This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Biosynthesis and Characterization of Bacterial Poly(3-Hydroxybutyrate-
co-3-hydroxypropionate)

S. Nakamura?®; M. Kunioka?; Y. Doi?

2 Research Laboratory of Resources Utilization, Tokyo Institute of Technology, Midori-ku, Yokohama,
Japan

To cite this Article Nakamura, S. , Kunioka, M. and Doi, Y.(1991) 'Biosynthesis and Characterization of Bacterial Poly(3-
Hydroxybutyrate-co-3-hydroxypropionate)', Journal of Macromolecular Science, Part A, 28: 1, 15 — 24

To link to this Article: DOI: 10.1080/00222339108054378
URL: http://dx.doi.org/10.1080/00222339108054378

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222339108054378
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:28 24 January 2011

Downl oaded At:

MACROMOLECULAR REPORTS, A28(SUPPL. 1), 15-24 (1991)

BIOSYNTHESIS AND CHARACTERIZATION OF BACTERIAL POLY(3-
HYDROXYBUTYRATE-co-3-HYDROXYPROPIONATE)

S.Nakamura, M.Kunioka, & Y.Doi*
Research Laboratory of Resources Utilization, Tokyo
Institute of Technology, Nagatsuta, Midori-ku, Yokohama
227, Japan

ABSTRACT

A new copolyester of 3-hydroxybutyrate (3HB) and 3~
hydroxypropionate (3HP) was produced by Alcaligenes
eutrophus in a nitrogen-free culture solution of 3-
hydroxypropionic acid, 1,5-pentanediol, or 1,7-
heptanediol. The copolymer composition varied from 0 to
7 mol% 3HP, depending on the type of carbon substrates
sup lied. T e bacterial copolyesters were characterized

H and C NMR, gel permeation chromatography (GPC),
and differential scanning calorimetry (DSC). The
copolymers were shown to have a random sequence
dlstrlbuﬁfon of 3HB and 3HP units by analysis of the
125-MHz C NMR spectra. The melting temperatures (Tm)
decreased from 178 °C to 150 °C as the 3HP fraction
increased up to 7 molsg. It has been found that the
presence of 3HP units in polyesters accelerates the rate
of enzymatic degradation.

INTRODUCTION

A variety of bacteria accumulate an optically active
poly(3-hydroxybutyrate) within cells as a reserve
material [1]}. Recently, copolyesters incorporating 3-
hydroxyalkanoate units other than 3-hydroxybutyrate have
been produced by several bacterial strains. A
copolyester of 3-hydroxybutyrate (C4) and 3-
hydroxyvalerate (Cg) has been produced by Alcaligenes
eutrophus from proplonlc acid [2, 3] or pentanoic acid
[4]. Pseudomonas oleovorans has been found to produce
copolyesters cotaining 3-hydroxyalkanoate units of C, to
C from alkanes [5] and alkanoic acids [6]. In
a&gition, A. eutrophus has been shown to produce a
copolyester of 3-hydroxybutyrate and 4-hydroxybutyrate,
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when 4-hydroxybutyric acid, y-butyrolactone, or 1,4-
butanediol was used as the carbon source [7-9]. These
bacterial copolyesters have attracted much attention as
environmentally degradable thermoplastics for a wide
range of agricultural, marine, and medical applications
[10,111].

In this communication we report the biosynthesis of a
new copolyester of 3-hydroxybutyrate and 3-
hydroxypropionate by A. eutrophus. In addition, thermal
properties and biodegradability of the copolyester have
been studied.

EXPERIMENTAL
Biopolymer Synthesis

A. eutrophus (ATCC17699) was first grown at 30 °C in
a nutrient-rich medium (1 1) containing 10 g/1 of yeast
extract, 10 g/1 of polypeptone, 5 g/l of meat extract,
and 5 g/l of (NH4),80,4. The cells were harvested by
centrifugation after 24 h and washed with water. Under
these culture conditions an accumulation of polyesters
in the cells was not observed. To promote polyester
synthesis, about 3-4 g gquantities of the washed cells
were transferred into nitrogen-free mineral media (1 1,
pH 7.5) containing different carbon sources [12]. The
cells were cultivated in the media at 30 °C, harvested
by centrifugation, washed with water, and finally dried
under vacuum at room temperature. Polyesters were
extracted from dried cells with hot chloroform in a
Soxhlet apparatus and purified by reprecipitation with
hexane.

Analytical Procedures

The solution 'H and 3¢ NMR spectra of polyesters in
chloroform w?re recorded on a JEOL GX-500 spectrometer.
The 500-MHz 'H NMR spectra were recorded at 27 °C on a
CDCl; solution of polyester (3 mg/ml) with 3.8 us pulse
widtg (7/4 pulse angle), 7.3 s pulse repetition, 4500 Hz
spectral wid?%, 32 X data points, and 128 accumulations.
The 125-MHz C NMR spectra were recorded at 27 °C on a
CDCl; solution of polyester (25 mg/ml) with 6.0 ps pulse
width (n/4 pulse angle), 2.0 s pulse repetition, 38000
Hz spectral width, 32 K data points, and 8347
accumulations. Tetramethylsilane (Me,51i) was used as an
internal chemical shift standard.

All molecular weight data were obtained at 40 °C by
using a Shimadzu 6A GPC system and a 6A refractive index
detector with a Shodex 80 M column. Chloroform was used
as eluant at a flow rate of 0.5 ml/min, and sample
concentration of 1.0 mg/ml was used. Polystyrene
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standards with a low polydispersity were used to make a
calibration curve.

The melting temperatures of polyester samples were
recorded on a Seiko DSC-10. The as-isolated powder
samples of 3 mg were encapsulated in aluminum pans
heated at 10 °C/min up to 200 °C. The heat of fusion of
indium (6.80 cal/g) was used as a calorimetric
calibration.

Enzymatic Degradation

The extracellular P(3HB) depolymerase was purified to
electrophoretic homogeneity from A. faecalis T, as
described in a previous paper [11]. The enzymatic
degradation of polyester films by the extracellular
P(3HB) depolymerase was carried out at 37 °C ina 0.1 M
phosphate buffer (pH 7.5). Polyester films (initial
weights; 4.0-8.0 mg, and initial film dimensions; 10x10
mm in size and 0.03-0.06 mm thick) were placed in small
bottles containing 1.0 ml of buffer. The films were
prepared by conventional solvent-casting techniques from
chloroform solutions of polyesters. The reaction was
started by the addition of 5 jpl agueous solution of
P(3HB) depolymerase (3 pyg). The reaction solution was
incubated at 37+0.1 °C with shaking. Samples were
periodically removed, washed with water, and dried to
constant weight in vacuo.

RESULTS AND DISCUSSION
Biosynthesis of P(3HB-co-3HP)

The copolyesters of 3-hydroxybutyrate and 3-
hydroxypropionate, P(3HB-co-3HP), were produged in A.
eutrophus by using 3-hydroxypropionic acid, 1,5~

pentanediocl, or 1,7-heptanediol as the carbon source.
4
CH: o o)
" 11
—+{0-CH-CH-C}—+0-CH-CH-C}—
3 2 1 X r 6 5 Y

In this paper, the carbon species in the 3HB units
are referred to as CO (1), CH, (2), CH (3), and CHy (4),
respectively. The carbon species in the 3HP unifs are
denoted by CO (5), CH, (6), and CH, (7). The mole
fractions of 3HB and, 3HP units in the copolyesters were
determined from the 'H NMR spectra.
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Table 1 gives the result of P(3HB-co-3HP)
biosynthesis by A. eutrophus from different carbon
substrates. The compositions of copolyester samples
varied from 1 to 7 mol% 3HP, depending on the type of
carbon sources. When 1,5-pentanediol was used as the
carbon source, the polyester contents in dry cells were
as high as 30-40 wts%.

Figure 1 shows a typical 500-MHz TH NMR spectrum of
P(3HB-co-3HP); sample 1, together with the chemical
shift assignments, In addition to the well-
characterized resonances of methyl (4), methylene (2),
and methine (3) protons in 3HB unit [13], a triplet
methylene proton resonance (7) appears at 4.33 ppm. The
resonance of the other methylene proton (6) overlaps
with the methylene resonance (2) in 3HB unit. The
compositions of copolymer samples were determined from
the relative areas of methine proton resonance (3) and
methylene proton resonance (7) in tw? different units.

Figure 2 shows a typical 125-MHz C NMR spectrum of
P(3HB-co-3HP); sample 2, §ogether with the chemical
shift assignment for each C resonance. In addition to
the well-characterized resonances of carbons (1)-(4) in

3HB unit (13], three carbon resonances (6), (7), and (5)
in 3HP unit appear at 33.84, 60.00, and 169.78 ppn,
respectively. The carbonyl resonances at 169.1-169.8
ppm were clearly resolved into three peaks, arising from
the different diad sequences of connecting the 3HB and
3HP units. The peak at 169.12 Lppm is assignable to the
carbonyl resonance in the 3HB -3HB sequence, since its
chemical shift is consistent with that (169.14 ppm) of
the carbonyl resonance of P(3HB) homopolymer. The peak
at 169.Q0 ppm is assigned to the carbonyl resonance in
the 3HB -3HP sequence, and the other peak at 169.78 ppm
is assigned to the carbonyl resonance in the 3HP -3HB
sequence. The carbonyl resonance in the 3HP -3HP
sequence was not detectable since its intensity was too
low. The diad sequence distribution of 3HB and 3HP
units in the copolyester sample 2 was ; Fgp =0.89, P
=0.05, Fpp =0.06, and Fpp =0.00, determined from tE

well resoned peaks of carbonyl resonances.

The diad sequence distribution of 3HB and 3HP units
were compared with the Bernoullian statistics applicable
to a statistically random copolymerization. 1In the
Bernoullian model, the mole fraction F; of diad
sequence ij can be expressed with the mole f%%ctlons F;
and F: of i and j units as ; Flj-Fle The calculateé
diad %ractions (F B -O 88, F P =0.06, FP =0.06, and FP
=0.00) of sample g =0.94 and Fp =0.06) are in goog
agreement with the observed values. Therefore, it may
be cocluded that the sequence distribution of 3HB and
3HP units is statistically random.
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FIG. 1. 500-MHz 'H NMR spectrum of sample 1
(3HP= 4 mol%) in CDCl 3.

Figure 3 shows a schematic pathway of P(3HB-co-3HP)
biosynthesis in A. eutrophus. When 3-hydroxypropionic
acid is used as the carbon source, 3-hydroxypropionyl-
coenzyme A (CoA) is first formed in the cells. Most of
3-hydroxypropionyl-CoA is then metabolized into acetyl-
CoA, and D{-)-3-hydroxybutyryl-CocA is formed fronm
acetyl-CoA via acetoacetyl-CoA [12]. A random
copolyester of 3HB and 3HP units may be produced by the
copolymerization of D(-)-3-hydroxybutyryl-CoA with 3-
hydroxypropionyl-CoA under the action of P(3HB)
synthase. When 1,5-pentanediol or 1,7-heptanediol is
used as the carbon source, 3-hydroxypropionyl-CoA may be
formed via an oxidation cycle. As a result,
copolyesters containing 3HP units are formed from these
carbon sources.
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FIG., 2. 125-MHz T3¢ NMR spectrum of sample 2
(3HP= 6 mol%) in CDCl3
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FIG. 3. Schematic pathway of P(3HB-co-3HP) biosynthesis
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FIG. 4. Melting temperature (Tm) and enthalpy of fusion
({ AHm) versus composition curves for P(3HB-co-3HP)
samples. Samples were heated at 10 °C/min.

Thermal Properties and Biodegradability

Figure 4 shows the melting temperatures (Tm) and the
ehthalpies of fusion (AHm) of P(3HB-co-3HP) samples in
powder form. The Tm value of P(3HB) homopolymer was 178
°C. The Tm values of P(3HB-co-3HP) samples decreased to
150 °C as the 3HP fraction was increased up to 7 mols.
The AHm values decreased gradually with an increase in
the 3HP fraction, indicating that the crystallinity of

copolymers decreases with the 3HP fraction.
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FIG. 5. Enzymatic degradation (erosion) profiles on
solution-cast films of P(3HB) and P(3HB-co-4%3HP)
samples in the agueous solution of P(3HB) depolymerase
at 37 °C at pH 7.4 . (o): P(3HB) (Mn= 768000); (e):
P(3HB-co-4%3HP) (Mn= 773000).

The biodegradability of P(3HB-co-3HP) polyester films
was studied at 37 °C and pH 7.5 in the aqueous solution
of the extracellular P(3HB) depolymerase purified from
A. faecalis. 1In this study, two samples of P(3HB) (Mn
=768000) and P(3HB-co-4%3HP) (Mn =773000) were used.

Figure 5 shows the weight loss (erosion) profiles of
polyester films as a function of degradation time. The
weight of film erosion increased proportionally to time.
The erosion rate of P(3HB-co-4%3HP) film by P(3HB)
depolymerase is faster than the rate of P(3HB) erosion.
Thus, the presence of 3HP units in the P(3HB) sequence
accelerated the rate of enzymatic degradation.
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