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Abstract

In this case study, the H.E.L BioXplorer was used to evaluate microbial fermentation in either

autotrophic mode or heterotrophic mode. In autotrophic cultivation, elevated gas pressure

allowed for process economics to be directly improved through higher biomass production

rates. Substantial increases in gas solubility and gas-liquid mass transfer were demonstrated

while at the same time achieving a fine control of dissolved oxygen profiles. This has applications

targeting both bio-fuels and bio-alcohol production. Operating at a range of fermenter volumes

from typically 100 ml upwards and working pressures of up to 60 psi (~4 bar), the biomass

production rates for autotrophic cultivation using CO, /H, as gas feed were comparable to that

for heterotrophic cultivation with gluconate as the carbon source.

Introduction

The commercial feasibility of many bio-
processes can depend on how fast the gas
transfer takes place. This is especially true
if gas solubility is poor. For example, when
working with gases such as hydrogen and
methane in the context of gas fermentation
for the production of fuels and chemicals
from waste gases, the engineering solution
for poor gas transfer is often limited to
increasing ki a through changes in sparging
and stirring arrangements. This offers very
limited scope for improvement; therefore,
many potentially interesting processes can
be rendered uneconomical. A much more
effective alternative is to operate the bio-
reactor at elevated pressure as this can, in
principle, increase gas transfer rate
several-fold without any changes to
sparging or agitation.
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There are still challenges to overcome to
further increase the growth rates to justify
the investment in scale up use. These
include, but are not limited to, the low
density of gases, low gas solubility (CHg, Ha,
O2 ~1 mmol/kg water, and CO, ~ 30 mmol/kg
water) and slow C1 gas transfer rates, which
will all limit the net conversion rate.
Increasing the pressure of fermentation will
help speed up gas transfer.

Materials and Method

Cupriavidus necator is a widely recognized
converter of C1sources into a range of
different organics. Substrate conversionis
dependant on the specific strain, and the
genetic modification of the strain. The strain
used in this study is C. necator H16, a non-
pathogenic bacterium commonly found in
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soil and freshwater habits with intrinsic The BioXplorer was setup to monitor pH

ability to produce polyhydroxyalkanoate (probe: Hamilton, Polilyte Plus XP), dissolved
bioplastics. This strain grows with both oxygen (probe: Hamilton, VisiFerm DO Arc
gluconate and CO, as carbon sources. 120), turbidity (probe: Anglia Instruments,
Turbidity Probe SS316), temperature

(probe: Helium, PT100 Class A 4-wire), and

biomass (probe: ABER, FUTURApico).

Because of this, the fermentations were
performed under both heterotrophic and
autotrophic conditions.

A total of 10 fermentation conditions were . .
) ) All parameters were continuously monitored
tested as summarized in Table 1. Unless

. . and automatically adjusted via H.E.L’s
otherwise stated, fermentations were )
. i WinISO software. All data shown apart from
performed at 30 °C using an inoculum
. . . . the calculated ODggo value has been
prepared in synthetic medium MSM with 1 % ]
. . exported from the WinISO software.
sodium gluconate. The fermentation broth

was inoculated to ODsoo = 0.3 at the start of
cultivation. The fermentation broth was
controlled at pH 6.8 using 0.2 M NaOH and

0.2 M H2SOa4.
# | Carbon Pressure | Gas Gas Flow Stirrer Comment
Source (bar) Composition Rate Speed
(ml/min) (rpm)

1 Gluconate |1 100 600 No pH
monitoring/control

2 | Gluconate |2 700 600 -

3 | Gluconate |4 100% Air 600 700 No DO monitoring and
no cell growth

4 | Gluconate |1 100 600 -

5 | Gluconate | 3 500 600 Pressure increase in
step of 1 bar per min

6 | CO2 1 500 600 Run repeated as O2
cylinder was emptied
after 12 h at ODeoo = 1

7 | CO2 3 500 600 -

8 | CO2 3 85% H, 500 600 Autotrophic pre-

5% O, culture used
9 | CO2 4 10% CO 500 600 Growth was stopped
(o) 2 .

after 5 days in the
early exponential
phase

10 | CO2 2 500 600 No growth likely due
to old pre-culture
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Table 1 - Fermentation Conditions
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Results and Discussion

Cell growth was observed in all the
heterotrophic fermentations (run #1-#5),
apart from #3 which was run under 4 bar
conditions, with no viable cells in the final
culture. The maximum growth rate observed
was 0.326 h™' from fermentation #4 (Figure
1). HPLC analysis showed the gluconate was
completely consumed at the end of the
fermentation.
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Figure 1 - Fermentation #4

Autotrophic cultivations at pressure were
achieved by increasing the pressure in steps
of 1bar and held for 20 minutes following
each step increase. Fermentations #6
(Figure 2) and #7 (Figure 3) are shown

below.
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Figure 2 - Fermentation #6
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Figure 3 - Fermentation #7

Shown in Figure 4, all autotrophic growth
rates were slower than that of
heterotrophic cultivation at 1 bar (#4).
Increasing the pressure from 1 bar to 3 bar
increased the growth rate by 166%.
However, increasing pressure to 4 bar
significantly decreased the growth to 24%
compared with 1 bar. This suggests that the
barotolerance of C. necator H16 is likely
around 4 bar. Further work would be
necessary to increase the barotolerance of
C. necator using laboratory evolution, which
can also be conducted using the BioXplorer.
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Figure 4 - Growth curve of C. necator H16 in
gas fermentation and during heterotrophic
growth
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Conclusion

The H.E.L BioXplorer was used to

successfully investigate the effects of
pressure on the growth of C. necator H16
under both heterotrophic and autotrophic
conditions. Growth under heterotrophic
conditions remained feasible even when
pressure was increased from 1 bar to 3 bar.
This is not surprising, as the carbon source
of gluconate was readily available at all
pressures. However, under autotrophic
conditions, pressure up to 3 bar significantly
increased the growth rates up to 166%
when compared with 1 bar.

The benefits of running fermentations under
pressure is clearly shown with the H.E.L
BioXplorer. It is therefore possible that
using elevated pressure for microbial
fermentations makes autotrophic growths
economically viable.
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