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A grope for optimum incubating conditions
of Acidiphilium DX1-1 to produce
poly-p-hydroxybutyrate

(Acidiphilium DX1-1 B#k=H- B -BETREERFFMHER)
e TiEELEE B W
BSHIE ¥ F
1 B RAAKEPHA)LK $HAHTAL MG L RE,— £ TH A ERs e,
PHAs & T £ 60T B#, BA AW THMMA £ RS mk AL H 2R X, PHB (R-B
— 2 K T B PHAs 89 —F ) 69 & 40 TR IAL & B A SR BA MG AR, AHTRMEH L BidF

SRR AN ELEIELE AL, BRAMNAARRNGF ER ARG LS PHB R, FAREFHK

ARBEHEE—Hk, BEEET Acidiphilium B, %% % DX1-1, Z45bhnl ©4E 557 WAL
HEFER-P-#ATHREHB)WAEA . AXBHLT & DX1-1 B4 PHB S EOREXLRAS, &
it KRR T RALIE A LA BRRE AR pH, HFAE T ARMKIEREMHT PHB FZEM R X
feh B PHB 89 4 Fitf22 —A b A kh R it de, it AKKE RS T DX1-1 B4k PHB #9/75%, &

#Hik %) 19.75g/L, ¥ T Acidiphilium DX1-1 Bkt Tk 5 AH K o

X8iA:  Acidiphilium DX1-1; 2484 RAKTEH; BREHMH

ABSTRACT: Polyhydroxyalkanoates(PHAs) are microbial polyesters synthesized by a variety of

microorganisms as a temporary storage material of energy and carbon. They are gaining more and more
importance worldwide due to their close analogy to plastics , biodegradability and biocompatibility. PHB
(poly-B-hydroxybutyrate, a kind of PHA)’s biodegradability makes them extremely desirable substitutes for
synthetic plastics. The competition between biodegradable plastics and petrochemical plastics could be in terms

of production cost. Therefore, different kinds of methods are being investigated to exert more control over the

1



quality, quantity and economics of PHB production.

A new bacterial strain, designated as strain DX 1-1, was isolated by our laboratory. The bacterial isolate was
found to be affiliated to the genus Acidiphilium and was found capable of producing a considerable amount of
PHB, as confirmed by Fourier transform infrared spectroscopy. This experiment had determined the optimum
carbon and nitrogen source combination; obtained the optimum incubating conditions, namely, concentrations of
carbon source, nitrogen source and initial pH; determined the PHB productions changing with time under the
optimum incubating conditions and the process of PHB production was a growth-associated process. By this
experiment the PHB production of strain DX1-1 was heightened to 19.75g/L and Acidiphilium DX1-1’s
industrial application becomes more promising.

KEYWORDS: Acidiphilium DX1-1; bioplastic; poly-B-hydroxybutyrate; incubating conditions
1 Introduction

There is no doubt that the utility of plastic materials plays a more and more important role
in our day-to-day life. But what makes plastics undesirable is the difficulty in their disposal.
They are posing problems in solid-waste disposal and global environment management'’. In
recent years, there has been increasing public concern over the harmful effects of
petrochemical-derived plastic materials in the environment.

The environmental impact caused by these platics has created much interest in the
development of biodegradable plastics and this also has prompted many countries to start
developing biodegradable plastics. The biodegradable plastics can be completely degraded into
water and carbon dioxide by microorganisms in various environment such as soil, marine and
sewage. Making eco-friendly products such as bioplastics is one such reality that can help us
overcome the problem of pollution caused by non-degradable plastics.

Thus, it becomes inevitable for us to improve upon the method of production, selection of

raw materials, recycling, conversion to suitable forms of certain wastes, so that we will not



discard any material waste into the environment which nature cannot stand and keep the earth
we are living on clean and beautiful as before.

2 Determination of optimum incubating conditions of
DX1-1 to produce poly-B-hydroxybutyrate

2.1 Materials
2.1.1 Microorganism

Fig.1. SEM of strain DX1-1

A new bacterial strain, isolated from acid mine drainage of DeXing mine, Jiangxi Province,
China by our laboratory , was characterized as a gram-negative facultative short bacillus(Fig.1).
According to the phylogenetic tree (Fig.2) based on 16S rDNA sequences, the new strain

was found to be affiliated to the genus Acidiphilium.

985 Acetobacteraceae bacterium SASB-2 (AY225458)
976 Gluconacetobacter diazotrophicus (AF127401)
Acidosphaera rubrifaciens (D86512)
Acidiphilium facilis (D30774)
1000 Acidiphilium angustum (D30772)
968 Thiobacillus acidophilus (D86511)
Acidiphilium sp. WJ52 (AY495956)
Acidiphilium cryptum (D30773)
21t DX1-1
992
Acidiphilium multivorum strain:AlU 301 (AB006711)
Acidiphilium organovorum (D30775)
109ff— Acidiphilium sp. SJH (AY040740)
Acidiphilium symbioticum (AY632901)
436 '— Acidiphilium cryptum strain DSM 2389 (Y18445)

=]
0.005

Fig.2. Phylogenetic tree derived from the 16sRNA sequence of strain DX1-1



The bacterial isolate designated as strain DX1-1 was found capable of producing a large
amount of homopolymer. Transmission electron microscope observations of Acidiphilium
DX1-1 strain cells revealed the presence of a great many electron-dense spherical bodies (Figure
3.A) which was identified to be poly-B-hydroxybutyrate (PHB) granules, as confirmed by
Fourier transform infrared spectroscopy(Figure 4) and Ultraviolet spectroscopy analysises.
Compared with Methylobacterium sp.GW2(Figure 3.B), the content of PHB in strain DX1-1
cells was considerable ,which could be clearly seen from the transmission electron microscope
photomicrograph.

A B

Fig.3. A:TEM of strain DX1-1; B:TEM of strain Methylobacterium sp.GW?2
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Fig.4. Fourier transform infrared spectroscopy (A: Standard B: Extraction of DX1-1)

The PHB extracted from Acidiphilium DX1-1 was analysed by FTIR spectrophotometer
(Figure 4). The spectrum shows a sharp bend at 1724cm " which is due to carbonyl (C=0)
stretching. The bend at 3442 cm’ is due to the stretching of O-H group. The bend at 2976 cm’
and 2935 cm” and 2874 cm™' are due to -CHjs, -CH, and —CH bendings, they are all feature
peaks of PHB. In addition, between 1058~1287 cm’ there are a lot of C-O stretchings which are
feature peaks of polyester. From figure 2-4 we can conclude that our sample and PHB standard
are very similar. So far, there isn't any report about bacteria of genus Acidiphilium can produce
PHB yet.

2.1.2 Medium

The basal medium used for PHB accumulation was 9K medium, 1L 9K medium contained
KCl 0.1g, K,HPO, 0.5g, MgSO;7H,O 0.5g and Ca(NO;), 0.01g. During the
experiment,different carbon and nitrogen sources were supplemented to the basal medium,as
described later.

2.2 Methods

2.2.1 Analysis of PHB content

Determination of the amount of PHB was performed chemically, using the
spectrophotometric method . 1mL suspensions of cultures were centrifuged at 12,000 g for Smin.



Then the pellets were suspended in 10mL of sterile water aﬁd‘ homogenized, using ultrasonic
treatment (5 min).ImL suspensions after treatment were centrifuged at 12,000 g for Smin. The
the pellets were suspended in 1 mL of sterile water and homogenized, and centrifuged at 12,000
g for 5 min to scour off the impurity. Then the pellets of the test tubes were extracted with 5 mL
of chloroform—ethanol (v/v=2/1), and dried at 40 °C. After that 10mL of concentrated H,SO,
was added and the tubes were heated at 100 °C in a water bath for 10 min. Because PHB can be
degraded into crotonic acid when being treated with concentrated H,SO, at 100 °C for 10min.
Finally the samples were diluted for ten times, and the PHB in the samples was expressed as
crotonic acid. After cooling to room temperature, the amount of PHB was determined on a u.v.
spectrophotometer, wavelength 235 nm with concentrated H,SO, as the reference™. Three
replicates were maintained for estimation of PHB content.

After measuring the Abs of samples, the amount of PHB can be determined resorting to the
PHB standard curve. -

2.2.2 Construction of PHB standard curve

Since PHB can be degraded into crotonic acid when being treated with concentrated H,SO,
at 100 °C for 10min, and crotonic acid has a absorbance at 350nm. A series of certain amount of
PHB standard was treated with concentrated H,SO, at 100 °C for 10min, then the PHB standard
sample was measured on a u.v. spectrophotometer, wavelength 235nm with concentrated H,SO,
as the reference. A certain amount of treated PHB corresponded with a unique Abs value. A
standard curve finally could be built with PHB amount as the x-axis and Abs as the y-axis.

2.2.3 Determination of the optimum carbon and nitrogen source

combination

To choose the best carbon and nitrogen source combination, different kinds of carbon
source (glucose, maltose ,starch and glycerin) and different kinds of nitrogen source (ammonium
nitrate; urea; potassium nitrate and ammonium sulfate) were supplemented to each 250 mL
baffled shake flasks, respectively(Table 1). Each 250 mL baffled shake flasks was filled with
100 mL 9K basal media added with different kinds of carbon and nitrogen source.

The amount of the carbon and nitrogen source supplemented to each baffled shake flask
were calculated with the amount of carbon and nitrogen contained in 10g glucose and 3g
ammonium sulfate per litre as references. All of the carbon source added to the culture medium
were about 10g/L, the amount of nitrogen source added to the medium were 4.6g/L for KNO;,
3.0g/L for (NH4),SOy, 1.4g/L for urea and 1.8g/L for NH,NOj.



