
 1 

A Microfluidic-Based Protein Crystallization Method in 10 

Micrometer-Sized Crystallization Space 

 

Masatoshi Maeki,
a,b*

 Shohei Yamazaki,
c
 Ashtamurthy S. Pawate,

d
 Akihiko Ishida,

a
  

Hirofumi Tani,
a
 Kenichi Yamashita,

b
 Masakazu Sugishima,

e
 Keiichi Watanabe,

f
  

Manabu Tokeshi,
a
 Paul J. A. Kenis,

d
 and Masaya Miyazaki

b* 

 

a
Division of Applied Chemistry, Faculty of Engineering, Hokkaido University, Kita 13 Nishi 8, 

Kita-ku, Sapporo 060-8628, Japan 

b
Advanced Manufacturing Research Institute, National Institute of Advanced Industrial 

Science and Technology, 807-1 Shuku, Tosu 841-0052, Japan 

c
Graduate School of Chemical Sciences and Engineering, Hokkaido University, Kita 13 Nishi 

8, Kita-ku, Sapporo, 060-8628, Japan 

d
Department of Chemical and Biomolecular Engineering, University of Illinois at 

Urbana-Champaign, 600 South Mathews Avenue, Urbana, IL 61801, USA 

e
Department of Medical Biochemistry, Kurume University School of Medicine, 67 Asahi, 

Kurume 830-0011, Japan 

f
Department of Applied Biological Sciences, Saga University, 1 Honjo, Saga 840-8502, Japan 

 

*
Corresponding author: 

Masatoshi Maeki E-mail address: m.maeki@eng.hokudai.ac.jp Tel: +81-11-706-6745 Fax: 

+81-11-706-6745 

Masaya Miyazaki E-mail address: m.miyazaki@aist.go.jp Tel: +81-942-81-4059 Fax: 

+81-942-3627

Electronic Supplementary Material (ESI) for CrystEngComm.
This journal is © The Royal Society of Chemistry 2016

mailto:m.maeki@eng.hokudai.ac.jp
mailto:m.miyazaki@aist.go.jp


 2 

Screening experiment for the seeding conditions of the PsGK crystallization  

The appropriate seeding conditions for PsGK were explored to determine the best 

concentration of the seed solution, mixing time between the crystallization solution and the 

seed solution, and the mixing solution ratio. First, PsGK seed crystals were prepared by the 

hanging drop vapor diffusion method described above. Next, the PsGK crystals and 20 µL of 

reservoir solution (precipitant solution) were put into a microtube and the crushed to make a 

stock seed solution. The stock seed solution was diluted using the precipitant solution to an 

appropriate concentration. To prevent dissolution of the seed crystals, preparation of the seed 

solution was carried out in an ice bath. 

Figure S1 shows photographs of PsGK crystals formed by the microbatch method with 

stock seed dilution ratios of 1:50, 1:10
2
, 1:10

3
, and 1:10

4
. Many PsGK crystals formed in all 

the crystallization drop. Figure S2 shows photographs of PsGK crystals formed in the 

microfluidic chip with 50 µm deep crystallization chambers, where the stock seed solution 

was diluted to 1:10
3
, 1:10

4
, 1:10

5
, and 1:10

6
. A large number of PsGK crystals formed under 

the high concentration seed solution condition, whereas at lower concentration, fewer crystals 

appeared. From these results, we consider that the dilution ratios of 1:10
5
 and 1:10

6
 are the 

best crystallization condition of PsGK. 

 

 

Figure S1. Photographs of PsGK seeding in the screening experiment by the microbatch 

method after a 24-h incubation. Dilution ratios of seed solution were 50, 10
2
, 10

3
, and 10

4
.  
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Figure S2. Photographs of PsGK seeding in the screening experiment by the microfluidic chip 

method after an incubation at 4°C. Dilution rates of seed solution were 10
3
, 10

4
, 10

5
, and 10

6
. 

The mixing time of the solutions was 30, 15, and 5 min. 
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Lysozyme crystal growth in the microfluidic chip with crystallization chambers of 10 µm 

depth 

Figure S3 shows the time course of the lysozyme crystal growth in the microfluidic chip with 

10 µm deep crystallization chambers. After 1-h incubation, the (1 1 0) was not oriented to the 

substrate, however, eventually the (1 1 0) crystal oriented parallel to the substrate was 

obtained.  

 

Figure S3. Time course of the lysozyme crystal growth in the microfluidic chip with 10 µm 

deep crystallization chambers. 


