape of lysozyme growing from the

. solution surface during the irradiation. Their morphology was reconstructed by shifting

the imaging plane immediately after the laser was turned off. Fluofescence imaging

- visualized expansion of the lysozyme assembling. No denaturation of the assembly was
confirmed by Raman micro-spectroscopy. |

In the chapter 4, this new phenomenon found in the optical trapping found was
-'eXamined_by simultaneous transmission and fluorescence imaging. Firstly, lysozyme

assembly was formed along the solution surface,- where lysozyme association and

¢l



’ orientation were controlled by the lysozyme at the surface. Secondly, the,pumpedmp
lysozyme clustérs invaded to the adsorption layer and pushed the layer to the side,
expanding to a few tens m1cr0meter This started when the lysozyme concentration at the
focus reached about 300 mg/mL. Association and onentatlon of the clusters were
determined by intense laser irradiation at the focus and kept during the transport to the |
peripheral region. This would be ascribed to lo'ng-i'ange electrostatic interaction between
clusters. This mechanism was explained as two-stage optical trapping.

In the chapter 5, a femtosecond laser pulse (800 nm, 100 fs, 3 pJ/pulse) was focused | .
on a lysozyme crystal as a model for evaluating the mechanical property of protein.
assembly. The single-shot pulse irradiation induced a localized explosion of the lysozyme *
crystal. The vibration due to the explosion propagated as the Surface. elastic wave on the
crystal. Crystal vibration was detected as the rééponse of an atomic force microscope
(AFM) cantilever attached on the crystal. Young’s mlodulus of the crystal was obtained
from the surface clastic wave velocity, which was calculated from the arrival-time of the
wave as a function of the distance betweeh the laser focus and the contact point of the
cantilever. The modulus was estimated to be 50 MPa, which is ~10 times smaller than
that (500 MPa) evaluated by the AFM indentation test. The difference would reflect in
and out-of-plane planes of the cryétal intrinsic proﬁerty. ' '

The Chapter 6 summarized that methodoldgies developed by integrating laser and
microscope could newly achieve manipulation and evaluation of micro protein assembly.
‘The subinillimeter—sized lysozyme assembly was fabricated using optical tr'apping. ‘The
mechanism of its dynamical behavior was considered in molecular level. Moreover, a

new method to evaluate mechanical properties was 'developed for probing characteristic -

of the surface for a protein micro-crystal. These nﬁethodologies opened new ways for

controlling and evaluating the protein assembly.
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