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Abstract | Microbes are important decomposers of organic waste. By
decomposing organic waste and using it for their growth, microbes
play an important role in maintaining ecosystem’s carbon and nitrogen
cycles. An ecosystem’s microbial shift may disturb it's carbon/nitro-
gen cycle as a result of any climate change or humanitarian factors,
but heat produced by various instruments and greenhouse gases con-
tribute significantly to global warming which in turn may be related to
microbial shift of ecosystems. To reduce greenhouse gas emissions and
global warming, innovative clean energy production methods must be
employed to develop fuels with minimal greenhouse effect. Biofuels,
such as bioethanol, provide clean energy with less carbon dioxide emis-
sions. For the production of bioethanal, it is always recommended to use
microbes that are capable of decomposing complex organic matter (cel-
lulose, lignin, hemicellulose). Some microbes can efficiently decompose
complex organic matter due to the presence of genetic machinery that
produces cellulases and pB-glucosidase. The membrane transporters are
also important for microbes in uptake of simple sugars for metabolism
and ethanol production. Microbial technologies are addressing the future
needs for not only organic waste management but also clean energy/
bioethanol production. However, the role of these technologies on space
missions and extraterrestrial settings needs to be explored to improve
long term space missions.

1 Introduction

Modern society produces a significant amount
of food and organic waste. An estimated third of
food intended for human consumption goes to
waste through the food supply chain', account-
ing for approximately $750 billion in produc-
tion costs. As per previous reports, over 46% of
global solid waste is organic waste’. The United
States produces 71 million tons of organic waste
derived from food waste and yard trimmings,
contributing to 28% of the country’s total munic-
ipal solid waste stream”. Environmental policies
promote the use of organic waste and their man-
agement practices to produce energy and reduce
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greenhouse gas emissions”. Food waste contains
complex carbohydrates (starch, cellulose, and
hemicellulose)?, which are resistant to degrada-
tion. However, organic waste can be managed by
valorization through anaerobic digestion, com-
posting, and mulching to produce useful prod-
ucts®#. In anaerobic digestion, the decomposition
of organic matter occurs in the absence of oxygen,
while composting is a process that facilitates the
aerobic decomposition of organic matter. These
management practices also depend upon the
composition of the organic waste and its decom-
position during composting and anaerobic diges-
tion’. The organic waste management strategies
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end up in methane production and organic
products, which can be used as fertilizers. The
properties of a microbe to decompose a specific
material depend on its genetic machinery, which
is meant for production of several enzymes.
These enzymes play essential roles in the decom-
position of complex organic materials (cellulose,
starch, and lignin) to simple carbohydrates/sugars
which are further utilized by microbes for their
growth and metabolic activities. Additionally, the
uptake systems and specific membrane transport-
ers of microbe play important roles in intake of
simple carbohydrates/sugars into the cell which
after metabolism fermentation produces sev-
eral useful end products like ethanol. More spe-
cifically, during fermentation and decomposition
processes, the fungal/ bacterial cellulases hydro-
lyze cellulose into oligoglucans, and cellobiose is
further converted to glucose by B-glucosidase’.
This review discusses the organisms used in man-
aging organic wastes and their functional proper-
ties. Moreover, we discussed the expected role and
potential applications of microbial based technol-
ogies in addressing global change. Microbes are
closely related to soil decomposition processes,
therefore, are also thought to play an important
role in the carbon (C) cycle and climate change.
Consequently, changes in the microbial composi-
tion of an ecosystem are expected to affect the C
cycle, the nitrogen (N) cycle, and soil productiv-
ity, all of which may be related to climate change.
Despite having insufficient evidence, global
warming is considered to play a role in changing
biodiversity, however, the present review article
also highlights factors other than global warm-
ing that are contributing to microbial diversity
and other biodiversities in ecosystems. Current
lacunae in literature, challenges to study climate
change in the natural ecosystem, and future pros-
pects for understanding the factors affecting cli-
mate change and biodiversity are highlighted in
this article.

2 Microbes and Their Characteristics

in Complex Organic Matter Degradation
Microbes, including bacteria, fungi, and yeasts, play
critical roles in decomposing organic matter and
the global carbon cycle as the primary decomposers
of litter and wood®. Fungi are primary decomposers
of organic material in terrestrial ecosystems’. Wood
decaying fungi are traditionally classified as white
rot or brown rot®. White rot fungi are character-
ized by their capability to degrade all components
of plant cell walls, including lignin®. In contrast,
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brown rot fungi evolved selectively to target car-
bohydrates and leave behind lignin largely intact
and unused”®. The lignin decomposition mecha-
nisms were first uncovered in "white rot" fungi,
which produce carbohydrates by degrading lignin.
The brown rot adaptation of fungi is supported
by mechanisms that release reactive oxygen spe-
cies (ROS) that attack wood structures’. A recent
study of carbohydrate-active enzymes (CAZYs)
families has shown that a temporal regulatory shift
of lignocellulose-oxidizing genes was reported
during the early stages of brown rot compared
to white rot”. Thus, the modulated expression of
ROS-generating genes could have played a pivotal
role in brown rot adaptation”’. A recent study on 34
fungal isolates reported that fungi’s decomposition
ability varies from stress-tolerant, poorly decom-
posing fungi to fast-growing, competitive fungi
that rapidly decompose wood. The fungal com-
munities of fast-growing fungi decompose wood
more quickly®. Fungal growth rate (hyphal exten-
sion rate) is reported as the strongest predictor of
fungal-mediated wood decomposition rate under
laboratory conditions. However, the decomposition
rate correlates negatively with moisture niche width
(an indicator of drought stress tolerance) and with
the production of nutrient-mineralizing extracellu-
lar enzymes®.

Most organisms require water for survival but
fungi can perform decomposition and nitrogen
transformations even in droughts’. The functions
of C-and N-acquisition in drought are performed
by inducing an increase in frequencies of fungal
functional genes related to ammonium trans-
porter, amino acid permease enzyme, chitinases,
and cellulose-targeting AA9 genes’. In other
words, we can say that in drought, the fungal
species that contain these genes get enumerated.
The fungi having these genes may better adapted
to harsh environments like drought’. Further-
more, fungal degradation of cellulose and plant
cell walls can also be enhanced by increasing the
availability of nitrogen. In bacteria, analysis of
functional traits revealed species-specific proper-
ties to degrade B-glucans can serve as predictive
functions for efficient cellulose decomposition'’.
A recent study has categorized fungal gene fam-
ily domains encoding for enzymes responsible
for N uptake and organic matter decomposition.
Ammonium transporter and nitrate transporter
genes were considered responsible for the uptake
of inorganic N, whereas amino acid permease was
deemed critical to the uptake of organic N. How-
ever, there were two categories for the decom-
position of organic matter, the genes involved
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in the decomposition of cellulose (genes coding
for cellobiohydrolase, B-glucosidase and lytic
polysaccharide monooxygenase) and the genes
involved in the decomposition of lignin (lignin
peroxidase)'!. The following section discusses
the impact of these functional characteristics of
microbes on solid waste management and pro-
duction of biofuels.

3 Solid Waste Management for Global
Energy/Biofuel Generation

As a common biofuel, bioethanol is used to over-
come the greenhouse gas emissions. However, the
greenhouse gases released during the fermenta-
tion process of producing bioethanol should be
considered when discussing clean energy. Sev-
eral substrates can be used in ethanol produc-
tion, such as molasses, starch-based substrates,
sugar sorghum cane extract, lignocellulose, and
others'2. There are several strategies which are
implemented to optimize ethanol production,
shorten fermentation time, and reduce process
cost'. Use of solid and other waste materials
containing organic matters are best employed to
generate bioethanol. A recent study has evalu-
ated the ability six wood-decay and compost-
inhabiting ascomycetes in bioethanol production
where Fusarium oxysporum had shown potential
for maximum bioethanol production and yield
of 2.47 g/L and 0.84 g/g'*. To meet the future
energy demands, similar strategies can be imple-
mented in space. Space associated fungal species
and other microbes may be best implemented to
clean the closed environments like International
Space Stations (ISS) by decomposing the gener-
ated waste along with production of biofuels'.

4 Ecosystems Balance, Climate Change
and Biodiversity

Microorganisms consume and produce the key
greenhouse gases CO,, CH,, and N,O, which
contribute to global warming'®. The abilities
of microbes are not limited to only decompos-
ing complex carbon sources/ organic matter and
metabolizing them to form useful endproducts
but these abilities are the cause of their close
connection with global/climate change. Under-
standing the mechanisms controlling the accu-
mulation of soil carbon is critical to not only
predicting the Earth’s future climate but also
remedial measures. There are evidences that soil’s
microbial signatures play key roles in carbon stor-
age'’. As per theoretical prediction, presence of
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Ectomycorrhizal and ericoid mycorrhizal (EEM)
fungi in soils increases carbon storage capacity.
As per global data sets, ecosystems dominated
by EEM-associated plants contains 70% more
carbon per unit nitrogen than soil in ecosystems
dominated by arbuscular mycorrhizal (AM)-
associated plants'’. Although the effect of global
change on fungi is still insufficient but there are
evidences that warming and physical changes
can nutrient availability and cycling by microbes,
which will have unknown cascading effects on the
environment'®!?,

There are many hypotheses and assumptions
about the role of microbes in climate change and
ecosystem balance. However, the cause-or-effect
relationship between microbes and climate has
yet to be clarified. Marine biodiversity is claimed
to be affected by climate warming at a global
scale”’. However, the effect of factors other than
global warming/climate changes on marine bio-
diversity are not considered. Marine diversity of
pelagic species might be significantly impacted
due to fishery activities (including tourism and
snorkeling) rather than warming®'~>. There are
many assumptions, but until now, there has been
no controlled experiment to validate the effects
of proposed temperature shifts/climate change
on the diversity, mortality, and survival of pelagic
species or microbial diversity. Water pollution
is not even considered when global warming is
cited as for affecting diversity. In temperate riv-
ers, the change in biodiversity is noticed due
to river fragmentation and the introduction of
non-native species®’. Biodiversity questions in
connection to climate change or global warm-
ing need re-iteration and carefully investigated
before reaching conclusions so that factors other
than global warming should also be considered
to protect the planet earth. There is evidence that
factors other than global warming/climate change
are contributing significantly to the decline of
marine biodiversity. These factors are human
activities, water pollution, and the fishery indus-
try”>%, Global warming/climate change affects
microbial and other biodiversity””. However,
uncontrolled human activities seem to have a far
greater impact on the marine environment than a
minor increase in temperatures. In contrast to the
lack of significant evidence that a minor degree
increase in temperature is lethal for marine life
and biodiversity, other factors and humanitarian
activities need to be taken into consideration in
order to resolve the mechanistic insights about
global warming related biodiversity shift and its
relationship to C/ N cycles. Insights into factors
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causing changes in biodiversity will help to design
microbial remedies for reversing climate change
and related issues such as drought, soil productiv-
ity, and changes in biodiversity.

Moreover, literature is also scarce regarding the
role of microbes on ecosystem balance and climate
change. Still, there are clues that microbial com-
munities are related to productivity and health out-
comes of flora/ fauna of a territory'®. A recent study
reported that the richness of fungal decompos-
ers is positively associated with ecosystem stability
worldwide. In addition, the richness of soil decom-
posers was reported to be positively linked with
higher resistance of plant productivity in response
to extreme drought events. Notably, the presence of
fungal plant pathogens is negatively linked to plant
productivity. Thus, maintaining the richness of soil
decomposers may act as a buffer against extreme
climate events like drought, with the suggestion
of promoting stable plant production over time
in global ecosystems®. The study also provides
clues about the strategies to be followed for grow-
ing plants in adverse conditions and encouraging
efficient efforts in plant production on ISS and
extraterrestrial worlds. As per recommendations of
the study, use of microbial richness of decompos-
ers in the soil/ Mars and Lunar regolith may open
up opportunities for improving plant production
in drought conditions on earth and extraterres-
trial worlds. The change in microbial communities
of an ecosystem may have been impacted because
certain microbial communities adapted higher
temperatures are supposed to be predominantly
abundant than the previous microbiome. In the
natural habitat conditions, it may be impossible
to detect the determining factor that impacts bio-
diversity. Still, some controlled experiments can
validate the effect of each element expected to
be involved in climate change. Therefore, factors,
global warming/climate change, water/ ecosys-
tem pollution, or humanitarian activities (fishery,
tourism and snorkeling) in context to biodiversity
need to be studied by using controlled experiments.
Considering humans are the significant carriers/
spillers of the microbiome?, thus, a change in the
microbial shift in the human-exposed ecosystem
is expected. Marine phytoplankton perform half
of the global photosynthetic CO, fixation and half
of the oxygen production”**’. Moreover, microor-
ganisms have important roles in carbon and nutri-
ent cycling, agriculture, animal and plant health?®,
thus, a microbial shift in the ecosystems may have
huge impact on these processes. After conduct-
ing more focused studies and continuous moni-
toring of microbial shifts in specific ecosystem/
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marine worlds, specific microbial remedies may
help improve the microbial balance if the change
in microbial diversity is considered the cause rather
than the consequence of human activities and
global warming. To get closure look on the effect of
climate change or humanitarian activities, there is
need to regularly monitor marine water samples for
microbial and total biodiversity by using advanced
next-generation sequencing techniques along with
analyzing the chemical composition of water by
using metabolomics techniques. To achieve these
objectives, sample preservation/storage strategies
must be employed and correlations between shifts
in chemical composition with biodiversity needs
to be established for validation of factors affecting
biodiversity, along with establishing the cause or
consequence relation between them.

Publisher’s Note
Springer Nature remains neutral with regard to
jurisdictional claims in published maps and insti-
tutional affiliations.

Springer Nature or its licensor (e.g. a society or
other partner) holds exclusive rights to this article
under a publishing agreement with the author(s)
or other rightsholder(s); author self-archiving of
the accepted manuscript version of this article is
solely governed by the terms of such publishing
agreement and applicable law.

Acknowledgements

The work was carried out at the Jet Propulsion
Laboratory, California Institute of Technology,
under a contract with the National Aeronautics
and Space Administration (80NM0018D0004). ©
2022 California Institute of Technology.

Author contributions

AMC conceptualized and wrote the article. KV
and NKS also partially conceptualized and edited
the article. All authors read and approved the
final manuscript.

Declarations

Conflict of interest
The authors declare that they have no competing
interests.

Received: 23 January 2023 Accepted: 4 April 2023
Published online: 19 May 2023

,,,,,, J. Indian Inst. Sci.lVOL 103:31833-838 July 2023 ljournal.iisc.ernet.in



References

1.

10.

Slorach PC, Jeswani HK, Cuéllar-Franca R, Azapagic A
(2019) Environmental sustainability of anaerobic diges-
tion of household food waste. ] Environ Manag 236:798—
814. https://doi.org/10.1016/].JENVMAN.2019.02.001
Pace SA, Yazdani R, Kendall A, Simmons CW, Van-
derGheynst JS (2018) Impact of organic waste composi-
tion on life cycle energy production, global warming and
water use for treatment by anaerobic digestion followed
by composting. Resour Conserv Recycl 137:126-135.
https://doi.org/10.1016/].RESCONREC.2018.05.030

Yu IKM, Tsang DCW, Yip ACK, Chen SS, Ok YS, Poon CS
(2017) Valorization of starchy, cellulosic, and sugary food
waste into hydroxymethylfurfural by one-pot catalysis.
Chemosphere 184:1099-1107. https://doi.org/10.1016/].
CHEMOSPHERE.2017.06.095

WeiY, LiJ, Shi D, Liu G, Zhao Y, Shimaoka T (2017) Envi-
ronmental challenges impeding the composting of biode-
gradable municipal solid waste: a critical review. Resour
Conserv  Recycl 122:51-65. https://doi.org/10.1016/].
RESCONREC.2017.01.024

Liu G, Zhang J, Bao J. Cost evaluation of cellulase enzyme
for industrial-scale cellulosic ethanol production based
on rigorous Aspen Plus modeling. Bioprocess and Biosys-
tems Engineering 2015 39:1 2015;39:133—40. https://doi.
org/10.1007/S00449-015-1497-1.

Lustenhouwer N, Maynard DS, Bradford MA, Lindner
DL, Oberle B, Zanne AE et al (2020) A trait-based under-
standing of wood decomposition by fungi. Proc Natl
Acad Sci USA 117:11551-11558. https://doi.org/10.1073/
PNAS.1909166117/SUPPL_FILE/PNAS.1909166117.
SAPP.PDF

Zhang J, Silverstein KAT, Castafo JD, Figueroa M, Schil-
ling JS. Gene regulation shifts shed light on fungal
adaption in plant biomass decomposers. MBio 2019;10.
https://doi.org/10.1128/MBIO.02176-19/SUPPL_FILE/
MBIO.02176-19-SF006.TIFE.

Riley R, Salamov AA, Brown DW, Nagy LG, Floudas D,
Held BW et al (2014) Extensive sampling of basidiomy-
cete genomes demonstrates inadequacy of the white-rot/
brown-rot paradigm for wood decay fungi. Proc Natl
Acad Sci USA 111:9923-9928. https://doi.org/10.1073/
PNAS.1400592111/SUPPL_FILE/PNAS.1400592111.
SD03.TXT

Treseder KK, Berlemont R, Allison SD, Martiny AC.
Drought increases the frequencies of fungal functional
genes related to carbon and nitrogen acquisition. PLoS
One 2018;13:€0206441. https://doi.org/10.1371/JOURN
AL.PONE.0206441.

Evans R, Alessi AM, Bird S, McQueen-Mason SJ, Bruce
NC, Brockhurst MA. Defining the functional traits that
drive bacterial decomposer community productivity. The
ISME Journal 2017 11:7 2017;11:1680-7. https://doi.org/
10.1038/ismej.2017.22.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

J. Indian Inst. Sci. IVOL 103:31833-838 July 2023ljournal.iisc.ernet.in

Microbial Technologies in Waste Management

Romero-Olivares AL, Morrison EW, Pringle A, Frey
SD (2021) Linking genes to traits in fungi. Microb Ecol
82:145. https://doi.org/10.1007/500248-021-01687-X
Buchspies B, Kaltschmitt M (2020) Junginger | Martin.
Straw utilization for biofuel production: A consequential
assessment of greenhouse gas emissions from bioetha-
nol and biomethane provision with a focus on the time
dependency of emissions 12:789-805. https://doi.org/10.
1111/gcbb.12734

Tesfaw A, Assefa F (2014) Current trends in bioetha-
nol production by saccharomyces cerevisiae : substrate,
inhibitor reduction, growth variables, coculture, and
immobilization. Int Sch Res Notices 2014:1-11. https://
doi.org/10.1155/2014/532852

Nait M’Barek H, Arif S, Taidi B, Hajjaj H. Consolidated
bioethanol production from olive mill waste: Wood-
decay fungi from central Morocco as promising decom-
position and fermentation biocatalysts. Biotechnol Rep
(Amst) 2020;28. https://doi.org/10.1016/].BTRE.2020.
E00541.

Chander AM, Singh NK, Simpson AC, Seuylemezian
A, Mason CE, Venkateswaran K, et al. Draft Genome
Sequences of Fungi Isolated from Mars 2020 Spacecraft
Assembly Facilities. Microbiol Resour Announc 2022.
https://doi.org/10.1128/MRA.00464-22.

Tiedje JM, Bruns MA, Casadevall A, Criddle CS, Eloe-
Fadrosh E, Karl DM, et al. Microbes and Climate Change:
a Research Prospectus for the Future. MBio 2022;13.
https://doi.org/10.1128/MBIO.00800-22.

Averill C, Turner BL, Finzi AC (2014) Mycorrhiza-medi-
ated competition between plants and decomposers drives
soil carbon storage. Nature 505:543-545. https://doi.org/
10.1038/NATURE12901

Andrade-Linares DR, Zistl-Schlingmann M, Foesel B,
Dannenmann M, Schulz S, Schloter M. Short term effects
of climate change and intensification of management on
the abundance of microbes driving nitrogen turnover
in montane grassland soils. Sci Total Environ 2021;780.
https://doi.org/10.1016/].SCITOTENV.2021.146672.
Microbes and Climate Change — Science, People &
Impacts 2022. https://doi.org/10.1128/ AAMCOL.NOV.
2021.

Chaudhary C, Richardson AJ, Schoeman DS, Costello
MJ. Global warming is causing a more pronounced dip
in marine species richness around the equator. Proc Natl
Acad Sci U S A 2021;118:€2015094118. https://doi.org/
10.1073/PNAS.2015094118/SUPPL_FILE/PNAS.20150
94118.SAPP.PDFE.

Mona MH, El-Naggar HA, El-Gayar EE, Masood MF,
Mohamed ESNE (2019) Effect of human activities on
biodiversity in Nabq protected area, South Sinai. Egypt
Egypt ] Aquat Res 45:33-43. https://doi.org/10.1016/].
EJAR.2018.12.001

@ Springer %

837


https://doi.org/10.1016/J.JENVMAN.2019.02.001
https://doi.org/10.1016/J.RESCONREC.2018.05.030
https://doi.org/10.1016/J.CHEMOSPHERE.2017.06.095
https://doi.org/10.1016/J.CHEMOSPHERE.2017.06.095
https://doi.org/10.1016/J.RESCONREC.2017.01.024
https://doi.org/10.1016/J.RESCONREC.2017.01.024
https://doi.org/10.1007/S00449-015-1497-1
https://doi.org/10.1007/S00449-015-1497-1
https://doi.org/10.1073/PNAS.1909166117/SUPPL_FILE/PNAS.1909166117.SAPP.PDF
https://doi.org/10.1073/PNAS.1909166117/SUPPL_FILE/PNAS.1909166117.SAPP.PDF
https://doi.org/10.1073/PNAS.1909166117/SUPPL_FILE/PNAS.1909166117.SAPP.PDF
https://doi.org/10.1128/MBIO.02176-19/SUPPL_FILE/MBIO.02176-19-SF006.TIF
https://doi.org/10.1128/MBIO.02176-19/SUPPL_FILE/MBIO.02176-19-SF006.TIF
https://doi.org/10.1073/PNAS.1400592111/SUPPL_FILE/PNAS.1400592111.SD03.TXT
https://doi.org/10.1073/PNAS.1400592111/SUPPL_FILE/PNAS.1400592111.SD03.TXT
https://doi.org/10.1073/PNAS.1400592111/SUPPL_FILE/PNAS.1400592111.SD03.TXT
https://doi.org/10.1371/JOURNAL.PONE.0206441
https://doi.org/10.1371/JOURNAL.PONE.0206441
https://doi.org/10.1038/ismej.2017.22
https://doi.org/10.1038/ismej.2017.22
https://doi.org/10.1007/S00248-021-01687-X
https://doi.org/10.1111/gcbb.12734
https://doi.org/10.1111/gcbb.12734
https://doi.org/10.1155/2014/532852
https://doi.org/10.1155/2014/532852
https://doi.org/10.1016/J.BTRE.2020.E00541
https://doi.org/10.1016/J.BTRE.2020.E00541
https://doi.org/10.1128/MRA.00464-22
https://doi.org/10.1128/MBIO.00800-22
https://doi.org/10.1038/NATURE12901
https://doi.org/10.1038/NATURE12901
https://doi.org/10.1016/J.SCITOTENV.2021.146672
https://doi.org/10.1128/AAMCOL.NOV.2021
https://doi.org/10.1128/AAMCOL.NOV.2021
https://doi.org/10.1073/PNAS.2015094118/SUPPL_FILE/PNAS.2015094118.SAPP.PDF
https://doi.org/10.1073/PNAS.2015094118/SUPPL_FILE/PNAS.2015094118.SAPP.PDF
https://doi.org/10.1073/PNAS.2015094118/SUPPL_FILE/PNAS.2015094118.SAPP.PDF
https://doi.org/10.1016/J.EJAR.2018.12.001
https://doi.org/10.1016/J.EJAR.2018.12.001

838

A. M. Chander et al.

22. Ward TJ (2008) Barriers to biodiversity conservation in
marine fishery certification. Fish Fish 9:169-177. https://
doi.org/10.1111/].1467-2979.2008.00277.X

23. Agardy T (2000) Effects of fisheries on marine ecosys-
tems: a conservationist’s perspective. ICES J Mar Sci
57:761-765. https://doi.org/10.1006/JMSC.2000.0721

24. Su G, Logez M, Xu J, Tao S, Villéger S, Brosse S (1979)
Human impacts on global freshwater fish biodiversity.
Science  2021(371):835-838.  https://doi.org/10.1126/
SCIENCE.ABD3369

25. Drautz-Moses DI, Luhung I, Gusareva ES, Kee C, Gaultier
NE, Premkrishnan BNV, et al. Vertical stratification of the
air microbiome in the lower troposphere. Proc Natl Acad
Sci U S A 2022;119. https://doi.org/10.1073/PNAS.21172
93119.

26. Liu S, Garcia-Palacios P, Tedersoo L, Guirado E, van der

Heijden MGA, Wagg C, et al. Phylotype diversity within

Dr. Atul Munish Chander is a biomedical
scientist with extensive experience in micro-
bial sciences, bioinformatics techniques as
well as genomic data analysis, fungal taxon-
omy, microbial genomics, gut microbiome,
food and nutrition biotechnology, metagen-
omics, comparative genomics of probiotics and infectious
microbes/ pathogens. Moreover, he has extensive experience
in designing and conducting clinical studies and clinical tri-
als. In his work at JPL, he has contributed to the description
of two novel fungal genera from the spacecraft assembly
facility (SAF), as well as the description of ten unknown
fungal/ yeast species. He has also gained extensive experi-
ence in evaluating the effect of space radiation and micro-
gravity on living systems (bacteria, fungi, yeast, and inverte-
brate animals/ Caenorhabditis elegans). He has been
exploiting microbial potential to life support technologies
and real life problems on earth and space sciences.

Dr. Nitin Kumar Singh 10+ years of
research in Microbiology encompasses
Microbial taxonomy, Microbial Genomics,
Metagenomics, and Microbial ecology
study, analysis, and interpretation. He is
specialized in working on pathogenic
microbes found in hospital environments / clean rooms
(SAF) to understand how microbes adapt to become more
pathogenic under anthropogenic pressures. His work on
Acinetobacter sp. and Bacillus anthracis clad has helped in
the taxonomic resolution of both the genus. He has played a
crucial role in describing 14 novel bacterial species from
various environments. He has been involved in the Genomic
and Metagenomic analysis of various projects like ISS-MO,

@ Springer a2

soil fungal functional groups drives ecosystem stability.
Nat Ecol Evolut 2022 6:7 2022;6:900-9. https://doi.org/
10.1038/541559-022-01756-5.

27. Mayer T, Blachowicz A, Probst AJ, Vaishampayan P,
Checinska A, Swarmer T, et al. Microbial succession in
an inflated lunar/Mars analog habitat during a 30-day
human occupation. Microbiome 2016;4. https://doi.org/
10.1186/540168-016-0167-0.

28. Cavicchioli R, Ripple W], Timmis KN, Azam F, Bak-
ken LR, Baylis M, et al. Scientists’ warning to humanity:
microorganisms and climate change. Nat Rev Micro-
biol 2019 17:9 2019;17:569-86. https://doi.org/10.1038/
s41579-019-0222-5.

29. Behrenfeld MJ. Climate-mediated dance of the plankton.
Nat Clim Chang 2014 4:10 2014;4:880-7. https://doi.org/
10.1038/nclimate2349.

ISS-MOP, CASIS, IMPAS, SPACE-X, JPL-SAF, HEPA and
MARS 2020. His work has helped narrow down ISS’s domi-
nant microbial population and establish its genomic iden-
tity through metagenome resolved genomes. He has been
part of the team which described three novel species from
ISS, including a novel genus. He is a member of the current
JPLs; Team A, COVID-19 analysis team, murine model
study, Tardigrade, and Diatom genome analysis, Human
genome analysis, and MAG-based ecological descriptions.
He has been instrumental in the implementation of BIG-
DATA analysis, ML, Al, and visualization leading to the co-
relational analysis of all the studies conducted at BPPG.

Dr. Kasthuri Venkateswaran is the Senior
Research Scientist at JPL and supports the
Biotechnology and Planetary Protection
Group. His 474 years of research encom-
passes marine, food, and environmental
microbiology. He has applied his research in
molecular microbial analysis to better understand the eco-
logical aspects of microbes, while conducting field studies in
several extreme environments such as deep sea (2,500 m),
spacecraft missions (Mars Exploration Rovers), assembly
facility clean rooms, and the space environment in Earth
orbit (ISS). Also, he provides expertise for non-NASA pro-
grams such as commercial agencies (Boeing — airline cabin
air measurement) and medical industries (tissue and organ
transplants processing). The bioinformatics databases gen-
erated by Venkat’s team are extremely useful in the develop-
ment of biosensors which will provide information about
the spacecraft surfaces and enclosed habitats in an attempt
to determine forward contamination as well as develop
countermeasures (advance cleaning and sterilization tech-
nologies) to control the problematic microbial species.

ssssss J. Indian Inst. Sci.lVOL 103:31833-838 July 2023 ljournal.iisc.ernet.in


https://doi.org/10.1111/J.1467-2979.2008.00277.X
https://doi.org/10.1111/J.1467-2979.2008.00277.X
https://doi.org/10.1006/JMSC.2000.0721
https://doi.org/10.1126/SCIENCE.ABD3369
https://doi.org/10.1126/SCIENCE.ABD3369
https://doi.org/10.1073/PNAS.2117293119
https://doi.org/10.1073/PNAS.2117293119
https://doi.org/10.1038/s41559-022-01756-5
https://doi.org/10.1038/s41559-022-01756-5
https://doi.org/10.1186/S40168-016-0167-0
https://doi.org/10.1186/S40168-016-0167-0
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1038/nclimate2349
https://doi.org/10.1038/nclimate2349

	Microbial Technologies in Waste Management, Energy Generation and Climate Change: Implications on Earth and Space
	Abstract | 
	1 Introduction
	2 Microbes and Their Characteristics in Complex Organic Matter Degradation
	3 Solid Waste Management for Global EnergyBiofuel Generation
	4 Ecosystems Balance, Climate Change and Biodiversity
	Acknowledgements
	References




