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Active control of growth mode of organic molecules by femtosecond laser
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We investigated the principle of “ an approach for promoting the growth of
protein crystals by directly switching the crystal growth mode by femtosecond laser ablation” . We
demonstrated that protein crystals with surfaces that are locally etched by femtosecond laser
ablation show enhanced growth rates without losing crystal quality. There were appropriate laser
irradiation conditions (especially the total pulse number) depending on materials. Fewer laser pulse

number could not induce a spiral growth, contrary too many laser pulse number induced also poly
crystals. Optical phase-sensitive microscopy and X-ray topography imaging techniques revealed that
the local etching induces a screw dislocation then a spiral growth began from the screw dislocation.
These findings prove that femtosecond laser ablation can actively switch the crystal growth mode,
offering flexible control over the size and shape of protein crystals.



ORMICEEELX QORAREER RF vEF—av NI LEHR
(1kHzEHE/ L R)

Nature (2006) 442,
419 PNAS (2009) 106, 4641

SPring8 KEK
2014

HEWL

HEWL
HEWL

AcrB

HEWL KEK




KEK

SPring8

> FFE&
B TR Rty
BEERE voo] BEREENER

HERORH

><: ATk BEOBT
:,j(i*;m& l} CANU L]

KRR EEM

S00s's| TEFik: FHIME S
*ﬁ%LAAAJmﬁE

(@) 1
R s S

TN )] il 7
P I3 :

¢

" Laser — : . Laser. o 3
HEWL X

@ @)
~440 (b) 004

HEWL

{101}

110

(1) K. Nii, M, Maruyama, S. Okada, H.
Adachi, K. Takano, S. Murakami, H. Y.
Yoshikawa, H. Matsumura, T. Inoue, M.
Imanishi, K. Tsukamoto, M. Yoshimura, and
Y. Mori, “ Improvement of metastable
crystal of acetaminophen via control of
crystal growth rate” , Applied Physics
Express, Vol.11, pp.035501-1/035501-4,
2018.
https://doi.org/10.7567/APEX.11.035501

@) , ;-

T, , 57 , pp.318-322, 2017.
https://doi.org/10.2142/biophys.57.318
3) , , "

- , Vol.46, No.6,
p.248, 2017.

(4) Yo. Mori, M. Maruyama, Y. Takahashi, H.
Y. Yoshikawa, S. Okada, H. Adachi, S.
Sugiyama, K. Takano, S. Murakami, H.
Matsumura, T. Inoue, M. Yoshimura and Yu.
Mori,” Crystallization of acetaminophen
form 11 by plastic-ball-assisted
ultrasonic irradiation” , Applied Physics
Express, Vol.10, No.2, pp.025501-1-4,
2017.
http://doi.org/10.7567/APEX.10.025501

(5) Yo. Mori, M. Maruyama, Y. Takahashi, H.
Y. Yoshikawa, S. Okada, H. Adachi, S.
Sugiyama, K. Takano, S. Murakami, H.
Matsumura, T. Inoue, M. Yoshimura and Yu.
Mori, “ Matastable crystal growth of
acetaminophen using solution-mediated
phase transformation” , Applied Physics
Express, Vol.10, No.1l, pp.015501-1-4,
2016.
http://doi.org/10.7567/APEX.10.015501




(6) Y. Tominaga, M. Maruyama, M. Yoshimura,
H. Koizumi, M. Tachibana, S. Sugiyama, H.
Adachi, K. Tsukamoto, H. Matsumura, K.
Takano, S. Murakami, T. Inoue, H. Y.

Yoshikawa and Y. Mori,“ Promotion of
protein crystal

growth Dby actively
switching crystal

growth mode via
femtosecond laser ablation” , NATURE
PHOTONICS, Vol.10, pp. 723-727, 2016.

:101038/NPHOTON. 2016.202

(7) M. Maruyama, Y. Hayashi, H. Y.
Yoshikawa, S. Okada, H. Koizumi, M.
Tachibana, S. Sugiyama, H. Adachi, H.

Matsumura, T. Inoue, K.Takano, S. Murakami,
M. Yoshimura and Y. Mori, “ A crystalliza-
tion technique for obtaining large protein
crystals with increased mechanical
stability using agarose gel combined with
a stirring technique” , Journal of Crystal
Growth, Vol._452, pp.172-178, 2016.
http://dx.doi.org/10.1016/j.jcrysgro.20
15.11.008

(8) M. Matsuoka, K. Kakinouchi, H. Adachi,
M. Maruyama, S. Sugiyama, I. Nakabayashi,
H. Tsuchikura, A. Kuwahara, S. Sano, H. Y.
Yoshikawa, Y. Takahashi, M. Yoshimura, H.
Matsumura, S. Murakami, T. Inoue, Y. Mori
and K. Takano,“ Growth of high-strength
protein crystals with nanofibers” ,
Applied Physics Express, Vol.9, No.3,
pp.035503-1-3, 2016.
http://doi.org/10.7567/APEX.9.035503

@ , . .
98 , 2018.

@ , . ,
65 , 2018.
(€)) , , ,

", 38

, 2018.

(4) [— I’ ’
Chi-Shiun Wu, ,

38 ]
2018.
®) . , ,
" 46
(JCCG-46), 2017.
(6) , , .
- " 46

K 46

® . . ,

(JCCG-46), 2017.

(10) K. Nii, M. Maruyama, S. Okada, H.
Adachi, K. Takano, S. Murakami, H.
Yoshikawa, H. Matsumura, T. Inoue, K.
Tsukamoto, M. Yoshimura, Y. Mori,

“ Metastable crystal growth of
pharmaceutical compound 1ibuprofen by
using polymer induced hetero nucleation” ,
The 7th Asian Conference on Crystal Growth
and Crystal Technology(CGCT-7), 2017.

(11) R. Fujimoto, Yo. Mori, M. Maruyama, H.
Y. Yoshikawa, S. Okada, H. Adachi, K.
Takano, S. Murakami, H. Matsumura, T.
Inoue, K. Tsukamoto, M. Yoshimura and Yu.
Mori,” Growth of high-quality metastable
acetaminophen using solution-mediated
phase transformation at low
supersaturation” , The 7th  Asian
Conference on Crystal Growth and Crystal

Technology(CGCT-7), 2017.

(12) . ) .



", 78
, 2017.
13) ) s
", 78
, 2017.
€D )
78 , 2017.
(15) ’ ’ ’
", 40 ,2017.
(16) ’ ’ ’
", 64
, 2017.
(17) E] ’ _7
T, 64
, 2017.
(18) K. Nii, M. Maruyama, Y. Takahashi, H.
Yoshikawa, S. Okada, H. Adachi, S.
Sugiyama, K. Takano, S. Murakami, H.

Matsumura, T. Inoue, K. Tsukamoto, M.
Yoshimura and Yu. Mori,“ Metastable
crystal growth of acetaminophen in low
supersaturated solution” , The 5th
China-Japan Symposium on Crystal Growth
and Crystal Technology, 2016.

(19) R. Fujimoto, Yo. Mori, Y. Takahashi,
M. Maruyama, H. Yoshikawa, S. Okada, H.
Adachi, S. Sugiyama, K. Takano, S.
Murakami H. Matsumura, T. Inoue, K.
Tsukamoto, M. Yoshimura and Yu. Mori,

“ Metastable crystal growth of
acetaminophen using solvent-mediated
phase transformation” , The 5th China-
Japan Symposium on Crystal Growth and
Crystal Technology, 2016.

(20) . ) .

", 77
, 2016.

(21)D. Suzuki, S. Nakabayashi, H. Y.

Yoshikawa, “ Development of a New
Microscopy  System  Toward In-Situ
Observation of Laser-Induced Crystal

Growth Dynamics” , The 18th International
Conference on Crystal Growth and
Epitaxy(ICCGE-18), 2016.

(22) H. Y. Yoshikawa, Y. Tominaga, M.
Maruyama, M. Yoshimura, S. Sugiyama, H.
Adachi, K. Tsukamoto, H. Matsumura, K.
Takano, S. Murakami, T. Inoue, Y. Mori,

“ Promotion of Protein Crystal Growth by
Spatiotemporally Switching Crystal Growth
Mode via Femtosecond Laser Ablation” ,

The 18th International Conference on
Crystal Growth and Epitaxy(1CCGE-18),
2016.
(23) ’ ’ L]
m, 63
, 2016.
@ . "
. 5
, 2016
(25) , , s
T, 45
(NCCG-45), 2015.
(26) , , ,
”, 45
(NCCG-45), 2015.
@n , R

45 (NCCG-45), 2015.



(28) M. Maruyama, G. Sazaki, H. Adachi, M.
Yoshimura, and Y. Mori, “ Effects of a
Forced Solution Flow on The Step
Advancement on {110} Faces of Tetragonal
Lysozyme Crystals” , The Joint Conference
of 6th International Symposium on Physical
Sciences in Space (ISPS-6), 2015.

(29) , ) :

, 2015.

(31) Y. Tominaga, M. Maruyama, H. Y.
Yoshikawa, Y. Hayashi, S. Nakayama, Y.
Takahashi, S. Sugiyama, H. Adachi, H.
Matsumura, K. Takano, S. Murakami, T.
Inoue, M. Yoshimura and Y. Mori,“ SPIRAL
GROWTH OF PROTEIN CRYSTALS INDUCED BY
FEMTOSECOND ~ LASER  ABLATION” ,  20th
American Conference on Crystal Growth and
Epitaxy (ACCGE-20), 2015.

(€ . -

, , Vol.72, No.5, pp-21-25,
2017.
O
O
@

MORI Yusuke

®

TAKANO Kazufumi

®

YOSHIKAWA Hiroshi



