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Abstract: Phasins are proteins, which are located on the surface of Polyhydroxybutyrate (P3HB) granules and
that carry out activities that affect the polymer metabolism. This study aimed to evaluate the effect of
inactivating phasins PhbP2 or PhbP3 on the growth rate, production and molecular mass of P3HB in cultures
under low or high oxygen transfer rates (OTR). The results reveal that under high OTRu.x conditions (between
8.1 and 8.9 mmol L* h™* depending on the strain evaluated), the absence of phasins PhbP2 and PhbP3 resulted
in a strong negative effect on the growth rate. In contrast, the rates of specific oxygen consumption increased
in the case of cultures with strains where phasins were absent. This behavior was not observed under
conditions at a low oxygen transfer rate (3.9 + 0.71 mol L' h'); where both growth and oxygen consumption
were the same for the different strains evaluated. It was observed, at high OTR.x that the absence of phasin
PhbP3 harms the P3HB synthesis, finding a decrease of 30 % in the polymer production at the end of cultivation;
however, the molecular weight of the polymer remained constant during the course of cultivation. In summary,
it can be concluded that both growth and polymer synthesis were affected when phasin PhbP3 was absent from
the P3HB granule, especially at high OTRpax.

Keywords: P3HB; molecular weight; Phasins; Azotobacter vinelandii

1. Introduction

The poly-3-hydroxybutyrate (P3HB) is a material recognized as a bioplastic material that belongs
to the polyester family of polyhydroxyalkanoates (PHAs). The P3HB shares thermomechanical
properties to currently used petrochemical plastics, but it is biodegradable and biocompatible [1].
Therefore, P3HB is a material utilized in diverse areas, like biomedical, pharmaceutical, veterinary,
foods packages and cosmetics [2,3].

Many species of bacteria use different carbon sources to accumulate P3HB as a natural
mechanism for carbon and energy storage [4]. Azotobacter vinelandii is an interesting P3HB production
model, able to synthesize this polymer under conditions of nutritional limitation, either of phosphates
or mainly of oxygen; and using different substrates, such as cane molasses, glucose, sucrose and
compostable waste [5].

The P3HB is storaged in granules, also named “carbonosomes” due to its complexity acquired
by the binding of diverse GAPs (granules-associated proteins), which are the P3HB synthases, P3HB
depolymerases, regulatory proteins (like PhaR), and the phasins [6,7]. The phasins are non-catalytic
proteins (10-24 kDa), and are the major group of GAPs on the P3HB granule surface. Phasins are very
important to the control of the size, number and distribution of the granules in the cells, in addition
to the regulation of the P3HB synthases and P3HB depolymerases activities [8].

It has been observed that the overexpression of some phasin genes (like phaP1 and phaP2 in C.
necator) in conjunction with genetic regulators of P3HB metabolism (such as the PhaR targets) is

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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related to an increased production and accumulation of P3HB under non-oxygen limiting conditions
[9].

Likewise, it is known that phasins can also contribute to the regulation of P3HB
depolymerization. In 2004, Handrik and collaborators reported that the phasin PhaP could function
as activator of the soluble PHB depolymerase of R. rubrum; surprisingly, PhaP is also a
thermoresistant and chemoresistant protein [10].

Some of the hypothesis that explain the relationship between phasins and the modulation of the
activity of synthases and depolymerases is that, since the phasins are found on the surface of the
granules, they interact with P3HB synthases and P3HB depolymerases, causing allosteric changes
that change activity or binding to the PHB granule [11]. However, the study of the relationship
between phasins and synthesis and depolymerization activities has been carried out mainly at the
genetic level [10].

On the other hand, it has been proposed that phasins can act as chaperones that help the cell to
relieve different types of stresses, such as thermal shocks, halophilic environments and oxidative
stress [12].

PhbP2 and PhbP3 phasins have recently been discovered in A. vinelandii, and it is known that
the inactivation of PhbP2 phasin promotes the synthesis of P3HB, and that inactivation of PhbP3
phasin reduces P3HB production in A. vinelandii in cultures in shaken flasks in PYS-rich medium
[13,18]. However, the mechanism by which PhbP2 and PhbP3 phasins are involved in the regulation
of P3HB synthesis and degradation has not been described in detail.

On the other hand, it has been reported in that the increase in the agitation rate in bioreactors,
and therefore in the oxygen transfer rate (OTR), can generate an effect known as "sublethal damage",
where it is proposed that the high OTR results in a condition of oxidative stress [14, 16]. The OTR is
an important factor in the operation and optimization of biopolymer production. In microorganisms
like A. vinelandii, a thorough understanding of OTR and culture under the oxygen-limited conditions
is crucial for the P3HB production [17].

Taking the above into consideration, the aim of this work was to analyze the effect of the absence
of phasins PhbP2 and PhbP3 on the growth rate, production and molecular mass of P3HB in cultures
under low and high OTRs.

2. Materials and Methods

2.1. Maintenance and Preservation of Strain

The strains OP-PhbP2 = and OP-PhbP3 ~ were constructed by inserting an antibiotic cassette
resistance (tetracycline and kanamycin respectively), interrupting the expression of avin_03930 and
avin_034720 genes from the OP strain genetic background (the OP strain have a mutation in algll, that
regulates positively the alginate biosynthesis), that encode the A. vinelandii proteins phasin PhbP2
and PhbP3 [18]. The strains were stored in cryovials 1:1 glycerol 80 % culture, at -70 °C.

The OP, OP-PhbP2 = and OP-PhbP3  strains were grown in Petri dishes with solid PYS
medium which contains sucrose 20gL 1), peptone (5gL 1), yeastextract(3 gL 1), agar(18
gL 1) and the corresponding antibiotics selection tetracycline (60 ug mL 1) and kanamycin (3 ug
mL  !). The inoculum was obtained through cells grown in 500 mL shaken flask with 100 mL of
liquid PYS medium (in g L~ *: 20 sucrose, 5 peptone and 3 yeast extract) without antibiotic, under
200 rpm and 29 °C, for 24 hours until reaching an optical density of 0.16 + 0.02, corresponding to 0.08
+0.02gL  1of cell dry weight.

2.2. Bioreactor Cultures

The culture was carried out in a 3 L Applikon (Holland) bioreactor, equipped with two Rushton
turbines (impeller diameter/tank diameter = 0.35), 6 flat-blade and a 7-hole diffuser to provide
bubbling aeration. pH was controlled to 7.2 + 0.1 by the automatic addition of NaOH 2N and HCI 2N
through cultivation. Cultures were conducted in PYS medium, at 29 °C using an agitation rate of 300
and 500 rpm for all three strains evaluated, with a working volume of 2 L and an aeration of 1 vvm.
A gas analyzer (Teledyne Analytical Instruments, model 7500) was used to measure Oz and CO:z in
the gaseous flow at the bioreactor output. The gas analysis equipment was calibrated using nitrogen

d0i:10.20944/preprints202408.1983.v1
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(auto zero setting) and a reference gas (1 % COz and 5 % O, for SPAN). The estimation of the oxygen
OTR was made from the online analysis of the level of gaseous oxygen at the outlet of the bioreactor,
using the equation:

Mo, * F§" 1— X5, = Xco
OTR = —=*—"— (X5 — X" : : 1
Ve w ¥y 0~ %0\ T — Xgut — x2ut ) W

Where My, is the molecular mass of oxygen (g mmol™), F Zl is the volumetric inlet air flow at
standard conditions (Lh ~ 1), Vp is the working volume (1), Vj; is the mol volume of the ideal gas
at standard conditions (L mmol ~ 1), X{, and X(p, are the molar fraction of oxygen and carbon
dioxide in the inlet air (mol mol ~ 1), Xg“* and X, are the molar fraction of the oxygen and carbon

dioxide in the outlet gas of the fermenter (mol mol ~ 1).

2.3. Determination of Growth Kinetics and P3HB Production

Bacterial growth was measured as protein and performed using the Lowry method as described
by Garcia et al. [19].

For the quantification of P3HB, 3-5 mg of dry biomass was taken and 1 mL of concentrated H2SOx
was added. The mixture was heated to 90 °C for 1 h. The samples were allowed to cool, then diluted
1:50 with MilliQ water, and a 20 uL sample was injected into high-pressure liquid chromatography
(HPLC) (Waters Alliance 2695) using an Aminex HPX-87H column (Bio Rad), using 5 mM H,SO,
mobile phase and a Waters 2996 diode array detector was used [13]. The area under the curve was
quantified at 220 nm. The standard was prepared through hydrolysis of commercial P3HB (1-0.1 mg
mL 1) [20].

The specific growth rate (i) was measured as Garcia et al reported [15]

The specific oxygen uptake rate (qO,) was calculated with the equation:

0. — OTR(mmolL 'h™")
e cellularprotein(gL_l)

)

2.4. Molecular Weight Determination of P3HB

The biomass contained in 3 or 6 mL of sample was recovered by centrifugation. Subsequently,
the biomass was washed with 1 mL of distilled water, resuspended, and centrifuged again at 8060 x
g for 10 min (Eppendorf, model 5804 R). 1 mL of acetone was added, and the cell pack was agitated
for 10 min. The sample was centrifuged at 8060 x g for 10 min, acetone was discarded and 2 mL of
chloroform was added to solubilize P3HB, leaving it in contact for 20-24 h at room temperature for
subsequent filtration prior to molecular weight analysis.

The molecular weight distribution was determined by gel permeation chromatography (GPC).
A Shodex K-807L column was used, which allows the analysis of P3HB samples with molecular
weights from 1,000 to 20,000 kDa. The column was coupled to HPLC equipment (Waters Alliance
2695) with a refractive index detector (Waters, 2414). The injection volume was 50 pL, at a working
temperature of 30 °C and a run time of 30 min at a flow of 1 mL min using chloroform as a mobile
phase. Polystyrene standards were used for the construction of the calibration curve with molecular
weights between 2.9 x 103- 5.6.0x10¢ Da. Samples were prepared at a concentration of 1-2 mg mL™!
and dissolved 24 h prior to analysis. Each sample was filtered with glass syringes and chloroform-
resistant PTFE membranes with a pore size of 0.45 um (Merk, Millipore, No. SLCR0O33NB).

Empower Chromatography Data System (Waters) was used for the processing and
quantification of the molecular weight of the samples. From the calibration curve, an equation was
obtained to estimate the molecular weight of P3HB depending on the elution volume [17].

3. Results and Discussion

3.1. Growth kinetics, OTR Profiles and qO, in Bioreactor Cultures at 300 and 500 rpm with OP, OP-PhbP2
~ and OP-PhbP3 ~ Strain

In order to evaluate the effect of inactivating the phasins PhbP2 and PhbP3 under different OTR
conditions, the OP wild type strain and its derivative mutants were tested under two agitation rates
(300 and 500 rpm), corresponding to low and high oxygen transfer rates (OTR). Figure 1a shows the
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bacterial growth kinetics, measured as protein, of the three strains grown at 500 rpm in PYS medium.
In the cultures using the OP-PhbP2- and OP-PhbP3- strains, the cellular growth was lower compared
to that of the OP strain. In the case of OP strain, the maximal protein concentration was 1.43 + 0.04 g
L-; whereas, the cultures with the mutant strains OP-PhbP2- and OP-PhbP3- reached 0.96 +0.02 g
L and 1.08 + 0.15 g L, respectively. The specific growth rate (m) was 0.05 + 0.01 h™! for OP-PhbP2-
and 0.04 = 0.01 h™* for OP-PhbP3- . In the case of the culture with the parental strain OP, the m was
higher (0.08 £ 0.02 h™) (Table 1).
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Figure 1. Bacterial growth kinetics (a) OTR evolution (b), sucrose consumption (c) and qO.
(d) for the strains cultured at 500 rpm.

Table 1. Effect of agitation rate on the OTR, qO,, p and final protein concentration, for three
strains of A. vinelandii.

Strain Asgitation OTRus (m;ln(())iag-l H ijg:::
-1 H-1 -1
rate (rpm) (mmol L1 h™) bty (h) (g L)
500 8.30 +0.56 919+1.01 0.08+0.020  1.43+0.04
or
300 3.91+0.90 6.88+0.67 0.025+0.001 0.94+0.07
500 8.12+0.24 255+1.04 0.05+0.010  0.96+0.02
OP-PhbP2-
300 4.94+0.92 12.07£3.76  0.025+0.001  0.89+0.01
500 8.94+0.79 3733+1.60 0.04+0.010 1.08+0.15
OP-PhbP3-
300 3.20+1.00 6.93+231 0.027+0.001 0.99+0.17

a=measured at 12 h of cultivation.
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Although the 1 was lower in the cultures conducted with the mutant strains, the OTR profiles
(Figure 1b) were very similar for the three strains evaluated. For example, the OTR increased during
the first 10 h of cultivation, reaching maximal values between 8.1 and 8.9 mmol L! h"! depending on
the strain evaluated. Regardless of the strain, the OTR remained constant from 10 to 24 h of
cultivation, which was a sign of oxygen limitation in the culture, with a plateau region characteristic
of this kind of limitation, as previously described by Diaz-Barrera et al. [14] and Castillo et al. [20].
After 24 h the OTR dropped drastically to a minimal value of 3 mmol L-* h-'.

Figure 1 (c) shows the sucrose consumption during the cultivation. For the three strains
evaluated, the rate of sucrose consumption at 500 rpm was the same, with values of 0.25 g L h. At
the end of the culture (72 h), a residual sugar concentration of 2 g L was determined for the cultures
with the OP strain and OP-PhbP3-strains, and 4.0 g L-'in the cultures with the mutant OP-PhbP2-. It
is known that in cultures of A. vinelandii the affinity constant (Ks) for sucrose is 0.1g L [21].
Therefore, the cultures were not limited by the carbon source, thus, it is possible that other nutrients,
such as phosphates or trace elements, are responsible for this drop in oxygen transfer rate and oxygen
consumption.

The qO, was calculated in the range from 12 to 36 h, since in that period the dissolved oxygen
tension (DOT) remained constant and therefore is valid to assume that the oxygen transfer rate =
oxygen uptake rate [21]. As shown in Figure 1d, the highest value of qO, was reached with the mutant
strains along the culture. In the cultures at 500 rpm, this value was two to three-fold higher compared
with that obtained with the OP strain during the growth phase (12 - 24 h). For example, at 12 h of
culture the qO, for the culture of OP-PhbP3 ~  strain was 37.33 + 1.60 mmoL g h™! and 25.5 + 1.04
mmoL g1 h for the culture with mutant OP-PhbP2 ; whereas for the OP strain was 9.19 + 1.01
mmoL g h™ (Table 1).

It has previously been reported that variations in agitation rate, and therefore in the OTR, could
promote an effect known as “semi-lethal damage”; where it is proposed that high OTR, similar to
those achieved at 500 rpm, results in a condition of oxidative stress [14,16]. Previous studies have
reported that in cultures of A. vinelandii at 500 rpm, it is possible to find a situation that causes semi-
lethal cell damage [14]. Considering this starting point, and that in the mutant strains phasins PhbP2
and PhbP3 are not expressed, we propose that these phasins may be playing another function distinct
to P3HB metabolism, as chaperone proteins that protect cells against oxidative stress, as it has been
shown for other phasins [22,23].

To test this hypothesis, cultures were carried out at low OTR (300 rpm). As it shown in Figure
2a, there were no significant changes in the growth or the qO,, being the case for the two mutant
strains with respect to strain OP. The values of maximal protein concentration were in the range of
0.89 t0 0.99 g L, with m of 0.025 + 0.001 h™! for OP and OP-PhbP2 ~ and 0.027+0.001 h* for OP-
PhbP3 . In the case of the qO, the values at 12 h of cultivation were in the range of 6.88 to 12.07
mmoL g h! (Table 1). Therefore, it is possible to consider that under conditions of high oxygen
transfer, phasins could be involved in participating as chaperone-type proteins that help face a
situation of oxidative stress in cells. However, more studies are necessary to elucidate the
mechanisms involved.

It is known that the phasins exert a stress-reduction action, both in P3HB and non-P3HB
synthesizing bacteria, decreasing the induction of heat shock-related genes in E. coli [22,23] and
promoting protein folding through a chaperone-like mechanism, which suggests an in vivo general
protective role of this phasin [24]. However, it is necessary to carry out more studies that help to
discern if the suggested effect is carried out genetically or if it is through protein-protein interactions
on the granule surface, since in some study models, it has been shown that phasins facilitate the
anchoring of P3HB synthases on the surface [24].
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Figure 2. Bacterial growth kinetics (a) OTR evolution (b), sucrose consumption (c) and qO.
(d) for the strains cultured at 300 rpm.

3.2. P3HB Production at 300 and 500 rpm Using the OP and Mutant Strains

The accumulation percentage of P3HB and its concentration were also quantified at the different
culture times. Figure 3a shows the kinetics of P3HB production of the three strains evaluated at 500
rpm. It was observed that the absence of phasin PhbP2 resulted in an increase in the production of
P3HB; whereas, the absence of phasin PhbP3 resulted in a decrease in the production of the polymer.
The maximal concentrations were 4.60 + 0.77g L for the OP strain, 5.33 + 0.30 g L for the OP-PhbP2-
strain, and 3.74 + 0.59 g L ! for the OP-PhbP3- strain (Table 2).

Figure 3c shows the accumulation percentage of PHB at 5000 rpm. The OP-PhbP2 = strain
showed very high levels of PHB accumulation, reaching values of 82.2 + 8.1% based on the dry weight
of the bacteria. On the other hand, in the cultures with the OP strain, the percentage was 71.0 £ 1.4 %,
and 73.92 + 4.17 % for the OP-PhbP3 =~ strain (Table 2).

It is important to point out that in the cultures at 300 rpm (OTR about 5 mmol L h?), both the
concentration (Figure 3b) and the percentage of polymer accumulation (Figure 3d) were lower with
the three strains evaluated than those obtained at 500 rpm. As it is shown in Figure 3b, the highest
production of P3HB was obtained in the cultures with the OP strain, reaching 3.83 + 0.65 g L 1. In the
case OP-PhbP3 ~ mutant strain, the P3HB production was 1.62 + 0.30 g L and for the OP-PhbP2
strain was 1.37 +0.06 g L' 1. Similarly, the percentage of polymer accumulation was around 70 %
with the OP strain and 47.25 + 0.97 % and 67.1 + 0.00 % with OP-PhbP2 =~ and OP-PhbP3
respectively (Figure 3d) (Table 2).
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Figure 3. Evolution of the P3HB production (a and b) and intracellular accumulation (c and d) in
cultures of three strains of A. vinelandii at different agitation rates (500 and 300 rpm). OP strain (black
circles), OP-PhbP2- (white circles) and OP-PhbP3- strain (black triangles).

Table 2. Effect of two values of agitation rate on P3HB production and accumulation of
P3HB for the three strains of A. vinelandii evaluated.

TRmax
. Agitation rate o _ P3HB nax % P3HB
Strain (mmol L .
(rpm) he) (gL (on dry weight)
500 8.30 +0.56 4.60+0.77 71.00 +£1.40 (72 h)
or
300 3.91+0.90 3.83+0.65 6899 +16.4(48h)
500 812+024 533 +030 8225+8.08(72h)
OP-PhbP2-
300 494 +0.92 137 +0.06 4725+ 0.97(12h)
500 8.94+0.79 3.74+0.59 73.92 +4.17 (36 h)
OP-PhbP3-
300 3.20+1.00 1.62+0.29 67.14 £ 0.00 (12 h)

These results contrast with previous reports by other authors, who found that under conditions
of low oxygen transfer, such as those obtained at 300 rpm, the synthesis of PHB is favored, because
the carbon source is channeled through the TCA cycle, and much of the carbon source is directed to
P3HB production instead to bacterial growth. However, those studies were performed with a
different strain (OPNA) that has inactivated the rsmA and ptsN genes that are involved in the
regulation of PHB synthesis [21].

More recent studies by Gomez-Herndndez et al [17], reported a behavior similar to that observed
in this study. Those authors found that maximal production (4.2 + 0.4 g L' ') and accumulation of
P3HB (90 + 4.6 % w w™) using the strain OP was reached in the cultures grown at 500 rpm (high
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OTRumax). On the contrary, the lowest P3HB production of approximately 1.6 + 0.3 g L' 1 (56.0 +2.2 %
w w') was obtained at 300 rpm (low OTRmax).

This increase in the production and accumulation of P3HB at high oxygen transfer may be due
to the activation of a cell protection mechanism against oxidative stress, as previously was reported
by Garcia-Cabrera et al. [16]. Those authors found that in cultures at high oxygen transfer (20.2 mmol
L' * h " 1), Rhizobium phaseoli increases the activity of catalase, an enzyme that acts on hydrogen
peroxide, and the production of P3HB as a strategy to address with oxygen stress situations.

On the other hand, it was suggested that in Curpriavidus necator, phasins modulate the activity
of P3HB depolymerase Z1 and Z2, respectively [24]. In the case of Azotobacter sp. FA-8, PhaPAz is the
most abundant P3HB granule-associated protein [23,25]. It has been found that this protein displays
a growth-promoting effect, also enhancing the polymer production in recombinant P3HB-producing
Escherichia coli [22].

3.3. Molecular Weight Distributions of Polymers Produced by the OP and Mutant Strains

Figure 4 shows the mean molecular mass data of the three strains evaluated at 500 rpm. A
maximal molecular mass of 7080 + 273 kDa and 6820 + 237 kDa were reached in the P3HB produced
by the OP strain and the strain OP-PhbP2 ~ at 24 h of cultivation. At the end of the culture (72 h), the
mean molecular mass of the polymer decreased in both strains to values of 5480 + 239 kDa and 4489
+ 281 kDa for the polymers produced respectively by the OP strain and OP-PhbP2 ~ . Itis interesting
to note that in the case of the strain OP-PhbP3 =, the mean molecular weight remains constant
throughout the cultivation at a value of 7262 + 1334 kDa at 24 h of cultivation and 6704 + 981 kDa at

72 h.
I OP strain
10000 - OoP PthZ_ strain
B OpP-PhbP3” strain
8000 -
o T
(m]
= 6000 A
= |
=
= T
4000 A
2000 A
0 T T T
24 48 72

Time(h)

Figure 4. Mean molecular mass (MMM) of P3HB produced for the different strains evaluated in
cultures developed at 500 rpm.

To better understand the changes observed in the molecular weight of P3HB, Figure 5 shows the
molecular weight distribution of the P3HB accumulated at 24, 48 and 72 h for the three strains tested.
It is clear from the figure that in the case of the OP strain, at 24 h, most of the P3HB fractions are in
the range of 1000 to 10,000 kDa; whereas, at 48 and 72 h a significant change in the distribution is
found, with a high percentage of molecules in the range of 100 to 1000 kDa. On the other hand, in the
polymer synthesized by the OP-PhbP2 ~ strain, a phenomenon similar to that identified in the OP
strain is observed, especially at 72 h, where the percentage of molecules in the range of 100 to 1000
kDa increased significantly. In contrast, in the case of the OP-PhbP3 ~ strain, no relevant changes
were observed in the distribution of molecular weights as a function of culture time and most of the
fractions are in the range of 1000 to 10000 kDa, independently of culture time. This behavior is
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reflected in the polydispersity index (PI) of the product, finding that in the polymer produced by the
OP strain and OP-PhbP2  the values at the end of the culture are higher than 3 (3.01 + 2.04 and 4.93
+ (.88, respectively); whereas for the polymer synthesized by the strain OP-PhbP3 |, the PI was of

1.27 + 0.05.
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Figure 5. Distribution of molecular weight of P3HB produced by the OP (a), OP-PhbP2 = (b), and
OP-PhbP3 ~ (c) strains cultured at 500 rpm.

The decrease in the molecular weight throughout the culture with the OP and OP-PhbP2
strains, could be related with the increase in the activity of depolymerases during the stationary stage
of the culture. Previous studies with the OP strain [27] have found an increase between 40 to 50 % in
the activity of depolymerases at the end of the exponential growth phase and the stationary phase
under oxygen transfer conditions similar to those used in the present study. In contrast, the P3HB
synthase activity decreased about 50 % at the end of the stationary phase [26].
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Regarding the behavior observed in the P3HB synthesized by the OP-PhbP3  strain, there is
no a complete explanation. It is possible to hypothesize that the phasin could activate the P3HB
depolymerase Z1, which is known to cause a decrease in the molecular weight of the P3HB [26, 27],
and the absence of phasin PhbP3 would negatively affect the activity of depolymerase Z1, since it has
been observed that the elimination of this depolymerase increases the MMM along the culture [27].

There are some examples where changes in the expression of different phasins had effects on
the molecular weight of the PHAs produced. For example, in Aeromonas hydrophila, the over-
expression of the phasin PhaPAh reduced the molecular weight of the PHA produced to
approximately 50 % of that of the wild type strain. This phenotype was explained by the authors as
a possible indirect effect through the PHA synthase, because over-expression of phaPAh increased
transcription of PhaCAh, and over-expression of phaC also negatively affected the molecular weight
[29].

On the other hand, the phasin PhaPAh from Aeromonas hydrophila seems to regulate phaCAh
gene at the transcriptional level [29]. If a similar regulation occurs in A. vinelandii, the amount of PhbC
would be affected in the phasin mutants, and a correlation between the active synthase concentration
and the molecular weight of the PHA produced has been reported, where it was found that the lower
the PhaC concentration, the higher the molecular weight of the polymer [30].

As shown in Figure 6, a direct relationship between the depolymerization rate, determined in
the range of 24 to 72 h of cultivation, and the synthesis rate of P3HB for the cultures developed with
the different strains, was found. For the lowest QP3HB (0.075 + 0.002 gP3HB L'  h " 1), obtained in the
cultivations using the OP-PhbP3 =~ mutant strain, a depolymerization rate of 3555+ 136 Da h™! was
reached. On the other hand, in the cultures with the OP strain the QP3HB was 0.09 + 0.002 gP3HB L
Th " 1), with a depolymerization rate 5 times higher (15800 Da h™ ) than that with the OP-PhbP3
strain. The extreme condition occurs with the OP-PhbP2 ~  strain, where the highest rate of P3HB
synthesis was reached (0.11 gP3HB L 'h " '), and a high rate of depolymerization (24500 Da h™).

This trend was previously reported by Millan et al [26] who found a close relationship between
the synthesis rate of PHB and the molecular weight of polymers. These authors reported that when
the rate of PHB synthesis is increased, by manipulating the polymer content in the inoculum, a
significant decrease in the molecular weight of the polymer was observed.

In addition, this behavior is similar to that observed in recombinant E. coli and Azohydromonas
lata cultures, where an inverse relationship between the P3HB production rate and the molecular
mass was reported [31-33]. On the other hand, studies in our group [26] have shown that in the case
of the cultures developed using an inoculum with 50 % of P3HB the synthase activity was higher
when the P3HB productivity is higher (growth exponential phase) and this activity decreases
significantly during the stationary phase of growth, when the productivity of P3HB decreases [28].
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Figure 6. Relationship between the depolymerization rate of PBHB (Da h™') and the volumetric
productivity in cultures of OP, OP-PhbP2- and OP-PhbP3- at 500 rpm.

5. Conclusions

Overall, our results have demonstrated, for the first time, that the absence of phasin PhbP3 and
PhbP2 causes a significant decrease in specific growth rate in cultures of the mutant strains conducted
at high OTR. In contrast, the absence of phasin phbP2 favors the production of the polymer; however,
a decrease in the MMM of the polymer was observed at the end of the culture, probably as a
consequence of the depolymerase activity, regulated by the presence of this phasin; a behavior that
was not observed in the polymer synthesized by the strain OP-phbP3 ~ strain.
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