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Self-assembly in the transparent droplets formed during the
screening of protein self-assembly conditions

Tuodi Zhang, Xudong Deng, Fengzhu Zhao, Wenpu Shi, Liangliang Chen, Yaqing Zhou
Xueting Wang, Chenyan Zhang, and Dachuan Yin

Key Laboratory for Space Bioscience & Biotechnology, School of Life Sciences, Northwestern Polytechnical University, Xi’an 710072,
Shaanxi, China

Abstract: Protein self-assemblies at the micro- and nano-scale are of great interest because of their morphological diversity
and good biocompatibility. High-throughput screening of protein self-assembly at different scales and morphologies using
protein crystallization screening conditions is an emerging method. When using this method to screen protein self-assembly
conditions, some apparently transparent droplets are often observed, in which it is not clear whether self-assembly occurs. We
explored the interaction between p-lactoglobulin and the protein crystallization kit Index™ C10 and observed the presence of
micro- and nano-scale protein self-assemblies in the transparent droplets. The diverse morphology of the micro- and
nano-scale self-assemblies in the transparent droplets formed by mixing different initial concentrations of B-lactoglobulin and
Index™ C10 was further investigated by scanning electron microscope. Self-assembly process of fluorescence-labelled
B-lactoglobulin was monitored continuously by laser confocal microscope, allowing real-time observation of the liquid-liquid
phase separation phenomenon and the morphology of the final self-assemblies. The internal structure of the self-assemblies
was gradually ordered over time by in-situ X-ray diffraction. This indicates that the self-assembly phenomenon within
transparent droplets, observed in protein self-assembly condition screening experiments, is worthy of further in-depth
exploration.

Keywords: clear droplets, micro- and nano-scale protein assembly, B-lactoglobulin, Index™ C10
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Fig. 1 Diagram showing the process of grafting fluorescent molecule f1 to the surface of B-lactoglobulin.
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Fig. 2 Schematic diagram of the room temperature
diffraction “sandwich” sample holder designed by our

group.
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Fig. 3 Optical microscope result of B-lactoglobulin and
Index™ C10 mixture incubation at 20 °C for one week.
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Fig. 4 Scanning electron microscopy results of different concentrations of B-lactoglobulin interacting with Index™
C10. (A) The morphology of the assembly formed by the interaction between 10 mg/mL B-lactoglobulin and original
Index™ C10. (B) The morphology of the assembly formed by the interaction between 100 pg/mL B-lactoglobulin and
corresponding Index™ C10. (C) The morphology of the assembly formed by the interaction between 1 pg/mL

B-lactoglobulin and corresponding Index™ C10.

http://journals.im.ac.cn/cjbcn



KR FEARBARFHRERANERREPEFENEARIR 1401

0 min 10 min 20 min

50 um 50 um

50 um

60 min 70 min 80 min

50 um 50 um

130 min

50 pm 50 ;ml

]\0 min lt)(? min "(H) min

50 um 50 um

240 min "’(wﬂ min

50 pm 50 um 50 um

— et =0 50 e

30 min

50&1

90 min

50 um

50 pm

2 21 0 min

50 pm

40 min 50 min

50 um

50 m- 50 um

ll)() min .l 10 min

50 pm 50 um
0 min

50 um

50 ) um 50 um

22() min 230 min

50 pm 50 um

“7[) min

50 pm 50 um

5 EREARE LA B-AKEDS Index™ CLO HHEMEAIRRPARRESBIR
Fig. 5 Liquid-liquid phase separation phenomenon of the interaction between fluorescent f1 labelled B-lactoglobulin

with Index™ C10.
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Fig. 6 Morphology of the assembly formed by the
interaction between fluorescent f1 labeled B-lactoglobulin
with Index™ C10. (A) Porous p-lactoglobulin assembly
observed under a 63X oil lens (320 min). (B) Umbrella-like
B-lactoglobulin assembly observed under a 63X oil lens
(320 min).
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Fig. 7 Real-time in-situ diffraction pattern detected at room temperature. The first line is the diffraction pattern of the
pure B-lactoglobulin group changed over time, the second line is the diffraction pattern of the pure Index™ C10 group
with time, and the third line is the diffraction pattern of the p-lactoglobulin and Index™ C10 interaction group changed
over time.
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Fig. 8

Diffraction pattern of the “sandwich” polyimide film. (A) The polyimide film positioned by the diffraction spot.

(B) The diffraction background of the polyimide film with resolution rings. (C) The diffraction background of the film

without resolution rings.
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