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# E: XA EES (Polyhydroxyalkanoates, PHAs) A — K #F R eh A 4 S0 F A4, BHE S Fa044
MREZEHAHTEMMED 223 XE, BANLBREREE Nisin), —FHNAA LU RARSGE R,
#&T EA SR FARBABRLE PHA B4, G RAER %4569 7% 54 Nisin #4563 E 3- 2K TR-3 A4
B £ B (PHBHHx), —#F B & 3 4 MAa 59 PHA +, M ikiF T B4 48 203 49 PHBHHx & &, %
KT B B MAEMNER A9 Nisin 2 PHBHHx ¥ EW AR O 5. S A L1207 B k% #3R & Micrococcus
luteus 4 MK AR, BILIAEY 0k, NAE PHBHHx J B HE 208 4 Nisin 2 Z49RH X £ ERIKIZ R
T mZ PHBHHx /B 49 Nisin B8R 540 # 208 . 4 R &Y Nisin 7T AA PHBHHx /& &)1 48 7% B Nisin 494
5T 25 nglg WP AN G R EGIPARRE LT R 4H, ZAR AT bibA * A RE AL PHA 2
TEZHHEARLM, 6T PHA EE F AR SBARRG B A H).
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Preparation and characterization of polyhydroxyalkanoate
bioplastics with antibacterial activity
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Abstract: Polyhydroxyalkanoates (PHAs), as a novel class of biopolymer, are attracting more attention due to their
diverse material properties and environment-independent biodegradability. Here we report the preparation of PHA
exhibiting efficient antibacterial activity by embedding Nisin, a food additive generally recognized as safe, into
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBHHXx), a type of PHA with high biocompatibility. We first prepared
Nisin-containing PHBHHXx films using solvent casting method. Confocal laser scanning microscopy analysis showed that a
well-mixed integrated structure of the films with an even distribution of the Nisin particles in the PHBHHx matrices. Then
the antimicrobial activity of PHBHHx/Nisin films against Micrococcus luteus was quantified on agar plate by measuring
the size of inhibition zone. Cultivation in liquid media further confirmed the releasing of Nisin from the films and the
long-time antibacterial activity. Results showed that the threshold of Nisin concentration for long-time and effective
inhibition against bacteria growth is 25 pg/g. These results altogether establish a technological foundation for the

application of PHA in biomedicine and food industry.

Keywords: polyhydroxyalkanoate, Nisin, antibacterial plastics, Micrococcus luteus
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Fig. 1 Antibacterial activity of Nisin-embedded PHBHHx films quantified using agar diffusion method. (A)
Inhibition of Micrococcus luteus (NCIB 8166) growth using PHBHHx films containing Nisin at six different
concentrations (0, 25, 100, 400, 1 600, and 6 400 pg/g, respectively). (B) The inhibitory effect of PHBHHx films
containing Nisin at three different concentrations (0, 0.25, and 2.5 pg/g, respectively). The diameter of the films is 6 mm.

® 010-64807509 K cjb@im.ac.cn



1056 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25,2016 Vol.32 No.8

2.2 Nisin 7£ PHBHHx & h 894112 5 Nisin PHBHHx
3 100 pg/g 25 ng/g Nisin NaCl (
PHBHHx )
Nisin . T L b s
2.3 PHBHHx H#iRH Nisin BB AUE R
10-70 pm Nisin 4
Nisin (100 25 2.5 0.25 pg/g)
PHBHHx
£ ) PHBHHx-Nisin
g 2.0 E SI
N
g s ) t St
5 [ 30 C 20 h
c
«ibg ! E Nisin  PHBHHx ) 2h
= 00 E . ‘ ‘ ‘ ‘ (8.8 log CFU/mL) 2.5 ug/g
10! 10° 10! 10 10° 10* PHBHHx-Nisin
Nisin/PHBHHx (pg/g) 3
Nisin

B2 PHBHHXx & F#uE 5 X Nisin & 2 Bk #ix 7 .

Fig. 2 Nisin-dependent antibacterial activity of Nisin 8h
PHBHHXx films. The Nisin concentrations are 0.25, 2.5, 22h ( 4
25, 100, 400, 1 600 and 6 400 p_lg{g, respectively. Error 25 ngle 100 pg/g  PHBHHx-Nisin

bars represent the standard deviation of the mean from

six separate tests.
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Fig. 3 The distribution of Nisin particles in PHBHHx matrices imaged by confocal laser microscopy in
cross-section view. The green dots are Nisin particles. (A) 25 pg/g Nisin. (B) 100 pg/g Nisin.
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Fig. 4 Inhibitory effect of PHBHHx-Nisin on the
growth of Micrococcus luteus in liquid media. Note
that when Nisin concentration is higher than 25 pg/g,
the bacterial growth was inhibited throughout the
incubation time, so the corresponding curves overlap
with the horizontal axis. Error bars represent the
standard deviation of the mean from three separate
tests.

Nisin
(4
Nisin
3 it
Nisin
PHBHHx PHBHHx
PLA
PBS
PHA
PHA 3 PHA
(PHB PHBV P3HB4HB)
PHB-Nisin PHBV-Nisin P3HB4HB-Nisin 3

PHA

® 010-64807509

3 Nisin  PHA
( )
Nisin
Nisin
Nisin PHA
Nisin ”
PHA 5mL
0.33 pg Nisin (
Nisin 0.07 pg/mL)
PHA-Nisin
25 ugl/g 100 pg/g
Nisin PHA
Nisin
2.5 ug/g 8h
Nisin
2.5 pg/g  Nisin
Nisin
Nisin
Nisin 23]
Nisin 34
5 [24]
Nisin

K cjb@im.ac.cn



1058 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25, 2016

Vol.32 No.8

pH 5-7
Nisin 80% [0l
Nisin
50% Nisin
100 C 10 min 80%
[23] PHA
PHA
Nisin
PHA
Nisin
PHA
REFERENCES
[1] Leong YK, Show PL, Ooi CW, et al. Current trends

(2]

(3]

(4]

(3]

http

in polyhydroxyalkanoates (PHAs) biosynthesis:
insights from the recombinant Escherichia coli. J
Biotechnol, 2014, 180: 52-65.
Nath A, Dixit M, Bandiya A, et al. Enhanced PHB
production and scale up studies using cheese whey
in fed batch culture of Methylobacterium sp. ZP24.
Bioresour Technol, 2008, 99(13): 5749-5755.
Li ZJ, Wei XX, Chen GQ. Microbial cell factories
for production of polyhydroxyalkanoates. Chin J
Biotech, 2010, 26(10): 1426—1435 (in Chinese).

, 2010, 26(10):
1426-1435.
Chen GQ, Wu Q. The
polyhydroxyalkanoates as tissue engineering
materials. Biomaterials, 2005, 26(33): 6565-6578.
Ojumu TV, Yu J, Solomon B. Production of

application  of

polyhydroxyalkanoates, a bacterial biodegradable

://journals.im.ac.cn/cjben

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

polymer. Afr J Biotechnol, 2004, 3: 18-24.
Song LH, Wang YW. The study progress of Nisin.
Food Res Dev, 2004, 25: 18-20 (in Chinese).
, . (Nisin)
, 2004, 25: 18-20.
P, Lazzeri A, et al.

Polyhydroxyalkanoate (PHA): review of synthesis,

Bugnicourt E, Cinelli

characteristics, processing and potential
applications in packaging. Expr Polym Lett, 2014,
8(11): 791-808.

Castilho LR, Mitchell DA, Freire DM. Production
(PHAs) from waste

materials and by-products by submerged and

of polyhydroxyalkanoates

solid-state fermentation. Bioresour Technol, 2009,
100(23): 5996-6009.
Chen GQ. Current status and industrialization of
biopolyesters polyhydroxyalkan oate (PHA). New
Chem Mater, 2010, 38: 1-6(in Chinese).

(PHA)
2010, 38: 1-6.
Delves-Broughton J, Blackburn P, Evans RJ, et al.
Applications of the bacteriocin, nisin. Antonie van
Leeuwenhoek, 1996, 69(2): 193-202.
Lubelski J, Rink R, Khusainov R, et al
Biosynthesis, immunity, regulation, mode of action
and engineering of the model lantibiotic nisin. Cell
Mol Life Sci, 2008, 65: 455-476.
Stevens KA, Sheldon BW, Klapes NA, et al. Nisin
treatment for inactivation of Salmonella species
and other gram-negative bacteria. Appl Environ
Microbiol, 1991, 57(12): 3613-3615.
Mierau I, Kleerebezem M. 10 years of the
nisin-controlled gene expression system (NICE) in
Lactococcus lactis. Appl Microbiol Biotechnol,
2005, 68: 705-717.
van Kraaij C, de Vos WM, Siezen RJ, et al.
Lantibiotics: biosynthesis, mode of action and
applications. Nat Prod Rep, 1999, 16(5): 575-587.
de Oliveira Junior AA, de Aratjo Couto H, Barbosa
AAT, et al. Stability, antimicrobial activity, and
effect of nisin on the physico-chemical properties
of fruit juices. Int J Food Microbiol, 2015, 211:



EMA FEEREYNNRZEEBREEEMENEIESIEERIT 1059

[16]

[17]

[18]

[19]

[20]

[21]

38-43.

Qi XB, Poernomo G, Wang K, et al. Covalent
immobilization of nisin on multi-walled carbon
nanotubes: superior antimicrobial and anti-biofilm
properties. Nanoscale, 2011, 3(4): 1874-1880.

Jin T, Zhang H. Biodegradable polylactic acid
polymer with nisin for use in antimicrobial food
packaging. J Food Sci, 2008, 73(3): M127-M134.
Jin T. Inactivation of Listeria monocytogenes in
skim milk and liquid egg white by antimicrobial
bottle coating with polylactic acid and nisin. J Food
Sci, 2010, 75(2): M83-M88.

Ji SW, J Lu, Liu ZG, et al. Dynamic encapsulation
of hydrophilic nisin in hydrophobic poly (lactic
acid) particles with controlled morphology by a
single emulsion process. J Colloid Int Sci, 2014,
423: 85-93.

Jacquel N, Lo CW, Wu HS, et al. Solubility of
polyhydroxyalkanoates by and
2007,

experiment
thermodynamic correlations. AIChE J,
53(10): 2704-2714.

Meng FQ, Zhao HZ, Zhang C, et al. Expression of
plantaricin ~ PInl-in

Escherichia coli and its functional analysis. Prot

a novel bacteriocin-the

® 010-64807509

[22]

(23]

[24]

[25]

Exp Purif, 2015, 119: 85-93.
de la Fuente-Salcido NM, Castafieda-Ramirez JC,
Garcia-Almendarez BE, et al. Isolation and
characterization of bacteriocinogenic lactic bacteria
from M-Tuba and Tepache, two traditional
fermented beverages in México. Food Sci Nutr,
2015, 3(5): 434-442.
Rocha M, Ferreira FA, Souza MM, et al.
Antimicrobial films a review//Méndez-Vilas A, ed.
Microbial pathogens and strategies for combating
them: science, technology and education. Formatex
Research Center, 2013: 23-31.
Zhong J, Liu G, Huan LD. Genetic analysis of
lantibiotic biosynthetic gene clusters. Chin J
Antibiotics, 2006, 31: 513—-517 (in Chinese).
. ,2006, 31: 513-517.
Lu Y, Jiang LK, Chen ML, et al. Improving heat
and pH stability of nisin by site-directed
mutagenesis. Acta Microbiol Sin, 2010, 50(11):
1481-1487 (in Chinese).
pH . ,
2010, 50(11): 1481-1487.
(ASCotdm  MNETT)

K cjb@im.ac.cn



