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Study on Growth Mechanism of Lysozyme Crystal Grown by Batch
Crystallization Method
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Abstract The lysozyme crystals were grown by batch crystallization method. The distribution of the aggre-
gates particles in the lysozyme solution was measured by dynamic light scattering (DLS). The growth rate of
lysozyme crystal was obtained by Zeiss microscope. The experimental results showed that the dimension of
aggregate particles was increased with the concentration of protein and NaCl in the solution. The aggregation
reactions of lysozyme molecules in the solution were increased with time gradually and arrived at equilibrium
finally. The finding indicated that the higher the concentration of protein and NaCl, the faster the growth rate of
(110) face. According to kinetics of crystal growth, the formation energy of two-dimensional nucleation, o was
calculated to be about 4.01 X 10® Jecm > based on two-dimensional nucleation mechanism.
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Figure 1 Experimental set-up for measuring the growth rate of
lysozyme crystals

(1) temperature controller; (2) personal computer; (3) monitor; (4) CCD;
(5) microscope objective; (6) growing crystal; (7) crystal growth cell; (8) stage

ring; (9) turret assembly; (10) manipulator
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Figure 2 Probability distribution of the aggregates particle size
with NaCl concentration in solution at 50 mmolsL™' HOAC-
NaOAC

0=2.58,26.5 ‘C, the measurement was operated after the solution was mixed
for about 40 min. (A) 5% NaCl; (B)7% NaCl
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Figure 3 Probability distribution evolution of the aggregates
particle size with time at 50 mmoleL ™' HOAC-NaOAC

7% NaCl, 26.5 'C, 0=4.68. The measurement was operated after the follow-
ing time: (A) 10 min; (B) 20 min; (C) 30 min; (D) 40 min; (E) 50 min; (F) 60
min
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Table 1 Evolution of the maximum diameter of aggregates with

time

t/min R/nm
10 7.10
20 6.89
30 6.33
40 7.50
50 7.50
60 7.50
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Figure 4 Change of protein concentration in solution with time
at 50 mmol-L ' HOAC-NaOAC
7% NaCl, 26.5 C. (A) 6=2.58 at start point; (B) 6=4.68 at start point
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Table 2 Change of the lysozyme protein concentration in the
solution with time

Hmin c/(mgemL™")
0=2.58 0=4.68
0 35.0 55.5
10 34.0 533
20 349 53.2
30 33.8 533
40 34.2 50.6
50 34.7 47.8
60 33.6 43.9
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Figure 5 Morphology of lysozyme crystal (screen was made
when the crystal started to grow in 45 min later) at 50 mmoleL ™"
HOAC-NaOAC

7% NaCl, 26.5 °C. (A) 6=2.58; (B) 6=4.68
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Table 3 The growth rates of (110) face of lysozyme crystal at

different supersaturation o

c/(mgemL™")

o

R/(cmes™)

5

- In(R/c®)
52.3 2.92 0.34 9.61X1077 —14.9
51.4 2.85 0.35 8.49%x1077 —15.0
50.2 2.77 0.36 7.33%1077 —15.1
49.1 2.68 0.37 6.16X 1077 —15.3
48.0 2.59 0.38 5.00x1077 —15.5
46.4 2.48 0.40 3.94%X1077 —15.6
44.8 2.35 0.42 2.73%1077 —16.0
42.6 2.20 0.45 1.67X1077 —16.4
“28.8 °C, PN 13.34 mg/mL.
-14.8 -
s B
-15.0 1 — Linear fit of datal B
= -15.2 o
g -15.4
% -15.6
v\b -15.8
= -16.0
£ 16.2 1
-16.4
-16.6 T T T T T

T T
0.34 036 038 040 042 044 046
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Figure 6 Curve of the relationship between ln[%j and —
o o

50 mmolsL ' HOAC-NaOAC, 7% NaCl, 28.8 C
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Figure 7 Simplified representation of structure of lysozyme
crystal®”!

(a) Unit cell of tetragonal lysozyme crystal with the reference molecule labeled
M and the other seven molecules labeled A to G. The four molecules form a 45
helix and the diagonal lines correspond to (110) faces. (b) Individual lysozyme

molecules
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Figure 8 Possible aggregates corresponding to 45 helix

(a) tetramer, (b) hexamer, (c) octamer
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Table 4 Physical meaning of the symbols used from equations
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238X 10 Yem® P U A M EE h=5.6X10"
em™L A R TTRE: 0=4.01X10"® Jeecm .
ATV T AR, RIETIX—B A W
110y )& T 4 iz A KHLFE. FeAl1 Nadarjah 25291
SURUET T I, W 3L 4Rk 5 s,

5 AMKRMBERITHET 4R IR

Table5 Comparison of the effective surface energy

Reference No. pH Cnact 1% a/(Jeem ?)
4.0 5 58%10°%

[29] 4.6 3 5.0x10°%

5.0 5 2.6X10°%

This paper 45 7 4.01x1078

“ enacr: Concentration of NaCl in the solution (g/100 mL).
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