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Preparation, thermal stability, and antibacterial activity of
cationic liposomes encapsulating bacteriophage qdvp001

ZHANG Jiayue, LIN Hong, WANG Jingxue’
College of Food Science and Engineering, Ocean University of China, Qingdao 266000, Shandong, China

Abstract: [Background] The bacteriophage qdvp001 has a great potentiality in preventing Vibrio
parahaemolyticus contamination. However, the phage is highly sensitive to temperature and will be
deactivated under high temperature. [Objective] We encapsulated qdvp001 in cationic liposomes to
improve its thermal stability and explored the antibacterial activities of the cationic liposomes
encapsulating qdvp001. [Methods] The cationic liposomes encapsulating qdvp001 were prepared and
characterized, and their thermal stability and bactericidal activity were investigated. [Results] Compared
with the neutral liposome without octadecylamine (ODA, a positively charged amine compound), the
addition of ODA contributed to the positive charging of the liposome surface. The average particle size
of liposomes decreased with the increase in the absolute value of surface charge. The polydispersity
index (PDI) of different liposomes were all below 0.7, indicating the good uniformity of these
liposomes. Besides, the cationic liposomes encapsulating qdvp001 showed good thermal stability at 50,
60 and 70 °C. The heat preventive effects of liposomes to bacteriophage gradually improved with the
increase in the surface positive charges of the liposomes. In addition, the cationic liposomes
encapsulating qdvp001 had stronger antibacterial activities than the neutral liposomes encapsulating the
bacteriophage. [Conclusion] The cationic liposomes encapsulating qdvp001 can protect the phage at
high temperature and have good antibacterial activity. It makes qdvp001 have a better application

prospect.

Keywords: cationic liposomes; bacteriophage; thermal stability; antibacterial activity
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PEERIF AR R SRR A, R
ARG A R A BT, ER S0
AR HEL,
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Table 1 Different ratios of soy lecithin, cholesterol,
Tween-80 and octadecylamine used for wvarious
cationic liposome membranes

Sample PC:Chol:Tween-80:0DA  Serial No.
Contrast liposome  8:2:1:0 zzt-0
Cationic liposome-1 8:2:1:0.5 zzt-1
Cationic liposome-2 8:2:1:1 zzt-2
Cationic liposome-3 8:2:1:1.5 z7t-3
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Table 2 Encapsulation rates of liposomes

encapsulated bacteriophage qdvp001
Serial No.

Encapsulation rates (%)

zzt-0 81.18
zzt-1 49.80
zzt-2 50.12
zzt-3 51.22

T Mg B AR [R] 4 AH R K Al i LR i g
TR S ACRLAR I e B 1 it o 3 R A IR
HL ODA FYUS INBE58 T Jig TiA [m] i v 5 g, il
FHIR B A R ) TR N 258, A N2,
M 3% — A8 Ak B 45 3 30T A8 B oR: i) R TH AR
B, DNTREAR TR BTSRRI H ey, e
SR T Zeta AL TRE. B, BEE Mg B4R
t ODA [T it i —203 i, Ag B m)-F- kit
B PRk, MIRFUAR Zeta HLALIGHE KIS /N o
2.3 MKEEK qdvp00l BERIFEHIRERE
mEFETHREM

B AR TRIEEE T A RS [ e ) J s 7 1
qdvp001 A8 R ARALHE IR AL A AL 25 1 . 4R
WA K2 K 2.42x10"° PFU/mL, {N& 1A
7N, TE 50 °C A4bF 60 min )5, zzt-0. zzt-1. zzt-2
M zzt-3 AR B R T 2.41x10",
2.23x10", 1.66x10" F1 2.20x10"° PFU/mL. #f7 1E
FL ) FH 5 1 Mg T A 3L AL R 00 T R i 22 /)
T R g BRI, B 50 °C &4 T,
FHAS T T L A g ST AR G s, PH s+ P P iA
PR WE R K qdvp001 RO FRARI PR T O i 2%
(P<0.01). MK 1B AJLIEH, 7EZ 60 °C bR
60 min J&7 , AN[FIBE AR AR & 2 T AR
BN R, o zze-0 A4l Rk, F#IE
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GRS RN 1 e 0 1152 (A B B O
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Table 3  Average particle size, polydispersity
coefficient, zeta potential of liposomes encapsulated

bacteriophage qdvp001

Serial No. Average particle ~ PDI Zeta potential
size (nm) (mV)

zzt-0 217.00+4.40 0.27+0.07  —2.63+0.79

zzt-1 977.60+£29.70 0.30+0.02 1.77+0.84

zzt-2 325.40+9.40 0.57+0.04  4.75+0.49

zzt-3 171.20£2.40 0.55+0.02  2.47+0.61
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Figure 1  The titer of liposomes encapsulated
bacteriophage qdvp001 after treatments at different
temperatures. A: Titer changes of liposomes
encapsulated bacteriophage qdvp001 after 50 °C
treatment; B: Titer changes of liposomes
encapsulated bacteriophage qdvp001 after 60 °C
treatment; C: Titer changes of liposomes

encapsulated bacteriophage qdvp001 after 70 °C
treatment. **: P<0.01; ***: P<0.001.
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Figure 2 The bactericidal efficacy of each liposome
encapsulated bacteriophage qdvp001 against Vibrio
parahaemolyticus ATCC 17802. *: P<0.05; **:
P<0.01.
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