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ABSTRACT

Strong evidence of the presence of bacteria and fungi in the tropospheric boundary layer is available in the literature. We report successful isolation of unique morphotypes
of wild ascomycetous yeasts from rainwater samples collected directly in sterile containers, taking extreme care to avoid ambient contamination. Direct and quick
visualization of fresh rainwater samples under a phase contrast microscope indicated the sporadic presence of yeast cells. Further confirmation of the presence of yeast
was obtained by plating of rainwater on a medium with antibiotics to generate pure colonies. We described their characteristics while molecular identification revealed it
as Candida tropicalis. Yeast species could contribute valuable knowledge about yeast transportation in the atmosphere. However, knowledge is insufficient about the
yeast deposited from the atmosphere and its transportation across the atmosphere. We report and discuss these interesting and exciting results which are useful in
understanding the microbiological dimension of meteorology and the southwest monsoon rainfall in the light of present discourse on global warming and climate change.
We offer a tentative model for a possible source, role, and fate of the yeasts in rainwater.

Keywords: Candida tropicalis, molecular identification, PCR, sequencing, rainwater microbial

INTRODUCTION

The period June to September in India is considered the southwest monsoon
period. It is the main rainy season of the Indian subcontinent. The whole country
receives 75% of its rain in this season. The southwest monsoon originates in the
general circulation of the atmosphere which is caused by a region of high pressure
over the south Indian ocean and a region of low pressure which extends over the
whole of central Asia (Simpson. et al., 1921). A controversial theory exists about
the origin of the southwest monsoon. Many geologists believe that the monsoon
first arose around 8 million years ago based on records from the Arabian sea and
the record of wind-blown dust in the loess plateau of China (Tambe). The
southwest monsoon first hit Kerala from the Arabian sea, which is a branch of the
southwest monsoon and moves towards the northern region of India along the its
western coast.

Figure 2 Microbial forms recovered from rainwater samples showed diverse cell

morphologies- Coccoid, Bacilloid bacterial cells; cyanobacteria and numerous

Nucleation of cloud fungal spores and hyphae- all these are getting a piggy-back ride in monsoon
clouds and landing with rainfall. (Kamat. N. et al, 2014)

Aerosols are an important factor of climate, directly scattering light, seeding warm

clouds, and seeding ice-clouds. (Brooks, 2019). A marine aerosol population The composition of micro-organisms in the atmosphere, in the clouds or rainwater
transits into cloud droplets and ice crystals. Aerosol rises from the is not well defined yet. Though many studies of bacterial communities have been
marine environment and from continents, are formedby the gas phase (e.g.. DMS) performed. Bacterial strains were isolated from the cloud and their role in the
emissionand from primary particles. forming the chemical composition of the atmosphere was studied (Tina et al,

2015). Morris. et al., (2008) suggested atmospheric dispersal may play an
important role in bacterial biogeography patterns and later expressed bacteria in

a b active form from an inactive state in a suitable environment. Fog and cloud provide
Ov and Gl [« T VR ) protection to bacterial strains from ultraviolet rays and the provide nutrients for
Giber VOCe n——— I i /Nm their survival ship (Tina. et al, 2015). Clouds help microbial transportation over
N ; g lminy o @ Pomer a long distances (Griffin., 200@3). Baurer. et al, 2002 |splated bficterlal and.fun.gal
4 ssrssol \ / asosal spores from cloud water and tried to study the role of microbes in the contribution
OCEAN R of carbon content. Strong evidence of the presence of bacteria and fungi in the
1 ":l::"’b’a‘;u tropospheric boundary layer, using dicarboxylic acid as a nutrient (Amyot. et al,
—— 2002). The yeast biota in rain is less studied, so this study may help address an
- oifg“;’;g,'“"gn‘:, important gap in the study of yeast and its occurrence and ecological role in the
O cnbubie atmosphere. An attempt has been made to collect a rainwater sample, isolation of
Dl enaied microbeand to identify the isolates. The isolate is known to be Candida
Ar bubbie tropicalis after molecular identification.

| ® | C. tropicalis was considered yeast by Kurtzman and Fell (2000). Its habitat is
o ! quite broad and it can be isolated from various substrates and samples (bark, roots,
leaves, gut, marine sediments, mud, waters, skin etc.). C. tropicalis is classed as
fungi in the order of sachromycetales, and in the family of debaryomycetaceae. It
is a common pathogen and can infect individuals with low immunity. Moreover
this species is also reported in Kawasaki disease in Japan, which spreads from
China as a windborne agent.Recently it has been found that C. tropicalis is of

Figure 1 Formation of marine aerosol and cloud nucleation. (Adapted from
Brooks et al., 2018)
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biological and biotechnological importance (Zhenming, 2010). Numerous studies
of C. tropicalis have been carried out, including substrate inhibition of phenol
oxidation (Stephenson, 1990), a protoplast fusion technique (Chang et al., 1995)
and degradation of phenol in the presence of other derivatives (Komarkova et al.,
2003). Xylose as the sole carbon source can be produced by C. tropicalis . It has
been employed to convert corncob hydrolysate to xylitol (Cheng et al., 2009; Rao
et al., 2006). Strains of C. tropicalis have been used in the removal and recovery
of zirconium (Akhtar et al., 2008). Differing C. tropicalis strains from a variety
of marine environments have been proven for their potential applications in
agriculture, in the fermentation industry and in the chemical industry. However,
currently little is known about the distribution and diversity of C. tropicalis in
various marine, soil, and air environments across the globe.

Zhenming (2010) studied the distribution and diversity of C. tropicalis strains
from multiple marine environments and discussed the relevant potential
applications in China. The marine yeast strains of C. tropicalis have many
potential applications in biodiesel production (Meng et al., 2009), bioremediation
(Ukrit et al., 2009; Sonali 2008; Varma et al Komarkova et al., 2003 in the
production of polyol sweeteners (Rao et al., 2004; Cheng et al., 2009; Rao et al.,
2006), and in ethanol fermentation (Ukrit et al., 2009). Chaves, et al (2017)
studied and reported that a strain of C. tropicalis isolated from the root of the
mangrove tree Rhizophora stylosa in Zhanjiang, China could accumulate over
50% of oil during batch cultivation from glucose and hydrolysate of cassava
starch. The authors concluded that the strain can be used in biodiesel production.
C. tropicalis has been considered an osmotolerant microorganism and this ability
to survive high salt concentrations may be important for fungal persistence in
saline environments. This physiological characteristic makes this species suitable
for use in biotechnology processes (Chaves M. 2017).

Genetic characteristics

Butler et al. (2009) sequenced the genome of the diploid yeast C. tropicalis. Doi
et al. (1992) reported 12 chromosomes per cell for C. tropicalis and stated it has
a genomic size of 14.5 Mb, containing 6,258 genes encoding proteins and a
guanine-cytosine content of 33.1%. The number of chromosomes is not known
with precision. Prior to that C. tropicalis was considered as an asexual yeast, while
some studies have reported that mating between diploid cells a and o, generating
a/a tetraploid cells may occur (Porman et al., 2011; Xie et al., 2012; Seervai et
al., 2013). Researchers have suggested that the cause of cells changing from white
to opaque could be mating, which is regulated by colony phenotypic switching.
Seervai et al. (2013) reported that strains of C. tropicalis can be induced to
undergo a parasexual cycle without a meiotic reduction from a tetraploid state
polyploidy, affecting cell gene expression and protein production (Morrow,
2013). C. tropicalis showed a reduction in ploidy and was considered a mechanism
of adaptation; it may be associated with cell stress (Bermanet al., 2012). C.
tropicalis has showed huge genetic similarity with C. albicans than
other Candida species. (Butler et al., 2009).

MATERIAL AND METHODS
Assembly of sterile, dust- and contamination-free PVC containers

Pre-sterile plastic bottles were used to collect the rain water. Six times in every
monsoon from 2016 to 2018.

Selection of clear vegetation-free open spaces permitting direct collection

Water was collected at Goa University campus at the same place during every
sampling. The area was vegetation free and open in order to avoid contamination.

Microscopy and photomicrography

Each Raw water sample was analyzed under a light microscope with the help of a
wet mount slide (bright field, dark field, phase contrast), followed by identification
of sample components from morphology, optical properties, and published
literature (Adapted from Kamat, N. 2014).

Isolation of yeast purification and maintance of pure culture on slant
Rain water samples were spread on MEA plates (containing 0.1mg/ml antibiotic)

which were incubated for 48 hr at 25°C. The plates were observed under a
microscope for the growth of yeast and colony morphology.

Control plates

Plates with nutrient agar and MEA (2%, with 0.1mg/ml antibiotics) were kept in
the open air for one hour at the rain water collection site at the Goa university
campus. Other plates were spread plated with water which was used for rinsingthe
rainwater sampling apparatus. One plate with MEA (2%) was kept without spread
plating rain water.

Molecular identification of strain
(By Triyat Scientific co., Nagpur,India)
DNA extraction

Cells grown in a monolayer were lysed by suspending 1-3 colonies aseptically and
mixing with 450 pl of “B Cube” lysis buffer in a 2 ml micro centrifuge tube and
lysing the cells by repeated pipetting.

2.4 ul of RNAse A and 250 pl of “B Cube” neutralization buffer was added.

3. The content was vortexed and the tubes were incubated for 30 minutes at 65°C
in a water bath. To minimize shearing the DNA molecules, DNA solutions were
mixed by inversion.

4. The tubes were centrifuged for 20 minutes at 14,000 rpm at 10 °C.

5. Following centrifugation, the resulting viscous supernatant was transferred into
a fresh 2 ml micro centrifuged tube without disturbing the pellet.

6. 600 pl of “B Cube” binding buffer was added to the content and mixed
thoroughly by pipetting and the content was incubated at room temperature for 5
minutes.

7. 600 pl of the contents was transferred to a spin column placed in a 2 ml
collection tube.

8. Contents were centrifuged for 2 minutes at 14,000 rpm and flow-through was
discarded.

9. The spin column and the collection tube were reassembled then the remaining
600 pl of the lysate was transferred .

10. The contents were centrifuged for 2 minutes at 14,000 rpm and the flow-
through was discarded.

11. 500 pL “B Cube” washing buffer I was added to the spin column and
centrifuged at 14,000 rpm for 2 mins. The flow-through was discarded.

12. The spin column was reassembled; 500 ul “B Cube” washing buffer Il was
added and centrifuged at 14,000 rpm for 2 mins. The flow-through was discarded.
13. The spin column was transferred to a sterile 1.5-ml microcentrifuge tube

14. 100 pl of “B Cube” elution buffer was added to the middle of spin column.
15. The tubes were incubated for 5 minutes at room temperature and centrifuged
at 6000 rpm for 1 min.

16. Steps 14 and 15 were repeated for complete elution. The buffer in the
microcentrifuge tube contained the DNA.

17. DNA concentrations were measured by running aliquots on 1% agarose gel.
18. The DNA samples were stored at -20°C until further use.

PCR

This is a process that uses primers to amplify specific cloned or genomic DNA
sequences with the help of a very unique enzyme. PCR uses the enzyme DNA
polymerase that directs the synthesis of DNA from deoxynucleotide substrates on
a single-stranded DNA template. DNA polymerase adds nucleotides to the 3" end
of a custom-designed oligonucleotide when it is annealed to a longer template
DNA. Thus, if a synthetic oligonucleotide is annealed to a single-stranded template
that contains a region complementary to the oligonucleotide, DNA polymerase can
use the oligonucleotide as a primer and elongate its 3" end to generate an extended
region of double stranded.

Purification of PCR product

Unincorporated PCR primers were removed and dNTPs were removed from PCR
products by using Montage PCR Clean up kit (Millipore).The PCR product was
sequenced using the primers. Sequencing reactions were performed using ABI
PRISM®BigDyeTM Terminator Cycle Sequencing Kits with AmpliTaq DNA
polymerase (FS enzyme) (Applied Biosystems).

Sequencing (Bioinformatics)

Single-pass sequencing was performed on each template using below 16s rRNA
universal primers. The fluorescent-labeled fragments were purified from the
unincorporated terminators with an ethanol precipitation protocol. The samples
were resuspended in distilled water and subjected to electrophoresis in an ABI
3730xI sequencer (Applied Biosystems).
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RESULTS AND DISCUSSION

A 10 to 200 ml rain water sample was collected (Fig.2), according to rain fall
intensity. The rainwater was transparent and its pH temperature and TDS was
recorded at 24°C, 6.92, and 9 ppm respectively. Six samples were taken from June
to September. Isolation plates showed the same growth pattern of a wild colony
during each sampling, on all triplicate plates. During plate observation it was noted
that two dissimilar colonies had grown. The colonies were white and beige in color
and their textures were rough and smooth. No growth was observed on the control
plate, on which the rain water sample was not spreaded. Plates with nutrient agar
kept at the sampling site showed a mixed growth of bacteria, mucor, penicilium,
but yeast growth was not observed. While plates with MEA which were kept at
the sampling site did not show bacterial and yeast growth, mucor and penicillium
growth were observed. Molecular analysis proves isolate is Candida tropicalis
yeast. So work which was undertaken to check that the southwest monsoon
contains yeast has been proved. Further isolates were grown in the MEA media
and modified agar media ( prepared with agar and rainwater) and studied for their
morphological change in nutrient rich (MEA) and nutrient poor media (agar
prepared with rain water).Morphology variation was observed on the MEA media
prepared with sterile distilled water and on the agar media prepared with sterile
rain water. Colonies were grown on the agar media with rain water plate in a
countable number and were very tiny, while on the MEA plates, the colony sizes
were large and growth was observed. Colonies showed morphological variation
grown on nutrient rich and nutrient poor media.

(@) (b)
Figure 3 Wild colonies grown on isolation plate (a), Purified yeast culture (b)
Magnified yeast colonies grown on MEA (c).

Figure 4 Microscopy images of isolate. (a) Darkly stained cells in crystal violet
(b) Cells mount in lactophenol cotton blue (c) Cells stained in congo red.

Table 1 Characteristics of isolates
Strain

designation No of colony Color Texture
Rwla 3 White Rough shiny
Rwlb 2 Beige Smooth
Rw2a 2 Beige Smooth
Rw2b 1 White Smooth shiny

Table 2 Rainwater isolate showed colony characteristics on MEA and modified
media

) (b) (©)

Figure 5 Control plates (a) Plate with nutrient agar kept outside for one hour,
bacterial and fungal growth were observed, yeast was absent. (b) Plate with MEA
(2% and antibiotics). No bacterial growth observed, mucor and pencilium were
observed. No yeast growth was observed (c) Plate with MEA, spread plated
withwater from sterile rinsed apparatus; no growthobserved.

( -8 KP674514.1_Candida fropicalis

® KP74513.1_Candida_fropicalis

® UGS18T87 1 Candida tropicalis
KPGT45121_ Candida fropicalis
Candida tropicals

KX664575 1_Candida fropicalis

@ KP675585.1_Candida_fropicalis
KPGT4T66 1_ Candida tropicalis

KPBT4944 1_Candida_tropicalis

KPGT4047 1_Canida ropicals

L - @ KY112741 1_Candida fropicais

Figure 6 Phylogeny analysis of Candida tropicalis. Isolate showed 0.012
dissimilarity with type species Candida tropicalis ( KP674512.1) obtained from
gastric mucosa, China.
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Figure 7 Postulated origin of hyper oligotrophic Candida tropicalis in southwest
monsoon clouds
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CONCLUSION

This is the first report in the world identifying yeast from southwest monsoon
rainwater. Candida tropicalis has never been suspected as entering the southwest
monsoon airborne cloud environment, therefore this is the first report of Candida
sp. and Candida tropicalis specifically in rainwater. As shown in fig.7 it could
enter the turbulent air from terrestrial disturbances. These properties of the strain
to grow on rainwater agar without nutrients indicates that it may exist in the
airborne environment as a hyper oligotrophic yeast. This has important ecological
implications for the distribution of terrestrial and aquatic yeast species. Besides
biometerologically, it needs to be seen whether Candida tropicalis contributes to
cloud condensation nuclei (CCN). Moreover, it is required in the future to study
southwest monsoon regions to confirm the presence of such species in rainwater.
Studies are required from various southwest monsoon regions to confirm the
presence of such species in rainwater. Work comprises three parts: First, the field
sampling for rainwater collection, second, the microbiology for yeast isolation and
purification, and third the molecular analysis for identification of
species. Rainwater samples were collected in pre-sterile plastic bottles and tightly
capped during the monsoon season from June to September (3 years) on the Goa
University campus. During each sampling, rain water was analyzed under
the microscope and showed diverse and numerous cells of bacteria, fungal spores,
and yeast cells. In this study yeasts have been isolated from rain water as previous
work in our laboratory has given the sign of microbes in rain water (Kamat, N. et
al, 2014). The same morphological types of wild colonies were obtained on the
isolation plates. A heavy concentration of antibiotics does not allow bacteria to
grow on a plate. Isolates were studied for their morphological characteristics and
after  purification colonies  were maintained on slant. DNA
extraction, PCR followed by phylogeny analysis of pure isolate was performed.
Molecular analysis revealed the species as candida tropicalis. Further study can
cover the co-relation of the yeast concentration and weather parameters. The
diversity of microbes in clouds can be studied at various sea levels as well as their
role in ecology in ambient environments. Their role could be investigated in
the formation of cloud nucleation as it has been suggested (Sarah et al., 2017) that
cloud formation initiates CCN due to the presence of atmospheric particles and
microbes e.g., bacteria, fungi, and phytoplankton.

REFERENCES

Amato, P., Joly, M., Besaury, L., Oudart, A., Taib, N., Deguillaume, L. Mone, I.
2017. Active microorganisms thrive among extremely diverse communities in
cloud water, PLoS ONE 12(8): 0182869. 3, 1-22.
https://doi.org/10.1371/journal.pone.0182869

Annamalai H, Slingo J. 2001. Active/break cycles: diagnosis of the intraseasonal
variability of the Asian Summer Monsoon. Climate.Dynamics. 18: 85-102.
https://doi.org/10.1007/s003820100161

Ariya, P. A., Nepotchatykh, O., Ignatova, O., & Amyot, M. 2000. Microbiological
degradation of atmospheric organic compounds. Geophysical Research Letters
https://doi:10.1029/2002GL 015637, 2002

Bacterialntheclouds.Eniscuola, http://www.eniscuola.net/wpcontent/uploads/2017
/03/batteri_nuvole_EN.pdf

Bauer, H.; Kasper,Giebl, A.; Loflund, M.; Giebl, H.; Hitzenberger, R.; Zibuschk

a, F.; Puxbaum, H. 2002. The contribution of bacteria and fungal spores to the
organic carbon content of cloud water, precipitation and aerosol. Atmospheric
Research, Volume 64, Issue 1, p. 109-119. https://doi.org/10.1016/S0169-
8095(02)00084-4.

Brooks, S. D., & Thornton, D. C. O. 2018. Marine Aerosols and Clouds. Annual.
Review of Marine. Science. 2018. 10:289-313. https://doi.org/10.1146/annurev-
marine-121916-063148.

Butler, G., Rasmussen, M. D., Lin, M. F., Santos, M. A., Sakthikumar, S., Munro,
C. A. 2009. Evolution of pathogenicity and sexual reproduction in eight Candida
genomes. Nature 459, 657-662. https://doi.org/10.1038/nature08064

Berman, J., and Hadany, L. 2012. Does stress induce (para) sex ? Implications for
Candida albicans evolution. Trends in Genetics. 28, 197-203.http://

Doi, M., Homma, M., Chindamporn, A., and Tanaka, K. 1992. Estimation of
chromosome number and size by pulsed-field gel electrophoresis (PFGE) in
medically important Candida species. J. Gen. Microbiol. 138, 2243-
2251.https://doi:10.1099/00221287-138-10-2243.

F.N. Arroyo Lopez. 2006., Use of molecular methods for the identification of
yeast associated with table olives. Food microbiol 1-
22.https://d0i:10.1016/].fm.2006.02.008.

Grinn-gofro, A. 2015. Effects of meteorological factors on the composition of
selected fungal spores in the air. Aerobiologia. 31(1):63-72.https:/
doi:10.1016/j.fm.2006.02.008.

KalsoomAkhtar M. Waheed Akhtar Ahmad M.Khalid. 2008. Removal and
recovery of zirconium from its aqueous solution by Candida tropicalis. Journal of
Hazardous Material Vol156
108117.https://doi.org/10.1016/j.jhazmat.2007.12.002.

Kamat, N.M., Kolte, R.R., & Dabolkar, S. 2014. Do unique stratospheric life forms
get a piggy backride inside SW monsoon clouds to leave signatures in locally
sampled rainwater.Poster presentation.
https://www.researchgate.net/publication/260852193_rainwater_final_poster
Keiluweit, M., Bougoure, J. J., Zeglin, L. H., Myrold, D. D., Weber, P. K., Pett-
ridge, J., Nico, P. S. 2012. Nano-scale investigation of the association of microbial
nitrogen residues with iron (hydr) oxides in a forest soil O-horizon. Geochimica et
Cosmochimica Acta 95, 213-226. https://doi.org/10.1016/j.9ca.2012.07.001.
Kellogg CA, Griffin DW. 2006. Aerobiology and the global transport of desert
dust. Trends in Ecology & Evolution. 21(11):638-644. DOI:
10.1016/j.tree.2006.07.004.

Komarkova, E., Paca, J., Klapkova, E., Stiborova, M., Soccol, C. R., and Sobotka,
M. 2003. Physiological changes of Candida tropicalis population degrading
phenol in fed batch reactor. Brazilian Archi. Biol. Tech., 46: 537-543.https://doi:
10.1590/51516-89132003000400007.

Kuiran, Y. A. N,, Ying, Z., & Zhenming, C. H. I. 2010. Distribution and Diversity
of Candida tropicalis Strains in Different Marine Environments., Journal of Ocean
University of China 2010 Vol.9 No.2 pp.139-144.https://d0i10.1007/s11802 010-
0139-0.

Kurtzman, C. P., and Fell, J. W. 2000. The Yeasts—A taxonomic Study. Fourth
revised and enlarged edn. Elsevier, Amsterdam, Lausanne, New York, Oxford,
Shannon, Singapore, Tokyo.77-947. https://doi.org/10.1016/B978-0-444-81312-
1.X5000-X.

Komarkova, E., Paca, J., Klapkova, E., Stiborova, M., Soccol, C. R., and Sobotka,
M. 2003. Physiological changes of Candida tropicalis population degrading
phenol in fed batch reactor. Brazilian Archi. Biol. Tech., 46: 537-
543 https://d0i.10.1590/S1516-89132003000400007 .

Morrow, C. A., and Fraser, J. A. 2013. Ploidy variation as an adaptive mechanism
in human pathogenic fungi. Semin. Cell Dev. Biol. 4, 339-
346.https://doi:10.1016/j.semcdb.2013.01.008.

Meng, X., Yang, J., Xu, X., Zhang, L., Nie, Q., and Xian, M. 2009. Biodiesel
production from oleaginous microorganisms. Renew. Energy, 34: 1-5. https://doi:
10.1016/j.renene.2008.04.014.

Ogden, L. E. 2014. Life in the Clouds, BioScience
867.https://doi:10.1093/biosci/biul44.

Parajo, J. C., Dominguez, H., Dominguez, J. M. 1998. Biotechnological
production of xylitol. Part 1: Interest of xylitol and fundamentals of its
biosynthesis. Bioresour Technol. 65, 191-201. https://doi.org/10.1016/S0960-
8524(98)00038-8.

Porman, A. M., Alby, K., Hirakawa, M. P., and Bennett, R. J. 2011. Discovery of
a phenotypic switch regulating sexual mating in the opportunistic fungal pathogen
Candida tropicalis. Proc. Natl. Acad. Sci. U.S.A. 108, 21158-21163. https:// doi:
10.1073/pnas.1112076109.

Rajeevan, M., Unnikrishnan, C. K., Bhate, J., Niranjan, K., & Sreekala, P. P. 2012.
Northeast monsoon over India: variability and prediction, Meteorological.
Application 236, 226-236. https://doi: 10.1002/met.1322.

Rao, R. S., Jyothi, Ch. P., Prakasham, R. S., Sarma, P. N., and Rao, L. V. 2006.
Xylitol production from corn fiber and sugarcane bagasse hydrolysates by
Candida tropicalis. Bioresour. Technol., 97: 1974-1978.
https://doi.org/10.1016/j.biortech.

64(10), 861

doi:10.1016/j.tig.2012.01.004.

Chang, S. VY., Li, C. T., Hiang, S. Y., and Chang, M. C. 1995. Intraspecific
protoplast fusion of Candida tropicalis for enhancing phenol degradation.
Applied. Microbiol. Biotech., 43: 534-538, https://doi:10.1007/BF00218462.
Cheng, K. K., Zhang, J. A, Ling, H. Z., Ping, W. X.,Wei, H., Ge, J. P. 2009.
Optimization of pH and acetic acid concentration for bioconversion of
hemicellulose from corncobs to xylitol by Candida tropicalis. Biochemical.
Engineering.Journal., 43: 203-207. https://doi:10.1016/j.bej.2008.09.012.
Christner, B. C., Morris, C. E., Foreman, C. M., Cai, R., and Sands, D. C. 2008.
Ubiquity of biological ice nucleators in snowfall. Science 319:1214.
https://doi:10.1126/science.1149757.

Seervai, R. N. H., Jones, S. K. Jr., Hirakawa, M. P., Porman, A. M., and Bennett,
R. J. 2013. Parasexuality and ploidy change in Candida tropicalis. Eukaryot. Cell
12, 1629-1640. https://doi:10.1128/EC.00128-13.

Smith, D. J. 2014. Opportunities for Astrobiology Research, Astobiology.
https://doi:10.1089/ast.2013.1074

Sonali, P., and Banwari, L. 2008. Investigation of the potential of agro-industrial
material as low cost substrate for ethanol production by using Candida tropicalis

and  Zymomonas  mobilis.  Biomass  Bioenergy, 32:  596-602.
https://doi.org/10.1016/j.biombioe.
Simpson. 1921.0rigin of south west monsoon. Nature.

https://doi.org/10.1038/107154.



https://doi.org/10.1371/journal.pone.0182869
https://doi.org/10.1007/s003820100161
http://adsabs.harvard.edu/cgi-bin/author_form?author=Bauer,+H&fullauthor=Bauer,%20H.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Kasper-Giebl,+A&fullauthor=Kasper-Giebl,%20A.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Loeflund,+M&fullauthor=L%c3%b6flund,%20M.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Giebl,+H&fullauthor=Giebl,%20H.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Hitzenberger,+R&fullauthor=Hitzenberger,%20R.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Zibuschka,+F&fullauthor=Zibuschka,%20F.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Zibuschka,+F&fullauthor=Zibuschka,%20F.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Puxbaum,+H&fullauthor=Puxbaum,%20H.&charset=UTF-8&db_key=PHY
https://doi.org/10.1146/annurev-marine-121916-063148
https://doi.org/10.1146/annurev-marine-121916-063148
https://doi.org/10.1038/nature08064
https://doi.org/10.1126/science.1149757
https://doi.org/10.1099/00221287-138-10-2243
https://doi.org/10.1016/j.fm.2006.02.008
https://www.sciencedirect.com/science/article/pii/S030438940701744X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S030438940701744X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S030438940701744X?via%3Dihub#!
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Journal+of+Ocean+University+of+China%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Journal+of+Ocean+University+of+China%22
https://doi.org/10.1016/j.semcdb.2013.01.008
https://doi.org/10.1038/107154

Pal and Kamat in Fungal Territory

Stephenson, T., 1990. Substrate inhibition of phenol oxidation by a strain of
Candida tropicalis. Biotech. Letters., 12: 843- 846.
https://doi.org/10.1007/BF01022607.

Tambe, M. (n.d.). Understanding the southwest monsoon and its influence on
ancient trade between India, the West and South East Asia.

Tesson SVM and Santl-Temkiv T. 2018. Ice Nucleation Activity and Aeolian
Dispersal ~ Success in  Airborne and Aquatic  Microalgae. Front.
Microbiol. 9:2681.https:// doi: 10.3389/fmicb.2018.02681.

Tina Santl Temkiv, Kai Finster and Ulrich Gosewinkel Karlson.2015. Cloud and
Atmosphere Metagenomics. doi: https://doi.org/10.1007/978-1-4899-7475-
4_98.

Ukrit, R., Sutipa T., Lily, E., and Verawat, C., 2009. Simultaneous non-thermal
saccharification of cassava pulp by multi-enzyme activity and ethanol
fermentation by Candida tropicalis. J. Biosci. Bioeng., 107: 488-493.https:// doi:
10.1016/j.jbiosc.12.024.

Varma, R. J., and Gaikwad, B. G., 2009. Biodegradation and phenol tolerance by
recycled cells of Candida tropicalis NCIM 3556. Int. Biodeterior.
Biodegrad.,63:539-542. https://doi.org/10.1016/j.ibiod.2009.01.001

Vatilingom, M., Deguillaume, L., Vinatier, V., Sancelme, M., & Amato, P. 2012.
Potential impact of

microbial activity on the oxidant capacity and organic carbon budget in clouds.
PNAS,561. https://doi.org/10.1073/pnas.1205743110.

Woo, C., An, C., Xu, S., & Yamamoto, N. 2018. Taxonomic diversity of fungi
deposited from the atmosphere. The ISME Journal, 2051-2060.
http://doi.org/10.1038/s41396-018-0160-7

Xie, J., Du, H., Guan, G., Tong, Y., Kourkoumpetis, T. K., Zhang, L.2012. N-
acetylglucosamine induces white-to-opaque switching and mating in Candida
tropicalis, providing new insights into adaptation and fungal sexual evolution.
Eukaryot. Cell 11, 773-782. https:// doi: 10.1128/EC.00047-12.

Zuza-Alves DL, Silva-Rocha WP, Chaves GM. 2017. An Update on Candida
tropicalis Based on Basic and Clinical Approaches. Front
Microbiol, 13;8:1927.https// doi: 10.3389/fmicb.2017.01927.



https://doi.org/10.1007/BF01022607
https://doi.org/10.1073/pnas.1205743110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuza-Alves%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=29081766
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva-Rocha%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=29081766
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaves%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=29081766
https://www.ncbi.nlm.nih.gov/pubmed/29081766
https://www.ncbi.nlm.nih.gov/pubmed/29081766

