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Effects of external excitations on biological lyotropic liquid crystals
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Abstract: In order to explore the effects of different environmental factors on the structure of human
biofilm, a lipoidal vesicle model constructed by phosphatidylcholine was established. The response of
the biological lyotropic liquid crystal system under various external excitations was studied. Firstly,
changes of LLC phase driven by different excitations, such as temperature, electric field and magnetic
field, was investigated, and the critical values or numerical ranges of the damage to the structure were
measured. Then, by doping with ethanol or petroleum ether, variations of the biofilm structure and
performance in different body fluid environment were analyzed. The results show that the temperature
range of biofilm lamellar phase is —17.3 ‘C ~ 94.8 “C, and the critical value of structure damage is a-
bout 45 °C. The limitation of constant electromagnetic field for human exposure is 20 kV/m (4 h) and
40 mT (4 h).Critical concentrations of ethanol and petroleum ether in body fluid are both less than
630 mg/100 mL. The results show that the biofilm structure can only be maintained in a specific tem-

perature range, and a certain strength of constant electric and magnetic field can make the membrane
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structure deformed. The inorganic ion is beneficial to the biofilm maintenance when temperature va-

ries, but it increases the damage of the electromagnetic field. Ethanol and petroleum ether can inhibit

the formation and the stability of biofilm.
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Fig.1  Micrographs of liquid crystalline phases at

(d106.8 C

different temperatures during the heating

process. The scale bars are all 100 pm.
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Fig. 2 Micrographs of liquid crystalline phases at
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different temperatures during the cooling

process. The scale bars are all 100 pm.
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Fig.5 Micrographs of L.C phases after applying a 60

kV/m constant electrical field for different
time (a:0 min, b:10 min, c:4 h). The scale

bars are all 100 pm.
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Fig.6  Micrographs of L.C phases after taking off electric

field 3 000 kV/m , (a) no electric field. (b) ap-

plying a 3 000 kV/m constant electrical field for
30 min, (¢) 60 min after taking off voltage. The

scale bars are all 100 pm.
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Fig.7  Micrographs of LC phases applied with (a)
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respectively for different time. The scale bars

are all 100 pm.
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Fig.8 Micrographs of LC phases in different systems driven by electric and magnetic fields. (a’) and (b') re-

present for phase changes of (a) salt water system and (b) water system respectively applied with a

2000kV/m electric field. (¢') and (d') represent for phase changes of (¢) salt water system and (d)

water system respectively applied with a 50mT magnetic fields. The scale bars are all 100 pm.
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Fig.9 Micrographs of LC phases in systems which

contain (a) no alcohol and (b)0.6%, (c)
3.7% of alcohol. The scale bars are all
200 pm.
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Fig.10 Micrographs of LC phases in systems which

contain (a): no petroleum ether and (b):
0.6%, (c): 1.7% of petroleum ether. The

scale bars are all 200 pm.

R4 FEAAMBEEFZRNETEE
Tab.4 Phase-transition temperatures of systems containing

various amounts of petroleum ether

AH 5 F 3R
1. NE AR IR/ °C
A - LR/ C
L-Cub L-Iso
50 %6 i A Bk A A /
0.9 % NaCl —17.3  106.8 94.8
KB R
50 %6 i A Bk A A /
0.9 % NaCl
o —17.3  106.5 93.2
KEWAR R
+ 1 Il ik 0.6 %)
50 %6 85 i Tk NE B/
0.9 % NaCl
e —17.6  106.4 89.2
KRR R
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