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The world’s energy today is still relying heavily on fossil fuel. The carbon-containing
oll, coal, and natural gas are consumed rapidly over the past century, leading to an
accelerated release of carbon dioxide. It has been a consensus that the increasing CO»
concentration in the earth’s atmosphere is a major cause of global warming and the
related climate change. As the Intergovernmental Panel on Climate Change is setting
the target to lower the global net human-caused emissions of carbon dioxide by about
45% by 2030 from the 2010 levels and set the goal of “net zero” in 2050, drastic
measures are needed to reach these goals.

One of the options is by increasing the efficiency of electricity production and energy
use In transportation and industry. Another available option is through the
development of alternative energy sources, such as hydrogen. Currently, hydrogen is
still mainly produced through steam-reforming of natural gas. A shift to hydrogen
production from renewable sources will help to relieve the world’s dependency on fossil
fuel. One of the available options is through hiological hydrogen production from
lignocellulosic biomass.

The application of extremely halophilic bacteria for bichydrogen production from
lignocellulosic biomass can potentially contribute to a cost reduction of sterilization
and water. While lignocellulosic biomass is available in great quantity in nature from
woods, grasses, and agricultural wastes, it has a naturally recalcitrant structure of
cellulose, hemicellulose, and lignin. The cellulose and hemicellulose part can be
biologically utilized through the fermentation process after the application of size
reduction, pretreatment, and enzymatic saccharification. Alkaline pretreatment with
NaOH is considered as the most widely used and cost-effective for lignocellulosic
biomass. By using extremely halophilic bacteria, after lignocellulosic pretreatment
with NaOH and neutralization with HC], only a relatively small amount of water will
be needed to dilute the pretreated biomass before the fermentation process.,

Extremely halophilic hydrogen-producing bacteria were investigated, owing to their
ability to live in high-salinity conditions. Based on this characteristic, it was
hypothesized that extremely halotolerant hydrogen-producing bacteria could tolerate
high concentrations of Na* ions. To test this hypothesis, we investigated the
characteristics of extremely halotolerant hydrogen-producing bacteria obtained from
salt-damaged soil in Khon Kaen and a commercial salt pan field near Bangkok (Samut
Sakhon), Thailand. The result of this preliminary investigation showed that hydrogen
production under saturated conditions of 26% (6 M) NaCl was possible after one year
of acclimatization.

The optimum conditions for biohydrogen production from glucose with extremely
halophilic bacteria from Samut Sakhon salt pan, Thailand, were then identified. A
hydrogen molar yield of 1.45 mol Ha/mol glucose at optimum conditions of 26% NaCl,
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35°C, and pH 9 was obtained. The acclimatized bacteria were able to ferment variousg
types of lignocellulosic-derived sugars and D-fructose, which also suggested a potential
ability to produce biohydrogen from food waste. Through PCR-DGGE, the predominant
hydrogen producer among the mixed culture was found to be Halanaerobium
fermentans. Anew 16s rRNA sequence of H. fermentans strain B4 has been identified
and submitted to the GenBank data base (Accession number MN133965). The 1,424
base-pair length sequence shares 99.36% similarity with strain R-9, which has been
isolated from salted puffer fish ovaries in Japan and reported in 2000. These findings
provided insights into the application of extremely halophilic bacteria for bichydrogen
production.

A study of three extreme halophilic microbial communities cultivated from the soils
of a salt pan and salt damaged so0il in Thailand was also presented. The cultivation
aimed to screen potential bichydrogen producing bacteria capable of growing in 26%
NaCl concentration. Polymerase chain reaction and denaturing gradient gel
electrophoresis (PCR-DGGE) of the V3 region of the 16s rRNA and the high-throughput
amplicon sequencing of the V3-V4 regions of 16s rRNA performed on IonS5™XL
platform techniques were used, and the results were compared. Several bands
corresponded to the same genus of Halanaerobium in the DGGE result, limiting the
technique to provide only a rough idea of the profiles of extreme halophilic bacterial
communities. High-throughput amplicon sequencing revealed that the most abundant
OTU among all communities (37-98%) shared close similarity with Halanaerobium
fermentans R-9, while one community has many highly similar OTUs to
Halanaerobacter lacuranum TB21 (61%). Higher hydrogen molar vields were obtained
by microbial communities with the higher population of H fermentans (1.15 and 1.08
mol Hz/mol glucose) compared to microbial communities dominated by H. Jacunarum
(0.66 mol Hz/mol glucose). The amplicon sequencing with NGS has provided more
detailed pictures compared to the PCR-DGGE technique for the extreme halophilic
bacterial communities.
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