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Abstract

Introduction: Microbial biopolymers such as polyhydroxyalkanoates (PHA) are proper
alternatives for petroleum-derived plastics. These biopolymers have many advantages over
conventional plastics such as biodegradability, environmental friendly and infinite as a
renewable resource. Therefore, our study was aimed to isolate a bacterial strain capable of
producing polyhydroxybutyrate (PHB; a highly applicable type of PHA).

Materials and methods: To this aim, a total of 6 PHA-producing bacteria were isolated
from waste water exit site of a brewery factory. The 6 isolates were studied by Sudan
black-staining technique and the most stained isolate was selected for further studies. Next,
the selected isolate was identified based on morphological, biochemical and phylogenetic
analyses. Finally, the ability of strain in producing PHB as well as other PHAs was
analyzed via GC-MS technique.

Results: Strain NG had the highest yield of PHB, according to Sudan black-staining
technique and it was selected for further studies. The strain NG was identified as a new
strain of Bacillus thuringiensis. According to GC-MS results, this strain was able to
produce PHB as well as 4 other PHAs including hexadecanoic acid methyl ester,
octadecanoic acid methyl ester, tetradecanoic acid methyl ester, 8-octadecenoic acid
methyl ester.

Discussion and conclusion: It was the first report on producing various PHAs at the same
time by a strain of Bacillus thuringiensis.

Key words: Bacillus thuringiensis NG, Polyhydroxyalkanoates, polyhydroxybutyrate,
GC-MS
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Introduction

Nowadays, Plastics are almost used in
every industry and it is estimated that over
240 million tons of plastics are produced
globally every year, 44% of which enters
the environment in the same year, e.g.
marine environment, forest area and
farmlands (1). Most of these plastic
materials are made from petroleum
derivatives such as polyethylene and are
resistant to degradation and remain in those
environments even for centuries, leading to
wide pollutions which are dangerous for
living organisms (2). The main reason for
durability of plastics in the environment is
high molecular weight of its polymers,
strong chemical bonds and lack of
biological enzymes which can catabolize
them (3, 4).

Elimination of plastics from the
environment via chemical and physical
approaches such as burning them is one of
the solutions toward the issue. However,
these approaches are expensive, time
consuming or dangerous, occasionally.
Moreover, more plastics are produced again
and all of those efforts and costs will
diminish (5). On the other hand, petroleum
resources are finite and suitable alternatives
are critically needed. Microbial
biopolymers seem suitable alternatives for
conventional plastics. These biopolymers
are polyesters which are found in nature as
intracellular compartments of some types of
micro-organisms and act as a source of
energy for them (6).

Among the microbial biopolymers, a
group called polyhydroxyalkanoates (PHA)
has got much attention in recent years
because of their numerous advantages,
including 100% biodegradability,
flexibility, water resistance, low cost of
production and simplicity of synthesis
process (7). PHAs are naturally occurring
polyesters produced by bacteria via
fermentation of sugars or lipids and include
more than 100 types of various compounds

with extremely different properties (8).
PHA synthases are the main enzymes
responsible for production of PHAs which
use coenzyme A-thioester of (r)-hydroxy
fatty acids as their substrate. These
hydroxy fatty acids will turn into
monomers of PHAs. In fact, extremely
different properties of PHAs are due to the
length of the monomers, number of the
monomers and being homo- or co-
polymers (9, 10).

Polyhydroxyalkanoates can be produced
by a variety of bacteria including Bacillus,
Azotobacter, Pseudomonas, Alcaligenes,
and Klebsiella, under a particular condition
(low nitrogen, phosphorus, sulfate and
excess levels of carbon resources,
Simultaneously) (11). Some of these
bacteria are used for industrial production
of PHA. However, PHA type and content
yielded by these bacteria are not the same.
In fact, the efficiency of the process
depends on many factors, including
microorganism type, the substrates used,
temperature, pH, and other culture
conditions (12, 13). Therefore, it is of great
importance to find high-yield species and
strains of bacteria and set up their optimal
condition to use their substrate efficiently
to produce PHAs. On the other hand, one
of the main problems in industrial
production of PHAs is related to its high
costs which makes it much more expensive
compared to petroleum-derived polymers.
A great portion of the costs is related to
supply suitable substrates (14, 15). Thus,
using inexpensive and high-yield substrates
can help expanding the use of such green
materials and reduction of petroleum
materials usage. In this regard, a potential
resource of substrates of PHAs is waste
water of beverage industries (16).

According to above literature, our study
was aimed to isolate high-yield poly-3-
hydroxybutyrate (a highly applicable type
of PHA) producing bacteria from waste
water of brewery industries.


http://www.sid.ir

Bacillus thuringiensis strain NG, a Novel Isolated Strain for production of Various Polyhydroxyalkanoates 15

Materials and methods

Collecting  samples: ~ Samples  were
collected from water, soil, and sludge of
waste water exit site of a brewery factory
(Istak Factory, Sanandaj City, Kurdistan
Province, Iran) regarding sterile condition.
The samples were transferred to laboratory
on ice immediately and stored at -20°C
until used.

Enrichment and purification of bacteria: 2 gr
of soil or sludge samples and 2 ml of water
sample were inoculated in final volume of
50 ml of Luria Bertani (LB) broth (Merck,
Germany) in 100 ml Erlenmeyer flasks,
separately. Next, the flasks were incubated
at 20°C and 150 rpm for 24 h. After that,
0.1 ml of the flasks contents were
transferred to LB agar mediums with
different serial dilutions (107, 102, 103, 10°
) and bacterial isolation was performed by
repetitive culturing on LB agar plates, to
obtain pure single colonies (17).

Isolation of PHB producing bacteria:
Lipophilic dyeing with Sudan Black B
(Merck, Germany) which has a high
affinity for PHB granules was performed to
screen the PHB-producing bacteria. For this
purpose, bacterial smears were prepared on
microscopic glass slides, dried and fixed.
Then, the slides were sunk in Sudan Black
B 3% solution (w/v in 70% ethanol) for 10
min. Next, the slides were washed under
running water and dried. The slides were
counterstained with safranin (5% wi/v in
distilled water, Merck, Germany) for 10
seconds, washed again with running water,
and dried. Finally, the slides were studied
under 1000x magnification by optical
microscope (Olympus CX-31, Germany)
(18).

Cryopreservation: In order to preserve
isolated PHB-producing bacteria to repeat
experiments and further studies, their
reserves were prepared. For this purpose,
0.3 ml of glycerol was added to 0.7 ml of
24 h culture of isolates (in LB broth
medium) in cryo-vials. The cryo-vials

(simport, Canada) were then transferred to
cryoboxes (sigma, U.S) and placed in -
80°C to reduce temperature, gradually.
These cryo-vials were then transferred to
nitrogen tank until used.

Identification of the isolates: The isolates
were analyzed in terms of morphology of
colonies, gram staining, and biochemical
tests (macconkey, catalase, oxidase, citrate,
starch hydrolysis, H,S, indole, motility, VP,
MR, TSI, nitrate tests). The results were
analyzed using standard identification
procedures in bacteriology and Bergey's
manual of systematic bacteriology (9th
edition) (19). At the next step of
identification of the isolates, phylogenetic
analysis based on 16S rDNA was done. To
this aim, firstly, genomic DNA was
extracted using High Pure PCR Template
Preparation Kit (Roche, Germany, Product
# 11796828001). Then, Tag PCR Master
Mix Kit (Qiagen, Netherland, Cat No./ID:
201443) was used to amplify 16S rDNA
fragment, according to manufacturer
protocol. Two general primers including

16S F27: 5'-
AGAGTTTGATCMTGGCTCAG-3' and
R1492: 5'-

TACGGYTACCTTGTTACGACTT-3'

were used as forward and reverse primers,
respectively (20). PCR reaction was run as
follow: 1) initial denaturation at 95°C for 5
minutes 2) denaturation at 95°C for 60
seconds 3) annealing at 56°C for 60
seconds 4) extension at 72°C for 2 minutes.
Steps 2- 4 were repeated for 35 cycles. A
final extension was run at 72°C for 2
minutes. PCR products were run on 1%
agarose gel electrophoresis system and
stained with ethidium bromide. The stained
gel was then visualized under UV using a
gel documentation system (Bio-Rad Gel
Doc 1000). Next, PCR products were sent
to CinnaGen Company (Tehran, Iran) for
DNA sequencing. Finally, the DNA
sequences were edited using BioEdit
software, compared with other 16S rDNA
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sequences available on NCBI database
using Blast software and phylogenetic
tree were drawn by Mega 7 software.

Gas chromatography- Mass
spectrophotometry (GC-MS) analysis: GC-
MS  technique  was used for
determination of the PHB produced by
isolates. For this purpose, firstly, a
suspension of 20 mg of dried cells
(obtained from 24 h culture on N2
deficient nutrient broth medium), 2 ml
chloroform, 750 pl methanol (0.4 mg/ml
benzoic acid as internal standard), and
150 pl sulfuric acid was prepared in
tubes with Teflon-lined cap for each
isolate. These tubes were placed in bain-
marie at 100°C for 2.5 hours to ensure
esterification reactions. Then, the tubes
were cooled down to room temperature,
1 ml Deionized water was added to them
and vortexed for 1 min. After these
procedures, 3 distinct phases were
formed (upper, middle and bottom phase
contained sulfuric acid, cellular derbies
and Hydroxyalkanoate Methyl Esters,
respectively). Upper and middle phases
were disposed and bottom phases were
transferred to cryo-tube and placed in -
80°C until use. To prepare an external
standard, 20 mg of PHB standard
(Sigma, US) was used instead of dried
cell and went under the procedure
explained above. The bottom phase
(organic phase) was analyzed by a gas
chromatography mass system (Agilent
7890B GC System/ 5977A MSD) with
capillary column HP-5. The initial oven
temperature was set on 60°C which was
increasing 10°C/min until 150°C. The
temperature  was  then increasing
35°C/min until reached 220°C. The
carrier gas was helium with 34 psi
pressure and flow rate of 1 ml/min (17).
We also determined the isolate potential
to produce some other PHA compounds
with the same manner.

Results

Screening of PHA-producing bacteria on LB
culture: 17 bacterial colonies were isolated
from enrichment on LB cultures, among
which 6 were considered as PHA-
producing. Sudan black and GC-mass
results indicated the isolate called NG (NG
1s an abbreviation of first author’s name
and is published on NCBI website) was the
most efficient isolate to produce PHB.
Therefore, NG was selected for further
studies.

Morphological and biochemical results:
Isolate NG was investigated based on its
morphological, microscopic and
biochemical features according to Bergey’s
Manual of Determinative Bacteriology. NG
had creamy white, smooth, round colonies
on nutrient agar which indicated that they
are aerobic bacteria (Fig 1.A and Fig 1.B).
Gram-staining test results also showed deep
purple (gram positive) bacilli form bacteria
(Fig 1.C). The results of biochemical tests
are summarized in Table 1, which in sum
indicated species belonging to Bacillus
genus.

Fig 1- Results of morphological analyses. (A) plate
culture of the isolate NG on nutrient agar. (B) colony
appearance of the isolate NG (C) microscopic view of
Gram stained NG (x1000) (D) microscopic view of
Sudan black stained NG (x1600)
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Phylogenetic analysis: Phylogenetic
analysis showed that The isolate NG
(GeneBank Accession No. KY657578) was
a member of the genus Bacillus, and its
closest relative was B. thuringiensis
(GeneBank Accession No. KY368122)
with 100% similarity (Fig. 2).

GC-MS results: GC-MS results revealed
that the isolate NG was able to produce

PHB. Interestingly, it was observed that
NG was also able to produce some other
PHAs in remarkable (Fig 2). Amounts of
the PHB and other PHAs produced by NG
were reported as percentages of internal
control (the area under PHB peak/the area
under Benzoic acid peak) which are
summarized in table 2 (Table 2).

Table 1- Biochemical tests for NG isolate

Biochemical Test Result Biochemical Test Result
Catalase Glucose +
Oxidase + Sucrose

Citrate Lactose
H,S MR +
Motility VP
Indole MacConkey Agar
Starch Hydrolysis + Nitrate +

sr— KY 114489 Bacillus vallsmortis stram KS6

8

P

89

o
KY511699 Bacilhs subtilis stran KN18A
01 L—KY357292 Bacilus amyloliguefaciens strain HF 6

KY312515 Bacillus atrophaeus stran ZSR15

97

KY497444 Bacillus licheniformis strain KN§D
r— KY419146 Bacillus safensis stran T3Cr

63

74

KY078799 Bacillus cereus stramn McL6
os | |KY419160 Bacillus altitudinis strain V5Pb
76'KY419154 Bacilbis pumius strain KSCr

K'Y234384 Bacillss aquamaris stram BNS
KY202697 Bacillus subterraneus strain A4

KY231929 Bacills megaterium strain BM1
 * KY657578 Bacillis thuringiensi strain NG

—
0.0050

100 K Y368122 Bacillus thuringiensis strain P34

Fig 2. Phylogenetic tree obtained through neighbor-joining analysis of the 16S rRNA gene sequences using Mega
7 software. The position of the strain NG is shown within the genus Bacillus. Bootstrap values (expressed as
percentages of 1000 replications) greater than 50 % are given at the branch points. Scale bar represents 0.005
substitutions per nucleotide position. GeneBank accession numbers are shown in front of each strain. Strain NG is

shown with * sign.
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Fig 3. Diagram of GC mass analysis. The yellow arrow indicates PHB peak, while the blue arrow indicates
Benzoic acid (internal control) peak. Other peaks are related to other NG PHASs detected by GC mass.

Table 2. amount of PHB and other PHASs produced by NG strain.

Methyl-esters Amount produced by NG (% of Control)
Butanedioic acid, dimethyl ester (PHB) 33
Hexadecanoic acid, methyl ester 219
Octadecanoic acid, methyl ester 39
Tetradecanoic acid, methyl ester 26
8-Octadecenoic acid, methyl ester 24

Discussion and conclusion

Biochemical and molecular studies were
quite consistent with each other and
identified the isolate NG as a new strain of
Bacillus thuringiensis. This strain was
submitted and registered on NCBI as a new
strain (Gene bank accession number
KY657578). B. thuringiensis is a well-
known species in biotechnological and

agricultural studies. B. thuringiensis has a
high ability to kill crop pests. In fact, its Bt
genes are widely used to develop
genetically modified crops. But genes are
responsible to produce -endotoxins which
has insecticidal actions (21).

Strain NG was able to produce PHB in a
remarkable level. In this regard, previous
studies also showed B. thuringiensis that
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can produce PHB (22, 23). The interesting
point in our study was that we showed
Strain NG could also produce relatively
high amounts of other PHAs including
Hexadecanoic  acid methyl ester,
octadecanoic acid methyl ester,
tetradecanoic acid methyl ester, 8-
octadecenoic acid methyl ester. Each of
these compounds are of great industrial
importance. This feature makes B.
thuringiensis a multi-purpose bacterium
which is quite useful for biotechnological
and industrial applications. It is noteworthy
that although current study was aimed to
isolate a bacterial strain to produce PHB,
Hexadecanoic acid methyl ester was the
most produced PHA by strain NG.

As we mentioned earlier in introduction
of this article, a great portion of costs in
production of PHAs wusing bacterial
approaches is related to supply suitable
substrates. An effective bacterial strain
which can use cheap and abundant carbon
sources to produce PHAs is highly
desirable. However, we didn’t examine the
ability of strain NG to grow on various
carbon sources and the amount of PHAs
produced on each, but previous studies
showed B. thuringiensis is able to produce
PHAs using agricultural wastes (24, 25).
Additionally, B. thuringiensis can be
isolated from various sources such as leaf
surfaces, flour mills and grain-storage
facilities (26). This, in turn, probably
indicates that the bacterium is able to use a
wide range of carbon sources. Despite these
abilities and studies, efficiency of various
carbon sources in production of PHAs
using B. thuringiensis under different
culture conditions has not been studied,
universally. Therefore, for further studies,
these factors are strongly recommended to
be checked out.

This study clearly revealed that the
isolate NG as a new strain of B.
thuringiensis could produce PHB as well as
some other valuable PHAs in significant

amounts. Also, it was the first report on
producing various PHAs at the same time
by a strain of Bacillus thuringiensis.
Therefore, it can be considered as a
potential strain  for  biotechnological
purposes in the field of PHAs production.
However, it is recommended to optimize
the culture condition for maximum
production of PHB in future studies.

References

(1) Rillig MC. Microplastic in terrestrial ecosystems
and the soil? Environmental science &
technology. 2012;46(12):6453-4.

(2) Derraik JG. The pollution of the marine
environment by plastic debris: a review. Marine
pollution bulletin. 2002;44(9):842-52.

(3) Singh B, Sharma N. Mechanistic implications of
plastic degradation. Polymer Degradation and
Stability. 2008;93(3):561-84.

(4) Shah AA, Hasan F, Hameed A, Ahmed S.
Biological  degradation of plastics: A
comprehensive review. Biotechnology Advances.
2008;26(3):246-65.

(5) Kalia V, Raizada N, Sonakya V. Bioplastics.
Journal of Scientific & Industrial Research.
2000;59(6):433-45.

(6) Rehm BHA. Bacterial polymers: biosynthesis,
modifications and applications. Nature Reviews
Microbiology. 2010;8(8):578-92.

(7) Verlinden RAJ, Hill DJ, Kenward MA, Williams
CD, Radecka |. Bacterial synthesis of
biodegradable polyhydroxyalkanoates. Journal
of Applied Microbiology. 2007;102(6):1437-49.

(8) Volova TiaGe. Polyhydroxyalkanoates: plastic
materials of the 21st century: production,
properties, applications, 1st ed, Nova publishers:
NewYork; 2004.

(9) Ren Q, Sierro N, Kellerhals M, Kessler B,
Witholt B. Properties of Engineered Poly-3-
Hydroxyalkanoates Produced in Recombinant
Escherichia  coli ~ Strains.  Applied and
Environmental Microbiology. 2000;66(4):1311-
20.


http://www.sid.ir

20

Biological Journal of Microorganism, 6" Year, Vol. 6, No. 24, Winter 2018

(10)  Sudesh K, Abe H, Doi Y. Synthesis, structure
and properties of polyhydroxyalkanoates:
biological polyesters. Progress in Polymer
Science. 2000;25(10):1503-55.

(11) Keshavarz T, Roy I. Polyhydroxyalkanoates:
bioplastics with a green agenda. Current opinion
in microbiology. 2010;13(3):321-6.

(12) Lemos PC, Viana C, Salgueiro EN, Ramos
AM, Crespo JPSG, Reiszcorr, et al. Effect of
carbon source on the formation of
polyhydroxyalkanoates (PHA) by a phosphate-
accumulating mixed culture. Enzyme and
Microbial Technology. 1998;22(8):662-71.

(13) Venkateswar Reddy M, Mawatari Y, Yajima
Y, Satoh K, Venkata Mohan S, Chang Y-C.
Production of poly-3-hydroxybutyrate (P3HB)
and poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) P(3HB-c0-3HV) from
synthetic wastewater using Hydrogenophaga
palleronii. Bioresource Technology.
2016;215:155-62.

(14) Moita Fidalgo R, Ortigueira J, Freches A,
Pelica J, Gongalves M, Mendes B, et al. Bio-oil
upgrading strategies to improve PHA production
from selected aerobic mixed cultures. New
Biotechnology. 2014;31(4):297-307.

(15) Jia Q, Xiong H, Wang H, Shi H, Sheng X,
Sun R, et al. Production of
polyhydroxyalkanoates (PHA) by bacterial
consortium from excess sludge fermentation
liquid at laboratory and pilot scales. Bioresource
Technology. 2014;171:159-67.

(16) Khumwanich P, Napathorn SC, Suwannasilp
BB. Polyhydroxyalkanoate Production with a
Feast/Famine Feeding Regime Using Sludge
from Wastewater Treatment Plants of the Food
and Beverage Industry. Journal of Biobased
Materials and Bioenergy. 2014,8(6):641-7.

(17) Hoseinabadi A, Rasooli I, Taran M. Isolation
and Identification of Poly B-Hydroxybutyrate
Over-Producing Bacteria and Optimization of
Production Medium. Jundishapur journal of
microbiology. 2015;8(7).

(18) Wei Y-H, Chen W-C, Huang C-K, Wu H-S,
Sun Y-M, Lo C-W, et al. Screening and
Evaluation of Polyhydroxybutyrate-Producing
Strains from Indigenous Isolate Cupriavidus
taiwanensis Strains. International Journal of
Molecular Sciences. 2011;12(1):252-65.

(19) Holt JG, Krieg NR, Sneath PH, Staley JT,
Williams ST. Bergey's Manual of determinative
bacteriology. Baltimore: Williams & Wilkins;
1994,

(20) Hoseinabadi A, Rasooli I, Taran M. Isolation
and Identification of Poly p-Hydroxybutyrate
Over-Producing Bacteria and Optimization of
Production Medium. Jundishapur Journal of
Microbiology. 2015;8(7):e16965.

(21) Roh JY, Choi JY, Li MS, Jin BR, Je YH.
Bacillus thuringiensis as a specific, safe, and
effective tool for insect pest control. Journal of
microbiology and biotechnology.
2007;17(4):547-59.

(22) Charen T, Vaishali P, Kaushalya M, Amutha
K, Ponnusami V, Gowdhaman D. Isolation and
identification of Polyhydroxybutyrate producing
bacterial strain (Bacillus thuringiensis GVP)
from chlorine contaminated soil. International
Journal of ChemTech Research. 2014:;5:3197-
202.

(23) Kumar P, Ray S, Patel SK, Lee J-K, Kalia
VC. Bioconversion of crude glycerol to
polyhydroxyalkanoate by Bacillus thuringiensis
under  non-limiting  nitrogen  conditions.
International journal of biological
macromolecules. 2015;78:9-16.

(24) Gowda V, Shivakumar S. Agrowaste-based
Polyhydroxyalkanoate (PHA) production using
hydrolytic potential of Bacillus thuringiensis
IAM 12077. Brazilian Archives of Biology and
Technology. 2014;57:55-61.

(25) Shivakumar S. Polyhydroxybutyrate (PHB)
production using agro-industrial residue as
substrate by Bacillus thuringiensis IAM 12077.
International Journal of ChemTech Research.
2012;4(3):1158-62.

(26) Madigan MT, Martinko JM, Bender KS,
Buckley DH, Stahl DA, Brock T. Brock Biology
of Microorganisms. 14" ed. Boston: Pearson
Education; 2015.


http://www.sid.ir

